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ABSTRACT

A numerical method is presented for analyzing the transonic
potential flow past a lifting, swept wing. A finite-difference
approximation to the full potential equation 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 computational grid.
A coordinate invariant, rotated difference scheme is used, and the
difference equations are solved by relaxation. The method js
capable of treating wings of arbitrary planform 'and dihedral,
although approximations in treating the tips and vortex sheet make
its accuracy suspect for wings of small aspect ratio. Comparisons
of calculated results with experimental data are shown for examples
of both conventional and supercritical transport wings. Agreement
is quite good for both types, but it was found necessary to account
for the displacement effect of the boundary layer for the super-
critical wing, presumably because of its greater sensitivity to

changes in effective geometry.



INTRODUCTION

The development of profile shapes capable of efficient
operation in the transonic regime has spurred interest in flight
vehicles designed specifically to operate at near sonic speeds.
The ability to predict accurately the aerodynamic characteristics
of the complete three-dimensional wing should have a substantial
impact on the design of such vehicles by allowing detailed trade-
off studies to be performed without recourse to wind tunnel test-
ing of every design variation.

Recent advances in the theoretical prediction of inviscid
transonic flow fields are based largely on type-dependent, finite-
difference solutions of the steady potential equation. These
methods were first applied to the transonic small disturbance
equation by Murman and Cole [l], and the full potential eqﬁation
by Jamesoh [2] and Garabedian and Korn [3] for the prediction of
airfoil flow fields. The three-~dimensional small disturbance
equation has also been solved for swept wings by Ballhaus and
Bailey [4] and for wing-cylinder combinations by Bailey and
- Ballhaus [5]. Finally, the full potential equation has been
solved by Jameson for the transonic flow over an oblique yawed
wing [6]. Although an obligque wing should be aerodynamically more
efficient than a conventional 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 oblique wings,

the coordinate system is aligned in planes normal to the wing



leading edge. Thus, for nonzero angles of yaw the free stream
velocity vector is not contaiﬁed in these planes, and the freat-
ment of a symmetry plane in the flow past a swept wing would be
difficult in this coordinate system. In the analysis presented
here, the flow is analyzed in coordinate planes parallel to the
free stream velocity 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 sensitive
regioﬁ 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 nonorthogonal.

The type of geometry we shall treat is illugtrated in
Figure 1. It consists of a wing of arbitrary planférm and
dihedral extending from a symmetry plane (or wall). We shall
solve a finite difference approximation to the full potential
equation 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 is not in conservation form. This can introduce substantial
errors in the treatment of flows containing strong shock waves.
To assure the correct shock jump relations one ought either to
introduce a shoék 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 potential flow equation has been solved in conservation form
by Jameson [9] for flows past airfoils. Comparisons with

~ experimental data show no clear cut advantage to using the



conservation form without a detailed modeling of the shock wave
boundary layer interaction [10]. This is apparently because the
error in the shock jump relations which results from the use of
the nonconservative schemes is in the same sense as the effect
of the boundary layer interaction. A three dimensional scheme

in conservation form will be discussed in a later report.



ANALYSIS

Gecmetrx

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 based upon a nearly conformal mapping
of the physical space in planes containing the wing sections,
taken in the streamwise direction. We begin by considering the
physical space to be described in a Cartesian coordinate system
for which x, y, and z represent the streamwise, vertical, aﬁﬁ
spanwise directions, as shown in Figure 1. We then introduce an
arbitrary singular line, just inside the leading edge of the
profile at each spanwise station. This singular line will be the
locus of branch points in subsequent transformations in each of
the spanwise planes to unwrap the wing surface to a shallow bump;
its location will be chosen to make the bump as smooth as possible.

Representing the singular line as

X = xs(z)
y = v (2)
we define
X =x - xS(z) E
Y=y - yg(z) , (1)
z =2z,

This transformation shears out the wing sweep and dihedral, and

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



of these planes we introduce the conformal mapping
. 2 - . -
(X, + i¥Y.)© = 2(x + iy) , (2)
1 1
which maps the entire wing surface to a shallow bump near the
plane ¥, = 0. If we define the height of this bump as
¥, = s(X,z) ,

then the final shearing transformation

e
]
]
|
[9p]
=
Y

(3)

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

y= —2L 0<a<l, (4)
(1 - ¥4

is used to map the planes ¥ = + » to ¥ = + 1, Similar transfor-
mations are used outboard of the wing tip in the Z direction,
and downstream of the trailing edge in the X direction. A

_ sketch of the resulting rectangular computational domain is
shown in Figure 2.

To avoid discontinuities at the wing trailing edge, the
branch cut in each spanwise plane is continued smoothly down-
stream. 1In the physical plane, the continuation is represented
o X - %

1n ["_-"'__';‘

- = = okl Xee” X
Y= Yo ¥ T X ) —% (5)

b
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where T is the mean of the upper and lower surface slopes at the

trailing edge, Xyor §te are the trailing edge coordinates, and
X is a suitably chosen scaling constant (usually taken as the
ordinate of the local guarter-chord point). In the solution,
this cut is 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 trailing edge

smoothly according to the above formula.

Equation of Motion

In the absence of strong shock waves, the steady, inviscid
motion of a compressible fluid is well approximated by the well
known equation for the velocity potential ©¢:

2 2 2 2 2 2
(a®-u )&xx+ (a“=-v)d + (a“-w )¢zz- 2uv@xy- 2uw¢xz- 2vwd__= 0, (6)

YY yz

where 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 steady, potential flow of a perfect gas

with specfic heat ratio vy,

a2 = ag - I%L (u2+ v2+ w2) . (7)

| where a, is the stagnation speed of sound. If the flow is uniform

at infinity, parallel to the x~y plane, and inclined at an angle a



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

ing the reduced potential G as

G=¢ - xcos o -y sina

i

The transformations of equations (1),

o - {%(Xi-!’i)ﬂ:s(z)} cos_ a - {x1Y1+ yS(z)} sin a.

(2) , and (3) applied

equation (6) then result in an equation of the form

A G + B G + C G + DG + E G

XX YY ZZ XY XZ

If we introduce the notation

— — ' -
& = Xl§ x, - Xy
L
n = X, x, = Xp_
1 s =
U = 1 o} =1 X.cos o + ¥,.s8in o +
h xl h 1 7

vV = %-@ = % {—chos a+t xlsin o +

1 ]
w = ¢Z = h&U + hnVv + X COS a+ Yy
and
ﬁ=U+h£w’
where - _ 2
2 d(x + 1iy)
h™ = =
a(x, + lYl)

+F Gy, + R =0

L}
st

sin o+ GZ— SZGY 5

(8)

to

(9)

(10)

(11)

(12)

(13)



then the coefficients in equation (9) can be written as

A= a2{1 + hzgz} - §2
B = {a2(l+h2€2)- 62}85 - {a2(1+h2n2)- 62}
+ hz(az-wzisg - {2h2a2£n.- 26?}sx

+ {2h2§a2—2hwﬁ}sxs

C = hz{a.2 - wz} F

_ 2 2 =
” {Zh na 2th}SZ ’

X z '

D = - 2{a2(1+h252)-62}s + {2h25na2— zﬁﬁ}- {2h2£a2— 2hwﬁ}s
E = 2h%ca’ - 2hwh ,
(14)

znaz— 2hwV ,

H
|

= -2n%(a®~w?)s, - {2h2£a2- 2hwﬁ}sx+ 2h
_J_ 1.2 2.2, =2 R _ 2.2 g0 =
R = { {a(l+h E)=1 }Sxx h™(a"-w™)s,, {Zh Ea 2hwU}sz}GY
3 2 2 12 12 L | n
+ h™(a"-w ){{(x ~y_ )%, ¥ 2y X, - x X, - y'X _}U
s s 1xx s*s lxy s 1x s 1y

2 2

1 L. | " n £
Yo )X __t 2x y X, _t+ X X, - stli}v}

+ {-(x'
s Xy 13% y

4 ' ' ' ' 2,..2
+ 2h w{(xl_xs Xy )X, __+ (X)_x.+ Xl_ys)xl__}(u +V°7)
X Y XX Y X Xy

+ % {X1U+Ylv}{uz+v2) + cos a{hztgz-nz)az-ﬁ2-§2+h2(az-wz)x;}

+ sin u{thEnaz- 20V + hz(az-wz)y;} *

Note that for the transformation defined by equation (2),

X = X /h r
li 1
Y

(15)

|
K
[
5
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and

X
X, _=-— -y,
XX h
(16)
Y
X,__= —¢ -l .
Xy h
The symmetry condition that w = 0 on the plane z = 0
requires
E - - =
G, + EGy {sz + Sy n}GY 0o, (17)

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

surface requires
1 2 12
{—;5 (1 + 55) + {Sz + EBy - n} }GY
- 1 — — — -
+ { —;5 Sx+ E{ SZ gsx+n}}cx + { Sz ESX + n}Gz

+ {_xl- cos o- X,_sin a}sx— X,_cos otX,_sin a = 0, (18)
X Yy h'g X

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 velocity components.
Convection and roll-up of the vortex sheet are ignored. In
reality, the component of velocity normal to the sheet must be
zero, but in our approximation it is simply required to be contin-
uous. Thus, the equation
=0

¢YY
is used at points lying on the vortex sheet. Also the disconti-



nuity 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.

Finite Difference Approximation

The success of the type dependeht difference scheme applied
to the transonic small disturbance equation by Murman and Cole [1]
can be attributed to the fact that it effectively adds a direc-
tional bias to the equation at points where the local flow is
supersonic. In constructing an analogous scheme for the fulls
potential equation in general curvilinear coordinates (which 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 vector.

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

equation (6) assumes the canonical form

2 2 2,2 |
(a“-q )@SS + a“ (v @-@ss) 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 (1l1). At grid points where the flow
is subsonic, central differences are also used to approximate the
second-order derivatives in equation (9). A typical central

difference formula for GXX is

(n+1) 2 (n+l). 1 (n) (n)
I R S U U5 1S St s 95, 15 Sl o V5 1.
2 r {20)

Gxx-- = &

N .

where the superscripts denote the iteration level.land w 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 to

At 12
Gex = 7% Okt * 3% & ~ )G}
Similarly, the formula
(n) _ a(n) _ .(n+1) (n+1)
CGi41,941,k ~ Git1,3-1,% T Gi-1,3e1,k t CGi-1,3-1,k
Cyy = (21)
XY ZAXAY

can be interpreted as an approximation to

1 At G .

Gyy = 7 Bx Syt

The relaxation process can thus be regarded as an approximation to

the time dependent equation

L1



2
{M —l)Gs Gmm Gnn+ 20 Gs + 20 + 2a

t 2Gm Gn + GGt = 0, (22)

1 t

s t 3

where M = g/a is the local Mach number, m and n are suitably
scaled coordinates in the plane normal to the velocity vector,
and Q contains all the terms in the equation other than the
principal part. The coefficients Ay rlyelqy and §, depend on
the mix of old and updated values in the difference equations
as well as any explicit time-like or mixed terms that have been
added for stability.

Introducing the new time coordinate
!
T = £~ 5 S + o m + aqn
M™-1
transforms equation (22) to
2
%1

2 _ N _ 2 _ 2 -
(M_ 1)6_- 6 Gnn {57:; ay as}GTT + 686G, = Q. (23)

In order to ensure the convergence of the scheme, we require
that equation (23) should be a damped three-dimensional wave

equation. This will be the case if

2 | 2, 2
Gy > (M —1)(a2+a3) & (24)

At points where the velocity is supersonic, upwind differ-
ences are used to represent contributions to GSS in the first

term of eguation (19). This is done using formulas of the type

oc(nt+l) _ o (n) - 2g(ntl) + G{f)

G = irjrk irj;k i_lrjrk i zljrk
xx 2 :
(25)
(n+1) (n+1) (n+1) (n+1)
e Pt . g L gl +
e - oid,k ” %13, 7 %51,k T Cim1,9-10k

XY - AXAY

12



These formulas also have the property of guaranteeing diagonal
dominance for the updated values on each line. The formula for

GXX can be interpreted as representing

At
Gxx ¥ 2 X Cx¢ -

Together with analogous formulas for GYY and G , this intro-

ZZ
duces a term equal to

2
2(M -l)c:.st

into eguation (22). To ensure that equation (24) is satisfied
at points near the sonic line where (Mz-l) is small, the coeffi-

cient of Ggp can be further augmented by adding a term of the

t
form
At 2
B a% {UGXt + VGy, + h wGZt} ’ _ (26)
where B > 0 is appropriately chosen. The required mixed

derivatives can be constructed in the form

(n+l) _ ~(n) _ pinl) (n)
At Gi 4,k ~%i,4,% " %i-1,3,k T Ci-1,4,k

=

G . (27)
X "Xt axz

The supersonic difference scheme is completed by using central
difference formulas similar to equations (20) and (21) to
evaluate contributions to the second term of equation (19),
but with w set to unity, as suggested by a local von Neumann

test [6].

13



Boundary Conditions

The boundary condition at infinity is particularly simple
because the square root transformatiop reduces the entire vortex
wake to the X-Z plane at downstream infinity. Therefore, since
the uniform stream singularity has been removed by the introduc-
tion of the reduced potential, the Dirichlet condition

G=0
is appropriate.

On the X-Y and X-2 plaﬁes, finite difference approximations
to the Neumann boundary conditions specified by equations (17) and
(18) must be applied to those portions representjng solid b;unda-
ries (i.e., the symmetry plane and the wing surféce). At the wing
surface, central difference approximations are used in equation
(18) to define values of the reduced potential at image points
located one mesh spacing below the X-2 plane. A similar method
is used on the symmetry plane, but due to the high degree of
nonorthogonality of the coordinate system when the wing is highly
swept, simple central differences become unstable. Thus, to set
the potential values at the image points for the symmetry plane,
the X-differences required in equation (17) are evaluated 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 plane in the flow region.

The symmetry condition thus remains formally second order accurate,
and the incorporation of the image point whose value is being set
into the X-difference adds to the stability of the scheme. This

method of handling the symmetry condition has proved stable 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
sheet. The value of this discontinuity is taken to be independent
of 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-
uation of the singular line outboard of the wing tip. At
these points the mapping is singular, and a special
limiting form of the difference equations must be used. At
points where the solution is regular, the nonlinear terms of
the potential equation are of 0(1/h), while the Laplacian

transforms to

R

h2

(¢ + ¢ )+ 8 .
X X, Y ¥, z2Z

Thus, in the limit as h tends to zero,

@ 4 6 =0 (28)
XXy 4N

is a suitable limiting form.

15



RESULTS

Computational procedure

The potential formﬁlation is particularly attractive for
three-dimensional calculations because it requires the storage of
only one quantity at each grid point, and the number of grid
points required to accurately describe these flow fields is large.
Even so, it is impractical to store the entire solution array
in the high speed core of many current computing machines.
Fortunately, since the analysis presented here depends on a
relaxation solution of the difference equations, it is not neces-
sary to have the entire solution immediately available at all
times, It is, therefore, stored on a disk file, and read into
core one X-Y plane at a time. At any time during the solution
procedure, the values of the potential on four such planes are
in the core. 0ld valueé are buffered in and new values buffered
out of core while other calculations are being performed as much
aé possible, to keep the process efficient.

In each X-Y plane, the equations are solved by successive
line overrelaxation. The plane is divided into three regions,
as shown in Figure 3. In the central region the equations are
relaxed along horizontal lines, sweeping from infinity to the
wing surface. In the outer regions the equations are relaxed
along vertical lines, sweeping away from the central region to
infinity;l Such a sweep pattern ensures that the sweep direction

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

16



which 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, Y, and Z directions respectively. This solution is
then interpolated 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 solution on a grid containing 192x24x32 mesh cells.
A typical run consists of 100 relaxation sweeps on each grid,
requiring a total of approximately 85 minutes of €CPU time on a
CDC 6600. The same program has been run on the CDC 7600, for

which a similar calculation requires about 15 minutes.

ExamEles

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

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

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

17



and the planform has a leading edge sweep angle of 30°, a taper
ratio of 0.7, and an aspect ratio of 3.8. A program generated
projection drawing of the wing is shown in Figure 4. The wing
was tested by Monnerie anﬁ Charpin [11] of the ONERA, and carries
their designation of wing M-6.

The first results presented are at a free stream Mach
number of 0.9226 and zero angle of atﬁack, resulting in zero lift
for this symmetrical wing. Figure 5 compares the calculated and
measured streamwise surface pressure distributions at the 20, 45,
65, and 95 percent semispan locations [11,12]. Agreement is
quite good, inclﬁding the predicted shock location.

Figure 6 shows similar results for the same wing at a
Mach number of 0.919 and an angle of attack of 3.07 degrees.
Again, agreement between the computed and experimental results
is quite good, with the exception of the shock location on the
lower surface, which is somewhat further aft than predicted by
the calculation.

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

This is 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 graphically illustrated in the projec-
tion view. Figure 8 shows comparisons of the calculated results
with experimental data, again at the 20, 45, 65, and 95 percent

semispan' stations. Agreement is quite good, including the

18



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

Figure 9 shows the projection view of the wing surface
pressure distribution at a Mach number of 0.837 ard 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 outboard. Comparisons with data, shown in Figure 10
show that agreement is still quite good.

The second gecmetry is representative of wings being
considered for the next generation of subsonic 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 and 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 quasicylindrical 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 tests. A projection drawing
of the wing (extended to the fuselage centerline) is shown in
Figure 11. For these calculations, the wing geometry was modified
to account for boundary layer effects by adding the displacemen£

thickness obtained from two—dimensional'boundary layer calculations
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multiplied by an empirically determined spanwise weighting
factor. The wing was one of several tested in a cooperative
program by the Douglas Aircraft Company and the NASA Ames
Research Center in the Amés 11-foot tunnel at a Reynolds number
of approximately SX106, based on the mean aerodynamic chord.

