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1.0 INTRODUCTION

“*ihg‘work presented in this report is a continuation of work started
under NASC Contract No. 00019-68-C-0274, Coilccation Fiutter Analysis Study.
This work, which is presented in three volumes, is to update ard document
computex automated flutter analysis techniques. Thé-volumes..contain: ~ -

Do

Volume I ~ -‘fSubsonlc Strlp Theory Unsteady Aerodynamics Program
(Strlo) ’
?,Supersonlc Pls‘on Theory Unsteady Aerodynamics Program
(?13 tOl") » - -
——

Unsteady Aercdynamies Generalized Force Programs for
the Subsonic, Sonic and Supersonic Flight Regimes

Volume II -

Volume iII - otructural Ana1y51s'rrog;am - FLUENC- IOOC
Component Mode Syntheszs Program (COMSYN)
i Modal Flutter Analysis Drogram (MOFA)

sx-

The report contains a set cf instruction manuals with sufficient infor-~
mation to operate each program. The programs are -coded in Fortran 1V, and require
only a minimum amount of modification to be operable on: most ctmputers:

U

i o

The .two programs’ preseated inm Volume I, the Subsonic Strip- Theory

Unsteady Aergdynamics Program and Supersonic stton Theory Upsteady Aerodynanics
Program, calculate unsteady aerodynamlc influence coefflclents, AlCs. These
AICs can be used directly as input for the Collocatlon Flutter Analysis Program
presented in Volime IV of Reference 1; and waen transforméd into generalized
aerodynamic forces, they can satisfy the injut reéquirements for ‘the Modal Flutter
Analyals Program described in Volume 111 of/ this report. The programs were
déveloped using the strip theory approach o that .chordwise camber could bé in-
corporated: into the analysis. Theé subsonic program is app11oab1e £o wings of
moderate to high aspect ratios., The supersonic program: is applicable to wirgs
of all aspect ratios; however, for wings of low aspect ratio, it is recommended
that the compiiter program presented in Reference 2 be uséd. This program,

uses a normal mode analysis technique; Wthh is inherently iess accurate
than the AIC-Collocation Method. However, the deformation modes of wings of low
aspect rativ -are more accurately described in the modal analysis. It is for this
reason that the normal mode method is recoimended for wings of low-aspect ratio.
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2.0 SUBSONIC STRIP THEORY AERODYNAMICS PROGRAM ] x

2.1  THEORETICAL DEVELOPMENT

1t is desirable to considéer the derivations of the AIC's in
the simplest form, that is from a strip theory approach in which
the flow along any section of the wing. can be considered two dimen-—
sional: The derivation for the rigid chord shown is. taken from
Reference 3. The derivation for the flexible chord is an extension
of the rigid chord case and is developed in & parallel mannmer. Taree
basic relationships .must be established to obtain AIC's from any aeto- }
dynamic theory, they are (1) the pressure-downwash relation; (2) force-
pressure -.élation; and (3) downwash~déflection relation. For the strip
theory c:se the pressure-downwash relationships are available in an
equivalent form. Theodorsén (Ref. 4) has integrated ‘the pressure
relaticnships and: has presented the above information as a tabulation
of oscillatcry coefficients; L, M, N, T The force-pressure relation-
ship is established through the oscil1atory coefficients and a corelstion
of the force systems in Figs. 2.1.1 a & b. The downwash—deflection
relationship is established through the qeometrical relationships shown
in Figs. 2:1.1 a & b.

e

In the case: of strip theory, the matrix of AIC's appears in a
partitioned form: For example, the AIC's for the two-strip wing appear
as

)
LT e RTRTeTTReA e TTm—— ) A S AT

chl } o -
“% = oy ;
‘ !
O G ‘

— :l A= s

where the C i,are~thé AIC's for strip "i". Thus it is only necessary :
to derive in”general form the AIC's for one strip. This is then applied .
to each strip, and the compléte matrix is compiled as shown above.

A survey of two-dimensional oscillatory .aerodynamic theory yielded the
incompressible solutions of Theodorsen, Ref. 4, and of Theodorsen and
Garrick, Refs. 5,6, and the tabulations of Smilg and Wasserman, Ref. 7.
The subsonic solution has been tabulated by Timman, Vaa de Vooren, and
Griedanus, Ref. 8. These solutions are for the case of a rigid airfoil
and contro} surface. The incompressible solution for the case of a
flexible chord undergoing parabolic changes in camber has been obtained
by Spielberg, Ref. 9. The incompressible case for the cambering airfoil
with control surface was solved by Tvler, Ref. 10.

AR R ORI,

TRET

e NS

~~
N
Pt
wr

P
.

_k.».:. LT CCNCT ) S

-
|
H
l
§4
H
®,




i
!

|
¥

"

C R

o 3 e ¥ b 20 5 ) AT T RN 1 {0 cad - LR Ly
T ' . “ . . .
. .
r y :
- u o : oo
. " . .
ao——— - _— [ ol fotand  Huinsi e

Rigid Chiord

The theory is developed for the general case with control surface,(and
degenerates to a second order matrix (upper left partition) for the non-
contr; 1 surface configuration,

DEFINITION )
: _ Z 2 .
(F} = pub ‘s E:h {n} 2.i.1

a.
: ezl d Ca:
-~ o - T
b‘
Figure 2.1.1
(3)
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The force-pressure relationzhip derived from Fig. 2.1.1 is

| 3 :
1 1 l 1 '_Fl) vL) )

_ I F¢x=iul _ i
10 d | (d+ca), F!.‘ HL i 2.1.2 !
from Ref. 4, the oscillatory coefficients are defined as
. l 3 N L]
L ! LS b 1
22, . .
M} = 7 cos Apw b Ay I‘MB 1 {bw 2.1.3 :
AT T bg:
- | B)
The geometrical relationship between the downwash and ‘the deflection as
derived from Fig. 2.1.1 is
1 : ‘
h 1 0 l' 0 by
bal} = |-b/d b/d : 0 h, { 2.1.4
-bg b/d -(b/d+b/ca) b/ca . h3
Substituting 2.1.4 into 2.1.3 and the result into Z.i.Z;inverting and multiplj;iﬁg,_,_
we get
\Fl 1 -b/d ! b/d " Lh La iLB , 0
F.\ =x cosApmzb2 Ay 0 b/d  '=(b/d+b/c ) Mh M v 1] :
l 2 | a’ o | 81
Fy 0 0 b/e, L TB _b/d -(b/db/c)) Ble s
2.1.5
%)
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Coﬁpgfing 2.1.5 with 2.1.1 we see that
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1 -b/d | b/ L, L :L:~ a0
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Flexible Chord with Parabolic Camber

‘The theory is developed for the gemeral case with control surfice and

degenerates to a third order matrix (upper left partition) vhen the control
surface is absent.

- Using virt::ual: work to establish the force-pressure relation

W =1oh , +MSx +NGL +1T9f 2.1.7a

Oecm e
- ﬁ, e ..i '

£

R4

’:. th/[}‘ T L 4 ’?:i

B ¢ %

: béa | M/by ;

' = 2.1.7b :

]. - 6; ‘N \ 3

¢ *:
‘ ( bos /b )

AN
Ty
ety
b A VSN MR AR,

W = Fléh -+ F26h-2 + 'F56h3 +1“4<‘5h4 2.1.8a

1
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by \T (F) ) 8h, ;) T i

sh,, p2( i “béa M/b.
6, Fy & | N {
sh, FJ b&s ) T/b }

‘Substituting the oscillatory coefficients as defined #n Ref. 9

'th/l& L, L, Lc LB ’ hc/l;
> 3 F
2 2 ST
- 7puw b Ay Ab&a Hh Hc:}i; MB ba
’ . /{
& Nh Na N; NB g
bég _1_‘h 'Iqi T; TB__<: BB
The downwash defiect_:ign relationship can be expressed as,
h h, '\ where (4) is to be defined later.
/4 1
ba ( ’ h?_
- 4
g
b8
Taking the transpose; we obtain
i T T
hc /4 ; hl ‘
bo h T
2 ”
= A
L.
4 h,
bg h4

—————r T L -
M:#‘ﬁ?a . “I‘,‘,'-__Lm

2.1.9

2.1.10

2.1.11a

2.1.11b

(6) .
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Substituting 2.1,11b fato 2.2.10 to obtain

or

=T
V=g wzb‘?ZAy [A]

»r'Ln 11

4

1 ¥ L, ‘MC

M e B

T, T T
o

therefore

] - -omono {7 [

Devzlopment of ‘the [A] matrix.

h T

2.1.12

2.1.13

2.1.14

(7)
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Using Lagrangian Curve Fit with Figure 2.1:2

h(x) = h (x‘xg)V(X"x3) +h2‘ (x:xl) (X"x3) ( + h3 {x= x_) (x—-x 2)

Gy Gymxy) (=) Gxpmxy) A 7"‘3"‘1) N EPRRT
. 2x =X, ~Xg +h 2:».-xl--x3 " +h x-xl_x ) )
BTN Gyxp) Gxymx3) ’ yrxy) Gy xs) ’ Gegmxy) (%) 2.1.16

We can now relate hl’ h2, h~3, h4 to hc/l;’ be, £, BB
hzeé {hzelhi} hy + {hge/h,z} hg. + {hge/h3} h3

h =‘{hc/2/hl} hy + {h /h} h, + {h /h}h

¢/2 c/2 2 c/2

hee = (b /hydhy +{h Jhyd b, +{b /hy)} by , 2.1.17

where we have used the following notations

'{hze/hl} = (%, -%,) ( X)) (¥ =x%) (x -%

thy/hot = (=) (xpmx9) (xy =%)) (%, =%3)

{hze/h3} = (x,-x)) (% e ~%,) (x3 -¥) (x3 —x
{hc/Z/hl} = (%9 ~%,) (% /2 x3) (x -%) (¥ =%
hyjofhy = (2 5mx) (x,,5-%3) (%, -x) (% -%3)

{hy plhgd = (% )5-%) (%, 0m%) (5 -x) (x5 -%,)

(h /byl = (X m%) (X ~%) (5 ~%) (X -%)
thefhyd = & %) (%) (5 -%) (%, -%)
b/ h3} = (¥ om%) (%) (1 ~x) (x -x)
' 2.1,18
(8)
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By, ™% (G, + b))
= {hcfli/h];} h, 4+ {h 4/hy} by +1h /l;lh ¥ °h3
where . -
C/l}/h (3/4)h2e/hi + (]:/4): h!:e/hi-’ i=1,2,3
b = /D)
= {ﬁa/bl}hi +{ba/hy th, + {ba/hz} b,
where‘(hafhi = (1/2) (hfé/Pi ’hze/hi)’ i=1,2,3
© =hy, s (U2 G, th)
= {/n;} hl +{i;,/h2% h, + {t/h,} b,
h ; . SN § -
TS gfhy =gplhy = (U2) G 8y H e 1= 1,2,3
/ x3 =, . . 33 - %,
h (X)) = - - ~— h; + —
3 x5 -xz) (xl - X.3) 1 x, - xl) &, "= x3)t
v F3 ¥ T X hy
Gy %) Gy 7%y
B8 =b(h, -hj) +bh'(&x,) -
SuE S
“a
= - %) gy bl o-x) h, + 22Xy =Xy X))
(xl 2) Gy~ O wgxy C G wp)

2.1.19

2.4.20

2.1.21

2.1.22

2.1.23

2.1.24

2.1.25

2.1.26

C

(9
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bR = b{h' (X«3)/hl} hy +b {h (x\3)lh2} 4+ b {h (x3)/n3} hy + g L 2.1.27
-a
where | -
fn P} = G -0
(x.1 -asz) &4 x3)
h (x.) /) = g %4)
32 (X, —-x,) (x, =x,)
WXy TXyI VK TX3 ;
M Geplagl = 2y =% =% g
(k3 = %) (xy =x)) ey
( - 2.1.28
B Cp/mgd = 1
a
(10) .
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i i - Thus: we may write the geometrical relation matrix.

o S r m
r § “‘ 0
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I§ ) ba , :b{a/hx}‘ b,{a/hz} b{a/h3} Y

T T
\

‘T , {_c M} iy {t/ng} 0

> Ei’ b8 | | L;;{hf' (ol } biR? ) /h,} B Geg) /hg}  BIR! (x3)/hli 2.1.29
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2.2 PROGRAM DESCRIPTION

- A general program to -calculate 2 set of serodynamic influence co-
efficients using incompressible strip theory has been developed. The method
is applicable to wings of moderate to high aspect ratio and speeds in the
subsonic regime. The analysis can be performed for wings with a rigid chord
a8 or a flexible chord. The effacts of a flexible. chord are #gccounted for by
the: introduction of parabolic cambering if the bending mode is parabolic

and the torsion mode linear in the region -surrounding the strip under con-

= 51deration. The analysis can be performed with of without a control surface.
The method used is based upon the most fundamental solution im unsteady flow
- by Theodorsen for the oscillating two-dimensional airfoil in an incompressible

flow and the extensions to include ¢amber by Speilberg and Tyler. The steady
state case is available as a limiting case of the oscillating case for use in
static aercelastic analysis. The AICs rel&te thé aerodynamic forces to the
surface defleotions through the following definitions. In the oscillgtory

f— case, :

- 2 21 - : )
- {F} = PWD, LCI_J {h} 7 o
and in the steady case, :

7} = ) ov? (S'/;c),fEChs]:{h}

The AICs are derived for each strip comsidering the airfoil to have
up to four degrees of freedom: pitching, plunging, cambering, and contirol
surface rotation. The program provides the AICs in printed and optional
punched-card cutput formiat. The punched-card oetput satisfies the inmput
requirements -cf the -Collocation Flutter Analysis Program (Ref.1)s The >
.program capacity is 25 surface strips and ‘50 values of reduced velocity:

””n‘ o ]
] ’ ] i

2.2.1 PROCESSING INFORMATION

A. OPERATION

-
] 2

Sfandard FORTRAN IV procnssor system . Operable on. the GE 635
computer.

s
1] 3

B. CORE STORAGE

The program STRIP requires a minimum of 20,000 memory units for
execution.

C. ADDITIONAL MACHINE COMPONENTS

Standard FORTRAN input tape (5)
Standard FORTRAN output print tape (6)
Standard FORTRAN output punch tape

(12)
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Colum ]/ 14 | .5-8 | 9-16 | 17-20
Name /NCAM | ISZ JsZ NPPUNJ
Item || (1) .(Q) (3) .° (4)

2.3"  INPAT INSTRUCTIONS.
INITS

Since all of the input dimensions are geometrical and the aerodynamic~
matrix is-dimensionless, only a consistent sét cf length units is necessary -
inches or feet.

