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ABSTRACT

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

action of a general trapezoidal wing with a downstream rectangular control

surface lying in the weke of the wing. The unsteady aerodynamic forces
are related to a set of collocation stationz through s series of matrix
trensformations, interpclations, and differentiations. The resulting
matrix is a set of eerodynamic influence cosfficients (AICs) that are
directlv applicable to flutter analysis.

The transformaticn of the unsteady serodynamics into AICs is pre-
sented as a separate discussion; followed by discuszsions for the develop-
ments of analytical techniques for each flight regime. The analytical
developments and a discussion of the basic single-plansr-surface are
presented, followed by the complete two-surfasce solutions for the general
aerodynomic forces, Euch of the three numerical methods is developed by
detniling the complete set of aquations necessary to compute airloads on
the configurations considersad. A computer program to determine the AIC
matrix for each flight regime is presented with a complete discuasion of
usage and logical flow, Also included are program listings, flow charts
and sample input and output problems.
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PART I -~ INTRODUCTION

The requirements for determination of flutter margine of safety
for the 1lifting surfaces of . advanced- guided missiles have precipitated
a need for accurate methods of analysis of unsteady serodynamic loading
in the high subsonie, transonic, and supersonic flight regimes, These
methods must not only secount for the high degree of chordwise and span-
wise deformation of the surfaces, but also include the interference
affects hetween tandem 1lifting 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
and wvake effects as well as for the three~dimensionality of the flow
for a trapezoidal wing planform and a coplanar rectangular control
surfece placed at an arbitrary distance downstream of the unswept trailing
edge of the wing. An underlying assumption in these methods is that the
nissile body diameter is large enough compeared to the spans of the surfaces
that the body surface scis as a reflection plane for distrubances at the
line of its imtersection with the lifting sﬁrfaces.

Chadalhn

The present study extends the methods of Ref. 3 to obtain serodynsmic
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
apnlied to the interference problem of a general trapezoidel wing with a
downatrenm rectanguler control surface lying in the wake of the wing,
Highly ef'ficient. numerical methods for computation by the karnel function
and Mach box techniquen 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.
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Discussion of the derivation of the AIC's is givan in Part III for
the three Msch number regimes, The analytieal basis of the theories are ;
outlined in Appendices to Fart III. Each of the three numerical methods :
is discugsed and the basic equations necessary to compute airlosds on

the configurations considered are summsrized,

The three computer programs aze pressnted in Parts IV, V, and VI,
for the subsonic, sonic, and supersonic cases, respectively. In esddition
to a technicsl outline of the methods employed, each Part is a manual
containing a complete discussion of ussge and logicsel flow accompenied
by program listings, flow cherts and sample input and output. Eaeh Part

also presents results computed by operstion of the program for typical N j
planforms. 3
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PART 11 -~ NOMERCLATURE

mery;  xewwy SRR CSBEE 0 EEE] (ORI

8 Free-stream acoustic velocity '
2 Coefficients of Xernel function presgsure series
’
b L cal gemi-chord
br Reference semi-chord
: . C, Element of dimensionless AIC matrix
3 cp Pressure coefficient
£ :
: D o Element of Kernel function matrix
Y 1
5 G Supersonic source influsnce function
3 h AIC control point displecement.
K Kernel function
. k Local reduced frequency -~ -‘-"[-?—-
;
i k. Reference reduced frequency -~ -—‘%’I
3
M Mach number
| P Complex amplitude of pressure
; i Planform area
é ¥ a Semi-span
g
U Free-stream fluid velocity
Uk Chebyshev polynomisl .
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Substant.{al derivstive matrix
Complex amplitude of downwash

Cartesian coordinate system

1-I~F for M<1; 142-1 for M>1
Box length

Cartesian coordinate system varisbles

Specisl cocrdinstes for collocstion and integration points
Complex amplitude of velocity potential

Transonic doublet influance funciion

Atmospheric denaity
Angular frequency of harmonic oscillation ~ rad/ gec

Aspect ratio ~ 282/8
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PART II1

DISCUSS8ION OF THE DERIVATION OF AERODYNAMIC
INFLUENCE CORFFICIERTS

DERIVATION OF SUBSONIC AERODYNAMIC INFLUENCE
COEFFICIENTS

The subsonic kernel function procedure was developed by Watkins,
Woolston and Cunnin;g,rha.m,1 extended to a wing-tail combination by
Moore and Pa.rk,2 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} = pu’b,% s (C,] {n) (3.1

The derivation of the AICs requires a review of the technigue of Refs,
1 - 3. (MOTE: 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 fom3

2 2 N M
C,(Em = Y5 n};o mZO a__P_(n) £ (£) (3.2)

whiere the chordwise pressure functions are

€)= \J-E)/ (1 +E) (3.3a)

r €)= Vi-€2u @) 15 n (3.3b)

the spanwise pressurce functions are
Po(.n) = 1.0 (3.4a)

-5e
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2 .
P @ =nU__,@ t=m (3.4b)
and the Chebyshev polynomial recurrence relation is
U lx} = 2x U, (%) - U} ,(x) (3.5)

when Uo(x) = 1.0 and Ul(x) = 2x. The numerical procedures of
Refs. 1 - 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

{wig} = [D 1{a ) (3.6)

nm

The solution of £q.3.6by least-squares methods is given by Ref, 3

which we write in the form

{a__}

nm (&< 1] {w/0) (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
c¢hord location on each strip, A typical distribution of control points is
shown in Figure 3,1 for a wing-tail combination.

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

differentiation of the AIC control point deflections
{w/u} = [wW] {n} (3.8)

Since the downwashes required in Ref. 3 are at an optimum set of points
different from the AIC control points, the matrix [ W] is seen to be an

interpolation as well as a substantial differentiation matrix.
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TYPICAL DISTRIBUTIGN OF CONTROL POINTS
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From the pressure modes snd their sspiifudes the forces zay ba
found by an integration procedure, The X forces on each a#trip rpay
be found by integration of the pressure on tha sirip in the reglon
of sach of the HC forees {o obtain equivelent concentrated forces.
This leads to a relationship betwesn the forces and the pressure mode
amplitudea

(F} = o (Bl {a__) (3.9)

We designate the matrix {B] as the integration matrx,
Combining Eqs. 3.7, 3.8 and 3.9, and identifying the r2sult with

£q. 3.1leads to the subsonic oscillatory AICs,

[c,] = (s/2d) (B (A, ] (W] (3.10)

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 {W]

The substantial differentiationi matrix is derived by surface fitting
techniques, For maximum accuracy we fit the surface "in-the-small,"
i.e,, locally, Rather than use a surface fit per 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 serics of parabolas,
A number of options exists as the number of points is increased so it is
well to develop the equations systematically.

With two contzol points the curve, of course, is a straight line,

Ity equation may be written in matrix form,

-1
1 x h
hix) = |1 xj[l x‘] {hl

2 2

(3.11)
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With three control points the parabola is given by

. —1‘1
-1 X xl2 hl
hix) = ll x xZJ %, "22 h, (3.12)
2

“1 Xy Xq i h3

V xy x2

Fev. X
‘ :E !hz

In the case of four points we fit two parabolas that are tangent
hali-way between the second and third points. For x < X33 7 (x2+x3)/2

we write

2
h{x) a5 + a;x+a,x (3.13)

and for x ~ x2_3

h{x)

1
o
-
o
b
-
o
]

0 i 2 (3.14)
At x : X)_3 the deflections and slopes must be equal,

A 1 Ay%.3 *agXy = bot Byxg gt bk s (3.15)

a Zazxz_3 = b+ sz 2.3 (3.16)

The unknown coefficients are determined by the solution of the matrix

equation

INETRRNIRES 0. L2 SNFEF RN




For x 7 %, o - (x2 i x.s)/Z

(1 %, A D o 0 Vprapy [tooo] J
i 2 (h) i
I X X, 0O 0 0 a, 0100 hl }
I x xz -1 -x -X a 0000 h 8
] 2-3 *2.3 2-3 "*2.3 < 2 g ) 2 >
o 1 2x2_3 0 -1 -sz_3 bo 0000O h3 .
7‘ 2 y
': 0 O 0 0 3 X, b1 o010 h4
: ~
. 2 i
. 0 0 0 0 x X b 6001
': L 4 I I & . (3.17)
1 i
- Solving for the coefficients leads to the equations for the curve, +
33 f \ ¥
5 ao
{ 2 2\
hix) = [1 x x2 0 0 oJﬁ by for x = x,_, (3.18a)
!
b2
. J
Fa )
» %0
2
SN a
ZJ 2 (3.18b)
= |.0()lex <b0 forx.>_x2__3 . ‘
b, l
b)
(2] |
.. The case of {ive points leads to the general pattern., We use two !
parabolas at the ends as in the four point case and one intermediate
parabola that goes through one point and is tangent to the other parabolas. i




2
; hix) = a0+a1x+azx (3.19)
h'(x) = al"+ 2azx (3.20)
For Ky 47 X7 K3 4 F (x3 + x4)/2
hix) = b, +b,x+b x2 3
; h'(x) = b, +2b, x (3.22) *
Finally, for x > X3_4 4
2 :
h(x) = cy+c x+c,x (3.23) gi'
h'{x) = c, t Zczx (3.24) j
5
The nine coefficients are found from the solution of é
'
) N B 7 i
< ki
lel X 0 0 0 0 0 0 aow 10000 {
Lm o _ 00 0 00 0 ffa] 01000 |
2 2 () ]
| Xz_g Xz_.‘ -1 -X2_3 'X2_3 0 0 0 az 00000 hl ;
01 2xp .3 0 -1 -Zx2_3 0 0 0 bO 00000 hZ 3
» 060 I x5 x5 0 0 0 b, p=| 00100 €h3> !
: — e 2 - . — 3
b 2 Z !L‘{
00 0 b x3.4 x3.4 -1 "X3.4 X3 _4 b2 00000 h4 %
00 0 0| 2x 0 -1 -2Xq_ c 00000 ||h 3
Pt | A B RS N ;
00 0 0O 0 0 1 X4 Xq <, 00010
2 \
0H 0 ( ( ‘ )
) ) 0 0 1 xg Xg JLCZJ 00001
* (3.25)
“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

=f0o0o0 1 x x 000<b2> (3.26)

.

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 Fq, 3.25 as

[T(x)] {a ) = [Bix,)] {h,} (3.27)
and g, 3,26 as
{htx)} = [C(x)] {a} (3.28)
The deflection at an arbitrary location 1s found in terms of the AIC i

control point deflections by combining Eqs. 3.27 and 3.28.

-]12=




TYPICAL (W) MATRIX DEFLECTION PATTERN

FOR A UNIT DISPLACEMENT AT &

{ Figure 3.2
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TYPICAL (W) MATRIX DEFLECTION PATTERN

FOR A UNIT DISPLACEMENT AT B

Figure 3,3
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Figure 3.4
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hx)} = (] [T )17 (Bl )] {0} (3.29)

The downwash is the substantial derivative of Eq. 3,29,

{-‘%’5—)- : 7)% {h(x)} 4 ig—’ {h(x)} (3.30a)
Gl kr
= B {hix)} +1i 5 {h{x)} (3.30b)
r
The derivative of Eq.3,29 is
2 (G} = [C) [T [Blx,)] (b)) (3.31)

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

We next consider 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 {h_}. The substantial derivative matrix is then

defined by

k
[Wl{h ) = o= {n.}+igZ{n) (3.32)
r

The chordwise interpolation leads to

(h) = 1CO)] [T 17! [Bix )] 1) (3.33)
and
g% ) - 1O [ )1 (B ) (3.34)
-16~-
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Then the spanwise interpolation leads to
{h.} =[Sty ) [Ty, 07" [Biy,)) {n,) (3.35)
and
2 n} = [Cy N ITh 1 ! [Bly)] o {hy) (3.36)

The required matrix {W] = [WR] +1i [WI] is found by combining Eqs.
3.32 -3.36. The real and imaginary parts appear formally as

[(wpl = [Cly )} 1Ty 017 [Bly )T (€] [Tt )1 ™ [BG)) (3,379
and

(W] = (_/b) [Cly )] [Tty )} 7" [Bly )] [Ctx ] [Tex0) 7! [BGx)]  (3.38)

