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ABETRACT

A numerical method is presented for analyzing the transonic
potential flow past a lifting, swept wing. A finite-difference
approximation te the full potential eguation is solved in a coordi-
nate system which is nearly conformally mapped from the physical
space in planes parallel to the symmetry plane, and reduces the
wing surface to a portion of one boundary of the competational grid.
A coordinate invariant, rotated difference scheme is used, and the
difference equations are solved by relaxaticon, The methed is
capable of treating wings of arbitrary planform and dihedral,
although approximations in treating the tips and wvortex sheet make
its accuracy suspect for wings of small aspect ratio., Comparisons
of caleulated results with experimental data are shown for examples
of both conventional and supercritical transport wings. Agreemsnt
is quite good for both types, but it was found necessary to account
for the displacemant effect of the boundary layer for the super-
critical wing, presumably because of its greater gensitivity to

changes in effective gecmetry,




INTRODUCTION

The development of profile shapes capable of efficient
operation in the transonic regqgime has spurred interest in flight
vehicles dezigned specifically tc operate at near sonic speeds,
The ability to predict accurately the aerpdynamic characteristics
of the complete three-dimensicnal wing should have a substapntial
impact on the design of such vehicles by allowing detaliled trade-
off studies to be performed without recourse to wind tunnel test-
ing of every design variation.

Recent advances in the thescretical prediction of inviscid
transonic flow fields are bagsed largely on type-dependent, finite-
difference scolutions of the steady potential equation, These
methods were first applied to the transonic small disturbance
eguation by Murman and Cole [l), and the full potential eguation
by Jameson [2] and Garabedian and Korn [3] for the prediction of
airfoil flow fields., The three-dimensional small disturbance
egquation has also been solved for swept wings by Ballhaus and
Bailey [4) and for wing-cylinder combinations by Bailey and
Ballhaus [5]. Pinally, the full potential equation has been
sclved by Jameson for the transcnic flow over an okligue yawed
wing [&€]., Although an ohligue wing szhould be aerodynamically more
efficient than a conventiconal swept wing (7], it presents
problems of stability and control and aeroelastic divergence.

We consider here the prediction of the flow over a swept wing.

In Jameson's treatment of the flow over obligue wings,

the coordinate system is aligned in planes normal to the wing



leading sdge. Thus, for nonzers angles of vaw the free stream
velocity vector is not contained in these planes, and the treat-
ment of a symmetry plane in the flow past a swept wing would be
difficult in this coordindte system. In the analysis presented
here, the flow is analyzed in coordinate planes parallel tc the
free stream velgcity vector, and the symmetry condition is
applied on a single coordinate surface. To allow the use of a
fine mesh to resolve the details of the flow in the sengitive
region near the leading edge, the spanwise coordinate lines are
aligned with the leading edge. Thus for wings of appreciable
sweep, the resulting coordinate system is highly nonoxrthogonal.

The type of geometry we shall treat is illustrated in
Figure 1. It consists of a wing of arbitrary planform and
dihedral extending from a symmetry plane {or wall). We shall
solve a finite difference approximation to the full potential
eguation for the transonic flow past such a configuration using
a generalized relaxation method. The finite difference approxi-
mation is the rotated difference scheme introduced by Jameson [6],
and ig not in conservation form. This can introduce substantial
errors in the treatment of flows containing strong shock waves,
Tc assure the correct shock jump relations one ought either teo
introduce a shock fitting scheme or else to use a difference
scheme in conservation form. A conservative formulation of the
small disturbance equation has been given by Murman [8], and the
exact petential flow eguation has been solved in conservation form
by Jameson (9] for flows past airfoils. Comparisons with

experimental data shew no clear cut advantage to using the




conservation form without a detailed modeling of the shock wave
boundary layer interaction [10)]. This iz appafently becavse the
error in the shock jump relaticns which rasults_from the uze of
the nonconservative schemes is in the sﬁme sense as the effect
of the boundary layer intéraction. A three dimensional acheme

in conservation form will be discussed in a later report. -




AHALYS1S

Geometry

Accurate representation of the finite difference boundary
conditions is much simplified if the boundary surfaces lie in
coordinate planes. This is achieved in the present analysis by
a sequence of transformations basged upon a nearly conformal mapplng
of the physical space in planes containing the wing sections,
taken in the streamwise directicn. We begin by considering the
physical space to he deseribed im a Cartesian coordinate system
for which x, y, and 2z represent the streamwise, vertical, and
spanwige directions, as shown in Figure 1. We then introduce an
arbitrary singular line, just inside the leading edge of the
profile at each spanwige station. This singular line will ba the
locus of branch peoints in sﬁbsequant transformations in sach of
the spanwise planes to unwrap the wing surface to a shallow bump:
its location will be chosen to make the bump as =mooth as possible,

Representing the singular line as
X = xs{z}
Yy = v iz}

we define

%1
]

X - :h:ﬁl{z}l._Ir

el |
i

¥y - yE{a} R {1}

Wi

This transformation shears cut the wing sweep and dihedral, and

puts the singular line at the origin of esach X,¥ plane. In each




of these planes we introduce the conformal mapping

(X, + 1Yl}2 x 2{x + iy} ., (2}

which maps the entire wing surface to a shallow bump near the

plane Y. = 0, If we define Fhe height of this bump as

1

Y, = 5(x,2) .,

1

then the final shearing tranasformation

X = xl '
2=z ,

reduces the wing surface to a portion of the plane ¥ = 0 .
To render the computational domain finite, stretching
transformations are introduced. For example,

b

Y':W_a.; 9 <a<l, (4)

L

is used to map the planes ¥ = + » to ¥ = + 1. Similar transfor-
mations are uwsed outboard of the wing tip in the 2 direction,
and downstream of the trailing edge in the X direction. A
eketch o{ the resulting rectangular computational domain is
shown in Figure 2,

Te avoid discontinuities at the wing trailing edge, the
branch ¢ut in each spanwise plane is continued smoothly down-
stream, In the physical plane, the continuation is represented

by

a— - - -
Y= Yea + f{xte—x } ————e——— {5)



-
[ }

where T i5 the mean of the upper and lower surface slopes at the

trailing edge, are the trailing edge coordinates, and

ite' §te
¥ is a suitably chosen scaling constant (usually taken as the
ordinate of the local quarter-chord peint). In the soluticn,
this cut i= taken as the location of the vortex sheet, across
which special difference formulas must be applied. Thus we make
the approximation that the vortex sheet lies in a fixed surface

near the plane of the wing which leaves the tralling edge

smocthly according to the above formula.

- Equation of Motion

In the absence of strong shock waves, the steady., inviscic
motion of 2 compressible fluid is well approximated by the well-
known egquation for the wvelocity potential &:

2

2z 2 2
u ]ixx+ (a"=v")¢

{a vy

2_ 2 -
t (a"-wT)o_ - Iuvﬁx!r- 2uwd_ - Ew@yz 0, (6)
whera u, v, and w are the velocity components (i.e., the
derivatives of ¢) in the x, y, and z directions, and a is the
speed of sound. For the gteady, potential flow of a perfect gas

with specfic heat ratio v,

a? = ag - I%l us vi+ w?) (7}
whare a4 ig the stagnation speed of sound, If the flow ig uniform

at infinity, parallel to the x-y plane, and inclined at an angle «




te the x-axis, the far field singularity can be removed by defin-

ing the reduced potential & as

G=9% - xcos o - ¥y 8in o

(2)
= § - {%(xi-ti}+xs{z}} co8 a - {x1Y1+ ys{z}} Ein o,

The transformations of equations (1}, (2}, and (3} applied to

eguation (68) then result in an equation of the form

A Gxx + B Gy, + c Gy, + D GxY + E ze + F GYZ + R=10. (9
If we introduce the notation
E== R, %' -%X_vy. .,
l1- s 1- “s
x ¥ {10}
[ ] r
n= Kl_ xE-Kl_}"s,
X
Uw 1 ¢ =1 X.cos a + ¥.sin a + G- 5.6 }
h Rl h 1 1 .4 Y r
vV = l-@ -1 -Y,cos a+ X.23in a + G } {11)
[ ] [ ] .
W o= ¢z = hiEU + hnV + X ¢os at y_8in at GE- SEGY ;
and
U=U+ hiw ,
- (12)
V=Y+hnw ,
where a0 5 2
X+ iy
he = - xi + ri , (13}
d{xl + 121]




then the coefficients in eguation (9} can be written as

A= az{l + hzgz} - 2
B = {32[1+h252}- ﬁz}si + {a2c1+n2n2}- ﬁz}
2

+ n¥a?w?s? - {tha £n - 2Eﬁ}sx

+ {2h2£a2—2hwﬁ}sxsz - {2h2na2- zhuﬁ}sz .
C = hz{az - wz} ,
D= - 2{&2(1+h2€2}—ﬁz}5x+ {2h25na2— 2Eﬁ}- {Ehzﬁaz— 2hwﬁ}sz ,

E = 2h%£a? - 2hwl ,
{14}

F o= —Ehztazuwzlsz - {2hzsa2— Ehwﬁ}sx+ 2h?na’~- 2hwl ,

R = {~{éﬁ1+h2g2}— ﬁz}sxx— hztag-wzlszz- {Ethaz—Ehwﬁ}Exz}GY
3 x

3 z -2 lz '2 LI | L]
+ h™{a"w ]{{{x -y "W, 4+ 2x y X, _- % X _- yuX _}U
- 3 Ixx B lxy 5 1 = ly

2 L 2 ] [ ] L1 "
* {-{x; Yg ]x1§§f ZREEBK1§E+ “Exlg_ stli}v}

4 { 1 1 ' ' .
+ Zhiwy X % ~X, _y )X, __+ (¥, _x_+ X, v_}X __}{U +7e)
1x 8 ly 571 ly g 1x - lxy
+ % {31U+Yi?}{U2+V2} + cos u{hz(Ez—nzlEZ-EE-ﬁ2+hz{a2~w2}x;}

+ gin n{2h2£naz- 20V + hz(ﬂz'"z}y;} "

Hote that for the transformation defined by egquation (2),

{15)



and

1 2 2
X, _ = - — (h° - 4¥7)
1“ hﬁ 1’
' (16)
X = 7‘;’(]"{&2 - 4}{2}

The symmetry condition that w = ¢ on the plane z = ¢

. requires
G, + Gy - {53 + £S5, - n}Gr =0, (17)

and the boundary condition that the flow be tangent to the wing

surface requires

{ L {1+ 5% + {s e e - nble
L2 xzx“}t

.
+ { ';E Syt E{ S, E$x+n}}ﬁx + {— S,— £5; + “}Gz
+ {_xlﬁ cos o~ X, _sin u}sx- xlfcns u+xiiﬁin a =10, (18)

on ¥ = (0.

Downstream of a finite lifting wing there will be a vortex
- sheet, Across the sheet the pressure is continuous, but there
may be discontinuities in the tangential wvelocity components.
Convection and roll-up of the vortex sheet are ignnreﬁ. In
reality, the component of velocity normal to the sheet must  be
zexrop, but in our approximation it is simply reguired to be contin-
vous. Thus, the equation

¢!ﬁ'.'
ie used at points lying on the vortex sheet. Also the disconti-




noity in potential is assumed to be constant along streamwise
coordinate lines downstream of the trailing edge. The value of
~this discontinuity is determined by the Kutta condition, and its

spanwise variation determines the strength of the vortex sheet.

Pinite Difference Approximation

The success of the type depenﬂént.difference scheme applied
.tn the transonic small disturbance equation by Murman and Cole [1]
can be attrihﬁt&d to the fact that it effectively adds a direc-
tional bias to the egunation at points where the local flow is
supersonic. In constructing an analogous scheme for the fuil
potential equation in general curvilinear coordinates iwhich may
not be aligned, even approximately, with the local flow direction),
care must be taken to ensure that this bias is added in the upwind
direction, i.e., in the direction parallel to the velocity wector.

A method with this preoperty has been proposed by Jameson [6].
To illustrate it, we return to the potential equation in the
physical coordinates. The eguation is rearranged as if it were
expreésed in- a Cartesian coordinate system aligned with the local
flow direction, s, at the point under consideration. Then

- aqeation {6) assumes the canonical fo;m
2 2 2. .2 .
I{a -q ]@Ss + a" (¥ @-ﬁssl = 0 {19)

where g is the magnitude of the velocity.

10



The relaxation scheme is designed to simulate an artificial
time dependent process which converges to the desired solution
of the steady state equation. In the finite difference approxima-
tion to the potential equation, central differences are used to -
calculate all first derivatives, from which the velocities can be
determined using eguations (11). At grid pcints where the flow
is subsonic, central differences are also used to approximate the
second-order derivatives in eguation (9}. A typical central

difference formula for Gxx is
{n-’lrl} ) {n+l} 1 (n) {n)
oo = cizbodok T (@) G1og T 2T G Gy gk Y Saen g0k
XX x ’

(20)

where the superscripts denote the iteration level and « is
the relaxation factor [6). If we regard each iteration as repre-
senting an advance At in an artificial time coordinate, this

formula can be interpreted as an approximation teo

. - At

1,2
- iR {Gxt + Ax (= - IIGt}

w
$imilarly, the formula

{n) - {n) . = in+l) {n+1)
G _ Gi+1,j+1,k Gi+1,j—l,k Gi-11j+;ik + G
Xy 4AXAY

can be interpreted as an approximation to
1 At
Sxy = Z Bx Sye ¢
The relaxation process can thus be regarded as an approximation to

the time dependent equation

11



2
- - - +
M IJGBS G Ghn pt} Gs + 2o

4 2Gm

+ 20,6 .+ 86, = 0, (22}

1 r

where M = g/a &5 the local Mach number, m and n are suitably

se¢aled coordinates in the plane normal to the velocity vector, |

and ¢ contains all the terms in the eguation other than the ‘
principal part, The coefficients Gy rlgeliay and ¢, depend on |
the mix of old and updated values in the difference equations 1
as well as any explicit time-like or mixed terms that have been ‘
added for stability.

Introducing the new time coordinate ,
a

- - 1
T=+¢ T_;S‘Pﬂfl‘li‘ll;ﬂ,
transforms equation (22) to

2

M2-116 -6 -G - fuele - a2 - o2la_ + sc. = 0 (23)
B5 mm nn Hz—l 2 3ITTT T "

In order to ensure the convergence of the scheme, we reguire
that equation (23) should be a damped three-dimensional wave
eguation., This will be the case if

2

o

> %=1} (a2+ed) . (22)

At points where the velocity is supersonic, upwind differ-

ences are used to represent contributions to Gss in the first

term of equation {19}, This is done using formulas of the type

(n+1) (n) {n+l) {n) |

2G - G, - 2C + |
— ip- fk lr];k i-l; pk. l":;jrk

G, = —ied, — i, ,

ax (25)

(n+1) _ _(n+l}  _ _{n+l) (n+1) |

.. = Gi.9.k " Si-1.5,k ®i,5-1,k * Si-1,3-1.k .
XY AXAY

12



These Eormulas also have the property of guaranteeing diagonal
dominance for the updated values on each line. The formula for
Gxx ¢an be interpreted as representing

At

G +ZEH-

G

XX 4 B

Together with analogous formulas for GIY and Gzz_, this intro-

duces a term equal to

2
2(M°-16_,

into equation {22}, To ensure that equation (24) is autisfied
at points near the sonic line-where {Hz—ll is small, the pueffi—
cient of Gst can he fufther augmented by adding a texm of the
form

At 2 ;
B E"-{Uﬁxt + ?EYt + h WGZt} ’ _ {26}

where R > 0 is appropriately chosen. The regquired mixed

derlvatives can be constructed in the form

(n+1l) _ .{n) _ .{n+l) {n)
VAP 05 1 Sl 05 1 Sl £ U5 1) Sl o U . (27
AX Xt 2 -

AX

. The superscnic difference scheme is completed by using central
difference formulas similar to egquations (20} and (21) to
evaluate contributions to the second term of equation (1%),
but with w set to unity, as suggested by a local von Heumann

. test [4].