PROGRAM CAPABILITIES,

Analyses can be performed for surfaces with or without .cambering. and/or
with or without a control surface. Analyses can be performed for 1/k_ = 0 to
®, i/k =0 is equivalent to zero forward velocity, and yields the aerodynam-
icg associated with a ground vibrarion test: 1l/k_= = is equivalent to the
steady state flow case, w = 0. The surface may be dlvided into as .many as 25
strips. The number of reduced velocities used in any one analysis (cne input
deck) must be < 50. If it is desired to .compute the mattix of steady AICs

Che:> 2@ negative value .of 1/k should be supplied to the program (S and c
szg also be prov1ded)

DATA.DECK SETUP

1. Title Card 1
2. fTitle Card 2
NCAM, 1Sz, JSZ, NPPUNJ
4. cosh,b_,s,S,c
5. Ayyob, rcl, 62’ 5 for each strip
6. l/k series
T

INPUT DATA DESCRI-PTIGN

Lt
Y

1. & 2. Title Card 1 and 2 may contain any characters desired in Column 2
through 72. Column 1 .should bé blank: Characters on these two cards
appeat at the top of the first page of printed output.

3. Control card (Format 18I4)

NCAM = 0, Camber not considered in analysis (rigid chord).

'13 Camber' included in -analysis.
152 Number of strips < 25

Jsz Number of reched velocities <50
N@PUNJ = 0r«1 & l é] Punched out

r
1~No punched output

it

13)
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4, Data Card (Format €E12.8)

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

Name CASLMD |. BR S | CAPS ‘CBAR

Iten O @ @ _ | @ )

CASLMD = cosA = cosine value of the ‘quarter .chord -sweep angle

BR =b_ = reference semi=chord

S =3 = semi-span
CAPS =58 = sutface area of wing (required only for steady-gtate analysis)
CBAR =¢c % mean aerodynamic chord of wing (requited only for steady-

state analysis)

5. Data Card (Format 6E12.8) Repeat for each strip.

Column| 1-12 | 13-23 | 25-36 | 37-48 | 49-60: | 1-72
Name VDELTAY B ('vzl Z‘2 ?3
Iten @ | @ (3) 4) 5)
DELTAY =4y, = Strip width of strip "i". '
B =b, = Local semichord of strip ™i".
Zl = ¢, = Frdction of chord for location of forwstd control point on
i strip “i". When NCAM = 0, ¢, must equal .25. ¢
22 = L, = Fraction of chord for location seéond control point ‘on strip
i "y, (2 i3 negativé for controi surface on strip. When
NCAM = 0, cz.must be thé percent chord that .corresponds to
the control surface hinge line.
23 = £y, = Fraction of chérd. to. third control point on strip #§"% . When
i NCAM = 03 Zq must equal zero. When NCAM =1, ¢4 must be the
percent chord that corresponds to the: control surface hinge
line.
NOTE: When NCAM = 0 and»Z;2 is negative, L3 is located ‘{aternally in ‘the program

and is placed at the 'trailing edge (g3 = 1.0). [

The distance between the forward and middle .control -points {d) and the

control surface local chord (ca) are computed internally in the program and
When NCAM = 1
and [ is negative, L4 is located internally in the program and is placed at
= 1.0).
determined internally in the prégram, and can be found in the printed output

are printed along with the strip data in the program output.
the trailing edge (t;4

The control surface local chord (ca) also is

with the geometric data for the strip.
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6.

‘Column

Name

iten

Data Card ~1/k series (Format $312.8)

1-32

13-24

37-48

lvﬁi-7é 3

1/k.

2

1 ik

Jsz

NE /klc

1/k i-r‘,!.’/kr s Reduced velocity V/bfw; continue on successive cards until

bty S S sty A v

i= JSZ (6 values per card).

i
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2.4 EXAMPLE PROBLEM

As an example problem, the subsonic AIC's are calcula;ed‘for
the high aspect ratic swept-back wing shown below. The wing is analyzed
for the rigld chord case (no camber) and for the flexible chord case
(parabolic cambering). The analysis is performed for the reduced frequencies
(1/%) o£0,5,0,8.0, and -16.0. A 1/k =°0.0 calculates the aerodynamics
associated with a ground vibration test. -A negative l/k calculates aero-
dynamics associated with steady state fliglit.

Note: Any number may bé used for the steady-state case es long-as it
is negative.
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R e
.. e

Foiinay

, TROGRAM INPUT DATA
x 1 1 NO CAMBER CASE

vy L»—-
JO——_ \,

Rt SN

3{"'&\."

- ) ;I C“i must always pé the 25% chordline for the no camber casé. tz must be on the
‘ ﬂ ¥inge line when a control surface is present; when O control gurface is
5
‘i présent, L, may be any arbitrary position.
‘ NOTE: Negative L, for strips 3 and 4 indicates 2 control surface on these strips.
-k R
;
N
3 ;F ,;1
{.4

wr
B—fma
»

N
[":"_"G*‘

STRIP

wo W N

l/k = 5.0, 8.0, 0.0, =160

i
e & cosh = .75
. :b = 600 ft
¢ T :
B 1 s = 20.0 ft
» %{'. _ N -»2
. ¥ S = ZQO ft
< £ 15.0 ft.

7.5
6.8
6.2
5.5
5.0

.25

.803
2779
-.734
=723
700

e T e -

PR LIPEIRE LR

P E



LS

L e e Lyttt o
¥ ? ~

3 ﬂm.»

WY CuE Gar s s o

L

STRIP NO.

v B~ -

AY

3.8
3.6
3.4
3.2
3.0

cosh

b

T
8
]
c

1/k = 500, 8;0, 000’ -1600

defined, e.g., Cl =

I e B . %
. -
é <
PROGRAM INPUT DATA .
CAMBER CASE |
N
7.5\ 3‘3: 155 - 803
6.8 .3 .55 .779
6.2 .3 -.55 WETS
5.5 .3 -.55 723 !
5.0 .3 .55. . 700 ’
= .35 ?
= 6.0 £t
= 20.0 ft :
= 200 £t? ’
= 15.0 ft
51"“2’ and ;3 may be any arbitrary position:when no control surface is present;
when a control surrace is present, ;1 and CZ may be arbitrarily located and ;3
must be located at the hinge line. In both cases, however, Cl’ CZ’ and C3
should be distributed across the chord so that the chamber can be properly
.20, ;2 = ,50, and ;3 =,80.
NOTE« Negative Z, for strips 3 and 4 indicates a control surface on these strips.
]
(18)
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PROGRAM LISTING -
FOKTRAN DECX

CMAIN PROGRAM STRIP - AERODYNAHIC INFLUENCE COEFFICIFNYS BY

INCOMPRFSSTBLF STRIP THEORY,
ATTH OR WITHOUT ‘CANBER
YITH oa WITHAUT A -CONTROL SURFACE ’
MCAM = 0, ‘CAMRER NOT CONSIDERED NCAK = 1.10Anaeh INCLUDED
71, 72, za ARE PERCENT CHORDS OF C.F. 1,2,3 RESP. ON- EACH STRIP.
A NEGATIVE 17 INOJCATEQ PRESENCE OF A CONTRGI SURFACE BN THE STRIP

ATMENSION TITLF(24),X1(25),X%2(25),X3(25), 21(29),22125) 23(253.
144{3,3,25),1M(3,6)cNU(35),B(25), SCALER(25), CH1(4,8u25) PARTA(4,8),
7IM(25),C(25) .1 JOX(IND, AKT(3, 3:25),DELTAY(25), 1(25}»EY0X(7),
ATHR1(25),T6P1(25),Tal2(25), TBR3(25), THI2(25), THRZ(?S),TARZ(ZS),
410P1(’5), TRIA(?5), TLIJ((S),THII(?S) TAII()S) TBRZFZb).TBx1(45>,

_BFIRRYI(25),F1an3(25),ELR12(25), cnnpi(253,5n913!25>,EL9R2(25>.

6 IRIT(?25),F1R13(25); EMRE2(25). EKR(51),224(251; XLizs) XH(25),XT(25)
7-HE 10250, HL2(25 5, HL3(25) ,HT1(25),HT2(25), HTS(25),CAH(4,4,25),
ReON(25), HH1 (25), HH2(25), HH3 (25 ), CAMT(4,4,25), XK1 (25}, XN2(25),,
,oxuz(?n).XN4(? ).xu5(2r).71(25),q?(?5),15(e5) T4(25)5T5(25),CM(4,8)

1 TORHAT(4I4/5FI? 8)

2 FORMAT(LHL), -

3 "ORHArtbFlz 8)

4 lnRHAi(lHn 19x,81H AEROhVNAHlC INFLUFLCE CUEFFICIENIS BY INCOMPRES
1SIBLF STRIP THFEORY HIIHOUF CAMBER//7/)

5 FORMAT(IHO 54X,11H INPUT DATA //1H  48X,12,7'4 STRIPS/IH 48X,12,
1224 RENUCED. VELOCITIES /310 45X, 15HCOSINF {‘HBDA "31E14.6/71H 38
24, 27HRFFERENDF SEHIeQHORD = 1E14.6/1H 49X»11HSEH1 'SPAN. = 1E14.6/
31 46X, LAHSURFACE ARFA iE14.6/14 53X, 7HC HAR = 1F14.6//)

& lnéPAT(]4Hﬂ 1/K(R) = 2E18. 5:4?]5 b/(l&X.?FiB 5;4515 53)

7 FﬂPMAT(bFlZ ‘RY.

f lORHAI(lﬂﬁ 1Y, OMRTRIP NU.,7X;11HnEllA Y (L),* 1X.4HB(I):
110y, 5“21(1):1uxn6HZ?(;) 110¥%, 5HZ3(!) 10X:4HD(T), IBX»bHCA(I)//(IQ:
20:23.5,F18:5,5119.5))

o] lﬂPﬁATO]Hﬂ 18X, BHI/K(R) = £13.6)

10 * ORBAT(IHY b?x.tlHSTFAnY CASE/ /743X, 33h1/K(P) = LARGE NUMBER (OMEGA
1 = 1))

11 ~ﬂPhAI(1P ?76%,4F1848)

12 FORKAT(1246)

11 TORBATCGIHO 4RY, 19OHNUMEER UF STRIPS = IZW ’

44anR~AI(1?H 2E16.8,1X, 2ET0.8, 1%, 2E16.8).

15 FORFAT (2340 , i CH( L2,
194) SIZF = 11,44 BY {1//)

16 TORMAT(THL 12A6//1X,12067//7) ,
BS 3 NPMAT(IH  2F16.8,;1%2FL6.8,1X,2F16.8,1%,2E16.8)

216 TORMAT(THD 29Y, 784 AERODYNAMIC INFLUEMCE: COEFFICTENTS BY INCOMPKES

1SIR1F SIRIP TAFORY wl(H CAMKER//7)
270 VORMAT(IHD 4X,9HSTRIP MO.,7X, llHnblTA ﬁ (1) 11X, 4HB(T), 10X, 5HZ1(1)
1.10%,5H72(T) 10X, 9HZI D), 10X, 5HCACT ) //7K19,F23.5,E18.5,4E615.5) )
SEAN PNPUT BATA AND PRINT
20 REM(H.12) (T TUNE(d )y 1215 249),
PTE(A,16) CHHTLECT ) = 1.24)
PEAP(5.1) NTAGL1SZ, 087, NOPURI, COSLMD, KR, S, CAPS, CBAR
DS 3D IAYCI) L BCT) 21010 5221, 23(1), 121,1S2)
FEACE, T (ERRCT) 121, 0S2)
a5l T=1, 167
S0 72ACL)=ARS(Z22¢T1))
IF(NCAMLEQLT) RO 10 300
JRITF(6,4)

(29)

i e % o i s e = 2

)
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CURNHMSCGUUNFRESOTET MMICINI T AGNC

6I

65

66
7u
75
B
a1
8o
87

91
92
98
99
100
1061
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144
141
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145
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ll 3un
3190
l’ £
!' 17
s 56
3 “ S0
§
: - 51
3 O}
3 b
g - 250
N HH1,
* .
r PRt
; l‘ ral
’ 512
. l, 23
3 23
? ‘
I
- I 04
é N
5 I
4
;

R e
~

Pt SR § St

50 70 310

VRITF(61216)

YRITF(6,5) 152, JSZ.COSLND, BR,S,CAPS:, caan

TAMRFR OR NO PAﬂBER OPTIONS:

IF(NCAM.FQ.1Y 60 TO 500 -

a0 55 1=1,1S7

NC1)=2.0%RTIV# (Z2ALT) - ~IF(1))

IF{Z?2(1).LTeN.0) GO Yo 17

CACIYI=0.0

30 70 55 X

TA(1)=2.0#B(T)e{1.0-22A(1)) .

CONTINUE

G0 1o 550 ’

ny bR 121,187

()= 2. noa(l)¢zl(in

X2il)= 2. Uib(!)!ZZA(J)

(301)2 2. UiBbl)'Zd(l)

(ry=a.n

yu{iy= 8(1)

XTU1)= 2.0eH0CD)

IF(72(1).LT.N.0) GO T 51

fACLIZ0.0

cO 10 S8

CACIY=2.04R(T)e(1.0-2Z3C1))

“OrTIRUE

ARTIE(6,220Y 1, DELTAY( L), B(1) 21 )L Z2A(L), 73(1),CAL1), 121, ISZ)
16 551

ARTTE(6, 8)(l.nFLTAY(l).B(l);Zl(lW}Z?API3,13!!3,D(l)iCA(J)Ji=1:ISZ)
IRTIF(A,6) (EXR(J),J=1,382)

n ra=h

. 23 I=1,187

F(NCAMLENLT) R TO 510

iFooC CACT) D 21,22,21
TFCCATTIININ,B12,911

At 1)=3

n A1

HI 23

(] )=4

MOCA=1

gn 10 28

IS RN

tn 1IN 23

IR REY

CONTINUF

o 3.1415925656

111 1e0/11

12 Plitas?

IF(NCAM.ER.T)Y GO TO AND

SCA GON =(Pis CUSIMDYI/Z(( BRea2
an 26 1=1,147
GEALFRCT) = SO
RN H08Y/nC1)
A”(lvla‘)z l.
AM(1,2,1)==1:0881D
AM ‘2}1:‘) =1.10
AM (2,2,1) =n1D
IF ( CaGLY D
AM (1,3,1) =q1n
Q1A BCIY/QACT)

AM (2,35 1) =<R10=-HB1CN
AM (3,1,1) =n.0 :

) #S)

CONe# (8(1) ##2 )» DELTA Y(I)

24,295,724

£ i b R bt g 4 T i 4 S

+(30)

160
165
170,
184
- 185
190
195
200

. 205
206

210
225
- 226
2310
235
2490
245
250
255
260
265
270
2734
275
299
291
292
294
29%
296
Ja0
301
305

