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1.0 INTRODUCTION

The flutter piobiem can be solvie with either a collocation or
normal-mode foim-ilation. The collocation approach is attractive if an.
accurate stiffness and aerodynamic influence coefficient matrix ciat be
formed for the system. The n6rmalmode method merits consideration,
when mode shapes and natural frequencies for the stkucture are known.
The normal-mode method requires the aerodynamics to be presented as
:generalized forces. The normal-mode formulation is generally presented
in the following manner

+ rR.i- .,, - ,f-
~'~'~ ~ W2 - n 2jiI#I

1Where
I MJ Generalized Mass Matrix

S1Q- = Generalized Aerodynamic Force Matrix

g Artifical Structural Damping

CO = Flutter Frequency

Natural Vibration Freqtency

4' - Generalized Coordinite

This volume presents three computer programs that calculate, the
generalized aerodynamic forces for the three flight regimes: Subsonic

i iFlight, Transonic Flight, Supersonic Flight and may be used with the
Modal Flutter Analysis Program Of Vol. III. The subsonic program is
based upon Kernel Function formulation. The transonic and supersonicH programs are based upon the Mach Box technique. ( (
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2.0 ui.STEADY AERODYNAMIC GENERALIZED FORCES

The generalized force Qij is defined as the work done in mode i

y the pressures due to motion of mode J. If z (x,y) is the deformation
pattern of mode i and AP (x,y) is the pressure distribution of mode j

F -then

Qij =jffz (x 'y) AP2.0( y ) d x d y  L.

Oscillation of a lifting surface creates a phase iead (or lag) between
the pressure and motion of the surface thereby making a complex
quantity.

The frequency dependency of the- generalized' force makes the
flutter solution a trial and error procedure. Different frequencies
must be tried until -the flutter frequency and the generalized force
frequency coincides. Fortunately, the flutter frequencies are usually
near the natural frequencies. This is especially' irue for a stable
structure with modes which remain fairly uncoupled; there is little
drifting of oscillatory frequencies with the presence of aerodynamic
forces.

Various lifting surface theories were employed to determine
the pressure distribution APj (x,y) for generalized force calculations.L This was required to correctl account for the high degree of chordwise
and spanwise deformation- associated with mode shapes of low aspect ratio
surfaces. Also, it was necessary to include aerodynamic interaction
effects between tandem surfaces.

The methods are based on the linearized equation of fluid motion
which describe ,the flow -patterns 'for a ccmpressible, inviscid, isentropic
and irrotatiohal fluid. The boundary conditions are consisteiit with thin
wing theory. The effects of high angles of attack and missile body
influence on the aerodynamics of the lifting surfaces were not considered

L in the analysis.

The linearized equation for time depeident disturbances is

- ~z= 2 g 2  
- 1

2~ x~ ~+U T 2.0.2XX +  YY +  iZZ M ($XX +  XT + U TT )  ..

where is the perturbation velocity potential at the point (X, Y, Z).
M and U are the free stream Mach number and velocity, respectively. Impos-
ing the requirement of harmonic motion, this time dependency ca be expressed
as

- ~ iWt
[ = bfee

t2
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where 4 is the nondimensional c6mplex amplitude of the velocity potential
and b is a reference semL-chord. The equation may be cast in a nondimenfsional
form by substitution-of the folloiihg diniensionless parameters:

x = X/b

y = Y/b-

z = Z/ub

This yields

][ < ~+ + , M2 (4,, + 21k _2).03 :

It is this relatiohship which must be satisfied for M<l, M 1, and M>l. A brief
description of the analytical techniques employed for each peeid regime is
presented in the following sections. The numerical and computational schemes

used are similar to those which Are described in detail References 5, 6, ard T,

I! I
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[
3.0 SUBSONIC UNSTEADY AERODYNAMICS PROGRAM

3.i Theoretical Derivation

F Subsonic aerodynamic loads were derived, by the kernel functioft
method and the resulting loads were then used to compute generalized
forces. The subsonic kernel function relationship for the downwakhF (x,y) on a surface in terms of the pressure over the entire surface ikv

1 iAPw (k,y) -i - II K(x-ki 3 y-i)dtcdq 3.1.1

This relationship is derived by noting that the potential equation for
subsonic flow,

[72 2 2
[- 1 )0x +'o + Mz 21kO -k20) 3.1.2

xx -yy ZZ x
[7 is satisfied at (x,y,z) by the pulsating pressure doublet

-ik (x-"fX![ [x1° ex-M'pd)

exp k - XNi dN3.1.3
S= -A- e -R W

where[_

R' th + 4X (1-M2) (yq)>2+ (z-Z)2 3.1.4

"and the pzessure double6t strength i s :gi-en by

[4PA( r ) 1 drd1 3.1.5
A 1/2P[J2  J

The velocity normal to the lifting surface is .given by

w(x,y) = lim

L z -bu i io 3 1 . 6

Substituting equation (-3.1.3) int6 the equation above and integrating over
Sthe area yields the kernel function relationship, equation (3.1.1). For

tandem surfaces, the integration extends over both surfaces:

I 4s Lt.e. 2

wing /2PU

Or fCs (Qo)[ -f lf.e. i2 K(x-9, y-) d d

i .e. 1/2 j

[ control surface 3.1.7

S [7 4

L
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The kernel functioi at any point is givef by

ii~~li Kix-?cy-rI -3, l N ]= - e (-3..I8) :

Equation (3.1.7) then represents the integral equation wherein ,given ,the downwash
w(x,y) pvdr the wing' and control surfacel, AP, and .P must then be determined.

w -Cs . -

The pressure distribution is approximated as the sum of a series of
functions which have the proper behavior as inferred from steady state and
two-dimensional solutions. The pressure on each surface can be approximated
in ihe form

2  N M 0.

AP2 _' i zP ( TI) , f a m n ( (3.1.9)
b(4) n=o o nm, m --

where --

Po fn_ =  . ()(r_) rn>l T-- (3n1(10) n!;

+T1(c) =

T -x)()- Tk 2 (x) ; k > 21

____ ""g= /2 ( le :e. )"

b (n):-

T 1 0

iii 5
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s is the starboard coordinate of the surface tip and b '(77) iis the local
semi-chord. The functions T are Chebyshev polynomials and are introduced

nfor purposes of convenience.

Substituting equation (3.1.8, 3.1.9, and 3.i.10) into, equation (3.1.7)
yields a set of equations relating tlie pressure coefficients for the wing,
a, and the control surface, a # to the dcwnwashesi In matrixnotation
nm, ...

this gives

lwiM _ "q mw ] { (3.3.ll)"
DC c-w Dcc
-nm .rIM nm

SThe integrals involved in evaluatingthe D's were solved by the methods of Hsu
(Reference 5). In this procedure the integrals are numeri~ally evaluated using
the'Gauss-Mehler quadrature. Upon determining values for the D's, the pressure
coefficients are found by direct ihversion and the ,generalized forces are found

.by application of equation (2.0.1).I
F
L
l
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3.2' -Program Description,

! The Subsonic Generalized Force Unsteady Aerodynamics Pro#rLm' calculates
- generalized forces for up to 10 deformatih mod"s. The computer solution,

ihich is based upon -the kernel function formulation, is applicable to a,
variety of configurations. The varioui configurations which dan. be aia-
lyzed are shown in Figure 3.2.1 and Table 3.2.2. The analysis includes
interacti6n effects between tandem surfaces and wake effects on the trailing
surface. The number of integration-stations are chosen, and they are aut6-
inatically located. The collocation stations are then interdigitated between the

" integration staLions, according to Hsu (Reference 5), internally in the program.
The solutions at ,the collocation stations are then matched to terms in the
downwash series by a least squares method and the suiface pressure are deter-

1k mined. The method of s6lution programmed does not allow for a single surface ",!
to be Analyzed separately; however, an option to- isolate and eliminate interfer-
ence effects between the two surfaces is available. Thus, a single surface
can be analyzed by uging the option ISOLAT and inputing a dummy second
surface.

The solution for the generalized aerodynardic forces requires the
input of the deformation modes due to vibration. The program considers
the modes to be expressed: as analytic functions of the form:

wxY) (IID x
Sn=

To meet this requirement only the. -coefficients "C" are required as input
into the program. These coefficients can be obtained in several ways,
the most common way is to surface fit the modes by the least-square

technique.

*fll
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II
-TABLE 3.2.2 OPONAL -COFf.Gtl1iu.TIcNS

at Configurition -Chordt.,isp Coordiuates Spanwise Coordinates

Rectangular X(l) = O.0 Y() 0.0
j X(2) =,o.o Y(2) 0.0

X(3) > 0.0 Y(3)> 0.0
-X(4) > X(3)

X (5) > X(4

Delta X(.-) = 0.0 Y(l) . -0.0
X(2) > 0.0 Y(2), = 0.0

- X(3) = X(2) Y(3) > 0.0
x(4) > X(3)
:X(5) >'X(4)

Trapezoidal X(l) - 0.0 Y() 0.0
X(2) > 0.0 Y(2) > 0.0
X(3) = X(2) Y(3) .5Y(2)
X(4), >X(3)
X(5) > X(4)

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

X(3) > X(2) Y(3) > Y(2)
SX(4)- > X(3)

X(5) >Xt4)

.Delta X(1) -- 0.0 Y(1) = -0.0
- (Cropped) X(2) > 0.',0 Y (2) = 0.0

X(3) > X(2) -Y(3) > Y(2)___ __ x4) > X(3).X(-5) > X(4)

*~1,,

13.i
.4 4
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- 3.3 mNpuLl IKSTR1CTlOhrS

Instructions for preparing input data fsr the subsonic coputer progrzh

are prLsentcd hete.. The field location and format fox each input quantity is

specifie4. Any sct of units may be used for gco-etric di=ensions and acoustic

velocity as long -as they are consisteng e.g.., if feet is used for length theh
the acoustic velocity must have dimensions of feet per second.

1. Streaa.oise Coordinates (6E12.5 format)

Column 1-12 13-24 25-36, 37'4S 49-60 1 61-721
N ame x") x(2)- 'x(3), X(4)- X(5)

SIIte -M 1 _ (1) 2) (3) _ (4) (5)

(1) X(]) -Wing root leading edge strean14se coordinate (See Figure 3.31)
(-2) X(2) Wing tip leading edge strea= ise coordinate

.1 (3) X(3) Wing trailing edge streaise coordinate
(4) X(4) Control surface leading edge strea=-ise coor=inate
(5) X(5) Control surface trailing edge stre.jise coordinate

I The technique for generating various configurations is sloun in- Table 3.2.

The origin for, the pianform and AIC station coordinates =ust be zt the
- 1 leading edge root of the wing therefore X(l) and Y(l), described bele',

iqust always be 0.0.

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

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

Naine -(1) Y( Y(3) SOU'ND ])O

Item- (I ). (3), (4) . (5)

L (1) Y(l) Wing root spanwise coordinate
(2) Y(2) Wing leading edge spanwise coordinate
(3) Y(3) Wing (and control surface) tip spanwise coordinate
(4) SOUND Acoustic velocity for altitude at which analysis is performed
(5). RHO density of fldid 1000.0 (,M/L 3 )

.L0
1

.1-i

4 #
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r
3. General Infor=v ton (6,=12 for-at)

FColu=n 1-12 1 13-24 25-365 37-48 49-60 I 61-721

;ze MACN- ZuREQ wJ)Es J.CfiL ?xS I jra
z 

Vf 1te (1) (2) (3) 7 (4) () i6

(I) ,'CH Number of Mach numbers (=ax 6)(2) N~REQ 'u-ber of frequencies at each Y ach au ber(zrx 10)

(3) -MODES Number of defor-ation modes (=ax 10)
(4) LCOLL Print collocation stations; I -Yes; 0--to
(5) LPRWSH Print pressures and doi-anwashes; .1 .-- Yes; 0 13Zo

(6) LPRC0 Print pressure coefficients; 1 -_ Yes; 0 No

4. General Inforcation (6112 fo--at)
Column 1-12 .1 13-24 i 2-5-36 37-48 7 49-60 - 61-72 I

zu " %'C . 'WPX I NiCG( N;CPX 1 -NtK

(1) 2WCX N'uber of chord coliocation stations - wing(awc 10)
(2) X-PX Number of chord pressure series tezr=s - wing(=ax 10)
(3) NCCX 'umber oi chord collocation stations - conatrol surface(max 10)
(4) NICPX Number of chord pressure s erjes terms - ccntrol surface(.-ax 10)
(5) .NI CX Choose a value of NIONCK such that I *(NWICX or NI=)

equals the number of chordwise integration stations
40 - 4
X 7 or 7

1. 5. General Information (6112 format)

Column 1-12 13.-24- 25-36- 1 37-48 49-60 161-72
Name I IY. NWCY hIPY _ LmWTS IsoIaT

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

L (1) NY Number of spanwise, integration stations (max 11)
(2) NWCY Number of spanwise collocation stations - wing (max 11)
(3) NPY Number of spa'wise pressure series terms (max 10)
(4) INWTS Read downwasb error weighting factors; 1-Yes; 0- No
(5) ISOLAT Isolate wing and control surface; l-Yes; 0-'No

6. Weighting Factors (6E12.5 format)(omit these cards when ihVh = 0)

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

Name WT() WT(2) WT WT(4) WT(5) WT(6)

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

Continue on successive cards until Wr(i) = WT(hNTS)
Where NWTS = CY * lNClX + NiY * NCCX

12
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7. 10IT- (6112 forrat)'(oit these cards when iWCY =IY)

Co n 11-12 13-24 25-36 37-48 I 49-60 :61-72

Nla=e I m(l) IN 01M(2) I liM(3) NOM(4) N 01M(5). NOMI

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

Continue on s-ecessive cards until NOM() = IIIM(NOMIT) where P0MIT .
.ilY-INVY. For the solution to be carried out, HWCY must equal NIY.
tnen an excessive number of collocation stations exist-, they must <be
eliminated by spanwise rows. N0M(i) is the spanwise row number to be

-.eliminated- liiSMIT = 7IY- WCY is the number of spanwise rows to be
eliminated.

8. Mach Khuxbers (6E12.5 format-)-

Colu sJ-12 I 13-24 1 25-36 I 37-48 49-60 61-72

F!AC(l)i PYACH(2) IFH~ACH(3).I FIA5AC114 FMC1(5)

item (1) (2 (3) (4L (5)6

(1) FACH(1) Hach numberII(2) FMACBq (2) VIach number

(MAC4) R;4CH(&M.ACH) Mach nuinber

1!ACH values of Mach number must be input. :Mach numbers must be
greater ehan zero and less than 0.95.

9. Frequencies--(6E12.5 format)

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

Name !Rei FREQ(2) FREQ(3) FREQ(4) FREQ(5) FREQ(6) :

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

(1) FREQ(1) f(cps)
(2) FREQ(2) f(6ps)

IA I

7 (NtREO) FREQ(NFREQ)

For NFREQ 6, continue input on new card.

1 3
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Repeat the following cards i = 1,..., NM0DES

< F10. Number of Deformation Mode Polynomial Coefficients to- be Read for
the i _h Mode First Surface

FormatOI2 -

Column 1-12 13-24 °

Name NZCO(I0i)

Item (D (2)

'(1) NZCO(l,i) Number of polynomial coefficients to be read for the
I first surface, the ithmode"

Format (6E12.5)
Column 1-12' 13-24 , 25-36 37-48 49-J6 61- 2

- Name [ CO(0,0) CO(l,0) o CO(0,1) CO(2,0) CO(1,1) C'-(0,21

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

C0(i,j) Deformation p6lynanial coefficients for the first surface
in the order: '0,0; 1,0; 0,1; 2,0; 1,1; 2,0; etc.
where the first integer is the power of "x" and the second
is the power of "y"
Format (6112)

Column 1-12 _ 2

Name NZC (2,i)!

LItem ()(-
(1) NZCO(,i) Nuimber of polynomial coefficients to be read for the

second' surface 'and the it  mode.

Column 1-12 13.24 25-36 37-48 i 49-60' 61-72.

Name 'CO(0O rA I:O CO0(0,2) CO20 IU -
- --Item (2 1 (3) 4(5) (6)

Co(!,j) Defo'mation polynomial coefficients for the becond surface

in the order: 0;0; 1,0; 0,1; 2,0; 1,1; 2,0; etc.; where
the first integer is the power of "x" and the second is
the power of "y"

L
L

L.1
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3.4 SAPLE PROBIEM

The generalized forces are ,calculated for the coifiguration below.
The flighb parameters and perkinent input data are presented-on the first
page-of the computer print out.

The coefficients of the deformation mdes for the forward suface ake shown
'on the second page of the computer print out, and for the aft surface on the
third pqge of the compute print out.