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.

~~~~~~ Mo m e cm - oo e ——p—
{ | >
K |
- o - o’
I -2y
1
N
n X e - o am wwe s w— ‘a.x ______ ———
. )
I | >
o

Figure 3,5
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On the two strips

- -1 w]
h 1 x I"x
bl i b1 ay
h Tl x 1 x
b, L Pl L %2
= XIZ] ha
1
ha
2
_ . -1
h 1 x, 1 x
b3 o3 23
h - il x 1 x
b4 i b4~ a,
= X ‘ h
|34 ag
h
34

The slopes on the two strips are

hb Oﬂ lxa
9 1) 1
Ehb - 101 lxa
2 L_ ) 2_‘
- 1 r

h‘ 01 1 x

a ]l P3| 23
th} T 01l B ox
’4 o J L 24
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£ :
# [ Combining the deflections yields a partitioned form 1
- i %
%: (h, ) (h ) %
b X", 1 o] | 2 ;
12 3
hb ha 3
4h2»= “'---:--- ‘h2> :
3 3
by 0o !Ix 23 i
h 134 |n 3
\ b4J \ a4J }
The spanwise interpolation on the two spanwise lines gives E
_ -1 }
h 1y 1hy -I 10} (n :
<y ) ¢y a3 bl i
h "y ly 01} |h f
! €3 2 az_l by ;
= 1 [
1
h
by
‘ on the forward line and
h<: . hb
21 _ v 2
h - [ 13] hb
4 4

on the aft line, Combining the deflections leads to another partitioned

form but also requires a row rearrangement matrix to order the ‘hb*
properly

'S

‘T



(h ) [1000](h, )
c b
1 13 3 0 !
h 0010||n
c | b
{ 2) 2 frmemee {2
h i 0100f]|h,
3 o Vv, 3
h, l 0001 ] h
. 44 [ 44

H
—
=
A———
—
C3)
Avmere—r

.

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

differentiation matrix become

Wl = lewg] o] )] [ feresy)] [rieg] = o,

and
] = oo e ] [70] e [R] ees] [rec)] [ )]

whoere the format of each facteor is illustrated in the above example,

THE INTIHGRATION MATRIX [B})

The intepgrstion matrix converts the pressure distribution on
sach strip 1nto nn equivalent syatem of concentrated forces at the
AIC contrel points by integrating the pressure spanwise and chord-
wine in the regilon ol each AIC control point.

-20-
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The integration of the pressure coefficient, Eo.3.2 in the region
of the AIC point leads to the force

F, = q}j ¢, (&,n)dE dn (3.39

£

JnlUing 1 = con ¢ and Q w co8 0 in Bqa, 3,2 rnd 3,7 we obtain

6a dg

0 TN H o -
b, =, )2_ nnmj jsin¢ 5in 0 Pm(n.)fn(g)d¢de ( 3.39A)
ef ¢4

where Of. and On denote the chordwise angular measure of the forward

and aft locations, respectively, of the pressure region, and ‘1>j and ¢o

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

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

%o
, 2
1 (u,1n) = [ sin"¢ P () dé ( 3.395)
X
und the chordwise intepgral
fa
- . . -
I (EmE) = / sing (& )de (3.39¢)
4
&%
then the force from the nm mode is
1 o T J
a = qn !l"m mYn (3_390)
n
ntel Jonomnbelx Sform
3 " 113 ] e
w0 W | 'm“n l 3 nm 3 (3.398)
0 that Lhe inteprstlon matrix lBJis ¢given by
}“I - i L ('.1.,, 1) Jn (¢ o gn)l (3.39F)
-21-
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The integrals are easily evalusted, Consider firat the spanwise .
integration, 1In terms of the spanwise angular ccordinate ¢ we note

P, (n) =1.0 (3.40)
P (n) = 0% u . (x)
3 m m=1
= cos2¢ sin m@/sing , L sm (3.404)
Then $o
2
4’1
. - - 2 2
f =3 (costn - cosn -5 1-1° +2 1-21%) (3.408)
3 Formz=1
rj bo
I = f sin ¢ cos® ¢ sinng af (3.40C)
t
from which $o
2 2
I, = [ sin® @ cos” ¢ d¢
&
- 3/2 32 ]
, 2 2 .
= & | a,(2-207) -8, (1-12,%) +I°i ( 3.40C)
J
nnd form -1, § 3,
| - 1 - - -
5' w i 2 |[8tn (m 1) §_ - stn (m -1) ¢1_| (3.40D)
L
- — sin {(m +1) ¢° - gin (m +1) ¢i|
, 1 sin (m -3) §, - sin (n -3) §, |
m -3
- )
- .13 ain (m +3) ¢° sin (m +3) ¢1] ,‘

-22=




1 NOTE: sinnf = 2cos ¢ sin(n -1) ¢ -sin (n -2) ¢ (3. 40E)
- so that sin n¢° = 2n_ sin (n -1) ¢° - sin (n -2) ¢°
and ain n¢i = 27, sin (n -1) ¢i - sin (n -2) ¢i
3
Finally,
I, = 311 - _?3_ {{-.ﬂo (1 '.ﬂo ) - Ay (1 '".Ili ) i (3.40D)

( e —— —
1 cost, -1 cos™n, -1 -n 2. f - q.°

»
o P

1]

3/2 3/2 )
%[3(,(1-302) -, (2 -n?) ]f

Consider next the chordwise integral. In terms of the chordwise

angular coordinate ¢ we note

Y l - cos
: £, (&) = =i (3.41)
£ (€) = sinnf, n 21 (3.42)
$a
5, (B, E) = [ (1 - cos §) a ¢ (3.43)
¢t el .
s -1 A -2
= QoS §n-cos &1. - 1-&7 + /1-gf
IFFor n ~ ]
T [ sin (n -1) §_ - sin (n =1) . | 3
‘v 7 (naa) L° a £} (3.44)
. - 1 sin (n +1) - sin (n +1)
2 (n '*l) [ ¢a ¢f ]
nd for n - ) [ —nn e 1, —————
-1 ; I 27" - =5
] o - - - -
Jl - [co.. £, - ¢os gr ga 1 gn + &a \/l gfj (3.45)
| )
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To illustrate the format of |B] consider the a®  strip

[Bs] = | 1 (a)5, (%) (3.46)

I, (2,) 3, (§))
1 (a,) 3, (&)
- .

th strip, and 51’ g, ceey E

3 where n_ denotes the midpoint of the s RC

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

{B] = (3.47)

AN o ab i St adpevis Dty

P45 s

: 1, () 3, (E) 1 (0y) 3 (E)) weeninidyg () 3y (E)
‘"‘ I, (n,y) 3, (&) 5, (8,)3,(8)
~ I, (n,) 3, (B 1, (1)) 3 (Ep)
I, (2,) 3, (§)) I; (1) 3 (&)
1, (1,) 3, ( Eyp) I, (0,) 3 ( £p)
I, (M) I, (5) I, (1) 3, (&)
1, (8,) 3, (Ey) L (B) 3y (Bpe)  Iyg (npg) dgg (Epo)
“24-
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DERIVATION OF SORIC ARND SUPERSONIC AERODYNAMIC INFLUENCE COEFFICIENTS

The supergcenic Mach box method was developed by Zartarian and
Hsuh and extended to intersecting planar lifting surfsces by Mcore and
Andrews. The sonic box method was developed by Rodemich and Andrewé.
A further extension to the wing-tail combination was made by Moore
and qu-}:2 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 supersonic case,

The box methods lead to the velocity potentials whose streazrwise
substantial derivative gives the pressure coefficient. The soisticrn Zor
the velocity potentials may be written [cf. Eq. (7 )]

{o} = [Apyzy | 1wVl (3.48)

The pressure coefficients are given by

{cp} = (2/a M) [wa] {¢} (3.49)

where [Wal is the substantial derivative evaluated at the box centers.
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.
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

cach box to the strip,

'{Fa} = q {AJ {Cp} (3.50)

The elements of the diagonel area matrix |_A] consist of the appropriate

box aren or fractlons thereof lying on the strip from each spanwise line
of bhoxes,
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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
gsimple beams, hinged at each control peint, so that the AIC control point
forces are the reactions to the box forces distributed elong the series
of heams, This leads to approximate generalized forces since this
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
[iﬂ we have the AIC forces

5F¥ ) [T] {Fa} | (3.51a)
= a [7] [4] {Cp} (3.51b)

If the foregoing equations are combined, including Eg. 3,8, the
LIC control forces are related to the control point deflections through

Y

) e 1[4 ) Bl B () 0

and leads to the AIC's by comparison with Eq. 3.1,

5] = @/enxe [ (4] B [wad] B .59
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PART IV - SECTION A

TECHNICAL DISCUSSION OF THE SUBSOKIC
KERNEL FUNCTION METHOD

INTRODUCTION

In defining aerodynamic influence coefficients, ¢the aerodynsmic
loads are first derived by the well documented "Kernel function” method,
and the resulting 15355 are then converted to aerodynamic influence
coefficients. The procedure followed uses results from any of the

pertinent papers, and extends the analysis to cover the problem of
tandem surfaces.

The first published numerical procedure for solving the subsonic
pressure distribution problem for isolated planar lifting surfaces under-
going simple harmonic motion was developed at NASA's Langley Research
Center by Watkins, Runyan, and Woolston (Reference 1). Hsu (Reference 7)
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
expressions for the kernel that are very much simpler than those previously
used, and they tele less time to evaluate. A further advance was made
by Rodden and Revell (Roference 10), who described the matching of the
boundary conditions with the least squared error. Rowe (Reference 11)
has shown that to obtain sufficiently accurate results using Hsu's
procedure, an extremely large number of collocation points must be used
and when thig is done, using the spanwise pressure function that Hsu and
Wotking uned, the downwash matrix becomes ill-conditioned. Rows overcame

thir problem by using a Fourier geries for the spanwise pressure function,

The present method uses Hsu's set of collocation points, Rodemich's
expreasion for Lhe kernel, Rodden and Revell's idea for matching the
boundary conditions, and, l1ike Rowe does, it uses an orthogonal set of
functions l'or Lhe apnnwise pressure function. However, the present method
utilizes Lhepe developments in a way that has not been previously published.

The techniques employed result in speeds and accuracy not previously
nlttnlined,

-27-




Vinkde W LT AR

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 l1ifting surfaces,

The problem to be considered i3 that of determining the air loads
on the wing and control surface which are induced by a simple harmonic
motion., The surrounding fluid is sssumed to be compressible, inviscid
isentropic, and ixrotational, The perturbation potential is used, and
the problem is further linearized by applying boundary conditions at
the mean (z = 0) surface. fThickness effects are ignored. With these
hypothesis, it is well known that sn integral relation exists between
the pressure discontinuity over the surface z = O and the downwash

over the same plane, If the downwash and pressure difference are
representable in the form

b
wl (x, v, O, t) = W(x, y)e w?t

(4.1)
AP, (%, ¥, 0, t) = AP (x, y)e 1¥°

The integral relation becomes

W% y) "8%: ﬂ;i(géj) KROB M, x-6, y-1) ¢ dn (4.2

The integral extends over the plane z = O, but the integrand is
rero except over the wing and control surface, The kernel function XK is
strongly singular and integration in a aspanwise direction requires the
use of' the Linite part concept, This is indicated by the cross on the
futegration sign, Equation (4,2) then reprasents the integral equation

of Lhe syntem wherein, given W (x, y) over the wing and control surface,
AP muni then be determined.
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The function X (k, M, x-£, y-n ) is represented here in the
form

K (FoMx-b,yn)=e T x-g) K,

(v -n)? (%.3)
where
-1 kl G
- 1
K, = -k, K, (k) - x-8) e.
2 1 ¥y O) " | G
1 k. W _3
wekl ; ul-lé 1klu 5
+ ik aw + u
l_,lo V1. @ “10 NS
=7
and R =\/(j<-g)2+ pzrlz
3 0= y-m
= Wi
k'l U
w o= M-(X-E)
1 2
P 1y
M = Mach aumber

B2 = 1.

Ky (kl) is the modified Bessel function of the second kind of order
one and argument, k

l.
This l'orm for ths kernel function has been used in References 8 and
9. While It 18 not ldentical to that of Reference 1, it may be obtained

directly from that equstion by substitution of the integral representation

of Lhe modified Bessel and Struve functions. The second order singularity

In the apanwlne variable in Equation({4.3) requires the use of the "finite