306

310
31v
320
321

322

323
324
325
7(0

330

335 °

340

345

3548
355

36t

365
370
375

380 -

385

394

395
400
410
415
420

N b et s



AR
(H\
)
[]
t
[
'
1}
4
.
“}
]
1
L)
3]
[

AM (3,2,1) =h.0 :
. AM (3,3.1) SRITA o .
25 n= NU(Y)
g 26 °K=1i,N
nn 25 L=1,N
26 AMT (K,L,I1)= AM(L,X, I)GSCALER(IJ
- B0 10 41
660 TAMCON= (Pllrnﬁlrn)k((BRi#Z)ib)
10 610 1=1,I187
CONAT)= FﬂMfUNi(B(l)ii?)!nELTAY(])
ML CLI= (XL OIS X2 CTA (XL CIY<X3 (1007 (X1 (1)=X2 (1D (X1 (1) =XI L) ))
ATTCT Y= (XT(1)=X24 1) J#(XT (1 )= “X3010) /7001 3=X2 (1) (XLL])=XI (1))
HLZ CTIZ (XL CD)=XT (T w(XL(T)= x1(1))/(ox2(1) X1 (1)) e (X2(1)=XI (1IN
uI2(1)= (XT(IJ x1(1)3¢(x1(!) x3<14)/((x211) X1 G I#(X2(19=X3(1)))
A3 (13= (XLel)= thl?)*(xr(li xle))/((xz(t; x1<1u)4(x3(1)-x2(r)0)
ATICII=(XTCY=-X1CI)) S (XT(T)= X?(J)311(73(1)-x1V!\)*1X1(1r~X2(I)))
HHLLTA= (XHCT)=X2 (0 (XHLTI=XI 1))/ (XTI (1) = x?(l?Wn(X1(I)-X3(l)))
4H?(T)-(XN(i)~x1(l))i(XM(:)“XJ(I))/((X?(!)-Xj(I))f(X?£I)~X3(l))“
HH3 C=CRHUN=Y101) ) % CXHE 1) X211/ CEXICTY= X113 e (XE (T ) «X2(¢F)))
CAMCT 1, 1)-.vs;ul1b1)+.25wﬂ11(39
TAM(1,2, 1)=.75HL.2( 14, 2‘§H12(I)
nAM(1,3, 1)-.7s4u|1(r)+ 25ru13(1)
SAM(2,2, I)-.S&(HTZ(!)leZ(I))
PAM(?,3, 1)=6 (HTS (1)~ ~HL3(1))
*AM(3,9~43 HHT (1)~ 58 (HLT(T)+HT2 ¢1))
CAM(5,2, DIZTEH? ()< 5% CHL2(T)#HT2 (1))
nAM(3,3,1)= |Hs(1)-*ﬂu(nL3(1)+H7361)r
'F(lA(I))ﬁD? 6ﬂ5.60?
602 NAM(1,451)=0,

oy pemp fuosey pei peees paes) ogaesn o powy gy

e nAM(2,4,I)=u,u
; a TAMC3, 4, 1)=a,n ’
4 SAMC4,75 D= (DA XIEI X2 (1)) /00X CT=X2 1)) % 0X1 (1)=XF(1)3)

TAM(4, ?.l)--R(I)*(Xs(l) Xl(l))/((X?(I}in(l))4(X2(I) XB(I)))
“AM(4,3, PI==R1)e(?.0#X3({)=X1( 1= SK20EV)Z((X3(T)~ XI(I))*(XoOI)mXZ(
113 )=301)/CAC1)
TAM(4,4,13=R01)/00(T)
A5 MNaNB( )

F Ty

%é, no 61N K=T,N
et i 618 L=1,1H
ALE TAMT(K L, 1)=0AM (L, K, 1) % CONCT)
i 41 IF (N0CA ) 31,31,27
{8 27 IF ( JSZ=1 ) 29,24,20

2R 1T ¢ ExR(1) ) 30,29,29
26 CALL ORANGF ) { v
T CIS7,Ca,R, 1101, THR? THT1, TARL,  TARZ, TATL,TA12, TBR1,TuR2,TRR3,
?TRR4, TRIL, T212, Tuld, FLRFL, FELBK2, .ELWR3, ELBI1, ELBI2,ELBIS,
IFMBR1, EMBR?, FMRI1 ) ) :
400 TF(NCAM)ITL, 31,515 ,
515 AL CSCAM (1S7,CA,F, XN1, XAN2, XN3, XN4, XN5, [1,T2,T3,T4,T5)
31 TONTINUF
ISFa=0n
79 J=1, 187
S0 60 =1, 187
FTK=FEKRCJ)#HR/R(T)
: IF (EKR(D) Y 37,35,34
37 [FI(NCAM,FDL,1)Y 680 70 o1

bl X
R 320

TS T e
el WA BN B3

raad

o *
R

50 10 90
) 33 I'sh.5
5=0..0

(31)

BN Ry
,«,"“ e
]

e o 3. e v e o h e - = e

<
"4
i
a

[



Y

T AT

NN AN e Sees

i

—

GOT0 35

FK NOW=1,0/F1K
Al -
' -

RrSCEI (EK Nﬂ”p 1, E‘OX:
(F. lﬂX(z) #{(F. ’OX(?) +} YOX(1)9

FYOX, 0)

17 00 FIOX(2)Y+EY0X (1)) ##2,04+( EYNX(2y ~EJOX (1))#%2,0)

1
35

6

-

54a

541

542

e

i=-1, nl(FVOX(2)'FYOX(1)+FJ0X(2)* EJOX(1)) /((EJOX(2)I+EYUX(1)

¥ :'? n 4
LONTINUE
LK?2=F1K+F1X
HM(1,1)=1.042.0#62E1K
M3, 2)="2 usr=RE1K

AFYNX(2) =EJOX (1)) ##2.0 )

"H(I:S) =0.5¢2,0%G#E1K-2.0#F#EK2
AM(1,4)=-F1K=2 0#F£F1K~204G#EK2
IM(Z,1) =5

aM(2,2) =0.0

WM(2,3) =0.3/5

‘M(ﬂ:4)"F1h
TWICA(T)) 36,540,386,
"sz.b)-h'tjwerRkl(l) F*PK?DFLBRZ(!)QELBRS(I)
!M(I 6)==tapixksfi811(])~ G'FKZ!FLRL?(I)-rlK!&LRIJ(I)
M5 ) ZENBRT (]) - EK?#FHMBR2(T)
IM{2,6)=~F1Ke-MRT1T(1)
aBl3, PITURI (I +0RFIK&THR2(T)
OMLS, 0 st T 1s e TH{T(]Y
TMOS, S)=TARTI (1) +(# 1K-F2FEK2 )2 TAR2())
tH(3,4)=(-FaFiK-GsFKk2)aTAIICI) - FJKQ!AI?(I)
AM(3,5)=64F1Kk«TURL( 1)~ F!EKZ#THR)(I)‘TnRJ(I)
~FK28THRACT)
?,6)=rflll»*fHL](L)4H*FK2'TB[xxddablerBIS(!)
FINCAMGFODLL)Y B0 0 541
T 40
MO, PY=Pr() 1)
MY L2 Y=PM(L 2D
MU, $)=RM0T . )
"M(1,4)=RM(},4a)
CHM(P, )R, 1)
MY, =R(y, 00
TR, 3)ERM(7, )
M{P,4)SRN(2,1)
CMAT LBV /BT IKEG 2 N FKD5F
"Wﬁﬁy6)=-libwi+2.ner2¢u
MBI STH HlK?
M(V,Ah)S b1k
CM(3,1)=.]54F1F%0
ML, 2) 2~k el
'-M(-ﬁ:l\s)=037’14‘: 1“*';-FK‘;’5’.
M(S,4)==Flr -1 1Ksp ~FK?#0
“M(5,5)=e9RIFIIIIrbrETIK#0+ . 52FK2+FK2eF
M3, 6)=~.55FUKeF +FR2#0G
BE(LA(T)IHAY, 40,542
SME1,7)=RM(L,%)
CHCE,3)=RI0) ,0)
SM(2,7)=BM(2,)
UM(2,8)=BM(Z.A)
MUS,7)==Fal K28 ANT{])+RaET1KaXN2 (T )=FKP?#XNS(T)+XND(T)
MOS8, B8)=~0nf K2 XN)(])-F2FiKeXN2(T)=CIh®XNA(])
'M(dp ' )-RC"(\‘Q l )
VM4, 2)2RE(S, 2D
M, $)Y=HM(S, 3)
M, 4)Y=0p (3. 4)
CMEA,S) s~ K2 T1 1 1)+ aFLK#T12(T)-EK22T3(1)+15(T)

o

FEYOX (238 (EYOX (2) ~EJOX(1)))

(32)

L

YT
LI

700
709

710
7]?:

720

725 .

736,

739 )

740
‘745

~750

755
760,
76%.
774,
275
780"
785
79u;
795,
RO,
805
Bi1
H1%
420
825
B30
B3%
6§39
141
R42
B4y
150
655
‘B6 4.
665
870
875
B8
#85
S8R90
-8&95

" 9uy

9uYb
910
y1lh
920
928
§3i
935
Gai
945
9510
955
2614
965
97.u
&7H
9810
945
991

PR TR

<

f




B e el
A

_9n

AR
==t

=3

91

‘ : g} 39

|

31 .
Q2

] 93

| 91
95K

.

N 4n

= "

7

% Hh8n

6n

- A ha.
A=

_,

ann

6?
63

38

801
61

- -

rn(4 6)= -hGFK?!Tl(I) FiFiK#TZ(I)»EiK!T4(I)
CM(4,7)=BH(3,5):
IM(4,8)=RM(3,4)
30 10 41 - -
STEADY CASE OPTION
A=NU(T) -
4Pz Ni?
ny I8 JJI=1,N2
M 38 D=1,
MMITE,JdY=0.0
“ORi=(2. UéSarnAR/uAPQ)*HRiRk/(B(l}’B(l))
AM(T,3V=+2, HiPﬁnR
IFEGAC1))39,92, 39

#1121 JA-BAGIY/0(])

PHzARCS(-CL1))
rosp==-c(1)
SINE=STHIPH) : . ) o
M(3,3)==1 111 (LP1=-PH)#(~1,1+COSP+CCSF)L+(2.0~-GOSP)#STNP)sCORR
HH(3,5)==2ab8a T B (P]- PH+SINP)lCnRP
MHE2,5)=-PI11SINP*(1.0-COSP)*CORK
AU, 5)=RECS, si#PllI*(Pl-PH+SlNP) -Pl1)*P1L1
“SIHP% (1 «=(NSP)#(P]=-PH= QINP)iFURk
TE(NCAMLEG TV T 93
01D 40
J=plle )
t2=phn?
A 94 JJE1 ,00
) 94 JI=1,¢
M ,Jd)=0.1 .
“rl1,3)EBM{T, )
*M(1,5)=2:0a000R
TM(.2,95)=0URK
SMO8, 3y T, bt OKR
ML, )=00RF T .Y
E(CA()))YE, 40,95
M3, 7)=BM(1,%)
M2, T)SHRMN(?,9)
CHed, 3)=RI1I(8,3)
(g, FY=RI(Y, )
M0, 7)=C0RE 2 (XN =XNS)
TMALBYEOURE 5Tl =T9)
OM TN '
FEOMCAMLFOL DI BN T RAE
IFMERATE ATC hAIRlPLS. PRINT RFSULTg AN PUNCH -OUTPUT,
AL WMATHT (A M, AL T, BEH1,NUS 1L, 3,0)
wnoIn &
AL WRATHT OO AR, OM, CAMLOHT,NU, 1,4 ,0)
UN BT NMBE
SRINE(6,2)
TECORAMF. 1Y 60 10 Ban
IRT1E (h,8)
20 0 Anv
HRITE (6,210 . -
MECFKRG)) 61,602,427 ‘
RITF(A,10)
0 10 63
SRITF(6,9) FXI(0) .
MRITE(6,19) 187
N AR SIE1, 187
IRTTFE(A,TH) 1,FU0L),N0(])

995
1090'
1005
1086
1009
1630
pRIFAIN
1025
31030
1"35
103b
1pay
10450
1660
1065
1474
1078
1085
Lugg
109%
‘11 U’u:
1105
1106
130/
110n
1109
111
111)
1112
1119
1114;
1415
1116
‘111317
1118
13119
1128
1121
1122
1129
1124
1124
1126
1127
1]/9
1]1ﬂ
113
1134
113%
1136
1137
1138
113y
1141
1145
1150
115%
1l6u
1165,
1170



— ™

o4
65

an
6
6R

60

=ML (1)

%=k a?

TF(RKR(J)) 64,66,66

i 65 X=1,N )
~R1 |F(6p11? (‘.ngy\il »[),L=1,N2,27)
ih 1O 6b

~ "n (l7 K=L)'4

LRONCAMENGTY o 10 8B
WLIF(h1a) e (K, 0 ,1),1=1,N2)
16 67

SRITF A, 89101 (K, L, 1),L=1,N2)
TONTTNIE

CONT RN

INF(NORUNID )70, 60,70

ISEUz RS0+t

AL BURS CEX )L NE S CHL, 1SZNST0)

