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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 is
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.
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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 variationﬁ

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 [1], and the full potential equation
by Jameson [2] and Garabedian and Korn [3] for the prediction of
air foil 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 oblique wing should be aerodynamically more
efficient than a conventional swept wing [7], it presents
problems of stability and control and aerocelastic 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 contained in these planes, and the treat-
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 surfacé. To allow the use of a
fine mesh to resolve the details of the flow in the sensitive
region near the leading edge, the spanwise coordinate lines are
aligned with the leading edge. Thus for wings of appreciable
sweep, the resulting coordinate system is highly nonorthogonal.

' The type of geometry we shall treat is illustrated in
Figure 1. It consists of a wing of arbitrary planform and
dihedral extending from a symmetry plane (or wall). We shall
solve a finite difference approximation tc 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 shock fitting scheme or else to use a difference
scheme in conservation form. A conservative formulation of the
small disturbance equation has been given by Murman [8], and the
exact potential flow equation has been solved in conservation form
by Jamescon [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

Geometry

Accurate representation of the finite difference boundary
conditions is much simplified if the boundary surfaces lie in
coordinate planes. This is achieved in the present analysis by
a sequence of transformations 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, and
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=YS(Z)
we define
X =x - x (2z)
y=y-y/(z), (1)
zZ =z .

This transformation shears out the wing sweep and dihedral, and

puts the singular line at the origin of each X,yY plane. 1In each

N



of these planes we introduce the conformal mapping
(X, + i¥.)% = 2(x + iy) (2)
l l Y 14
which maps the entire wing surface to a shallow bump near the
plane Yl = 0. If we define the height of this bump as
¥, = S(xX,z) , "

then the final shearing transformation

X =X,
Y=y, - s(X,z) , (3)
zZ =z ,

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

is used to map the planes ¥ = + » to ¥ = + 1. Similar transfor-
mations are used outboard of the wing tip in the 2 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. In the physical plane, the continuation is represented

*

X - X
Iln [:‘——134
X - X

_ - = te
e T =% (5)

by

=



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

trailing edge, ite' §te are the trailing edge coordinates, and

§* is a suitably chosen scaling constant (usually taken as the
ordinate of the local quarter-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 sheét 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 P
(a“-u )@xx+ (a“-v )@yy+ (a”-w )@zz 2uv®xy 2uw<I>xz 2vwd__= 0, (6)
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 v, v

a2 = ag - l%l (u2+ V2+ wz

) (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 o



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

ing the reduced potential G as

G=9% - xcos a -~y sin a

!

¢ - {%(xi—¥i)+xs(z)} cos a - {X1Y1+ YS(Z)} sin a.

The transformations of equations (1), (2), and (3) appiied to

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

A GXX + B GYY + C GZZ + D GXY + E GXZ + F GYz + R=20.

If we introduce the notation

— '-
b= =X %X, Xy ¥
S Y
n = Xl- X, = Xq_ Ys ’
U = 1 ) =1 X.cos a + Y.sin a + G,~ S,G
h Xl h 1 1™ X XY r
vV = L 0] = 1 ~-Y.cos a+ X.sin o + G
h Yl h 1 1 Y ’
1 LI
w = @Z = h&EU + hnV + xscos a+ y551n a+ GZ- SZGY ’
and
U =U+ hiw ,
V=V + hnw ,
‘7There - - 5
d(x + iy)
ACT il U (s A
d(xl + LYl)

(8)

(9)

(10)

(11)

(12)

(13)

— o



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

A= az{l + h%E } 52
2

B = {a (1+h%e2)- © 2} sZ + {a2(1+h2n2)— 62}
+ n?(a?-w?s? - {2h2a2gn - 26§}SX
+ {2h25a2—2hwﬁ}sxsz - {2h2na2— 2hw§}sz ,
C = hz{a2 - wz} '
D= - 2{a2(1+h252)—62}sx+ {2hzgna2- 266}- {2h2§a2— 2hw6}sZ ,

E = 2h2ga2 - 2hwU ,
(14)

F = -2h2(a2—w2)sz - {2h2£a2— 2hw6}sx+ 2h%na%- 2hwV ,

R = {~{$%1+h252)- 62} o~ B2 @*-w)s,, {thgaz‘ZhW6}sxz}GY

3,2 2 12 12 " 1
+ h7(a"-w ){{(x -y. )X 2x sYs 'X. - x'X. - y"x U
s “s 1xx 1 %5 S 1z Jyf

2 [} 2 ] [} n L
+ {—(xé “Yg )Xl__+ 2x y Xyt X X, - ysxl_}v}
Xy XX y x

4 ' ' ] Ty < 2 2
+ 2h w{(xl_xs—xl_ys)xl__+ (X _xgt Xl_ys)hl__}(U +V°)
X v XX Yy X Xy

- - n)
+ %-{X1U+Y1V}(U2+V2) + cos a{hz(gz—nz)a2~U2—V2+h2(az-wz)xg}

- "
2. 20V + h2(a2—w2)ys} .

+ sin a{2h2£na
Note that for the transformation defined by equation (2),

_ 2
Xy_ = X;/h°
X

(15)
2
v /n?

Y1~
y



[

and

>

2 2

X, =- —= (h” - 4Y7)
lxx h6 177
(16)
Y
x,__ = —£ m®- b .
Xy h
The symmetry condition that w = 0 on the plane z = 0
requires
GZ + EGX - {SZ + ESX - n}GY =0 , (17)

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

surface requires

1 2 )2
{—;7 (1 + sg) + {Sz + ESy - n} }GY

_cos o+X

1 _sina =0 , (18)
y

+ {-Xl_ cos a- X,_sin a}SX— X lx

X

on Y = 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

dyy = O

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 dependént 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 full
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

(a®-g®ye__ + a®(vie-a_) = 0 (19)
where q is the magnitude of the velocity.
, OF THRE
UoB pooR
10 gEPROD 0 ol 19



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 erjuations (11). 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) , (n+1) L () (n)
C %13,k T W %5,k T 207 W) Gy T G0k
Cxx = 2 v (20
AX

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

formula can be interpreted as an approximation to

G.. - At g

1,2
xx = 1% Cxe trx (50 V6!

Similarly, the formula

(n+1)

g () _ afn) _ (n+l)
i-1,3-1,k

S S LU0 Sl £ W T U0 St 1 D LW
XY 4AXAY

+ G

(21)

can be interpreted as an approximation to

1 At
Cyv = 7 &% Syt -

The relaxation process can thus be regarded as an approximation to

the time dependent equation

11



2 :
(M _l)Gss Smm Gnn+ zotlet+ 20LZGmt+ 203Gt 5Gt = Q. - (22)

where M = gq/a is the local Mach number, m and n are suitably
scaled coordinates in the plane normal to the velocity vectoré
and Q contains all the terms in the equation other than the
principal part. The coefficients ATy and ¢, depend'on
the mix of old and updated values in the difference equationsf
as well as any explicit time-like or mixed terms that have beén

added for stability.

Introducing the new time coordinate

a

T =+t - 21 s + azm + a3n ’
M™-1
transfbrms equation (22) to
O‘2
m*-1)6_ - 6_- G- {QE%I - o2 - ag}GTT + 66, = 0. (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, 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 equation (19). This is done using formulas of the type

(n+1) (n) (n+1) (n)

32 = G A L = 26, . .+ G, .
G - 2C:L,j,k i,j,k i-l,3,k i-2,3,k
XX 2 f

AX
) ( ( 129

(n+l) _ ~(n+l _ ~(n+l) + o(n+l)
o = CSi,ak ”%-13, " i1, Y Cinl, 310k
XY AXAY :

12



cient of Cs

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
®xx * 2 X ®x¢ -

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

duces a term equal to

)
2(M -l)Gst

into equation (22). To ensure that equation (24) is satisfied
at points near the sonic line.where (Mz—l) is small, the coeffi-
¢ can be further augmented by adding a term of the
form

At 2 | ‘
B 1% {UGXt + VG, + h wGZt} ' ‘ (26)

where B > 0 is appropriately chosen. The required mixed

derivatives can be constructed in the form

g(ntl) _ ~(n) - g(ntl) + gn)

At o - Cigdck T Ciyik T Ci-1,3,k T Ci-1.3,k (27)

AX TXt 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



Bovadary Conditions

The boundary condition at infinity is particularly simple
because the square root transformation 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 redu.ed potential, the Dirichlet condition

G=0
is appropriate.

On the X-Y and X-Z planes, finite difference approximations
to the Neumann boundary conditions specified by equations (17) and
(18) must be applied to those portions representing solid bounda-
ries (i.e., the symmetry plane and the wing surface). At the wing
surface, central difference approximations are used ita equation
(18) to define values of the reduced potential at image points
located one mesh spacing below the X-Z 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 stakle 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

— (0 + & Yy + & .
X1Xl YlYl za
Thus, in the limit as h tends to zero,

® + ¢ =0 (28)

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 solutiop 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 1is, therefore, stored on a disk file, and read into
core one X-Y plane at a time. At any tiﬁe during the solution
procedure, the values of the potential on four such planes are
in the core. 01ld values are buffered in and new values buffered
out of core while other calculations are being performed as much
as 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. Such a sweep pattern ensures that the sweep direction

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

16
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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 48%x6%8 grid cells
in the X, ¥, 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 this 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 and 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 1lift
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, including 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
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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 1location. 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 displacement

thickness obtained from two-dimensional boundary layer calculations

19
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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 SXIOG, 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 locations.

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

contained in [13].
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CONCLUSIONS

A numerical method has been presentéd for determining the
inviscid transonic flow past a swept wing.vThe 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 pressure 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 [17], and an
alternating—dfection method [18]. The extension of these methods

to three-dimensional calculations should result in great savings.
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(a) Plan View

Figure 1.
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(b)

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

VIEW OF WING

ONERA WING M6  L.E. SWEEP 30 DEG  ASPECT RATIO 3.8
MACH 923 YAW 0.000 ALPHA 0.000
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FIGURE 11. GEOMETRY OF DOUGLAS WING.

VIEW OF WING
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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 coordinate 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. In either case the wing section can be varied
in an arbitrary manner, and the only restriction on the plan-
form is that the leading edge may be any smooth curve, 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 coordi-
nates for the other stations are obtained by scaling the original
profile to the proper chord, and rotating it to obtain the
appropriate twist. If, on the other hand, the sections are not
similar, the program permits the 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 square
root transformation is determined by the parameters XSING and YSING,
which must be specified at each span station. It is important
to choose these so that the mapped profile does not have any sharp
bumps.

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

high speed memory. Tape 4 is a permanent storage device such as
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a magnetic tape cn which an intermediate result can be saved.
The computation can then be continued for more iterations,
starting from the values saved on Tape 4. The disk instruc-
tions in the 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 afranged 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.
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Table 1. Glossary of input parameters

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

TITLE CARD 1

NX

NY

NZ

FPLOT

XSCAL, PSCAL

FCONT

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.

The number of mesh c#lls in the direction normal
to the chord and span.

The number of mesh cells in the span direction.

Controls generation of plots.

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

at each span station.

FPLOT=1. for both a print 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.

Control the scales cof 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#C. ther +the three dimensional plot is

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

Indicator which determines the manner of starting
the program.

FCONT=0. indicates the 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

cov

Pl

P2

BETA

STRIP

FHALF

The maximum number of iteration cycles which will
be computed.

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

The subsonic relaxation factor for the 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 ¢st (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 STRIFP
may be reduced to some fraction between 0. and 1.

Determines whether the mesh will be refined.
FHALF=0.: the ccmputation 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
additicnal data card must be providecd 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
YAW

ALPHA

CDO

TITLE CARD 4

ZSYM

NC

SWEEP1

SWEEP2

SWEEP

DIHED1

DIEED2

DI'HED

The free stream Mach number.
The yaw angle of the wing in degrees.

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.

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.

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

Z5¥M=1.: the wing is on a wall

ZSYM=0.: the wing is an isolated wing at a yaw
angle given by YAW.

The number of span stations at which the wing section R
is defined on subsequent data cards from the wing

root to the tip if ZSYM=1l., or from the leading

to the trailing tip if 2ZSYM=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.

Sweep of singular line at the wing root if ZSyM=1.,
or at the leading tip if ZSYM=0.

Sweep of singular line at the tip.

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

Sweep of singular line in the far field.

Dihedral of singular line at the wing root if
zZSYM=1., or at the leading tip if ZS¥YM=0,

Dihedral of singular line at the tip.

(DIHED1 and DIHED2 are used as end conditions for
a spline fitting the y coordinates of the singular
line.)

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

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

coordinates are scaled.

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

ALPHA The angle through which the section is rotated to
introduce twist. In the case of a yawed wing, this
angle is measured in the axis system attached to
the wing, not in the direction of the free stream.

FSEC 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 this span station,
and the next card should be the title card for the
next span station, if any.
FSEC=1.: the coordinates for a new profile are
read from the data cards which follow.

TITLE CARD 6 (Profile Geometry Supplied if FSEC=1.)

YSYM 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.

NU The number of upper surface coordaintes.

i The number of lower surface coordinates.
For ¥YSYM=1l., NL=NU even though no lcwer surface
coordinates are given.

TITLE CARD 7 (Additional Profile Geometry Supplied if FSEC=1.)

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

SLOPT 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,Y

TITLE CARD 9

X,Y

vt

surface, assumed to contain the vortex sheet,
smoothly off the trailing edge. For heavily aft
loaded airfoils, the lift is sensitive to the
value of this parameter, which should be adjusted
by comparing 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
profile is not symmetric near the center, with a
step increase in y, say, as x increases through 0,
the singular pcint 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 prefile 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 tc 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

L

7

Columns 1-10 | 11-20 [ 21-30 | 31-40 | 41-50 | 5160 | 61-70 71-80
5 e i
Cards i ; i
‘ i
Title of case|ONERA M6| WING (copied onto| output ahd Calcomp plots) '
_J 1 H
Title Card NY NY NZ FPLOT | XSCAL } PSCAL | FCONT
48. 6. 8. 1. | 0. L0, I 0.
! H
Title Card MIT cov Pl P2 | P3 ! BETA STRIP  FHALF
100. 1.E-6 | 1.6 : .10 1. 1.
100. 1.E-6 | 1.6 .10 0 1. 1.
100. 1.E-6 | 1.6 1. .10 ¢ 1. .
Title Card MACH YAW ALPHA | CDO f
. 840 0. 3.06 .010 j
Title Card ZSYM NC SWEEP1 | SWEEP2 SWEEP  DIHED1 § DIHED2  DIHED
1. 6. 29.9 29.9 29.9 0. 0. . 0.
Title Card z XLE YLE CHORD  THICK  ALPHA | FSEC
0. 0. 0. .6737 1. 0. 1.
]
Title Card YSYM NU NL
1. 72. 72. _ i
Title Card TRAIL | SLOPT | XSING | YSING f !
7.06 0 .00725 | 0. ; |
Title Card X Y . (Uppler Surface)
(72 cards) (Coordinhtes of plrofile) . i
Title Card z XLE YLE CHORD | THICK | ALPHA | FsEC
.2 .1150 | o. 6147 | 1. 0. 0.
Title Card z XLE YLE CHORD | THICK | ALPHA | FSEC
A .2300 | 0. .5558 | 1. 0. 0.
Title Card z XLE YLE CHORD | THICK | ALPHA | FSEC
.6 .3450 | 0. .4968 | 1. 0. 0.
Title Card z XLE YLE CHORD | THICK | ALPHA | FSEC
.8 L4600 | 0. .4379 | 1. 0. 0.
Title Card z XLE YLE CHORD | THICK | ALPHA | FSEC
1.0 .5750 | 0. .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 lift and form drag computed by integrating
the surface pressure, and the ratio of 1lift to form Jdrag.

An estimate of the friction drag coefficient may be supplied

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

of the total drag coefficient of the ratio of 1lift to total drag.
The pitching, rolling and yawing moments are also computed

and printed. In 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 rcot
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 A2.