A program generated three-dimensional projection drawing
of the upper and lower surface pressufe distributions for this
wing is shown in Figure 12. (This particular case was run with
no correction for boundary layer 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
pressure 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 be excellent, including
the location and strength of the rather strong shock near the
leading edge on the wing upper surface.

Figure 14 shows similar comparisons at a Mach number of
0.84 and an angle of attack of 1.85 degrees. Again, agreement
is quite good, although the resolution of the first (rather weak)
shock of the inboard double shock pattern seems lost between the
35.5 and 50 percent semispan loqations.

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

contained in [13].
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CONCLUSIONS

A numerical method has been presented for determining the
inviscid transonic flow past a swept wing..The method is based
on a type-dependent, finite difference approximation to the full
potential equation, solved in a computational domain designed
for accurate application of the wing surface and symmetry plane
boundary conditions. Calculated surface preésure distributions
agree well with experimental data for wings of conventional and
supercritical section shape (when the geometry in the latter
cases is corrected for the diéplacement 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 mentioned in the preceding section, these
calculations require a substantial amount of computer time.

Thus, methods of accelerating the convergence of the iterative
scheme are particularly important in three-dimensional problems.
A number of techniques to achieve this have met with success in
two-dimensional calculations, including a hybrid Poisson-solver/
relaxation technique [15,16], a multi-grid method [L7], 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 1l.

N N

(b)

Geometry of Swept Wing.
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Figure 2. Sketch of Computational Domain.
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FIGURE 9

UPPER SURFACE PRESSURE LOWER SURFRACE PRESSURE

ONERA WING M6 L. E. SWEEP 30. DEG. ASPECT RATIO 3.8
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FIGURE 11. GEOMETRY OF DOUGLAS WING.

VIEW OF WING

DOUGLAS WING W2 (EXTENDED TO CENTER LINE)
MACH .818 YAW 0.000 ALPHA 0.000

L/D 20.09 CL -5455 CD 0272
34



FIGURE 12, THREE-DIMENSIONAL SURFACE PRESSURE DISTRIBUTION.
UPPER SURFACE PRESSURE LOWER SURFACE PRESSURE

DAUGLAS WING W2 (EXTENDED TO CENTER LINE)
MACH .819 YAW 0.000 ALPHA 0.000

L/D 20.09 CL -54565 (D 0272
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Appendix A, Description of the program

All the numerical results in this report were generated
by the computer program FLO 22 listed in Appendix B. This
program includes options to treat both a swept wing on a
wall (Figure Al), and an isolated yawed wing (Figure A2).
For swept wing calculations the sheared parabolic coordi-
nates are introduced in planes parallel to the free stream.
In the treatment of a yawed wing the whole codrdinate system
is rotated through a specified yaw angle, so that the X-Y
planes are normal to the leading edge of the wing at its
center line. 1In 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, but
it should not have kinks, since these would cause the second
derivatives of the singular line of the coordinate system
to become unbounded. Kinks are permitted in the trailing edge,
on the other hand. The trailing edge defined by the input
is actually replaced by a piecewise 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 wing root to the tip, or in
the case of a yawed wing, from the leading to the trailing tip.
Up to 11 span stations may be used for this purpose, and the
planform and dihedral are determined by specifying the chord
and the x and y coordinates of the leading edge at these span
stations. The wing section at each station is then determined
by scaling and rotating a prescribed profile, given by a table
of x and y coordinates. If the wing sections are similar, only
the profile for the first station need be read in. The cocrdi-
nates for the other stations are obtained by scaling the orjginal
profile to the proper chord, and rotating it to obtain the
appropriate twist. If, on the other hand, the secéions are not
similar, the program permits the coordinates of new profiles to
be read in at each span station. The wing section between
stations is generated by interpolation. The location of the
singular line about which the wing is unwrapped by the sgquare
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 magnetic tape cn which an intermediate result can be saved.
The camputation can then be continued for more iterations,
starting from the values saved on Tape 4. The disk instruc-
tions in the version of the code listed in Appendix B are
specialized to the CDC 6600 using the FTN compiler. Otherwise
the code should be readily adaptable to other computers.

The data deck for a run is arranged to include
title cards listing the required data items. The complete set
of title cards provides a list of all the data which must be
supplied, and can be used as a guide in setting up a data deck.
Each title card is followed by one or more cards supplying the
numerical values of the parameters listed on the title card.
All data items are read as floating point numbers in fields of
10 columns, and values representing integer parameters are
converted inside the program. A glossary of the input parameters

is given in Table 1, and a typical data deck is shown in Table 2.

40



Table 1., Glossary of input parameters

(Listed in order of their cccurrence on the data title cards)
TITLE CARD 1
NX The number of mesh cells in the direction of the

chord used at the start of the calculation.
NX = 0 causes termination of the program.

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

NZ The number of mesh cells in the span direction.

FPLOT Controls generation of plots.

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

at each span station.

FPLOT=1. for both a print plot and a Calcomp plot
at each span station.

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

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

XSCAL, PSCAL Control the scales of the Calcomp plots.
XSCAL>0. scales each section plot to XSCAL
XSCAL=0. scales each section plot to 5.0
XSCAL<0. scales the maximum chord to XSCAL, and
each section plot proportionately to the local chord.
PSCAL#0. sets the pressure scale to PSCAL per inch
in each section plot. ,
PSCAL=0. sets the pressure scale to 0.4 per inch
in each section plot. Also,
PSCAL>0. scales the three dimensional plot so
that the span or semispan is 5. If PSCAL=0. and
XSCAL#0. then the three dimensional plot is
scaled so that the maximum chord is 1/2 XSCAL.

FCONT Indicator which determines the manner of starting
the program.
FCONT=0. indicates the calculation begins at
iteration zero.
FCONT=1. indicates the computation is to be
continued from a previous calculation. In this
case the values of the velocity potential and the
circulation 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 geometry. The count of the iteration
cycles is continued from the final count of the
previous calculation and the maximum number of
additional iterations to be performed is defined
by MIT.
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TITLE CARD 2

MIT

Ccov

Fl

P2

P3

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 velocity
potential. It is between 1. and 2. and should
be increased towards 2. as the mesh is refined.

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

The relaxation factor for the circulation.
It is usually set to 1., but can be increased.

The damping parameter controlling the amount of
added Pet (see equation (2.6), page 13).

It is normally set between 0. and 0.25.

Determines the split between horizontal and
vertical line relaxation and is the proportion

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

If convergence difficulties are encountered STRIP
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 prescribed number of iteration cycles
or after convergence.

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

FHALF<0 +the interpolated potential will be
smoothed |FHALF| times.
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TITLE CARD 3

FMACH The free stream Mach number.
YAW The yaw angle of the wing in degrees.
ALPHA The angle of attack in degrees. When the wing

is yawed, ALPHA is measured in the plane normal
to the leading edge, not in the free stream
direction.

CDO The estimated parasite drag due to skin friction
and separation. It is added to the pressure drag
(sum of vortex drag plus wave drag) calculated
by the program to give the total drag.

TITLE CARD 4

ZS5YM Determines whether to treat a wing on a wall or
an isolated wing.
zS¥M=1.: the wing is on a wall
7SYM=0.: the wing is an isolated wing at a yaw
angle given by YAW.

NC The number of span stations at which the wing section
is defined on subsequent data cards from the wing
root to the tip if 2S¥YM=1,, or from the leading
to the trailing tip if 28YM=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 FMACH, YAW, ALPHA
and CDO begins without further data items
being read.

SWEEP1 Sweep of singular line at the wing root if ZSYM=l.,
or at the leading tip if ZSYM=0.

SWEEP 2 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 Sweep of singular line in the far field.

DIHED1 Dihedral of singular line at the wing root if
7SYM=1., or at the leading tip if ZS¥M=0.

DIEED2 Dihedral of singular line at the tip.
(DIHED1 and DIHED2 are used as end conditiops for
a spline fitting the y coordinates of the singular
line.)

DIHED Dihedral of singular line in the far field.
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TITLE CARD 5
2
XLE, YLE

CHORD

THICK

ALPHA

FSEC

TITLE CARD 6

YSYM

NU

NL

TITLE CARD 7

TRAIL

SLOPT

(The geometry at the first span station)

Span location of the section.
x and y coordinates of the leading edge.

The local chord value by which the profile
coordinates are scaled.

Modifies the section thickness. The y coordi-
nates are multiplied by THICK.

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.

Indicates whether or not the geometry for a new
profile is supplied.

FSEC=0.: the section is obtained by scaling

the profile used at the previous span section
according to the parameters CHORD, THICK, ALPHA.
No further cards are read for thls 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.

(Profile Geometry Supplied if FSEC=1.)

Indicates the type of profile.

YSYM=0. denotes a cambered profile. Coordinates
are supplied for upper and lower surfaces, each
ordered from nose to tail with the leading edge
included in both surfaces.

YSYM=1. denotes a symmetric profile. A table

of coordinates is read for the upper surface only.

The number of upper surface coordaintes.
The number of lower surface coordinates.

For YSYM=l., NL=NU even though no lower surface
coordinates are given.

(Additional Profile Geometry Supplied if FSEC=1.)

The included angle at the trailing edge in degrees.
The profile may be open, in which case it is the
difference in angle between the upper and lower
surfaces.

The slope of the mean camber line at the trailing
edge. This is used to continue the coordinate
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XSING, YSING

TITLE CARD 8

X, ¥

TITLE CARD 9

X,Y

surface, assumed to contain the vortex sheet,
smoothly off the trailing edge. For heavily aft
loaded airfoils, the 1lift is sensitive to the

value of this parameter, which should be adjusted
by comparing two dimensional calculations using
parabolic coordinates with two dimensional calcula-~
tions in the circle plane.

The coordaintes of the singular point inside the
nose about which the square root transformation

is applied to generate parabolic coordinates.

This point should be located as symmetrically as
possible 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 correctly chosen by inspect-
ing the coordinates of the mapped profile printed
in the output. If the mapped profile has a bump
at the center, the singular point should be
moved closer to the leading edge. If the mapped
proflle is not symmetric near the center, w1th a
step increase in y, say, as x increases through 0,
the singular point should be moved closer to the
upper surface. The coordinates of the singular
point are chosen relative to the profile coordinates
supplied on the cards which follow.

(Upper Surface Coordinates)

The coordinates 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.

(Lower Surface Coordinates, Read if ISYM = 0.)

The coordinates of the lower surface, read from
leading edge to trailing edge. The leading edge
point is the same as the upper surface leading edge
point. 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 similar at each
station except for scaling, thickness to chord ratio
and rotation to introduce twist, FSEC=0. and no
new profile coordinates are needed.
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TABLE 2.

DATA DECK FOR ONERA M6 WING

Columns 1-10 | 11-20 | 21-30 | 31-40 | 41-50 i 51-60 | 61-70  71-80 |
i ! | ,
Cards i : i %
| |
i !
Title of case|ONERA M6| WING (copied onto| output ahd Calcomp plots)
| i H
Title Card NY NY NZ FPLOT | XSCAL : PSCAL | FCONT ]
] i
48. 6. 8. ¥z i 0. i 0. | 0.
Title Card MIT cov P1 P2 | P3 i BETA STRIP  FHALF
100. 1.E-6 | 1.6 Lo . .10 %a 1.
100. 1.E-6 | 1.6 : , .10 . 1. i
100. 1.E-6 | 1.6 1. 5 [ .
]
Title Card MACH YAW ALPHA CDO i
.840 0. 3.06 .010 i
: ]
Title Card ZSYM NC SWEEP1 | SWEEP2 SWEEP  DIHED1 | DIHEDZ  DIHED
1. 6. 29.9 29.9 29.9 0. E 0. 0.
Title Card XLE YLE CHORD  THICK  ALPHA | FSEC
0. 0. L6737 1. 0. | .
Title Card YSYM NU NL ]
|
1. T 72. ; i
Title Card TRAIL | SLOPT | XSING | YSING 7 i
7.06 0 .00725 | O. : . !
{ I i
Title Card X Y : j (Uppkr Surface)
(72 cards) (Coordinptes of pgofile) i i :
Title Card z XLE YLE CHORD | THICK | ALPHA | FSEC
2 .1150 | O. L6147 | 1. 0. 0.
Title Card z XLE YLE CHORD | THICK | ALPHA | FSEC
A .2300 | oO. .5558 | 1. 0. 0.
Title Card z XLE YLE CHORD | THICK | ALPHA | FSEC
.6 .3450 | 0. L4968 | 1. 0. 0.
Title Card z XLE YLE CHORD | THICK | ALPHA | FSEC
| .8 .4600 0. .4379 1; 0. 0.
Title Card Z XLE YLE CHORD | THICK | ALPHA | FSEC
1.0 .5750 | O. .3789 | 1. 0. 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 unfclded sections
produced by the square root transformations at the root and
the tip. These should be inspected to see that they are reason-
ably smooth. The program alsc prints a chart of an indicator IV
showing the configuration of the wing in the coordinate surface

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

IV = 2 indicates a point on the wing
1 indicates a point on the trailing vortex sheet
0 indicates a point on the singular line
-1 indicates a point adjacent to the edge of the wing
or vortex 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 each cycle,
together with the locations of the points where these occur
in the computational lattice, and also the relaxation factors,
the circulation at 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 criterion has been satisfied, 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 és desired. Finally the charac-
teristics of the complete wing are printed. These include the
coefficients of 1lift and form drag computed by integrating
the surface pressure, and the ratio of 1lift to form drag.

" An estimate of the friction drag coefficient may be supplied

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

of the total drag coefficient of the ratio of lift-to total drag.
The pitching, rolling and yawing moments are also computed

and printed. 1In the case of a yawed wing these are in an axis
system normal to the wing leading edge at its center line. In

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

Finally additional Calcomp plots are generated if they
are desired. These show the convergence history, and also a view
of the complete wing and 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 then completes the same

sequence of calculations and output for the new mesh.
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Figure Al. Swept wing on a wall.
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Figure A2.

Flow direction

Yawed wing.
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APPENDIX B. LISTING OF THE PROGRAM

PROGKAM FLO22(IMPUT»LUTPUT, TAPEL) TAPE2, TAPL 3, TAPESs

1 TAPEL=INPUT» TAFE6=0UTPULT)

THREE UIMENSIUNAL WwING ANALYSIS IN TKANSONIC FLOw

USING SHLARED PARASCLIC CJORC INATES

WlTH STORAGE ON THE [isC

PKIGRAMMED BY AMTONY JAMESONyMAKCH 1974

REVISICNS BY Do 44 CAUGHEY ANL ANTCNY JAMESONSDEC 1975=DEC 1976

G IS REDUCED VFLOCITY POTeNTIAL

CUMMON G(L93,2€54)»50(1955,35)5:0(131)5,20(131)»
IV(163,25),I71c1(35)51Tcc(35),
AUCL193)9AL(193)982(193),A3(193),
BOL2E)»R1I(26)532(26)5B3(26),
20325),C1035),02(35),C03(35),
KCU32) s XZ(35) 9 R2ZZUZ5)»YCUAE ), YZ(35)5YZZ(35),
NXpMNY NZpKTELpKTE2) iSYMsKSYMySCALYSCALZ
YAWs CYhwWy SYAns ALFHA,CAs SASFMACHINLISN2» N3y [0

COMMON/FLOZ STRIP»FPLIP2sP3,BETAYFRI[RsJRIKRIDGy L1Gr JGI KGNS

DIMENSIOnN AS5(241511),YS5(241,5,11)»

& W

~ O =

1 ZSCI1) o L SCLa) s YLECLYL) s SLOPTC(LLI)» TRAILCIL)»NP(LL)
< ELCOLIL)»E2(11)0E3(11)sE4(11)skn(11),
3 XPC24l)oYP(241)501(241)502(241)5D3(241)
4 X(193)sY(iv3)s5VI193),5SM(163)5CP(193)>
5 ChRCOFD(35),5CL(35),S5C0(35),SCM(35), TITLE(20),
6 FIT(3),CUVUI3)sFiCI3),P20(2)9P30(3),BETAQ(3),
7 STRUPQ(3) ) FHALF(Z)RES(531)»CUUNT(501)

ND = 241

NE = 193

IREAD = 5

CIWRIT = 4

KPLOT = ¢

IPLAT = ]

IsTae = ¢

N1 = ]

N2 = 2

N3 = 3

KEWIND 1

REWIND 2

REWIND 3

KEWLND 4

JC = 0

RAD = 57,¢95779513u823

1 WRITE (IwRIT»6C0O)
WRITE (IwRITy2)
2 FORMAT(14HOPROGPAM FLOZC2» 7CX9 32HANTONY JAMESONs COURANT INSTITUTE/
1 S0HOTHREE DIMENSIONAL WING ANALYSIS IN TRANSONIC FLOW,
4 36H USINC SHEARELU PARABCLIC COGUKDINATES)
READ (IREAD»S30) TIILE
WkITE (IwkIT»63C) TITLE
READ (IREAD,S9C)
kEAD (IFREADS»S1IC)  FNXsFNYSFENZs FPLOT, XSCALPSCAL,FCONT, FAT
NX = FNX
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NY = FNY

N = FNZ
IF (NX.LT.1) GO TO 2Gi
KPLOT = ABS(FPLGT)
READ (IREAD,S50C)
NM = 0

11 NM = NM  +}]

FEAD (IREAD,S1IL) FIT(AM),COVO(NM),PLU(NM),P2U(NM),P3U(NM),

1 BeTAO(NM) s STRIPGINM) ) FHALF(NM)

IF (FHALF(NM) sNEoDoeoeaNDeNMelL1e2) GG TJ 11

FHALF{3) = 0O,

READ (IPtAD,50C)

