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ABSTRACT

Subsonic Kernel function, transonic box, and surersonic box methods f
for computing unsteady aerodynamics are applied to the problem of inter-

action of a general trapezoidal wing with a downstream rectangular control
I.

surface lying in the wake of the wing. The unsteady aerodynamic forces

are related to a set of collocation stations through a series of matrix

transformations, interpolations, and differentiations. The resulting

matrix is a set of aerodynamic influence coefficients (AICs) that are

directly applicable to flutter analysis.

The transformation of the unsteady aerodynamics into AICs is pre-

sented as a separate discussion; followed by discussions for the develop-

ments of analytical techniques for each flight regime. The analytical

developments and a discussion of the basic single-planar-surface are

presented, followed by the complete two-surface solutions for the general

aerodynamic forces. Each of the three niumerical methods is developed by rI
detailing the complete set of equations necessary to compute airloads on

the configurations considered. A computer program to determine the AIC I
,,atrix for each flight regime is presented with a complete discussion of

usage and logical flow. Also included are program listings, flow charts

and snmple Input and output problems.
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PART I - INTODUCTION

The requirements for determination of flutter margins of safety

J for the lifting surfaces of advanced- guided missiles have precipitated

a need for accurate methods of analysis of unsteady aerodynamic loading

jin the high subsonic, transonic, and supersonic flight regimes. These

methods must riot only account for the high degree of chordwite and span-

i wis-e deformation of the surfaces, but also include the interference

effects between tandem lifting surfaces. Recent developments in lifting

surface theory in the three Mach number regimes have permitted extensions

(Refs. 2 and 3) to determine airloads on typical missile wings with down-

stream control surfaces. These extensions account for the interaction

f and wake effects as well as for the three-dimensionality of the flow

for a trapezoidal wing planform and a coplanar rectangular control

surface placed at an arbitrary distance downstream of the unswept trailing

edge of the wing. An underlying assumption in these methods is that the

r missile body diameter is large enough compared to the spans of the surfaces
that the body surface acts as a reflection plane for distrubances at the

line of its intersection with the lifting surfaces.

The present study extends the methods' of Ref. 3 to obtain aerodynamic

influence coefficients (AIC's) that relate the forces on the surfaces at

a discrete set of points (control or collocation points) to the tranverse

deflections of the same set of points. Subsonic kernel function, transonic

box, and supersonic box methods for computing the oscillatory AIC's are

applied to the interference problem of a general trapezoidal wing vith a

downstream rectnngulnr control surface lying in the wake of the wing.

Highly efficlent, numerical methods for computation by the kernel function

and Mach box techniques have been employed, along with the techniques for

the newly developed transonic box method, to obtain AIC's which account

for all interference effects within the framework of linearized theory.

-1-



Discussion of the derivation of the AIC's is given in Part III for

the three Mach number regimes. The analytical basis of the theories are

outlined in Appendices to Part Ill. Each of the three numerical methods

is discussed and the basic equations necessary to compute airloads on

the configurations considered are swumarized.

The three computer programs are presented in Parts IV, V, and VI,

for the subsonic, sonic, and supersonic cases, respectively. In addition

to a technical outline of the methods employed, each Part is a manual

containing a complete discussion of usage and logical flow accompanied

by program listings, flow charts and sample input and output. Each Part

also presents results computed by operation of the program for typical

planforms.

-2- 1



PART II - NME1LATURE1

a Free-stream acoustic velocity

anym  Coefficients of Kernel function pressure series

b L cal semi-chord

br Reference semi-chord

Ch Element of dimensionless AIC matrix

Cp Pressure coefficient

SDn, m  Element of Kernel function matrix

G Supersonic source influence function

h AIC control point displacement,

K Kernel function

k Local reduced frequency ----
CU

kr Reference reduced frequency _

M Mach number

p Complex amplitude of pressure

*1f. Planform area

u Semi-span

U Free-stream fluid velocity

U Chebyshev polynomial

-3-
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[W] Substantial derivative matrix '

w Complex amplitude of downwash

X,Y,Z Cartesian coordinate system j
2 l-M2 for <l1; M2-1l for M1>1

Box length

Cartesian coordinate system variables [

9,n . Special coordinates for collocation and integration points

0 Complex amplitude of velocity potential

Transonic doublet influene fwaction

Atmrospheric density

w Angular frequency of harmonic oscillation -rad/sec

AR Aspect ratio 2 s2/S

I

i

V i
I

* I
U

- - I
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PART III

DISCUSSION OF THE DERIVATION OF AERODYNAMIC
I1lUENCE COEFFICIENTS

DERIVATION OF SUBSONIC AERODYNAMIC INFLUENCE
COEFFICIENTS

The subsonic kernel function procedure was developed by Watkins,
1

Woolston and Cunningham, extended to a wing-tail combination by

Moore and Park, and refined by Andrew. 3 The present study extends

the method of Ref. 3 to obtain aerodynamic influence coefficients (AICs).

Oscillatory AICs have been defined in Ref. 4 to relate control point

forces to control point deflections through the matrix equation.

{F) pW b s (Chi {h) (3.1)

The derivation of the AICs requires a review of the technique of Refs.

I - 3. (NOTE: These references are outlined in Part IV, Section A). The

starting point is an assumed series for the lifting pressure distribution.

It is chosen in the form
3

C( 1,) = an  P() f  (3.2)

where the vhordwisc presture functions areV= -. '/+ i)(33a

f,) = . Z Un (-) I r. n (3.3b)

the spanwise pressitre functions are

k'0 () 1.0 (3.4a)
,o( ) = .I
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23
PM(!l) = !i Um (a), i < m (3.4b)

and the Chebyshev polynomial recurrence relation is

Uk(X) = Zx Uk l(x) - Uk- 2 (x) (3.5)

when U0 (x) = 1.0 and UI(x) = Zx. The numerical procedures of

Refs. I - 3 lead to a matrix formulation of the aerodynamic lifting sur-

face integral equation as an equation between the control point down-

washes and the amplitudes of the assumed pressure modes

{w/u} = [Dim] {a)nm (3.6)

The solution of Eq. 3.6 by least-squares methods is given by Ref. 3

which we write in the form J
{anm = [AM< 1] {w/U) (3.7)

In order to find the AICs it is necessary to define a grid of control

points. We find it convenient to divide the surface into NS strips and to

locate the control points on the centerline of each strip. We further

choose NC control points on each strip located at the same fractional U
chord location on each strip. A typical distribution of control points is

shown in Vigure 3.1 for a wing-tail combination.

The downwasheH required in Eq. 3.7 are obtained by a substantial

diffeveti;ition of the AIC control point deflections

{w/U) = fw] {h) (3.8)

SSir the downwashes required in Rief. 3 are at an optimum set of points

different from the AIC control points, the matrix [W] is seen to be an

i riterpolation as well as a substantial differentiation matrix.

-6-



TYPICAL DISTRIBUTION-OF (ONTRCL POINTS

CONTROL
WING SURFACE

Figure 3.1
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From the presure nodes &M their arplitudes the 1orces may be
fouad by an Integration proeMSrt Th V fbres on each strip rzy

be f ur by inttgration of the pressure on the strip in the region

or each of the WC fortes to obtain equivalent concentrated forces.
This leads to a relationship betwee the forces and the pressure mode

amlitudett

SF- q S [ {anm (3.9)

We designate the matrix [B] as the integration matrix.

Combining Eqs. 3#7, 3.8 and 3.9, and identifying the result with

Eq. 3.1 leads to the subsonic oscillatory AICs.

[Ch) = (sIZkr) [B] [A M 11 (W] (3.10)1

Ref. 3 provides [AM< 1 ] ; the extension to obtain AICs requires the de-

velopment of the matrices [W] and [B]. These are discussed next.

THE SUBSTANTIAL DIFFERENTIATION MATRIX [WI

The substantial differentiation matrix is derived by surface fitting f
techniques. For maximum accuracy we fit the surface "in-the-small,"

i. e. , locally. Rather than use a surface fit pr se, we shall fit curves

in the chordwise direction and then fit similar curves spanwise along

lines of constant chord fraction. A higher order polynomial is not well

behaved between points, so we choose to connect a series of parabolas.

A number of options exists as the number of points is increased so it is

well to develop the equations systematically. J
With two control points the curve, of course, is a straight line.

Itm equation may be written in matrix form. j

h(x) II xj I x] hz  (3.11)

-8- xh
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I With three control points the parabola is given by

.1 X 1 h

h(X) x X~a 21 1c xzX2~ {a (b.12

1 3  3  3

V xI x2

h

I In the case of four points we fit two parabolas that are tangent

half -way between the second and third points, For x < x 2 - 3 - (xz+x 3 )/Z

we write

h(x) a + ax + a x (3.13)

and for x x

h(x) b bx X b x2  (3.14)0
At x x Z-3 the deflections and slopes must be equal.

2 2

a0 tax 3 I ax23 - b 0 + blx2 . + b 2 x 2 3  (3.15)

a I 2aax 2 - 3 = bI + 2b 2 x 2 - 3  (3.16)

Th ittinkiwwn coefficients are determined by the solution of the matrix

(quation

-I



[V

00 0 0 a0  100

x2 0 0 0 a0 00 h

I x 2  3  x 2 3  - -3 - 2  2

Z0 1 2x 2 3  0 -I -2x 2 3  b 0  0 00 0 h3

00 0 o x 3  xb 0010 1

L 0 O 0 (3.17)

Solving for the coefficients leads to the equations for the curve.

a0

aI

a0

h (x x x2 fr x 5 x(3.18a)

b 
1

b 2

a1
a
2

I-0 0 0 1 x x forx >x (3.18b)
bO - 2-3

'h ca.se of five points leads to the general pattern. We use two

pIr,tbo is at the ends ais in the four point case and one intermediate

parIJ0I.1 that goes through one point and is tangent to the other parabolas.

Fi r x x 2-3 (x 2  x )/2 -

-10-



2

h(x) = a 0 + a x + a x (3.19)

h'(x) = a ' 2a2 x (3.20)

V,,r x2-3 x x3- 4 - (x 3 '+ x4)/2

h(x) = b0 + b I x + b2 x (3.21)

h'(x) = b I + 2b2 x (3.22)

Finally, for x > x3 4

2I

h(x) c 0 + c I x + c 2 x (3.23)

1 2
h'(x) =c 1 + Zc 2 x (3.24)

The nine coefficients are found from the solution of

1 x x I  0 0 0 0 0 0 a0 1 0 0 0 0

Sx 2  X2  00 0 0 0 0 a1  0 1 0 0 0
22I x 2 X_ 3  - -x 2 3  x. 3  0 0 0 a2  0 0 0 0 0 h

0 1 b 0 0 00 1h

(JI" C) I x 3 -4  x 3 -4  -1 00000 -xh_

00 . -3) I 2x 3 4  0-1 -2x 3 .4  c0  00000 h

x) 0 0 0 I 0 0 1 0

00 0 0 0 0 c 2  0 0 01

(3.25)

I.[ "11,-
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The general pattern is indicated by the partitioning. The equations for

six or more points may be written by inspection. The equation for the

curve may be written in the form

a0

aI

a 2

h(x x 3 ) x x 2 0000001

h(x23 [ x 3- 4  0 0 01 xx 2 0 00 b 2  (3.26)

h x -) 0 ] b3

The curves that are obtained from this procedure resemble the

deflection curve of a beam over multiple deflected supports. If only one

support is deflected the curve damps out as the distance from the de-
flected support is increased. Some examples of the surface fits are

shown in Figures -3.2 - 3.4.

The foregoing procedure may be summarized formally by re-

writing Eq. 3.25 as

[r(x) {a ) B(x)] {ha) (3.,27)

-inIl l('. 3.26 a;s

{h(x)) [C(x)1 far) (3.28)

The delion ;it ;in arbitrary location is found in terms of the AIC

( :o-,rol point dieflections by combining Eqs. 3.27 and 3.28.

-12-- !



I ~TYPICAL (W) MATRI DELCTION PATTERN

FOR A UNIT DIsPLACMENT, AT A

II

*1.

Figure 3.2
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TYPICAL (W) MATRIX DEFLECTION PATTERN 3
FOR A UNIT DISPLAC~4ENT AT B

I,
Iv.
I?
I
I
I
I
r
'I

K

I
Figure 3.3 I

I
I
I
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TYPICAL (W) NATRIX DEFLECTION PATTERN

FOR A UNIT DISPLACEMENT AT C

jI A

I :1
I
I

I
I
I

I
I
-~1
I

I Figure 3.4

&

'U
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{h(x)) C(x)] [T(xa ]  [B(x)] {h} (3.29) I
* The downwash is the substantial derivative of Eq. 3.29.

I
k

{h(x)) + i r {h(x)) (3.30b)

= r

The derivative of Eq.3.29 is

. {h(x)) = [C'(x)] [T(xa) ] -1 [B(X) ] {h} (3.31)

where [C'(x)] is the matrix of derivatives of C(x).

We next conside," the interpolation in the spanwise direction. We

have already defined {ha) as the set of AIC control point deflections.

Since the collocation points in the lifting surface theory have different

chordwise and spanwise locations, we introduce the matrix {hb) of de-

flections on the AIC strip centerline at the fractional chord locations of

the lifting surface theory collocation points. Interpolation among the

{hb) on all of the strips then leads to the lifting surface theory colloca-

tion point deflections {hc). The substantial derivative matrix is then

defined by

a k
W ) {hc + i b.{he} (3.32)

r

The chor(Iwise interpolation leads to

h) "[C(x 1 )] I'I(xall' 1 B(x )l {h (3.33)

a iua

hI ' IG'lX1 ] I'r1()1 1  I B(x )] {h (3.34) -

-16- j
two?



J Then the spanwise interpolation leads to

{h1=[Cy) [TY)* [ya) hb} (3.35)

and

-j- =c [C(yc)] (T(y)]-' [By) {h~)(.6

The required matrix [W] fWR + i [ Wl] is found by combining Eqs.