Flow direction

Yawed wing.
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APPENDIX B. LISTING OF THE PROGRAM

PROGKAM FLOD22 (INPUTSLUTPUT,TAPEL» TAPE2y TAPLE3,TAPESS

1 TAPEY= INPUT» TAFEE=(UTPUT)

THREE OUIMENSIONAL WwWING ANALYSIS IN TKANSONIC FLOw

USING SHLUARED PAKARGLIC CJAORCINATES

WITH STORAGE CN THE [i>C

PKOGRAMMED BY AMNTONY JAMESON, MARCH 1974 ¢

REVISICNS BY Do As CALUGHEY ANL ANTCNY JAMESONSDEC 1975=DEC 1976 )

G IS REDUCED VFLACITY POTENTIAL

CUMMON G(L193,265%)»50(163535),5:0(131)520(131)»
INV(163,35),ITcl(35)s Teec(32),
AC(193)9AL(1693),82(193),A3(193),
BOGIZE)I»RL1(26)932(26)9B3(26),
2(35)5C1030),02(035),03(35),
XCU35)yXZ(35) s x2Z2(25)sYC(3E),YZ(35)»YZ2(35),
NXs MY NZyKTEL)KTE2,)iSYMIKSYMpSCAL,SCALZY
YAWwsCYhwsSYAns ALFHAPCA»SASFMACHINLSINZ2» N3, [D

COMMGN/FLGYZ STRIPSPLIP2sP3I»BETASFRIIRIJRIKRSIDGCrIGsJGIKGINS

DIMENSION xS(241,11),YS5(241,11),

N PR

1 ZS(I1) s XLE(La) s YLECLL) s SLOPT(LIL)» TRAILCIL) »NP(id))
z EL1(1L)sE2(11),E3(11)9E4(11)pkn(1L),
3 XP(241)sYP(241)501(241),02(241),03(241),
4 X(193)5Y(iv3)»5V(193),SM(163),CP (1930,
5 CHORD(35),5CL(35),SC0(35),5CM(35),TITLE(20),
6 FIT(3),CUVu(3)sPi0(3)5P20(3),P30(3)sBETAO(3),
7 STRIPO(3) ) FHALF(2),RES(53L) s COUNT(501)

ND = 241

NE = 193

IREAD = 5

IWRIT = b

KPLUT = ¢

IPLOT =1

IsTaP a ¢

e -3 oLt OF 0 !

N2 = 2 REFRODU YAGE;sPOO

N3 -3 QRIGIN

REWIND 1

REWIND 2

REWIND 3

KEWIND 4

JC =0

RAD = 57.2957795130823

WRITE (IwRIT»6CO0)

wRITE (IwRIT,2)

FORMAT(14HOPROGRAM FLOQ2» 7TGXs 32HANTONY JAMESONs COURANT INSTITUTE/
1 S50HOTHREE OIMENSIGNAL WING ANALYSIS IN TRANSCNIC FLOWs
e 36H USINC SHEAREU PaRABLLIC CGUKDINATES)

READ (IREAD,E53C¢) TIILE

WKITE (IwkIT»63C) TITLE

READ (IREAD,S0C)

KEAD (IREADSE1C) FWhXsFNYSsENZs FPLOT, XSCAL,PSCAL,FCONT,FAT

NX = FNX
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NY = FNY

M = FNZ
IF (NXeLTel) 60 70 2Gi
KPLOT = ABS(FPLGT)
READ (IKREAD, 50C)
NM = 0
11 NM = NM  +]
FEAD (IREAD»SIC) FIT(NM)»COVOINM),PLUINM),PLU(NM),P3I(NN),
1 BeTAO(NM)» STRIPOU(INM)» FHALFINM)

IF (FHALF{NM) oNEeOooedANDeNMelle2) GO TJ 11

FHALF(3) = O

READ (IPtAD,5GE)

READ (IREAD»51C) FMACH, YA AL, COC

YAW = YA/RAD

ALPHA = AlL/FAD

CALL GEGM (NDsNCoNP»ZSoXSoYSeXLCoYLEsSLIPT»TRAILY XPsYP,
SWEEPLs ShicPey SwhiPeDIHEDLSCIHECRZH,DIHED,
XTEGCosCHORDUPZTIPy ASYMUYKSYM)

ISYM = [SYMO

IF (ALPHAWGNE«OQOs) 15YM = §

IF (KSYMeNEWQ) YAW = O

N -

CYAW = CCS(YAw)
SYAW = SIN(YAW)
Ca = CYAW*CUS(ALPHA)
SA = CYAw*SINCALPHA)

IF (FCONTSLTele) GO 70 9l
READ (&) NXsNYyNZyNMpRLoK2HNIT

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

DC 62 K=1,MZ
READ (4) ((G(Lsdsl)sI=1oMX)pJd=1,yMY)
BUFFER OUTIN3»1) (G(1ls1sl)sGIMXsMYsl))
IF (UNITI(N3).GTe0e) GC TC L
BUFFER DUTI(N1s1l) (GU1slsl)sG(MXeMYyl))
IF (UNIT(N1)«GTa0,.) cd TC 1
62 CONTINUE
READ (4) (EO(K)sK=K1pK2)
REWIND N3
REWIND N1
FEWIND 4
91 CALL COOXD (NXsNYsNZyKOYMyXTEC, ZTIP, XMAX,ZMAX,
SYsSCALs SCALZsAX»AY 9ALy
ACsALsA2y235B0,8B1,829B3»29C19C2,C3)
CALL SINGL (NCHNZ»KSYMyKTELsKTEZ» CHORDC
SWEEP1ySWEEP2y SWEEPSODIHEDLyDIHEDZ,DIHEDY
ZSoXLEs YLESXCoXZpXZ29YCrYZsYLs
2sC19C2sC35lrk2sE35E45E551IND)
CALL SURF  (NDsNEINConXoNZy ISYMyKSYMy KTEL)KTEZ2»SCAL,
i YAWs» AUp 29 L9 KCo YCo SLUPTH» TRATILS XS» YSs NP>
ITELy ITE2s iV SO»ZTs AP YP»D1s D203y Xy Ys INU)
IF (INDeEQ.0U) GC T0 291 :
IF (FCONT.GEsle) GU TC 101
NM = ]

w e n =

Ny -
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NIT = 0

CALL ESTIM
IF (I0.EQ.Q0) GO T 1
REWIND N3
REWIND N1

101 WkITF (IwkITs60()
FCONT = Qe
MIT = FIT(NM) SNIT
K1iT = MIT
IF (NMeGTele ANDOFHALF(NM) oEQeGe) KIT = 10
JiIT = NIT
KRES = (MIT =NIT =2)/500C +2
JFES = G
NRES = 0
cov = COVC(NM)
STRIP = STRIPO(NM)
BETA = BETAQG(NM)
MX = NX +1
MY = NY +¢¢2
¥4 = NZ +3
KY = NY +1
Kl = 2
K2 = NZ
Kl = 5
KZ = NZ +2

103 LZ = NZ/2 +1

1F (KSYMJNEWGD) LZ = 3
WRITE (IwkIT,iué)
104 FURMAT(48HOINLICATIGN GF LOCATIGN OF WwING AND VORTEM SHEET,
1 27h IN CCCRUINATE PLANE Y = Q4/
2 2THOG((IV(IsK) s K=K1oK2)I=29NX))
DC 1lué I=25NX
106 WKITE (IWkIT,65C) (IV([sK)sK=K1sk2)
WRITE (IWrIT,e(C)
WRITE (iWwKkIT»112)
112 FCORMAT{49HOCHORCWISE CrLL DISTRIBUTICN IN SQUARE ROOT PLANES
1 54H BMM[ MAPPELU SURFACE COCRDINATES AT CENTER LINE AND TIP/
2 15H0 X » 15H RGOT PRAFILE»15H TIP PROFILE )
00 114 I=2,NX
114 wRITE (IWRIT»61C) ACG(I)»SO(IsLZ)sSU(IsKTER)
WRITE (IwRIT»1il€)
11¢ FORMAT(15H0 TE LOCATIUN »15H POWER LAW )
WRITE (IwRIT,61C) XMAX,AX
WRITe (IwkRIT»é€00)
WRITE (IWRIT»1l1lE)
116 FORMAT(46HONORMAL CelLL DISTRIBUTION IN SQUARE ROOT PLANE/
1 15H0 Y )
DC 120 J=25KY
120 WRITE (IWRIT»£1C) BC(J)
WRITE (IWRIT,»122)
122 FCGRMAT(15HO SCALE FACTORs4i5H POWER LAW )
WRITE (TwWRIT,€1C) SY,AY
WRITE (IWRIT,600)
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WRITE (IWRIT»124)
124 FORMAT(45HOSPANWISE CtLL DISTRIBUTION AND SINGULAR LINE/

1 15H0 z 2 15H X SING » i5H Y SING ’
2 15k X 2 15H Y2 » 15H XZ1
3 15k YZZ )

DO 126 K=K1lsK2
126 WKITE (IWRIT,61GC) Z(K)sXCOKI»YCUK)»XZ(K)pYZ(K)9XZZ(K)»YZZ(K)
WRITE (IWKRIT,128) .
128 FORMAT(15H0 TIP LUCATLNAN,LSH POWER tAW )
WRITE (IWRIT,»61G) ZMAXsAZ
WRITE (IWRIT,»60C)
WRITE (IWRIT,»132)
132 FURMAT(19HOITERATIVE SGLULTICM/
1 43HOSTRIP WICTH FULR HGKIZONTAL LINE RELAXATIGN)
WRITE (IWKIT»61C) STRIP
WRITE (IWRIT»134) '
134 FORMAT(15HO NX » L5k . NY » 154 NZ )
WRITE (IWkIT»640) NXsNYsNZ
CALL SECOND(T)
WKITE (IwWkIT,70C) T
WRITE (IWRITs»13¢)
136 FORMAT(15HO maCH NG » 15H YAw »15H ANG OF ATTACK)
WkITE (IWKIT,010) FMACH»YA,AL
WRITE (IWKIT,»138)
138 FURMAT(1O0HOITEFATICGN,15H CORRECTION s4H L »4H J s4H K

1 luH RESIDUAL  s4H 1 s4H J s4H K
b4 10H CIRCULATN,10H REL FCT 15,1CH REL FCT 2,1CH REL FCT 3»
3 1CH RETA »1i0H SUNIC PTS)
141 NIT = NIT +1

JI1T = JIT +1

Pl = P1lO(NM)

Pe = P2C(NM)

P3 = P30(NM)

IF (NITW.LEC1G) F3 = 1, 4 LHL
CALL MIXFLO 1Ty b

IF (1C4FQe0) 60 TO 151 WRDY}UC%&;E {8 POOR
JO = 0 xﬁﬁﬁﬂﬂﬁb

REWIND N1

REWIND N2

N = N1

N1 = N2

Ne = N3

N3 = N

WRITE (IWRIT,€60) NITs»DGrIGrJGeKGsFRy IR, JRyKRYEL(LZ),
1 Pl,PcsP3,BFTANNS

JRES = JRES +1

IF (JRESJEQ.KRES) JRES = 1
IF (JRES.NE.1) GO TO 143
NRES = NRES +1
CUUNT(NRES) = NIT =i
RES(NRES) = FR
143 IF (JITLECWKIT) GO TO 251
IF (NITelLTeMIToANDAES(DG) «GToCOVeANDSABSIDG)oLT4l04) GO TU 141
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151

161

162

164

171

172

182

184

185

GG TG 1lel

If (JO.EQ.1) GC TO 1

RENIND N1

REAIND N2

J0 = 1

N = N3

N3 s N2

N2 = N1

N1 = N

GO TO 141

RATE = 0.

IF (NRES.GT.1) RATE = (ABS(RES(NRES)/RES(1)))
1 2%(1</(COUNTINRES) =COUNT(1)))
WRITE (IWRIT»162)

FCRMAT(15H0 MAX RESIDAL 1l,15H MAX RESIDAL 2,15H WORK ’
1 15H KEOULCTN/CYCLE)

WKITE (IWKIT,670) RES(L)»RESINRES),COUNTINRES),RATE
CallL SECOND(T)

WRITE (IWRIT,700) T

WRITE (IWRIT»6CO)

DO 164 L=1,3

BUFFER IN (N1s1) (G(1s1sL)sGIMXsMYsL))

IfF (UNIT(N1)eGT.0s) GO TO 151

CONTINUE

Lx ‘= NX/2 o+l
K = 2

K = K 41

IF (KeEQ.MZ) GO TO 191

DC 172 Js=slyMY

DO 172 I=1,MX

G(Isdsl) = G(Isdsr2)

G(I»ds2) = G{lris2)

BUFFER IN (N1,1) (G(1ls1s3)sG(MXsMY»3))

IF (UNIT(N1)eGT40e) GO TO 151

IF (KeLTeKTEl«OReKeGToKTE2) GO TO 171

11 = JTEL(K)

I2 = TTE2(K)

CALL VELO (Ks»29SVsSMsaCPsXsY)

CHORD(K) = x(I1) =Xx(LX)

CALL FORCF (I1sI2sXsYsCPsALsCHORD(K)»XC(K)»SCL(K)»SCDIK)sSCM(K))
IF (KPLOTeGTeleANDKeGT«KTEL) GC TO 185

WRITE (IWRIT»6C()

WRITE (IwRIT,182)

FGRMAT(24HOSECTION CHARACTERISTICS/
1 15H0 MACH NO »15H YAw »15H ANG QF ATTaCK)
WRITE (IWKIT»61C) FMACHsYAsAL

WRITE (IwWRIT,184)

FORMAT(15H0 SPAN STATION» 15H CL »15H ] ’
1 15H cH )

WRITE (IWRIT»61C) Z(K)sSCL(K)»SCD(K)s»SCM(K)

IF (KPLOTelLEWs1) CALL CPLOT (I1ls12,FMACE»XsYsCP)

IF (KPLOTeLTeleORGKPLOTWGT2) GO TO 171

CALL GRAPH (IPLCTs»Ilsl2sXsYs(CPeyTITLESFMACHYA»AL)
1 Z(K)»SCL(K)»SCO(K)» CHORDO,» XSCAL,PSCAL)
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66 TG 171
191 CALL TOTFC
1
col
Cb
VLDl
It (AES(CO
VLD
. IF (ABS(CL
WRITE (Iwk
WRITE (IWR
192 FORMAT(21H
1 15+
WRITE (Iwk
WRKITE (Iwk
194 FCRMAT(15H
1 15H
WRITE (IWF
WRITE (IWR
196 FORMAT(15H
WRITE (IWE
REWIND M1
IF (KPLOT.
CALL RPLOT
CALL THREE

IF (1GeEC,
201 IF (ISTQP.

IF (FHALF(

NX

NY

NZ

CALL COCRE

CALL SINGL

WM (AN

CALL SURF

ny

IF (INDeEW
CALL REFIN
IF (1CeEQ.
KEWIND N1
FEWIND N2
NSMOC
IF (NSMUG.
DO 2CZ N=]
CALL SMOO
IF (IG.tQ.
REWIND N1
2u2 KEWIND N2

RIKTEI»KTEC» CHUORD» SCL»SCLs SCPH» 72 XC»
CLsCCLlesCMP,CMRICHY)
= CYAW*CD1

= Do +CO1

2 Qo

1YeGTelec=e) VLOL = CL/COY

= 0O,

)oGTeluE=6) VLD = (L/CD

IT,600C)

IT,192)

OWING CHARACTEKRISTICS/ :

C MACH MO »1UH YAW 215H AMG LF ATTACK)

IT»610) FMACH, YAsAL ’

IT9194)

0 cL » 1EH CD FCRHM »15H CL FRICTION »
ch » 15H L/D FORM  ,15H L/0 )

1T»61C¢) CLsCD1,CCOsCO,VLELs VLD

ITy196) .