READ (IREAD,51C) FMACH, YA, AL,COD(G

Yid = YA/RAD

ALPHA = al/FaAD

CALL GEGM (NDyNCsNP,ZSsXSoY¥S»XiLcosYLesSLIPT,»TRAILS XP,YP,
SWEEPL,SWitcPesSwhtiPsDIHEDLSCIHEDZ2,DIHED,
XTEG)CHGKRDUs ZTIP, LSYMULKSYH)

ISYM = 1SYMO

IF (ALPHAGNESQs) IdYM = §

IF (KSYMeNELO) YAWw = 0,

LAV ol

CYAW = CCS{YARW)
SYAW = SIN(YAW)
CaA = CYAW*CUS(ALPHA)
SA = CYAW*SIN(ALPHA)

IF (FCONTeLTele) GO 10 9l
READ (4) NXsINYoNZ)NMpRLoRZ2sNIT

MX = NX  +1
MY = NY +2
Mz = NZ +3

DC 62 K=1,MZ
READ (4) ((G(Lpdsl)pI=LsMX)sed=1,MY)
BUFFER OUT(N3»1) (G(lslsl)sGiMXpNMYs1l))
IF (UNITIN3)eGTe0e) GG TL L
BUFFER OUTINLs1) (G(1lslsl)sG(MXsMYs1l))
IF (UNIT(N1)eGTe04s) cu TC 1
62 CONTINUE
READ (4) (EQ(K)yK=K1sK2)
REWIND N3
REWLND N1
FEWIND 4
91 CALL COOKC (NXsNYsNZyrkOSYMaRTEC» ZTIPy XMAX»ZMAX,

1 SYrSCAL»SCALZpAXIAY ALy
2 ACrALs22,03560sBLlyB29B392s019C2,C3)
CALL SINGL (NCsyNZyKSYMpKTELsKTECSCHARDG
1 SWEEPLlsSWEEP2» SWEEPSOIHEDL, OTHEDZsDIHEDS
2 ISy XLESYLESXCoX2ZaXZLsYCoYZsYL>
3 ZoC1sC2sC39clrkE2sE39E4,»C5» IND)
CALL SURF (NDsNEsNCraXsNZs ISYMpKSYMpKTELsKTEZ2sSCALS
i YAWpAUS» 29239 KACoYC» SLUPT»TRAILSXS»YSsNP s
pa ITEL»ITER2s1VsSO»Z0sAPsYPsD1»D2sD35XyYs INV)

IF (INDeEWs0O) GC TO 291
IF (FCONTWGEsls) GU TC 1G1
NM s 1
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NIT s 0

CALL ESTIM
IF (10.EQ.0) GO TO 1
REWIND N3
REWIND N1

101 WKITF (IwkITs6CC)
FCONT = U
BIT = FIT(NM) +NIT
KIT = MI1T
IF (NFeGToleAMDoFHALF(NM) oEQeGe) KIT = 10
JIT = NIT
KKES = (MIT =NIT =2)/50C +2
JPES = G
NRES e O
cov = COVCINM)
STRIP = STRIPOINM)
BETA = BETAQ(NM)
MX = NX +1
my - = NY +¢2
Mz = NZ +3
KY = NY +1
Kl = 2
K2 = N7
LF (KSYM.cQs2d) GO TO iu3
Kl = 3
K = NI +2

103 L1 = NI/fZ +1

IF (KSYMJNELD) LZ = 3
WRITE (IwkIT,lus4)
104 FURMAT(4BHOINLICATICGN GF LOCATIGN OF WING AND VORTEA SHEtT!
1 27h IN CCCRUINATE PLANE Y = Qe/
2 2THGULIVII oK) sKEKLsKZ)pI=23NX))
DG lue I=2sNX
106 WKITE (IkkITs65C) (IVIIsK)pK=K1loKZ)
WRITE (IwkIT,eCC)
WRITE (IWKIT»112)
112 FCRMAT(49HOCHORCWISE CtLL CISTRIBUTICN IN SQUARE ROOT PLANES
1 54H MNL MAPPEU SURFACE CUOCRDINATES AT CENTER LINE AND TIP/
2 15H0 X s 15H RGOT PROFILEs15H TIP PROFILE )
DO 114 I=2sNX
114 wRITE C(IWRITs61C) AQ(L)»SO(IsLZ)sSUCISKTEZ)
WRITE (IwFITs»1ile)
116 FORMAT(15H0 TE LOCATION s15H POWER LAW )
WKITE (IwRIT»61C) XMAXsAX
WRITz (1IwEIT,6E00C)
WRITE (IWRIT»11E)
118 FORMAT(46HONORMAL CeLL DLSTRIRUTION IN SQUARE ROOT PLANE/
1 15H0 Y )
DU 120 J=2,KY
120 WRITE (IWRIT»€10) BC(J)
WRITE (IWRIT,122)
122 FCRMAT(15H0 SCALE FACTOK» 45H POWER LAK )
WRITE (IWRITSE1C) SYsAY
WRITE (IWRIT,60(C)
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WRITE (IWRIT,124)
124 FORMAT(45HOSPANWISE CeLlL DISTRIBUTION AND SINGULAR LINE/

1 15HG 2 » 15H X SING » 15H Y SING
2 15k xZ 2 15H YZ » 15H x22
3 15k YiZ )

DO 126 K=K1lsK?2
126 WKITE (IWRIT,61C) Z(K)sXCUK)pYC(K)I S XZUK)»YZ(K) 9 X2ZZ(K)»YZZ(K)
WRITE (IWRIT,128) -
128 FORMATUL5HO TIP LOCATLINN,15H POWER Law )
WRITE (IWRIT,610) ZMaXsALZ
WRITE (IWRIT»600)
WRITE (IWRIT,132)
132 FURMAT(19HOXTERATIVE SCLULTICMN/
1 43HOSTRIP WICTH FUR HURIZONTAL LINE RELAXAT I[ON)
WRITE (IwkIT»61C) STEKIP
WRITE (IWRIT»134) ;
134 FORMAT(15HO NX 2 L5h NY »15H NZ
WRITE (IwkIT,640) NXsNYsNZ
CALL SECONDIT)
WKITE (IWKIT»70C) T
WRITE (IWRIT,1l3ce)

136 FURMAT(15HO raCH NG » 1oH YAw 2152H ANG OF ATTACK)

WkITE (Iwk1ITs061lC) FMACH»YAjsAL
WRITE (IwkIT»138)
138 FORMAT(1OHOITEPATICGNs 13H CORRECTION 24H 1 s4H J s4H K »

1 ~ 1uH RLSIDUAL s4H 1 »4H J s4H K »
2 10# CIRCULATN,10H REL FCT 151CH REL FCT 2510H REL FCT 3,
3 ° 1JH BETA  »1GH SUNIC PTS)
141 NIT = NIT +1
JI1T = J1T +1
Pl = PLO(NM)
Pe = P2CAINM)
P3 = P30(NM)

IF (NITeLEWLLC) Pl = 1,
IF (NITeLES1G) F3 = 1.
CALL MIXFLO

IF (1C.FQeC) GO TO 151

JO = 0

REWIND N1

RewIND NZ

N = N1

N1 a N2

N2 = N3

N3 = N

WRITE (IwWk1ITp€€0) NITslGrIGr JGsKGopFRy IRs JRIKRSEO(LZ) S
1 PlePesP3sBFTANNS

JRES = JRES +1

IF (JRES<EG.KRES) JRES = 1
IF (JRES.NE.1) GO TO 143
NRES = NRES +1
CUUNTINRES) = NIT =i
RES(NRES) = FR

143 IF (JITLEC.KIT) GO TO 251
IF (NIToLTeMIT.AND AES(DG) «GToCOVANDVABSIDG)oLToL0.) GG TU 141
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151

161

le2

164

171

172

182

184

185

Gad TG 1ol
IFf (JGekwel) GC TO 1

ReWIND N1
REWIND N2

JO = ]
N = N3
N3 = N2
NZ = N1
N1 = |
GO TG 141

RaT® = (),

IF (NRES«GVal) KATE = (ABS(RES(NKES)/RES(1)))
##(1./(CCUNTINRES) =CUUNTI(1)))

WRITE ([WRITs162)

FCRMAT(19HU MAX KESICAL 1s1%5H MAX RESIDAL 2515H WORK ’

. 15 KECLCTN/CYCLE) '

WekITE (IwkIT,67C) %ES(i)sRESINMRLS)yCOUNTINRES) 9RATE

CaLL SECOND(T)

WRITE (Iw&kIT,70C) T

WRITE (IWFIT26CO)

GO 164 L=1,3

BUFFER IN (N151) (G(1slsl)sGUIMX,MYsL))

I[F (UNIT(ML)WGTa0s) GO TO 151

CCNTINUE
LX s nx/2 +1
K =z

K = K +i

IF (KRaFushZ) GO TO 151
ODC 172 J=1,MY
DO 172 I=1sMX
G{Isdsl) = G(Lsdsr2)
G(Isdsz) = 5(1lpds?2)
BUFFER IN (N1s1) (GlIsls3)sG{MXsMYs3})
LF (UNIT(nN1)eGTWaGse) GG TO 151
IF (KelLTeKTE1eCKeKeGIoeKTE2) GC TC 171
11 x ITEL(K)
Iz s 1TE2(K)
CALL VELO (Ks2sSVySMsCPsXsY)
CHORDI(K) = x(I1) =x(LX)
CALL FOPCF (I1sI12sXKsYsCPsALsCHORD(K)»XC(K)»SCLUK)»SCDIK)sSCMIK))
IF (KPLOTaGTalaANDaKaGTeKTEL) GC TO 185
WRITE (IWRITs6CC)
WRITL (IwkIT»182)
FLRMAT(24HOSELCTION CHARACTERISTICS/
15H0 MACH NGO »15H Yaw »15H ANG OF ATTACK)
WRITE (IwkIT»61C) FMACH»YAsAL "
WRITE (IWRIT,184)
FORMAT(15H0O SPAN STATIONy 15H CL » 15H (W1} ’
15H CH )
WRITE (IWRIT»61G) Z(K)sSCLIK)»SCD(K)sSCMIK)
IF (KPLOToLEa1l) CALL CPLOT (IlyI2,FMACHIXsYsCP)
LF (KPLOT&LTe1leORKPLOTSGTW2) 6O TO i71
CALL GRAPH (IPLCTs1lpl2sXsYpCPsTITLEsFMACHsYAsALS
Z(K)sSCLIK)»SCO(K)»CHORDO» XSCALSPSCAL)
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6C TG 171
191 CALL TOTFOR(KTElsKTEZ»CHORDs SCL»SCOs»SCHsZ5XCy

1 CLoCCLlsCMPCMRACMY)

CD1 = CYAW*CD1

co = (DO +CUL1

VLD1 a 0,

IF (ABS(CO1)eGTale=¢) VLOL = CL/COL
VLD = 0,

IF (ABS(CL)eGTaleE=6) VLD = CL/CO
WRITE (IwkITsb0C)
WRITE (IWRLIT»192)
192 FORMATI(21HOWING CHARACTEKISTICS/
1 15HQ MACH 0D »1bH YAl s15H AMG LF ATTACK)
WRITE (IWkIT»61C) FMACH,YAsal
WKITE (IwkIT,»194)
194 FORMAT(15HO cL » 1oH CD FCRM 215H CL FRICTLION »
1l 15H co » 15H L/0 FORM ,15H L/D )
WRITE (IWRIT,610) CLsCU1sCRUSCDyVLELpVLD
WRITE (IWRIT,196)

196 FORMAT(15HO CM PITCH ,15H CM RCLL 2154 CM Yaw )
WRITE (IWEIT»&1C) CMPL,CMRsCMY
RewWwIND N1

IF (KPLUT.LT<L1) GO TU ¢gql
CALL RPLOTUIPLECT )MRES)KES)COUNT, TITLESFMACH) YAS AL NXyNYsNZ)
CALL THREED(IPLCT»SVaSMsCPaXs Y, TITLESYASALS
)3 VLODsCLsCLoCHURDC) XSCALSPSCAL)
IF (1C,ECeQ) GT TO 151
201 IF (ISTOPW.EQ.1) GO TOL 3ul
IF (FHALF(NM) EC.Qs) GL TO 1

NX = NX +NX
NY = NY +NY
NZ a N2' 4NZ '

CALL COORD (NXsNY,NZsKSYMs XTEQs ZTLIPs XMAX, ZMAXS
SYsSCAL» SCALZ,AXs AYsAZ)
AOs»AlrA2,A3,605,B1lsB2,83,25C1»C2,C3)

CALL SINGL (NCsNZs»KSYMrKTELlsKTEEZ,CHOKDCY
SWEEPLy SWEEP2,SWEEF,OIHECL1» DIHEDZSDIHED,
ISsXLEsYLEXCoX2oXZ2,YCrY2sY21y
2sC1pC25C35€E15€22E39042E%51IND)

CALL SURF (NDsNESNConAeNZp ISYMaKSYMsKTEloKTL22SCALY
YAWs AUp Zo LSoXCoYC o SLOPT» TRALILS XS»YSH NPy
JTELS ITE2,IVsSO»ZCsXPyYPsD1,025035Xy Yy IND)

IF (INDJ.EGeQ) GO TO <91

CALL REFIN

IF (10«EQC.D) GO TO 221

KEWIND N1

REWIND N2

NSMOC = —FHALF(NM)

IF (NSMOQ.LTWLl) GO TO 211

DO 2G2 N=1,NSMOLC

CALL sSMOO

IF (I0eEQ.C) GO TO 221

REWIND N1 -

2u2 REWIND N2

W e = -

ny -
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211 N = N1
N1 = N2
N2 2 N3
N3 = N
NM = NM  +1
NIT = Q
Gu TG 101

221 NX = NX/Z
NY = NY/Z
NZ s NZ/Z2

CALL COURD (NXsNYsNZsKSYMepXTEO»ZTiPr XMAX»ZMAXY

1 SY,SCALs SCALZsAXs AY»RAZ,
2 AQsALlsAZsAa3sBIsBleb2s83,25C1»C2yC3)

CALL SINGL (NCsNZsKSYMyKTELsKTE2,CHIKDOS
1 SWEEPL» SwtePZy SWEEP»DIHEDL)UIHEDZ2,DIHEDS
2 ISsXLEsYLESXCoXZs XZZsYCoYZyYZIZ)»

3 I1sC1sCiesC39ELpE29L39E4EESIND)

CALL SURF  (NDsNESNCsNXsNZp ISYMsKSYMsKTELIKTEZ2s SCAL S
1 YAwWws ACs ZsZ5sxCsYCp3LOPT»TRAIL XS»YSsNP»
2 ITEYs ITEZ2s IVsSusZUs XFPpYPsD1s025C39 XY IND)

1F (IND.EGe0) GLC TL 291

GO TD 151

251 k1 = KTF1 =1
Ke = KTEZ +1TE2(KTEZ) =NX/2

DG 252 M=1,3
WRITF (4) NXsNYpNZaNMoKLpKZ2oh1T
LD 2¢2 K=]l,M7
BUFFER IN (N1,1) (Gluiplsi)sGUMXsMYs1))
IF (UNIT(N1)WGTa2s) GG TC 281
262 WRITE (4) ((GUIsdsl)sI=1lsMX)sJslyMY)
REWINC N1
WRITE (&) (FO(K)yK=sK1sK2)
ENDFILE ¢
252 CONTIMUE
REWIND 4
CALL SSWTCH{1l,LSTOP)
IF (ISTOP.EG.L1) 6O TC 161
JiT = 0
GO TO 161 -
281 REWIND 4
GO TG 151
291 WRITE (1wkiT,600)
WRITE (IWPIT,202)
292 FORMAT(24H0OBAD LATA,SPLINE FAILURE)
GU TO 1
301 IF (KPLOT«GT+0) CALL PLOT{OesCss999)
s1o0pP
50C FORMAT(1X)
510 FURMAT(BF10U.6)
530 FORMAT(20A4)
600 FORMAT(1H1)
610 FORMAT(Fl2.4,TF15.4)
620 FURMAT(8E15.5)
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630
640
65C
660
670
700

C

2

11

12

FORMATI1HG,2044)

FORMAT(IE,TILS)

FORMAT(1X,3214)
FORMAT(IL10,E154553145b1545931495F10455112)
FORMAT(2EL15e492F1544)

FORMAT(L5HOCOMPUTING TiMEsFlGeZp10H SeCONDS)
END

SUBROUTINE GEOM (NLUsNCoNP»ZSyXSsYSpXLEs YLE, SLOPT, TRAIL,XP,YF,
SWEEPLlsy SWEEP2sSWEEP,DIHEDLIDIHED2sDIHEUS
¥TeOsCHOKLOS ZTIP» ISYMUPKSYM)

GEOMETRIC DEFINLITION OF wING

DIMEMNSION XSUNDs L) s YSUNDS L) ZSCL) s XLE(L) s YLE(L),

SLOPT(L), TRAIL(L)sXP(1)sYP(L)sNP(L)

IKEAD = 5
IWkIT =
RAD B 5T7e295T795130623

READ (IRtAD,5CC)
KEAD (IREAD,51() ZSYM:FNC;ShLEPl:SHhEPZ!SNEEP;DIHEDI!QIHLUZ!clHED
IF (FNCoelLTe3:) KETURN

KSYM = 7SYM

NC = FNC

WRITE (IWRIT,2)

FORMAT(15HO SWEEP(L) ,15H SWEEP(2) ,15H FINAL SWEEP »
15H LIHED(I) »15H DIHEL(2) ,15H FINAL DIHED )

WRITE C(IWRIT,61C) XLsYLsCHURL»THICKs AL
WRITt (IWKIT»610) SWECPLlySWEEP2)SWEEPSLIHEDLSUIHEU2,LIHED

SWEEP1 = SWEEPL/R&D
SwEEP2 = SwEEP2/KkAD
SWEEP = SWEEP/RAD
DIHED1 = DIHEDL/RAD
DIHel? = DIHEULZ/KRAD
DIHED = DIHED/RAD
ISYMC = 1

XTEO = 0,

CHORDC a2 Q.

