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1.0 INTRODUCTION

Effective transonic operation is required of modern-day transport and

fighter aircraft. This consideration has stimulated development of numerical

methods to compute transonic flowfields about increasingly complex

geometries. In order to be useful for design and performance analysis, such

methods must contain accurate, reliable schemes for solving the nonlinear

equations governing the flowfields as well as the capability to handle

realistic configurations.

Various finite-difference methods have been developed to calculate three-

dimensional, transonic potential flowfields about isolated wings and wing/body

configurations. To date, these methods have used formulations that require

alignment of r-mputing coordinates with appropriate geometric surfaces in

order to apply surface boundary conditions. The codes of Ballhaus and

Bailey1-3 and Boppe, 4- 6 which solve various forms of the transonic small-

disturbance potential equation, use mean-plane and nearest-point

approximations to represent wing and fuselage geometries, respectively; the

approximating surface is chosen to coincide with a cartesian grid and is the

location where a linearized flow-tangency boundary conditions is enforced.

The codes of Jameson and Caughey 7- 9 are based on the full potential equation

and require application of an exact surface condition using analytic and

numerical mappings which generate computational grids that conform to the

entire surface geometry. Although the small-disturbance approach has so far
produced the most extensive geometry-handling capability,5-6 comparative

calculations indicate that methods based on the full potential equation

provide greater accuracy in matching experimental data. 10

This report presents an alternative approach to transonic wing/body

calculations in which the full potential equation is solved using coordinates

that, in general, do not coincide with the configuration surface. The

wing/body surface appears as a curved boundary within a rectangular computing

grid. In order to enforce the flow-tangency condition exactly on this curved

boundary, an imaging scheme is used which involves surface control points and

surface-adjacent grid points. At the expense of some computational detail,

the approximations inherent in a small-disturbance formulation and the



complicated mappings required to produce a surface-conforming grid are both

avoided. Schemes similar to the one outlined have been applied previously to

calculate flows about simpler, two-dimensional planar and axisymmetric

configurations.1
0- 14

The objective of this contract was to develop a computer program, based

on a global system of non-surface-fitted coordinates, to calculate transonic

flowfields about wing/finite-fuselage configurations and to compare calculated

solptions with relevant experimental data. It was determined part way into

the contract period that the coordinate formulation originally proposed as the

basis for this effort was inadequate and a more complicated system, involving

a higher degree of nonorthogonality, was needed to achieve acceptable

solutions. The delay associated with this reformulation as well as some

initial difficulty in achieving stable operation of the program have resulted

in a geometry capability that consists of a general wing attached to fuselage

of semi-infinite length.

Sections 2.0 and 3.0 of this report outline the formulation of the

wing/body problem. Section 4.0 describes the numerical solution scheme. A

discussion of results is given in Section 5.0, and remarks relating to

required code improvements and possible future directions are contained in

Section 6.0. Appendix A is a summary user's guide for the computer program,

and Appendix B is a program listing.
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2.0 GEOMETRY AND COORDINATES

Consider the configuration shown in Figure 1. A wing with multiple

sweep, taper, and dihedral is attached at a mid-height position to a blunt-

nosed cylinder of semi-infinite length. The wing leading and trailing edges

are comprised of straight-line segments; each edge may (but need not) contain

a single break at a spanwise location that differs from the other. The wing

varies arbitrarily along its span in section profile and section twist

angle. It is assumed, however, that the variation of wing properties is

piecewise linear between defining sections. The fuselage component of the

configuration has an asymmetric side profile and a circular crossplane section

of varying radius along its length.

For convenience in formulating the numerical scheme to calculate the

flowfield about this class of configurations, a global system of wing-adapted

coordinates is introduced followed by a series of coordinate stretchings.

This accomplishes several purposes. The wing/body geometry is transformed to

a standard and relatively simple form to ease computational bookkeeping.

Also, the infinite physical domain is mapped to a finite, rectangular

True chord line
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Figure I. Wing/body geometry.
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parallelopiped along whose outer boundaries exact far-field boundary

conditions can be applied. (However, the transformed wing/body surface

remains embedded within the parallelopiped as an irregular, interior

boundary.) Finally, grid-point spacing can be arranged to provide

satisfactory surface resolution, at least on the wing at the present stage of

development, as well as efficient distribution of points throughout the

computational domain (dense near the configuration surface and progressively

more sparse as distance from the surface increases).

The wing-adapted coordinates are defined by the following relations:

x - Xle(Y) 1 z - zm(X,y)

c(y) 2 ' b T(y) c(y) (

ihere xle(y) represents the streamwise position (sweep) of the wing leading

edge, c(y) is the wing-section chord, b is the wing span, T(y) is the wing-

section thickness-to-chord ratio normalized by its value at the wing root, and

Zm(x,y) is a nonplanar mean surface determined by the wing geometry. This

mean surface is specified as follows:

z M(x,y) = zle(Y) [x Xle(Y)], (2a)

= Zle(Y) - [x - xle(y)] tan a t(y) [x le(Y) x x te(y)], (2b)

= Zle(y) - c(y) tan a t(y) [x > x te(y)], (2c)

where zle(y) denotes the vertical position (dihedral) of the wing leading

edge, a t(y) is the wing-section twist angle, and xte(y) gives the streamwise

location of the wing trailing edge. Note that c(y) = Xle(y) - xte(y).

The transformation Equations (1) effectively shear out wing sweep, taper

in both chord and thickness, dihedral, and twist. In the (X,Y,Z) coordinates,

the wing appears to be planar with a rectangular planform and uniform

thickness over its entire span. The constant in the x-transformation shifts

the X-origin to the wing mid-chord locus; the leading and trailing edges are

at X -± 1/2, respectively. Lines of constant X coincide with constant-

percentage-chord stations along the span. The Y origin is at the wing/body

centerline, and the wingtip is at Y = 1/2. The Z-origin is on the mean

4



surface Zm(xy) . Except for the nonplanar wing mean surface zm(x,y), the

(X,Y,Z) coordinates are similar to those used in transonic smail-disturbance

formulations.

The spanwise region containing the fuselage and the region outboard of

the wingtip are treated by extending the wing leading and trailing edges while

holding the section twist angle fixed at its wing root and wingtip values,

respectively. The fuselage transforms in a regular but not well-defined

manner with distortion in length, profile, and crossplane section. In dealing

with the outboard region, the normalizing chord length in Equation (1) is held

fixed at a constant value c(y 3 ) beyond an arbitrarily specified spanwise

position y = Y3 to prevent crossing of the extended wing edges.

In order to produce a finite computational domain, each of the (X,Y,Z)

coordinates is stretched individually as described below. The stretching

formulas are adaptations to the present application of functions used

successfully to compute the transonic flow about an airfoil.
12 Figure 2 shows

the relationship between the chordwise and spanwise coordinates and also

indicates the different regions of the physical, intermediate, and stretched

domains.

* X-coordinate to "-coordinate

Region II: X = F(a 1 + a 2 t2) (3a)

Region 1,111: X = 7 X + A1 tan ± o)] AO tan ± o)3] (3b)

In Equation (3b), the upper set of signs refers to region I and the lower set

to region III. The three streamwise regions encompass the following ranges:

1: - < X -X - + ) < , g - (4a)

I: -X 0 X X , <r r F , (4b)

011: X X + (4c)

o O O
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Figure 2. Coordinate relationships.

Regions I and III nominally represent the regions upstream of the wing leading

edge and downstream of the trailing edge, respectively, while Region II covers

the wing-section chord. This stretching is symmetric about the origin.

Constants at and a2 are determined by the conditions X - Xo and

dX/dF = irA /2 at t = F. The transition stations ±X between the cubic ando o

tangent stretching functions are chosen to occur a small distance inside the

wing leading and trailing edges. Parameter F determines how much of0

the F-domain is confined between the wing edges. For an evenly spaced

F-grid, the number of F-steps in Region II compared with the total number

of F-steps will be in the ratio /(1 + E ). Constants A, and A2 mainly allow

control over grid-point spacing in regions I and III but also provide some

control over the uniformity of spacing in Region II.



• Y-coordinate to n-coordinate

Region IV: Y = n(b1 + b 2n ) (5a)

Region V: Y - Y + B tan [(l - no)] + B2 tan [j(n- no)3] (5b)

Spanwise regions cover the following ranges:

IV: 0 YY , 0 <n n , (6a)
0 O

V: Y < Y < , ( + n ) . (6b)

This spanwise stretching is similar to the one used in the streamwise

direction but is applied only to the half-space because only unyawed wing/body

configurations are considered. Region IV extends over the wing/body semispan,

and Region V encompasses the domain outboard of the wingtip. Constants bi and

b2 follow from the requirements that Y = Yo and dY/dn = rB1/2 at n = n The

transition station Yo is set slightly inside the wingtip, and parameter 0

determines the fraction of the n-domain confined to the semispan region.

Constants B1 and B, control spacing of the grid outboard of the wing tip, in

region V.

a Z-coordinate to c-coordinate

Z = C1 tan (/2) (7)

Constant C1 controls vertical grid-point spacing near the wing mean surface.

The range of this stretching is:

-.W 4 Z 4 0 , -1 4 C < I . (8)

Figure 3 is a schematic representation of the nonorthogonal ( ,n,t)

coordinate system which indicates its relationship to the wing geometry.

Figure 4 shows a schematic representation in the physical (x,y,z) domain

of a grid-point distribution that is uniformly spaced in each of the (Fr,4)

7
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Figure 3. Schematic of wing-adapted coordinates.

5 - - - T T

4

Spanvvise3 4
2or i n t 

W in g s e c tio n

00 1 2 -2 1 0 1 2 3 4 5 6

Vertical coordinate Streamnwise coordinate

Figure 4. Schematic of a computation grid In the physical domain. G1 57



directions. The configuration shown involves a planar wing with a straight

leading edge. Each point in the schematic actually represents a line of grid

points. Grid taper and the clustering of points near the wing mean surface

and between the wing edges are clearly evident. The dashed line corresponds

to the spanwise station y = Y 3 discussed previously. The planform and

crossplane views of Figure 4 emphasize the wing orientation of the present

coordinates and illustrate their lack of suitability for representing the

fuselage region. A method for improving resolution about the fuselage is

described in Section 5.0. The wing-section detail emphasizes the

nonconformity between the computation coordinates and the geometry surface.

For later use in writing the transformed differential equactons that

govern the wing/body flowfield, the stretching functions are denoted

symbolically as

4 M(X), n = r(Y), 4 = 4(Z). (9)

Stretching derivatives are then defined hv the relations

f(F) dF/dX, g(r)- dTl/dY, h(4) = d(/dZ. (10)

Evaluation of these derivatives follows from Equations (3), (5), and (7),

respectively.

9



3.0 GOVERNING EQUATIONS

3.1 Physical Domain

The steady, inviscid, transonic flow past a wing/body configuration can

be considered isentropic, and hence irrotational, if only weak shock waves are

present. Such a flow can be characterized by a velocity potential O(x,y,z)

that is related to the streamwise x-component, the spanwise y-component, and

the vertical z-component of velocity by the relations

u = $j , = D ,, w = O9 ,(11)x y z

where coordinate-symbol subscripts denote partial differentiation. In

Equation (11) and below, it is assumed that all velocities are normalized by

the freestream speed q,.

Since 0 is singular at infinity, it is convenient to introduce a

perturbation potential 4(x,y,z) according to the expression

= x cos a + z sin a + , (12)

where a is the angle of attack of the incident flow measured in a wing-section

(x-z) plane. Then, the governing equation for the flowfield, written in

cartesian coordinates, has the form

S( u) +a 2 - v)yy + (a2  w2)zz - 2uvxy

- 2vwy - 2uwx =0 , (13)

where

u = cosa + ox , (14a)

y = P (14b)

w - sin a + tz. (14c)

10



The local speed of sound a is determined by the relation

a 2=I+ Y2 (0 q), (15)

where q2 = u2 + V2 + w2, M is the freestream Mach number, and y represents

the ratio of specific heats of the medium (for air, y = 1.4).

The pressure coefficient at any point in the flowfield is given by the

expression

C + 2. M2 (1 -1 q (16)
P yM 2  + --

The boundary condition for Equation (13) on the wing/body requires that

the flow be tangent to the surface and can be written as

(cos a + x J' + y ' - (sin a + = ; (17)
x Y Y surface

derivatives -Vx and .Y are streamwise and spanwise surface slopes,

respectively. In addition, the Kutta condition requires that a circulation
P(y ) must exist at each spanwise wing station yo which is of such magnitude

that the flow passes smoothly off the sharp trailing edge. A vortex sheet

extends behind the wing whose strength corresponds to the spanwise variation

of the circulation. Using a linearized model that neglects roll-up, we assume

that the vortex sheet coincides with the wing mean surface, defined by

Equation (2c), between the trailing edge and downstream infinity. There is a

jump F0(y ) in the potential function across the sheet which is constant along

lines lying in the sheet that are parallel to the freestream direction. The

normal component of velocity and the pressure must be continuous through the

sheet, however. Thus, on the vortex sheet,

$(xtey ,z ) - 4(x ,y ,z ) NY 0 continuous. (18)

II



Far from the wing/body, the flow is undisturbed except in the downstream

Trefftz plane where the vortex sheet induces a two-dimensional downwash

flow. Thus,

0 (19)

everywhere except on the y-z plane at downstream infinity where the potential

function satisfies the equation

(a.2 - v2) yy - 2vw4yz + (a., - w) = 0 (20)

subject to the boundary conditions

-(sin a + = 0, (21a)
[y ' Y surface

+)(-y(z - z)= r(y) on the Kutta slit, (21b)
m

+ 0 at Vy2 + z 2 + (21c)

The Kutta slit corresponds to the crossplane profile of the vortex sheet at

infinity. From Equation (15), it follows that a, I/M.• Boundary condition

(21a) applies on a cross-section of the semi-infinitely long fuselage.

For the unyawed case, only half of the configuration need be considered,

and the symmetry condition v = 0 is imposed on the vertical plane y - 0, which

contains the fuselage centerline.

Equations (13)-(21) collectively define the problem for the wing/body

flowfield. The two-dimensional problem for the downwash field in the Trefftz

plane is embedded within the overall three-dimensional problem.

12



3.2 Computational Domain

The computational problem is formulated by transforming the equations of

Section 3.1 into (E,n,) coordinates. Substituting Equations (1) and (9) into

Equations (13) - (14) and using the symbolic definitions given in Equation

(10) yields the equation for the perturbation potential:

+ B(gn)n + C(h¢ ) + + E nC + F F = J, (22)

where

A [ (a2 _u2) + (a2  2  2 G(,n

2 2 2
B = (a - v) g(Tn)/b

C = (a - u2) G2( ,T) + (a
2 - \,2) 2(E, ,C) + 2  w2

' 2(n)c 2(n)

2u( n~(EY)C) 2 w [u(F,n) + v( ,n,O) h( ),

- 2uvG( ,n )G( ,r,) - T(n)c(n) [ I

D - (a 2 _ v] f)O,b I v (,) C(nd

E =-~ [(a2 - v2) G(,nt) - uvG(F,n) + T(n)c(n) g(n)h(C),

F =2 (2 2) G( .,n) 2 2

F = 2 (a _ U ) n + (a - v ) G(En)G(,, - uv

+ G( ,n)G(,n)] - (n r) [V ) . f(E)h(C),

.. _.. IV c



J - [2uvI(n) - (a2 - v 2 ) H(En)]

+ - cos ai - (w - sin ai) T(n)c(n )] C(n)

+ 2v u(~n ) + -(n )] _ (a 2  2) r(~,) C (w -sin ci)t(n)c(n),

and

U = cos a +- 4 +G(n)h( ) (23a)

v = G( T)fG(,n, )h( ) , (23b)

w - sin a + MO (23c)
r(n)c(n) C

The functions G(,n), , G(,(, ,) H(E,n), 1 (n), f(n)

and I(E,n) are transformation derivatives (see Section 3.4); G(E,n,)

and R(E,n,c) break into sums of two-dimensional functions so that the

potential function ,([,n, ) remains as the only three-dimensional quantity in

Equation (22).

Figure 5 is a schematic diagram of the finite ( ,nt) domain and shows

the conditions applicable on its various boundaries. The surface condition

(17) takes the form:

[KO + LOn + MO, + N]surface 0, (24)

where

K =  + G(En) ,J1(Q.n f

c(n)

14
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The far-field boundary condition remains = 0 on all edges of the

computational domain corresponding to infinity except the transformed Trefftz

plane where the governing equation becomes

BT(gL)-9 + CT(h ) =(
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2 nv) g(n )/b2 ,
BT  r (a5, W

N (cs a)Y (Fn) -sin5

xm

The fa-fel bondr cn io rean on al edge of th



2 2
[2_ 2 2 (a,- w)

CT = (a- v) G(l+ o'n') + 2 2w h(c)

1 0 (n)c 2(n) c(n)

ET = 1 a -2 )G(l2 o1n4 ) n

2- )nc) (w - sin a) t(n)c(n),

and velocities v and w follow from Equations (23b) and (23c)

with = 0. Equation (25) is subject to the boundary conditions

y1~n b n '~o~~ y o - (n)c(r)

- sin a 0, (26a)
!surface

te'n,0) - Wte' n-,0) - r(n) on Kutta slit, (26b)

4 0 at n = +n or C = ±. (26c)0

On the wing/body symmetry plane, the condition v - 0 is enforced using

Equation (23b).

3.3 Local Streamline Coordinates

For use in applying upwind-biased finite differences (Section 4.1), the

potential equation is rewritten in coordinates that are locally aligned with

the stream direction, which is denoted by S. In such coordinates, the

principal part of Equation (13) takes the form:

(a2 _ q2 SS + a2 ( -%S) - 0, (27)
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where

q-s q 2 (u2 + + w 2  + ZUV4, + 2vw, + 2uw, (28)

and A4, represents the Laplacian:

xx + yy +zz*(9

In computational ( T, coordinates,

q 2P U + Q(g4O + R~ + S4, + T + vo +w]. (30)

with

Lc [ u + v2G2(E,r)) + 2uv G'.)

Q =v 2g(n)/b 
2

R = G2Z ( T)) + v2 G2 n~ + 2 w22 + 2uv G( ,n) G(E,ni,Z

2w 

T (n)c (n)

+ -T(n ) C( n [ n G( ) + v (r, hC

S=1 2G(F n~) + uv Wg( ) +gn'(
b IV C ~C? I

V f 2 iu G(c ,n) + v 2 G(F,rn) +~r,)4 uv 12G(LO-;) + G((,n)
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+ T rI)c(n+ I

w [2uvlI) + v2H@ n) u- cosot - r~) (w -sin a) 'r (n)c 0j c(n)

+ 2v [I(E , n) + ;;I(n] + v2 liE , (w -sin a) T(n))c(n).

The Laplacian becomes

At P1 (f F) + Q 1(0~ C h 1 F +T1 + v c+wi (31)

where

1 2

R G2(4yl)+ Z2 (&'r,') + 2 12
Tr (T))c (n)

Si 2G(E,n)f(F)g(n)/b,

v1  2 [GE( ,n + G(F,n) G(E~nC)] f( )h(c),

18



WI H(F ,) u- cos a - G( ,n) (w - sin a) T()c(rn)] C(n)

+ H(tr,4) (w - sin a) -i(n)c(r).

3.4 Transformation Derivatives

In Sections 3.2 and 3.3, various quantities appear which represent

transformation derivatives becween the (x,y,z) and (X,Y,Z) coordinates. These

derivatives follow from Equation (1) according to the following definitions:

) O_X --- G(Fn) (32)G(x,y) UV,,fy

H(x,y) : - ---- H( ,n) (33

y

l(y) x-- - I() (34)
I(Y) a xay 1n

G(x,y,z) 2Z (,n,G) = G(n,C) + G2 (F,n) (35)

H(xVy9z 2,n,C) H , + H (,r) (36)

2

G(xy) 3z - ( ,n) (38)

ax

SD2Z (n) (39)

9ayz

k M 5I1I'i 'i i - : d-'9 i 1 .. i -



Evaluation of these transformation derivatives in the computational domain

uses the one-to-one correspondence that exists between grid points in the

(x,y,z), (X,Y,Z), and ( coordinate systems. The splitting of the

functional dependence shown in Equations (35) and (36) actually occurs in the

(X,Y,Z) system. Transformatlon derivatives which are not included among

Equations (32) - (39) either are zero or have been explicitly evaluated in the

equations of the previous sections.
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4.0 NUMERICAL SOLUTION SCHEME

4.1 Finite-Difference Approximations

The type-dependent finite-difference concept introduced by Murman and

Cole 1 6 is the basis for numerical schemes to compute steady-state transonic

flowfields. Central differences are used to approximate the potential

equation at subsonic points of the solution domain, and upwind-biased

differences are used at supersonic points. Thus, the mathematical character

of the equation is properly represented as it changes type from elliptic to

hynerbolic. The original application involved the transonic small-disturbance

potential equation.

In order to apply upwind differences to the full potential equation, it

is necessary to take into account the misalignment between coordinate lines

and the velocity vector at any given point of the flowfield. The principal

part of the equation is recast in a form that constitutes an effective

rotation to the local stream direction, denoted by S: 1 7

(I- M2)SS + (d - tSS ) = 0, (40)

where M = q/a is the local Mach number and the quantities SS and A4 are

defined in Section 3.3. Then, upwind differences are used to approximate

contributions to the first term on the lefthand side of Equation (40), and

central differences are applied to factors associated with the second term.

Jameson has shown further that the relaxation procedure for the finite-

difference counterpart of Equation (40) can be viewed in terms of a damped,

three-dimensional wave equation involving an artificial time. 7 The time

dependence arises because of the appearance in difference formulas at each

(n+l)
grid point of both a new solution value i,j,k' from the current relaxation

step, and an old value t (),k' from the previous relaxation step. Thus,

timelike terms occur implicitly which correspond to St. These terms play a

role in controlling the stability of the relaxation process but do not affect

the final solution since they vanish as the process converges. Sometimes the

damping inherent in the finite-difference analog of Equation (40) must be
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augmented; this can be accomplished by adding to Equation (40) a term of the

form

A9 u 6tqx + Y yt+WSt q Ax qxt q  q zt

1 - At Fp 2f(J) + Q2 g( )nt + R 2 h()P Ct] , (41)

with

P2 = () 2 + vG( ,n) ,
q (n) (n)

f(4 )u v
q c(n)A b

R2 f ( )U (n) + vG(,,) + w
2 q 2 c(r) P (n) c (n)

In Equation (41), the value of parameter e is arbitrary and can be adjusted to

control the amount of damping augmentation.

