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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 variation. 

Recent advances in the theoretical prediction of inviscid 

transonic flow fields are based largely on type-dependent, finite-

difference solutions of the steady potential equation. These 

methods were first applied to the transonic small disturbance 

equation by Murman and Cole [1], and the full potential equation 

by Jameson [2] and Garabedian and Korn [3] for the prediction of 

airfoil flow fields. The three-dimensional small disturbance 

equation has also been solved for swept wings by Ballhaus and 

Bailey [4] and for wing-cylinder combinations by Bailey and 

Ballhaus [5]. Finally, the full potential equation has been 

solved by Jameson for the transonic flow over an oblique yawed 

wing [6]. Although an oblique wing should be aerodynamically more 

efficient than a conventional swept wing [7], it presents 

problems of stability and control and aeroelastic divergence. 

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

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

the coordinate system is aligned in planes normal to the wing 
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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 surface. 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 to the full potential 

equation for the transonic flow past such a configuration using 

a generalized relaxation method. The finite difference approxi-

mation is the rotated difference scheme introduced by Jameson [6], 

and is not in conservation form. This can introduce substantial 

errors in the treatment of flows containing strong shock waves. 

To assure the correct shock jump relations one ought either to 

introduce a 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 Jameson [9] for flows past airfoils. Comparisons with 

experimental data show no clear cut advantage to using the 
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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. 
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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 - xg(z) , 

y = y - ys(z) , (D 

Z = Z . 

This transformation shears out the wing sweep and dihedral, and 

puts the singular line at the origin of each x,y plane. In each 
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of these planes we introduce the conformal mapping 

(Xx + i Y ^ 2 = 2(x + iy) , (2) 

which maps the entire wing surface to a shallow bump near the 
plane Y. = 0. If we define the height of this bump as 

Y x = S(X,i) , 

then the final shearing transformation 

X = xx , 
Y = Y x  S(X,5) , (3) 
Z = 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, 

Y = ^55 > 0 < a < 1 , (4) 
(1  Y ^ ) a ~ " 

is used to map the planes Y = + » t o Y = + l . Similar transfor
mations are used outboard of the wing tip in the Z direction, 
and downstream of the trailing edge in the X direction. A 
sketch of the resulting rectangular computational domain is 
shown in Figure 2. 

To avoid discontinuities at the wing trailing edge, the 
branch cut in each spanwise plane is continued smoothly down
stream. In the physical plane, the continuation is represented 
by  * 
■* r x  x In "HF 

* VX " X 

? = ?te + T (*te"* > ^ Z T F  (5) fx  X 
̂x.  X ' te 



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

trailing edge, x
t e» y t e

 a r e the trailing edge coordinates, and 
_* 

x 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 sheet lies in a fixed surface 

near the plane of the wing which leaves the trailing edge 

smoothly according to the above formula. 

Equation of Motion 

In the absence of strong shock waves, the steady, inviscid 

motion of a compressible fluid is well approximated by the well-

known equation for the velocity potential $: 

(a 2-u 2)* + (a2-v2)$ + (a2-w2)$ - 2uvS> - 2uw$ - 2vw$ , = 0, (6) x ' xx yy zz xy xz yz ' 

where u, v, and w are the velocity components (i.e., the, 

derivatives of $) in the x, y, and z directions, and a is the 

speed of sound. For the steady, potential flow of a perfect gas 

with specfic heat ratio y , 

2 2 Y-1 , 2^ 2^ 2. ,_. 
a = aQ - -hp- (u + v + w ) , (7) 

where afl is the stagnation speed of sound. If the flow is uniform 

at infinity, parallel to the x-y plane, and inclined at an angle a 
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to the xaxis, the far field singularity can be removed by defin
ing the reduced potential G as 

G = $  x cos a  y sin a 

= $  {|(xiYi)+x
s(2)} cos a " \ xi Yi + vs ( z )} 

(8) 
sin a. 

The transformations of equations (1), (2), and (3) applied to 
equation (6) then result in an equation of the form 

A GXX + B GYY + C GZZ + D GXY + E GXZ + F GYZ + R = ° ' (9) 

If we introduce the notation 

e = - xlr_ x ; - Xl_ y ; , 
X 

U = 

V = 

h V 
1 $ 
h *Y, 

n = X x  XX_ y , 
y x 

pj jX.cos a + Y1s.in a + G  SxGy|

^ ■|Y1cos a+ Xsin a + G i 

w = $ = h£U + hnV + x cos a+ y sin a+ G  S„GV , 
Z S S L u x 

(10) 

(ID 

and 
U = U + h£w , 
V = V + hnw , 

where 
h2 = 

d(x + iy) 
d(X1 + iYx) 

2 2 
= X2

 + Y2 , 

(12) 

(13) 
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then the coefficients in equation (9) can be written as 

A = a2{l + h
2£2} - 02 

B = {a2U+h
2
5
2>- u2}s2

 + {a
2(l+h

2n2)- V2} 

+ h2(a2-w2)S2 - J2h2a2{n - 2uv|sx 

+ J2h2Ca2-2hwn|sxSz - |2h
2ria2- 2hwv[sz , 

{a2 - w2} , 

= - 2Ja2(l+h2?2)-U2|sx+ J2h
2?na2- 2UVj~ |2h2£a2- 2hwu|s 

C = h2 

z 

E = 2h2£a2 - 2hwU , 

F = -2h2(a2 -w2)Sz - J2h
2£a2- 2hwu|sx+ 2h

2na2- 2hwV , 

R = j4a2(l+h2£2)- U2|sxx- h
2(a2-w2)Szz- J2h

2£a2-2hwujsxz}GY 

+ h 3 ( a 2 - w 2 ) { { ( x ; 2 - y ; 2 ) X 1 _ _ + 2 x s y ; X l _ _ - x ^ X l _ - y ? 1 _ } u 
v v xx xy x y 

+ {-(xs2-y;2)xi-+ 2 x ^ ; x i - + <H~- ysxi-M 
v xy xx y x ' ' 

+ 2h4w{(X1_x s-X1_y ; )X1__+ (Xx_Xg+ X1_ys)X1__}(U2+V2) 
1 x y xx y x xyJ 

+ E {xiU+YiVpU2-^2) + c o s cx | h 2 (5 2 -n 2 ) a 2 -U 2 -V 2 +h 2 ( a 2 -w 2 )Xg | 

a | 2h 2 Cna 2 - 2UV + h 2 ( a 2 - w 2 ) y g | . 

(14) 

+ sin 

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

X. = X /h2 , 
Xx X

 9 (15) 
Yl- = V h ' 
y 



and 
X *! = " 4 (h2 " 4Y2) , xx h 

(16) Y 1 2 2 X, = r'(h " 4xn . Xxy h6 X 

The symmetry condition that w = 0 on the plane z = 0 
requires 

GZ + ?GX  {SZ + *SX  l}GY = ° ' (17) 

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

{̂ 2 (1 + SX> + {SZ + *SX ~ ^}2}6Y 
+ {" ^ 2 V i'SZ- SSX+*}}GX + {" SZ" ^SX + ^ Z 

+ ]-X,_ cos a- X, sin al-S - X.cos a+X, sin a = 0 , 
*■ v \7 > xr v 

(18) 

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 rollup 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 

*YY = ° 
is used at points lying on the vortex sheet. Also the disconti
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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 dependent 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 

(a2-q2)$ss + a
2(V2$-$ss) = 0 (19) 

where q is the magnitude of the velocity. 
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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 equations (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 G „ is 

(n+1) 0 (n+1) (n) (n) 
G. , . . - ( - ) G. . - - 2(1- -) G. . . + G.., . . 

G - x"1*3>k a)' i,3,k a' i,],k l+l,j,k 
XX 7 t KZU) 

** AXZ 

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 coordinate, this 

formula can be interpreted as an approximation to 

Gxx - H tGxt + S <§ " 1)Gt> 

Similarly, the formula 

r(n) r(n) r(n+l) . r (n+1) 
r - i+l.J-HA bi+l,j-l,k bi-l,j+l,k ui-l.j-3,k .... 
^XY ~ 4AXAY lZi; 

can be interpreted as an approximation to 

°XY 2 Ax toYt * 

The relaxation process can thus be regarded as an approximation to 

the time dependent equation 
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(M2-1)G - G,- G + 2a.G .+ 2a,G + 2a,G .+ 6G = Q , (22) ss mm nn 1 st 2 mt 3 nt t 

where M = q/a is the local Mach number, m and n are suitably 

scaled coordinates in the plane normal to the velocity vector, 

and Q contains all the terms in the equation other than the 

principal part. The coefficients a.,a2,a3, and 6, depend on 

the mix of old and updated values in the difference equations 

as well as any explicit time-like or mixed terms that have been 

added for stability. 

Introducing the new time coordinate 

al T = t - —x— s + a,m + a,n , 

M -1 ^ J 

transforms equation (22) to 

2 

( M 2 - 1 ) G S S -
 Gmm- Gnn" { ^ " a2 " al}GTT + 6GT = Q ' {23) 

In order to ensure the convergence of the scheme, we require 

that equation (23) should be a damped three-dimensional wave 

equation. This will be the case if 

a2 > (M2-l) (a2+a2) . (24) 

At points where the velocity is supersonic, upwind differ-

ences are used to represent contributions to G in the first 
c ss 

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

2G.(n+1,) - G.(n). , - 2G.(nt1)- , + G.(nl . 
r _. i,j/k i/1/k i-l,j,k i-2,j,k 

** " AX2 

r(n+l) r(n+l) r(n+l) , r(n+l) 
r = i,^,k i-l,j,k i,]-l,k i-l,j-1,k 
XY AXAY 

12 
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These formulas also have the property of guaranteeing diagonal 

dominance for the updated values on each line. The formula for 

G can be interpreted as representing 

GXX + 2 AX GXt ' 

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

duces a term equal to 

2(M2-1)G . st 

into equation (22). To ensure that equation (24) is satisfied 

2 

at points near the sonic line where (M -1) is small, the coeffi-

cient of G , can be further augmented by adding a term of the 

form 

0 |£ juGVi. + VG„^ + h
2wGwt| , (26) 

AX \ Xt Yt Ztl 

where $ > 0 is appropriately chosen. The required mixed 

derivatives can be constructed in the form 

r(n+l) r(n) r(n+l) r(n) 
At r _ 1,3/k i/3fk i-l,p,k l-l,i,k (01, 
AX GXt ^ 2 * (27) 

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 a) set to unity, as suggested by a local von Neumann 

test [6]. 
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Boundary 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 reduced 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 in 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 stable for 
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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(l/h), while the Laplacian 

transforms to 

.2 v X..X.. Y,Y.J *ZZ h 1 1 1 1 

Thus, in the limit as h tends to zero, 

$Y Y
 + *v Y = ° (28 

X1X1 Y1Y1 

is a suitable limiting form. 
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RESULTS 

Computational procedure 

The potential formulation is particularly attractive for 

three-dimensional calculations because it requires the storage of 

only one quantity at each grid point, and the number of grid 

points required to accurately describe these flow fields is large. 

Even so, it is impractical to store the entire solution array 

in the high speed core of many current computing machines. 

Fortunately, since the analysis presented here depends on a 

relaxation solution of the difference equations, it is not neces-

sary to have the entire solution immediately available at all 

times. It is, therefore, stored on a disk file, and read into 

core one X-Y plane at a time. At any time during the solution 

procedure, the values of the potential on four such planes are 

in the core. Old 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, 
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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 48x6x8 grid cells 

in the X, Y, and Z directions respectively. This solution is 

then interpolated onto a finer grid containing twice as many mesh 

cells in each direction, and is used as a starting guess for an 

intermediate solution. The process is repeated once again to 

give the final solution on a grid containing 192x24x32 mesh cells. 

A typical run consists of 100 relaxation sweeps on each grid, 

requiring a total of approximately 85 minutes of CPU time on a 

CDC 6600. The same program has been run on the CDC 7600, for 

which a similar calculation requires about 15 minutes. 

Examples 

In this section we present the results of calculations 

using the swept wing progr.am, 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 attack, resulting in zero lift 

for this symmetrical wing. Figure 5 compares the calculated and 

measured streamwise surface pressure distributions at the 20, 45, 

65, and 95 percent semispan locations [11,12]. Agreement is 

quite good, 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 
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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 and an angle 

of attack of 6.06 degrees. Again, the calculation predicts the 

merging of a double shock pattern inboard to a single shock 

further outboard. Comparisons with data, shown in Figure 10 

show that agreement is still quite good. 

The second geometry is representative of wings being 

considered for the next generation of subsonic transport aircraft. 

The wing is twisted, both aerodynamically and geometrically, is 

highly tapered, and has a discontinuity in trailing edge sweep 

angle at the 35 percent semispan location. The planform has a 

leading edge sweep angle of 35 degrees and an aspect ratio of 7. 

It has 5 degrees of dihedral. It is defined by four distinct 

streamwise sections (at the 12, 35, 70, and 100 percent semispan 

stations), with linearly interpolated coordinates between. The 

streamwise thickness ratio varies from 16.3 percent at the root 

to 11.9 percent at the tip. For the wind tunnel tests the wing 

was mounted on a quasicylindrical fuselage which extended to 

the 12 percent semispan. For the computations, the symmetry 

plane was assumed to be at the same spanwise station as the 

wing-fuselage intersection in the tests. A projection drawing 

of the wing (extended to the fuselage centerline) is shown in 

Figure 11. For these calculations, the wing geometry was modified 

to account for boundary layer effects by adding the displacement 

thickness obtained from two-dimensional boundary layer calculations 
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multiplied by an empirically determined spanwise weighting 

factor. The wing was one of several tested in a cooperative 

program by the Douglas Aircraft Company and the NASA Ames 

Research Center in the Ames 11-foot tunnel at a Reynolds number 

of approximately 5x10 , based on the mean aerodynamic chord. 

A program generated three-dimensional projection drawing 

of the upper and lower surface pressure 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 presented for determining the 

inviscid transonic flow past a swept wing. The method is based 

on a type-dependent, finite difference approximation to the full 

potential equation, solved in a computational domain designed 

for accurate application of the wing surface and symmetry plane 

boundary conditions. Calculated surface 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 displacement effect of the boundary 

layer). 

Mapping techniques similar to those used here could be 

used to treat more realistic geometries, e.g., a wing mounted 

on a fuselage [14]. The recasting of the finite difference 

approximation into conservation form would also be an important 

theoretical contribution. 

Finally, as was 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-drection method [18]. The extension of these methods 

to three-dimensional calculations should result in great savings. 
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FIGURE 1 . GEOMETRY OF ONERA WING. 

VIEW OF WING 
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FIGURE 7 
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FIGURE 9 
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FIGURE 1 1 . GEOMETRY .OF MUGLAS WING. 

VIEW OF WING 
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FIGURE 12. THREE-DIMENSIONAL SURFACE PRESSURE DISTRIBUTION. 
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Figure 13 Comparison Of Calculated And Experimental Wing Pressure Distributions For DAC Case 5 
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Figure 14 Comparison Of Calculated And Experimental Wing Pressure Distributions For DAC Case 5 



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 en 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 arranged to include 

title cards listing the required data items. The complete set 

of title cards provides a list of all the data which must be 

supplied, and can be used as a guide in setting up a data deck. 

Each title card is followed by one or more cards supplying the 

numerical values of the parameters listed on the title card. 

All data items are read as floating point numbers in fields of 

10 columns, and values representing integer parameters are 

converted inside the program. A glossary of the input parameters 

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

(Listed in order of their occurrence 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 cells in the direction normal 
to the chord and span. 

The number of mesh cells in the span direction. 

Controls generation of plots. 
FPLOT=0. for a print plot but no Calcomp plot 
at each span station. 
FPL0T=1. for both a print plot and a Calcomp plot 
at each span station. 
FPL0T=2. for a Calcomp plot but no print plot at 
each span station. 
FPL0T=3. for a three dimensional Calcomp plot only. 

Control the scales of the Calcomp plots. 
XSCAL>0. scales each section plot to XSCAL 
XSCAL=0. scales each section plot to 5.0 
XSCAL<0. scales the maximum chord to XSCAL, and 
each section plot proportionately to the local chord, 
PSCAL^O. 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^O. then the three dimensional plot is 
scaled so that the maximum chord is 1/2 XSCAL. 

Indicator which determines the manner of starting 
the program. 
FCONT=0. indicates the calculation begins at 
iteration zero. 
FCONT=l. 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 The maximum number of iteration cycles which will 
be computed. 

COV 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. 

PI 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. 

P2 The supersonic relaxation factor for the velocity 
potential. It is not greater than 1. and is 
normally set to 1. 

P3 The relaxation factor for the circulation. 
It is usually set to 1., but can be increased. 

BETA The damping parameter controlling the amount of 
added <{>st (see equation (2.6), page 13). 
It is normally set between 0. and 0.25. 

STRIP Determines the split between horizontal and 
vertical line relaxation and is the proportion 
of the total mesh in which horizontal line relaxa-
tion is used. Fastest convergence is usually 
obtained by setting STRIP = 1. so that horizontal 
line relaxation is used for the entire mesh. 
If convergence difficulties are encountered STRIP 
may be reduced to some fraction between 0. and 1. 

FHALF Determines whether the mesh will be refined. 
FHALF=0.: the computation terminates after 
completing the prescribed number of iteration cycles 
or after convergence. 
FHALF^O.: the mesh spacing will be halved after MIT 
cycles have been run on the crude mesh size. An 
additional data card must be provided for the 
refined mesh giving the numerical values requested 
by Title Card 2. If 
FHALF<0 the interpolated potential will be 
smoothed |FHALF| times. 
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TITLE CARD 3 

FMACH 

YAW 

ALPHA 

CDO 

TITLE CARD 4 

ZSYM 

NC 

SWEEP1 

SWEEP2 

SWEEP 

DIHED1 

DIHED2 

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. 
ZSiM=l.: 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 
is defined on subsequent data cards from the wing 
root to the tip if ZSYM=1., or from the leading 
to the trailing tip if ZSYM=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 
ZSYM=1., or at the leading tip if ZSYM=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.) 

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

XLE, YLE 

CHORD 

THICK 

ALPHA 

FSEC 

TITLE CARD 6 

YSYM 

NU 

NL 

TITLE CARD 7 

TRAIL 

SLOPT 

Span location of the section. 

x and y coordinates of the leading edge. 

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

Modifies the section thickness 
nates are multiplied by THICK. 

The y coordi-

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

Indicates whether or not the geometry for a new 
profile is supplied. 
FSEC=0.: the section is obtained by scaling 
the profile used at the previous span section 
according to the parameters CHORD, THICK, ALPHA. 
No further cards are read for 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. 

(Profile Geometry Supplied if FSEC=1.) 

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

The number of upper surface coordaintes. 