13




Boundjary Conditions

The boundary cnndifion at infinity is particularly simple
bacause the squafe root transfnrmatioﬁ reduces the entire vortex |
wake to the X<Z plane at dovnstream infinity. Therefore, since
. the uniferm stream singularity has heén removed by the introduc-
tion of the reduced potantial, the Dirichlet condition

G= 0
is appropriate,

On the X-Y and X-Z planes, finite difference approximations
to the Nemmann boundary conditions specified by equakions (17) and
{}B{ must be applied to those portions representing snlid.bnunda—.
ries (i.e., the symmetry plane and the wing surface). At the wing
surface, central difference approximations are used in equation
(18) to define #alueg of the reduced potential at image points
loc&tad one mesh spacing below tha_x;z plane. A gimilar method
-is useﬁ on the symmetry plane, but due t; the higﬁ degres of
nonorthogonality of the coordinate sfstem when tha.wing is highly
swept, simple central differenses become unstable, Thus, to set
the pntantiﬁl values at the image points for the-symmetry plane,
the X-differences required in eguation {17) are evadluated by
averaging one-sided differences on either side of the symmetry
plane, taken in the.,upwind direction in the image plane, and in
the downwind direction in the first plare in the flow region,

The symmetry condition thus remains formally second order'accur&te,
and the incorporation of the image point whose value is being set
intd the X-difference adds to the étability of the scheme, This |

method of handling the symmetry condition has proved starle for

14




sweep angles in excess of 35 degrees.

At points on the X~Z plane which do not lie on the wing
surface, the values of the reduced potential at the image points
are taken to be those of the associated point on the other side
of the branch cut, allowing for a discontinuity across the vortex
sheat, The value of this discontinuity is taken to be independent
¢f X at each spanwise station, and its value is determined by the
Kutta condition that the flow leave the trailing edge smoothly.

One final note concerns points which lie on the contin-
unation of the sinpguliar line outboard of the wing tip. At
these pointe the mapping is singular, and a special
limiting form of the difference eguations must bhe nsed., At
points where the solution is regular, the nonlinear terms of
the potential eguation are of 0(1/h), while the Laplacian

transforms to

1
(¢ + & } + 4 .
;7 XXy Y Y, 2%

Thus, in the limit as h tends to zero,

¢ + ¢ =g (28}
XXy o Yy

ig a suitable limiting form.

15



RESULTS

Computaticnal procedure

The potential formylation is particularly attractive for
three—dimensiuﬁal calculations because it requires the storage of
: ﬂnlf one gquantity at sach grid point, and the number of grid
peints required to accurately describe these flow fields is large,
Even so, it is impractical to store the entire snlutiﬂp arxay
in the high speed core of many current computing machines.
Fortunately, since the analysis presented here depends on a
;eluxntinn solution of the difference equations, it'is not neces-
sary to have the entire solution immediately available at all
timgs; It is, therefore, stored on a disk file, and read into
core one X-Y plane at a time, At any time during the sclution
procedure, the vaiues of the potential on fouf such planes are
in the core. 014 values are buffered in and new values buffereﬂ
uuﬁ of core while other calculations are being performed as much
ags pessible, to keep the process efficient.

| In =sach x-f plane, the equations are solved by su&cessive
line overrelaxation. The plﬁne is divided into three.rEQinng,
as shown in Figure 3, In the central region the eguations are
ralaxﬂd.alung horizontal lines, sweeping from infinjity to the
wing surface. In the outer regions the equations are relaxed
along vertical lines, sweeping away from the central reglion to _
infinity.. Such a sweep pattern énsures that the sweep direction

will not be opposed to the flow direction in any supersonic Zones,

16




vhich would result in instability. In many cases, the central
region can be taken to cover the entire plane; that is, only
horizontal line relaxation is used,

To speed convergence, an initial calculation is usually
performed on a coarse grid, typically containing 48x6x8 grid cells
in the X, ¥, and 2 directions respectively. Thisz solution is
then interpoclated onto a finer grid containing twice as many mesh
cells in each direction, and is used as a starting guess for an
intermediate solution., The process is repeated once again to
give the final seolution on a grid containing 192x24x32 mesh cells.
A typical run consists of 100 relax;tian sweaps on each grid,

- reguiring a total of approximately 85 minutes of CPU time on a
CDC 6600. The same program has bean run on the CDC 7600, for

which a similar calculation requires about 15 minutes.

Examgles

In this section we present the results of calculations
~using the swept wing program, and compare the predicted surface
pressure distributicons with those measured in experiments. The
comparisons are made for two different wings, each typical of
a clags of swept wings of the subsonic transport type.

The firgt wing geometry is representative of the tip
panel of a relatively simple wing of conventional high speed sec-

tior shape. It has a uniform section of 9.8 percent thickness ratio,

17




and the planform hazs a leading edge sweep angle of 30%*, a taper
ratio of 0.7, and an aspact ratio of 1.8. A program generated
projection drawing of the wing is shown in Figure 4. The wing
was tested by Monnerie and Charpin [11] of the ONERA, and carries
their designation of wing M-6.

The first results presented are at a free¢ stream Mach
nunker of 00,5226 and zero angle of attack, resulting in zero lift
for this asymmetrical wing. Figure 5 compares the calculated end
measured streamwise surface pressure distributions at the 20, 45,
85, and 95 percent semispan locations [11,12]. Agreement is
guite good, including the predicted shock location.

Pigure & shows similar results for the same wing at a
Mach number of 0.219% and an angle of attack of 1.07 degrees.
Again, agreement between the computed and experimental results
iz quite good, with the exception of the shock location on the
lower surface, which is somewhat further aft than predicted by
the calculation.

Figqure 7 shows a program generated, three-dimensional,
projection view of the wing surface pressure distribution at a
Hach number of 0.840 and an angle of attack of 3.06 degrees.

This 18 a particularly interesting case because of the merging
of two shocks into one on the wing upper surface as one proceeds
outboard. This pattern is cgraphically illustrated in the projec-
tion view. Figure 8 shows comparisons of the calculated results
with experimental data, again at the 24, 45, 65, and 95 percent

semispan staticons. Agreement is guite good, including the

18




prediction of the double-shock pattern at the inboard stations,

Figure 5 shows the projection view of the wing surface
pressure distribuetion at a Mach number of 0.837 and an angle
of attack of 6.06 degrees. Again, the calculation predicts the
merging of a double shock pattern inboard to a single shock
further ocuvtboard, Comparisons with data, shown in Figure 10
show that agreement is still guite good.

The zecond gecmetry is representative of wings being
considered for the next generation of subsoniec transport aircraft,
The wing is twisted, both aerodynamically and geometrically, is
highly tapered, and has a discontinuity in trailing edge sweep
angle at the 35 percent semispan location. The planform has a
leading edge sweep angle of 35 degrees =nd an aspect ratio of 7.
It has 5 degrees of dihedral. It is defined by four distinct
streamwise sections (at the 12, 35, 70, and 100 percent semispan
stations), with linearly interpolated coordinates between. The
streamwise thickness ratio varies from 16.3 percent at the root
to 11.9 percent at the tip. For the wind tunnel tests the wing
was mounted on a guwasicylindrical fuselage which extended to
the 12 percent semispan. For the computations, the symmetry
plane was assumed to be at the same spanwise station as the
wing-fuselage intersection in the teats., A projection drawing
of the wing (extended to the fuselage centerline} 1is shown in
Figure 11, For these calculations, the wing geometry was modified
to account for boundary layer effects by adding the displacement

thickness obhtained from two-dimensional boundary layver calculations

19



multiplied by an empirically determined spanwise weighting
factor. The wing was one of several tested in a cooperative
program by the Douglas Airceraft Company and the NASA Ames
Research Center in the Ames ll-foot tunnel at a Reynolds number

of approximately SKIGE

r based on the mean aercdynamic chord.

A program generated three-dimensicnal projection drawing
of the upper and lower surface pressurxe distributions for this
wing is shown in Figure 12. (This particular case was run with
ne correction for boundary layver displacement effect, and with
the wing extended to the fuselage centerline.)

Comparisons with experimental data are shown in Figures
13 and 14. The first case, Figure 13, shows streamwise surface
pregsure distributions at a number of spanwise stations for a
Mach number of 0,75 and an angle of attack of 2.2 degrees.
Agreement with experiment is seen to bhe excellent, including
the location and strength of the rather strong shock near the
leading edge on the wing upper surface.

Figqure 14 shows similar comparisons at a Mach number of
0.84 and an angle of attack of l1.85 degrees. Again, agreement
is quite good, although the resolution of the first {rather weak)
ghock of the inboard double shock pattern seems lost between the
35.5 and 50 percent semispan locations.

The results displayed in Figures 13 and 14 were kindly
supplied by R, M, Eicks and P, A. Henne, Further details of
the wing geometry, calculations, and test conditions are

copntained in [13]).
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CONCLUSIONS

4 aumerical method has been presented for determining the
invisold transonic flow past a swept wing. The method iz bhased
on a type-dependent, finite difference approximation toc the full
potential eguation, solved in a computational domain designed
for accurate application of the wing surface znd symmetry plane
boundary ¢onditions. Calculated surface pressure distributions
agree well with experimental data for wings of conventicnal and
supercritical section shape (when the geometry in the latter
cases is corrected for the displacement effect of the boundary
layer).

Mapping techniques similar to those used here could be
used to treat more realistic geometries, e.g¢,, a wing mounted
on a fuselage {14). “The recasting of the finite difference
approximation into conservation form would also be an important
theoretical contribution.

Finally, as was menticned in the preceding section, these
calculations reguire a substantial amcount of computer time,
Thus, methods of accelerating the convergence of the iterative
acheme are particularly important in three-dimensicnal preoblems.
A number of technigues to achieve this have met with success in
two-dimensional calculations, including a hybrid Poisson-solver/
relaxation technigue [15,16), a multi-grid method [17], and an
alternating-drection method [18]. The extension of these methods

to three-dimensional calculations should result in great savings,
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{a)

Plan View

Figure 1.

{b) PFromt View

Geometry of Swept Wing.
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FIGURE 4, GEOMETRY OF ONERA WING.

VIEW OF WING

ONERA WING M6 L .E. SWEEP 30 (EG  ASPECT RATIA 3.8
MACH 923 YK 0.000 ALPHA 0.000
L/ - .00 CL -.0000 CD L0246
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FIGURE 11. -GEOMETRY .OF DOUGLAS WIHG.

VIEW OF WING

DAUGLAS HING W2 (EXTENDED TG CENTER LINE)
MACH -819 YAW 0.000 ALFHA 0.000

L/D 20.09 CL 54355 CD 0272
34



A
A

2~

|-
A,
2R,
J’f [ "_____,_.-
N
.'I \ Pl P
25 (]
ZZ

I ——
| ——-
-
I’H{
S
ff////////fH;\\H

FIGURE 12. THREE-DIMENSIONAL SURFACE PRESSURE DISTRIBUTION.
UPPER SURFACE PRESSURE LBWER SURFACE PRESSURE

DAUGLRAS WING W2 (EXTENDED TO CENTER LINE)
MACH .819 YA 0.000 ALPHA 0.000

L/D 20.09 CL 5455 (D 0272
35




9t

M =75
@ =<2.2"

©  Test Ooto (5 7053)

Coloulahion

Cp
I RN
Mate: Side O Fusekxga

Run As Plone Of

Symenetry In
Calculation




LE

M =084
i =1.85°

Q Test Dota (C 2058}

Calculabion

- 355%
/ 5%

13% \Mi'ﬁpﬂn

) - - ‘_\ G
Hote: Side OF Fusolage

Run As Plane OF
Symmetry I
Cotoutation

Figwe 14 Comporison Of Cakuigted And Experimental Wing Pressure Digtribwdions For DAC Cose 5



Appendix A&. Description of the program

All the numerical results in thie report were generated
by the computer program FLO 22 listed in Appendix 8. This
program includes options to freat both a swept wing on a
wall (Figure Al), and an isolated yawed wing (Figure A2).
For swept wing calculaticons the sheared parabolic coordi-
nates are intreduced in planes parallel to the free stream.
In the treatment -of a yawed wing the whole coordinate system
is rotated through a2 specified yaw angle, s¢ that the X-¥
planes are normal to the leagding edge of the wing at ite
center line, In either case the wing section can be varied
in an arbitrary manner, and the only restriction on the plan-
form is that the leading edge may be any smooth curve, hut
it should not have kinks, since these would cause the seccocnd
derivatives of the singular line of the coordinate system
to become unbounded, Kinks are permitted in the trailing edge,
oh the other hapd, The trailing sdge defined by the input
is &ctually replacéﬁ by a plecewise straight line connecting

the nearest mesh points in the computational lattice,
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The geometry is defined by giving the wing sections at
successive span stations from the viig root to the tip, or in
the case of a yawed wing, from the le¢ading to the trailing tip.

Up te 11 span stations may be used for this purpose, and the

planform and dihedra) are determined by specifying fhe chord

and the x and § coordinates of the leading edge at these span
stations. The wing section at each station is then determined
by scaling and rotating a prescrihed profile, given by a table
of x and y coﬂrdinates; If the wing sections are similar, only
the profile for the first staticn need be read in. The gnord@-
nates for the other stations are obtained by scaling the original
profile to the proper chord, and rotating it to obtain the.
appropriate twist., If, on the other hand, the sections are not
similar, the program permits the ccordinates of new profiles to
be read in at each span staticn. The Hingﬁﬁectinnlbetween
stations is generated by ipterpolation, The leocation of the
singular line about which the wing is unwrapped by the square
root transformation is determined by the parameters XSING and YSING,
which must be specified at each span station. It is important
to choose these so that the mapped profile does not have any sharp
bumps.

The main input to the program is read from Tape 5, and
the output is written on Tape 6. Tapes 1, 2 and 3 are disk files
used for internal storage in order to reduce the requirements for

high speed memory. Tape 4 is a permanent storage device such as
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a magaetic tape on which an intermediate result can be saved,
The computation can then be continued for more iterations,
starting from the values saved on Tape 4. The disk instruc-
tions in the ?ersion of the code listed iy Appendix B are
specialized to the ¢DC 6600 using the FTN compiler. Otherwise
“ the ¢ode should be readily adaptable to other computers.,

The data deck for a run is afranged to include
title cards listing the reguired data items. Ihe complete set
of title cards provides a list of all the dataz which must be
suppliéd, and can be used as a guiﬁe in setting up 2 data deck,.
Each title card is followed by one or more cards supplying the
numeri;al values of the parameters ;i#ted on the title card.
All data items are read as floating point numbers in fields of
10 columns, and values representing integer parameters are
caonverted inside the program. B2 glossary of the input parameters

is given in Table 1, and a typical data deck. is shown in Table 2.
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Table 1, Glossary of input parameters

{Listed in order of their cccurrence on the data title cards)

TITLE CARD 1

NX

[k

FPLOT

XSCAL, PSCAL

FCONT

The number of mesh cells in the dilrection of the
chord used at the start of the calculation.
NX = { causes termination of the program.

The number of meeh cells in the direction normal
to the chord and span.

The number of mesh cells in the span direction.

Controls generation of plots.

FPLOT=0. for a print plot but no Calcomp plot

at each span station.

FPLOT=]1. for both a print plcoct and a Calcomp plot
at each span staticn.

FPLOI=2, for a Calcomp plot but no print plot at
each span station.

FEFLOT=3. for a three dimensional Calcomp plot only.

Controcl the scales of the Calcomp plots.

XSCAL»0. scales each section plot to XSCAL
XS5CAL=0. scales each section plot to 5.0

XSCAL«<(. scales the maximum chord to XSCAL, and
each secticn plot proportionately to the local chord.
PECAL#). sets the pressure scale to PSCAL per inch
in earh section plot.