3.32 -3.36. The real'and imaginary parts appear forallyX as

RI [B~yca)a] (3.37)

and

[W]rk/) [C(yc)1 ITYa)] [B(ya)] [G(xb] [(xa)IV [Ba

The formalism may be illustrated simply by considering two strips with

4 AIC points and 4 aerodynamic collocation points as shown in Fig-

ure 3.5.

CMJ

r'

Figure 3.5

I17



On the two strips

Ih I x [ x4 0 1 h

bl ri Xbl ri2 o al

1 121

h , I
311b 3  a3 1a3

hb 1 x I

The slopes on the two strips are I

1 0Sh{ o1 1 :x I: I ::1

7-x hI 0 1j ) 10 1 1 x h a 3

. -18-
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I

Combining the deflections yields a partitioned form

h h

hb r : 1 ha1
2 1 1 h2h h

hb a4

The spanwise interpolation on the two spanwise lines gives
hFI- h]

on the forward line and

form but also recllirea a row rearrangement matrix to order the fhbl

prore r ly

44

h ~ 31I

b
4)4

Lh pnieitroaino tetosaws ie ie



I

h1c 0 0 h b

1 1h 0010

h3 0 Y 0

C4 4

Y'I IRI h

h b 2
h Ihb

The same procedure is used for the slopes. We note that Eqs. 3.37 and

3.38 must be generalized to include the row rearrangement matrix, and

the formal equations for the real and imaginary parts of the substantial j
differentiation matrix become

IWI C(c) T(a1 [ B() jR[C'(xb)I IT (xa)I -1 IB (xa)I

and I

1W I1 = (k r/b r) IC(yc)i IT (ya) I' IB (ya) I IRI IC(xb)I IT (xa)I - IB~xa~I

whore the format of each factor is illustrated in the above example.

TI'I' INTIGRATION MATRIX [B] j

'eI Intejrrntlon matrix converts the pressure distribution on

#,i'h intrip into an equivalent system of concentrated forces at the I
AC ent.rol polts by integrating the pressure spanwise and chord-

wine In thea regioni of each AIC control point. I
-20-
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The integration of the pressure coefficient, Ea.3.2 in the region

of the AIC point leads to the force

F = qf C 9) dn (3.39)

IeI.LIn 'I = con 4) nnd Cos 0 In Eqn. 3.2 nrid 3.7 we obtmir,

0a 4o

F q gin sine P (a)) d4 (10 (3.39A)

where O. and 0 denote the chordwise angular measure of' the forwnrd

and aft locations, respectively, of the pressure region, and 4) and 0o

denote the spanwine angular measure of the inboard and outboard end,

respectively, of the strip. If we define the spanwise integral

40
Im (M i 01 )  sin 2 P ( -  d (3.39B)

,nri the chordwise integrnl

Jn ( i ) sinO n ( f ) dO (3.39C)

then the force from the ran mode is

.S rtm n (3.39D)

tn I IIl.1i. )f il

iild Iii ,n l.rlx Von.

(1:. n n ru / (3.39E)

:o tint, Lhe UriI.pirnt.Ion mntrix {BJ is given by

-" , n  f' n)1  (3.39F)

-21-



The integrals are easily evaluated. Consider first the rpanwise

integration. In terms of the spanwise angular coordinate € we note

P (n) =1.0 (3.40)
0

( J,, U 1 - (qi-)[
2

= cos 0 sin m 0/sin , 1 s m (3.40A)

Then 0

10 (i, o = sin2  do

(Cos-i12

-o cos& - "-_ao + 1- n40 ) (3.40B)

For nai

1' r 2
I~n J i Silcos $ sn modo (3,40C)

from which o

2 2
= i Cos 0 do

in
432 21 3/2

= " -+0 (3.40C)

nn'J ror in "I, 3,

sid V r 1 .1,I \

~ f . sin (mn -1) 00 sin (m -1) 0,j ((3.40D)'''I

T,7i -1 sin (mn +1)0 sin (m +1) 0

L si (m -3) 00 - sin (mn -3) 01.

sin (m +3) 0o - sin (m +3) Oim 32-

-22-



I
NOTE: sin no = 2 cos 0 sin (n -1) -sin (n -2) (3.40E)

so that sin no = 2j 0 sin (n -1) 0 0  sin (n -2) o

and sin no, 2 1. sin (n-1) sin (n -2)

Finally,

25/2 5/2
13 = 3 1~ I-SO U( -. 90 2 11 (1i 2~ (3.40D)

3 L

IiT~ 0 v

,lCos--o "1 0 Cos-n - 1(Do "q h

- 1 _o  2)3/2 - (j--23/21

Consider next the chordwise integral. In terms of the chordwise

angular coordinate $ we note

nf (3.41)

fn (  = sin n,n 1 (3.42)

1o ( £1' ga ) f (1 - cos 0) d 0 (3.43)

:: CO,",- - -O I f .

COSCosl a

For n I

1 2 1) sin (n -1) Oa - sin (n -1) Of ] (3.44)

- 2 1) [ sin (n +1) Oa - sin (n +1) Of ]
mid 'or n I

'I c ..- cos - 2, + EE

I-23

[ -23-



To illustrate the format of I'B J consider the s strip

[B = m (n a) 'n (3.46)

Im 6 n N

where _ s denotes the midpoint of the s
th strip, and i, i' "' NC

denote the first through NC chordwise forces on the strip. Generalizing f
to iS strips and illustrating the dependence on n and m we have I

[B] (3.47)

0o (1 a 0 2) 1 1 1

Io CalI J. Nd I1 1/i A.1 1 NC)

10 (212 ) Jo ( g) I1 (a 2 )'Jl( ) I
1I0 (L12) Jo ( 9Nd)  1(2 1 1 (  W )

1o 0(-NS) 1o 0 1)  1 ( !I NS ) J 1 1) I

o (M) NC I (NS)l N NS (Ns-NS 24C)

-24-
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DERIVATION OF SONIC AND SUPERSONIC AERODYNAMIC INFLUENCE COEFFICIENTS

The supersonic Mach box method was developed by Zartarian and

Hsu 4 and extended to intersecting planar lifting surfaces by Moore and

Andrew . The sonic box method was developed by Rodemich and Andrew

A further extension to the wing-tail combination was made by Moore

and Park2 and refined by Andrew3 . (NOTE: These references are out-

lined in Part I, Section A for the sonic case, and in Part VI, Section A

for the nupersonic case.

The box methods lead to the velocity potentials whose streanvise

substnntial derivative gives the pressure coefficient. The soi-tio., for

I the velocity potentials may be written [cf. Eq. (7)

I =[|lj fw/Vj (3.48)

The pressure coefficients are given byU
., (2/a M) IWal 10) (3.49)I

where IW al is the substantial derivative evaluated at the box centers.

I Since the boxes are all small the aerodynamic force on the boxes are

approximately given by the product of the box pressure and its area.

I The forces on a strip (assumed to be narrow) are regarded as acting at

the strip centerline and at the chordwise centerline of each spanwise

line of boxes, and are found by summing spanwise the contribution of

eiL(:h box to the strip.

I (a} q [A] C P (3.50)

J The elementn of' the diagonal area matrix [A] consist of the appropriate

box ,,ren or fractions thereof lying on the strip from each spanwise line

I-25-
i



The box forces are converted into AIC control point forces by the

static equivalence of the box forces in the region of each control point,

i.e., the control points are assumed to be connected by a series of

simple beams, hinged at each control point, so that the AIC control point [
forces are the reactions to the box forces distributed along the series

of beams. This leads to approximate generalized forces since this r
method of representing the chordwise deflections is not consistent with

that used in the [W] matrix. However, it leads to a more physically

meaningful distribution of AIC forces, and the resulting approximation

to the generalized forces in an arbitrary vibration mode is sufficiently

accurate. Denoting the statically equivalent transformation matrix by 1
[ T we have the AIC forces

F[T] Fj(3.51a) I
q[T]AI (3.51b)

If the foregoing equations are combined, including Eq. 3.8, the

AIC control forces are related to the control point deflections through

F  (2q/aM) [T] [A] [Wa] [A,,] [w] t (3.52) 1
and leads to the AIC's by comparison with Eq. 3.1. 1

2
[Ch ] (1/a M krs) [T [A] [Wa] [AM al [W] (3.53) 1

-

-26- 3
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PART IV - SECTION A

TECHNICAL DISCUSSION OF TI!E SUBSONICI KERNEL FUNCTION MTBD

19 INTRODUCTION

In defining aerodynamic influence coefficients, the aerodynamic

loads are first derived by the well documented "Kernel function" method,

and the resulting loads are then converted to aerodynamic influence

coefficients. The procedure followed uses results from any of the

I pertinent papers, and extends the analysis to cover the problem of

tandem surfaces.

I The first published numerical procedure for solving the subsonic

pressure distribution problem for isolated planar lifting surfaces under-

I going simple harmonic motion was developed at NASA's Langley Research

Center by Watkins, Runyan, and Woolston (Reference 1). Hsu (Reference 7)

if significantly advanced the logical development of the method when he

established an optimum set of collocation and integration points.

Rodemich (Reference 8), and later Landahl (Reference 9), have presented

I expressions for the kernel that are very much simpler than those previously

used, and they ta! e less time to evaluate. A further advance was made

by Rodden and Revell (Reference 10), who described the matching of the

boundary conditions with the least squared error. Rowe (Reference 11)

J has shown that to obtain sufficiently accurate results using Hsu's

procedure, an extremely large number of collocation points must be used

and wh,.n thin is done, using the spanwise pressure function that Hsu and

W.,t.kinr" ued, the downwash matrix becomes ill-conditioned. Rowe overcame

trJ r. prob] m by us I ng a Fourier series for the spanwise pressure function.

I Th,, Iroen"t method uses Hou'n net of collocation points, Rodemich's

,.xpretsrvi for .he k,,rnel, Rodden and Re:vell's idea for matching the

thouI (nry nondiftons, nzid, like Rowe does, it uses an orthogonal set of

I'ii,,tlon: lPor Lhe spanwlse pressure function. However, the present method

t I iu' l.e1.se developments Jn a way that has not been previously published.

The. techniques employed result in speeds and accuracy not previously

I -27-
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TANDEM SURFACE VIBRATION IN SUBSONIC FLOW

The method presented herein was developed for application to a
missile with a very low aspect ratio, trapeioidal wing and a downstream

rectangular control surface lying in the wake of the wing.

The diameter of the body of the missile is considered large enough to

act as a reflection plane for acoustic signals that emanate from points

on the lifting surfaces.

The problem to be considered is that of determining the air loads
on the wing and control surface which are induced by a simple harmonic

motion. The surrounding fluid is assumed to be compressible, inviscid

isentropic, and iotational. The perturbation potential is used, and

the problei is further linearized by applying boundary conditions at

the mean (z - o) surface. Thickness effects are ignored. With these

hypothesis, it is well known that an integral relation exists between

the pressure discontinuity over the surface z - 0 and the dounwash

over the same plane. If the downwash and pressure difference are

representable in the form

1 (x, 0, t)= W (x, y)ei~ t

AP, (x, y, 0, t) = AP (x, y)e iwt (4.)
API

The integral relation becomes

Si" Y) APj F,,

The integral extends over the plane z - 0, but the integrrand is

ter except over the wing and control surface. The kernel function K is

stnngly singular and integration in a spanwise direction requires the

ur.r of' the flnlLe part concept. This is indicated by the cross on the

ltitegrntlon nign. Equation (4.2) then represents the integral equation

of L,he sy.ntem wherein, given W (x, y) over the wing and control surface,

4P munt t.hen be determined.



I

The function .K (k, M, x-,, y-n ) is represented here in the

form

K e U K
(Y -(4') .3)

where

K,_ .k, K, (kl)_ (- ) eik I i

R (4.4

1 -kW U -i kU

+ i k WJkl dW + i k, edu +-2-
0 o

and R +-)2  p2 r.2

r~ y

k = ___rI

'I U

u 14R - 0x -- 9
S2 r

M = Mach number

22

KI (k is the modified Bessel function of the second kind of order

one nnd nrgument kI .

This l om, for the kernel function hns been used in References 8 and

9. While It In not Identical to that of Reference 1, it may be obtained

directly 1'rom that equation by substitution of the integral representation

ofL .he modified Bessel and Struve functions. The second order singularity

In the npanwine vnrioble in Equation(4.3) requires the use of the "finite

part" Liechnique of Hadamard.
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PRESSURE DISTRIBUTION

As in many earlier studies, the pressure distribution is approxi-

mated as the sum of a series of functions which have the proper behavior

as inferred from steady state and two-dimensional solutions. This behavior

includes a Kutta condition at the trailing edge, a square root singularity

at the leading edge, and a half ordered zero at the top for each surface.

The pressure distribution on each surface is then approximated in the form i

2n=O m--O

I
where

1.0 = 2 . .

U 0W = 1.0
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The functions Un are Chebyshev Polynomials and are introduced for

purposes of convenience.

For a trapezoidal wing, the lines constant and q- constant are

not orthogonal. This transformation maps each surface into a square in Its

( , fl) plane.

The fundamental integral Equation (4.2) is inverted by substituting

Equation (4.5) into Equation (4.1), and determining the coefficLent anm

so that Equation (4.2) is equilibrated at a designated set of collocation

points. This equilibrium is represented schematically in the form

I (~&) (w)J

ran W n fac

I

I

The left hand side of Equation (47) represents the prescribed

downwash at the chosen set of collocation points. D a is the effectrim nim

on downwash of the corresponding term in the pressure series expansion.

j The superscripts W and C designate wing and control surface, respectively.