part" technique 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
a8 inferred from steedy 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 zerc at the top for each surface.

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

Cmm Eo P s
.;l_ﬁi(’g V-5 Zzanm P 1, (€) “.9

n=0 mn=0

where

~, l - I ~, ~
£,® =\/353 £,@) =V1-Fu ()12

90(3) = 1.0 rp(;q) = 112 Um‘l(g); lsmn
Uo(x) = 1.0
Ui(x) = 2x

(4.6)

ke~
5= b(i) and 3 a(gl.e ey e.)
1= 3

~30-

P

[



el . kel

e

S

OB I O wEsn e

. b2t o) oo =i~ Foirn ] RIS sy - o] =2 e gy [ LR

The functions Un are Chebyshev Polynomials and are intraduced for
purposes of convenience.

For a trapezoidal wing, the lines & = constant and n= conatant are
not orthogonal.

( E, 7N ) plane.

This transformation maps each surface into a square in its

The fundamental integral Equation (4.2) is inverted by substituting
Equation (4.5) into Equation (4.l1), and determining the coefficient a
so that Equation (4.2) is equilibrated at a designated set of collecation
points., This equilibrium is represented schematically in the form

) \ - -1 4 =)

{%Vz D:; D:; {anm(W)g

(o] ~W ccC
I LY

S L JU Y

The left hand side of Equation (47) represents the prescribed
downwash at the chosen set of collocation points, Dnm an is the effect
on downwash of the corresponding term in the pressure series expansion.
The superscripts W and C designate wing and control surface, respectively.
The left superscript on the D's indicate the surface on which the
cvollocation polnt is located, the right superscript, the surface over
which the Integral is taken., Then Dnm (x, y) ia given by

2 K (X'g, Y‘ﬂ)
nm( ) Bn V 1 -1 P (q) £ (§> dgdﬂ ¢.8)

-1 -’r])
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The integrels involved in Equation (4.8) ave evaluated by following
the methods of Hsu. In thiz procsedure, the Gauss-Mehler quadrature is
uged, and the collocstion points are sslectsd by & method which is analogous

to using the Gauss-Mehler quedrature on the invarse probiem.

g In brief, this technique s conzerned with a numerical evaluation

mmmmm‘

+f an integral ln the form
b

b1}
Wied Elx) dx =5 W
j Tep

E{x

f f

Where W (x) is a given weighting fusction, f{x) an schitrary

function, and Hi age welighting ausbers. The figst cholee of points xi

is taken to be that corresponding te which the approximate integration
would be exact for a polynomiasl of degrea less than or equal to In -1,

The integration points ané weighting asumbers are listed in Kopel (Reference
' 12} page 283, They are; for

(A,8) = :‘_é)

e ol a
{ Y ) w3}
‘ ) S (a,») = (-1, 51)
2
3 ”( = = o« --M— - w l"-x
1 =i %y cos ( =t 1) , H, u_ia_:_%_l__
-
. oA o B o - 24 1 ”
! 4 p 4 x-, cos (-%;—-—-—}u” HJ " - { 4,q)
' 2n i P2u(l-x
K e -p =i X, = cos —e H =
’ d an+1 ’ 4 2n + 1
2p(ldx
o - -p ™ -& X " OB ga:‘ ‘12‘7: "’ = -—E—L——LL-
J 2n ¢ ) ) 2n+ 1

where } = 1, 2, ..., n

il
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the inner integrel of Equation (4.8 1s then evaluated by using
the third of Equation (49), With the previously defined notation then

+1 - i L
1 i -~ 2 ~
;{ \{1‘+"§ MOLER S Z BeFa(g) (4.19
kel

where Hk 2]l o Ei

e 2k - )
S = eos GpT

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

~ o 24
X cos (zr=4—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-

rm B bARe P oriaicle YLt
P

-



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 integratiod
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

+1 —
- 2T (x,y-1)a .11,

-1 (y- ﬂ)g o

where

———————

Con ™ Ty m(11)2 a-£3u 1‘%“&("‘%"? W 1<n

.

The integral for Dnm is singular. The Gauss~Mehler technique is
again followed. This time the first of Equations (4.9) is used to perform
the intepration, and the finite part modification is introduced. With

these constraints, Hsu has shown that the evaluation for Dnm becomes
M+1

2
2 (1-n.)
D = - -1'-— lg.- Z —-——-E— G (x,y-n )
nm 8w | M+l 2 “mm P
p=1 (y-np)

- (M+1) Gnm (x,O)}
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and x
6 (x, 0) = -2 [

When the collocation point lies on the control surface this integral

()t ()% - g

L8 taken over the wing, from the leading edge ( §'= ~1) to the trailing
edge ( g = +1), and over the control surface, from the leading edge to the
collocation point ( £ = x). The integrand of this expression does not

vary ﬁidely over the region of integration and is evaluated with sufficient
accuracy by a six-point quadrature formula., It has been made 2 part of

the computer program and may not be controlled by the user.
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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
1ifting surface configurations., The computer solution is based on a kernel
function formulation which satisfies the linearized equations of moticn of an
inviscid, isentropic, compressible and irrotational fluid, The analysis is
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 dcwn-~
stream surface lies in the wake of the wing; any non-negative value may be used

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

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
chord location,

(5) The minimum number of chordwise or spanwise control points for a surxface
fs two and the maximum number 1is ten,

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

For the planform must be at the leading edge root of the wing.

Examples of acceptable AIC control point patterns for the subsonic program
nre [llastrated in Figure 4.2,
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The computer program consists of a main program (MAIN) and 24 subroutines
and functions subprograms. Execution begins with MAIN calling KFDA which reads
input data and stores this information in core, The program then calls TRAMP
which generates the substantial derivative matrix, @4. The EWJ 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, TMAT, BMAT,
RMAT and MINV.

The next item computed is the kernel function matrix, LD]. 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 pregsure coefficients {an%% are found from the relation
foem) = [ 1)
nm

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 operaticn
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, 1Fh1. By definitimn.ithe  AIC matrix reiates forces to
displacements through the equation

2.2
{F} - eu” ve o] {0}
The semi-chord of the wing root is used ks the reference chord, br' 8 is the

semi-span ol the wing (and tail) and (; is the oscillatory frequency in radians/

see,  This final phase of the subsonic AIC development uses the subroutines AICS,
FORCE, ARCCOS, MINFS, and MINTC.
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1.0 PROCESSING REQUIREMENTS

e

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

<40~

Lot
|




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 consistenf 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 1 13-24 | 25-36 | 37-48 | 49-60 | 61-72
Name X ] X2 X(3) X(4) X(5)
Ltem ¢9) (2 ) (4) 3)

(1) X{(1) Wing root leading edge streanwise coordinate

(2) X(2) Wing tip leading edge streamwise 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 shown 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(1) 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) 1Y¥(2) Y(3) SOUND
Item (1) (2) (3 (4)

(1) Y(1) Wing root spanwise coordinate

(2) Y(2) Wing leading edge spanwvise coordinate

(3) Y(3) Wing (and control surface) tip spanwise coordinate

(4) SOUND Acoustic velocity for altitude at which analysis is performed

<41-
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TABLE 4.1 - OQPTIONAL ‘CONFIGURATIONS

b SR

Configuration Chordwise Coordinates Spanwise Coordinates
Rectangular X(1) = 0.0 Y(1l) = 0.0
X(2) = 0.0 Y(2) = 0.0
X(3) > 0.0 ¥(3) > 0.9
X(4) > X(3)
X({5) > X(&)
Delta X(1) = 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(&
Trapezoidal X(1) = 0.0 Y(1) = 0.0 3
X(2) > 0.0 Y(2) >0,0
X(3) = X(2) Y(3) >Y(2}
X(4) > X(3) .
X(5) > X(4) A
Trapezoidal X(1) = 0.0 Y(1) = 0.0
(Cropped) X(2) > X(1) Y(2) > 0,0 £
X(3) > X(2) ¥(3) > Y(2)
X(4) > X(3)
X(5) > X(4) :
g
Delta X(1) = 0.0 Y(1l) = 0.0 :
(Cropped) X(2) > 0.0 ¥(2) = 0.0
X(3) > X%X(2) Y(3) > Y(2)
X(4) > X(3) :
X(5) > X(4) 4
b
|




3. General Information (6112 format)

Columm 1-12 13-24 25-36 37-48 49-60 61-72
Name HMACH | KF NFREQ LEOLL LPUNCH
Item (1) (2) (3} (4 (3)
(1) NMACH Number of Mach numbers (max., 6}
(2) XF Option to input either frequencies or reduced frequencies:
KF = 0 frequencies
K¥ = 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
coordinates:
LCOLL = 0 do not print
LCOLL = 1 print ceollocation station coordinates
(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 1P6E12.5 format. Each row of
5 the matrix begins on a new card.
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4, General Information (6112 format)

Column 1-12 13-24 25-36 37-48 49-60 61-72
Name NWCX CCX NIONCX |NIY ISOLAT
Item (1) (2) {3) (4) {(5)

(1) NWCX Number of chordwise collocation stations on wing (2= NWCX<= 10)

{2) NCCX Number of chordwise collocarion stations on control surface
(2 £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
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.

H 5. Mach Numbers (6E12.5 format)

’ Column  [1-1Z  Ti3-34  [75-36  [37-48  J59-60  [61-72

! Name FMACH(1)JFMACH (2) |FMACH(3) [mvacu(4) lrmach(s) | rmach(e)
Item (1) (2) 3) (4) (5) (6)

(1) FMACH (1) Mach number
(2) FMACH (2) Mach number

.. , . -

ﬁ» . . . .

(NMACH) FMACH(NMACH) Mach number

NMACUH values of Mach number must be input (see Part 3, Item 1). Mach
ﬁ numbers must be greater than zero and less than 0,95.




6. Frequencies or Reduced Frequencies (6E12.5 format}

| Column 1-12 13-24 25-3% 37-48 45~60 61-~72
Name FREQ(1) (FREQ(2) [FREQ(3) IFREQ(4) (FREQ(5) IFREQ(6)
Item ) (2) (3) (&) (3) (5
1f KF=0,input NFREQ values of frequency (cps). If KF=l, input

NFREQ values of reduced frequency (kr =uwbr/U where br = gsemi-chord of wing

root, U = free stream velocity, and , .=oscillatory angular frequency in
radians/sec). Frequencies (and reduced frequencies) may not be zero.
(1)  FrE4(1) f(cps) or kr

(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 YAIC (1, WYAIC (2, WXYAIC (3, WIYATC (4, WAYAIC{5,WXYAIC(6,W)

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

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

stations on wing.

(2) YAIC(2,W) Spanwise coordinate of second row of AIC collocation
stations on wing.

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

Collocation station rows are numbered from root to tip. For NIY > 6,

concinue fnput of YAIC (7,W) to YAIC(NIY,W) on new card(s).
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8. Spanwise Location of AIC Stations on Control Surface (6El2.5 format) .
Column 1-12 13-24 25-36 37-48 49-60 61-72