K = 1

READ (IREAD,50G)

READ (IREADs51G) ZS(K)sXLsYLsCHORG, THICKs ALy FSEC
ALPHA = AL/RAD

IF (KeGTeledNDWF5:CaEUa0s) 6L TO 31

READ (IREAD,5CC)

READ (IREAD»51C) YSYMsFNU,FML

NU = FNU
NL = FNL
N = NU 4#NL -1

KEAD (LREAD,50C0)

KEAD (IREAD»51C) TRLsSLT»XSING,YSING
READ (IREAD,»5900)

DO 12 I=NL,N

PEAD (IREAD»51C) XP(IL),YP(I)
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L = NL +1

IF (YSYMeGT40e) GO TO 13
READ (IREAD,5CC)

0O 14 I=1,NL

READ (IRFAD»%1C) VAL,OUM

J =L -1
XP(J) = VAL
14 YP(J) = DUM
6o TO 21
15 4 = L
0C 16 I=NL,N
J =y -1
XP(J) = XP(])
16 YP(J) = =YP(I)

21 WKITE (IWRIT,600)
WRITE (IwRIT»22) Z5(K)
22 FCRMAT(1EHOPROFILE AT £ = H,F1Ce5/
1 LEHO TE ANGLE s 1oH Te SLOPE »15H X SING »
2 1on Y SING )
WKITE (IwKRIT»610) TEL,SLTsXSING, YSING
wRITEL (IWR[T,24)

¢4 FOGRMATI(1:HO X »10H Y )
DO 2€ I=1,N
26 WkITE (1wRIT,610) XPUI)»YP(1)
31 SCALF = CHLUFD/UXFLL) =XxPI(NL))
XLE(K) = XL +(XSING =xPINL))*THICK#SCALE
YLE(K) = YL +(YSING ~YPUINL))*THICK*SCALE
AR = XP(ML) +(XSiNG =XPUI(NL))I*THICK
YY = YP(NL) +(VYSING =YP(NL))*THICK
CA = COS({ALPHA)
SA = SINCALPHA)
UL 32 I=1sN
XS(I,K) = SCALE*((XP(I) =XX)#CA +THICK®(YP(I) =YY)}*34)
32 YS(I,K) = SCALE*(THICK*(YP(]I) ~YY)*CA ~(XP(1l) =XX)*3SA)
SLOPT(K) = THICK*SLT ~TAN(ALPHA)
TRAIL(K) = THICK*TRL/RAL
NP(K) = N
XTEQ = AMAXLOXTEQ»X>(1,K))

CHORCO = AMAX1(CHLRUO,CHURD)
IF (YSYMelLEoQeeLRoALFHAONCoCe) LSYMD = O
WRITE (IwRIT,52) Z5(K)

52 FORMAT(27HOSECTION DEFLNITIOMN AT Z = ,F10.5/

1 1500 XLE »15h ; YLE s 10H CHORD ’
2 15HTHICKNESS KATIU»15k ALPHA ) '

WhITF (IWRITs61C) XLsYLsCHCRP,THICK, AL

k = K +1

IF (KkeLESNC) GO TO 11

4¢ = ¢54(Z5(1) +ZS(NC))

IF (KSYM¢NEeD) ZU = Z5(1)
DU 6z K=1,NC

62 ZS5{K) = I5(K) =20
LT1IP = ZS5(NC)
RETURN

500 FORMATI1IX)
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C

510 FORMAT(EF10.6)

600 FORMAT(1H]1

610 FORMAT(FlZze4s TF15e4)

END

SUBRCUTEINE COCKFD (NXsNYsNZsKSYMXTZOpZTIP»XMAX»ZMAXy

1l SYsSCALsSCALLs AKXy Y9 AL
2 BOsALsa2sA3sB0sBLsBcsB3»ZyC1lsC2,C3)
SETS UP STRETCHtD PAKASOLIC AND SPANwWISE CUOKRDINATES
DIMENSION AO(1)»AL(1)pa2(1)9A3(1)sE0(1)pB1(1),82(2),E3(1),
1 Z(1)sCl01),C2(1L)»C3(1)
bX E Z4INX
DY ® l./MNY
KY = NY +1
DZ ' 2,/N2
FA = 1, =0DIZ
Kl = 2
K2 e NZ
IF (KSYM.EQ.O0) GO YO 1
DZ = 1./N2
ZL = ,
Kl = 3
k2 = N7 42
1 AX =2 WY
AY = L5
AZ = .5
BX = (O,
8z = O,
XMAX = 625
IMAX = ,525
SY = ,5
SCAL e XTEC/(500ulsXMAXXXMAX)
SCALZ = ZTIP/(LsCUQ0QULEZMAX)
V2 = (DX/DY)%%2
Wl = SCAL/SCALZ
We a2 (Wl*OX/DZ)**xg
S73 = SQRT(73.)
BBX = —BX¥SQRT(3.%(7¢ + ST3)NI/((1e + ST3)*XMAX®*S)
ABX = 1. = HRRX®SQRT((7. # S$73)/12e)%XMAX%*%3
cBX = (1G9e + ST3)%XMAXEXMAX/LZ,
ABHBX = ABX 4 HEX®(3,%CHX = 4 *XMAX*XMAX)HXMAX*XMAX/
1 SQRT(CBX = XMAX*XxMAX)
D0 12 I=2,NX
]} = (I =1)*[LX =-l.
B = 1l
IF (ABSIDU)+GTaXMAX) GO T2 13
A = Cgx = D0*DO
AS = SQRT(A)
c = ABX®AS + 3BX*¥(3.,%CBX = 4.%¥DD*CD)*DO*00
Do = ABX*[DD + BBX*AS¥DD*23
Dl = 45/C
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ne
GO TG 14

BAX#(CuXe{—64%CuX + 19,%LD*0D) = 12.%DD**4)*00/(A%C)

13 IF (UDelTeQs) B = =1,

A
C
8
Co
Di
D2

14 AG(I)
A1(D)
A2(D)
12 A3(I)
DC 22 J=23
DO
A
c
D
0J
BO(J)
B1td)
be (J)
22 B3(4)
862
ABZ
c8z
AEB7

oW 0NN N RN W N RN HEK BN NN

le =({(DC =BEXMAX)/(1lese ~—XMAX))*%2
AxRAX

(a¥ +4Ax =l«)*(1ls =A)

BeXxMAXK + ACBX#(DD -~ PxXM&X)/C
A*¥C/((ls + D)*ABEX)

—(AX 4AX)*(DD <—B*XMAX)

*(4, +D)/C0{1ls +D)%A%(]1., =XMAX)%%*2)

Do
e[ 170X

D101

o 5[ X %02

(KY =J)#Dy

le -0D*LD

Atrkpy

[AY #AY =lel*(le =&)

A*C/{(4e +D)*S5Y)

3Y*DD/C

S*0U1/0Y

D1+l lrve

—4Y5DN*DY*(3, +0)/((1ls +0)*A)
—B2#SORT(2e%(Te + ST73))/((1le + ST3I)*IMAXR%3)
Le = BBZ*SQRT((7s + ST2)/lce) ¥ZMAX*%3

(1Ge + STIV*ZMAXSZMAX/L2, |

ABZ + BBZ*(3¢%CBZ = 4o*ZVMAXFZMAX)*InAX*IMAX/
SQRTICBZ = ZMAX*IMAKX)

Du 32 K=29K2

Lo
8

(K =KL)*D2Z =20
le

1¢ (ARS{DD).GTeZMAX) GG TO 33

A

AS

C

Do

L1

D2

GG TO 34
33 IF (DDl Ts

A

C

)]

DG

D1

De

1
34 Z(K)

Ci(K)

CZ(K)
32 C3(K)

RETUKN

EnD

[~ N I ]

NN R RN

Coz = LD*DD

SCRT(4) |

ABZ¥AS 4 BBZ%*(3.%CBZ = 44*DD*DD)*DD*0D

A3ZH0C + BBZ¥ASHDL¥+3

AS/C | |
BEZF(CHZH(—6o%CBZ + 1G4%00D3DD) = 12.%0D**4)*DU/(A%C)

s) B = =1,

le =((DD —B*IMEX)/(1le =2ZMAX))*%#2
A**p2

(AZ +AZ =l.)*(le =-4A)

R¥ZMAX ¢ ABBZ*(0L - B*ZMaX)/C
A*C/((le + D)*ABEZ)

-(AZ +AZ)*(DD ~-B*ZInMAX)

_ *(3e +0)/7((1le +D)%A*(le -ZMAX)*%2)

SCALZ*DOC

«5%L1¥W1s D2

01#01*ue

e S¥DI¥DC
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SUBROUTINE SINGL (NCoMNZpKSYMyKTEL,»KTE2,CHORDO,

1 SwetPlsSWEEPZs» SWEEPS»DIHEDLSOIHcL 2, DIHEL S,
2 ISy XLEs YLEsXCoXZoRZZsYCsYZrY11s»
3 2sCisC2sC35E1pk2rpE39thrt5,IND)
C GENERATES SINGULAR LINE FOR SOUARE RCOT TRANSFORMATION
CIMENSION ZSUL) o XLEAL) s YLECL) o XCUL) o X2(1) o XZ2Z(1)»
1 YCCX)oYZU1)oYZZ(1)p 2 (1)pCLl(1)sC2(L)sC3(1)>
Fg EL(1)Y,EZ2CL1)»E30L)sE4LL)ES(])
DO 2 K=1sNC
E4(K) = O
2 ES(K) = 0,
Kl = 2
Ke = NZ
1F (KSYM.EG.Q) GO TO 11
Kl = 3
Ke = N7 +2
KTEL = 3

11 DO 12 K=K1sK2
IF (Z(K)oLTeZS(1)) KTcL = K +1
IF (Z(K)oLESZSINC)) KTc2 = K

12 CONTINUE

B = (HORDO

51 = TAN(SWCEPL)
S2 = TAN(SWEEPZ)
Tl = TAN(DIHECL)
T2 = TAN(DIHEDZ2)

CALL SPLIF (1sNCoZSoXLEsclsE2sE3»1sS1lslsS2s0s0esIND)
CALL INTPL (KTE1pKTEzsZpKkCrlsnCoZSpXLEscletZsE3»0Q)
CALL INTPL (KTEl»KTE2sZoXZolsNCoZISsclsE29E35E4sQ)
CALL INTPL (KTE1oKTEZ2sZsXZZs1sNCrZ3sE29C39L4sED»O)
CALL SPLIF (1sNCoZSoYLESELSsEZ9EDslsTlolsTerUsUasrInND)
CALL INTPL (KTE1sKTEZsZIsYCslpNCoZSeYLESELpEZ2st3,50)
CALL INTPL (KTELl»KTEZ29ZsYZolsNCoZISsELPE2)E35E450)
CALL INTPL (KTELlsKTbzsZsYZZs1sNCoZSst2st3pk4stSs()

S = B*TAN(SWEEP)
3l = B¥S1
Se¢ = @%bz
T = ExTaN(DIHED)
T1 = 8xT1
Tz = 3%T¢
xCt2) = 3¢ (XC(3) =XC(4)) +XC(H)
YC(2) = J,%(YC(3) =YC(4)) +YC(5)
IF (KSYMJNELQ) GO TO 31
N = KTE1 =1
DO 22 K=K1»N
7 = (Z(K) =Z(KTE1))/B
A = £XP(ZZ)
XC(K) = XC(KTEL) +S#2Z7 =(351 =5)*(l. =8)
YC(K) = YC(KTEL) +T#27 =(T1 ~=T)#(l. =A)
XZ(K) = (S +(51 =S)*A)/B
YZ(K) = (T #(T1 =T)*A)/E
XZZ(K) = (S1 =5)#%A/(B+8)
22 YZII(K) = (11 =T)*A/(b*8)
31 N = KTE2 +1
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32

c

21

23
2%

32

1
2

W Ry

DL 32 K=NyK2

12 = (Z(R) =Z2(KTEZ))/E

A e EXP(=22)

XC(K) = XC(KTEZ) #S2Z2  +(S2 =S)xll. =A)
YC(K) = YC(KTE2) +T%22 (T2 =Ti#(1l. =p)
X1(K) = (5 +(S2 =S)*A)/E

YZ(K) = (T +(T2 =T)*A)/H

XLLIK) e =(S2 =S)*a/(B#*B)

YLZ({K) = =(Tz =T)®a/(8%%)

RETUERN

EnD

SUBROUTINE SURF  (NDsNESNCINXsNZoISYMpKSYMyKTELSKTEZ» SCALS
YAwsAOsZyZSs XCr YCHSLUPTHTRAILSXS»YS,NP»
ITELsITE29IVeSCrIO0pXPsYPsD1sD2sD35XsYs1IND)

INTERPOLATES MAPPEL WING SURFALE AT MESH PUINTS

INTERPOLATIUN IS5 LINcAR IN PHYSICAL PLANE

DIMENSION SOINES L) o XOINDos L) s YSUND» i} »2ZS5(1)»SLOPT(L)»TRALL(L)>

XKC(L1)oYCUL),A0(1)»201)52CGL1),X(1)sY(1),
XP(1),YP(L)sCl(1)s1:2(1)»03(1),
IVINESI)aNP(L)»I1TEL(L),ITEZ(L)

Pi = 3,14459265356979

TYAw = TAN(YAW)

Si = oh¥SCAL

DX = 24/NK

Lx = NX/2 +1

MX = NX¥ +1

M = NI +3

IvD = 1 =-[SYx ~-ISYM =]SYM

Ivl « =1 =ISYM

DU 2 K=l,M1Z

ITEL(K) = MX
ITE2(K) = MX

00 2 I=1pkX
IVIIsK) = =2
SCUIsK) * (e

K = KTEL
K2 = 1

K2 = K2 +1
K1 = K2 =1
k2 = 1

IF (Z5(K2) ~=Z(K}) 21,2%,25

[ = (Z(K) =ZS(KL))/UZS(K2) =Z5(K1l))
KL = l. =R2

c = R1*XS{1,Kl) +R2*#XS(1,K2)

cC = SQRT((C +C)/SCAL)

DU 32 I=2,NX

1F ((aCl]) +e5#0X) oL Te=CC) 11 = I +1
IF ((AQ(I) =o5%DX)elTeCC) I2 = 1
CUNTINUE

ITEL(K) = I1
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ITER(K) = 2
c¢ = AQ(Ic)/CC
Z0(K) = Z(K) ~TYAWR(XC(K) +S1+A0([2)+AQ(I2))
KK = K1
P = R]1
41 N = NP(KK)
Q = SORT(XS(1sKK)/C)/CC
DO 42 I=2,NX :
42 X(1I) = J*A0(])
ANGL = PI +P1
U = 1o
v = 04
DC 44 I[=1sN
R = SQORT(XSCI»KK)I*%2 +YS(LsKK)*#2)
IF (R4EG«GCa) GL TO 4&&
ANGL = ANGL +ATANZC(URYS(IsKK) =V¥XS{IsKK))»
1 (URXSUIsKK) +VEYSULsKK)))
u = XS({1yKK)
v = YS(1pKK)
R = SQRT((R +4R)/3Cal)
XPOI) 2 R¥COUS(oE*ANGL)
YP(I) = RESIN(+S*ANGL)
GO TO 44
45 AMNGL = P
u B =],
v = (O,
XP(I) = (o
YP(I) 2 (o
44 CONTINUE
ANGL = ATAM(SLUPT(KK))
ANGL1 = ATAN(YSCLoKK)/ZXS{1sKK))
ANGLZ 2 ATANCYSINSKK)/X5(NsKK))
ANGL1 = ANGL —o5%(ANGLL =TRAIL(XKK))
ANGLZ = ANGL =oL5#(ANGL2 +TRAIL(KK))
11 = TAN(ANGLI)
T = TAN(ANGL2Z)

CALL SPLIF (1sNoXPsrYPaD1sD2Z25C351isT1lslisT2sCsGaslnd)
CALL INTPL (I1s12sXsYslonsXPpYPsUlsDEsT350)

X1 = L25#XS(13KK)

A = SLOPT(KK)*{XS(1,KK) =X1)
B e 14/(XS{1sKK) =X1)

ANGL = Pl +PI '

U = 1.

v = 0,

M = J1 =1

00 52 I=2,M

XX = ,SkSCAL*X([)*%2

L a2 B¥(XX =xl)

Yy = YS(1,KK) #A*ALUC(E)/D

R = SQRT(XX*%2 4YY#%2)

ANGL = ANGL +ATANZ2((URYY =yvaXX),(U*XX +V%YY]))
u = XX :

] = YY

R = SCRT((R +R)/SCAL)

64



52

54

62

71
12

714

76

8l

42

KESIN(s " #aNol)
SLUPTIKK)I*(XS(NskKK) =X1)

Y(I)

A =

8 = lo/{XSINyKK) =X1)
ANGL s (),

U = ]l

v = Ja

M = e +1

Gu 954 I=MpsNX

XX = LEESCAL*X(I)*%2

D s B¥(XX =x1l)

Yy = YS(INyKK) +A%ALOG(D)/D
R = SQRT(XX*®%2 +YY*%2)
AKGL & ANGL ¢ATANZ(URYY ~=VHXX)s{U*XX +V*YY))
U B XX

v = YY

(4 = SQPT((P +R)Z7S5Cal)
Y(I) = KeSIN(s5%ANGL)

Q = PxCxCC*CC

DO 62 I=2,NX

SC([sK) = SO(IsK) +Q%Y(]D)
IF (KKesEQeK2) GC TO 71

KKk = K2
P = W2
GU TC 41

LD 72 I=]1512
IV([sK) =z 7

™ = [1 =1

DU 74 1=2,M

12 = J(K) =TYAw#(XC(K) ¢S1#a0(I)*A0(I))
IF (ZZeGtoZO(KTFL)) LIV(IsK) = IVD

CONTINUE

M = 12 +1

DO 7¢ T=MyNX

12 ® Z(X) =TYAW*(XC(K) +S1*a0(I)*A0(1))
IF (2Z46GE«ZO(KTEL)) IV(IsK) = IV

CONTINUE ;