In writing difference approximations, central differences based on old

values are used to calculate first derivatives required to evaluate the

velocity components in Equations (23a) - (23c). At grid points where the flow

is subsonic, Equation (22) is used, and second derivatives are represented by

central differences. Typical formulas are
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2  ( f)2 i+l,j,k +ijk i+ij k

(f2f +f [.(n+l) + 1 n

i+l,j,k +  i,j,k +  i-l,j,k W i,j,k W / i,j,k]

+ (f f (n+l) (42)
i,j,k +  i-l,j,k i-(,jk

(n-), ,kk
2(0n) 2 [(gi,j+l,k + gi,j,k ) ( ij+l,k - i'j k

-(i,j,k + gi,j-l,k ) (i,j,k i'j-lk , (4k

I I (n) ( n) + -P (l (n (44)
4L4= [-- k1 9 n (n+1) (Vn-~l).klw%¢ 4AC¢ Li+l,j,k+l - i+l,j,k-I i-l,j,k-I iljk+l"

In Equation (42), the relaxation factor w has been incorporated into the

difference expression. Also, in Equations (42) and (43), stretching function

values required at half-step points have been evaluated as the average of the

values at grid points on either side; the averaging is a second-order

approximation to the stretching function at the half-step location. At grid

points where evaluation of the local velocity indicates the flow to be

supersonic, Equation (40) is used, and second derivatives contributing to

YSS in the first term are upwind differenced. For example, in the case where

velocity components u, v, and w are all positive,

(f%) _f (20 (n+t) (n) 0(n+1)

2(AC) 2  (fi,j,k + fi-,j,k i,j,k -i,j,k i-l,j,k )

(f f (n+1) - (n) (
i-1,J,k +  i-2,j,k i-l,j,k i-2,j,k ' (45)
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1__ (n+l) (n+l) (n+l) (n+l) (46)Cc 6 6c i,j,k i,j,k-I +  iP-l,j,k-I i-i,j,k"

Derivatives associated with the St terms are approximated by upwind

differences; a representative form is

Atf (f (n+l) (n)
At(f&) (f + i k L'i,j,k - i,j,k )

- (-(n+l) - (n) (47)

i-, -1 , J,k ) .(7

If u, v, or w is negative, Equations (45) - (47) are revised to reflect the

appropriate upwind direction. All second-derivative contributions to the

term (A9 - SS) in Equation (41) are central differenced in a manner similar

to Equations (43) and (44).

4.2 Boundary Conditions

Since the present formulation produces a finite computational domain

(Figure 5), application of far-field conditions is straight-forward on those

faces that represent infinity and on which = 0. The boundary condition in

the Trefftz plane (downstream infinity face) depends on the circulation

distribution and is not known a priori; therefore, it must be calculated by an

embedded relaxation procedure which solves the two-dimensional problem for the

downwash field. This calculation is based on Equation (25) with boundary

conditions (26a) - (26c); central-difference approximations are used similar

to those at subsonic grid points. The Trefftz-plane calculation coincides

with updates of the circulation distribution. Finite differences in the -
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direction that traverse the vortex sheet are adjusted to incorporate the

potential jump across it. At the wing/body symmetry plane, where v = 0,

Equation (23b) is used to compute values of the potential function at image

points located one grid-step beyond the computational domain. In order to

compensate for coordinate nonorthogonality at this plane, derivatives are

replaced by one-sided differences that are orientei to correspond with the

skewed intersection of spanwise grid lines. The present symmetry-plane scheme

is an extension of one used by Boppe 4 and has proved to be numerically stable.

At the wing/body surface, special treatment is required to enforce the

flow tangency condition given by Equation (24). A scheme is used that is

based on ideas derived from previous numerical applications of non-surface-

fitted coordinates. 11 , 12 The Neumann form in Equation (24) is replaced by an

equivalent Dirichlet condition that is applied at image points below the

wing/body surface. Referring to Figure 6, point S is a typical surface

control point defined by the intersection of a vertical grid line. Using the

corner-shaped boundary-point array shown, one-sided differences based on the

Lagrange interpolation formula for three unevenly spaced points are

substituted into Equation (24) to obtain a Dirichlet value for the potential

function at point S. Extrapolation along line S-1-2 then transfers this value

to the uniformly spaced image point Dl located below the surface boundary.

Thus,

(DI) = . ( V(S) I "I" (S), t An, A , 6 , (48)

where ,(S), y (S) are known surface slopes, 1b,...6 are potential values at

indicated points of the boundary array associated with point S, (AF,An,A) are

grid stepsizes in the respective coordinate directions, and 6 is the offset

distance between point S and the grid point above it. Repeated applications

of the Lagrange formula to the sets of points connected by arrows in Figure 6

provide the inter-grid values €3-..6. The potential-function value at image

point DI fixes the boundary condition during relaxation of the solution at

exterior points on the vertical line DI-2. After each relaxation sweep of the

exterior field, the image-point potential value is recomputed. In the event

that upwind differencing at a surface-adjacent point necessitates a second
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I, i

1+2, J 2

KS+2

OIDI KS+1

KS

K'

S Surface point at which Neuman flow-tangencv
condition is enforced

1-6 Exterior points used to calculate equivalent
Dirichlet potential at surface point S

D1, D2 Interior image points used in numerical
solution scheme

Grid-point offset distance

0P03 1190.6

Figure 6. Grid-point array used to numerically enforce the
boundary condition at a typical wing/body surface point.

image point D2, the associated potential value is obtained by linear

extrapolation in the vertical direction.

In order to treat each control point consistently, the corresponding

boundary-point array is usu~lly directed to the exterior side of the wing/body

surface. Thus, a reorientation of the array occurs at a locus of zero

streamwise slope on a convex part of the surface, as shown in Figure 7. This

arrangement has the effect of eliminating direct coupling between neighboring

image points in the present methodology. The boundary-point array is not

reoriented in concave surface regions, however.

Additionally, it has been found useful to permit surface image points to

be multi-valued in order to more accurately represent the surface condition at

configuration edges. Figure 8 indicates schematically the situation in a

wing-section plane. Image point P represents the leading-edge condition

during relaxation of the solution on the line ILE-1 upstream of the section.

Then, for computation on the segment of line ILE below the section, point P

represents a lower-surface condition. In the same way, point P can also be
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locus of zero chordwise slope.
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Above Wing

(Similar to Region 21
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P1ILE ILE ITE ITE IM

Region I Region 2 Region 4

Figure 8. Computation schematic: wing-section plane. Illustrates multi-valued dummy points. P3'0I
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assigned an upper-surface boundary value. Image point Q at the section

trailing edge is treated similarly. Other such multi-valued image points

occur at the fuselage nose, along the side-edge locus of the fuselage, and at

the wing tip.

4.3 Computation Procedure

The system of algebraic difference equations for the wing/body problem is

solved iteratively by systemically sweeping through the computational space

(Figure 5) and relaxing the solution along vertical columns of grid points.

In the present methodology, the domain is swept by crossplanes beginning at

the upstream-infinity boundary and proceeding to the downstream-infinity

boundary. Each crossplane is swept by vertical lines from the configuration

symmetry plane to the spanwise-infinity face of the domain. In a crossplane

that intersects the wing/body surface, all column segments beneath the

configuration are relaxed first, followed by column segments above the

geometry, and then by columns in the outboard region of the crossplane. The

relaxation procedure is continued until either a prescribed convergence

criterion is satisfied or a specified number of domain sweeps have been

completed.

During a particular iterative cycle, the first step is to fix the

surface-boundary condition by calculating image-point potential values

associated with each surface control point. The solution is then relaxed

throughout the domain as described above. At designated intervals, the

circulation distribution is updated by applying Equation (26b) at the wing

trailing edge. Following each circulation update, the Trefftz-plane boundary

condition is recalculated by an embedded relaxation of Equations (25) - (26)

for the downwash field. The cycle is then repeated.

During the sweep process, image-point values for the wing/body surface

condition are substituted sequentially, as required, into the solution array

that stores the potential function. This procedure simplifies program logic

by effectively eliminating the distinction between surface-adjacent grid

points and interior field points in computing finite differences. On vertical

grid lines that intersect the wing/body configuration, grid benchmarks for the

surface-adjacent points are used to designate the length of column-segments on

which the solution is relaxed.

28

- -
•

u - 1 -
:

. . . .. . . . . . . . . . . . . . . .. .. .. . . . . . . . .. . . .A"



5.0 RESULTS

Representative calculations have been made for a configuration comprised

of ONERA Wing M6 attached at mid-height to a hemisphere-cylinder fuselage.

Details of the wing geometry are given in References 18 and 19. The wing has

a planform with a leading-edge sweep angle of 300, a taper ratio of 0.56, and

a uniform section whose thickness ratio is 0.098. The fuselage radius is

taken to be 25% of the exposed wing semispan. A representation of the

configuration planform is shown in Figures 9 and 10.

Figures 9 and 10 also show the calculated pressure distributions at

several spanwise stations on the configuration for a freestream Mach number of

0.84 and angles of attack of 00 and 3.060, respectively. The sharp peaks in

the wing leading-edge region are the consequence of grid coarseness (see

below). There is an indication of a double-shock structure in the midspan

1,5

10

05

I I0.5

1 0

0 (X x-0 2

-0.2

,,P I OS2 7 3

Figure 9. Calculated surface-pressure distributions on a configuration composed of ONERA Wing M6

attached at mid-height to a hemisphere-cylinder fuselage: M. = 0.84, a = 0. Grid dimension:
49s 19 x 25. Every third spanwise station Is shown.
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0.2
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Figure 10. Calculated surface-pressure distributions on a configuration composed of ONERA Wing
M6 attached at mid-height to a hemisphere-cylinder fuselage: M, = 0.84, a = 3.06. Grid dimension:
49 x 19 x 25. Every third spanwise station is shown.

region of the wing, which coalesces to a single strong shock near the wing

tip; this effect is particularly evident for the lifting case in Figure 10.

In both cases, the pressure distribution at the fuselage centerline is

modified by the presence of the wing, again with a more pronounced effect in

the lifting case.

In order to assess solution accuracy, the calculations are compared with

available experimental data for ONERA Wing M6 obtained in a wing-alone test

(References 18 and 19). Since spanwise grid stations and test stations on the

wing do not coincide, the computed results are interpolated linearly along

constant-percentage-chord lines to the positions of the data measurements.

The comparisons are shown in Figures 11 and 12. In general, agreement is

reasonably good especially near the wingtip where the presence of the fuselage

in the calculations has the least effect. Differences near the wing leading

edge and the poor resolution of the double-shock structure along the wing can

be attributed to grid coarseness in the computed results, while trailing-edge

discrepancies are more probably the consequence of viscous effects in the

data. (Note the definite shock-induced separation exhibited by the test data

at the wingtip station in Figure 12.) Anomalous behavior such as the
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inflection at the downstream end of the shock wave at ylb 0.95 in Figure 12

is probably caused by the interpolation procedure; it is not evident in the

actual computation results.

coo
c p 0

0.5 7 2y~b =0.65 yb002/ .9

1.0

-1.5

1.0 -

-0.5

113

0.5 2y/b 0.44 2y/b =0.80 2Y/b -0.95

1.5 0 Uprsrae0.99 10.992)

* Lower surface 0.95 (0.961
-1.0 - 0.90 (0.92)

-080 0.84)

--- 0.65 (0.72)
-0.5

C -0 co ago1- 0.44 (0,5521

0 --- -0.20 (0.36

0.5 2y/b =0.20 ZZZ=2 2Vf/

1.0
0 0.5 1.0

lX X~e)/c
GPII 1O521 2

Figure 11. Comparison of wing/body calculations at M,, 0.84, a = 0* with wing-alone
exiperimental data for ON ERA Wing M6 at M. - 0.8399, a = 0.04% Data wire from Reference 19.
Parenthetic numbers denote corresponding spanwise positions on the wing/body configuration.
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0.0
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1 .0

I 0 Upper surface

0Lower surface 0.99 (0.992)

-1.0 - 0.90 (0.92)
-0.80 (0.84)

0 0 M - 0.65 (0.52)

0.C - 0.20 (0.36)

0.5 2y/b 0.20 zM

0 0.5 1.0
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lFIgure 12. Comparison of wing/body calculations at M, 0.84, ot = 3.06' with wing-alone
experimental data for ONERA Wing M6 at M.= 0.8395, a = 3.06%. Data are from Reference 19.
Parenthetic numbers denote corresponding spanwise positions on the wing/body configurations.
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The calculations for these cases were carried out on a 49 x 19 x 25 grid

in the chordwise, spanwise, and vertical directions, respectively. Thirty-

three vertical grid lines intersect each wing section chord, thus providing

sixty-six (upper plus lower) surface control points on each section profile.

Control points are spaced at approximately every 3% of section chord with an

edge-offset of 0.5% chord at the leading- and trailing-edge points. The

pressure peaks in Figures 9 and 10 correspond to the second chordwise control

point from the leading edge on each section. In the spanwise direction, 13

grid stations occur on the configuration semispan.

The calculations were performed on a Control Data CYBER 175 computer with

FTN(OPT=2) compiler. The nonlifting case of Figure 9 required 2.10 min of CPU

execution time, and the lifting case of Figure 10 required 5.23 min.

Convergence is based on a 10- 4 cut-off limit on the maximum correction to the

potential function over the solution domain between the final two iterative

sweeps. Decreasing the cut-off limit to 10- 5 was found to approximately

double solution times.

Table I shows the accuracy of the scheme used to numerically apply the

surface boundary condition. At two semispan positions on the wing, velocity

slopes computed from a converged solution are compared with prescribed

streamwise surface slopes. Agreement between corresponding slope values

extends to at least the third decimal place, one order-of-magnitude greater

than the cut-off limit on the potential function.

In order to explore the stability of the computer program, additional

calculations were performed for a configuration with the planform shown in

Figure 4 in which the wing has a uniform NACA 0012 section. Convergent

operation without the use of damping augmentation was achieved in nonlifting

cases for freestream Mach numbers up to 0.99 and at selected (supercritical)

Mach numbers for angles of attack up to 60. These results are not included in

this report since no comparison data exist for the particular geometry.
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TABLE 1. COMPARISON OF SURFACE-SLOPE VALUES AT TWO SEMISPAN STATIONS.
DZDX = PRESCRIBED SLOPE SLOPE = CALCULATED VELOCITY SLOPE.

ZYIB a .?457 ZY1B a .9900
tX-XLE)IC SLOPE U 0Z0xU SL)PE U DZDXU

.0050 1.14118Z 1.192676 1.112739 1.1V2676

.0364 .199*45 * 194572 .1 9583 .19957?

.0677 .137938 .139335 .13804b .139035

.0,89 .109128 .10'208 .13122 104208

.1303 .087512 .087580 .037594 .097580.1611 .071334 .071092 .071107 .071092
,19?1 .05 i387 .059136 .058L51 .050136.ZZ30 .347324 .047365 .04?380 .047365
.2539 .037729 .037764 .03?777 .037164
.2948 .028551 .912590 .0?1393 0.8580
.3156 *019317 .019339 .014351 .019339

31t64 .009725 .3097 42 .03151 . T00974Z
,3771 -*000267 -. 003Z77 -. 000303 -. 000277
.4079 -o01056 -. 01b6 -. 010520 -. 010561
.4336 -. 021286 -. 021235 -00Z1118 -. 021_35
.4693 -. 031790 -. 031724 -. 031526 -e031724
.5000 -. 041930 -. 041359 -. 04076 -. 041359
.5337 -. 051393 -. 051326 -. 050465 -e051329
.5614 -. 05962 -. 0591 - -. 0594,73 -. 059911
.5921 -. 057439 -. 067410 -. 066405 -. 057410.6229 -. 0?3775 -. 073773 -. 073210 -. 073773
.6536 -. 079030 -. 07)356 -.. 07848 -,079056
,5844 -. 33393 -. 083447 -*092103 -. 03344?
b 7152 -,037181 -. 037265 -. 056593 -. 037269.745l -. 090812 -. 090915 -. 0902? -. 090)18.7770 -. 094731 -. 09 361 -. 094151 -. 094 bl
.8079 -. 09350 -. 09150L -. 048771 -. 09501. i309 -. 1)4421 -. 1oO9 -,194338 -. 105092
.8700 -. 111292 -. 111480 -.110598 -. 1114i0.9011 -. 117739 -. 117940 -. 117130 -. 1171)40
.9323 -. 122597 -. 12?04 -. 121977 -. 122804
.9636 -. 123504 -. 123781 -. 122973 -. 123781
.9950 -. 123582 -. 123776 -. 122919 -. IZ3776

wl Converqence limt on . : 10,
4  

G, 1021

(bl Nonhiftinq calculation for ONERA Wing M6/hemisphere-cyhlnder fuselage
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6.0 CONCLUDING RFMARKS

The present work substantiates the use of non-surface-fitted coordinates

for numerical computation of transonic wing/body flowfields. However, a

number of modifications and improvements remain to be incorporated in order to

make the present computer program useful for engineering applications.

The capability of the program to perform calculations on a series of

progressively finer grids needs to be completed in order to improve computing

efficiency. This modification involves two requirements. Verification of the

grid-halving subroutine in the program must be completed, and the array that

stores the potential function must be moved to disk storage, with a sequential

transfer into central memory of only those array segments required at each

stage of the computation process.

The chordwise stretching function used between the leading and trailing

edges of the wing is symmetric about the mid-chord locus. In order to improve

resolution of the blunt leading-edge region within a fixed grid dimension, the

introduction of an asymmetric stretching that clusters more points near the

leading edge than the trailing edge would be helpful. This modification would

provide a more efficient means of improving solution accuracy in the leading-

edge region than a simple increase in the number of chordwise grid points.

Incorporation into the program of a finite-fuselage capability would

provide a better geometry model for engineering applications. An attempt to do

this during the present contract was unsuccessful when the resulting version

of the code proved to be nonconvergent. The principal difficulty seemed to

involve 'he question of how to properly treat the vortex sheet (circulation

distribution) in the region behind the fuselage.

Finally, there exists the problem of improving flowfield and geometry

resolution around the fuselage. A method for accomplishing this, depicted in

Figure 13, involves a two-coordinate formulation in which the present

coordinate arrangement is retained about the wing and better-suited

coordinates -- perhaps, a simple stretched, cartesian system -- are introduced

in a vertical slab whose width coincides with that of the fuselage. This

scheme would require interpolation within an overlap region (possibly, only a
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single plane) common to both coordinate systems. In order to conveniently

accommodate the two-coordinate formulation, it may be preferable to revise the

computation strategy such that the domain is swept by wing-section planes

beginning at spanwise infinity and moving to the wing/body centerline. The

vertical-line sweep in each section plane would begin at the upstream boundary

and proceed to the downstream boundary.

The baseline computer program described in Appendix A, when modified as

discussed above, is expected to provide a framework for treatment of complex

wing/body configurations. Further extension to include add-on components such

as nacelles, stores, or additional lifting surfaces should be possible also.

Cromplans Planform

GP 05278

Figure 13. Two-grid arrangement for wing/body flow
analysis.
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APPENDIX A. USER'S GUIDE TO COMPUTER PROGRAM

A computer program based on the formulation presented in the main body of

this report is listed in Appendix B. The subroutine structure of the program

is shown in Figure Al, and a summary of subroutine functions is given in Table

Al. The code has been run on a Control Data CYBER 175 computer with an FrN

compiler. As dimensioned, it requires 260k (octal) storage locations to load

and execute. The present form of the program does not use peripheral storage

devices.

The solutions presented in this report have been computed on a single

grid. Some logic is contained in the code to permit a calculation to be made

on a series of progressively finer grids, but it has not been fully

implemented. In particular, subroutine HALFS interpolates the potential array

P(I,J,K) from an initial grid onto one that is half-spaced in each coordinate

direction of the computational domain. The interpolated array is then used as

the starting solution for continuation of the relaxation process on the new

grid. Input parameter NHALF specifies the number of grid-halving cycles to be

performed. Full implementation of this capability will require that the array

P(I,J,K) be transferred to disk storage and that provision be made for a

sequential, plane-by-plane transfer of P(I,J,K) values into central memory to

coincide with each relaxation sweep through the computational domain.

Figure I defines the class of wing/body geometries that can be

represented by the program. Input data are smoothed to ensure that the wing

leading and trailing edges are piecewise straight lines. One break (kink) is

permitted in each edge but need not be present. If both leading- and

trailing-edge breaks occur, they may be at different spanwise positions.

Although the formulation outlined in Section 2.0 places no restriction on wing

attachment to the fuselage, code logic assumes that the horizontal mid-plane

of the grid (t - 0) coincides with the maximum width position on the

fuselage. Combined with the specification of circular fuselage cross-

sections, this computational arrangement effectively limits application to

mid-wing configurations at present. This restriction can be removed by

incorporating a two-coordinate formulation as discussed in Section 5.0.
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ASPLINE SSPLINE

ARRAYSRI

GP03l1.1M3

Figure Al. Subroutine structure of the wing/body program.
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TABLE Al. SUBPROGRAM LIST

NAME FUNCTION

MAIN Reads input data; controls overall program logic

HALFS Interpolates solution arrays onto a half-spaced grid. (Has not been verified.)

GRID Defines computational grid; calculates wing configuration data at spanwise grid stations

GEOM Calculates wing/body coordinates and slopes at planform grid stations in the physical domain

ASPLINE Parameterizes input geometry data in terms of arc length along the curve prior to spline interpolation

SSPLINE Interpolates input geometry data

PROFL Calculates geometry-defining quantities in the computational domain

COEFF Calculates fixed quantities which appear in the finite-difference equations

INIT Initializes solution arrays

SOLVE Executes one relaxation sweep of the computation domair ; updates the circulation distribution and
solution boundary values

FARBC Computes the Trefftz-plane boundary condition

SURF BC Calculates boundary values at control points on the wing/body surface

SURFSC (Entry) calculates boundary values at side-edge points of the configuration

SYMBC (Entry) Calculates image values at the wing/body symmetry plane

TRICOE Calculates coefficients of the finite-difference potential equation at grid points along a specified vertical
grid-line segment

TRIT (Entry) calculates coefficients of the finite-difference downwash equation in the Trefftz plane

INVERT Solves the finite-difference potential equation along a vertical grid-line segment to obtain updated solution values

MAXI Determines the maximum potential-value increment along a specified vertical grid-line segment between the
current and preceding relaxation sweeps

ARRAYS Prints out solution arrays to specified iteration intervals: circulation distribution, potential distribution,
surface boundary values and associated image-point values, symmetry-plane image-point values. IUsed mainly
for diagnostic purposes.)

CPCOMP Calculates and writes the pressure-coefficient distribution on the wing/body surface
GP03-1190-1

Table A2 summarizes the sequence and format of input data required by the

program. Data categories are as follows:

* case title,

" computational grid parameters,

" code execution parameters,

" case specification (Mach number, angle of attack),

• fuselage configuration data, and

" wing configuration data.

Suggested values for grid and execution parameters are included in the

table. Also given are parameter-value limits imposed by current code

dimensions.
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TABLE A2. GLOSSARY OF INPUT DATA.