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

(Additional Profile Geometry Supplied if FSEC=1.) 

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

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

XSING, YSING 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 point should be moved closer to the 
upper surface. The coordinates of the singular 
point are chosen relative to the profile coordinates 
supplied on the cards which follow. 

TITLE CARD 8 (Upper Surface Coordinates) 

X,Y 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. 

TITLE CARD 9 (Lower Surface Coordinates, Read if ISYM =0.) 

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

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

These title cards are the same as Title Card 5 
(geometry for the first span station). The number 
of such cards depends on the number of input span 
stations NC. If the profiles are similar at each 
station except for scaling, thickness to chord ratio 
and rotation to introduce twist, FSEC=0. and no 
new profile coordinates are needed. 
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TABLE 2. DATA DECK FOR ONERA M6 WING 
^\. Columns 

Cards ^ v . 

Title of case 

Title Card 

Title Card 

Title Card 

Title Card 

Title Card 

Title Card 

Title Card 

Title Card 
(72 cards) 

Title Card 
1 ! 
Title Card 

Title Card 

Title Card 

Title Card 

1-10 

ONERA M6 

NY 
48. 

MIT 
100. 
100. 
100. 
MACH 
.840 

ZSYM 
1. 

Z 
0. 

YSYM 
1. 

TRAIL 
7.06 

X 
(Coordin 

Z 
.2 

Z 
.4 

Z 
.6 

Z 
.8 

Z 
1.0 

11-20 

WING (co 

NY 
6. 

COV 
l.E-6 
l.E-6 
l.E-6 

YAW 
0. 

NC 
6. 

XLE 
0. 

NU 
72. 

SLOPT 
0 

Y 
ites of p 

XLE 
.1150 

XLE 
.2300 

XLE 
.3450 

XLE 
.4600 

XLE 
.5750 

21-30 

Died onto 

NZ 
8. 

PI 
1.6 
1.6 
1.6 

ALPHA 
3.06 

SWEEP1 
29.9 

YLE 
0. 

NL 
72. 

XSING 
.00725 

rofile) 

YLE 
0. 

YLE 
0. 

YLE 
0. 

YLE 
0. 

YLE 
0. 

31-40 j 41-50 j 51-60 
i 

output ahd Calcomp plots) 

61-70 71-80 j 

! 
| - —!-" 1 

FPLOT < XSCAL j PSCAL ' FCONT 
1. ! 0. , 0. ' 0. 1 

1 , i i i — J — i — _ 1 
P2 ! P3 ' BETA ! STRIP FHALF 1 ! 
1. 1. .10 1. 1. 
1. 1. .10 ■ 1. 1. 
1. 1. .10 1. 

! 1 
CDO j 
.010 

SWEEP2 SWEEP DIHEDl \ DIHED2 DIHED 
i 

29.9 29.9 0. ! 0. , 0. 

CHORD THICK ALPHA 
.6737 1. 0. 

FSEC 
1. 

i 1 i 

j 
YSING ' | 
o. : 1 • 1 

(Upp 

I 
CHORD 
.6147 

CHORD 
.5558 

CHORD 
.4968 

CHORD 
.4379 

CHORD 
.3789 

THICK 
1. 
THICK 
1. 

THICK 
1. 

THICK 
1. 
THICK 
1. 

ALPHA 
0. 

ALPHA 
0. 

ALPHA 
0. 

ALPHA 
0. 

ALPHA 
0. 

er Surface) j 
i 
i 

FSEC 
0. 

FSEC 
0. 

FSEC 
0. 

FSEC 
0. 

FSEC 
0. 

46 



Both graphical and printed output are provided. The 

wing sections defining the geometric configurations are 

printed for each span station, if they are different, or for the 

first span station only if the sections are all similar. The 

program next prints the coordinates of the unfolded sections 

produced by the square root transformations at the root and 

the tip. These should be inspected to see that they are reason-

ably smooth. The program also 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 as 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 lift to form drag. 

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 lift 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 root 

bending moment. 

Finally additional Calcomp plots are generated if they 

are desired. These show the convergence history, and also a viev/ 

of the complete wing and the three dimensional pressure distri-

bution over the upper and lower surfaces separately, with the 

wing root or the leading tip at the bottom of the picture. If 

the mesh is to be refined the program then completes the same 

sequence of calculations and output for the new mesh. 
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Figure Al. Swept wing on a wall. 
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Figure A2. Yawed wing. 
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APPENDIX B LISTING OF THE PROGRAM 
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P t 6 « 0 u T P u T ) 

SIS IN TRANSONIC FLOW 
CINATES 

,I*A 
NL 
1AL 
93, 
35) 
A2( 
(2b 
35) 
Z(i 
t2, 
FhA 
ETA 
1,1 
IE( 
(11 
Dl( 
(19 
),S 
iO( 
3), 

RCH 1974 
ANTCNY JAMESON,DEC 1975-DEC 1976 

35),t 
,lTcd 
193), 
),B3( 
,C3(3 
5), YC 
iSYf, 
,CA,S 
,FK, I 
1), 
11), S 
),F4( 
241), 
3),SM 
C0(35 
3),P2 
RcS(5 

0(131),Z0(131), 
(35), 
A3(193), 
26), 
5), 
(35) 
KSYM 
A,FM 
R, JP 

,YZ(35),YZZ(35), 
,SCAL,SCALZ, 
ACH,Nl,N2,N3,I0 
»KR,DG»1G, JG»KG»NS 

LOPT(ll),TRAIL(ll),NP(ii), 
ll),t5(ll), 
02(241),03(241), 
(193),CP(193), 
),SCM(35),TITLE(20), 
0(3),P30(3),BETA0(3), 
01),CuUNT(:>01) 

1 
£ 
READ 
WRITE 
READ 
RtAO 
NX 

1 
2 
3 
4 

(IwRI 
(I-PI 

(14H0P 
50HOT 
36H U 
(IREAD 
<IW*IT 
(IREAD 
(IPEAD 

0 
57.2957 
T,6C0) 
T,2) 
RGGPAM 
HREE 01 
SINC 
,530) 
,630) 
, 501 ) 
,51C) 
FNX 

SH 
T 

79513^823 

FLQ22,7GX,32HANTQNY JAMESON,CGURANT INSTITUTE/ 
M E N S I C N A L WING ANALYSIS IN TRANSONIC FLOW, 
EARtU PARABCLIC CGOhDlNATtS) 
IRE 
ITLE 

FNX,FNY,FNZ,FPLQT,XS0AL,PSCAL,FCONT,FAT 
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11 

NY « FNY 
NZ » FNZ 
IF (NX.LT.l) GO 
KPLOT * ABS( 
REAO (IREAD,50C 
NM » 0 
NM ■ NM 
READ (IREAD,5K 

62 

91 

IF (FHALF(NM) .NE 
FHALF(3) « 0. 
READ (IPtA0,5OC 
READ (IREA0,51C 
YAW = YA/R 
ALPHA « AL/R 
CALL GEGM (ND,N 
1 SWFl 
2 XTEC 
ISYM » ISY^ 
IF (ALPHA.NE.0.) 
IF (KSYM.NE.O) Y 
CYAW  CLS( 
SYAW « SIN( 
CA  CYAW 
SA « CYAW 
IF (FC0NT.LT.1.) 
READ (4) NX,N 
MX * NX 
MY ■ NY 
MZ » NZ 
DG 62 K«1,MZ 
READ (4) ((G( 
BUFFtR 0UT(N3,1) 
IF (LMT(N3).GT. 
BUFFER 0UT(N1,1) 
IF (UMT(M).GT. 
CGNTINUc 
READ (4) 
REWIND N3 
REWIND Nl 
REWIND 4 
CALL COOKC 

TO 3Ci 
FPLGT) 
) 
♦ 1 
) FITUM),CGVQ( 
»itTAO(NM),STR 

.0..ANO.NM.LT .2 
) 
) FMACH,YA,AL,C 
AD 
AD 
C,NP,ZS,XS,YS,X 
Pl,SWtcPi.,SwfcLP 
,CHGKDw,ZTIP, iS 
0 
liYM » 0 

AW «= 0. 
YAW) 
rAW) 
♦CGS(ALPHA) 
*SIN(ALPHA) 
GO 10 91 

Y , N Z , NM , M , K 2 , N 

♦ 1 

+ 2 

♦ 3 

N * ) f P l u ( N * ) » P l G ( N r i ) , P 3 j ( N n . ) » 

I P0 (NM) ,PHALF (NM) 
) GO T J 1 1 

OC 

L E , Y L C , S L D P T , T R A I L , X P , Y P , 
, D 1HE0 1 , C I HED2 , DHEO , 
YMCKSY f ) 

IT 

J = 1,MY) 
, , M Y , 1 ) ) 

I , J , i ) , I " l , M X ) , 
( G ( 1 , 1 , 1 ) , G (MX J 

0 . ) Go TC 1 
( G ( 1 , 1 , 1 ) , G (MX ,MY , 1 ) ) 
0 . ) GU TC 1 

( E 0 ( K ) , K = K 1 , K 2 ) 

1 
2 
( 
1 
Z 
3 

< 

1 
2 
IF 
IF 
NM 

( N X , N 

SY,S 

AG, A 

( N C , N 

SwEE 

ZS,X 

Z , C 1 

(ND,N 

YAW, 
1TE1 

( I ND .EU .O ) GO 

( F CQNT .GE . l . ) 
- 1 

CALL SINGL 

CALL SURF 

Y,NZ,K,bYM,XTEC, 
C A L , S C A L Z , A X , A Y 

1 , A 2 , A 3 , 6 0 , B 1 , 6 

Z,KSYM,KTE1,KTE 
PI,SWEEP2,SWEEP 
L b , Y LE , x C , X Z , X Z 

, C 2 , C 3 , c l , E 2 , F 3 

E ,NC , ^X ,NZ ,1SYM 

A O , Z , Z J , X C YCS 

, i T E 2 , i V , S 0 , Z C , 
TO 2 9 1 

GU TC 1 0 1 

ZTIP,XMAX,ZMAX, 
,AZ, 
2,B3,Z,C1»C2,C3) 
2,CHGRDC» 
,0IHEDl,DlHED2,01Ht0, 
Z,YC,YZ,YZZ, 
,E4,c5,lND) 
,KSYM,KTEl,NTt2,SCAL, 
LGPT,TRAIL,XS,YS,NP, 
XP,YP,D1,D2,03,X,Y, INO) 
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NIT » 0 
CALL ESTIM 
IF (IO.EQ.O) GO TO 1 
REWIND N3 
REWIND Nl 

101 WRITF (1WRIT,60C) 
FCONT = 0. 
MIT « FIT(NM) +NIT 
KIT = MIT 
IF (NM.GT.l.AND.FHALF(NM).EO.O.) KIT  10 
JIT » NIT 
KKES = (MIT NIT 2)/50C +2 
JPES . ■ 0 
NR6S ■ C 
COV » COVC(NM) 
STRIP » STRIPO(NH) 
BETA ■ BETAO(NM) 
MX = NX +1 
MY » NY *2 
MZ » NZ +3 
KY ■ NY +1 
Kl » 2 
K2 ■ NZ. 
IF (KSYM.tO.O) GO TO iu3 
Kl « 3 ' ' 
K2 » NZ *Z 

103 LZ * NZ/2 +1 
IF (KSYM.NE.O) IZ « 3 
WRITE (IWRIT,104) 

104 F0RMAT(48H0INL)ICATIGN OF LOCATION OF WING AND VORTEX SHEET, 
1 27h IN COGRUINATE PLANE Y « 0./ 
2 2 7hG((IV(I,K),K«K1,K2),W,NX) ) 
DG lot I«2,NX 

106 WRITE (IW>IT,65C) ( IV( I,K),K = K1,K2) 
WRITE (IWRlT,fcOC) 
WRITE (IWRIT,112) 

112 FCRMAT(49H0CH0RCWISE CtLL DISTRIBUTION IN SQUARE ROOT PLANE, 
1 54H AND fAPPEO SURFACE COORDINATES AT CENTER LINE Ai\sD TIP/ 
2 15H0 X ,l$H RCOT PR0FILE»15H TIP PROFILE ) 
DO 114 I«2,NX 

114 WRITE (IWRIT,61C) AO(I),S0(I,LZ),SG(I,KTE2) 
WRITE (IwPIT,llt) 

116 F0PMAT(15H0 TE LOCATION ,15H POWER LAW ) 
WRITE (IWRIT,61C) XMAX,AX 
WRITE (lwRIT,60C) 
WRITE (IWRIT,11E) 

116 FOR;1AT(46HONORMAL CELL DISTRIBUTION IN SQUARfe ROOT PLANE/ 
1 15H0 Y ) 
DO 120 J«2,KY 

120 WRITE (IWRIT,610) BC(J) 
WRITE (IWPIT,122) 

122 FCRMAT(15H0 SCALF. FACTOR, 15H POWER LAW ) 
WRITE (TWPIT,tlC) SY,AY 
WRITE (IWRIT,60C) 
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WRITE 
124 FORMAT 

1 
2 
3 
DO 126 

126 WRITE 
WRITE 

128 FORMAT 
WRITE 
WRITE 
WRITE 
FORMAT 132 

134 

136 

138 

WRITE 
WRITE 
FORMAT 
WRITE 
CALL S 
WRITE 
WRITE 
FORMAT 
WRITE 
WRITE 
FORMAT 

(I WRIT, 
(45hOSP 
15H0 
15H 
15H 
K»K1,K 
(IWRIT, 
(IWRIT, 
(15H0 
(IWRIT, 
(IWRIT, 
(IWRIT, 
(19H0IT 
43H0ST 
(IWRIT, 
(IWRIT, 
(15HO 
(IWRIT, 
ECONDU 
(IWRIT, 
(IWRIT, 
(15HO 
(IWRIT, 
(IWRIT, 
(lOhOIT 

1 
2 
3 

141 NIT 
JIT 
PI 
P2 
P3 
IF 
IF 

lOh 
10H 

CI 
N 
J 
P 
P 
P 

124) 
ANWISE 

Z 
X 

YZ 
2 
61C) Z 
12b) 
TIP LO 
610) Z 
600) 
132) 
ERATIV 
RIP Wl 
61C) S 
134) 

N 
640) N 
) 
700) T 
13t) 
MACH 

610) F 
136) 
EFATiO 
RCULAT 
BETA 
IT +1 
IT +1 
10(NM) 
20(NM) 
30(NM) 
) PI ■ 
) F3 » 

CtLL DISTRIBUTION AND SINGULA* LINfc/ 
,15h X SING ,i5H Y SING 

Z ,15H YZ ,15H XZZ 
Z ) 
(K),XC(K),YC(K),XZ(K),YZ(K),XZZ(K),YZZ(K) 
CATiQN,15H POWER LAW ) 
MAX,AZ 

E SOLUTION/ 
CTH FOR HORIZONTAL LINE RELAXATION) 
TRIP 
X ,15h 
X,NY,NZ 

NO »i5H 
MACH,YA,AL 

NY 15H Hi 

YAW ,15H ANG OF ATTACK) 

N,15H CORRECTION ,4H 1 ,4H J ,4H K , 
l&H KLSIDUAL ,4H 1 ,4H J ,4H K , 

N,10H REL FCT 1,1CH REL FCT 2,xOH REL FCT 3, 
,1GH SONIC PTS) 

143 

CALL M 
IF (1C 
JO 
REWIND 
RtWlND 
N 
Ni 
N2 
N3 
WRITt 
L 
JRES 
IF (JR 
IF (JR 
NRES 
COUNT( 
RfcS(NR 
IF (Jl 
IF (M 

(NIT.LE.1C) PI ■ 1. 
(NIT.LE.IC) F3 ' 1. 

IXFLO 
.FC.O) GO TO 151 

= 0 
NI 
N2 

« NI 
■ N2 
= N3 
■ N 

(IWRIT,660) 

ES.EC.K 
FS.NE.l 

 N 
NRES) = 
ES)  F 
T.EQ.KI 
T.LT.MI 

RES 
RES) 
) GO 
RES 
NIT 
R 
T) GO 
T.AND. 

IT,DG,IG,JG,KG,FR,IR,JR,KR,E0(LZ), 
1,P2»P3,BFTA,NS 
1 
RES = 1 
0 143 
1 
i 
TO 251 
AEi(OG).GT.CQV.AND.A8S(DG).LT.10.) GO TO 14] 
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GO TC 161 
151 IF (JG.EU.1) GC TO 1 

RtWlNG NI 
REWINO N2 
JO ■ 1 
N * N3 
N3 » N2 
N2 ■ NI 
NI  N 
GO TC 141 

161 RATr « 0. 
IF (NnES.GT.i) RATE = (A6S(RES(Nkti)/RES(1))) 

1 ♦*(1./(CGUNT(NRES) CJCNT(l))) 
WRITE (IWRIT,16^) 

lfc2 FCRMATd^HO *AX KtSILAL i,l5H MAX RtSIDAL 2,l5H WORK , 
1 15h RECLCTN/CYCLE) 
WMTt (IWKlT,67l) *<El(x),RiS(NPLS),COUNT(NRES),RATE 
CALL SECONO(T) 
WKITE (Iw*IT,70C) T 
WKlTt (IWFIT,6C0) 
00 164 L"l,3 
BOFFER IN (Nl,l) (G(l,i,L),G(MX,MY,L)) 
IF (UNIT(M).GT.O.) GO TO 151 

164 CONTINUE 
LX « NX/2 *1 
K * 2 

171 K » K 4A 
IF (N.EU.hZ) GO TO 1^1 
DC 172 J*1,MY 
DO 172 I=1»MX 
fc(I,J,l) » G(I,J,2) 

172 G(I,J,<:) * 3(1,J,2) 
BOFFfck IN (Nl,l) (G(1,1,3),G(MX,MY*3)) 
IF (UNIT(M) .GT.C. ) GO TO 151 
IF (K.LT.KTEl.Ch.K.GI.KTE2) GC TC 171 
11 » ITfc'l(K) 
12 « ITF2(K) 
CALL VELO (K,2,SV,SM,CP,X,T) 
CHGRD(K) » X(I1) XLX) 
CALL FDPLF (I1,U,X,Y,CP,AL,CHCRD(K)*XC(K),SCL(K),SC0<K)*SCM(K)) 
IF UPLOT.GT.l.ANr.K.GT.KTEl) GC TO 185 
WRITE (IWRIT,6CC) 
wRITC (IWKIT,182) 

1«2 F01?MAT(24H0St.CT10N CHARAC TtRI STICS/ 
1 15H0 MACH NO ,15H YAw ,15H ANG OF ATTACKJ 
wRITE (IwRIT,61C) FMACH,YA,AL 
WRITE (IWRIT,184) 

184 FJRMATU5H0 SPAN STATION,15H CL >15H CD , 
1 15H CM ) 

185 WRITE (IWRIT,610) Z(K)»SCL(K),SCO(K),SCM(K) 
IF (KPLQT.LE.l) CALL C?LOT (11*12*FMACH,X,Y*CP> 
If (KPL0T.LT.1.GR.KPL0T.GT.2) GO TO 171 
CALL G°APH (IPLCT,U*1Z*X,Y,CP*TITLE»FPACH*YA*AL* 
I Z(K),SOL(K),SCD(K),CHORDO,XSCAL,PSCAL) 
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GC 
191 CAL 

1 
CD1 
CD 
VLD 
IF 
VLD 
IF 
WRI 
WRI 

192 FOR 
1 
WRI 
WRI 

194 FOR 
1 
WRI 
WRI 
FOR 
WRI 
RfcW 
IF 
CAL 
CAL 

196 

201 
IF 
IF 
IF 
NX 
NY 
NZ 
CAL 

1 
2 
( 
1 
2 
3 

I 
1 
? 
IF 
CAL 
IF 
ktW 
REW 
NSM 
IF 
DO 
CAL 
IF 
REW 

202 REW 

TO 171 
L TOTFORtK 

C 
• C 
« C 

1  0 
(ABS(CDl). 