0.0

: I
" 1

I'I

53.500 __

'I

57.5.5"

63.55"

8.0"

tI

I Figure 3.4.1

15
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s OPIIUN FORTkAN SUB282

IDRTRAN 1 L ST5) 11,D E CK S!J378t20
is INCODE IIIF t[1

CHAIN, MI S-:449:349
'COMPLEX A,AA,ANM,CZERU,GFQ~tCDELP,RWASNAPRDASHCASH,Pt SU04358

1. DiMINSION DWASH(90,-1l),PRCOU,1S),CVdASH(93i1U)SJ30A
DIMENSION GFORC(1flol0.3),OELP(13),.UAtI4(10) SUB74372

COMMON/C2/ CLEN a SNII1 Y, NNCXp kCCX.NIIX NCPXi HKER(21 )--, KE1R[23)NGSkRtNSJ703i8
CokmmON/ C3/ APY-,SOUD, NflACH ,FMACk (6), NFREur FREG (if). HAUJG, X1OffCXRHO SUI71488
COP4ON/C4/NI4DS,LCOLL,LPRWSH,LPRCOPN0M15), IIY,-IIXNSURF.ISOLAT SUB75-41U

(COMMON/ C5/FW, FC,NOSNO IT, ALPHA (18), I *(501,HCORC6 10ZCORC(6) YHACH SU37342
*COMhON/C6/WXCe1N(11),WlJCN(11)YkR1(ll),UT9),XCDLL,TCOLL.Pi.it S1U33
.CONM'ON/c7/cc a, 2 i2),NZCO (1-#2J, EM4 EK R,i2NWI X, MC I X, HBOC1ONUNCY SU378448

t oNmhomlC9 / S X(4 G'i2).,Sb(l 0, 21i Y(111TA (11, .Y,;GWWX~, CX.CNX SUB171469
COMMON/CPR/APH(9,fl). IMODDIROI-S31
EU11I VALENCE' (GFORCsAA)s (AiI4ASH),,(hIASH,DELp) SIJB18488
EIJUIVALEt4CE Mf~ASH (1 1)APR (1,51)), (P01 ft1) sAPR(i, l1) SUB71499
EUIJIVALENCE (tCASH (1 ,I ),APR4 Is411) SJbR78519LR 66 IJNt;(-6,66 SB11

L 1 CALL KFASB83
LFk 2NCIX + 1SUB70541

QWW~X= 2*0*P1l:.4W- SUB71561L QWCX = 2..PI/FC U737
OldY =P1/f LUAT-(2*NIY) SUB71530
CALL GEON SUB78596

LAh MACHtNAC SUB72616
EM FHACH(W~H) St 7 171629
6ALL KOUT(1,) -SUB7163U-L 1j=EmomnSiiB7864i
JF(LCOLL.NE.n) CALL KOUJTA2) S1J8716590
Ho BO o ptBOU- SUBe70668LR2 =1.0 - EM*EM1- 'S1J74 -~ '67
_U 10 IO FR=1,NFREU SJ879683
iFR =F SUB79699
EK- 2.O'PI*FNEU(IFR)ROlU 079

LC N~SIIRF =1 CkTlfg) OR 2 (CONTROL.) S99
NUX =NWCX V6t2
NoHit SUB073730

L NAU, =NCOLS+ N~flDFS U74

0L0 SUB71760

INOW :;1 S0B7-0790
F DO 15 NSURF=1.2 SUB70l800
LNSIJRF =NSURF SUJB70810

C'ALL KOUT(61 SUB70820
c KOUI (6) PRIN-TS COEFFICIENTS OF DEFLEtC71iO SERIES Su'8'7O83J

DOB 14 Ii:1,Nf'Y SUB70840
Lfly = y SUB70850

!F(NOtIT-MOIT.LT.0O) GO TO 7 S118660
'IF(IY-NOM(MWIIT).EO,.0 GO 0 To13 SU870870

7 YCOLL =SN*,Y(IY SUB70883L O 12 IX=1,NCX 508708900
LIIX IX 22SU670906

--- a---2-



-XCOLL =XS(lXSURFIX.JY) S901
CALL CORD -su,370920

C 44. CORD FILLS OUT A ROM OF THE;BOURVA'S~i MATRIX EACH TIME CALLED StiB7I93I,
hO 53 m = ""mnoDEs SUB7094 0

.CALL !DZX(KLSLbPE.UEFL) SIJB7i95g

MXC,= CO +MSt)878961
53 ~ASI(H~i CNLX(SOPEDEVLEK/WO)SUB19970U

00 43 K=1. HAUG, SUB70980

'I I(y, GT.NCOLS; =I 5i K ;NCOLS S U87 19o00
45 -AFR*T.ROWk1)- =A(K) SUB110

D(P 68 N=liiCOLS' SU87109iG
63 CAtL CGREDCA.Mig) SUR71039u

00 73 t=r1,'monEs SUB/160
HL = NCOLS + L S i ID 15,0

75 ALPHzA(L) = SURT(ALPHA(L).'2 a.CARS(A(ML.))*e2) SUSJ-1060 A

12 cIJNIINUE SkUB1O8 0
GO 70 14 SUeY1u-90

-13 NMIJIT = MIJNli +1 SUB711:0
14 CUNkiNUE SUB7110 V

-dx *IX~ CCx 50811120
~*w 15 COX] 10hJE 50J8)4130

-CALL ,XLSQ SUJB71140

-IFfLPRCG.EQ.6J too To t7 S1J871i6o

D'Ol 16 INDIM1E SUB71190

16 CALL koUT(3) S 087r2 00U
D c k01J1(J) PRIkS COEFFICIENTS OF PRESSURE SER1IES FOR EACH MODE SIJ971210

k P 17 IF(EPRUSH.EU.st) GO TO 69 SU871230

COPTE AND SFORE, THE PRESSURE DQUNUASHF-S SB1
TI IUmJIC = 11 'S187126t

I--mc m~i1 SUB71M7

- 00:-115 NSIJRF=l.-2 SU871290KDO 114 1Y1NY U710
IFCKOMIT.LT-.MOMIT) GO: 0o107 50871310
ltcIY.Ea~oM(NflIr)) Go 10, 11,3, SUB71320

107 -DO 112 1 Xi'H SUB713
i DO 140 Pi'=1,NHODES 511871350

ow ~ -A(IM) = CZERGOs)815
DO 13 40, Jr=1-,IC~OLS.Su73i

140 W(.P.3 = AlIX) *APR('IROk,JC)*ANII(JC,-IM) SUB71370
Dio 150" JI=1.NHoDEs SU87138

1lfl CRASH( I Rl1,I M) = A(IN) SU871390
[H~OW = IROW +1 SUB71400

~ I 112 CONTINUE S051171410
On 0 114 -SU871420

113 'HIT =MON-IT +1 S011143V
114- CO3N II MIE SU71440; iNCX = MCCX SU8/1450
115 COI~INIE 508/1460Ia- S11871'470

69 ALLFORC(NWfX, NC I:, N Y,-Ef A, S IXW1 IN, 0 )tB18

IFCLPRWSHEU.II) GZ. IQ 77 68B,71440
CALL FORC(Nwc-x,NCCXNIYY,SCX,WBHCN,LPRWSN) S'UR71500

Do 99, ~kO~l.N~n~ 23SUj87151b



CALL KIJ() SUiS71555

C KIJUI (7) PIRINTS THE HEADER FOR THE PRESSURE AND DOUWASH ARRAYS SlJI1159t
90 D1O 98 IY'zliNIY -SU97-1690

L IF(NOIIIT.LT.AOSIT) GO TO 91 SU3371613
JF(IY.F0OMOHO!IT)) GO TO 97 SU87162tL 91, 1GOLL - WHO*SN*Y(TY) SUB71431
'DG 96 I19=1,Nrx SUB371649
XCOLL - W80*XS(1,NtIURF,IXiNf SUB71658
CALL KOIJT(9) SUB71666

Ic K0111 (9) PRINTS THE X AND Y COORDINATES OF EACH COLLOCATION SU3371676
L-C POINT, THE L6CAL PRESSURE, IHE . OUNASH CREATED -TH ERE BY iRE 51U871692

'C PNESSURE FE'LD, AND THE DOUNWASH OF THE SURFACE AT THE.POINT. SUB71695
C, THE 'DEGRE-E TO WHICH THE TWO SETS OF DOWNMASNES MATCH 1$ A MEASURE S6671701

L C OF ]HE ACCURACY OF THE SOLUTION OF IHE sOUNSART VALUE PROBLEM. SU#kl1719
C THE- ROfiT-NEAN-SUOARE OF THE ERRORS- IS' IVEK. IN THE ARRAY-AL-PHA. SU8371728

96 IRiOW =IROW +t - U1371738
IGO T0 98 -SUB71746

97 IlUpEIuT KONIT .1 SUJ37175i
98 CiJNiNUE SU713768

NCX = MCCX- -, A 37-177 a
99 CUNIINUE SUB71759

77 a() 78 L=1,3 SU8B7-18O 8
I tSIJHF = L SUR7l11

78-CALL KOUT(8)- - SU871829
C KIJUTi8) PRINTS THE: GENERALIZED FORCE:S S13B71830

1,00- CONTIINUJE SU8718-40

* ENDl §UB71869
FORTRAN NLSTlflECK SUB71I138
iitCU'JE 181W SDB-7ti4l

COS CONS1 513378353
RLOUK DATA SUB70869I-COMiPLEX A,AA,ANI,CZER(l SUB79078

LCOMoN/Cl/A(-60)-,AA(50,60),AhWC'51J,10),CZERO SUB7GO80O

L CMhON/C4/NHO,)ES,I.CoLL,LPHWSHLPRCO,NOM('5),IIY,.IIXikSURFISOLAT SUB7011S

rt)MMON/(,6/WXC1IN(11),WkiCN(II),WBIN(1.l),WI(90),XCOLL,YCOLLPIPU SUB7O0130
CUNM0N/C17/CO(ti,2-2),NZC(0,2),E,EK,t2NWIXNCIX,WBCBNICY SbR70140

Ciim11N/C/liIR,XEC),YE(43),UX(1O ),tiY(1,U),XM(1.E, SUB79150

flATA 0113.14159265/ SIJBIO 17'012*ATA HCOR/0.08566225,0.18038G79,0.2395697,.239569,O.180,38079,9 SUB?0180
10*08566225/ SUR7019UJ
DATA ZCOR/,..37624,f.693951,0.313069;4,U.b1930959,O.83$060469, S1J870200

10.9662S476/ SL1B70210

C' N(;SKRN SHOUlD BE COMPATIBLE WITH HKER A'"D ZKER LIST& ~ SUB70230
DATA NGSKRN/81 SUB7024 0

AA(HJER(1),1,1,8)/fl.15061427,O.11fl,9ta52,0.15685332,04,t513 4lB9 'SU870250
S LX,U.18134189,fl.15685.i32,0.11119052,0.05OC4427/ SU1370260

nATA (ZKER(1I ,8/.01985507,0.1U1b667b,0.23723360,Oe 4 u82 826 8  508702i70,[X, u.'9171732, o,76276620,iJ89833324,0.9a014493/ 24 SUB70280

C-4.



DATA El7/9.g1o0flhh/.E2/a0069601o/,CZERO/og,.8I SUB70300I _ FOERTRAN RLSTOU DECK S '18
__. INCODE IBMF SUB 7 tB b
SCKFDA - KFbA S60149

SUBROUTIN E KFDA S08,71,900
COMIPLEX A,AA,ANM,GZERO 8790
COhtbN/Cl/A(6U),AAC,0,68),ANIMf58,lS),CZF:RO S11871920

±COMMON/C2/CLEN.SNNI)Y,NWCXdiCC-XiNWPX,NCPXZHKER(20) ZKE(2),NGSKNSJB71930
COM4IlNC/NPY,SOUND,NACH;'FMACH(6),NFREUFRtog(10),MAUG.NIONCX',RHO SU'871940
COMMON/C4/,NMonES,-LCOLL,LPR4SI,LPRCO,NOMC5), IJ-Y, I IX'NSLRF ilSOLAT 'SU07195O
COhBON/C5/FII.FC,NCOLS,NOM:-TALPHA(l10),IL(50),HCOR(6),ZCOR(6)-,MACH StU8 71060
C isom/cs/WIXCMN(-',WHCN(il).WBIN(Il-)*WT'(9!J)XCOLL,YCOLLoPIst SU717

COMMON/C7ICD~f,28.2),NZCO(l0,p2) EN-,,EKI2,iW!X-NCIXj,W8O -C8ONsNWCY SUB871980
COMMON/C8IIFR,,XE(5), YE(-3),UX(l0 ),UY(l0)-,WXIlHk(ll),El,E2 SuB7l990
COMMONICIsiX(46, 2).SCXto;2)-Y (1'1j, ETAi(11)p ,gWY, QWWX,6WCXs cXMN SUB72000

REAP5 l)(W()J=. )S1J72 010
RE:ADC5:11) CYF~CF)i.11,3),S~itJRHO S18 712 0

RHO': RH/10u. -SUBR72 0301
RHO(5,2) RHD/lfl kRE.OM1)~LOLPPH-PC SUVb40,
RL-AI(5,12) NWICXNWPXNXNPX.,~ i'piNIO1CX U/0,1

REAl)5,12) NIY.NIICYNPY.INWTS.ISOLAT SUR72660
limTS = HWCY*NWiCX- *NIY*NCCX U1*7
on 40 1=1.RwTS ~S6iB1208

40 ViI) =1.0- SB29
IIt(INWTS.NE.I) READ0(,11) (NI(I),1=1,AwTS) SU187-2100
NCOLS =NPY 4(NIIPX + NCPX) SU872-110

MC NCCX*.NIONCX $8R72120
NN4X.;= NUCX*flIUNCX SU912l30
NIJMIT =0 SUB/2140
00i 4' 1=1,5 SUB72142

4-Nflh(I) =_0 -SIJR 12144
IVCNIVCY.GE.I1Y) uO To' 5 SI1B72150
NhiBIT = NIT-NIICY SU87-21:60
'REAl)(5,12) lNoNCI),11,140111) SU872170-

5 READ5,i11) (FIACH(r_),I=1,lNMAAcHi SUB7218i
DO 7' 1=l1t4KACi S11BM290
If (FMACHVI).-LF.O .99) co ro 7 SB2-
W 11 E (6, 131 S1J872210

13 FORMAIC71H A MACH NUMBER GREATER THAi' 0.99 HAS REE.N HEAD IN----Si1B72220'
1CASE tWRMINATFD) S U87 2230
CALL EXIT S uv87240

II 7 CONTINUE 511812250
REAia(5i11)(FRFOCi), Iti,NFREQ) 511872260
DO 20-1 = 1'.NtOOES S11872270
DO 20 L~ .= SU'~2
DO '10 K = 1.281 SUiB72290-

10i CU(I,KL) =0.0 SUO87230
- ~ READ(5,12) NCIih S1JB72310

NLCUCI,L) =-NCO SUR?2320
20 READ(5r.11 ) (Co(,K,L)K=1,NC0) tIB 12330

BDi 30 -1=2,5 S1J872340,
J. J XE:(I) = XE(I -XE(l) SUB72350

YE(2) = YH?) -YE(1) S11872-360
Yl1(J) = YE(;5j -YEl), SUJ872370

11 FORMATC6EI2.8) 511072j80'
12 FORMAT-(6 I i) SUB 123911

IFeNCIX.GT.40.OR.NI'X.GT.40') GO TO 86 SU872400
EIF(NWCX*NWCY.NCCX*NY.G'9>) G.0 TO 86 SUB 7241,0

IF(NPY*( tWPX.N4CPX).GT-.5O') GO TO 86 25, SUB72420'

17



IFi- PX.GT.3O.OR.NC;PX..9JT.16.OR.NPY.GT.1U) 00 TO 86 SUB72430
RETURN SUj372449.

8rt6 Em =FMACH(i.) SUB72459
CALL KOcU SUB72460
CALL KOUTt5) S1JB72478.
RETURN 5LUB72480

& END SUJB72498
5 f0OHTRAN NLstouD DECK SOB72500
s INCODF IRttF SUB72510

C6O4GEOII SUB72520,
URRUTIE 60,NSUB72530

COMPLEXA,AA,ANMI,CZERO -SUB72546
6MON/C/ A (All)sFAA(50,60 ),AN M(50,10),diERO S1J812550
CUMMON/C2/CLEN,SN,NIY,NW XgCCX,NW'.,KCPXNHKERC28),ZKER2)NGSNSJB7256,
COMM'ONIC3INPY, SOUND,NMACH,PhNACH(6)NFRE,FREO(I),4AJSNiONCX.RHO SUS125,70-
CUMJION/C4/NenfUESLCOLLLPRWSH.LPRCOdO~tM(5), Ix. ,IIXNSJF~fISOLAT SUR72589'
CUMMON/C5/FW,P'NCULS,NOMIT,ALPHT(IU),ILC5O),HCOR(6),ZCOR(6)i1ACH S1J812590
CIMMONIC6/WXCNN{11t), WICN(11) , BIN(11),Wr(90).,XCOLL,YCOLLPI,j SUB'726OU
C~omMON/C7/C(1(0,?8-,?),NZ%^O(IO,,2),EM,EK,H2,HUIX,NCIX,UBO.C3ONiNUCY StI872610

COI~IONC8/F RXE~),y.C3,UX~O).Y~i),IXIIN(1),E,~2SU8172620.
COMON'C~fSI)C(4U-2),SCXc12),Y(11)ETUI(1).N,y-gIEwX,gucxCXKN SU972630
WHO =WING RO'OT SEMI-CHORD - SUB7264J

c S =SEMI- SPAN SuB72650
cL C lN =WING TIP CHORD -NORMALIZED ON WHO SU-3-2666

_c WH N WINU rip LiE. N~ORMAL~IZED SU872670
C Sh= 'SEM-SPAN - NORMALIZED SU872680

L C Clin CONIROL SEMI-CHOR) S11972690i
ca'k *NWIX+l SUB 727 00
C C =, 2*NCIX41 S1B72710

: 1W~O~ XE(J)/2.0 sLIB72720
CL'FN = XE(W)bRh S72.73 u
S YEW3 S1B7274 0
WyCh (XE(J)-XE-(2))/WBO SuB72750

LWILEN =,XEC2)/WHio SUBI 2760
'SN S/WBtJ S6012770
Cimf (XE(5);;XE(4),)/2.0 §13872780
FI=FW SUB72790 I
F2 =FI*PI/2-. SUJB72300

tj NwIx SU§72810L C C(IJMPUTE CAORDiSh INEGRATION AND.VOLLOCAtION STATIONS SUB7282-0
c FIRSI ON THE WING SURF.ACE SU07283b

no 5 i=l1,NWIX S1J872840o
F,2 =62 -2.*PI SUB72-95L SIX(J,1) SNF/1 SUB72866
I I = FLOAI(IJ) /FLOAT (N INCX)' + 0. 99 SUBI28
SCXII1,1) =-SIX(J~1) SUA72880

5 JJ-i §uB7289IJ
LF. FC SuB7290(J

F 2 = F1*PI/2. SUB72910I
NC IX SB2o

L C ITI4FN 'ON THE Ci)NFROL SURFACE SUB7293b
00 6 1D1NCIX SU67294b
F2 =:F2 -2.*PI SLID7295 b
S XJ,2) = SUN(F2/1) SIB 72960,

L11l FLOAT(l)/FLOAT(NIONCX) 0.99 SU187297h
'SCX,(11,2) =-SIX(J,2) S0872980 I

6 I=-1 0872990
-1l= 4*NIY SUB73600

F2=0I.0 SU813010r COMPUTE SPANWISF I'NTEGRATION AND COLLOCAILON STATIONS, SU873020K26P



00.6 i12my SU873030
Y(IY) = SfN(F2/Fi)- SUB730-40

F2 = 2 +PISUe73059
EIAM = SUEC/Flc) -SUB73060

8 F2 =F2+Pi §U737
c ZOMPUTE VIRMG StflI-CHORDS ANDI KID-CHORD LOCATIONS AT THE SUB73080

- c SOAH1ItE GOLLIICATION AND INTEGRA-TIP?' STATIONS SUB13040
PIB =-YE(2)/YFa31 U) c
p01 =1.8-PIBs i-B3 1lr-0
cI1oti =X()X())(..IO -SIJg3120