K2 = K2 =1

K = K +]

IF (KoLE.KTE2) GO TO 21

Kl . 2

K2 = NZ _

IF (KSYM.£Q.J) €GO TG 81

K1 = 3

K2 - = NI +2

DO 82 I=2,NX

11  J(K) =TYAWs(XC(K) +S1#AG(L)*A0Q(I))
IF (ZZelLLbaZSINC)oANDeZZeG2eZC(KTEL)) LV(IsK) = VO
CONTINUE

K - = K +1

1f (Relfek2) GO TO €1

N = KTE2

IF (YAW.LE.O.) GO TO 93

10 = [TEl(KTEZ2) +1

LO 32 I=1CsLX
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N = N ¢l

92 ZO(N) = Z(KTE2) =TYAW*(XC(KIEZ) +SL*AC(I)#20(1))

w3 1 = ITE1(KTEL)
ZO(KTEL=1) = Z(KTel=1) =TYAW*(XC(KTEl=1) +S1%AJ(L)*AC(I))
ZO(N+1) = Z(KTEZ2+1)

00 102 K=K1l,K2
D0 1C4 I=2,NX
IF (IV(Isk)GT4C) GO TO 104.
IF (IVII+1,K#1)eGTaOeUkelIV(I=1,Kk+1)4GTa0) IVI(1lpK) = 1V1
IF CIVOI41,K=1)eGTa000ReIVII=1,K=1)oeCTas) IV(I,k) = 1VI
104 CCNTINUE
102 IF (SO(LXsK)eLTeleE=05) LVILXsK) = 0
IF (KSYMekQeQ) FETURN
DO 112 I=gz,NX
112 SC(Is2) = 34*(SG(I,3) =S0(1,4)) +S¢(I,5)
RETURN
END

SUBRCUTINE ESTIM

INITIAL ESTIMATE OF KcDUCED POUTENTIAL )

COMMON G(193,2604),50(193,35),€0(131)520(131),
TVI193,35)sITEL(25),ITER2(35),
ACT193),81(193),A2(193)5A3(193),
BO(26),B1(26)9B2(2€),B3(26),
Z(25),C1(35)902(35)5C3(35),

XC(35) 9 XZ(35)9XZZ(35)5YC(35)sYZ(35),Y22(35)
NXsNYsNZsKTELoKTE2y ISYMoaKSYMoSCALSSCALZ)
YAus CYAW» SYAws ALPHASCA» SASFMACHSN1sN2s N3, [0

MX = NX 4]

KY = NY +,

MY = NY +2

Mz = NZ +3

DO 12 I=1,193

DO 12 J=1,2%

N W

DO 12 K=1,4
12 G(I,JsK) = Q.
K = ]

21 DO 2¢ I=2,NX
G(I,KY+1l,1) = Q,
IF (IV(I,K)elLTe2) GO TO 22

DSI = SO(J+415K) =SO(i=1rK)

DSK = SO0(1,K+1) =SO(lsK=1)

SX = AL(I1)*DSI

S2 = C1(K)*DSK

FH = AC(I)*AC(L) #SO(IsK)*SO(IyK)
H = les/FH

AL = =~AQ(L)*XZ(K) =SO(IsK)*YZ(K)
B = «AQ(I)=YZ(K) +SCUIsK)I®XZ(K)
HI = AZ#%5K =HZ +FH*S7

FYY = Jeo #SX¥5X  +H®HZI#HHZ

FxY = SX +H*AZ¥HZ
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o0

L

V = SA%AQ(L) =CA¥SOLI,K)
U = CA®A((I)  +S5A%S0(IsK)
W = SYAW +CA*XZ(K) +SA*YZ(K)
GlIsKY+1p1l) = GlIsKkY-1p1)
+lv*(1ls =~H*BIwHZ) =U*FXY —nw*HZ)/(FYY*BLl(KY))

22 CONTINUE

41

~N TS N

£ ™=

BUFFERk OLTIN3,1) (G(i,Lsl)sGUMXaMY,1))
If (UNIT(N3).GTe0s) GO TO 41 |
BUFFER OUTINLsL) (G(Lls1lsl)eGiMXsMYsl))
IF (UNITIN1)+GTe0s) GO TC <1

K = K +4]

1IF (kK LE.MZ) GO TO 21
K1 = KTEl -1
K2 = KTE2 +1Tt2(KTEZ2) ~=NX/2
O 32 K=KlpK2

EG(K) = o

1C = 1

RcTUPN

1C =

kETURN

LND

SUBRCUTINE MIXFLU

SULUTION CGF EQUATICNS FOR MIXEC SUBSONIC AND SUPERSONIC FLOW

USING ROTATED DIFFERENCE SCHEME _

CCMMON 6(1l93,2694)950(193535)»E0(131),20(131)»
IV(193535)s1Tc1(29),1ITE2(35),
AUC193)9A1(193),A2(193)5A3(193),
BC(20)sB1(26)sB2(26)9B3(261)%
Z(35)sCLl035)»C2(35)2C3(35),

XCC35) s RZ(35) s XZZ(35)sYC(35)sYZ(35),YL2(35),

NXsMYpNZoKTELpXTE2» ISYMpKSYMpSCALSSCALZ

YAWs CYAWs SYAwsALPHA»CA» SAs FMACHIN1sN2s N3, 10
CUMMUN/FLGY STRIPsP1sP2sP3sBETASFRIIRSJRIKRIDG [Gr JGaKGaNS
COMMCN/SWF/ GRIL193526)9GK2(193526)»

SX(193)9SZ(193)95XX(193)9S5Xx2(193),522(193),
RO0(193)sF1(193)5C(193)D(1%3)»
GlOlZﬁl)GZD(Zb)’G3G(Zb]lﬁﬁC(Zblel(ZQ}’GE(ZO}!
11;121K1L’N03LK:hX)KYnﬂY:Tl:AﬁO;Ql:QZ; YawsS1

LX = NX/2 +t1

MX = NX +1

KY = NY +1

MY a NY 42

TYAW = SYAW/CYAw

S1 = ,5%5CAL

DX B 2o f/NX

T1 = DX*[X

AAD 2 ]o/FMACH®%2 +,2

Q1 m 2./F1

Q2 = 1l,/F2

FR = s
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IR = 0

JR = 0

KR = 0

DG = Qo

16 =0

J6 = 0

KG = {

NS = 0

Kl = 2 :

IF (FMACHeGEsle) 1 = 3
K2 = NZ

IF (KSYMsEQWDQ) GO T0 1
Kl = 3

K2 = NI +2

F = ABS(o5*STRIP*NX)
L = F

IF (LJEQebMX/2) L = L -i
I1 = LX =i

12 = X +L

IF {L«EQeCG) IZ2 = LXK =1
DO 2 L=1s3

BUFFER IN (Nl1s1) (GClslebl)sGUMXoMYsL))
IF (UNITIN1)«GTeCs) GUL TUL 1061

» CONTINUE

DU & J=1l,kY
DO & i=1,MX

G(IspJdss) = G(Isdsl)
GK1CIsJd) = G(Isdsl)
GK2CIsJ) = G(Isdsl)
K = Z
L s 2
NO = KTE1l =1

IF (K.EQ.K1) GO TO 21

BUFFER QUTI(N2s1) (G(lslsa)sG(MX,MYsb))
IF (UNIT{(NZ).GT.04) GU TC 101

BUFFER IN (N1sl) (GU(1s1s4)sGIMXsMYs4))
IF (UNIT(N1).GT.0.) GO TO 101

IF (KSYM.EQ.OQ) GU TG 51

I = LX

DSI = SO(I+1s2) =592(1=-1,3)
DSK = SO0(Isk) =S0(L,2)

SX(I) = AL(1)*031

SZ(I) = C1(3)*DSK

R = AMINC(1,IV(IsK))

J = KY

DG 12 M=2,KY

YP = BO(J)} +50(1s53)

H = R/(1. =R +YP*YF)

AZ s =YPRYZ(3)

BZ = YP4XZ(3)

A = H¥AZ*AL(1)

B = (H*(BZ =AZ*SX(l)) =S52(1))%81(J)
DGI e G{I+lsJs3) =G(I=1lsdJd»3)
DGJ 2 G(IsJd*l,3) =G(IsJd=1s3)
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G(Isdsr2)
GKLl(I,sJ)
G{Isdsl)
GKZ2(1sJ)
R

12 J
J
GlIsds?2)
GKL({]l,J)
G(IsJdsl)
GK2(1s )
M

DG 16 II=1,M

GO TU 16
15 1
16 DSI
DSK
SX(1)
SZ(I)

DO 1& J=2,KY

YP

H

Az

BZ

S

A

B

Ip

Im

DGI

Lod
G(Isds2)
1
GKl{lsd)
G(Is»J: 1)

18 GK2(I:J)

J
GlIsrdsr2)
1
GK1(1,J)

IF (1.LT.LX)

14 CONTINUE
Gu TC 51

N oMo oN R N NN N U

W umAE N E N RN RN

" R K NN

G(Tsds4) +(A¥DGI ~=B*DGUI/CL(3)
G(Iyds2)

3.%(G(Isds2) =GUIsds3)) +G(Isdsé)
G(Isdsl)

1.

J =1

KY +1

GlIsdra) +(A%DG] =B*0GJ)/CL(3)
G(I,d52)

3.%(G(1sur2) =6G(1yJs3)) 4G(1sds4)
GlI»dsl)

NX/z =1

Lx =II

LY +11

SO(1+43,3) =5Cl1-153)
SO(Ies&) =50(I,52)
L1(1)=*051]

Cll3)*DSk

BG(J) +50(I,3)
le/(ADCI)*A0(]I) +YP%xYP)
=AC(I)®Xs(3) =YPxYZ(3)
=AGCLY*®YZ(3) +YPxXZ(3)
5IGh(16!AZ’
H¥ABS(AZ)*AL(I)
(HE(BZ =AZ#SX(])) =SZ(L))*8i(J)
I +IFIX(S)
I =IFIXx(S)
G(Ipdsb) =Gl{IMpdsé&)
G {Isd+153) =G(Isd=1,3)
(C1(3)%G(Lrdr&) +A®{(G(IP»Js2) +DGI) =B*LGJ)/
(C1(3) +a)
Gllrds2)
3.%(G(Irur2) =GlIs»Jsr3)) #G(IsJs4)
G(Isdril)
KY +1
(CL(3)*%C(Isds4) +A*(G(IPsJ»2) +DGI) =B*DGJ)/
(C1(3) +a)
G(Isds2)
GL TO 15

21 BUFFER DUT(N2,1) (CGllslso4)sGIMXsMYs4))

00 22 J=1,MY

Gi0(J)
G20(y)
G30(4)
22 G40(4)

DO 3¢ I=2,NX

DSI
DSK
0SII

G(IZsdsr2)
GlI2=-15ds2)
G(Ilsys2)
Glll+lsJs2)

SO(1+1sK) =S0(1-1sK)

$O0(Ysk+1l) =50(1sK=-1)
SGlI+1,K) =SOCI,K) =S50(I,K) +SC(1=L1lsK)
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1 +A3(1)*DLI

DSKK = SO(Jsk+tl) -SO(LsK) =SCUI,K) +5CCI,Kk=1)
1 +C3(K)*DSK

DSIK = SO(I+1,K+1) =SO(I-1,K+1l) =S0(1+1lsK=1) +S50([=1,K=1)
SX(I) = AL(1)*DS1

SZ(I) = C1(K)*DSK

SXX(I) = A2(1)*DSI{

SZZ(1) = C2(K)*DSKK :

32 SXZI(I) = T1*A1(1)*CL(K)*DSIK

IF (12eGToll) CALL YSAECP

IF (UNIT(N2)aGTe0s) GO Tu 101

IF (kRelLTeké) BUFFER IN (N1sl) (Gllole&)sGiMXypMY,a))
IF (I1sGTa2) CALL X3SwEEP

IF (UNIT(NL)+GTe0e) GU TC 101

[F (KaNEJKTEZsCPoaYAneLZoals) GL T 51

10 = JTE1I(K)  +1
CU 42 I=1CsLX
M = NX +2 -1
£ = G(MyKY»2) =G(IsKYr2)
NO = NO +1
42 EQ(NOD) = ECINQ) +P3¥(E —EQ(NU))

E1 IF (K<EQ.Kk2) GO TO 61
DO 22 J=1l,MY
DO £2 I=1lsMX
G(Isdsl) = G(Isds2)

G(Isds2) = G(Lsdsr3)

G(Isds3) = G(Isdréa)
52 GlIsdss) = G(Isdrl)

K = K 41

GLU TOD 21

61 DO 62 L=2,3
RUFFER OUTI(NZs1) (G(lslsL)sGIMXsMYsL))
IF (UNIT(N2)+GTeGs) G TU 101

62 CONTINUE

FR = 1.2%FR/BAD
10 = ]
RETURN
101 10 = 0
RETURN
END

SUBRCUTINE YSWEEP

Riw RELAXATION

CGMMON G(15352694)»50(193535)sEG13L)»20(131)>
ivi163,35)siTEL(35),ITE2(35))
AU(193),AL(193),A2(19%)543(193)»
BO(Z6)»BLl(2B)»B2(26),B3(26),
Z135)sC1(35)5C02(35)5C3(35),
IC(35}:XZ(3§IQKZZ{3533YC{351lY2(35)!YZZ{3513
NX,NYsNZsKTELsKTEZs ISYMsKSYMy SCALSSCALZ)
YA, CYAWs» SYAWsALPHASCAy SA9FMACHINLINZY N3, IO

-~ C LN
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W N

COMMUNZFLO/ STRIPsPLsP2sPIpBLTASFRIIR)JRIKRIDGr16» JC2KESNS

COMMON/SWP/ GK11193,26),6K2(193526),
SX(193)»S5Z(193)s5XX(193)s5%2(193),522(193),
RG(193)sK1(163)5C(193),0(1G93)»
G1lo(26)5G20(26)9€30(26)5G40(2€6)961(26)562(26)»
I1sI2sKoLoNDsLXsMXsKY»MYs T1sAAO»QLsQ2s TYAWs S

Jl = 2

IF (FMACH.GEsls) Jl = 3

C(Il-1) = 0,

0(Il=1}) = O

Do 12 I=Ils12

KO(T) = 1.

R1(I) = 1.

6K1(Is1) = G(Islsl)

GK1I(Isdl=1) = G(IsJdl=1lsl)

J = Jl

13 = ]2

BC = =T1#81(J)*C1(K)

DL 32 I=11,13

AR = =T1*83(1)*31(J)

AC = T1*%A1(I)*C1l(K)

YFP = 350(1sK) +80(J)

A = je =RG(1) +AC(I)%L0(1) +YPH*YP

H = RO(L) /A

FH = RO(L)#*4A

P = AQ(1)%(4.%YPXYP =FH)

(¥ = YP*(Q.*}U(I)‘AO(I) =FH)

A = XZ(K)Y®XZI(K) =YZ(K)®YZ(K)

B = (XZ(K) +XZ(K))I*YZ(K)

Al = =AQ0(I)*XZ(K) =YP*YZ(K)

B s =AQ(1)*YZ(K) +YP*XZ(K)

CZ = H*H*¥(P*A =Q*3) —ACG(I)*XZZ(K) =YP*YZZ(K)

Dz E HxHE(Q¥*A  +P*8) =pAQ0(I)eYZIZ(K) +YP*XZIZI(K)

DGI = G(I+lsdsl) =3(I=1sdsL)

DGJ = G(lrd*lrl) =GKi(lpd=1)

bGK = G(I,Jdel+l) =GKI(Isy)

DGII = G(I+*ledsl) =G(Isdrsl) =G(Isdsel) +G(I-1sdslL)
+A3(1)*DGL

DGJJ = G(IypJdelsl) =G(lpdsl) =G(1lsdsl) *G(IsJd=1sL)
~B3(y)*DGJ '

DGKK = G(Isdol+l) =G(IpJdsL) ~=GlIsdsl) +G(I»Jsl~-1l)
+C3(K)*DGK '

LGLJ = G(I+lsdtlrL) =GlI=1sJtlsl)
=C(I+lsJd=1sL) +G(I=1sd=1sL)

DGIK s G(I+1sJsltl) =G(I+1lsJdslL=-1)
=G([=1lpJpl+l) +G(I=1ysdsl-1)

DGJIK s G(IsJ+lsl+l) =G(loJ=1sLl#1l)
=GlIsJdtlol=1) #G(IsJd=lsl=1)

GX = A1(1)*DGI

GY = =R1(J)*DGJ

U = GX =SX(1)%GY +CA¥AQ(]) +S4*YP

'} = GY +SA%A0(1) =CaxYP

W = RO(ID*(CL(K)*DGK =SZ(1)*GY +SYAW

+CAXXZ(K) +SAXYZ(K) +H*(U*AZ +VeB7))

1



AU
Av
axy
QQ
AA
HZ
FXX
FYy
FXY
BV-
uu
vv
Wi
uv
Uw
VW
AXX
AZl
AXZ

L IR TR S o

33

AXT
AYT
AZT:
A
AXT
AYT
AZT
IF (GQ.GE.
AXX
AYY
AZZ
AXY
AXZ
AYZ
BP
BM
B

R

GO TC 35
NS

s

IM

IMM

AXX

AYY

ALZ

AXY

AXZ

U +W*AZ

V  +w*BZ

H*(U*U +V=%xV)

CXY +Whi

DIMIAAODY « 2%QQ)

AZ*SX(1) =87 <+FH*SZ({)
le +HFAZ*AZ

le +#SX(I)%SX(]I). +H*HI*HZ
SX{1) +H*AZ¥HZ

AV  =AURSX(L) =FH*W*SZ(1)
HeAL ®AU.