» 0 
(ABS(CL).G 
TE (IwHT, 
TE (IWRIT, 
MAT(21H0WI 

15H0 
TE (IwRIT, 
TE (IwRIT, 
MAT115H0 

15H 
TE (IWRIT, 
TE (IWRIT, 
MAT(15hO 
Tt (IWRIT, 
IND NI 
(KPLOT.LT. 
L RPLGTdP 
L THREEDU 

V 
(1G.EC.0) 
(ISTOP.EO. 
(FHALF(NM) 

■ N 
« N 
 N 

L COORD (N 
S 
A 
(N 
S z z 
(N 
Y 
I 

(IND.EU.O) 
L REFIN 
(10.EQ.0) 
IND NI 
IND N2 
OC 
(NSMOO.LT. 
202 N«1,NS 
L SMOO 
(IO.EQ.O) 
IND NI 
IND N2 

TE1, 
L,CC 
YAW* 
DO 
GT.l 
T.l. 
oOO) 
192) 
NG C 

rA 
610) 
194) 

61C ) 
196) 

CM 
61C ) 

KTE2,CHGRD,SCL,SCD,iCf,Z,XC, 
1,CMP,CMR,CMY) 
CD1 
+ CD1 
.Lfc) VLOi <= CL/C01 
E6) VLD « CL/CD 

HARACTEKISTICS, 
CH *{} ,15H 
FMACH,YA,AL 

CL ,15H 
CD ,15H 
CL,CDi,Cro*CD 
PITCH ,15H 
CMP,CMR,CMY 

YAW ,15H Af'G OF ATTACK) 

CD FORM , 1 5 H 
L/D FORM ,15H 

*VLC1*VLD 
CM RCLL 15H 

CD FkiCTiON , 
L/D ) 

CM YA* 

CALL SINGL 

CALL SURF 

1) GO TO 
LCT,NRES, 
PLcr,*v,s 
LD,CL,CL, 
GC TO 151 
1) GO TO 
.ECO.) G 
X 4NX 
Y +NY 
Z *NZ 
X,NY,NZ,K 
Y,SCAL,SC 
0,A1,A2,A 
C,NZ,KSYM 
WEEP1,SWE 
S,XLE,YLE 
*C1,C2,C3 
D,Nt,NC,N 
AW,AU*Z,Z 
TE1,ITE2, 
GO TO c9 

GO TO 221 

i.01 

KES,COUNT 
M,CP,X,Y, 
CHCRDCX5 
3J1 
G TO 1 

SYM,XTEO, 
ALZ,AX,AY 
3,60,Bl,e 
,KIEl,KTt 
EP2,5wEEF 
*XC*XZ*XZ 
,E1,E2,E3 
X,NZ,ISYM 
S»XC,YC,S 
1V,S0,Z0, 
1 

,TITLE,FMACH,YA,AL, NX,NY,NZ) 
TITLE,YA,AL, 
CAL,PSCAL) 

ZTIP,XMAX,ZMAX, 
,AZ, 
2,63,Z,C1,C2,C3) 
2,CH0kDC, 
,DIHEC1,JIHED2,DIHED, 
Z,YC,YZ*YZZ, 
,t4,E5,lN0) 
,KSYM,KTtl,KTt2,SCAL, 
LOPT,TRAIL,XS,YS,NP, 
XP,YP,D1,D2,D3,X, Y, INC) 

FHALF(NM) 
1) GO TC 211 
MOG 
GO TO 221 
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N » Nl 
NI  N2 
N2 ' N3 
N3 ■ N 
NM « NM +1 
M T « 0 
GO TC 101 
NX = NX/2 
NY « NY/2 
NZ «= NZ/2 
CALL COORD (NX,NY,NZ,KSYM,XTf0,ZTiP,XMAX,ZMAX, 
1 SY,SCAL,SCALZ,AX,AY,AZ, 
2 A0,A1*A2,A3,6J*B1,F2,B3,Z,C1,C2,C3) 
CALL SINGL (NC,NZ,KSYM,kTEl,KTE2,CH'JRD0, 
1 SwEEPi,SWLfcP2,SWEEP,DIHEDl,DIHtD2,DIHc0, 
2 ZS,XLE,YLE,XC,XZ,XZZ,YC,YZ,YZZ, 
3 Z*C1,C2,C3*E1,E2,L3*E4*E5*IN0) 
CALL SURF (ND,NE,NC,NX,NZ,ISYM,KSYM,XTcl,KTE2,SCAL, 
1 YAW,AO,Z,Zi,AC,YC,3L0PT»TRAIL,XS,YS,NP, 
2 ITEl,ITE2,IV,Sv,Z0,XP,YP,Dl,D2,D3,X,Y, IND) 
IF (IND.EG.0) GC TC 291 
GO TO 151 

251 Kl « KTE1 1 
K2 » KTE2 +ITE2(KTE2) NX/2 
DG 252 M=l,3 
WRITF (4) NX,NY,NZ,NM,Ki,K2,MT 
OG 262 K«1,MZ 
BUFFER IN (M,l) ( G( j., 1, i ) , G( MX, MY, 1) ) 
IF (UNIJ(NI).GT.O.) GO TO 281 

262 WRITE (4) ((G(I,J,1),I»1,MX),J»l,MY) 
REWIND Nl 
WRITE (4) (F0(K),K«K1,K2) 
ENDFIL6 4 

252 CONTINUE 
REWINO 4 
CALL SSWTCH(I*ISTQP) 
IF (ISTOP.EG.l) GO TC 161 
JIT » 0 
IF (MT.LT.MIT.ANC.AfeS(0G).GT.CUV.AND.A8S(0G) .LT.IO.) GO TO 1.41 
GO TO 161 

281 REWIND 4 
GO TO 151 

291 WRITE (IWRIT,600) 
WRITE (IWRIT,292) 

292 F0RMAT(24h0BA0 LATA*SPLINE FAILURE) 
GO TO 1 

301 IF (KP.LQT.GT.O) CALL PLOT ( 0.* 0. » 999) 
STOP 

50C FORMAT(IX) 
510 FURMAT(8F10.6) 
530 FORMAT(20A4.) 
600 FORMAT(lHl) 
610 F0RMAT(F12.4,7F15.4) 
620 F0RMAT(8E15.5) 
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630 F0RMAT(1H0,20A4) 
640 F0RMAT(I8*7I15) 
65C F0RMAT(1X,32I4) 
660 FORM AT (110, El 5.5, 314, E15. 5, 314, 5F10. 5, I i 3) 
670 F0RMAT(2E15.4*2F15.4) 
700 F0RMAT(15H0C0MPUTING TIME,F10.2,10H SECONDS) 

END 

SUBROUTINE GEOM 
1 
2 
GEOMETR 
DIMtNSI 

IC 
ON 

11 

IKEAD 
IWRIT 
KAD 
READ ( 
READ ( 
IF (FNC 
KSYM 
NC 
WRITE ( 

2 FORMAT( 
1 
WHITE ( 
WRITE ( 
SWfc'EPl 
SWEEP2 
SWEEP 
DIHEDl 
DIHE02 
DIHED 
ISYMC 
XTEO 
CHORDC 
K 
REAO ( 
READ ( 
ALPHA 
IF (K.G 

12 

READ 
READ 
NU 
NL 
N 
KEAQ 
REAO 
READ 
DO 12 
REAO 

DtF 
X 
S 

= 5 
■ 6 

IREAD, 
IREAD, 
•LT.3. 

« Z 
* F 

IWFIT, 
15H0 
15H 
IWRIT, 
IWRIT, 

S 
s 
S 
D 
D 
D 
1 
0 
0 

= I 
IREAD, 
IRbAD, 

« A 
T.l.AN 
IREAD, 
IREAD* 

• F 
 F 
» N 

iREAD, 
IREAD, 
1REA0* 
»NL,N 
IREAD, 

(NO,*C,NP,ZS,XS,YS,XLt,YLE,SLOPT,TRAIL,AP, YP, 
SWEEPl,SwEEP2,SWEtP,0IHtDl*DIHED2,DlHtJ, 
XTEO,CHORLO,ZTIP,1SYMO,KSYM) 

IN1TI0N OF wING 
S(ND,1),YS(ND,1),ZS(1)»XLE(1),YLE(1), 
LOPT(l),rRAIL(l),XP(l),YP(l),NP(I) 

7.2 
5C0 
510 
) R 
SYM 
NC 
2) 
S 
I 

61C 
610 
WEE 
WEE 
WEE 
IHE 
IHE 
IHE 

957795130823 
) 
) ZSYM,FNC,SwLEPl,SwEEP2,SwEEP,DIHEDl,DlHtJ2,LlHED 
ETuPN 

WEEP( 
IHtD( 
) XL, 
) SwE 
Pl/RA 
P2/RA 
P/RAD 
Dl/RA 
D2/RA 
P/RAD 

1) , 1 5H SWEEP(2) , 1 5H FINAL 

J) , 1 5 h D IH h u ( 2 ) , 1 5H FINAL 

YL,CHURC,THICK,AL 

EP1,SWEE P 2 , Sw t E P , DHE 0 1 , D l H c U 2 , 0 I H ED 

0 
D 

SWEEP , 
DIHED ) 

500) 
510) ZS(K)*XL,YL,CHORD,THICK,AL,FSEC 
L/RAD 
D.FifcC.Eti.O.) GO TO 31 
5C0) 
51C) YSYM,FNU,FNL 
NU 
NL 
U +NL 1 
500) 
51C) TPL,SLT,XSING,YSING 
500) 
51C) XP(I),YP(I) 
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L ■ NL +1 
IF (YSYM.GT.O.) GO TG 15 
READ (IRtAD,5CC) 
DO 14 I1,NL 
READ (IRFAD»510) VAL*OU.S 
J * L I 
XP(J) » VAL 

14 YP(J) ■ DUM 
GO TO 21 

15 J = L 
DO 16 I»NL,N 
J * J 1 
XP(J) « XP(i) 

16 YP(J) = YP(I) 
21 WRITE (IWRIT,600) 

WRITE (IWRIT,22) ZS(K) 
22 FGRMATdfHOPROFlLt AT L  ,FiC5/ 

1 15H0 TE ANGLE ,l3h TE SLOPE ,15H X SING 
2 15H Y SING ) 
WRITE (IWRIT,610) TRL,SLT,XSING,YSING 
WRITE (IWRIT,24) 

24 FCRMATdfHO X »1PH Y ) 
DO 26 I«1,N 

26 WRITE (IWRIT,610) XP(I),Y?(I) 
31 SCALE * CHGPD/(XF(1) XP(ND) 

XLE(K) » XL +(XSING XP(NL))*THICK*SCALE 
YLt(K) <= YL +(YS1NG YP (NL ) ) *THICK.*SCALE 
XX » XP(M) (̂XSiiMt ^XP(NL) )*TH1CK 
YY = YP(.NL) +(YSING YP(NL))*TH1CK 
CA * CQS(ALPHA) 
SA " SIN(ALPHA) 
DC 32 I » 1 ,N 
XS ( I , K ) * SCAL t * ( ( XP ( I ) -XXMCA +TH1CK»(YP( I ) -YY)*SA) 

32 Y S ( I , K ) • SCA L t * ( T H I C K * ( Y P ( I ) - YY ) *CA - ( X P U ) - X X ) * SA ) 
SLOPT(K) = THICK*SLT -TAN(ALPHA) 
TRAIL(K) » THICK*TRL/RAL 
NP(K) = N 
XTEO • AMAXKXTtO,Xb(l,K )) 
CHORDO « AMAXl(CHLRDO,CHORD) 
IF (YSYM.LE.O..CR.ALPHA.Nc.C.) ISYMO * 0 
WRITE (IwPIT,52) ZS(K) 

52 F0RMAT(27H0S£CTI0N DEFINITION AT Z = ,F10.5/ 
1 15hO XLE ,15h YLE ,15H CHORD 
2 15HTHICKNESS RATI0,15h ALPHA ) 
WRITE (IWRIT,610) XL,YL,CHCRD,THICK,AL 
K * .K *1 ■ 
IF (K.LE.NC) GO TO 11 
ZG  .5*(ZS(1) +ZS(NO) 
IF (KSYM.NE.O) ZO « ZS(1f 
DO 62 K=1,NC 

62 ZS(K) ■ ZS(K) ZO 
ZTIP » ZS(NC) 
RETURN 

500 FORrlAT(lX) 
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510 F0RMAT(8F10.6) 
600 FORMAT(lHl) 
610 F0RMAT(F12.4,7F15.4) 

ENO 

SUBROUTINE COOFD (NX,NY,NZ,KSYM,XT=0,ZTlP,XMAX»ZMAX, 
1 SY,SCAL,SCALZ,AX,AY,AZ, 
2 AO,Al,A2,A3,bO,Bl,b<;,S3,Z,Cl,C2,C3) 
SETS UP STRETCHED PARACOLIC AND SPANwISE COORDINATES 
OIMENSION AO(l),Al(l),A2(l),A3(l),ttO(l),bl(l),82(l),E3(l), 
1 Z(l),CUl),C2(i),C3(l) 
DX « 2./NX 
DY « i./NY 
KY » NY +1 
DZ  2./NZ 
ZC ■ 1. DZ 
Kl » 2 
K2 » NZ 
IF (KSYM.EQ.O) GO TO 1 
DZ ■ l./NZ 
ZO ■ 0. 
Kl = 3 
K2 ■ NZ +2 

i AX " .5 
AY • .5 
AZ ■ .5 
BX » 0. 
BZ  0. 
XMAX ■ .625 
ZMAX = .625 
SY • .5 
SCAL * XTEC/(.50Cul»XhAX*XMAX) 
SCALZ  ZTIP/U.OOOOC1*ZMAX) 
V2 * (0X/DY)**2 
Wl " SCAL/SCALZ 
W2 " (Wl»0X/DZ)*+2 
S73 ■ SQRK73.) 
BBX = 6X*SQ*T(3.*(7. + S73))/((l. + S73)♦XMAX**a) 
ABX  1.  «BX*SQRT((7. ♦ S73)/12.)♦XMAX*»3 
CBX = (19. + S73)*XMAX*XMAX/12. 
ABBX » ABX ♦ *BX+(3.*CttX  4.*XMAX*XPAX) *XMAX* XMAX/ 

1 SQRKC6X  XMAX + XN.AX) 
DO 12 I=2*NX 
OD « (I D+DX 1. 
B = 1. 
IF (AeS(OD).GT.XMAX) GO T3 ]3 
A ■ CBX  0D*D0 
AS = SQRT(A) 
C " A3X*AS ♦ dBX*(3.*CBX  4.*DD*CD)*DO*DO 
DC ■ ABX*DD + 8BX*AS*DD**3 
Dl « AS/C 
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13 

14 

12 

22 

33 

3* 

32 

02 
GO 
IF 
A 
C 
D 
DO 
Di 
D2 
L 
AO 
Al 
A2 
A3 
DC 
DD 
A 
C 
D 
Di 
ttO 
Bl 
ot 
83 
BB. 
Ad 
C8 
AB 
L 
Du 
CD 
8 
IF 
A 
AS 
C 
DO 
LI 
D2 
GO 
IF 
A 
C 
D 
DO 
DI 
D2 
L 
Z<( 
Ci 
C2 
C3 
RE 
EN 

TO 1 
(DD. 

(I) 
(I) 
(I) 
(I) 
22 

(J) 
(J) 
(J) 
(J) 
Z 
Z 
Z 
8Z 
3? K 

(ABS 

TO 3 
(DD. 