CXMI4 = CBUM f-YF(4)/1480 'SUB73i-3 U
no t6 I=1,NIY SUB73140
IFCEIA(I).Ll-.fI8j GO TO 12 SUB'13150
Fl = TEoEA1-I)P8SUR7316U
IE(M i).LE.*118) GO TO 13 SUB 31 0(
F2 - TLEW*(-YU()-PiB)/P0El SU87,3180
GO 10 14 Su~390

1~2 Fl = 0.0 SUj8732100
k 3 F2 = c.0j -SUb73210

r 14 9IM-k() =0.15-(2.tJ-F1) SLJR73220
:WjR~t RIN(I) 4-Fl SUJ873230

WtICsCI) 0.5(2.Uf2)Su873240
1,36 !4rhNm) =wRfCN,(I ) +F2 SU873250
4. .6 RETU'RN 508B73260

ENwD SU8-73:97A
- FOkTRANi NLST"ILJECK SbB873280'

INCODE , 81W SI87-3290
C XS S UB 7 3 30 I

F 0 N -74[0N XS(L,,NS,1l3, JJ) St1B73313
[',1J*LEX A1 AA,ANJICZ1RO SUB7332Ulit-IJHMN/C /CA(ht(06 ,ZR S08733u-

~ Ii C(ONIOPL3HP,SOU.NI,NAC,PCH(6)X,FRClJ,HKRE(10,R20),GlNGXRN 583-350-

Cuflh1O-/6/XCMNN(L),WJiCN(1-),WBIN(1),W1(90),XCOLL,YCOLLPJU U30
k;IUCUhiON/C7/CUJ(10,,28,?:),NZC(iO10,2),EM,EK,$i2,NWIXNCIX,130,CiON,NWCY "StR73390:

(JMIIO/C/SiI40,2),SC;X(10",), Y(11 )-ETA(l1)',OQWYOIWXOWCXCXMN S6873410

0(1 10 (10,46),' SUB73420II I 0Go0; O-(26,304,NS SU873430
20 XS -4WYCMN(a3) + WBCN(J 3) * SCX(I3,1) SU873440

-RhTlifkN 'SO873450

F30 XS =CXHN + CRION * SCX(IJ.2) SUR7'3460
RIET URN SU87S470

411 GO. 10 (50-P60)",NS SUB-7-3480
50 X = WX'IltN(J3) + WBIN(.J3) * SIX:(I,3,1) ~SQ873490l

- RET URN S4 UR73500
60 X5 = CXMN + CI4ON w, SIX(-13,2) SU873510

RFTURN SUB-3520
END 50873530

$ FORTRAN NLST0U*IDECK SvU173540
INCODE IBMF USUB 3550

CBESL RESL -SUW 73560
FUNVTlON BES.-X) B,37
IF(-~GT.2.fl) -G0 TO 50' SU87.580
T=X/3.75 S 073590(1

T=T*TSU1173600
RiSI1:IJ.5+T*(OD.878905944. I-(0.5149869.-T* 0O.150849344-1*'( .0L65,873 +TSUB73610

1 *(fl.'001532 T* (D.-0 0.3~24l1 * 11873O620
AslS11*1X .27. S0873630

........



yzX/z2. SUB7364O0
R'SK1=Xi*ALOG (Y)*BS11+1. 0 SU873650
yzyiy S11B73660
INSK1:8SK1-+Y*(ii.15A443i44,y.(-0.672.78579+Y.C(O.2.8i56897,Y* SUBI3676

1(-D'011942+YR(-0001040+Y*-0.000486)j)-)',SU973680
RESI --BSK1/X U160
60 10 60 SU873700

50 Y=2.0/X S68737-ib
BSK1=1.25331414.Y*(D .23'498619+Y*C-Q.0365i5620.Y*(0 .01504268.Y*, SUBI3720k r I(-0,.D780353+Y*(b. tl32561A.Y,*(,-o.0068245),)) tUB7371D
RI:SL =RSK1f(SQRT(Xj.EXP(X)) S-770

60 RETURN SUB?3750
END .StJ873760,

FORTRAN NL.%TIJU-bDCK SIJR7-3770INCODE IBMF SUB73780-

,COMPLEX FUNC-TiON C(RNL(CKP'XY.CM'2) SU973800
C0MMON/C2[CLFN,SN,NIY,NWCX,NCCX,NWPX,NCPX,HkER(2O),ZKER(20),NGSKRNSUB7381u.
Rz-AIH(Y) SUB73820
R~2 '*R 

SU873830,CKI CKRS834
Gi1 0.0 SB3''

Gj 0.0 SU87386bK FG4 0.0Slg37
2 S? X*X + If?*R2 SUB 13880
S SGRt'(§2 S11873890

(JK CK1*01 SU9/3910
M)i 20 1 = iNiSKRN SUB7I3920
UZ, = U1.ZKER( I-) SUB73930

L lZ? UZ'**2 SB79,4
O=IK*ZKER( I) S1JB7350
IF - HkFR(1)/ SO0 RT(1 0 UZ 21 U Z U!, SUB13960

L Gs.3+G3:oS(QH S1J873970

V =1.0 - ZK'FI?(I).*2 S087,3990
F =HKER(1 )*?.O*V* LEXP(-CK1',V)/ SOI1u.)SUB74fiOO

L 20 61=61+F 50874010,
G7 = -Gl + G.S SU5074020
XS= X/S SUB74030
IF' CK.'NE0.I) GO TO 22 * SU§74040

2l'b1 = :T -i*0FSL(CK.1) S U 8i07 0

XK =CK*X SUB74100-
Go COS(Xhl) SUB7411IU
SI =SIN(ilK) S0874130.

RETURN SUB74146
FORTRAN NL!STIJO. hLCK, SU.JR74530
FNDF -HFSL17454

LCGORD &)RD SUB74550
SU J BROITINIE CORDf ' 0814560
CUMPLEX A,AA,ANM,.CZERO S114570
COMPLEX AK.,2,TRMI3I,CRNL SURl74,580
CtJMMON/CI/A(61l ),AA(50,60),ANM(50,i10),CZt-RO SUB74 ,?.
COMMON/C2I CL.FN, SN.NIy,NWC X,NCCXNWPX,NCPX,,HKER(',20),ZKEP'i20),NGSKRNSUB74600

28CuMMON/C3/NPY,SUIIND, NMACH,FhiACH(6),NFREupFREQ(10),MAJG,iN10NCX*RH0 SU874610



CUHOH/C4/MtS,LCOLLLPIUSHLPRCDNM(5)sHy, IxNSURF, ISOLAT SUB74620
coNmiom/c5/Fu,rcaICOLSdIOCMI:TPALPHA((), IL(5)-,HCOR(6),ZCORC6),lIACH SU874630
CaOkON/C6/iixcmH{,I),WCNCl1,),wIBrN(1,&)AIT(9o0)3XCoLL,YCOLLPI,U SLJ5146409
COMlIO/C7/Co(1O,28-2 ),HZCO(l5,2 ).EM EK& 82,NWIX, bCIX,I-BOPCBOMs NIWCY SJB74650
COHMON/C8-/!FR, XE(5) * yE( 3),ux(1),UyC19),*WxJHN{1)E1E SUB74660
CUMMflN/C9/SIX(AO0,2),SCX(1,2),Y(11),TA(I),QYQI iX,QdCXCX?14 SUB74670

*~C THIS SUBROUT1?IE CONSTRUCTS A HOU qF THE DO01NWASH MATRIX SU174680
C rTiF PRESSURF SERIES IS A ORODUCI OF CHEtRYSHEV POLYNOMIALS IMTHE SU8146900

SC NEGATIVE (iF PERCENT SEMI-CHORD FROM THE NID-CI,1RD'A4D PERCENT §508747,0-0
SC SEMI!-SPAN FOM THE RO.S841

DO 6 JC1,PNCOLS tUB74720-
6 A(JC-J = CZERO -SUB7473U

IclI a S08747i40
1k #4X = U!~XSud!74750

QIWX = -OIaIX'S§i*2/-(8*8O.PI;X. S8B74760
NPX. = NUPX SuB74770

'dC TIlE DO '14 LOJOP COMPUTES THE NOW-'S1NGULAF PORTION OF DCN,M) SUJB74780
C - IUF To BOTH 'SURFACES, SUB747901

no 14 MSUIF,2 - SUR748bU
'I fi (hSURF-o.NE. NSIIRF. AN. ISOLA1. NE.O b -GO 'Fl S13UB!74813
OU-12- IY1,~ilY SUR748201

ErAl N*T( X U7483'
t 12 = -ETikSI Y) 4*2 SUB7484D
IF(hPY.Gt.l) CALL CHiER CNPY-lp ETA( IY) lii(Z) 13874850

i~()=1 .0 -47T2 S1J874860
Dli J K=2??Y SUB74B71O

Z OJTYM = ET2*11YC1*iUY(K) SUB74880-
Do 10 IX=1,iIIX SUB74890

- XI., XS-(?,MStHF,-IX,I-Y)SB40
X! COL -XI51J74910-

AK CRNL( EK,X:Il,YCOLL-ETAIEI,B2) +CR:40LEKXID,YCOLL+ETAi,EHB2)SU87492b

IC = ICi +1 513874930
HZ AK*UWX9Giy, 513874940.
IF(NPX.GiT.1) CALL ClI3C1NPX-1,,-'SIX(IX,MSURF)-,UX(2)) SU3874950
UX(l ) = 1.U--SIX(IX,SIRF)SU346
n0-0 4-K=12#NPX -13874970

4 9kX(K) =(1.0i +SIX(IX,MSIJRF) )*UX(1)*JXCK)- S1J874980
C *.ADD AN INCIIFME'NT TO1 EACH (LEIENT 'OF ]HE ROW. FOR (XIETA!) SUB1374990

DO 10 NY=1,NPY 513875000-
TRM = -H2 -* tiY-(NY) $138B75010
00 10 NX=1,NPX SUBR75026

1A(T'C) = AUIC) +t0M*LlX(N'X) SU875030
1ic IC'.1 S1375040

C 'IC, E'QUALS f4PY*NWPX,1 AT ]HE END OF T11E FIRST PASS *. 13175050
1? CONTINUE: S1375060
1S NIX - N CIX SB5

S-OWCX*(Ss4i*2/(8.0*PI)Su/08

NIIX =NCPX- S 13815 090o
IC1 = NPY*NWPX SB50

-Il' 0 513815100,
NPX -WX SUB75126IXCOLS & XS(li'NSURF.,.ItX, 11Y) SU3175130

CALL CHEB(NP'Y-1.Y( IIY),iY(2)) S01375150
11 YCl -.11 11875160

DU 15 K=2,,NF'Y 513875170
15 IUy(K) = 2,0*42*1Y(,X) 51385180

0)0 40 MSURF=1,NSLIRF' SU875190
di * ]HIS LOOP ADD)S THE CONFRIBLITION OF TliE SINGULAR~ INTEGRAL SL1875200

C-ALOJNG THL INE F'ROM THE WING L.E. 1T0 THE COLLOCATION POINT 511815210
TV(MSiJRF.NE.NSURF.AND.ISOLAT.NE.l) G30 Ti' 23 29 SUB755'20



IF(NSURF.LEiMS[IRFJ 0 GO, 016, SUIJ75230
*IIPLIH = PI SUB75240

all 0 18SiB7525'O.
16 f =SCX(IIXNSURF-),

-UP('PM-UPLT-fN*0P
.113 WSNb*TOT2NG*PI/. SUj975290)

IDU 22, N=I,6 sbijB53O0i
1c 1C~ UI5310

[ C *'TALIS LOIOP -CONS1RUC'IS DO(01K) M,1..NPX-1 SOR15326
VINI 4 UPL1M4ZC1R(N)-- SUSY5330

:C CDS(V~lt Nf) SUi875340

L ~CALL CHEB(NPX-l, U~j(V ~l56

no1 19 K=2'-,NPX, SUB75 -?U
[ 19 iiX(,) ( 1.0 -C*J()U()SU875380
LAIM =, EKO(XC0IS -WXtI;t4(1iY) *CiWBCNCI1)) SUIth39o:

IHHMSURF.1-0.2)-ARt',h-K*(XOOLS'.CXMN+ CC80h) SIIB/539,5
Cl = COS(ARG.) SUJB75400

'Sj=SUI4T(l.f -(',1*2) 5118:5410,
1) 1 CpPX,(Gl, -S~l)*COR(UN) U7.0
mll 22 Nytlripy -SU8 /543b
TtM OWSNG*tUY(NY)41Z1I :S6075440I
011u 22' -NX=1,r 4P)(- SUB75450-
AC4 tC) ACIC) +TR'i.IIX(NX) S11875460

22 Ft; I IC. ,SA7470
L 23 IGI NPY*NWPX SUR75480

40l NVX =NCPX SUB375490
RI-T U RNr SUB 7,550'U

'ENDSURZ551 a

INUOOFJ IB1MF SU874170

Lu SR0JT I NE ZfZX(M"lDl,10ZZ) S0i84i9ou
COMPLEX 'A,AA,-ANM,C;-ZERO 508/4200
CUMMON/Cl/A(6fl,),AA('!)O,60),ANM(50,10),CZ-RO SIB74210
C(IMMJN/C2/CLFtj,'SNPiIY,NWCXNCCX,'N14X,NCX',HKF,(20),ZKER(20),,NGSKRNSUR174220

LC1JM0bN/Cd/,NPY, SUIJNI),,NACI, F14ACH(6),IFRIj, FRE (1* MAUG N IONCXRHO S1JB74230
CI)MtON/4/NMOIESLCILLLPWSHLPRCONOH)I,11,X,NSURF,ISOLAT SU874240

CUMONCSFW.FCINCOI.S,N3IITALPHA(1U),It (50),HCUP4(6.),ZCOR(6').HACH SU874250
LCItON/C6/WXCN(r),WHCN(l'l),WBIN(1),W1(90),XCJLL,YCOLL,pISU SU8/426U

C()MON/C7/Cll)'to,2l32 ) NZCO(10,2) ,EKEICi2,NWIX,*NCIXUBOCBON,NWC;Y SUB74270
CtJMMON/C8/I t R, X E (5),YF3)U X(1UY (1 UWXJ MN(11) , El,E2 508/4280
60MM*ON/ C9/S I X(4 0, 2)SU X(10, 2)Y(,1),ET A(I I)OWY.,QWWX, UWCX CXMN SU874290

PX =XCOLL * WBO SUj874300]

L Z= G0(tiODE,I,NwlJR) .50743-30
1)1 =. S6874346
K 2 SiiR74350c
Yx= PY/PX S~i87436UQLPiX =, P5013I/4370
Dlu 40 N =2,7 SUB74360L PXY PPX S U Ri4.390

F N-1 S1074400
flU 50 M = 1,N SU874410'
IF(K,urT.NiCUMhI,NSUHFf)),, 6O TO 50 SURT4420
~ze =PXY * cn(m(JflE,KoNSURF) 508/4430
Z ZP FS UH14440

V =I)Z+ Z1 FSUB 4450
30.



PXY py~y (SU87446U-
F F 1.fl SIJR14470

.36 K A +1 SUB74411
4 0 P PX =PPX - Px S1JB/440
511021) D-Z/PXC S11B7450u -

'RETURN SIJBk4510

VORT~HRAN NL'STf1)EC stR7552o
INCOIJ IBMFS11755530'

CCGRF)J CuRO 0 RFI( ft. C SUIB754U

COMPLEX ANM,CI.FRO SUBY5560
-0MFNSION V(7.1) B75u

AMN/l/'26l),A2,5,6),ANM(5U,iO),CZi:RO -SUB15580
C0UkN/ c/CLEN,S,NIY,NWCX,NCCX,NWPX,NCPX,HKER(20),ZKER2)NSKRNSUB7559 0

'COMMON/C3/NIOY,SIUND,N$ACh,rtlACN(,6),NFREU.FRt(D),MAIGiNiuNX,RfiO 
SUB756dUK ~ CdMON/C4INM(1fFS,LCLLOLpHWSH,L PCO,NOH{5),IY,II'X,hSUR1,ISOLAT -SljB'561U,

CUJMM'ON/CS /'FW,FCNCOLSdJOM[IT,ALPiA(I),II C560),HGOIR(6)-,.ZCUR(6),HACH' S1J175620
C~MNC/XM(1) l"(i, ]~l, .9)'XOLy.Ll, IStjB7563U
COMIION;'C7/CI(if,LOs28 j-2 )NZr (01,2),EMIEK,2.-N WI X,NC I X-sWIO#COON iNWUY ', 18H/-5640:
C U kt4()N/ G8 / I FR .X E 5Y E (Tl U XC(10),U Y(10), WX I KN (11 ),,EI, E 2 iSLJ8Y7565f
CtJM4oN 6/'.;X(4d,2),SCX.j4 T'~11, rA1.,wy,UdWX),QW X,CXgN SU0566U,
RMN 'SURT(AA(l,IHIC).'2 + A Al2.,IR-sICC)**2) SUB75670
IF AA(',,I'R-iE).-LE.E2) 0 O TO 3O SU1375680
Ck AA (tI, I C) /RI SUJR75690
CIU AA (2,1kI 1r~j / kmN S u 13-7)0

F - )1)' 20 N=IC,M4AllP S1Bi7,10,
T-1 z GR'AA(1,IH,) d I *AA (2 IR, NJ)Sf'571
AA(?*]R*N) Cl W~A(,I,' JAA (1,I1R,I4N S1J875730

20 A&(l I R, N,)=I SUB7574 U
4RAN =SUR V(l 1C)**? + V(Z IC,)**2)Sj750

[Hht-AN.,LE-,EZ) Q-9 TO, i)Q SUB75760
RAN, S6§ iAN**2 + RMN*'*2) S8/,57-70

Ck =(,riIA. SUB/!$780'
Cl = V(2, IC))UAih S.JBb',790

-. RMN, RhN/RAN 50R1/5800
110 150 -NIC,AtirO SUB7,5810
AIR =RMN*AA(,iI0,MN) + C;R*V(1 -,N) + CI*V(2iN) '508/15821
A IFT RMN*AAU:,IRiN) + CR*V(1,N) CI.*V(,N) 51,8/53jD