PECAL=(. sets the pressure scale to 0.4 per inch
in each section plot. Also,

PSCAL>8. scales the three dimensicnal plot so

that the span or semispan is 5. If PSCAL=0, and
XSCAL#(. then the three dimensional plot is

scaled so that  the maximum chord is 1/2 XSCAL.

Indicator which determines the manner of starting
the program,

FCONT=0. indicates the calculatiﬂn beging at
iteration zero.

FCONT=1. indicates the computation 1s to be
continued from a previous calculation. In this
case the values of the velocity potential and the
cirenlatien are read from a magnetic tape where
they were previously stored (Tape 4). It is still
necessary to provide the complete data deck to
redefine the gecmetry. The count of the iteration
cycles iz continued from the final count of the
previcus calculation and the maximum number of
additional iterations to be performed is defined
by MIT.
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TITLE CARD 2

MIT

cov

PL
p2

P2

BETa

STRIP

FHALF

The maximum number of iteration cycles which will
be computed.

The desired accuracy. If the maximum correction
is less than COV the calculation terminates or
proceeds to a finer mesh, otherwise the number
of cycles set by MIT are completed.

The subsonic relaxation factor for the veloccity
potential, It is hetween l. and 2. and should
be increased towards 2. as the mesh is refined.

The supersconic relaxation factor for the velocity
potential. It is not greater than 1, and is
normally set to 1.

The relaxaticon factor for the circulation.
It is usually set to 1., but c¢an be increased.

The damping parameter controlling the amount of
added ¢st {see equation {(2,6), page 13).

It is normally set between 0. and 0.25.

Determines the split bhetween horizontal apd
vertical line relaxation and is the proportion

of the total mesh in which horizontal line relaxa-
tion is used. Fastest converdgence is usually
obtained by setting STRIP = 1. so that horizontal
line relaxation is used for the entire mesh.

If convergence Gifficulties are encountered STRIF
may be reduced to some fraction between 0. and 1.

Determines whether the mesh will be refined.
FHALF=0.: the computation terminates after
completing the prescriped nmumber of iteration cycles
or after convergence.

FHALF¥0.: the mesh spacing will be halved after MIT
cycles have been rur on the crude mesh size. An
additional data card must be provided for the
refined mesh giving the numerical values reguested
by Title Card 2. If

FHALF<(} the interpolated potential will be
smoothed |FHALF| times.
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TITLE CARD 3
FMACH
YAW

ALPHA

CCo

TITLE CARD 4§

Z5YM

NC

SWEEP1

SWEEP2

SWEEP

PIHED]

DIHED2

DIHED

The free stream Mach pumber.
The yvaw angle of the wing in degrees.
The angle of attack in degrees, When the wing

iz vawed, ALPHA is measured in the plane normal
to the leading edge, not in the free stream

direction.

The estimated parasite drag due to gkin friction
and separaticon, It is added to the pressure drag
{sum of vortex drag plus wave drag) calculated
by the program to give the total drag.

Determines whether to treat a wing on a wall or
an isolated wing,

Z5¥M=1.: the WLng is on a wall

ZEYM=0.: the wing is an 1snlated wing at a yaw
angle given by YAW.

The number of span stations &t which the wing secticn
is defined on subsequent data cards from the wing
root to the tip if £5YM=1l., or from the leading

to the tralling tip if ZS5YM=0, If

NC<3 it is assumed that the wing geometry is

the same as for the last case calculated and

the computation for new values of FMACE, YAW, ALPHA
and CDhO bhegins without further data items

being read,

Sweep of singular line at the wing root if ZS¥yM=1,,
or at the leading tip if ZS¥YM=0,

Sweep Of singular line at the tip,

{(SWEEP1 and SWEEP2 are used as end conditions
for a spline fitting the x coordinates of the
singular line.)

Sweep of singular lirne in the far field.

Dihedral of singular line at the wing root if
ZSYM=]1,, or at the leading tip if Z5¥M=0.

Dlhedral of singular line at the tip.

{DIHEDL and DIHED2 are used as end conditions for
a spline fitting the y c¢oordinates of the singular
line.}

Dihedral of singular line in the far field.
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TITLE CARD 5 {The geometry at the first span station}

2 Span location of the section.
XLE, YLE X and y coordinates of the leading edge.
CHORD The local chord value by which the profile

ceordinates are scaled.

TEICK Mogifies the section thickness, The y caordi—
nates are multiplied by THICK.

ALPHA The angle through which the section is rotated to

: introduce twist. In the case of a yawed wing, this
angle is measured in the axis system attached to
the wing, not in the direction of the free stream.

F5EC Indicates whether or not the geometry for a new
profile is supplied.
F5EC=0.: the section is obktained by scaling
the profile used at the previous span section
according to the parameters CHORD, THICK, ALFHA.
No further rcarde are read for this span station,
and the next card should be the title card for the
next span station, if any.
FSEC=1.: the coordinates for a new profile are
read from the data cards which follow,

TITLE CARD & {Profile Geometry Supplied if FSEC=1.)

YSYM Indicates the type of profile,
YEYM=0, d&enotes a cambered profile. Cocrdinates
are supplied for upper and lower surfaces, each
crdered from nose to tail with the leading edge
included in both surfaces,
YEYM=1., denotes a symmetric profile. A table
. of coordinates is read for the upper surface only.

NO The number of upper surface coordaintes,

‘NL The mumber of lower surface coordinates.
© .- Por YSYM=1,, NL=NU even though no lower surface
coordinates are given.

TITLE CRRD 7 {Additional Profile Geometry Supplied if FSEC=l.)

TRAIL The included angle at thé trailing edge in degrees.
The profile may be open, in which case it is the
difference in anqle between the uppear and lower

surfaces.

SLOPT The slope of the mean camber line at the trailing
. edga, This is used to continue the coordinate
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surface, assumed to contain the vortex sheet,
smocthly off the trailing edge. For heavily aft
loaded airfoils, the lift is sensitive to the

value of this parameter, which should be adjusted
by comparing twe dimensional calculations using
parabeolic coordinates with two dimensional caleula-
tions in the circle plane,

ASING, ¥SING The coordaintes of the singular point inside the
nose about which the sguare root transformation
is applied to generate parabolic coordinates,
This point should be located as symmetrically as
poseible between the upper and lower surfaces at
a distance from the nose roughly proportional to
the leading edge radius. It can be seen whether
the location has been c¢orrectly chosen by inspect-
ing the coordinates of the mapped proefile printed
in the cutput. I{ the mapped profile has a bump
at the center, the singular peint should be
moved ¢loser to the leading edge, If the mapped
profile is not symmetric near the center, with a
step increase in vy, say, 28 x increases through 9,
the singular point should be moved closer t& the
upper surface. The coordinates of the singular
peint are chosen relative to the profile coordinates
supplied on the cards which follow,

TITLE CARD £ (Upper Surface Coordinates)

4 The ccordipates of the upper surface, These are
read on the data cards which follow, one pair of
coordinates per card in the first two fields of 10,
from leading to trailing edge inclusive.

TITLE CARD 9 {Lower Surface Coordinates, Read if ISYM = (.)

X, Y The coordinates of the lower surface,; read from
leading edge to trailing edge, The leading edge
peint i the same as the upper surface leading edge
peint. The trailing edge point may be different if
the profile has an open tail.

—

TITLE CARD 10,11.., {(Geometry at the Other Span Stations}

These title cards are the same as Title Card 5
{geometry for the first span station}. The number

of such cards depends on the number of input span
stations NC. If the profiles are similay at each
station except for sceling, thickness to chord ratic
and rotation to introduce twist, FSEC=0. and no

new profile coocrdinates are needed.
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TABLE 2.

DATA DECK FOR. ONERA Mb WING

Column 1-10 11=-20 21=30 31-40 i 41-50 I 51-60 61=70 J1-80 E
! b '
Cards ! !
i
Title of case[ONERA M6l WIRG {copled onte| output and Calconp plota) I )
i 1
1 1
Title Card Wy HY M2 FPLOT ! HECAL i PSCAL ' FCONT
48. 6. 8. R S,
Title Card MIT cov Pl | : P3 L BETA 1 STERIF FHALF
!
100, 1.E=6 | 1.6 1. . Jd0 | 1. 1.
100! 1'E-ﬁ 1#6 1! ] llﬂ 1 ln- 1.
lﬂﬂ; 1IE_6 145 1! 11 !1'} r 1! I
Title Card MACH YAW ALPHA | GDO
;af}ﬂ ﬂ.. 34{}6 -ﬂlﬂ L
Ticle Card Z5YM NG SWEEF1 | SWEEF:2 SWEEFE BIHED] i DIHEDZ DIHEL
1. 6. 29.9 29.9 299 0. : 0. . 0.
Title Card Z XLE YLE CHORD THICK ALFHA FSEC
{. 0. G, 6737 1. 0. 1.
Title Card vsvw | wu NI, i
1. 7Z. i2. .
I T ! 1
Titla Card TRAIL SLOYT ! XSING YSING I i
7.06 } D0725 | 0, ; 1 '
Title Card X (Uppkr Surface) i
{72 cards) {Enﬁrdin{ates of pyofile) _ l ‘ i
+ -
Title Card z XLE ¥LE chorn | tHick | arema | Fsec |
.2 .1150 a. 6147 1. I 0. a.
Title Card 2 XLE YLE CHORD THICK ALFPHA FIEC
oA .2204 0. .5558 1. 0. a.
Title Card Zz XLE YLE CHORD THICE ALFHA FEEC
.6 . 3450 0. L4068 1. 0. 0.
Title Card 2 XLE YLE CHCRD THECKE ALPHA FSEC
i -8 - 600 a. L4379 1. 10, 4.
hitlﬂ Card Z X1E YLE CHORD THICK ALPHA FSEC
' 1.0 L5750 0. . 3788 1. 0. ;.
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Both graphical and printed output are provided. The
wing sections defining the geometric configurations are
printed for each span station, if they are different, or for the
first span station only if the sections are all similar. The
program next prints the coordinates of the unfolded sections
produced by the square root transformations at the root and
the tip. These should be inspected to s8ee that they are reason-
ably smooth. The program &lso prints a chart of an indicator IV
showing the configuratlion of the wing in the coordinate surface

to which it has been mapped. The values of IV are as follows:

Iv = 2 ipdicates a point on the wing
1 indicates a point on the trailing vortex sheet
0 ipdicates a point on the singunlar iine
=1 indicates a point adjacent to the edge of the wing
or vyortex sheet
=2 indicates an ordinary point not in contact with the

wing or vortex sheet.

The program next displays the iteration history. The
maximum correction to the velocity potential and the maximum
residual of the difference equations are printed at sach cycle,
together with the locations of the points where these occur
in the computational lattice, and alsoc the relaxation factors,
the circulation 4t the wing center line, and the number of

supersonic points.
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After a specified maximum number of cycles has been
completed, or a convergence critericn has been zatisfied, the
section lift, drag and moment coefficients are printed for
each span station, and the pressure distribution is printed
or displayed in a Calcomp plot as desired. Finally the charac-
teristics of the complete wing are printed, These incluvde the
coefficients of lift and form drag computed by integrating
the surface pressure, and the ratic of lift t¢ form drag,

An estimate ¢of the fricticon drag coefficient may be supplied

in the irput, and this will be included tc provide an estimate

of the total drag ccefficient of the ratioc of 1%ft to total drag.
The pitching, relling and yawing moments are also computed

and printed. In the case of a yawed wing these are in an axis
gystem normal to the wing leading edge at its center line. In

the case of a wing onh a wall the rolling moment is the root
bending moment.

Finally additiconal Calcomp plots are generated if they
are desired, These show the convergence history, and also a view
of the complete wing a&nd the three dimensional pressure distri-
bution over the upper and lower surfaces separately, with the
wing root or the leading tip at the bottom of the picture. If
the mesh is to be refined the program thén coppletes the same

sequence of calculations and output for the new mesh,
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l Flow direction

lx

Figure Al. Swept wing on a wall.
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Flow direction

/=

Figure AZ. Yawed wing.
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APPERDGIX B. LISTING OF THE PROGRAM

PROGEA™ FLOZRAINMPUT )L TPLUT s TAPC Lo TAPEZ, TAPL I TAPCY,
1 TAPES = eu]Talch=UuTruT)
THREE UIMENMSIONAL wihG ANALYSIS IN TERAMSONIC FLOw
LUSING SHy dRgC PARAYGLIC CIOREINATES
WiTe STORAGE ON THE (aal
PRUGFAMMED 3Y &MTORY JAKESONs PAKCH 1974
REVISICHS BY Do 8. CAUGHeY AML ANTONY JANESONsdEe 1972=DEC 1976
G IS RFDUCED YFRLIALITY POTenTlAL
CuMMLM GlULY35 28,90 500095, 350600131 2001310),
IV i3, 23501020382 Teci3b),
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B2, 00026),32020) 2830 28),
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ECIAs X2 {35, nZ2 029, 1L, Y2 (36, Y22135),
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e Ll BT S
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MG = 241

ME * 153

[READ = b

1nwRIT 1 &

KPLUT = O

IrLOT =1

1STOP » ¢

Nl =1

K2 2

M3 « 3

REWIND )

REWIKD 2

REWIKRD 3

KEWLND &

JC = D

#£4A0 = 5T, 295T7T9H13,823

WRITE (IwRIF,&C0)

whEITE LIwRLIT,2)

2 FORMAT{l&HOPPOLPAM FLO22¢ 7LXs AZHANTONY JAMESDN, COURMNT INSTITUTE/

1 SOMOTHREE DIMENSIGRAL WING ANALYSIS IN TRANSONIL FLOWs
e 36 USTINC SHEAREL PARABCLIC CLURDINATES)

READ {IREAD,S3L) TILILE

LRITE (LlwkIT»6234) TITLE

READ (IREAD,ST )

FEAD {LFEALSZ1C)Y  FhisFAY o FaZ FPLOT, XSCAL#PSCALLFOONT S FA)

N r FhX

21




11

&2

NY = FNY

k1 = FN]

IE INX.LT.1l) &0 Td 2Ci
KPLOT = ABS{FFLOT)
REAC (IKEAD25GC)

MK a g

NM = MM+

FEAD (JREAD,SiIC) FITUINMICOVOUINM)pPLUINM) P20 iNM), PIHINN]),

1 BeTAQINMI STRIPUINFEIsFHALFINM]

IF AFHALFIMM) JKNEaQsedtDobmel142) GO TI1 11
FHALF(3) = O,

READ {(T1PcADs5GE)

READ {IRE&Ds51C) FHACH:YAraL,COE

Yid = YAJRAD

ALPHA w 4L F/Fa0

CALL GECGH fHD Ml s MP IS8 p RSy Yo L cr Yo SLIP T TRALLS XP, YR,
1l SWEEP LSk PerSwtiPsDIHERL P LIHERZ D L4ED
b XTEGL CHORD G a TTIP, JSYYMOLKETH)

L[5YH a [SYMQ

IF (ALPHANE+Qu} l3¥h = §
1F {K3YHJNELD) Yaw = O,

CYAW = GLUSEYARD
AYA S = SINCYER)
Ca = CYARREOSTALPHA)
Sa = CYAWSSINCALPHA)

IF {(FCONTWLTels) &0 30 9§
READ {&) NEphYpNZaNH Lok 2aNIT

MX = NX  +)
MY = NY  +2
Mz » NZ 43

DG 62 K=} ,47

READ (%)} L{GUIrdsd) g I=sleMr)pd=lrNY])
BUFFER OQUTINI 1) (G{YplrlY¥pGiMXeNYsll)}
IF IUMITINAD.GToCWF GO TL U

BUFFER OUTHIMLl,1) {GIlalrlisGIMNsMYell])
IF (UNITINL) «GTeDe) Gu TL 1

CONTINUE

READ {4} {EQIN} K=k, K2]

REwlnD N3

REALIND N1

FEWIND &

21 CALL COOxD ANXphYsNZ kD Mp M1EL2 ZTIPANAXK, ZNAX,

SYebCaLpiCALIsAXpRY AL,
AU Al 22, p3sB0sbls8228352ruleC2,C2)