K) 
CK,> 
(K) 
(K) 
TURN 
D 

• B 8 X * ( C  J X * (  6 . * C O X + 19.*L,D*uD)  12 . *DD**4 ) *DD/(A*C ) 
4 J V 

LT.O.) B •  1 . 
= 1. ((OC B*XMAX)/(1. XMAX))**2 
■ A*+AX 
= (AX +AX l.)+(l. A) 
• 8 W A X ♦ Ae8X t ( 0C - P*XMAX)/C 

= A * C / ( ( 1 . ♦ 0 ) *A8BX ) 
» - ( AX * A X ) * ( DU -B*XMAX) 

* ( 4 . + D ) / ( ( 1 . + D ) * A + ( 1 . -XMAX)+*2 ) 
• DO 

• . 5 *C 1 /QX 

- 01*C1 

» .5*DX*D2 

»2»KY 

• (KY - J ) * D Y 

■ 1 . -DD*OD 

« A**AY 

■ (AY *AY - l . ) * ( l . - A ) 
« A * C / ( ( l . + J ) * SY ) 
- SY*D0/C 

« . 5 * 0 1 / 0Y 

■ 01*PL*V2 

= - A Y * D 0 * 0 Y * ( 3 . * C ) / ( ( 1 . +DMA ) 
■ - e Z * S Q « T ( 3 . * ( 7 . + S 7 3 ) ) / ( ( l . + S73 ) * ZMAX * * 3 ) 
■ 1 . - 6 b Z * SUR 1U 7 . + S 7 a ) / U . ) * Z M A X * * 3 

• ( 1 9 . ♦ S73 ) * ZMAX»Z f AX / 1 2 . 
= ABZ + 3 3Z+ ( 3 . * CBZ - 4 . * l ?AX *ZMAX ) * ZnAX *ZMAX / 

SQRT(C°bZ - ZMAX*ZMAX) 
»2,*K2 

» (K - K 1 ) * 0 Z -ZO 

- 1 . 
( ,DD).GT.ZMAX) GO TO 33 

» CbZ - UD*OU 

- SCRT(A) 
« A8Z*AS + 8 8 Z * ( 3 . * C B Z - 4 . *CD*DD) *DD*OD 

- A3Z*DC ♦ 8BZ*AS*C 'C**3 

« AS/C 

■ BBZ * ( C « Z * ( - 6 . * C B Z ,+ 19, .»D0*DD) r 1 2 . * DD * * 4 ) *D i> / ( A*C.) 
4 

L T . O . ) B • - i . 
= i . - ( ( D D - B * ZMAX ) / ( 1 . - ZMAX ) ) * * 2 

- A* *AZ 

« (AZ + AZ - l . ) * ( l . - A ) 
• -B*ZMAX ♦ A» t t Z» ( 0 t - B*ZMAX)/C 

= A A * C / ( t ( l . & D)*,A86Z) 
■ - ( A Z ♦AZ ) * (DO - b *ZMAX) 

♦ ( 3 ' . ♦ D ) / ( ( l . * 0 ) *A , * ( 1 . -ZMAX)**2) 
■ SCALZ*DO 

= . 5 * L 1 *W1 /DZ 

■ D l * D l * w 2 

« . 5-*DZ*02 
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SUBROUTINE SINGL (NC,NZ,KSYM,KTE1,KTE2,CHOROO, 
1 SwtfcPl,SwtfcP2,SwEEP,DIHEDl,UlHc02,DIHfcC, 
2 ZS,XLE,YLE,XC,XZ,XZZ,YC,YZ,YZZ, 
3 Z,Ci,C2*C3*El*E2»fc3»E4,E5,lND) 
GENERATES SINGULAR LINE FOR SCLARE ROOT TRANSFORMATION 
DIMENSION ZS(1),XLL(1),YLE(1)*XC(1)#XZ(1)*XZZ(1)* 

1 YC(1),YZ(1),YZZ(1),Z(1),C1(1),C2(1),C3(1), 
2 El(l),E2(l),t3(l),E4(l),E5(l) 
DO 2 K»1,NC 
E4(K) ■ 0. 

2 E5(K) » 0. 
Kl  2 
K2 » NZ 
IF (KSYM.EO.O) GO TO 11 
Kl » 3 
K2 » NZ +2 
KTE1  3 

11 DO 12 K«K1,K2 
IF (Z(K).LT.ZS(l)) KTcj. ■ K +1 
IF (Z(K).LE.ZS(NO) KTd2 » K 

12 CGNTINUE 
B  CHOROO 
51 » TAN(SVcEPi) 
52 » TAN(SwEfP2) 
Tl ■ TAN(DIHECl) 
T2 « T4N(DlHtD2) 
CALL SPLIF (1,NOZS,XLE,£i,E2,F3,1»S1,1,S2,0,0., iND) 
CALL INTPL (KTEl,KTE2*Z*XC,l,NC,Zb,XLE,cl,L2,E3,0) 
CALL INTPL (KTEl,KTc2,Z,XZ,l,NC,ZS*cl*£2,E3,E4,0) 
CALL INTPL (KTEl,KTE2,Z,XZZ,l,NC,ZS,E2,c3,L4,E5,0) 
CALL SPLJF (l,NC,ZS,YLE,El,E2,E3,l,Tl,l,Ti,0,0.,lND) 
CALL INTPL (KTE1,KTE2*Z*YC,1*NC*ZS*YLE*E1,E2*E3,0) 
CALL INTPL (KTEl,KTE2,Z,YZ,l,NC,ZS,tl,E2,E3,c4,0) 
CALL INTPL (KTEl,KTt2,Z,YZZ,l,NC,ZS,E2,t3,E4,E5,0) 
S » B*TAN(SwEEP) 
Si « 8*S1 
Si * a*s2 
T ■ B*TAN(DIhED) 
Tl « 8*U 
T2 » 3+T2 
XC(2) = 3.*(XC(3) XC(4)) +XC(5) 
YC(2) ■ 3.*(YC(3) YC(4)) +YC15) 
IF (KSYM.NE.O) GO TO 31 
N » KTE1 1 
DO 22 K»K1,N 
ZZ ■ (Z(K) Z(KTE1))/B 
A « EXP(ZZ) 
XC(K) ■ XC(KTEl) *S*ZZ (SI  S M U . A) 
YC(K) = YC(KTEl) + T*ZZ (Tl T>*(1. A) 
XZ(K)  (S + (S1 S)*A)/b 
YZ(K) « (T +(T1 T)*A)/b 
XZZ(K) ■ (SI S)*A/(8*8) 

22 YZZ(K) » (Tl T)*A/(b*B) 
31 N « KTE2 +1 
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32 

DC 32 K»N,K2 
zz 
A 
XC(K) 
YC(K) 
XZ(K) 
YZ(K) 
XZZ(K) 
YZZ(K) 
RETUFN 
END 

(Z(K) Z(KTE2))/8 
EXP(ZZ) 
XC(KTE2) 
YC(KTC2) 
(i +(S2 
(T +(T2 
(S2 
(T£ 

♦ S*ZZ +(S2 
♦T*ZZ *(T2 
- s ) + A ) / e 
T)*A)/B 

S)*A/(B*B) 
T)*A/(tJ*9) 

S)*(l. 
T)*(l. 

A) 
A) 

SUBROUTINE SUPF 

C 
c 

1 
2 
INT 
INT 
DIM 

EKPOL 
ERPCL 
£NSIO 

ATES 
ATIGN 
N 

1 
2 
3 

21 

23 
25 

32 

PI 
TYA 
SI 
DX 
LX 
MX 
MZ 
IVO 
IV1 
Do 
ITE 
ITE 
DO 
IV( 
SC( 
K 
K2 
K2 
Kl 
R2 
IF 
R2 
Rl 
C 
CC 
DO 
IF 
IF 
CON 
ITE 

2 K«l 
1(K) 
2(K) 
2 11 
I*K) 
I,K) 

»r 

*h 

(ZS(K2) 

MAPP 
IS 

0(NE 
C(l) 
P(l) 
V(NE 
.14i 
AN(Y 
5 + SC 
./N* 
X/2 
X ♦ 
Z ♦ 
- I 

1 
X 
X 

(NC»NE*NC,NX*NZ»ISYM*KSYM.,KTE1,KTE2,SCAL» 
YAw,AO,Z,ZS,XC,YC,SlUPT,TRAIL,XS,YS,NP, 
nEi,ITE2»IV*S0,Z0*XP,YP*Dl*D2*D3*X*Y,lN0) 

EO WING SURFACt AT MESH PuINTS 
LlNcAH IN PHYSICAL PLANE 
,l)*Xi(N0,l),YS(ND,i),ZS(l),SLOPT(l),TRAlL(l), 
,YC(l),AO(l),Z(l),ZO(l),X(l),Y(l), 
, Y P ( 1 ) , D 1 ( 1 ) * L 2 ( 1 ) * D 3 ( 1 ) » 
,l),NP(l),ITtl(l),ITE2(l) 
5926535fc979 
Aw) 
Al 

♦ 1 
1 
3 
SYf, 
ISYM 

-ISYM - ISYP 

- 2 
0 
K 
1 
K 
K 
1 

32 I » 
( (AO( 
((AO( 
TINUE 
l d O 

( 
1 
R 
S 

2,NX 
I ) ♦ 
I ) -

TEl 

2 +1 
2 - 1 
. 
Z(K>) 2 1 , 2 5 , 2 3 
Z(K) - ZS (K1 ) ) / ( ZS (K2 ) - Z S ( KD ) 
. -R2 
1*XS(1 ,K1) ♦R2*XS(1 ,K2) 
QRT((C +OVSCAL) 

. * *DX) . LT . -CC ) 11 ■ I *1 

. 5 *DX ) . LT . C t ) 12 - I 

I I 
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41 

42 

45 

44 

ITt2(K 
CC 
ZO(K) 
KK 
P 
N 
U 
DO 42 
X(I) 
ANGL 
U 
V 
DO 44 
R 
IF (fr, 
ANGL 
L 
U 
V 
R 
XP(I) 
YP(I) 
GO TO 
ANGL 
0 
V 
XP(I) 
YP(I) 
CONT1N 
ANGL 
ANGL1 
ANGL2 
ANGL1 
ANGL2 
Tl 
T2 
CALL S 
CALL I 
XI 
A 
B 
ANGL 
U 
V 
M 
00 
XX 
0 
YY 
R 
ANGL 
U 
V 
R 

I'Zi 

11, 

EG.C 

44 

UE 

PLIF 
NTPL 

52 I = 2i 

» 12 
= A0(12)/CC 
■ Z(K) TYA«*(XC(K) +S1*A0(I2)*A0(I2)) 
» M 
« Rl 
* NP(KK) 
■ S0RT(XS(1,KK)/C)/CC 
NX 
« J*AO(I) 
= PI + P1 
 1. 
» 0. 
N 
= SORT(XS(I,KK)**2 +YS(1,KK)**2) 
) GG TO 4t 
ANGL + AlA.N2((U*YM I»KK) V*XS(I,KK)), 

(U»XS(I,KK) ♦V*YS(1»KK)) ) 
XS(1,KK) 
YS(1,KK) 
SQRTUR + R ) / J C A L ) 
R*COS(.**ANbL) 
R*SIN(.5*ANGL) 

PI 
 1 . 
0. 
0. 
0. 

ATAh(SLOPT(KK)) 
ATAN(YS(1,KK)/XS(1,KK) ) 
ATAN(YS(N,*K)/XS(N,KK)) 
ANGL .5*(ANGLi TPAIL(KK)) 
ANGL .5*(ANGL2 + IRAlL(KK)) 
TAN(ANGLl) 
TAN(ANGL2) 
(l,N,XP,YP,Dl,02,C3,l,Tl,i,T2,C,G.,lN0) 
(Il*I2*X,Y,l,i^»XP, YP,D1,02,C3,0) 
.25*XS(1,KK) 
SL0PT(KK)*(XS(1,KK) XI) 
l./(XS(l,KK) XI) 
PI +PI 
1. 
0. 
II 1 

.5*SCAL*X(I)**2 
3*(XX XI) 
YS(1,KK) ♦A+ALO((D)/0 
SQRT(XX**2 +YY*«2) 
ANGL +ATAN2((0*YY V*XX),(U*XX +V*YY)) 
XX 
YY 
SGRT((R +R)/SCAL) 
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5? Y(I) 
A 
8 
ANGL 
U 
V 
M 

= K + SIN(.r*MN\,L) 
» SLCPT(KK)*(XS(N,HK) XI) 
« l./(XS(N,KK) XI) 
• 0. 
« 1. 
• 0. 
«= 12 +1 DL. 54 IM,NX 

XX » .f*SCAL*XI)**2 
D ■ B*(XX XI) 
YY = YS(N,KK) +A*AL0G(D)/D 
R » SQRT(XX**2 *YY**2) 
ANGL «= ANGL +ATAN2((U*YY V*XX),(J*XX +V+YY)) 
U "XX 
V = YY 
P • SQPT((e *R)/SCAL) 

54 Y d ) « R*S1N(.?*ANGL) 
0 ■ P*C»CC*CC 
DO 62 1=2,NX 

62 S0(I,K) • SO(I,K) ♦0*Y(1I 
IF (KK.E0.K2) GO TO ?1 
KK « K2 
P = R2 
Gu TC 41 

71 LO 72 111*12 
72 IV(I,K) * 2 

M • II 1 
DO 74 I«2,M 
ZZ « Z(K) TYAW*(XC(K) *S1*A0(I)*A0(I)) 
IF (ZZ.Gt.ZO(KTFD) IV(I*K) * IVO 

74 CONTINUE 
M ■ 12 +1 
DO 7t I*M,NX 
ZZ  Z(<) TYAW*(XC(K) ♦Sl*AO(I)*AO(l)) 
IF (ZZ.GE.ZO(KTED) IV(I»K) * IVC 

76 CONTINUE 
K2 • K2 1 
K « K +1 
IF (K.LE.KTE2) GO TO 21 
Kl ■ 2 
K2 « NZ 
IF (KSYM.tQ.O) GO TG 61 
Kl  3 
K2 » NZ «2 

81 00 82 I»2,NX 
ZZ « Z(K) TYAw*(XC(K) *S1<AG(I)*A0(I)) 
IF (ZZ.LL.ZS(NC).ANO.ZZ.G = .ZC(KTED) 1VII,K) • IVO 

82 CONTINUE 
K = K +1 
IF (K.LL.K2) GO TO El 
N  KTE2 
IF (YAW.LE.O.) GO TO 93 
10  ITEKKT62) U 
DU 92 I»IC,LX 
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92 
93 

104 
102 

112 

N 
Z0(N) 
I 
ZO(KTEll) 
Z0(N*1) 
DO 
DO 
IF 

N +1 
Z(KTE2) TYAW*(XC(KTE2) 
ITEKKTE1) 

♦Si*AC(I)*A0(1)) 
TYAW*(XC(KTE11) +S1*A0(1)*A0(I)) » Z(KTtll) 

• Z(KTE2H) 
102 K«K1,K2 
1C4 I«2,NX 
(IV(I,K).GT.C) GO TO 104 

IF (IV(I*l,K*l).6T.O.Uk.IV(Il,K*l).GT.O) IV(1,K) « 
IF (IV(I+l,Ki).GT.O.OR.lV(Il,Kl).GT.i) IV(1,K) = 
CONTINUE 
IF (S0(LX,K).LT.l.E05) 1V(LX*K) « 0 
IF (KSYM.EQ.O) FtTORN 
DO 112 I2*NX 
S0(I,2) * J.*(S0(I,3) S0(l,4)) +50(1,5) 
RETURN 
END 

1V1 
1V1 

SUBRCUTI 
INITIAL 
COMMON 

NE 
EST 

1 
2 
3 
4 
5 
6 
7 

12 
21 

MX 
KY 
MY 
MZ 
DO 12 I
DO 12 J= 
DO 12 K
G(I,J,K) 
K 
DO Z'c 1° 
G(I,KY+1 
IF (IV(I 
DSI 
DSK 
SX 
SZ 
FH 
H 
AZ 
BZ 
HZ 
FYY 
FXY 

1,1 
1,2 
l*t 

EST1M 
IMATE OF REDUCED POTENTIAL 
G(193,2b,4),SO(19 3,35),tO(131),ZO(131), 
TV(193,35),ITE1(35),ITE2(35), 
A0(193),A1(19 3),A^(19 3),A3(W3), 
B0(26),P1(26),82(26),B3(26), 
Z(35),Ci(35)*C2(35),C3(35), 
XC(35),XZ(35),XZZ(35),YC(3i),YZ(35),YZZ(35), 
NX,NY,NZ,KTElfKTE2,ISYM,KSYM»SCAL,SCALZ, 
YAW,CYAW,SYAw,ALPHA,CA,SA,FMACH,Nl,N2, N'3,10 
NX +1 
NY + j. 
NY +2 
NZ +3 
93 
6 
0, 
1 

2,N 
,1) 
,K) • L S 

s 
A 
C 
A 
1 

TO 22 
S0(i1,K) 
S0(1,K1) 

0. 
T.2) CO 
0(1+1,K) 
0(1,K+l) 
l(l)*DSI 
1(K)*DSK 
0<I)*AC(I) 
/FH 

A 
A 
Z . . 
. 4SX»i>X +H*HZ+HZ 
X +H*AZ*HZ 

♦ S0( I,K)*S0( I,K) 
/FH 
.0(I)*XZ(K) SO(I,K)*YZ(K) 
0(I)*YZ(K) +SC(I,K)+XZ(K) 
♦SX BZ +FH*SZ 
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V 
u 
w > 
G(I,KY+1,1) 

22 

32 

41 

SA + A C U ) CA*SO(I,K) 
CA*A0(I) +SA*S0(I,K) 
SYAW +CA*XZ(K) +SA*YZ(K) 
= G(I,KY1,1) 

♦(V+(l. n*BZ»HZ) U+FXY 
CONTINUE 
bUFFtk OtT(Ni,l) (G(l,l*i),G(MX*MY*l)) 
IE (UNIT(N3).GT.0.) GO TG 41 
BUFFER GUT(N1,1) (G(1,1*i),G(MX,MY,1)) 
IF (UNIT(Nl).GT.O.) GO TO 41 

« K *1 
(K.LE.MZ) GO TO 21 

= KTE1 1 
♦1TE2(KTE2) NX/2 

W*HZ)/(FYY*B1(KY)) 

K 
IF 
Kl 
K2 
DO 32 
EC(K) 
10 
RcTJPN 
10 
ktTUPN 
LNO 

 KTE2 
K=K1,K2 

• 0. 
- 1 

SU3RCUTINE 
C SOLUTION CF 
C USING ROTAT 

CCMMON 
1 
2 
3 
4 
5 
6 
7 
CGMMON/FLG/ 
CGMMCN/SWF/ 
1 
2 
3 
4 
LX 
MX 
KY 
MY 
TYAW 
SI 
DX 
Tl 
AAO 
Ql 
02 
FR 

M1XF 
EQ'JA 

ED DI 
0(19 
IVU 
AO(i 
8C(2 
Z(35 
XC(3 
NX,N 
YAW, 
STP1 
U K 
SX(1 
R0(1 
G10( 
11,1 
NX/2 
NX 
<4Y 
NY 
SYAW 
.5*S 
2./N 
OX + C 
l./F 
2./P 
l./P 
0. 