CARD COLUMNS VARIABLE EXPLANATION

1 1-80 TITLE Case title (written to output)

2 1-10 NXI Number of chordwise grid steps at start of calculation. Maximum. 48

11-20 Al X - stretching constant in Eq. (3b). Suggested value: 0.16

21-30 A2 X - stretching constant in Eq. (3b. Suggested value: 2.75

31-40 X1O Stretching transition point of t - coordinate; see Figure 2. Ratio XIO/ (1 + XIO)
determines fraction of chordwise grid steps which occur on each w'ng-section chord

41-50 XCAPO Stretching transition point of X-coordinate; see Figure 2. Must be inside wing-section
edge. Suggested value: 0.495

3 1-10 NETA Number of spanwise grid steps at start of calculation. Maximum: 18

11-20 Bi Y - T7 stretching constant in Eq. (Sb). Suggested value: 0.16

21-30 B2 Y - T stretching constant in Eq. (5b). Suggested value: 2.75
31-40 ETAO Stretching transition point of T- coordinate: see Figure 2. Ratio ETAOI1 + ETAO)

determines fraction of spanwise grid steps which occur between the wing/body
symmetry plane and the wingtip.

41-50 YCAPO Stretching transition point of Y-coordinate; see Figure 2. Must be inside wingtip.
Suggested value: 0.49995

4 1.10 NZETA Number of grid steps in vertical direction at start of calculation. Maximum: 24

i-20 Cl Z - .stretching constant in Eq. (7). Suggested value: 0.45

5 1 10 ITERM Maximum number of iterations to be executed on the initial grid

11 20 NHALF Number of grid-halving cycles. Set NHALF 0 for single-grid calculation. (Note:
Subroutine HALFS has not been fully verified.)

21 30 NPRINT Iteration frequency for execution of subroutine ARRAYS, which prints complete
solution arrays for diagnostic purposes. If NPRINT - 0, only the circulation distribution
is printed upon cormpletiorn of the relaxation procedure. If NPRINT > ITERM, complete
solution arrays are printed after the relaxation process.

6 1 10 WE Relaxation parameter for potential a, elliptic field points. Suggested value: 1.70

11 20 WG Relaxation parameter for circulation. Suggested value: 1.00
21 30 DPLIM Convergence cut-off limit for maximum potential-value increment between successive

iterations. Sugested value 104

31 40 EPSI Damping factor in potential difference equation used at hyperbolic field points.
Suggested value 0.00, increase if instability occurs

7 7-10 ZMACH Freestream Mach number

11 20 ALPHA Angle of attack of the wing reference plane (in degrees)

8 7 10 NF Number of fuselage coordinate sets to be read from the following cards (one XF, ZF,
RF set per card)

I-NF 1 to XF x coordinate along fuselage beginning at nose, see Figure 1
11 20 ZF i coordinate of fiiselage side-profile reference hne: see Figure 1

21 30 RF Fuselage crossplane radius; see Figure 1

9 1 10 JSECT Number of wing-section data sets to be read subsequently. Maximum 5

11 20 JBL Sequence number of wing data set at break it) leading edge. If no break exists, set JBL - 0.

21 30 JRT Sequence number of wing data set at break in trailing edge. If no break exists, set JBT 0.

The first card uses alphanumelc format 20A4. All remaining cards use ,;ir sro5'
repeated floating-cpoint format 8F 10.S Conversion of data to irnteger
mode is perforn ed Within the program as required
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TABLE A2. (CONTINUED) GLOSSARY OF INPUT DATA

CARD COLUMNS VARIABLE EXPLANATION

10 1-10 YS Spanwise station of wing section

11-20 XLES x-coordinate of wing-section leading edge

21-30 ZLES z-coordinate of wing-section leading edge
31-40 CS Wing-section chord length

41-50 ATS Wing-section twist angle relative to wing reference plane (in degrees)
51-60 TS Wing-section thickness-to-chord ratio
61-70 FS Repeat indicator. If FS 0, wing-section coordinate data from the previous span station

is used; the next card specifies parameters for the wing section at the next span station
(go to Card 12). If FS = 1, coordinates for a new section profile are read from the
following data cards.

11 1-10 NSu Number of wing-section upper-surface coordinate sets to be read from the following
cards (one XSU, ZSU set per card)

11-20 NSL Number of wing-section lower-surface coordinate sets to be read from the following
cards (one XSL, ZSL set per card)

21-30 KSYM Wing-section symmetry indicator. If KSYM = 0, the section is asymmetric; both upper-
and lower-surface coordinates must be given. If KSYM = 1, the section is symmetric, and
only the upper-surface coordinates are required.

1-NSU 1-10 XSU Upper-surface coordinates of wing section from leading to trailing edge. One set

11-20 ZSU per card

1-NSL 1-10 XSL Lover-surface coordinates of wing section from leading to trailing edge. One set per card.

11-20 ZSL (Required only if KSYM = 0)

12 - - Repeat of Data Card 10 for the next wing section

13 - - Repeat of Data Card I t and data sets I -NSU and 1 -NSL for the wing section defined by
Data Card 12. (Required only if FS = 1 on Card 12)

14-15) - - Up to three additional wing-section definition cards and coordinate data sets. Total number
16-17 - - of data sets must correspond to JSECT on Data Card 9.
18-19J -

0P031100-21

Fuselage data consist of sets of side-profile reference-line coordinates

and crossplane radii given at streamwise stations beginning at the nose and

proceding aft. These data are spline interpolated to obtain required values

at grid-point stations. Along a constant-radius segment of the fuselage, a

number of values must be given to ensure accuracy of the spline fit, and the

data must be more closely spaced near the ends of the segment than in its

central region. A final table value at streamwise location XF > 25 is

required to specify the semi-infinite fuselage length.

Wing data are read section-by-section beginning at the wing root and

moving outboard to the wingtip. In the data set for each section, the first

card specifies section properties: spanwise position, leading-edge

coordinates, chord length, twist angle relative to a horizontal reference
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line, thickness-to-chord ratio, and an indicator flag to designate either that

new profile coordinates are to be read or that the previous section profile is

to be repeated. The next card specifies the numbers of coordinate pairs in

the upper- and lower-surface data tables for the section and an indicator flag

to designate whether the section is symmetric or asymmetric. Next, if a new

section profile is being given, the upper-surface coordinate pairs of the

profile are read proceeding from leading edge to trailing edge, followed by

the lower-surface coordinate pairs in the same order. If the profile at the

new section is identical to that of the previous section, surface-coordinate

data are read internally by the program and need not be repeated in the input

data list. Also, if a section profile is symmetric, only the upper-surface

coordinates are required in the input data set; the lower-surface coordinates

are set within the program.

The code provides the following tabular output:

* input data listing,

* computational coordinates, stretching derivatives and grid benchmark

values,

a wing configuration data at grid stations,

0 maps of surface-adjacent grid points (upper surface, lower surface,

side edge in planform view),

* iteration summary,

* final circulation distribution,

0 detailed solution arrays (if requested), and

P pressure-coefficient and surface-slope distributions.

The input listing, coordinate tables, and wing data provide a check of problem

set-up. The grid-point maps define the wing/body configuration in the

computational domain. The iteration summary printed after each complete

relaxation cycle lists the value and location of the maximum potential

increment between the current and previous iterations, the number ot

supersonic points detected, the current wing-root value of circulation, and

information about the embedded iteration process required to update the

Trefftz-plane boundary condition. The solution arrays, when requested via

input parameter NPRINT, include the complete potential array as well as

control-point and image-point potential values which arise in the numerical

application of the surface boundary condition. These array print-outs are
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useful mainly for code diagnostic purposes. Finally, in addition to the

pressure-coefficient distribution, both prescribed surface slopes and velocity

slopes calculated from the convorged potential field are printed to provide an

accuracy check on the surface boundary conditions.
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APPENDIX B. LISTING OF COMtPUTER PROGRAM

c PROGRAM TWH3(INPUT.OUTPUTTAPE5=1NPU1,TA '.61OUTPUHT

C SO)LVFS Tit~ FULL POTENTIAL EQUATION FOR TRANSONIC FLOW PAST A

E GENERAL-WING/SEMI-INFINITE-FUSELAuE CUNF I6URATION*

C

c DIMENSION TITLE(MO)XTES(5)
COMMON/CONST/ ALPHAZMACHDP..i MEPSI ,pEWG8SPANAIe C SARXI ,RX2,

*SNATOETATDXI, UZEtAvOETA90XI ,OZETAvI ,L IM, INOSE#
* I~TAIL ,ITEJM JRQOT9-jTIPIv4,'WJ~1 ,JB2,J83,PLCBI*

COMMON/DAIAX/ A C 0A, ,ASETAONETANXINZETAXCAPOXIOYCAPO,
* NFXF(150),ZF'(1501,NF(15O),JSECTJBLJTNSJ(5),

* NSL(5),YSC(i),XLES(5)sZLES(5),CS(5),ATS(5),TS(5),
* FS(5,,XSU(15O,5)iA~ 5105)LU 105),S(5

COMMON/SOLVO/ Rbllt49,19),D24149 1)qD1(9)S (49 c)0U11 91)9
* D~i4~ 9) DPAAWMAXTA~Y a ? IMAX1,1 3

JMAX1,.iMAXIKMAXI9rv4AXT.NSIJp9p(4i9,9?,),PL,1(19)'
PNEW 2 )*PNOSEoP YN4(49925),PT1(l9s25)9PT2(l #,25)0

* PT3(19925),PTE1(19)PTE2(19)PL(49,19),PW8U(49'19)

MSTART=U
NCYCLE=0
READ (59901) (TlTLE(N?.N=I,20)
READ (5992) FNXI9A1,A2,XIOqXCAPU
READ (59902) FNETA ,A3, A4 ETAO, YCAPO
READ (59902) NZETAoAb

NEA A=FNE TA
NZETA=FNZETA
READ (59902) F ITEPM*FNHALF*FNPRINT
ITEkM=FlITERM
NHALF:F NHt4AL F
NPRINT F NIPRI N
READ (59902) 'EWG9DPLIMEPSI
REAL) (5,99U2) LMAC~iALPHA
WiRITF (6.'4031 (TITLE(N)vN=I*20)qLMiACH9ALPHA
WRITE (69904.) ITERMNHALF,NPRINT ,wEWGDPLIMEPSI
WPITP (69405,) N~I ,A1 A2,.KI0,XCAHONETA,A3,A4.I&TAOYCAPONZETAAb~

REAL) (59902) FNF
NF:VNF
IF (NF*EQ*0) 60 TO ISO
00) 110 N=19NF

110 REAL) (t)9902) AF(N),ZF(N),RFCN4)

DO 120 N=1,NF
120 WRNITE (6#912) NXF(N),ZF(N),RF(N)
15n CONTINUE

C
READ (5#90j2) FJSECTFJHLFJBiT
JSECT=FJStCT
JI3L=FJBL
JBT=FJ3T
4=O

211 424.)
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IF(J.GT.JSEcT) 60 TO ?37
READ (5,902) YS(,J).XLES(J),ZLES(J),CS(j).ATS(J).TS(J).FSCJ)
IF(FS(bJ) Eu4.00 Go TO 230
READ ( giU0) FNStJoFNSL*FKSYM
NSU (JI =FN5U
NSL (J) =FNSL
KSYM=FKSYM
NU=NSU U)
00 218 1=19NU
READ (5~9902) ASU(Ij),7SU(I,J)

218 CONTINUE
NL=NSL (J)
IF (KSYM.E.Q.1) GO TO 220
00 219 11.#NL
READ (59902) ASL(I*J),ZSL(IJ)

219 CONTINUE
GO TO 211

220 DO 222 1=9N'L
XSL (I J) =XSU (I J)
ZSL (7 J) =-ZSU (I .J)

222 CONTINUE
GO TO 211

230 NSU(J)=NU
DO 235 1=19NU
XSU (I ,j) SU (1 .J-i

23S CONTINUE
NSL (J)=NL
00 236 1.NL
XSL (IJ) =XSL (1 .J-1)
ZSL II J)=LSL(IJ-j)

236 CON TINUE
GO TO 211

237 CONTINUE
WRITE (69921) JSECTgJbL,J8T
DO 380 J=iojSECT
WRITE (6,922) JYS(J),XLES(J),ZLES(J),CS(J).ATS(J),TS(J),FS(J)
IF (FS(J)oNE*0.) GO TO 370
WRITE (6,923)
GO TO 350

370 NU=NSU(j)
WRITE (6,924) NU
WRITE (69V26) (XSU(IJ),ZSLJ(IJ)tl11NU)
N~LNSL (j)
WRITE (69925) NL
WkITE (6,926) (XSL(l.J)#ZSL(1,J)9I11NL)

c380 CONTINUE

DO 438 J=1.JSECT
438 XTES(J)=XLESUJ).CS(J)

IF (J8L.NL 0) Go TO 440
JSECTX=3SS T-1I
XSLUP=(XLL2,(JSECT)-XLES(l))/(YS(JSECT)-YS(l))
ZSLOP=(ZLES(JSECT)-ZLES(l))/(YS(JbECT)-YS(l))
00 439 J=29JSj CTX
XLES(J)=XLES( ) *(YS (J )-YS(l))*XSLOP

439 ZLES(J)=ZLES(1).(Ys(j)-yS(1) )*LSLUP
GO TO 445

440 JBL=JBL-1
XSLOP=(XLES(J8L)-XLES(l))/(YS(JUL)-YS(l))
ZSLOP(ZLESJUL)-ZLES(1)/(YS(J8L)-YSC 1))
DO 441 J=29JBLx
XLES(J)=XLES( )+(YS(j)-yS( 1))*ASLUP

44) ZLES(J):ILESCI).(ys(j)-yS( 1))*LSLUP
JBLP=J3L.
JSECTX=JStLCT-1
XSLUP=(XLLS(JbzECT)-XLES(J8LH,/(Y(JSECT)-YS(JHL))
ZSLOP=(ZLLS(JSECT)-ZLFIS(JRL))/(YS(JSECT)-Y5(JRL))
D0 442 J=JbLPJSECTX
XLES(J)=XLES(JBL),(YS(J)-YS(JHL))*XSLOP

44P LLES(J)=ZLES(JHL'i.(YS(J)-YS(J8L) )ZSLOP
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44c IF (JRI.NE.0) 60 TO 44
XSLUP(ATES(JaCl-xTtS(l)/(Yb(JS.CT)-'(1~))
00 446 J~esjSECTX

446 XTES(J)=XIES(1).(YS(J)-YS(1) )4ASLUP

47JRT AzJR -1
XSLOP=(XTES(JdT)-XTFS(1))/(YS(JbT)-yS(l))
Do 448 j=,etjHrx

449 XTES(J)=XTES (1).(YS(U) -YS (1)) .SLUP
JFRTP=Jt3T.
ASLOP=(XTLS(JSECT)-XTES(JRT))/(YS(JSECT)-YS(Jk3T))
D0 449 J=J8TPvJSECTX

449 XTES(J)=xTES(JI3T).(YS(J)-YS(,j8T) )*SLOP
45n CONTINUE

00 49~1 J=19JSCT
451 CS(J =XTE )(J) -ALES IJ)

8SPAN=Z*YS (JStCT)

ITERl=1
GO To 520

510 wPITE (b,932)
ITERI=ITE.NM
CAL HA Ft:(ITFRMNPPINT)

520 ITE - Ew.IfERMi-1
CALL GRID
CALL GEOM
CALL PHUFL
CALL CU FF
CALL INIT(MST Apr)

D0 590 1TEH7ITEkloITFR2
CALL SULVLi1TLR)
IF (NPkINr.EQ.0) CO TO 550
IF (ITER/NPRNT*4NPRINT.NE.ITER) G0 TO 550
CALL ARRAYS(NPRINT)
CALL CPCOMP

55n IF (DPMA%.LLUPLlM) GO TO 600
590 CONTINUE
60n CALL ARRAYS(NPRINT)

CALL CPCOMP
IF (NCYCLL.EQ.NHALF) STOP
NSTAPTIl
GO TO 510

C
901 FORMAT (20A4)
90? FORMAT (8FI0.5)
903 FORMAT (33HITkANSONIC WING/bODY PROGRAM TwB3

* 52X43HCOOEO RY: 6. E. LHmIELEWSKI
8t X43H MCDONNELL DOUGLAS RESEARCH LASSe/

* 8bX43H ST@ LOUIS* MISSOURI 63166
* 85X431 JUNE 1980 /
*l~a4/

*5A40HMACHNUAtMHER IMACH = Z J
*5P%4UHANGLE OF ATTACK ~ ALPHA xF8.39
* 3X7HDEGRE E5////)

904 FORMAT (21H-EXECUION PAAETR/
5 A4OHMAXIMUM ITERATIONS ITERM = IS/

*5A40H6.RID HALVING CYCLES NHALF = IS/
*5X40HSOLUTION ARRAY PR LNT CYCLE NPRINT = l//Il
* IA21HRELAXATIUN PAPAMEIERS//

* 5X40HELLlIPTIC POINT WE =Fso3/
0 5A4(W1CIRCULATION wG = F8.3//
40 5A40HCONVFRGjENCE LIMIT!PLMzE23

5A40HOAMPIN, FACTOP E12 F.3/)
90c; FORMAT (24H-CUORDINATE PARAMETERS//

5X4OHbTRFAMWlSE DIRECTION NKI = 18/
5A40H Al = F893/
5 A40H A2 = FB,3/

* SA40H AID = F893/
* ~ 4H CAPO 2 FS.3//
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* bK40H )PANWISE DIRECTION NEIA z 8
*5A4OH A3 =FB.3/

5AO4 A4 z 8.3/
5 A.40H ETAO = S3
5 A4O04 YCAPO =FB.3//

*5A4THVFWTICAL DIRECTION N7ETA IS/
5 A4OH A5 = F8.3)

911 FORMAT (lk-//,'X13HFULSELAG4E DATA///9KHN8(iHXF8X2ZFR~eHNF/)
912 FORMAT (I1O.8 ;1O.4)
9 1 FORMAT (lH'///10~ W,1N(j 0ATI'A///2Qt4 NUMtffR OF SECTIONS PIIO/

2eH1 SECTION AT L.E. RPEAK9tB/
* 2eH SECTION AT T.E. fiRLAK91b)

922 FORMAT (1H-///13H WINU. SE.CTION~ L10//
* 1KS5HYS F9&6,%KHXME= F9.6,SX5lIZLES= F9.6,

5 ASHCi F9.695XSHATS = F9.695X5H1TS F9*b,
* SASFiS =F9.6)J

923 FORMAT (4it-SURFACE DATARIDENTICA. TO PRE.VIOUS SECTION)
924 FORMAT (IM-/26H OPPER SO)~ ACE (A.- PA IRS )//1X5HNSU = 18l/)
92S FORMiAT (1H-/20H LOWFR SURFACE (A-L PAIRS)//lX5HNSL = ± /
926 FoRMAT (leFI1.6)
931 FORMAT (1M-///4SH INITIAL START * ' ~ * ~ '*

93;? FOWMAT (IH-///45Ni CONTINUATION UN HALF-SPACU-) GRID ~ *'

94) FORMAT (1t-///1~j7HITERATION SUMMARY//
* bK4NI TFA*l0K5Hl)PMAX,4XiII4X1I1Jq4X1HK.6X4HNSUP,
* I14X6HGAMMARSX5HTERT7X6OIPMAXTJA?IJT3X2ilT/)

END

C SUBROUTINE. HALFS(ITERM*NPRINT)

C INTERPO ATES POTENTIAL AND CIRCULATION ARRAYS ONTO A HALF-SPACED

E COMPUTATINAL GRID,

C
COMMON/CONST/ ALPHA,2'MACHOPLIMEPSI ,wEoWG,6SPAN.AI2,CSARX1 ,RX2.

* SNAvTDETAsTO91,TlJIEJAOETAOX1,DZETA'ILEIMINOSE9
* ~ITAIL. 1 TEJMJROOTJTPKM*fKWJBI ,JB2.JB3,PLCBl,

COMMON/OArAx/ AI,9ASA 3,I ASETAONETANXI.NZETAoXCAPO9XIOYCAPO.
* NFXF(1S0),ZF(ISO),RF(150),JSECTJLJ3TNSU(5),
* NSL(5),,'S(5l.XLESi5),ZLES(5),CS(5),ATS(5).TS(5),
* ~FS(5),XS&J(150,5),AS.( 150,5),LSU(150,53',ZS (10 rm

COMMON/SOLVO/ OLl(49. 99 0L2(49vj9) .QS1(49)# 05 (49)o UJ149,19).,
DU2(49. 19),DP 'AXI)MAXTLAMMA( 19)9 IMAXJI 1ERTO

* JMXI ,MAXTKMA ,isKAXTONSUP, f(49.j 2'!1P 19
*X AMW5)4) PN SPSYM(49,25wTg:19.e) PWW (1, 9)
* ~PR(19vW)?PTE (1V) ,PTE2(I )PWL49919),PWSU(49191

COMMON/SURF /OELL(4 9 19),90LS (49' DFLU149'.9) DZDXL(49v19),
* DZDXU(49919',OZOYL(49919),OLDYU(49,19),MWBL(49,19),
* M ,BU(4991IZL(19),IU(19),J800(49),K800L(49919),

c KBODU(49919),ZL(49919),ZU(49919)

C

NFTAu2 'NETA
N ETA: *1ZE:TA
[TERMzI kRM/2
NPRINTZ2*NPRINT

C
IMN=2*I M-1
JMN= *JM-
KMNsS'KM..
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IMNX=IMN-1
,JMNX=JMN- I
KN$NX=KF4N- I
00 200 IIm
JE=JPO) (I1)
JEX=JE-1
DO 130 J=JEv,A
00 110 K=19KM

110 P(IvJKN)ZP(IlJK)
00 120 K~eoKMNX,2

120 P(IJK)=0.5*(P(IJK-l.P(JejpK.fl
130 CONTINUE

IF (JE.eL~e) (,O TO POU
Do0 190 J=19JEX
PKEvR0L) (1 .j) -1
00 140 K=KwtKM
KNzKN4N- (2tK-1) .1

140 P(oi ,JKN)=PCI 'JIK)
KWN1=2?'.W
00 150 lK=KWN19KMNX*2

150 P(IJDK)=U.5*(P(1,J,,%-1).P(IJK.1))
KE=KRODL (1 ,J)*l

D0 160 K=1,Ki
KNKM~N-(2*K-1) .1

160 PCI ,JtKN)=P (I ,jtl)
KWN1 =2*KW-2
00 170 K=2,rWNjp2

190 CONTINUE
200 CONTINUE

KWN?2*Kw-1
DO 210 1=INOSt.,IM
JEX=JRUU(1)-1

P ( NOSE 91 KWN)=PNOSF
DO 220 J=19JTIP
PCILE9JKWN)=PLE1(J)

22o Pl(ITE9JqKwN)=PTEl(J)
D0 260 K=1PM4
D0 2gi0 J=1,jM
n0 230 I=1,IM
IN=IMN-(2I-1) .1

230 P C NqJoK)=P( I JgK)
00 240 I=e9IMNX,2

240 P(IJK)=U*5biP(1-1,J0K).P(I~lJ.K))
25n CONTINUE
260 CONTINUE

C
P(2*INOSEii1 ,,KwN)=DSl(INOSE)
p(2"ILEJT 1PeIwN) =DSI(ILE)
P(2 ITEjTIPKWN)=DS1(1TE)
DO 340 Ks=19KMN
DO 330 1=19IMN~
00 310 J=jJm
JN=JMN- (2*JM-1) * 1