CALL SINGL (NCaWi KSYMpKTELsKTEZ» CHORUG,
SwWEEPL»SWEEP2, SwEEP»CIHEGLyDIREDZ, DlHeD,
Z5e XLl YLESXC o XTI NZ s YO ¥ Za¥ily
2oClsC22C30clak2sEIEarchsinD)

CALL SURF  {NOshNEsRCanddaNZ s LSYMp{SYM KTELs kT2, SCAL,

i YAWP AL p ZoZ a0 AC oYL SLOP T, TRAIL A KSe Y S NPy
ITEIs ITECiveSTsTCsAP» TP 0 02,03, XeYe INY)

1F tINDsEULO) GC TO 29L

IF (FCONT.GE«L1e) GU TO 101

MM = 1

L' P = Ry

fo -
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KIY * 9D

CaLL E5TIN
IF tl10.6Q.Q) GO TO 1
REWIND N3
REWIND N1

1G1 wRITY {IWKITpeé0()
FCAONT 2 [y
MLT -m FIT{NMY  +NIY
KiTf ' ca A17
IF (nF GT Lo AMD o FHALFINM) oEQele ) KIT = 10
JIT * NIT |
KhES = {r]T =N]1TF =2)#50C +2
JPES | LI
NRES » [
coy = COVGINMI
STRIP = STRIPQ{NNI
BETA » BETAQINNM)
M = NX ]
MY - & NY +2
ni = NZI. +3
KY = NY +]
K1 - = 2
KE . NZ, '
IF (KSYM.£Q.23F 6O TO Zu3
Kl = 3
WE = NI 42

13 LE = N2JZ2 +1

1F [KSYMuNERD) LI = 3
WRITE (IwRITslu)
104 FURMST(4@HOINDICATION UiF LOCATIGN OF wING AND VORTEX SHEET,
i 2Th IN CGCRUINAFE PLANE Y = Quf
2 ZTNOUCIVILSKISK=K1pK2I s Im2uN X} )
DG lut I=2shK '
106 WREITE CIMMITo065C) (IVELsR}sK=R1sR2)
WRITE (IWKITyeCC)
WREITE (iWFIT»112)
112 FGRMAT(4GHOCHORCWESE Cell DISTRLBUTICN IN SQUAKE RODT PLARG»
2 54H ANU FaPPEG SUAFACE COOROLNATES AT CENTER LINE AND TIF/
z  15HO X s15H  REGOT PEDFILEs15H  TIF PROFILE )
DO 114 Ie2s%X .
11¢ ®RITE (IWRITs61C) A0{1355001sLZ)sS001sKTEZ)
WRITE (IwPIT»lle)
116 FORMAT(15n0 TE LOCATIOUN s15H  POWER LAW )
WKETE (IWRITo&1C) XMAX,AX
WRITE (LwRIT»&00)
WwRITE (LWRIT:11E)
116 FORAAT(A6HOINGRMAL CELL OISTRIEUTION LN SQUARE ROGY PLANE/
1 . 15HO Y )
DG 120 Jd*2,KY
120 wRITE (IWRIT,£10) BCLJ)
WALTE (IWPIT»122)
122 FGRMATI15H0 SCALE FACTORsL5H  POWER LAk |
WRLTE (TWRIT,€10) SYpAY
WRITE (IWRITs&0C)
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WRITE (IWRITs12%)
124 FORMAT{45HOSPANKISE CglLL DISTRIQUTICN AND SINGULAY LINL/

1l 15d0 Fi 2 15hH 2 OSING rl5H ¥ S1ING ’
b4 154 LT rl5H L& s 15H kil ’
3 15K Y12 )

DO 126 KeklasK2
128 WRITE (IwkIT,610) 2ZCM )} o RO K)o YO IR Y2 N2 (R AYZ{RIR2Z{KILYZZIL(K])

WRITE (IWRIT,12E)
128 FLORMATILSHO TIP LOCATLIRMN,LEH PONER vaw |

wWHITE (IWRIT,&61G) IMaX, AL

wRITE (IWRIT,&00)

WREITE (IwRIT»1321}
132 FURMAT{I9HOITERATIVE SOLUTICK/

l GaHGSTRIP wWlCTH FLR nORIZINTAL LIME KELARA] [GM)

WRITE (IwkIT,&61C)H STEIP

WRITE (IwPIT,1341
3% FORMAT(LlhHO WX Lok NY s 154 nl }

WRITE (ITwh]IT,4640) NRNYsbl

CALL SECONDIT)

WKITE (IwRIT,70CG) T

WRITE (IWRIT»13¢1}
136 FORHAT{15HD FalH MG r19H YAl 215d  ANG OF aTTaCLK)

WkITE (Iwk1T,01L ) FMACHsYasaL

WRITE ([WFkIT,1361}
128 FURMATUIOHOITEFAT 0N, 1OH CORRECTION s4H ] s4H ) s4H &

1 lud RESIDUAL 24 1 s4R J 24H K »
2 100 CTRCULATN LU REL FCT 1s10H REL FCOT 2pu0H REL FUT 3
3 - 19H BE1& »ilH 3UBIC PTS)
141 NIT = NIT +1
J1T s JLIT +]
Pl = PLOINMI
P2 = P2LINM)
P3 = P3IQ{NM}

IF {NKITLLEWLLGCY Pl = 1,
IF InITWLE«1GY F3 = 1,
CALL MIXFLD

IF {1C+FQa0) GC TO 151

JO = §

REWIND N1

BewInD N2

N = Nl

Mi *" N2

NE = N3

N3 .

WRITE (QImRIT2EE0)Y NITHUGsIGr uGsrGpFRy IRy JRARRyEVILL),
1l PEsPzaP3IsBFTaNS

JEES = JRES <]

1F (JRES.EG.KRES]) yRLS = ]
IF {JRES+MELLY GO TD 143
NRES * NRES> +]}
COGUNTENRES) = NIT =i
RESINFES) = FR
143 IF C(JITLEQ.KIT) GO TO 251
IF ImITelTuMIToaARD AESIDG) wGT4COVeaNDABSIDG)aLT104) GO TLU L&)
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L3 It 16l
151 IF fyl+Eweld GC TO L

HewInd N1
B ING M2
4G L 1
[ a K3
h3 a N
NE s NJ
w1l = b
G0 TC 141
141 Ral"® £ (e
1f (NFES+GTal) KATE « (ARSIRES(NKc}/RESILIID
1 ] ,F{CCUNTINRES) —=CoOUNTILI}})
wRITE ([wk]Ts1be}
le?d FURMATILlyrAw %ax keSICAL L1215k MaX ReSIDAL 2ei%H WLRK '
1 150 &ECLCTSN/CYCLE!)

WeITt (IwhIT, 8700 “E5(adpuiS{mPLS),COUNRTIMRES ) RATE
Cull ScCOMDIT)
WELTE (IwfITo70C) T
wElTL (IwF]ITeECL)
LD L&k Lelsd
L FFER IN Iblyp}) [d)eleldisGUmi,PYell))
[F (UNITIR))GTOs) GO TQ 151
16% LLNTINUVE

Lx a Sl o+l
K = ¢
1Tl % a K 4,

IF (neEwaI} GO 70 151
L 172 J=lgMY
DG 172 [=1sMK
Elsds1l) = GlIrds2}
172 G{Irdrc)t = GU1pde2)
PLFFER IN (Mls]) [GU1slpd)}sGiNXsMY3))
JF LORITUIN1YOTaGed 60 TO 151
1F {6 elToeRhTELaCR4KeGlaXTE2) GO TC 171
il = ITE1LK)
I? s [TEZ{k}
CALL VELD (R 255Vs5M0PeXaY)
CHAGRDINK) = a{li) =»(LKk)
CALL FOPLF (1YsliwXaYpCPoALsCHORDUOK ) o XOAK Y »3CLIK 2 SCOCK), SCHIKD)
IF (P LOTeGT e ladnDaK,GTLRTELY GC TO 185
WRITE (IWRLIT,6CL)
wRITL tIwxIT,182)
192 FLEAMAT(24HOSLCTION CHARACTERISTICSY
1 Lon{ KACH NO »1l5P Yiw 215H ANG OF AITaCK}
whITE (IwhIT»61C) FMaACH YA»AL
WRITE (LwrlT,el184)
184 FORMAT(LEHO SPAN STATiOM» 15H cL #» L5H M ¢ ’
1 15k M ]
185 SRITE (IWwRIT,&l0) ZUK)rSCLIKYpSCOUK),SCHIKD
IF CKPLOToLEel) CALL CPLDT (T1),12-FNaCH, XY aCP)
1r (KPLOT LT uleOR.KPLOTFLGT.2) GO TOD 1T
LALL GOAPH (IPLCTalla)2eXaYsCPsTITLERFRACH)YAAL,
1 T SCLERIRSCOIR I, CHORDO, XSLALSPSCAL)
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eC TG 171
131 CALL TOTFOR{KTEL »KTEZ» CHURD» ACL #SCO» aCF I XEy

1 CLeCCLrCHMPyCHRPOMY )

Cbl » CYhwe(CD]

L H = 0o +«CL)

YLDl s Oy

IF {ABSHCEL aGTalu=t) VWLOL » CL/COL
VLD # g

IF (ARSHICLYWGTeleE-&) WLD + CL/CC
WRITE {LakITsolC)
WRITE {IwkIT»192)

192 FORMATI2IHOWING CHARACTERISTICSY

1 15ncC FaCH FJ #1lub LE-1) rI5H ARG LF ATTACK)

WRITE {IwmkIT,S51G) EMACAs YArAL
MhITE | InkE1T»19%)
19% FLREMAT{15HO CL rhoH CD FLRH # 150
1 15H co ri50 L/D FOF® 4 15H
WEITE [1wWFITs&lr) CLCDI»ClUsDsvLLla VLD
WRITE (IWFIT»196)

196 FORMAT{LSHD Cr FITCH »15H {4 «CLL »15n
WREITE (IWRITrél{) CMPsLMR,CHMY
EEWIND N]

IF IWPLOTWLT1) GD TO £41

€L FRICTLOM »

L/0

CM Yiha

CALL RPLOTUEPLET 4 NRES» S COUNT o TITLE#FMACH YRR ALy NXsNYaNZ )

CALL THREEDUIPLUTasVysMaCrsXaYs TITLER YR AL S
1l VLDsCLaCL#CHCRDOM ASCRALFPSCEL)
IF (1G.ECe0) GL TO 1%]
201 1F {ISTO¥P.EQ.Ll) GO TU 3wl
IF (FHALF{NM) EL.Qa) GL TO 1

HX " WX N
Y = NY WY
NI 2 N2 Nl

CALL COGKD {NXsMYpNZIsKSYPsRTEGs ITIP, XMAXsZMAX,
SYsSCAL»SCALIv AKX AY 2 AL
ADwalsAZ9230B800BLlsB228327sC1sC22C3)

CALL SINGL (NCotnI»XS5TMsKIELSETEZs CHORDG

ISs XLESYLEpNC o NEp XZZw YL oY IaYILs
TaClsC2oCArELsE2pE3e s ESe IND)

W Ay e Pt

SWEEFPL1sSWEEP2Z 2 SwEEF,CIHECLI»JIHEDZ)DIHED)

CalLL SURF (NOsMhtasRCrnahenZs ISYHsRSYMekTElakTe225CAL

YAWs AU 2o S dC» YO s SLOP T TRAELFASH TSP s

e

IF (IND4EGaQ) GC TO 91

CALL REFIN

IF CJ0.EQ«O) GO TO 221
REWLIND N1

REWIND N2

NSMOC a =FHALFINMK)

IF (NSHMODLLTeLli 61 TG 211
00 2¢Z2 N=]1,N5MOD
CaLy 5MOC
IF {]0.EQ,0) G0 TO 221
REWIND N1

202 KEWIND N2
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211 KW

221

251

262

252

281
29)
292
301

506
510
530
600
610
620

o P Mot =

P =t

Nl
N2
N3
K
(F Y ]
Q

L ¥

NZ

N3

MM

KT

G0 TG 10)

WX - NXle

NY x NYFE

nNi = NI/?

CallL COORD UNXsNY NI RSTMuRTEOS ZTiPa XMAXNSIHAXS
SYsSLAL,SCALTZ»AKAY AT,
RO ALl AipadsBlpBl P ZsB3alCRsC2,C32])

CALL SINGL (NC,MZsKSYM,KTELxTE2:CHIRDG »
SWEERPLs bt eP2s SMEEPHDINED L) DIHEDZ2 D IMHED S
ISsALE»YLEs XCa N2 XTZ3YCs TI:TII:
2sCLaCesC3ELst2sL39E4sESS iND)

CALL SURF  (NODsMEsNCaNXpNZp ISYMeKSYMpKTELSKTEZ, SCALY
Tlﬁrlﬁ;I:IJlHLlfE:aLﬂP]rlRllLrISr?SpMPr
ITEL,ITEZa IV 5w 2La AR, ¥PLD1, DEJD!#I:T:IND]

iF {INDLEG.D) GC TC 291

GO TO 151

Kl « KTEL =1

K ® NTEZ +ITE2(KTE2} =NK/2

PO 252 Mel,3

REITF (4) NEsRTaREpNMs KEaKZy1T

LG 262 Km]lgm]

BLUFFER IN (N1,1) lGI;rls;lnEIHl:HTrIll

LF (LNITINID.GT.2.0 GO TG 281

wRITE {4} CIGLIsJsddaImlpMlisdal, MY}

REWING N1 ' ' R

wkITE (&) TFOLK ) NmK1sK2}

EHBEJLE 4

CUONTINUE

REWING &

CALL SSWTICH{1,i5TOF)

IF (I3TOP.EGeL) GU L 1él

JIT I 2!