M LR BT

0N 2
- NP

-

1178
IR R
118y
11yn
1195
. 1240
!?HQ
1710
iz1%
azzn
1227
1750
| S LT
1240
1741
Fooves o
175u
172%%.
1210

(34)
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:Fj - -
63 : - v !
t i € 0 LORTRAN DELK - : 2003
1 kAP COMBULES PARTS of OSCILLAIORY CCEFFICIENTS WHICH: ARE 2u0;
N r . IPVARTAS] WETH REPUCED VEIOCITY. ) 2h0.
‘H SREMITING WRANGF ‘ i ' , 200
: VOUISZ,CAL 10, 19101, TiRP, THIT, TARY, TARZ, (AI1, YA12, TBR1,THR2,TRR3, 26t
B wEuna, IRlY, 14?2, Teld, FLRKL, FIRK2, ELKRS, FLBI1, ELBIZ,ELQI3, 200
e A MR, FMERZ. FMHED ) 200
Z% CIME-NZ TUN RO14,.0A01), THRL(1), TFRZ(1), THI1(1),TARL (1), TAR2(1), 2613
'; ’ '|'Antl),rnl.(ls).an(l) TRz (1), Tuﬁ.s(:) THR4(1), Tisll(l).ﬂi!é(l). 20173
1 /"llt(ql).llkllm).IHI”H) =1m<3n>).un ILCiIYLFLRI? (1) ELF«IJ(l), 20y
& i ML) e MRS L) FERET (1,0 (2 9:.1‘
;O T =3.1419974e : 211t
M= 1.0/p) 2K ’i
- <J112 =111 +ssv . /ll)’
1 gé ’ e I=1,J%7 . 265
} Coh (A TE)) LA L,hd,44 . ?I!,ifl
E . CB6 01 = len=radl) JHIT - SRALL
i gg HZARRS = 7)) : 204n
=§‘ LY - NCp = -l.llll‘(') 205y
bifess i 2 0pfr) ’ Zuni,
; o B8 = L0GP ac? 26
R E §3 MSa = £, 3 rugs - 2u6%
i Ang = SinpEas 2070
: 124 = Sla ac2 2074,
- § TRz (PE=ANY 5 (=104 2.08C0GF e (2 cqunsmr 208y
= REER 7 (Pl=Poye (1,07, 0% (OSP)vbthe ().(H(‘IISP) 20RY
X RPN = (P]=-Pude (., he2,( s(OhPM(GlNI/&..l)r (B, N+%5.01% GASP+ 4,0 2091
. 1TENSP=2 0 w0 % 214y
Bk LI oEb 13 ((RD<Pu) & BCSP ¢ 0,.33933 2 (2.0% QOSZI#SINP) 2100
P boid v 261) =11 wj) 11K 210%
A o L) =mraene]s . 2314
2 i A1) =il ks 2% siROWN 7114
N : Al 200 =i 1 E ek 2120
, . YA 10)) 1At . 2124
. A 208) Shona P11 ((PT=PEYS (1.0+2.02008P)¢ (SINP/S. )& (2.0 218w
£l % Ve Rl 65P a0 arucs ) 2134
£ i thol L) =i s0,5 x PINE # uReN 214y
s bk 201 31T -k $ CBI=Pele§SInDP) 2P 112 71an
4 31 LR DRI A B R PR TR QAR EL-ITA YT VNS BN ST CUS§2)+ (P1-PH) 215u
N ' VO a2 BNSE 2 (7.0 #2000 % £OS2) bSING * (2.0+2,5% COS2)) 2.k
1 RO ST G(h P i1, - (NSP, s (P IEPH=-SINP ) 2160
: ST =PI 216Y
?,;1 RO 261 Frass(q) . _ ) 21,70
RO SELY 21212 2 LonaGRFFR #(PT=-PR+LTEPCOST) 21/4
) TR R TPy Ty wGREY 21kh
L} 51 LR R 20102151 »2.0 s(PT=Pi+SING) 24 n
# i PROP 3=t 2 ((P1=PHISCASP + (2,0 +00S2) % SINP/$.0) 219n
: RO 1(1) =t uRICE) 2194
’ IR T 2¢1)  =vluarl(1) 2204
I LR 3CIISE UM x (RTebl oSHRP sungp) 274y
% MR T(L)SE it eo% #HNADWYN ?'/]:u
& FHPOR 2(1)SE1 e PGNP 4 (1 N=0USE) 2210
|3 CUROE TE s e (e eDH (S THPZS N b (P 0-NNSP)R(L. 042 UsCOSP)) 227U
] l ST M LR T(] ) 222b
' PETURY 2230
’ ' TS . ‘ FRLY
' (35)
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A (%)
LR
$  FORTRAN DECK - 3001
CHMATHY chPUlFS AERODYNAMIC MATRIX BY. PARTITIONS o 3902‘
SURROUTINE % MATH 1(AM,BN,AET,CH1,NU, ] ,H1,MH2) 3005
NIMENSION AMCH1,H1,25),BH(N1, H2),CH1(4,8, 25).AHT(ur.n1.25) . 3610
1,PARTA(4,B8),NUILY - . : 3011
NUT =NY(T) . ) 3015 -
N2 = NE(TD) 2 . ) 3n20
nO 80 K=1,NU{ . ' . 3025
N0 KD L=1,NU? -3030°
PAPT A(K,L) =0.0 3035
no 8¢ J=1,Nu1 X o 304y
B0 PART A(K.LY = PART A(K,L)*AN(K,J, 1) & BHCJ.L) . ;045
nn A3 K=1,Nud - *3050
ny #1 L=1,N072,7 : e 3055
4z ([+1)/2 . . 3060
SH1 (KsLs1)=n.on ) ) © 3n65
ne- g1 J=1,N01 307w
Rl CHY (K,1s 19 SEH1CKS 15 1), +PART A (K, 2%y~ 1) S$AKT (J, M, 1) 3075:
nn A3 1Ls2,NU2,2 3080
s L/Y : ) 3nas
TR (Kslal) =0.80 A 3099
nn A3 J=1, N ) 3095
RS AHY AK,Lo 1) 20HL (K,L, 1) +PART. & (K,23J) + AMT (J,H, 1) 3169
PETURN - 3308
END ‘ 3119
A T FAPTRAN DEFK ARCS0000 *
? ~ CARCS COMPUTFS THE ARCFAOSINF: T% RANTANS, OF ‘4 .PFAL ARGUMENT, ARCSANAL
g r ARCS0062
A - FUSCTIAN ARCS(X) ARCS0003.
X 3 FIY) = 1.57079633 = ,214601°4 » X + 0890456} » Xe#2 < ,05072733 ARCS0004
s 1w Xea3 1 . n33T3246 ¢ Youdq +07199838 « X#s5 + 01261235 & X#26 ARCS0005
: . ? o~ JR0A0CINE * Xeel ¢ 00095128 + Xs#8 ARCS0086
: ‘, AX = ARS(X) ) ARCS0067
: . TF (AX=1.0) Sp550,40 ARCS0008 -,
;. 49 WRITE (6,45 X ARCSOCN9 -
; € 45 FOPMAT (ﬂi/7H¢'*¢*Gi/2€HOFRFOR' IN SUBR. ARCS, Xx=,El11.4, ARCS0010
E ’R 1331 HHOSF ARS VALUF IS LARGER T-AN J/7H«-wo¢¢¢///) ARPSﬂuil
3 ARFS = G, ARCSNG12
2 \ 60 20 60 ARCS0013
1 !E 50 IF (Y) %2,55,55 ARCSN014
b ‘ 2 APCS = 3,1415926% - SORT(1. t=aX)0F (AX) ARCS0N01S
b 80 TP 60 . ﬁRPSRO|6 B
’ 55 ARCS = SART(1,0=X)#F (XY ARCSNOA7
60 RFEILRN ’ ARCSN018
FNR ARCS0019
(36)
T e e R B r =

— —

~



B ot S I MY 5 ol

FUNCTIONS (1) OF THE FIRST KIND

( JN(X) )

(2) 0f THE SECOND KIND ( YN(X) )

ORDER (0,1:2.3,4, OR 5 )

+

1 » COMPUTE ONLY Y
b, COHPUTF’BOTH Y- AND- J-

-1, CONPUTE OMLY y -

USES "FUNCTIONS A=BJO(X) ‘OR A= BYO(X) FOR ORDFR 0

AND A-Bli(X) OR B=RY1(X) FOR ORDER 1

L | ’
J? ;I
i
3
] 1 s FORTRAN DECK
b CRESSE! COMPUTES BESSEL
] (o AND/OR
.,g[ c ,
T Y = ARGUMENT = :N. =
E i Fd = J ANSHERS T =
1o C Y = ¥ ANSHERS =
¢
r
14 T
I

SURRDUTINE RRESSFL ( X, N, FJ, FYs T 9

<

(Bo/(XaX)= 1.)*??(2) - 4, Q'Y(I)/X’

(B 2 (XeX)=1, )QFJ(?) - 4 'FJ(I)/K

v JIRENSTON. ¢ i), FY(3)
i c .
r. AILWAYS FIND 7¢RO ORDER VALUES -
c
}] TI(19=R48(X)
EY(1)=BYD(X):
! iF ¢ N)) 51,550,110
o 10 FJ(2)=RII(X)
i a TY(2)3RY1(X)
é ‘F.¢ N-1 ) sn.50,12
¢ . 12 1F T s 14, 14
; i 14 1 Y(3) = ?.,nw?)/x - FY(1)
"3 1A IF 0T ) 17517,18 -
f 17 TU03) = 2080 0(2)/% - Fil(l)
L;. 1R IF ¢ N=2 ) 50,540,20
%QEI PhOYF (T ) 24,22,22
. 22 FY(q) =
24 YF (1) 25,76,28
3 g[ 26 Fya) =
i : C 2R IF U NS ¥ B3,40,30
¥ S0 Y = (1.-- 24, /iX*X))
£ 7z BR(6./ (X8 X) =14 )X
i g{ F (T ) 3¢,$2,37
: . 32 FY(5) = Y#FY(1) + ZaFY(2)
L 34 1F (T ) 36;36,38
:i I 36 FUE5) = YaBJ(1) + TeFd(2)
S SR IF ( h-4 ) 50,%0,40
¥ 40 ¥ = 12.8(1.=16./CXRX)I/X
I‘:j 3 7 = (]o"!? /(X*X)c*"ﬁ“ /(Xﬁ"))'
4 l IF 1) 44,42,42
g 42 TYG6) = YREY(L) + ZeFY(2)
L 44 TF (T ) 46,46,50
ui‘! 46 LU(6) = YaFA(I) & Z#F LY
£ 50 Ik TURN
k FND
i
n"\
i
4 wmmn

S lE e o Sl o et e s wne

5002
6003
'6006
6007
6008
6009
6010
6014
6312
6013
601‘
6y2§
6025
6036
6039

TR D AR Tek SH

e e LR

61140

6045
6046
605%
605r
6056
6&60
8?62
8070

6075

6080

6085. -

6090
6095
6104

6105

6130
6115
6124

6125

6134
6135.
6140
6145
61540.
615

616

6165 .

6174
6175

6180 .

6185

(37




E . - ) - -
51:‘ : ' T oro 2 (ID) ”1
[ € FORTRAN DECK :
' CeSCaAM DETERMINES THE CONSTAMTS INVARIANT WITH REDUCED YELCCITY 5002
€ INYOLVED IN THE GSCILLATORY COEFFICIENTS FOR THE CONTROL 5863
[‘ e SURFACE UNDERGOING CHANGES IN CANMBER., 5004
: SURROUTINE CSCAM (ISZ,CA,B,XN1;XN2,XN3,XN4,XN5,T1,T72,13,74,T5) - "5So1e
D IMFNSTON B(135,CA(1), XN1(1), XN2(1):XNS(I):XN4(1);XN§(1).T1(1) - 5528
1.72(13,1301), T401)575(1),C(25) T 5824
'T P1=3.14159265 - 5025
’ Pi11=1.8/P] - 5030
i 700 1=1,187 - . 5035
i‘ IFECAC1))706,.700,706 - - 5648
" 706 C(13=1.0-CAL12/8(}) 5045
PH=ARCS(~C(1)) . : 50580
PHP=PH/2.0 5055
“ PHI=PH/ 3o Ul . 5061
i PHIN=PH/30.0 ] - - 5065
XNT(I)=PL11#(P1-PHeSIN(PH)). 5079
!‘ XN2 (1)=PTA18 (({PT-PL)/2,0) (1. 0+2. n-cUS(pu))+st(PHz)-<z o+cosaPu) 5075
" 1)) , . 5Bad
YNICT)=(2.0/03.04P1) )= ((SIN(PH) )ue3) 5085
!* IN4(]). =P111¢(PI-PH+1.333SIN(PH)}#COS(PH)~ (SIN(PH)i((COS(PHS))-GB) 5090
g5 1) 5095
» NS (1)=P111#( 75 (PT-PH)#COS(PH)I+SINCPH2) » (1,04 ((COS(PH2) ) #e2))o(( 5100
1SIM(PH30) ) ee5)) 7 ) ; ‘ ) 5105
i” FICI)=PI11#((PL=PH)# (1.0~ 2 OiCOS(PH))+SIN(PH)#(COS(PH) 2.01) 5110
- 12¢1)==-11¢1)72.0 5115
13(1)=PI111a(~ rns(PH;sfrn(Pu) (PI1=PH)+ (. 6667!((SIN(PH))5'3))1 5124
- F401)=PI118 (=~ (LUS(PHI*SIN(PH2))=(COS(PH)#({SINC(PH3) )##3))=(PJ~PH)/ 5125
12.0) 5130
, - I5(1)3=XNS (1) . 5135
; 760 20ONTINUF 5140
,r QFTURN 5145
UMD - 5154
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~S %
PESTT T IO srpmgwnrspnyy 4% Wt LA TR A 97 b
X
e B - B
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-

\

PUNY

1

NR NS -

13

21

ry
23

26
14

24

15

1R.

19

20

FORTRAN uscx
PUNCHES THE ATC MATRIX IN FORTRAN FORMAT SO THAT IT CAN BE
USED IN CUFA. - FIUTIER,ANALYSIS 8Y cOLLocArlou METHOD
THF AIC MATRTX FOR EACH 1/KR. CONTATNS THE FOLLONING CARDS -
FARN 1 - 17KR ,COLUMNS 1=12, (1P1E12.5}
CARN 2 = NSI7E, NPART, NFORK, NROW, CGLUMNS 1-4,5< <8,9-12,13-16
: (4149, NFORM=NROW=1
THF FOLLOWING CARDS ARE REPEATED FOR ‘EACH ‘NON= ZERO PARTITION IN
THF. AIC. MATFIX(AS MANY TIMES AS THE MUMBER OF STRIPS INTO NHICH
THF SURFACE 1S BIVIBFu),
CAPI .1 = Ny POLUMNS 1-4, (I4) - ORDFR OF PARTLTION
FOLI'NHED -BY 1 OR 2 CARNS FOR EACH ROW OF PART[TION HATRIX,
FORMAT(1P6F12.5)

SURROUTINF Fusng (EKi#, NI, CH, I'SZ,NSER)
ﬂlMFHSIUN NU(]) GH(A,8,25)
FOPhAT(JP1F1° 5, 61X, WHQIP,YZ.oHGnl)
FOPMAT (414 . 55%X;3KkSTP, 12, 3H002)

CARMAT(I4,66%;JHSTP, 12, lZ:II)

VGPMAF (1P61-12. 9.6HSTP 12, erIL)
FORMETTIP2E1 2,55 48X, SHSIP !2.!?.!1)
FORMAT(IP3E1?, 536X, EHQTP l?.l?,ll)
FOPhAT(lPétl? 5.24x 3H§IP 12, l?.!l)
“iJMCH 1 ,EKR, NSEN

IST2F=0

ny " I=1,18¢

NS!/F NSLZF+MU(1)

iFNRp=1

MW =1

PUHMCH 2, NSTZF, 875 NF ORM, NRDOW, NSEG
A2 1=1, 057

1SF=]

=N )

2UheH 3,8, NSEN, [, NSF

"NGFENSE +]

12-kiw?

vl 19 K=1,N

IT(FXRY1I3514,14

PF(M-?,)??«:ZI:.?? . ) R
SUNCH S (CH(K L 5 T) 21 =1, H2,2),NSEQ.S 5 NGF
5N 10 is.

1E(L=3)26,25,76

OHNCHR 6, ((‘H(K:l:‘):l"o"lz ?):NgFﬂllvNcF
v 10 18

DUNCH 7, (CH(K, ! . 1)1 =1,M2,2), NSEG.I NSE
4070 18 ‘
IF(h.EN.4) a To 15

Wik~ P)£5;24 ’5

SHUNCH 7, CH(K, Lo 1)l =3,M2),NSEQ, l NSF
310 18

PIMGH 4; CCHUK,1 , 1) 5151, N2),NSEQ, T,NSE
8070 14

PUNMGCH 4, (CH(KX, Iol);--] 6),N9E0 1,NSF
HSF=N9F+1

PUHNCH 6, (CH® L1, 1)1 =728) o NSEW, 1, NSE
ISF=NSE+

CONT INUF

SOMTINUF

vFTHRN

END

(1l

7001
7002
7003
7004
7006
7007
7008
7009
7010
7011
7012
7013
7014
7019
7029
7025
7u3u
7034
704
7044
7u46
7047
704
70510
705)
7060
7065
7074
7075
7080
7085
7091
709%
7100
710%
7110
7135
7120
7125
7126
7129
7430
7131
7132
7134
7134
713¢
713¢
713
713¢
71410
714
715¢(
715%
73161
7165
7174
717¢
7181
718%
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s FORTRAN | 03-27-69
CBJY1 BESSEL FUNCTIONS OF 151 AND. 2ND. KIND: ORDER i ~
c FUNCTIGN BJL., BY1

FUNCTION BJI(YY)
NIMENSION MES1(5) ‘
NIMENSION A(7),8(7),F(7),F(7) !