0 CM PIICH »15H CM RCLL 215+ CM YAwW )

IT»61C) CMP»CMKRsCMY

LTel) GO TO 201

(IPLCTyNRES)KES)COUNT» TITLESFMACHY YAs AL NXs NYsNZ)

DOIPLCTy»3SVsOMsCPaXs Yy TITLES YASALS
VLDsCLsCUs CHORDG» XSCALSPSCAL)

0) G0 TO 151

£EQel) GO TU 301

NM)+EGCG.0s) GO TO 1
a2 NX +NX
= NY +NY
a NZ #N2Z

(NXsNY,NZyKSYMs XTEGs ZTLIPs XMAX, ZMAX)

SYs SCAL» SCALZ, AXs AY» A L)

AOsAlsA2sA3,B0sBLsB29k3»Z9C1lsC2»C3)
(NCINZ)KSYMyKTELSKTEZ» CH2KDOY

SWEEP1y SWEEP2s SWEEP,IHECLy NIHEDZ,DIHED)

IS XLESYLESXC o XZsX2ZsYCr Y2 YLy

1sClsC2yC35E1lsE2»E3sE45E55IND)
(NDoNESNCHNAINZs ISYMyKSYMo KTELoKTLE»SCALS

YAWs AUs ZsLSoXCoYCo»SLUPT» TRAILIXS»YSs NPy

ITELsYTEZ»IVsSOsZUsXPs YP,D1,D2,D3,XsYs IND)
«0) GG TD 91

Q) GO TO 221

s =FHALF{NM)
LTed) GO TU 211
» NSMOO

C) GO T3 221
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211 N = N1
N1 = N2
N2 = N3
N3 = N
NM = NM  +1
NIT = Q
GU TG 101

221 KX = NX/¢
NY = NY/2Z
NZ = NZ/2

CALL COORD (NXsNYSNZ)KSYMaXTFO»ZTiPs XMAX)2ZMAX)y
SYsSCAL»SCALZY»AX» AY,AZ,
AOsAlsAlsn35609Bl9F2,83,2,C1,C25C3)

CALL SINGL (NCsMNZsKSYUsKTEL)kTE2,CHIKDO,

SWEEPI» SwteP2ySWEEPSDIHEDLY DIHED2,DIHED)
ZSoXLEsYLEsXCoXZ9yXZZsYCsYZsY2Z»
25C1sCesC3sELrE29»L39E4»EELIND)

CALL SURF  (NDsNEsSNCINXsNZy ISYMpKSYMyKTEL)KTE2,SCAL>S
YAwsAC» 29 ZosACsYCsSLOPT»TRAILSXS»YSsNP»
ITELSITERsIVeSCsZUs XP»YP»D1sD2s03sX» Yy IND)

IF (INDsEGGO) GC TC 291

60 TO 151

251 K1 = KTE1 -1

K& = KTEZ2 +ITE2(KTE2) =NX/2
DG 252 M=1,3
WRITF (4) NXsNYSNZoNMyKL1oK2oMIT
LD 2¢2 K=1,M7
BUFFER IN (N1»1) (G(uiplsi)sG(MXsMY,1))
IF (UNIT(N1)«GTale) GG TC 281
262 WRITE (4) ((G(Isdsl)sI=1lsMX)rJmlyMY)
REWINC N1
WRITE (4) (FO(K)yKeK1,yK2)
ENDFILE 4
252 CORTINUE
REWIND 4
CALL SSWTCH(1,1ISTOP)
IF (ISTOPLEQel) GO TC 1L61
JiT = )
It (NITeLTeMITeANCeAES(DG) eGToCUVeANDABS(DG) oL Tel0e) GO TOU 141
GO TO 161
281 REWIND 4
60 TO 151
291 WRITE (IWk1T«6006)
WRITE (IWRPIT,292)
292 FORMAT(24HOBAD LATA,SPLINE FAILURE)
60U TO 1
301 IF (KPLOT«GTW0) CALL PLOT(Qe»0es999)
]

50C FORMAT(1x)

510 FURMAT(BFlu.5)

530 FGORMAT(2044%)

600 FORMAT(1HL)

610 FORMAT(F1l24457F15.4)

620 FORMAT(8EL15.5)

[SURANE N =

N =
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630
640
é65C
660
670
700

C

2

11

12

FORMAT(1HG»20A4)

FORMAT(IE,TILD)

FORMAT(1Xs3214)
FORMAT(ILO0,E154553145E1545,31495F1045,112)
FORMAT(2E154452F1544)

FORMAT(L5HOCOMPUTING TIMESFl0e3,10H SeCONDS)
END

SUBROUTINE GEOM (NLsNCoNP»ZSyXSsYSeXLESYLES) SLOPT, TRAILSXP,»YF,
SWEEPLl,)SWEEP2y SWEEP,DIHEDLI,DIHEDZy D1IHEUS
YTEO»CHOKLO ZTIP» ISYMO»KSYM)

GEOMETRIC DEFINITION OF WING

DIMENSION XSCNDs L) s YSUNDY 1) sZS(1)s XLE(L) s YLE(L),

SLOPT(L)s TRAIL(L) »XP(1)sYP(L)pNP(])

IKEAD = 5
IwRIT =5
RAD = 57¢2957795130523

READ (IRtAD,» 5CC)

KEAD (IREAD»51C) ZSYMyFNCySwbbPly,SWEEP2s SWEELP,DIHEDLL,DIHE U2y CIHED

IF (FNCelTe3.) KRETURN

KSYM = ZSYM

NC = FNC

WRITE (IWKIT,»2)

FORMAT(15HO SWEEP(1) ,15H SWEEP(2) ,15H FINAL SWEEP »
: 15H LIHED(L)  »15H DIHEUL(Z)  »15H FINAL DIHED )

WKITE (IWRIT»61C) XLsYLyCHURL yTHICKs AL

WRITt (IWKIT»&61C) SWECPLlsSWEEP2, SWEEPSLIASDL)DIHEV2,1IHED

SWEEP1 = SWEEP1/KaAD

SWEEPZ2 = SWEEP2/kAD
SWEEP = SWEEP/RAD

DIHED1 = DIHEDL/RAD
DIHED?2 = DIHELZ/RAD
DIHED = DIHED/RAD

ISYMC =1

XTEQ = 0,

CHORDL = 0.

K =1

READ (IREAD»500)

READ (IRtADS51G) ZS(K)sXLsYLsCHORD THICKs» AL FSEC
ALPHA = AL/RAD

IF (KeGTeleANDeFY>:CebUe0e) L TO 31

READ (IREAD,5CCL)

READ (IREAD»S51C) YSYMsFNUsFML

NU = FNU
NL > = FNL
N = NU #NL =1

READ (iREAG,5G0)

KEAD (IREAD»S51C) TRLsSLTs»XSING,YSING
READ (IREAD,»500)

DO 12 I=NL,N

PEAD (IREAD»S51C) XP(I),YP(I)
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L = NL ¢+l

IF (YSYMeGT40e) GG TC 13
RLAD  (IREAD»S5CC)

0O 14 I=1,NL

FEAD (IRFAD»310) VAL,OUm

J = L =1
xXP(J) = VAL
14 YP(J) = DUM
GO TC 21
12 J = L
DG 1€ I=NLsN
J = 4 =1
Xp(Jd) = XP(}i)
16 YP{J) = =YP(])

21 WRITE (IWKIT,600)
WRITE (IwR1T»22) ZS(K}
22 FORMAT(1EHOPROFILE AT £ = »FiCeb/
1 1%HO TE ANGLE s1oH Te SLOPE ,15H X SING ’
2 1oH Y SING )
WKkITE (IwKIT»610) TRLySLT»XSINGs YSING
WRITE (IWRIT,24)
¢4 FORMAT(1EHO X »loH Y )
DO 2€ I=1,N
26 WKITE (1wRIT,61¢) AP(IL)sYP(])

3L SCALE = CHUFD/(XELL) =~=XP(NL))
XLE(K) = XL +(XSING =xPI(NL))*THICK*SCALE
YLE(K) = YL +(YSING ~YPINL))*THICK*SCALE
AX = XP(ML) 4 (XSinGC =XP(NL))*THICK
YY = YP(NL)  4(YSING ~=YP(ML))*THICK
CA = COS(ALPHA)
SA = SINCALPH2)
UL 32 I=1yN
XS5(I,K) = SCALEX((XP(I) =XX)*CA +TRLICK®(YP(I) <-YY)=*35A)
32 YS(I,K) s SCALE*(THICK*(YP(]I) =YY)*(CA —(XP(1l) =XX)*3A)
SLOPT(K) = THICK=*SLT ~TAN(ALPHA)
TRAIL(K) = THICK*TXL/RAL
NP(K) = N
XTEQ = AMAXL(XTEO» X5(1,K))
CHORDO = AMAX1(CHCURODO,CHORD)
IF (YSYMeLEeQeolReALFHASNZeCe) ISYMO = O
WRITE (IwRIT»52) ZS(K)
52 FORMAT(27THOSECTION DEFINITION AT Z = ,F10.5/
1l 15H0 xLE »15h YLE »1YH CHORD ’
2 15HTHICKNESS KATIO»15H ALPHA )
WhITF (IWKIT,€10) XLsYLsCHCRD,THICK, AL
K = K 4]
IF (KeLECNC) GD TO 11
70 = o5%(75(1) +ZS(NC))

IF (KSYMeNEWD) ZU = Z5(1)
DU 6z K=1,NC

€2 15(K) = ZS(R) =20
ZTIP = Z5(NC)
RETURN

500 FORMAT(1X)
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C

510
600
610

1
2

1

FORMAT(6F10.6)
FORMAT(1H1)
FORMAT(Fl2e4r» 7F1544)
END

SUBRCUUTINE COCFD (NXsNYsNZsKSYMoXTZO9ZTIP»XMAX s IMAXS
SYsSCALsSCALLsAXs &Ys ALy
BOsALlrA29A35b09BLrsBec»B3925C1lsC2,C3)

SETS UP STRETCHED PAKASOLIC AND SPANwW1SE CJQKCINATES

DIMENSION AQ0(1)sAl(2)sa2C1)sA3(1)sB0(CL)sBL1(1)»B82(1)yE3(1)>

Z(1)sCLlt1)»C2(L)»C3(1)

DX = Z2e/NX

DY = Le/NY

KY = NY +1

Dz = 24/N2

YA = 1, -0z

Kl = 2

K2 = NZ

IF (KSYM,EQ.,Q) GO TO 1

DZ = 1./NZ

rA" B (),

K1 = 3

K2 = NZ +2

AX = oY

AY = o5

AZ = .5

BX = 0,

B2 =z Q.

XMAX = 462%

ZMAX = ,625

SY ® 4,5

SCAL = XTEC/(2E0CULl*RXMAX*XMAX)

SCALZ 2 JTIP/(LeCGUOOQ0L*ZMaX)

v2 = (OX/DY)#*x2

Wl = SCAL/SCALZ

We = (W1l*DX/DZ)*%2

S73 = SQRT(T73,.)

BBX = —~BX*SORT(34%(T74e + ST73))/((1a + ST2)*XMAX®RRZ)

ABX = 14 = BRX*SQKT((74 + $73)/124)%XMAX*23

cBX e (19e + ST3)%RXMAXERXMAX/L2,

ABBX = ABX 4 HBRFE(I4*CHX = 4o XMAXFXFMAX)SXMAX®EXMAX/
SORT(CBX = XMmAX*xMAX)

DO 12 I=2,NX

00 = (I <=1)*0X -1,

B = 1. )

IF (ABS(OD)eGTeXMAX) GU TT 13

A = Cgx = DOx*DO

AS = SQRT(A)

C = ABX*AS + 3BX*¥(3+%CBX — 4.*%DD*CD)*D0O*DD

DO = ABX¥DD + BBX*AS*DD**3

D1 = A5/C
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ne
GO TG 14
13 IF (ODWLTe
A
C
D
DO
Di
D2
1
14 AG(I)
AL(D)
A2(I)
12 A3(I)
CC 22 J=2»
]
A
C
3
D1
vG(J)
B81(4)
Bbeld)
22 83(4)
ez
ABZ
caz
Atgz

Du 32 K=2»
CD
8

= BRAXR(CuXt(~He#CuX + 19.%LD*0UD) = 12.%0D*%4) 40D/ (A%C)

O¢) B = =1,
le =((D0C -B*XMAX)/(1le ~=XMAX))%*%2
AxrAX
(ay +AX -le)*(1, -A)
BexhbAX ¢ AEBX*(DD - R*XMAX)/C
A*C/((Le + D)®ABEX)
=(AX 4AX)*(DD -—B#%XMAX)
*(3. +D)/((le +D)#AX(1le =XMAX)*%*2)

N0
-« 5% 170X
H1*01

o« XD X%DZ

(KY =J)*DyY

le =DD*0LD

Av%pY

(AY 4AY =le)*(le =2)

A*C/((1e +D)*SY)

S5Y*DOD/C

«SxU1/0Y

D10 i*y2 :
-AY%DO*PY®(3, +0)/({(1le +0)*A)
“~B7#SORT(2e%(T7e + S573))/7((1s + ST3)HIMAX®£3)
le = BBIHSQRT((T7s + ST2)/lce) ¥IMAX®X3

(1Ge 4 STI)*IMAXKRINVAEX/L2.

ABZ + BRI¥(3,%CBZ = 4o*IMAXSZIMAX)HINAXEIMAX/
SQAQRT(CBZ = ZMAX*TIMAX)

K2

= (K =Kl)*DZ ~=/0

= 1,

[T S I T TR D DO DR R BN BN R B O BN RN

1 (ARS(DD).GTeZMAX) GG TO 33

A
AS
C
DO
(1
D2
G0 TO 34
33 IF (DDaeL7Y.
A
C
0
DG
D1
D2
1
34 Z(K)
Ci(K)
C2(K)
32 C3(K)
RETUEN
END

= Csl = DD*DV

= SCRT(A)

ABZ*AS + B8Z%(3.%CRZ = &4.*CD*0D)*0D*0D

A3Z*0DC ¢+ BBZ*AS*Q*+3

AS/C

BUZ*(CHZI*(~6o*CBZ + 19.¢00*DD) = 12.%0D**4)*Du/(A%C)

[«

o) B = =7,
ie =0((DD —B*IMEX)/(le =IMAX))#%2
Ax¥pZ
(AZ <Al =1l,)*(l, =A)
BeZMAX ¢ AsoZ*(00 ~ HK*ZMaX)/C
A*C/((le + D)*aBEZ)
={A2 +AZ)*(DD <-—B*IMAX)
*(3e +D)/((1ls +0)%A*(l, =ZMAX)%%2)

SCaLz+D0
+5%C1*W1s D2
01#01%w2
e 5¥D7%¥D2
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SUBRCUTINE