VH RMN*V(1,,'J) -CR*'AA(l,Ili,N) 4 CA*AA(2.Ii,N) SLIB/5640
®R VI RMN*V(2.P) CR*AA(2#IR.,N-) -CliAAIR,N) 508/5850i

AA(JsIRzN), AIN 50875860
AA ( , IR, N) = AllI S118750011

' (1,N) VR S U187588 Q
'50 N VI SLueJ589o,

60 RI TDRN s uR 759 00
F ND s SII k~ 7 59.4 Ii

S FnTRAN NL bT01,DE1. Su 87 9 .i

CX~0OMON/()/A(611A(5)ANM(501l),CZI-Ri SIJBS94U

COMMON/C?/CIF-4,SN N Y, NWC X *CCX, NWP X 'NCi-X aHKER (204, !KER Itu), NGSKRNSbB /598 U
CUMMON/C0/N11Y, SOUND, NMACH, FMACH (6),ohFRE,iF RF-0(1AJ) * AUG N I 9NCX*RH1O SljR17599O
CUIOf/C4/NOIFSLCI.,LPWSH,LPRO,Ntk(5),iIYYo1X,NS0RF,TSOLAT StI/6000
COMr1ON/C5/FW,,VC,NCOLSNMITALlA(U),.(5),CIR(6'),ZCJR 6),1A;H SuB1/6010
CLMIIN/C6WXCN(l ),141CN (11 ),W I N(11)W 1(90 ) sXCOLL ,YCOLL,pI,u 51186020
C~ummON/(:7/,C'( 1f2,?),NZCO(10,2h)-EMEK-, 2iNWIXNCIX,wB3OPC8iN,NW0Y SuB76030
COMMoN/ClI/A 14,XE-(S), ,YL(,3', U~ 1), UY (j),WXI MN (11) ,El, E2 SUB76040

T 31 CUMMON/C9/SIX(41J,?),SCX(1U,2),Y(11)'ETA(11 ),OWY,QWWX,IaWIX,CXIN SUB/6050



11 1 SUR?6060
'nuO 1.36 1114,)LS SbP.76010,
Rif, CAOS(AA(11,1)) SUB-768uKIF-kII.LE.E?) no io 14i5 0769

.7GO 10 136 S SUBI67V u

15ILl!) -1B71"0
112 = COLS - -('I)SU876140FDO 1135 111,192 S01876150

11635 CALL CGiWED(AA(J1l1)AIjpjl-) SIJI6i.60
flU 2135 L=1,NMObFS SUB76170
4L =-NCOLS 4i L S J8 761t8 ff

21-35 ALPIIACI) zSOWT(ALPHA(L)*-.2 + CABS(AA-( I1+i, ML) )ir2) S01876190-,
13,6 CONiINuJE SUB76200-

C 501lVE FOR THEl CUE~ffI ClIFNTS BY BACK SUBSrITUrIoN SIJB76210
140 11- NCOLS 508-622

Dii 150 1 =,JC~ Suq87620

'no 150r L=,,tMflDES 
S11870240

150f ANMfl,L-) = :ZF.RU S[1176250-

00D 210 J=1DNCOLS, S'/9'-
IF (LCI).L:.11) 00I TO 210 SUB,7 27U'
JI ILCt) SiD 6280:
ilL) 206 L=,NUI1ES SU816290.,
IlL =NCOIS -t1 SUB1630
lr-1-NCOLS) 170it191i,22U SUIF7631o

j7(s 1K =Ii*1S1JB76320

110) 18 0 K= IK, NI;OLS -511076330J
180 ANH(II,L) =Ah~MO.!1L) -AA(,JI,K)i-ANI(K,L) SU8/6340
190. AN4CI1L) =(ANM(1J1,L) +AA(iJIML))/AA('JI,-IU) SU976350
210 & CONlINUE S11876360
21n ii = i - 1 S508/6370
220 Rt1bRN' SU863CS

END 508/76390
T OkIRAN NI.S.TIlI,DECK SU8/6400

s INGODE IBMF SUB764it
CCIIER CHEB S IiB? 420

L -S~rUMUTIhE (:II H(NIX~tX) SUH76430
HI MENS! ON IJX~ (1 181644,0
nu 10 11 SUB81645,JL1 In lX(i) =0.0 SI74:
Ijx(1) 1.lo SuB7164i-0
IIx(?)-= .i U /68-L N.L*3 RF-TURN' Sb87650

20 IJX(I) =2.0*XtiIX(I-1) -I.X(I-2) SIJ*65 10
RlITUAON SAIB76520
FND S187630

s IOFCIRAN NLSTIiJ,DFCK 50864540
s INCOE IMF S076)550

U OHC FORC S607-4560
LSURH(3UTi ME Foi~r(NWII;X,N;IX,NICY,YEIASICX,WBICN.,LPR) SUR76570

COMPLEX A,AA,ANM.CZF:.RO,G;FORC,DELP,WASH,sIPN,UWASHi,CWASH,PR StIB /,6580
D1MI:NSION Y1TA()Sd(',8G()SUB ,65 90
4 DiNNI'ON DWA ;H1(9u01 0'),PR(90,10),CWASH('40,10) SUB876601
B IHINS-IMN GFflimut,1f,3),oELP(1U),W'ASHIfl) SUB'70370
-C(JMN/C/A(611),AA(50,60 ),ANM(50-,10),'C7LRO 5187'6620-

rUMON/C/CL f4,SN,NIlY,NWC,l1CC,NWPX,N(;'X,H&KE(2O.),ZKER(20),NG;'lPRN4SUR/6630
L OUM(I)N/C3/NFY.S1JIJN,NMACHFAC(6)D'NFREI.,FREO(,11),HMAUGNIONCX,RHO S(876640

CUMMON/C4/NlO'JES,CULL,LPRWSH,L1'R(0O,NOM(t5), IY ,IIX,NSUR , ISOLAT SUB/76650
32-



1umb ICNO/C5/FW,FCNCOLS,N?MT,ALPHA CIU)s It. (8),HCOR(6)i)ZCIP(6)flAC;H SUB6766,O
CUHN/6W~M(1..WyCift1), WBIN (I ),W 1 (90), XC-LLPVc0LL,P I,U' tUB76670

CPrnMON/C7/CO(1 o,28,2),NZCQ(1O,2)Y,E~EK,,2aNWIXNCli,MBi).CB0N,?WCY tUB76681i1i~ ~t41ONC8/IRX~5)YECJUX1O)UY(1),WII~~ll~E1.2S5876690
COMlIOH/C9/S I X (411,21, ScX(U0, 2)-Y(1.),4TA (11)OWN'OWWdX, QWCXCXM?f SUBI6700
COMMON/PR/APP96l,604, 1 M0Dj. IROW S1 671.0
EU11IVALENCE (GFORCk,iA)i M. WASH), WASH,OILOY SU816720-
EUUIVAIkNCE CiIASiI,)AP(15))(PR(1',1),APR(,11l-)) S864

~ EUliIIVALENCE- SUWB76740AP(141

QwF R .54'RHn*i(Ji*%OSlf)*2 .QIIY SUB767-503 IF(LPNE.-1 116 TO 2 S1J876760
,DO,, 1 1iNMDFS, S1187A770
huli .1J=1,N1ti0f-s SU876780

- 0U L K~r*2 S11876790
1 G ORC',J,-K) CZERO S1J81680
2- 1 0 :S087-6810

NJCX. NWICX SIR 76820UI~~~~§ IEX='NP 076830
OWFURC- OWF.,3WWX SUB/6H4U.

rook SU876850
L-INi SOu 117986o-

Ji~~P 1F(P.N.slMT 1181687tJ

NSIJRF Ng SS SUH76 890iP[-AG-- SN/CiWN S UB 76.9 0 U
DO.1 goo, I iy=1,14'IUY Stj7691.0

YCOLL = Y-TA(.IY) 51790
C CLL AND-1 LATER- XCOLL, ARE USED HERh 10 DENO7E INTEGRATION SUB76930

c C TAITIONS§ 61:rAIJSI kE 'USE SbOROUT1,NE ThZX Td COMPUTE THE S'UB7694 u,
C IIISPLAcEmFN-j iIOU(;H. WHICH THE PRESSURE ACrS To' DO ORK SU81695u1

*2' = YC0LL#*? SU87696"
I F(NPY.GT1 1) CALL (CHER(NP?-1,YCOLLstIY()) -S867
1i1M) 1'.0' 1y 2 SUB,?'6980-

hO 3 i 2sNPY SUBY77003
-3I11Y Iv) '_ "Y2'.UY111 *IIY;( K81N)Y S-U8770

IF(NSUHf .FOoI) PFAG=SN/w8C(1)S170'
'YCOLL =. SN4YCLL S hO 77O2

DO 80.0 .I'lX=1,NlC*X SUB /1030
IMNI = TXiLANi1 ,U4SURF-1-) Q74
XCOLL S1CX(LFkNT-) SU9/7050

:jfIF(-tPXA.GT.i) C-ALL CHE01-t(NPX1',-XU0L:L,UX(?)) SU877066
6901 = 1.0 --XCULL S.UB7700
1'(-LPR.NE.0) lX(l )=ShT4UXC1/1.0+XC;OL1 Y) SUB77066
Ol 4 K2-,1PX SUB77090

4 ixU~ C = U1. u +XCOLL)*UXMi*UX(K) SUB/hODi
I C. 1 +1 51710

DO_ in .i=I. NMOfES SUB77120
'I10 fltE.LP(j). S rZFII 8771310

'Di0 ?fl NY-1pNPY SOB'1714U
flu 20'0. NX1-.,,NPX- SUB7.715u

LDO 20'J1,NMOIJES SUB77160iii 1L.PJ) DzI:PJ lX(NX)*UY(hY)*AN~(ICvJ) 'SUB77170,
TK iLPR. E - 6) PR (URfw, J) DE!.P Cj") *PFAC S878:

20 CON IhrNUE SUR77190U
IC 01 = 'IC+1 SUfhl7200)

d * IC' = NPY#Nt4,PX*PI ,1T THlE END -OF IHL -NSI PASS S U 8 '721.0

c AND DP CUNIAUNS blELTA P/0 At (XCOLL,rCULL) SU0172,20
Ik0W, = CROW 4. 1 SU 877230

IT (LPN.r'jE.iJ) i;O T O 800, SUB77,240

)CCOLL -XS(2DNS,.'X,2II:Y) 33SUB77245



FDO 40U1 I1,NH0DEt b775

00 4f; J~l.hKqES SUR7727J[4130 GvO1b~lC1,NS) O FORC(1I,J,NS) *QWFORC.D13P.DtLP(j)*2.G SB75
8oo CONTINUF SLB17-20

F -900 coNIINUE -.SUB77300
NICX NCICX S-9U773ib
NPX = NPi St]87'732U
Ti = C;1>4 SUB7733 8F II~ OWFOOC = uwti Iwdx SU87fl3i4

1: o CONUNUE SUlB I-35 0
0 ET tRN SURI736fl
END S(JB7TJ7U

s FORTRAN NL-STSullDtECK - StiB77J8aE -L KOUT OUESUB/140
SUBkOUTINE Kfl"T( I ND SOR774101
COMPLEX A,AADANiCZhRO.GORC,DELP,WASH,APR,DWASH,CWASI,PR Sa72.
DI[MhNSION CARIIS425-s50
B IMENSION GtflQc(Iuj03),nELP(10j,NWASHC.10) S1J87037J

iI4FNsiuN SttRV(-2.J),XPR(5--) SUB77450
COMhON/Ci-/A(6i),AAejO,60)-,ANM.(50-.10),CZE-RU -SUB77466l

CO14I1NC2Cl.FI,SN,Nf'Y,NWCX,hCCX,NWPX,,NC1JXAIKR,120),-ZKER(2O),iNGSKRNSU8?7470,LCtJNKON/C3tNPY ,SIJINI,NACHFCH(6),NFRE.asiRE(IO),INUG,!I; NCX, RHO' SU177480

C;IIMMON/C5/FW,VC, NI;OL S,fOMITPALPHAC iU),ILC',O.1,HCtjR(6),ZCOJRC6'),fACH SIJB77500'
~CUMm(JN/C6/WXCii1) ,W3CN (11),.We I k11), W 1 (0 ), XCOLLP YCpLL P Iu a U118775101
CIIMMON/C7/CO(1D,28-,?),NZCG(1D,2:-),EMiEKP6aNWI'NCi*,80,CONNWCY SUB775203
CtJMhON/G8-I F R, )(E'(!) ), YE(3IX (10 ),.6Y (IU ) ,WX HiN (1-1), El.E2 SU877,30ICUMiOWC/c 'IsX (411,2) ,stc i, z)-, y(1-1, E A (11),WY,gwX, oWCX CXMN .SUB77546

-CU~hOrl/(PR/APl(90,60),'IMOD, IROWM SIUB77550
+ljlIVIALI-NCt (;FIR-, AA)(A WASH) i(WASHiDI-L-P) U7U
EU11IIVALENCF t 'WASH(l, 1),APR (1,51 ),),CPR( 1 DI)DAPRU. 1l-1) SUB77570
FUIV~IALENC9 (CWASll(--v;1-pAPR(1,4i)i SUJB77580
F-UlIIVAI'EICE YR0 U75-
DATA (SIF(1t'II3/H~i ,TAL I1WN TL / SUB776JU
GO- 10 (lUs2,2.i 0#40,,0,1l0,90),IND SU0i7610 I

C .;** *** *****9******,4***********SlIB77620 ~

A,4 .2.U*XE(.A),*(3,) - Xr-,(2Y*(YE(.3)-YE(2 )) SUB/7650
Al 0 * x v .y E k SUF317660,
W HI cI El 6 , Il) LM , S 11N D ,R Hfl0X :( 1) pX E( 4 )X E i -3X V,YE(2),Y E(-C,Y E 3) SU 77 67U0

li1(J)",XXXVAWAT,NWJCY,NIYdd4CdX,NCCX,NWlX,'NLUXNPY,NPYvNWPX,NCPX 511877680O
1lk-FORhAE(lH1/i/// .5jX,411HiAC/NAA MISSILE !-Ui3S0N1C AIRLOAD",PROGRAM SYR77600
1 ///-37X.iOH~i IcT COINDITIONS AND GtOMETsY/1I10//15Xp 13HHACH N.UMBEIISUB/7700k 2' gp 8.5,4(,I6tISP~l:D OF SOUNDJ =F1.3*4H L/T,4X,4HRHO=,E14.d//lH0/ 511877140
X54X#D411W 1NG. IRX, SU§17720

422*3/ 22X.'IbHL.E ON (), 2./ lH~ SPY(.Q[70

'1 7 119,122//22X,16HCHIRI, IAIG. STA.,.119,1?2//22X,,16HSPAN 'PHES MODESSUB777-)70

81 119,22//?2X,'16H'-H(RD PRIES MODES, 1190I221) SUB-7778U04 IFMMACH(MAUOI.LF.O.95) 'Ga TIJ i5 511877790
w H I IE4(6.- 4)- S11877800,

14 FURMAf(9,2H A MACH NIJMBER REATER JHAN 0-95 HAS BEEN USED -------- SIUB/710
1IJSF CAUTION Ttj APPLYING' CASE RESULTs) SB72K~i15 II-(NOMI.EO.flh -RFIJUN SU7 830

y 34
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llIl(61)NMI'11NM1 StJB778 8,
12 F8RMAT(l111U,15X.5lHTHE SPAkWISE COLLUCATION STAT.ION(S) OMITTED 'Oh WU087185

RETURN SUJB77870

20: HGX = NWCX SiiB77890I NIX= NhIX) SUB779OU
DO 150 -15=1,2 SUB?71910U

liRIrE(622)(URFI'.N). l1',2 507 7920
22 FURIMAT(I.1SIX.l42H14ISSILE SUBSOhIC AIRLtJADS 'PROOiRAM (CONT-D)/1H iS11B779;3U
I 25Y.3J9HCUL~r.AmiJ STATION COORDINATES ON 'THE 2A6/IlHO,12I S STSUB7794U
2A NO,7X.2HYC.HX,7X,11I.XC VALUES--) SU977,95U6;no 12, y1,v SU'87790

0012 I-lu 'S11879L1

- RITE(6,1tJ5) U'SIRF( IsNS), 1=1.2) SB82
15FORMATC1HUb24X,39HIN1EGR.AII0N'STAI1OLN COJORDINATES ON THE 2A6/1HO, 508B18030

11A S STA tO,7,2IYI,8X#7X.-11HXIl VAL1"ES--) SUB780840
no106 IY=i,NIY 9965
Y 1 - WO#SN*0TA(IYl )/86

DO0 126 lX=1,NI;X-UR 
8 7

-126 XPRM0X = WDw-XS(2,tiS,:,rx,IY) SB8g

Nex = NCCX :A10
NIX = 'ICIX SB81

15 0' ON IIlNUE U82
RIURN SUB810-

J! 0f MO 34 NS =1,2 SIi8B78150
WkIIE(6,21)IRf-O(IFR;f,NMOflES-,EK,EN 508/81"60

21 FURMAT:(1HIszjlX,42HMISSILE SUBSONIC AIRL(-AI)S PROGRAM (CONT.;D//1I /SUB/8-170K' ~ 1 9X,?-7HOSCILi.ATURY IRF-01JENCY (CPS),Fl:2*.),13X,I2,17iH DEFLECTION MUDSUB?78180
2ES/lU,8X,iIHR1-ULICE) FREOIIENC (SEMI' CHlJRI) 3F90.!,'14X,23IiFREE -STREAS UR/8190
SM MACH NUK6ER.F9.3/1H SUB078200
WHIIE(6,31) P101) SU878210

Ill1 FORMAT(.4X,34PRESSJRE COE-FFICIENTS tOR. MODE NO. I3//1t9X,lHI11X,10,USU8I78220
IR CIJEFF(I)-12X,lfJHI GOtFF(I) 9Xs9tHSPAN M'efl1 JX,10HCHURO MOVE,) SUB7923tL
WI 1E6.,32 )(SiRF(KI,NS),K,=12-) - SU818240