H¥BY*BY

FHEREY

HEAU*BY

AUt
B V¥
R1I(L)*(FXxX®*AA =LL)
FHe¥AA =k
(RI(I) 4RL(L))*(4Z*Ar <=Uw)
={AXX%®SXX(]) +A72%SLZ([) +AXZeSXZ([) )*GY
+T1*(AARCCZAGX +{LZ =SX(I)*CZ)%GY) .
=H¥ (CA®(AURAU =AV#aV) +(SA +SA)*aURAYV
=0XY*(URAC(]) +yxYpP
+{W +W)x(AC(L)=AZ +YP*BZ)))
—Ww* (CA*XZZ(K) +SA*YZI(K)) =—wewe(UsCZL +V20I7))
ABSCAU*AL(]1))
ABS(BVERI(J))
ABS(FH®WXCL(K))
RO(L)*BETA*AA/AMAXI(AXT»AYTAZT»{1e =ROC(I)))
ARAXT
A¥AYT
A¥AZT

AA) GO TO 33

AXX¥A2(T)

(FYY*AA =VV)I%*B2(J)

ALZ2Z#¥C2(K)

=RI(CI)={FXY*®*AA +UV)*(AB +4AB)
AXZ*AC

=RLI{IV*(HZI*AA +VviW)x(BC +BC)
AXX '
AXX

—AXX =AXX =QLl*(AYY +AZ22)
AXX*DGIT +AYY*DGJy +AZZ*DGKK
+AXY*0GIJ  #AYZ*DGJK +AXZ¥QGIK  +F

NS 41
SIGN(lesl)

I =IFIX(S)
IM =1IFIX(S)
Uu*a2(l])
VV:B2(J)
WW¥C2(K)
SekS*UV*AR
Bo¥SHUWHAL
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AYZ = B.*VaxB(C
B XX s (FXX¥QQ -=UU)*a2(])
BYY = (FYY*QU ~=VV)*B2(J)
BZZ = (FH*QQ —wW)*CZz(K)
EXY = =(FXY#QU +UV)I*(AB +A8)
BxZ = (AZ#QQ =Uw)*(aC +4C)
BYZ = =(AZ*QQ +Vw)*(cC +8C)
AC = AA/QQ
DELTAG = EXX*DGII +BYY*0GJJ +BZZ*DGKK
1 +BXY¥DGIJ  +pYZ*[CGJK +3XZ*PGIK
0GII = G(Isdsl) =GUIMydsL) =GUIF,d»L) +G(iMMsJr L)
1 +A3(1)#*DGI
DGJJ = G(Isdel) =G(Ipd=1sL) =G(Isd=1lsL) +6KI1(I»J=2)
1 =B3(J)*DGJ
DGKX = G(lsdsl) =G(Isdsl=1) =G(I,Jsl=1) +GK2(I,»J)
i +C3(K)*DGK
0614 = G(Isdsl) -G(1lMpdsL)
1 =GlIsd=1sL) +6(IRsJ=1sL)
CGIK = G(Iydsl) =-G(LpdsL=1)
1 =G(IMydsL) +G(IMpdsL-1)
CGJK = G(Isdsl) =G(Ir»drlL-1)
1 -G(Isd=1lsL) +G(Isd=1slL~-1)
GSS e AXX*0GII  +AYY*DGUJ +AZZ*LOKK
1 +AXY®DGIJ +AYZ*DGJK +AXZ*DGIK
B a 5% (AC =le)®(AXX +AXX +AXY +AXZ)
8P = AQ¥BXX =(ls =S)*B
BM = AG*BXX =(1les +S)%*PB
B e =AGH(BXY +BXX +Q2%(BYY +8Z2))
1 $(AC =le)®(2e*(2XX +AYY ¢8ZZ) +AXY +AYZ +AX1Z)
K = (A0 =1.)%GSS +AQ*DELTAG +R
35 IF (ABRS(R).LESABS(FR)) GC TO 37
Fr = R
IR = |
JR = )
KR = K
37 R = R =AYT®#(GKLI(I»J=1) =G(Isd=1sL))
1 =AZT#(GK1(Isd) =GlIsJslL=1))
B x B =aAXT =a¥Yl =pIT7
BM = BM  +AXT _
B = ] /(8 =gM%C(I-1))
ctI) = B*BP
32 CtI) s B%(R ~=EM*D(I=1))
CG = Lo
I = I3
DL 42 M=11,13
Ce = D(I) =C(I)*CG
IF (ABS(CG)LE.ABS(DG)) GI TU 43
06 = CG
16 = ]I
J6 2 J
KG a K
43 GK2(isJd) = GK1(Isd)
GK1(I,J) = G(IsdslL)
G(IpdsLl) = GlIsysL) =CG
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42 1 = I =1
J = J +]
IF (J =KY) 31,%51,51
51 IF (I24GToITE2(K)) I3 = 1Tc2(K)
IF (ITE2(K)«EQeMX) I3 = LX
00 52 I=I1,13
= [ABS(1 =IABS(IV(I,K)))

LV
RG(I) = AMINOCLVs [ABS(IVI(IsK)))
52 R1(L) a LV
60U TC 31
61 N = NO
I = Lx +1
IF (KelTeKTELoORaKeCGToKTe2) GU TO 71
10 = NX +2 =13
DO 62 I=I0,I3
A 5 le =RO(I) +AQGCIN*AC(I) +302(1pKI*3G(I»K)
H = RG(1)/74
FH s RO(I)*aA
Al = =AC(I)*XZ(K) =SC(1lsK)*YZ(K)
BZ s =ACG(I)*YZ(K) +SO(Isx)*X2(K)
HZ a AZ*SX(1) =82 <+FH*3SZ(T)
FYY = je +SX(I)#SX(I) +H*HI*HIZ
FXY s SX(1l) <+H*AZ*HLZ
DGI = G(I+1esKYsL) =C(I=1sKYsL)
DEK 3 G{IsKYsL¢l) =GKZ(lsKY)
" = SA*AG(I) ~CA%*SC(I,K)
U a AL(I)*DGI +CA*A0(]) +S5A*50(1+K)
W = C1(K)®DGK +SrAw +CA%XXZ(K) +>5A*%YI(K)
62 G(IsKY+1sL) = G(IpKY=1sL)
1 +(VE(]ls =H*BZ*HZ) =U*FXY =W*HZ)/(FYY4BLl(KY})
I = [0
1F (ID.NESITeEl(K)) GU TO 71
E = GII3sKYsL) =G(IOsKYsL)
NG = NO +1
EQING) = EQINQ) +P3%(g =EQ(ND))
N = NO .
71 IF (I1.LEsIl) RETURN
I s | =1
E = 0o
IF (IV(IsK).NE.1) GO TO 77
1 = 7(K) =TYAW*(XC(K) +S1*a0(1)*A0(I))
73 IF (22.GE«ZGI(N=1)) GG TO 75
N = N =] :
GO TO 73
75 R = (ZZ7 =70(N=1))/(ZC(N) =Z0(N=1))
E = RAEGI(N) +(l. =R)*E0(N-]1)
77 M = NX +2 =]

GUIsKY+1sL) = G(MsKY=1lsL) =t
G(MyKY+1l5L) G(I,KY=1,L) +E

GKZ2({MsKY) = GKLIM»KY)
GK1{MsKY) = G(MsKY,L)
GIMsEYsL) = G(IsKY»L) +L
GO TO T1

END
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12
2l

SUBRLCUTINE

X5wtEP

COLUMN RELAXATION

COMMON

=] U e

COMMULN/FLO

CUMMON/SWP/,

S LN

N
Ji

/

G(192,265,4),50(162,35),E0(131),520(131)>
IV(193535),IT51(35),1TE2(35),
AQ(193),A1(193),420153),A3(193),
BCle5)»BLl(26),52(26),83(206),
2(35),C1(35),C2(35),C3(35),

KCU(35), XZ(35) s XZ2(35)sYC(3E)YLZ(35),Y21(35),
NXeNY s NZ,KTELpKTE25 1SYM»KSYMy SCAL,SCALZ,
YAwsCYAuWs SYAus ALPHA»CA» SA FMACH)N1sN2y N3 10
STR1IP,PLlsP2sP3sbETASFRIIRSJRIKR)DGr I1Gs JGr KGNS
GK1(193,26),6K2(193,5261),
SX(192)sS2(193),5x%X(193),85¥2(1G3),S822(193),
RO(193),R1(193),C(193),D(163),
GlO126)6G20(26),CG30126)5G4CL26),61(26)562(20),
Il 12sKsbLoN s LAI MY pKY, MY, T1oAA0,0Q1,0Q25 TYAWsS1
NO

-

4

IF (FMACHeGE«ls) J1 = 3

Ctii-1)
D(JLl=1)
S

Il

1

DO lg J=2»KY

RC(J)
R1(J)
Gl(J)
Geld)
IP
In
J2

Ce
e
l.
1
IZ2 +1l

Le
le
G1l0{J)
Gec(J)
1 +I1
I =11
KY

1F {IV(I’KJ.L'.EQAND.IIGT.LK} J2 = NY

Lv
RCIKY)
K1(KY)
£C

[AES(1 ~—IABS(CIV(II,K)))
AMING LV, LABSCIV(IILKI))
Lv

T1#AL(I)#C1(K)

DU 32 J=Jdl,Jc

Ab
gC
YP
A

H
FH
P

¢

A

B
AL
BZ
CL
Di
DCGI
DGeJ

1]

M OH N O RmoM OB R OH M OH W OR N RN

~T1#AY(1)*81(J)

=T1#Bl(y)*C1l(K)

SOUIsK) +80(J)

le =RG(J) +ACGUI)*AQ(L) <+YP=*YP

RGIJ) /A

RO{J)*A

AQUI)*(4,*YP*YP =FH)

YP#(G4axpAL(I)*A0()Y) =FH)

XZIK)*XZ(K) —-YZ(K)*YZ(K)

(XZ(K) +XZI{K))I*YZ(K)

=AQ(I)*XZIR) =YP*YZ(K)

~ACIL1)AYZ(K) +YP*XZ(K)

HeH*(P*A =Q#*B) —AC(L)*XZZ(K) —=YP*YZZ(K)
H*H#* (Q*A +P#+8) ~AQ(I)*YZZ(K) +YP*XZZ(K)
S¥(G(IPsJdsiL) —-G1(J))

G(Isd*lsl) =G(Iru=1,L)
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DGK
DGII

DGJJ
DOKK

D6id

-

DGIK

DGJK

AU
AV
oxy
QG
AA
HZ
FXX
FYY
Fxy
BV
uu
Vv
Wh
uv
Uw
Vw
AXX
AZZ
AXZ

(G IV VLR A

AXT
AYT
AT
A

AXT
AYT
A2T

G(Isdsl+l) =Gr1(I1Is»J) _
G(I+lsdroL) =GlI»dsi) —GlIpdslL) +G(I-1sd»L)
+43(1)+DGY
GlLsJd+lsL) =G(Isdsl) =G(IsdsL) +G(Lad=lsL)
-B3(J)*0GJ _
G(IsdsL*+l) =GULsdsl) =G(Isdsl) +GlLlsdsL=1)
+C3(K)*DGK
G(I¢lsutlsl) =C(I=1lru+l,L)
=G(I+1sJd=1sL) +C(I=isJd=1sl)
GlI+lsdsL+l) =G(I+lspdsl-1)
=G(I=1sdsitl) +GLI=1rusL~-1)
G(Ipd+lelL+l) =G(lsd=1slLtl)
=G(Isdtlsbl=1) +G(Ilsud=1sl=1)
Al(1)*DG1
=81(J)*0DGJ
GX =SK(I)*GY +CA*AO(I) +5A*YP
GY +Sa%pJ(1) =CA*YP
ROCJI*(CL(K)*CGK =5Z(1)*GY +SYAW

+LAXXZ(K) +SA®YZ(K) +H*{U®A/[ +V*BZ))
U +wxal
V  +w*B7Z
HE(L#*U +yny)
QXY <+uw*w
DIM(AAG) « 2¥QC)
AZ*SX(I) =BZ +FH*SZ2(I)
le ¢HXxpZ®AT
le +SX({I)*SK(I) +H*HI*HZ
SX(I) +#H*AZ%RHIZ
AV =AU*SX([) =FH*W*xSZ(1)
H¥AU¥AU
H*B\v*BY
FHEW*YW
H¥xAL*BY
AU*W
8 VEW
R1(J)*=(FXX*AA =LU)
FURAA =W
(RLICJ) +RL(J))e(AZxAA =Uk)
- (AXX*SXX(]) +AZZ%SZZ(1) +AXZ®S3XZ(L1))nGY
+T1*(AA®(CLIxGX +(0Z2 =SX(1)*CZ)i*GY)

=HE(CAR{AURAL =AVEAV) +(SA +SA)*AU*AV
-GXY®(U*xAC(I) +\VRYP
+(wW +w)*(AOQ(]I)xAZ +YPxBRZ}))

—wWd (CA®XZZ(K) +SARYZZIK)) =weu¥(URCZ +V%012))
ABS(AaU*ALI(L))
ABS(BV*B1(J))
ABS(FH*W*C1(K]))
RGUJIRBETARAA/AMAXYI (AXT,AYT»AZT»(1e =RG(JD))
ARAXT :
A¥XAYT
A¥AZT

IF (0Q.GE.AA) GO TC 33

AXX
AYY

AXXRAZ(I)
(FYY*®AA =VV)*82(J)
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AZZ
MRY
AXxZ
AYZ
BP
BM
B

R

GO
32 NS
AXX
AYY
AZZ
AxY
Ax2
AYZ
BXX
BYY
BZZ
BXY
BXx2
BYZ
AQ

Te 39

CELTAG

4

DGII

1

DGJJ

1

DEKK

1

GGIJ

1

DGIK

1

DGJK

1
GSS
1
Bp
BM
8
1
k
35 IF
FR
IR
JR

(ABS(R)

AZZI*C2(K)

~RL(J)*(FXY®AA +LV)*(aB +4A3)
AXI#AC

=R1(J)*=(HZ*aa +Vk)*(BC +EC)

AyYy

AYY

-AYY —AYY —Ulx(AXX +AZlZ)
AXX*DGIT  +AYY*¥DGJJ +ALL*CGKK
+AYYRDGIJ +AYZ#[GJK +AXI*DGIK +R

+AXZ)

= NS 41

= UU*A2(]1)

= YV¥gZ2(J)

= wweCZ(K)

= Eo%S5*Uy*atd

= 8. kSHUNAC

= HokVw*BC

= (FxX40Q =yU)*Aa2(1})

= (FYY*CQ ~-vV)#32(J)

= (FH*QQ =wW)*L2(K)

= ~(FXY#QU +UV)*(AB +AB)

= (AZ*QU =Uw)*(AC +a()

= - (HZ#0Q +VwW)*(BC +8BC)

= AA/CQ

= BXX*UGLI +BYY*DGJJ +BZZ*[LGKK
+3XY*DGLly 4BYZ*LGuR +3XZI#*JGIK

= G(lyJdsbl) =G(IMsdsL) =G(IM,Jsl) +G2(J)
+A3(1)*0G1

= GlIsdsrl) =G(Iyd=1lsL) =G(I,Jd=lsL) #G(IsJ=25L)
-830J4)*0Gu

2= G{Isdrl) =G(Isdsl=1) =G(IsJdsl=1) +GK2(I,»J)
+CA(K)*DGK

= G(IsJdol) =G(IMpJsL)
-Gl{isJd=1sL) +G{IMsJd=1,L)

= G(Isdsl) =G(Is»Jdsl-—-1)
-G{IMyJdsL) +GUIMsJsL-1)

= G(Isdol) =GlIpdsrL=-1)
=G(lsJd=1sL) +G(lsd=1sL~-1)

s AXX#DGII +AYY*DGJJ +AZZ*DGKK
+ARY*DGIJ +AYZ*LGJK +AXZI*DGIK

= AQ*HYY

= 8P =(AQ ~=le)2{AYY +AYY +AXY +AYZ)

= =PP —BP —Q2*AQ¥(EXX +B1Z)
+(AC =le)®(2.%(AXX +AYY +AZ1) +AXY +AYIZ

= (AC =1e)*GSS +2QUELTAG +R

«LESABS(FR)) GO TG 37

= R

= I

= J

= K

= h  =AXT*(GLl(Jd) -—-G(IMyJsl]))

—AZT*(GKLL{I»y) =G({Irdsl=1))
= g =AXT =AY =AZ1
= BM  +AYT
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32

43

42

51

53

55

27

B = 1./(8 =-BM®C(J=1))
C(J) = BERP

DY) = Bx(R =BM*D(J=11))

C6 = 0,

J = J2

DU 42 M=Jl1,J2

CG e D(J) =C(J)%CG

IF (ABS(CG)eLELABS(DG)) GO TC 43

DG = CG

IG = ]

JG = J

KG = K

G2(J) = G1l(J)

Gl(J) = G(Isdsrl)

GK2(1,Jd) = GK1(I,J)

GR1(I»J) = G(IsJdsl)

G(IsdolL) = G(IpJsLl) =CG

J = J =1

IF (IVIIsK)elTe2) GO T3 51

A = le =RO(KY) +40(1)*A0(1) +3C(UIsK)*SO(IsK)
H = RO(KY)/A

FH = RO(KY)=*A

Al = =AQ(Y)*XZ(K) —=SCU]loR)I®YZ(K)

B2 = —AQ(I)*YZ(K) +SCG(IpK)*X2Z(K)

HZ = AZ#SK(l) —-BZ +FH*SZ(1)

FYY = le +5X(4)*>X{i) +H¥HZ*HZ

FXY = SX({(I) +H*AZ*HZ

Der = Sx(G(IPsKYsL) =C2(KY))