LLi 
TIONS F 
FFEPENC 
3,26,4) 
93,35), 
93),AH 
6),81(2 
),C1(35 
5),XZ(3 
Y,NZ*KT 
CYA*,SY 
P,P1,P2 
193,26) 
93),SZ( 
93),FH 
26),G20 
2,K,L,N 
+ 1 
♦ 1 
•♦2 
/CYAW 
CAL 
X 
X 
MACH*+2 
1 
2 

OR MIX 
E SCHE 
,S0(19 
lTcl(2 
193),A 
6),B2( 
),C2(3 
5),XZZ 
E1,*TE 
Aw,ALP 
,P3,8E 
,GK2(1 
19b),S 
193)*C 
(26),G 
0,LX,M 

EC SUBSONIC AND SUPERSONIC FLOW 
ME 
3,35),EO(131),ZO(131), 
5),ITE2(35), 
2(193),A3(193), 
26),63(26), 
5),C3(35), 
(35),YC(35),YZ(35),YZZ(35), 
2,ISYM,KSYM,SCAL*SCALZ, 
hA,CA,SA,FMACH*Sl»N2,N3,IQ 
TA,FR*IR*JR,KR,DG, IG, JG,KG*NS 
93,26), 
XX(193)*SXZ(193)*SZZ(193)* 
(193),0(193), 
3G(26),G4C(26),G1(26),G2(26)* 
X,KY,MY,T1,AA0,Q1, Q2, TYAw*Sl 

+ .2 
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IR 
JR 
KR 
DG 
IG 
JG 
KG 
NS 
Kl 
IF 
K2 
IF 
Kl 
K2 
F 
L 
IF 
II 
12 
IF 
DO 
BUF 
IF 
CON 
DO 
DG 
G(I 
GKl 
GK2 
K 
L 
NO 
IF 
BUF 
IF 
BUF 
IF 
IF 
I 
OSI 
DSK 
SX( 
SZ( 
R 
J 
DO 
YP 
H 
AZ 
BZ 
A 
B 
DGI 
DGJ 

■ 0 
» 0 
■ 0 
= 0. 
« 0 
* 0 
■ 0 
» 0 
■ 2 

(FMACH.GE.l.) M " 3 
* NZ 

(KSYM.EQ.O) GO TO 1 
 3 
■ NZ +Z 
* A8S(.;*STKIP*NX) 
 F 

(L.EQ.NX/2) L = I i 
 LX L 
* LX U 
) 12 * LX 1 (L.EQ.O 

2 L=l,3 
FER IN 
(UMT(N 
TINUE 
4 J«l*fc 
4 i = l*M 
*J*4) 
(I» J) 
(I,J) 

(Nl*l) (G(l*l,L),G(MX,rY,L) ) 
D.GT.O.) GO TG 101 

(I,J,l) 
(I*J»l) 
(I,J,l) 

(K.EQ.K 
FER OUT 
IUNITIN 
FER IN 
(ONIT(N 
(KSYM.E 

I) 
I) 

« 2 
■ 2 
" K 
1) 
(N2 
2). 
(Ni 
D.GT.O.) GO TO 101 
Q.O 
" L 

TE1 1 
GO TO 21 
,i) (G(1,1,4),G(MX,MY*4) ) 
GT.O.) GO TO 101 
*1) (G(1*1»4)*G(MX*MY,4)) 
) 
.X 

GO TC 51 

12 M«2*KY 

SOd+1,3) S0(l1,3) 
S0(I*4) S0(I*2) 
AKD+OSI 
CK3)*0SK 
AMIN0(1,1V(I*K)) 
KY 
BC(J) + S0(I*3) 
R/(l. R +YP*YP) 
YP*YZ(3) 
YP*XZ(3) 
H + AZ + A K 1 ) 
(H+(8Z AZ*SX(D) SZ(I))*81( J) 
G(I+1,J,3) G(I1,J*3) 
G(I»J+1,3) G(I,J1,3) 
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12 

15 
16 

G(I, 
GKK 
G(I, 
GK2( 
P 
J 
J 
G(I, 
GKK 
G(I, 
GK2( 
M 
DO 1 
I 
GO f 
I 
DSI 
DSK 
SX(I 
SZ(I 
DO 1 
YP 
H 
AZ 
PZ s 
A 
B 
IP 
IM 
DGI 
DGJ 
G(I, 

GKK 
G(I, 
GK2( 
J 
Gil,J,2) 

14 

21 

22 

GKK 
IF ( 
CONT 
Gu J 
BUFF 
DG 2 
G10( 
G20( 
G30( 
G40( 
DO 3 
DSI 
DSK 
DSI I 

J,2) = G(T,J,4) +(A*QG1 B*DGJ)/CK3) 
1,J) » G(I,J,2) 
J*l) « 3.*(G(I,J,2) G(I,J,3)) + GJI,J,4) 
1*J) » G(I#J,1) 

= 1. 
» J 1 
« KY +1 

J,2) » G(I,J,4) ♦CA*061 B*0GJ)/CK3) 
I,J) = G(I,J,2) 
J,l) • 3.*(G(I,J,2) G(I,J,3)) *G(1,J,4) 
I,J) » G(I,J,1) 

•NX/2 1 
4 11=1,M 

 LX II 
G 16 

« LX +11 
* SG(I+I,3) SC(li,3) 
.« S0(I,4) S0(I,2) 

) « AK1)*DS1 
) « C 1 ( 3 ) * C S K 
B J=2,KY 

* HO(J) *SO(I,3) 
« l./(AO(I)*AO(I) +YP*YP) 
 AC(I)*XK3) YP*YZ(3) 
* AO(i)*YZ(3) +YP*XZ(3) 
« iIGN(l.,AZ) 
« H*AbS(AZ)*AKI) 
« (H*(8Z AZ*SX(I)) SZ(i))»8KJ) 
= I +IFIX(S) 
« I IFiX(S) 
«= G(I,J,4) G(IM,J,4) 
■ G.(I,J*1,3) G(I,J1,3) 

(CK3)*G(I,J,4) +A+(G(IP, J,2) +DGI) 
(CK3) *A) 
G(I,J,2) 
3.*(G(I,J,2) G(I,J,3)) *G(I,J,4) 
G(I,J,i)' 
KY +1 
(CK3)*G.(I,J,4) + A*,(G(IP,J*2) tDGI) 
(CI(3) *A) 
G(I*J,2) 
) GL TO 15 

J, 2) BJOGJ)/ 

1,J) 
J,l) 
I, J) 

B*DGJ)/ 

1,J) 
l.LT. 
1NUE 
0 51 
ER OU 
2 J = l 
J.) 
J) 
J) 
J) 
2 12 

LX 

T.(N2,1) (G(l,i,4),G(MX,MY,4) ) 
, MY 
■ G(I2,J,2) 
» G(I21,J*2) 
 G(I1*J,*2) 
« G(11 + 1,J,2) 

,NX 
s SO.(l + l,K) SO(ll,K) 

SO(l»K*l) SO(l*Kl) 
SG(K1,K) $0(1,K) SO.(I,K) +SC(11,K) 
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S0(1,K) SO(I,K) +SC(I,K1) 
S0(I1,K+1) SG(1+1,K1) +S0(I1,N1) 

32 

42 
51 

52 

61 

62 

101 

♦A3(I)*DSi 
DSKK  S0(J,K+1) 

+C3(K)*DSK 
DSIK ■ S0(I+1,K+1) 
SX(I) « AKD+DS1 
SZ(I)  CKK)*DSK 
SXX(I) = A2(I)*DSIi 
SZZ(I) » C2(K)*0SKK 
SXZ(I) = T1*A1(1)*C1(K)*D5IK 
IF (I2.GT.I1) CALL YSrftcP 
IF (UNU(N2).GT.0.) GO TU 101 
IF (K.LT.K2) BUFFER IN (M*l) ( G (1, 1, 4) ,G ( MX, MY,4) ) 
IF (I1.GT.2) CALL XSwtEP 
IF (UNIT(Nl).GT.O.) GU TO 101 
IF (K.NE.KTE2.CP.YAw.LE.C.) GO TO 51 
10 « ITEKK) +1 
DG 42 1=10,LX 
M ■ NX +2 I 
c = G(M,KY,2) G(1*KY,2) 
NO « NO tl 
EO(NO) = EC(NO) +P3*(E EO(NU)) 
IF (K.EQ.K2) GO TO 61 
DO 52 J«1*MY 
DO 52 I»l,MX 
G(I,J,l)  G(I,J,2) 
G(I,J,2) « G(I,J,3) 
G(I,J,3)  G(I,J,4) 
G(I,J,4) « G(I,J,1) 
K » K +1 
GG TO 21 
DO 62 L=2»3 
BUFFER 0UT(N2,1) (G(1,1,L),G(MX,MY,L)) 
IF (UNIT(N2).GT.C.) GG TO 101 
CONTINUF 
FR  1.2*FP/AA0 
10 = 1 
RETURN 
10  0 
RETURN 
END 

SUBROUTINE YSWEtP 
ROW RELAXATION 
COMMON 
1 
2 
3 
4 
5 
6 
7 

G(193,26,4),S0(193,35)*E0(131),Z0(131), 
iV(193,35),iT61(35),ITE2(35), 
A0(193),A1(193),A2(193),A3(193), 
80(26)»6K26),82(26),B3(26), 
Z(35),CK35)*C2(35),C3(35), 
XC(25)*XZ(35)*XZZ(35)*YC(35),YZ(35),YZZ(35), 
NX,NY,NZ,KTE1,KTE2,ISYM,KSYM»SCAL,SCALZ, 
YAw,CYAW,SYAw,ALPHA*CA*SA,FMACH,Ni*N2*N3*I0 
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COMMON 
COMMON 

/FLO/ 
/SWP/ 

1 
2 
3 
4 

S 
G 
S 
R 
G 
I 
2 
E . 
0 
0 
12 
1 

Jl 
IF (FMACH.G 
C(I11) 
D(I11) 
DO 12 IIi* 
RO(I) 
Rl(I) » 1 
GKKI,1) 

12 GK1(I,J11) « 
J = J 
13  I 

31 BC 
DO 32 Ili,I3 
A B • ■ r 
AC  T 
YP « S 
A ■ 1 

h = R 
FH ■' R 
P * A 
ii  Y 
A = X 
B  ( 
AZ 
BZ • cz 
DZ 
DGI 
DGJ 
DGK 
DGII 

TR1P,P1,P2,P3,6E 
KK193,2b),GK2(1 
X(193),SZ(193),5 
0(193),R1(193),C 
10(26)*G20(26),G 
1,I2,K,L,NJ,LX,M 
1.) Jl = 3 

TA,FR,IR, JR»KR,DG, 16, JG,KG,NS 
93,26), 
XX(193),SXZ(193),SZZ(193)* 
(193)*D(193), 
30(26),G40(26),GK26)*G2(26), 
X,KY,MY,T1*AA0,Q1,Q2, TYAW, SI 

G(I,1,L) 
G(I,J11,L) 
1 
2 

« T1*8K J)*CKK) 

DGJJ 
DGK* 
OGIJ 
DGIK 
DGJK 
GX 
GY 
U 
V w 

Tl*Ai 
1*AK 
0(1,K 
. R 
0(1)/ 
0(1)* 
0(1)* 
P*(4. 
Z(K)* 
XZ(K) 
AO(I) 
tOil) 
*H*(P 
*H*(Q 
(1 + 1, 
U , J + 
(I,J, 
(1 + 1, 
A3(I) 
(I*J + 
B3(J) 
(I*J, 
C3(K) (IU, 
G■ (I ♦ 1 
(1 + 1, 
GU1 
<I,J + 
G(I,J 
1(1)* 
Bl( J) 
X S 
Y + S 
0(1)* 

( I)*8 
I)*C1 
) +8 
C(i) 
A 
A 
(4.*Y 
*AO(I 
XZ(K) 

+ XZ 
*XZ(K 
*YZ(K 
♦ A 
*A + 
J,L) 
1,L) 
L + l) 
J,L) 
♦ DGI 
1,L) 
♦ DGJ 
L + l) 
♦ DGK 
J+1,L 
, Jl, 
J,L+l 
»J*L + 
1,L + 1 
+ 1»L
0 GI 
♦ DGJ 
X(D* 
A*AO( 
(CKK 
+CA^ 

It J) 
(K) 
0(J) 
•*AC(l)*AO(i) +YP^YP 

P + YP 
)*AO(I 
YZ( 

(K) )*Y 
) YP 
) + YP 
Q + i) 
P^3) 
3(1
GKK 
GKK 
G(I, 
6(1, 
G(I, 

FM) 
) 
K)*Y 
Z(K) 
♦ YZ( 
♦XZ( 
AC( 
A0( 
1,J, 
1, J
1,J) 
J,L) 

FH) 
Z(K) 

K) 
K) 
I)'*XZZ(K) 
I)*YZZ(K) 
L) 
1) 

YP*YZZ(K) 
+ YP*XZZ(K) 

G(I,J,L) + G(I1,J*L) 

) 
L) 
) 
1) 
) 
1) 

G( 
+ G 

G( 
+ G 

G( 
+ G 

J*L) G(1,J,L) ♦6(1,Jl,L) 

J,L) G(I,J,L) +G(I,J,L1) 

I1,J + 1*L) 
(I1*J1,L) 
I+1,J,L1) 
(I1*J,L1) 
1,Jl,L+l) 
(I,J1*L1) 

GY +C 
I) C 
)^OGK 
XZ(K) 

A+AO(I) 
A*YP 
SZ(1)*GY. 
♦SA*YZ(K) 

+SA*YP 

♦ SYAW 
♦H*(U*AZ +V+BZ)) 
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AU 

AV 

QXY 

QQ 

AA 

HZ 

FXX 

FYY 

FXY 

BV 

UU 

VV 

WW 

uv 
uw 
vw 
AXX 

AZZ 

AXZ 

R 

♦ FH ^ S Z ( i ) 

+H+HZ^HZ 

1 
2 
3 
4 
5 ♦ V + OZ) ) 
AXT 

AYT 

AZT 

A 

AXT 

AYT 

AZT 

I F (QQ.GE 

AXX 

AYY 

AZZ 

AXY 

AXZ 

AYZ 

BP 

BM 
B 
R 

33 

GO 

NS 

S 

IM 
IMM 
AXX 

AYY 

AZZ 

AXY 

AXZ 

TC 35 

■ U +W^AZ 

■ V +W+BZ 

* H* (U*U +V*V) 
■ QXY *W*W 

« D IM (AA0 * . 2 *QQ ) 
■ AZ+SX ( I ) -BZ 

* 1 . +H^AZ*AZ 

* 1 . + S X ( I ) * S X ( I ) 
» SX(1 ) +H^AZ+HZ 

» AV - AO ^ SX ( I ) - F h ^W ^ S Z ( l ) 
= H+AL*AU 

* H+BV+BV 

* FH*W*W 

« H+AU+BV 

= AU + W 

■ BV*W 

- R 1 ( I ) * ( F X X * A A - LO ) 
- FH^AA -WW 

= ( R K I ) ♦ R 1 ( 1 ) ) * U Z * A A -UW) 
■ - ( AXX *SXX ( I ) +A7Z + S Z Z ( I ) +4XZ+SXZU ) MGY 

+T1+(AA+(CZ+GX + (0Z - S X ( I ) + C Z ) +GY ) 
- H * ( CA * ( AU ^AU - A V + A V ) +(SA + SAMAU^AV 

- U X YMU * A C ( I ) +V^YP 

+(W + t a ) + ( AC ( i ) * A Z +YP+BZ ) ) ) 
-Ww* (CA+XZZ(K ) +SA^YZZ (K ) ) - w *w * (U»CZ 

- A6S (AU^AK I ) ) 
- A B S ( 8 V * 6 K J ) ) 
= AbS (FH+W*C l (N ) ) 
■ R0 (1 ) ^BETA^AA /AMAX1 (AXT , A Y T , A Z T , ( 1 . - R O ( I ) ) ) 
» A*AXT 

■ A*AYT 

« A^AZT 

.AA) GG TO 33 

* AXX * A 2 ( I ) 
- (FYY*AA - V V ) * B 2 ( J ) 
- AZZ*C2 (K ) 
= - R K I ) * ( F X Y * A A +UV) + (AB +A3) 
« AXZ^AC 

« - P K I ) ^ ( h Z + AA + VWJMBC +BC) 
« AXX 

= AXX 

« -AXX -AXX - Q l M A Y Y +AZZ) 
» AXX+DGI I +AYY+DGJJ +AZZ+DGKK 

♦AXY^DGIJ +AYZ»DGJK +AXZ*DGJK +R 

« NS +1 

- S1GN(1 . *0 ) 
* I - I F I X ( S ) 
» IM - I F I X ( S ) 
= UU*A2 (1 ) 
» VV *B 2 ( J ) 
« WW+C2(K) 
» 8.+S+UV+A8 

= 8.*S+UW^AC 
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35 

37 

AYZ . = 8.+VW+BC 
BXX ■ (FXX*QQ 
bYY = (FYY^QO 
BZZ ■ (FH+UQ 
BXY = (FXY+QQ 
BXZ » (AZ*QQ 
BYZ = (HZ*QQ 
AQ  AA/QQ 
DELTAG = 6XX*DGII 

♦BXY+OGIJ 
DGII = G(I,J,L) 

♦A3(I)+DG 
DGJJ « G(I,J,L) 

B*U)*DG 
DGKK « G(],J»L) 

+C3(K)*DG 
DG1J = G(I,J,L) 

G(I,J1, 
DGIK = G(I,J,L) 

G(IM,J,L 
DGJ* = G(T,J,L) 

G(I,Jl, 
GSS « AXX*CGII 

+AXY^DGIJ 
B » , 5 M AC -
8P = AC+BXX -
BM • AO*BXX -
B «= -AC+(8XX 

+ (Afc * - l . 
R = (AO - 1 . ) 
I F ( A8S (R ) .LE.AEJS(FP) 
FR ■ R 

IR * I 
JR - J 
KR = K 

R ■ R 

- U U ) * A 2 ( I ) 
- V V ) * B 2 ( J ) 
WW)^C2(K) 
+UV ) * (AB +A8) 

Uw)MAC +AC) 
+VW)* (bC +8C) 

+BYY+OOJJ +BZZ+DGKK 
♦ tiYZ + CGJK +3XZ^DGIK 

G(IM,J,L) G(ir,J,L) +G(IMM,J,L) 
I 

j 

K 
L) 
) 

L) 
♦ 

1. (1 (1 + 
)♦ 
*G 
) 

G(I,J1,L) G(I,J1,L) +GKKI,J2) 
G(I»J,l.l) G(I,J,L1) +GK2(I,J) 
G(1M,J,L) 

+G(IM,J1,L) 
G(I, J,L1) 
+G(IM,J,L1) 

G(I,J,L1) 
+G(I,J1,L1) 

AYY+OOJJ +AZZ+CGKK 
♦AYZ*DGJK +AXZ+DGIK 
)*(AXX +AXX +AXY +AXZ) 
. S)^B 
. +S)*B 
BXX + 02MBYY +8ZZ)) 
(2.♦(AXX +AYY +AZZ) +AXY 
SS +AQ*DELTAG +R 
GG TO 37 

+AYZ +AXZ) 

32 

43 

& 

BM 
8 
cm 
D(I) 
CG 
I 
DO 42 M 
CG 
IF (ASS 
DG 
I.G 
JG 
KG 
GK2(i,J 
GKK I, J 
G(I,J,L 

= 11, 
a 

(CG) 

e 
6M 
l./( 
B + BP 
5*(P 
0. 
13 

13 
D(I) 
.IE. A 
CG 
I 
J 
K 
GKK 
G(I* 
G(I* 

AYT*( 
AZT+( 
AXT 
+ AXT 
8 e 
eh 

GC 
es(OG 

GKKI,J1) G(I,J^1,D) 
GKKI,J) iG(IfJiLl))' 
AYT AZT 
N * C ( M ) ) 
♦ O(ID) 

I)*CG 
) ) GO TO 43 

I,J) 
J,L) 
J,.L) CG 
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42 

51 

52 
61 

62 

71 

73 

75 
77 

I 
J 
IF 
IF 
IF 
DO 
LV 
R0( 
RK 
GG 
N 
I 
IF 
10 
DO 
A 
H 
FH 
AZ 
BZ 
HZ 
FYY 
FXY 
DGI 
DGK 
V 
U 
W 
G(I 
I 
IF 
E 
NO 
E0( 
N 
IF 
I 
E 
IF 
ZZ 
IF 
N 
GO 
R 
E 
M 
G(I 
G(M 
GK2 
GK1 
G(M 
GO 
END 

I) 
I) 
TC 31 

= I 1 
• J +1 

(J KY) 31,51,61 
(12.GT.IT£2(K)) 13  1TC2(K) 
(ITE2(K).E0.MX) 13 = LX 
52 111,13 

« IABS(1 IABS(IV(I*K)) ) 
AMIN0(LV,IABS(IV(1*K))) 
LV 

« NO 
= LX +1 

(K.LT.KTE1.0R.K.GT.KTt2) GO TO 71 
« NX +2 13 

62 I»I0*I3 
= 1. RO(I) ♦AO(I>*AO(I) +S0(1»K)+Su( I*K) 
• ROd)/A 
= RO(I)+A 
■ ACdMXZ(K) S0(1,K)*YZ(K) 
= AO(I)+YZ(K) + S0d»K)*XZ(iO 
■ AZ*SX(I) 8Z +FH*SZ(I) 
= i. +SX(1)+SX(I) +H+HZ+HZ 
« SXd) +H + AZ + HZ 
» G(I+1,KY,L) G(I1,KY,L) 
= G(I,KY,L + 1) GK2d*KY) 
= SA*Au(I) CA*SC(I,K) 
■ AKD+DG1 +CA*A0(1) +SA*SO(I»K) 
= C1(K)*DGK +SYAW +CA^XZ(K) +SA+YZ(K) 

L) « Gd*KYl,L) 
♦<V*<1. H + 8Z + HZ) U»FXY W+HZ)/(FYY + 8KKY) ) 

= 10 
.ITEKK )) GC TO 71 
» G(I3,KY,L) G(IO*KY*L) 
■ NO +1 
= EO(NO) +P3ME EO(NO)) 
» NO 

ID RETURN 
 I 1 
= 0. 