NATA (A(D),1=1, 7)/.000.1109.-.09931761.-00443319.-.03954289:

1 «21093573,.56249985, .5/
JATA (B(I),1I=1., 7)/c0027873a-.0400976p.3126951.-1 3164827,
b 2. 1682709;.2212091.*.6366198/

DATA «(P(1),1=1, 7)/o000?9166.-.00079824:-.ﬂl074348:o006378791

1 .00005650»-.12499612.-78539816/
NATA (F(I),1=1,73/-.00020033,.00113653,~ .ul249511..00017105,
1 «01659667,.156E-5,.79788456/
MTATA MES1(1)/27H BY1 ARG. LESS THAN 1uses18 /
X=YY
IF (X) 2,1,2
1 HJ1=0.0.
RETURN
2 IF (ABS(X)=d.0)3,3,4
£ BJL - X LESS THAN 3. ]
3 7 = (XeX)/9.0
30 SUM1 = A(19)
no 31 1=2,7 ) -
31 SUMIz 2eSUMI+AC])
HJ1. = SUMLleX
~ RETURN
€. BJ1 - X GRFATER THAN 3.8
4 "=y
60 10 42
¢ nv1 - X -GREATER THAN 3 ‘0
41 =?
42 1 = ABS(X)
3.0/0
,un1- P(1)
SUM2z F.(1)
nn 43 122,7
- SUM1= Z#SUML1+P(])
43 5UMP= ZeSUM2+F (1)
. IF (NJEG.2) GD [0 4% '
44 SUM = SUM2#STN(U-SUM1)/SART(Q)
BJ1 = SUM ‘
I (XeLTe0Ww0) RJI=-SUM
RETURN
45  AJ1 =-SUM2eCNS(X=-SUM1)/SART(X)
RETURN
FNTRY BY1(YY)
X=YY
6 1F (X=3.0) 61,61,41
61 1F (X=-1.E=-18) 7,7,611
G BY1 - X LESS THAN 4.0
611 /7 = (X#X)/9.0
SUMI=A(1)
SUM2=B(1)
no 62 1=2;7
SUMI = Z#SUMI+AC(])
62 SUMZ2 = Z#SUM2+RLY)
SUM = X#SUM1 o
BJ1 = SUM2/X + 2.#AL0G(.5+X)eSUM /3.1415926%
RETURN
7 GALL FXEM(57,MFS1,5,5)

o]
1]

- BUY189
:BJY1ES

- BJY180

© =BJYY109
BJY168
BJYine
BJY100
BJY109
RJY108
BJY100
BJY100
BJY10D

" BJY100
_BJY100
. ByY1o0e
~BJY100
RJYLO0
RUYL00
RJY1CO
BJY100
RJY100
BJY100
#JY100
BJY100
RJY100
BJY100
RJY100
BJY1060
RJY100
BJY100
BJY100
HJYL00
‘HJY100
BJY100
BJY100
BIYL00
BJYLOO
RJYL00
BJYL00
RJY100
BJY100
BJYYL00
BJYL100
BJY100
BJYL00
BJYL00
BJY100
BJY100
- BJYL00
BJY100
BJYLO00
BUY100
BJY10D
RJYLOO
BUY10U
BJY100
BJY100
BJY108
BJY180
'‘BJYLO0

(40) BJYLO00
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3 FORTRAN: )

CRJYD BESSEL FUNCTIONS OF 15T AND 2ND XIND, ORDER ¢ RJIYEOOY

€ ' FUNCTION BJG, BYR 84Y8000

FUNCTION BJU (YY) RIYGLLE

NINENSTON MEST(5) BJYSdRE

NIMENSTON AC7);PU7),F(7),8(7) BUYE0A

NATA (ALD), 1-1.7)/.0.3?100.-.3039444,.|444479. -03163856,1. 26562!0.8vaoo|

1 =2.2499997,1./ - ST

NATA (P(1),12147)/~,13558E~3,,29333E-3,.541256-3,~.08262573, CRM T

| .39545-4..04165397 +78539816/ ‘BJYOERE

UATA (F(l)al 12737, "0014476"..007?"5.0.01372370'09512E'4: BJYOOII

1 -i0855274,=.77E-6,.797884567 " RUvaaei

HATA (B(1),1=1:7)/-.00024846,.00427916,~.14261214,.25300117, HJYUOB1

1 .74350384n.60559366:-36746691/ - BJYB#]

NATA MESI(1)/27H 8Y0 ARG. LESS THAN: 1uee-18 # BJYNOR1

X=YY : RIYO0O1

1IF (X)) 1,3,1 . "ByYlooy

3 HIN = 1.0 . aJYunnl

RETURN RJYBOCL

1 IF (ABS(X)=3%.0) 2,2,4 BJYCEDL

£ /X715 LESS THAN 0OR EQUAL 10 3.0 RJYURO2

2 7= (X#X)/9.0 BUYUUD2.

SUM=A(1) BJYURSZ:

wg 21 1=2.7 HJYQ00Z.

2t SUM=ZeSOMeACT) . ' RJYda2

ENT BN ] HJYUO0Nn2}

RETURN HJIY.0002¢

€ X 1S GREATER TVHAN 3.0 BJYU002)

4 N=ABS XY ' eavnnaz;

/=3.0/0. BJvunnzs

SuMiz P(1) BJYUUU3L

suMz= F(1) : ‘BJYucod

ng 41 1=2,7 . RJYU0Q 3%

SUML= ZeSUMLeP(]S . BJYUDOIY

AU SUM2z 7#SUK24F G- BJIYUOY3IY

SUM=SUM2+(CNS(L=SUML)/SORT.(Q) eavuonsa

HIN=SUM . BJYL003%

RETURN BJYOUDZY

co8Yn ‘ BJYU0O3Y

FNTRY RYO(YY) BJYBO(3Y

Yy, RYYUN04L

6. 723,07 9unnnqz

SUML=P(1) RUYUOD4Y

SUM22F (1) BJYUOC44

ng 61 t=2,7 BJYUOBAY

SUMI= Z#SUML+P(]) BJYS0046

61 SUMZ= ZeSUMZ+t (1) . BYYU0O047

HJ0 = SUM2eSTN(X-SUM1)/SQRT(X) BJIYUN048

RETURN. RJYO00049

7 IF (X~1.E-18) 5,5,8 ‘BJYUOOS50

8 SUMI=B(13 BJYU0051

SUM2=A(1) BJYUOO5?

7= (X#X)/9,0 BJY0D05S

no 61 1=2,7 BJYONOS4

SUMI = Z#SUM1+«R(1) BJYU0OSY

81 SUM2 = ZeSUM2+A (19 BJYU00S6

RJD = SUNL + 2.#ALOGE.5¢X)#SUM2/3.1415926% BJYV00S5 ]

RETURN BJY0O0O0S5H

5 CAIL FXEM(57,M5S1,5,5) BJY0O059
(42)
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3.1 THEORETICAL DEVELGPMENT

3.0 PISTON THEORY .AXRODYNAMICS PROGRAM

The pressure on a 1lifting surface is normally given by a surface func-

2
tional relationship. However; in the 1limits of high Mach number (M >> 1) or

high reduqed_fréqueﬁcyf(uzk > 1 or'M2k2»>?’1), this xeigtiéﬁihtp’becbméa a

point function. As s -Consequence .of this limit, ierédjnlﬁip'influg@ce coef-
ficients (AICs} may be specified exactly by a strip tbgory& so-only a ‘single
strip weed be considered in the basic development, and cbg@rdlrsurface and
camber effects may be determined iu=an§§f§igﬁtfor?g;gﬂmaﬁheru

The present formilation derives the AICs :from ﬁhiidéo;&er;piston theory.
for a (parabolically) cambering airfoil with or without g;(rigiq chord) con-
trol surface. The darivation differs only slightly from that of Ashley and
detagiaﬁl in that in the present case the thi;&-oi&ef'vggsiurq coefiicient
is generalized to account. for sweep and steady angré of attack, and, follow-
ing a suggestion of Morgan, Huckel, and'Runyan,z a correction;(optionalﬁ“is
rsuggestgd to give agreement with -the second-order gu&éi-steady supersonic
theory .of Van'Dyké.3 This quasi-steady correction should wxtend the validity
of piston theory to lower supersonic Mach numbers. at low reduced :frequencies.
The derivation given here is a combination and ggnerilizatiog of those given
in Ref. 4 for the rigid chord airfoil with coritrol surface and in Ref. 5 ‘for
the ‘parabolically cambering airfsil without control surface:

The AICs ‘are defined to relate the surface to. the aerodynamic forces at

the .same points in the oscillatory case by

{7} = publslc, i)

and in the steady case by

e} = @/ )

{43)
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Develapment of the General Oscillatory. Cise Including ﬁgmber and Control
Surface A g - é

We wish -tc determine the AICs ‘that. relate the four défleptibnl”bI? 52*—

PUTOTIINTYY S ) e

h3, and-h4 to the forces‘EI, Fi"t3’ and r4 acting at the same points as nhé@n

in Pig. 1. If the airfoil has no ‘éontrol sufchg'xs msy be located arbitrarily; :
\ . :

if there is a control surface x, must be located: at the hinge line and hajii B
the deflection of the trailing edge. The deflections are those of the m2an. _
camber lirie and the control surface is assumed to bée rigid. ;z
- a

: N

v : x x x Xmc : fé

h3 =

~ 1

: k

FQ .

Figure 3.1.1- Porces and Geometrv fol AICs

We consider two airfoil cross-sections, The first is typical of air-
foils employed in missile applications while. the gsecond 1sfrqpré§ehthtive of

aircraft applications, The first airfoil -consists of three straight lines as

shoyn in Fig., 2. The second :consists of two tangent parabolas and a straight

1lineé as shown in Fig. 3.

v
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Fig. 3:.1.3 = Second: Airfoil Idealization

-

The equations for.the defleétion curve of either airfoil are

s [h@x) /b by + [h(x/hydn, + [8G6) /ngdng

for 0-<x < Xy and on the control-surface .
b, = [h (x)/hydhy + [0 (0 /0, Tn,
for Xy <X S ¢ where

‘i'f(x) /hsl - (}e’xz) (x"xa) /(xlfxz)"(xl'XB)
h(x) /b, = (x-x,) (x-x4) /(*2:"‘1') (x,7%3)
h(x) /h3 = (x"'xl)/(*'xzu) /(x3"x1> (x3’x2)

hy () /g = (c-xb/{e-x,)

R

) T S e .- © e e

USSR
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4
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and

hg(x),/h,‘ = (x.-ifh)/ (e-x)

‘The equations for the semi-thickness: distribution of the first airfoil are

8 ® /e = (T/1Dx/x) , 0SxIx
82(x)/c = (7/2)f1 - (1- h)(x-km)/(xh-xm)] » X SXSX
and  g4(x)le = (7, /2)[1 - (R-r ) (x-x)/(ex )] , x Sx<c

where the symbols are défined’ in the Noménclature. The semi-thickness equa-

tiona for the second airfoil are

g (/e = (1/2) (/% )(2=x/x ) , OSxsx
sz(x)/c = (1/2){1 - (1~ h)[(xfgm)/(xh-gﬁ)]zj , xm < x s.xh
and 83(x)/c = (Th/2)[1 - (r-rt){x-xh)/(q-kh)]’ , xh's:x <é

The lineatized 1ifting pressure coefficient for small disturbances about

the trim angle of attack a is given in Ref. 4 by

F 5 a 2,2 2
Cy = (svM)[C, + 28 Mg+ 3CM (8, + )]

where the coeffibiepts’él, 52, and C, are discusged in Ref, 4 and..are /given by
&, = M/? - sec?/?

&, = ' (v) - osecihqulsec?y 1/had-see?ty?

Cy = (yH1) /12!




_and the dimerigionless: harmonic disturbance dovnwash v is

- _dl . Il )
~v-dx‘+vi"b‘ 4 - o p
If the secant of the sweep angle A of the 1eading edAg“e is taken .g2s zero the
~usujai\(pistoxi :theofy‘ ig obtained; if sec' A is taken as unity no ‘sweep cox-
rection' is made to the quasi-steady supersonic result,
_‘The necessary derivatives for the calculation of -the pressure coef-

. fieient are the following.

T= [ Co /Iy + (b6 iy Th, - :

and
-dh [hls(x)/h .+ [h '(x)/i; Jn X, Sx S@¢ :
ax- " e k i T A L A ‘
where
hYG) fhy = (2reiyekg) /Gy ) (ry )
h:(:f) /ny = '(.?Tx-xl-rx3)/(x2-x1) (xy=itg). 4
By = (2mk x,) /(g ) (%g0%,)
B My = -1/ (eox,)
and hc"(x) Iy = 1/(e-x,) : ‘

For. the first airfoil the thickness derivatives are




| ‘ {

‘
PuR goEe

81xlc = (T/&m) ’ 05 XS xm ) 4
gzxic = -(5/2)(1.fh)/(§ﬁ-xm) y X, SX S o
83, /¢ ’:°(Th72)(1'rt)/(°‘¥5) o, xh_s x <t .

and for the second airfoil they are

B /e = (T/x ) (L=k/x ) 0 SxSk_
By e = -T(L-ry) (x-xm)/(xh,;sén)‘z N
8q,/c = -(Th/2)..(fl-~rt)/ (e=x) X, SxSc

We may write ‘the downwash as

vy = Lv@)/n In, + [v(x),[h2j§2 + [vo/mgdhy , 0 SxsSx

and
v = v ) mgdng + [v )/, dh,  , x SxSe
where
wxy/hy = () /oy + Lk/DRG M, 1= 1,2,3
=0 , i=4
and
vc(x)/hi =0 , 1=1,2

(), + LG/DIR /M, 4= 3,4

Then the pressure coefficients in the three airfoil regions are

- i — - : B Mooty Ho o = T e e B e i AL w0

o
-
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€y = - (4v M) [Cl-lf 20,Mg, . +‘3C3M (85, + @)1

: S - - : 2, 2 2..
s = ~(4vM)[C; + 2°2"¥gx-+ 3C,M° (85, +»a9)]

. = = 2,2 . 2.4
CP3 - ’(4ch) [cl + 202M83x “+ 73C3M (83)( + ao) ¥

From the principle of virtial work as applied in Ref. 5 and from the defini-

tion. of thé .AICs the control point forces F. are

Therefore, the element§ of the fourth order AIC matrix elements ‘for .the

strip. axe

() Thaly (2/M) (Is/kf;) (ay/s) {(Ql + 3C3M2;§?(

i

X ‘
ry = ar[)® oyt ngd de k [P o pfhe ] o

C

+ th

‘%5@;‘*3./*1'13‘ ), 1= 1,2,3%

22 i: |
j=1

- x X o
+ zczu(fom 81 [h () /iy vy ] dx + jxh 8ox[bx) 1V Cx) /v, dx

h

+ 306 Ixm 2 [ho) /n ][ (x)7h,] d g2 [h(xiizh, Jvex) /b, ] dx
3V, B1xt ALV jd & + J:* 8y, Lh (%l 1At j