IF (MITLToMIToANDARSIDG) 6T, EUU.&HU-#ES[DEI-LTtlﬂnI
&0 TH 181

REﬂlhﬂ &

60 TO 151

WRITE IIHHITI&HG]

W ITE IIHFITpEQZI

Fﬂﬂﬂﬁrlzﬁhﬂulﬂ LaTas SPLINE FATLURE)

G0 TC X

IF (KRLOT.G¥.0} CALL PLOT(Q4s0.s999)
s1ap ' -
FORMAT{1X)

FURMAT(BFlues)

FORMAT(2044)

FORMAT{1H1}

FORMATEF12 444 TE1544)

FORMAT{BE15.5)
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630 FORMATILHG,2344)

640 FORMAT(IG,7115)

$5C FORMATI{LX,321%)

660 FORMATHILO»E1545,3140 k05453 422F1 045100}

470 FORMATIZELSv4r2F1l5.4)

TOO0 FORMATULISHOCOMPLTING TIME,FLlG«Z,10H SeCOND3}
ExD

SUBROUTINE GEOM {NuyNCoNPpZSs RSs S XL YLES SLOPT» TRALL»XFPs TF»

1l SMEEP L SWEEP 2 SWEEP»DIHEQLsOIHE D25 DIHEUS
2 YTeusCHOKLO»2TIPs 1SYHUSKSYH)
c GEOMETRIC DLFINITICN JF wihG
PIMchSION KSANDs R Y5013 2254 s RLECLI 2 YLELL DS
i SLOPTLLY s FRATLILIPXPILIYPULLI s NPEL)
1hEAQ = 5
InRIT " h
KaD = 5. c5 79451305623

READ (IReaD»SCG)
KEAN (IREAD,S1C) ISYPRENC»SWLEPLe SWEEPZs SnEcPoDIAECL)DIncy2e LIHED
IF (FNCoLTe34) RETURN

K5TH s I5YM

NC = FHC

WRITE (IwkiTs2)
2 FORMAT(15HO SwEEP{1} a15H SWEERP(2) »15H FANAL 2WEEP »
1 L9H LIHcD(EY  sl4H DIHEw{Z2) s15H FInAL DIHED )

WeITE (IWRITS6IC) AL YL CHURC» THICKs il
WRITt (IWKITo810) SwWECPEIs SWEL P2 dwbEEP2LIAL QL UINZUZyLINED
SWEEP] « SWEEPL/RAD

SYEEP2 a SwEEP2/RAD
SWEEF = SWEER/RAL
CIHEDL = DIHECL/F O
blnebd o JIHEDZ/RED
D IHED = QOIHEDR/RAD
I13vYmc F ]l

XTED = D

CHORDEG a Oy

K = 1

11 READ (IREAD»S50OG)
HEAD (IREADsSIC) Z3{Kis KL YLsORORG» THICK s ALY FSEC
ALPHA = AL /RAD
IF {KueBToleaNDsFarCatbtia0a) L TO 31
KEAD ({IREAD»SCL)
READ {IREADSSLIC) YSYMsFNUSFML

NUL = FHI
NL = FNL
N = NU ¥NL =L

MEAL (LREAD,SGO)
READ (IREAD»S1C) TRL,3LTs XS5INGY51ING
READ (LIREADsS00)
DO X2 I=NisN
12 Piea0 (IREAD»S1C)Y XP(I}sYP(I)
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L TS |
IF (YSYN.GT.0.} GG TG 45
RLAD (IREADsS0C)

00 14 Isl,NL

READ (1PFAD,%1G) VAL,OUA

J = i =i
KPLJY = yal
14 YR = QUM
GO T 21
15 4 "= L
GO L& I=NleN .
J z J =1
XP{g) a Xe(i)
16 YPLJ) = =YP({])

2l WRITE (IwRIT»600)
wRITE 1IwRLT,22) ZI5{K)
22 FEEHITIIEHﬂPPﬂFIL: AY 2 ® »FiCao/ _
1 1510 TE AMGLE  ,19B TE SLOPE »15H
2 14 Y SING 1
wkiITL lIkﬁIT:blﬂl TRL=5L T+ A5 INGYSING
WRKITE IIWRITe24)

éh FLRAATINFRD X rlak ¥ )
DO 26 f=l;m
26 WRITE TQ1WRIT,&LCY APLEN,YPLL)
31 SCALE = CHRUFQZUKELLY  =XPINLY) _
KLE{K} o L #{XSING =mPiNLII&THICK®SCALE
YLE{R) = YL #{YSENG =YP{NL}I*THICK®SCALE
AX = XPINE)  44XSimG =XPINLIYeTHIChK
YY = YPI{AL)  H+OTSING  ~YP{hL}}*IHILK
CA ¢ COSLALPHA)
SA v STHCALPHE)
GL 32 I=1,N
XSLI,K) = SCALER{UXPL]) =XX)%CA +TELCE*{YP{I}
32 YSL1,K) a SCALE*{THICKM(YPL]Y =¥Y)elh =(XP(])
. SLOPTI{RY = THICKASLT =TaNIALLPHR)
TRALLIK) & THICK*TRLZIRAL
NPLK) i N :
XTEQ w AMARLEXTEQeXSCLaK D).
CHAR DO & AMANI{CHLRUO yCHORDY

IF lTs"ﬂ.LE'GlfLR-‘ILPH“Nu‘ﬂIl ;SYHD =D
WRITE (IwklT,52F 251K}
52 FORMATI2THOSCLTION DEFLIRITIDM AT I = »F10.57

1 15h0 XLE +15h YLE ¢ 15H
2 15HTHICKNESS RATIOF1%h ALPHA ¥
WRITE {IWKXITs610F KLsYLsCHERD, THICKFAL

k = K 4}

LF 4k, LE.NCY &0 TD 1}

i0 o gadETSLLY  #25{NCH)

IF LRKSYMN NELD) 2G5 = 2450¢)
00 67 K=LpNL

62 Z5IK} = I5lx)y =20
zZrp = 250nC)
RETURN

SO0 FURNAT(LX}
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510 FORMATIEFLG.H)

600 FORMATILH])

610 FORMATIFLES%» TF1544)
ENG

SUARCUTINE COCED (HAsNY O NZ ok SYPeXTZ02ZTIP XM IMAKS

| SYrsCAL»SCALLsAXs AYs 0],
F BOsalsnZrd3,b0s8Ll)ber83s2,ClrC2sC2)
¢ SETS UP STRETCALD PARASOLIC AnD SPANwlIE COOKLDEIMATES
DIMENSION ACU Al 0L)pd 20032030 p00ULipblelbed2{lloEdil),y
1 IE11pClUTbpC2{LdsC3IN)
LX L-PY LY
DY w LefhY
KY " NY +1
ol » 2afbi
it = 1, -Ci
[ a 2
K2 a NP
TF ENSYMLER.O)Y €0 TO 1
1F3 ® le/Nhi
rg" a g
Kl a 3
(¥4 = NT 2
1l AX e 2%
AY s .5
Az E .5
&2 = {a
687 =" g
XMAK v LJH2%
IMaX = L,£25
5T - L5
SCAL s KTEC/ (o 500ul*rKMAK*EMAN]
sCaLi w ZTIEZ1L+GUDOGLPZRaX)
V2 » {GXFDY)a»?
Wl = SCAL/SCALY
w2 = {WIORFCTI)*eg
T3 = SOQRT{(T3.}
BBX r owlXESORT L% IT, &« ST3N1F00T0 + STAFYANAXES,)
ABK s la = RBREFSQRTI{Ta + STIVFLZFeNMANEe]
cax e L1%y + STANSXMAXK®ERARSLZ,.
ABBX  ABX ¢ mRARLALeCHE = By e XMARFXFARIAAMAX EXMAR/
1l SORTICaX = XmAaX®)hiX)
D0 12 I=2,KX
Dl E {] =1l)*[LX =1,
] = 1.
TE CARSLOUL)YGTAMAK) 50 T2 33
[ s Cia = NLeDY
AS * SQRT(A)
L = LBXeRS 4+ ABXF[A,¥CAEX = Gu®D0*CO}+0G*00
4o B ABX¥(D + BAX*ASEDD®»3
D} s 454C
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4
G0 TG

n GARN{CuNs(—L, 00N + 1?,#9&*9&1 = 12.00D0%%4 )25/ 0A2()

14

13 IF [CDeLlTa04) B s =1,

A
C
1]
¥
Ol
D2
1
14 AGLI)
Al{l}
4241}
l¢ A3t]I)
oc 22
bo
A
C
C
0l
gGi g)
Blig)
wed{d)
22 B3{3}
L34
Adl
caz
abgZ

1o ={(D0 <=BOAMAX)/(1e =XKAX)I®®2
A®kAX
{a)F +4x =1.)%(). =4}
BexFAX » APRAF(DE = PeXMAX)} /L
AvL/f{lis + DIEAREX)
={AX +2ki*(DD =B4xMax)
*{4, +UMI{LLe +D)iw{],
20
e DL L 7DX
Gl*Ll1
v 2o XIR2

JeZsKY

L3 B I O I B B B I

(KY =Jd)ely

l- -DH*LU

hdbpy

(aY +4Y =Llab*(ls =A)}
ASC/I{Le +J1%5Y)

veDo/sC

v2eL1 /LY

PER AN A

=AYy E] 3, +L 3201k +LIwd)

=XPAX)dnZ)

=B2ASURTL2,0(Ts + 57337 (fLle + ST3)eINANrel)

le = GB2#SURITLT e + STa)/lc. JeIMAX®*3

(16 + S73)eIMAXSIVAL/LZ,

ART + J020{ 345087 ~ 4, %ZPANSTHAXIRINANPINAKS

SGRILCEZ = ZMAXEIMAKX)

Uu 32 ReldsK?

LD
B

ix ~KlLiepl =L0
le

I CARS{DDI.GT.ZMAX) &L TD 33

A
A3
C
[#L1]
(1
B2
o TG

34

Cul = DOy
CSCRTiLA)

£B20aS ¢ Sule(3.e(Bi = H.,%CD*00L)Y*DD+0D

AIZROT o BB2Z*ASPLLYH]
AS/C

BuZ*(Cn2¥i{=6.20BZ # 19,%00*DD} = 12.%D0e%4)%Lu/LAN()

23 IF (DDelT,0.) B = -3,

A
C
(¥
Dé
Dl
D2
|
34 21K}
Cilk)
2K}
32 C3ik)
RETURN
Enh

Le ={1DD =5eIMAN)/U}s =IMAN})®a2
Av¥pl
ihZ +AZ =l.)%il. ~=A4)
BEIFAX ¢ AsBio(OL — HAIMAX)/C
AFC/{lLe # DI®ABEZ)
~tAZ  +AZ1SLDO =p¥IAAX)
w3, +DI/U{L. +DVRAN().
SCALZ*DO
s5eL1¥W1s D2
JLOC1*w2
«5%024D2
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11

12

2e
3l

SUBROUTINE SINGL (NCyNZIsKSTYFHRTELSKTEZ2CHOROO

SucEPLs SAbEP s SHEERPIDIAEDLrOIme L 2eDirEL S

1

2 IS XLEaYLE»XCo XZoAZZaYL s XY22¥21s

3 2aCisCZyCASELsE23EAsE4pERsING)
GENERATES SINGULAR LIWE FOR SCUARE R0UOT TRANSEORMATION
CIMENSION ISLY)» Lt (Lo YLECL) p UL X110 XKIZ(1D s

1 YCUX) o YEULD) e Y ZE b i01YsCLULbsC2{L)sC31{0)s
Z EX{11sE2 L pe3ildsEatl)sEDL]L)
Ll 2 XalasNC

E4(K) LI

ES5{x) = (,

% | « 2

| ] » NT

1F (KSYM.EG.OQ)Y GD TO 1L

Kl a 3

K2 2 NZ  #2

KTEL = 3

DD 12 Ke])sK?2

IF (ZUK)YLTLIS511)0) Kleor & K +]
IF (ZIK)JLELZSINCY)Y KTE2 = K

CONTINUE

8 s CHORJO

51 = TANISwcéPL)
52 ¢ TANUISWwEEF/}
Tl = Tam{DIReLL)
T2 = TANIDINEDZ)

CALL SPLIF $1eMNChZI5sXLEscLlsEP3E3,)p5)a)s%250a0asIND)
CALL INTPL (KTE1 KTEc»loRCrlsml T3 XLEsclib2+E3,0Q)
CalLlL INTPL (XTEL,xTe2sZeXZislanNCalSsclsE25E3E40)
CALL INTPL A TEL e RTEZ» L+ XIl v lohialisE2rcdriaEDL])
CaALL SPLIF (1-hCsZ5YLErELsE20 835 s ThsdaTaGele,lnbl
CALL IMTPL (KTEL,KTEZsZIsYCalphC oI5 YLEsELsE22L3,0)
CALL INTPL (KTEL sKTEZs2sY¥ZsLlaNCpISasELlsEZsEdsEGsY)
CALL INTPL {KTEL»WTezpZoX2ZolaoNCrZSst2re3stbbsbnsl)

5 = BaTAMISWEER]

51 a §a5]

5 a ey

T m FETEN{DIRNED)

Tl = A%T]

T1e s dET2

e 2 J.4{AC(3) =XL(ak} +x({%]

YC(2) w A 0{YCI{3) =YL{4)) +YL(%]

IF (K5YM.NE.QY GD TO 3l

N s KTEl =]

DD 22 K=xK])sN

il s [ZIK) =XILKTEL)IS/B

A = EXPLITY

XCIK) = XCUIRTEL) #S5S#217 =[5 =3)}%{l, =i}
YC{K) = YCIKTcl) #T#1Z =(T1l ~=T)e#()l, =4}
Xri«} » (5§ 4{5] =S)*a)l/h

Y2{iu) m [T +({Tl =T)+A}JE

XIZiK) m {51 =SIvA/lRed}

YIIiKi = [1] =T)¥*A/lbeb)

M = KFE2Z +1
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a2

1
¢

i
4
3

21

23
2%

a2

DL 32 Kap,x?
22 =
A
XCIK}
YL UK
XZLiw )
¥YZiK)
Y2TiK)
YieliK)
RETURN
D

SLERCUTING

INTERPOLATES
INFEFPOLATIL
DIMSNSION

Pl
(R LY
3i
(L}
Lx
MK
[ ¥
| 8
IVl
Dic 2 K=Ll.VM1
ITELIK) =
ITE2 (%) .
LG 2 1=1lebX
Iv(IsK)
SCUIsk) .
K L
K2 4

| IO D RO DA BN RN BB

L)

K2

1

k2

IF £25{K21
k2

kil

C

cC

DL 32 L=2yNx
LF ({AD{IY
IF {LAQ{I}
CONTINUE

1TE LK} o

(2ix)  =2(KTE211/8
EXPU~Z7]) N
ACIKTEZY #5422 +(52 =5)t{i, =&}
YCIKTC2) #T*2Z +{T2 =Yi¥{l. ~—&)
(d +(52 =S)*a)/p

(T +(T2 =TirA)/B

~(52 =51¢as(B%D)

11 =Ti®a/i3*5)

SUFF  INCHNESNCo NI NI ISYMaREYMpRTELSKTEZs SCALS
YAaws AU T ZSoMCa¥C o SLuUuPrT» TRALLSXSFYS2NP,
IVELs ITE2S IVaSCol0s P ¥rsDlpD2p 030 XsYsinb)

HAPPEL WING SURFALE AT MEMH PulNTs

N 15 LiMvcAd IN PRYSICAL PLAMNE

SOINE L) e RadNOy LYo Y S IOy b r 28 liba SLOPTIL)»TRALLIL),

KCIL YO LA QUL »ZC V20000 MR Y]),

EPCT ¥ lLisGlidldsc2i)p3{1),

IwdhEs 1 oNPELipITELILILITEZIL)

Ja)AL592653569T9
TanlYdnd

»o*5CAL

2adka

NXKiZ 41

NE  +l

NE  +3

I =~[5Ykh ~[l5YM ~=15YM
-1 =I3Yk

M

ok

-

Oe

KTE}

1

K2 o+l

ke -1

|

~ZiK)} 21525423
(Z(K} =ZSUKLIDAEZSIK2)  =25(K1))
le =R2 )

RIOXS{Iskll ¢R2EXS(1,K2}

SQRI{IC  +CH/SCALY

vothDN o Ta=CCY 11 = I +1
-aS¥DX)LLTeCL)Y 2 = ]

i1
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ITEZIE) s [2
(o a AG{]lz)/CC
Z0(K) B 2K} =TYANRCXCIK) #Si#20([2)%80012))
KK = K]l
P » R
41 N  NPIKK)
u 2 SOURTLXS{isKK}IICHICE
00 &2 ImZ2,NX
&2 XLI) = J%a0(])
ANGL = PI  +P]
L E 1.
v = ],
DD &4 [s]l;H
R * SORTORSUI, KK &%2  +YS[LsMK)}wed)
IF [k EQ.C.) GL TO &t
ARGL B ANGL  +ATAN2LIURYLEI Ry =WExsS{IsKK]l)»
1 (e¥STLpKKYE  +yeYS{LpKKR))
u m XK5{)]1suK}
'} = Y5(]lasHK])
R w SQRTULIR +R}s3Call}
XPLl1} = RECUSLEFANLL]
YPll) = ReSIML L E®ANGL)
G0 TO 44
45 ANGL s F]
L . =],
¥ » 0,
Xril) * Dy
YPLL} = {3,
44 LONTIHUE
ANGL * ATar(SLUPTIKED D
ANGL] * ATANCYS{Lara}?XS{I KK}
ANGL 2 e ATANCYSihraR } FRIINIRK] )
ANGL] s ANGL —o5#{anGLL ~=TRAJLCK®])
ANGLZ e ANGL =45+« {AKGL? +TRALLIKR]})
Tl s TAM(AKGLL)
T r TANLANGLZ)

CaLl SPLIF (1l N XPoYPsDls0D2p02p LoTlelaT2,Csleprlad)
GALL INTOL (I1l,l2p%sYplato NPr¥FellyDési3dr]
Xl ® L2580 0580]1,KK)

A w SLOPTIKKI*{XS5{)¥K} =XLl}
B s 1o /tRSLL,R) =X1)

ANGL = Pl P

u = 1,

') = O,

M = Ji =1

30 52 [=2,M

XX w G SESCAL¥X(])}eep

L = BE[EKX  =Al)

Yy = YSI1s KK} A+ LDELE)/D

R = SORTLXA®®2 +YYR32)

ANGL = ANGL +ATANZIILAYY —yeNk} {ueX)X +y+YY)]}
U = XY

¥ - YY

R s SGRTIL{R #A)/SCAEL)
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53

54

&2

71
712

T4

).