KJ.NE.l) GO TO 77 
 Z(K) TYAw*(XC(K) ♦Sl*AO(l)*AO(D) 
.ZO(Ni)) GC TO 75 
■ N 1 

*KY+1, 

(IO.NE 

NO) 
(I.LE. 

(1V(I, 
(ZZ.GE 
TO 73 

*KY*1* 
#KY+1, 
(M,KY) 
(M,KY) 
*KY*L) 
TO 71 

= (ZZ ZO(Nl) )/(ZO(N) ZO(ND) 
• R*EG(N) +(1. R)+E0(N1) 
« NX +2 I 

L) • G(M*KY1,L) E 
L) = G(I,KY1*L) +E 

» GKKM*KY) 
« G(M»KY*L) 
» G(I*KY*L) *E 
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SU8RCU 
CGLUNN 
CCM^ON 
1 
2 
3 
4 

5 

6 

7 

COMM L.N 
COMMON 

1 
2 

3 

4 

12 
21 

N 
J i 
I F (FM 

C U l - 1 

D U 1 - 1 

S 

I I 
I 
DO U 
RO( J ) 
P K J ) 
G K J ) 
G2 ( J ) 
IP 

IM 

J2 

IF ( IV 
LV 

RO(KY) 
RKKY ) 
AC 

TINt XSwEEP 
RELAXATICN 

G(192,26,4), 
IV(193,35),I 
A0(193),AK1 
6C(i6),6l(2o 
Z(35),CK35) 
xC(35),XZ(35 
NX,NY,NZ,KTL 
YAw,CYAw,SYA 

/FLO/ STP1B,P1*P2* 
/SWP/ GKK193,26), 

SX(193),SZ(1 
*0(193),RK1 
G10(26),G20( 
I1,I2,K,L,M) 

» NJO 

S0 ( 1 9 3 * 
T 5 K 3 5 ) 
9 3 ) , A 2 ( 
) , 8 2 ( 2 6 

, C 2 ( 3 5 ) 
) , X ZZ ( 3 

1 ^ T F 2 , 
w,ALPHA 

P3,bETA 

GK2(193 

9 3 ) , <XX 

9 3 ) , C ( 1 

26 ) ,G3U 

, L X ,MX , 

3 5 ) , E O ( l 
, 1 TE 2 ( 3 5 
1 9 3 ) , A 3 ( 
) , 8 3 ( 2 0 ) 
, C 3 ( 3 5 ) , 
5 ) * YC ( 3 ^ 
1SYM,KSY 

, CA , SA , F 

, F R , I R , J 
, 2 6 ) , 
( 1 9 3 ) , S X 

9 3 ) , 0 ( 1 9 

( 2 b ) ,G4C 

KY ,MY ,T1 

| 1 ) , Z 0 ( 1 3 D * 
) , 
1 9 3 ) , 
* 

) » Y Z ( 3 5 ) , Y Z Z ( 3 5 ) , 
M,SCAL,SCALZ, 
MACH ,N1 ,N2 ,N3 , IG 

R , KR , 0G , I G , JG,KG,NS 

Z ( 1 9 3 ) , S Z Z ( 1 9 3 ) * 
3 ) , 
( 2 6 ) , G K 2 6 ) , G 2 ( 2 o ) , 
, AAO , 01 ,C2 , TYAW*S1 

DU 
Ab 

BC 

YP 

A 

H 

FH 

P 

C 

A 

8 

AZ 

BZ 

CZ 

DZ 

DGI 
DGJ 

32 

ACH . G E . l . ) 
) * 0 . 
) ■ C. 

« 1 . 
- 1 
• 12 + 

J - 2 *KY 

= i . 
- 1 . 
= G10(J 
■ G2C(J 
= I +1 

- I - I 
= KY 

( I * K ) . L T . 2 . 
« IABS( 
,= A*IN..» 

• LV 

= T1 *A1 

J - J l * J 2 

= - T 1 * A 

= - T 1 * B 

■ SO ( I * 
• 1 . -
= f C ( J ) 
» RO(J ) 
= A O d ) 
• YPM4 

= XZ(K ) 
- (XZ (K 

= - A O d 

» - A C d 

= H^H*( 
■ H+H*( 
' S* (G ( 
- G d * j 

J l » 3 

AND . I . G T . L X ) J2 • NY 

1 - I * B S ( I V ( I * K ) ) ) 
( L V * I A 8 S ( I V ( 1 * K ) ) ) 

( I ) * C 1 (K ) 

1 ( I ) * S 1 I J ) 
K J ) * C K K ) 
K) + 8 0 ( J ) 
RO(J) + A 0 ( I ) * A 0 ( I ) 
/A 

♦ A 

♦ ( 4 . * YP+YP - FH ) 
. ♦ A 0 ( l ) * A 0 d ) - FH ) 
♦ X Z K ) - Y Z ( K ) * Y Z ( K ) 
) * X Z ( K ) ) * Y Z ( K ) 
) * X Z ( K ) - Y P * Y Z ( K ) 
MYZ ( K ) ♦YP+XZ iK l 
P+A -Q+B) - A 0 ( 1 ) * X Z Z 

Q + A +P + 8) - A O d ) * Y Z Z 

I P * J * L ) - G K J ) ) 
♦ 1,L) -Gd*o- l ,L) 

+YP+YP 

U ) - YP *YZZ (K ) 
(K ) +YP*XZZ (K ) 
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DGK 
DGII 
DGJJ 
DGKK 
DG1J 
DGIK 
DGJK 
GX 
GY 
U 
V 
W 
L 
At 
AV 
QXY 
QQ 
AA 
HZ 
FXX 
FYY 
FXY 
BV 
UU 
VV 
WW 
uv uw 
VW 
AXX 
AZZ 
AXZ 
R 1 
2 
3 
4 
5 
AXT 
AYT 
AZT 
A 
AXT 
AYT 
AZT 
IF (OQ.GE 
AXX 
AYY 

6(I*J,L) +G(I1,J*L) 
+G(I*J1*L) 
+G(i,J,Ll) 

G( 11,J + 1,L) 
+G(Ii,J1,L) 

G(I+1,J,L1) 
+G(Il,j,Ll) 

6(1,Jl,L+l) 
+G(1,Jl,ll) 

G(I,J*L + 1) 3KKI*J) 
G(I+1*J»L) G(I*J*L) 
♦A3(1)*DGI 
G(l,J+l,L) G(1*J*L) G(I,J,L) 
B3(J)^DGJ 
G(I,J,L+1) G(i,J,L) G(I*J*L) 
+C3(K)^DGK 
6(1+1,0+1,L) 
G(I + 1,J1,L) 
G(I+1,J,L+1) 
G(I1,J,L+1) 
6(1,J+1,L+1) 
Gd, J+1,L1) 
Aid MDG1 
B1U)*DGJ 
GX SX(1)+GY *CA*A3d) +SA^YP 
6Y +SA+AO(I) OA*YP 
R0(J)*(C1(K)*CGK SZ(I)*GY +SYAW 

+CA+XZ(K) +SA+YZ(K) +H«(U*AZ +V^eZ)) 
U +w^AZ 
V +W+BZ 
HML+U +V^V) 
QXY +W^W 
DIMtAAG,,Z*QL) 
AZ*SXd) -m 

1. +H*AZ*AZ 
1. + SXd)*SXd) 
SX(I) +H+AZ^HZ 
AV AU^SX(i) FH*W*SZ(I) 
H*AL+AU 
H^8V*BV 
FH*W+W 
H+AU+BV 
AU+W 
8V*W 
R1U)*(FXX*AA OU) 
FH+AA WW 
( R K J ) +RK J ) ) + (AZ*AA -UW) 
- ( AXX + S X X d ) +AZZ+SZZ ( I ) + AX Z * $ X Z d ) )*GY 

♦ T 1 * ( AA * (CZ *GX + ( 0Z - S X ( l ) * C Z ) + G Y i 
-H * (CA+ (AU *AO -AV*AV ) +(SA +SA)+AU+AV 

- Q X Y * ( U * A C ( I ) +V+YP 

♦ F H * S Z d ) 

+H+HZ+hZ 

♦ YP * e z ) ) ) 
-W^w* (U *CZ 

+(w + * ) ♦ ( A O ( I ) * A Z 

-wWMCA*XZZ (K ) +SA *YZZ (K ) ) 
■ A8S ( AU * A 1CD ) 
= ABS (BV *B1U> ) 
- ABS ( F r i * N *CKK ) ) 
= R0(J)*BETA*AA/AMAX1(AXT,AYT,AZT,(1. 
« A+AXT 
« A^AYT 
« A+AZT 
AA) GO TG 33 
« AXX*A2(I) 
• (FYY^AA VVI*S2U) 

+ V^OZ) ) 

RC(J))) 
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AZZ 
AXY 
AXZ 
AYZ 
BP 
BM 
B 
R 
1 
60 TL 35 

33 NS 
AXX 
AYY 
AZZ 
AXY 
AXZ 
AYZ 
BXX 
bYY 
BZZ 
BXY 
BXZ 
BYZ 
AC 
TELTAG 
DGII 
DGJJ 
DGKK 
D6IJ 
D6IK 
DGJK 
GSS 
BP 
BM 
8 

35 IF (A8S(R 
FR 
IR 
JR 
KR 

37 R 
1 
B 
BM 

AZZ+C21K) 
KK J) + (FXY*AA 
AXZ^AC 
PK J)^(HZ + AA 
AYY 
AYY 
AYY AYY Q1*(AXX 
AXX*GSII +AYY*DGJJ 
♦AXY*0blJ + AYZHGJK 

+ CV)MAB +A3) 
+VW)+(BC +6C) 

♦ AZZ) 
+AZZ+DGKK 
+AXZ^DG1K + R 

).L 

A 
♦ 
A 
8 

♦ 
( 
E 
R 
I 
J 
N 
R 

8 
Bi 

S +1 
U+A2(I) 
V*b2(J) 
W+C21K) 
.♦S+UV+A 
.♦S*UW*A 
.♦VW+BC 
FXX+OQ 
FYY+CQ 
FH+CQ 
(FXY+OO 
AZ+CG 
(HZ+OQ 
4/CQ 
XX*UGII 
dXY^OGlJ 
(1,J,L) 
A3(I)*0G 
(1,J,L) 
B3(J)*DG 
d,u, L) 
C3(K)^DG 
(I,J,L) 
G(1,J1* 
(I* J,L) 
G(IM,J,L 
(I,J,L) 
6(1,Jl, 
XX^OGII 
AAY+DGIJ 
Q + BYY 
P UQ 
BP BP 
(AC 1. 
AC i.) 
.ABS(FR) 

JU)*A2(1) 
VV)*«J2( J) 
NW)«C2(K) 
♦UV)^(AB +AB) 

Uw)*(AC +AC) 
+VW)*(bC +8C) 
•BYY^DGjJ +bZZ*CGKK 
♦bYZ^CGjK +3XZ^0GIK 
■6(IM,J,L) 6(If,J,L) +G2(J) 
6(1,Jl,L) 6(I,J1*L) +6(I*J2*L) 
■6(I,J,L1) G(I»J,L1) +GK2(I,J) 
■6(IM*J*L) 

♦ GdM, J1,L) 
G(I,J,L1) 
♦G(If,J,Ll) 

G(I,J,L1) 
+G(I,J1,L1) 

AYY^DGJJ +AZZ+CGKK 
♦AYZ+LGJK +AXZ+DGiK 

1 
j 

* 

L) 
) 

L) 
♦ 

l.)*(AYY +AYY +AXY 
Q2*AQ*(FXX +BZZ) 
)+(2«*(AXX +AYY +AZZ) 
♦GSS +AQ*DtLTAG +R 
) GO TG 37 

+AYZ) 

♦AXY +AYZ +AXZ) 

- A XTMGKJ ) - G ( I M , J , D ) 
- A Z TMG K K I , J) - G ( I , J , L - D ) 
-AXT -AYT -AZT 
+ AYT 
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32 

43 

42 

B 
C(J) 
D(J) 
CG 
J 
DU 42 MJl 
CG 
IF (A8S(CG) 
DG 
IG 
JO > 
KG ■ 
G2(J) 
GKJ) 
GK2(1,J) • 
GM(I,J) « 
G(I,J,L) « 
J 
IF (IV(I,K) 
A 
H 
FH 
AZ 
BZ 
HZ 
FYY 
FXY 
DGI 
DGK 
V 
U 
W 
G(I,K 

1 
B 
B 
0 
J 

J2 
D 
• L 
C 
I 
J 
K 
G 
G 
G 
G 
G 
J 
.L 
1 
R 
R 

./(3 BM*C(JD) 
*8P 
♦ (R BM + DU1)) 
• 
2 
(J) C(J)*CG 
F.ABS(DG)) 60 TO 43 
6 

KJ) 
(I,J,L) 
Kid,J) 
(I*J*L) 
(I*J,L) CG 
1 

T.2) GO TJ 
. KO(KY) 
0(KY)/A 
C(KY)^A 
AO(I)+XZ(K) SC(I*K)+YZ(K) 
AOd)*YZ(K) +SO(I*K)^XZ(K) 
Z^SX(l) BZ +FH+SZ(1) 
• +SX(i)+iX(i) +H^HZ*HZ 
X(I) +H*AZ*HZ 
♦(G(IP*KY,L) G2(KY)) 
d,KY,L+l) GK2(1,KY) 
A^ACd) CA^SO(I*K) 
K D + DGI +CA*AO(I) +SA*SO(l,K) 

51 
+A0(l)+AO(I) ♦ SCd»K)*S0(I»K) 

IF (I 
M 
E 
NC 
60(N0 
N 

51 

53 

55 
57 

GO 
IF 
E 
IF 
ZZ 
IF 
N 
GO 
R 
E 
M 
G(I,K 
G(M*K 
GK2(M 

TO 
(I 
d 
(Z 
TO 

Y + 1»L 

.NE.l 

) 

61 
.GT.L 
VlIiK 

Z.GE. 