310 P IJNK)=P( ItJK)
00 320 JdgjMNA,?

320 PdIjK)=0.b*(P(1,J-1.K).P(1,j.1'K))
330 CONTINUE
340 CONTINUE

L
D0 410 J=1,JM
JNZJmN-(2*J- 1)* 1

410 GAMMA(JNJ=GAMMA(J)
DO 420 J=eJmNxo?

420 GAMMA(J)=U.5*(GAMMA(J-1).GAMMA(J1I))
JT IPN=2*JT IP-1
GAMMA(JTI'N*1) =0.
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JROOTN2*JHOO T- I
GAMMA (JNOTN-e) =O.
RETURN
END

SUBROUTINE GRID
C
C CALCULATES GRID-POINT COORDINATES. STRETCHING DERIVIATIVES, AND

C WING CONFIGURATION DATA*C
C DIMENSION XI(49),YCAP(19)
C COMMON/CONsT, ALPHAZMACMDPLIMEPSIWEWGBSPANAI 2 .CSARX 1 RX29

* ~SNATDETATDXITUZET AETA,9)XIOZETA .ILE IM,1 NSE.
ITAI TlMRO , ~ IP ,KMI(WtJB1.J829 9J3PLC81

COMMON/COURD/ ChORD(19L1 DCDY(19),DTDY( 19) ,DXLEDY(19) ,ETA(19),F(49)# FLE# ,NFEvG(V1)vGAMLEqGAMNGAMFGAMTE T AMH2

ZCAP(25):ZLE(19),U ZLEDY(19),At.PHAT(19)ADADY(19),0WT

* NFXF(150),ZF(150)4RF(150),jSECTJALJBTNSU(5),
NSL()gYS5)oXES( oZLE(5,9Sil ) ATS(5) ,TS(5)t

C
C

102 FORMAT (lt-///1X27HSTwEAMWiISE GRID COORDINATES///
1 lXdHDXI =F14.6//
e 9A1H1 ,1IX4HXCAP,13X2HXI,14X1HF/)

108 FORMAT (I1O,3(lXpF14#6))
294 FORMAT (lMO/IXHHLE = F14#6/1X8HGAMLE FlP4e6/

1 1X8HXCAPLE z F14*6/lXeHXILE = F14ob//1XaHFTE x F14.6/
2 1X8HGAMTE = F]4*6/IX8HACAPTE = F14.6/lX8HXITE F14o6)

355 FORMAT (//1X8HFN = F1496/1X8HGAMN aF14*6/lX8HXCAPN z F14.6
1 /1X8HXIN F 14,6)

357 FORMAT (//IX8rINOSF = 114/1X8THILE = I14/IX8HITE z 114/
1 IX8HITAIL = I14/lX8HIM =114)

411 FORMAT (I H-///IX25HSPANWISE GRIU COORUINATES///
1 A8 2D A P14.6/I
2 9)(ltiJ,1 X4HYCAP, 12X3HEIA, 14XltIG/)

595 FORMAT (1HO/IA8MGWT = F14 46/IA8HGAMWT z F14.6/
1 lA8HYCAPWT =F14 6/lXat*.TAWT =P14.6)

655 FORMAT (//1X8HGF 2 Fi4o6/lXbHGAMF aF14*6/lXAHYCAPF z P14.6
1 /LX8HETAF = 14.6)

657 FORMAT (//1X8HJROOT = 114/1X8riJTIP = I14/lXBH'JM 114)
734 FORMAT C1H-///1X25HVERTICAL GRIL) COORDINATES///

I IA8HDZETA = F14*6//
2 9X1HK.11X4HZCAP,11X4HZETA, 14XkHH/)

7749 FORMAT (//1X8HKW = 114/1X84MKM =114)
801 FORMAT (j$,10(lXP1O.6))
836 FORMAT (1M-//IX35HWIN4G PLANFORM AREA 5 F 8*41

1A35HWING ASPECT RATIO AR x 8*4//
IX35H6TATION AT LE BREAK YB Ia P8.49

3 0O5HJ81 ' 14.0X7HTA81 2 F8.4,lUXl4LCR 1 F 894/
4 1X35H-STATI ON To E. BRIAK Ye a P8949

51UX5HJH2 = 149IOX7HETA62i 2 FS.491OX7HPLC82t4j3 z I:O7EA3F.9xHPCaF8,4/
6 A35HCONSTANT-CHOPD STATION Y83 a 8.4,

871 FORMAT (lI-///IX41HWING CONFIGURATION DATA (PHYSICAL DOMAIN)//
1 7AlHJ,8X3HXLE4XHXEY6XHH06XHCLY83Tg
2 6X5HOr/DY,Rx3HZLE,4X7HUOLEDY,5X6HALPHAT,6X5HDA/DYI)

C
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C XCAP-STRErcHiNG

HPI=2.*ATAN (1.)

( I=2.*A I M/NX I
IM=Nx 11
lO=NX /2+1

ILEIO0-IO
I TE=IO. I

I1I= 10 +1
DO 50 I=11,IM

IX=IO-1+1
6n0 XI (Ix)=XI(IX*1)-CDXT

ALC=0*5*(3 .ACAPO/X U -HPI0 Al)
ALC2O0.5*(HPI*A1-XCA P0/XW) /(X10XAI0)
WRITE (69102) DXI
XCAP(1)=-I .E*99
F (10.
ILX=ILE-1
00 110 1=1,ILA
IF (I.EQ*1) GO TO 109
PPAI (I) .AIO
T12=TAN (HP 1PP)
PP3pPP**3
T[43TAN (HPI*PP3)
XCAP CI) :-ACAPQ),Al*TN2+A2*TN3
F(I)=1./(HPI*(Al*(1.,TN2*TN2),3.*A2*PP*PP*(1..TN3*TN3)))

110 CONTINUE
0O 120 1=ILE91TE
PP2=x (1) *2
XCAP(I)=Xl(I)*(ALC14ALC2*PP2)
F (I)21.1(ALC 1.3.*ALC?*PP2)
WRITE (69 108) IXCAP(l) ,XI (1) F I)

120 CONTINUE
XCAP(CIM) =1.E*99
F (IM) :0.

IF (I*EU.IM) GO TO 129
PP=X1 (1)-AIO
TN2=TAN (HP I'PP)
PP3=PP**3
rN3=TAi4(HPl*PP3)
XCAP (I)=XCAPO*A1*TN2#A2*TN3
FCI)=1./(HPI*CA1*(1,T2*TN2)3*A2*PP*PP*(1..TN3@TN3)))

129 WRITE (69108) IXCAP(IDKI(I1,F(I)
13o CONTINUE

c
IF (XCAPO.NE*0,5) GO TO 200
X ILE=-X 10
X ITE=X 10
GO TO 290

20o xI1=XIO*UAI
210 PP=AII-AIU

TN2=TAN CHPI*PP.)
PP3=PP**3
TN3=TAN (HIPI*PP3)
FUN=A *TN2+A2*TN3-O .5+XCAPO
FUNPW=HPI (A 1*( 1. TN2*TN2) ,*A2*PP.PP* ( 1..TN3.TN3))
DEL =F U N /FUN PR

IF (DEL.LT.i.L-10) Go To 250
xil=x12
GO TO 210

?5XILE=-X12
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29n GAMLF=AbS(XILL-XI (ILF-1))
GAMTE=Ab5(XICITE.1)-XITE)
PP=XITE-XIO
Tl2=TAN CMII*PP)
~P3=PP**3
TN3=TA;4(HPI*PP3)
XCAPTEX!CAPO+Al1*TNQ. Ag*TN3
XCAPLE=-XCAPTE
FTE=1./(HPI*CAl*C1.,TN2*TN2),3..A2*PP*PP*(1..TN3*TN3)))
FLE=FTE
WRI TE (6,294) FLFGAMLEXCAPLEXILEFTEGAMTEXCAPTEXITE

C
OCS=CS (2)-CS( 1)
1XSXLES (d) -XL ES(t1I)
oYS=YS (2) -VS ( )
IF (I)YS*EQ. 0,) 570P 'FRROR Y5 (I) =YS 2)
XREF=XLES(1) -IS (1)*UXS/DYS
DXS=DX5*DCS
CREF=XLES (1) CS (1)-VS (1) *XS/DYS-ARE.F
XCAPN=-ALF/CHEF-0.5
DO 300 1=1'ILE
DIF'F=XCAP( I) .CAPN

Z IF (DIFF.e'EeO.) GO TO 305
300 CONTINUE
305 INOSF~l

r 310 PP=A J 1XIu
TN2=I AN(HPI*PP)
PP3=PP**3
TN3=TAN (HPI*PP.3)
FUNA1*TNe+A2*TN3-XCAPN-XCAPO
FUNPR=HPI*(A1*(1.,TN2*TN2),3.,A2*PP*PP*(1.,TN3*TN3))
DEL=FUN/FUNPR
X12=XI 1-DEL
DELT=ABS (UEL)
IF (DELTeLTIE-1O) f70 TO 350
Xll1=X12
GO TO 310

35o XZN=X12
GAMN=A85(XI (I"NOSF-1)-X1N)
PPXAIN+X 10
TN2TAN(H-PI*PP)4~PP3=PP*3
TN3=TAN (HPI*PP3)
FN=j./(*IPI*(AI#(1,+TN2*TN2,,3.*A2*PP*PP*(1.TN3*TN3)))
WRITE (69355) FNtGAMNXCAPNKIN
FL=XF (NF) -(F (1)
XCAPTS (FL-XREF) /CPEF-.S
DO 360 1=191M
IF(XCAPCI).(bTeXCAPT) k'0 TO 370

360 CONTINUE
370 ITAIL=I-l

IF(XF(NF)*GTod5.) ITAIL=IM
WRITE (69J57) INOSEoILE , ITE, 1TAIL' 1M

C
c YCAP-STRETCHING
C

ETAl4=1 .E TAO
(JETA=E TAM/NETA
m=NE TA. 1

JT IPI* .ETAO/UETA
ETA (1=0.
DO 400 J=29JM

400 ETACj)=ETA(.fr1)*OETA
ALC3=0*5* (3.*YCAPO/ETAO-HPI*A3)
ALC4=0.5*(HPI1A3-YCAPO/ETAO)/(ETAO*ETAO)
WRITE (6,411) DETA
00 420 J=19JTIP
RP2=ETA (J) **2
YCAP (J) ZETA (J) *(ALC3+ALC4*PP2)
G(J)1. 0/(ALC3+3**ALC4*PP2)
WRITE (6,108) J9YCAP(J)9ETA(J),(,(J)
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42n CONTINUE
YCAP (JM) =1.E+99

JT WP=JT IP~.
U00 49~0 J=JTIPPjm
IF (JEQ~.JM4) 60.O 445
vPm~.A (J) -ETAU
TN2=TAN (HPI*IPP)
PP23 PP**3

YCAP(J)=YCAPO+A3*TN2*A40TN3
Gtj)=l./1I~*3(1.*IN2*TN)+.*A4PPPP(.*+TN3*TN3)))

44S WRITE (b,108) JYCAP(J,9ETA(Js6(J)
450 CONTINUE

C
IF (YCAPOoN~..0.5) GO TO 500
ETAWT=ETAU
GO TO 590O

500 ErA1=ETAO*DETA
Slo PP=ETAI-EIAO

TN2=TAN (H-PI*PP)
PP3=PP**3
TN3ZTAN (HPI*PP3)
FUN=A 3* TN2 A 4'TN3-09* . Y
FUNPP HPI ( A3*( .* TN2*T'JZ) 3. *A4*Pp*PP*C .1. TN.3*TN3))
DEL=FUN/FUNPR
El A2=E TAl-UEL
IF (OE 90L9Ld-10) GO TO 550
ETA1=E IA2
GO To 510

550 ETAWT=ETAd
590 GAMWT=AHS(E.TA(JTIP.1)-ETAWT)

IPETAW r-ETAO
TN2=TAN (HI*PP)
PP3=PP**3
TN3=TAN (HPI*IPP3)
YCAPWT=YCAPO.A3*TN2.A4*TN3
GWT=1./(HPI*(A3*(1.TN2@TN2).3*A4*PP*PP*(b..TN3*TN3)))
WRI TE (G*..95) GWT*GAMwrYCAPWTitTAWI

YFS=RF(l)
()0 460 Nz2,NF
IF(YF-S*LT.HF(N)) YFS:NF(N)

460 CONTINUE
YCAPF=YFS/HSPAN
DO 600 J=1.JTiP
QIFF=YCAPt J) -YCAPF
IF (DIFFebEe0.) Go To 605

600 CONTINUE
60S_ JROOT=J

610 ETAIStQzETA1OETAI
FUN:FTAI* (ALC3.ALC4*FTAIS(Q)-YCAF'V
FUNPPZALC 33,ALC4*FTA 1SO
OEL=FUN/F UNPP
ETA2zE1Al-UOLL
IF (DEL*LT*I*E-101 GO TO 650
ETAI=ETA2
GO TO 610

65o ETAF=ETA2
GAMF'=ABS (ETA (sJROO) -F TAF)
GF~ 1../(ALC3*3**ALC4*FrAF*ETAF)
WR hF (6.655) GF*GAMFYCAPF#ETAP
WRITE (b667) JROOTJTIPJM

C
C ZCAP-STRETCH1ING
C

ZETAM=1 .0
DZETA=29.ETAM/NZETA
KMXN7E rA.l
KW=NZETA/e.1

55



ZETA CKW) =0.
KKzKW, I
DO 71.0 K=KKtK-4

71n ZETA (K)=ZETA (r(-j) OZETA
D0 720 K=9K
KX=KW-K.1

720 ZETACKX)=LETA(KX*l)-[OLETA
WRITE (69734) OZETA
ZCAP (1):-] E*99
H (1)=0.
LCAP (KM) =-ZCAP (1)
H CKM) :0.
00 7 j0 K=1,KM
ZET=ZETA (K)
IF CK*EQoi.OP.K.FQ.KM) GO TO 749
TN1=TAN(HPI*ZET)
ZCAP(K)=A! *TNi
H(K)=l./(A!3*HPZ*(1.+Tiq1*TNI))

749 WRITE (6,108) K.?CAP(KJZETH(K)
7'iO CONTINUE

WRITE (6,1749) KWKM

C 4ING CONFlGUPATION DATA

JSL=JBL
JST=JHT
IF(JSL.EQ.0) JSL=JSECT
IF(JSTeEQI0) .jSTJSECT
XTIP=XLES(JSECT)
CTIP=CS (JSECT)
SW1NG=I8SPAN* (ATIP*CTIP-XREF)
SW ING=SW INQ-(AL S(JSL)-XREF)*YS(JSL
SW ING=SWfING CALES(JSL)-XREF,XTIP-X).F) * YS (JSECT)-YS(JSL))
SWING=SWING-(ALES(JST) ,CS(JST)-XRr.F-CREF)*YS(JST)
SWING:SwING-(XTIP.CTIP-XLES(JST)-CS(JST))'(YS(JSECT)4YS(JST))
AR=3SPAN08SPAN/SWING

00 800 J1,gJM
Y (J)=RSPAN4*YCAP (J)

800 CONTINUE
CALC 1=YS (JSECI) -YS (JSECT-1)
CALC?:XLES(JSECT)-XLES(JSECT-1)
CALC3=CS (JSECT) -CS(JSE.CT-1)
IF(CALC3*EU*O.) GO TO 803
YSET=YS (J )ECT )-CS (JSECT) *CALC1/CALC3
'83=(YSET*Y(JSECT) )/?
XLE I=LFSJSCT)(YR3-YS(JSECT) )*CALC2/CALC1
X E83=XLES(JSECT),CS(JSECT),(CALC3*CALC2)'*(YB3-YS(JSECT))/CALC1
DO 802 J=19JM
CALC=YB3-Y (J)
IF(CALC.LI0006 TO 805

802 CONTINUE
803 J83jm

YR3=1 sE+99
PLC633=0.0
ETA83=ETAJM)
GO To 827

805 J833J-1
YCAP83=YHJ/BSPAN
ETAlj=ETA(.Jb3)*UETA

d825 PP= TAI-ETA 0
TN2=TAN(HP)I*PP)
PP3=PP**3
TN3=TAN (t*I*PP3)
FUNXA3*TN4i. A44 TN3-YC6P83'YCAPO
FUNPR:HPIO(A34(.TN?TN2),3.*A4*PP*PP*(l1eTN3*IN3))
DEL=:F UN/F UNPR
ETA2=ETAOl-
IF (DEL9L IE-10) GO TO 8826
ETA 1=ETA2
GoJ ro 882
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b826 ETAH3=E:TAe
PLCH3=(ETAH3-ETA(JP3) )/OET.A

A27 CONTINuE

rj0 828 J=1,Jm
IF(JRL.EQ.O) 6O TO 830
CALCXYS (JUL) -V (J)
IF(CALC.LT.O.) GO TO 831

828 CONTINUE
830 J41=0

I1YS( 1)
Go TO $32

831 JB =J1l
Y8 = YS (JHL)

83? CONTINUE
YCAP81=YB1/8SPAN
IF (J81.EW.O) JSTART=JROOT-1
IF (JH1.NE.0) JSTART=JB1
ETA 1=ETA (JSTAHT)

6833 ETA1SQ=ETA1*ETAl
FUNEFTAI* (ALCJ.ALC4*ETAISG) -YCAP3I
FUNPR=ALC.3*3.*ALC4*ETA1 SQ
DEL=FUN/FUNPR
ETA2=ETA1-OEL
IF ([)ELLT*.1.L10) GO TO 84834
ETA1=ETA2
GO TO 8833

6834 ETABI=ETAe
PLC81=(ETA81-ETA(JSTAHT))/OETA

L DO $335 J=1,JM
IF'CJRT*LQ*O) 60O TO 8835
CALC=YS(JbT)-Y(J)
IF(CALC.LT.o.) GO TO 8836

835 CONTINUE
6839, J82=0

Y82=YS (1)
GO TO 837

6836 J4?=J-1
YB2=YS (JBT)

837 CONTINUE
YCAPR2=YH2/8SPAN
IF (JR2.EJ.O) JSTART=JROOT-1
IF (JR2.NE*0) JSTART=JH2
ETA=E TA(JSTART)

883A ETAlSO =ETAI*ErAl
FUN=ETA1* (ALCj.ALC4*ErAISo) -YCAPSc!
FUNPR=ALC*3.ALC4*ETA ISQ
DELPU N/F UN PR
ETA -ETA 1-DEL
IF (DEL.LT.1.E-1O) GO TO 8839
ETAWZTA28

6839 ETA82=EYAe
PLC82=(ETAB2-ETA(JSTART) )/0ETA
wRITE (6,836) SWINGAQ9Y81,J81,ETA$1,PLCB1,
I Y8~ ,J$2,EI ARB PLCB2, Yi 3JR3,ETA83,PLCB3

SLOPF:(YS(2)-YS(1) )/(XLES(2)-J(LES(1))
00 845 J=19JBI
XLE U) :XLLS 1). v cJ -YS U)) /SLOPE
OXLEDY(U) =1/SLOPE

845 CONTINUE
CALCI=YS(JSECT)-YSCJSECT- 1)
CALC2=XLES(JSECT)-XL ES(JS C T-1)
SLOPEI1 CALC 1/CALC2
JB 1p=JF31 +
Do 847 J=JHlPJM
XLE()XLLS(JSECT).(Y(Jh-YS(JSECT))/SLOPE-I
LLEDY U) :/SLOPEI

,947 CONTINUE
C
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CALC={ILES(2)-ZLES(1fl,(YS(2).YS(1))
00 859 Jzlqjm
lF(YSWl.Lk.YfJ)) Go To 85?
ZLE (J)=ZLLS (1) *(Y (J)-VS (1)) CALC
t)ZLEDY (J)=CALC
GU TO 858

852 00 853 JS!-29JbECT
IF(YS(JS).GEYCJ)) GO TO 857

853 CONTINUE
DYS=YS (JSECT)-Vs (JSFCT-1)
OZLESzLLES (JSECT) -ZLES (JSECT-l$
CALC=0ZLE )/OYS
ZLEB3=LLES (JSE.CT) .(YR3-YS (JSECT) ) CA
IF(Y(J)9GT9YRJ) GO TO 854
ZLE (J)=ZLEH3. (V(J) -Y.3) *CALC
OZLEOY(J) CALC
Go TO 658

854 ZLE(J)=LLER3
DZLEDY(U) =0
GO TO 858

857 CALC=(Z ES(JS)-ZL ES(JS-1))/S(J)YSIJS-1))
ZLElJ)ZLK.S(JS). fY (J)YS(JS))*CALC
DZLEDY(U)=CALC

C858 CONTINUE

0) bi6a J=IIJM
lF(YS(l)tLEsY(J)) GO TO 862
CHOWn() CS( 1) (Y (J) -S( 1) )*CALC
OCOY (J) :CALC
GO To 866

86? DO 863 JS=29JSECT
IF(YS(JS)%GE.Y(J)) GO TO 867

863 CONTINUE
DYS=YS(JSECT)-YS(JSECT-1)
OCS=CS (JS.Cl) -CS (JSECT-I)
CALCODCS/)YS
Cr4O~nF)6-XiEH3-XLEFR3
IF(Y(J)oGT.YB3) GO TO 864
CHORD U) =CH0R084.CY (J) -Y83) CALC
OCOY (J)=CALC
GO TO d68

864 CHORD (J) :CHORUfM3
OCOY U) sO
GO TO 868

867 CALCZ(CS(JS)-LS..JS-1))/(YS(JS)-YS(J)S-1))
CHORD (J)=LS(J$),1Y(J)-YS(JS))*CALC
OCOY U)=CALC

868 CONTINUE
C

TROOT=TS (1)
D0 870 J=19JSECT

870 rs~jizSU,,/Tkoor

00 86 Jx1,JM
SF(YS(I)LE Y(J)) GO TO 872
ALJ(J)=1S11)*(Y(J)-YSM.)*CALC

OTUY (J) CALC
GO TO d8

97? D0 873 JSM J~vSECT
IF'iYSCJSe .EYQU GO j() 877

FJ73 CONTINUE
OYS=YS(USLCT) -YS(USECT-1)
OTS=TS(JSECT) -TS(JSECT-1)
CALC=OTS/UYS
TAU83=TS(JSECr).(YR3-YS(JSECT))*CALC
IF(YCJ)oGT.YB3) 6O TO 874
TAU(J)=TA0b3+(Y(J)-Y83)*CALC
OTOY (J)=CALC
Go to 8$78
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814 TfAU(J)=TAuH3

(it) To 8711
877 CALC=UTS(JS)-IS(J)S-1) )/("'S(JS)-YS(J$5-1))

TAU(J)=1S(S)(Y()-Y,(JS*CAL(.
UTOY U)=CALC

c878 CONrINUE

DO 888 J=I*JM
IF(YS(1).LE.Y(J)) GO To 88?
ALPHAT(J)=ATS(1).(Y()-Y'S(l))*CALC
DADY U)=CALC
GO rO 888

S82 DO 883 JS=29JbECT
IF(YS(J5)GE.(J)) GO TO 887

883 CONTINUE
DYS=YS(JSECT) -YS(JrFCT-1)
DATS=AfS(JSECfl -ATS(JSECT-I)
C AL C =QATS/OY S
ALPHT83=ATS(JsECT)4(YH3-YS(JSFCr))4c-ALC
IF(Y(J).3TY8~3) GO TO 8P4
ALPHAT U) ALPriTR3, ( ) -VY3) *CALC
i)AU (J) =CALC
GO TO 6388

884 ALPAT(J)ALP TH3
DADY (J) =0
Go To 688

887 CALC=(AIS(JS)-ATS(JS-1))/(YS(J)-S(JS.1))
AL H rJ = T (S +( () Y (S )C L
DADY (J) =CALC

888 CONTINUE
C

WPITF (bsd7l)
0O 891i J=I*JM

999 WkITF (6#801) JXLF(J),OKLEL)V(J),CHURD(J),OCUY(J),TAU(J),Q)TDY(J)
1 ,ZLE(J).UZLELJY(J),ALPHAT(J),DAUY~J)
DO 900 1=191M
00 900 J=IOJM
X(Ij)=(XCAP(I).0.5)*CHOR(o(J),ALL(J)

900 CONrINUE
RFTUPN
END)

SUBROUTINE GEOM
C
C COMPUTES WING/BODY COORDINATES Z(AV) AND SURFACE SLOPES DZ/DX AND
C OZ/oY AT 6RID-POINT STATIONS IN THlE PHYSICAL DOMAIN.

c DIMENSION E(45?;,XSET(15o),SOC150),RFS (It0) ,ZFI150) .XFSP(j50),
KS )OZFSP( 15),XFSPP (150)9RFSPP( l5)t ZSPP (1501

COMMON/CONST/ ALPHAZMACHDPL IM9EPSI~w ,wG,8 SPANT 1 9CSA#RX4 .RX29
SNATDF TATDXI. TUZETA, DETA$JX 1OZETA91LE51, IINSE9
ITAJ T ,M qRnOvO JTj 9KMoKWgJJB B2J8,Jo 9r.LCB1

COMMON/COORD, C OD(9) tD CDY(19) ,DTDY( 19) ,OXLEDY(19) ,EIA(19, ,F(49)
v FLEFNfTEtG (1 AMEGMqA~GME MTH2~

* TAU(19,9Xc499 l),XCAP(49)vX.E (19)9Y(19) ,Z TA(25) ,GF,
* ZCAP(2sZLE( I919 6VLEDY (19)j APHAT (19) 1 AD (19),jWT

*COMMOWJDATAx/ A;AJ A5 h ~uE d ETAAXCAIAO ,X~ CAtV
* NS'(S),YS 5).X ES(5I'ZLES(5ICS(5),ATS(5),TS15),
* FS(5),XSU *5j~oS, ( 4,5,SU(150,5)'ZSL(l50v5)

COMMON/SURF /DiLL(49419),Dto (U( 4 D9 9)*HL(4 19
* HWRU(49,1 ),fZL(14),Ilzu(19),JAOD(49)KOL49'1 )t
* KAODU(49919),LL(49,19),ZU(49919)
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C
24q FOW,"4AT (IH-///IX2qHPLANFORM-AOJACENT GRID POINTS

1 //3X I HI, AX HJtdOD(I)/)

c251 FORMAT (14o115)

C
D0 50 1=191M
JBOO( I) =1
D)O 50 J=19JM
IU (I J) =0.
Z (Iqj) =0.