.
+J
X

h

I theo I

o]

&
+ [, U, 00 /v

m

c ~
+ [ gy lh 00 /0, v G) ] ‘dx)\\
x ~

m

2. : ; ‘
84, (ho () /b dlv, (%) /h 3 ] dx) ;

s s

e Loce LR T

e E e Tty o £ vt b ey i et

. A

j] dx a
) /hJ. ] d’f)
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[ where we note that i,j = 1,2,3, and 4 and also that h(:z)‘/hi =0 for i = &, . L
- .hé(x)‘/hi = 0 for i =1 and 2. We define the follﬁowing definite intcgisle ‘
) 2 e, U . )
- €M = i(k/B)I (M) = f; g, 0 [h() /h, Jv(x) /n,] dx f
[ 80 that
' R Em - J 26 [h(x) /b, I wddx |
and . 7 | . 7 : .
{, (n) T n ) .
LY G =] gehe /hh) /b, ax. :

{ g )
. ‘Then the AIC, bécomes =
L X .
r (©) g4 = - AL (ayls) {(c +3eH R 0,x) :
- + 1ML 00 + R e + 1m0 )
R¢° )(xh,c) + 1Ge/my1l ) G601 + 28 M[R(l) 0,% ) + i(k/b)I(l)(O x ) "
. .
+ R ) + LI n0
= : i
R“)(xh,c) + 10T 01 [

L
+ 3C M [R(z)s(o % ) + 1(k/b)1(2) (0,x ) + R(? (x ,x) + i(k/b)I( )(x,\,h y

-
[ + KB 0 + 10/l (xh,c)]} :
l where i;j'= 1,2,3, and 4, and we note. that ’Rij = Iij =0 if:f.or j = 4; and .
Ryyy = Togq = 0 4f L or y= Lor 2. r‘

l (50)

-~ - - - - - ~ e, W A WA s g ot e % e aw U
.. - e -

&
£

. em - e e i~ = e m e T D




iy R

T PO
hvﬁ‘ T T
| =5

¥ .
: A .
e A
—— g ]

g Jendigd i T e A T e v et o o o
N . * ’
O T Ty TN Y R T e N R Ity o )
s '

R I T

- 3 % -
AT, R T Py N ey A 0

" 5 R Ak« 2 R TR e
s RS 2408
) W TRy

using: piston thiory has been déveloped.
‘moderate to.high aspect ratio and speeds in the: supergonic regime,
can be\performcd for wingl with a rigid chord or a fiexible chord.
-of a flexible cherd are accounted for by the inttoductiou of parabolic clmberiug.
Parabolic camber is induced if a bending mode 1is pnrabolic and if a torlion

mode is 1inear in the rsgion surrounding the strip -under - considerution.
analysis: cancbe, performed with or without a contrcl surface.
case i available as a limiting .case of thefoscillaging case for .use in static
The AICs relate ‘the aerodynam'c forcegs to the surface

aeroelastic analysis.
In the oscillatory case,

- 3.2 PROGRAM DESCRIPTION-

A gereral program ‘to calculate a sét of serodynamic influence coefficients
The method: is applicable to wings of

The anaxysis
The effects

fdeflections through»the following definitions.,

to four degrees of fraedom.
rotation,
‘output format,

?}f& pwb 3[4

;nBAtﬁzthg.sggady,chgg,

‘8

The AICs are derived for each strip conaideriug ‘the airfoil to ‘have up
pitching, plunging, cambering,«
The program provides the AICs. in printed and optional, pundhed-card
‘The, punched~card cutput format is identical te that required

e e @ o G610 [c o] fnl

The steady state

and control. surface

as input inx6 the COFA, Collocation Fluttsr Analyeis Program (Ref, 1.

program capa»ity 1is 25 surface strips and 15; variations of Machk Number.
can'be a8 many as 20 reduced velocities for each Maeh Number.

3.2.1

c.

PROCESSING. INFORMATION
OPERATION

Standard FORIRAN IV procéssor :System.
Operable on the GE 635 .computer.

‘CORE STORAGE. -

The. program STRIP requires a diinimums of 20, 000 memoyy units for

executuib
ADDITIONAL MACHINE COMPOMENTS
Standard FORTRAN. input tapemgS)

‘Standard FORTRAN output print tape (6)
Standard. FORTRAN, output punch tape.

N A St o AR At 15 e o < i« ot nr e e o =
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3.3 PROGRAM INPUT INSTRICTIONS

DATA DECK SETUP

o~ III‘ .ﬂ F-ﬂ :-ﬂ‘ ’ ﬁ) “)
o

PR,
-
T
o,
=
(%

:Name

Column

Title Card 1
Title Card 2

'NVAN, NCAM, NFOIL, NALPHA, NTAUS

ISz, MSZ, NOPUNJ, JSIZE

gec ), br, s, S, c

AY’ b) ;1’(23 ;3, {m. for e@Ch strip

T Ty» T, for each strip

Mach Number' Senes

Alpha Series
1/kr Series

R e o

Since all of the: input dimensions are geometrical and the: aerodynamic e
Marrix'is dimensionless, only a consistent set of length units is necessary - inches ’

Title Card (Any alphanumeric character Columns :1-80)

Titlé Card (Any alphanumeric c¢haracter Columns 1-80)

Control Card (Format 1814)

1 | 2 3 4 4 E
NVAN | NCAM | %FOTL | NALPHA | NTAUS
1-4 | 5-8 { 9-12 |13-1% | 17-20_

—

‘NVAN

JNCAM

0 No Van Dyke Correction Included

1 Van Dyke Correction Factor

0 No Camber Effects Included

1 Camber Effects Included

NFOIL =

1 Airfoil' 1" (See Figure 3.1.2)
= 2 Airfoil 2 (See Figure 3.1.3)

NALPHA = 1 Angle of Attack, Alpha is .constant for each strip

‘ = ISZ Angle -of Attack, Alpha varies with each strip

TN
e A

‘NTAUS: = 1 Airfoil Thickness is identical for each strip
= ISZ Airfoil Thickness varies for each strip

et e o e .

(52)
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" Field

Name:

Column:

Field

e e e - —— e -

Item 4 Control Card (Format 18I4)

2 | 3

4

15z

MSZ  |NgRUNJ

JSIZE1

JSIZE,

1~4

,5_8‘

1 9-12

13-16

1SZ = Number of strips;< 25

MSZ = Number of Mach Numbers ;< 15

NOPUNJ = O Output Pinched
i = 1. Ne Output Punched

JSIZE; = Number of Réduced’ Velocities, -(V/bw) ,-5%045
Z;

for each Mach Number "i" where 1 =1 to

Item. 5 Dats Card (Format 6E12.8)

3 P v

€

>

Name BECLAM | BR ' | s |caps  [cBaR
Column [-12  [13-24 [.25-36. | 37-48  [49-60  °
SECLAM = Secant) wheré Xis the leading edge sweepback angle
BR = Reference Semi-Chord
S = Reference Semi-Span«
CAPS = Total Planform. Area, CAPS = 152 2Ayb
1
CBAR = Mean Aetodynamic Chord
A T i S KA % A o St W i T T S S 1 A g yiniio = e+ e e B A e
&
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VI,
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Field

Name

Column

Item 6 Data Card (Formar 6E12.8) Repeat for egch serip,

LR JRNLE PRI+ A

s
b A, St A ]
ke L2 ot NF

1 2 3 & 5 3 )
DELTAY B 21 22 | 23 ZM
1-12 13:24 | 25-36 | 37-48 | 49-60 | 63-72

DELTAY = Ay, Strip Width

b = B ~ Strip Semi-Chord

;1 ® Z1~ Fraction of Chord to First Control Point

-
~
]

oy
L}

3 23 ~ Fraction of ‘Chord £o Third Control Point (Use hinge line coordi-
nate if there is g control surface on this particular strip)

;‘m = ZM ~ Fraction of choyd at maximum thickness .point on the: airfoil

k™

22 ~ Fraction of Chord to Second Control Point (Use negative if there
is a control surface on this particular strip)
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Item 7 ‘Datd Cird (Format 6E12.8)

PR N

reid | o1 f 2 |3 .’ 5 6

Name | TAU, - TAUH, 1 ravr, - | TAU “PAUH

) |
FRRBRY sandury XEEIRSY
1
<
2
¥
<
J
?
Eiaalls Eav ol

Column | 1-12 13-26 | 2536 37-48 | 49-60: | 61-72

L
K
¥
£
o
Shry

TAU © Maximum Airfoil Thickness Divided by the Local Strip »

" ) i
o Jig s A.- VS Bt b
[ Sammrgt
S

Chord Length i
g TAUH " Airfoil Thickness at Cont:rol Surface Hinge- ~Divided by !
b the Local. Stzip Chord Length, if there is no control

surface set TAUH = 0.0

gz TAUT ~ -Airfoll Thickness at Trailing Edge Divided by the
Lecal Strip Chord Length.

‘Repeat for each strip.consecutivély; two strips per card; continue on
‘successive cards as necessgary.

Item 8 Data Card f(Fc;rzﬁgt;: 6E12.8).

- Field 1 . 2 3 {1 4 T 5 6

¥
~
Qv mwav;‘m .

g e T T
RO > N S Mol N5 92N a3 b S e D2 Mt 13 g
; povens " [ -L 'y o

w

~J

B

[+ 4]

¢

;‘; Name EMACHl + EMACHZ e e i EMACHMSZ

3 — - - = e - R
s Column .| 1-12 ¢ 13-24 25-36 49-60 | 61-72 K
=} 25
2 . 8
{1 |
ME EMACH ~ Mach Number ¥
E < - ”:J
I !
FEL R
;{: . I Continue on next card as necassary . Zj
1) r
il z
K i
¥ ;

oo i £ BT

», il (55)
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Field

‘Name

Column

Field:

Name

Column

Item 9 Data Card '(Format 6E12.3)

A oM T e

Pepeat this card or Series of Cards for each Mach Number when

NALP&A =] N

[
N
w
&

1-12 13-24 25-36 37-48

49-60

61i-72

ALPHA = Angle of attack, @, ALPHA is: constant for each st¥ip.

Repeat this card MSZ times-

When NALPHA = 1SZ

z —
1 2 3 5 6

ALPH&l . ALPHAZ ALPHAISZ

1-12 13-24. | 2536  |37-48 | 49-40 61-72

ALPHA = Angle of attack, a. ALPHA varies for each strip.
Continue ALPHA, on next cdrd if necessary. Repeat
this card or series of cards MSZ times.
(Start new card for each Mach -Number)

(56)
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Item 10 Data‘Card (Format 6212.8) : ]

Field 1 2 3 4 5 16
Name By ERR SR B ks 73 o)
p D . - = s
Column
EXR, = Redu»ed(Velocity Series, céntinue on next card if
‘necéssary. Repeat the above card or series of -cards
MSZ times. :
(Start new catd for each Mach Number)
3.4 SAMPYE PROBLEM

As an example problem, the supersonic.AIC's are calculated at Mach

No. =2. 5 .for the high aspect ratio swept back wing, shewn below. Khe wing is
analyzed for ai*foil qumber one with parabolic cambering. The anaIVsis is
pérformed for the reduced frequencies (1/k) of 0. 0, 2.0, and 5.9. ‘Al/k =0

calculates the ae;odynamics associated with stady state f1i izit. A control

surface exists on strips 3 and 4.

(57)
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PROGRAM INPUT DATA

_,l.%;—
o

' . A N
\‘v.
“O'—_—.—-—"—L:,.:

N

STRIP NO. Ay b(£E) 31 %2 3 % max
1 3.0 4.0 .25 45 .8 .35
2 3.0 4.0 .25 45 .8 .35
3 3.0 4.0 .25 - .45 .8 .35
4 3.0 3,75 .25 -.45 .8 .35
5 3.0 3.75 .25 45 .8 <35
cosh = 0
b, = 4.5 ft

s = 12.0: ft
5 = 96 ft*
< = 5.0 ft
1/k'jc = 5.0 2.0, 0.0
M = 2.5
£12% 5 aid ;B\méy'be any arbitrary posifion when no contrél suiface is present;,
when 'a control surface is present, £y and. g, may be arbitrarily located -and g
must be located at the hinge line. In both cases, héweVer, tl" ;2, and ;3

ghould be distributed. across the chord so that the clamber c¢an ‘be properly

defined, e.g., .20, zjz = ,50, and. 2;3 = .80..

&1

NOTE: Negative §2- for cotrips 3 and 4 indicates a control surface on these strips.

-
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3.5 PROGEAM LISTING

3

anoaanaonaannn

FU”TRAN DECK

‘CHAIN PROGRAM PISTON - AERODYNAMIC INFLUENCE COEFFICIENTS BY

PISTON THEGRY
fLTH OR. HITHOUT CAMBER -
<1TH OR 'WITHOLUT A CONTROL SURFACE )
“ICAM = 0, CAMBER NOT consznenEn NCAM = 1, CAMBER INCLUDED
WFOIL =1 GR 2 INDICATES HHICH AIRFOIL IS 10 BE ‘CONS.IDERED,
'VAN. IS THE conrnoL FOR THE VAN DYKE CORRECTION OPTION FOR USE
11TH -LOWER QUPERSUNIC HA(H NOS. AT 0K REDUCED FREOUENCIES.
~YAN = Gs OPTIOH NOT EXECJT:D ‘NVAk = 1, OPTION ExEcUTED )
71,22 AND 23 ARF PERCENT CHORDS OF 1ST,2ND AND 3RD CONTHOL POINTS
IN EACH STRIP,
» NEGATIVE 22 INDICATES PRESENCE ‘0F A CONTROL SURFACE ON THE STREPe
THE 3RD C.P. MUST BE AT HINGE LUNE 1F THERE 1S A CONTROL SURFACE.