Name YAIC(1,CS) JYAIC(2.CS; } YAIC(3,CS) YAIC(4,C8XYAIC(5,CSYYAIC (6,CS)
Item (1) (2) (3). (4) (3) (6)
(1) YAIC(1,CS) Spanwise coordinate of first row of AIC collocation 5
stations on control curface.
“ (2) YAIC(Z,CS) T OB S BIBEOC OISO OENOIESSEDIDIS Second.0000000.
(NIY) YAIC(NIY,CS) R 17 S
Collocation station rows are numbered from root to tip., If NI¥>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,1,1) IXATC(W,1,2) | XAIC(W,1.3) [ ... s eos 3
Item (1) (2) ) (4) (5) (6) ;
(1) XAIC(W,1,1) Streamwise coordinate of first AIC collocation station
in first row on wing.,
(2) XAIC(W,I,Z) PO OO P OO PEE PP PO OORESEOETSIPOIS secondoOOOOQOOO
(NXWING*NYWING)

XAIC(W,NYWING,NXWING),...............'.... last........last TOWieeeo

Streamwise 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 Tocation of AIC Stations on Control Surface (6E12.5 format)

Column 1-12 13-24 25-36 37-48 49-60 61-72
Nemee XAIC(CS, L, 1)| XA1C(CS,1, 2)] XAT6(CS,1,3)] ...
[Lem (1) (2) (3) (4) (5) (6)

Procedure to lnput streamwise coordinate location of AIC stations
on control gurface 18 the same as wing.

1 _h'l_
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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 opticns available, Trapezoidal,
cropped trapezoidal, and delta configurationms are analyzed. Explanation of
input parameters and computer listings of input data cards and computer output
arc given for each problem,

Sample Problem 1

A cropped Belta wing-rectangular control surface combination iy analyzed for
M= 0.5 and kr = 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 thni:z
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
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

chordwige 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 sea level)

NMACH = 1 number of Mach numbers

KF =1 Input reduced frequency

NFREQ = 1 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
stations

NIY = 5 Number of spanwise AIC collocation stations

TSOLAT - 0 Surfaces are not isclated

IMACH(E)Y -~ 0.5 Mach number

FREQ(T) = 0,] Reduced frequency

-48.

RV PREER I A

P PRI )




——.m

YAIC(1,W) = 0.2
YAIC(4,H) = 1.4'

YAIC(1,CS) = 0.1!
YAIC(4,C8) = 1.5'

XAIC(1,1,W)
XAIC(2,1,W)
XAIC(3,1,W)
XAIC(4,1,W)
XAIC(5,1,W)

0.575'
6.725'
0,875
1,025
1.175'

it

n

3.257
3.25°'
3.25'
3.25'
3.25'

1]

XAIC(1,1,CS)
XAIC(2,1,CS)
XAIC(3,1,CS)
XAIC(4,1,CS)
XAIC(5,1,CS)

YAIC(2,W) = 0.6'
YAIC(5,W) = 1,8’

YAIC(2,CS) = 0.5'
YAIC(5,CS) = 1,9'

XAIC(1,2,W) = 1,050"
XAIC(2,2,W) = 1,150'
XAIC(3,2,W) = 1,250
XAIC(4,2,W) = 1.350°
XAIC(5,2,W) = 1.450°

XAIC(1,2,CS) = 3,75

XAIC(2,2,C8) = 3,757
XAIC(3,2,CS) = 3,75'
XAIC(4,2,CS) = 3,75
XAIC(5,2,C8) = 3.75"

-ho.

YAIC(3,W) - 1.0'

YAIC(3,CS) = 1,0'

XAIC(1,3,W)
XAIC(2,3,W)
XAIC(3,3,W)
XAIC(4,3,H)
XAIC(5,3,W)

4

4

i

1.525!
1.575°
1.625°
1.675'
1.725!

-
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Sample Problem 2

A cropped trapezoidal wing is analyzed for M = 0.5 and kr = (0,10, Siuce
the subsonic AIC program requires a control surface, a dummy surface fs 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 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(1i) = 0.0' Y(2) = 1.0' Y(3) = 2,0’

SOUND = 1116.87 ft/sec

NMACH = 1 Number of Mach numbers

KF =1 Input reduced freduency

NFREQ = 1 Number of reduced frequencies

LCOLL = 1 Print collocation station coordinates

LPUNCH = 1 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 = & Factor for determining number of chordwise integration
stations

NIY = 4 Number of spanwise AIC collocation stations

ISOLAT = 1 Isolate wing and control surface

FMACH (1) = 0.5 Mach number

FREQ(1) = 0,10 Reduced frequency

YAIC(1,W) ~ 0,2' YAIC(2,W) = 0.7' YAIC(3,W) = 1,3

YAIC(4,W) « 1,8'

YAIC(L,CS) = 0,2° YAIC(2,CS) = 0,7' YAIC(3,CS) = 1.3

YATIC(4,C8) ~ 1,8

. ~61-
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XAIC(1,1,H) = 0.10' XAIC(1,2,W) = 0,70 XAIC(1,3,W) = 1.30'
XAIC(1,4,W) = 1.90'
X41C(2,1,W) = 0,10’ XAIC(2,2,W) = 0.70' XAIC(2,3,W) = 1,30'
XAIC(2,4,4) = 1,90’
XAIC(3,1,¥) = 0,38' XAIC(3,2,W) = 0.90' XAIC(3,3,H) = 1,405
XAIC(3,4,W) = 1,915'
XAIC(4,1,W) = 0.86' XAIC{4,2,W) = 1.22° XAIC(4,3,W) = 1.58'
XAIC(4,4,W) = 1,94
XA1C(1,1,C8) = 3.25' XAIC(1,2,C8) = 3.75"
XAIC(2,1,CS) = 3.25° XAIC(2,2,C8) = 3.75°
XAIC(3,1,CS) = 3.25' XAIC(3,2,C8) = 3.75'
XAIC(4,1,CS) = 3.25' XAIC(%,2,C8) = 3.75'
A ® |
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Sample Problem 3

-- A 45° 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 &nd AIC control

e ¥t Bezze 1 NDIR X Lt e

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

e

3 below and a listing of the data imput cards and computer output follows.
F X(1) = 0.0' X(2) = 2.0' X(3) = 2.0' X(4) = 3.0' X(5) = 4.0°
Y(1) = 0.0' Y(2) = 0,0’ Y(3) = 2.0¢ 3
SOUND = 1116.87 ft/sec e
NMACH = 1 Number of Mach numbers %
i KF =90 Input frequencies %
. NFREQ = 1 Number of frequencies f?
3 ICOLL = 1 Print collocation station coordinates )}
LPUNCH = & Punch cards for tota&l AIC matrix é
NWCX = 4 Number of chordwise AIC collocation stations on wing %
] NCCX = 4 Number of chordwise AIC collocation stations on :
8 control surface E
NIONCX = & Factor for determining number of chordwise integration‘ ;
stations :
NIY = 4 Number of spanwise AIC collocation stations 2
ISOLAT = 0 Surfaces are not isolated . :
FMACH(1) = 0.5 Mach number :
FREQ(1) = 5.0 Frequency i
YAIC(1,W) = 0.2' YAIC(2,W) = 0.6’ YAIC(3,W) = 1.0' 3
YATC(4,H) = 1.4"
YAIC(1,C8) = 0,25' YAIC(2,CS) = 0,75' YAIC(3,CS) = 1.25' %

YAIC(4,0S8) = 1,75

| 3
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XAIC(1,1,W) = 0.56'
XAIC(1,4,W) = 1.64'
XAIC(2,1,W) = 0.88"
XAIC(2,4,W) = 1.72!
XAIC(3,1,W) = 1,20¢

XAIC(3,4,W) = 1.80"
XAIC(4,1,W) = 1.52°
XAIC(4,4,W) = 1.88"

XAIC(1,1,CS) = 3.125°
XAIC(1,4,CS) = 3.875"

XAIC(2,1,08) = 3.125°
XAIC(2,4,C5) = 3,875'
XAIC(3,1,CS) = 3.125'
XAIC(3,4,CS) = 3.875'
XAIC(4,1,C8) = 3,125

XAIC(4,4,C3) = 3,875°

XAIC(1,2,W)

XAIC(2,2,W)

XAIC(3,2,W)

YAIC(4,2,W)

XAIC(1,2,CS)

XAI1C(2,2,CS)

XAIC(3,2,CS)

XRIC(4,2,C8)

«The

ft

0.92'

L]

1.16'

1.40°

1.64*

= 3,375

3,375

3.375'

3.315°

XAIC(1,3,W)

XAIC(2,3,W)

XAIC(3,3,W)

XAIC(4,3,W)

XAIC(1,3,C8)

XAIC(2,3,Cs)

XAIC(3,3,C8)

XAI1C(4,3,C8)

i}

it

1,28

1.44"

1.60'

1.76F

3.625"

3,625

3.625°

3.625'
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PART IV - SECTION BY.O

LISTING OF SUBSONIC AIC COMPUTER PROGRAM
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CHMAIN

o
f sse

nh
1

7ud

,h’

MATN
COMPLFX AcAA.ANM.UCZERD . NASH,ALC
NIMENSTON THHP(4n. 40) ,AfC(A0.87 ), WASH{AL),FM(4N,41)
COMMON/CTZACH9) , ARLS0, 7)), ANM(40,40),CZERD
COMMON/C? /7HKFR(20 ), ZKER(P21 ), FMACH{A),FREQCTH), NOM(5) . IL(50),

1 HEGREH) . ZC0R(E) . HXNKHN(T1 1), UBCN(I 1) . WBIN{T1Y, HTI(YD),
? XY, YECS),UXCIN) UY(Y0) o HXTIMNETL),SIXC40 2),8LX(T10.2),
3 EYAC 1)
COMMON/CIZY (v iY, XAICCLu,Lt0,2) . YATCCLD,2),B(4n,40),R(4su,at),
) ClIu. a0 ), TCAN,4u), TH(AN,A0), TR{4D,4D), T4, 41)

COMMON/CA/CLEN.NGSXRN,NPY, SOUND, RMACH, RFREQ, MAUG, HIOMCX, RHO,
NMODFS, LCOLL, LPRHSH LPRCOSTIY, 11X, NSURF,ISALAT.FULFL,
N S, NOMI T, MACH, XCOL L .YCOLL,PT,U,ONCX, CXHn, 1ML, IROW,
EM.FK, B/ NWIX, NCIX.CRON,NNCY,IFR,E1,E2,QKY QHWHKX,
SN.HRO, NTY,.NWHCX,NCOX . NRPY,NCPX, NXWING, NYHEING, KXCS,NYrS

COMMON/(S/LPUNGCH. KF

FOQUIVALFNGCFE (AR, AIC), (A, WASH) (FH,T)

LT N D>

WRITF(A,bHh)

FORMAT(1HY)

CAlLY KFDA

P o= PeNWIX ¢ v

FC = J2eNCEX ¢

QWX = 2. 08P1/FNH

QHCX = Z2.48P1/FC

QWY = PL/FLOAT(2eNTY)

CALL GFOM

CAIL TRAMP(NIY.NHCX,NCCX,NXHING, NYWING, NXUS,NYCS,2,Hn(,SN)
NRS=N[Y# (NHCX+NCCX)
NCS=NXWINGANYWING+NXCSeNYCS

N0 0y NIT=).,NRS

Bo v MIT=1.NNS

TEMP(NTIT MITI=TR(NIT.MIT)

CALL TRAMP(NTY.NWiX,NCCX,NXRING,NYHING,NXCS,NYCS,1.H00.5N)
NG ~01 NlT=3.NRS

N .1 MIT=1.NCS
TRINIT.MIT)=TFMP(NIT.HIT)

DG 100 MACH=Y . NHACH

MACH = MACH

FM : FMACH(HKALH)

0 = FMeSOUND

o0 = WRo/1)

R = o0 = §MefFM

CALL KOUT ()

TP (1COLL JNF. 0) CALL KOUT{(?)

PO ln [FR=1.NFRFQ

I¢R = [FR

TH (KF JBEQ. 1) FREQ(EIFR)ISFREQUIIR)SU/ (HBO#? ,eP{)
FK=, .uePlesFRFO(IFR) s WHO/ZU

NSURE = 1V (MINB) DR 2 (CONTROL SHRFACE)
NECX = NHEX

MOMEY =

NHOBES = NXWINGReNYWING ¢+ NXCSeNYCS
MAWE. = NOOLS + NMODES

No « J-1.NCOIS

ey - n

o « K=1,HKAUh0

AMLI.K) = C7FRO

IROW = '89'

no » NSURE=1, ¢

Dee i nas A S

L il A
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NSURF = NSURF
PO 14 Ty=i,NIY
1y = 1y
{FINORTIT=-MOMKIT . LY.N) 6O TO 7
FFOLY-NOM{MOMIT)LEQ.D) GG T0 1o
YCOLL = Shey(lY)
B 12 JX=1,NTX
iy = 1Xx
XCNL L= XS(1,NSURF,LIX, 1Y)
CAlY CORD
NG i Mz1,NHONFS
SR : IR(IRON.H)
Sl = TH(IROW.MI#FK/WHRO
MNET = NCOLS ¢« ¥
HWASHIRNG) = OCHPLX{(SR,ST)
DO b N=1,NCOL S
CAlY CORFD(A.N.N?
IROW = JROW =+
CONTINUF
R0 7O 14
BMOMIT = MOMIT +4
CONTIRUF
HCY = NCCX
CONTINUE
AL XLSQ
CatL AICS
CAll XOUT(6)
IF (LPUMCH .NE. 9) CALL KOUT(/)
CONTINUF
60 10 1
FND
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CKFBA KF DA
SURROUTINE KFDA
COMPLEX A, AA.ANM.CZERQ. WASH,AIC e e AT
DIMENSION AIC{41,.40), ASH(4U}
NOMMDN/CIZA(RY Y, AACANLRO), ANH( 40, 40),CZERD
COMMON/G?2/HKER(20), ZXER(?1), FHACH(A) ,FREG(T 1), NOM(5) . IL(Su ),

} HEUOR(A) ,ZCOR(S), HXCHR(T L), HBCNCIT ) . MBIN(ILY . WT(%0),

? XEOS),YE(A),UXCIN) UYL 1), UXIMNCTL),SiX440.,),5C( 5.5,

$ FYAC 1)
CORMON/CIZY (V3L XATCCIN,10.2Y,YALC(160,?2).8(40u,40),R{ryan),

1 Ot A0), TCAN,408), TH{A40,40), TR{40,443,T1(40,40)
COHUMOM/CA/CLEN. NGSKRN, NPY, SOUND, NMACH, NFREQ, HAUG,NTUNCX, RHO,

H KRONFS,LEOLL . LPRUWSH I PRCO,TIY. LIX,NSURF, ISNLAT.FH,LFC,

/ NCOL S, NOMIT, MACH, XCOLL . YCOLL,PT, U, GUCX, CXMN, IROD, IRON,

# EM. X, B/ NHIX, NCIX.CRON,NWCY, IFR,¥1,F2,0RY. Q¥KYX,

¥ SN, HRO . NTY . NRCX,NCCX . NWPX NCPX, NXWING,NYWING,NXCS,KY(S

COMMON/CS/LPUNCH, KF
FOUIVALENCE (A2,A1C), (A, HASH)
1% FOPMAT(AFLI? .H)
1? FORMAT(AT1?)
REA“‘5111)‘XF(')tI=’th)
READ(Hi1) (YR(I)o1=21,3),S0UND
RHO=-1 . N
REA (5,12) NMACH,KF,NFREG,LCOLL,LPUNCH
REAE (5%,17) NUCX. NCOX,NIONCX.NTY. TSOLAT
TNW1S=1n
NWPYX=NUCX
NXWING=NWCX
NCPX=NECX
NXESENOCY
NWEYSNTY
NPY=N{Y
NYNING=NTY
NYRS=NTY
NCOL S=NPY®* (NUPXINLPX)
NCTX=NCOXSNTONCYX
NWTY=NWCXsN]ONCX
NWTS = NHWCYaNWCX +NIYeNCCX
NG «f 1=1,NNTS
an HIC)) = 1.0
TFCINWTS.NE.n)  READ(H.11) (MT{1), 1=51,RKTS)
NGCOES = NPY » (NWPX + NCPX)

NCTY = NCCXsNTONCX
NWlx= NHCXeNTONEX
NOMIT =

N » 1=1.%

A NOMel)Y = 0
TH(NNCY.GELNTYY 60O TO %
NOMIT = NIY-NHCY
REAPCH.17) (NOMOT Y, |

SOREANCS 1LY (FMAGCH(T)
NGO 7+ 1-1.NMAIH
TFCEMACHCE) el oo 20) RO TO 7
WHIIE(F,18)

1o NOMIT)
1=1,NMACH)

14 FORMAT(/IM A HACH NUMBER GRFATER THAN 11,90 HAS RECN READ INe==--
YJOASE [FRMINATED)
CALL ¢ XY

/ LORTINUF
READ (%,11) (FREQ(T),]=1,NFREQ)
REAB(CH, 01D (YAFC(T. i), T=1,NYHING)
READ(Y . 1) (YAlC(!-?).I:&aﬁYCS)
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haan " T IEEE SRR

Rf’ﬁﬂ(‘)o") ‘(XAlC(lko1)ofgioNX“’”G)IJ::}'”VHl“G)

READ(H,. 31 ((XAIC([:J:’)»[=1-NX€S)odﬂl»”Y€S) i

!F(NCIX.GT.4ﬂ.na.NHlX°GY.40) 68 T0 A6