DZUAL (1 ,J)=0.
OZDYU( I tj)=0

C5n OZUYL(19J)0O.

C FUSELAGE CO-OHDINATES
C

00 56 l=INOSE9ITAIL
K=I-INOSE~l
DO 54 J=1,JROOT
Do 5? Il=INOS.,ITAIL

XSET (K 1) A (11'j)
52 CONT1INUE

NO=ITANLINOSE.1
IF(XSE r (U).Gr.XF(NF)) NO=N0-
CALL SSPLINE C,4FXFZFNOXSET',ZFS,ZFSPZFSPP,4)
CALL ASPLINE(NF ,XF.RFSFNOXSLTSORFSXFSPNFSPXFSPPRFSPP,2)
IF (K.GT 140) K=NO
IF(Y(J).GE.RFS(K)) GO 10 59
CALC=SQRT(RFS(K)RPFS(K)-Y(J)*Y(J))
ZU I .J) =ZFS(K) .CALC
ZL (I J) =ZIS(K) -CALC
ORFDXF=RFSP (K) /XVSP(K)
OZFOXF=ZFSP (K)
DZDAU( 9 J)=DZFDXFRFS(K)*DPFDXF/CALC
DZOXL([ ,J)=DZFDXF-kFS(K)EORFOXF/CALC
DZDYU(1I J) -Y (J) /CALC
OZOYL (I ,J)=Y (JJ/CALC

54 CONTINUE
5 JBUD(I)=J
b CONTINUE

00 124 I=ILEgITE
124 JB00(T)=JTIPi

WING COORDINAfES
C

00 150 JS=1.JSECT
NU=NSU (JS)
D0 140 N=1,NU
XF (1N) =XSiU(NqJS)
RF (N) =ZSU(NjS)

140 CONTINUE
00 144 I=ILE9IIE

144 CONTINUE
'OITE-ILE*
00 146 1IL L I TE
XSET (I-ILE.'12 XSFT (f2

146 CONTINUE
CALL ASPLINE(NSU(jS2 .XFQFSFN~oSETSoNFbXFSPRFSPXFSPPRFSPP
1 92)
[JO 149 I21,NO
ZSU( ILE.11 ,JS,=PFSfI.
'(SU(I LE.I1 ,9JS) :RFSP (I) /XFSP (I)

60



14A CONTINJE
150 CONTINUE

f-) 154 IZILEqiTE
jSECTX=JSLCT-1
W( 154 jSl,9JbECTX
L)o 153 J=JROOTi,JTIP
I F j(Y S ( 1) *.w.Y 0 RON (YS WJS) .LT. Y (J .A ND. (J .L E.YS I JS I

1 GO TO 152
Go To 153152 CALCILZSU(1,JS)-ZStU(IJS,1) )/(YS(JS)-vs(JS*1))
Zu(lj)=Zt)U(IJS).CALC*U(.J)-YS(JS))
ZU (I.j) =ZU (I U) *CHokC) (J)

153 CONTINUE
154 CO;4T I NiE

C
0O 160 JSI,9JSECT
NL=NSL (JS)
DO 15 5 NioNL
XF (N) =XSL kNqJS)
RF (N) =ZSL (NvJb)

159 CONrINUE
DOj~ L=1LEglTF
X(SE1(1) =(A (191) -XLE (1)) /CHOHD (1)

156 CONTINUE
NO=ITE-ILL4 1
00 157 1~1LE91TE
ASET(I-ILk.41)=XSET CI)

157 CONTINUE
CALL ASPLINE(j'SL(JS) ,XF.RF.SF,NOXSETSOPRFSXFSPRFSPXFSPPRFSPP
1 P3)
0O 158 I11NO
ZSL(ILE+1-1,JS)=RFS(l)

158 CONTINIUE
lbo CONTINUE

D0 164 I=ILE.LTE
JSECTX=JSECT- I
D0 164 JS=16JSECTX
00 163 J=JWOOT,JTIP
IF (YSUl) L.Y .OP. CYS(US).LT.Y J) .AND.Y J.LE.YS(JS+In)

I GO TO 162~
GO TO 163

16? CALC=(ZSL(IUS)-ZSL(IUS*l) )/(ySCJS)-YS(JS+1))
ZL (I ,J) =ZSL (I US) .CALC (V(U) -VS (Js))
ZL (1.j) =ZL (I.J) *CHORU (J)
CALC=(XSLC1,Ub)-XSL(IJS*1))/(YS(JS)-YS(JS1I))
OZDXL(IU) ZXSL CI.JS) .(V (U) -'S (UJ))*CALC

1b3 CONTINUE
164 CONTINUE

L
DO 172 I=ILE91TE
DO0 172 J=UNOOTJTTP
C4LCZ-0XLLDY U) /CHOkD (U)
CALC=CALC-(ACAP (J),.5) .r)CDY (J)/CHONO (J)
CALC=CALCCHOMI) (,J)
CALC=CALC*OZDAU( I J)
IF(J.FU.Jdl.OR.U.FQ.Ut32.OP.J.Ew.JTIP) GO Wo 170

ky,) TO le
1~ ~oUZOYI'C1,U)=CALC.(ZU(IJ)-?U1,U19-1) )/(Y(J)-Y(J-1))
if? CONTINUE

00 1 A2 I=ILE.-I TF
Do) 12 UjjROOTqJTIP
CALC=-VALE)Y U) /CH-O~rO(J)
CALC=CALC I XCAP (I) * .) *OCDY (U)/CHORh) (U)
CALC=CALC*CHOmnl(U)
CALC=CALCL)2DXL CI J)
IF(J.EU.UH1.0R.U.EQ.UH2.OPJFEUJTIP) GO TO 180
07DY-(1,J)=CALC.(7L(TJ)-ZL(1,J1I))/(Y(J)-Y(J.1))
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60 To lb2

C 18? CONTINLJE
wRIrE (6,e49)

END

CSUBRnU1 INE ASPLIN(NKOYDSDtN'UKOS0,Y0,XPN'PKPPYPPNFL)

C PARAMETERIZES (XDtYD) DATA IN TERMS OF ARC-LENGTH SU) ALONG CURVE*
c THEN SPLINE FITS. XP,YP,XPP9YPP ARE UERIVATI ES W9tRT, S0.
C NIL.EU,.1 FOR t)X/0Sz 0 (INFINITE DY/UX AT LEFT ENO)
L N*L.EQ.2 FOR IDV/OS=+l (PUSITIVE UY/L) AT LEFT ENO)
C NFL.EQ.3 FOR 0Y/D5=-I (NEGATIVE 0Y/DX AT LEFT ENO)

DIMENSIUN 7XDtrl),Y(NUlX(NO),YO(N),SD(ND),SO(NO)
c OIME.NSI)N AP(NO)4YP(NO)qXPP(N0?,YPP(NU)

EPSUzsE-l0
(41=NO-
SO (I =0
41=0
uX1=X0(2) -XI)
=51YO(D~**#(YU02

6(2)=2)
IF (NOEOee)kETURN
00 1 1=2,NI
lOX 1X0 (I) -AU l1-I)
DYI=Y0tl)'Yb(I-I)

0Y?=YD(lI#)-YU(I 1
DXXD (1.1)-AD (I-1)

1.1D(I1) Y0ti-I)

A IDYV*OX-0X10OY) /?
H=44/ (C*C1C2)
HAV=(HI#H) /2
QS=CI* (1' CI/i*HAV) **2/6)
SUI) 1=SO (I-1) DS
Cl=C2

I CONTINUE

SD)(ND) = $0(ND- I) .rDS
CALL SSPLINE(ND.SDXnN~QSOXOXI XPP,1)
CALL SSPLINE ( -D,50,YDNOS0,Y0,YP.YPPNFL)
RE TURN

S(J4HROJTINL SS(NLINE (N4D*Xo*YONOXYYvYrPpNSWITCH)

C SOLINE FIIS NO DATA PUINTS (XDYU)). ASSUME$ CUBIC HIGHTr END.
C LOCAL ARRAYS OlvDeN',3Y MUST 6L APPRUPRIATELY DIMENSIONED.

C ~W ITCH*EQ.I FOR CALL FRUM ASPL NE wiTH OX/O5z 0
C N'3W I TCH,FQ.2 FOR CALL FROM4 ASPL NE WI TH DY/05al

C NSWdITLHEUs3 FOR CALL FROM ASPLINE WI1TH DY/US=-l
c NSWITCHEQ*4 FOR DIREcT CALL AND CUBIC LEFT END
C
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)I rf-tlN'ION D IY (I tU) J),-Y ( 15f))) 3Y (1-,O)

N Iwl =N- I
uX= 0NL)-Dl

OF= ( Y (2 -U 11)

12=2
GO( TO (It-e#34)NSWIGH

I 0Y (I =* F-) /r0
1,0 TO 6

2 02Y ( I=J* (OF- )x
GO TO b

(io TO b
4 zp23

DIlXD (3) -X.) (Z)
OFl=1YD(3)-Yft)))/[-)X
C= (DX I*@2-DX**2) /DXI

IlY (2) zC/k3

F=DF 1
6 00 1 1=129NIM1

0X I x0 (11) -Au (I)
IF(UXl*E(Q.O,) GU 1TO 36
DF ( YD (1'1) -'tDl)) /O%.

F=6 (OF I-OF)
DENUM:W-DX*DlY tI-j)
02Yt(I) (IF-DX*D2Y ti-1 fOEN0M
llY (I) =L)X/r)ENOM

7 CONTINUE
OK1XlX(NO-I1-AU(NI)-2)
CALC=(DXU)Xl)*(0X+li*2)/0X1

DENUM=(CALL-DiY (N0-i?) CALCl)
U2YtNO-Ilz (FQO?Y(NO-e)*CALCI)/OLNOM

I 811NIM2
K=NO- I-I
IF mjvjITCH.E0.4.ANO.K.FYQ.I) Go TO 8
02Y (K)=f1)ey (K) 01Y (K) *L2Y (K.1)

8 CONTINUE
DeYNiKOlY(NO)=(XUl*?(N-)-DXJ2Y(ND-2))/)XI

0X=X0(2? -A0)(1)
DX I =XD (3) -AO)(e)
U)2Y (1) = (UX.OX.1) O2Y (2) -OX*D2Y (3)) /DXI

9 K=ND
DO0 11 IziNXMJ
K=K- I

10 0XI=X0(K.1-X(K
fFI:(YO(K~l)-Y0(K?)/[)AI
OIlY(K1=F 1~.0 Xl/6,vMY(K)4*2Y(K4l)j

11 CONT'N4(F

o3y( li I)Y(2)
IF(NSWlTCM. EU.1) G0 TO 16

c IwTEPPOLATING Y
C

DO 15 J=19N()
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0(0 12 j11NL)
DX=XD(il) -X(j)
IF(OX.GE.EPSIl.ANO.V)(.LE.EPS12) Go TO 13
IF(OXGE.tPSIe) Go TO 14

12 CONTINUE
GO TO 37

13 Y(J)=YU(I)

YPP (I)=02Y (I)
GO TO 15

14 oX(J)-XVui)

YP i) =D1Y I) 'UX*@ 2Y (1) .OX/20I.13Y (I))
YPP Li) 22Y (1) *X*D3Y (1)

15 CONTINUE
60 TO 23

C INTEWPOLATING X
C

16 CONTINUE
00 22 J21,NO
D0 1.7 1=1.,Nf

IF(OY ,GE .LPSIL*ANOoOYLE*EPSI2) L7U TO 19
IF(wYoGE,.PSIe) Go TO 19

17 CONTINUE
Go to 38

IS Y(J)=YV(l)
X(J) =XD(I)
YP(J)ZV1Y(I)
YPP (J) =2Y ( I
GO TO ?2

19 0*.Z-DY/O1'?(I)
20 YO=YD( I) .OX*LIlY (I) .DX/2 (02Y (I) *DX/3*O3Y (I)))

IF(0)Y.GE.*.PS11.ANO.DY.LE.EPS12) GU TO 21
YQP2OIY (I) .DX* (D2Y (1) .D/2*U3Y (I))
)E LX = - YIY OP
0 K 2DX * 0EL X
GO To 20

21 X(J)=XO(1)+DX
YPU) =DIY(I) .U)* (D2Y (I) +OK/2*D3Y Ii))
YPP U)=D2Y (I) +DX*03Y (I)

21 CONT I NUE
2 CONTINUE

RETURN
35 WRITE (69100)

STOP
36 WRITF (69100)

wWITE (691.02) IqXD(I)oXD(1'1)
STOP

31 WRITE (69100)
WiRITE (69103) JXAJ)*XO(JO)
ST OP

38 WRITE (6,100)
WrRlTF (69104) JvY(J).YD(NO)
STOP

C100 FORMAT (/5X,1dHSUF3ROUTINE SSPLINE/)
101 FORMAT (/5X,2lHEPROW IN INPUT X()E12.4#5X96HXD(2)=E12o4/)
102 FORMAT (/bXolbHE4ROP [N INPUT I=I5v5X,6HXO(I)=El2*4,bK,

I 8tXOU#I)*Fl?*4/)
103 FORMAT (/5X#2JHXIJ) IS OUT OF HANG.E J=ISSMX(J)=E12#4*5X,

1 7HXDVNO)=E12../)
104. FORMAT (/bX,23HY(J) IS OUT OF RANbE J=I5t5X5HY(j)EI214#5X

1 7Y D (NO) =L12*4/
c

ENO)
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c SUBROUTINL PROFL
c CALCULATES WING/BODY AND GPID DATA IN THE Xl-ETA-ZETA COMPUTATION

C DOMAIN*

C DIMENSION ZETAL(49919) ,ZETAU(49919)
*COMMON/CON4ST/ ALPHAZMACH,OPLIMEPSI ,WEiW~ifbSPANA12,CSA,RXI ,RX2,

* SNATOETAtOXI ,TVZE rAOETAtAIqvZETAILEqIMJNOSE#
* ITAILITEsJMiJROOT.JTIPKMot(WJB,4632,Jt43,PLC8l,
* PLC82*PLCB3

COMMON/COORD/ CHORD(l9),OCDY(19)DTOY(19)OM..EOY(19),ETA(19),F(49)
,FLF.FNFTEG(191,6AMLEGAMNGAMFGAMTEGAMWTH(25)q

O ~TAtU9) ,X(49.19) .ACAP(49) ,KLE(19) ,Y(19) wZETA(25) ,GF,
*ZCAPI25),ZLE(19),UZLEDY(19),ALPHAT(19)OAY(19)G.VT

COMMON/DATAX/ 41 ,A?,A3,A4,A5.ETAONETANXI NZETAXCAPO.X1OYCAPO,
* ~NFXF (150) ,ZF(150) ,HF(15O) ,JSECTJBL,.JBTNSU(5),

* FS SJXSU(1509 )tXSL( 10951s ,SUJ 11095)vZSL (?150)
COMMON/SUHF / DELLI49,19),OELS(49),OELU(4919),DZDXL(4919),

* OZOXU(449,9),DZDYL(49,19IOWDYU(49,19),MWBL(49919),
* HWBU(49,19).TZL(19),I2UI19),JBOO(49),KBODL(49919),

c KBOOU(49919)tLL(49i 9)gIU(49,19)
C

c304 FORMAT (11-///1X28HSUwFACE-ADJACENT GR~ID POINTS///
j IA33HUPPER SOWF4CE 11 UOWN# J ACNO$S)//
2 3A1H1 3A1ONKROD0(1 ,J)/)

306 FORMAT (1%9,(2016)1
30q FORMAT (///1X33HLOWFP S04FACE (I DOWN, J ACROSS)/f3XlHI,.3X,

I lUHK8(JOL(l*J)/)
459 FOJRMAT (1H-///IX13HSTATlONS OF LER~O STREAMWISE SLOPE//3X1$J99X*

I 6HIZtJ(J)*9X6HIZL(J)/J
461 FORMAT (14,21151
601 FOR~MAT (lH1///1X40HNE(,ATIvF UPPER-SURFACE GHIO-POINT OFFSET.

I24H Ar' PLANFORM STATION L 14,5Ht .J =14/)
60? FORMAT (1H-///X40NE(3ATIVF LOWLR-SURFACE GRID-POINT OFPSET9

124H AT PLANFORM STATION 1 14v5H9 J 14/)

L

00O 100 1=191M
DO 100 J=1,JM
ZETAU (I *J) zt.

100 ZETAL(IJ)zU*
Do 1?0 11,Ilm
on l?0 JZIPJM
TC=TAU(J)*'CHOki)IJ)
Z-s=zi. (1 vJ) /I C
ZETAU~lt,)ATAN(ZH/A5)/HPj
Z'-ILL (1 ,J) tC

120l ZETAL (1 J) ATAN(7H/Ac) /riPI

00 200 J=1jJM
ZHLZETAU(19 J)
TNI=TAN (HPI*ZHi)

ZH=ZFTAL I 1J)
rNi=TAN (Hf-'*V

?DA HiwbL I .J)=lo1/ (AH* (1.. tNlTN1))

00 270 1=191M
'JO 270 J~i*JM
KHOU( (1 J)=0.

270 KROOL(IJ)=0.
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oo 30(1 J=fL JM
ZH=ZETAU( 9 J)
IF (2'H*EQ.(J) GO TO 28S
1)0 280 K=AW*KIA
IF (ZH*GE*ET() GO TO 2940
K90U( I ,J) =K
(30 TO 285

280 CONTINUE
?85 Z-ttIETAL(I#J)

IF (ZH*E(4.0.) GO To 299
00 ?90 K=1,KW
tK=KW-K4 I
IF (Z4.Lt..tETA(KiK)) GO TO 290
KRUOL (I J) KK
(G0 TO 295

290 CONTINUE
29S CONTINUE
300 CON I NUE.

wRIITE (6,404)

30s wRITF (b,406) t,(KHF(~J(J)#J1,.JM)
WWITF (b,309)
(JO 310 1=19IM

310 W%4ITF (bviLUb) I9tKBHOOL(I9J)9J1,jm4 )

00O 400 J=AJM

400 IZL(J)=0.
NFXzNF- I
00 365 N=1,NFX
IF (RF(N*1).LE.RF(N)) GO TO 370

369 CONTINUE
37o XFIZXF(N)

D0 375 1tIN0S~.,ITAIL
rF IX(l.D.GE*XFI) (30 TO 380

37c; CONTINUE
380 IFSTl

JkOOTKzJbRUOT-
00 410 J=19JRJOTX
IZU(J) =IFS

410 IZL(J)=lFb.
UO 450 J=JROOTJTIP
00 420 121LE, ITE-
IF (nZI)XU(,J) ,GT .0.) GO TO 420
IZU (J) :1
GO TO 425

420 CONTINUE
4215 00 430 1zkLE91TE

IF (0ZDXL(I9J).LT,0.) GO TO 430
IZL(J) =I
6O TO 450

430 CONTINUE
45n CONTINUE

WRITE (6945991
00 460 J=1,JM

460 WRITE (094611 JIZU(J)qI1L(J)

00 500 1=19IM
00 S00 Jk1,N
0ELU ( 1J) :0.