“THENSION TITLE(24), DELTAY(25)y 8(25),JAU(ZS);21(25):22(25);23(25);
172A(25):TAUI(95) TAUT(25):X(25!:X1(25):X2(25) s X5(25), XH(25):
ZIH(25);JSIZF(15% EMACH(15) #NU(25)

"ITMENSION EKR(27,15),ALPHA(25,15},CH1(4,8,25),€EH2(3,6,25),CH3(3,6,.
1'5)»CH4(2 4,25), TN(3»2):RHB(4»4) RAI(4;4):RA2(4.4)»R81(4 1),
2<HO (4, 4)uSAI(4,4) SA2(4 4),581(4.4),562(4, 4),BC0(4,4), RCl(4o4):
2C2(4,4)'SCU(4,4), SC1(4,4),502(4, 4):T04:3),R82(4,4):Dl(6 8),
4.2(2,6);TT(3,4),THT(2,3)

'UHWON Xs X1, X2, X3 XH;TAU:TAUH»TAUI KHO,RA1,RA2,KB1,RB2,5H0,SA1,
1542, SB1,SB2,R06,RC1,RC2,5C0,SC1,SC2

1 rORMAT.(16/149)

2 FORMAT(6E12,8)

3 tURHAT(lHu 26X;/66HAFRODYNANIC INFLUENCE COEFFICI:NTS BY PISTON 1HE
1 RY RITHOUT ‘CAHSER. )

4 i URMAT(IH 17X, ubn(THE VAN DYKE QUASI- cTEADY THEORY [S..USED, TO DET

11-RHMINE THE AERDUYNAMIC LOEFFICIENIS ))

5 VORMAT(IHO 54X, t0HINPUT DA?A //1H  44X,12, T7H STRJPS/lH 44X,12,

113H MACH NUuaFRs /7147, 28H R&DUC&D VELOCITIES GTOTAL) /1Hu 45X,

24 5HSECANT LAMHDA .= E14.6 /39X 22hREFEkENC& SEHI-CHORD = E14.6 /1H

S 49X, 1AHSEMI-SPAN = £14.6 J14% 46%, 14HSURRACE AREA = E14 6 /14 53

4v,7HC BAR = Fid4.6 LIHO 4X,9KSIRIP NO, ;10x17HbELTA Y,13X,1KB,17X,

HIUZL,16Xi2HL2,10X, 2HZ$;14%, AHZHAX/7(19,E24.655E1846))

6+ ORMAT-(1HO 42%,9HSTKI? NO.:IﬁX;sOﬁALPhA ZERU (DEGRELS)//(46X%,12,

114X;F16.2))

8 rnRHAT(lHU 48%, LIHMACH NUMBER = F14~6//(IH‘ 53X, 8H1/K(R) = E14,06))

23 VORMAT(I12A6)

24 1 ORMAT(1HG 29%,63HAFRONYNAMNIC INFLUFM'E COEFFICLENTS BY PISTUN THE

~1RY WITH r‘AhBt-R)

25 “URAAT(IHO 933, 1 6HOSCILLATORY. CAS&//*H 45X,10HMACH NU, = F14.6,
17711 47X, 81L/K(R) = F14.6 /7157,7H STRurS)

27 CORMATCIHL 3246//1X,12A6//77)

28 FORMAT,(1HO 4% 'y 9HSTRIP NOW, 12X, 3HTAU, 13X, 6HTAUCH) , 12X, GHTAU(T)//
1(19,E24.6,2L18.6))

29 FORMAT(IHO 49X, 3HCH(12,H8H) SIZ2E = 12,34 BY 12 77)

30 FURMAT(lH 2E16.8, ix,2E16+.8,1X,2€16.8, 1x, 2E16.8)

31 rORMATI1HL)

32 FORMAT(1P1EI2:.5,60X,3HPTN, 12,3H001)

63'IORNAT(4l4p“6X;?HPTL:I?:SHODZ)

34 CORMAT(IA4, 6hX, JHPTN, 12.12,11) .

35 FOPMAT01P6512 5,34PIN,12,12,12)

36«‘0RMAP11P2E1? 5,49X . JHPTIN, 12402, 11)

37 !0RMAT(1P3E]2 55 36X, SHPTN, 12542, 11)

38 FUORMAT(1P4E12.5,24X, 3HPTN,12.I?:11)

e o v e e e e e et e = e e m e B . em e R Sl A

10
i1
12
13
14
15
16
17
18
19
20
2i
22
23
2y

30

40
50
55

60

61
65
/6
74
71
72
7.3

4

7%
76
77
78
80
85
86
87
84
9y
91
92
93
9%
95
96
9/
94
QY
v
1b4
- 102

(63)

A
O N O Dy N

PO

<

< .
[T VLN

D <y
Al e e s e

[RVRIET R

Si

o
La s

"

e 2

il;a



39

40
41

42

200

224

225
226

50
51

252

253.

254

255

‘06

- 36

247
238

249

FORMAT(1HC 53X, 11HSTEADY CASE //1H 45X, 10HMACH NO. = F14.6,

1//1H 47x,1781/K(R) INFINITY #/7157.7H STRIPS)

CORMAT(IH 29X;4E10. 8)
CQRMAT(1HO 42X, 44HTHICKNESS INTEGRALS. CALCULATED FOR AIKFOIL 33
FORMAT(1HO 42X, 44HTHICKNESS INTEGRALS‘CALCULATED'FOR AIRFOIL 2)

‘FAD INPUT HATA AND PRINT
READ(5,23) (TITLECT),<1=1,24)
WEAD(5,1) NVAN,NCAM,NFOIL; NALPHA,NTAUS
SEAN(5,1) 1SZ,MSZ,NUPUNJ, (JSTZE(K3, M= 1,HSZ)
JENTN(5,2) SECLAM.4R,S,CAPS,CBAR
EAD(552) (BELTAY(I),H(1),2101),22(1),23(1);ZH(I),151;152)
'EAN(5,2)  (TAUCT)«TAUHGL), JAUT(L), 121, NTALS)
RITE(6,27) (TLTLECT), 171,24)
‘ADBEG = 3.14159265/180..
IF{NTAUS-1) 224,224,226
G 225 1=1,d4S2
TAUCT)=TAUCE)
FAVRCT) =TAUWGL)
VABTCRY=TAUT (1),
JEANCS,2) (EBACH (L) 121, M52)
0 227 N=1,8SZ
JEAD(5,2) (ALPHA(I,M);1=1,NALPHA)
IF(NCAMJER.I) 6N 10 250
R]TE(6:3»
W 10 251
SRITF (6,24) ‘
tF(HVANJEQ.8) GU TO 252
'‘RITE(6,4)
iFCNFOIL.EQ.2) ©0 To 253
IRITE(6,41)
2 10 254
RITF(6,42)
1SiIM = 1)
0 255 1=1,rSZ _
1ISUM = JSUM + JSTZE(1)
"y 300 121,187
72AC1)=ABS(22(1))
*(1)=2.0%B(1)
101 =XC)#Z1(1)
2¢1)=xChyez2a01)
v3CEI=X(1)e23(])
YHOPY=X(I)esM(])

RI1E(6,5) 157,452, JSUN, SECLAM,UR,S»CAPS, CBAR, (1,DELTAY(L), BCL)y
17101),22A01),23(1), (1), 1=3,182)

RITE(6,28) (1, Talt1)s [AUKCT), TAUT(T), 121, 1S2)
1F{NALPHA=1)236,246,238

r0 237 121,182
‘0 237 M=1L,nSY
ALPHA(T,M)=ALPHA(L, M)

0 240 1=1,*57

1S7 = JSIZE(I)

RFAN(H,2)  CEKRCJ, 1),9=1,JS82)
RITF(6,8) EMACI(T), (EKR(J,1)5Jd=1,JE2)
RITE(6,6)(J,ALPHALIS1),J=1,182)

'0 240 J=1,187

ALPHA(J, [)=ALPHA(J, 1 )#RADDEG

0 1000 H=1,45/

FMSSEMACH(MY #t-MACH (1)
SECS=SECLAM®SECLAM

. (64)

104
105
106
107
108
110
111
112
113
115
116
17
118
120
121
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
143
149
150
151
152
153
154
155
156
157
158
159
160
161
142 ’
163
164
165
1606
167
164
170
171
250 ;
255 ;
260

izrrmagr < e




4
- ;
H
{1 c vAN DYKE OPTION _ 264 ;
i ™ [F(NVAN) 316,310,312 265 ;
? __ 10 cBAR1=1.0 ' : 270 :
Y TBAR2=(1.441.00)/4.0 ] ) 275 £
o :0 1o 320 . 280 :
1 412 'HARI=EHACH(H)/SOQRT(EMS~SECS) ' 4
b TBAR2={EMS#E HS2(2.4) =4, 1# SECS#(EHS=SECS) )/ (4. 0% (ENS-SECS)* (ENS~ 291
R R "ECS)) - _ i V 291
; 320 ~BAR3I=2.4/12. 30
“ SFy=n _ 3006 :
i ; .§7=JS1ZE(H) : 4 510 %
3 ,i -0 900 J=1,4SZ ’ 315 k
¢- tF(EKR{JAM) 325,330,325 L : ) 319 B
Q 25 F1 = 1.0/EKK(J,1) ‘ ) 320
‘ }! F2=1.0/(F1l#t1) ' 32%
g 2 ¥3 = F1/8BR ° . 330 ;
§ $30 0 K00 1=1,1S7 335 E
i e STEADY CASE OPTION . 340 :
! - TF(FKRCJSM) 340,355,340 345 ;
s 136 -~ON 2 (4o /EPACH(M) )= (CBAR#*DELTAY.(1)/CAPS) 350 2
] _-:E 10 344 . 359 s
Ll 440 oM = (2./ERACH(M))3F28 (BELTAY(1775) 36U i
Ml » IRFOIL OPTION, 404 g
i 344, IF(NFOIL.EQ.2) 60 TO 350 40% 3
K ;? ©IF(Z2(1).6T.0.67 B0 TG 345 . 406: ¥
" “AlL THINL(I, 1) ' 409 :
: @ T0 360 : 410 ]
7 e €45 -ALL THINL(H,T) _ 411 i
Y ~0 10 360 , 415§
r $50 iF(Z2(1).6T7.0.,0) 60 Tu 355 ' 419 ;
b ALL THIN2(1,P) 429 §
; zz 0 I8 360 21
Lok 495 LALL THIYZ 403 1) 422 :
: 60 -0 HAG K=1,4 42% i
- 0 400 L=1,7,2 435 3
T -r (K. ERel.uR.K.ENe2) GO TG 361 4306 i
s , 10: 362 - 437 3
" 363 'F(I.EQ 7) B0 Tu $99 434 i
= an To 365 439 3
5 €62 «F (KJEU:4) GD i 363 449 !
:0 10 365 , 44) 3
- 63 !F (L.EO¢lsl!R.LENe3) 60 'TO 399 ° 442 :
‘ 0 TO 365 - 443 ;
- 199 HIVK,L, T)=r.i 444 ;.
2 TO 400 : 445 A
- 165 q.L=(L+1)/2 : 446 3
:I 6 . <ASIC AIC MATRIA EQUALION FOR PISTON THEORY (CAMBER WITH A CONTKOL 448 i
c SURFACF) - REAL ELEMENTS, 449 g
1 CHL(K,L,1) = ~CUN®((CBAR1+3.#CBAR3# 450 2
ii 1FMACH (M) #2#ALPHA (T, Mjex2) @ (RHO (K, LL)+RCO(K, L)) +2, ¥CBAR2*EMACH (M) 455 :
2% (RAL(K,LL)4RB1(K,LLI+RCL(KsLL)I+3o#CEARI#EMACH(M) ##24 (RAZ(K, LL)* 460 :
39R2 (K, LL)#RC2(K,LL)) _ 469 !
400 ONTINUF 470 :
I 0 450 L=2,t,2 : - - 479
iFCEKRCJs M))370, 409,370 480
. 370 1IF (K.EQe1,0R.K+EY.2) GO TO 371 481
! .0 10 372 482
v $71 tF(L.EQ:8)60 TO 409 . 4B f
] w0 100 375 . 484
a 572 1F(K.EQ.4) (0 771 573 ~ 485
(65)




A
I~

‘0 10 375 . : 436
.‘73 IF(L-EO.‘Z-UR.L.ED.4) GO TO 40.9 o 487
W 10 375 - ) 488
4499 “HI(K,L,D)=0.0 : - 489

0 10 450 490
175 1 L=L/2 491
r TASIC AJC MATRIX EQUATIGN FOK PISTON THEORY (CAMBER WiTH ‘A CONTROL 493

€ SURFACE) - IKAGINARY ELEMENITS. 194 -
CHI(K,L,1) = ~CONe((CBAR1+3.%CBAR3s 495
1¥MACH(M)##22ALPHAC(T, H)as2)eF Io(SHU(K, LL)‘SCU(K.LL))*Z.OCBI\PZ* 500
25 HA(H(H)'FSG(SAI(R.LL)+381(K;LL)+SCl(K,LL))03 lCBAR3aEHACHiﬁ)*¢2 509
35F3e(SA2(K, lL)fSBZ(K.LL)OSCZ(K LL))) -510
ab0 ORI INUE ’ , 515
“00 “OKFINUE 520,
c GENERATE ATC( MATRICES ) - 525
C CH1, - CAMHER WITH A CONTRUL SURFACE . B3u
r CH2 ~ RIGID CHORD WTH A GANTROL SURFACE. 53%
r CH3 = CAMMER WITHOUT & CUth0L~SURFACE . ) 540.
C CH& - RIGID CHORD HITHOUT A CONTROL SURFACE i 545
TF(72(1)a8T.0.0)60 10 566 639
IF{NCAM.EN,6) GD 10 550 - A306
» Ue1d=4 637
.0 10 8ue 639
“50 0 560 KK=1,4 ) ‘ 644
‘0 bheh JJI=1,3 645
SO0 T (KK,JJ)=Ueil 650
(1;1)= 10 655
“(2,13=(22A019- 2ICINI/(23¢1)=23¢(1)) . 66U
(P2,2)=(ZLCIYCZ2AL01)) 7021 () - 23(1)) 665
(3, 2) 1. 670
‘(4,3)=1, 675
! ‘ALL MULT (1, rul CHZ3101;77,3,6,4,8,1) 695
H(11=3 696
010 800 : 698
266 0 H67 K=b; 1 699
L M 567 LEL,6 ) . 700
: R67 SHI(K,L,1)=GHL(LK: Lo 1) UL
; TF GNCAMJEDTIRO TU 600 709
1 )23 704
0 T0 80U 704
“NN TN(1,1)=1. . 70%
: "N(1,2)=0.0 706
e IN(2,1)=(22A(1)= =Z3(1ja/(21(1)=-28(1)) : 710
CN(2,2)3(2161)=-728C13)/7C21(1)=23(1)) 715
r~1< 1)=0.0 721
L -N(J;?) 1- “ 725
ALL MULT (IN,C43,Ch4,D2,TN1,2,4,3,5,1) . 745:
u(l)=2 . 746
§~ “00 “ONTINUE 750
. 0 “RINT ALC MATRICES 800
RITF (6,31) _ 605
o ¥ (NCAMGEW.T) 61 TO 825 810
l, RT1E(6,3) 4 )
70 830 H1v
125 RITF(6,24) : 819
‘ “30 (F(NVAN.EU.t) 67 10 835 B14
. RITE(6,4) . 815
M35 LF(EKR(J»M)1856,837,8356 1o
: ¥36 RITE(6,25) FMACH(M),EKR(J, M), 1582 817
l‘ ‘010 838 818

.
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£70
| 71
kRl
.,' -~ 3072
] ?173
— »55
j n74
a75
;
1l n
¢
M
3 r c
1 [
s
k N
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C
3 G
- 1 i 474
.‘ b s77
a
ki
e
X
o
'," o ;;“
‘lE 78
> . i ¥

‘RITE(6,39) EMACH(M)Y, 182
59 675 11,182 -

= NU(TD)

12 = 2aN

- 'R]TF(6:29) I:ﬁpﬂ

0 874 K=1i,N
lF(:KR(J:H))840;8/1 840

HF(ZE(I) GT:0.0) GO TO 866
TF(NCA#.EQ.U). 60 TO 850

RITE(6,30) (CKIAK, Lyi),L= 15N2)
 TO 874
‘RITE(6,30) (CH2(K:L;1),L=1, N2)
70 10 874 ‘
IF.CNCAM.EQ.U) G5 TO 870
‘RITE(6,30) {CHI(K,Lii),L=1,N2)
N 10 874 )
R1TE(6,30) (LH4(K:L:I)»L=1;HZJ
‘D 10 874 ,
iFCZ2(1)«6T.0. 0) 60 T0 873
ir(LCAM.EG.U) Gu [0 872
RilE(é 40) (CHI(K:L:I) L=1, 8232‘ B
0 10 R74
RITELS,40) {CH2(RsLs1),L=1,N2,2)
S0 T0 874 ;
iIF(NCAM.EQ.1) G 10 855
R} |E(6p4ﬂ,)_‘§l:i{-5/(l(:!.: [)oL=1,N2,2)
0 T0:- 874
‘RITE(6,40) (CH4(K:L,1),L=1,N2,2)
‘OMYTHUF
“ONTINUE
'UNCH AIC HATRICFES 1IN FORTRAN FORHAI SO THAT 1T CAN BE USED [N
‘COFA - FLUTTER ANALYSIS BY COLLOCATION METHOD.
THF AIC MATRIX FGR FACH 1/KR- CONTAINS THE FULLﬂﬂING CARDS =
"ARD 1 - 1/FR, COLUMNS 1212, (1P1E12,5)
CARE 2 - NSIZE, NPART, NFORM, NKQOW, (414), NFCRM=NROy=1
(HE FOLLOWING CaR0S ARE REPEATED FOR EACH NON-ZERU ARTITION IN:

THE AIC MATRIX (AS. MANY T:iMES A5 THE NUKBER UF STRIPS INTO WHICH

THE SURFACE 1S 01VIPED)..