Bl

- 4

YOI} s KSIN{,"RANGL])

i o SLOPT(KKIN(YXSInsIK] =X1]
3 2 L /IRSIN,KK)} =X1)

ANGL .},

U « 1,

" l-’.}.

M e 2 1

GL 94 IwM;NX

XN E L ERSCALMN{])ew2

] & ge{hx =nl}

YY o YSIM KR} +ARALDGID)I/D

R = SORTIXX®®2  #YY%42)

ANGL e ANGL ¢ATANZUCLAYY =yaXX),lushx +V*YY))
J " AX

v =YY

p = SOPTII® 4R}/fSCal)

Y{I) e RESINL,S*ANGL)

0 s PxLeCCxCC

DO &2 I=mZ,NX

S0lL.x) = SO{[,KF +QuY(]]
IF (KK.EQ.K2) GD TD ¥1

Kk = K2
P = @2
GU TC 41

Lo 72 I=[1sl2
IViI«K} = 2

(4 = ]J1 =1

DU T4 J=i2,mM

Il E 2{K) =TYAR*{XC{k) +5L#a00(Lt*a0i11}
IF (274G o FOLRKTELYF Jw{lsn} = IW%J

CONTINUE

M m {7 +]

DO Te T=muNx

12 # 2] =TYAWSINC(KY ¢S a0 (JIeaQ01])])
LF {Z2.0ETOLKTELY) IV11sK)} = [N

CCNTINUE

w2 = K2 =]

[ 4 = +]

1F (h.LELKTE2Z) GO TO 21

Kl ® 2

k2 » N]

[F (KSYM.t0QaJ) GO TG Bl

Kl s 1

K * NI 42

OO0 B2 IeZsNX ]

Ii o JUK) ~TYAuse{KCIK} +51%aCGiLD?pa0G({]I)}
IF LZZaLlinZS{NChuANGeZZ oGae2 LIKTEL)Y LVIIsK) = 1¥0
COMTINUE

[ x K %]

1F (k. LE.x2) GO 70 E1

N a ¥TE2

IF iYhwsLlELD.) GO TO 93

IC = [TcLlIMTEZ) +]1

Ly 32 IelC,LX

€5




92
93

104
102

112

12
el

- TR P W P

1) a N ]

ZOIN) e FIKTEZ) =Traw*{XCIiKTELr +54rAGLIENY300]))
1 = JTE1(KTERD

IOIKTEL=1) = FIKTELl=l) ~TYAwW{XCI{XTEl=L) +51dadi])+aDii}}
Z0(N+1) a ZiRTEZel)

DO [07 X=K]1,KZ

DO 1C4& Iw2aNX

IF {IViIsn}GT<CY GO TOU 1G4

IF {IYIT#+1pK4l) oGl aQalimg IV it=1,m+1l) 6T, 0) IVILpK]} = 1Y1
IF CEVEI ] K=l oGl Qe OR o LVL{I=1pM=1)aGCTan} IVWILsK) = 1V]
CENT InUE

IF (SOLLXsK)alTelsE=(5) L¥W{iLXsKk) = O

IF (KSYMLEG.OY FETULHRN

DD 112 JegshX

SClls2) x 4, %{S511,3) =3G0Ls&]) #5L(Ls%}

RETLFN

END

SUBRLCUTINE ESTI™

INITIAL ESTIMATE OF RepUlLED POTERTIAL

COMNGN Gll93,20,405300063,35),E001313,I0012]),
TVIE93» 350 ITELIE23)ITE2L3%),

LAOCLIB) s A MLLG3),A21193),23{19w3),
BROCZAYBLI28),,B2L26)5BR024),
F{35¥,CL035),,22035),C3035),

KCLAB X T35, xF703%),YOU35¥,Y2L35),Y221235),
NAshY NI aKTELsRTEZ, L5 YMaRETMaSCALASCALZS
YAusCYAWs SYAW) ALFHASCAS SAFMACHNIPNZs N, [T
MY  +]1

KT NY +,

nNY NY &2

Mz = NI +3

00 12 [=1,193

DD 12 J=1,26

nx

LI |

DO 12 K=l,4
GIIsdsK) = {,
K = ]

DD 2c Iw2sNX
GEIsKY+1s1) = 0,
IF LIVCILKY.LT,2) GO To 22

DSI = SO0I41:K} =SQdj=LaK)

DSK = SO[1aK+1h =500]1,K+]1])

5X e ALL]32DS]

52 e C1linb#DSR

FH a AQUIYHACLL) 4500 [k )*S0{[sK)
H = 1-”"H

As e =g30L e 2{K) =S50(IsKievZi{ix)
BZ 2 =200 )eYZUK) 45CLI»KI*X2(K)
HZ m AZeS X =B2 ¢FheS?Z

FYY E . #5X¥5X  FHRHI®HZ

Fxy & 5X #HEAZHHZ
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Lo ]

22

41

¥ a SA#MQ(L) ~CA¥H0(]sk}

U » CAYAQIII  +SA#SO{EsK)

h “ SYAh +CA¥XRIUK)  HSARYZIK)

GIIsKY+1s1l} = GLIsRY=1p11 -
L Uy (1, =mOBIPMZ) =U¥FAY ~wtHZI)I/(FYY®BLIKY})
CONTINUE

BUFFER OLTINASE) (GilaksidsGtPXamy,ld)
It (UNITIR3).6Yu0.) GO TG &1
HUFFER OUTENL1#1Y (GLLsloldaGimXanYslldl
IF tUNITINL}.6T40.) GO TO @l

K = K +]

IF (k.LELFZY GO 10 21
K1l = KTEL =1
KZ = HNTEZ +]1TE2IKTEZ) =KKS2
PO 32 Kealer?

ECIK) = O,

IC L |

ReTJPN

1C a {

ke Ttk iy

Livid

SURRCOTINE MIXFLL .
SLLOTINK CF eQuUATIONS FOR ®IXEC SLSSONIC AND SUPERSDNIC FLOW
USInG ROVTATCED DIFFERENRCE SCHEME
CCMAOmN L1193 Zbp %l p 5300193235 E0{1310,200131) ¢
EVII93,35) 0T )t29)sITE2(25),
AOLI93)p8)0153)sA20193)a8301093)y
BCLZE)rBI426)sR2{20)B3{24),
TLAL ) CL0a5)e a5 CA0A5), l
KCEIG e MECAS XTI 0ES s ¥C L3S YZLAR) YT {35%),
AN anIa K TELw ¥ FEZ o IS YMeXSY Mo SCALSSCALES
TAWCYhwp 5V Aup LFRHASCA» A FMACH)NLpNZs N3 10
CUMHOUNJFLLYZ STRIPyPLsP2sPIxAETASFRERs SRR DG IGr JOr KGNS
COMMACNZSHEY GRLEI93,200»6%2{19322&),

b B LV o TR T

1 SEUI3 25201930 5AXL1932 502019325532 20193),
Fd ROI193)eR1ile3),E0193)sDILlG3),

3 Glo(26),G20126)GAC 26 2GHCL2€)9G1120)2G2120))
4 1 l2 Rl aNOpLa s BEpRY p Y p T1p80Gr21s 02 TY¥GWs 51
La = NIFZ +}

MX = NX  ¥#]

MY = %Y +]

MY = NY 42

TYuw r SYAW/CY AR

51 s L 5¥S0AL

ox & Z2LFfKR

Tl a QX¥(X

AATD 2 1. FfFMACH®®2  +,7

ol ®» 7./F1

Q2 w ]./P2

FR ® U,
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IR = g

JR = 0

KR LI

bG e (g

I1G LI

JG a 0

KG = {

N5 s 0

Kl a 2

IF {FMACH.GELLl.) ®]1 = 3
k2 s NI

IF (KSYM.EQ.QF GO TO 1
Kl = 3

K2 s NI &2

F B ABRSCLc*#STRIP*NX]
L = F

Il = LX =

I2 a LX &L

IF [L+EQ.L)Y I2 = L) =]
0g 2 L=l,2

BUFFER IN INL1,L1l} {(GULlelsldpGinth,rYsL))
IF (UKETI(NL}.GT.0.) GL TL 101

CONTINUE

DO & JulshY

DO & iel,MK

G Isdrs)r = Gllsdsl}
GRLIUIs ) = G{Isdsl)
GEK2(I» 3 = Gilsdsl)
K = 2

L E 2

NO = KTElL =1

IF (K+EQ.KI) 60 TO 21

BUFFER DUTINZ2»LY (Gl1lsls4dsGlMX,NY24]))
IF {UNITINZ)L6T«04) GU TO 101

BUFFER IN [NE L) (0L 1s4)sGERKSNYs4))
IF {UNITINLILGTW0.) S0 TO 1C1

[F {K5YM.EQ.Q) GC TG 5]

I - LX

NSl s SO0I41,3) =504i-1.3)
DSK = S0{I,5) =50(I»2)

sxtI) = A1{LM*D51

SZ(I) s CLIZIHDSK

R’ s AMIMGOLIV(IsK]))

o | = KY

DU 12 Me2,KY

YP = BG{J) +50{L, 3

H - Rfl{l., =R +YP®YP)

Al » =YPeYZ{2)

B2 = YPeuZid)

A a Hea2#*410(11)

B = {He{B] =AZ*SXx({1)) ~SZCI1))yeR1l{M)
DGl = G{I+1sd»3) =GlI-lsus3)
DGJ s GlIpJ*ledy =GilyJ=-irs3)
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12

15
ib

18

1

14

z1

c?

BUFFER QUTANZSL1) (GTLeLls4)sGimXahY,a}}
DO 22 4=1sMY :

GLOA 33
G200 4}
G0t}

GaDi )

e GilEsJdsl)
= ({]2=15J022)
& Li{llsidre)
s Gillel,Jal}

DO A2 Ta2,NX

B

DX

DSII

= SO(141sK) =S0L1=1,K)
» S0C1sk41)  =30{1,K=}}
= SotI+isK)  =5041,K) =50(1,K)

69

GUIrds2) = GUTpdsk) +(AWDGL ~BP0GYI/CL(3)

GRI(L+sJd] = GULsdr2)

GlIsdal) » 3.%(G(Lrds2Z) =GlLsdr3¥) +GiI,Js4)

GE2Li»d) = GITsdsl)

Y £ 1.

J = J =1

W a KY 41

Gilsde2) # GUlpedd  «iA2DiE) =B=0GJ)/C1L3)

Grllladl = GiTpds2)

GUIsdel) = A.28G{Ens2) =6{JpJs3)} ¢G(]sJs4)

Gr2{ksd) = G{IsJs1}

M a iz =1

DG 1& II=s),H

I w X =II

GO TO 16

1 = Lx +]] _

D51 = S001+40,3) =3Cli=1,3)

DSK ¢ SO(Is4} =30(1s2}

SXt1} = tI{1)*D31] :

SZil) w LLE3)ID5R

DO 156 Ja2.KY

Yp E HGLJY #5048 1.31)

H = 1L AlaliIYea0l]) +YP+YR)

82 e ~ACUTI®NL{3} =TP#YZ{3)

8z = —AULLIINZ(3)  4YFEXZ(3}

s = STGA{lesB2}

F e HEAESCAZ)*ALL])

B & {H*{B? =AZ*3X(]}) =5Z{p)is8ll )

I = 1 AIFIN(S)

I =1 -1FIXtS)

[517% | 2 Gilpdsk) =G(IMpJsbi

PGy s GlIsdtlpd} =GllrJd=1,23)

Gilsrdpe2) = (CLLAIGHL,dsé) +40(GUIP,Js2) +DG1) =—BRLGYY/
AL1103) 4 '

GRilipyg)t = G{1s4d,2] ' '

GlIrdrl)l = 3,20G{1p.s2) =GULI»Jda3)) #GLIsda&)

GK21Isd} = Gllpdsri)

Jd = kY 41

GilIrdp2) = {CLU3IRGCAIstats) +AeiG{IFP,4r2) +DGI) =B2DGJY/
{C1L3) )

GRY{1sd} = GilIsds24

IF {1.LT.LK) 6L JO 13

CONTIKUE

Gu TC 51

*+5C(1=La%)




¥4

42

52

£l

-4

101

1 +23111%D351

D5KK = SO01sk+]1}  =3500LsK]) =500[s%K1 +5{(1IsK=1)
1 +CIIK}#DEn

DSIK 2 SO€I+1lsK4]l) =S00(I=1pK+l) =S5Cil+lsK=1) #50(i=1sn=1)
XL e ALLID*DS]

Ly = CL(K}®DTK

SkXCID = A2(])#D511i

SIZCI) s C2{KeDSKK

SXItl} s TRealil)eC)lin)sDEIK

IF (12.G7411) CALL Yideck

IF (UNITINZYuGY.Gb GO Tu 103

IF (% LY h2) BUFFER IN ER1sLl) (GElalod)sGimX,mY 4]}
IF £13.67.2) CALL X%5wEcEP

IF TUNITIMLIY 4 GT+0s) G TO 101

IF tR o MELKTEZWDF o YAmsbol o} GL TN &l

10 * JTER(K]) +1

Ll &2 I=]0L,LX

M = N +2 -]

[ * GIMaKY22] =GlisnY,2)

NG = NQ ]

EGIND) * EQ{hL} +P3AX[E =EO(NY)}
IF {K.EQ.K2) GO TQ &1

DO 52 J=lan¥
DD 52 I=l,NX

GiIrsdnl) = G{Is4d»2)
G{lsdad) = GL{1sJs3)}
G{Ipdsd) = GilrJst)
GiIrdet)! = GUIsdsld
K. . k4]

6O TC 23

PO 62 L=2e3

PUFFER OUTIMNZ1) tGUL1,Llat ), GIMX,MY,L)}
IF (UNITINZ2).GTeCad &G TO 101

CONTINVE

R s 1 2¢FRJALD

10 = ]

F¢ TURN

I0 « 0

RETURN

End

SUBRCUTIME YSWEEP

Riw KELAXATICN

CGNMCN Gl1G3s 28,4, S00193535),ECL 3L ,2010131),
IvE163,35 ) 1ELU35)ITE2(2S),
Aull93,AL{T193), 421093 ,43(192 ),
BUIZA pELI2H),82128),83128),
ZL3A51,pC11350,C2035),031035),
XCUZa e X2U35 ) RZZL32 Y0350, Y2ZLA5)2Y22(25),
NXshYsNZsKIELKTE2y ESYRIKSYH, SCALSCALZS,
Yhwp CYRW SYAwa ALPRAFCA ShpFRALCH NLaNZ» N3 U

=~ W N e
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12

31

COMACN/FLDS STRIP#PLsP2sPlsBLETASFRA IR, JRsKR»DGr 16s JGaKGINS
COMAGNISKEY SGRIL193,261»GRZ(193,26),

1 SKO1931, 8201934, 5XX{1931,8¥211930522(192),
2 RGI1S3) L1533, 00193 ,D(153]),
3 Glot2e)sG20{26 1, C20(26) G4GI2E)»Gli206)s062L26),
[ Tlal2sKoLaNdsLAsME Y MY Tl A2Q,01,02, TYAW,S1
J1 v 2
1F {F"ﬂcH!GEllil J.I. = 3
C{Il=-11 = 0,
C{Ii=-11 = 0,
G L2 I=Ils12
KO{T) = 1.
RI{L) = 1.
GK1(I»1) a GLls1:00