Thv keft superscript on the D's indicate the surface on which the

I t'ol loc'aLlon point is located, the right superscript, the surface over

whIch OhW InLegral is taken. Then Dnm (x, y) is given by

I; 2 f Kl(x-g, Y'q)
P- 1]O (y - d)2  (4.8

I -n
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The integrals izvolved in Euation(4.8) are evaluated by following

the methods of lizu. In thts pro-vdure, the Gauss-kehler quadrature is

used, and the Lollocation points are a-elected by a teftd which is analogous

to using the Gauss-iehler quadrature on the inverse problem.

In brief, thio technique is concerned vith a numerical evaluation

of an integral Ln the form
b

fHb f(xl1

Where W (x) is a given weighting function, f(%) an arbitrary

function, and H are weighting n=bers. The first choice of points Xi

is taken to be thst corresponding to which the approximate integration

would be exact for a polynomial of degree less than or equal to 2n -I.

The integration points and weighting numbers are listed in Kopel (Reference

12) page 283. They are; for

+I
(c(3) +X)

w~xj -~± ~ 1 .x)( ab) . (-x.,.1)

c Cos ' -

n + 1n+1

-- -p -4 -.o !LL...±±
j n+

h 2n + I 2n + 1

I
9ZI
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The inner integral of Equation (4.8 is then evaluated by using

the third of Equation (4.9), With the preViously defined notation then

+1 L

1 3_:4- (?d tFQ (4.10)

k=l

where k 1 -Ck

Hsu pointed out that if the collocation points are interdigitated accord-

ing to the formula

-oo 2j
11 2L+ 1

the inner integral is evaluated with the least squared error by Equation

(4.10).

This minimization was of course achieved for a single surface, but

the convention was retained for the tandem surface model.

-33-
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Hsu did not take advantage of the fact that the number of

collocation points does not need to be as great as the number of integratio I
points. In the present method the computer program user may specify the

number of integration points to be any positive integer times the number

of chordwise collocation points, so long as the number of integration

points is 40 or less. Sixteen, or more, chordwise integration points

are recommended. Accurate results can be assured only if the user

specified a sufficient number of quadrature points for the integral.

Substitution of Equation (4.10) into Equation (4.8) gives

+i ' I

2 +1.I I
- 2 (--). (4.11

where

L
G 2 Tt 2

The integral for D is singular. The Gauss-Mehler technique is

again followed. This time the first of Equations (4.9) is used to perform

the integration, and the finite part modification is introduced. With

thae constraints, Hsu has shown that the evaluation for D becomes
M+1 2 1

Dn = "8 1 p (y-q p) I

- Tr (M+1) G (xO)J
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I
and x

I
G(x 0) 2f mXn()etx-

When the collocation point lies on the control surface this integral

Is taken over the wing, from the leading edge ( E = -1) to the trailing

edge ( t = +1), and over the control surface, from the leading edge to the

collocation point ( = x). The integrand of this expression does not

vary widely over the region of integration and is evaluated with sufficient

I accuracy by a six-point quadrature formula. It has been made a part of

the computer program and may not be controlled by the user.

-|
I
I

I

I
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PART IV - SECTION B

SUBSONIC AIC COMPUTER PROGRAM DESCRIPTION

A FORTRAN IV computer program is presented which computes subsonic

unsteady aerodynamic influence coefficients for a variety of tandem coplanar

lifting surface configurations. The computer solution is based on a kernel

function formulation which satisfies the linearized equations of motion of an

inviscid, isentropic, compressible and irrotational fluid. The analysis is I
extended to include interaction effects between tandem surfaces and wake effects

on the trailing surface.

The various configurations which can be analyzed are shown in Figure 4.1.

The vehicle body is considered as a reflection plane for acoustic signals

emanating from the aerodynamic surfaces thereby giving the surfaces a plane

of symmetry, parallel to the free-stream flow. The upstream surface (wing)

must have an unswept trailing edge and the rectangular trailing surface must

have the same spanwise dimension as the trailing edge of the wing. The dcn-

stream surface lies in the wake of the wing; any non-negative value may be used J
for the gap dimension. A single surface cannot be analyzed, however, an option

is provided which eliminates interaction effects. Thus it is possible to generate J
AIC's for individual surfaces isolated from disturbances in the flow field.

The program allows up to 40 AIC control points, 20 per surface. The AIC

stations must satisfy the following requirements:

(1) Both surfaces must have the same number of spanwise rows of control

points. The chordwise location of respective rows on the surfaces need

not be the same.

(2) The chordwise rows must be parallel to the flow stream.

(3) The chordwise rows on a surface must have the same number of control points.

(4) The control points in each spanwise row must have the same fractional J
chord location.

(5) The minimum number of chordwise or spanwise control points for a surface

is two and the maximum number is ten.

(6) rh origin for the AIC station coordinates and the geometric coordinates

l'or t he planform must be at the leading edge root of the wing.

lH.xpl ti of acceptable AIC control point patterns for the subsonic program

in "e IIIIINIratud Itn Figure 4.. 

I
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TRAPZOIDA/L DELTA

?1t
- ' C!',:A C :VPEZ)l DELTA (CPOPPED) RECTANGULAR

FiGuRE. 4.1 -TANDP)1 COPLANAR coNFGUAiommo AT sBsoI~ic MACH ?mmER
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i e computer program consists of a main program (MAIN) and 24 subroutines

and functions subprograms. Execution begins with 1AIN calling KFDA which reads

input data and stores this information in core. The program then calls TRAMP

which generates the substantial derivative matrix, (Vi. The [w] matrix serves

two functions. It relates the collocation stations of the unsteady aerodynamics

to the control stations of the AIC matrix and it serves as a substantial

derivative operator. Subroutines called by TRAMP are CMAT, SMAT, ThAT, BMAT,

RMAT and MINV.

The next item computed is the kernel function matrix, I. The subroutine

CORD is called for each unsteady aerodynamic collocation station and constructs

the kernel function matrix which is dependent only on the relative location of

the collocation stations and the Mach number-reduced frequency combination.

The pressure coefficients ta =I are found from the relation

The program has been written such that the number of spanwise and chordwise

pressure coefficient terms and the number of spanwise and chordwise collocation

stations for the unsteady aerodynamics matches the respective number of AIC

control points on each surface. Thus the Kernel function matrix is square and

its inverse is computed directly. The subroutines employed for this operaticon

are CGRED and XLSQ.

After deriving the pressure coefficients, the pressure terms are integrated

spanwise and chordwise to obtain the force acting at each AIC control station.

The resulting matrix, after it is multiplied by a non-dimensionalizing factor,

is the final AIC matrix, 'iChJ. By defE itt=-nthe,AI, uAtrix relates forces to

displacements through the equation

tF} io 2 b 2 t h

The semi-chord of the wing root is used hs the reference chord, b r . s is the

sumi-span oC the wing (and tail) and W is the oscillatory frequency in radians/

lice. riihis final phase of the subsonic AIC development uses the subroutines AICS,

IORCHE, ARCCOS, MINJ'S, and MINTC.
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1.0 PROCESSING REQUIRIMETS

The input and output files used by the program are 05 and 06, respectively. I
All read and write statements are contained in the main program (MAIN) and the

subroutines KFDA and KOUT. Peripheral tape and disc units are not used by the

program. Approximately 40,000 cells of core storage is required. A standard

input form of six 12-column fields per card is used by the program. Floating

point numbers (6E12.5 format) may lie anywhere within the appropriate field,

but fixed point numbers (6112 format) must be right adjusted. Detailed

instructions for data input are given and listings of data for sample problems

are provided.

-I
I
I
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2.0 INPUT INSTRUCTIONS

Instructions for preparing input data for the subsonic AIC computer program

are presented here. The field location and format for each input quantity is

specified. Any set of units may be used for geometric dimensions and acoustic

velocity as long as they are consistent, e.g., if feet is used for length then

the acoustic velocity must have dimensions of feet per second.

1. Streamwise Coordinates (6E12.5 format)

Column 1-12 13-24 125-36 37-48 49-60 61-72

Name X(l) X(2) X(3) X(4) _X_(5)_

Item () (2) (3) (4) (5)

(1) X(1) Wing root leading edge streamwise coordinate
(2) X(2) Wing tip leading edge streanwise coordinate
(3) X(3) Wing trailing edge streamwise coordinate
(4) X(4) Control surface leading edge streamwise coordinate
(5) X(5) Control surface trailing edge streamwise coordinate

The technique for generating various configurations is sho-n in Table 4.1.

The origin for the planform and AIC station coordinates must be at the
leading edge root of the wing therefore X(l) and Y(i), described below,
must always be 0.0.

2. Spanwise Coordinates and Acoustic Velocity (6E12.5 format)

Column 1-12 13-24 25-36 37-48 49-60 61-72
Name -Y(1) Y(2) Y(3) SOUND

Item (1) (2) (3) (4)

(1) Y(l) Wing root spanwise coordinate
(2) Y(2) Wing leading edge spanvise coordinate
(3) Y(3) Wing (and control surface) tip spanwise coordinate
(4) SOUND Acoustic velocity for altitude at which analysis is performed



Ii
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I
r TABLE 4.1 - OPTIONAL CONEIGIRTIONS

Configuration Chordwise Coordinates Spanwise Coordinates

Rectangular X(1) = 0.0 Y(1) = 0.0
X(2) = 0.0 Y(2) = 0.0
X(3) > 0.0' Y(3) -- 0.0
X(4) > X(3)
X(5) > X(4)

Delta X(I) = 0.0 Y(1) - 0.0
X(2) > 0.0 Y(2) = 0.0
X(3) = X(2) Y(3) > 0.0
X(4) > X(3)
X(5) > X(4)

Trapezoidal X(l) = 0.0 Y(1) = 0.0
X(2) > 0.0 Y(2) > 0.0
X(3) = X(2) Y(3) > Y(2)
X(4) > X(3)
X(5) > X(4)

Trapezoidal X(1) = 0.0 Y(1) = 0.0
(Cropped) X(2) > X(l) Y(2) > 0.0

X(3) > X(2) Y(3) > Y(2)
X(4) > X(3)
X(5) > X(4)

Delta X(1) . 0.0 Y(1) = 0.0
(Cropped) X(2) > 0.0 Y(2) = 0.0

X(3) > X(2) Y(3) > Y(2)
X(4) > X(3)
X(5) > X(4)

I



3. General Information (6112 format)

Column 1 13-24 . 25-36 37-48 49-60 61-72
Name 14AH KF NFRE2 LCOLL LPUNCH

Item2 (3 (4) 5

(1) NMACH Number of Mach numbers (max. 6)

(2) U Option to input either frequencies or reduced frequencies:
KF = 0 frequencies
KF = 1 reduced frequencies

(3) NFREQ Number of frequencies or reduced frequencies at each Mach
number (max. 10)

(4) LCOLL Option to print aerodynamic and AIC collocation station I
coordinates:

LCOLL = 0 do not print
LCOLL = 1 print collocation station coordinates I

(5) LPUNCH Option to punch AIC matrix on cards:
LPUNCH = 0 do not punch

LPUNCH - 1 punch AIC matrix for wing only
LPUNCH = 2 punch AIC matrix for control surface only
LPUNCH - 3 punch individual AIC matrix for wing and

control surface
LPUNCH = 4 punch total AIC matrix of combined wing and

control surface

The AIC matrix is punched by rows with a IP6EI2.5 format. Each row of
the matrix begins on a new card.

-

I
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I
4. General Information (6112 format)

Column 1-12 13-24 25-36 37-48 49-60 61-72

Name NWCX CCX INIONCX .NIY ISOLAT

Item (1) 1(2) 1(3) (4) 10)

(1) NWCX Number of cbordwise collocation stations on wing (25NWCX: 10)

(2) NCCX Number of chordwise collocation stations on control surface
(25 NCCX 10)

(3) NIONCX Factor for number of chordwise integration stations. Set
NIONCX such that NIONCX*NWCX and NIONCX*NCCX are greater
than 15 (but less than 40) to insure sufficient quadrature
points for accurate integration of the Kernel function. If
AIC's are desired for, say, the wing only, set NIONCX such
that NIONCX*NWCX is greater than 15 and set NCCX equal to 2
to minimize computing time.

(4) NIY Number of spanwise collocation stations (wing and control 4

surface)

(5) ISOLAT Option to isolate wing and control surface:
ISOLAT = 0 interference and gap effects considered
ISOLAT - 1 surfaces are isolated. AIC's will be for

individual surfaces with no coupling effects.

5. Mach Numbers (6E12.5 format)

Column 1-12 13-24 25-36 37-48 49-60 61-72

Name FMACH(1)FMACH(2) FMACH(3) FMACH(4) FMACH(5) FMACH(6)

Item K1) (2) (3) (4) (5) (6)

(1) FMACH (1) Mach number

(2) FMACH (2) Mach number

(NWACH) FMACH(NMACH) Mach number

NMACH values of Mach number must be input (see Part 3, Item I). Mach
numbers must be greater than zero and less than 0.95.
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6. Frequencies or Reduced Frequencies (6E12.5 format) -

Column 1-12 13-24 25-36 37-48 49-60 61-72
Name FREQ(1) FREQ(2) IFRQ(3) FREQ(4) FREQ(5) FREQ(6)

Item (1) (2) (3) (4) (5) (6)

If KF=O,input NFREQ values of frequency (cps). If KF=I, input

NFREQ values of reduced frequency (k ujb /U where b = semi-chord of wing
r r r

root, U - free stream velocity, and w.moscillatory angular frequency in

radians/sec). Frequencies (and reduced frequencies) may not be zero.

(I) hU1(1) f(cps) or k,

(2) FREQ(2)

(NFREQ) FREQ (NFREQ)

For NFREQ> 6, continue input on new card.

7. Spanwise Location of AIC Stations on Wing (6E12.5 format)

Column 1-12 13-24 25-36 37-48 49-60 61-72

Name IYAIC(l1,W)YAIC (2,W XAIC3,W YAIC(4,W) YAIC(5, YAIC(6,W)

Item (1) (2) 3 (4) (5) (6)

(1) YAIC(l,W) Spanwise coordinate of first row of AIC collocation
stations on wing.