4FIJPIAT(HO,9X,2A6//) SUJ876258
GOf I W(2, 3)YNS 50878260-

? 'IL -NWPX SUR18270
HL =t p y SL1878280
PK =f1 'SUB/829.0

3NL =NCPX Slig/83MW
ML =NPY SuR/83:U-
1K =NWPX*NI'Yil 501178330

4 1) U 6 IM =1,111 SUB/634U
01) 6 IN = 1,Nl. S5U0718350IW, lfE(6,34) IK,ANM'( K, IMOD), JM, IN S U137863 6 0

J 43 FORMA T,(I P11:.(), 1P2E 2. 5,2,11,3 - SUslas7u
6 1K = K +1 Silj8

J4 CONIINUE S tR ,7 8-390
RfTURN- S Ui 8 78 40,0

4n1 WRIAL(6,41) S6i878420
41 FORMAT(IH6.2nAX,481ERROR IN INPIIVATA (f-fl TAIL) RE0UIRES//,21,X#19H§0878430

1,ThRMJNATION OF CASE) 35 5878,440



rCALL EXIT SUB78450

50 W141]E(6i!51)' SU9J847 0.
51 FURI4AT(1HO,20X,63iNUIEP OF COLLOCATION OR INTEGRATION STATIONS ORSUB788!
1 PRFSSIERE TI-RiS//21x*25HEXCEEDS ALLUWABLE, ?IXIMJ///35X,18IICASE tsSURB49J
2 [EkMINATED) Su878500[CALL EXI'T -S1178510

60 WWI IE(6,21)1 RrQ(-IFR),NHLD,EKiENm SUFR78530O
IuI1E16A;01), SiF(1DNSURFi 'S1J78540F11.1 FORhAI(1Hu,?7X,45HIINPUT MODE SHAPE POLY,OHJAL COEFFICIENTS FOR ,A6SUB/8550

1//22X,62H4RElF."ENCED TO THE SURFACE LEADING EDGE-CENTERLINE INTERSESU678S6O'
2CION /7/2X,4HrnoOE.20Xp 7HCOEFFS.)- SU878576,
00O 691' L=1.NMr'nES. SUB7858b

* ~r =- NU ZCO(L,tiSUHF) SIJR/8501
WWIcIE(6.66) J..(C)(L,K,NS~iRF),K1,-NTh) -S1JB786(bb-

66 FURIIAT(iHO, 14.4X,lPE7I3.4/(9X,lP7ElJi.4)-i 'SIJB78-6It
69 CUNIiNUE SI;878626

RETURN S11' 863b

711 'HE(6i)R5ORYPNH ODES, EK, E M SUR'18650L
Wa9T1E(6,35) ALPHtA(IMOLJ) SUR7866b

.55 FOJRMA 1(24X,47,iRMS ERROR OF -W5NAS4IS Al COLLOCATION POINTS =,lE13SIJR7867O
X.6-) SUR78680
WHIME6,36) 1.401 S1I8Y849u

iEV FlJRIArH0,23x.571jPRESSUkI:S AND UPWASHES AT dC0!LCAIIOW RU.INTS 1iORS11978700
X MODIIE NU.13) S118771 0
WIdltfl(6,3)SIRF(LNSURF ),L 1,2) 5U0872(
Wi4NIE(6,37) JB73

J 7 1: RMA f(-IHO,/X i1 HX, 8X',I1H Y, 9X, 8HR P(X*Y),">X*BHI PCX,Y),6Xo SU818740
1 91IR G4(X,Y),4Xi49H1l Cw,(X,'Y)*6X,0,il DJI(XY),4X,9H1 DW~(X,Y)) SIJR787SU0
RET~IRN 511878766w

80 Wt(1 IE(6,21)F RI:O(IVfR),NMUTJES,EK,EM U770

61 FIJRMAT(-35X,23iirI:NtERALI-ZEOi FORCES FOR 2A-/Ii0,6X,4HDEFL,J.X,4HLOAI,1lSUfl8800
JOX,91IREAL PART,IOX,9HINAG PAR'-,1OX,-9HABS. VALIJE,10X,11iHIPASE, 44GLE/StJB781U

21) S11B788?U'
flU 78- 1=1, NtiliFIS $1818830

L VF(NSURF.L..3) O TO 76 SUB7830

GREAL( GFIIH( 1,J,NSIIRF)) SUR78860
P2 AINAG((0FiRC(I,J-NSJRF)) SU B 7107.'b

76 G 1 = 'REAL(GFflPC(?,Jt)) + RLAL(GFOC'(tI2Yflb78

62 =,AIMA(;FlRG(1,J,1)) i AIMAG(,GFORCCI,J,')) SUB/89,00
K KK=2* NMO LES

NNNN2*J

CARIIS( IpNNN)=o *****
CARDS( INNNN)=r02

/7 G3 S0Ri(GIl*-2+G2**2) S(1B76gioW
j G4 = 0.0i S1JH78920
LIf(G3.NE.U.U) 64 =b7,.2957795*ATAN2(G2,G11, SUB78430

WRI IE(6,71) !,J,r,,;2,G.(4 SU6J,i 894 U
IF CNSIJRF t4F-. J5) GO 10 78V t 1F (I .NF. tiMflflES)' 60 To 78
IF (J .NF. iMODE'S) GO TO 78

P'UNCH 6969, ((CARS(1,JJ),-JJ1l,KKK), II iINHUDES)
6969 FORMAI (1P6(-1?.5)

5 1, FURMAI(1HU,1jC, I7.2X,1P3-1.9.b,UPFl6.j',4H BEG36 SUB7'8950
36 ~ - * - -



76 CONTINUE - - SUB 86
RET URN SUJ?78970

C
-9fl WR11EC6,19) XrOLLPi(COLL,PR(JROQW,jMOD),CaASH(IROW,1HDOD), 511518990

- x DWASH('CJROWA MOD) - SURB790001
19 FURtAT(114052x,2F.32XZE13.4,2XD2E13.4',2x-2E13.i4) SB010IiRETUiRNi SU87 9021
- END S US790301

- 37



4.0 TJRANSoNIC SUNStAD AZR)YNAMICS 'oR0GRA

4.1 Theoretical Derivation

When the flight speed pproaches M!- 1.0, the vclocity--potential equation

can be ,wzitten as

[~
0 + * ". (21ko 1 "20) ''..

which is valid if k>>IM-m1. the linearized equation is applicable whenhe
lifting surfaces are oszillating rapidly such that non-linear disturbances in
the flow do not have time to accumulate.

] Equation- (4.1.1) is satisfied 'by a pulsating -doublet which produces a
velocity potential at-(x,y,z) given by

i (..Lz0 x' -1 i[(.~ (y-r)~ (z-I)2J
D 'x-9) L A (

,where the doublet: is positioned at -(,j, )'. The doublet 'has no influence
at points upstream of the line x = and, consequently, ,the potential is

1 ze~ro In that regioln.

A solution to equation (.4.141) may be obtained by superposition. This
solution will be riepresented in the form.

" " ! (xzylz) i,, €(g'rn,) D (Xk'y'z,'",n o)dl, dn(.1)

where @({,,i ) is the doublet strength of point (9,n).

To compute the velocity potential -distribution, the'wing, wake and
control surface is divided into a lattice of square boxes as shown in Figure 4.1.1.
The potentlal -furictioi' is replaced by a set of point values at the-box centers.
The ,potential' functiom and downwash value is assumed constant over each box and
equal to the- central value.

The problem reduceis- to imposing boundary conditions and determining the,
doublet strength for each box to satisfy the boundary conditions. The boundary
value problem becomes

1. Tangential Flow Condition

w(xY)wing = n (, n)lim OD d~dn (4.1.4-)
~wng IL Z-*o 0 z

L38

L



ITI

ilgur 4.. oic.xOela At

-( w4gE:'-i $c/4p3c



// ir
w(x,Y)control -= s',)lm 3 -D dgdri

surface sing + (* z 5

wake '+

control
surface

2. Zero Pressure Jump in Wake

LB

Equation (4.X.6") is an, ordinary homogeni us differential equation
subjected to the condition is equal to the value-,of the velocity potential
at the wing trailing, edge for x xwing ,.e.* This gives the solution

4wake Oing t.e. e -k(x_- ing t.e.) "4.1.7)

Equations (4. L4), .nd (4. 1.5) and (4.-1.7) form, a system of equations
from which the point values .Of the potential functios., can be found at the
box centers. The pressure distribution is then determined from the relationship

_apirx y) = -w'( + 2ik ) (4.1.8)

and the ,generalized forces are found from equation '(2.0.1).

40

-' c ,, A

I'"



i 4.2 PROGRAM DESCRIPTION

The Sonic Unsteady Aerodynaqicq-Program calculates generalized
forces for Up to 10 deformation modes. The computer solution is based

Supon the Mach box technique., The various- configurations .w*ch can be.41 analyzed are shown in Figure 4.2.1 and Table 4.2. 2. The, analysis includes
.tnteract!on effects 'between tandem surfaces and wake effects oh the

trailing surface. Single surfaces may be analyzed, by inpditing a Second.
j : =urface with a zero chord' length.

- The transonic box methdd calculates the unsteady potentials from,

which the pressure distributions may be Obtained for arbitrary modes of

. j surface motion. The method used'was suggested by the successes of the super-
sonic box methods of-Pines and others, Reference 11. The potential is gener-
-ated by a doublet distribution rather than by a source distribution
because the latter method would involve diaphiagm regions of infinite
extent, whreas the dbublet distribution is confined to the wing and its

wake, As with the subsonic problem, the differential equation solution is
an integral equation. The integral equation is approximated numerically

I4 by'a matrix equation so that the basid step in 'the boxi 'method is the solu-
tion of the 'system of simultaneous equations which determine a set of values
kof potential on the surface from a corresponding array of upwash values.
The solution procedure obtains the velocity potential over the surface one,
spanwise row of boxes at a time until the trailing -edge row is completed.
The numerical complexity is not increased, however, by a large number of
box rows over the configuration because the influence coming from mor&
than 15 rows-away has been-found to be negli ible. The results are valid
-for high reduced frequency, k, ,such thatk X> .-1 . here 1'is the Mach
number .

The solution for the generalized aerodynamic forces requires the
iput of the deformation modes due to Vibration. The program, considers
the m6des.t4'be expressed' as analytic functieRs of the form:

N n"'
-, y(-m)n n7

To meet this requirement only the coefficients 'Y' are required -as input
into the. program. These coefficients can' be obtained in several ways,
the most common way is to surface fit the modes by the least-square,1 technique.

4
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- ut TAL4.2.2 OPTIONAL (06kFiGURAtIOIS-

CHOPWISE SPANWIS9
CONFIGURATION" C00")INTE 'COORDINATE

Y() .0
X(2) =0.0 Y(2) =0 O0

RECTAlNGULAR X(3)> 0.0 Y(3) > 0.0

X( ) 3- X(4)

= 0.0 Y(1) 0.0
X(2), > 0.0 Y (2) =0.0 4
X(3) = X)2) Y() > 0.0

DELTA X(4) -X(3) ,

X(5) x(4), 1
X(1,) = 0.0 Y(1) = .O0

X(2) > 0.0 Y(2) > 0.0
TRAPEZOIDAL x(3) x(2) Y(3) > Z(2)

X(4). X(3Y

X (5) X(4)

x (1) 0.3, Y:!!) 0.0
X(2) > X(f) Y(2) > 0.0

TRAPEZOIDAL (CROPPED), X(3) > X(2) X(3) > Y(2)

X(4)' _ X(3)

X(5) x(4)

X(1) =0.0 YMr =0.0 --

X(2) > 0.0 Y(2), = 0.0-
DELTA, (CROPPEb) X(3) > X(2) Y(3) > Y(2)

X(4) x(3) P
x (5) X(4) - -

4'
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4.3 lNPJI INSTRUCTIONS

Instructions for preparing input data for- the transotzic

co2puter progrma ire prescntcd here. The field location and for1a

for each quantity -is specified. Any set of units may be Usel-for

geometric dimensions and acoustic 'velocity as long as they are consistent,

cg., if inches is used for length, then the acoustic velocity must

hive dimznsions of inches per second. The required data and the sequence

in which the information is entered is as follo's:

1. Screamwise Coordinates (6E12.5 format)

€olub.n [1-12. i. 13-24 25-36,: " 37.48 49!-6b, 61-72-

Name :0X1) X(2) X(3) , X(4)- , X(5) i

(1) X(1) Wing root leading edge coordinate (See Figure 4.3.1)

(2) X(2), Wing tip leading, edge- co6rdinate

(3) X(3) Wing traiiing i dge coordinate

(4) X(is. Control .surface leading edge coordiftate

(5) X(5) Zontrol surface trailing: edge coordinate

A single surface, the wing, maybe analyzed by setting X(4) and X(5)

equal to X(3). The various configurations are generated :as shown in

Table 4.2.1. . origin for the planform and AIC station coordinates

I1~ masL be at the leading edge root of the wing, therefore X(l) and Y(1)

described below, must always be zero.

2. Spaiwise Coordinates and .Aco-sti1c Velocity (6E12.5 format-),

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

Name Y(I) - Y(3) SUND _f

Item (i) !(2) (3) (4) (51

(1) Y(l) Wing root spanvise coordinate

(2) Y(2) Wing leading edge'spanwise coordinate

(3) Y(3) Wing (and control surface) tip spanwise coordinate V
(4) SOUND Speed of sound at altitude for which analysis is performed

" (5) RHO density of ftuid * .000..O (,M. /L 3 )

44 -44'.4
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r 3. General .Infopation (6112 format)

Column l-12,__-. 13-24- -25-36 37-48 45-60- -'61-72-
Name NMACH N.REQ NMODES NBw _LVPIC LSSVP

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

(1) NMACH Number of Mach numbers (iax 6)-
(2) NFREQ Number of input 'frequencies (max 10)F (3) NMDES Number of input modes (max. 10)
(4) NBW Number of chordwise-wing boxes (max 10)
(5) LVPIC Print velocity potential influence coeffici.eits; -416~,

-"I es -

(6) L.SSVP P~rint upi~ashes; 0 -No, 1 -'Yes

4. Mach Numbers (6E12.5 format),

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

[ Name IR MCH(1) FMACi(2) FMAC(3) IMAC(4VI EHc(S) FMC(6

L 'Item (1) (2), (4) (5j (6)

(1) FMACH(i) Mach numbers for which the analysis is to be performaed.

5. Frequency (6E12.5 format)

[ lun l 1-12 .13-24 25-36 37-48 " 49-60- ,61-72

Name LFQ(l) FRE(2) " REQ(3) FREQ(4) FREQ(5) FREQ(6)

.tem (1) 24 (5 j6

(1)' FREQ Frequencie f- which the analysis- is to be performed.
Continue oa next card for FRMQ(i) 6.

L 6. Deformation Modes. Repeat the Following Cards NMODES Times

(6112) Format
Column 1-12, A 13-24 2 5 - 3 6  37-48 _49-60 61-72

Name NTM(i) 1 NFI -

Item , '2,

(1) NTMl(i) Number of deformation mode coefficients for 'the Wing, mode i
(2) NFI Compute generalize forces; , "< No, 1- Yes

If NFI 0 the program will compute the VPIC's and stop.

[
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(6E12.5) F6fmat
Colum 1-12. 13-24 '25-36 37-48- 49-60 '61-72'

1Name CO(1), CO(2) CO(3) CR(4) c0(5) CO(6)
Item . 2 3 4 (5) (6)

(l) C0(i) i = 1, NTM deformation polynoinial coefficients to be input
in the following order: 0,0;. 1,0; 0,1; 2,d; 1,1; 0,2i
3,0; where-the first integer is the power of "x" and the
secend is the power of "y". Continue on successive cardS
until all :pblynomia1 coeffiiens are input.

(6112) Format
Colum112 13-24 25.-36 T-'43 49-60 61-721
Name I NTM I. NFLi .
Item :(l) 2

(I) NiH2(i) Number of deformatio- mode coefficients for the control
surface, mode (i)

,(2) NFI Compute generalized forces; 0 -No; t/Yes. if NF 0,
the program will compute the VPIC's and stop.

(6E12.5) F'ormat
Column- 1-12 13-24 25-36 3-48 49;60

Name CO() C(2) CO) CO(4)- , C(5) ..

Item (1) 1(2)1 '() (4) (s I

C0(i) i - i, NTH deformation polynomial coefficients to be input
in the following order: 0,0; 1,0; 0,1; 2-0; 1,1; 0,2; 3,0;
etc. vhere the first integer Is the power of 'YI and the
second is the power of "y" Continue on successive cards
until all polynomial coefficients are input.

Ii'
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-4.4 SAMPLE TROBLEM

[ The generalized forces are calculated for the donfiguratio below.
The flight parameters and pertinent input data are presented on the first~~page of the computer print out.

-The coef ficientS- of the deformation modes .for the forward -surface,
Ire shown on Che third page of the coin'uter print out, and for the aft: surface

; [on the fifth page of ,the computer print out."