GR1UIsJ1=2) s GLIsJ0~1sL}

J = 4l

13 = 12
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IF (INVUIsRIaEQeO) SVLI) = SVII=-1} +#5¥ii~1} ~=3VILI~2}
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ag = 1, +01%0]. =Jda}

SMII) ® FHACH®SYIL)/S0kTICQ)

CPLL) = T1e(QQeea,5 =],)

xiI} m ACIKY #,o*SCAL®LACUIV*ADLIY =5J01sKi*30{LsK}}
12 yiL} o YOLK)} +SLAL®AQL]I*S0{LsK)

FETURN

EMD

SUBROUTINE CPLCT (IlsLcoFPACHS X, Y,CP)
PiLOTS CP AT ECQLAL INTERVALS IM THE ®APPED PLANE
DIMENSICH KOGEL2) s LANELELGI s i )Y (1}aCP{ ]}
DATA KODE/1H 2 lhes
IuR T = &
WRITE (IwklTs2)
2 FORMITLSOFOPLDY OF (F AT LQLAL JNTeAVEL> In TH, MAPPED PLANE/
1 LGHO x r JVH Y » 1LH P )
CPrY = ({la +eZ*FMACAH®*Z2)%33,5 =1}/ (.72FRACHS#2)
00 12 I=1,100
12 LINELI) = KGDELL}
DO 22 I=lisrle
K = 30.¥{CPO =CP{[)} 4.5
[ = MINQCLyQsn)
LINEIK) = KRRE{2)
WRITE (IWRLT,»&L0Y Ki30oYLRdsL{PtlYsLing
22 LINE(K) = KODE(1)
FETJURN
610 FORMATIAFLOD.4%210GCAL)
END

SUBROULTINE FORCF {IlsI2sXe¥sCPralCRORG»IM,CLCO,CH)
CALCLLATES S5cCTIEN FORCE CUcFFICLENTS
DINENSION X{11sY01)2CPLL)

R = 57.29577%513C025

LLPHA = AL/RAD

CL = {4

co . O,

LM = O,

W = [2 =1

DO 12 I=IlsN

DX = {E{1+1} =X{l}}/CHLRL

pY = {¥{I+1} =¥{)1}}/CHORD

XA o { GO {xi{lel) #2ai))) =XM)}/CnhURD
Ya e LHRlY{IvL} #Y{I)D/CHORD
CPA = L S5¢{CPII+1) +CPIT))

oDcL « ~CPA¥DX

ocD « CPbkDY

CL » CL  +DCL

co = CO +DCO

g0




A
-~

P

¢

!

i2

1

b L S Sl ST LR

=

o x LH +DCCaYaA =GOL*0A

peL = CLoCUSIALPhA)Y ~CO*SiNLALPRA)
co = CLeSINlALPHAY +CDelOSTALPHAL
cL s 2CL

RET JEN

END

SUBRDUTINE TCIFOR{mTELsRTE2,CHURD»SCLr a0, SCH, 2o X0
CLoCOsCHPCMRICHY)

CALCLLATFS TOTM FORCE CGEFFICieMTS

CINELSION CHORG UL SCLIL) s SCOLYF,SCMULN, TR X001

LPAY = JiRTE2) =TinTE L)

CL w Gy ' i J

ch v O, ' '

CHP . 0,

CHR Ly =

ChY . G,

5 =

N = KTRe =1 .

DD L2 KaxTELsN »

c? w Jh¥LZLK+LY ~Tinl)

FY a LoelZiKk+]) #Z1K))

Ll w CL #DZw{SCLaA+]0¥CHoDineld)  +S5CLIKI*CHORDIK)D

ce = 0 +02®iscD{K+ LY BOHLRDIK+LEY +SCD{KI*¥CHORDIR) )

CRP u (MP O ZAICHCRD IR+ 2 MK+ )20 AORDIK+L)
“SCLIK+LIEXCULK+L))

FCPIRMIKI = {SCH LK ACHOGRT{K)

=SCL{XKIeXCIKI )

CER = JHR  +A7eDIS{SCLUK+ LI #CAHURCIA+1Y  +SCLUK}®CHORDIR }}

CMyY e CMY  #ATHUZeiNC0GKeL ) ACHOMDIK4L)Y +SCOIK)#CHARDIR D

$ = 5 +DF+{CAJRUCK+L) +CAUDIKD])

CL w CLiN

co = {D/S

CHP w CHMPRLPANFIRER

CMR = {CHMF sCMRIFISHSFEND

cMy = {CFY SCMY)IFLSOSPAN)

FETURN -

END "

SUBRTCUTINE REeFIN

HALVES MLSH S1IE

COMsLN G l15352854) s 50{L93230)0E0il31},23{(131),»
IVIR93,300 1600235}, 1ITe2035),
A0(193) b AL0)93),420193)243(133),
BOI2&),BI{28),B2(20),E3126),
F{321,CLL35)2C2¢35),C03L35),
IR RS VAR IFF AL RN M ELSFA AR LI NS FAARE-3 N
RXs MY oNZaKTELoKTEZR IS5 M KSTYM»SCAL,SCALZ,
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11

21
31

62

54
52

111

112

YAWsCVYAR s SYAws ALPHApCArSASFMALH I NZ) NI, IG

MX * NK +]

KT = NY +]

Ky & NY +2

ni = NI +3

Mad ®» NXIE %]
nYoD » NYfZ #E
Mio = NIiz +]

K LA}

IF LHSYMLEQ.O) GO TO L
p20 x NIj2 +3

BUFFER IM (MN1al) (G{LelslisGimXO,MYOel))
1F (UNITINL}«GT 0a) GO TG &0

K s 2

BJFFER IN {M1s1) (GILplsl)sGUMECaMTYDS10
IF CUNETINL)aGToade) 60 TG &{)

J e NY/fZ2 +]
JJ . KY

i x MXO

4 s MX
GIIL»ddpel? = EllsJdsl}
| s 1 =1

1I = J1 =2

EF (1.6T.0) GO 10 31

J =4 =1

e Hd =2

iF tJ.6T.C) GO TO 21

DG 42 Jelsk¥s2

DO &g [=2,NXp2

GiIrdrl) = 5a(BUI+bsgsl)y +GLL=lsdsll)
00 52 I=),MX

DO 54 J=2,NYs2

GlIsdsl) = 49%iGULlau¢]l,sl) +G{IpJ=1s1})
GLI»nY,1) = Q,

BUFFER OQUTINZ#1) (G{LelsllsGiHXsNY,L})
IF {UNITIN2),GT,0.) GO TO 4&4C1

K - K +]

IF (K.LELHIOY 60 TO 11
RENIND Ni

REWING N2

BUFFER IN (N2s1) 1GILlplsl)aGinmksPYsl)}
IF LUKITIN2).GT. Q) GQ TO 401
BUFFER IN INZ2,1) (G{lalds3)sGUNksNY,3)1
IF (UNITiKZ2Y.GT.Ga) &0 TGO 401
BUFFER OUTU(NI»1) (GilelslY,Ginx,NY,11})
IF (UNITINL)WGT.04) GO TO 401

K = 1
IF [KSYMJ NELD) K = 2
K. = K +])

OC 1liz J=l,MY

00 Lli2 I+1,MK

GlIrda2) = #5%{GLIrJal} +G(1,yrd)}
DO 122 L=2,3

BUFFER OUTINLAL)} (G{lalollaGiMksNYsL})

g2




12¢

132

il

2Cé

2il

212
1

[F ILNITI{RLE)ZGT .0 GO 1O 401

CONTLINUE

IF [k EQ MiD) GO TCO 20l

DU 132 J=1sMY

EG 122 I=]1,mX

GlTaJdedl = L{ipJa3)

BUFFER In (NZ2s10 {GIlaladdsGimXsNY,3)1)
IF (ANITIKZ}BGTela) GJ 1O 4u)

tC TL 111

REWIMD N]

RewWihD N2

GO 202 Lu)lyd

BLFFER IM (MI L) (G{)lalaldaGimMMaMYsL))
IF (LURITIRLYSGTL04F GO TL 4Gl

CONTINUE

BLFFER OUTINZ251) (GILleleddaGiMEsMYs L))
IF {LNITINZYaBTeD.) by Tu Gul

TYdw = STARFCYAR
3l *» L hHeSCAL
ML = KTE) =}
FiLANCDY * Oy
K g
IF [ESYMahL O} GG TG 241
k s N
1 s M0 o+
Ik (n W ETRTELLOF XK GT.KTEZY Gl TL 241
Il = JTEILK)
12 s 1TEFL(K]}
GO 2712 1=]11s12
D51 E SQEY+1aKY =52M]l=ieN)
D5K = S00IsK+1l) =S500jrKk=1)
LY | a 4101)*C45])
52 s C1LK)*DSEK
R = BMINCIL, IVITsKD)
A = 1, =K +aglll=ai:{}]} +50CIXIP500T5K)
H = 14
FH LR T
nz a =AQ{LI*XZIK) =3{{IsKinTZ2{K)
Bz s =A00TIeYELR) #5001 sK)FXZ{K)
ni = A7*3K ~BEZ +Fn¥:]
FYy " G H5K5%  HHYHIWH]
FPxY ® 51 tHYATeHT
DGI w G{I+1lsKYp2) =G{l=leKY,21)
LGK #» GIIxKYr3l =GIJskYsl)
v a SA#BCU]) =CANSCGI]sK)
u = AL(I)2DG]l  +CA®RC()) +2A*Sullpki
W o C1{mniI*DGKR +SYaw +CAWXILK) +5A%YI(K}
GEIskY#)MsZ2) = GIIaKY=]lp2)
+Llywil, =neBIHL) =UWEFXY =WrHIJFIFYT*BlI(KY)]
(T = NO +]
ECEINLY * GIIZpEY 20 =G{LlphYpZ)
N " N
L = I1

IF (k MELKTEZ2.CkoTAN«LED] CO TL 231

g3




27l [ CI S |
| s N +72 =]
MG e NO +1
EQINCY) = G{MpKYs2) =GlIsk¥sl)
IF (TI.LT.AX0) 60 TO 221
1 = J1
£31 1 = | =]
E s 0,
IF (Iv{I;Kk}unEL1) GO TO 237
Il = J(K) =TYAws(XC{K]) +#S1#AG(LI*A0L]))
233 JIF (27 .GE.ZQ(HN=1)F GO TO 23%
N a N =]
GO TL 233
235 & m (ZF ~Z0AN=L)XSLZ0IN] =IR{MN=}}}
E a el (N} +(L, =F)*EQilN=]}
23T M a NX 42 =]

GIIsKY#1,2) = GIMuKY¥=1s2Z) =
GiMsKY¥1,2) = GUlsuY=1,2) #E
IF (IViI,Kd.NEu=1) GG TO 24}
GUIpKYp2) 2 LEaG{IphYel) +.20%(G{l,KY>3} +GIMpKY,3))
IF TIvi]sf+1}.LTs1)}
1G0I,x¥22) 2 JERGUIeKYs3) 4+,25%(GULokYsl) #GIMpEYyL)})
GiMsnY,2) t G{LsKRYe2)
GIEsRY=1s2) w LEM{G(Lp8Ys2) +GLIpn¥=2,21])
GIYsEY=1,2} = i%{G{ManYs2]) +GIMsKY=242)])
281 IF {1.GT.2) 60 TO 231
el K e K+
IF (K.EQG.MTI) GO TOD Z&1
0D 252 JelMY
DL 252 I=1sMX
GEIsurl) = G(JpJds2)
252 GilIsds2) = SlIsds3)
BUFFER DUTENZ,»1l) (GULlplirLlYaGiMAsNAYs1))
IF (UNITINZY&T4CW) GU TO 401
BUFFER IMN tH12L) {GU{lsls3),ClME-MYs2))
1F {UNITIN1}GV.0.) Gu TO &01
G0 TO 211
261 ECINCel) = 0.
PG 262 L=2,13
BUFFER JQUTINZ,LY (ia(lelel)dsGIMNMYsL))
IF [UNIT{N2):GT«0,) GO TO 401
262 CONTINUE
ReEWIND N1
REWINMD N2
ChG 3C2 K=lgMI
BUFFER IN 4M2:1) {CGllslel)sGiMasMYsll}}
IE (URITIRZ)OGTaGe) GO TO 491
BLFFER QUTE{N1,LY) {(Gi1s1s1)GIFXsnYell)
IF (LHITIKR1YGT.0.41 GQ TG 401
302 CONTINUE

1L = 1
RETURN

401 10 = 0
RETUEN
END
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SUIRCLTINE  SMOD
SMOOTHS POTENT1al ‘
CONHEN 61193,26541»501153,3519800131)520131)s

1 IVE193s 35, BTEL12L),1TE2135),
2 Avlledpalll93),620193 54301930,
3 EO{cabrElt2ere 220 )sBA( 200,
& U35 )sC3132)sC2135) 030350,
b XCE3S s X235 X229 Y035 Y2 (35)2 Y2235},
& DERNY T TE e KT 22 ISYMpRSYMpSCALSCALZY
7 Yawp L Yamp STawrALPHA Chp SAsFMACH NI NSN3 10
[} = NE  +]
hY = NY ¥y
MY a Y 42
Mi « N7 3
X1 » ?
Ke a N2
IF (R5YR.Ew.G)Y C0B TD 1
Kl 3
Ke = N7 42
1 Fx a |WfE.
PY * J1aflos
Pi - llfﬁl
DG 2 L=1s3

BLUFFFR IN {n]lal) (GLlaleLypiHXsrYL)}
IF {LaITinLYa6Te0a) GO TH 51
£ CoNTINUE
BUFFER DLTiN221Y IGILEslad)spGiMAsMYel)d
IF (LNITINZ) e BTabel &4 TO 21
K = KL
11 & = K +]
OO 12 4=3sNY
LG 1a Iw2eNx
14 G4[rysd) = {le =PX =PY ~PZ)*GlIsds2i
1 ta5pXeiGliLelrdr2) +Gli=laydsll}
2 taG¥PY*{G{LsJ+1ls2) +Gl{I,d=1ls2i}
3 a2l *(Gi{Laded]l +0{Irdsel)}
Gllrurs) = Glladsr?)
12 GiAXedp&) = GiMEydeg)
CG le TI=1pMX
Gilslrd) = GULIplr2h
G{Is2rar = G{IpZs2)}
GlIsnYsd) = GIIaRYe2)
16 GlLekYpa) = GLIaMY,E)
BUFFLr OUTENZ, 1) (GLlalralsGiMRaniYe4) )
IF (ApITIN2)GTaG.) CC TO 51
IF thebR.x2) GO TG 33
RO 22 JulasPY
L 22 1=1sM)
G{Isdrll = Gllsds2)
22 GlIsds2? = G{IsJs3}
BUFFFR IN fnlel) G0l 3)pimxsHY,,3))
IF (LRITINL)YGFaOs) GO TO %)
GO TC il
31 BUFFi® NUTEHZS1Y (GIlrle3)sGiMELNY3 )

B85




zYulnl

42

51

1l
12

13

14

21

23

4

IF fuhiTin2YuGToOel GC TQ 31

REwiInDG N1

KEWIND NZ

U0 42 KelsMZ

BUFFER IN (NZs1l) {(GL{Lladlrl)sGEiMXpMY, L))
IF LURLTERZ ) oGTawed od TL 51

SUFFER OUT(NLsl) (Gi)sinl)esGiMNamYsll))
Ir [LNIT{(NL),GT.Cs) GO TD 53

CLHTINUE

10 LI}

RETUFN

10 s 0

RETUKN _

END

SUBRCUTINE SPLIFIMpheSorsFPsFrPoFPPP i MeyMp e ¥y MO FUMp ING]
SPLINE FIT = JAMESON
INTECRAL PLACED IN FEPP 1F PLO:r GRc&TEk THaN C
IND SET TO ZeR0O LEf OATA lLLeGAL
DIMEMSICN S{1)sF 0LV pFFULY»FPPLL)sFFPFLL)
ItD =

K e JABSE{N  =MN)

IF th =1} Bls6ls]

(4 s [N =K)}/K

1 s M

J LI B Y

DS s S5{J4) =511}

D s D5

IF ftL3) 11,81s11

DF s [F{J) =F{f})/DS
IF (kM =21 12s13s1%

U E LD

] 2 FL4I0CF =yM)/D5
GL IO 25

u 2= 0.