lf(N“CX'N“CY°NCCX*N’Y.GY.QO) 60 10 &s
¢ TEINPYS QR NCPY) 6T 50) 6O To on

IF(NHPX,GT.J".OR.NUPK.G?%TWoOR-NPY-GT-l") 80 70 86 L
RETURN

86 FM = FMACH(1}
CALL KoUT(1)
CALL KOuY(s)
RETURN
END

v v —

o fea . dS

"92“
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CKknuT Kourt

SURRGUTINE KOUT(IND)
COMPLEX A,AA.ANM,CZERO, WASH,AIC

DIMENSION SURF(2,2),XPR(50),AIC(40,80),NASH(40)
COMMON/CI/A(RN),AA(40,80),ANN(40.40),C2ERD

COMMON/C?2/HKFR{20), ZKER(20),FHACH(A) ,FREG(10), NOM{5) . IL(50),
HCOR(6),ZCOR(H ), HXCHMN{11),WBON(11 ), WBINC11)Y,HT(90),

Ct 1\ =

ETA(11)
COMMON/C3/Y(11),XAIC(LN,10,2),YAIC(10,2),B(40,40),R(40,40),
C(41,40),T(40,40),TH(4N,40), TR(40,40),TI(40,40)
COMMON/C4/CLFN,NGSKRN, NPY, SGUND, NHACH, NFREQ, MAUG, NTONCX, RHO,
NMONFS, LCOLL, LPRHSH,LPRCO, 11V, TIX,NSURF, ISOLAT,FW,FC,
NCOI S, NOMIT,HACH, XCOLL. YCOLL,P1,U, QWCX,CXMN, IHOD, IRON,
EM.FK,B?,NWIX,NCIX,CBON,HNCY, IFR,E1,E2,QHY OWKX,

SN. HRD, NIY, NHCX,NCCX  NNPX,» NCPX, NXHING, NYWING,» HXCS»NYCS
COMMON/CS/LPUNGH, KF '

FOUIVALENCE (AALAIC), (A, WASH): (XPR,IL)

DATA (SURF(1.1),1=1,72)/8HNING »AHTAIL /
8O 7O (10,20.,40,40,%0,A0,/0), IND

BRBERBAAB BB B AR ERBD AR R GD R BRI S SR INGBRNEPENINNOGEEONEPOEBEE3800 40

-

Lo XN O

10 XV=XE(5)=-XE(A4)

11 FORMAT(IH1//7/7/7 32X, 41HHUGHES AIRCRAFT Co.

14 FORMAT(9?H

XX=XE(3)-XE(?)

AW=7.ys(XE(I)#YE(3)~0.5aXE(2)8(YE(I)-YE(2)))
AT=V.neXVaYE(S)

WRITE(H,T1)EM, SOUND,RHO, XE(1), XE(4)»XE(S),XV,YE(2),YF(3),YE(3),
TYE(S), XX XV, AW AT, HUCY . NTY , NHCX, NCCX, NHIX.NCEX,NPY, NPY ) NHPX,NCPX
SUBSONIC aIC PROGRANM

1 /7/7/737%,30HFL IGHT CONDITIONS AMD GFOMETRY/1HN//15X, 13HMACH NUMBER
? =,FB.5,4X, 1 AHSPEED OF SOUND =F10.3,4H L/T,4X,4HRHO=,E14.8//1H0/
354X, 4HHING, 18X,

3 AHTAIL///27X%X,16HLE. STATION (L),?2F22.3//22X,16HRO0T CHORD (L),
4 2F22.377 22X,16HL.F. SPAN (L), ?F22.3//22X,16HT.E, SPAN (L),
Y ?F2?2.3// 272X,16HTIP CHORD (L), PF22.5//22%X,16HTOTAL AREA (Lal)
6 PF22.3//22%X.16HSPAN COLL. STA..119,122,//27%,16HCHNARD COLL. STA.

7 119,122//27X, 16HCHORD INTGe STA.,119,122//727X,16HSPAN PRES MODES
B,110,122//27X, 15HCHORD PRES MODEKS,119,122)

TF(FMACH(MACH).LE.N.95) GO TO 15

WRITE(6,14)

A MACH NUMBER GREATER THAN 0.9% HAS BEEM USEDe~-ve=--
LUSF CAUTION IN APPLYING CASE RFSULTS)

15 TF{NOMIT.EQ.N) RFTURN

WRITF(A,12)(NOMCT), J=1,NOMET)

1?2 FORMATCIHO, 15X, 5THTHE SPANWISE COLLOCATION STATION(SY OMITTED ON W

20

2?2 FORMAY(1IHL,/7/7730X,50DHHUBHES ATRCRAFT CU,

1INR,96)

RETURN

R R N N A Y Y Y Y Y Yy Yy Y Yy Y Y Y YT Y R Y XYY Y
NCX=NHECX

NEX=NWIX

PO 150 NS=1,?

HRITF(6,22)(SURF(I,NS),1=1.2)

SURSONIC AIC PROGRAM (CO
INT=I) 1777177
220X, 5 5HIINSTEADY AERO COLLOCATION STATION COORDINATFS ON THF 2A671H
6001?"

1210
124

S STA NOL7X,?HYC,H8X, /X, 1L1HXC VALUES=-=~)
NG 125 1Y=1,NLY

YC=WROeSNsY (1Y) .
nn 120 1X=1,N0X
XPR(IX)=WHO»XS(1,NS,IX, 1Y)
HRITE(6,124) 1Y, YC:-(XPRCIX),IX=1,NCX)

«93.-

e o ~
3 .- L

XE(5), YE(3),UX(10), UY(16),MXINNC(11),SIX(40.2),50X(16,2),

o~ 3
P RO
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VIR I

_w Rt

PO T

124 FORMAT(IHUG, I12,5E17.6/(1H »29X.4E17.6)) )
NRITE(H,305) (SURFC(I,NS),1=1,2) : -
105 FORMAT(1HO,24X.39HINTEGRATION STATION COGRPIMATES ON THE 2A6/1HU,
112H S STA NO,7X,2HY?,8X,7X,11HXT VALUES~-)
DO 106 [Y=1,N1Y - : 3
Y1=WBOSSHeETA(]Y) K
DO 126 IX=1,NIX
176 XPR(IX)=WBO®XS(2,NS, X, 1Y)
106 RRITE(A,124) 1Y,YE: (XPROIX), IX=1,NIX)
NCX=NCCX
HEX=NCTX
150 COMTINUE
NXS=MXHING
NYS=NYWING
D0 2N) KS=1,?
WRITE (6,2061) (SURF(I,NS),1=21,?)
201 FORMAT(1H1,/7//30%X+50HHUGHES AIRCRAFT CO, SUBSONIC ATC PROGRAM (CO
INT=D) 111717
228%X,4$HAIC COLLOCATION STATION COORDINATES ON THE 2A4/1HD,
319X, 4HVAIC,13X,1JHXAIC VALUES--) :
D0 202 IY=1,NYS ;
YC=YAIC(IY,NS) <
202 WRITE(6,203) YC, (XATCCIX,1Y,NS),1X=1,NXS)
NYS=NYCS
200 NXS=NXCS
243 FORMAT(1HD,12X.5E17.6/{1H ,29%X.,4F17,6})
RETURN
c !lé!Q.QQQ.'&lQOGQO.!OQQ&QIC.ﬂ’l'l..#..ﬁl"..i..'QO.Q.O'C.GOOC..O‘!
%0 NO 44 NS = 1.7
WRITE(6,21)FREQCIFR), NMODES,FK,EM
25 FORMAT(1H1,31X,42HMISSILE SUBSONIC AIRLOADS PROGRAM (CONT-D)//1H /
1 9X,27HGSCILLATORY FREQUENCY (CPS),F12.%,14X,12,15H rOLL. STATIONS
2 /1H0,8X,3UHRFDUCED FREOQUENCY (SEMI-CHORD),F9.5,14X,23HFREE STREA
34 MACH WUMBER,F9.3/1H )
WRITE(6,31) 1MOD
31 FORMAT(31X,4NHPRESSURE COEFFICIENTS FOR COLL. STA. NA.T13//19X.1HI1
21X, 10HR COEFF(1)42X,10H1 COEFF(I) OX,9HSPAN MODE 3X,1UHCHORD MODE: )
WRITE(6,32)(SURF(KI,NS),K[=1,2)
32 FORMATCIHB,9X,7A6//)
60 T0(?,3),NS

Losmn ot

? NbL = NHWPX
ML = NPY ,

v IK =1 T E
680 10 4

3 NL = NCPX 3
ML = NPY )
IK = NWPXeNPY+i

4 N0 ¢ [MM=1.M|

PO ~ INN=1.NI
: HRITF(A, ISV IK,ANMCTIK, IMDD) ., IMM., INN
: 13 FORMAT(1IHU, 119,1P2E?2.5,2113)
6 K = [K + 1
34 CONYINUF
RETURN
I T T T T m
40 MRITF(A,41)
41 FORMATULIHO, 20X, SARHFRROR IN IMPUT DATA (NO TAIL) REOUTRES//,21X,19H
1TERMINATION OF CASE)
CAll EXIY
c I I I I

Y0 HRITE(A,51) ' _9),‘_ \ -

s e e




[ENE TECTO Y

PECTSY. NG T FA: S

51 FORMAT(1HO, /nX,63HNUMBER OF COLLOCATION GR INTFGRATIAN STATIONS OR
1 PRESSURE TERMS///1X,25HEXCEEDS ALLOKABLE MAXINUM///15X,1BHCASE IS
2 TFRMINATED)
CALL EXIT
C lb.&l&ﬂd&li!ﬁllQQQI¢§§¢00I60&lﬁiGGGO!OGCQQGCQQODICOCGQ'l.lll'ﬂ..ﬂ!
50 VEL=FMsSOUND
N=n,5%«RHOSVEL5e2
EK1=1.0/EK
REFC=(XE(3)-AF(1))/2.0
WRITE (6,220) FREQ(IFR),REFC,EXK,EK1,EN,U,RHO,Q

220 FORMAT (1H1,VIX,50H HUBHKES AIRCRAFY CO. SURSONIC AIC PROGRAM (CONTY
1=DY77779%,24H OSCILLATORY FREQGUENCY (CPS),4X,1PE12.5./1H0,9X. 15HRE
2FERENCE CHORD,AX, LPE12.5,/71H08,9X,3NHREDUCED FREQUENCY (REF. CHORD)
I AX,IPE1?.5,/71HG,9X,29HRENUCED VFLOCITY (REF. CHORD).4X,1PF12.5,
A/1H0,9X,?23HFREF STREAM MACH NUMBFR.AX,1PE12.5,/1W0,9%,20HFREE STRE
54M VELOCTITY,4X, 1PE12,.5,/1HN9X, 7HDFNSITY, 4X,0PF9.2,/1HD,9X, SIHNYNA
6MIT PRESSURE (1/?7+RHOeVEL®#2),4X,1PE12.5,///7)

WRITE(A,221)

271 FORMAT(//739X, Y4HAERODYNAMIC INELUFRCE COEFFICIENTS, 774X, 2HRL,1UX,
12HIM, LOX, PHRL,LINX, PHIM, 10X 2ZHRL, 10X, P2HIM, 10X, 2HRL,10%, PHIN, 10X, 2HR
2L,10%,2HIH, /)

NROWS=NYWING*NXWING+NXCS#NYCS ’
PO 222 NROW=1,NROHS .
WRITE(6,223)NROW :
WRITE(6,224) (AIC(RROW,NCOL),NCOL=1,NROKS)

273 FORMAT(/ SHROW = [2) ;

274 FORMAT(IP10E12.4) i

272 CONTINUF

RETURN
FHBARBBEI RNV RANBERRNDOBNBIRRNNBERWBERRECTRRVRABBCRNBNNGOIREGRRDEERD
/N NW=NXWING*NYWING
NC=NXCSeNYCS
NT=NW¢NC
NH1=NH+1
60 7O ¢(R1,H82.83,84),LPUNCH
A1 CONTINUF
DO 401 1=1,NW
PUNCH 85, (ATC(1,4),J=1,NH)
301 CONTINUE
RS FORMAT (1P6F12.%)
RETURN
H? CONTINUF 3
DO 402 [=NW1.NT _ i
PUNCH Ab, (AIC(T.J)Y»J=NHT1,NT) K
30?2 CONTINUF E
RFTHRN :
#4 CONTINUF b
N 03 §=1,NK
PUNCH RS, (AIC(T.d)sJ=1,NNW)
S0 CONTINUE !
DO S04 T=NWI.NT !
PUNCH A%, (AIC(T,J),JaNKINT) :
304 CONYINUF
RFTURN

‘ #4 CONTINUE

’ NO $N%» f=1,NT
PUNCH 8%, (ATC(L.0),Jd=1,NT?}

0% CONTINUF

1000 RETURN
FND -95-
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2un

275
3an

SURROUTINE ATCS

NOMPLFYX A,AA.ANM, GCZERO,.NASH,AILS

NINENSION AJC(AD,080), HASH(40),FM(4an,40)
COMMON/CI/A(RL)Y, AA{4AN,AQ), ANH(40.40),CZEROD
COMMON/C2/KKER(Z0 ), ZKER(?0),FMACK(A) ,FREQ(1 1), NOM(D) . T1L(5u),

1 HCOR(A) . ZCOR(6 I, MXCHN(I L), WBCN(L1) . HBINIT11Y,NT (YU},
e XKE(), YECH) L UX(LO) UYL Y)Y WXIMNI1L),SIX(40.2),8CX(1uv.2),
K] ETA(CILY
COMMBON/CS/Y (1)L, XATCELN,10.2),YAICC(LIN,?) . BLAK, 405, R(40,40),
| CCANAD),TCAD,40), TH(4N,40),TR(AN,40),TI(40, 40)

CONHON/CA/CLEN. NGSKRM, NPY, SOUND, NMACH, NFREQ, MAUG, NTONCX, RHO,
NCOLS,NOHEIT, MACH,. XCOLL.YCOLL, P, U, 0NCX, CXHN, 180D, IROW,
EM.FK,R7,NHIX,NCIX.CHON,NNCY, IFR,E',FE2,QKY. OHRYX,
SN.HRO.MIY,NHCX,NCUX . NWPX,NCPX. NXWING,NYNING . NXCS,NYCS

FOUIVALFNCE (AAAIC). (A, KASH), (FH,T)

HCOL S=NPY« (NUPX+HCPX)

NROKS=NX¥IHCoHYRING+NYCSoNICS

CALI FORCE

no ,0% §=1,NROUS

NG ~04u J=1,N00LS

SR=FM(1,J)

Clziet)

AMC1,J)=CHPLX(SR.ST)

NO -0y §1=1,NROUS

DO 5a J=1,NROWS

Atdry=(n . n,0.0)

N0 ~%u K=1,NEOLS

RUJ)ZACYI=AA(T. K)o ANM(K, J)

ne 2?9 1 =1,NRONWS

ATCCT LIS(YR()=YE(YY)OA(L)/ (/. uoEK®aD)

CONTINUE

RETURN
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CCGRED CGRED

SURROUTINE CGRFI(Y, IR, IC)

CONPLEY ANM,CZFRO.AJC,HASH

DIMFNSION AIC(A0,80).WASH(40),V(2,1)

COMMON/C1/7A(?2,R0), AA(2,40,R80), ANM(40,40},CZERD
COMMON/C?/HKFR(20), ZKER(20),FHACH(A),FREQ(1U)Y, NON(5) . IL(5L),

1 HCOR(6),ZCOR(6) , HXCHN(11),WBCN(21), UBIN(I1),HT(90),
2 XE(S5), YECI),UXCI0) . UY(1u)  WXTHNCI L), SEX(au,2),SCX(T0,2),
3 ETA(IT)
COMMON/C3/7Y(1 1), XAICCIN,10,2),YAICL10,2),8(47F,40),R(40,40),
] CCA0,40),T(A0, 409, TH{40,40),TR(4H,40),TI(41,40)
COMMON/CA4/CLFN.NGSKRN, KPY, SOUND , NHACH, NFREQ, MAUG, NIONCX, RHO, k
6 NMODFS, LCOLL. LPRUSH,LPRCO, TTIY, 11X, NSURF,ISaLAT.FH,FC. i
/ NCOLS, NOMIT, MACH, XEOLL.YCOLL,.PT,U,QUCX,TXMN, IMAD, [RON, .
B FM.FK, R/ NHIX,NCIX.CRON,NNCY, IFR,E),E2,QHUY.QHWX, 4
9 SN.HRO.NTY.NWCX,NCCX ., NHPX,NCPX,NXWINB, MYHING - NXCS.NTLS 3

FOQUIVALENCE (AALAIC), (A, WASH)

RMN = SORT(AA(I, IR, IC)Iea2 ¢ AA(2.IR,]IC)wez)
1F(LA(?2, IR, IC)Y.LFL.EY) 6O TO 40

C1 = AA(?,1KR,IC)/RMN

PO .0 N=IC,MAUG

TI = CReAA(Y.IR,N) + CleAA(2.]R,N)
AAC7,IR,N) = CReAA(:,ER,N) = CI#AA(1,]R,N)
AA(),JR.,N) = T}

RAN = SAQRT(V(I.IN)#a? + V(2,1C)%a2):
IF(RANJLLE.E?)Y GO TO 40

RAN = SORT(RANo=2 + RMN##2)

R V(1,1C)’RAN

rl V(Z,IC)/RAN

RMN = RMN/RAN

no +f N=IC,MAUG .

AJR RMN®AA(i ., IR, N) + CR#V(1,N) + ClaV(?2,N)
All RMN#AA(? ., IR.N) + CR#V(?,N) - ClaV(1,N)
VR = RMN#V(1.N) ~ CR#AA(T1,IR.N) + ClepAr{2,]R.N)
VI = RMN®V{Z.N) - CR#AA(?,IR.N) - ClaAA(1,]IR.N)
AA(i.IR,N) = AIR

AAC?, IR, N) = Al

nmn

V(1,N) = VR
V(?2,N) = VI
RETURN

FND
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SURRDUTIRE fORCE
NINENSION FH(An,4Y5)
COMMON/CIZYC(1 i) XATCCLN,10.2), YATCILN,?),.B8(4,48)R(110.40),

%
CFONGT . i

1 CCan,4n), TCan,40), TH(4N,40), TR(4N,40),T1(4n,41) 3
COMMON/GC2/7HKFR(20), ZKER(20)»FHACH(A) ,FREQU10),NOM(5) . IL(5Y) . i

] HCOR(6),ZCOR(G) , HXCHMNCT 1), WACN(1T) . NREN(TIL),HT(90), ]

¢ XE(O)LYECS) L UX{LN), UY (1), WXIMN(T11),SEX(40.22},8CX(1u.2),

3 ETA(11)

COMMON/C4/CLEN. NGSKRN, NPY, SOUND, NMACH, NF REQ, MAUG, N1ONCX, RHO,
NMODES, LCOLL - LPRESH,LPRCG, 1 1Y, TIX,NSURF, ISnLAT.FU.FC,
NCOLS,NOMIT, MACH. XCOLL . YEOLL,P1.U,OHCX, CXMu, 1MOD, 1ROV,
EM.EK,R2 . KRIX,NCIX.CRON, NHCY, IFR,E1,E2, UNY, OWNX, !
SN.WRO.NIY,NNCX,NCCX.NWPX,NCPX,NXKING, RYWIuG, NXCS,HYCS
EQUTIVALENCE (FM,T)
MROWS=NTYs (NUCX+NCCX)
MCOI S=NPYs (NNPX+NCPX)
NO 100 §=§,MRONS
BO 140 J=1,KCOLS
1N FM(Y. J)y=0.0
£ wsv BERIN TO ASSFMBLE FM(IROW,ICOL) MATRIX STARTING WITH WING
[ROW=1
NG A0n [=1,N1Y ,
IF (1 .EQ. 1) 60 ¥O 145 3
iF (I .E0. NIY) 6O TO 110
SNEz (N S8 (YAIGC(E=1,1)+YAICCT. 1))=YFE(1))/ (YF(3)=YE(1))
SNU=(HS®(YATR(T 1)+ YAIC(I+1, 1) )=YF(1) )/ (YF(R)=YE(T1)
60 70 11%
110% SNI =0.,4
SNU=(1.5%(YAIC(L,1)+YATIC(2,1))~YE(I})/(YE(S)-YE(I)) :
RO 10 115 ,i

O !N

1IN SNE=(.o#(YATCINIY~i,1)+YAIC(NIY.1))=YE(1))/(YE(3)=YE(]))
SNY=1.1n
115 CORNTINUF
No 04 J=1,NWCX
IF (J EQ. 1Y GO TO 120
IF (J .FQ. NHCX) 60 Y0 125
CNL = Cuob8(XATCCI 101 )eXAICEU=1.1.1))=XEC{T)~ti .54 (XECSY-XECL)))/
LB HRXECS)=XEFC(LY))
ONU~ (58 (XATC(I4 1.1, 1)4XAJC(I-2,1))=XECT) =000 (XE(O)=-XE(L)DY/