(2) YAIC(2,W) Spanwise coordinate of second row of AIC collocation

Istations on wing.

(NIY) YAIC(NLY,W) Spanwise coordinate of last row of AIC collocation
stations on wing

CollocatLon sLation rows are numbered from root to tip. For NIY > 6,

continue input oF YAIC (7,W) to YAIC(NIY,W) on new card(s).
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I
8. Spanwise Location of AIC Stations on Control Surface (6E12.5 format)

Column 1-12 13-24 25-36 37-48 49-60 61-72
Name YAIC(ICS) VAIC(2,C) YAIC(3.CS) YAIC(4,C YAIC(5,CS YAIC(6,CS)

Item __(1(_ 1 (2) ((4) (5) g6)

(1) YAIC(l,CS) Spanwise coordinate of first row of AIC collocation

stations on control surface.

(2) YAIC(2,CS) ......... ........... second .........

(NIY) YAIC(NIY,CS) . .................. *... last ...........

Collocation station rows are numbered from root to tip. If NIY> 6,
continue input of YAIC(7,CS) to YAIC(NIY,CS) on new card(s).

9. Streamwise Location of AIC Stations on Wing (6E12.5 format)

Column 1-12 13-24 . 25-36 37-48 49-60 61-72

Name XATC(W,I,i) XAIC(W,1.2) XAIC(W, ,3) ......
Item 1 (2) 3) (4) 5 6

(1) XAIC(W,I,1) Streamwise coordinate of first AIC collocation station
in first row on wing.

(2) XAIC(W,l,2) ................... second .........

(NXWING*NYWING)
XAI(,(W,NYWING,NXWING) ..................... last ........ last row.....

SI rcamwise numbering sequence if from leading edge to trailing (see
Figure 4.2). Continue input of values for each row immediately after
the last value of the preceding row, do not begin input of each new
row on new card.

10. Chordwise Location of AIC Stations on Control Surface (6E12.5 format)

(ollimin 1-12 13-24 25-36 37-48 49-60 61-72
Name XAIC(CS, 1,)XAIC(CS,2) XAIC(CS, 1,.3) ... ...

I tem () 1 (2) (3) _ (4) (5) 6

P'roe.dire, to input streamwise coordinate location of AIC stations
,m cciLrol fiurface is the same as wing.
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3.0 Sample Problems

Three sample problems are given to demonstrate the operation of the

subsonic AIC program and to illustrate the options available. Trapezoidal,

cropped trapezoidal, and delta configurations are analyzed. Explanation of

input parameters and computer listings of input data cards and computer output

are given for each problem.

Sample Problem 1

A cropped Delta wing-rectangular control surface combination is analyzed for

M = 0.5 and k = 0.10. The planform geometry and AIC control station locations

are shown in Figure 4.4. The dimensional unit used for length is feet for ti;.a

particular case, therefore the acoustic velocity is entered with units of feet

per second. NIONCX is set equal to 8 which makes NIONCX*NWCX and NIONCX*NCCX j
greater than 15, thereby insuring sufficient chordwise quadrature points for

accurate chordwise integration of the kernel function.

The surfaces have 5 spanwise collocation stations and the wing has 3

chordwise stations while the control surface has 2 chordwise stations.

Summarized below are input parameters. A listing of the data input cards and

computer output follows.

X(1) = 0.0' X(2) = 1.0' X(3) = 2.0' X(4) - 3.0' X(5) = 4.0'

Y(1) = 0.0' Y(2) = 0.0' Y(3) = 2.0'

SOUND = 1116.87 ft/sec (analysis for bea level)

NMACH = 1 number of Mach numbers

KF 1 Input reduced frequency

NFREQ = I Number of reduced frequencies

LCOLL = 1 Print collocation station coordinates

LPUNCH = 4 Punch total AIC matrix on cards
NWCX =3 Number of chordwise AIC collocation stations on wing
NCCX 2 Number of chordwise AIC collocation stations on

control surface

NIONCX = 8 Factor for determining number of chordwise integration 3
stations

NIY -- 5 Number of spanwise AIC collocation stations

ISOIAT - 0 Surfaces are not isolated

I.7MAC11(.) 0.5 Mach number

II IWQ(I) - 0.1 Reduced frequency
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t YAIC(1,W) = 0.2' YAIC(2,W) = 0.6' YAIC(3,W) 10
YAIC(4,W) w 1.4' YAIC(5,W) =1.8'

YAIC(1,CS) = 0.1' YAIC(2,CS) = 0.5' YAIC(3,CS) =1.0'

YAIC(4,CS) = 1.5' YAIC(5,CS) = 1.9'

XAIC(l,1,W) -0.575' XAIC(1,2,W) - 1.050' XAIC(1,3,W) 1.525'
XAIC(-2,1,W) =0.725' XAIC(2,2,W) = 1.150' XAIC(2,3,W) =1.575'

XAIC(3,1,t4) =0,875' XAIC(3,2,W) = 1.250' XAIC(3,3,W) =1.625'

XAIC(4,1,W) =1.025' XAIC(4,2,W) = 1.350' XAIC(4,3,W) = 1.675'
XAIC(5,1,W) 1.175' XAIC(5,2,W) 1.450' XAIC(5,3,W) = 1.7251

XAIC(1,1,CS) =3.25' XAIC(1,2,CS) =3.751

XAIC(2,1,CS) =3.25f XAIC(2,2,CS) 3.75'

XAIC(3,l,CS) =3.25' XAIC(3,2,CS) 3.75'

xAIc(4,1,cs) 3.25' XAIC(4,2,CS) =3.75'

XAIC(5,1,CS) =3.25' XAIC(5,2,CS) =3.75'
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I
SaLmple Problem 2

A cropped trapezoidal wing is analyzed for M 0.5 and k = 0.10. Sixice

the subsonic AIC program requires a control surface, a dmmy surface is added

with a minimal number of chordwise collocation stations (2) to minimize

computing time. The surfaces are isolated and the option LPUNCH is input as

1 to punch the AIC matrix for the wing only. The wing has 4 chordwise and 4

spanwise collocation stations. Planform geometry and AIC control station

locations are shown in Figure 4.6. Summarized below are input paramecers. A

listing of the data input cards and computer output follows.

X(l) = 0.0' X(2) = 1.0' X(3) = 2.0' X(4) - 3.0' X(5) = 4.0'

Y(l) = 0.0' Y(2) = 1.0' Y(3) = 2.0'

SOUND = 1116.87 ft/sec

NMACH = I Number of Mach numbers

KF = 1 Input reduced frequency

NFREQ = 1 Number of reduced frequencies

LCOLL = I Print collocation station coordinates

LPUNCH = I Punch AIC matrix for wing

NWCX = 4 Number of chordwise AIC collocation stations on wing

NCCX = 2 Number of chordwise AIC collocation stations on
control surface

NIONCX = 4 Factor for determining number of chordwise integration
stations

NIY = 4 Number of spanwise AIC collocation stations

ISOLAT = I Isolate wing and control surface

FMACH (1) = 0.5 Mach number

FREQ(1) = 0.10 Reduced frequency

YAIC(I,W) - 0.2' YAIC(2,W) - 0.7' YAIC(3,W) = 1.3'

YAIC(4,W) - 1.8'

YAIC(1,(:S) - 0.2' YAIC(2,CS) 0.7' YAIC(3,CS) = 1.3'

YAIC(4,CS) - 1.8'

, -61-



XA2LC(1,1,W) -0.10' XAIC(1,2,W) 0.70' XAIC(1,3,W) = 1.30'

XAWC(1,4W) 190

XAIC(2,1,W) - 0.10' XAIC(2,2,W) -0.70' XAIC(2,3,W) =1.30'

XAIC(2,4,W) - 1.90'

XAIC(3,1,W) - 0.38' XATC(3,2,W) - 0.90' XAIC(3,3,W) = 1.405'

XAIC(3,4,W) - 1.915'

XAIC(4,1,W) -0.86' XAIO(4t2,W) - 1.22' XAIC(4,3,W) = 1.58'

XAIC(4,4,W) - 1.94'

xAic(1,1,CS) =3.25' XAIC(1,2,CS) - 3.75t

X&,IC(2,1,CS) = 3.25' XAIC(2,2,CS) -3.75'

XWEC(3,1,CS) = 3.25' XAIC(3,2,CS) - 3.75'

XAIC(4,1,CS) = 3.25' XAIC(4,2,CS) -E 3.75'

99
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Sample Problem 3

A 450 delta wing-control surface combination is analyzed for M = 0.5 and

f - 5.0 cps. There are 4 spanwise and 4 chordwise AIC control stations for

both the wing and control surface. The planform geometry and AIC control

station locations are shown in Figure4.8. The input parameters are summarized

below and a listing of the data input cards and computer output follows.

X(l) = 0.0' X(2) = 2.0' X(3) = 2.0' X(4) = 3.0' X(5) = 4.0'

Y(l) = 0.0' Y(2) = 0.0' Y(3) = 2.0'

SOUND = 1116.87 ft/sec

NMACH = 1 Number of Mach numbers

KF = 0 Input frequencies

NFREQ = I Number of frequencies

LCOLL = I Print collocation station coordinates

LPUNCH = 4 Punch cards for total AIC matrix

NWCX = 4 Number of chordwise AIC collocation stations on wing

NCCX = 4 Number of chordwise AIC collocation stations on
control surface

NIONCX = 4 Factor for determining number of chordwise integration
stations

NIY = 4 Number of spanwise AIC collocation stations

ISOLAT =0 Surfaces are not isolated

FMACH(1) = 0.5 Mach number

FREQ(l) 5.0 Frequency

YAIC(I,W) = 0.2' YAIC(2,W) 0.6' YAIC(3,W) = 1.0'

YAIC(4,W) - 1.4'

YAIC(],CS) , 0.25' YAIC(2,CS) , 0.75' YAIC(3,CS) - 1.25'

YAIC(4,(CS) - 1.751
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XAIC(1,1,W) - 0.56' XAIC(1,2$w) 0.92' XAIC(1,3,W) =1.28'

XAIC(1.4,W) = 1.64'

XAIC(2,1,W) -0.88' XAIC(2,2,W) 1.16' XAIC(2,3,W) = 1.44'

XAIC(2,4,W) 1.721
XAIC(3,1,W) - 1.20' XAIC(3,2sW) 1.40' XAIC(3,3,W) = 1.60'XAIC (3 4, W) = 1.80'
XAIC(4, I,W) = 1.52' YAIC(4,2,wl) =1.64' XAIC(4,3,W) =1.76' i
XAIC(4,4,W) - 1.88'

XAIC(l,1,CS) =3.125' XAIC(1,2$CS) -3.375' XAIC(1,3,CS) -3.625'
XAXC(1,4,cs) m3.875'

XYA7IC(2,1,s)S' = 3.125f XAIC(2,2,CS) =3.375' XAIC(2,3,,CS) =3.625'
XAIC(2,4,CS) = 3,875'1

XAIC(3,1,CS) = 3.125' XAIC(3,2,CS) - 3.375' XAIC(3,3,CS) = 3.625'
XAIC(3,4,CS) = 3.875'
XAIC(4,1,CS) - 3.125' XAIC(4,2,CS) - 3.375' XAIC(4,3,CS) - 3.625'
XAIC(4,4,CS) = 3.875'
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PART iv- SECTION B4.0

LISTING OF SUBSONIC AIC COMMM12 FROM



I'4dN HA IN
COMPLFX AAA .ANM. (;ThRO. WASH A Ir

3 fIMI NSIO TI 1PC4n.41i),AIC(41.ril").WASH(411),FM(4fl,40)
COMMON/C I/A( 1-i ) AA( 4,$Ill)# ANN( 41.41 ) CZkfRO

HfrnOlht)zrOR(6) wXcmN(1 I ),WOCN( J1 ).-W9IN( 11 iWI (911).
2 X1-.(ii,YEc(.i),OXC(fl).UY(1Ii),WXIMN(lI ),SIX(40 j),S(;X(10.2),

COMMWO/Y(1 I ) .XAICC i",tte.k) ,YAIC(1fi,?).B(4n,41),R( '411.411).