DGK = GII»KYsL+tl) —-GK2(1sKY)

Vv = SA*AC(]I) =Ca*50(1,K)

U = AL(L1)*DGI +CA=*AG(I) +34%S50(1sK)
W = Cl(K)*DGK +SY&w +CA*XZ(K) +S5A=YZ(K)

G{IsKkKY+1lsL) = G(IsKY=1sL)

+(v¥(le ~=H®BI®*HZ) =—U*FXY =W*HZ)/(FYY*B1(KY))

IF (INEJITEL(K)) GO TO €1

M = NX +2 ~-I

E = G({MpKYsL) =G(IsKYsL)

NG = NO +1]

EGING) = EQ(NC) +P3*(E =t£C(NC))

N = N

GO TC 61

IF (1.6TeLX) GO TO €1

E = Qe )

IF (IV(IsK)eNESl) GO TO 57

1 = Z(K) =TYaw*r(XC{Kk) +S1*40(I)*AQ(1))
IF (ZZ.GE420(N=1)) GO TO 59

N =N =1 ’

G0 TU 53

R = (ZI =IZO(N=1))/(ZO(N) =20(N=1))
E = R¥EG(N) +(le =RI*EG(N=1)

M = NX +2 =1

GII»KY+1lsL) = G(MsKY=1lsL) =E
GIMsKY+1oL) = GUIrKY=1sL) +E
GK2(MsKY) = GKI(MpKY)
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€1

71

72

-~ T W N

1

GKLl(MsKY)
G(MskYsL)

= G(MpKYsL)
= G(IsKYsL) +E

IF (1.EQeNX) GT TG T2
IF (1+EQs2) RETURN

I . o= 1 +I

GO0 TC 21

hY = -10

II = =]

1 = J1 -1

D0 72 J=2sKY

Gi(J) = G30(J)

Gz2ld) =.64C((J)

GL TC 21

END

SUBRCUTINE VELG (KsLsSVeSHeCFsX,Y)

CALCLLATES SURFALCE VveLOCILITY

COUMMCN GU19352€624)950(1%93535),E0(131)»20(131)»
IV(I193,35)sITEL(3E)ITE2(3E),
BO(193)9nl(193)982(193)543(193)s
BO(26)sR1(26)82(26)983(26))
Z(38)9C1(35),C2(35)9C3(35)»
XC(35)aXZ(35) s XZZ(35)sYCU35)sYLZ(35)sYLI(35))
NX)NYsNZsKTELsKTEC) LSYMaKSYMySCALSSCALZS
Y&u;CYﬁH;SYnu,nLFHa;CA,S&;FMACH:NI;NE:NB;IO

DIMENSION SVIY)eSM(1)sCPLL) X (1)pY(1)

11 = [TE1(K)

12 = [TE2(K)

J = NY +1

Q1 = J2¥FMACH®%2

T1 e 1,/(«7*FMACH*%*2)

DO 12 I=11s,12

FH = AG(I)®AC(L) #50(1sK)*SO(I»K)

H E Jae

IF (IV(IsK)eNELC) H = 1o/FH

AZ g =AC(I)*XZ(K) ~=SO(I»K)*YZ(K)

BZ = =AC(I)*YZ(K) +50(IsK)*RZ(K)

DSI 2 SC(I+1sK) =50(I=1lsK)

DSK 5 SO(I,K+1) =S5S0(i»K-1)

SX = A1(I1)%DS1

sz = Cl(K)*USK

DGI s G(I+blsdsl) =G(I=isdsl)

DGJ 2 G(lpJd+lsl) =GlIlr»J=1sL)

DGK = G(IsJdsl+l) =G(IsdslL=1)

U = A1(J)*DG] +SX*BLl(J)*DGJ <+CA*AQ(I) +SA*50(IsK)

v s «B1(J)*DGJ +SA¥AL(I) ~=CA*SO(IsK)

W = C1(K)*DGK +5Z*B1(J)*DGJ +5YAW
+CARXZIK) +5A*YZ(K) <+Hx(UL*AZ <+V*BIZ)

(o 14] = HE(USU  #V*V)  +Wru

SV(I) = SIGN(SQRT(QQ)»sU)

IF (IV(IsK)eEQeO) SVII) = SV(I-1) #SV(L=1) =S5V(I=2)
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12

2

12

ec
610

Qo le +Qi*(l. =2Q)

SMLI) = FMACH#SV(I)/SQKRT(LQ)

CP(I) = T1%(QQ%*3,5 =l.)

x(I) = XC(K) 4+ 5%SCAL*(AQ(I)*AQ(I) =SO(I,K)*SQ(I,K))
Y(I) = YC(K) 4S5CAL*AG(])*S0(1,K)

KETURN '

END

SUBROUTINE CPLCT (IlslcsFMACHsX»Y»CP)

PLOTS CP AT EQUAL INTERVALS IN THE MAPPED PLANE
DIMENSION KOBE(2) o LINECLLC) o X(L)pY(1)CP(1)

DATA KODE/1H , LH+/

IwRIT = 6

WRITE (IwklT:»2)

FORMAT(S50FQPLOT OF CF AT tQUAL INTcRVALS IN THL MAPPED PLANE/
1 1CHYQ X s LUH Y » 1CH cP )

CPO = ((1s tol*FRACH*®2)%%3,5 =le) /(s T*FMACH*%2)
DC 12 I=15,100

LINE(I) = KODE(1)

DO 22 I=11,12

K = J0«*¥(CPO ~=CP(I)) +4.5

K = MING{l00»K)

LINE(K) = KCDE(2)

WRITE (IWRIT»61C) X(I)sY(I)sCP(L)sLINE

LINE(K) = KODE(1)
FETURN
FORMAT(3F10e4»10GA1)
END

SUBROUTINE FORCF (I15I2sXsYsCPsALsCHORODyXMyCLsCDsCHM)
CALCULATES StCTIGN FORCc CUcHFICIENTS
DIMENSION - X(1)sY(1)»CPLL)

Rad = 57e2957795130823

ALPHA = AL/RAD

CL = (o

cD u 0,

(o = (O,

N = 2 =1

DO 1z I=I1sN

DX = (X(1+1) =X(1))/CHURED

by = (Y(I+1l) =Y(1))/CRHARD

Xa B (45%(X(I+1) +x(I)) =XM)/CnURD
YA = J5%(Y(I+1) +Y(I))/CHOKD
CPA = ,5%(CP(I+1) +CP(I))

DCL = =CPA*DX

DCD a CPa%DY

CL = CL +DCL

CD = CD +DCO
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i2 Cw = CM +DCD*xYA =0CL*xA
DCL = CL*CUS(ALPHA) =CD*SINCALPHA)
co = CL*SIN(ALPHA) +CD*COS(ALPHA)
CL = DCL
RETUEN
END

SUBROUTINE TCTFOR(RTELSKTEZsCHURD»SCL»SCDs»SCMs»ZsXTC >
1 CLsCU»CMPsCMRCHY)

CALCULATFS TOTAL FORCE COSFF1CIeNTS

DIMEMNSION CHORD(L1)sSCLIL)»SCO(Y)»SCMILI)LZEL)XC(1)

SPAN = Z(KTEZ2) =Z(KTEL)

CcL = (G,

CcD = (0.

CMpP = (O,

(MR = Lo

cmyY = (G,

S =2 0,

N = KTEe =1

PG 12 K=KTEL,N

c2 2 Lh%[2(K+1l) =Z(K))

Al = J5%(Z(K+1l) +1(K))

cL = CL +DZ#(SCLIK+1)*¥CHLRD(n+l) +SCLIK)I*CHORDI(K))
cb = (0 +40Z%(5CD(K+1)*CHCRDIK+1) +SCOD(K)*CHORDI(KY))
Cmp s (MP  +UZ2*(CHURU(KR+L)*(5CM(K+1)*CHORD(K+1)

1 =SCLIK+1)®XC(K+1))

2 +CHIRD(K) * (SCHM{K)*CHORD(K)

3 =SCLIK)*XC(K)))

CHkR = (MR +AZ#DZ2¥(SCLOK+1)%CHURDIK41) +SCLA{K)*CHORDIK))
CMY = CMY +AZ%pZ*(SCUO(K+L)*LHORD(K+41) +SCO(K)*CHURD(K))

12 § = 5§ 4DZ»(CHUORDI(K+1) +CHUOrD(K))

CL = JL/S

cb = CD/S

CMP = CMPRIPAN/I*%2

CMR s (CME +CMK)Z(S*SPAN)

cmMy = (CMY +CHY)/(S5%5PAN)

KETUKN

END

SUBRCUTINE KEFIN

HALVES MESH S1Zt

COMMCN G(193,2654),50(193,35),E0(131),22(131),
IV(193,35),11EL(35),,1Te2(35),
A0(193)sA1(0193),4£2(193),4A3(133)»
BO(2E)yBIL2E)»B2(26)283(26),
2(35),C1(35),C2(35)5C3(35),
XCU35 ) X2{35) o XZZ(35)sYCU3E)pYZ(3B)sYLZ(35))
NXsNY s NZsKTELsKTEZ2» ISYMsKSYMsSCALL,SCALZ,

oAl S L TF I oS B
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7 YAWsCYAWs SYAws ALPHA S CAp»SAsFMACH, NisN2s N3y IC

MX = NX  +] )
KY = NY +1

MY = NY +2

Mz = NZ +3

Mx0 = NX/2 +1

MYO = NY/2 +2

MZQ = NZ/2 +1

K =

IF (KSYM.EQ.U) G3 TO 1i

mi0 = NZ/Z2 +3

BUFFER IN (N1s1) (G(ls1s1)sG(MXO,MYO,s1))

IF (UNIT(N1)«GT404)
K = 2 :

11 BUFFER IN (N1s1) (Gl1ls151)sG(MXCsMYOD,1))
IF (UNIT(N1)eGT40u) GU TG 4C1

GO TO 4cl

J = NY/Z +1
Ju = KY
21 | = MX0
11 = M)
31 G(IIsJddsl) = G(lsdsl)
1 =1 -1
11 = JI =2
IF (1.6TeC) GO 10 31
J = J =1
Ji = JJ =2

IF (JeGTWaC) GU
DO 42 J=slyKY»2
DO 42 I=2,NXs2
G(Isdsl) = 5%(G(I+1lsd»rl)
DO 52 I=]1,MX
D0 54 J=2sNYs2
54 G(IsJdsl) = 5%(GlLypJd+1sl)
52 G(IskYrl) = 0,
BUFFER OUTIN2s1) (G(lyisl)sGIMXpMY,1))
IF (UNIT(N2).GT«0.) GO TO 4C1
K = K 41
IF (KeLE.MZO) GC TO 11
REWIND N1
KEWIND N2
BUFFER IN (N2,1) (G(1lylsl)sGIMXsMYsl))
IF (UNITIN2).GTa0s) GO TO 401
BUFFER IN (N2,1) (G(1yLls3)sGIMXsMYs3))
IF (UNITINZ2)«GCTeGe) GO TO 44l
BUFFER OUTI(N1»1) (GU(1s1s1),G(MAIMY,1))
IF (UNIT(N1)eGTeCs) GO TU 401

42 +C(l=1yJ51))

+G6(I,Jd=-1,1))

K = ]
IF (KSYMeNESQ) K = 2
111 K = K +]

DC 112 J=l,MY

DO 112 I=1l,MX

G(Isds2) = 5%(G(Isdsl)
D0 122 L=2,3

BUFFER OUTIN1»1) (G(lslsL)sGIMXsMYyL))

112 +G(Irdr3))
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IF (UNITINL)GT W 0e) GO TO 401
122 COUNTINUE
IF (keEQeMI0) G[ TC 20Ul
DU 132 J=1,MY
CG 122 1=1)MX
132 G(Isdsl) = G(Llads3)
EUFFER IN (N2s1) (G(lsls3)sG(MXsMY»3))
IF (ULNIT(NZ)aGTaGe) GO TO 4ul
GO TGO 111
201 REWIND N1
RecwIND N2
CO 202 L=1»3
BUFFER IN (NL1sl) (GU(JslsL)sGI(MXsMYsL))
IF (UNIT(N1)eGT40s) Gd TU 401
2¢2 CONTINUE
BUFFER OUTINZs1) (G(lpisl)sGU(MXsMYrLi))
1F (UNITI(NZ)aGTaOs) GU TU 401

SaxpG(i) =CA*SG(IsK)
AL(I)#DG1 +CA%AC(]) +>3A%S¢(I,K)

v
u

Traw = SYAW/CYAwW

51 = +0*5CAL

NU _ = KTE1 =1

EGINC) =

K = ?

IF (KSYMeMNLLO) GG TO 251

211 N = NO

1 = MX(Q +iQ

IF (RalTeKTELWOFRsKeGToKTE2) GuU TUL 231

11 = JTE1(K)

12 = JTEZ(K)

b0 212 1=11,12

DS1I = SO(I+LksK) =SD(1=1sK)

DSK 2 SO(IsK+1l) =S50(IsK=1)

SX = AL(I)*0S51

hY = C1(K)*0SK

R = AMINGULs IV(INK))

A = le =K +AO(L)*AC(]) +SC(I»K)*SO(IsK)
H = R/A

FH m R*%xA

Al 2 =AQ(L)*XZ(K) =5C(I»K)*YZ(K)
Bz = =AQ(I)*YZI(K) +SO0(JsoK)®eXZ(K)
HZ = AZ¥SX =PI +Fh%S$Z

FYyy ® le #5X*5X  +H¥HI#MZ

FXY 2 SX +H*AZ%HZ

DGI 2 G(I+1sKYs2) =G(I=13KYs2)
DGK 2 G(IsKYs3) =Gl(IsKY»l)

| ]
=
W = CL(K)*0UGK +SYAW +CAXXZ(K) +SA*YZ(K)
212 G(IsKY+1ls2) = G(IsKY=1s2)

1 +(VH(le =H¥BZHHZ) =U*FXY =W*HZ)/(FYY*BL1(KY))
NC s NO +1

ECINL) = G(IZ2sKYs2) =G(LlpKkYs2)

N = NO

1 = Il

IF (KoeNEWKTE2.CFeYAWeLzeOs) GO TO 231
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221

231

233

235

237

241
251

252

261

262

302

401

I = I +1

M = NX +2 =]

NG = NO +1

EGINC) 2 G(MsKYs2) =GlIsKY»2)

IF (T.LT.MXC) GC TO 221

i = J1 '

1 = J =1

E 3 (O,

IF (IV(IsK)«eNEal) GO TO 237

127 =z Z(K) =TYAW*(XC(K) +S1%A0(L)*A0(]))
IF (2Z2.GE+Z0(N=1)) GU TO 23%

N a N =]

GO TC 233 .

K = (Z7 =Z0(N=1))7(20(N) =20(N=1))
B = R*c((N) +(1l. =-P)*EGQG(N-1)

M = NX +2 =]

G(IsKY*1y2) = GIMyKY=-1,2) =E

GIMsKY+1,2) = G(I,KY=1,2) +E

IF (IVUIsK)eNEW=1) GG TO 241

G(IsKY,2) = JENGUIKYsl) +,25%(GlI,KY»3)
IF (IV(IsK+1)W4LTel)

1G(I»kYy2) * JERG(I,KY»3) +4,25%(G(LsKY,1)

G(MskY, 2) = G(IsKYs2)

GOIsKY=152) = JE%(GUL,KYp2) +G(IsRY=252))
GIMeKY=152) = 4x(GIMIKYs2) +G(MpKY=252))
IF (1.GTag) GU TO 231

K =K 41

IF (K.EQ.MZ) GO TO 2¢€1

DO 252 J=]1,MY

DL 282 I=],Mx

G(Isusl) = G(Isdsr2)

G(Isds2) = G(Iyds3)

BUFFER OUTINZ2s»1) (G(1lslsl)sGiMXyHMYs1l))
IF (UNITIN2)«GTeGe) GU TO 401

BUFFER IN (N1,1) (G(ly1s3)sGIMXMYs3))
IF (UNITINL)GT.0.) Gu TO 401

GO T 211

EGI(NC+1) = 0,

0O 262 L=2,3 .
BUFFER QUTINZ2s1) (G(LlolsL)pGIMXsMYsL))
IF (UNIT(N2)eGTeOe) GO TO 401

CONTINUE

REWIKD N1

REWIND N2

00 3C2 K=1l,MZ

BUFFER IN (N2s1) (G(1lalsl)sG(MXsMYsl))
IF (UﬂIT(hZ)oGToOo, GG Tﬂ 401

BUFFER CUT(NL1s1l) (G(1slsl)eG(MXaMYsl))
IF (UNIT(N1)«GTe0Qe) GO TO 401

CONTINUE

IC = 1
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SUBRCUTINE  SMOO
SMODOTHS PUTENTIAL
COMMON G(193,2654)550(193,35),E0(131),20(131),

1 IV(193,35),ITELL35),ITE2(3E5),
2 A0(193),2L(0193),420193)»4A3(193),
3 20(26)stl(26),E2(2€),B3(26),
4 2(35),C1(35),C2(35),C3(35),
) XCC35)aX2(35),X22(35)sYC(32)sY2(35),Y2Z2(35),
o] MXsNYINZsKTEL» KT 2 ISYMsKSYMsSCALSSCALZ)Y
7 YAws CYAWs SYAWs ALPHASCA» SASFMACHINISNZ, N3, ID
MX = NX +1
KY = NY +.
MY = NY +2
MZ = NZ +3
K1 = 2
Ke = NZ
IF (KSYMeER.G) CO TO 1
K1l = 3
Ke = NI +2
1 PX e e/
PY = Jeltos
PL = J./€s
DG 2 L=1»,3