53 

El 
N 
G 
N 
8 
N 

KKI+DGK +SYAw +CA*XZ(K) +SA*YZ(K) 
G(I,KY1*L) 
+ (V+(1. H*8Z^HZ) U^FXY W*HZ)/(FYY*BKKY) ) 
(K)) GO TO 61 
X +2 I 
(M*KY*L) G(I,KY,L) 
0 +1 
0(N0) +P3*(E fcO(NO) 
0 

X) 60 TO 61 
= 0. 
J.NE.l) CO TO 57 
= Z(K) TYAW*(XC(K) 
ZO(ND) GO TO 55 
• N 1 

+S1*A0(I)*A0(1)) 

(ZZ Z0(N1))/(Z0(N) ZO(ND) 
R*EC(N) +(1. R)*EO(Ni) 

Y + 1*L 
Y + 1»L 
,KY) 

■ NX +2 1 
) ■ G(M*KY1»L) 
) » G(1*KY1,L) 

= GKKM,KY) 

E 
♦ t 
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GKKM,KY) 
G(M,rY,L> 

61 IF (I.EC.NX) 
IF (I.EQ.2) 
I 
GG TC 21 

71 S 
II 
I 
DO 72 J«2,KY 
GKJ) 

72 G2(J) 
60 TG 
EN0 

* G(M,KY,L) 
» G(I,KY,L) 
GC TG 71 

RETURN 
I +11 

+ E 

 1 . 
 1 
II 1 

21 
G30(J) 
64C(J) 

SUBROUTINE 
CALCULATES 
COMMON 
1 
2 
3 
4 
5 
f> 
7 
DIMENSION 
11 
12 
J 
01 
Tl 
DO 12 I«I1 
FH 
H 
IF (IV(I*K 
AZ 
BZ 
DSI 
DSK 
SX 
SZ 
D6I 
D6J 
DGK 
U 
V 
W 
00 
SV(I) 
IF ( IV(I,K) 

VELG 
SURFA 
G(19 
IVd 
AC(1 
80(2 
Z(35 
XC(3 
NX,N 
YA„, 
SVd 
ITE1 
ITE2 
NY 
.2^F 
l . / ( 
12 
ACd 
0 . 
.NE.C 
-AC( 
-AC( 
SCd 
SOd 

A i d 

CKK 
6 ( 1 + 
6 ( 1 , 
G d , 
A i d 
- B K 
CKK 
+ CA + 
H*(U 
SIGN 
.EQ.O 

(K, 
CE Vt 
3»2fc, 
93,35 
93), A 
o),ei 
)*CK 
5),XZ 
Y,NZ, 
CYAW, 
),S*( 
(K) 
(K) 
+ 1 
MACH* 
• 7^FM 

L,SV,SM,CP,X,Y) 
LQCITY 
4),SO(193,35),E0(131),Z0(13D* 
),lTfcl(35),ITE2(3S), 
1(193),A2(193),A3(193), 
(26),B2(26),83(26), 
35),C<i(35),C3(35), 
(35),XZZ(35),YC(35),YZ(35),YZZ(35), 
KTEl,KTt^,iSYM,KSYM,SCAL*SCALZ* J 

SYAw,ALP HA,CA,SA,FMACH*Nl*N2, N3, 10 
1),CP(1)*X(1)*Y(1) 

♦2 
ACH++2) 

)*AOd> + S0( 1*KMS0(I*K> 
) H « l./FH 
I)^XZ(K) SC(I*K)+YZ(K) 
I)*YZ(Kf + bO(I*KM*Z(K) 
+1*K) S3(I1*K) 
,K + 1) —S0d,Kl) 
J+DS1 
)+USK 
1,J,L) G(11*J*L) 
J + 1»L) G(1*J1,L) 
J*L+1) G(I*J*L1) 
)*DG1 ♦ iX *BKJ )+DGJ +CA*A0( I ) 
J)^DGJ +SA*AO(I) -CA*SO( I *K ) 
J+DGK ♦bZ*BKJ ) *OGJ +SYAW 
XZ(K) +SA + YZ(K) +HMC + AZ +V+BZ) 
*U +V+V) +W*W 
(SQRT(QQ)*U) 
) SVd) » SV(Il) +SV(11) SV(I2) 

♦SA*SO(I*K) 
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QQ ■ 1. +Q1*(1. QQ) 
SM(I) = FMACH+SV(I)/SQkT(CQ) 
CPd) » T1*(QQ**3.& 1.) 
X(I) « XC(K) +.3*SCAL*(A0(I)^A0(I) S0(I*K)*SO(I*K)) 

12 Y d ) » YC(K) +ScAL*A0(I) + SOd*K) 
RETURN 
END 

SUBROUTINE CPLCT (U,16,FMACH*X*Y,CP) 
C PLOTS CP AT EQOAL INTERVALS IN THE MAPPEO PLANE 

DIMENSION KODE(2)»LiNE(RG)*X(l),Y(l),CP(i) 
DATA KODE/1H ,1H+/ 
IwRIT • 6 
WRITE (IwRlT»2) 

2 F0RMAT(50F0PLGT OF OF AT EQUAL INTcA.AU IN THw MAPPED PLANE/ 
1 1GH0 X *10H Y ,1CH CP ) 
CPO = (d. +.2*FflACri*«Z>»*3.5 1. ) / ( . 7*FMACH**2) 
DO 12 11*100 

12 LINEd) » KODEd) 
DO 22 I«I1»I2 
K = 30.*(CP0 CP(I)) +4.5 
K ■ MINC(1U0*K) 

*> LINE(K) » K0DE(2) 
WRITf (IWR1T*61C) X(I)*Y(I)*CP(1)>LINt 

ZZ LINE(K)  KODEd) 
RETURN 

610 F0RMAT(3F10.4*10CA1) 
END 

SOBROCTINE FORCF (II,12,X,Y, CP,AL,CHO«J,XM,CL,CD,CM) 
CALCULATES StCTICN FORCE CUCFFICIENTS 
DIMENSION X(1),Y(1),CP(1) 
RAO « 57.2957795130823 
ALPHA » AL/RAO 
CL « C. 
CD ■ 0. 
CM « 0. 
N » 12 1 
DO 12 1=11,N 
DX ■ (X<1+1) X(1))/CH0PD 
DY ■ (Yd + 1) Y(1))/CH0RD 
XA « (.5+(X(I*l) +X(D) XM)/Ch0P0 
YA ' = .5*(Y(I+i) +Y(I))/CHOKD 
CPA = .5+(CP(I + l) +CP( I) ) 
DCL ■ CPA*DX 
DCD » CPA*DY 
CL  CL +DCL 
CD  CO +DCO 
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12 CM * CM +DCT*YA OCl^XA 
OCL = CL + CuSULPhA) CD*SiN(ALPhA) 
CD ■ CL*SIN(ALPHA) +CD*COS(ALPHA) 
CL » DCL 
RETJRN 
END 

■ ^ 

SUBROUTINE TCTFGM K TEl* KTfc2* CHGhC, SCL, iCD, SCM, Z*XC» 
1 CL,CD,CMP,CMR,CMY) 
CALCULATES TOTAl FORCE CGSFF1C1tNTS 
DIMENSION CHO^D(l),SCL(L),SCDd),SCM(l),Z(i),XC(l) 
SPAN = Z(KTE2) Z(KTEl) 
CL = C. * "  j 
CD = G. 
CMP  0. 
CMR = 0 . 
ChY » G. 
S « 0. 
N  KTEt 1 
DG 12 K = KTEi,N ?* 

\s ~ . CZ » .5*(Z(K + 1) Z(K)) 
*^ AZ = .5*(Z(K+1) +Z(K)) 

CL * CL +DZ*(SCL(K+l)*CMuRD(r + l) +SCL(K )*CHQRD(K)) 
CO = CO + 0Z*C>CD(< + 1)*CHGRU(K + 1) +SCD(K)*CHQRD(K)) 
CMP ■ CMP ♦OZ*(CHUKD(K+l)*(uCh(K+l)*CrtORD(K*l) 

1 - SC L ( K + 1 ) + XC ( K + 1 ) ) 
2 ♦CH3«0CK ) ^ (SC i { K ) *CH0R0 (K» * ' 
3 - S C L ( K ) * X C ( K ) ) ) 
CMR = CMR + AZ *OZMSCL ( K + l ) * CHORCU + l ) +SCL(K)♦CHORD(K) ) 
CMY - CMY +AZ + uZMSCD(K + l ) *CHORC(K + l ) +SCO (K ) ♦CHORD ( K ) ) 

12, S = S +DZ* (CH0RD(K+1) + C H O K D ( K ) ) 
- . CL * CL/S 

' CO = CO/S 

CMP • C*P* :>PAN/S* *2 

CMR • (CMR + C M K ) / ( S * S P A N ) 
CMY * ( C Y +CMY) / (S *SPAN) 
kETURN - ^ 
•END i. 

SUBROUTINE REFIN 

HALVES MESH SIZE 

COM^CN 1 G ( 1 9 3 , 2 6 , 4 ) , S 0 ( l 9 3 , 3 5 ) , 6 o d 3 1 ) * Z D ( 1 3 1 ) * 
1 1 V ( 1 9 3 * 3 i > ) , l T £ K 3 5 ) * I T t 2 ( 3 5 ) > 
2 A 0 ( 1 9 3 ) , A K 1 9 3 ) , ^ 2 ( 1 9 3 ) , A 3 ( l 9 3 ) * 
3 3 0 ( 2 6 ) , B K 2 6 ) , 8 2 ( 2 6 ) , B 3 ( 2 6 ) , 
4 Z ( 3 5 ) , C K 3 3 ) , C 2 ( 3 5 ) , C 3 ( 3 5 ) , 
5 X C ( 3 5 ) , X Z ( 3 5 ) » X Z Z ( 3 5 ) # Y C ( 3 5 ) , Y Z ( 3 5 ) * Y Z Z ( 3 5 ) * 
6 NX*NY*NZ*<TE1*KTF2» ISYM,KSYM,SCAL ,SCALZ , 
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11 

21 
31 

42 

54 
52 

111 

112 

MX 
KY 
MY 
MZ 
MXO 
MYO 
MZO 
K 
IF 
MZO 
BUF 
IF 
K 
BUF 
IF 
J 
JJ 
1 
II 
6(1 
I 
II 
IF 
J 
JJ 
IF 
DO' 
DO 
G(I 
DO 
DO 
G(I 
G(I 
BUF 
IF 
K 
IF 
RLW 
REW 
BUF 
IF 
BUF 
IF 
BUF 
IF 
K 
IF 
K 
DO 
DO 
G(I 
DO 
BUF 

YAW*CYAW,SYAW,ALPHA,CA,SA,FMACH,Nl*N2, N3,IG 
= NX +1 
■ NY +1 
* NY +2 
« NZ +3 
= NX/2 +1 
■ NY/2 +2 
« NZ/2 +1 
■ i 

(KSYM.EQ.O) GO TG il 
* NZ/2 +3 

FER IN (Nl,l) (G(l,l,l)*G(MXO*MYO*l)) 
(UNIT(Nl).GT.O.) GO TO 401 

o 2 

FER IN (Nl*l) (G(1»1*1),G(MX0,MY0,1)) 
(UNIT(Nl).GT.O.) 60 TC 4C1 

= NY/2 +1 
« KY 
= MXO 
» MX 

I*JJ*1) = 6(1,J,1) 
* 1 1 
 II 2 

d.GT.O) GO TO 31 
« J 1 
= JJ 2 
GO TO 21 

Y,2 
X,2 
•5*(G(X+1* J,l) +G(I1,J,D) 

X 
Y,2 
.5*(G(I,J + 1,1) +G(I*J1*D) 
0. 

N2*l) (6(l,i,l),6(MX,MY,i)) 
J.GT.O.) GO TO 401 
K +1 

0) GG TO 11 

(J.GT.O) 
42 J"1,K 
42 1=2,N 
,J,1) « 
52 1=1,M 
54 J"2,N 
*J*1) = 
*NY,1) 
FER OUT( 
(UNIT(N2 
(K.LE.MZ 
IND Ni 
IND N2 
FER IN ( 
(UNIT(N2 
FER IN ( 
(0NIT(N2 
FER OUT( 
(0NIT(N1 

s 
(KSYM.NE 

s 
112 J=l* 
112 1=1* 
*J*2) ■ 
122 L=2* 
FER OUT( 

N2,l) (G(l,l*l)*G(hX,MY,l)) 
KGT.O.) 60 TO 401 
N2»l) (6(1*1,3),6(MX*MY*3)) 
J.GT.O.) GO TO 401 
Nl,l) (G(1,1*1),6(MX,MY,1)) 
).GT.C.) GO TG 401 
1 
.0) K • 2 
K +1 
MY 
MX 
•5*(G(I*J*1) +G(I*J*3)) 

3 
Nl*l) (G(1,1*L)*G(MX*MY»L)) 
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122 

132 

20l 

2C2 

211 

F (0MT( 
GNTlNUE 
F (K.EQ. 
U 132 J« 
G 122 1= 
(I,J,l) 
OFFER IN 
F (LNIT( 
0 TG 111 
EWIND Nl 
cWiNO N2 
0 202 L
OFFER IN 
F (UMT( 
ONTINUE 
OFFER Oil 
F (0NIT( 
YAw 
1 
0 
O(NC) 
F (KSYM. 

ND.GT.O.) GO TO 401 
MZO) Gf TC 2ul 
1,MY 
1,MX 
« Gd,J,3) 
(N2,l) (Gd,l,3),G(MX,MY,3) ) 

N2).GT.0.) GO TO 401 

1,3 
(Nl,l) (Gd,l,L),G(MX,MY,L) ) 

ND.GT.O.) GJ TO 401 

(K.LT. F 
1 
2 
G 212 
SI 
SK 
X z 

H 
Z 
Z 
z 
YY 
XY 
GI 
GK 

T(N2 
N2) . 
= S 
» • 
= K 
• 0 
= 2 

M.O 
m N 
= M 

KTE1 
» I 
• I 

11,1 
= S 
■ S 
= A 
 C 
= A 
» 1 
« R 
= R 

,1) (G(l,l,l),G(MX,MY,i)) 
6T.0.) GO Tu 4ul 
YAWCYAw 
5^SCAL 
T51 1 

) CG 
0 
XO +i 
•OP.K. 
TEKK) 
TE2(K) 
2 
0(1 + 1, 
0(1,K+ 
ld)*D 
1(H)*0 
"INCH 
• R 
/A 
♦ A 
AO(I)^ 
AO(I)+ 
Z + SX 
. +SX 

TG 251 

GT.KTfc2) GO TG 231 

K) SJ(li,K) 
1) SOd,Kl) 
Si 
SK 
,1V(I,K)) 
+ A0d) + A0(I) +SO(I,K)^SO(I,K) 

.X +H* 
(I+1,K 
(I,KY, 
>A+AC(I 
1(I)*D 
KK)*D 

212 G(I,KY+1,2) « G(I,K 
1 4(V*< 
NO • NO +1 
EO(Nl) = G(I2,KY 
N NO 
I * II 
IF (K.NE.KTE2.CE.YA 

XZ(K) S< (I,KMYZ(K) 
YZ(K) ♦ SOd*K)*XZ(K) 
eZ +Fh^SZ 
♦SX +H^HZ*HZ 
AZ + HZ 
Y,2) G(I1,KY,2) 
3) G(I,KY,1) 
) CA+SO(I,K) 
Gl +CA+AC(1) +jA*SU(I,K) 
GK +SYAW +CA+XZ(K) +SA+YZ(K) 
Y1,2) 
1. H + 8Z*HZ) U + FXY W*HZ)/(FYY*B1(KY)) 
,2) G(11*KY#2) 

W.Lc.O.) GO TO 231 
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221 I 
M 
NO 
EO(NC) 
IF (I.LT.M 
1 

231 I 
£ 
IF (IV(I,K 
ZZ 

233 IF (ZZ.GE. 
N 
GG TC 233 

235 R 
E 

237 M 
Gd,KY+l,2 
6(M*KY+1»2 
IF (1V(I,K 
G(I*KY,2) 
IF (1V(I*K 

1G(I>«Y*2) 
6(M,KY,2) 
6(I*KYx*2 
G(M*KY1,2 

241 IF (I.GT.2 
251 K 

IF 
DO 
DG 

= I + 
« NX 
■ NO 
= G(M* 
XO) 60 
 II 
= I 
» 0. 
).NE.l 
= Z(K) 
Z0(N1 
« N 
= (ZZ 
= R^tC 
■ NX 
) = 6( 
) = G( 
).Nt.

 t 
 . •• 

+ 1) .LT 
» .i 
= G( 

1 
+ 2 I 
+ 1 
KY,2) G(I,KY,2) 
TO 221 

) GO TO 237 
TYAw^UC(K) ♦S1*A0(I)*A0U)) 

)) GG TO 235 
1 

ZO(Nl) )/(Z0(N) ZC(ND) 
(N) +(l. PMEO(Nl) 
+ 2 I 
M,KY1,2) E 
I,KY1,2) +E 
1) GO TO 241 
♦G(I,KY,1) +.25^(G(I,KY,3) 
.1) 
♦ 6(1,KY,3) +.25MG(I,KY,1) 
I,KY,2) 
♦(G(I,KY,2) + G ( I , N Y  2 , 2 ) ) 
♦(G(M*KY*2) +G(M,KY2,2)) 
0 231 

+ G(M,KY,3) ) 

♦ G(M,KY,1) ) 

(K.EQ.M 
ZbZ J»l 
252 1=1 

G(I,j,l) 
252 G(I,J,2) 

BUFFER OUT 
IF (UNIT(N 
BUFFER IN 
IF (LNITtN 
GO TO 211 

261 E0(N0+1) 
DO 262 L»2 
BUFFER GUT 
IF (UNITtN 

262 CONTINUE 
REWIND Nl 
REWIND N2 
DG 3C2 K«l 
BUFFER IN 
IF (UNIT(N 
BUFFER OUT 
IF (LNIT(N 

302 CONTINUE 
IC 
RETURN 

401 10 
RETURN 
END 

) • .5 
) = .t 
) GG T 
K +" 
Z) GO TO 261 
»MY 
*MX 
» G d , 

(N2*l) 
2).GT. 
(Nl,l) 
D.6T. 

= 0. 
*3 
(N2*l) 
2).GT. 

*MZ 
(N2*l) 
2).GT. 
(Nl*l) 
D.GT. 

= 1 

= 0 

J,2) 
J,3) 
(G(l,i,l),6(MX*MY*l)) 

G.) GG TO 401 
(G(1*1,3),G(MX*MY*3) ) 

0.) Gu TO 401 

(G(1*1*L)*G(MX*MY,L)) 
0.) GO TC 401 

(G(1,1,1),G(MX*MY*D) 
0.) 60 TO 401 
(G(l*l*l)*G(fX*MY,l)) 

0.) GO TO 401 
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SU3RC 
SHOOT 
CGMMC 

UTTNE S 
hS PGTtN 
N 

1 
2 
3 
4 
5 
6 
7 

(K 

11 

MX 
KY 
MY 
MZ 
Kl 
K2 
IF 
Kl 
K2 
PX 
PY 
PZ 
DG 2 
BUFFF 
IF (L 
CONTI 
BUFFE 
IF (I 
K 
K 
DO 
DG 

12 
14 

G 
I 
A 
8 
Z 
X 
N 
Y 

= N 
= N 
« S 
« N 
= 2 
= N 

SYM.EJ.O 
■ 3 
* N 
» L 
■ 1 
 1 

L»l,3 
R IN (Nl 
M T ( M ) . 
NUfc 
P OUKN2 
NIT(N2). 