COMNON/C4/CLFN.NGSKRN,NPY, SOUNi',NMACH,NFREO,MAIJG,N!O~iCX,RHO*
6 NmniFS,.LCOLL,LPRWSH,LPRCO,IIY,IIXPNSIRF,ISILAI.FW,FC,
/ Nr:rnS,NOMJT.MACH,XCOL.YCOLL,Piil,OwCX,CXM4,IMOIl,IROW,

8 EM.FV,Re-.NWIX,NCJX.EAON,NWCY. IFRHE1 ,E2,QWY.OWX,
9 SN. WRO,NIY,NWCX,NCCX. NWPXNCPX.NXWING.NYWI,,G,Nxcs,Nyrs
ICOMMON/G5/LPIINCH. KF
1FOIIVALFNCF (AADAIC)D (A,WASH),(FHl,T)

r
WRIIF(A,6h)

SFORMAT(INI)
1 CAl I KrIiA

FW = '*NWIX ,

FC :'*NCIX a1
QWWdX = ?.iv.P[/FW
OWCX= *'.I*PII/r,
OWY =PI/FL0A1(.)*NIY)
CUl GFOM
rAl I TRAMP(NIY.Nwrx,Ncrx,NXWTNr.,NYWIN,NX:S,NYCS,,rbO,SN)
NRS=NIYs (NWCX#NCCX)
NCS=NXW ING*NYwI NG .NXCS*NYCS
110 '(1-1 NIT~i.NRS
00 ;,(' Mlr~i.NrS

7o"" TFrMP(NI7DMIT 1=TR(NIT.MI T)
CALI TRAMP(NI Y. NWI;XNCX, NXWIN0,,NYWING. NXCS,NYCS, I.W'lO.SN)
Wo /01 N1T~j.NRS
00 efi1 MIT=I.NCS

;11-1 TRINI r.MIT)=TFMP(NITHIT)
flo ii MACH=' .NiIAC;H
mArIi MACH
FM FMACH(MA:H)

If F- MIPSOIINl
4011I W11/l1

-, I)1 - I MOFM
CAI I KOIIT (I
IF ([COIL .NF. 11) CALL KOUT()

fIR -- FR
11 (KF* .1. 1) IR Q(TFR)=FRE(IR)ti/(W40O.i.Pl)

r N%11111 I (WINn) OR 2 (CONTROL SlIRrACE)
NCX =NWCX
MOM II 1-
NmniiF-!; t, NXWJNn*NYWINO + NXCS*NYO.S
MAluf. -'NrOLS i NMOI)FS
00i ' J-I .NCOI S

001 ' Kt I 'MAIj9,

4 AA(.K) = 'JFRn 8O
IRnW I89
no sr



14SIIRF NSIJHF
110 14 IY=1 9 N1Y
fly =Iy
IF(INOMJT-t$OMITLT.fl) 60 TO
1F(lY-NO(M)MIT).E0.f) 000 TOi

7 YCOLL =She Y ( IY
no0 iP IX=INrX

IA1 I CORD
no -'.= NI NmflhFS
';R IR(IROW.H)
SI r I(IR0W.M)*FK/WR0
'1t4( NrC0LS H

,P WASMM(NC) =rtiPLX(SR,SI)
DO '.0 N=1 .NC01 S

hnl rAll CGRFD(A.N.N)

IRflw= IROW
12 rON I NUFj

W, TO 14
1 MONIT =MOHIT +1

4CY NCCX
16 CON71NIJF

rhI.1 XLSO
rAtIL AICS
CAIi KIJT (6)
IF (LPIJNCt$ .NE. q) CALL. Ki)tlT(/)

1,;' rONT I NF
GO 10 1
F NI

-go-



cxrIIA I(F Ai
SORROUTINE KroA
CO3MPLEX A, AA#-N. GIFF.WASH, AIC
tJIHINSJO)N AiC(4I111Jf)WASH(40)

C(),wON/ cl/HKF(A 2), ZKEI; R(?) ,FNM c( 'i. ), CZrRO( I ) ON 5 . I e

Xl- ("o YFi(.s) DIDx( 1 0l) - UY( 1 0 )#4X I""((I I) 's I X441 ' SCX%('~t

rOMMON C( 'Ie.4l).TAI(4U,4,hTN(4fAIC1,4U),(4,40)hTIC4Q,41),

rMNON/CA4/(LFN.N()SKRN,NPYSOUNDNMACH,NFRE.IIAUGNO4CX,RHO*
NmnlhiFS..COL.LPRWSHIPRCO,[JY.IIX,NSURF,ISlLA7,Fl4,FC,
Nc;01lS,NuHMITMACHXCOI.L.YrOLL#Pl,U,QwCXCXN,lM(jbi,IROW,

H EM.H(,41-.NWIX,NC!X.CHON,NWCY IrR,E1 ,F2,QWY.QWkXD
SN WRO.NIY.NWCX,NCIX.NWPX,NCPX,NXWINGNYWI'JG,NXCSPNYCS

rjMMON/C5)/LPlINCH. KF
FIJIIIVALENCE (AAvAIC)D (A,WASH)

11 roPmAT(#sFI2.m)
," rPP.ATW6IP)

RE A li I I i ) ( XF () I I 
RFA 11 ( i 1) ( Y1 I) I =:1 3) SOUND

RFAlo (5i, 1;) NMACH.KF.NFREO.LCOLL.LPUNCH
RVAI' , 2 Nwrx.NrCX,NIONCX.NIY.'ISOLAT

NWPY=NWCX
NX I N =WC.X

N XC 5 NCC K
P4W'Y=NI Y
NPYrN I Y
NY I NO;=N IY
NYCS:NI Y
NCO(I S=NPY*(NWPX.N,;PX)
N;: IX=NCC;X*NJONCX
NWt Y=NWCY.NI ONCX
NUTS = NWCY*NWCX o-NIY*NCCX
n)o -f 1 1 NWTS

411 WIC J) = 1.0f

IF CINWTS.NE." ) RFAD(4.l11) CUB!I), 1~1 NWTS)
NrflIS NPY * (NWPX + NCPX)
N(:IY NC(;X*NIONCX
NwIxr NWCX*NJONi:X

A,; N~M I

11 CNW;Y.It Nly) (ton TO 0
NOMIT NIY-Nwry

41I Al I.' Fi CM A CH 1) I , N MA CH)
o~f / I NMA I'll
I I ( M A C II I )I I- .11. 9O A0 TO I
w R I ICI ( I .S3
FOPMA I (/I111 A MACH NIIMRI.R nRFATER THAN 119t HAS H~rN HFAI) IN----

ICAS$ fFRM'INATi))
rAll IXIT

PAi 11. 11 (F*RF~o(I I. =1 ,NFREJ)
RlA~C, ~ I(VA ICC ~i *I I11 NYWING)jF RlAI~ 1101 - YAI C I I~ .1: NYCS)
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RI-n(511 U(XAJID~lJ,?)D l.NxcS).d=I,Nye;S,
IF(NCX-GI40IO.NII~fT.4f) 

GO TO A6lF(NWCX*NWCY'NrCX*NY0j
9 O) 6O TO 86

If fpy~lJQ-.4CPX-rT.0 6 TO 136IF( TuNPT1n R M (?O 5T--fl NPY-GT1 l) O 8,1

CAl. KOtiT5)
RETURN
E.ND
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CKOUT KOIJT
SURPOIJYINE KOIJT(UND)
COMPLEX A,AA.ANM,CZERO.WASHPAIC
DIMFNSION S[IRrc2,2),XPR(50 ),AIC(40,80),WASN(40)
COMMON/CI/A(Rfi),AA(40,80),ANN(40.40),CZEffO
COMMON/C?/HKFR(2i1).ZXER(20),FMACH(f),FREO(1Q),NON(5).IL(5U)*
I H(:OR(6),ZCOR(6).,WXCMN(11),W8CN(11 ),WBIN(Il)hWT(90),
2 XE(5),YE(3),JX(lfl),UY(f) )WXINN(11 ),SIX(40 .2),SCX(1(J.2),
3 ETA(11)

1 C(411,40 ),T(40,40).T(4l,40),TR(404l1.T(4l,4J)
COM4ION/C4/CLFN.NGSKRN,NPY,SOIJNf,NNACNNFREO,MAUG,NIO&ICX,RHO,
6 NMOIFS,LCOLL,LPRWSH,.PRCO,IIYIIXNSURFISALAT,FWFC,

/ NU)I SNOMIT.NACHIXCOLL.YCOLLP,J,QWCX,CXM,MOD,IROJ,
H EMFKR?,NWIX,NCIXDCBON,NWCV. IFR,El,E2,QWY.UWWX,

9 SN. WRO,NIY,NWCX,NCCX.NWPX,NCPXNXWING,NYW'JG.;dXCS,NYCS
COMMION/ C' / LPIJNCH, KI'
F(JIIVALFNCE (AA#AIr.)(A,IIASH),(XPR.IL)
DATA (StRF(l.I),I=1,?)/8H4WIt4G AHTAIL /
40 TO (It~f.,.O6,O.INDl

C .... #. *#.****4~.*~1..*.*O@.9@.5*4

10 XV=XE(5)-XE(4)

A T* 'I ' XV *YE (3)
WRITE(6,I i)EM,SOUND,RHO,XE(l),XE(4)*XE(J3),XV,YE(2),YF-( ),YFC3),

IYE(Ai),XXPXV,AW,AT,NWCY.NIY.NWCX,NCCX,NWIX,NCIX.NPY,NPYDNWPX.NCPX
11 FORMAT(IHI///// 3?X,4tNHUGHES AIRCRAFT CO. SUBSONIC AIC PROGRAM
I ///3/X,31)Hrf WONT CONDITIONS AND GFOMETRY/IHII//15X, i.3HNACH NUMBER
2 =.F8.6,4X,1SHSPED OF SOUND =Flil.3,4H L/T,4X,4HRHO:.E14.8//lHq/
354Y,4HWING,1J X,
3 4HTAIL///7VXI6HL.F. STATION (L),7F?2.3//22X,16HROOT CHORD WL)
4 ?F?.3/I 2?XD16HL.F. SPAN (L),?F?2.S//22X,16HT.E. SPAN (L),
5 ?F?7.// 2?X,16NTIP CHORD (L),7F?2.J//?2X,16HTOTAL AREA (1.1)
6 ?F:2?.3//2?X-1'HSPAN COL.- STA.,119,I2k,//2?X,16HCHnRD COLL. STA.
7 INTO. STA.jI19*12?//2?X9 1614SP&N PRES MODES
f,1Q,I2?//??X,16HCHORD PRES MODkS,119,122)
1F(FMACH(MACH).LE.I1.915) GO TO 115
WR1I F (6,D14)

14 FORMAT(9?H 4 MACH NUMBER GREATER TH4AN 0.95 HAS BEEli USED ----
10SF CAUTION IN APPLYINA CASE RFSULTS)

IF) TF(NOMIT.1:0.l) RFTIURN

I? rORMAr(1Hll.IX,'~lHTHF SPANWISE COLLOCATION STATION(Si OMITTED ON W
1 I NO. 9I1 )

?0l NCX=NWCX
NI X=NWI X

no 150i NS:1,9
WRITF(6,.??)(SIJRF(INS)DIZI.2)
F? ORMA I(IHI ,/ ///AI)XX,':)HHUqHES AIRCRAFT CU. SIJRSONIC Arc PROGRAM (CO
INT-Il) Ii
?:)llY.,53HlJNST[-AllY AkRO COLLOCATION STATION COORDINATFS ON THE 2A6/lH
3011;014 S STA NO,7X*?HYC,8X,/X#1IHXC VALUES--)
00( 121 JY=1.NIY
YC=WRO.SN*YCrY)
f10 ipiO IX:1,N1:X

11 ) PR?( X)=WHO*YS( 1 NS. IX.IY)
1/3. WRITF(6,I;'4) [YYCD(XPR(IX,)DIX=1 .NCX)
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124 FORMAT(JHI,IB,,5Ej7.6/(1H .29X.4Fj7.6))

1115 FORtMAT(lHU,?4X.J9HINTFGRATION STATION COORDINATES ON THE 246/i140t
112" S STA NO,7X,2HY2,8X,7X,I1HXI VALUES--)
DO0 106 IY=1,NIY
YI=WBO*SN*EA(IY)
DO 126 IX~l,NIX

1;06 XPP(IX)=WBO*XS(2,NS,IX,JY)
1116 WIRTE(6,124) IYYlk(XPR(IX),IX=1.NIX)

NC X=NCC X

150 CONTINUE
NXS=NXUING

MYS=NYWI NG

WRITE (6,201) (SURF(IPNS)oI:1,?)
Pu1 FORmAT(lH1,////.3ftX.SHHUOHFS AIRCRAFT CO. SUBSONIC ArC PROGRAM (CO

INT-D) I//
2?8X,4.$HAIC COLLOCATION STATION COORDINATES ON THE 2AA/lHOP
31 9X, 4HVAIC 1 3X.ISHXAIC VALUES--)
Do 2n2 ly.1.NyS
YC=YAIC(IY,NS)

20? WRITE(6,203) YC,(XAIC(IXPIY,NS)PIX=1,NXS)
NYS=NYCS

?00 NXS=NXCS
79)3 FORMAT(1H0*1'X.5E17.6/(1H #29X.4E17*6))

RE TURN

$0 nO 14 NS = l.?
WRITE (6, ?1)FREO( IFR). NMODESFK. EM

21 VORMAT(lH1D51X,4?14MISSILE SUBSONIC AIRLOADS PROGRAM cCONT-D)/I1H/
1 9X,27HOSCILLATORY FREQUENGY (CPS)DFJ2o5,14X,1?u15H rOLL. STATIONS
2 /IHO.8X*3UI4RFDUCED FREQUENCY (SEMI-CHORD),F9.5s14X.23HFREE STREA
3M MACH NUMBER,F9..S/IH)
WRITE(6,31) IMOD

31 FORMAT(31X.4nHPRESSURE COEFFICIENTS FOR COLL. STA. No.13//19XP1HII
21X,10HR COFFF(TItX,I0HI COEFF(I) QX,9HSPAN MODE 3X,iOHC40RJD MOW.)
WRI TE(6, 32 )( SIJRF( KI* NS) ,K 1:1,2)

J. rORMAT(lI40a9X,?A6//)
0O TO(2,3),NS

? NI NWPX
ML =NPY

00 TO 4
3 NI NCPX

MIL zNPY
1K =NWPX*NPY.1

4 nI n I M M = sMIL
DO 0 INN=1.NI
WRITF(A.3.1)IK.ANM(IK, IMOD)hIMM. INN

6 1K Z1K 4 1
.14 C.ON INUJF

RE T 1R1N

40 WRIF(A.41)
41 FORMAT(lHfi,?qX..i8HFRROR IN INPUT DATA (NO TAIL) REOUtRES//21X.19H

*ITERMINATION OF CASE)
* CAII EXIT

C 0WIE65)-4



1)1 VOPMAT(JHJD/AX,6HNUJNIER OF COLLOCATION OR INTFGRATJQN STATIONS OR
I PRFSSURF TERMS//,,1X,P5HIEXCEEOS ALLOWABLE IAXIHUMf///A5Xj1O84CASF IS
2TFPMINATED)
CALL EXIT