500 OELL(IPJ)z0s
00 hs0 1=19IM
00) 550 J=1,JM

IF (KX EU.0) 6O TO 525
(?FLU4I1 J):ZE TA (K%) -eETAU I .J)

rs2c KX=P(RO0L~i.J) LDT 5
IF (KA.E0.0) )T'-5
IELL(IJ)ZLEtAL(IJ)-ZETA(KA)

5S0 CONTINUE
130 600 1=191M
UO E00 J=IjM
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IF (rELU(I 9J) 9G 0. ) 60i TO '-90
wRITF (b~b~j) IJ
STOP

59o IF (DELL(IJ).GE*0.) GO TO 6~00
W'qITF (69002) 19J
ST OP

EbO0 CONTINUE

00 700 I~itim
700 DELS(I)0.0O

00 110 1=IN0S.L*TAIL
71n DE.LS(I)=GA4F

00 7?O I=iLE91TE
72o 0EL5SU)=GAMWT

IWA=IF'S-1
X.F I X I IF S' I)
ALC3=0.5*(3.*YCAPOETAO-H~PI*A~i)
ALC4=0.5*(HPI*A3-YCAPU/ETAO)/(LTAO*ET AU)
YFS=RF (1I)
00 122 N=29NF
IF (YFS.LT.RF(N)) YFS=RF(N)

722 CONTINUE
D0 790 I=INOSEIFS
J2=JROO (I I

A =X(IOJ1)

Y=Y (Ji)
Y2=Y(J2)
SLOPF C YFo-Y ) / (Y2-Yl)
XTEST=X1,$L0PE' (X2-X1)
IF (XTEST*GF*AFl) GO T0 8~00
~XX((X1-XF 1)/XF1)**2
YFI=YFS*SWHT (1 .-XX X)
XXX=((X2-XF1)/XFIl**2
fF2YFS'SURT Ci *-X)(X)

kAT 10: CY2-Y 1)/ (YF?-YF 1)

Y CAPE = YE/ tSPANI
ETAI=ETA (U2)

73n ETA1SUI.TAI*ETAI
FUN=FTAI*(ALCJi.ALC4*FIAISQ)-YCAPE
FUNPP=ALCJ*3*OALC4*ETAlSO
f)EL=FUN/FUNPR
E TA2=ET AI-OEL
IF (O)EL9LT.1.E-10) GO TO 7gi0
ETA I=ETA2
Go TO 1230

75n ETAE=ETA2
GAM=ARS CE A (Je) -FTAE)
IJEL5 I) =GAM

790 COJNTINUE
800) CONTINUE

RETUPN
END)

SUBROUTINE COEFF

CALCUh ATES FJAGEOME Te.Y- AND GHID-RELA TED QUANTITIES wHICH
c APPEA IN TH 9ANSFO MED POTENTIAL EQUA 'ION,

C
C
C

COMMON/CAPS / CAPG(49,19),CAPGT1(19,ZS),CAPGT2(49,19),CAPI(19),
* CAPH(49 .9)tCAPHTI Ci9.25),CAPHT2(49919),CAPIB(19),
*CAPGR(t '9).,CAPI' (49.p 19)

COMMON/COEF / AI(49),ik 49),A3(491,AS '49)981(19)982(19).B3(19),
* BS(l9),B,,19),CI(25)sC2(25),C3(25),C5(25),C?(Z5),
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* D1.D2#EIvE2#F1,F2
COMD4ON/CONST/ ALkPHAZMACHDPL I '4EPSIWEgWGBSPANAI2,CSAeRXl ,RXZ,

* ~ ~~ SATDETATOXI ,T DLETADETAUDX1,LZETA, iLt.,IMINOSE.
* tITA1LeITEJMJROOTJTIPKMKWJB,.JB2,JB3PLCbl.
* PLC629PLCH3

COMMON/COUR)/ CHORD(19) ,OC0Y(191%0UY( 19)9UXLEDY19)9ETA(I9),F(49)
* qFLEFNFTEG( 19) ,GAMLE, GAMN,GAMFGAMTEGAMwTK(25).
* ~TAU(19)#XI499 19).ACAP(49)XLE(19),Y(19) zSrA(25),G~,
* ZCAP(?5)vZLE( 19),t)ZLEUY(19)t LPHAT(19)9 DAOY( 19)oGWT

P1=4.*ATAN (I.)
ILA:ILE-1
ITP.=I TE. I
flu 200 j~itjm
CCCHORD)(J)
TT=TAUij)rC=TT*CC
f)XLY=DXLEUY (J)
0ZL'V:OZLEUY (J)
0ATY=DADY U) 'P11:80.
CIS=-OCOY(J)/CC
CrS=-DTOY(J) /fT
CAP (j)=Ci5/CC
CAP IA(J) = (c]SCTS) ITc
00 100 K=itKM
ZZ=ZCAP(K)
CAPGjTI (JK)=ZZ* (CIS*CTS)

100 CAPHT1CJK)=2.*ZZ.(CIS.C1S.CTS*CT ).CIS*CTS>)
DO 120 1=1,1?M
CAPG(I 19J)=(XCAP( 1)40.5) *CIS-f3J(LY/CC

120 CAPH (I ,J)=2CIS*CAPG (IvJ)
ANGLE=ALPHiAT (.J) *P/11R0.
TNA=TAN~(ANGLE)
SCAzI./COS(AN2LE)
00 140 I=lILX
CAPGR (I ,J)=0.
CAPGT2 (IJ) :-OZLY/TC
CAPHT2(1,.J) Z2. CAPGT2(1 )(C IS*C fS)

140 CAPITr( I J) =0.
00) 160 I=1LEITE-
AX=XCAP(I) .0.5
CAPGA (1 ,J)=TNA/TC
CAPGT2 (I J) =- (VZLY-CC*XX*SCA*SCA*DATY.UXLY*TNA) /TC
CAPHT2(19J)= 2..SCAESCA*OATY.(UALY-CC*XX*TNA*DATY)/(C
I *2**CAPGT2AIj)*(C~b*CTS)

160 CAPIT(1,J)=SCA*SCA*DATY/TCCAP(t(1,J)'(C1S*CTS)
00 ISO l=ITPvIm
CAPGR (1 JI 20.
CAPGT2 (I J)= )LY-CCSCA*SC4*L)ATYU)XLY*TNA)/TC
CAPHT2 (19J) =2.*SCA*SCA*DATY* (DCUY (J) .CC*TNA*'DATY) /TC

I ~**CAPGT2(I.oj)*(CIS*CTS)
18n CAPIT(1,JJ=0.
200 CONTINUE

C
i) X = 2.DX I *DX I
DE=2,*ETA*)ETA
0Z=2.*ULE rA'0eETA

A.;- ( IM) = 0
A2 (1) O.
A3 ( T)moo.

IMA l'4-1
O 210 1=2,IMA
Al (1) =(F (1.+1) +F (1))/[)X
A3 1)ma(F (1).F (I-I)) /0x

210 A?((i:-AI (I)-A3(I)
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A5(1) =0.
AS (2) =0 .
Do 220 1=391M

c 31(11= w((3( ) (2) IDE
,33 (1) = (b31 I *+U (2) /r).

Hi (M) =0.
#32 (JM) =0.
833 (JM) =u.
JMX=JM- 1
DO 310 J=egjMA
Hj(j)=(G(J+1)+G(J))/DE
tH3 (j) =(G(J) +G (J- I) )/OE

310 j2(j)=-81(J)-83(J)

q5(e)=(G(1)+G(2)l/OE-
00 320 J=39JM

32n -(j)=(G(J-1)+G(J-2))/DE
jmX2=jm-2
00 330 J=19JN A?

330 1-1(J)=(G(J+1)+G(J+2))/DE
97 (Jm-1) tj.
H7 (JM) 0.-

C
Cl (1) =U.
Cl (KM)=0.
C 2( I1) = 0
S2 (Km) =0.
3(1) =00
C) (KM) =0.
KMX=KM- 1
00 410 K2,*KMX

410 C2(K)=-CI(K)-C3(K)
c'r (1) =0.
C5 (2) 20.
00 420 K=39KM

420 C5(K)=(H(KI)H(K-2))/DZ
KMA2=KM-2
00 430 K=IPKMX2

430 C7(K)=(HO'K1)+HCK*2) )/DZ
C7 (KM-i) =Uo
C? (KM) =0.
O 1=1./(4.*L)XI*DETA)

El=1 ./ (4.*OETA*DZETA)
E2=-F1
Fl1.,/(4.*UXI*OZETA)
F?=-F 1
RE TURN

Sus~0t)TINE INIT(A4STAkf)

C IJITIALIZLS SOLUTION APPAYjs.
C

c COMMO4N/CON4ST/ ALPHA,?N1AC 4ADPL MEtSI ,WEq,(3dSPANAI2,CSAORX1 RX2
SN~qTI) T~ TOI ,U AL)TAOAI tUZETAt ILE,9IM9 INOSE9

* ITAILTTE.JMiJPO0TjTlPKM.~w.J31.JM2,JB3PLCHl,
* PLCFR2.PLCb3

COMMON/SOLVO/ iLI(49:lb) :DL62(49946)o0b1 (49) ,DS?(4 DtJi( 4 9f1 6),

* JMAXIJMA)(T.KMAX1,K'AXTNSUPP(49916925),PLEI(16).
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* ~~NIW(?5) ,PNOS ,PSYM(.49,?5) ,PT1 (16.25) ,PT2(16ei25)9

COMMON/SUk(F /DELL(49,1h),flELSt49),UELIU('1i16),OZOXL(49916),
* OZOJX(49916),0Z)YL916)OtUYU(4q16)1WBL(4991%),
* HWR(49916%),IZL(kb)1ZU16)tJOO(4)tKOOL(49916),

K* O1J(49916),LL(49,il,),2ZU(491,)
C
c
C.

IF (mSTiANI.NEs0) G0 TO 105
DO 101) 1=191M
00 100) J=1JM
0)0 100 K1,pv4

100 P(IOJVK.120.
105 00 110 J=1,jm

00 120 K=19KM

00 10 (1Jz'J.
0OlT)2 J) =0.

120 Pwf3U(1,J)=0.

130 0S2(I)=0.
00 140 J=19JM
PLEA (J)=O.
PTI(J):1).

14n PTE21J)zO.
PNOSF20.
00 145 1=191M
00 145 K=iqKHb

145 P.SYM(1K)=0.
IF (MSrART*NE.O) (;0 TO 300
00 150 J=1,JM

150 (AMMA(J)=Uo

300 PI=4.*AA'II'1)
ANGLF24LPtIA*P1 /1 'o&
CSA=COS (AN~GLE)
S,.ASIN(ANGLE)
Rx1=1 /wF
RX2=1 .- RX
rfXI=2o*D~l
T[OEt&= *,ETA
TOZETA=2.*DZEIrA
A12=1 /1 ZMACH*ZMACH)
IF (miTAR)*EQnf) GO TO 900
00 6100 1=LN0SLI.M
JEx=JHOu(1h-l
DO Iio J=LvjE~k
KL=KRO0)L I ,J) *

00 100 K=tKLvKU
700 P(lo,J.K)=Jo
750 CONTINUE
MOO CONTINUE
900 R~ETURN

END

SUBROUTINE~ SOLVE(ITER)

EXECUTES A COMPLETE RELAXATION SWEEP OVER THE COMPUTATION DOMAIN*
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DIMENSION SLKW1(49,19),SL2(19),SS2(19),SU2(19)
c DIMENSION SUKW1149,19),SL3(19),S$Jt19),SU3(19)

COMMON/CAPS / CAPG(49919),CAPGT1(19,25),CAPGT2(49,19),CAP (19)9
* CAPH(49919),CAPHT 1 19,25),CAPHT2(49,19),CAPIS(19).
* CAPGB(49q19) ,CAP1If(49919)

COMMON/CONST/ ALPHAZMAC'qDPL I EPSIWEWG,8SPANA2CSA#tXI RXZ,
*SNATDETA.T DKI ,TOETAOETAUX1,OZETA'ILEtlMIN OSE#
* ITA1LoiTEJM.JROOTJTIPKMKwjE~1 J82,J63,PLC8Z,
* PLCR29PLC83

COMMON/COORD/ CHORD(19),DCDY(19),UOYC19),DXLEDYt19),ETA(19),F(49)
* ,~FLE F~,FrTEG( 19) ,GAMLEGAMA4,GAMFGAMTE,GAMWTp1(2 J
* ~TAU( 19) X(49sj9) ,XCAP (49) ,KL (19),Y(19),ZETAI S)a,(v,
* ZCAP 125) ZLE( 19)sUZ EDY1 19)o ,LPMAT(t 9),OAY(19);W

COMMON/SOLVO/ DL(9 9)9 (4'v4)*719)?(49)tDUI(91
*DU2(91)0 9 AX # AM4iAJ *I~MAX I ITERT9

JMAX1,9MAXT.KMAXIKMAXTNSUPP(912 )tL11)

*PT3t19,2S),PPEI(19),PT~i2t19),PWOL9 19)#PU 8(49,919)
COMP4ON/SUWF / OELL(49919),DELS(49),OELUt49619),DZDXL(49,l9),

DZ (91)*DZDYLI4991 9DZ YU(49, I9)%HW8L(49, 9)
HWU 999 1L(1'v)1  U(19) J1300(491,KeOOL49,9)

c KBOOU(49919)9 L(49 % 9(499
C

C

UPMAA=O *

ILX=TLE-1
P4X~IM- I
INX=INUSE-1
IrP=ITE. I
,JMAX.44-1
KMX=KM- I
O=-DX I
DG=-GAMNI
C2=4,*DG/ (DH#2,*DG)
C3=(fH-2.*DG) / (DH2.*VG)
Pw=PflNS:-) , I ,W)

C PNOSE:C1*CH4ORU ( I)*CSA/FN4kC?@PWC3*PWWI
OG=~-GAMLE

CF=CSA/FLL.

00 20 J=JHoOTiJTTP
P~WP( lL-2,J9KW)

C PLEI(JRUO1-1)=2.*PLEI(JPOOT)-PLLI(JOOT4II
00 30 4SUkF~l12

00 30 ISEFI~NUSF.IM

30 CALL SUIkFbC(1bET9JcFToMSUHFi
(10 4n ISETZINOSF,IMI
JSE.T:jt8ptDISET)

40 CALL S()SC(blSTJSFTv0)
CALL SYMC(O,'JO)
L)H=I)x I

C1=2.**UH*UH/(0G*(rw4.0G))
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C 3= (OH-U6) / (DH +0(,j)
00 ,o =JkfrOojTIP

PF=P (IrE. i JqKw)

PTEI (J)=CI*Prt+C?*PPEL3*PEF
50 PTE2(J)=3e*(PTE1 j)-PE)+P'EE-

PTEI(,JROOT-1)=2.*PTEl(JROuT)-PrE1(JRo0T.1)

COMPUTE POTEVrIAL: REGION uPSTk.AM OF FuSELAGE NOSE

S( INOSE. I KW) =PNOSF
IF (412.GT*.) GO TO 103
00 102 J=IlJM
00 102 K:1,~f'4
PT3 (J*K):P 1 qJ9K)

10? PT? (J*K)=PQ9?JK)
ISTAPT=3
Go TO 105

101 Do 104 J=jJm
00JO 14 K=1,?KM

ISTAkT=2
los 1)0 ISO lSLr=I~tARrINX

00 120 JSLIh19JMX
CALL TRICUE (29KMX9ISEIJSET)
CALL INVEkT(29KMX)
CALL MAAI(29KMX*ISFTqJSET)
00 115 K~dvKMA
PT1 (JTK)P(lSFTtJSFT#K)

115 P( ISErJSLT9KZPNFW (K)
PTI1(JSE.T.1)=P(CISET ,USET 1)
PTI(JSET9KM)=H(I5ET*JSET*KM)

120 CUNTINUE
Do 125 K=ItKm

129 PT1(j~4K)=P(IbET~jtA*K
00 130 J=19JM
00 130 K=19KM
PT3 (JtK? =PT2 (JtK)

130 PT2(JKzPTJ.JK)
C15n CONTINUE

C COMPUTE PUTENTIAL: REGION DOWN$IHEAM OF FUSELAGE NOSE
C

90 200 J=19JTIP
200 PC ILFJ9KW) :PLE1 U)

00 210 J=lJM
SU2 (j) PT? (JKw)
SU3(J)=PT3 (JqKW)
SL2 (J) PT4 IJfi~w)
SL3 (sI) PT4 (JKw)
SS2(J) =PTe CJmW)

210 SS3(J)=PT4(JgKw)
PSAVE=P(ILEJHOor-1 ,tKf)

,)0 500 ISLT=INOSFvIMX
ISETX=ISET-1
ISETP=ISFT.1
JE2=JO)(lSETA)-l
JE 1:J800(ISE T) -1

IF (ISET.LQ.ILX) .JO=JEI
IF CISET.L0.1rP) jE2=JEI

C
C LINE SEGb4tNTS BELOW WING/HOUY
C

00 e??0 J:JJM

?2n PT3(JKw)$SL3(J)
IF (JEZ.Ef'.0) GO TO ?30
o0 2?25 J=I.jEe
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Kr=KRO0L CiSET'qj)
PC 1SFTXJ.KH'1) ()L)(CISET.,J))

230 CONTINUEo e?35 J= 1 9JE i
SUKW1CISE[,J)=P(IFT9JKW,1)
K8=KRODL (lET9J)
P(ISET,J9Kh.1)DLlCISET,J)

?JS P(40E J*N82),JE (5E0
DO.24 PSTJ'.82)DL( SE.J
5UKorj(ISEP,)P(ISFT~qj9Kw+I)
,GH=KHODL(CISET~9j)
PCISETPtjtKH. * )=DL1(ISEVPJ)

?40 P(ISFTP~jqKB*e) =fL2(1IETPqJ)
0O 0S JSLT=19JEI
KtjKRL)L IISE.T 9JSET)
CALL TiHICUL (29KH, ISF.T-PJSFT)
CALL INVEINT(29KH)
CALL MAXI(29KdISET9J5ET)
00 24.5 K=29Kal
PTJ(JSET,K)=P(ISFTtJSETqK)

24ci PCISFTqJSLTqr()=P"Fw (K)
PT1(JSET,!l=P(ISFTJSETq1)
K8 I=KB* I
DO 247 K=KdlqNW

247 PT1(JSETvK)=P(ISF'TJSErK)
CALL SUkFtCCLETJSET,1)
P(IsFrJSL1,Kd.1)=DLI(ISETJSEr)
PC ISETJSLT eK,+2) =DL2(CISET ,JSET)

2 50 CONrINJE
0)0 255 J=I*JEI
SL23 U)=SL2CJ)

255 SLe(J)PTI(J9Awk)
C
C LINE SEG4MENTS AfHVE *ING/HODY

00 260 J=iJM
PT2 (JKW)=SU2 (J)

260 PT3CJoKw)=SUJ Cdl
IF (JE2.E,-a.0) (G0 To 2f0
DO 265 J=k.JE2
P(ISETX9J9KW.1)=S[KWlCISFJXvJ)
5LKwlIISEi~J)=PCISETX,jvKW-1)
K8=KHODU(C SETA#,J)
P(ISETXJqKS-i.)0nu1 ISET~qJ)

26S P (ISETXJ#Kb-2) =002 ISETX9J))
270 CONTINUE

00 275 J=IojEi
PCISFT*JgKW*.1)=SUKWJ(ISEToJ)
SLKWL CISETJ) :P USFTJKW-1)
KS=KR0JU C SET.J)

27r, P(ISFTqJ#K3-2) DU2C ISt~rJ)
00 280 J=i9JEO
P(ISFTPqJ9Kw*1)=SUKWj(ISETPJ)
SLK~j(ISETPqj)=P(ISETP*JKW-1)
K8=KRoDJ C SETP J)
PC ISFTPJvK6- ) =r'LI (ISETP9.J)

280 P( 1SF TPJ9KE-2)=D)U2(ISETP#J)
00 290 JSET=''JEI
K9=KPODU(CISETqJsEr)
CALL TRICUL(KpvKMX9ISETJSET)
CALL INVERTCK~iKMX)
CALL MAXI(KB9KMXqISET,JSET)
00 285 K=K8,KfX
PTl(JSET9K)=PCISFT9JSETK)

28c; PC lSFTJS.TK) =PNFiW(K)
PTI(JSEIPKM ) :(IST*JSTK4i)

,)0 2M? K=A~,Kdl
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2ri 7 P TI (,JF K )=P(I SFT 4,JSE T K)
CALL SUPdC(I,3FT*JS T*2)

29n CONTINUE

0O 2915 J=kJEL
PU(E,JKW-~)sLw(sTJ

00 305 J=19JEe

30;PT(dS3(JST~K-)=SKIIE~

u0 3339 J1JOTT
31%P~(SJKW PEI)SLW(ETJ

320 P CI5T- e,) :PTE5LK(J) TPj

IF(IEJT QIw) PT(EJRU00T-lg)=S
IF (ISET.E(4.IrP) G0 ro 3325
PT(JgKT)=J2K)D1IE

60O TO 327

J327; 00 3330 KJ=OUT(rsT
PT2(JEI.L=T~L)G TO33
PTl (JEI-,)=T 2CISF

333n CONTFIUE W=PE2

IF (ISET.EQ.ILX) GO TO 3327
P(ISFTPJEOKW')=DS1 (TETP)
I (EO-1.LTII)WGO TO 3327

P( ISFTX JE- 9K v)=DS?( ISEIP)
33?7 CONTINUE

327IPF(JEKW)S(IST)
IF (JE1-1LTI) GO TO 33
PT(jET-I K) OS? IST)

330 C0EJTINU
CILL TRICUE (2,KMA. I0ETOJ332

37COLLTINENT2KX
CALL MAXI*5(,KSXTJST)
PT(5~JSE~t)=ISTJSET)
PI( JE I I) P GO STO 3JST5
PT(SETJtlM)AWCISJSET)

370 370NTINUEgJ

00 350 K1#KMX
35PTi(jM,K)P(IETJK)K

00 305 K=1,KM

PT3(J*K)=PT2 CJgK)
400 PT2(,gK)=PTICJK)

1l)0 410 J=1,JM
SS3 (J) =PTJ (JKW)

41n S52 (J)=PTe (JKw)
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))4?O J=JEgJli
SLiJ) =SSe U)

420 SJ2(j)=Se(J)
50n CONTINUE

wPITF (69tll) ITFR~f)PMAX9,IM4XI.JMAX1 ,rMAX1,NSUP

C UPDATE CIkCULAfTION ANO FAR-FIELU CONOITION

tH) oo0 JzJNOOIJTlP

1 (P4HU(ITL-1,J)-PwHL(ITE-1jq))
600 t3AMrMA (J) 3*GfNEvw.(1 .-wG) *GAMMA (J)

(AM.AA(JPOUT-1 =2'.O6AMMA (JPOOT) -(AM4A (JROOT*1)
CALL FARHL
eiRITF (bO11) GAMMA(JP()VT),ITEHJNI)PMAAT.J4~AXrKMAxT

611 FOWr4AT ( i.,5A9Ejs49Tl09Fl3.4q2?I5)
END

SUBROUTINE FARSC

UPDATES FAR-FIELD AOUNOARY CONDITION IN TH1E TREFFTZ PLANE*
C
C
C

c DIMENSION SAVECI9)

COMMON/CONST/ ALP,AZMACHDPLIMEPSI ,WEW5iBSPANA12,CSARX1 ,RX2.
* ~SNATDETAqTDXI ,TUZETA, OETAL)XILZETA, ILEIM, INOSEt
* ~ITAIL9IlTEJMJROOT ,JTI P KM ,KwJB1 ,4B29JB39PLCB1,
* PLC829PLC83

COMMON/SOLVO/ DL1(49919),DL2(49919),OS1(49)'9DS2(49)9DU1(
4 9919)9

* QU2(49,j9)f=PPAX#VPMAXTtGAM4A( 19):IMAX191.TERTo,g
* ~JMAX1,JMAXTKMAX19KAiAXTNSUR9P('9 1992 )oPLEI(9)
* PNEW(25),PNOSEPSYM(49925)9PT1(19,25)9PT2(1