SINGL (NCoMZyASYMKTEL,KTE2,CHORDOS

1 SwEEPLlySWEEP s SWEEPSDIHEDL»OIHCL 2 DIHEL S
2 ISy XLEYYLEIXCoXZoXZZsYCyYZyYZ
3 29CisC25C39E1sk29E39E49E59IND)
GENERATES SINGULAR LINE FOR SOUARE R{OOT TRANSFORMATION
CIMENSION ZSCLY o XLECL) s YLECL) o XCUL) o XZ(1 ) XZZ(1) >
1l YC(OY)oYZU(1)oYZZ(1)pl(1)s»CLl(1)s»C2(1)sC3(1])>
2 EICL)H»E2(L)sE3(L)sE4(L)ES(])
DO 2 K=1,NC
£4(K) = 0,
2 ES5(K) = 0,
Kl = 2
Ke = NZ
1F (KSYMJ.EG.Q) GO TO 11
Kl = 3
K2 = NI +2
KTE1 = 3
11 DD 12 K=K1sK2
IF (Z(K)eLTeZS(1)) KleL = K +1
IF (Z(K)eLESZSINC)) KTE2 = K
12 CONTINUE
8 = CHORDO
Si = TAN(SwcEPL)
S2 = TAN(SWEEP?2)
Tl = TAN(DIHECL)
T2 = TAN(DIHED2)
CALL SPLIF (1sNCsZSsXLEschsE2sF391s5191552505065IND)
CALL INTPL (KTElsKTEcsZloXCrlohC,Z59XLE»clyt2,E3,0)
CALL INTPL (KTE1,KTE2sZsXZsloNCseZS»clsE2sE39L4s0)
CALL INTPL (KTE1»KTEZ29LZsXZLs1sNCsZS5sE25E39L45ED5,0)
CALL SPLIF (1sNCsZSs»YLESELSE29E3»1sTlslsT2sUsCesrlnND)
CALL INTPL (KTE1,KTEZsZsYCs»loNCsZSsYLESELyE25E3,0)
CALL INTPL (KTELlsKTE29ZsYZslsNCr»ZSsElsE2sE35E450)
CALL INTPL (KTE1sKTEzsZsYZZs1sNCsZSst25t3sE4sES,()
S = BRTAN(SWEEP)
Si = B%S1
S¢ = 3%5¢
T = BExTAN(DIHED)
T1 = 3x*xT1
T2 = 3%T¢2
XC(2) = F4¥(XC(3) =XC(4)) +xC(H)
YC(2) s 3.%(YC(3) =YC(4)) +YC(5)
IF (KSYMeNE,Q) GO TO 31
N = KTEl =1
DO 22 K=K1sN
Y4 = (Z(K) =Z(KTE1l))/8
A = EXP(ZZ)
XC(K) = XC(KTEL) 45272 ={(S1 =S)t(le ~=A)
YC(K) = YC(KTEL) +T%ZZ ~—-(T1 -T)*{l. ~-A)
XZ(K) = (S +(S1 =S)*aA)/H
YZ(K) = (T +(T1 -T)*A)/B
XZZ{(K) = (S1 =5)#a/(B#*8)
22 YZZ(K) = (71 =T)*xA/(p*B)
31 N s KTE2 +1

F THE

1o

EEPRODUCBILITY O
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3z

C

21

23
25

i
l

1
2
3

DL 32 K=NypK2
A s
A
XC(K)
YC(K)
XZ(K)
YZ(K)
XZZ(K)
YZZ(K)
RETUKN
END

SUBROUTINE

INTERPOLATES
INTEFPCLATIC
DIM=NSION

Pl
TYAW
Si
oXx
Lx
MX
M
IvVo
vl
DG 2 K=1,MZ
ITEL(K) =
[TE2 (K)
00 2 IslyMX
IV(IsK)
SRUI,K)
K
K2
Ke
Kl
k2
IF
k2
ki
C
cC
DG 32 I=24NX
1F ((AO(])
IF ((AO(I)
CONTINUE
ITEL(K)

(ZS(K2)

(Z(K) =2(KTEZ))/B

EXP(=-27)

XKCIKTEZz) +S5*Z7 +(S2 =%)1*{l. -A)
YC(KTEZ) 7227 +(T2 =T)*(l, -A)
(35 +(S2 =5)%A)/E

(T +(T2 ~=Ti*A)/B

=(SZ2 =S)*a/(B*B)

=12 =T)*a/(348)

(NDaNESNCHNXINZ) ISYMIKSYMoKTEL»KTEZ2»SCALS
YAwsAO9ZsZSs XCoYCrSLUPT,TRAILSXS» YSHNP»
ITELsITE29IVsSCrZO0sXPsYPsD1sD2sD39XsYslnND)
MAPPEL WING SURFACE AT MESH PUINTS

N IS LINcAR IN PHYSICAL PLANE

SOINES 1) o XD(NDs L) o YSIND» i) ZS5(1)»SLOPT(L)»TRALL(L)

XCUO1l)YpYC(1)A0(1)»ZC1)ZCG(1)sX(1)sY(]1))

XP(1)sYP(L)pDLl(1)p1:2(1)sD3(1)y

IVINESI)sNP(L1)sITEL(L)»ITEZ(L)

3,14459265935:979

TAn(YAw)

e u*SCAL

2elNA

NX/2

N X

NZ
1

-1

SURF

+1
+1
+3
=[SYM
-ISYN

=ISYMm -=1SY¥ .

MX
MX

-2
Oe
KTEL
1

K2
Ke
i,
~-Z(K))
(Z(K)
ls -R2
R1#XS(1lskl) +R2¥XS(1,K2)
SQRT(C(C +C)/SCAL)

+1
-1

21,259,253

=ZS(KL))/CZS(K2) =ZS(K1))

*oﬁ*DX)oLTo‘CC)
’05*Dx,otTlCC)

11 = [
12 = 1

+1

I1
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41

42

45

44

ITE2(K)

cC

20(K)

KK

P

N

Q

DO 42 I=2,
xX(1)

ANGL

U

Vv =
DG 44 I=1,N
R =

HZ N H N NN RN

I2

AO(le)/CC

Z(K) “TYAR*(XC(K) +S1«A0([2)*A0(12))
K1

R1

NP(KK)
SORTIXS(1sKK)/CH/CC
Q*¥A0(])

PI +Pl

1.

0.

SORTIXS(I,KK)*#%2 +YS([,KK)®*t2)

IF (ReEQ.Ce) GO TO 4:

ANGL =

x < C

XP(I)
YP(I)

GG TO 44
ANGL

U

v

XP(I)
YP(I)
CONTINUE
ANGL
ANGL1
ANGLZ
ANGL1
ANGL?Z

T1

T

CaLL SPLIF
CaLL INTPL
X1l

NRH NN

00 5z I=2,
XX

U

YY

R

ANGL

U

v

R

(TR T T I O IR B S N B BB BN

ANCGL  +ATAN2((URYS(IsKK) ~=V¥XS(IsKK)))
(URXSTIsKK)  +VAYS(LyKK)))

XS{1yKK)

YS(1sKK)

SQRT((R +R)/3Cal)

R*CUS (S *ANOGL)

RESIN{ ¢ 5*ANGL)

PI
-1
O
Co
Go

ATaM (SLUPT(KK))
ATANCYS(LykK)/XS(iyKK))
ATANCYSINSKK) /XS INs KK))

ANGL =—o5*(ANGLL =TRAIL(KK))
ANGL =of#(ANGL2 +TRAIL(KK))
TANCANGLD)

TANCANGL2)

(1)Ns XPrYPyD1sD2sL32s1sTlrlisT2sCsCerlngd)
(I1s 29 Xs Yo isneXPyYPsD1ls0D2EsC3,0)

e 25# XS5(19KK)
SLOPTIKK)*(XS(1,KK) =X1)
le/7(XS(1,KK) =X1)

PL +PI
1.

O

11 -1

o SESCALXX(I)*%2

BE(XX =Al)

YS(1oKK)  +A*ALUC(L) /D
SQRT(XX*%2 +YY#%2)

ANGL  +ATAN2((U*YY —VEXX), (U¥XX +V4YY))

XX
YY
SCRT((R +R)/SCAL)
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-

52

74

76

81

82

Yo = RESIN(,F*anol)

4 = SLUPT(KK)®(XS(NsFK) =X1)
B z le/(XS{N)KK) =X1)

ANGL s o

U = 1.

'} = (O,

M = [2 ¢l

Du 54 I=MyNX

XX s JERSCALAX(])*¥¢

8] = Z¥(XX =Xx1)

YY = YSINyKK) +A*ALOG(D)/D

R = SQRT(XXK*%2 +YY*#%2)

ANGL = ANGL +ATANZ{(U®RYY =VeXX)yp{(U*XX +V*YY))
U = XX

v =YY

P = SQPT((P +R)/S5Cal)

Y{Io) = K*SINC.S+ANGL)

Q = pPHC*CCH*CC

DU 62 I=2,NX

SO(I,K) = SO(I,K) +Q%Y(])
IF (KKeEQ.K2) GO TO 71

Kk = K2
P = R
6O TC 41

LD 72 I={1s12
INCIsK) = 2

M = [1 -1

00 74 1=2,M

12 = Z(K) ~=Tvyaw#(XC(K) +S1*a0(I[)}*A0(]))
IF (ZZ2eGteZO(KTFL)) IV(IsK) = IVD

CONTINUE

M = ]2 +]

DO 7¢ T=myNx

12 = 7(K) =TYAW*(XC(K) +S1%40(I)*A0(1))
IF (2Ze6GE«ZOUKTEL)) IV(I,K) = JVO

CONTINUE

K2 s K2 =1

K = K 41

1F (KoLEJKTE2) GO TO 21

Kl - 2

K2 = NZ

IF (KSYMerQesJ) €O TG 51

Kl = 3

K2 = NI +2

D0 82 I=2yNX

l2 e Z(K) ~=TYAWx(XC(K) +S1+aG(1)*AQ(I))
IF (ZZelLelIS{NC)eANGEZZaGZaZCIKTEL)) LVII»K) = VO
CONTINUE

K = K +1

1F {kR.LEWkZ) GO TO E1

N = KTE2

IF (YAWLE«OW) GO TO 93

10 = [Tcl(KTEZ) <+l

DO 32 I=1C,LX
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92
93

104
102

112

C

12

21

~N WM P WN -

N = N +1
ZO(N) = Z(KTE2) =TYAW*(XC(KTIEZ) +51*AG(I)*20(1))
I = ITE1(KTEL)

ZO(KTEL=1) = Z(KTEl=1l) ~=TYAW*(XC(KTE1=1l) +S1*AQ(1)*AG(L))
ZO(N+1) = Z(KTE2+1)

D0 102 K=Kl,Ke

DO 104 I=2,NX

IF (IV(I,K)eGTeC) GO TO 104.

IF (IV(I41sK41)eGTe0eUkelIV(I-1yKk41)aGTo0) IV(LlsK) = 1V1
IF (IV(I+1sK~=1)eGTe0e0KedV(I=1sK=1)aGTou) IV(Isk) = 1VI
CCNTINUE

IF (SO(LXsK)elTeleb=05) LIVILXsK) = O

IF (KSYMeb£QeQ) KeTURN

00 112 Is=gsNX

SC(I,2) = 34%(SC(I»3) =S0U(1r4)) +S5C(I,5)

RETURN

END

SUBRCUTINE ESTIM

INITIAL ESTIMATE OF ReEDUCED PUOTENTIAL

COMMON G(l93,2654)»50(193535),E0(131),20(1321),
TV(1393535)ITEL(22)ITL2(35),
ACG(193),A1(193),A2(193)5,A3(193),
BO(26)sRB1(26)sB2(2¢)583(26),
Z(35),C1(35),C2(35)5C3(35),
XCU35)sX2(35)9XZZ(35)sYC(35)sYZ(35)»YZZ(35)>
NXsNYSNZIKTELoKTEZ2s ISYMsKSYMsSCAL,SCALZ)S
YAWs CYAWs SYAWws ALPHASCA» SASFMACHINLISNZH) N3, I0

MX = NX +1

KY = NY +4

MY = NY +2

MZ = NZ +3

DO 12 I=1,193
DO 12 J=1,26

DO 12 K=1,4
G(I»JdsK) = Q.
K = ]

DO 2¢ I=2,NX
G(IsKY+1ls1) = O
IF (IV(IsK)eLTe2) GO TO 22

DSI = SC(I+1:K) =S0(i=1,K)

DSK = SO(l,K+1) =SQ(1l,K-1)

$X = AL(1)*DSI

SZ = C1(K)*D3SK

FH = AO(IVI*AC(L) +#S50(IsK)*S0(IsK)
H = le/FH

AL = —AQ(I)*XZ(K) <=SO(I,K)*YZ(K)
BZ = «AQ(I)*YZ(K) +SCUI,KI*XZ(K)
HZ = AZ%SX =BZ +FH#*SZ

FYY = Jeo +SX¥5X +HRHZ*HZ

FXY s SX  +H¥*AZ2¥HZ
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O

22

41

SESEFSEETE S S SRS

v = SARAQ(]) -CA¥S50(1,K)

U = CA¥AG(I) +SA*SO(IyK)

W = SYAW +CA*XZ(K) +SA*YZ(K)
G(IsKY+1s1l) = G(IpkY=1y1)

i +{v*(le =n*BZw*HZ) <=URFXY
CONTINUE

BUFFEK OUTINZ3sY) (G(1yLlp1)sG(FXyMYyl))
If (UNITI(N3).GTeGCe) GO TO 41

BUFFER OUTI(NL1s1) (G(L1slal)sGiMXsMYsl))

-W*HZ ) /CFYY*BLIKRY))

IF (UNIT(N1)eGTeGe) GO TC 41
K = K +1

1F (K .lLEoMZ) GO TC 21

K1l = KTEl -1

K2 = KTE2 +1TE2(KTE2) =NX/2
LO 32 K=K1yK2

EC(K) = Do

1C = 1

ReTUPN

1C = (

KETUFN

tNO

SUBRCUTINE MIXFLD

SLLUTINN CF

EQUATIONS FOR MIXEC SUBSONIC AND SUPERSONIC FLOW

USING ROTATED DIFFERENCE SCHEME

CCMMON

~N T, S LN

CUMMOUN/FLL/
COMMON/SWE/

N

tx
MX
KY
My
TYAW
Sl
bXx
Tl
AAG
Ql
Q2
FR

£(193,26s4)550(193,35),E0(131),20(131),
IV(193,35),[Tcl1(29),1TE2(35),
AU(193),41(193),A2(193),A3(193),
BC(26)9B1(26)sRB2(26)9B3(26)>
Z(35)sCLl{35)sC2(35),C3(35),

XCC35) 9 XZ(35)sXZZ(35),YCU(35),YZ(35),YZ2(35),
NXsNY)NZoKTEL»XKTEZ2y ISYMpKSYMySCALSSCALZS
YAWs(YAWs SYAW,»ALPHASCA» SAsFMACHINLIS) N2y N3» 0
STRIPIPLsP2sP3»BETA»FRyIRIIR»4RsDGy» [Gy JGHKGHNS
6R1(1G93,26)96K2(193526)»
SX(193)9SZ(193)pSXX(193)sSXZ1193),S522(193),
RC(193),R1(193)5C(193),D(163),
G1lO(26)5G20(26)5G3C(26)»G4C126)»G1(20)»G2(26),
119 I2sKsbLaNOsLXyMXsKY» MY T154A0sQ15Q2y TY&W,5 351
NX/Z2 +1

NX +1

NY +1

NY 42
SYAW/CYAw

« 5%SCAL
2e/NX

DX*LX
le/FMACH®*2
2e/P1

le/P2

O

+.2
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IR =0

JR = 0

KR = 0

DG = Qo

16 = 0

J6 = 0

KG =

NS = 0

K1l . 2

K2 = NZ

IF (KSYMJEQWG) GO 10 1
Kl = 3

K2 = NZ +2

F = ABS(o5%STRIP*®NX)
L = F

I1 = X =L

I2 = X 4L

IF (LeEQe() I2 = LX =1

. D0 2 L=1,23

BUFFER IN (N1s1) (G(lslsl)sGUMX,mYyi))
IF (UNIT(N1)+GT.Cs) GUL TUL 101

CONTINUE

DU 4 J=1,kY

DO & i=1l,MX

G(IsJdr4) = G(IyJrl)
GK1(IsJd) = G(Isdsl)
GK2(IsJd) = G(Ipdsl)
K = 2

L = 2

NO = KTE1l -1

IF (KeEQeK1) GG TO 21

BUFFER OUTINZ2s1) (G(lsls&)yG(MX,MYy4))
IF (UNIT(NZ)«GT.04) GU TC 101

BUFFER IN (N1s1) (G(1ls1s4)sG(MXsMYyr4))
IF (UNIT(N1).GT.0.) GO TO 101

IF (KSYM.EQ.Q) GC TG 51

I = X

0S1 = L0(I+1,2) -S50(1-1,3)
DSK = S0(Is4) =SO([,2)