60 VEL=Ftl.SOUND
O00.5.RHO*VEL**2
EK1:1.0/EA
REFC=(XE(3)-YF(1)/?.0I WRITE (6p 220) FREOC IFR),REFCEKEKI.EMU,RHO,O

?;1A FORMAT CIHI,1X,,5l1H RUCHES AIRCRAFT CO. SURSONIC AIC PROORAM (CONT

1-D)////9X,2hH OSCILLATORY FREQUENCY (CPS),,4XiPE12.5. /IH0,9X 151RE

2FERFNCF CHORf,4X,1PE12.5./lHfl,QX.3OHREDUCED FREQUENCY (RF. CHORD)
3.4X,IPF1?.5,/1HOi,9X#29HREIJCEO VELOCITY (REF. CHORD) .4X,tPF12. 5,
4/o1 Hli,,9X,?iI4FREF STREAM MACH NUMBFR.4X01PE12.5,/2H9Y,2OHFREE SIRE
5AM VFLOCI TY,4X. tP.?5,/1Hfl,9X,*/HDFNSITY.4XOPF~i,2/1H0,9X,J3HDYNA
6141C PRFSSJR (1/P.RHOeVEL.*2),4X.1PE12.5,////)
WRITF(A..?1 )

?7'1 FORlmAT(///3',.4HAERODYNAMIC INFLUENCE COEFFJCIEMTS,//o4X,21RL*IOX,
12HJMPjLOX,?I4RL,1fX,?HIM.1OX.2HRL .1OX,?NIMlflX.2HRL,1OK.?HIljlfiX,2HR

4ROWS=NYW ING.*NXWI NG*NXCSt'NYCS
no P22 NROW=l,NROWS
WRI TE(6,?23 )'ROW
WRITE(6,224) (AIC(NROW,NCOL),NCOL=1 ,NROWS)

2,) 3 FORMAT(/ 5HROW 12)
2;) FOPMAI(IPIOEI?.4)
2?? CONTIN11F

RET URN

/A NW=NXWING*NYWING
NC=NXCS*NYCS
NT=NW*NC
NW1 :NW+1
00 TO (91,8?.113,f4),LPUNCH

8I1 CON71NIJF
nO .i~i I=1,NW
PUNCH 85, (ATC(I,J),J1*NW)

.301 CONTINUE
1i SFORMAT (1P6F1?).oJ)

RE TuRN
Ii? CON71NUF

n0 .if(l' I=NW1,NT
PUNCH A'),, (AfC(I.JhJNW1vNT)

-ill? C ONIINIIF
RF TIRN

#13 r, ON I I NIIF
no ini I=I#NW

Ci I ON II NUF-
noU 30(4 I:NWI.NT

1104 CON II N1JF
RF T URN

#14 IIONTINII-
00 3A&) I=I.NT
PIJNfl 85# (AfC(hv.Jb;J=1*NT)

3 4 CONIINIJF
RE 7 r ) RN -95-
FND



t~SUAMTN:A

r-OMPLFX A,AA.ANH.:Z-R0.WASHA1tC
1111MF4SION AjC(4I~fl o).*WASN(4U ),FM(4',413)
COHMON/CI/A(Ri. ),AAC4fl,RO),ANN(41j.4fl),CZERO
COMMON/C2/HKIFR(20),ZKER(?n),FMACM(A,),FRIQ(1g,).NOMe5).JL(5uj)*
1 HCnR('6).ZCOR(6),WXCMNC1it),WBGN(11 ).WRIN(ll1,WT(E'),

3 FTA(11,

I C-(4II.40 ),TC4f,4gi),TM(4fh,40),TR(4l,40),TI(4,411)
COMMON/C74/CL.FN- NnSgRMNPY, SOIJND# NMACH, NFREO, HAUJGNI(PjCX, RHO,
011 onflhFS.LCOL.LPRVSH.LPOCOIIY~ilX,NStJRF,lSnLAI.FWPFC.
I 4~~cfLS,N0N!T.HACH.XCLL.YCOLLP~t,OWCX,CXI', IMOD, 1ROW,

II Fl.FI,R'NWjYNCIX.CH0M,NWCYe IFR,E1',F2,(JWY.OWWX,
9 SN. WRO.NIY.NW~CXNCCX.NWPX.NCPX.NXWfNGNYWIwG. NXCSNYCS

94c01S=NPY ( NWPX+t4CPX)
~4ROWS=NXW I NIYW4 INNYCS*NVCS
C~ALI FORCE
nol 44' J:L,NRoWS
111O ',Oil J=1,NrOLS
SR=FN( I,J)

711A AA(I,J)=CMPLX(SR.SI)
00 -.11,j I11NROWS
00 5i J=IPNRIIWS

00 'i'e K=1,NrOI S
P-0 A(J)=A(J)-AA( I K)*ANI4(KJ)

10 :e?, 1=1#NROWS

34nf CONTINUh

RET URN
END)
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rCGCRF() CORED)
SURPOIITINE (r.RFO(V,JR,IC)
COM4PLE.X ANII,CZFRO.A[CIJASH
nIP4FNSION AlC(AU,Ifl).WASH(4O)vV(?,S )
COMMON/C1/A(9,,8O),AA(;).40,RO),ANM(40,4#1),CZERO
COMMON/C?/I4KFR(?fl).ZKER(21),FHACHC6),FREO(1IO),NON4(5).JL('50),
I HCOR(6),ZCOR(6),WXCHN(1IhN8BCN(I1 ),WBIN(1I bWT(90)I
2 XE(5),YE(,i),UX(lI)),UYC1 u),WXIMN(1I ),SIX(4U,2),SGX(I11,2),
3 ETA(11)

I C(411 .40) T(4f,4 0, TH(41,AU),TR(4fl,4fl),TJ1(4,1,40 )
COHMtON/C4/CLFN.NGSKRN,NPY,SOUNfl,NMACH,NFREO,KAUGNO4CX,RHO.

Nl4OFS,LCOLL.LPRWSH,I.PRCOPIlY,llX,NSURF,JS(nLAT,FWPFC.
/ N(;fLS,NONT,MACH.XfCOLV.'YCOLPJ.U,QWCXCXMhlMVIO.NO06
it FM.FK.,,'NWIX,NClX.CRON,NWCY, 1FREI ,E2,OWY.ObkwX,
9SN. URO. NlY.NWCX,NCCX.NWPXWCPX,NXW1NODNYWJVG.NUSDNfC6

F0IIIVAI INCE (AA,A IC),(A,WASH)
RMN SoRU(AA(1dIRJC)*.? # AA(?.IR,JC)**?)

TF(.A(,IRIC)LF.2) GO TO .~
CR AA(1,JR.IC)/RMN
Cl AA(?PIR.IC)/RMN
DO .11 N=lC,MAIIG
TI =CR*AA(I.IR#N) + C!.AA(2.JRN)
AA(;,'.IR,N) =CR*AA(,.IR#N) - CI'AA(1,IRFN)

'AA(I.IR.N) = TY
)0l RAN =SiR(V(L.IC)..? + V(P*[U)**2).

IF(RAN.LF.?) On To ho
RAN =SORT(RAN**9 * RMN**?)
CR =(W I C) /RAN
rl =V(?.IC)/RAN

RMN =RMN/RAN
qO '-0 N=ICMAJOr
AIR =RP4N'AA~i.IRPN) 4 CR*V(1.N) CI*V(P.N)
AlI = RMN#AA(?.IR.N) + CR.VC',N) -CI*V(1,N)

VR -RMN*V(1.N) - CR*AA(1.IR.N) * JAA(?PlR.N)
VI RMN*V?.N) - CR*AAf'P.lR.N) -CI*AA(1,lR.N)

AA(*,.IR,N) =AIR
AA(2 ,IR,N) = All
V(,N) =VR

,)Af V(2,N) = VI
40f RIF7IJRN

FND
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SUIROtJT INE F ORrE
0hi41NSION FM(4fi.411)

I C(411.4l) ,T(4f.lI),TH(4f1,4U ),TH(4l,1i), TI (4t,40)

I RCOR(6),ZCOR(6),WXCHN(Ii)DWBCN(11 )WRIN(11),WT(90),
2XF,)),YE(.i),IJX( tf),Uy 1),WXIfN(II),SIXC4IL,2).SCX(1 J.e)I

E EI A ( I)
rOMpON/C4/CLFN. N(SKRN. NPY, SOUNI,NMACN, NF REO, NAUG, NIO'ICX, RHO,

6 NMfl)FSLCOLL,LPRWSH,LPORCO,IIY,IIX,NSURF,ISiLAT.FWsFC.
7 NCOLS,NOMIT,NACN.XCOLL.YCLL,PU,OWCXCXMi,J~nfDIROW,
8 EM.FK,R,?.NWIX,NrIX.CRON,NWCY.IFR,El,E2,UWY.OWWX,
9 SN. WRO.NIY,NWCX,NCCXNWPX,NCPX,NXWING,NYWIIG.NXCSPNFS

FQIIIVAL.FNCF (FM'IT)
4ROwS=NIY*(NUCX#NCCX)
MCOI S=NPY*(NWPX*NCPX)
D0 O fl I=,MROWS

1 inA FHit .J)=91.f
C *a qRflN TO ASSFMRLF FM(IROW,ICOL) MATRIX STARTING WITH wINA

IROwzt
n0 *iJI 11NTV
IF (I FEO. 1) G0 TO 111'
IF (I -EQ. NTY) GO TO 110
SNI :(iI,'*(YA!C( 1-1,1 )4YAIC( I. I))-YF(1 ))/ (YF( ')-YE(l ))

GO TO 115
105i SNI =0I11I

no To 115

SNIiJI 1 f
115 CONJINIIF

n0 t~0gl J=I,NWCX
IF (J EQO. 1) GO TO 17A
IF (J FPO. NWCX) 6O TO 1?!;

no TO 130
1 /Pi CNI =- I *

no jo i.io

1,s/~l(.(X~F3-X(NWX1)))Xl(~.XIl)X~l-S(Fi-Fi

CN11- 4 I i
1 $0 r CON II N111

CAI.I MINTS(K.SNL.SN(1IFS)
n0 ;,fJ o 1 zI ,NWPX(
CAIl I MINTC (I C(NL -CNIJ, Fr)
F M ( I ROW. I COL ).S.f*C

;P r1;(01 :ICOL #1
jIn IROW:JPCJW~i

r . A!iStMdIF CONTROL SURFACE CONTRIPI)TION

n0 I'ftil I=I,NIY

IF (I -0. 1 ) o TO_9V



T(I .EO. N!Y) 00 TO rslf

00 TO 5155
5 5 SNI :0.1)

SNIJ=(t.t(YAIC(le;)4YA1C(?.2))-YF(I ))/(YE(3)-YF(I ))
00 TO 515

510 SNL=fl1.4*(YAC(NIY-1,2)+YAIC(NIY,2))-YE(1))/(YE(
3 )'YF(1))

Sir) CONTHNUE
110 b,(ll J:1*KOcx
IF (J FO. 1) GO TO 7?0
jr (J .EQ. NCCX) GO TO 7lS 5

1 (i..(XF(15)-XF(4 )))

IC (fi '. *( XF(C') -XF (4 ) )

n0 TO 7.10

7','5 CNL=(fl.','CXATCCNCCX-1,1, 2),XA1C(NCCXI1,2))XF4)QsXL(5)-XE(4))

7.10 CONTINUEi
00 t-AlI K=I,NPY
CAll MINTS(K.SNL.SNUFS)
no *bfltI L=l.NCPX
CAI1 MINTC(L.C:NL,CNJ,FrC)
FM( IR0W,101. )=FSeFC

13 (1 lrfl :ICOI.+1
61,'f) TRnw:IROWO1

RFTIIRN
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CCOR) CORD
StJRROUTINE CORD
COMPLEX AAA .ANM.CZERO,WASH,AJC,AK.H?5 TRM, DtDCRNL
DIMFNSION AIC(40, o0) ,WASH(40)
CON1MON/Cl/A(AiI).AA(40,RO),ANM(4U.4fl),CZERO
COMMiON/C?/HKFRL2n),ZKER(2n),FMACHeI),FREQ(1D),iNOK(5). ILeiu),
I HCOR(6).ZCQR(6),WXCMN(I1),WBCNC1I ),WBIN(11),WT(90),
2 XEV),YE(5).IX(t0),UY(10),WXIMN(11 ),SIX(40.?),SX(lJ.),
3 ETA(11I)

I C(AU .40 hT(4n,40),TM(4n;4U),TR(40,40)),TI (4n,41)
COMMON/C4/CLFN.NCsKRN,NPY,SOUN,4MACH,NrREQ,MAUG,NO*CX,RHO,
6 NMOI)FS.LCOLL,LPRWSH4,LPRCO,IIY,IIX.NSURFISnLAT.FW,FC.
7 NCIO.SNOMIT,MACI4XCOLL.YCOLL,P1,U,OWCX.CXMN, mOD. IROW,
8 EM.FK,R?',NWIX,NCIX,CRON,NWCY. IFREl ,2,OWY.QWWX.
9 SN. WRO,NIYNWCX.NCCX.NWPX,NCPX,NXWNG,NYWI4G,NXCSNY:S
EOJI VALENCE (AAAIC). (A,WASH)

C THIS SURROU1INF CONSTRUCTS A ROW OF THE nOWNWdASH MAToIX
C THF PRESSURF SERIES IS A PRODUCT OF CHEBYSHEV POLYNOMIALS TN THE
C NEGATIVE OF PERCENT SEMI-CHORD FROM THE MID-CHORD AND PERCENT
r SEMI-SPAN FROM THE ROOT.

no 6 JCzI,NCOLS
& (J(;) CZERO
mCi =
NIX =NWIX
GWX -OWWX*SN*.2/(H.fl*Pl)
NPX =NWPX

C THF DO 14 LOOP COMPUTES THE WON-SINGULAR PORTION OF n(N,M)
C 919W TO BOTH SURFACES

no 14 MSURF=1,7
IF(MSURF.NE.NSIJRF.AND.ISOLAT.NF.1) GO TO 13
DO 1? IY=)J,NJY
EThI SN#ETA(IY)