TN e (XE(S)=-XF(1))) J
B0 10 130
170 Nl ==1.100
CRO=(N.H#{XATCCY o101 )+ XAJC(2:1.1))~XE(T1 )b .58 ¢(XE(S)~XE(I)))/
1B (XE(S)=XF (1))}
/O 10 130
145 ORI =08 (XATCINRCY =1, 1, 1) ¢ XAITUNNCX, 101 ))=XF(T1 )=S0 (XF(3)-XE(1)))
L/7(B8. 5 (XF(3)=XF(1)))
CR=4 ) .1
140 CONTINUE
ool =i
NG 0 K=l .NPY
CALE MINTS(K.SNL.SNLLFS)
NG 00 1L=1,NNPX
CALY MINTC( CNL,CNU,FI)
FMOIROW, 1COL)Y :FSeb
] 200 TCO1L=10C0L 1
X Yun JROM=JROW

o i e 4

. £ oess ASSEMULF CONTROL SURFACE CONTRIBUTION
$ DO oin J=1,NYY

IF ¢1 .FQ. 1) GO TG 505 g8~ «




- -

IF (1 .EQ. NIY) 60 70 510

SNL=(hi.5#(YAIC(I-1,2)+YAIC(].2))- YF(1))/(YF(1) -YE(1))

SNU=Z(N.5¢EYAIC(T,2)+YAICTI+1,2))=YFLT1))/(YECI)-YE(TI D)
60 10 %1%

505 SNt =0,1

SNU=(0.58(YATC(1,7)+YAIC{2,2))-YECI D)/ (YE(I)-YE(T))
60 T0 515

SNL=(0.2#(YATCINIY=1,23+YAIC(NIY,2))=YEC1)I/(YE(3)=YFr(1))
Shii=1.10
515 CONT INUF

RO w0y =1, NCCX

IF (J .EQ. 1) 60 70 7290

IfF (4 .EQ. NTEX) GG TO 725

CNL=(o 520 (XATC(Je 1 o 2)+XAEC(I=1,1.2))=XE(A3=-0 .58 {XE(D)~XE(4)))/
1(o. 0 (XF(D)~XF(4)))

ONH= (0. 5% (XATCEJe),1,2)+4XATC(S.2,23)=XE(4)~0.5%(XELY)-XE(4)))/
TCO.8(XFtH)-XF(4)))
B0 10 740

7706 ONlz==1.0

CNU= (.58 (XATC(1,12)eXAIC(2.1.2))-KE(4)~0 D8 (XE(DI~-YE(A)})/
158 (XE(HYI=-XE(4)))

8G 10 740
775 CNL:(ﬂ.b*(XAYC(NCCX-1,1.2)*XAIC(NCCX»1.2))-XF(4)*0.5¢(X&(9)-XE(4))
1Yo s(XE(L)-XE(4)))
cNU=1.0
750 CORNTINUE
ICOL=NPYSNUP X+
BO 0B K=t ,NPY
ALY MIMYS(K.SNL,SNU,FS)
ng o L=1,NGCPX
CATY MINTC(L.CHNL,CNU,FT)
FMCIROW, ICOL)Y=FSaFC
8unh [GCO0I =1C0OL+1
Aun [ROW=IROW+1
RETURN
END
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CORD

SURROUTINE CaRD

COMPLEX A,AA,ANM.CZERO,WASH,AIC,AK.H2.TRM, D1, CRNL

DIMENSION AIC(40,n0),4ASH(40)

COMMON/CI/A(RO)AACAN, BN ), ANM(40.42),CZERD

COMMON/C?/HKFRIZN )L ZKER(2N),FHACH(A),FREOQ(10),NOM(B).I1L(5Y).,

1 HCOR(6),ZCORC6 ), NXCHN(T1L), WBON(11 ), HBEINC(1L),HT(9N),
XE(HY, YE(3). UX(18), UY(10) WXTHMN(11),SIX(40,2),8C%C10.2),

3 ETA(11)

COMMON/C3/Y(1 1), XALICL10,10,2), YA!C(ln,?) B(4n,40),R(10.40),

) ClA6,40), T AN, 40),TH{40,A0),TR(40,49),Ti(40,40)

COMMON/CA/CLFEN.NGSKRN. NPY, SOUND, NMACH,NFREQ, MAUG, NTONCX, RHO,
NMODFS. LCOLL, LPRNSH,LPRCO, F1Y, JIX,NSURF, ISnLAT.FW,FC,
NCOLS,NOMIT,MACH., XCOLL.YCOLL PT,U,0HCX,CXMN, IHND, IROK,
EM.FK,BZ, NHIX,NCIX.-CRON,NKCY,.IFR,E1,E2,QHY ., QRUX,
SN.HBO,NTY, NHCX, NCCX . NHPX, HCPX, NXHINS, NYNING, NXCS,NY(S

EQUIVALENCE (AA,AIC), (A, NASH)

THIS SUBROUTINF CONSTRUCTS A RON OF THE NOKNWASH MATeIX

THE PRESSURF SFRIES IS A PRODUCT OF CHEBYSHEV POLYNOMIALS IN THE

NEGATIVE OF PERCENT SEMI-CHORD FROM THE MID-CHORD aND PERCENT
SFH]-SPAN FROM THE ROOT.
no & JC=1,NCOLS

XN

A(JC)Y = CZERD

ICt = o

NIX = NWIX

QUX = -OWNX*SNeae2/(H.02P])
NPX = NWPX

THF BO 14 LOOP COMPUTES THE NON-SINGULAR PORTION OF n(N,M)
DUF TO ROTH SURFACES
N0 14 MSURF=1,?2
IF(MSURF.NE.NSURF.AND.ISOLAT.NF,.n) 8O TO 13
DO 12 1Y=1L.,N1Y
ETAL = SNeETA(IY)
ET? = ETA(IY)#»2
IF(NPY.GT.1) CALL CHEB(NPY-1.ETA(IY),UY(?2))
HY(1) = 1.0 -ET2
DO 3 K=2.NPY
UY(K) = ET224Y(1)eUY(K)
DO L0 IX=1.NIX
X1 = XS(2.,MSURF,IX,1Y)
XID = XCoLL -X1I
AK = CRNL(EK.XID, YCOLL-ETALI,EM.B?) + CRNL(EK-XID,YCO)L*+*ETAL.EM.B?)
IC = IC) +1
H2 = AK#QNX#QUWY
TF(NPX.6T.1) CALL CHEB(NPX=1.,-SIX(IX,MSURF),UX(2))
UXEi) = 1.0 ~SIX(IX,HSURF)
DO 4 K=2.NPX
HXEK) = (1ot +SIXCIX, NSURFII#UX(1)eUX(K)
se ADND AN INCREMENT TO EACH ELEMENT OF THE ROW FOR (Y1.ETAl) s
DO 10 NvY=,NPY
TRM = H? & UY(NY)
DO 10 NX=1,NPYX
ACIC) = ACIC) +TRM®UXINX)
iC = [C+1
#% JC EQUALS NPY#NWPX+1 AT THE END OF THE FIRST PASS ##»
CONT INUF

NIX = NCIX

QHX = -QWCXeSNo#2/(B,.u#P1)
NPX = NCPX
ICT = NPYsNUPX

€1 = 0 ~-100-
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16

i9

2?
23
40

NPY = HWPX
XCOLS = XS(1.NSURF,IIX.EIY)
Y2 = Y(JIY)es)
CALL CHEB(NPY-1,Y(1iY),.UY(?))
UYy(1) = =2.6
DO 1% K=2,KPY
UY(K) = =2.008Y2aUY{K)
DO 40 MSURF=1, HSURF
se THIS LOOP ADNS THE CONTRIBUTIOGN OF THE SINGULAR INTEGRAL
ALONG THF LENF FROM THE WING L .F. TO THF NOLLOCATION POINT
TF(MSURF.NE.NSURF.AND,.ISOLAT.NFE,N} GO TFO 22
TF(NSURF.LE.HMSLIRF) 060 T0 16
HeLIM = PI
G0 10 i8
XT = SCX{IIX.NSURF)
UPLIM = -ATAH(SORT(i.6-XTee2)/XT)
FF(UPLIN.LT.n,.0) UPLIM=UPLIHPI]
OWSNG = FLOAT(?sNIY)sURLIN/B.Y
ng 2 N=t,6
IC = Iny1+*1
ss THIS LOOP COMSTIRUCTS D(n, M) ,HM=D,1,....KPX~1
VINT = UPLIMeZCOR{N)
C = COS(VINT)
CALL CHEB(NPX-1, C.UX(?))
HX(1) = 1.0 +C
no ¢ K=?:NPX
UX(K) = (1o =CHY8UXN(T)sYX(K)
ARG = FK#({XCOLS -WXCMN{(IIY) +CoWRCN(ILIY})
1F(MSURF.EQ.”?) ARG=FKe(XCOLS~-CXHN+CoCBOM;
£1 = COS(ARG)
S1 = SQRT(1 .0 ~C1ee))
N1 = CMPLX(C!,~-S1)#HCOR(N)
No 2?2 NY=1,NPY
TRM = QWSNG®lUIY{NY)=D1
DQ “?2 NX=1,NPX
ACI) = ACIC)Y +TRMeUX(NX)

IC = [C+1

ICT = NPY«RWPX
NPX = NCPX
RETURN

END
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CRHL

COMPLEY FURL TION CRELICK, X Y. EN,R2)

COMMONZCP /HKRRIZ2 N 3. ZKERIPDILFHACH(A) . FREQQ 1), NUNCH ) . [L (54,
1 HENR(AY . ICOREE) s HEXCHRO T} RBONCIY ). UBENCI Y, HT(90),
? XE OO, Y {0 UXIN YUY 0)  RYIMNCI ). S1XC4u )Y, 50X, 2),
% FTA(Y )}

COKMONICE/CLER . NOSKRN, NPY, SOUND, NHACH, NFREQ, HAUG. NI U UX, RHD,
& KHNBES, LCOLL . L PRUSK,LPRCO, 1Y, 11X, NSURF, ISnLAT, FH.FC.

7 NCOLS,HOMIT, MACH - XNOLL . YNGLL.PT., U, CUCX, CXUN, IM0D. IROW.
8 EH EK R HNIY,NCIX.CROHR, NHCY IFR.BY,E2,GHY, ONUX,
g SHoHRO.HIY NHCY, HCCX . NUPYLNCFX  NXHING , RYHING . NXCS, NY(CS
RzA+SLY)

R-z=WsR i
CKY = CKef

1 - uw.u

6.3 - den

4 - a.n

Cr - fe¥% + Rr2Q#*

§ @ SQRT{(S.» ‘
Iy - (CH*S-X) (H*#+R)

1 X et

Q@ B | = 1, HGIKERK .
H7 - UV eZKEH( ) !
H2? = {Fes?)

Gzltre 7JXERLT?

£ o« HXFR(1). SORT(Y.a.uZ?ys{iZetly

-1 LeF eSS

Razt,8sF«SI1H(R)

Vo 1.0 = ZEKFRI[)eo

F o= HKEQ{IYs ', eVe £XP(~CKISY)Y: SURT{(1.ue¥y)

Byt 1ef

i - BY ¢ G

XS } XA

FtvK . N9y uw0 TO »>

Fia = 1.0

GO 1N 2

F14 = CKYeBEISIICK:)

BlziK1sfid=Fri-XSerAS{ UK )

Gr=UKIsG/ e XSaKTIN{HK)

XK - (KesX

cn COS(Xh

St - SIH(XMY

CHNY - CRPES I o 51062y /R, (OB -SIng1)/R7)

Rt TURN

FND
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CRFSI RESL

FUNCTION BESL (X))

JF(X.6T.7.0) 60 YO S

T=X,3.7%

T=Ts7

RSTIZH,.54Ta( 1,279 Q04+4T8(N.519RHCI+TH (120849384 TolB.1ghdB/ 3+F
100, 0031587 Ta(N  05ENS2411))))3))

RSJ1=RSJ19YX

Y=Y/2.0

RSKi=XsALOG(Y)s8BSI1+1.0

Y=Ye¥

HSKI1=HSKI ¢ Yo (11, 15448144+4Y0(~0,0¢72/8579¢Ye(~-¢g.1RL156R97+Ys
1(=0, 819104074 Va (=~ BVT1040dYS(~n 0UNGABRG))))))

RES! =ASK1/X

680 70 A

60 Y=2.0/s%

ASK1=1.258311414+4Y3(0.27340R610¢Ye(=N.N036556201Y#(0.01804,A08+Ys
1(=-0. 00780358 +Y2(A. I 2h614asYs(~D.UN06B8745))))))

BESI =BSK1/{(SORT(X)#EXP(X))

50 RET"RN
FND
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THEB
SURROUT INE CHFR(N1. X, UX)
NIMENSTON UX(1)

DG 10 1=1,N1
HXC1) = p.p
BX(1) = 1.0
BX¢2) = ?.0s¥

IFANT.LT.3) RETURN

NGO 0 1=3.M)

uxey) PoDeXsUX(1=1) ~UX(l-7)
RETHRN '
END
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CCNNST rONSt

ALOCK DATA
COMPLEX A,AA.ANM,CZERO,KWASH,&IC ’
DIMENSION AIC(4U,50), WASH{A4U)
TOMMON/CL/A(RU), AAC40,80),ANM{40,40),CZERD
COMMON/C2/HKER(20 ), ZKER(?1),FHACKH(A ), FREQ(19), NOM(S), 1L(50),
HCOR(6),2CORCE) » HXCHMN(I 1), HBCN(11) . NBIN(11),HWT(Y0),
XE(HY, YECI), UXCL0),UY(10), MXIHN(11),S1X(40,2),SCX(1v.2),
ETA(I1)
COMMON/C4/CLEN. NGSKRN, NPY, SOUND, NMACH, MFREQ, MAUG, NIONCX, RHO,
NMODFS, LCOLL, LPRWSH,LPRCO, 1 1Y, LIX,NSUKRF, ISNLAT,FK,FC,
NCOLS, NOMIT, MACH XCOLL, YCOLL,PI-U,0HCX, CXMN, IHOD, IRON,
EM,EK,BZ2,NHIX,NCIX.CRON:NKCY, IFR,E1,E2,GKY.OWNHX,
SN.HAO,. NIY,NWCX,NCCX. NWPX,NCPX, NXWINB.NYNING>NXCS,RYCS
FQUIVALENCE (AA,AIC), (A,WASH)
DATA PI/3.1415926n/
DATA HCOR/N.NH566225,10.18038079,1,2339%569/,0.23395697,0.180838u79,
10.068566275/
NATA ZEOR/N.08376524,(3.169395381,0.38069041,0.61930959,1.85060449,
iNo.N¢h’3476/
[ X E KR 660!#00!0IlIc\iol.QGOl'Qllll?ll.bi.!gil!ll#..'..nQQCO}QQOOOQQOQ
NGSKRN SHOULD RE COMPATIBLE WITH HKER AND ZKER LISTS
DATA NGSKRN/R/
DATA (HKFRCI),1=1,R)/0.05G61427,0.11119052,0.15685332,N.181341R9
Xet.:8134189,0,.15685537,0.11119052,0.05061427/
DATA (ZKERCI),1=1,8)/0.01985507,0.10166670,0.23723380,0,4682824b
X,0.%9171782,0.762/66210,0.89835¢24,0.98014495/
0065'llll#!clliOQIBOOODGIOQQQQQQli’@ld"cﬁl.&oilllt'eQ.QOOOQODQOIQ
DATA E1/0,0u00001/,E2/0.6400001/.C2ZERG/(N.D,0,0)/
END
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£Xs XS
FUNCTION XS(L,.NS.13,43)
COMMON/C2/HKFR{21).ZKER(?N ), FHACH(A),FREQ(10),NOM(5) . 1L(50),

HCOR(6),ZCOR(O) -, HXCHN(TL), HBCHN(11) . WBINCI12y, WY (90), :

XE(D),YE(I),UXCID), UY(1u), BXIMN(T11),8IX(40.2),SCx(14d.2), - ;
ETA(I1)

COHHON/CA/CLEN, NGSKRN, NPY, SOUND, NKACKH, NFREQ, MAUG, HIONCX, #HO,

Cr N -

-4
i
6 NMODFS, LCOLL  LPRUSH,LPRCO, 1IY, LIX,NSURF,ISALAT.FU.FC. K
/ NCOLS, NOMIT,MACH, XCOLL . YOOLL P, U, GHNCX,CXHMu, IMND, IRON,
8 EH.EK.BZ . NWIX,NCIX,CRON,NNCY, IFR,E1,E2,0QWY.QkKNX,
9 SN NBO, NIY, NRCX RECX  HHPX> NCPX, NXHING, NYNING, NXCS-NYES
80 Y0 (10,40),1 *
10 GO TO (20,30),NS
20 XS = WYCMR{JT) + WBON(JSI) & SCX(14.1)
RETURN
I XS = CYMN + 30N » SCX(13,2)

RETURN :
40 GO0 7O {(50,614),NS
50 XS = WXIHNC(JI) ¢ WBINCJU3Z) & SIX{ls.1)
RETURK ‘
4% XS = CXMN + CRON » SIX{13,7?)
RETURN k
END !
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FUNCTION XIHT (IY,IX.NIY,NS,NBO,.SN)

COMMOR/C3/Y (11, XATC(L0,20,2),YAIC{40,2),8(40,40),R(20,40]),
1 CCAn. . 40),T7(4N,40), TH(4n,40),TR(40,40),Ti(40,48)
COMMON/GC?/HKER(20) . ZKER(20) ,FHACH(A) . FREQ(10), NOH(S5), i1 (50),
i HECBR(6),ZCORCE ), WXCHN(1 L), WBCH(L1 ), WBIN(11),WT(D0),
[4 XE(H5), YELI),UX (LM UV (T, WXINN(IL),SIX(40.2),8CX(14,2),
3 ETA(I1)

IF (NS .EG. 1) 60 TO 2n¢

XINT=WHBO®*XS(!,?,1X,1}

RETURN .

TF (YAIC(IY,?') .GT. YE(2)) GO TO. $n0 2
XINT=WBG#*XS(1,1,1X,1) :
RETURN

SLNOPE=(WBO#SN#Y(NIY)=YE(2})/(WB0sXS{1,1,IX,NIY)-WBOeyS{1,2,1X,1))
XINT1=WBO0#XS(1,1,IX,1)+(YAIC(IY.1)-YE(2))/SLOPE :
RETHRN 3
END
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CARGEOS

aNnHan

FUNCTION ARCCOS(X)

BEFINE FUXI=A(O)IeACLIOXGA(P)oX88D 0.0, 2A(R)0Xu08

ese THFN ARCCOS(X)=F{X)®(1~-X)2#0.5 JIF X.LT.1 AND .GT.0

ere AND ARCCOS(X)I=PI=~-(1-ABS(X))##0.5aF(ABS(X)) IF X.LTV.U AND .8T.~1
#os ARNCOS(X) IH RADIANS wee VALID FAR ¢ T P! RADIANS

ses ACCURATE TO AT LEAST 6 SIONIFICANT FIGURES UNLESS X APPKOACHES 1.4
A=1.5707963%

Al==-.214A0184

A2=0.0RQ04547

Aé="¢“6072751

Ad=(,1)3413244

AS5=2=,11719983R8

A6=5.11261235

h7=-.1004%99706

A=u.0nN9%1%78

IF (X .GE. 0.u) 680 Y0 100

7=A4S(X)
ARECCOS=3.1415927 (1. 0=2)s00.58(A0+AL02+A247002+A3070kagsAd07084
1¢A5 02085+ A0672256+A702007+AB02008)

RETURN
ARCEOS={108-X)2a0 .52 (AN+ALeX+A”6X202¢A30Xen3opA4a)n0d ) A0X0e5
1eARaXuxboAT7aXen]+ABuXne8)

RETURN

END

Sae

Tan
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CHINTC
SUBROUTINE MINYC(IS,CNL,CNU,FC)
£ »es CHORDNISE PRESSURE INTFGRATION
f ses ONIzLOWFR INTEGRATION LINIT
- C s23 ONU=UPPER INTEGRATIOM LINIY
CL=4ROCOS(CONL)
CU=ARCCOS{CNY)
SI=tLOATLIS~1 )
1F (1S .EQ. %) B8O YO 1
| IF (1S .F@., 2) GO0 T0O 70n
FOS(SIN((ST+ on)aCU)) /(2. 02(S41.0))=(SINC((SI=1.0)2C11))/(2.0e¢(S]-
' 1 Tetd) )=