SX(1) = A1(1)*DSI

SZ(D) = C1(3)#*DSK

R = AMING(1l,1IV(IsK))

J = KY

DO 12 M=2,KY

YP = BG(J) +S0(I,3)

H 2 R/(1le =R +YP*YP)

Al s -YP%*xYZ(3)

BZ 2 YP*XZ(3)

A = H¥AZ*AL(])

B = (H¥(BZ =AZ*SX(1)) =SZ(I))*31(J)
DGI = G(I+1lyds3) ~=G(I-1lsd»r3)
DGJ 2 G(IsJd+1s3) =G(Iyd=1r3)
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G(Isua2) = G(Tpds4) +(A*DGL ~-B*DGY)/CL(3)
GK1(I»J) = G(Iy,ds2)
G(Isdsl) = B3 4%(G(Isds2) =GlIsxdr3)) +G{Islsra)
GK2(1lsd) = G(Jrdsl)
[ = 1.
12 J = J -1
J = KY +1
G(Isds2) = G(Isds4a) +(A*®DG) =~B%DGJr/CL(3)
GKL({I»Jd) = G(I,4,2)
G(Isdsl) = 34%(G(Isur2) =6G(1lyJdse3)) +GlIrds4)
GK2(IsJd) = G(Isdsl)
M s NX/g -1
DO 1¢ II=1,M
I s X -=II
GO 10 16
15 1 = L X +]11
16 DSI = SO(1+2,3) =SC(1-1,3)
D SK = SO0(Is4) =~S5C(Is2)
SX(ID) = t1(1)*0S1
S2Z(I0) = (l{x)*DSK
DO 1& J=2sKY
Yp = H0(J) +50(I,3)
H = J1o/0a0Cf)*A0(I) +YP*YP)
Az = ~AC(I)Y#X (%) =YP*YZ(3)
BRZ = =AYCL)*YZ(3) +YP*XZ(3)
S = SI6N(1lesAZ)
A = H*¥ABS(AZ)*AL(])
) = (H¥(BZ =AZ*SX(I)) =SZ(1))#*81(J)
Ip = 1 +IFIX(S)
IM = ] =IFIX(5)
DGI = G(Isdsa) =G(IMydyr4)
Loy 2 G(Isd+ls3) =G(lyd=1s3)
G{Iyds?2) = (CL(3)*G(Lsdre) +A*(G(IP,Js2) +DGI) =B*LGJ)/
1 (C1(3) +a)
GK1(Isd) = G(Isdsr2)
G(TIsdsl) = 34*¥(G(Irus2) ~=G(I,ds3)) +G(Isdr4)
18 GK2(I»Jd) = G(Isdrl)
J = KY +1
GlIpds2) = (CL(3)*G(IyJss) +A*(G(IP,Js»2) +DGI) -B*DGJ)/
1 (C1l(3) +a)
GK1(Is»Jd) = G(Isds2)
IF (1.LT.LX) GL TO 15
14 CONTINUE
Gu TC 51
21 BUFFER DUT(N2,1) (Cllsls4)sG(MXsMYs4))
DO 22 Jd=1,MY
Gl0o(J) = G(IZsdr2)
G20(4) 2 6(I2-1sds2)
G30(4) = G(IlsJdr2)
22 G40(J) = G(11l+1lsJsr2)
00 3¢ I=2,NX
DS1 = SO(1+1lsK) =S50(1-1,K)
DSK = S0(lsKe+l) =50(1sK=1)
DSII =z SO(I+1lsK) =SOC1sK) =50(I,K) +SC(l=-LskK)
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1 +A3(]1)*DC1

DSKK = SO0(JsK+1l) =SO(1sK) =SOUI»K) +5C(I,K=1)
1 +C3(K)*DSK

DSIK = SO(I+1,K+1) =SO(I-1,K+1l) =SOCJ+1,K=1) +50([I-1,Kk=-1)
Sx(I) = A1(1)*DS1

SZ(I) = Cl(K)*DSK

SXX(I) = A2(1)*D31{

SZZ(1I) C2(K)*DSKK
32 SxZ(I) = T1*Al(1)*Cl(K)*DSIK
IF (12¢GTell) CALL YSAteP
IF (UNIT(N2).G6GTe0e) GO Tu 101
IF (kRelTeké) BUFFER IN (N1yl) (G(lsls@)sG(MXyMYs4))
IF (I1.GT42) CALL X3SwtkEP
IF (UNIT(N1).GT140e) GU TC 101
IF (KoeNEWKTEZ«CPoYAWelLzels) GC TO 51

10 = TTEI(K) +1
LU 42 I=1CsLX
M = NX +2 -]
3 e G(MyKY»2) =G(lyKYs2)
NO = NO ¢l
42 EGQGINO) = ECINU)  +P3*(E ~EQ(NU))

51 IF (KJEQ.K2) GO TO 61
DO 52 J=1,MY
DO £2 I=1,MX
G(Isusl) = G(Isds2)
G(Isds2) = Gllsds3)
G(IsJds3) = G(Isyds4)
52 G(Isdss) = G(Isdsrl)
K = K 4]
60U TO 21
€1 DO 62 L=2,3
RUFFER OUTI(NZ»1) (G(1ls1lsL)sG(MXsMY,L))
IF (UNIT(NZ)eGTeCe) GO TU 101
62 CONTINUF

FR = 1l.2%FR/AAD
10 =1
RETURN
101 10 = 0
RETURN
END

SUBRCUTINE YSWELEP

ROW KELAXATION

CGMMON Cl19352654)9S0{193,35),E6(131),20(131)»
sv(1G63,35),{TEL(35),1ITE2(35),
AU(193),AL(193),A2(19%3)5A3(193),
BO(Z6)sB1l(26)9B2(26),83(26),
Z(35)9C1(35),C2(35),(3(35),
XCU22)s XZ(35)9 XZZ(35)sYC(35)sYZ(35)5Y2LL(35),
NXoNYsNZyKTEL»KTEZ2s ISYMsKSYMy SCAL,SCALZ,
YAwsCYAN, SYAWs»ALPHASCA» SAyFMACHsNLsNEZs N3, I0

~NCUm SN
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COMMUN/FLO/ STR1PsPLyP2yPIsBETASFRIIR)JIRIKRIDGs 16y JGoKEHNS
COMMOUN/SWE/ GK1(193,206),6K2(193,26),

1 Sx(193)585Z(193),5%XX(193)5sSXZ(193)5S22(193),
2 RGU(193)»sK1(193),C(193),D(193),
3 G12(26)9G20(25)5C30(26)9G40(26)5GL(26)262(26))
4 I1oI2sKoLaNIsLXyMXsKYsMYsT1oAAO»QI»Q2y TYAW,SI
J1 = 2
IF (FMACH.GELle) J1 = 3
C(Il-1) = 0O,
D(Il=-1) s Q.
DO 12 I=11,12
RO(T) 2 1.
¢ R1(I) = 1,
GK1(I»1) = G(Is1sl)
12 GK1(I»d1l=1) = G(I»Jdl=1lsL)
J = J1
I3 = ]2
31 BC = ~T1%81(J)*C1l(K)
DL 32 1I=11,13
AR = =T1l*2p(]1)*810J)
AC = T1*A1(I)*C1l(K)
YP = 50(1,K) +80(J)
A 2 le =RC(L) HAC(I)*L0(1) +YPHYP
H = RO(I)/A
FH = RO(I)#*A
P 2 AC(L1)*(4%YP*YP =FH)
G 2= YPx(4exAU(I)*AG(T) ~FH)
A = XZ(K)*®XZ(K) =YZ(K)*YZ(K)
B = (XZ(K) +XZ(K))*YZ(K)
AZ = =AQ(I)*XZI(K) =YP*YZ(K)
BZ s «p0(1)*YZ(K) <+YP*XZ(K)
cz = HeH¥(P*A =0%*3) —AG(I)*XZZ(K) =YPRYZZ(K)
D2z = HAHX(Q*A +P%*3) ~AQ(I)*YZZ(K) +YP*XZZ(K)
DGI = G(I+1sdsl) =5(I=-1sJ>sl)
DGJ = G(lpJd*lsl) =GKi(lrJ-1)
DGK = G(IsJdsrl+l) —-GKI(I1s4)
DGII s G(I+1sdsl) =G(Isdsl) =G(IsJdslL) +G(I-1rJdrl)
1 +A3(1)*06G1
DGJJ s G{IpJelsL) =G(lsodslL) =G(lsdsl) #G{Ll,J=1sL)
1 -B3(y)*DGJ
DGKK = G(Isdol+1) =G(I»Jsl) =G(Isdsl) +G(Is»JdsL-1)
1 +C3(K)*DGK
LGIJ = L{I+lsJ#+lrL) ~-G(I=-1sJ+lsl)
1 ~C(I+lsd=1sL) +G(I=lsJ=1,l)
DGIK = G{I+lydsolL+tl) =G(I+1lydslL~-1)
1 =G(I=loJdrL+l) +G{I-1y4ylL~-1)
DGJK = G(IrJtloL+l) ~-G(lsJd=1lyL+1)
1 =G{Isdtlsl~1) +G(IyJ~-1sL-1)
GX = Al())*DGI
GY = =R1(J)*DGJ
V] = GX =SX(1)*GY +CA*AQ(I) +S54*YP
) = GY +SA%A0(1) -—CA*YP
W = RO(IV*¥(CL(K)*DGK ~SZ(1)*GY +SYAW
1 +CAXXZ(K) +SA®YZ(K) +H*(U®AZ +V*BZ))
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AU
Av
Qxy
QQ
AA
HZ
FXxX
FYY
FXxY
Bv
uu
Vv
WW
uv
Uw
Vi
AXX
AZl
AXZ

(S, N TU SO g

33

AXT
AYT
ALT
A
AXT
AYT
AZT
IF (QQ.GE.
AXX
AYY
ALl
AXY
AXZ
AYL
BP
BM
B

R

60 TC 35
NS

S

In

IMM

AXX

AYY

ALZ

AXY

AXZ

N R ¥ W ONERE R N RN NR NN

U  +W*xAZ
V  +w*BZ
He(UXU +V*V}
OXY +Wkin
DIM(AAQ)Y «2%QQ)
AZ*SXx(1) =87 <+FH#*SZ(])
l. +H*¥AZ*AZ
le #+SXCI)*SX(I). +H*HZ*HZ
SX(1) +H*AZ¥HZ
AV  =AU*SX (L) ~=Fh*w*52(1)
H*AL ¥AU
H¥BV*BY
FH®gky
HxAU*BY
AU\
BV
R1ICI)*(FxX*aa =LL)
FHXAA =WW
(RI(I) +RI(L))*{4aZ*AA ~-Uw)
~(AXX®RSXX(I) +27Z%SZZ(L) +4AXZ=SXZ([))*GY
+T1*(AAR(CZ*CX +{(LZ —-SX([)*CZ)*GY)
~H® (CAX(AUSALU =pVHaV) +(SA +SA)*AURAY
—-AXY®(URAC(]) +vxYP
+(W +W)*(AC(1)*AZ +YP%BZ)))
~wwt (Ca®XZZ(K) +SA*YZZ(K)) —~wetw*(U*C.Z +V*D7))
ABSTAU*AL(LIN)
ABSIBV#*E1(J))
ABS(FH*W*CL(k))
RO(1)*BETA®AA/AMAXL(AXT,»8YT,AZTs(1le =RQO(I)))
AxAXT
A*AYT
A¥AZT

A) GO TO 33

AXX*¥42(])

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

ALZ#C2(K)

-R1ICI)*(FXY*AA +UV)*(AB +A3)
AXZ*AC

-R1(I)*(HZ*AA +VvW)x(BC +BC)
A XX

AXX

~AXX =AXX =Qix(AYY +AZ]l)
AXX*DGIT +AYY*DGJJ +AZZ*DGKK
+AXYR0GI)  +AYZ*DGJK  +AXIH0GIK  +FR

NS 41
SIGN(1lesVU)

I =IFIX(S)
IM =IFIX(S)
Uu*A2(1)
VVxB2(J)
WwW¥C2(K)
Be*S¥UVHAB
Be*SkUWXAL
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+AXZ)

AYZ = B.*%Va*B(C
B XX = (FXX*QQ =-UU)*a2(I)
BYY = (FYY*QC =VV)*B2(J)
BZZ = (FH*QQ =wWw)*CZ(K)
EXY 2 —(FXY*QQ +UV)I*¥(AB +AB)
BXxZ = (AZ*QQ0 =Uw)*(AC +AC)
BYZ = =(dZ*%QQ +VWw)*{(cC <+8C)
AQ = AA/QQ
DELTAG = BXX*DGlI +BYY¥DGJJ +BZZ*DGKK
1 +BXY#*DGL1J +pYZ*[GJK +2XZ*DGIK
DGII = G(Isdsl) =GUIMsJsl) =GUIMyJrL) +G(IMM,JsL)
1 +A3(1)*DGI
DGJJ = G(Isdsl) =G(Isd=1rL) =G(Isd=1sL) +GKI1(Isy=2)
1 -B2(J)*DGy
D GKX = G(lodsl) =G(Isdsl=1) =G(lsdrl~1) +GK2Z2(I,d)
1 +C3(K)*LGK
Leld = G(Isdsl) =G(LIMsJdsl)
1 =G(IsJd=1oL) +G(IMsdJ=1,L)
CGIK = G{IsJdrl) =G(IsdslL-1)
1 =G(IMsdsl) +G(IMsJsbl~-1)
CCJK = G(Iydsl) =-G(Isdsl-1)
1 -G(IsJd=1sL) +G(IpJd=1stL~-1)
GSS = AXX#0GII +AYY*DGJYJ +AZZ2*006KK
1 +AXY*DGIJ +AYZ*DGJK +AXZ*DGIK
B 2 ¢S5 (AC ~=lo)2(AXX +AXX +8XY +AXZ)
8P = AQ*BXX =(le =S)%g
BM = AG¥EXX =(1le +S)%B
B = ~ACTH(BXY +8XX +Q2%(BYY +B822))
1l t(AC  «lo)®(24%(pXX +pYY +AZZ) +AXY +AYZ
R = (A0 =1.)%GSYS <+AQ*DELTAG +R
35 1F (ABS(R)LECABS(FR)) GC TO 37
Fr = R
IR = I
JK =
KR s K
37 K = R =AYT*(GK1(I,Jd=1) =~G(I,Jd=1,L))
b ~AZT*(GK1(IsJd) =G(IsJdsl=-1))
g = B «AXT =aYT «=pZIT7
BHM = M +AXT
B = 1o/(8 =8M4&C(I=<: )
c(I) = B*BP
32 ©(I) = 3%(R ~EM*D(]I-1))
CG = Lo
I = 13
CU 42 M=I1,13
CG = D(I) =C(I)*CG
IF (ABS(CG)LELARBS(DG)) GI TU 43
DG = CG6
IG = I
JG = J
KG = K
43 GK2(isd) = GK1(I,J)
GK1(IsJ) = G(Isdsl)
G(Isdsl) = G(Isdsl) =CG
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42

51

52

61

62
1

71

73

75

77

1 =1 =1

J = J +1

IF (J =KY) 31s51»61

IF (12eGToITE2(K)) I3 = 1Tr2(K)
IfF (ITE2(K)EQ.MX) I3 = LX

DO 52 I=I1,1I3

LV = JABS(1l =IABS(IV(IsK)))

RO(TI) = AMINOC(LV, [ABS(IV(1,K)))

R1(I) s LV

GU TC 31

N = NO

I = LXx 41

IF (KeLToeKTELoORKeCGToeKTE2) G0 TO 71

10 = NX +2 =13

DO 62 I=I0,I3

A = le =RO(I) <+AC(IN*AC(I) +3D(1sK)*ST(IsK)

H = RCO(1)/4

FH = RO(])*A

AZ = =AG(I)*XZ(K) =SCG(l,K)*YZ(K)