9 92S)'
* PT3(19,i?5),PTE1(19)'PTE2( 19),PWBL(49,19),PWBU(49919)

COMMON/SURF /DELL(49919), DELS(49)90ELU 4-ot19) ,DZDXL(49,19)9
* DZDXU(4919),DZDYL(49,19),DZDYU(49919)HWBL1(499 19I'
* HWBU(4919),TZL(19),IZU(19),JBOD(49)KBODL(4991 )I
* KBODU(49,19),ZL(49919),ZU(49919)

C
I TERT=0
,jM X= JM -1

JE=JROD (TM) -
100 OPMAXTO0.0

00 110) J=iJA
SAVE (J)=P iMq,KW+.1
KR=KROLLCIMJ)
P (1M, J9~KH~ i)=~L 1(1 Ni, )

1 10 P(IMqJsK.2)=QL?(IMqJ)
0)0 150 J1,*JE
KH=KHODL (iMJ)
JSE T =
CALL TR17(2,I(ti,0,JSFT)
CALL INVEHT(2tK~l)
00 12, K29KH~
DELP=PNEW (K) -0 CIMjK)
DP=AWS (DELP)
IF ()P.LT.0PMMliXT) GO TO 125
DPMAXT=OP
J4AA T=J
KMA.XT=K
P11 (JqK)=PC1M,jK)

75



lc P ( ItAJK)7ZPNEw'(K)

00 J3() K=N~djo6W
13(7 PTlIIJoK) =P I 1,4J#K)

C150 CONTINUE

00 210 JxI.JE

SAVE d) :P(IM9,JKw-l)
K8KRPOX) M#J)
P(iMtj9K14-1)=0U1 (Im9J)

210 PC (I Mj9K-2) =kLJ0>( I Mqj)
00 250 JzlJE
KB=KROU C Mtj)
JSE 1:J
CALL TRIT CKI8,MX,JS.T)
CALL INVEHT (4W39KtAX)
DO 225 K=i9m
0ELV=PNEw (IKjP( IM#J9K)
i)P=ARS( (DLP)
IF (OP. eOiNAXT) GO 0 TO25
OPMAXT=OP
JMAAT=J
KNAXI =K
P1 (J9KI=&P(tMqJ9K)

225 P(IM.J9K)=PNEoCK)
PT I(JqKM) =P CIMqJqKM)

DO 230 KzKW#KHI
230 PT1 (JvK)=P(IMj9K)
250 CONTINUE

c
o0 310 J=ItJE

310 P (IMqjqKWe-1) =SAVE Cd)

IF (JE.NE*1) P( IMqJE-1,KW) =US?( IN)
P11 1jEvKW)=DS1 (IrA)
IF (JE*NE*1) PTI(JE-1KW)=DS2IM)
00 35U J=0ROOTJ'AX
CALLTRI(#MJ0J;T
CALL INVEkT(2,KMX)
00O 325 K=eqKMA
DELP=PN4EW (K) -P1 ImJK)
DPzARS (DELP)
IF 0P*LTsOPMAXT) GO 10 325
o)P NAXT =DP
JNAAT=J
KMAXT=K
P11 (JsKhP(IMJoK)

329; R(INJK)=PNEo(K)
PT (J,1)=P(IMqJql)
PTl(J*KM)=P(IM,#JqKM)

350 CONTINUE

I TEN T=1 TbNT .
IF CITERTa(3E.e0Q1 RETURN
IF (nPMAXTo6T,UPLIM) 6O TO 100

P~E TOURN

SUBROUTINE SURFHCCIJ#M)

CALCJLATFS INTERIOR IMAGE-~POINT POTENTIAL VALLJES REQI.'RED ;
c A FYHEFLOW-TANGENCY eOUNUARY CONOITI N~ LOWER (moE *1C AND UPPER (M.LQ.?) SURFACES OF THE WING/BOL)Y.
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c
COmMON/CAPS / CAPG(49. 19) ,CAPGT1(19?b' ,C~pGT (49,19) ,CAPT(j9;jCAPH(49, 19'CAPH ~( 9t ,5 #CAPHTS(9#1 9 CAP a t9

CAPG (49. 19), CAPI 1 9, 19)
COMMON/CONST/ A PHA PACH,OP VwbS .E WGsBSPAN*AI29CSAIRXlqRA~,

SNA, TDt TA. TDXIIL)LEt. AETA. OXI.UZETA, ILE, IMINOSE#
S[ITAIL9 TE JM9JROOTJTIPvKM#KW,J81,J82tJ83vPLCB19
* PLC82#PLC83

COMMON/COORD, CHOND(j9),OCDY(j9)9UTOY( 19) .UXLEDY(,19).ETA(j9) .F(49)
* ,FLEF'NFTEG(19) 9(AMLEAMNGAMFGAMT 9,GAtWTtH(25)9

TAU(19)tX(49,19),KCAP(49),XLE(19),Y(19),ZETA(25)t,7F,
O ~~ZCAP (25) tZLE (19) ,UZLE~UY(C19) ,ALPHAT(19) .VADY (19) .$WT

COMNSLO 1L(919tL(93,051 (493',QS2(49),DUI (499)
COMMN/5OVO/ U2(49*I9)vOPMAKXtW4AXT, AMMA(19, ,IMAAIP I ERf~
*JMAX19JMAXToKMAX I K4AATNSUPtP(49.19925),PLEl(1g),
* PNEW(25),PNOSE#PSYM(49t25),0TI1t 25),PI2(199 e,),
* PT3(19 925),PTE1(19,YPE2(19),PWL(49919),PW8U(49,19)

:COMMON/~SUHF /

* Kf30U(49919).ZL(49,19),ZU(49919)

fC=TAU (J)*CHORDO(J)
IF (M.EQ.s?) 630 TO 100
KP=- I
U L=- 0ETA
DEL=-OELL (1 J)
IZ=IZL(J)

5LOPY:OlDYL (I 'J)
KS=KRODL (1 .J)
HWH=HWt3L (I J)
CAPGTH(tL-OEL)4'CAPGT(J,$)-CA.TflJK541))/DLCAPGT1(JotKS41)
CAPGTB=CAP-GTH*CAPGT? (I J)
60 1) 120

100 KP=+l
OL=DZE TA
fEL=0ELU (1 ,J)
IZ:IZ'J (J)
SLUPX:QLDXU( ttJ)
SLOPY=OZJYU (I'd)
KS=KHODJ (1. J.
HWf:HW8U( 1 .J)
CAGRiLDL*(AGIJK)CP3ljS1)DOAGIJPS1
CAPGTA=CA;H3T8CAPbT2 (1 J)

12n IF (I.LW.1M3 6O TO ?10
IF CJ.GE*JRPOfr) GO TO 140
DH=-nX I

140 IF (l.GE*1Z) GO TO 160
OH=-fU I

60 TO e00

IPZ.l

CdL=SLC)PY*(YU) /FSPAN
CAPMH*LCAPGR(1,J)*SLOPXC4PGIHOSLOPY1.'TC)
C APP: C SA* tLU P X-';NlA
60 TO 215

?10 CAPK=0.0
CAPL=SLUPY(.J) /RSPAN
CAPM=H~(CAGTHSLOPY-1./TC)
C APP =-SN A
60l To o220
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AC 01~ AI ./ D"

A 3=-l .!/D
t7O TO 225~

22n A1=0.0
A2=0 *0
A3=0.0

62=2)/UK

ci=-(nlL,2,*UEL)/(D)EL*(DL4)EL))
C2=(DLDEL), (L)L*OL)
C3=-nEL/(OL*(UL+DFL))
Ol=0.95*(OL.O)EL) *(?.*DL+nFL)/ (DLOL)
L)?-DEL* (2.*0L~f)EL.) / (D)L*DL)
03=u.s*UEL*(0L*0FL)/(UL*DL)
El=? *DL*JL/(UEL*(nL+,UEL))
E2=-?.*(OLL-LEL)/OFL

c E3=(COLUEL) / (ULOF.L)

J5=J4 1
J6=J.2
<SI :KSKP
KS5?ZKS 1 KV
P1 H (I 'J ?S)
P2=P( I ,J.KSl)

P6=U1I* (I 'Jb'KS) .)?P P(I J6.KSI I 03*P (I ,J6.KS2)
SF (J.Et).Jt~1-i.O(.k.J.Ek0.J!H1) GO TO 181
IF (j.EQ.JH2 l.oPJEt).jR2) GO o 10 182
IF (JsEJ.JB31.0P,JE(Q,Jl;3) GO TO 182
(30 TO 119t)

181 JK=JR1
PLC=PLCB 1
GOt TO 183

118? JKZJ432
PLC =PL~b
(30 TO lb3

182 JK=J3
PLC=PLCL53

183 CONTINUE
1 -2.P(1JK,KS) )(.*PLC) (PIJ1K)

I 2.*P (I JKKS1) )) 1(1.*PLC)

1 -2s*P (1 ,JKqK$2) ))/ (1 .PLC)
IF (J.EIJ.Jt) 630 TO 184
P6=)0PAL)?*PI3,O3*PC
(3) To 1185

184 P5=)1*PA+U?*Pd+D3*PC
PAA=P CI 9J'-1 ,KS) ,3** (PA-PC! ,JKKS))
P8f:P (1 .JN-1 KS1) .3.* (Ps-PC! ,JK9KSI)
IJCC=P (I JK-J ,IKS?) 3** (PC-PCI .jKKS2))
P6=1)I*HJAA+D2*PiRB+D3*PCC

118S IF (I.NE.IM) (it TO 230
P30 * 0
P4=U0
GO0 T6 240

2301) 3=1*P
14=1341P

P4=)1*P( 14,JKS) ,O?*P(14,JKS1) 4D3*P(l4,JKS2)
240 OENOM=CAPKAl*CAPL*HI+CAPM*Cl

I 1=-CAPK' CA2*P'3*A3*P4)
T?= CAPL* (H4?*'bR3*P6)
T3=-CAPM* CC2*P1C3OP?)-CAPP
PSUqF: (Ti*T2+13) /DENOM

P~j=j*P~kFl:$P4#3*P2

IF (M*Ec~.2) GO TO ?50
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UL, (1 J) =P()?
PWPL (1T J) PStJHF

RETURN
C

c PLANFORM-) O-El(7E I MAG-?-PO INT HOIF NT IALS

ENTRY SURf-SC

DK=DETA
OEL=OFLS (13
IF (I.61'.ITE) GO TO 7300
L)H=-[)X I
Ip=-1
60 TO 3j(0

300 I?-t+r)XI

310 FP=F (I)
I F ( I.LT .ILE.OR . I GT .ITE) G3P=GF
IF ( I .GF-.ILLEoAND .I.LF. I rF) GP(' T
GET=((UK-O)EL)*CAPG(1,J).DFL*CAP(,(1,J-1))/OK

GTA=CARGTL (J9KW) CAPGT2 (I ,J)
(,T8=CAPGTI(J-1,KW).CAPGT2(1,J-1)
GT5ET=( (UKA-UEL)*GiTAOEL*GTR)/DK

Alil .5/OH
A 2=-?.Of)
A3:O .5/9,4

822 (tOK+LEL)/ (UEL*DK)
q.3=-DQL/ (UK*(WK +(FlL)
EI=2.*0K*(KJEL*)KDFL))
E?=-2.*(DK-DEL) /DEL-
E3=(DK-L)EL) /(UK .DEL)

CP
12=1 1 +Ip
IF (I.E.O.IM) 11=1
IF (I.EUl.IMA.oR.I.Eo.IMJ 12=II

P2=-'(I .J 1Kw)

GG=((DK.DtL)*GAMMA(J)-EL*GAMM4A(J1))/UK
IF (I.GT.ITE) P5=P5+(3(

SCI=FP*GSLT
SC2=GP/SAN
SCJ=H(Kw) *GTS -T
IF (I.Eu?.1m) SCj=D.
DE.NOM=SC 1"AI .SC2*H2
Tl=-SCI* (A2*P3*A3*P4)
T2=-SC2' (b*Pi+B3*P2)
T3=-SC34 (Ph-Pb) /(2.OLZFIA)
PSUWF=(7I.12. 3)/DFNOM
USI (I) :E*PSUHF+E2*Pl.E3*P?
DS( =3ru1I)3.rlP

C WING/t4ODY SYMMETWY-PLANE POTENTIALS
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C
ENTRY SYfI'tC
KWX=KW- 1
KWP=KW* 1
KH~XKM- 1
D500 bOO II2.l'4
GSEIT=CAPG IIfl)
FCI=GSLT*F (11)/L)XI
FC2=G (1)1 (SP4N*0iT A)
KLzKHOUL (11 , I
KU=KHODU C 1I, )
IF (II.E~aIM) 60 TO 41'0
00 410 Kt=,I(WA
IF (KL.NF*0.AND.K.GT.KL) GO TO 4,1U
CATCAPG.T 1(1 ,K CAP6T2 (I191)
FC3=CAP6T*m1(K) /OZFTA
IF tGSET.LEo0.) PSYMUIlK)=(FCI*PSYM(111 ,K)-FCe*P(1I,1.K)

I *FC34*'SYM(IIK-1) )/(FCI-FC24FC3)
IF (GSET.&T.O.) PSYM( 1IK)g(-FCI*PSYM(11.IK)-FC24 Pt11 ,) K)

I +F C3*PSYM (II 9K- I)/ (-FC I-FC2*FC3)
410 CONTINUE

00 4P?0 K=IKWPtKMX
KK=KMX-K+KWP
IF (KUoNEsO.AND.KK.LTKU) GO TU 420
CAPGT=CAP ,TI(1,KK)+CAP~ir2(I111)
FC3CAPGT*H(KK) ,DZETA
IF (GSLI.LEo0e) PSYM(11,KK)=(FCI*,PSYM(II1,vKK)-FC2*P(II,1,KK)

1 -FC3*PSYM(IIKK.1) )/(FC1-FC2-FC3)
IF (GSET.bT.0.) PSYM( IIKK)z(-FC1*PSYM(11+1,KK)-FC2P(I,1,IK)

1 -FC3*PSYM(IlIKK.1) )/(-FCI-FC2-4C3)
420 CONTINUE

IF (II.GE.INOSE) GO TO 500
CAPGr=CAPGiT 1(1 ,~w) CAPGT2 (1 1)
FC3=O.5*CAPGT*tl(KW) /DZETA

GO To 500
4000 *80 K=29KL

CAPGT=CAPG7T1 (1K)+CAPGT2(II91)
FC3=CAPGT*H~(K) /DZETA

48n PSYM(I~,K {(-FC2*P(IMi1K).FC3PSYM(lMK-1) )/(-FC2.FC3)
00 490 K=KUoKMA
KKzKMX-K*KU
CAPGT=CAP6Tl (19KK) .CAPGT2 (11,1)
FC3=CAPGT*H (KA') /VTA

49n PSYM(IMKK)=(-C?*P(IM91KK)-FC3*PSYM(IMKK41) )/(-FC2-FC3)
500 CONT4INUE

RETURN
E NO

SUBRoUTINE TRICOE(Kl9K2#ltJ)

CALCULATES FINITE-DIFFERENCE COEFFICIENTS AT GRID POINTS ALONG
THlE SEGMENT KI TO K(2 OF LINE (I#J)o

c

~ ~ '9) CAP1(19)

* I(999);CAPHT ( 9,~ ,APHTZ(49, 19)CAPI 8 191f

COMMON/COEF / A 1 ),~9),3r9,~)B (49,21)8(9'
* B4 ~(19) ,87(19) ,C1(25) ,C2(25)9 ,C(25) .CS(25) ,C7(25)t
* DD.2vE1,E2tF1,F4
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COMP4ON/CONST/ ALPHA ZMACHDPL1MOEPSI ,WEW(38SPANA12.CSAPRX1 ,RX2,
* SNATDETA.TDXI ,TUZETADETADXIL)ZETAILEIMINOSE,
* VIAIL9 ITEJMJROCJTJTIPKM.KwJ81 ,J62.J83,PLCBI9
* PLCH2*PLC83

COMMON/COJI.D/ CHOWO(19),DCDY(19),DTDY(19),DXLEDY(19),ETA(19),F(49)
* ,FLEFNFTE;G(19) ,GAMLEGAM4,GAMFGAMTEGAMwT,9H(2b).
* TAU(19).X(4 919)vXCAP(49)#XLE(19)Y(19)ZET I 5)*G.F,
* ZCAP(25),ZLE(19),VZLEDY(19),ALPHAT(19'.DADY(19),GWT*COMMON/SOLVO/ Db (49 9:B?54(496 9) 9 )

* JMAXI.JMAXTKMAX1,KMA)XTNSUPP(49919925),PLE1(19),
* PNEW(25)4PNOSE PSYM(49,25),PT1 (19.2S),PT2(19925).
* PT3(1992 )9PTEI1 (9)PPTE2(19),PWUL(49.19),PW3U(49919)

CHECK P.D*E* TYPE

FP=F (I)
GP=G(J)
CJ=CHORD (4)
TCxTAU (4) CJ
CBGmCAPG(LJ)
~UljFP/SJ .)

CV 2=GP/BSPAN
Cw 1 1 /TC
ACA2P / (CJ'CJ)

C AP2=FPC8G C8G
CAP3- * *FP.C8G/CJ
CBPI=GP /(BSPAN*BSPAN)
CCPlz C1J2*CU2
CCP2=1 ./Q(C*TC)
CCP3 -. *CU2

E CP4=2 2/TCCP53-2. *CU2/ rc
COP 1 =2FP*GP*C8G/BSPAN
CDP 2 -2 .*FPOGP /(CJ*BSPAN)
CEPI=2*.GP/BSPAN

P2=-2 * *GP*CLJ2/8SPAN
0 P3-e 0 GP/(CTC*RSPAN)
CFP1u2 ,*FP*CU2/CJ
CFP2 2*FPOCI3G
C FP3z.'P 4
CFP4==-2.*FP* C U2*CBG
CFP5=w2*FPCdG/TC
CFP6=-2 0 FP/ (TC*CJ)
CJP1:2t CAPI (J)*CJ

'IJP4u' , API8 J)*T C
CJPSz-TC
CJP6=aCJ2*TC

C
JK=JM
JKP=JK* 1
IF (J.ELJJB.oUReJ.EQ.J81.1) GO T0 10
IF (4. Q.4E129UR.J. QJ. ) GO TO 20
~F ( .B3.OR. 0.4:JJ83.1) GO 10 30

10T90
10 JK=JSI

PLC=PL CBI
GO TO 80

20 JK=J82
PLC=PLC62
GO TO 80

30 JK=JB3
PLC=PLC33
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80 JKP=JK'1 -

90 CONTINUE
00 700 ?(=KI,K2

GTP=CA4GT I(JoK)+CAPGT2(I.J)
HTP=CAPHT flJ K) .CAPHT2(IJ)
P1 =P(Is1,JqK)
P 2sP ([,jK)
Pi3PTf(J,$K)

IF (J .tW Ll IPS M (I#K)

IF (J.EQ*JK) P16=z2.*P16,UI*wPLC)*(P11-2.*P2))/(l..PLC)
IF (J*E(Q.JFP) P11U(PLCP162*(P'LC*P2.Pil))/(2.-PLC)
UP=CSACUI*(PI-mP3)/TDXI.CU2*HPO(P8-P5)/TDZETA
VP=CVI(P1P3)/TDXICv2(P6P1)/TOETAGTPtP*(P8P)/TDZETA
WPUSNA*CW1*HP* (PR-P5) /TDZETA

IF .E: WUN TO '!4,I GO TO 105
UP=UP-CU2*HP*GAMMAIJ) /TDZETA
VPxVP-GTP*HP'GAMMA U) /TOZETA
WP=WP-Cwl1HP*GAMMA(U) /TDZETA

105 UPSQXUPOUP
VPSQUVP*VP
WPSQJUWP*WP
QPSQUUPSQ* VPSQ#WPSG
TQ=Al2*Oe20-1 ,2O*QP5Q
APSQ*T(J.OPSU

C IF (TQ*LT.0.) GO TO 200

C DEFINE POINTS OF ELLIPTIC (SUBSONIC) COMPUTATION MOLECULE AND
C COMPUTE TRI-DIAGONAL COEFFICIENTS
C

P3N=P( I-I.JgK)
IF P(I.EQ1T 1 AN0KK..3K)l P4xP4*GAMMA(J)
P6N=PQ(-1 ,J9K-1)

P9N=P(I-loJoK#1)
P15=P( 1.1#J.~l K)
P17NxP(I-1 ,J+I9K)

Pt 9=P( 9 J* 19K 1)
TTO110

P1 IN=P (I J-1 .K)
P12NxP(jIvUJ-I9K)
P13NsPt I J-1,'Am1)
P14NzP(i:J- 1AK.)

L J '30 To 112

IFF (j:E JP)GO TO 116
110 I~zuSYM (I ,K)

PI ~NPSYMU(K
P JN: P 119
P1 4NPSYM(9 '1
G0 TO 12

112 P N1 P +IIL .*lT2:I4 ;PL
P1 7N (.*l17N*t14[PLC)* *P2N2A *3N) /( 1 .PLC)
P18w (2,*8 (1 .PC) P13Nw2.*~ ))/( I .PLE)
P1 9X(2 *PI9. (.1 .PLC)*(P14N-2.*Pd))/ 1 .'Li
GQ TO 120

116 P1 Oa(PLC*PI5-d.*(PLC*P1-PlO)),(2.-PLC)
PIIN:(PLCPI6;24(PCP2Pl1N))/t!

4 PL*P3 2N (PLC*P17N-. 0( LC*P3N-I 12N))/(i!PLC)
P1 3Nz (PLC*P18-2,*(PLC*P5:Pl3N))/(2 :PLC)

c P14N(PLCP192,*(PLC*P8 P14NI)/(2.-PLC)
120 t~sAPSUQ4 P 0
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TWaAPSQ-WPSO
CAPzCAP1*IU*CAP2*TV*CAP3*UPOVP

SCP= CC 1*TU..'TP*TV*(iPCCP3*UP*VPCCP4*VP*WP) .CCP2*TW

IC~'K *CCPEC3(K)*H
CP(CP*A2(I)P*X1.P2()CP2

I1 *WJOCP5*VP*CJ)#p11N)..~**HP1P1ND2(OP7?