2 (SINC(SE+.2)aCL))/(2.08(ST1+1.0))+(SINC(SI=T1.0)2C{))/(2.08(Si~
1 T.1))
60 10 100
10 FC=SIN(CU)-CU-SIN(CL)+CL
G0 Y0 110
20 FC=(SIN(?08C1UY)/4.0=-CU/2,0=-(SIN(2.08CL))/4,084CL/2.0U
1np CONTINUE
RETURN
FHD
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CMINTS

SURROUT INE MINTS(IS,SNL,SNU,FS)
€ #o3 SPANWISF PRESSURE INTEGRATION
f sne SNI =L gRER INTERRATION 1 yM}T 3
C o8 SNH:YPPER INTFGRATION 1 EpgT .
SLoARTEOS(SNY )
SU=ARCENS(SHI)
It (1S .Fu, 1y 606 70 10
I'f (IS .e4. 2y gg 0 7n
If (1S .Fo, 4) G0 Yo a0
SI=tlLoAT(Ig§-1)

FS=(T.0/6.0)0((1.n/(Sl-1.H))‘(SIN((SE-Y N})eSy)

ke oo

b ~(l.“/‘Sl*l-"))'(SI”((S!*?.H)USU)‘S!N((Ql*laﬁ)“SL)) ’
2 *(1.“/(3!'3uﬂ))"SIN((31’5.0)'30)‘51“((91‘0-0)'5L,, 3
3 -(l.n/(Si*3.ﬂ))9(SlN((Sl*J.H)SSU)“SIN((Q]’Juu)'SL))) 4
GG TO0 100 E
0 F§=no5'(SU‘SL“$NU'(1.U'SNU'“9)‘“0o5*5NL“(1.U°SNL"?)Q'"¢5)
80 70 141

ehn FS:M.254(SNU¢(1.n-SNUOOP)ifl.ﬁ—SﬂL~(1.ﬁ-SNLGvZ)nnl.bc
| h.ﬁ'(SU-Sl—SNU'(I.U*SNU*")“‘G.5+SNL5(1.u-SNLil?)vﬂuoﬁ))
30 Y0 1090

49 FS=!1oO/R.H)'(SU-SL)+U.256(SIN(SI

) 4(1L.ﬁ/l?.“)G(CQS(SU)I(SIN(SU)

? ~¢?.n/3.n)0(008(30)'(51NCSU)’¢
Lan CONTINUE

RETHRN
END

IP*COS(SU)-SIN(SL)‘CnS(SL))
3'?)~COS(SL)'(SIN(SL)l*o})
ﬁi-COS(SL)!GSlN(SL)isb))
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£XLSo

R
146

119

1'_. ]

1/0

140
tyh
210
210
2.0

XLSQ
SURROUTINE XLSO
COMPLEX A,AA.AMW,CZERO.RASH,A]C
NIMENSION AlC(4An,nn),HASH(40)
COMMGN/CI/7A(RY ), AR(00,R0), ARH(A1.47),CZERD
COMMON/C?2/HKFR(20), ZKER(?0),FHACH(A) ,FREQ(14 ), NON(H) . EL(51),

1 HCOR(6), ZCOR(6) . HXCKHR{ 1L ), UBCNCLT ) . HBINLTI 11, HT(Y90),
’ XECoV L, YECAY, UXCIN) YUY (1), WXTIMNCT1),SEXC(40.2),8CX(1U.,¢),
3 ElA(11
LOMMON/CI/7Y (1) )oXA!C(|";1“-2}:75‘;(101?’vB(4”p4”)OR(dllgdﬂ)v
1 CLin. 4An). T(40,40),TML4N,40), TREAD,40),T1(40,49)

COMMON/C4/CIFN.NOSKRN.NPY.SGﬂND,NﬂACH.NFR&G.HAUG.N!ONCX.RHO.
NMODFS. LCOLL.LPRWSH,LPRCO, 1IY, 11X, NSURF,ISnLAT.FH,FC,
NCOUS NOMEIT,HACH XPOLL . YCOLL.PI, U, ONCX,CXMN, THOD, IROM,
EM.FK,R /. NHIX,NCIX,CRON,NHCY, IFR,E1,EZ2,QUY KX,
SN.HBO.NIY,NKCX,NCOX-NUPX, HCPX, NXWING, NYMING, HXCSINYNS

EQUIVALENCE (AA,AIC), (h,HASH)

It =

N0 134 I=1,hCOLS

RIF = CABS(AA(CIL,. 1))

TE(RIT.LESE?) GO 70 145

ILer) = 11

It = 1 ¢+ ¢

680 10 146

Let) = -1

112 = NCOLS - 1 - (]=-11%)

BO +145% Tl=11,1}?2

ALY COREDCAA(TEo(o1). 10,0010

TOMTINGE

SOl vE FOR THF COFFFICIFNTS BY RAGK SUBSTIIUTION

Pl = NnOLS '

DO 510 | = }.NCOLS

DO 150 =1, NMUODES

ANH(I,L) = L7ERO

no . Yu U=1,NC01S

TFLILCTILYLLELD)Y GO TO 230

o= LN

nn ;0g | =1, NMODES

ML = NCOOLS « L

JF(TTI=-NCOLS) 174,:9¢,220

K - 11 & 1

NN 140 K={K,NCOLS

ANMCT L) ANMOTL 1) = AACJUI.K)»ANM(K,L)

ANMCLT 1) CANMCIT L) + AACJIE.-HML)YZAACJLLTL)

oK INUE

- 11 -1
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AamanNAanno

bp B |

‘!

rGEOM GEOM

SURROUTINE GFOM

NOMPLEX A,AA.ANM,UZFRO,WASH,AIT

DIMENSTON AIC (40, 30), KASH(4UY)

COMMON/CI1/A(RL),AA(4N,R0),ANM(2u.40),CZEROD

COMMON/C2/HKFR(20}, ZXKER(2u),FRACH(A),FREG(T1G), NOM(S) . 1L (5U),
HCOR(/), ZCOR(6) , WXCMN(1 1), WBCNC11) . NBINCTI1),RT(Y0).,

-

? XE(H), YECI) UXCIOS YUY CT0), HXIMN(T 1), SIX(4U.2),SCX(1u,2),

3 EYA(11)
COMMON/CS/Y (11, XAICCIN, 14,2) YAICE10,2).8B(40,40),R(a0,40),

1 CUAN. 40D, T(4N,40), TM(4N,40), TR(40,40),T1(4,4u)
CONMON/CA/CLEN. NGSKRN, NPY, SOUND, NMACH, NFREO, MAUG, N1OUCX, RHD,

f NMHODFS. LCOLL . LPRKSH, I PRCO,TIY, 11X, NSURF,ISALAT,.FUW,FC.

7 NEDLS, NOMIT, MACH, XOOLL . YCOLL.PT, U, 0WCX, CXMy, IHNDG, IR0,

D) EM.FK. B2, NHIX, NCIX.CRON,NNCY. IFR,E1,F¢,ONY QWKX,

9 SN.WRO.NIY,NHCX,NCEX.NHUPX,NCPX, NXNING,NYNING.NXCS,NYCS

FOUIVALFNCE (AA,AIC)Y, (A,KASH)

HBO = WING ROOT SEMI-CHORD

S = SEMI-SPAN

WTICN = WING TIP CHORD - NORMALIZED ON HBO
WTILEN = HIMG TIP L.E. - HORMALIZFD
SN = SEMI~SPAN - NORMAI 1ZED

CEN = CONTROL SEMI-CHORD

Fi o= 2aNW]IX+?

FC = 7aNCIX+1

wBp = XF(3)/7.0

CLFN = XE(4)/WRO

S = YE(3)

HIfN = (XE(M)-XE(~))/WRO

WILFN = XE(7)7HBD

SN = S/uBY

CRO = (XF(5)=XF(4))/2.n
Fl=t W

72 = FiePl//7.

J = NrlX

COMPUTE CHORNNISE INTEGRATION AND COLLOCATION STATIONS
FIRST ON THE WING SURFATE
DO b l:l.NHlX
FZ = F?2 =2.8P]
SIX(J,1) = SIN(F?/F1)
Il = FLOAT(I)Y/FLOAT(NIBGNCX) ¢+ 2,099
SECX(11a1) = «SIXCS.1)
8 d=4g-1
Fi=gcl
Fooo FYrePl/o,
J o= Kt
THFN ON THF CONTROL SURFACE
DY » =1 .NCIX
Foo- 12 =2,ep]
SEX(d, ) = SIN(F?2/F1)
Tt = FLOATCIY/FLOAT(HIONCX) ¢ .99

SEX(Tye7) = =SIXCDe?)
“ o Jedel

Fi AeNTY

Fr=v.on

COMPUTE SPANWISFE INTEGRATION AND COLLOCATION STATIONS
nn f=1+N1Y

YOIy = SINCE?/F1)
Fe - §2 +P1
FTA(L)Y = SIN(F?/7F 1)

R Fy = F?2 4P -112-
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r COMPUTF WING SFHI-CHORNS AND MID-CHORD LOCATIONS AT THE
¢ SPANWISE COLLOCATION AND INTEGRATION STATVIONS
PIR = YF(2)Y/YF(JS)
POR =1,.0-PIN ]
CBON (XE(H)-XE( 1))/ (?2.0«HB0) 3
CXMN CBON +XF{(4)/KROD
N v¢ 1=1,N1Y
1F(FTACTE}.LF.PIBY GO TO 17 ;
F1 - WTLFN#(FTA(I1)-PIB)Y/POB ;
TE(Y () e PTH) GO T0 149 3
Fr o WTIENe(Y(])-PIR)/POR

G0 10 14 ¥
12 Ft - q.u0 i
[T B N [ T

A WHINCL) = fove (2, 0=F1)
WXTMN(T) = WRIN(T) +F1
HBCNCT)Y = i, %e(2.9=F?)

Ih WXCMN(T)Y = HREON{(L) +F2

A RETHUHRN
EHD




C s
C sss

i sco

DL
C sx>»

1041

1042

1040
A LKLE

’ j9vo
3 C #as

PAIRTR)

Alhu?

TINEE T

2040
PAINTRL

v
o~

LT

CTRAHP
SURKFOUTINE TRAMP(NIY.NHCX,NCOX NXRING,NYHING,MXCS,NYrS:.Nit  HBU,SN)

TRANSFORMATINN HATRIX PRGGRAM

TRANSFORMS AT COLLOCATION STATIONS TO UNSTEADY AERU STATIONS
Cl)MNUN/C~5/7(1|7.XAIC(I".1U.2) YAIC (in, 2)1.BCAa: +sAUYLRU IS4 ),
] C(an,49),TC10,40), TH{a,40),TR(40,4),T1(4:,4y)
7FRO (1M)  HMATRIX FOR CHORDWISE TRANSFOURMATION
KROWS=NXWINGONYWIHNG s NXTSeNYCS

KCN{ S=KROHS

o0 «n [=21,KRNUS

DO 0 J=1,KCOLS

TMLE J)Y=0,0D

CHORDWISE TRANSFORMATION (MING)

IF (NXHING .FQ. 0) GO T9 999

N0 10 T=1,NYWIND

CALl HMAT(NXWING.NRSB.NCSH)

CAL! THAT(NXWING:.1 . MSIZE,1.1.uR0.SN)

nn ng1 MR=1.MSIZE

NG 160t MC=1.NMNSB

TR(MR,MC) =0,

nn 10t MRC=",MSIZF
TR(MR.MCI=TH(MR,MCI+ T(MH, MRC ) «R(MR(C, HC)

ALY CHMAT(NWOX.NTY,MXWING,NYWING.NIF, 1,1 .NRSC,NCSC, W0 SN)
PO Y0u? MR=Y,NRSE

PO 10hu? MC=).NCSH

T(MR,.MC)Y=loi

no sna?2 MRC=1,NCSC

TI(MP,.MC)I=T(MR. MC)+C(MR. MR TRIMRC . MC)
KRNAW=(1-1 )sNXWING

DU 1040 L R=J .NXWING

LROW=KROW+LR

KCOl =(1-1)YseNXWING

NO 104N LC=].NXWING

LCDL =KCol +LC

TM{iI ROW,LCOLY=T(LR.LC)

CONTINUF

CONT INUF

CHORDWISF TRANSFORMATION (CONTROL SURFACF)

IF (NXTS EQ. ) 60O TN 2949

no »0uan I=1,NYCS

CAIL BMAT(NXNS.NRSB,N(SB)

ALY IMAT(MXNS.1.MS1Z2E.2,1.WR0.S5N)

Ng N1 MR=, .MS] 7+

nn :ut MC=1.NCSR

TR(MR, MC)=h,n

nn Da1 MRO-1,MSTZ2E
TRIMR,MC)=TRI(MR, MC) ¢ T(MR-MRC)# R (MR, MC)

CALE GCMATUNCOX.NTY,NXCS NYCS.NTE .2, 1, NRSC,NCSC,HBO. S )
O Ou? MR=)1.NRSE

N ~Nu? MC=1.NCCSR

T(MR. M)zl b

No sitd? MRC=1'.NCSU
TCRULMEI=TI(MR. MCIC(MR.MRC)*TR(IMRC . M)
KROW=NXWINGSNYWINGS ([=1)eNXCS
NGO . 0D LR=j.NXCS

P ROW=KROMW R

KOO “NXWINGeNYWING+ (F-1)eNXCS
po 2086 L1, NXES

LEO =KCOL L ¢
THCLROWLECOE Y=V (LR.EC)

TONY I NUF -11b.

RPN R

Pk



FRRBNELTS LL IV SRy

k¢
2970 CONTINUE ' ?
C nee RFARRANGE ROWS AND COLUMNS FOR SPANWISE TRANSFORMATINN 4
NALL RMAT(NXWING.NYWING,NXCS.NYCS,MSIZE)
RO . 0uHN MR=j).MSI7E
no vns0 MC=) . MSIZE 3
TI(MR,MC)=6.0 §
N f%n MRC=",MS]ZF A
20,0 TI(MR,MC)=STI(MR,MCI+R(MR,MRCI*TM(HKRC, HC)
r ses 7(R0 (TH) MATRIX FOR SPANWISH TRANSFORMATION
KROWS=NTYo {NWOX+NCCX)
KCOt S=NXHINGaNYRING+HXTSaNYCS
NG ¢ 1z, KROHS
no 8 U=1,KCOLS
o TMCE,d)=0,0
f see SPANWISE TRANSFORMATION (WING)
IF (NYHING .FGQ. n) 60 TO 3999
NO «0yp =1 ,.NHWCX
CAll BMAT(NYWING,HNRSB,NCSB)
CAll TMAT(NYWING,’.MS1ZE,1.1,.HWR0.SNH)
DO siuy MR=y.MSIZE
no ~fy1 MC=1.MNCSR
TR(MR,KC)=N, 0
NN <hul MREC=',HSIZE
.1 TRIMR,MCI=TR(MR,MC)Y+T(MR,MRC)IY#B(MRC,MC)
CALY SMAT(NIY,NYWING,! .,NRSS,NCSS.HBO,SN)
no -0uw? HMR=1.NRSS
ND sN0u2 ME=1.NMSAB
T(MKR,MC)=0,0
no hu? MRC='.NCSS
$0 17 T(ME,MC)IZT(MR.MC)+C(MR,MRC)*TR(MRC . .MC)
KROW=(1=-1)eNTY
neg shun [ R=1.NTY
LROW=KROW+LR .
NITR=NXUWING-! 4
np .a/n J=1,NITR
IF (WBO®XS(1.1.0.i) LT, S#(XAIC(J,1,1)4XAIC(JI+1,1,11))60 TO »uby
a0 CONTINUF ;
KCOL =NYWINGs (NXHING-1) 3
O 10 Su9u ’ b
snun KGN =NYWING»/J-1)
NN DO <RAR FC=1.NYWING
LCOE =KCOT +LC
o THOEROWL LGOI DY =T(LR,LC)

TomET 0 R0 ewmep

\Ae N CONTIENUE f
1990 NANTINUF 3
C ese SPANMNHISE TRANSFORMATION (CONTROL SURFACEH) b

(1t (NYCS JFU. u) 60 Y0 4990
an o Nun 1=1,.NCCX
CALL dMAT(NYFS.NRSB,NGSH)
CALL TMAT(NYCS.,?.MSI7FE.2,»1.NRO.SN) 4
DY a1 MR=}.MS]7F E
DO anal MC=1.NrSH 4
TROMR.MC)I =0, @t ;
NO atul MREC. ', MST/F ‘
ANl TRIMR,MCI=THIMR, MG+ T(MR,MRCY#R(MNRC, MC)
CALL SMAT(NIY.NYGS.»,NRSS,NCSS.NRO.SN) 3
nn <nu? MR=1 HNRSS :
no «hy? MC=1,NCSA
T(M,MCH=u 0
NO 4Nu? MHRC=1Y,NCSS
4017 TIMR.ME)ZT(MR.KGY 1 C(MR. MR L* TR(MRC, MC)

Y
fr X L)
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40 /0

4650

40N

4N s
AfF sl
49499
i sss

5041

5002

HO»0

L eaae s

KROW=(1-1)aNTYsNNCX*NIY

DO afun LR=1.NIY N

LROW=KROW+LR

NITR=NXCS-1

NG <070 J=1,N[TR

IF (HBOSXS(1+2,000) oLTe S8(XAIR(IrT,2)4XAIC(J*1,1,7)))80 10 2u5: |
CONT I NUF
KCOL=NYWINGANXKING+NYCS#® (NXCS=1)

60 7O 4090

KCOU=NYWING#NXWING+NYCS® (J-1)

nO a080 LGC=1.NYCS

LEGL=KODE ¢LC

TM{EROW,LEOLY=TCI R, LE)

CONTINUF

COMITINUF

REAPRANGF RCHS AND COLUMNS SO SYATIONS ARE STACKED RnWWISE
CALL RMAT(NIY.NWCX.NIY.NCCX,NSIZF)

DO “0u1 MR=s.NSIZE

BO “001 M=) . KCOLS

TR{MR,MC)=0.0

NO * Rd1 MRC='.NSIZF

TROMR, MCI=TR{MR, MC)+R(MR, MRC) * TH(MRC, KC)
N0 “092 MR=j,KRONWS

N M2 MC=1.KN0LS

TM(MR,.MC)=0,0

DO “Hu? MRC=',KCOLS

TMMR, MCI=TH(MR, MC)+ TRCMR, HRE ) * TT (MRC, MC)
NO *0850 [=1,KRNUS

NO * R0 J=1,KCOLS

TROI, I=THCT. )

TICE J)=THCT. )

RETURN

END
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CTIHATY THATY
SURROUTINE THATINPTS.ND, MSIZF,NS. 1Y, uBO,SN)
COMBON/CI/Y (V) XATICCIN,TU.2) . YAYC(16,7,B(40,40),R(410,40),
1 8", 40 ), 7(4B,40), THI40,40), TR(30G,40),TI{49,4n)
sse QENFRATES (Y)es{~-1) MATRIX
sss NPYTS = NUMBER OF AIC POINTS ALONG STRIP [N ND DIRECTiON
sas MSIZE = ORDFR OF 7 MATRIX
say NS = SURFACF (1=HING AND 2=COMNTROL SURFACF)
ss% ND = INTERPOLATION DIRFCTION (1=CHORDWISE AND 2=SPANNISE)
¥ (NPTS LT, 4) MSIZE=NPTS
I#f (NPTS .BGT. 3) HSIZE=3#NPTS-¢
N0 1 J=1,MSI7F
N0 1 K=1,MSiZF
1 T(J. K=
IF (NPTS «G1. 4) 60O YO S50un
GO0 10 (20uf,2a0), i000,40015), NPTS
rscs NPTS=¢ (YWD POINTS ALONG STRiP)
Zaan T(1,1)=1.0
T(2,1)=1.0
IF (ND FQe 1) TCior3=XAIC{1,]1Y,NS)
FFO(ND JFQ. V) T(/,7)=XRICL2,1Y,NS)
TP (ND JFQ. 7)) T(1.,7)=YAIC(L.NS)
IF (NB EQ, 2) T(-,2)=YALIC(2,NS)
GO 13 6ubu
rees NPTS=4  (THRFF POINTS ALONG STRIP) .
$Avi T(1,1)=1.0 -
T(2.1)=1.0
T(X,1)=1.0
IF (ND JFO. ) GO TO anin
f #ocs NPTS=4 CHORNWISF DIRECTIONM
T(1,?)=XA'C('OIYONS)
T(1.3)=T(1,72)e82
Ti(?2,2)=XAIC(?.1Y.NS)
T(2,3)¥=7(2,¢)88?
. T(3,2)=XAIC(¢.1Y,NS)
T(3%,3)=7(d, - Yeu?
GO 70 600
f s«0 NPTS=y SPANWISE DIRECTION
0 T(1,2)=YAIC(1,NS)
T(1,3)=T{t,)enl
T(?2,2)=YAIC(>,NS)
T(?2,3)=7(2+s’Vun?
T3, 2)=YAIC($.NS)
Ted. 8)=T7(8,. Yuu)
RO 10 6ol
" esn NPTS=4  (FOUR POINTS ALONG STRIP)
aNa T, 1)y=1.0
T2, 1)=1.1
T4, 1)=1.H
T(a,2)-1.10
T(S%,4)=1.u
Tth,4)=1.0
T(4,4)==~1,100
T(a.5h)=z-1.,1n