8Z = =AG(I)*YZ(K) +SO(I,K)*XZ(K)

HZ = AZXSX(I) =87 +FH¥SZ(])

FYY = le +SX(I)*SX(I) <+H*HZI*HZ

FXxy = SX(1) <+H®*AZ¥HZ

DGI = G(I+1sKYyL) =CG(I=1,KYsL)

DEK = GOIsKYsL4l) —=CK2(1sKY)

v = SA®AG(I) =CA*SC(I,Kk)

U = AL(I)*0G1 +CA*AG(]) +54%50(],K)

W = CLIK)*¥DGK +5YAWw +CAXXZ(K) +>A%YZ(K)
)

GUI)KY+1,sL) = G(IsKY=1yL)
+(Vx(l,e ~H*BZ%RZ) =~U=FXY =wW&HZ)/(FYY#Bl(KY))
I = 10

1F (I0eNECITEL(K)) GC TQ 71

£ = G(I3sKYsL) =G(IOsKY,L)

NG = NO +1

EQING) = EQ(NQ) +P3I*¥(E =EQ(NO))

N = NO

IF (I«LEosIl) RETURN

I = 1 -l

E = Co

IF (IV(IsK)NEs1l) GO TO 77

1 = 7(K) ~=TYAw*(XC(K) +S1*a0(1)*A0(I))
IF (ZZ.GELZGIN=1)) GO TQ 75

N = N =1

GO TO 73

R = (22 =720(~N=1))/7(Z2C(N) =20(N-1))
E = R*EGI(N) +(ls =R)*EQ(N-]1)

M = NX +2 <=l
GII,kY+1lsL) = G(MeKY=1l,L) =t

GIMyKY+1sL) = GUIsKY=1,L) +E
GK2(MsKY) = GK1(MsKY)
GK1l(FsKY) = G(MsKY,L)
G(MsKYsL) = G(I»KYsL) +¢t
GC TOo 71

END
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21

~NoTWU SN

W

SUBRCUTINE XSwtEP

COULUNMN RELAXATICH

COMMCN G(192s2654)550(193935),E0(131),20(131),
IV(193,35),1IT51(35),1TE2(35),
40(193),01(193)502(193)5A3(193),
BCleS)»B1I(20),62(26)58B3(206)>
2(35)sCl(35),C2(35)5sC3(35),
XC(35), XZ(35) s XZ2(35)sYC(3E)sY2(35),YZZ(35)>
NXsNYsNZyKTEL1oKTE2s LSYMsKSYMs SCAL,SCALZ,
YAWs CYAWy) SYAWws» ALPHASCA» SASFMACHYNLISNZ2) N3, 1D

COMMUN/FLGY STR1PyPlyeP2sPlsbtTASFRIIKIJRIKRIDGIBy JGryKEINS

CUMMON/SWP/. GK1(193,26)s6K2(193,26),
SY¥(193)»SZ(193)sSxX(193),SX¥Z(1G3),S22(193),
RO(193),R1(193)»C(193)sD(143),
G1l0{26)»G20(26)9C3U(20)9G4C(26)961(26)9G2(20)s
I1o12sKa Lo N LAsMXsKYs MY, T1»AAD» Q1 Q2 TYAWsS1

N = NO

Ji = 2

IF (FMACH.GEsle) J1 = 3

CtyL-1) = 0,

D(Jl=-1) = (o

S = 1,

Il = 1

1 = 12 23]

DO l¢ J=2,KY

RCG{J) = 1

R1(J) = 1.

Gl(J) = Gl0(J)

Ge(d) = G200J)

IpP =1 <+l

IM = I -1l

J2 =2 KY

IF (IVUIsK)aLTeZeANDel oGTeblX) J2 = NY
Lv = [ARS(1 -IABSCIV(I,k)))
RGIKY) = AMIML(LVo LABS(IV(1,K)))
F1(KY) = LV

LC = T1l*ALl(I)*C1l(K)

DU 32 J=Jl,de

Ab = «-T1*AX(I)*B1(J)

8C = =T1%*B1l(J)*CL(K)

YP = SO(IsK) +30(J)

A = 1o =RG(J) +AG(I)*AC(L) 4YP*YP
H = RG(J)/A

Fr = RO(J)*A

P = AQ(1)*(44*YP*YP ~=FH)

C = YP4#(4e*AL(L1)%A0(I) <=FH)
A = XZ(K)*XZ(K) ~=YZ(K)*YZ(K)
B = (XZ(K) +XZ(K))*YZ(K)

AZ = =AQ(I)*XZ(K) =YP*YZ(K)
87 = «ACG(L1)*YZ(K) +YPRXZ(K)
CZ = H¥H*(P*xA -Q#B8) ~AC(L)*XZZ2(K) =YP®YZZ(K)
DZ = HEH*(Q*A +P%B) =—-AC(I)*YZZ(K) +YP*XZZ(K)
DGI = Sk(G(IPsJdsrl) =G1(J))

DeJ = G(IsJ+lsl) =G(lsd=1sl)
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DGK
DGII

DGJJ
DGKK
”DGLJ
DGIK

DGJK

AU
AV
oxy
Qq
AA
HZ
FXX
FYY
- FXY
Bv
uu
vy
Whw
uv
Uw
Vi
AXX
Azl
AXZ

(S I SRR LA o

AXT
AYT
AZT
A

AXT
AYT
AZT

G(IsJdsl+1l) =Gr1(IsdJ)
ClI+lrdsil) =G(Is»Jdsl) ~=G(IlsdslL) +G(I=1sd,rl)
+23(1)%DG1
Gllasd+lrt) =G(lsdsl) =G(Irdsl) +G(Lpd=1ysL)
-B3(J)*DGY
GlIsJdsL+l) =G(lsdsl) ~G(IlsJdsl) +G(lsdslL~-1)
+C3(K)*DGK
GlI4lyutlrl) =G(I=1lyJ41lsL)
=G{I+1yJd=1sL) +C(I=-1s4=1»L)
G(I+1l,Jsb+l) =G(I+lydrl~-1)
«G{I-1sJdsoltl) +GlI=1surL=1)
G(Isd+lrsl+l) =G(lIlsd=1,L+l)
=G(1lsd+1lsL-1) +G{lyd=1rl=-1)
Al(I)#*DG]
-B1l(J)*DGJ
GX =SK(I)*GY +CA*¥AG(I) +S5A%YP
6Y +SA*pI(1) -=CA=xYP
RCGJI*(CL(K)I*DGK  =S5Z(1)¢GY +SYAW

+LAXRXZ(K) +SARYZ(K) +H*(U*A/. +V¥*BR1))
U +wkxal
V  +wW¥*B7Z
H* (L *U +Vey)
QXY 4w
DIM(AAG)Y « 2¥Q()
AZ*SX{I) -BZ <+FH*SZ(])
le 4HXA2ZBAZ
1. +SX(I)*3Sx(]) +H*HZ*HZ
SX{I) +HXAZ*HZ
AV =AU*SX(L) —FH*wxSZ(1)
H*¥pAU*AU
H*BV*BYvY
FH®W*W
H¥AUXBY
AU*W
3Vkw
RI(JI*(FXX*¥AA =LU)
FUkAA =wW
(R1I(J)  +RL(J))I*(AZ=*2a =Uw}
= (AXX®SXX(1) +hAZZ#*SZZ(I) +AXZ#*5XZ(1))*GY
+T1*(AAR(CL*GR +(DLZ ~=SX(1)eCZ)*GY)

“H*(CAR(AURLL =AVEAV) +(SA +SA)*AU*AY
-QXY*®(U*AC(I) +V*YP
+(W +w)*(AO(I)*®AZ <+YP=RBZ)})

—wWP(CARXZZ(K) +SA*YZZ(K)) =—wepud(U®CZ +V¥D12))
ABRSCAUXALI(I))
ABS(BV*B1(J))
ABS(FH*Ww*C1(K))
ROCJ)*®BETA*XAA/AMAXYI(AXTH»AYT,AZT,(1se =RC(J)))
ARAXT
AXAYT
A*AZT

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

AXX
AYY

AXX*AZ(TI)
(FYY*AA =VV)%82(J)
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AZZ
2XY
AXZ
AYZ
BP
BM
B

R
1

GO
NS
AXX
AYY
AZZ
AXxY
AXxZ
AYZ
B XX
BYY
B21
BXY
Bxl
BYZ
AG

3z

TL 3%

TELTAG

1
DGI
1
DGJ
1

I

J

DEKK

1

UGIJ

1

DGIK

1

DGJK

1
GSS

1
BP
B
B

1
k
IF
FR
IR
JR

35

(ABS(R)

= AZZ#*C2(K)

= =R1I(J)*({FXY®AA +LV)*(AB +A3)

= AXI*AC

= =R1(JI®(HZ*AA +Vw)*(BC +B&C)

= AYY

= AYY

= —~AYY =AYY —Ql*(AXX +AZ12)

= AXX#05I] +AavYY¥DGJJ +AZZI*DGKK
+AXY*DLIJ  AYZ$[GJK +AXZ*DGIK +R

= NS  +1

s UU*A2(]1)

= WWWxpZ(J)

= wwW*CZ(K)

= EJxS*UVHAR

= BokSHUWRAL

s Be*VW%E(

= (Fxx*0Q =gu)=*a2(])

= (FYY*QQ =vV)*32(J)

= (FH*CU =—ww)#*C2(K)

= ~(FXY*QQC +UVI*(AB <¢AR)

= (AZ%Q0 «UW)I*(AC +a()

= «=(HZ#*CQ +VW)*(BC +8C)

= AA/CQCQ

a2 gXX*DGLI +BYY*DGJUJ +BLZ*LGKK
+3XY*0GLly 4BYZ*DGUK +3XZI*JGIK

= G(lydsL) =G(IMsdJdsL) ~=G(IVMsdsLl) +G2(J)
+A3(1)*DG1

2 GlIsJdrl) =G (IyJd=lsl) =CG(Ilsd=lsrl) +G(IyJ=2,L)
-B3(J)1*DGy

= Gllsusl) =G(Isdrt=1) ~=G(Isdsl=-1) +GK2(I,J)
+C3(K)*DGK

= 6(Isdsl) =G(IMsdsl)
-6(1sd=1sL) +G(IMsJd~-1,L)

= G(Isdrl) =G(I[sJslL-1)
-G(IMsdslL) +G(IM,Jdsl-1)

= G(Isdsl) =G(IyJdsl-1)
=G(1sJd=1L) +G(1sJ-1pil~-1)

s AXX®DGII +AYY*DGJJ +AZZ*[DGKK
+AAY*DGIJ  +AYZALGJIK  +AXI*DGIK

= AQEHRYY

= BP =(AQ =1e)2(AYY <+AYY +AXY +AYZ}

= ~BP =BP =Q2xAQ*(EXX +BZ2)
+{AC —=la)*(24%{AXX +AYY +AZZ) +AXY <+AYLZL +AXZ2)

= (AC =14)%GSS  +xQ¥0eLTAG +R

+LESABS(FR)) GO TO 37

= R

e |

= J

= K

= Rk —AXT*(G1l(J) ~G{(IMsJdslL))

~AZT*{GKL(IsJ) =G(IsJdsL-1))
= 3 =AXT =AY1 =AZ1
= BM  +AYT
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32

43

42

51

53

55

57

B l./7(8 -BM=C(J-1))

CwJ) = B&RP

D(d) = B¥(k =-BM*D(J=-1))

C6 = 0,

J = J2

DU 42 M=jl,J2

CG = D(J) =C(J)*CG

IF (ABS(CG)elLELABS{DG)) GO TC 43

DG = CG

IG = I

J6 = J

KG = K

G2(J) = 51(J)

Gl(J) = G(Isdsl)

GK2{1sJd) = GK1l(1,J)

GRI(I»J) = G(IsJsl)

G(IsJdsol) = G(Is»Jsl) =CG

J = J =1

IF (IV(I,K)etTe2) GO T3 51

A x Je =rRO(KY) +40(1)%A0(1) +SC{I,K)*SO(1yK)
H = RO(KY)/A

FH = RO(KY)xA

AZ = =AQ(I)*XZ(K) =SC(I,R)*YZ(K)
82 2 —AQ(I)*YZ(K) +SO(I,K)*XZ(K)
HZ = AZ*SXx(1) =BZ +FH%*SZ(1)

FYY x le #5X(L)*3X{i) <+H*HI*HZ
FXY = SX(I) +H*AZ*HZ

DGI = S*(G(IPsKYsL) =C2(KY))

D GK = G(IsKYsL+1l) —GK2(1sKY)

" = SA*¥AC(I) =Ca*50(1I,x)

4] = AL(LI)*DGI +CAxAG(I) +5A%35G(1,K)
W = C1l{K)*DGK +SY&w +CA%®XZ(K) +3A*YZ(NK)

G(IsKY+1lsL) = G(IsKY=1sL)
+(Vv¥(1le =H¥BZ=*HZ) ~U*FXY <=W*HZ)/(FYY*E1(KY))
IF (I.NEJLTEL(K)) GO TO €1

M = NX +2 <~I

£ s G(MpKYsl) =GULsKYslL)

NG = NO +1

EGING) = EQ(NC) +P3*(E =tC(NC))

N z N{Q

GO TC 61

IF (1.GT«LX) GO TO 61

E = (e

1F (IV(IsK)eNEel) GG TO 57

YA 2 2(K) =Tyawx(XC(k) +S51*A0(I)»A0(1))
IF (ZZ.GE-ZO(N=-1)) GO TO 5%

N = N =]

GO TC 53

R s (ZZ =IZ0(N=1))/(20(N) =Z0(N-=1))
E = R¥EC(N) +(Le —R)I*EG(N=-4)

M = NX 42 -1

G(IsKY+1sL) = GIiMsKY=1yL) ~-E
G(MyKY#+1,L) = G(1,KY=1sL)} <+t
GKZ2 (M, KY) = GK1(M,KY)
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€1

71

72

C

N PO PHWNNM

i

GKL{MyKY)
CiMsFYsy L)

IF (IECNX)

IF (I.EQ.2)

I

Gu TC 21
N

II

1

0O 72 J=2,5KY

Giltd)
Ga2(J)

GL TC 21
END

SUBRCUTINE

G(MsKYyL)

= G{IsKYsL) +E
GC TG 71

RETURN

I +]I

‘10

-1

I1 -1

G30(J)
GacC(J)

VELG (KoLsSVeSMyCPoX,sY)

CALCLLATES SURFACE VELOCITY

COMMCN

DIMENSION
11

12

J

Ql

T1

#HononN

G(1G93»2€,4)950(1935,35),E0(131)»20(131),
IV(193,35),ITeL(38)ITE2(35),
AC(193)»21(193)9A2(193),A3(193),
BO(26)s81(26)982(26),B3(206),
Z(38)3C1(351,C2(35),C3(35),
XC(35)9XZ(35)sXZZ(35)sYC(35)sYL(35)sYL2(35),
NXsNYsNZsKTELoKTELy LSYMyKSYMpSCALSSCALZS
YowsCYAWs SYAWs ALFHASCA» SA» FMACHINLIS NS N3, IO
SVIYL)sS®(1)yCP(1)aX(1)sY(1)

ITE1(K)

ITE2(K)

NY +1

e C¥FMACHR®2

Lo/ (o T*FMACH*%*2)

DU 12 I=I1l,I2

FH
H

AC(I)*AC(L) +S0(1,K)*SO(I,K)
Ue

IF (IV(IsK)eNECC) H = Llo/FH

AZ
BZ
DSI
DSK
Sx
S
bel
DGJ
DGK
U

v

W

QeQ
SviI)

=ACCI)*®XZ(K) =~SOLI,H)*YZ(K)
“AC{I)*YZ2(K) +50(1,K)*xZ(K)

SCUI+1,K) =53(I-1sK)

SO(I,K+1l) =SOo(1sK-1)

Al1(]1)*DS1

Cl(Kk)*DSK

G(I+lsdrl) =G(I=lsdsl)

G(lsrd+lsl) =G(lrJd=1sL)

G(IsdslL+#l) =G(IsdsbL=1)

Al1(I)*DG] +5X*B81(J)*DGJ +CA*AQ(I) +SA#*50(1,K)
-81(J)*DGJ +SA*AL(I) =CA#*SO([,K)
ClIK)*DGK +5Z*R1(J)*DGJ +SYAW
+CARXZ(K) +SAXYZ(K) +Hx(UL¥AZ +V*BIZ)
HE(UAU  +V+V)  +Wrn

SIGN(SQRT(QQ)»U)

IF (IV(I»K)eEQeQ) SVI(I) = SV(I-1) +5v{i~1) =35VI(I=2)
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FR——

¢Q 1. +Q1#(l. =-QQ)

SM(I) = FMACH#3SV(I)/SQrT(CQ)

ce(I) = T1#(QQ**3.5 ~1.)