L ~0.0_ _ _-

[

I [ 53.5

57.55,

[ 63.55 8

" l FIdUR 4.4.1
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PA I 1) 1!) 0S0ON 72 10
2 W 'Di t I)X/6l:TASN2I

y'l~ - y1/Jly
'I Y/J SON7-2U2u

XNI =Yt.2 - (XT-X-0) /lX SUNJ20lqy
XNI iHY12 + X5 /-flX SONJ/2050KXNI1 3 WX/fc SON-721161
Xi6TF X5./ijX SON720701
rWHX XNTE + S .!, 201A/800
NIis Y2/i)Y -+ 1.0 S4(IN 7211914KA X4/t!X 4 1H.5 SIN721-00i

DXF (,) = . 1,SONZ213 0
1.A1F 'S N7 212 U

iIt(3 &- ) I. SEJN7213U

m i(5) = IFfL PA I(NOUiX-i S0ON12141

-*D'F(6) 0 . i. SOiN72161flX = -. 5" Dx S0N72f7U
UNI 13 0 S rON / 218'0

KOPJF = 1 S00.I2190J
P 1) -10 NP'=IiIti Sb1220-u
X 'J r= FLOA(P T1 P i SON/2210

11- (TwL .(;T. Y.1' = YIN(Y,WYNIX/(TW./BF.TA)) S(1N722311
M4 fFIX(Y%)+J SIJN?2240

28'4 )n flNP) H SON7,2250
I MRGI 4 6) GO fit 15 SON72260
I F. (NP .11j.; r'IW) IKOl#E =3 S (317227(1

1-1 (NS RF . Q-. I 1;() - 1) 9SUN722b1

jr (x rf. yi-- rKtE6E= SN2
IF~ [X .(;F. Xfflx)4 K~iI:=? SO(N /2 Z1.0

II (Nyp IE(J. k,11041C XMIE =5.- SUN/23'20
hill (NP) S0N7,234U

-110 30 ml, 1, MR SUN/235
NO NO .1 SON/?36o

Ji KIMIX (NO i((BI'lF S014/2370t
4a1 X =Y'flX~ SO(N 723i60U

~pip~n =U5~(ASF~:i*4~2S0N7233(J

TO S (N 724 01
RP TI jR N SUN/241T

50 C'Al I, EXIIl S0N7242,U
(IF.T7iR 'IJ SO~'N 72430
FliOp SUN72446'I FIRIHTM N' NL';Tt)jJ, Ii:I' S (IN72450U

11 'I HPOT2HS (N 72 47 U
s~n~o'! I il- 113'5p1 SU/2483

PR'CiifPI FX' VPII,;-I',1,HWCF bUJN 249')
COM11i0NJ/C4/VlI i-c,~ ,l(0(J),JO2, ,01 ,1 0j3),PHIW(5U ),CK(40 )SON7b460
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C0iM-ON1C51IHa(J I0l,,JRL-(10U),Fu ,IFR,XL,NS,NTM,,J,QR,0J!:,QAB,QAN SOHN7251O6
C0144CN/C6XY, X, OY, EMl, K,EKB, EKR, NP,PP,k, NBOXKODE, MIFEA, NO T SONI2-52i
CO'M lON/C 81 fl i 0, t0N72530[ '&-?.NOR(tt3(X) SON72540
14=1I Nil(NB(JX,'851 - SN72550
[II(L-KH SO(N 725b6

DK2=K.*2SONZ-257Yj

F Ml zK-1SOJ7258u

DK~z2. O.11K8 SO N7*2 600
-RK12=DK2/1?.n 0 5N72610o
-=i . 1O5 S'ON7262U

ru~i'K'0 .5SON726- (0
DII i * 5 1J HSONI2640

011=z2. D it 1K- S(ON7265U
:i l14zv~i - S6147N/2661.1
n I =b.5I? S ON 267 UJO768.

1161 L1 mStIN/269fl
1=11.I *0 SONL270a

j P4 zi . 0/11hi SO"472710
A2=5/'-, S ()N/2710

I~3z..i .'~8 5014273 U
IIo-1 i 11*I4 + H5 SON72740i
0 4 iiI , K8 * 14 SO147 27511,,
11I1 4=2.f-, 14 SON 1-276u0
CtJ:1.11 .501472770
r 3~ * iio SONI/278hl
174is r 1 SON12790

Cl ii * USON/2l0 I
ci~". a S60N 21$1,0

nli 2 J~1'N ~SON21i2U
Al -Ip/ S01N72830:
cl. =Cm* COStl I SONI2114 0
C?=->a* S IN AA) SON'1285U1

CALI C;SINt(Al,,V -,,C6) SOjNi286u
C" = C * C 5SiN7,2870
C - ~i C 6SON7 2880

CQLJ :1C. S61N789U
Cif' C 2-C'l §oN72Q0 oo
rll -('5-C? S(JN/2910
C12 =176-0 r;b oi7292f0

L vHF=iJiG9-R4*,:1 ,w5C5l4C1R*l SON729,30
V Lm=R4*C;9tHbi*.:1 -i*4,i.I-1C. SON/2940
yvI I(IJ) Y1i VmF, VIh ) S0N72950L23 CJ=I,1 S0N72966

C 4 CS0N7297'
C7 =:5 SON 7-k 980
C liz(;6 SON7299UL A =!, -lit SO N130
IH. S ON /3 111 0
.4 =is4 - j4 SUN/31121)

LCN=(N+2. 0 S01N73040
9 C(;t~ II i4UF: (' N 31 1I

(im_(,M+1 . 01 ON73(160

'3" 1) II1 II iJM f DIIi SUN73u8U
D(I 3,~~ N ~S(114,7 J90L 00 4 jz1,Ml SON /3100
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K1- S(JN73110

4VPJIL,(K.1 3 J)=PP (K1,pJ) -VP I C(KJ), SON73i20-
*5 VP I C(I. J) =2. vo, 1;(1,J) SON73130J= U'l~. SON?31,40

flhllI.0SON13150

SON73160JI O K 1, S0N73171
C7=Uo* SON /.33ThU

Ca- ' *SVJN1319U
C8=11 . S0N732OU
C79=0 . U SONY'3210

pi *j S
H~ii.*~J?2S0N73240
D~I II- J1,NSON 1326 L

0. J=/C N S0N73270
A? si /CN 0473280

iF (AL-11.2) 7,,7,8 SU)EY3290

7 K PIdA~//( 6. SdN/.i330u

A~ NJ.= Sl(.)/ SON7J.3o
IiI=?.u*H3 SOWiZ340:

R/(1-COS(A1 ):/t2-)iCN*8.3, S0N13a51
f3J= (OS(A2,)/-rta O/3
04= SlN(A2)JC--4 SfN7134711

C4=f2*iJ-dlI4R4 S b N/339 U

r 15 C 4 - 2 3 S(SN/34.0U
C1i5C425*3 SbN7J4'20JLc60-c8- SON734iO

r o(1-c8 SON7.34430
P3=P?-R6icN S ON 134511

V 1M=C,6.PI*C,+R-iiC4-1'4*C1I) SON/3460
vPJ(1,.) I I!(I )+h1PiX( Vk, VAM) SUN7349fi

PNI N+?4TH SON73501U

C7~":1S QiN T3 53 0
('Ij~~S r4 C 2 0N?"54 0

rI o =c4, SN 7 56 U
RO146+DKI ? S(3N7 3570

ilor o~NI1I1,141 SrN73580
Cm ,~ r +1)Dt SONZ3590
flm=I;,m4fsIN S OIN YS 6 011

12n1 IM = 11) M+ 1)D S0N736'1U
fl3Z1K/ (2. 0*o,,]4 i59265) -SON7.3620
Al. ff-0 -~S1N-73630

DO 14 J=1, ,N ON 1-36 40U
c CEX = I* CM 0 .X(S I A CI,1),, CO0S (,A 3).)s SN/1If,5 0
001 13- 11'm SO(N? 366(3

1'3 1EU (, .J) =Ci-X;: V il', (I, J) SbN7.367U
14 AAl'+fI SON03660,

I R NI1 S0N73696'
FNP SON73700
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I ' F--1HiTJAti NL';TnI~l),ECK 'toN7371tis
tC.s I hCs I N S073U j

SIPOUjTI NE VS IN (XJ ,U,S) SON73740
r SIPt ANDI COS.IYE IuTEGRAt SUBROIITE S0n73750
r S0N137660
C C A'VN6 S ARE TiIF IWGH~ALS 'OVER 1 FROM~ 1 'tO, INFINJ r OF SON7377fI
c7 ctS(AxI)/T ANU SIN(Xr)IT SqN /378 U

I:. S0N73790
SC;=I .0 . ON7i380u;

x=YI S0073810
IF (X) 1 2 t'N7382J

1S(;=-S(; SON3,83 u

SON/384'0

r FOJR AiiStX) LF;SS r"Al. I A SENuIFS 'EXPANSION 15-. USL:D SfJN7388iJ

SO N7/.9o

Gil 10 5 SON? 392

TC FOP Ae'IS(X-) NiR-Arl: THAN 1 AF'PRbXIIIAll0NS OF HAST'INGS ARE USED SON'/i94u
r SdNZ395u

1 P=P((X?+19. 9419*X24.4'l58)*X28.43333'/((X2,+21..3615!') SON739,6u
I *Ax2+7U..J7±.'-4)6 )* 2t3u.U138227)*X) SOjN1.397U
f2((x22-I..1g$S7/4,*x?'+49.7.i9775')x2+5.0895O4)/(( ((X2+27.177956) SON/i98u

* X2tll9.95i,3-9,'.i;X + 76.7ij7876)*x2) SUN7f399(i
rI=I:os (X) SJ/10
SI1'JN (X) ,SON 14U10
I ;tI1C')-F*Si s O N / 4'0 2 11,
V =P r : 4 lj S I SON740,30

i SV*SG S iNJ 4 04 U,
p r 7 1 P NS0N74u50
P i p SON74U6iJ
t1 ",TiRAtj IlLsT it (If- Ch SON 7417 U

C(W SI- AS SO N7 4o0 ii
S IJPvtIIITT' NE l"ASH S0N/41 00
e('MPI'U-- VPllii!S,'0'j,J,PHlwAK W4~741 10'
rI~t1iN0N/CI3/Kl OX(((,0iIflhxE(5),YE(3),-,AR(3),X1,,X2,X,Xj4,Yl,y2,ETA,NBS i SN14 12 1J
romt-o-4/C3/c. (1o,,2,L,),Nr(I0,2),NFf(1u,#2),NHAX(2),F-N(28),DXE(6),PISN4'13u

rI)f(jr/(:5/Mi";(I'jo ),,NRJJ(1Ol)sFQ , I',Xl-,NS,N111,KJ,-OR,UJOA8,OAN SUN/4150
CiwI*hN/;6/X, Y, fl.(, ''YpE,r l'K, EB, EKR, NP', PP, NA,4joX, KiE, MOVE, NW, NBT 0(iN16U

X 1 r X S UN 7 4 18
IIif *f~~ XPl - x - X.3 SON/l41 UL ~ T P Nl(M 01, ; YS SON74260

nz- SUN14221]
I F(I.lrl.FI-) i;fl jt /1) S0N74230

]IF(X'P.EI,. I(Il) GO, 10 fi)SON/4250

PX = PSoN/42d6U
YX =Y/XP SIN/4?711
DO 40 N=?,7 SON74280
PXY PX SON/4291

L1 O'iO14~ 1,N SUN74iOIJ'

v OTr'1f4(1 i;r) I'l1 do SOiN7432U
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Zp~l'XY*C(( I.f, rv.. t45) S 50 N 43-5 0

D I IZ F4) 7p SON74350
.31) P kyz PX YA Yl SbN74.6fl
411 -p y=IPI SO(N7~4370U
?11 ni/riiZ/XP S0N74380

n1( 70 S07439J-
5flP0 II SON74400

-nG (A N~=2,7 SDN7-441 U
K=I(+N SON744?0

if(K.G1.NTN)- uO Na 70 4 'S 44

Oil =PX*CONpY ~ (:S SON14451
7;0 TOO 7O (fO9rl SON /4 4V

-AJjP - SN7)
9:' IISUCR) (MI(Z,E1(.Z)i.SON/4511J

Ri uPN'~ SuN14521J

FNI 'SUN/453U
F- (i. I RAN I~..aLzC.SGN/A4 4U

CIbIPI(-;!S ilo'PIHiGl 0FJPl7EDHP SON/4560-

C(JtIOiC5M'4 (l~ )',I.IL(11I)FU ,FRXL,NS,Nfk,NJQR,QJAQA'H,UAN SO'174600

'tm(Ij4(.wf;/Ci PRO', P-1L, D11JlI F, DPH I' j SPH I S6,N74620J
COlmMN/C;8/4PW 'SON74630

m~JI I Iq 0 ( NIP', 115 SONY464U
no" ?n 1=2,:N's SW'J/4651

It1P 1.1. SM474660-

NJI'ti3 (N:U) 'jeSON14r67u
fl ;,~r4(I~J+1 S(iN74,69i

L J.z1 4j A4(( llP-J) SON/'4700J*
iPllI =VP I C( K, I) S o1N4713.u

~r(.I.1 ~lro 11), SUN7A4720
K 114 j -I SUN/473 0

J liSP1 S, rl 'S(N.j ) Sb)N7475u
?9jjlj+ 'SIJN7476tJ

I ~JI S1N 047 :r

j} tSl v F C m OJSA 1L'TJJ F h C. SUN/4-81 u
- FIJI(. I ON MS IJ.1:C(MN, L, A,B) SN42

cuNiPI EX Ap,i :SON/481J'0
FJ)I A NS I ON AjMl'),( A 1 StJN7484UK W1 0 10, 1,,,N S UN / 4 850

C, 0" 0SUN/48607

po inj INiO1'Y

5~0 -8 C I, j 131 I J) SON/4930
i FU .I 'lf To) ?P'5 SON14940
H 63



17N N-1 S0/495U

nO .?OM J = 1 ,-rjm SfJN74960
C 0.0 S0N74970

0 SON74980
011 40 I = J-,N, ;S07 499,.
P=. S 4R(,t ( (F A ,J )4A;HS(AIMAO A I,)).) SON750,0o
IF UI.E.D) .1, E n O ,D SON7561 U
K = I SON75I120

1C 'I :SON/5M.30
4111 C "I'lN II1- SUN7564U

If U .t:Q.'U.{OF,.(;I..1 T.F-7,) GO TO 10110 ISUN75u.5uf If b',O.J) I;M I 1 1 ,SON/50'6u
'iii -i .JJ = S(N7507,0
G,=A (.,, JJ ) SON75b~iu
A,.JJ ,A(K,Ji) ,SON7J5A9

I t t ,,,..I)=" . S~i.N751tii

=1I,, JJ ) SON/~.2 9

l](J,.JJ. ) =/A(J,.I

,iS = + y ii5 60
l( liI Jj = jP , SUN.751, U
rJll t (.;,,,IZA(J, I iS) * S(JN/.5.1

)11 T[ll, I II) .JJ' = 1,1 ,S'(fNI'1911
l iii R( I...J)_ ,(J, 1.1') * SON/S/I'I

Iil 'IIU I 2. , 9SON75 .
II (-;I .W J) J;, I .j ll; ,SON /5I.1110

9 Ill 11) Jl = .I., SONI/,24,
TJ q A (,i, JJ)=A( ,j.I.)-GA(.IjJ) S 0 75?.

'S 0N 75 234
il; I ?to J-J 0, -$0N.52.40

12.0 4 (i ,J~J) ( H IIj)-, BiJJ J ) .SON,752'70
2011 C~t 0rI, NI WSO0N 7'5 2 8

2-oi,' S=A ( M,) :SuN.7529,0,
Ir (AliS(IRI:Al (.;) ;+ARS-(AIAt;( ).LT.Z.E-7) GO TU 1000 !S,UNIJ5,0;i
no.) (11 u = .1. SONZ53 ',i

?1 I . ( r',.,J )=Ii (N, .,)/ ' SO N ,532,1
{ I F" (,. F 0.•1 ) I- 'l 1,,.I <'3i II SUON75,iii

o '2 I 1SUN/5,34
no, ;,20 JJ = ,I ISUN:I5,O

?2o 1( I , JJ ) J=( I 1)-A I , N) *N', JJ') !S0N.I536US ?o -" 'p v r I F C I '& Al, N/15.:) 7 O
R F T U:P ,1 .Sb{ w 1'5.o'8 U

Iuud tivIsImE C=2" SON153941L P RFT'l PJ h SUN,/5, 0 0

p1:11 LPN SuNJ54kOU
"S.O N /5 4,I, 0

F (''TRAh NI_.T'I, Io Ct ;SON/5,42,1iMr PO I 1 SO N7544,114I . b 0 1) H F 1S,1j N17545U

C"JMIFX ViTU A ',hS, I, , U., PI [ NC h, C.ZE RVU ,,PH PIJIE.,Jp.HrISPII:N7. 6
(C( ' ,Ot(-0 /C IK (' ( eO 0 0 ), XF (5 ,YE (3. t AR (3,) ,.X1:,YX2, iX.3,'X,4., Y,,Y 12 !8E-,.A;,,'Nh'.S '.Sb 0N1'5 -TO
i:'uHIrON/ 1;,t/ 1 IO , 2,,,.) , N I.( O0,.2.),N Ff( 1 (,.2:) "NT.A X'(2.) ,I'{N',(28 :., 1fl.XE (6'), lIPL'S'O /f, I i81r 11'rOil/( hVY' I', (- il, 1 5 ) ,iIS G 0,110.) , Q (2'8 ,:2:), ,(1;, ,10,3 ,SPHwIt(5 ..CK<(4tj ),SON 16 + b
COt (ON/Ut//MioI (1 ., ,HL.( .I O), F IU ,IR, XL ,, NS., A K I 'J.,#OR, UI ,,iU A'b,,O A'N :StNl/5"'0UI
r:I 0AOiq/C6/-X, Yp ,A, Y, Eli, LK, EIK, ER,ANP,,IiP, N6, B UX,,iKUDE.,;MO UE,,!NBW,WiNbif ,SU N,155 1O
.f : i N ?,/ C$ ( P ,' F pt), Pt, I, H I IE, 1 P SH I 'SP H 4U .S. I 15 5 :2

C M mO N / 8/R,' I .S0D N755 3 ,
0Il11 PHI*, Xt (1O )F) .S,lN./'55,,4,u

IF (M'P.FUJ.1 ) I'i'!II = io')*I;P;i S:o(.N.755I6j L .64



LjF'fNS.FiIj.2) XP X3 - SbN755b7u
Fix XP .SbN75580

M-iM NIMAX(4S-) SON756O U

nflO-t NS) --- IiO(i,N;i) + -rPHCMPCX'"(0.,E ui5
I[ (nl.O1)'~ l i SON7_562t;

iF.(XP..EU.O0.I') W, 10 311 " SON75630
-rx YIXP SON75o40

1111, 20 N 2,7J .SN75(5!U

'7 = 31"k SON/56.60

KK 1 SON7rJ8i
1' ;IFU~1' CK; ,T,.N Ih 1; 0 *Tu- 56iSN,59

SUON 157A ii
0 PX = Px,*XPSO72(

IDi pX = ,.0 NSl7I5b/71

4f( 0t 4, 1 2-, 7 ~SUNj5-75u ;
KK K 1 (14b7I

iHK.I ~i~T )Tl~(~, 110- 3UKK,'NS) + 'IPH'I.'PIX SON757,,8u
,px = I'xry -.S (J',,A P' 7 41ll