ET TA(IY)**2
IF(NPY.GT.1) CALL CHE9(NPY-1.ETA( IY),UY(?'))
IJY(1) =1.1) -FT2

I IJY(10 ET2*UY(1).UY(K)
DO 10 IX=I.NIX

XI =XS(?.tiSIIRF,IX,IY)
XID =XCnLL -XI

AK =CRNL(EK.XTD.YCOLL-ETAI#EM,BP) + CRNL(EK.XID,YCOIL+ETAI,EM93?)
IC =IC.) 11

H? =AK*QWX.OWY
IFCNPX.GT.I ) CALL CH"R(NPX-l.-SIX(IX.MSURF),UX(2))

IIXi =1.0 -SIX( IX,1ISURF)
DO 4 K=?DNPX

4 'IX(K) =(1.11 +SIX(IX,MSIJR~Fl.UX(1).UX(K)
C **ADD AN INCREMENT TO EACH ELEMENT OF THE: ROW FOR (YI.ITAI) *

DO Inl NY~iNPY
TRI4 H? * UY(NY)
DO 10 NX=tNPX
AWC) z WCC) 0TRM*UX(NX)

I0 fJC = IC.I
C ** IC EQUALS NPY*NWPX.1 AT THE END) OF THE FIRST PASS *
1? CONIINJF
F5i NIX =NCIX

QWX =-OWCXOSN#.*P/(B.,*P!)
NPX =NCPX

l4 ICi NPY*NWPX
ICI fi100 I



NPX NWPX
XGOtS =XS(1.NSURF-IIX-IIY)
Y? Y(IIY)**e/
CALL CHEB(NPY-1 DY(IY),UY?)
fJy() -2. 0
DO 15 K=?,NPY

IS IJY(K) =-2.0*Y2#UYMK
DO 4fl MSIJRF=INSORF

r oo IRIS LOOP ADDS THE CONTRIBUTION OF THE SINGULAR INTEG~RAL
r AiLONG THF I.INF FROM THE WING L.:. TO THF COLLOCATtON POINT

IF(MSURF.t4E.NSIIRF.AND).ISOLAT.NF.l) 00 TO ?.3
1F(NSURF.LE.MSJR,) 00 TO 16
IIPL IM =P 1
G0 10 18t

16 XT =SCM(IX.NSURF)
IIPt.IM =-ATAN(SORT( 1.o-XT#*2)/XT)
IFCIIPL!M.LT.l.f) UPLIM:UPLIM.PI

IS OWSNG =FLOAT(9.NIY).UPLI/S.0
DO N=1,6 n!

c * THIS LOOP COP4SIRIMICS D(fl,") ,M=P,l .....NPX-1
VINT =IPLIM*ZCOR(N)
C =COS(VINT)

CAIl CHEB(NPX-1, C.IiX(9'))

DO 19 K=P,NPX

ARG FK*(X~lLS -WXCMN(IIY) +C*W4CN(IIY))
IF(MStIRF.EO.')) ARG:FK*(XCOLS-CXMN'+C*CBON)

CI COS(ARG)
Si = SORT(l1.0t -C1..

n1 =CMPLX(CI,-S1)*NCOR(N)
I'0 2 NY:1.NPY
TRM OWSNG*IIY(NY.*D1
100~ NX=1,NPX
Mr!) =(MC) *TRM*UX(NX)

?? TC IC+1
e?. IC' NPY*NWPX
4nf NPX NCPX

RETURN
FNn

-lol-



FTAM)
rOMmO /4Ct lFU. NOSKP ,NPYSOUNfl.N '4C14,NCPEO, IAIiGNt Us XRHO,

NJIOWS.LCOLL .LPRUSH,1PWO, I Y, I J,NSIJRF. tSnLA1 ,fWF

S-0 - A*X 4 1 R-

Ij (rt1'S-X) i'R

117 111 .,ZKF4U I i

y - f HK4() ZKFRT f&I2l.#*

r - HKFR(),. *Y. &-XPf-CrKev), SOR(1.'"isq

Ps I=( I

ts x s
It ('K.N1 .,I. .I ;O T A

r o COS(xh)
SI - qINIXhs 'l

r.R NI - V H I y I I's).ws1 I S I *G R 0i" P,, ( u- S I n0 )/i
Rl TuIRN
FNI)
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rRFSI RESL r '

T =X 3 .7'
T=T*T

R S I 1#1SI 1 P ! , X9A

Y = y i

RSK1=XsALOO(Y)vRS~1.+1.

IS PIQJ4S1 YO 0 I'.ifl 144Y(-n.1- 7918!)79R6) ) ) )) F+Y

RESI =:R5K1/X
11,0 TO Ali

511 y = 2.n/x

'1ESI =RSK1/(SORT(X)*EXP(Xfl
~ORIFT1RN
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tCHERCHER
SURROUTINE CHFR(NI.X,.UX)
nII4INSION UX(H)
DO 10 f=1,N1
fix( 1I() 0.0

IiXl 1 1.0

IF(N.IT.3) RFTURN

RF TIRN
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rCONS1 rONS1
RIOCK DATA
COMPLEX A.AA.ANM,CZERO#WASHDAIC
DJMFNS!I)N AIC(40,80f),WASH(40)

COM,40N/Cl/A( Ai,,AA (40,RO ) ANI'9(40.*40) CZERO
COMMON/C2/HKER(20),ZKER(?I),rACH(A),FREO(1u),NOM(5).IL(50)a
I HCOR(6),ZCOR(6),dXCMN(11),WBCUI(i1).NBIII(I1).WT(90)I

2 XF(V,),YE(3),UX( I0),UY(1 D),WXII4N(I1),SIX(4U .2),SCX(t1i.?),

3 ETA(Il)

COMMQN/C4/CLFN.NGSKRN,NPY,SOUND,NMACN,NFRE,AUGNI0aICX,RHO#
6 NMODFSLCOLLLPRWSH,LPWO,IIY,IXNSURFISnLAT,FW,FC.
7 NCfLS,NONIT,NACH,XCOLL,YCOLL,PIU,tdCXCXMmJ,JIMOiIROW.
8 EMPEK,R?,NWIX,NCIX.CRON,NWCY,IFRJE1,E2DOWY.OWWX,
9 SN. WRO.NIY,NUCX,NCCX.NWPX,NCPXNXWINGNYWI'G'NXCSddYCS
FOIJIVALENCE (AA,AIC), (A,WASH)
DATAP/3ll,2/

DATA ZCOR/f.lAlO?4Du.16939'5AI ,f.38f694I,0.619309!59,DiI.J06O469,
I n .9t.6,1.47b/

r HSKRt4 SHOULD RE COMPATIBLE WITH HKER AND) ZKER LISTS
DATA NGSKRN/R,
DATA (HKFR( I), h ,R)/I.05c6142',n0.1111905?.o.15685339,0.1bI44LR9

DATA Fi t nonooIsf O/ E/001100U1/ CZERO/(0.0, 1.0/
F:ND



Cxs Ys
FUNCTION XS(I-.NS.!3,JJ)
COMMlON/C2/HKFR(0).ZKER(?o),rNAC4(6i).FREO0(1u).NON(5).ILc5U),
1 HCOR(6).ZCOR(6).WXCIIN(II),WBCN(lI ).WBIN(l3.',WT(9'),
2 XF()),YE(3),UX(IlO)-UY(l u),WXIMNCI1 ),SIX(40.2),SCX(ld. ),

ETA01)
COHHON/C4/CLFNNSKRN,NPY,SONDNACNVNEO,MAUG4IOrCXIHO, -

6 NMODFS,LCOLL.LPRUSH,LPRCOIIY,1IX,NSURFdISLAT,FW.
I NCOLSDNOMITDKACH.XCOLL.YCOLLPP,tJ,OWCXXi',IMqO,1ROW,

8 EM.EK,BR?,NWIX,NCIX,CRONNWCY,IFR,El1 E2,QWY.QUWX,
9 SN.WRO,NIY,NWCXNCCX141PX,4CPX,NXW1INO,NYWING.NXCS,YCS
00 TO (109411),[

lfl GO TO (?I'.311),NS
fXS = XCMN(Jl) + w8cN4J3) * SMX(!-1)

RETURN
30 X(S = XMN + CRON * SCX(13,P)

RETURN
40 00 TO C'50,61j).NS

X 'S =WX1MN(J3) + WBIN(J3) * SIX(b3.1)
RE TURN

IA XS =CXMN + CRON *SIX(13,?)
RETIIRN
ENT)



F"JNC T ION X I NT (IY,IX.N IY, NS, WooS4)

I C(4u 411 )o T(4nD411 ) TFI(4nl,40 ),TR(4(I*40 )*Tl (40,411

I ~HCOR~ft)DZCOR(6)DIEXCflN(1I) 5 WBCN(I1 )DWAIN(11 ),WT(90),

3 ETA(11)
IF (NS .EQ. 1) 00 TO ?00OI XINT=WBO*XS( I,I, IXs 2)
RETUJRN

?,If) IF (YAIC(IY,' ) GT. YE(2) GO M300fl
XINT=WRO*XS(1. ,DXI)

RETURN
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SA RCC OS
FUNCTION AR(CCOS(X

C o*DEFIN4E F(X)=A(I).A(*I).XA(?).X..,+*.,+A(R).*.8
C *.THFN ARCCOS(X)=F(X)O(I-X)*.0.5 IF X.LT.1 AND .GT-r,
G . AND ARCCOS(X)zPI-c1-ARS(X))*.fl.b*F(ABS(X)) IF X.LT.0 AND .GT.-i
C *.ARCCOS() IN RADIANS *** VALID FOR 0 TO P1 RADIANg
C ACCURATE TO AT LEAST 6 SIGNIFICANT FIGURES UNLESS X APPRtOACHES 1.6

A4=~1 57079631
A1=-.21 460184

A2=n.4904567

A =( '. 31 3246
451-.0199839

Al=-.1104997o6

IF (X *GF. IJ.ti) 00 TO 100

RETURN

I 4AAX**64A7*X*7,A8#X.,8)
RE TURN

-- -



SURPOUTINE MINTC(ISCNLPCNU*FC)
r * CHnRDWISF PIWSSIJPE INTFORATION
r . CNI=LOWFR INTUEPRATION LIMI1T
C *.CNII:UPPER INTEGRATION LIMIT

CL = tRCCOS (CN. )
Cl,!IRCCOS(CNJ)

IF (IS .EQ. 1) 00 TO ii'
IF (IS .FQ. 9) 00 TO ?fl

2 ;(SIN( (S14~ .)*.L) )/(?.j*(SI1j.0) )-(SIN( (SI'1.0)*Cio))/C2.@*(Sl-

00 TO 1110l
10l FC=SIN(CU)-Cl1-SIN(CL)4CL

GO TO 140O

140 CONIINUE
RETURN
FNfl
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CImiNTS
SIJRPOIJTINE HINYS(1S,S~t,SN(;rS)

C etSPANWISF PftbSSljRF INTfiORAT[ON
r a SNI TOWFR INTECRAr1oN LIMITCetSN0J:I)PPFR INTFGRArfTON L.,II

SL:'ARrCC9S(SN,
StIVARCCOS(SN11)
IF (IS Fa. 1) 00 TO iIF (IS .60- 7) O TO VPn
IF (IS .F0. 4) GO TO i
SI-FLfOArcs-1)

0O TO 1110

I e')*CSU-S.e,.EII*

Pej CON1JN1J )*(COS(SU)(SIN(Stj).,q)...OS(SL)*(SCL)s)

RFTllRN

4 FNh



rXLSO XLSO
SUPPO(JTINE XLSO
COHPLFX AAA,.ANM.CZERO.I4ASHPAJC

C0NMON/C?/HKFR(2n ),ZKER0JI )#FMACHC'M,FREQ 1;), NOW(5). I11(50),

COMON/CAi/Y I I),XA IC( ItII8.12),YA IC(10l,?)iU(411*4UJ)*R(41, 40)
Cf 1'.4fl).J(4f,41),T(4Q40),TH(4n,4U),T1(4A,4J))

COMi"0N/C4/ClI FN- NO SKRNNPYSU'tJNI)d491ACHNFRb0O.AJ0,N IOJ:X, RHO,I 6 NHOfFSLCOLL.LPRWSH,L.PRCO,IIYIIX,NSURF,ISnLAlFW,,FC,
7 NUOISDNOIIITDMACHDXCOLL.YCOLL,Pi,Of,OWCXCXMi1,IMOD,iROW,

8 FM.FK., NWIX,NCX.CRN,4wcy,1VR,E1DE?,OWY.OWWXo
SN. WRO.N1Y,NIICX,NCCX.NIPX,NCPX,NXW1NG,NYWIJG,NXCSNYfC$

FEOIJVALENCE (AA,AIC),(A,W.ASH)
1*1 = I
no 1-.i3= Jhl.itS
Rif =CARS(MA(!l.))
IF (PII.IF.E?) 0010O 1.l
I1LM 11

'v 0 10 13i6
1~ I LM = -1

IV7 = NCOLS - 1-(-~
nO 11JS 11=11,112

11 $1 CI1I (GRFD( AA (114 L *I ).fit1 1.1 )
1 '6 CON II NIJV

r IqOI vF FOR THF rOFFFICIFNTS BY HA('K SIJ8STI'IUTION
li11 :. NCOLS

no~ s5,11 j .NrOLS
Do 1511 L=I,NMnODE.S

IF( 1LlI).LF.1o) GO TO 710
11 I1(1)

1) 0o' 001 1, NMODES
M L NCOLS +L
IF(TIJ-NCOLS) 7i 9,'~

1/nl 1K -- 11 4 1
DO ii' K=IKNcU1LS

1,10) ANMCJI-1) =ANM(1i.I) -AACJIK)#ANH(K,L)

191, ANMJII1) =(ANMMiIL) + AA(J1.ML))/AA(JI,JJ)
7110 rONIJN1JE

7A1RI TujRN

FNI



r~~MGF OMr.F 1
SURROLJTINE GFnm
COMPLEX ADAAANM,ICZrRO,WASHDAir
9114FNSION Alr(41). )(),WASH4(41)
COMMON/Cl/AR 0),AA( 40,!),t ANMI(A i *40) CZIERO
COMMON/C?/HKFRUO?(),ZER(u),FMACi($.),FREO(lU),NOM(5).JL(5U),,
I HCOR!6),ZCOR(6),WXCMN(11),W8CNCil ).WBINCII),WT(VQ),

XE('),YE(,4)tUX((') *IYCIII )DWXIMN(l 1),SIX( 4 j.?),SCX( 1u.e ),
.3EIli

IC4.4) ),T(4n,4i ), TM(4!),40)',TR(4O,411)DT1 (4'9,40)
COMMON/C4/Cl.FN.NGSKRP4NPYSOUND,NMACH4,NFRIO0,MAUG,NO,CX,RHO,
6NMnIIFS. LCOLL. LPRWSN,IPPCO, II fIX, NSURF. iSnLA I *II, VC.