'] . Y

GO TL 25

1) E =]l

v B =[EkM

0 TC 2%

| E 4

J = K

D5 = 5{J) =5{I)

IF IL=nS) Alsdls23

bF s {F1J) =F{1)}}f05
] e 1.,/(DS +D5 L)
u s ag%D%

¥ x B4{¢ *0F =V)
FRLI) = |

FPP(]11 s \

U » (2, =905
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N nEa

31
E ¥

34
as

&1

61

Tl

Bl

11

® EL¥LF  +DSwY
IF (J =NJ) 21:»31.21

+#FPLL})

*#F(a)

IF (EN =2) 32,33,3%

y ® LA, eV =¥)/SL

GL TL 35

' " Yh

Gg TC 3%

¥ = {OS5wyN  #FPP{LY}/1L,
R = Y

D = 0%

DS E StJ) ~S{1l}

L = FPPI1) =FPIi]lYa&y
FPPRPILIY e {¥ =Ul/ILlS

FPRi]} LAY

FFII) e {F{gy =FLI})/D5 =LS*(¥ +UL
v s |

| = 1

L =1 =K

IF 1, =M} §1:51,4,

I b =F

FPPYIin) = FPPPI]}

FREPLR) = 4

FPI{N] = OF «Dw(FPP{l) 4L +8])FE,
IND s 1

IF (FDCE) 81,811,861

FEPPLJI) LT,

y = rPFPLJ]

I * |}

Jd & ] 4K

L5 = 3(J) =5{1}

t = FRPILJ)

FPPPLJY = FFPPLI] +,54D58(F(})
'} E U

IF 49 =N} T1lsELl:T1

EETUKN

END

SUARLUTiME

+UYFE.

=G5rls3 ¥l

+WYF12.])

INTPLEML ol aSEaFLyMubhsSabaFPyFFPFFP P MODE)
INTERPOLATION LWSING TAYLOR SERLES =~ JAMESON
AGOS CORRECTION FOR FIECcWISE CLUNSTANT FOURTA DERIVIATIVE
IF MODE GREATER THAN O
SIOLRYSFLAOL) oS LhaF {1 FPIL)sFPRILYSFPFPIL)

DIMENSION

K a« JABS
k s (N

L = M
MIN = M]
NIN = Nl

D S5k}
IF {10#{5Ii(N1)
HIN = N]
NIN a M1

ik =M
=M] /K

~50[M)

=5ELML})Y L11,13.13
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13

15
) |

<
31

33

35
27

a1

11

12

14

id

18

20

Kl a JABSOININ =MIN)
IF 1KLYy 21:21:15

K1 = (N[N =MIN)/K]

11 = MIN =K

C s 0,

IF (FODE) 31,31,23

C -lt

11 = IT 4K

58 s S10IIY

I = ] K

IF {1 =nN) 35,37,3%

IF (Cw{S¢1) =S55)) 332,33,37

¥ = ]

1 m ] =K

88 = 35 =%5(1}

FPPFPF s CH{FPPPIJ) =FPPPILi}}/(S5La) =5{L[}}
FF = FPPPLT) 4, 25455%FPPpp
FF w FPP{Ll] #55*%FF/3,
FF = FPILY +#.5+35%FF
FIL{IID) * F{L} +#55+FF

[F (11 ~=kIM) 3Al,4)s2i

RETUEN

END

SUBRCUTINE RPLLT {JFLQT NPripRES»CUUNT TITLC s FHALHS YA AL,

NLeNZsN3)

PLOTS CUNVERGEMLE RATE
UIHENSION RESTEY,COUNTILY»TITLE( DI SR (20}
IF {(MRES+LEwl) FZTURN
IF {IPLOT.EQed) GU TO 11
CALL PLOTSBLL1000,240ANTONY JAMESON 109604R)
CﬁLL FLnT{11251111-3]
IPLOT = J
RATE = {ABSIRES(NRESH/REST{L) )}

**{le /{CLUNTINRES) =COUNTILIY)
ENCODELBOs12,R) TITLE
FORNLT(20M%])
CALL SYHMBOLLla»a55414xRpCasBC}
ENMCUDELSO, LarRY FHACH, YAsAL
FORMATISHMACH sFSa3s4Mp5cdYhw s FS 304X, SHaLPHA»F9:3)
CALL SYMBLLUleracorodausRoUaps5l)
ENCOLEL3IZplEaRY KESILY,RESINFES]
FORMATISHRES] »eFa3ehNsbHREIE »EH. 3}
CALL SYMBOL{l.sUasreléasRs0ar32)
ENCODEESU» 18R} COUNTOL) 2 COURTINRESISRATE
FORMATISHMORK Lo FI e 2o aXa SOONORR 2 FR4 224K SHRATE »FFe i)
CALL SYMBOULCLus=e25sel4sRaQoeri0}
EMCOGEL(Z2%s 200 R} N1shZsN2
FORMAT{OHGRID »I4p3H X »[4s3H X 14}
ClLL SfﬂﬁﬂL‘lil‘iﬁrilﬂlﬁlﬂll241
RMIN "
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g2

12
12

14

1t

1

RMAY = 0,

COUNT] s COuUMTILL}

keSl a RESIL)

LD 2z [=LEsNRES

COUNTLI) = COUNTII) ~COUNTY

RESLI) = ALDG(ARS{RESC(I}/vESL))
RM&X a AMAXLCLR9AEX,RES(]})
&HIN * AMINL{REIN,RES(TY]
YSCal = | LFALQGL]I0,]

YINT = 1.

IF [TSE‘L‘HHINILTO-LO} YINT = 2.
YLOuW a = 4Y¥]INT

YSCAL = YSCabLsYInT

WINT = LDa

IfF (COUNTINRESI4GTu3C0,) XINT = LCD.

IJF [CCUNTUINPELSY GT o000} XINT = 200,

IF (COUNTINRESHGTol2w0s) XIMT = Sp9.

It {(COUNTUINRESY GT 6000 XINT = 14900,
KSLAL = 1L /NINT

CALL PLOTlalstela~3)

CALL AXISUQu r=3uslOHLUSIERRDE o 1Cr0ar P04 YLOWsYINT, ()
ClLL PLDTIE!I'&i!']I

CaLl AXISM=3asDuardHNCT =5 00r0esQar RINTD)
DC 32 I=lsNRES

COUNTI(I)Y = XSCAL*CRUNTULI) ~-3.

ResSti)l = APMIR1{2+s YOCALYRESL,)Y 44,
CALL LINECCOUNT»FELSRNRES S, s rloBerlerGurls}
CALL PLOT{Bsbs=14+%r=3)

RETURMN

LMD

SUBROUTINE oRAFH (IFLUT-T4,122X,YsCPrTITLE,FMACH YAsALy
ZoulsDa CHORLG, KSCALSPSCAL)

GENEEATES CALCONMP PLLTS

CIMEMSION X{132YTUL1)sCPELI 11 LELZRYSRE2ZO)

IF (1PLOTLFLE,0) GG TO 11

CaLL PLOTSBLLIDCO, 24HANTONY JAMESOM 1CIE04R)

Cabl PLOTI{1.25s1.5~-2)

IPLGT =3

ERKCOLELBQ,12,R) TITLE

FORMET{2044)

Calt SYMPOL{.5sCereibharrUanbL)

ERCJUEEN GG LRy FPACHpYASAL

FORPATISHRACH »F7e3p4X)5HYAN s F7354 X, 50ALPHAF?. 3}

CALL SYMBUL{ s 5s=e29241%sRaCyprba)

ENCODEL44,5165P) Z22CLsC0

FORMIT(EHZ rFT+2r4%, 5HCL #2FT4%2 %X, 54C0 sF1a41)

CALL SYMBOLU 295 =055+10,R5 0,544}

EMAX * XiIl}
XMIN = X{Il)
YHIN = YII1)

B2




£¢

F

26

a2

L

1

£ Wl P

D0 22 I=]1,12

KMAX o AMAXLAXEI) p XiaAX)
AMIH = AMLIKI{XC]) p XMIND
YMIN = AMINIIY{LY, YRIND
SCALx = G/{AMAX =XH1IN)

IF (RSCALWGTeGad SCALX = X3CAL/{AMAX =XMiN)
1F (RSCALALT4D4) SCALX » ABSUXSCaLI/LHOADY

PINT »

If (PSLALWNE«Ce) FPINT = =AS85(F5CaALD
SCALF = 1+/PINT

PHIN ® =3P iNT

PMAX 2 5.¥PINT

D0 24 I=I1s1[2

I = SCALX*(X{I) =XMIN) +aFf
¥LI) = SCALX*(Y(L) =YFIN) +ad
CPMAX z (e

IKAX = (12 +l1)/2

N = (12 =Il}i&

Nl = [MAR =N

N2 s [MAx +N

00 2€ Iw*Nl»N2
IF (CPIT)+LE«CPFAXY 60 TUL 2+

CPMAX = CPIL1}

IMAK =]

CONTINUE

[ = J2 =J1 +1

CALL LINECROILY»Y[i ) sauslabrlolerlaniurls)

ChALL PLOT{D4s4e5r=3)

CalLl ll[SID.:-B.:RHCPJEjﬁ-J?LnnPHINIFIhliﬂl

CFC a {({(5& FMACHYRZ} 6 %53, =1, 070 P*FHACH®»2)
IF {CPC.GEPMAN) CILL STHEHLID-rSFﬁLF*CPﬂ:-ﬁdtlﬁjhat-ll
DD 3z I=[1sI9AX

IF {CPUI}uLT.PMax)y GO TO 22

CALL SYHMBOLUX(I),,SCALP*CPCL)palGTrdrtSep=i]

CONTINUE

DO 34 l=IMaX,I?

IfF {CPL4T)aLTPMAXY S5 TD 34

CALL SYMBOLUXEI »SCALFP®CPI{it»a0OTr3s0es=L)

CONTINUE

CALL PLOT{1lZ4s=4.%5s+3}

RETURN

END

SUBRCUTINE THREEDUIIPLOT#S5VsSMaCPeXsYaTLITLE»YAs ALy
ViD+CLsCDsCHCRDODy XSCALSPSCALY)
GEMEFATES THREE CIMENSIONAL PLDTS
CoMAON GCLl93,2604) 5001355500003 1),700131),
TwdlF3, 380 ITEL13E) I TEZL3E),
BOL193) 3800493220 193),A3L193),
BUIZEIsBLIZBY2B21261,B3(26),
L3S CAi 350 C2 03530303510,
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] IR EL NS FSELAFN FERNFLANFRIHELIFEFAEL] FR Ford 513 N
[ NN RY o NZpKTE JaRTEZ» I3 YNy REYMo SCALWSCAL Z
7 YR CYBma 3 ANy ALPHESCR SARFAACHNLSNZ) N3s [0
UIMENSIGM K1 bWl i baSYIiLInS@ 1 s CPERYoTETLELZGIREZ0D)
Lx x NRfz +])
K = NE #]
myY r NT &2

IF (XSCALNELGs} SCALX = JEbfnS{XSCALISCHERDO
LF EPSCAL.GcaCoe) SCALX = S./02(KTREZY =2{KTEL}]}

SCaALy r =],2%

IF {FSCAL.NELCs) SCALF = =.9/73B5(P5CAL)
5x o F, =S5CALXK®ECIKTE]}

TX t 3,5

IF (IPLOTLECC) ED F0 4
CALL PLOTSAL1OC0Ls 20HANTONY JAMELON 109 &R}
CALL PLOTCL.2%3).a=3)

1 IPLOT « ]
" LI |
ENMCOLE{XZpErR D

& FORMETILZHVIER LF wlAG])
CALL SYMAODL(IZewu2palbsBsQ.,12)

11 OO0 ie Lelsl
EUFFER IMN (Nlsl} LG{lsipLlisGUMXsMYsL])
IF (LNITINL) o GTuled v TL 101

12 CLUNTINUE
[ x 3

21 K » K +]
IF {n.GTFWhTE2)Y GO TOD bl
DL ZZ2 JoisNY
CO 27 L=),M)
Gllsdal) = Gllsds2)

22 GlLnJs2) = GULIs4p3)
BUFFER IN (THirl) [GULlpLlrs)riaiMXsMY3))
IF (UnlTENL) w0l 00) 603 TL L0}
| m ITE1LK)
12 = ITEZ(K)
CalLL VeLD (KrZ2rS5¥eSMa{FrasT)
IF IXK.GT.KTEL) GO TO 4.
ENCILR(MCA32,R) TITLE

32 FORMATLZ2CA4)
CALL SYMROLA+SsGaprelbsRelypel)
ENCOCEL&4%s34nR) FMACH YR AL

34 FORMAT(OHMACH »FT7.308X090YAN s FTo30 X SHALPHA,FT.3)
CALL SYHADL( 4So=a?90 s Laafi sQupuib]
ENCOCE( &asr3EsR) YLDsCLsCL

36 FORMATISHLID »sF7e2s4XsdRCL sFTebpraXsBHCD sFT4 %)
CALL SYMEBCLlabp=ubralbsfpdarhanl}

41 5Y 2 Lav(TEK} =ZARTELI}#CZUIKTEZ) =ZIKTELIIY +2.7H
00 4 I*T1,12
XtI) o SCALAWPXE]E A5k
Y{L} o SCALX*YIL]) 457

42 CPRI]) s SCALP*LF(1} #3Y

IF (¥.E0.2) 60 T0 51

21




51

52

&l

-F4

&4

71
1€1

N = 2 =]1 +1
CALL LINE{XK(IN)»Yl11l)aNslolin1aCasrlastarlal
60 1L 21

h m j2 =LY 4]

CALL LINEUXILXVCPUL Y YuhalolsloQualarQerlal
N m LY =] «#]

B0 52 I=[]pLX

i1} s X{[) +TX

CALL LINECX{I1}sCPUILI»N,LuGrlrverinsCusrla)
gl T 21

FEw[NL N1

M a M &)

CALL PLOT{12us0up=a}

IF {F.GT.2) GU TC 71

SX s =SCELReAl {ATEL)
ENCQLEL243625R)

FORMATT24HUPPER SURFACE PRESMUPE 1}
CALL SYMBOLI{O.spa5pelbaRelCaph}
EMCODEL{ 24 bi,s R

FORMET{24HLOWER SURFACE FREMSLWE )
E‘LL S‘HEEL{315!|5#-lﬂlnlailzﬁl

&0 TC 11

1u =1

RETUFN

11 =

Call PLOTLider0ar=35)

KETURMN

END
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Thlis report was prepéred as an acgount of
Government sponsored work. HNelther the
Unlted Btates, nor the Adminlsetration,
nor any person acting on behalf of the
Administration:

A. Makeg any warranty or representation,
express or implied, with respect to the
gccuracy, completeness, or usefulness of
the informaticon contailned 1n thie report,
er that the use of any information,
apparatus, method, or process dlselosed
in this report may not infringe privately
owned rights; or

B. Assumes any llabllitles with respect to
the use of, or for damages resulting from
the use of any information, apparatus,
method, eor process disclosed in this
report.

As used in the above, "person acting on behalf
of the Administration® includes any employee
ar contractor of the Adminlstratlon, or
employee of suth contractar, to the extent
that such employee or contractor of the
Administration, or employee of such contractor
prepares, dissemilnates, or provides access to,
any information pursuant to his employment or
contract with the Administration, or his
employment with such contractor.
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