IF P(K.EQ.K1) CA(K) OA K AA K

IF P(K.EU.2) OCA(K) CA(K-CP()*P

IF (K.EQ.KW) UCAP(K)=DCAP(K)-CIPC(K)*GAM( ~ EE

1 (GAMMA(J*1)-GAMMA(J-1))
IF (KEQ Kwd.1 UCAP(K)zDCAP(K)-CCP*C3(K)'GAMMA(J)-CEP*E2*
I (GAMMA(J*l) AMMA(J-1))
GO TO 700

C
C DEFINE POINTS OF HYPERBOLIC (SUPERSONIC) COMPUTATION MOLECULE AND
C COMPUTE TRI-DIAGONAL COEFFICIENTS
C

200 NSUP=NSUP~l
P3NxP (I-i #JK)
P4=P(I11J*K-1)
A F (I.1TE.AND.K1 .EQ*KW*1) P4uP4#GAMMA(J)

1 ,I-lJK-1)
P7uP(I*1,JtK*1)
P9N=P (1-1'JoK+1)
PINP (I#*I 'J. yK)
P1 7NuP(l-1 ,J*1 K)
P1P is + J* 1K- 1

4F (J.E(J.) GO TO 270

pi~~ Nx yj-19K)

P13NzP(19J-1,K-1)
P14N=P (I ,J-lK. 1)
IF (J*EQ.JK) GO To 272

F(j.EU.JKP) GO TO 276

270 P 0PSM1,K
P NuPSYM 9'K)

P 12N=PSYMl1-19K)
P13N=PSYM (I ,K-1)
P14N=PSYM( I K*1)
GO To 280

P18 T(2.P18. (1-PLC) *(P3N2*PN) /( .PLC)

Go TO 280
27 ( PLC* 0( C* 14N)) LC)

P12N=(PLC*P17N-29*( LC*P3N- 12N))/(29-PLC)
P13N:(PLC*Pl82(PLC*PS:Pl3N))/(2::PLC)

280 CONTINUE
P2OzPT3 (JoK)
IF (K.eQ. K1) P21:P5
F (K NEOKI) R21mP(IsJqKw2)I F (K.EQ.K P 22zP8
I F (K.NE.K e) P22PPUJ9K*2)
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F (,) EQ:L) Pe3x2 *Pjj

IF (i ,GE,3) P23=PTl(J-2#K)

CPP=C API1*UP SQ*CAP2* VP SQ-CAP3*UP VP
COPUCBP 1 VPSQ
CRP:(CCPI1UPSt .GTP* (VPS*GTPCCPJUP*VPCCP#*VP*WP) +CCP2*WrPSQ
1-CCP5*UP*WP)*HPCSP=CDPOP VPSQ-CDP2*LJP*VP

CTPx CEP1VYPSQ*GTP-CEP2*UP*VP-CL.PJVP*WP) *HP
CvPs (CFPlOUPSQ4CFP2*VPSQ*GTP-UP'VP (CFP3*(.TP.CFP4)
1 W~PO (CFPS*VP*bCPP6*UP) )*HP
CWF~z(CJP1LPVP-CJP2*VPSQ)UP-CSACJP6*(P-SNA))

UCR2sGPSQ (CCPl .GTP4GTPCCP2) *HP-CP
UCS2xQPSQ4 CDP 1-CSP
UCT2=QPSO*CEP1GTP*H* CTP
UCV2=QPSQ*(CFP1.CFP 2*G P)*HP-CVij
UC~QS*-JP*U-S*J *IPS )-CJP5*MTP#(WP-SNA) )-CWP
FEQZFP*UPI (CJ*DXI)
CLP FE(UP/C VP*CBG)

CNP=FEQ* (UP*Ci2+GTP*VP4WP*CW1)

T~a (.N/APSQ

BCAP=;U 2Af)- 28(j.(JH'CUb3K)
I ,TE **.(CPP A t)*CPOM# .SP* 1)
2 -EPSI*(CLP*A3(1)*DXI.CPOB3(J)'DETA)
CCkPTsUCR2*C1(K)
OCAPTa-UCP2*(Ali()*(Pl-P2)4A3fI)*P3N)
I -UQ*6~)(li2+3J* N
2 -UC52(1*(P5P2t')*U2*(PO*7N)
3 -UCT2*(E1*(Pl9.Pl3N).E2#(P184P14N))
4 UCV2O(F14(PT.P6NiF24(P4*P9N))-UCW2
DCAPT=D CAPT-TQ~
I (CPP(-.A3(1)*(P2.P3N)-A5(I)*(P3N-P2O))

*CQO(-3()*(2#I N) 8J)*(PlINbPZ3))
+4,CSP(01Pl2#D2(P3N4PllNfl.CWP)

OCAPT=OC APT*EP I*
(CPA~.jO Tt*. P..3N*P3)

W MP*EB3( )*DE TA* (PIINOPID)SF IwP IQ.0.) GO To 320
F WP*LT*Ot) 0O TO 330

cACAP(K) :ACAPT*TQ* (-CRP* (C3(K) .C5 (K)) 44,4 (CTP*E24CVP*F2))
I *EPSZ*CNP*C3tK)*DZETA

BCAR(K)=BCAPT+TQ*2 *(CRP*C3(K)*2o*(CTPE1*CVP*Ffl
1 -EPSj CNP*b3(K)*OZETA
CC AP(KaCE APIDAP (K) O AP-TQ*(CRP*I-C3(K)*P2*C5(K)*P211

*4 *CTP*IElOP13N*E?*PIIN)
*4.*CVP* (Fl *P6N.F2*P3N))

3 *EPSI*CNP*C3(K)*DZETA*t.P24P5)
GO TO 400

C
32q ACAP()ACAPTTQ*(CRPPC3(K).2.(CTP*E2CVP*F2))

I 4EPS0 CNPOHP/TOZETA
8CAP(K)sBCAPTTOGCP( C (K).C3(K))
CCAP(K)=CCAPT*TQ*(CRPOC (K)420*(CTP*EI*CV)*Fl))
I -tPSl. NP*HP/roj ZT A
DCAP(K)2DCAP I00(2 .*CT O(El*Pi3N4E2*Pl4N)
I #**.CVP#(Fl*P6N.F2*P9N))
2 *EPSI'MP*.-P8.Pi/TUZETA

c O To 400

330 ACAP(K)xACAPT
SC AP (K) :BCAPT Q'*2. ( CRP'C 1(K).2. ( CTP'E2'C VP*F2))
I *EPSI*CNP*Cl(K)*DZETA
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CCA(K)C AT*U*(-CP'(C 1(K)*C?(K))+4,*(CTPE1.CVP*FI))1CCAP(K PCI*C:PCl(K).OzE A
OCAP(K):OCAPT-TGO(CRP*(-ClCK)*P2?C7(K)*P22)

*4**CTP*(E?*P14N.El*Pl1N)
+4 OCVP*(F2OP9N*F *P3N))

3 *EASICNP*'C1(K) *0D TA*(P2-P8)
C

400 CONTINUE
IF (K.EQ.Kl) iCAP(K)uDCAPCK)-ACAP(K[4 1PS
IF (K.EO.N2) LCAP(K) ZDCAP(K)-CCAP (K)*P8

700 CONTINUE
RETURN

C
C

E COMPUTE TRI-OLAGONAL COEFF!CIENrs IN THE 1'REFFTZ PLANE
C

ENTRY TNIT
GPuG (J)
TC=TAU (4)*CHONO cJ)
CV2=GP/BSPAN
Cwls1 ./TC

C
00 900 KxKltK2
HPxH (K)
GTP=CAPGTI (JK)#CAPGT2(IMJ)
HTP=CAPHT1 (JK)+CAPHT2(p4,J)
Pp( IMJ*K-1)

P8zP(IMj9K. 1)
IF (J.EQ .1) Pu =PSYM(IMoK)
IF (J.NE.1) Pl1:PT1(J-19K)
l16aP (I IiJ. 1 ,K)
VPsCV2 (P16-Pill /TDETA.GTP*HP* (PS-Pb)/TOZE1'A
WP=SNA*CWI*HPO(P8-P5)/TDZETA
IF (K.NE*KW.AND*K*NE.KW*1) GO TU 750
VPaVP-GTPHP*GAMMA (4)/TOZETA
vP=WP.CW*HPGAMMA (4)/TDZETA

750 CONTtIJE,
TV=A 2-vPV

cB=V*GP/ (BSPANOBSPAN)

EETI-HP*(AI2-WP*wP)/(T*Tc )+GTP*(TV*GTP-2.*pwp/Tc))ET 2 *GP*HP(TV*GTP-V *WP /TC)/8S9'AN
CJT*IT&' (WP-SNA) *(2.*VP*WP*CAPI (4) -TV*HTP)

C
P2xP( IMjtK)
P1S=P C MtJ+1 ,K-1)

41 1NP CIMqJ-1 'K)
P13NaP C MvJ-I 'K-I)
Pl4NuP C MoJ-1 'K#1)
GO To 850

800 PlINxPSYM(IMK)
P13NsPSYM( IMK-l)
P14N:PSYM CIMK. 1)

C
850 AC AP(K)zCCT*CJ(K)

BC AP (K) zCdT*B (4) ORX1 *CCT*C2 (K)
CECAP(K)=CCTOC 1(K)
DCAP (K)= CjT-8T. (81 (J) *P16.82 (4)*RX2*P2.83 (4)*P11N)
1IF -CETO(El.cPl9+Pl3N)*E2*(P18+P 4N))

IF (K.EQ KI) DC APCK)=DCAP(K[-CCAP(K)*P8
IF (J*LT.4NOOT) (0 TO 900

IF''A~.~i' 6 AW 42'KtLCT*C3(K)*GAMMA(J)
I -CET*E2*(GAMMA(Jol)-GAMMA(-1I))

900 CONTINUE
RETURN
END
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SUBROUTINE INVERT(KltK2)

INVERTS TkI-DIAGONAL MATRIX (VARGA, MATRIX ITERATIVE ANAL.. P.195)
C
C

C DIMENSION GG(45),WW(25)
cCOMMON/ABCO / ACAP(25),HCAP(25),CCAP( 25) ,DCAP(25)

COMMON/SOLVO/ DLI(49919'.0L2(49. l'),DS1 (49)'0S2(49),DUI(49,j)
* DU2(49919),DPMAXUPMAxTGAM4A(19,,IMAXIITERT,!)
* JMAXIJMAXTKMAXIKf4AXTNSUPP(49,19,25),PLEI(19),
* P NEW (?5)vPNOSEPSYM(499 5)9PT,(19,25),PT2(19#25)9

C PT3(19,25),PTElC19)vPTE2 (19)v ,W8L(49919)9PW8U(49919)
C
C
L CALCULATE COEFFICIVN\TS OF REOUCED SYSTEM OF EQUATIONS
C

GGKU=CAP (Kj),BCAP(KI)
KlP=K 1.1
00 100 K=KlP9K2
KZ=K-1
DtNOM=8CAw~(K)-ACAP (K) *W4(K7)
WW(K) =CCA$ (K) OENOM

c100 G--G(K)=(DCAP(K)-ACAP(K)*c0((KL) )/UENOM
C INVERT HEL)UCEO MATRIX BY HACK SU8STITUT104
C

PNEw (K2) aG (K )
Kl)=K2-K j
00 20f0 K=19KD
KZ=K?-K

200 PtE(K)b K)W(KZ) *PNEW (KZ*1)
RETURN
END

c SUBROUTINE MAXl(K1.K2*IJ)
C, DETERMINES LOCATION AND ABSOL UTEOVALVE OF THE MAXIMUM CHANGE IN
c POTENTIAL BETWEEN THE LAST TWO LOMPUT ED ITERATES*

COMMON/SOLVO/ DL1(49,19,,0L2(49919),DSI(49),DS2(49),DU1(49,19),
* DU2(49919),OPMAXDP4AXTGAM&4A(19),JMAXIITERT#
* JMAX1,JMAXTKMAX~,KMAXTNSUPP(49919,25),PLE1(19),
*PNEW(25)*PN So M(49925),PTI(19,25),PT2(l9,25),

~ PT3(19,25),PTEI(19),PTE2(19),PWBL(49919),PWBU(49,19)

C
00 100 K=Kl9K2
L)ELP=PNEW (K) -P(I ,JqK)
DP=ARS (OE.LP)
IF (DPLT.0PMAX) GO TO 100
DPMAX=OP
IMAXI=I
JMAAJ=
KM4AX I=K

100 CONTINUE
RETURN
ENO
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SUHROUTINE ARRAYS(NPRINT)

C OUTP~UTS SOLUTION ARRAYS EVERY NPRINT ITERATIONS. IF NPRINT,EQ*Qv
C ONLY THIE CIRCULATION IS WRITTEN*
c

COMMON/CONST/ ALPHA.Zt4ACHOPLIMEPSI ,WEW$,BSPANA12,CSARKI ,RX2,
4 SNATOETATDXITOLETAOETAOXIUZETA9 ILEIMINOSE,

* PLC82#PLC93
COtMMON/SOLVO/ DL1 49'19) ,0L2(49,19) sOS1 (49) ,0S2(49) 9OU1(49.I9).

* DU2(49,19),OPMAXOPMAXTGAM4A(19),IMAX[.tTENTs
* JMA)(IJMAXTPKMAXI oKMAXTNSUPPP(49:199 )vPLEI(1919
* PNEW(25)ePNOSEPSyMi49,?s)9T 1 (19,253,PT2(19925)#

C PT3(19,25)9PTE 19),PTE2(19),PWBL(49,19),PW8U(49$ 19)

WRITE (6,171)
WRITF (boirl)
WRITF (bqill)
WRITE (6,161)
wRITE (69131) (GAMHA(J),J21,JM)
IF (NPfqlNT-EQ.-0) Goi TU 225

L RITE (69161)

WPItfE (6,141)
)o ISO Jzlj,M
WRITE (6,142) 1
00 145 1=191M

14'S WRITE (69146) I9(P(lJvK)9K=19KM)
15A CONTINUE

c WRITE (6,161)
WRIIE (69101)
1)0 110 ,J=I*JM
WRITE (69102) 1
00 10'i 1=191M

105 WRITE (691u6) IPWLJ),0I'J)OL2(1J)DU21J)(U1(Ij),

110 COIINUE
L WRITE (6916l)

WRITE (6912 1)

WkITE (69L611

WRITE (6,191)
D0 220 1 =Il I

220 WRITE (b#14b) lv(PSYM(1IK),K=1,KM)
2 ,WRITE (bbe J1)

wwRTE (b,11
WHITE (69161)
RE I UN

101 FORMAT (jH-///1X40H-DUJMMY-PO1NT POTENTIALS ON VERTICAL LINES/
1 I1e5H(PLANE-HY-PLANE SPANWISE))

102 FORMAT (///lXl0HPLANE J = 3//3X1HIpl6X4MiPW~iL,1?x3HDLl,12X3HOL2,
I lfx3HUU2,1?2X3HDUjolX4PiiU/)

106 FORMAT (14*2(!jX,3Ejl3,4?
121 FORMAT (lH-//x3BHRIM4MY-POINT POTENTIALS ALONG SIDE EDGE//

I 3X1H17X1T3H0S1 , ?X3H0-52/)
K6FRMAT (14*5X*2E15,4)IIFORA (1//X4CIWCIJLATION LOISTHIHUT1ON9 GAM'4A1)//

141 OWM AT (1H-///1K?6HPl1.JvK)% POTLNTIAL ARRAY/
1 1A 3H(PL&NE-R'(-PLANE SPANISE, I 0OWN9 K ACROSS)s
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14? FtONMAT (///1X1OHPLANE ~J =13/)
146 FORMAT (j4/(4Ap]3E30v3))
161 FORMAT (//////)
171 FOkMAT 0-1 **********E**O****#**H****

181 FORM4AT (lH-///15SSoLUTION AWRAYS)
191 FORMAT (1t-///1X'46HPSYM(1,K): IMAGE POTE4.TIALS AT SYMMETRY PLANE/

1 IA18H(I DOWN. K ACROSS)/)
C

END

SUBROUTINE CPCOMP

COMPUTES THE WING,'RODY SURFACE PRESSURE DISTRIBUTION,
C
C
C

C IMENHION XL(49 9~ ,XU(499 9

COMMON/CAPS, /APG(49, 19) ,EAPGIf199,5,,CApGI2(49,Z9 ,CAPi~i19k,CAPH(49# 191 APH 1 A9t 5 #CA PHJ(49,9i 9 AP I 9
COMNCNT CAPGB(49, 9) ,CAPIT (491*19)W;9PAAftS9RlX2

S P MAl D PIL LM E S I ,WE , W , B P N A ? C A R 1 R 2
COMMON/CONST T A TO, JOlETA9OETAOAIDZETA. LEvIMIN6 SE,

* ITAI ,1TEJMJROOTtJTIPKMKWJB,JB29JB3,PLC81,

*COMMON/COURD/ CHORD 4 9fDCDY( 9)DT (9) 9XLEPY49E (g

*TAU(194;X(491 19),X'AP '49tXLJ(9)VY( 9ZTA(5aF
6CAP 2,ZLE 9oLEY19)9 A9AS )v ,WT

COMMON/SOLVO/ 6L(91)D2(9 )D 493,DS2(49).OUI149fl9),

* .JMAXIJAXA)T6KM'AX#KMAXT#NSUtJP(49, 1 9925),PPE1(19)o
* PNEw(25),PN SEqPSYp(49v25)9PT1( 19,25),PTZ( 19925)9
* ~PT3( 19xi23' PTEi (19) PTE2( 19),PWBL(49,19).PWBU (49919)
COMMO/SU / 8EbLU4' 99'DBLS 49, ~D LU (49919)90ZOXL( (9 ?o)
* UZDXU(49 1 )oUZDYL(49919)91VZDYU(49tl9 )tHWBr (49,19)t
* HWRU(49919),IZL(.19),IZU(19),J800(49),KBODL 49,19)'
* KRODU(49919),ZL(49919),ZU(49,19)

C
C
C

D100 oo111
[DO 100 J=1,.jm

ZL( I J) =U.
CPU (I@J)=U.O

100 CPL(IJ)0O.0

DKODETA
IMX=TM-i
DO 200 SRit
D208 I=INOSEolmx
J 0J (I)-i

D0 20a J=I#JE
IF (MSURF*E(U.2) GO TO 110
KP=- 1
DL=-nZETA
OEL=-OELL (19J
lZ=IZL (J)
KS=KRODL C1,J)
HW8HW6L C I
CAPGT6=COL-DEL)@(CAP(,T1(JKS)-CAb'LT(JKS1))/DL.CAPGT1(JKb.1)
CAP'GT93CAPGTH+CAPIT2(1*I
Go TO 120

110 P*



)LU07ET A

I I=[OL70 (1 )

Hatb:HWBU CI Jq)
CAPGTR3=(t)L-D)EL)*(CAPfl1(JKS)-CA(, TI(J9KS-1))/DL.CAPGTl(JKS-1)
CAPoTH=CAPUTt.CAP(;T?(19J)

1 n IF (J*,3E.JH01) GO TO 140
OH=-DX I
IP=-1
GO0 TO P40

llfl IF (1.6E.11) Gio TO 16i)

Ip=-1
GU To 180

180A1-./r
A?22 0/V H

C2t(OL*DEL)/(UEL~OL)
C3=-nEL/(0)L*(OL 'EL))
011=0.5*(DLDEIL)*(2.D[LL)EL)/(L*L)L)
iD2z-EL*(2*.DL+DEL) / (uLDL)
()305*OEL*(DL4DEL) /(UL 0OL)

FP=F (1)
6P=G(J)
CJ=CHORD (J)
CfRG=CAPG( I J)
Cu I=FP/CJ
CU2=CAPGP (I J)
CVI :CRGOFP
Cv2 = GP/BS PA N

131 ,IP
14=1341P

KSI1 KS.PP
KS2=KS 1 KP
IF (t4SORF*ECJ.1) PZ=PW4L(14J)
IF (MSURFOEG.2) PZ=PwjJ(IJ)

P2=P (I .jqrsS)

P3201 *P (J 3,J9tSS) .B?*P (I3,Jo(Sl) .3*P C13,jKS2)

Pbm t)*P(IJ-q\S)DP(tJ:KS)1)03P(lJ5qKS2)
Ph=j1P(IqJboKS)*D?*P(Ijb KSI)+U3P~lJ69KS2)
IF (J.E(U.J~1-l*OP.,JF.J31) GO lu 181
IF (J.EQ.JH2-i.O.?,,JoE(.JF32) GO TO 1182
IF (J,EW.Jf33-1.OR..,J*FU.JI3) GO0 l0 182
(70 TO Ii~b

1)81 JK=JE31
PLC=PLCH 2
60 To 183

118? JK=JH?
o-'LC=PLCH?
GO 10 163

18? jK=JR3
PLC=PLCd 3

183 CONTINUE

1 -e.*P(I*JKqKbl) )/C2.#PLC)
PH=(?.* (1 'J?. I KSI) *(1.-PLC) *(PCI 'J'K-1 KSI)
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1 -2**P(19JKKSJ)) )/(1.+PLC)

I -2.oP(IvJKKS?))),(1.+PL-C)
IF tj*EQ.JK) GO TO 184
P6=O1*PA+02*P6+,U3*PC
60o TO 185

184 P5=01 *A+V2*PH+03*PC
PAA=P C IJK-1, KS) C *PA-P(I, JK ,KS)

PCC=PCIJK-1,KS2),3.*(PC-P(IjKKS2))
P6=1*PAA#D2*B8+13*PCC

11c )PDS=Al*PL*A2*P3*A3*P4
DPDZ=C 1*PLC2*P1 .C3*P2
'=CSA+CU I*DP0SCU2*HWH*DPnZ
V=CVOPOS.CV,2* (E1*PZ.R2*PS,83*'6) .CAPGTk3MWB*DPDZ
WSN A CW1. H WB.QPDZ
IF (J*E().I) V0.0n
k% I .-U*UV*V-W~w
CALC=A12*((Io,0. 0*QX/A12)**3.b-le)/0.70

SF (MSURF*E(492) GO TO 14~5
XL(IJ)=(W-VOL)ZOVL(1,JH)/IJ

CPL (I J) =LALC
GO To 200

185 ZXU(IqJ)=(WV*DZDYJ(IJ))/U
CPU( I J) =CALC

200 CONTINUE
c

JPOOTX=JRUUT-1
WRITE (6,401) CPSTAR
00 310 J=1,JRUOTX
YYs2,*Y(J)/B3SPAN
rJRITF (69302) J9YY
0)0 310 I=LNOSEI'4X
TEMP=XCAP(1) .0.5

UZDX2=DZOAL (I9J)
wRIrE (69303) TE4PCPUIJ),ZXU(1,J),UZDX1,CPL(1,J),
1 ZXL(I9J)eDZDX2

310 CONTINUE
DO 320 J=JRoOTvJrrP
YY=2.*Y (J) /BSPAN
WRITE (69302) JYY
DO 320 IIlLEvITE
TEMP=XCAP CI) 0.5
[OZDAJIOZDU (I ,J)
OZDX2=DZDAL (I J)
WRITE (69303) TEMPCPU(IJ),ZXU(IJOUZDX1,CPL(IJ),

320 1CONTINUE ZL1JgZX
RET URN

c301 FOWMAT (II-//////1X30HStIRFACE PRESSURE DISTRIBUTIONS///
I 1XBHCPSTAR = E1395///)

30? FORMAT (1MI7?HSPAN STATION J z 149bX6HZY/8 = F9.4//
1 3A9H(A-XLE)/C,12X3HCPU,8X1HSLOPE Oj,10A5HDZDXU912X3MCPL,
2 8X7HSLOPE L91OX5HDZDXL/)

303 FORMAT (Fl2@4q2(F15.4,2F15.6))
c

END
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