TARD 1 = N, ORDRR OF PARTITION, TOLUMNS 1-4, (14)

rOLI OWED:- .BY 1 0% 2 CARDS FOK EACH RUH’OF PARTITION MATRIX
"WUNGHED FORKAT (1P6E12 513

IF(nnPUNg)bunga7b.9uo
iISEO=NSEQ+]1

SUNGH 32, EKK(J3:) /NSEQ
SI7E = 0 )

0 77 1= 1,152

'STZE = NSTZE + Nulp)
FORM 5 I
Ro =1

CUNGH 33, NSTZE; ISL,NFORUNROW, NSEN
0 895 1=1,187
SF = 1
= NUCT)
#UNCH 345 M, %SF0Q,.15 NSE
"SE = NSE + 1
2 = N#2
0 894 K=1,»
"FUEKR(JsM)) 874,881,878
LF(Z261).6T:0.0) GO TO 886

819
825
826
827
828
829
830
831
832
835
638
843
845
848
853
855
860
861
862
863
864
865
866
867
868
869
870
871
872
873
875
878
‘B8u
BES
885
888
890
893
59Y
89/
898
899
900
905
91U
91Y
924
925
930
935
94¢
94%
VDT .
9hb

961!

96

970

975

976

980

(67)
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IF(NCAH.EQ,2) GO TG 888 985

PUNCH 35, (CH1(K,L,1),L=1,6),NSEU, I,KSE 93¢

SE = 'NSE + 1 991

“UNCH 36, (CH1(K,L,1),1=7,8),HKSEQ, I,Nse 992

70 10 893 995

R80 PUHCH 35, (CH2(K,L,1):L=1,N2),NSEQ,1, NSE 1060

. nrO T0 893 . 1005

886. TF(NCAM.EQ.u) GO TO 898 1019

PUNCH 35, (CH3(K,»L»1),L=1,N2);NSEQ, I NSE 1015

20 10 893 1520

h90 oUNCH 38, (CH4(K,L,1),L=1,N2),NSEQG,I,MNSE 1025
0 70 894 1030 >

781 1F(Z22(13<6T.0.0) GO TO 883 1031

1f (NCAM.EO.0) 69 TO 882 1932

SUNGCH 38, (Chid{K,L,1)5L= 19N2’2) RSEQ}I NSE 1033

G 10 83%F 1034

n82 SUNCH 37, (Ch2(K,L,1),L=1,N2,2),NSEQ,1,NSE 1035

:0 10 893 1036

43 IF(HCAM.EOB.1) G TO 884° A 1037

SUNCH 37:4C13(KoL>1),L=1,N2,2);NSEQ, I,NSE 1036

10 893 _ 1039

184 “UNCH 36, (Cu4(K,L,T),L=1,N2,2),HSEQ, I,NSE 1040

93 SEENSE+Y 1641

Y4 <ONTINUE 1042

495 ONTINUE ru43

200 ~OMTINUE 1044

100 “ONTIHBUE 1045

20 TH 200 1050

ZND 105%

FORTRAN DECK ’ ) ) 200U

T 1Nl COMPUTES THE THICKNESS INTEGRALS, BOTH REAL AND IMAGINARY 2001

FOR AIRFOIL L. ' 2u02

2003

SURROUTINE THINL(NCO, 1) 2005

TIMENSION X125),X1(25),X2(25),%3(25), XH(ZS).TAU(ZS);TAUH(ZS)p 2010

’A1(4 43’952(4 4),R3114,4),5K0(4, 4)ISA1(414):SA2(4:4)3581(414)i 201:1

2%B2(4,4),RA(4,4,3),R8(4,4,3):5A(4,4,3),58(4,;4,3),RC(4,4,3), 2012

34C(4,4,3),RHO(4,4), TAUT(25) 7RB2(4.4),RCG(4,4),RC1(4,4),RC2(4,4), 2013

4-CN(4,4),5C1(4,4)55C2{4,4) 2014

SOMMON X, X1,X2, %3, XM> TAU, TAUH, TAUT,KHO,RAL»RA2,RB1,RB2,SHO,5A1, 2015

15A2,SB1,S82,RC0,RC1,RC2,5C0,5C1,5C2 2016

2020

41 = (TAUCL) /2.0 (X1 /XMCT)) 2625

IFGNCF.EQ.1) GD TU 5 203v
(tH=X(1) 2031 >

TADRHC T =TAUT (L) 2035

10 d0 6 2040

5 vH=X3(1? ) 2045

23 == (TAUH(1)/2.)8(1,~TAUT(I)/TAUHCE) )X (1) /(XL [)<XR) 2046

b 2 2« (TAU (1)/72)#(1=TAURCI)/TAUCT) Y&X(1)/(XH=XH{(])) 2055

ny 100 11=1,4 2065

0 100 J=1,4 2070

g T0(10,15,20,50), 11 207%

16 1=x1(I) 2060

*K=X2(1) 2085

L=X3(1) 2090

“0 TO 30 209%

15 v[=Xx2(1]) 210

(K=X1(1) 2105

L=X3(1) 21710

- F et e e T i

e T ° T il
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-0 TO 30 i -

- 20 71=X3(1)

TK=X1(I)

"'XZ(q)
36 0 70(35:40545 bﬂ):J
3% vJ=X1(19

YP=X2(1)

*0=X3(1)

<) T0- 55

49 ~Jj=x2(1)

tP=X1¢])
“=x3(1)
0 TO 55
45 vJ=x3(1)
P=X1:(1)
fu=xg(;l)
0 10 55
50 -HO(I1,J)=0,0¢
‘A1(11,4)=0.0
A€ L,J)=0,0
“RICI,J%= =G, 0
R2011,d)=040
A1, J)= 0.0
2(1 Ly J)E0.00
“RI(I1,J)=0,0
“E2(11,4)=0,80
“HOC11,J)=0.0
‘F(NCO.EY.0) 80 T 99
tF(17.EV.3.0R. J[.EQ.4) 0 TO 54
10 99
54 1F¢Jd, FQ.u,OP JabEQ,4) GO Tu 100
T 010 90
55 El=(XI=XK)®#(XT=XL)#(XJ=XP)#(XJ-X09)
6 7% K=1,3
N 70 (60,62,64),K
60 1 = 1.0
12 = 1.
0 TO 69
6?2 1 = 61
2 £ 62
070 69
64 1 = G161 )
"? = (2x62

T 69 YUF(K-1)71,706,71

70 (MKXx =XH
o TQ 72
71 MAX =XM(1)
7? A(II J)K)—(P'i/UEL)* (XMAX&'4/29-1 /3.’(2:;!XK+2.1XL+XPOX0)OXHAX
12#3+,5 *(Z.*XK*XL*«XK+XL)*(XP+XU))*XMAX EL YL x&*XL*(XP+XU)'XHAX)

M, KD = (PI/VEL)# (((XMAX #x5)/5, J=(XK+XL+XP+XQ)# ((XMAX #%#4)/4,)

1;@XK*XL+XP*XO*(XK+XL)i(XP+XQ))¢((XHAX ##3)/3. )-(XK!XLf(XP+Xu)+
2 PE#X0#(XK+XL))a((XMAX %#2)/2, )+XK*XLlXP*X05xMAX)
TR=1)7347%,73
73 ROLES Sy K1 =(P2/IEL)# ((XHe%4= XM(l)b!4)/2.-1 /3.&(2.*XK+2.¢XL+XP+X0)
15 (XHe#3~ XM(l)»n«ﬂ+(¢.*XK*XL*(XL+XK)%bXP+XQ))G(Xﬂ*hz XH(b)ﬁez)/Z.
2 KaXL e (XPeXtr)w(XH= SXMEI)))
LTI K)=(P2LNEL ) #{ (XHan5=XH(1)an5)/5.a(XREXL+XPHXQ) 2 (XHa" 4=
ToM( ] Yend) /4, +(X\¢XLoXP~XOt(XK+XL)~(XP*xu))*(XH!~3 XH(IS#ad)/3.~
zfxx*xln(XP+¥0)+xP‘Xu*(XK*XLlQ*(XH*!d XH(I)*02)/2.*XKlXLlXPlXQ*
LB OXH=XMCT)))

2115 k
2121
2125 ;
213u ‘
21970
Z19%
2200
2205
221u
2215
2220
2225
2230
2235
2240 :
2245 .
Z?bu
2254
2260
2265
2270 ’
2275
2280
2285
2290
2295
2300
2361
2302
26")
2306
2347
2410
2315
2320
2321
2327
2324
232%
2326
2327
2329
2334
2330
2337
2338
2339
2340
2345
2350
2355 ‘
2360 ‘
23671
256% f
237y :
247% t
238 :
2385
2390
2395
(69)
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*ONYINUE
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*A2 (Fl,J)=RAY( Il@J,S)
1 (11,J)=R8(1T,J,2)
R2CIT,J)=RB(IT,J53)
“A1(I15J)=8S4a(11,4,2)
A2(11,J9)=S81(11:4,3)
SRICI1,J)=SR(1{0d,2)
“R2(11,3)=SH(11,J,3)
vHOCT T, Jd)=RAC11,J,1)
:Hnl]k,J)=SA§JI,J)1)
TOLILEN.3.4ND.J.EQ.3)60 T0 79
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-F(hCﬂ.EQ.l) “0 TﬂTBU
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0 B5 KK=1;3
M 10tR1,83.82) KK

gy = 1.0
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C(4:4:KKJ=-RC(S,J§KKJ

C(3,4;KK)=50(4,4,Kn)
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CIEH,LN)=KC(L, LN, 2)

('?(IH:LN)-PF(I'UL“N 3)

“COCLM,LN)=SC(L15LN, 1)

LM, I N)SSCIL LN, 2)

cC2(LM,LN)=S5C (LY, LN, 3)
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FORTRAN UECK ) :

COUMPUTES THE TUICKNESS INTEGRALS, ROTH REAL AND IMAGINARY,
fUR AIRFOIL 2.

SURKOUTINE THIN2(NCU, I

TMENSIOGN X(?b):X1(25)oXZ(Zb);XJ(Zs)pXH(25):TAU(25) TAUY(25),
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v
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51J0(4,4),A41(4, 4):iJ2(4 4),BJ0(4,4), BJ1(4,4),8J2(4,4),AK0(4:4)
61K1(4,4),AK2(4,4), BKO(4:4):BK1(4 4):8K2(4:4):TAUT(25)

UHHON X:XlaXZ,X3:XH.TAU:TALH:TAUT:RHB:RAI 3A2:R81:R82:SBU:$lim
1za2, SBl SBQ:RCS RC1,RC2,SC0,5C1,SC2

1F(NCO.EQ.T) GO TO 5
YH=X(1)
TAUHCT J=TAUTCT)
0 106
5 <H=X3(1) )
23 == (TAUH(1)/2, )6(&.-TAUT(l‘/TAUH(l?)iX(I)/(X(I) XH)
6 S1=TANCI)3(XCI)/XMO1) )
R=TAULI)* (1, ~TAUH(])/TAUCT) )@ XCFYRXM( I/ (XH-XH([ ) ) %22
“M1=-81/XM([)
i H2=-B2/XM(T)
0 156 11=i,4
150 J=1,4
M OT0(10,15,20,50),11
10 NI=X1(1)
iK=X2(1)
L=X3(1Y
15  {=x2(1)
KExi(D)
WEX3()
) 10 30
20 -1=x301)
*K=X14 1)
L=X2(1)
Sh- <0 10(35,40,45,%0),J . !
3% .Jg=x1¢1)
“P=X2(1)
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0 10 5%
40 -Jg=x2(1)
‘PEXL D)
0=X3 (1)
‘0 10 55
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PEx1(I)
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N 10 55
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CFAMGOLGERLD) B0 TO 13%
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918 129
128 3 = 63
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127 23 = §3#63
12¢ -csa 3,KK)==P3/2,
Ct4, 5;FK§ wr(3 3,KK)
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(4*4JKK)-4F(3 3, KK)
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L1 PRE AD PuSI MULTIPLIES A COMPLEX. MATRIX BY REAL MATRICES.

I8 THE POST=MULTIPLIFR (REALY &r SIZE N X He

v¥, THE TRA>SPOSE OF A, IS GENERAIED IN THE SUBKOUTINE,

T 1§ THE P'F MALTILLIER (REAL) OF STZE M X N

15 THE GCOMPLEX MATRIX OF quF Ne X 2N DN REAL NOTAITUN,
1S, RESUL PAIT MATRIX {COMPLEX) OF SIZE M X 2y IN REAL NOTATILON,

QHRROHTINF NIELT (AsBaCoD, AT, MNMZ, N N2, 19

P ITMENSTON AUNLM) 131, N2, 25),.CCHs M2, 25), D(M,N2)5ATCMLN)

i 10 KksL,w
1010 JI=tah,
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“(K,L,1) = PR
i 30 g = 15N
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