» K 
» K 

J=3,NY 
12,NX 

MOO 
TlAL 
(193, 
V(193 
U(193 
0(26) 
(35), 
C(35) 
X,NY, 
Aw*CY 
X +1 
Y +x 
Y +2 
Z +3 

26*4)*S0(193»35)»t0(131)*ZO(13D* 
,35)*ITtl(35)*ITE2(35), 
),A1(193),A2(193),A3(193), 
,EK26),b2(2t),83(26), 
CK35),C2(35)*C3(35)* 
,XZ(35),XZZ(35),YC(35),YZ(35),YZZ(35), 
NZ,KTEl,KTc2,ISYM,KSYM,SCAL,SCALZ, 
Aw,SYAw,ALPHA,CA,SA,FMACH,Nl,N2,N3,10 

GG TO 1 

14 G(I,J,4) 
1 
2 
3 

12 

16 

22 

31 

6(1, j 
6(MX, 
DG It 
G(I,1 
G(I,2 
G(I,K 
G(I»K 
BUFFt 
IF (I 
IF (K 
DO ZZ 
DC 22 
G(I,J 
G(I, j 
PUFFF 
IF (0 
GO TC 
BUFFt 

,4) 
J,4) 
1=1,MX 

,4) 
,4) = 
Y,4) « 
Y,4) = 
R 0UKN2 
MT(N2). 
.EQ.K2) 
J=1*MY 
i=l*MX 

*1) • G 
*2) = G 
R IN (Nl 
NIT(M). 
11 

R 0UT(N2 

Z +2 
./6. 
./t. 
./6. 
,1) (G(l,l,L),G(MX,MY,L)) 
GT.O.) 60 TC 51 
,1) (6(1,1,1),6(MX,MY,1)) 
GT.O.) GU TO 51 
1 

♦ 1 

1. PX PY PZ)^G(I,J,2) 
• 5*PX*(Gd*l»J*2> +G(il,J,2)) 
•5*PY*(G(1#J+1»2) +G(I,J1,2)) 
.5*PZ*(G(1#J»3) +6(1,J,D) 
(1* J*2) 
(MX*J,2) 
(1,1,2) 
(1*2,2) 
(I,KY,2) 
(I,MY,2) 
,1) (G(1,1,4),G(MX,MY,4) ) 
GT.O.) GC TO 51 
GO TO 31 

(1*J*2) 
(I*J*3) 
,1) (G(1*1,3)*6(MX*MY,3) ) 
GT.O.) GO TO 51 
,1) (G(1,1,3),6(MX*MY*3) ) 
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42 

51 

IF (UNIT(N2).GT.O.) GC TO 51 
REWIND Nl 
REWIND N2 
DO 42 K1*MZ 
SOFFtR IN (N2*l) (G(1,1,1),G(MX,MY, 1) ) 
IF (UMT(N2).GT.O.) GO TG 51 
BUFFER OUT(Ni,l) (6(1,i,1),6(MX,MY,1)) 
IF (LNIT(NI).GT.O.) 60 TO 51 
CONTINUE 
10 = 1 
RETURN 
10 » 0 
RETURN 
END 

SUBRCUTINE SPLIF(M,N,S,F,FP,FPP,FPPP,KM,VM,KN,VN, MCUil,FUM,lND) 
C SPLINE FIT  JAMESON 
C INTEGRAL PLACED IN FPPP IF MODt GREATER THAN C 
C IND SET TO ZERO if DATA ILLtGAL 

DIMENSION S(l),Fd),FP(l),FPP(l),FPPP(l) 
IND » C 

11 
12 

13 

14 

21 

23 

25 

K 
IF 
K 
I 
J 
DS 
D 
IF 
OF 
IF 
U 
V 
GG 
U 
V 
GO 
U 
V 
GO 
I 
J 
DS 
IF 
OF 
B 
U 
V 
FP(I) 
FPP(I) 
U 

(K 1) 
> 1A8S(N M) 
81,61,1 
(N h)/K 

: M 

(CS) 

(KM 

TO 25 

TL 25 

TC 25 

(D^OS) 

■ M +K 
• S(J) S(l) 
» OS 

11,81,11 
■ (F(J) F(I))/DS 

2) 12,13*14 
= 3.♦(OF Vrt)/0S 
0. 
VM 

■  1 . 
= DS^VM 
■ J 
= J +K 
» S(J) Sd) 
81,81,23 
■ (F(J) F(1))/DS 
» l./(DS +DS +U) 
« b+DS 
= 9*(t«*DF V) 
* U 
■ V 
= (2. U)^DS 
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31 
32 
33 
34 
35 
41 

51 

61 
71 

(J 
(KN 
TC 
TG 

35 
35 

81 

V 
IF 
IF 
V 
GG 
V 
GG 
V 
B 
D 
DS 
0 
FPPP(I) 
FPP(I) 
FP(I) 
V 
J 
1 
IF U 
I 
FPP^(N) 
FPP(N) 
FP(N) 
INO 
IF (fOCE) 
FFPP(J) 
V 
1 
J 
DS 
U 
FPPP(J) 
V 
IF (j 
RETURN 
END 

= c.^LF +DS^V 
N) 21,31,21 
2) 32,33,34 

= (6.^VN V)/U 

M) 

N) 

= VN 
■ (DS^VN +FPP(I))/(1. +FP(D) 
« V 
» DS 
= S(J) S(I) 
 FPP(I) FPd) + V 
= (V U)/LS 
■ U 
= (F(j) F(I))/DS DSMV *U +U)/6. 
■ U 
= I 
» I K 
41*51*4* 

= N K 
« FPPPd ) 
= 8 
* DF ♦D*(FPPd) +C +8)/6. 
« 1 
61,81*61 
« FQM 
= FPP(J) 
 J 
= J +K 
= S(J) S(l) 
= FPP(J) 
= FPPPd) +.5 + D S M F U ) + P U ) DS^DS+tU +V)/12.) 
= U 
71,61,71 

11 

SUBROUTINE INTPL(M1*NI*SI*F1*M,N,S*F*FP,FPP*FPPP*MODE) 
INTERPOLATION USING TAYLOR SERIES  JAMESON 
ADDS CORRECTION FOR PIECtWlSF CONSTANT FOURTH DERIVIATIVc 
IF MODE GREATER THAN C 
DIMEf^SION 
K 
K 
I 
MIN 
NIN 
D 
IF ( P M S K M ) 
MIN « NI 
NIN =' Ml 

SKI),Fl(l),S(i),F(l),FP(l),FPP(i),FPPPd) 
IABS(N M) 
(N M)/N 
M 
MI 
Nl 
S(N) S(M) 

SKHIIII 11,13*13 
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13 
15 
21 

23 
31 
33 
35 
37 

41 

(Kl) 
Kl 
IF 
Kl 
II 
C 
IF (KODE) 
C 
II 
SS 
I 
IF 
IF 
J 
1 
SS 
FPPPF 
FF 
FF 
FF 
FKII) 
IF (II 
RETURN 
END 

(I N) 
(C»(S(I) 

« IABS(NIN MIN) 
21,21,15 
« (NIN M1N)/Kl 
 MIN Kl 
> 0. 
31,31,23 
• 1. 
» II +KI ■ SKID 
■ I +K 
35,37,35 
SS)) 33,33,37 

N 

I 
I 
SS 
I K 
SS S(l) 
C + (FPPP(J) FPPPd))/(S( 
FPPP(I) +.25+SS^FPPPP 
FPP(l) +SS+FF/3. 
C D / 1 \ _i _ * C C * C C 

j) S(D) 
Fl 
FPd) +.3 + SS + FF 
F(D +SS + FF 
N) 31,41,21 

SUBROUTINE R 
1 
PLOTS CONVERG 
DIMENSION R 
IF (NRES.LE.l 
IF (IPLOT.EQ. 
CALL PLOTSBK 
CALL PLOTd.2 

11 IPLDT = 0 
RATE « ( 

1 ♦ 
ENC0DE(80,12, 

12 FGRMAK20A4) 
CALL SYMBOLd 

ENC0DE (50 , 14 , 
14 F0RMAT(5HMACH 

CALL SYM8GL(1 

E N C 0 r £ ( 3 2 , l 6 , 
16 F0RMAT15HRES1 

CALL SYMBOLd 

ENC0DE (50 , 18 , 
18 F0RMAT(5HW0RK 

CALL SYMBOLd 

ENCODE(24 ,20 , 
20 F0RMAK6HGRID 

CALL SYMBOLd 

RMIN = 0 

PLLT ( I PLOT ,NP i -S *R f cS *CUUN l *T l TL~ *FMACH,YA ,AL , 
N1 ,N2 ,N3 ) 

ENOE RATE 

E S ( D , C G J N T ( l ) , T I T L t ( 2 O ) , K ( 2 0 ) 
) RETURN 

0 ) GG TO 11 

100C24HANTGNY JAMESON 1J9604R) 
5 , 1 . , - 3 ) 

ABS ( R E S ( NR t S ) / K E S ( l ) ) ) 
♦ ( l . / (CGUNT( ,>JRES) - C O J N T ( l ) ) ) 
R) TITLE 

. , * 5 , . l 4 , R , C . , 8 C ) 
R) FMACH,YA,AL 

, F 9 . 3 , 4 X , 5HYAw , F 9 . 3 , 4 X , 5 H A L PHA , F 9 . 3 ) 
. , . d > , . 1 4 , R , 0 . , 5 C ) 
R) RES(1 ) ,RES(NRES) 
, L 9 . 3 , 4 X , 5 HRES 2 , E 9 . 3 ) 
. , 0 . * . 1 4 , R * 0 . * 3 2 ) 
R) COUNT(D,COUNT(NRES) ,RATfc 
l * F 9 . 2 , 4X , 5HWGRK2 ,F9 . 2 * 4X , 5HRAT f c , F 9 . 4 ) 
. , - . 2 5 , . 1 4 , R , 0 . , 5 0 ) 
R) N1 ,N2 ,N3 

, I 4 , 3 H X , I 4 , 3 H X , 1 4 ) 
. , - . 5 , . 1 4 , R , 0 . , 2 4 ) 
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RMAX = 0. 
CUUNT1  COUNT(I) 
RtSl = RES(l) 
00 Zl 11,NRES 
COUNT(I) = COUNT(I) CQUNTl 
RESd) = AL0G(ABS(RES(D/PES1)) 
RMAX « AMAX1(RMAX,R£S(I)) 

22 RMIN » AMIN1(RM1N,RES(D) 
YSCAL = l./ALOGdO.) 
YINT « 1. 
IF (YSCAL*RMIN.LT.t.) YiNT = 2. 
YLOW « 6.*Y1NT 
YSCAL = YSCAL/Y1M 
XINT  50. 
IF (C3UNT(NRcS).6T.3C0.) XINT = 1G0. 
IF (CCUNT(NPtS).GT.6C0.) XINT « 200. 
IF (C0UNT(NRES).GT.12u0.) XINT = 50Q. 
IF (C0UNT(NRES).GT.6000.) XINT • 1000. 
XSCAL • 1./XINT 
CALL PL0T(.t,4.5»3) 
CALL AXIS(0.*3.*10HL03(EKK0k),10,b.,90.,YLOW,YiNT,0) 
CALL PL0T(3.»3.,3) 
CALL AXIS(3.,0.,4HNCYC,4,b.,0.,0.,XINT,0) 
DC 32 I1*NRES 
COUNT(I) = XSCAL*COUNT(D - 3 . 

32 R t S d ) ■ AM IM ( 2 . , Y iCAL *RES ( i ) ) +6 . 
CALL LINE(COUNT,RtS,NKtS,i,U*1*0.*1.,0.,1.) 
CALL PLCT(8.5,1.5,3) 
RETURN 
END 

SUBROUTINfc GRAPH (IFLuT,Ii,12,X,Y,CP,TITLE,FMACH,YA*AL» 
1 Z,CL,CD,CHGkOO,XSCAL,PSCAL) 
GENEFATES CALCOfP PLuTi 
DIMENSION X(1),Y(1),CP(1)*T1TLE(20)*R(20) 
IF dPLOT.PQ.O) GG TG 11 
CALL PL0TSBL(10C0*24HANTQNY JAMESON 1C96C4R) 
CALL PL0T(1.25*l.,3) 

11 IPLOT  D 
ENC00E(80,12,R) TITLE 

12 F0RMAT(20A4) 
CALL SYM*GL(.5,C.,.14,K,0.»60) 
ENCJDE(44,14,R) FMACH*YA*AL 

14 FGRM*T(5Hr,ACH , F7 .3,4X, 5HYAW * F7.3*4X* 5HALPHA* F7. 3 ) 
CALL SYM8CL(.5*.25*.14*R*0.*44) 
ENC00t (44*16 ,P) Z,CL,CD 

I t F0RMd(5HZ ,F7 .2 ,4X ,5HCL , F7 . 4 , 4X , 5HCD * F 7 . 4 ) 
CALL SYMB0 L ( . 5 , - . 5 , , 1 4 , R , 0 . , 4 4 ) 
XMAX • X d l ) 
XMIN * X ( I 1 ) 
YMIN - Y d l ) 
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00 22 1=11,12 
XMAX « AMAXKXd),XMAX) 
XMIN ■ AMlNl(X(D,XMIN) 

22 YMIN » AMINKY(D,YMIN) 
SCALX « 5./(XMAX XMIN) 
IF (XSCAL.6T.0. ) SCALX ■ XSCAL/UMAX XMIN) 
IF (XSCAL.LT.0.) SCALX  ABS(XSCAL)/CHGR0O 
PINT = .4 
IF (PSCAL.NE.G.) PINT « A3S(FSCAL) 
SCALF = l./PINT 
PMIN » 3.*PiNT 
PMAX = 5.*PINT 
DO 24 1=11,12 
X(I) = SCALX*(X(I) XMIN) +.5 

24 Yd) « SCALX^(Yd) YMM) +.5 
CPMAX = 0. 
IMAX • (12 +1D/2 
N » (12 Il)/b 
Nl » IMAX N 
N2 » IMAX +N 
DO 26 I=N1,N2 
IF (CP(I) .LE.CPfAX) GG TO 2^ 
CPMAX » CPd) 
IMAX = I 

26 CONTINUE 
N » 12 II +1 
CALL LINE(X(I1),Y(I1),IN,1*C,1,0.,1.,G.,1.) 
CALL PLOKO.,4.5,3) 
CALL AXIS(0.*3.,2HCP,2,8.,90.,PMIN,PINT,G) 
CPC = (((5. +FMACH+^2)/6.)**3.5 1.)/(.7*FMACH+*2) 
IF (CPC.GE.PMAX) CALL SYM8CL(0.,SCALPKPC,.40,15,0.,D 
DO 32 I«I1*IMAX 
IF (CP(I).LT.PMAX) GO TO 32 
CALL SYMBOL(X(D,SCALP + CP(I), .07, 3, 45 . ,i ) 

32 CONTINUE 
DG 34 I=IMAX,I2 
IF (CPd).LT.PMAX) 3U TO 34 
CALL SYM80L(X(D,SCALP + C P ( D , . O 7 , 3,0.,D 

34 CONTINUE 
CALL PLOT(12.,4.5*3) 
RETURN 
ENO 

SUBROUTINE THREED(IPLOT*SV,SM,CP,X,Y,TiTLE,YA,AL, 
l VLD,CL*CD*CHCRDO*XSCAL,PSCAL) 
GENERATES THREE DIMENSIONAL PLOTS 
COMMON G(193*26*4)*S0(193,35)*E0d3D*Z0(13D* 
1 IV(193*3D*If£K35)*ITc2(35), 
2 A0(193),AKi93),A2(193),A3(193), 
3 80(26),81(26)#82(26)*83(26)* 
4 Z(35)*CK35)*C2(35)*C3(35)* 
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5 XC(35),XZ(35),XZZ(35),YG(35),YZ(35),YZZ(35), 
6 NX,NY,NZ,KTti,KTE2*ISYM*KSYM,SCAL*SCALZ» 
7 YAW*CYAw,irAW,ALPHA,CA,SA,ff/lACH,Nl,N2, N3, 10 
DIMENSION X(l),Y(D,SV(i),SK(D,CP(l),TITLE(2G),R(20) 
LX « NX/2 +1 
MX » \X +1 
MY = NY +2 
IF (XSCAL.NE.O.) SCALX « . 5^AfS(XSCAL)/CHORDO 
IF (PSCAL.GE.C.) SOALX « 5./(Z(KTE2) Z(KTED) 
SCALP = 1.25 
IF (PSCAL.NE.C.) SCALP = .5/ABS(PSCAL) 
SX • 2. SCALX^XC(KTEl) 
TX * 3.5 
IF (IPLOT.tC.C) GO TG i 
CALL PLOTSBH 10C0,24HAi\T0HY JAMESON 109t04R) 
CALL PLCT(1.2*,l.»3) 

1 IPLOT • 0 
M « 1 
ENC0Lt(12»2*R) 

2 FGRMAT(12HVIEw 0^ WiNG) 
CALL SYM60L(2.,.i,.14,R,0.,12) 

11 DO 12 L=l,3 
BUFF'R IN (N1,D ( G( 1, i, L ), G( MX,MY, L ) ) 
IF (ONIT(M).GT.O.) CG TG 101 

12 CONTINUE 
K = 2 

21 K ■ K +1 
IF (K.GT.KTE2) GO TO 61 
DG ZZ J=i,MY 
DO 22 1=1,MX 
G(I,J,1)  G(I,J,2) 

22 G(I,J,2) = G(I*J»3) 
BUFFM IN (Nl»l) (t(l»i*i)*G(MX»MY*3) ) 
IF (LMT(Nl).oT.O.) 60 TU 101 
IF (K.LT.KTEi) 00 TC 21 
11 ■ ITEKK) 
12 = ITE2(K) 
CALL VfcLO (K*2*SV,SM,CP,x,Y) 
IF (K.6T.KTE1) GO TO 41 
tNC,lLE(8C,32,R) TITLE 

32 F0RMAT(2CA4) 
CALL SYM80L(.5,0.,.14*R*0.*B0) 
ENC0DE(44»34,R) FMACH,YA,AL 

34 F0RM*T(5HMACH ,f7.3,4X,5HYAw ,F7.3,4X,5HALPHA,F7.3) 
CALL SYM80L(.5,.25,.14*R*0.*44) 
ENC0rE(44*36,R) VLD,CL,CC 

36 F0RMAK5HL/D , F 7.2,4X, 5HCL , F7.4, 4X* 5HCD *F7.4) 
CALL SYM8CL(.5,.5,.14,R,0.,44) 

41 SY » i>. + iU*) Z(KTEl))/(Z(KTt2) Z(KTED) +2.75 
00 42 I»I1,I2 
X(D ■ SCALX*X(1) +SX 
Y d ) = SCALX*YU> +SY 

42 CPd) « SCALP + CPU) +SY 
IF (f.EQ.2) GO TO 51 
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N =12 II +1 
CALL LINc(X(ID*Y(U),N*l*0*l*0.*l.,0.,l.) 
GO TC 21 

51 N =12 LX +1 
CALL LINE(X(LX),CP(LX)*N,1,0,1,0.,1.,0.,1.) 
N ■ LX Ii +1 
DO 52 II1,LX 

52 X(I) = Xd) +TX 
CALL LINE(X(ID,CP(ID*N,i,0, l»c.,i.,C.,l.) 
GO TC 21 

61 PEWIND Nl 
M ■ M +1 
CALL PLOT(12.»0.*3) 
IF (r.GT.2) GG TC 71 
SX • SULX + XC (KTEi.) 
ENC0CE(24*62*R) 

62 F0RMAT(24HUPPER SURFACE PRESSURE ) 
CALL SYMB0L(O.*.5,.14,R,C.,24) 
ENCQDE(24*64*R) 

64 FCRMAT(24HL0WER SURFACE PRESSOkE ) 
CALL SYMBCL(3.5*.5*.14»R,0.,24) 
GO TC 11 

71 1U = 1 
RETUFN 

1C1 10 » G 
CALL PL0T(12.,C.,3) 
RETURN 
FND 
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This report was prepared as an account of 
Government sponsored work. Neither the 
United States, nor the Administration, 
nor any person acting on behalf of the 
Administration: 

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

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

As used in the above, "person acting on behalf 
of the Administration" Includes any employee 
or contractor of the Administration, or 
employee of such contractor, to the extent 
that such employee or contractor of the 
Administration, or employee of such contractor 
prepares, disseminates, or provides access to, 
any information pursuant to his employment or 
contract with the Administration, or his 
employment with such contractor. 
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