BUFFER IN (Nls1) (GClsLlsl)sG(M¥skY,L))
IF (UNIT(NL)«GTe0e) GO TO 51
Z CONTINUE
BUFFER OUTI(N2»1) (G(1lolsl)sG(MXsMY,1))
IF (UNIT(N2)eGTaUs) GU TO 51
K = K1
11 K = K+l
00 12 J=3»NY
LU 14 I=2sNX
14 G(Isds4) = (le =PX =PY =PZ)*G(l»Js2)

1 +o 52 PX*(G(1+1rdsr2) +G{[=-1sds2))
2 teOMPYH*(G(Isdtlr2) +G(I,Jd=1r2))
3 +e5%PZ*(G(lpJdr3) +G(Isdrl))

G(lyur4) = G(lpds2)
12 G(MXsdsk) = G(MXsdr2)

CG le I=1,MX

GiIslsg) = G(Islr2)

G(Is2r4) = G(Is2s2)

G(IskYs4) = G(IpKY»2)

16 G(ILyMYs4) = G(LIsMY»2)

BUFFER OUTIN2s1) (G(1ls1ls4)sGIMXsMYr&))
IF (ULNITINZ2)+GTeGe) €C TO 51
IF (kefUeK2) GO TC 31
U0 22 J=1lsMY
DC 22 L=lshXx
G{Isdsl) = G(Isds2)
22 G(Isds2) = G(IsJds3)
BUFFFR IN (N1sp1) (G(1lsls3)sG(MXsMY,3))
IF (UNIT(N1)«GT40s) GO TO 51
GO TC il '
31 BUFFER NUTINZs1) (G(1s193)sGIMXsMY»3))
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IF (UNIT(N2)4GT+0.) GC TO 51

42

51

O YO

REWIND N1

REWIND N2

0O 42 K=ly,MZ

BUFFER IN (N2s1) (G(lslsl)sG(MXpMYsl))
IF (UMITINZ)eGTaue) GO TG 51

BUFFER OUT(NL»)) (G(ls1is1)sG(Mx,,MY,1))
IF {(UNIT(N1).GT.0.) GO TO 51

CONTINUE

10 e ]

RETUFN

10 = 0

RETUKN

END

SUBRCUTINE SPLIF(MyNsS»FsFPsFPPFPPP KMy VM KNy VNs MCDES FUMs IND)

SPLINE FIT = JAMESON
INTECRAL PLACED IN FPPP 1F PUD: GRcATER THAN C
IND SET TO ZcRO Ir DATA ILLEGAL

11
12

13

14

21

23

25

DIMENSION S{L)sF(1)aFPLL)»FPP(1),FPPP(L)
IND = {

K = LABSIN =M)

IF (K =1) 8l,61,1

K = (N =NK)/K

I - = M

J = M 4K

bS = S(J) =S{1)

D = DS

IF (CS) 11,81,11

CF = (F(J) =FLL))/DS
IF (KM =2) 1213214

U LY

v = 3.%(0F =VM)/DS
GO TC 25

U = 0,

v = M

GO TL 25

U = =1

v = =0LS*Vh

GO TU 25

1 =y

J = J +K

DS = §(J) ~=S(I1)

IF (C*NS) 8l,81,23

LF = (F(g) =F(1))/05
B = 1./(DS +DS +U)
U = g*DS

Y = 3%(¢to*DF =V)
FPLI) = U

FPP(I) = Y

u = (2. =L)*DS
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OoOOn

21
32

w
{88

35

41

61

71

81

11

v = Ce*¥LF +D5S*V
IF (b =N) 21,31,21
IF (KN =2) 32533534

v = (beXVN =VI)/U

6L TC 35

V = VN

GG TC 35

v = (DS*VN  +FPP(I))/(1s +FPLI))
B =\

) = DS

DS = S(J) =5(1I)

L = FPP(I) =FP(L)*xvy

FPPP(I) e (V =U)/LS

FPP(]I) = U

FF(I) = (F(J) =F(1))/DS =DS*(v +U +U)/E.
v = |

J L §

I = [ =K

IF (4 =M) 41,51,4.

I = N =

FRPPIN) = FPPRP(I)

FPP(MN) = 4

FPIN) = DF  +D*x{FFrP(]1) 4L +B)/Cta
IND = 1

IF (FOCE) 81ls8ly61

FrPP(J) = FQM

'] = FPP(J)

1 = J

J = J +K

LS = 35(J) =5(1)

u = FPP(J)

FPPP(J) s FPPP(I) #.,5%0Sx(F(L} <+F(4d) =0S5*0S%(U <V)/12,.)
' = U ;
IF (J =N} T7lstls7l

KETURN

END

SUSRLUTINE INTPL(MIsNI»SIsFLsMsNsSsFsFPsFPP»FPPP, MODE)
INTERPOLATION USING TAYLOR SERIES = JAMESON

ACDS CORRECTION FOR PIECEWISF CUNSTANT FUOURTH DERIVIATIVE
IF MODE GREATER THAN C

DIMEMNSION SICL)sFI(L)sSUL)sF(L)FP(L),FPPUL),FPPP(L)

K = IABS(N =M)

K = (N =M)/K

I = M

MIN = MI

NIN = N1

D = S(N) =5(M)

IF (D*(SI(NI) =5I(MI))) 11,13,13
MIN = N]

NIN = M1
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13
15
21
23
31
33

35
L 4

41

11

12

14

lé

18

20

K1 = [ABSININ =MIN)
IF (k1) 21,21,15

KI = (NIN <=MIN)/KI
11 = MIN =KI

C = 0,

IF (FODE) 31,31,23

C ’ = 1,

11 = I1 +KI

SS = SI(II)

I = [ +K

IF (1 =N) 35537535
IF (C*(S(I) =SS)) 53533,37

J = [

1 = [ =K

S§ = §S =S(I) _

FPPPF = C*(FPPP(J) =FPPPLI))I/(S(y) =5(1))
FF = FPPP(I) +425%SS5*FPPPP
FF = FPP{1l) +35%FF/3.

FF = FP(I) +45*%335%FF
FI(II) s F([) +SS*FF

IF (I1 =KIN) 31ls41s2i

RETUKN

END

SUBRCUTINE RPLLT (JPLOTANPESRESsCOUNTsTLITLZ) FMACHS YAy ALS
NisNZ2sN3)

PLOTS CONVERGENCE RATE

DIMENSION RES(1)sCOCUNT(L)»TITLE(ZU) 2R (2C)

IF (MNRES.LE«1) RETURN

IF (IPLOT.EQ.D) GU TO 11

CALL PLOTSBL(10COs 24HANTUNY JAMESON 109604R)

CALL PLOT(le25514s=3)

IPLOT = D
RATE = (ABS(RES(NRES)/RES(1)))
*% (1o /(COGUNT(NRES) =COUNT(1)))

ENCODE(B0s»12sR) TITLE

FORMLT(2044)

CALL SYMBDL(laseHsel4sRpT4pBC)

ENCODE(S50s16sR) FMACH)» YA»AL _
FORMAT(SHMACH sFGe354XsoHYAW sF94354Xs54ALPHAYFI.3)
CALL SYMBUL(leselZsei%sRseidariC)

ENCDOCE(32,165R) RES(1)sRES(NEES)

FORMAT(SHRES] st9Je334Xs5HREDZ »EG3)

CALL SYMBUOL(1lesUurelésRs0er32)

ENCODE(50518sK) COUNT(L)sCOUNTINRES)»RATE
FORMAT(S5HWORKLs FTe2s4Xp 5HWORKZ) FIa294Xy 5HRATE »sFTe &)
anL SYHBUL(l.;*.Zﬁ;.l‘UR)D.; 5G)

ENCODE(24,20,K) N1sNZ»N3

FORMAT(6HGRID »16s3H X s[4p3H X 514&)

CALL SYMBOL(les=e55¢1l4sRs0e924)

RMIN = 0.

88



22

11
1¢

14

1¢

RMAX = 0,
CUUNT1 = COUNTI(])

keS1l = RES(L)

DO 22 I=1sNRES .
COUNT(I) = COUNT(I) -—COUNT1
RES(I) = ALOG(ABS(RES(I)/FES]))
RMAX = AMAXL(RMAX,RES(I))
RMIN 2 AMINI(RM]IN,RES(I))
YSCAL = 1o /ALOG(]1GL)

YINT = 1,

IF (YSCAL*RMINLTe=6o) YINT = 2,
YLOW 2 bt YINT

YSCAL = YSCAL/YINT

XINT = 50,

IF (COUNT(NRES)sGTe3C0s) XINT = 100,

IF (CCUNTUINPRES)eGTe6C0a) XINT = 200,

IF (COUNTINRES) «6To12G0.) XINT = 509,

IF (COUNTUINRES) «GT.EC00s) XINT = 1000.
XSCAL = ]./XINT

CALL PLOTU(ebr445,-3)

CALL AXIS(Oes» =34 IOHLLGUIERKDOK )2 1CoB429Qss YLOWsYINTSC)
CALL PLOT(3¢r=349-3)

CALL AXIS(=3450es4HNCYCr=4500s0420es XINT,0)
DC 32 I=1,NRES

COUNT(I) = XSCAL®COUNT(I) -3.

keSC]) = AMIMI(2esYXCAL*RESLL)) +6.
CALL LINECCOUNTFES)NRES»2LsUsYs0eslerBesrls)
CALL PLOT(Beb3=1e5s-3)

RETUFN

END

SUBROUTINE GRAFH (IFLOT»11,12sKsYsCPyTITLEsFMACHs YASALS
ZrolscDyCHORULOS XSCAL,PSCAL)

GENEFATES CALCOMP PLLTS

DIMENSION X(1)sYCL),CPLL),TITLE(2D)»R(2Q)

IF (IPLOT.FQ.,0) GC TO 11

CaLL PLOTSBL{L1OCO, 24HANTONY JAFtSUN 1GIEC4R)

CALL PLDT(le25514s-3)

IPLCT = )

ENCOLE(BO,125R) TITLE

FORMAT(20A4)

CALL SYMROL(a5sCorealésRrCesbL)

ENCUDEl44p1a9sR) FRACHs YA AL

FGRMAT(S5HMACH sFTe304Xs5HYAN  sF7e324Xs5HALPHASFT743)

CALL SYMBCL(e5s=e2%rel4sRyer44)

ENCODPE(G44,16,R) 25CLsCD

FORMET(5HZ yFlelsaXyS5HCL sFTebs 64X, 5HCO sF7e %)

CALL SYMBOL(eS5r=e55al4sR»04rb%)

XMAX = X(I1)
XMIN o= X(I1)
YMIN = Y(I1)
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22

24

26

32

34

1
C

£ N

00 22 I=]1,12

XMAX = AMAX1(X(I)sXMAX)
XMIN = AMINLI(X(I)sXMIN)
YMIN = AMINI(Y(L),YMIN)
SCALX = He/(XMAX =XHIN)

IF (XSCAL+GToeGe) SCALX = XSCAL/Z(XMAX =XMIN)
IF (XxSCALeLToO0s) SCALX = ABS(XSCaLl)/CHLROO

PINT = =,4

IF (PSCALNE«Ce) PINT = =ASS(PSCAL)
SCALF a 1o/PINT

PMIN = =34 HPINT

PMAX 2 S5.%PINT

00 24 I=11,12

x(I) = SCALX*(X(I) =XMIN) +.%
Y(I) = SCALX®(Y(]) =YMIM) +45
CPMAX = (e

IMAX = (I2 +11)/2

N = (I2 -I1)/%

Nl = [MAX =N

N2 = IMAXx +N

D0 2€ I=N1sN2
IF (CP(I)JLE«CPMAX) GO TU 2¢f

CPMAX = CP(1)

IMAX = ]

CONTINUE

N = [2 =J1 +1

CALL LINECXCLL)»Y(Il)otNolptsrlrCaslesterlal

CALL PLDOT(Qes4e5y~-3)

CaLL AXIS(Qe»=3es2HCP»2sBesICasPHINSPINTHC)

cpcC = (((Ss +FMACH**Z) /600 )**345 =14)/(oT*FMACH*%2)
IF (CPCoGEPMAX) CALL SYMBOL(CGesSCALP*CPCre4Usl5sUer=1)
DO 3¢ I=I1sIMAX

IF (CP(I)sLTePMAX) GO TO 32

CALL SYMBOL(X(L)»SCALP*CP(I1)s eUTs324549-1)

CONTINUE

DO 34 I=IMAXs1Z

IF (CP({I)«LT«PMAX) 5U TO 34

CALL SYMBUL(X(CI)»SCALP#CP(L)2e0Ts350er-1)

CONTINUE

CALL PLOT(lZes=4a55-3)

RETUEN

END

SUBRCUTINE THREED(IPLOTs»SVsSMsCPsXsYsTITLESYASALS
VLDsCLsCDs CHCRUU» XSCALsPSCAL)

GENEKATES THREE DIMENSICNAL PLOTS

CUMMON G(193526»4)s50(193535),£0(131)»Z0(131)»
IV(193,35),ITel(3E8)s1T=2(35)y
A0(193)581(193)542(1493)543(193),
BU(2E)9sB1l(26)982(26)B3(26)s
£2(35),C1(035),C2(32)5C3(35),
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21

22

32

34

36

41

42

XC{35) s X2Z(35)sXZZ2(3E5),YCU35),Y2(35),Y22(35),

NXsNY ) NZpKTEL o KTEZSs ISYMsKSYMpSCALSSCALZ

YAWs CYAms 5 YARs ALPHL,CA» SA,FMACHIN1sN2Z2s N3, IO
DIMENSION XC1)oYCLDsSWLL) o SMUL)sCPLL)»TITLE(2CG)»R(2D)

LX = NX/fg +1
MX = NX 4]
MY = NY 42

1F (RSCALeNE«Ge) SCALX = oS*&BS(XSCAL)/CHGRDO
LF (PSCALeGE«Ce) SCALX = S5./7(Z(KTE2) =Z(KTEL))

SCALP o *1-25

IF (PSCALNE.Ce) SCALP = =uH/aBS(PSCAL)
SX = 2, =SCALX*#XCI(KTEL)

TK e 31,5

IF (IPLOTWEC.C) €0 TU i

CALL PLOTSBL(L10CU, 24HANTONY JAMESON 109¢G4R)
CALL ’LGT(I-Z?:J-:*BF

IPLOT = 0

M = 1

ENCOLE(1292sR)

FURMEAT(L12HVIEwW GF wING)

CﬁLL SYH&DL(E.!-i!.l*:R!O.’lz}

PO ie L=1,3

BUFFER IN (N1pl) (GUlslsL)sGUMXyMYsL))
1F (UNITIN1)eGTeGs) ¢T TO 101

CONTINUE
K =2
K = K 4]

IF (KeGTeKTE2) GO TO 61

DG 22 J=isMY

CO 2z I=1,MX

G(lsdrl) = G(lsdr2)

G(Isde2) = GlIspdr3)

BUFFER IN (Nlpl) (GULlslsr2)rG{MX,MY,3))
IF (UNITU(NL)eOT40s) GO TU 101

IF (KoLTeKTEL) G TC 21

I1 = [TE1(K)

I2 = ITEZ(K)

CALL VELD (Kp22SVseSMsCPrasY)

IF (KeGT.KTEL) GO TO 41
ENCALE(8C»32,R) TITLE

FORMAT(2CA4)

CALL SYMBOL(e59CereldsRsCartl)
ENCOCE(44534sR) FMACH» YA AL
FORMET(SHFACH sFTe394Xs5HYAW »FTe3p4X, 5HALPHA, F7.3)
CALL SYMBOL(eS59=02590lbsksCospan)
ENCOCE(449369R) VLLsCL2CD

FORMATISHL/D sFTe204Xs5HCL s FTets4Xs SHCU 2F7e4)
CALL SYMBOLle59=e590l4sRsDesb4)

SY s Se#(Z(K) =ZAKTEL))/{Z(KTE2) ~=Z(KTE1)) +2.75
00 4z I=T1,s12

x(I) = SCALX#X(1) +5x

Y(I) = SCALX*®Y(I) +3Y

criI) = SCALP*CP(4)  +3Y

IF (MeEQe2) GC 10 51
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51

52

61

s

64

71

1¢1

N = [2 =T1 <+l
CALL LINE(X(II)sY(I1)sNplsUslsCaslasGerlisl
GO TC 21

N = [2 =LX 4]

CALL LINE(X(LX)sCP(LX)sNs1l30Us150es1las0ssrls)
N = | X =Ii1 +1

DD 52 I=I1l,LX

X(I) = X([) +TX '

CALL LINE(X(I1)»CP(I1)sNsLlsGrloCessasCasrla)
GO TC 21

REWINC N1

M = M 41

CALL PLOT(1245Ces=3)

IF (MeGTe2) GO TC 71

SX s ~SCELX*XCIKTEL)
ENCOCE(24962,R)

FORMAT(24HUPPER SURFACE PRESSURE )
CALL SYMBOL(Oess52el4sReCoes24)
ENCODE(245 0649 R)

FGRMAT(24HLOWER SURFACE PRESSULKE )
CALL 5Yﬁﬂﬁll3o5rt5)alﬁrR:D-)24)

60 TC 11

10 = ]

RETUERN

Ic =

CALL PLOT(12esCep=3)

KETURN '

END
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This report was prepared as an account of
Government sponsored work. Nelther the
United States, nor the Adminlstration,
nor any person acting on behalf of the
Administration:

A. Makes any warranty or representation,
express or implied, with respect to the
accuracy, completeness, or usefulness of
the information contained in thls report,
or that the use of any information,
apparatus, method, or process disclosed
in thils report may not infringe privately
owned rights; or

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

As used in the above, "person acting on behalfl
of the Administration" includes any employee
or contractor of the Administration, or
employee of such contractor, to the extent
that such employee or contractor of the
Administration, or employee of such contractor
prepares, dissemlnates, or provldes access to,
any information pursuant to his employment or
contract with the Administration, or his
employment with such contractor.
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