/ NCAIl.S,NOMIT.MACH,XCOLL.YCOLL,P,j,OWCX,CXM.1n,lMIJIow,
4 FM.FK.I3e,NWIXNCJX.CHONNWCy. IFR,E1 ,F?,QWY QWw%,

9 SN. WRO.NJY.NWCX,NCCX.NWPXNCPX,NXUING,NYW1gaG.NXCS,NYCSI
FOIl; VALFNCE (AA*AIC), CA*WASH)

C WOO WING ROOT SEMI-CHORE)
r S =SEMI-SPAN
r WTCN WING TIP CHORD - NORMALIZED ON WHO
r WTLFN WING TIP I.F. - NORMALIZFD

r SN = SEMi-SPAN - NORMAl IZED

r FW = *NWlX.1
r F = ?*NCIX41

W0=XF(3i)/l.P
CLFNj XE(4)/WRO
S = y (3 J,
wICN (XE0.)-XE(-'))/WRO
WTLr-N XE(-)/WRO
SN S/WRI)
CR0 X()XF4)9'

c COMPUITE CHORI)WISE INTEGRATION AND COLLOCATION STATIONq
r FIRST ON THE WING SURFACE

DO0 I=I.NWIX
F= F? -e.epi

SIX(J,l) =STN(FP/Fl)
I -FLOAT(J)/FLOAT(NIONCX) 4 I.()9

SCx 11) -SIXJ,.1

J1 Ni:IX
THFN ON THF rONTROL SURFACE
DOu 1 -. I.NCIX

il FIOATI )/rLOAT(UIONCX) *"9

rl 4*NB'

r CIIMPIITf SPANWISF INTI-ORAIION AN?) COILOCATION STATIONS
f) I = . Y
Y(Il = SIN(F",FI)

r/ - F9 4pi

MF;,tF? 4PI



r CoMPUTF WING' SFMT-CHORD)S AND MID-CHORD LOCATIONS AT THE
SPAN.WISF COLtorATION AND INTEGRATION STATIONS
PIP YF(-)/YF(i)
POR =1.11-Pinl

CXMN = CRON #XF(4)/WRO
no lt 1=1,NIY
IF(ITA(I1.LF.PTR) GO TO 19
FI WTtFN*(PTA(T)-PIH)/POR
IF (Y( I ).!. E.1114) GO TO 1,$

F r WTI FN.(Y(fJ)-PIH)/POR

i I N

WXTMN(i) = WliIN(r) sF1
WHCN( I 0 1c(2 -?

s 0 -R T1RN
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C TRAMP
SiJRPOIJTIKE TRAMP(N1YNWCX,NCCX.NXWJNG,NYWINGNXCS,NYrS.NIl .WRU.SN)

C **a TRANSFORMATInN MATRIX PROGRAM
C *so TRhNSFORMS ATC CO[LOrATION STATIONS TO UNSTEADY AERO STATIONS

C'.~ 71-R0 (IM) MATRIX FOR CI4ORDIU. TRANJSFORMAT ION
KRnWS=NXWING.*NYWING*NXCS*NYCS
K;Oi S=KROWS
no 11i t11KHnws
no 0( J=1 KGOLS

C *'CH-OPPWISF TRANSFORMATION (WING)
IF (NXWING .FO. 0) SO TO !990

CALI f4MAT (NXW ING *NRSR, NCSFJ)
CAl I THA T NXW 1NG I,MS IZE, I . I WOO. SN)
n 0 13.of1 MR= -MS I Zf
Ofi j1111 MC=I.NrSR
TO ( AR, MC ) =0J . 1
no 1001l MRCZ'.MSIZF

111111 TReR,MC)=Tk(MR,M(:)4T(MR,MRC)*'(MRC,MU)
CAl I CMAT(NWX.NY,NXWNG,NYWINGNF,,I.NRS(,NC'SCGhWiSN)
n0 1i ot, MR= i .NRSr
Do I rl'>~ M:=, INCSR
T ( MR, MC ) =I *i.
00)jOI MRC1 .NCSC

10,12' T(MP,MC)=T(MR.MC) .C(MR.MR(C)*TR(MRC.Mr)
KROw=(I-1 )*NXWTNO
00 111101 IR=i.NXWINPO
L ROw=KR OW *L
KCnI z11-1 )*NXWINO1
nO :0.fl LC=I.NXW[NG
1.n C KCot#*u;

1CqAQ TM(IROW,LCOLI=T(LR.LC)
Ifln CONI I NEF
lQ4C) CONI INUF

C *** CHORDWISF TRANSFORMATION (CONTROL SURFAVF)
I F NXrS *F0. t,) GO TO ?)910

CAI I HMAT(NXrS.NRS,N:S)
CAI I 1MAT(NXS..MSIZF-.?, i WRO.-SN)

nIj fl l MR;= mc I 7CS

TH ( IAR. MC ) :.fl . it

1"All :;MAT(N:X.NIY,NXS,NYCS.NI1,,I,NRSC,Ni;sc.W802't)

40( :lii? MH=I .NPSr

110 ,11 11', M(;= I . N('SH
T ( MR, Mn: ) =i 0*(
11 1) I .sO NRC: INC S(

KH(3w:"NX WINO. NY WINf;4( I-I ) NXCS
n0 -IOnI) LR=1 .NXCS
i RnWtKR0WtI H

no u, Ir (;- ,N G
1 :nl --K(:OI +L(,

0 4 0f TM(I RnW,I GOI )=T(I.R.I C)
?f11,1' CniNJNIJF-14



ra#RF&IVRANfCF ROWS AND COLUIMNS FOR SPANWISE TRANSFORPIATInN
rAll I MAT(NXWING.NYWINe,,NXCS.NYCS.4S1ZE)
no ; o'~n MR= i. MSI176
n o~ MC=,MSIZE
TI fmR.MC)=6.i

j'nA ri Ic4R,MC;)=TI(MR.HC')4R(MR.MRC)*TM(MRCIIC)
r 7r i~ (TM) MATRIX FOR SPANWISF TRANSFORMATION

KHnws=N IY ( NW(:Y+NE:CX)
KCOI S=NXWIN(i*NYW!NC+NXCS*NYCS
00( ill 1=1 ,KRDws
no A1 .1=1, K(,O[.S

'" TM( 1*J)=11.0
r SPANWISF TRANSFORMATION (WING"

IF (NYWING .FO. nl) 6O To 3i999
no 0oiin I1.NwrX

rAll IRMAT(NYWING,NRSBNCSB)
CAl I TMAT(NYWING.",.MSIZE.I .IWRO.SN)
no 0i' MR=,.MSIZE
n)o .11"11i MC=1 .NCSR
TR(mR, MC )=A *

nl diti MRC=1 MHSIZE
i0-1 TR(MR,MC)=TR(MR,M4C)4T(MRMRC)*H(MRCaMC)

CALI SMAT(NIY,NYWING, I NRSS,NCSS.WROSN)
00 01l'2 MR=i.NRSS
DO .0112i M(;=1 .NrSA
T ( MVMC) = * II ~n DO '11g MRC=1 NCSS

00 , T(Mr ,MC)=T(MR.MC),-C(MR,MRC,)*TR(MRC.MC)
KRw=( I-i )*hIjY

I. RnW:KROW4 LR
NI TR=NWING- I

flo Il/f J=I NITR
IF (WHO*XS(I-.1 i.) .LT. T'.XI(,,)XI(4,,~) O 10 115t)

iq/0 CONTINUF
Kcm= NYWINrGu4NXWING-1)

Ir0 TO 31190l

n nf o) *,ng, I C=:1 .NYWING
I Cnl =:KCE) 4 LC

~fdITM(I ROW. I CDI)=T( LH. C)
nI vf 0 .ON I I N111

0 Q () C)N I I N11FKr ~ lPAINWlc TRANsrORMA]ION (C.ONTROL SURFACI-)
If (NYCS~ .FiJ. ;) (10 TO 4999

- CrAl I dMAT(Nyrs.NRSB,NCSI4)
CAl I rMA7(NY'1,.?,MSj7E.?'# I.WRO.SN)

1)0 t 11it I MR= Mq I 7F
nO it 1 it1 M(;= I .Nf'SR
r R ( MR. MC) 01. it
no 411111 MHC- I MSI/F

401-61 TR(MR,mC:)=TFUMR,MC;)4 TMR,MRC)*.HMRC,MC)
CAll IMAT(NIY.NYrS.',.NRSS,NCSS.WRO.SN)
no oIio MR=l NRS

00 z. 11it', M:=I ,NrSR
T ( Mk, MC) = * . 1no-1 -2~,z.NS



KROW=(J-1).NIY4NWCX*NIY
DO 41110I~.R~l .NIY
I. ROW=KR OW L H
N ITR=NXCS-1
no *fl70 J~1,N ITR
I F (WHiO#XS( I -~ . LT. so XA I JC(J#I ?)XA I CJ+I 1 1 )rO To

4 1/fn CONT I NIF
KCOL=NYWING*NXWING.NYCS*CNXCS-1 )
00 TO 41)9(1

4flE KC;OI=NYWING*NXWINGv+NYCS.(j)-I)
4 ( f I' 00 il'80 LC~, *NYCS

LCnI =KrCl 4*IC
4fl~s t TM(IROW,LI;OL)=T(I R, L C
4q $6 CON II Nllf-
4 99~ 1)rONI INUE-

: .REAPRANGF ROWS ANtI COLUMNS SO SlArlONS ARE STACKED RAWWISE:
rAl. I RMAT (NI Y. NwrX.NTY.*NCCX, NS I F)

1n0 '110 MCf*KrOLS
T R i R.MC)=f(I f

5biil TR(t4R,MC )=TC( MR. MC)4R(MR, MRC )'TM(IIRC,MC)

no flI MC=I.Kr0IS

TMC MR. MC:)=nf *

5007o~ TM(MR,MC)ZTM(MR,M;).TR(MRMRr)*T! (MRC,MNC
no O I11KRflWS

10 ' P-A J=1 ,K(flLS
TR( I'J)=TM( I-

RET URN
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rMAT IMA.T
SURROTINE IMAT(~i2TSNnIMSIZF,NS. EYWIBOSN)

1 ~C(4 ".4fl ) ,T(411,40, )p TI(411,40 )sTR(4f.40 ), TI1(411,411
r asu aNF-PATFS (7)**(-l) MATRIX
r NPTS NUMBE~R OF AIC POINTS ALONA STRIP IN ND DIRECTION
C *.MSIZE ORPFR OF T MATRIX
C*' NS =SURFACF (1=WING AND P=CONTROL SURFACEF)
C, s" 44n INTERPOLATION DIRFCTION (1=CHORDWISE AND 2=SPAslWISF)

IF (NPTS .LT, 4) MSIZE=NPTS
IF (IJPTS .G1. 3) KSIZE=3*NPTS-A
00 1 J= IMS I7F
r)0 1 K=I MSIZF

1 T(J,K)=iI.t0
IF (NPTS .61. ") GO TO 50tIR
GO 10 (fif,"fj l01,401 111)- NPTS

r ce NPTS~e UYwI POINTS ALONG STRIP)

T (2, 1)-:1 .11I

IF' (NO) .F(. 1) T(i,')=XAIC(1.IY,NS)
IF (No .FO. 1) T('''/)=XA!C(2.IY,NS)
IF (NO .FQ. 'I) T(',-)=YA!C(I.NS)
IF (NI .FO. 'l) T('.2')=YAICC2.NS)
GO 1O M(iI''

C .' NPTS=i (THRFF POINTS ALONG STRIP)

T ( 1 , ) 1 If

IF (Nn .FO. 1) GO TO 0110
Ce.NPTS=i cHof~fwIsF DIRErlION

r( 1,? )XA IC( I Y. NS)

T(9,3)=T(1e,?)*a2
T(39?)=XAIC('-IY.NS)

G0 10 6!)I''J
r NPTS=) SPANWISE DIRECTION
if 1 T(1,2)=YAIC(1,NS)

T(C ,? 1 YA ICC .NS)
T C)' , 3 ):-1 ( ? , , ) is t?

T(34.2))YA IC( i.NS)

00O 1 0 6110I1l
W, Ts c; S4 (FHuR POINTS Al ONG STRIP)

TI I - ) -- 1 11

T(4.*1)=I * I

T 41:.

lJT( .4

IC3.? I.'~uiX IY,NS) YLICCS.,IY,NS)) -



T ( Ai ' -

T( *6 T (A5*

1 (6 6) 7 C , ' )

T00 (15. ?hYAIC,( ;- INS)
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