1t (MDD JFO. ) 60 TO anyn
E f ses NPTL=4a CHORNDUWISF DIRECTION

fx It e Ip B

T(1.2)=XAIC(V,1Y,NS)
T(1.8)=7(1, )88
T(2,2)=XAIC(?,1Y,NS)
[",. ‘)=T(/';"..?

T,72)1=the® M L ’ ) . »
LKt YW (XATC( ', 1Y NSllf¢JC(J JY2NS))




S TP

s o

g

C wae
ant1n

i ses
S5Hng
F w5s

haia

TE3, 3027484,/ )ee)

T3, 5)=-7(3,9)

T(3,6)=-T¢(3, 3

7(4.3)2?00'7(1.?)

T(4,6)=-7(4, %)
T(S.S):XA!C(‘.?Y.NS)
T(ﬂ.é)=1(5,8)na?
T(6.5)=XAIC(4.IY-NS)
7(6,6)=T(o.b)¢%2

B0 10 Annyg

NPTS=4 SPANWISE BIRECTION
T('.?)=YAIC('.NS)
T1,3)=TC1,7)14n
T(?.?)=YAIC(’-NS)
T(2,3)=7(7,7)x82
T(B.’):u.bi(YAIC()-NS)¢YAIC(4yNS))
T(3,3)=7(8,7 1942

T(3.5)=-T(3:’)

T(3,6)=7(3, )

r(a,x):?.uflt*.?)

T(drh ='T(41‘)

T(5,5)=YA1C((.NS)
TU5,6)=T(Y, L enyp
T(6.5)=YAIC(1.NS)
T(A.6)=T(A,H )28

B0 10 Agny

RPTS .GT. 4

IF (ND (€0, ») 60 70 ws5p0

NPTS .GT. 4 (CHORDWISF DIRECTION)
T(1.1)=I-U

T(1.?)=XAIC('-1Y.NS)
T(‘oA):T(l)?)ﬁt?

T(?.1)=10"

T(?.?)=XAIC(7.1Y,NS)
T(2,.3)27(2,¢0)02)
T(MS!ZF.HSIZF-°)=1.u
T(MSIZF.MSIIF-1)=XAIC(NPTS,!Y.NS)
T(HSIZF,HSI?F)=T(HSIZE.HSIZE-1)a;?
T(MSIZF~?.MSIZF-“)=1.H
T(MSIZF-!.MSI/F-')=XAIR(NPTS-\.1Y,NS>
T<M5[[F~1.MSI/F):I(MS[?E-!-HSIZE~1)0l?
NT-NPTS~4 '

N «0yn N=z1, Ny

NR=. 1 sup

NC=taNe

NpP=Nep

TINKsNC)Y=| .1
T(NR.NC+1)=XA)ﬂ(NPolY.NS)
T(NR.NCf?)=I(NR,NC*1)l!2
NI=NPTS-3

ho oon Nz1,NT

NR=. ay

NC= sapN-

TINR.NCY=1 .0

TANRS L NCY T )= .0

TIRR NGV 321, g

TINRS L, NCe4Y 21,
T(NRINCO1)=M.NM(XAIClN01»lY»NS)fXA!C(N'?oIY,NS)}
V(NH.NCO?)=Y(NR.NC'))1D2
T(NR.N004)=-T(MR'N001)
T(NR.NCo5)=-I(NR.NCO?) -118.

(Lt i




T(NEs ) , NCs2 3=/, 00 T(NR,N(+1)
B0 TINKe] NE+S)=-T(KR*1,NC+?)
GO 10 Anny
£ #ss NPTS .GV, 4 {(SPANWISE DIRFCYION)
o510 T(1,1)=1.0
T(1,2)=YAIC(1,RS)
T, 3)=T(1,7)na?
T(2,1)=1.1
T(2.2)=YAIC(?,NS) b
T(2.8)=T(v,2) 02 !
TIMSIZF, MSTZF-2)=) .0 )
T(MSIZF,MSIZE~-1)=YAIC(NPTS,NS)
T(MSIZE, MS1ZF)=T(MSIZE. MSIZE~1)as2
T(MSIZF-1,45172F~-2)=1.10
T(MSTIZF=1,MSIZF=1)=YAIQ(NPTS-1.NS)
T(MSTIZF-1 ., MSTZF)=T(MSIZ7E-1.MSIZE~1)#s2
NT=NPTS-4
no ~5in N=1,NT
. NR=-/44$aN :
- NCs<aNe | E
Np=N+)
TI(NR:NC )=y o
T(NP:NC‘l):YAlC(NPoNS)
5910 T(NRINC+?)=T(NR,NC+1)sa2
NT=NPTS-3
no *%2n N=1,NT
NR=-#N
! NC= «#N-> 4
‘ T{(NR,NC)Y=1.1 E
* d

. TINR+1,NCrTdY=. 0

? T(NK,NC+3)==1 .0

- TANK+ 1 NC+4)==1,0

| TANR,NCo ! )=t o (YATC(N+1,NS)+YAIC(N+?,NS))
TONF,NC+?)=T(NR,NC+1 ) ne?
TONR.NC+4)==T(NR,NC+1)
T(NR,NC+5)=-T(NR,NC+?)

i it

2 TONRYI,NCe2)c e T{NR. NG+ 1)
i 56520 T(NR$ 1, NC+5)=-T(NR+I,NM+?) 3
i C wes INVERT T MAIRIX !
; Aftun CONTINUF !
; CALL MINV (MSIZ7E.T.0)
: RETURN ‘
FND |
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CCMAT

C mun
 =s¢3s
 see
C wus
f #pse
C sos
i sns
. sus

tur

i neow
24 i

210

C asez
Juqn

f¢t

[ Y
40N

4u¢

an/
4R

1 MAY
SURROUTINE CMAT(NPTS/NIY-NAICPX,NATCPY.NTF ,NS,TY-NRS NCS.HBO.SN)
FOR CHORDWISF TRANSFORHMATIONS
NPTS = NUMBER QOF LHORDMWISE UNSTEADY AERO COLIOCATION STATIONS
NIY = NUMBER NF SPANWISE UNSTEADY AERD COLIUOCATION STATJONS
NATCPX = NUMRER 0F CHORDWISE AlL COLLOCATION STATIONe
NATCPY = NUMRER OF SPANWISE AN COLLOCATION STATIONS
1Y = SPAN NUHKFR OF Aff STRIP REIHG TRANSFORMED
NIF = CODE FNR DIHFERENTIATION (1=NQO DERIVATIVE AND Z=zp{ )/DX )
MATRIX STLF 16 (NRS.NCS)
COMMON/CS/Y O ) JXATCCUN, 10 2) YATC(LN,?) . B(An,44),R(,4u),
COtr and TEA0,4u), THL4AN,aU),TRE4A, A1), Ti(a 1, 4y)
P OCNATEPX .61, 4 60 Tu »
NRS=NAITLPX
NCS=NATOPX
DO+ 1=1,NRS
nD v J=1.NCS
Cel.dy=aneu
GO 10 1un
NRS-NATJCPX
NCS- 3T (NAICPYX-")
NO « [=,,NRS
n() “ J=‘DNCS
CUl, )=t
IF (NS .6T. &) B0 JO %“on
IF (NGS EB. o) GO TO 00
GO 10 (200, .0,4899),NCS
THO POINTS
N 1y I=1,NAIrCPY
(1.1 )=1.n
COT 2 =XINTOIY.[.NTY. NS, WHO,SN)
It (NIF .EQ. Y L. 1)s0eu
It (NIF JEDQ. )Y (1,201t
CONTINUF
RETURN
THRIF PNDINTS
PO 1o J=1,NAIPPY
CET.1y=1.6
TF (NIF Q. 7)) C(1,1)=0.4
LT 2)=XINTCIY.T,NTY,.NS,WB0,SN)
P ONTF CEQ. Y BT, 2)=1.0
CC1..9=C01,71nn¢
1 (NfF kD, YOO, 8 =2, e XINTCIY. 1. NIY,NS,HHD, SN)
CONTINUE
RFTURN
FOUr PNINIS
BO 10 J=).NAICPYX
NX=NPTS-1
NG -t , NX
T lﬂ.h-(XAlP(J.lYoNS)'XAiC(Jo'.IY.NS)).GI.XINT(IY.I NIY.NS, W80, SN
Y)Y D Y0 a0y
CONTINUG
NX=MNPIS
i) 10 44u8
NX= .1
K=
4 (NX Bf. 2) K(1=4
Cer.kegy-1,.n
H(I.KC'\):XIN!(IY,!.NiY.NS-R90~SN)
COTL. KGOy 2 )=C(1. KC» ' Yea -
IF (NIF 0. ) C"'KC’=Q1£¢'\_

MR,
Tw \ ‘

< ——
PO VLIRS, T o
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Suh

SIS
% IR

Hnrll
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lF (N[F LEQ. ~) C(I,KCe41)=1,1t

IF (NIF «EGe ~) C(l,KCe2)= . 0aXINT(1Y, I, NIY,NS.,HWBOD,SN)
COMNT INUE

RF TURN

-GY. FOUR POINTS

Do 19 I=1,NAJCPX

NX=NPTS-1

RO * Do J=1,NX

TE (0.5 (XAIC(J, IV NS XAIG(Je i, EY.NS))BT.XINTCIY, 1. NIY,NS,HB0»SN
Y) GO TO %0y

CONTINUF

NX=MPTS

B0 10 5uH

NX=

IF (X 7. $) 60 T0O 950

TF (NX .GT. NAIGPX=2) 60 TO Hyo

KC=(NX=2)nd+)

L KC)Y=1,0

COT K 1 Y=XINTCIY, T, NIY,NS,HBO.SN)

COL KCe2)=0 (1, KCe 1 dan?

TF (NIF FQ. Y (1 ,KGC21)=V.00

If (NIF Q. Y CelL.KEYy=s0 .0

TF (NIF FD. 7)) C(T,KC+2)=2. '« XINTCIY,I->NIY,NS,HBG,SH)
GO 10 Hav

C(l1.1)=1.n

CCL.7)=XINTCVY. F.NTY.NS, W80, SN)

L. 3)=Cl,rdes)

1F (KIF .FQ. Y Gl v1)y=lad

Tf (NIF JFOQ. )Y C(I,?2)=1.9

It (NJF o80. Y C(1,3)=2.08XINTCIY. ]I, NIY,NS.WNKO,SN)
BN 10 511

CLILNES-2)=0 .0

T NCS=1)=xINT(IY.I,NTY,NS,HBO,SN)
COT.RAS)=C(I . NCS=-:)as)

TF (NIF <EQ. <) N(TI.NCS=2)=t.n

It (NIF .t0. Y CCE.NGCS=-1)=1.0

T (NFF oF0. 7)) CCENCSY=/7 UeXINT(IY,.I.NIY.NS,HWBO,SN)
CONTENUE

RETURN
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f]
b

.

bt

R

COUAT

¥
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r
C
c

e

LR
[N
L X
*C
L X R4

G
10

L X2 4

2al

L X-R 4

Tuft

Ian

L K- J
4.

6 o3

b,4A

oM
SURBOTINE SMATINIY,NATCPY.NS,NHS.NCS, HEG, SN)
SPANWISE [RANSFORMATION

MIY = NUMBF& OF SPAMWISE UNSTEADY AERQ COLIOCATION STATIONS

NAfI PY = NUMRFR Of SPANWISF A1l RULLOCATION STATIONS
NS = SURFACE (1=WING AND 2=CONTROL SURFACF)
MATRIX STZF 1S NRS BY NCS

COMHON/CS/Y(!l).XAlC(lﬂ,t1.2).YAIC(10.7).B(4",4U)nR(*u-ui).
CCAn.40). TC40,40), TH(4N,40),TRC4P, 403, TI(4~,40)

1F (NAICPY .0F. 3) 60O TO o
NRS=NTY

NES=NAITPY

Do + J=).NRS

BO o J=1.NCS

T(1.Jd)=tee

6Q 10 ki

NBS=N]Y

NCS: '« (NAICPY-")

N0 v [=1,NRS

nYg .o =i LNCS

il JdYztben

IF (NCS .6T. ) G0 10 San
IF (NCS .+Q. ) G0 T0 aun
Gf) 10 {20, 200 .99 )INCS
THO POINTS

no 7é6n 1=1,N1Y
C{l,1)=1.1
O1,2)=NRO=SNY ()
TONTINUE

RETHURN

THRIF POINTS

0o 61 f=1.NTY

(1.1 )=}.u
COT.2)=HRO=SNeY ()
CAT.3)=C([,) 1ne/
TONTINUE

RFTIRN

FNur POINTS

NG 490 I=t1,NI1Y

((,=n

F¢ (HWHNaSNeY (1) JLT. n e (YATC(Z NS)I+YAIC(S,NS))) T~}
Lty =1.0

TEHL TGy )= WNaSNeY ()
GO Ty 2)=C0 10y )eay
COAONTINUE

RETURN

6T, FOUR PUINTS

D 2 §=l.NTY
Ni-NAJCPY=-?

no 25 J=).N1

I (D He (YALC (T NSYSYAIC(JYL.NS)) .6GT. WRU#SNsY(l)) nO
CONTINUE

JC-seNAJCPY-1

G 10 524

10=CJ=2)m04+4

T (0 st Te Y 102
cerLic)=zton
Cer.1ger)=HBN=SNeY(])
AR I ORIt off B PR B OIS Y
CONTINUE

RETURN

FND -122-
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Yol

240
29510

§ ot

RMAT
SURPOUTINE RMAT (RXHING,NYWIRG.NXCS,NYCS.MSIZE)
RFARRANGFS AJlL STATIONS [NTO PROPER SFQUENCE +O0OR SPAuWISF
INTERPOIATION
MATHRIX SIZE 1S MSIZE=NXWENGeNYWING+NXCS*NYCS (SQUAREH
COMMON/C3/Y (), XATC(19,10.2),YATC(10,2),8(4a0,4),R( .40},

COA . 4n), TCAN, 4u), TH{4N,48),TR(AB,40),TI(4",4u) ¢
G7FRO=N_ N g
MST/F=NXWING:NYHINGsNXTSeNYCS 1
NQ 00 1={.MS17E 3
O -t =1 ,MSI7E k
ROT.J)=C7FRD . E
If (NXWING .FO. n) 60 TO 2590 3
K.1
KK=-

Tl=RYUINGaNXW]ING

o v 1=1,101
RIT.K)y=1.10

K=K+ NXWING

TE (K 6T, 1T) KK=KK+
If (K 6T, 11) K=KK
CONYINUF

CONTINYF

TF (NXCS JFO. 1) g0 TH 454
TIT=kXGCSsNYES
K=NYWINGENYRIND
KEK=tXWING>NYWING::

nn o f=t, 01
TK=F+NYWINGeENYWING
R(Jr,K)=t.n

K-FNAS

1F K o657, MSI7F) KK=KK+1
1F (K 6T, MSIT7F) K=KK
CONTINU}

TUNTINUE

RE TURN

FND

e

gl e RSy

o
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Cana Bt
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HWMAT

COMMON/CI/7Y (Y}, XATGCtN,10.2) . YATG(L0,2),B240,4y),R( . an),
C("""‘")-T( 0"»’! ')pIH(‘”‘»"")pT“"‘nr'1l,)'Tl(4 vy A1) )

see A - B(IRS,ILS) MAIRIX

NPTS = NUMBER OF AT STATION ALUNG STRIP (FITHFR CHUnDWISE OR
SPANWISF)

ICS=NPTS

IF (NPTS G1. ¢) 60 YO 2704

TRS=NPTS ,

By N 121,1RS -

a0 N J=1,1i8S

8(l.J)y=n.un

IF (1 F0. J)Y RETd)=au

CONT INUF

RF TURN

IRS=A+ (NPTS-1)#

o Bty 1=1,1RS

N din J=t,. 0SS

B(l.Jd)=u.8

B(1.13=1.0

R(”?.2)¥=1l.»

BEIRS. IS =1

QEIRS-1,1E8-")- 1.

IF (NPTS EB. ¢ G0 TO 40¢

K=NpPTS-4

6 hy I=1,K

NR=Vt ¢a

Ni=: 4

B{NF,.NCI=]) .1t

RETURN

FND

SURPOTINE HMAT(NPTS. |RS.1ES) i

]

-124-

‘vaymaﬁzrﬂ§f‘1”%@3@%&&@&”&&@&&L~ R S

|

b
i

o aden Ll 5

3t

e

2 Dt 2 SN

T NN A TV AR ) FYIRIO

ab i

&3 et 2,




EAMC L W iy

P A )

B P B A

v~

e B o e e R . .

FMINV

IMul

Hy
g,
Gliab

¥n -3

N7

SIK

AR .Y
CERN

PLER
9f L5

TN

MINV
SHREOUTINE MINY (NM.A.U)
NIMENSTON A(dia,4n).U(40,41)
N « gt 1=1, MM
O wh.is J=1,NM
(t.dy=zn.n
TF (1.FNd) (T, J)=1a0
CONT INUF
FPS=0_0ufuda,
ng N1 [=1,HM
K=z
10 (1-N¥) 9u?,,9n17,%u21
It (ACL,TY=FPS)Y Quith, gliph NNy
It (=all,»1)-FPS)Y +0u6,%G080.900/7
KzKs 1
o n23 J=1,NM
U1 =ull,J)ysli(K, 4}
ACT,Jd)=AaCl - DY A(K, J)
G50 10 9n?:
RO unp9 J=1,NM
gyl hh=utl, 4ysnly
A(T.J)=ACE,0Yy/nly
NO <15 MM=j .NM
RETL T=A(MH, 1)
IF (AYS(DRELIV-FPS) vilib,9u15,9114
TE (MM=1) 9uta 905,941
No ey J=1,NM
UMM, ) =0 (MM 33=UCT, SIeDELT
A(MM, J)=A(MH. J)-A(T,J)sDFLT
CONTINUF
N vhgs I=1,HM
N «0 43 J=1,NM
Al d)=udl. o
RETURN
END
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RIMENSIONED VARIAALRS '
ERY MANES S, SIORUIT SV, SHYES  Svinl, STORM¥S  SVAIM. STOR WFR
o ofi, o ue an, %0 wH 0 ™~ 0,43 . :
3 .
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STWRY

UWPIEX A, \, WM, C7ARN, 8.5H, A1C

o]

1)
YRITY

| WRITE( &, 65)

JRWFR T SURRTIE :
A\ N

FRT24 VN1
FC22e(1 el

Puy

OARXE2, 1 PL/FW

X2, 0sPI/FC

OW2PIFIDNT(29N )

Ty

TRWNHFIR T SURRTINE

HM

TRANSFER TD SUHRNTINE

TRAP

MY, SROY AU, MW NG, SYW G, NS, W (R, 2, %, SN

AV

RSNV VBNV

SRBEUB WA GOSN S

PARNETAA

REPE \T m 200
T, .

l‘!, ooy W

> ;WT-! l’l..... s

200

REPEAT 10 200 \

L TEPLNIT, T STRINIT, WIT)

TRAEFAR T SRR TINE

B T o )

REPERT ‘T 20 WPEYT M 201
P HR R
SEY, SWY, MDY, NNRNG, W MG, S, NES, 1,910, S8, MTEE 18, L RS WT=1, 148, ..., S
200 REPENT '3 100 MVHEYYH
p . BEFAHIMU .
TROMIT,HTISTENRINTL W T) | R l B221.0-EwfM
. AL, 191, . ., VU LB

TRUWSER TD SIIOTINE

£

TRANSFER T SUIRUTINE

REPEYT T 100

oy R IETITYTY o
G P
PRIV ST

MRT HILL. .8 ) MU AR 1FRZUR
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VAR ARLES

STORNES SV W, STRVFE Sy, SRS

1 (o 50

i

TSR

Laatils i

FL I g er , RER 2Yp o Yaah

St detatin Yol

e SRR v
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e AT S

LA e Sk Bl

bt s

LSia o dtiavay s baaiat

[

P

RO

o Pt S s i

[

SURATINE RXT (1)

sTwr

DATASROY, 13,171, 63,26 MRS | CRONOVRLWY, ZHDNBIAG, TALTANM WE, 26HIS) -W G,
26HE- T 11, 26H( , 3= WARE, 261/

DYTMSIRFCT, 1) 171, 3) /78R ING, BHTALL, T I NG TA 1y

MDD (D T

IF THE VUAE . TRWSAR
oF N 0

18 STATEEVY

1 10

2 20

3 30

4 0
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