411 D00(f.,15) - "(K, NS') S. N~'H.*fPX .UrE PXN15 810
L~~G 10-~E.i h i 910 .SOM/b,820

sl (47ti14 11
y x y/ X, .SON7iU5
P~X 1l'0/.DX S 0N 15 116 '1

Li11,1 fn M I--NS u Ni 5 fs9 oi

X A + 'S SN /591 u
:1 Ii T-.NJ M j-, 1~~ ~ i0- -SO(11459211

~641 7 = 7*A X '-s U W/5 9..
141,Rk) b NP) 94 (1

hi, WHR, 0 -,C, - 547-5950
iffill 3=-IPd- nlL~;osAi~ -,:N H~ )~ON7-59611

X4 - IJ..0. 0 14 / 5')-u
IrAl1. 0EAGF .SONi75980

XL =X-4 ZSUN 76 110l1
I~(~iP.0 ~)P ,'l:41 ili *:PI54 1:E 'SOUN1Y6,111-0

lp?1i 4PHCIT' ,S 0NV76uU21

RETP 11RAI S,0N /,6 0,4.ii
IE-N:P SU/ 05-u

TJ) WM A4 A L'. r0 I V~b I-CE'II F ,,jN7 , 1

JCLI 1) --n (Cl/ Mv i.Ol ),fCds2)) -.0 (1 ', l, 3)) RMPH1W +5A, ) C K.4-0o YS N/ W,6 4 6 0

1(1( m nll' ItLhiR Ii £OWS0I47615V
lP;X-zi ..'WIX ~S o0761, o0
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IF(XL.FJ.0.11) 13.11 10 31) S0N 7617U
TX= T/ XI. S0076180
K=1 SOM47619U1

'I'llX SONAI62011

fVill' 10 N=.,N SfO0,622 0

I f(V EQ. N rm) HFph S0Nci 617624 UW
K K3 S0 9N762II

IiPY=II*X SUN7626&U
2iPX=I'X*Xi S u N 76 27

RFT~i~'SON 628 1)

1K = 'fe SON? 629 U
flA 40 M 1,7 SON,7630i

K - F + SON/fi01q
I F -( 1.1% . I'M) RE-I IrN Sokl76?Ii

IilCp.? n ' -~2 ptHI*pX SON76-33u
40i FX =X* SON16340-

A I" - 11' SONZO J~i 5
.FNn~ SONM/5611

A V I'i'?A fIt 41. T,11) fli- b. 'S0N16370

0I'(lii I tit- I1o 11 (1Ji) SON76400
COMI+lX VIJii -hS,Ja, j,PIW,C, CZR-, PHI, PH O3EilJI',ttFSPH I S0N-76410

I DII MNSIIN SCi(t. :.)'-, SLRF,)-,Ol~)C5 O/4

Cii~ ~~~~~~~~~~~~ 11E/. f~ U ~ .I : 0 IX( ) E 3 ,A ( ) X , 2 X3 X , 4 Y , E A , N OS S OIN I64 530
rfIml4,N/qC24~A%, JaMC-I'f-ACI(),NFRE,FE(i0),NtOD,NSUR-F,LVPIC,LSSVPSONi6440

CIJMMi(IN/C4/VI It'x03)fS20)IJ(22)(Ij1,)P4I(UK1)SN6U
CLIIU'/C5~1IR('l0,NiL(]j0)O IliR,XL,NS,N14,KJ,QR,UI,UOAB,OAN SoN764701

CfIi;flt,/r6/X,Y,[i,iY,tm,K,'EKFB,ERNPIPPN,H X,,KUDE,0LE, N8WpNB SuON!6-48
SON7649U

CI)Ml~iI/L/R'.0SO IJI 650 U
I'101 (SW(-J,I)I=16)/26IIM4P OF SONIC BOX OVERLAY -Sow/6510

I261ION, WING, TAIL Ahir WAKF p SoN/6520
226ti (S') - -WING S, 0.N7 65 3U

2611 M5 - TAIL S SN 7 654 0-
'4SO (,) - WAKF SON/16550

/ 6 SONY6560
1) 'A T-PC11 ('lR F I)I i 3 18H tI hG H T kAL 11tiWING +TA'IL, / SON/6570

13id 110 (10 ,?lI 4 0 ',f0 s60 170 p80 ), IND SON7,65901

1i FI f'e-iA(11///3 -X, 4 J-1ACNAA MI SriI LVI IRANSON! C A I L~oAI)S PROGRAM SuN7662
I //37,X, 3111-11 L I rotT :Cii.4iI T 'iJNS -ANII OFMC1 TRY/] i4O//15k, 1..3HMAC;H NIJM1ERSUt47663'-'
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" 5.0 SUPERSONIC UNSTEADY AERODYFMICS'

I 5.1 Theoretical Derivati6n

Fof Mach numbers greater than 1.0, the linearized flow
equation becomes a hyperbolic differdntial- equation:

I The equation only has solutions within characteristic regions called

Mach 6ones. Linearized supersonic flow theory has led to closed-form
solutions for many types of lifting surfaces in steady flow. These

solutions are easily derived because the influence of a small perturbation
is confined to its downstream or aft Mach done. Conversely, the only
disturbances that can influence a particular point are confined to its

- upstream or foreMach cone..

Equation (5.1.1) is satisfied by a pulsating source. The
source, placed at , emaates spherical disturbances and hae: a

at (x,velocitypotential induced at (x, y, z) givn-by

II *s =  A n , ) G (kc-,>y-n, z-i) (5.1.2)

where

il
G-(X-C$ y-i, z-0) = -ex (x 9]cos[--I(5.A.3)

11~ Rr eip ]:(52-~2 (.14

2h)2 + (z l~]

k =k M 2 / (2-1) (5.1.5)

.jf - arid, A (9 rt, ) = source strength

Thi S type of disturbancehas no influen6e outside the down-
stream Mach cone and is discontinuous at the point (t, n, t). To provide
the necessary antisymmetry of disturbances associated with liting

surfaces, we place a pair of sources, on either side of the z = 0 plane and
require the lower source strength tobe equal in magnitude but opposite
in sense to the upper source strength.
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A:.: r .' is source superposition technique to the wing,
wake -a-:. conroi surface, rhe ,entire z ,= 0 plane is covered above
and below with source sheets. The strength of the pposing sheets are
equal in magnitude but opposite in 'sense; A(E, n, 0 ) -Ao, n, 0-).
The.,strength distribution has been shown by Garrick and Rubinow (Reference
8) to be equal everywhere to the lotal downwash. Using this condition,
we have

+ +
A Q, n o=w (o, i, a) (3..6)

The velocity potential at (x, Y, 0+) can be written as

L 4 =! w(t, n) G (x - E, y - n) ddn(

The range of integration extends over the, retion containevd
L in the fore Mach cone of the, point.

In the wake region -between the wing and control surface, the
downwash must be determined to satisfy the continuous piessure condition.
This is the same relationship given by Equation (4.1.7) in the transonic
unsteady aerodynamics discussion.. Substituting Equation (5.1.7) ii the
wake condition gives

fjw ( , r) G (x - E, - r) d~dn [w-ik w(5.

This relationship which requires knowledge of the upstream down-
wash within the fore Mach cone to solve -or the local downwash.

The preceding discussion applies only to lifting surfaces
with supersonic leading edges. When the leading edges are supersonic,
the fluid fiow over the top and bottom of the lifting surfaces are
completely isolated from one another. To treat the problem ,6f subsonic
leading edges, the concept of a diaphragm of unkfiown d6wnwash is added to
the planform. The diaphragm region is between the Mach envelope and
subsonic edge. The diaphragm downwash is found by applyifig the condition
of zero pressure:

L 0 ffw n) G (x - 9, y - n) ddn (5.1.9)

The downwash of the diaphragm creates an additional con-
tribution to the pressure profile over the planform.

70



1-7

Figl- J. Mac o Ovela PM atter

171

-- -i ----- ---- ---- ---- ----



The velocitypotential distribution isfound by the so
called Mach box method. The wing, control surface, wake and diaphragm
regions are cover6d with a grid of rectngnRul boxes of length A. The
width of the boxes is set equal tos ./ -l thus making the-box diagonals
parallel to the Mach lines. The source strength (downwash) is 'assumed
constant over each box and equal to the value at the box center. A
typical Mach box overlay is shown in Figure (5.1.1).

From the conditions.imposed on the pifiform, the d&4nwash
can be numerically evaluated for the diaphragm and wake boxes and ,the
velocity potential profile can be established for any deformation mode.

I The pressure can then be calculated from Equation 4.1.8 and generalized
forces can be evaluated with Equation 2.0.1.
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.2 PROG , DESCRIPTION

The Supersonic Unsteady Aerdynaniics Program calculates generalized
- foices for up to 10 deformtion -mbdis'. The computer solution is. based

upon theMach box technique. The various configurations whiph can be
analyzed are shown in Figure 5.2.1 and Table 5.2.1. The analysis includes
interaction effect between tandem surfaces and wake effects on the trailing
surface. Single surfaces.may be analyzed by inputing a second surface, with
a zero chordlength.

t The supersonic Mach box' method- uses source superposition method to
approximate the- aerodynnic forces on an oscillating thin planar surface.
The diaphragm concept was employed to handle subsonic leading edges and
gaps between the aerodynamic surfaces. For ,purposes of calculating pres-
suiesi it was assumed that th- source strength -over the area of each box
is a' constant value which, satisfies the condition, of tangential flow at
the center of the bok. The Mach box procedure is basically the same as

ithe method of Pines, et al, Reference II, differing -only in that the surface
ahdi diaphragm is overlaid with a grid of rectangular boxes, the diagonals of
which are parallel to Mach lines. As in ,the subsonic and transonic cases, the,
btenfiil iq~iation is written as an integral equation (this time relating the

downiash to the source strengths) and approximated by a matrix -equation. The
numerical difficulties, are pkimarily ones of compu'ier logic since the zones of

influence of a givni. Mach, box is limited to the region within the aft Mach
lines. The matrix formulation- leads to a partitioned form since -t1ere are two
boundary conditions to be matched. The first boundary condition is the downwash
on- the surface, and the seco d is that there be no pressure difference off of
the surface, in, the diaphragf -regions The zero pressure conditions -leads to-a relatonship betweef the diaphragm potentials and the,surface pbtentials,
and the surface downwash condition then leads to the surface potentials.
The surface pressures then follow from the surface potentials.

The solution for the generalized a erodynami6 forces requires the input
of the deformation modes due to vibration. The program considers the modes
to-be expressed as analytic functions of the form:

(x, y) 0 C(n-m), mX y

To meet this requirement only the coefficients "c" are required as input
into the program. These coefficients can be obtained in several wayi,
the most "common way, is to sdrface lfit the modes by the least-square
technique.
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C-5

-Ll r'AsLI' 5.2.1- O0I I,A C.OEJRGUI OIN

SPAhVISE

-CONIFYGURATIONi COORDINATE;, -COORDINATE

x(i) A 0.0 YU) = o.o

"U -x(2) = ( .0

-",T-AU'AR 7i(3) >'0° Y(3) > 0.0

- _)~i(3)
0x5) ?: (4)

i•i) = p x( 0 Y(.) = 0.0 J,

x(2) > (.0 Y(2) = 0.0

Dl' T ,A X(3) = X(2) Y(3) > 0.0
x(4) X(3),

I a

x(5) (4)

y a=o: -i: iX( ' 0.0' Y(I)- 0. 0,
-X(2) > -0.0 Y(2) > 0,.0

TRAPEZOIDAL X(3) = x(2) Y(3) > Y(2)

" XQ,,I) -> X(3) :

LiX(5) x(4),
x() 9 0.0 (a)= 0.0
X(2) 0. 0ooY(2) > 0.0

TRAPEZOIDAL (CROPPE) x(3) X( Y(3) > y(2)

x(f) x(3)

i•0. - 0.0

DELA (CiOPkED) X(3 > x() Y(3)> Y(2)

IT 'x(4). X(3)

w 1:
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f 5.3 INPUT II'STRUCTIONS

Instructions for preparing input data for the supersouic- eoputer

program are presented 'here. The field location and format for each ,quap.tity

is specified. Any set of Units may 'e-used for geometric Aimensions .and acoustic

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

the acoustic velocity must have dimensions of ipchez per second. 'The required
data and the sequence in -.which the &fo-rmati6n is entered is as fclolw6s.
1. Streauise Coordinates (6E12.5.-fOd iat)

Column 1-2 13-24 25-36 '37-48 -49-60 1 61-72.,

Name X(l) . X(2) X(3) X(4) 'X(5) .[]

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

(1) X(l) Wing root leading edge coordinate (see Figure 53.1)-
(2) 'X(-2) Wing tip leading edge coordinate
-(3) X(3) Wing trailifig edge coordinate
(4) X(4) Control surface leading edge coordinate
(5) X(5) Control' surface trailing edge -coordinate

A single surface, the wing, may be analyzed by setting (4) and X(5)'
equal to .X(3). The various configurations are.,generated as shown in
Table ,5.2 . The origin for the planform .and- AiC station coordiiates
rnust be-.at the leading edge xoot of the -win g, therefore X(l) and -Y,(I)

' ' described-below, must al~iays be zero.

* 2. Spanwise Coordinates aiid -Acousti& Velocity (6E12.5 fonnat)

Columnl 1-12 13"24 25-36 .37-48 49-60 61-72>

. Name Y(1)- Y2)_ Y (3) S ,OUN RH

Item ) (2) (3)4 (

.(l) Y(1) Wing root spanwise coordinate
(2) Y(2) Wing leading edge spinwise coordinate
(3) Y(3) Wing (and control surface)-tip spanwise icoordinate
(4) SOUND Speed of sound at aititude-for which analysis is.:performed
(5) RHO Density of fluid * 1000.0 ( ./L 3 )
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F 3'., General informatiqrc'(6112 forfat)

Column I1-12, 13r24 -25-36& 37-48 '49-60-~ 61-721
Name NMACP. NFREQ NMODES NBW I LYPIC -LSSVP

Item 2)- (31 -.(4) (5). (6)

- (1) NMACH Number of Mach numbeis (max 6)
(2) NFREQ Number of input frequencies (max 10)
(3) NMODES Number of input modes (max 10)
(4) NBW Number of chordwise wing boxes (max 10)
(5) 'LVPIC Print velocity potential influence coefficients; 0-JNo, i -'Yeso

-(6) LSSVP Print upwashes; 0 ;-a No, l -Yes

4. Mach Numbers (6E12.5 format)

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

Name FMACH'(I) 'FMACH(2) FMACH(3) -'FMACH(4) FMACH(5) 1FMAC(6)
I Item () (2) 4(3 5 6

(1) FMACH(i) Mach numbers for which, the gnalysis is to be performed,

S"5. Frequency-(6E12.5 format)

Column 1L12 13-;24" 25-36 37-48 49-60. 61-72
Name ,FREQ(1) FREQ(2) FREQ(3) FREQ(4) I FREQ(5) 'FREQ(6)

[ Item

(1) FREQ Frequencies for' which the analyisis is, to be performed.
Continue on next card for FREQ()> 6

L 6. Deformation-Modes. Repeat the following Cards NkODES Times

(6112), Format.
Column 1-12 13-24 25-36 37-48 49-.60. 61-72

Name 1ND1I(i)j'' NFI .....

Item (2)

(1) N~IN(i) Number of deformation mode coefficients for the wing, mode i
(2) NFI Compute generalize forces; 0,,'No, l-'Yes -

If NFI = 0, the program will compute the VPIC's aidi stop,

LL
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(6El2. 5) Format
Column r4- 2 13424 .25-36 .ff37-48: 49-60 . 61-72

Name I 0(1) CO(2) " COQ(3) CO (4) 1 0(5) CO (6)

iiItem (1): _2) (3 4 56

(1) 00(i) i 1 . NTMl deformaeion polynomial coefficients to be inpuII in, the following order: 0,0; 1,0; 0,i ; 2,0; 1,1; 0,2 ; 3,0;
where t he first- integer is the power Of x and the -second" is
the power of y. Continue on successivi card until-all poly-

Snomial coefficients ate input.

(6112)-.Fornat
Column 13-24, 25-36 37-48 .49-60 "61-72.,

Name TMi -NFI-

item (1) (2)

-(l) _NTk2(i) 'Number of deformatibn mode. coefficients-fbr the control
surface, mode: (i)

(2) NFi _Compute generalized forces; O.,,No; l...Yes. If NFI = 0,
the program will c6mpute the VPIC's and stop.

_(6t12/5) Format
Column 1-12 13-24"1 25-36 37-48 4 49-60 61,-72

Name- ZO C(1) ,. COW2 I C0(6) CO(4) GO C5) I 0(6),
Item (1) (2) (3) (4) (5) -(6)

CO(i) i - 1, NTM deformation polynomial c6efficiehits to be input
in the following oider; 0,0; 1,0; 0,1; 2,0; 1,1; 0,2; 3,0;
etc. where the first integer is the power of "x, and the
second is the power of "y". Continue on successive cards
until all polynomial c6efficients are input.
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5.4 SAMPLE PROBLEM

i The generalized forces are calculated for the configuration beldw.,
The flight parameters and, pertinent ,input data are on the first page of
the computer print out.