X(I) = XC(K) +o5%xSCAL*®(AQ(LI)*AQ(I) =SO(I,K)*3Q(I,K))
12 Y(I) = YC(K) +5CAL*AQ(])*#50(1,K)

KETURN

END

SUBROUTINE CPLCT (Ily1csFMACHs X»Y»CP)
PLOTS CP AT EQUAL INTERVALS Ik THE MAPPED PLANE
DIMENSION KOBCE(2) s LINECLCC) X (1) Y(1)H»CP(]Q)
DATA KODE/Z1H »1H+/
IwRIT = 6
WRITE (IwklT,2)
2 FORMAT(SOFOPLOT OF CF AT cdQUAL INTcRVALS IN TH: MAPPED PLANE/
1 10HO X s LuH Y » 1CH (o 2
cepo = ((le +o2*FMACH®%2)#23,5 =1lo)/(.T*FMACH®%*2)

00 12 I=1,100

12 LINE(I) = KODE(1)
DO 22 I=11,12

K 2 304%(CPO =CP(I)) +4¢5
K = MINC(100,K)
LINE(K) = KCDE(2)
WRITE (IWRIT»61C) X(I)sY(I)sC(CP(L)sllNE
22 LINE(K) = KODE(1)
RETURN
610 FORMAT(3F10.4,100A1)
END

SUBRCOUTINE FORCF (I1sI2sXsYsCPrALsCHORDyXMyCL,CDsCM)
CALCULATES StCTICON FORCE CUcHFICIENTS
DIMENSION X(1)»,Y(1),CP(1)

R&D = 5742957795130C8253%

ALPHA = AL/RAD

CcL = Co

CD = 0,

CM = 0O,

N = J2 -1

DO 1z I=IlsN

DX = (X(I+1) -=x(1))/CHGIERD

bY = (Y(I+1) =Y(1})/CHORD

XA = (¢O*¥(X(I41) +Xx(I)) «XM)/CnJRD
YA 2 JH%(Y(I+1) +Y(I))/CHOKD
CPA = J5%(CP(I+1) +CP(I))

DCL = —=CPA*DX

DCD = (PA%XDY

CL = CL +0CL

CD = (Y +DCO
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i2 Chm CM  +DCDRxYA ~0CL#*XxA

OCL = CL*CuS(ALPHA) =CDASIN(ALPHA)
o] = CL*SINCALPHA) +CD*COSCALPHR)
CL = JCL

RETJEN

tND

SUBRDUTINE TOTFOR(KRTELSKTEZ2sCHURC»SCL,SCDsSCMsZ5XCo
1 : CLsCDsCMPyCHME,LCMY)
C CALCULATFS TOTAL FORCE COEFFICIEMTS
GIMEMSION CHORD(1) o SCL(L)»SCO(1),SCM(L),Z(L)»XC(1)

SPAN = L(XTEZ2) =-Z(KTEL)

CL = Co

CcD 2 G

CMP = O

CMR = Lo

cmY = (o

S 2 O,

N = KTEg =1

DO 12 K=KTEisN

cz 2 G H¥(Z2(K+]1l) =Z2(K))

Al 2 JO%(L{K+1l) +Z2(K))

CL a2 CL  +DZ*(SCL(K+1)*CHLRD(n+1) +SCLIK)*CHORD(K))
Cb = (D +0DZ*(5CD(K+1)*CHCRL(K+1) +SCO(K)*CHORD(K))
CMP = CMP +uZ*(CHUORD(R+1)*(5CMIK+1)*CHORD (K+1)
1 =SCL{K+1)*XC(K+1))
2 +CHIRD(K) *{SCM(K) *CHORD(K)

3 =SCLIK)*XC(K)))

CHR = CMRE +AZ#DZ*(SCLIK+1)*CAURD(K+1) +SCL(K)*CHORD(K))
CMY = CMY +AZ#uZ*(SCU(K+1)#CHORD(K+1) +SCO(K)*CHORD(K))

12 § = 5 +0Z#*(CHORD(K+1) +CHUOKD(K))

CL = CL/S

Cco = CD/S

cMP = CMPASPAN/I**2

CMR = (CMK  +CMK)/Z(S*3PAN)

cMy = {C¥Y +CHY)/(S*SPAM)

KETUKN

END

SUBRCUTINE KEFIN
¢ HALVES MESH S1Izt
COMMEN 6G(1935265,4)550(1G93,35)5E0(132),23(131),
IV(193,35),1TEL(35),1TE2(35),
A0(193)521(193),£2(193),4A3(133)»
BO(26),B1(28)5B82(26)sB3(26)y
2(35),C1(35),C2(35),C3(35),

XC(35) s XL(35)9X2Z(35)9YC(3E)»YZ(35),YLZ(25),
NXsNYsNZyKTELSKTE2, ISYMs KSYM»SCALSSCAL )
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11

21

31

42

54
52

111

112

mXx
KY
My
MZ
MX0
MYO
MZ0
K

nonne NN

YAWs CYAWs SYAWs ALPHRA s CA» SASFMACHI NI) N2y N3y
NX  +1 v

NY +1

NY +2

NZ +3

NX/2 +1

NY/2 +2

NZ/2 +1

4

IF (KSYMJEQ.U) €U TO Li

m20

NZ/2 +3

BUFFER IN (N1,1) (G(ls1,1)sG(MX0OsMYOy1l))
IF (UNIT(N1)eGTeGe) GU TQO 4cCl

K

4

BUFFER IN (N1,1) (G(1ls1s1),G(MXCyMYO,1))
IF (UNIT(NL)«GTeUe) GU TG 4Cl

J
Ji
i
11
G(I
I
11
IF
J
Ju
if

I,4drl)

(I1eGTWC)

(JeGTaC)

NY/2 +1
KY

MX0

MX

= G(lrdrl)
1 -1

11 =2
GO 10 31
Jb =1

JJd =2
GO T0 21

DO 42 J=1sKYs2

DO

G(Isdsl) =

DO 52 I=],MX

4¢ I=29NXs2

e 5x(G(I+1lsdsl) +G(I=lsJdsri))

DO 54 J=2,NYy2
GiIsdrl) =
G(IsMYs1l) =
BUFFER OUT(N2e1) (G(1lsisl)sG(MXyMY,1))
IF (UNIT(N2).GT.0.) GO TO 4C1l

K

e ¥ (G(IyJdtlsrl) +G(IsJd=1l51))
O

K +1

IF (KeLESMZO) GO TO 11
REWIND N1
KEWIND N2
BUFFER IN (N251) (G(lslsl)sG(MXyMYsl))
IF (UNIT(N2).GT«D.) GO TO 401
BUFFER IN (N2,1) (G(1lsls3)sGI(MXsMYs3))
IF (UNIT(N2)eCTeGe) GO TGO 4l
BUFFER OUT(N1,1) (G(1,151)sG(MXsMYs1))
(UNITINL1)«GTeCGe) GO TL 401

IF
K

1

IF (KSYMeNESOD) K = 2

K

=

K +1

DO 1i2 J=1lsMY
DO Ll12 I=1,MX
G(Isds2) =

DO 122 L=2,3

e 5¥(G(Isdrl) +G(Isdsr3))

BUFFER OUTINL1,»1) (G(lyolsL)sG(MXsMYyL))
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122

132

201

2C2

211

212
1

IF (UNIT(N1).GT.0e) GO TO 401

COUNTINUE

IF (KeEQeM20) GO TC 201

DU 132 J=1,MY

CO 122 [=1,MX

G(Isdrl) = Gllrdsr3)

BUFFER IN (MN2s1) (G(1lyls3)sG(MXsMY,y3))
IF (UNIT(NZ)eGTeGe) GO TO 401

GO TG 111

REWIND N1

Rew[ND N2

00 2CG2 L=1,3

BUFFER IN (N1s1) (G(lslsl)sG{MXeMYsL))
IF (UNIT(MNL)«GTeOo) GJ TL 40l

CONTINUE

BUFFER OQUTINZ251) (G(lylsl),G(MXsMYs L))
IF (ULNITUIN2)eGTWe0e) Gu TU 401

v
v

SaxpC(i) =CA¥SULI{1sK)
AL(I)*DG1 +CA*AC(1) +5A*50(1,K)

TYAW = SYAR/CYAw
51 = oH*SCAL
NU = KTEl =1
ECINC) = G
K = 2
IF (KSYMeMte0O) €GO TU 251
N = NO
1 = MXQ +i
IF (KeLTeKRTELleOReKeGT.KTER2) GU TO 231
Il = JTE1(K)
I2 = ITEz(K)
00 212 1=11,12
DS1 = SQ(I+lyK) =52(1-i,K)
DSK = SO0(IsK#1) =S50(IsK~=1)
SX = AL(I)*C51
52 = C1(k)*DSK
R = AMINCUL, IV(INK))
A = 1. =R 4AJ(1)*AG(I) +SC{I,K)*SO(I,K)
H = R/A
FH = R*A
AZ 2 —AQ(L)*XZ(K) =5C(I,K)I*YZ(K)
BZ = =AQ(IN*YZ(K) +50(J,K)*XZ(K)
HZ = AZ¥SX =81 +Fh*SZ
FYy = le #3X*5X +HEHI#HZ
FXY = SX  +H*AZ¥HZ
DGI = G(I+1sKYy2) =G(I=1,KY»2)
DGK = G(IsKY»3) =G(LsKYy1l)
2)

W
G(IsKY+]1) = G(IsKY=1s2)

+(V¥(1le =H¥BZ#*HZ) —U*FXY <=W¥HZ)/(FYY¥B1(KY))

NC = NO +1

ECINL) = G(I2sKYs2) ~=G(L1l,kY,2)
N = NO

I = I1

IF (KoeNEJKTE2eCFkeYAWsLzeOWs) GU TO 231
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221

231

235

237

241
251

252

261

262

302

401

1 = [ +]1

M = NX +2 =]

NG = NO +1

EQ(NC) = G(MyKY»2) =G(I»KY»2)

IF (I.LT.MX0) GO TO 221

1 = I1

1 = I =1

E s O

IF (IV(I,K)eNEel) GO TQ 237

2 = Z(K) =TYAW®(XC(K) +S1*A0(I)*A0(1))
IF (ZZ.GELZO(N=1)) GG TO 23%

N = N -1

GO TC 233 .

K = (ZZ =ZCQ(N=1))/7(20(N) =Z2C(N=-1))
t = R*e((N) +(1ls <=F}I*ECQ(N-1)

M = NX +2 =]

G(IsKY+1ly2) = GiMsKY=1,2) =-E

GIMsKY+1,2) = G(IsKY=1»2) L

IF (IV(I,K)eNEWw=1) GG TO 24l

G(IsKYs2) = JE¥G(IpKYrl) +.25%(G(I1»KY»3)
IF (IV(IsK+1l)elLTel)
1G(IskYy2) eE¥G(IsKY»3) +.25%(G(IsKYsl)
G(MsKkYy2) GlIsKYs2)

G(IsKY=1»2) eER(CG(LpKYs2) +GULsKY=252))
G(MsKY=1,52) tXx(GIMIKYSZ) +G(MpKY=2r2))
IF (1sGTec) GU TUO 231

K = K 431

IF (K EQ.MZ) GO TO 2¢é1

D0 252 J=1lsMY

DL 282 I=1,MX

G(Isusrl) = G(Isds2)

G(Isds2) = G(Isds3)

BUFFER QUT(N2s»1) (G(1lsLlsl)sG(MXyMYsl))

IF (UNITIN2)eGTeGe) GU TO 401

BUFFER IN (N1s1l) (G(1lrLls3)sG(MXsMY,»3))

IF (ULNITI(NL)«GTe0.) Gu TO 401

G0 TO 211

EGINC+1) = 0.

DO 262 L=2,3

BUFFER OQUTINZ»1) (G(Llslsol)sGIMXaMYsL))

IF (UNIT(N2)eGTe0e«) GO TS 401

CONTINUE

REWIND W1

REWIND N2

D0 3Ce K=1l,MZ

BUFFER IN (N2s1) (G(1s1ls1)sG(MAsMYs1l))

IF (LNIT(K2)eGTeGe) GGL TO 401

BUFFER CUT(N1s1) (G(1lslsl)sGlMXshMYsl))

IF (UNITON1}:GT+0s) GU TO 401

CONTINUE

IC = ]

RETUKN

10 =0

RETUKN

END
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SUSRCULTINE  SMEO

C SMOOTHS PUTENTIAL
COMMON G(1935,265,4)5,50(193,35),E0(131),20(131),
1 IV(193,35) s ITELL3Y)»ITE2(35),
2 AU(193),20(193),£2(193)543(193),
3 BO(Z26)sb1(26)s2(2€¢)sB3(26),
4 Z(35),C1(35),C2(35),C3(35),
5 XCU35)sX2(35),X2Z2(35)sYC(35)sY2(35),Y22(35),
6 NXsNYsNZsKTELsKTE2s ISYMeKSYMySCaALSSCALZS
7 YAWs CYAWs» SYAWs ALPHAS CA» SASFMACH)NLI N2, N3y 10
MX = NX +1
KY = NY +,
MY = NY 42
MZ = NZ +3
K1 = 2
Ke = NZ
IF (KSYM.EW.C) CC TO 1
Kl = 3
Ké = NZ 42
1 PXx e Lo/
PY = e/t
Pz = le/€e
DL 2 L=1,3

BUFFER IN (ivlsl) (GUlylol)sG(MYeMY, L))
IF (UMIT(NL)«GTQs) GO TC 51
2 CUNTINUE

BUFFER TUT(INZ»1) (Gilrelrl)sGIMXsMYy1l))
IF (UNITIN2)4GTeUS) GU TO 51
K = K1

11 Kk = K 41
£0 12 J=3,NY
LU 14 I=2,NX

14 G(Isds4s) = (la =PX =PY =PZ)%G(LyJs2)

1 teOFPX*(G(l41lsJds2) +G6(L=15452))
2 teS5*PYX(G(IsJ+ls2) +G(Isd=1r2))
3 +e5%PI*(G(1sJdr3) +G(Isdsl))

G(lrur4) = G(lypds2)
12 G(MXsds@) = G(MXxsdr2)
DG l¢ I=1,MX
G(Islra) = G(Iy1ls2)
G(IsZs4) = G(Is2s2)
G(IskYsr4) = G(IyKYs2)
16 G(I,MYy4) = G(LroMYs2)
BUFFer QUTINZ2»1) (G(1lsls4)sGIMXsMYr4&))
IF (INITI(N2)4GTeCe) GC TO 51
IF (keFQeK2) GO TO 31
DO 22 J=1sMY
DC 22 i=1yMX
G(Isdsl) = G(lsdsr2)
22 G{Isds2) = G(Isds3)
BUFFER IN (N1s1) (G(lsLls3),GIMX,MY,3))
IF (UNIT(N1)WGTe0e) GO TO 51
GU TC il
31 BUFFER DUTINZ2,»1) (Gl1s153)sGIMXeMYs3))
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SO0

42

51

11
12

13

14

21

23

25

IF (UNIT(N2)eGTeOo)
REWIND N1

REWIND N2

CO 42 K=1l,MZ
BUFFER IN (N2,1)

6C 70 51

(G(Llsylsl)sGIMX,MY,»1))

SPLIF(MyNySsFsFPsFPPsFPPPsKMyVMs KNy VNs MCDE» FUMs IND)

IF (UNMLTIN2)4GTeue) GO TG 51
BUFFERK OQUTI(NLsY) (G(1ls1is1)sGiMX,MYy1))
IF (ULNIT(N1)«GTs0.) GO TO 51
CONTINUE

10 = 1

RETUPN

10 = 0

RETUKN

END

SUBRCUTINE

SPLINE FIT = JAMESON
INTECRAL PLACED IN FPPP 1F MUD: GRcATER THAN C
IND SET TO ZcRO 1r DATA 1LLCrGAL
DIMENSION S(1)sF(Y)FPUL)SFPP(L),FPPP(L)
IND = ¢

K = JABS(N =M)

IF (k =1) 81,861,1

K = (N =F)/K

I = M

J = M 4K~

D3 = S(yg) =S(1)

D = DS

IF (CS) 11,81,11

DF = (F(J) =F(L))/DS
IF (kM =2) 12»13,1%

U E 4D

v 3 3.4(0F =VM)/DS
6L TG 25

U = Q.

v = VM

GO TCL 25

U = =1,

v = =0LS*VH

GO TG 25

1 =

J = J 4K

DS = S(J) =S(I)

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

DF = (F(J) <-F(1))/06S
B = 14/(DS +DS +U)
u = g*DS

v s 3%x(t *DF =V)
FP(I) = U

FPP(I) =V

U = (2. ~-U)*DS
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W

ol eNel

61

71

81

11

Vv =

Coe*¥LF +DS#V

IF (4 =N) 21,31,21

IF (KN =2) 32533534

Vv = (He*VYN =V)/U

GG TC 35

" = VN

GG TC 35

'} = (DS*VN  +FPP(L))/()1s <+FP(I))

B =V

D = DS

DS = S(J) =S(I)

U = FPP(1) <=FP(l)%V

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

FPP(1) = U

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

J = I

I = ] =K

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

I r N =K

FPPPIN) = FPPP(I)

FPP{N) s g

FP(N) = DF +D*(FPP(1) +L +B)/€o

IND = 1

IF (~OCE) 81ly81s61

FFPP(J) = FQM

v = FPP(J)

1 = J

J = J  tK

LS = 3(J4) =S(1)

U = FPP(J)

FPPP(J) = FPPP(I) +e5*%0S2{F (L) +F(u) =DS*¥DS*(U +V)/12.)
v = U '
IF (J =N} 71s81,71

KETUKN

END

SUBRLUTINE INTPL(MIsNIoSIsFloMaNpSsFsFPsFPP»FPPPyMODE)

INTERPOLATION USING TAYLOR SERIES - JAMESON

ACDS CORRECTIUON FOR PIECEWISF CUNSTANT FOURTH DERIVIATIVE

IF MODE GREATER THAN C

DIMEMSION SICL)sF1(L)sSUL)sF (L) FP(L)»FPP(L)» FPPP (1)
K = ITABS(N =M)

K = (N =M)/K

I = M

MIN = MI

NIN = N1

D = S(N) =S(M)

IF (D*{ST(NI) =SI(MI))) 11,13,13

MIN = NI

NIN = M1
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13
15
21
23
31
33

27

41

11

12

14

16

18

20

KI = JABSININ =MIN)
IF (K1) 21,21,15

KI = (NIN =-MIN)/K]

I1 = MIN =KI

C = 0O,

IF (FODE) 31,31,23

C = 1,

11 = I1 +KI

SS = SI(IID)

I = I +K

IF (1 =N) 35,37,3%

IF (O (S(I) -S8)) 33,33,37

J = 1

1 s [ =K

SS = §S -=S(1)

FPPPF = Cx(FPPP(J) =FPPP(I))/(S(4) =S{(1i))
FF = FPPP(I) +e25%5S¥FPPPP
FF = FPP(l) +SS*FF/3.,
FF = FP(1) +o45*%5S5%FF
FI(II) = F([) <+SS*FF

IF (I1 =NIN) 31,541,314

RETUEN

END

SUBROUTINE RPLLT (JPLOTsNPESHRES)CUUNT,TITLZ,FMACHI YA ALY
N1sN2»N3)
PLOTS CONVERGEMNCE RATE
DIMENSION RES(1)sCOUNT(L)» TITLE(2D),R(20)
IF (NRESSLEs1) KETURN
IF (IPLOT.EQ.Q) GU TO 11
CALL PLOTSBL(10CO24HANTONY JAMESON 1u96G4R)
CALL PLOT(1le25510s-3)
IPLAT = 0
RATE = (ABS(RES(NRES)/RES(1)))
¥k (1o/(COUNTINRES) =COUNT(1)))
ENCODE(80»12,R) TITLE
FORMET(20A4)
CALL SYMBOL(lese5sel4sRyCepBC)
ENCODE(50,145R) FMACH, YAs AL
FORMAT(SHMACH sFF4354Xs5HYAW »F94354Xs54ALPHAIFI.3)
CALL SYMBUL(I.!oij)clﬂ’R’Ua)5C)
ENCOLE(325,16,R) RES(1)SRES(NRES)
FORMAT(HHRESL »sL7e394X,5HREDEZ 5EG3)
CALL SYMBUL‘IQDOUIQIQDR!OQ)32)
ENCIDE(505,18sR) COUNT(1)sCOUNT(NRES),RATE
FORMAT(S5HWORKLs FT el 4X» 5HWORKZI FTe2s4Xs 5ARATE »FTet)
CALL SYMBGL{Les=0e255414sR»CaytC)
ENCODE(24,205R) N1,N2sN3
FORMAT(6HGRID »I4,3H X »[4»5H X s14)
CALL SYM%UL(l.;-.S;.lQ:R;O.;ZQ)
RMIN = 0.
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22

11

12

14

le

1

RMAX
CUUNT1
keSSl

Lh 2¢ I=1,
COUNT(I)
RES(I)
RMAX

RMIN

YSCAL

YINT

= 0,

= COUNT(L)

a RES(L)

NRES

COUNT(I) -=CQOUNT1
ALOG(ARS(RES(I)/FES]))
AMAXTI(RMAXSRES(I))

= AMINLI(KEMINSRES(]))

Le /ALOG(IG)

= 1.

IF (YSCAL*RMIN«LTe=6e) YINT = 2,

YLOW

YSCAL

XINT

IF (COUNT(
IF (CCUNT(
IF (COUNT(
IF (COUNT(
XSCAL

CALL PLOTU
CaLL AXISt
CALL PLOT(
CAaLL AXIS(
DC 32 I=1,
COUNTI(I)
keS(])
CALL LINE(
CALL PLOT(
RETUEN

END

SUBROUTINE

GENEFATES
CIMENSION
IF (iPLOT.

2 =be2YINT

= YSCALL/YINT

&= 50

NRES)eGTe3C04) XINT = 1U0.
NRPES)eGTe6C0e) XINT = 2G0,
NREES)eGTe12004) XINT = 500,
NRES)cGT460004) XINT = 1000,
s 1o/XINT

o944 p=3)

Oes=30s) 10HLUG(ERKDL)»1CrB8es204sYLOW)YINT»O0)
3er=3e9-3]}

~36902944HNCYCr=450050e20es XINT,0)

NRES

= XSCAL*COUNT(I) =3,

= AMINLI(24,YICAL*RES(4)) +6.
COUNT, FESANRES»LrUs1900slerTesls)
Bels=leby=-3)

GRAPH (IFLUT»lLis12sXsYsCPyTITLESFMACHs YAsALDS
ZyCLsCDyCHORDOSXSCAL,PSCAL)
CALCOMP PLLTS
X{1)sY(1)»CP(L1)»TITLE(2D0)»R(2Q)
FQ.,0) 66 TO 11

Call PLOTSBLO10CC, Z4HANTONY JAMESUN 1G9¢C4R)

CaLl pPLOT(
IPLOT
ENCOLE(BO,

le2551es=3)
= )
12,R) TITLE

FORMAT(2044)
CALL SYMROL(45sCesrelésRoUerBL)

ENCUDE( 44,
FORMAT(SHN
CALL SYMBC
ENCODE( 44,
FORMLT(S5HZ

l4sR) FMACHsYAsAL
ACH sFT7e394Xs5HYAN »FT7e¢354Xs5HALPHASFT743)
LleSs=e2bs0alasRoter 44)
165,P) ZsCL»CD
sFTecr&Xs»5HCL pFTeay 4X954C0 sFTe )

CALL SYMBOL(459=055e145R904s044)

XMAX
XMIN
YMIN

= X(I1)
= X(I1)
= Y(I1)
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22

24

26

32

34

1
¢

EaNVE RN o

00 22 I=11,12

XMAX = AMAX1(X(I)sXMAX)
XMIN = AMINLIOX(I) s XMIN)
YMIN = AMINI(YUL),YMIN)
SCALX = S5¢/(XMAX =XMIN)

IF (XSCALeGTaGe) SCALX = XSCAL/Z(XMAX =XMIN)
IF (XSCALeLTe0s) SCALX » ABS(XSCaL)/CHGRDO

PINT = =44

IF (PSCALNE+GCe) PINT = —ASS{PFSCAL)
SCALF 2 1o/PINT

PMIN = =3 ,%PINT

PMAX a2 54.%PINT

DO 24 I=11,12

x{I) = SCALX*(X(I) =XMIN) +.,%
Y(I) = SCALX*(Y(L) =YMIM) <4,5
CPMAX 2 (o

IMAX = (12 +]11)/2

N = ([2 =<~I1)/8

N1 = [MAX =N

N2 = IMAX  #N

00 2¢ I=N1,N2
IF (CP(I)JLE.CPFAX) GO TU 2¢

CPMAX = CP(})

ImMAX = ]

CONTINUE

N = [2 =11 +1

CALL LINEC(XCIL) s Y(Il)oNsInoCUslolaslesterle)

CALL PLOT(0es4ets=3)

Catl AXIS(C0er»=3es2HCP»2sBasTCes PHMINSPINT,O)

CpPC = (((Es +FMACH®*Z)/64)%%3,5 =1a)/(eT7*FMACH®%®?)
IF (CPCeGESPMAX) CaLL SYMBSOL(CUesSCALP*CPCraéUrl5sUaer=-1)
DO 32 I[=I1,I[MAX

IF (CP(I)elLTa.PMAX) GO TO 32

CALL SYMBOL(X(I)»SCALP*CP(1)selTs3s45e9=1)

CONTINUE

DO 34 I=IMAX,12

IF (CP(I)JLT«PMAX) 35U TO 34

CALL SYMBOL(X(I)sSCALP*#CP(1)»e07s35,00s~1)

CONTINUE ‘ '

CALL PLOT(llesr=4455-3)

RETURN

END

SUBRLUTINE THREED(IPLOT»SVySMsCPsXsY»TLITLESYASALS
VLDsCLsCDsCHGRDOS XSCAL,PSCAL)

GENEFATES THREE UIMENSICGNAL PLOTS

CUMMON 6(193,2654)»S50(163555),c0(131)520(131)»
IVI193,3Z)sI0TEi(38)1TE2(35),
AC(193),41(193)582(493),43(193),
BUI2E)»B1(26)982(2€)983726),
2(25),01(35),C2(35),03(35),
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11

12
21

22

32

34

36

4]

42

~N oW

UIMENSTION

LX
MX
MY
1F
LF

XCU3E),XZ(35)sXZZ(35),YC(35),YZ2(35),5Y2Z(35),

NXs MY NZsKTE o KTE2s ISYMaKSYMeSCALSSCALZ

YAWSCYAws DTARs ALPHASCAy SR, FMACHINL1sN2Z2) N3, I0

= NX/z2 +1

2 NX 4]

= NY 42
(XSCALWNELOs) SCALX
(PSCALWGESCe) SCALKX

SCALP n =1e25

IF
SX
TX
IF

CALL PLOTSBLEL1OCUy 24HANTONY JAMESON

(FSCALJNEWJCe) SCALP

= 3,5
(IPLOTSECGSC) €O TU 1

CALL PLOT(le2%9145=3)
IPLOT = )

M

= 1

ENCOLE(12y2sR)
FORMET(12HVIEW CF wiING)
CALL SYMAOUL(2ereZ9el4rKsQesl2)

PO

BUFFER IN (N1,1)

ie L=1,3

o SHEBS (XSCAL)/CHDGRDO
95¢/(ZIKTE2) =Z(KTEL1))

=e5/ABS(PSCAL)
= 2, =SCALX#XC(KTEL)

1F (LNIT(NL)eGTeGe) vl TGO 101

CUNTINUE

K = Z

K = K +]

IF (KeGT.KTE2) €O TO 61

DG 22 J=isMY

Co

2e¢ I=1,MX

GlIsdrl) = G(Isdsr2)
G(Llyds2) 2 G(Isdr3)
BUFFER IN (N1s1l) (G(lrls3)sGIMAMYs3))
TG 161

IF
1F
11
I2

(ULNITINL)eoTe0s) GOJ
(KeLTekTEL) 6G TO 21
= [TEI(K)
= [TE2(K)

CALL VvelnD (Ko2s SViSMyCPsxsY)

IF

(KeGTWKTEL) GO TO 41

ENCOALE(BC»32,R) TITLE
FORMAT(2CA4)
CALL SYMBOL(e59CerelbsReCartl)

ENCOCE(44534»R)

FMACH, YA, AL

FORMET(SHMACH sFT7e394Xs5HYAW
CALL SYMBOL{eSo=0e2550l4sks00apiu4)

ENCOCE(44,30,R)
FORMAT(SHL/D

ViDsCLsCD
eFle294X95HCL

109¢G4R)

(G(lsolsL)sGUMXIMY,yL))

2 FTe354Xs 5SHALPHA, FT743)

»F74424Xs5HCO 2F744)

CALL SYMBOL(eb5r=e59el4sRoDerkd)
v Ha{Z(K) =Z(KTEL)/(Z(KTEZ2) <=Z(KTEL))

SY

00 4z I=T1,12

x(I) = SCALX#*X(1)

Y(I) = SCALX*Y(])

cPin) = SCALP*CP(1)
IF (M.EQ.2) GC T0 51

+SA
+S5Y
+5Y

.91
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51

o2

61

62

64

71
1c1

N = [2 =11 +1
CALL LINE(X(II)s Y(I1)sNolsCrlsCoesrlesCesrle)
GO TC 21

N = (2 =Lx +]

CALL LINE(X(LX)»CP(LX)sNyL1sGr1ls0eslesQasrls)
N = LX =[i +1

DO 52 I=I1,LX

X(I) = X(I) +TX

CALL LINE(X(I1)sCP(I1)sNslsCrlosCersesCesle)
¢U TC 21

REWIND N1

M = M 4]

CALL PLOT(12e5Ces=-3)

IF (FeGTe2) GU TC 71

SX s =SCeLX*XC(KTEL)
ENCOCE(249625R)

FORMAT(24HUPPER SURFACE PRESSUPE )
CALL SYMBOL(Oese5901l45RsCer24)
ENCODE(245064)5R)

FORMAT(24HLOWER SURFALE PRESSUKE )
CALL SYMBOL(B.S! 05)014"1)00!2‘!)

GO TC 11

1G = 1

RETUFN

IO =0

CaLl PLOT(12e5Ces~3)

KETURN

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

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

B. Assumes any liabllities wlth 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 1n the above, "person acting on behalf
of the Administration" includes any employee
or contractor of the Administration, or
employee of such contractor, to the extent
that sueh employee or contractor of the
Administration, or employee of such contractor
prepares, dissemlnates, or provides access to,
any information pursuant to his employment or
contracst with the Administration, or his
employment with such contractor.
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