The coefficients of the deformation modes for the forward surface
are shown on the third page of the computer print ,out, and for the aft
surface on the fifth page ,of the computer jrint out.
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F 5. PoROGRAM LISTING

$ F01AtI ULl,T!i')i~t 'SUP/U2 ul

COPUYE CLF: n, VP I:SSP I),U, HI, SPHA.,PH1,#P1TE, OPHI.FXFSU/l4
CIJtMON/Ci/K,-nfl_ C?0 u ), XF (5)s' YE( ~j)X X2,-X3ajX4eY1TipY2, BETA.,NO~S SUP7U25U:
rI4~ilN/2/A, 1Af. "ACH (), WFRQiFRE& U(11), NMUDESNSUOF, LY01, LSSVPSUPi260
CVI4M'(4/C3/CF (1,11.2d.2 ),N1 (10,2),NvF(I;,2),NTMAXA2),PXr(2S)',fM(28) SUU'1027U
trlH~j/4/V~I,( 275'),SS(200UhDrU(28,2),,U(10,1lU6)sPIW(bS)iSPl' SUP/5.05u

CUt4LflDtUC6/X, Y, IlX, iY.fM,EK,FKIR,FKR,tP.lP,IBNBUX,KODEMOiENWNtff- S U P t03,11U

1 CAI 1. alAIN ~
bil 111,011 lMACo.* I A MACII StUP,/ i4il
Ft.IMACHA MAI 11 ' utp/ 11, 6U
IF ow-L1I1 a In '1000 SLhP/1'.i6-
CAIl IC u lp 0. 1

I'h't'Ru Th 1% P/AlS81

vFl I RsiUt ICR)IsP'U S~P 3 vI it
t= SliM §P/U4i'45

Il'l~~~~~s' PAl /i)i~ 0 N 1OFS'Pfl

fluif' Yoh , 5rt0.ill 4

I- KUP 1116U*Hi

A i Y0 1'11R 11 SU706u
I)1 1() MP IllC -NF - up/ 1 1 P )IIU /4 1

MPI= ri _SIP / 11 !61Ij

nil lb ~li~'Si UP /70 b 70t
Pit A J -I1 C ZF z SUPY 053 0
IF ( jP.P , )'I' Pt. i ) O T-2 0S P/1154 9'

SF' .- I 5 *l; _'Itp SU /' 655
N H iCZF(1 SUP/U156

GO F ) 51)SP-N -0)-A.. Pjl, S Ui P10 5 760
n tS U P 7.11578 U

(il l~ ll( s0 911 SIP?/i1196
SUP, Ii 0 6[ - - -- 8

_ _ _ 0 ( 1-6-, 1, 1 ln,7 , 0) K s p/06 '

___=0____0- .- - 0 --



I.FI'KD U16,) SScu8(fH. SS,(Ni3)--ARLK-TOB1* (S S NH)+S P 11 VPV1C /.DY-) SOiP70a811u
IRKOA0.ULh.6-) G~i 10 '90 :SUP 7 0 82,011 OViA.fsoH I,+SS (Nit )4 Pi C'*JJY SuPJ4JI/03 0
I -F( i (;5)" 'pH4 fM RJ P 14:1F ?I04

- 1'(NPE~~fIi-dJ HjbI(HmP)=P.HJ !s" 70135,0,

tJA I'LEr.NII 
SH1H(~-P~kH)iI~5 071I86:0)

91A I'F(TSSVP.,NE0)- CALL PsiUI(4-)-P018
N N NB +'1

- 1() XOJE ~SUP/090II1Ij lull -y YT)Y -S tNS:7,1091,1
2un X= X+ 11S u P 7 09.2"o

Nf MH=N-I&m 0, N4 :S U P 0 06 (I

3 0( 0 (MODFJ, Mo,NS!=(J4IDj-., MO'*NS)+0;'t O, NDNS )*DO(.N~tIS) 6U7J1f
fl 0(MIJIF,1103) CZ.-:RVi -gLJ07119'

5110 CQ-I)WIN II F. SUP/$uln'.1
VF SUR3XfYvE- £.P111?II

0 i'1( kThl) NSIi SUP 71(10

flO OU Ii,~Mi1WSDP71116'0
OH 'd *'feA, 'if a, jf'SV' S P/1,07;u

OAPSI1;JR1 (Li] *0) 1-+'iRVJJP,)' SLP ?it ev

Q.A N=~97*AK~(I.~ 711P/-i

Xi.,' C1.AI:L PO!I.t(,7) 5hRl.

TFUJ-SiJRFd.-Q.1,) ',0 Twi 900 .iP/13i

9I Ott) CON VIV14UE S P7 i 4 lJ

10 11l -C 01I'N I IF 'SUP7Ii-5D.
~j 1111 .cwr:NIJ S P _711 6 ii
H G0~ 0 -1 S(Wil70

~Er411 UP7,1 i6
-FfIRTRAN N I- .Ti iI I ,.C 

I

1 tJCOIIE I 51P720

U SA1I fU'vN nA-IN P7

M H 0 .! 4MACr 9Vmk T ~RF~AQT D1 SU9,LVPIC LSSV P S U P,124I1
SI'P71250

C 0N C8I I S P 71276

-READk~i (XV( I )-, 1,-5),* H S(IP.71296,

RHfl- RJ/1'J1101Ii., SUP/11-O~t)

R EJ' (5j 11) (TFHF .1 (;1, I11 , N f RE 0) .SUlP7133
NSIIfPF--'P supiP7 1

Y F1 (A) F C3 SUP1J60

xEYF x(3) SP75U-
1-0 -1,4 A' 11 0,SU P 7 3j 8 0

K-T14AX 2-;0 .SU P 7 1
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'DO 30M-J= ,;,D-S P 1 1jno lin )It iN"IiI1F SUP71421;
DO 20 J=1,21: SUJP71430

2n0 (1 F . 1 )11. JSUP7i44U.
RFI-AI1 , i12) 1 t. NF I SLIP,714 5 i
N1(tlOhIE,,I-), I'm SUP71I46i

NFMO1AF,611.FlI SbP715flu

1- F11R KA T ( (6141 SUP7151:0
RETURN SbUP7152 ii
ENO -S UP7-153 0

J INUiJdlF I Rt-F SUP7004u
CCCSCONS S UP 10050L

H~Ln(hK OATA S~IP7flr6iJ
COMP'LEX (;Ej)Vli.Sf~,Pi ,PIH-1P.,LUH SL'P7007,u
CHMMON/J/Co(11,2ts, 2 jNT (tfl,2 ) NF (10, 2)NTMAX(2), PXY (28,FN(28) -CAUPi7itJSI

t.cO1*ON/C;4/VI' 11:( 1275 ), SS(2000 ) bij(28-.2Y, U(10 pl10 , PHI W(5'0,),SPHI' -Sup/5u5u
COMMON/1:5/MtORfS ),NHL (50),KG(50Y, KL (2b ) I3SL(2i1)DxE (7 ),].p,u SUP7OID0i

0111 (1 ~ / 8/R' o SUP70120
1flATi KC/il1,4.7,lL,16,22,29,37,46,56,67,79,9216,12,7,154,72,S-j713i

1 t94,211, 2J2,2)4,2I/7,3ul,326,352,379,407,436,466,497,'529,562,5-6, SUP701I40
2641 , 66,,7114,.7-p, 7i~i', 8I, 862,904, 47,991, 106, 012,1129 ,177,1Z26t, SUP/ 150

4 Su 7,j/,PJ.8153,ZR/LUU.) 51 017 0

1 19,20,21,3/ SUP70,31u;
r ND SIJP702-60

Ffiol-TRA N1R'Tt~jF t SUP 715410

L ric F CUDE S00715~6-0
.Silli!OT IE !:I~FSUP71570

COMi'liEX CLE'i PIS ,Dfl,:!PHIWSPHI *PHI1,PIIITL, UOHI SUP7 18fl,I-CtO1mMN/Cl/K1 flKU.'OuU),XF,(5hYE(3),AR(3)AlX2,X3,-X4,Y,Y2,3ETA,NOiS SUP/159,8
CO~mmfN/C2/A"., lMC,sFAC(6,NFRO,FEL(10),NMO~t,NSURF,L.VP!C,LSSVPSUP7160hJ

CIIH0'.i4/C6/X. Y IoY,F.M,FK,EIBEKR,NP,1'P,N1,NBUX,KUDE;'MOUE,'NW,N~iT SUJp 7j (4J)
cLJMI11/ C7 /C.--o I , P I'lE , P HX L 4S K T M 'KJ pU ROI AWeU A N I F RI WL. S D P 6 5 (1L o 14 k .(1iN/f c b/ R I ! SuP?166 if

SOHA= UT(( M *F1M)-l.0) SUP71i67 u
X1 XF(3) - oXF(1 )SUP74608tJL X2 = XFE,3 ) - xr(2 S11P716911
X.3 =X E( 4) XF(1) 'SUP?~ 17 0 0
Y4 =XF (5) XF(4 ) SUP7471u

x= XE(5) f- XUI ' SIjP7- 172 IF
y = YF(2) -YF(i) SIip71J3 0
Y 2 = YF! 3) -Y I, S UP/t174 0
I F(X2 .G1 -X. (W. Al. G I.X3 .O.X36OR5. 4A?. L f b 0 GW TO 50. S110/1750
1FW 0 GT.Y2.bl.YHt.LI.0.O) GO TO 50 SUP /1711
TWI = 0.10 S t)Pl7170
F ( y?2. N L-y 1 T41 = (XI - X2) 0 12 -w Y1) SUP /178 U

ARMI = (f?* (x2+,Xi ) - Y-1 (X2-.Xl) ): .SUpP/1790
L &fU2) = Y?*',4%2.0 S uP,,71 I f0

AlUJ) - AP~i) + AKM2 S U P11 U
Ii DX XI/(ILo AUl iRW) -0.5) SUpP371 812 u



IF (50.0 i ix ;,GT. ;i5) GO TO 2-0,. - SQ.P7iQ3b

15 TO B J l I10 
SUP7184J

GOTO 10SUP7185U
90 Dy fX/13ETA SU071860

-- - YNI Y1jjv -SUP7187i

YN2 Y2/13Y SUP71860
XNI. =YN2 - (X1I-X2,) / D X SU!27189 0
XNT Y?2 + X*/i)X S107-1900
XNLI, = X3/DX SPIt
XNrF~X5/DX 4 

SUP71910

tNROX-XNTE+0.5 
StP 7-1932

wLSY2D +30IJP7,194t1
V NT X411)X *0r.5 SUP7195Ud
(JXF(1) = 1.SUP 1196 U

BXF~~ = .'~SIJP71970
flXF(c3) = 1.5 SUP7198o
IIC) X A AlOIVI(LE 1. 5) XNL: 'SIe71:99 u

f' flF(6) i..'Slp72dii

0XF(7) 0 - S UP-72 0 2 0
x =0.5 *DX SUPhl.36
NR 0 SUP;?? 64 ii
1)0 40 Nil = I.NBtX SV,
XN = FLLQA(r-.P) ;-05 S1JP12100
YW = 'YN2 -SUP72q7-0
IF tTWL .(;I. 0I-d) Y.NAMIN1(YWYN +Xh/(ThL, /-FTA)) SUPO'2080
IF(X.WT.kF()) 1;nj To 24- SUP72tb9a
1413I = M I N1A1LAtA-X1 (Yw.-X4+YN1)XNt-XN) +1 SUP.2100
Gfs) '10 78 -SUP7211 0

2A4 !01 M1N1(AhiAX1 (Xf4L+kN,.Xh1-Yh1), X-T-XN) +1 SUP72120
28j N40RVNP-)=M SUjP7213u

KOPF =ISUP/214UVTIF (NP3 .EU. W(ill) KODE =3U1P72150
IF (NSIJRF F.1-J.) 40 To 2-9 SUP72L6u
fF 'CX 0"J. )(1) '(OIE =6 SUPZ2170
LF (X .GT. )'3 )KODE =4 SUP7-2180
'IF (X .6,T-. X3+I)X) KODE=2 SUP72190'

jIF (NP- .Ei. NROX) KOJJE =5 StUP 7?ZO (I
29 fNR8.M 00 GO TO '15 P121)

~BI(NP) N. SUP222J
DOi 30 1 MR SUP7?231
YN = ftP-i -S UP72240
NI 13, = N 8 +- t. SUP)7250

UIF A(YN .G-T. Yw) K'iDE =7- SUP/2260
i,) KfJ0X9 (NJil -KOuE SiUP 72270
4B X YIfDX S UP72281

RETuoRN SIJP72 qtu
5 W~ C AlH F-X IT Slip/2311 ti

R ETURN S1JP723111
p '~ fl'SiJp M 2 iI

5, E(WTRAN 14L-STIJ 0 :CK SUP72330
I MCOII I R!,F S1,1P02340

CC ICAF I SUP72350l
SIJROITINE (.AFI S UP72361i
COMPLEX, CZEVO,VP IG,SS,flPQ, WPHIW, SPHI ,PHI ,PHI1It, rJPHI. SUP/23708

SDIMNSIIJN P(5),..Wi)- StUP 72380.
cnMION/C4/VPIC(1??15'),SS3(,2l0O ),D((28;2),U(lo0,1u1,,,5)Phlw(5a),SPHI SUP7h551
CO)MMON/u5/M(,R(511I),,NL(511,Kc(50),KL(?e),HSL. ( ?),DXE(7),IP1,U SUP7240U
;,0JNC/XYIX YMMEBERI,4,8 ~ji01,dENWNf SUP7,2410
c 0MON/C7/C7looPiiI,P-I FE,iDPHI,XL,NSdPTM,K,J'DoR,Oi,QABLAN, IFR,1IWLSUP724?O
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COMON/C,8/RhO S LiP.72430
DnATA P/0:953f8992,0769234650,5,0.2306535,1., 4691808/ SUP72446

PI TPI/2.I' Si1P72460

ff(I-KH.6T.0.1) GO TO 10 SUP72479

~~ i VPC=(-.'00.'i - UP72480

'ARGO EK84P(F)/240. 'SUP72520
F = -(0.5*Alil/El *1'2 SUJP72530S= '1.0 SUJP72540U
F1 1..n _SIP7255
AE = 1.,0 SUoy725isD
no0 151 = 1,20 SUP/2570

CTAE =AF * F/FI*'2 SUP 72566
if! F! + 1.90 *SUP72596

IV(ABS(AE).1FE.1.E-5) 6,Q TO 20 SP20
15 74J 4 . ~SUP72600

L 2i V'gIZ -VPIC - 7J.,(I l)*CtiPLX(iCOS(ARG),-SIN(ARG)) SUP72h2b
3Al -Do 8'0 NP =?,NB'IX S0J7 2630

K! = KrI(NP) SUP7260J

4cVPlC'(Kz) = CIFR~O SUP7267U
I1 = ,A SIIP7269cL FLOAI(jN;*) - 0.5 .+-P(I) 107t

ARO = EY131X SUiP/ 2711I
RHI = W(l;)*,:MPLX-CtS(ARG)PSIN(ARG)')*2.0/P I SIJP/272(
CAIl i ISIS'(AkG/F-q~) SUP7273t
K =,KC(tlP) SIP7274t
1 no 7 0 M1 -i~ I . N I SIJP7Z751

-F-O- =(FLO104) - 1.11/X'SUP7,2761
C = S0Rf(1.fl EOX**2-) SUP7277'
AF =2.0*ATA'N(F.X/(i.0 + C')) SuiP7276)
S = 2.0*FAx*C, SIP72,791
C = 2.O*GC - 1.0 S11137-28 0
so = 0.0 S6P72BgI'
V yIN '= BSLAf SIJP7282,i
F 1.0 SU P7 2 83*
FI 1.0 SUP7284

-DO 5'0 L =1PN SUP1/285.
v1'=BSL(L+I1A*S/f'1 VIAN SiP 7286

SN 2.0*S*C - SO SUP7287i
SO =S S1JP7288iCLS SN SUP7289i
F= -F SUP729b,

50 17 = Fl 4- 1.fl S6P7291
DPHI = PHL*VIN*F SUP7292i[VPIC(K) =VPJC;(K) + OPHISP79
VPIC(K+1.) =V13JC'(K*IJ - DPHI SP19
jF.(NMP.EU.1) VPIC(K) =VPIC(K) + DPHI SUP 7295L70 K =K + I S UP72 9i

8 0 VPTC(K) =1 VPIGM(K tPV*RSL*PH1I/2.fi SUIPY 29
RE 1.1 RN SUP729b
'F N W1 SU072§NFflRTRAN N[:.'ilt, DECK UP36

M; SL 58 S . sSO P 73 02
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SIIRI:OIT INE F;SLS (AUtG, N) 'SIP7303U

DO I 1r2C1SU0 7304i

1 8Sf (I)I.- .9SUP73070-
iSQ = A.*2 SU0P3080
iF(ASU.LT.O.0l) 'GO 70 50 SUP73O9),
N- HIN1(1,7.l,(ARG' 46-1.0)) SUP713100

N - SUOI311lo
BSI (N+2) *(F-l 0 )/ASO'- (F-1. 0 )/F) *0.3E-30 SJ71I

0 SUP73140

-~ I. + I SUP7317IJ

10 Sf. (M)=(4.0,1(F- .1i/AS-.DF1.0 F2 )8L(+)BIM2/ U7'8
1, PF 851*()2Ij)BLM SUP73i9t

r o 0.,o SUP73210Ii? F(ABSIPF).C.T.1.0) F =AIS(PF)ml.E-10 SUP73220
N N +2 -SUP73?30 -
l .30 1,N SUP7324.
I F(F.G E-.ARS(BS 1-1)Y) G' TO 0 SUP7,.3250
851L(I) = 13SI (J-/P SUP73260
no iO,,30 S0P7327 0

2-0 851(1)- = 0i.6 SUP7328-U
30 GONTMNE SUP73290-

DO 40 1 1-,N SUP73300
IF(AAS(RSL(N)).i;T-.AI P-7)- REJUIRN SUP73310

40' ]N' SIJP7332 t
'4FT1IN .SUP/333

5 0 SV(21 =,-0.It5AS3 SUP7334'0U BsI( = d uUiiL2 SUP73350"

-NCO 2 B' SUP7ZI360

CLEND RL S UP734 4

CARLE IO ARLF(T B SUP7.34210

CfMiON/Cl/KtOX(200Jf),F(5),YE(3),AR(3),Xl,X2,X3,.X4,Yl,Y2,,BTA,N3S SUP7343J
COH1OI/C6/X,Y,DX, Yilh.KKE ,PV,1,BXOEMUB, SUP-7344)

CIIHMN/CB/RHO UOJ.450
IF(X'-0.5*IX.GE.X1-X2) 06 TO 10 sup7.3460

UYt (Y -Yi) I-Z.Y+0,. 5- (X/)X- 0. 5)/TUB SUPY3476
XII Y,1*TOB SUJP734~8dU, AMA-X1 CQ.fl,IAM1N1I(1,.0YT-1. 0/ TUB) S 11P 73 4 9 0

YJ A MMN1 0t~,M1 AA X 3 C00 Y T) Suirs tjf - )
X L AkAX1 (11 .0'i.AV;N1 0 0.O,XR-TOB,) Sup, ;st
XII AM IN1 ti, X(0. 0, XR)) SUPI-3520[IARIF A M A ,, *(XR+X )Y*X-L)OO SUP73530
IF(MP.Ef.1,) ARLE '.0*ARLE St,'P/3540
-RETURN -SUP73550

10 _RF=AI.('0AA~~~l..(-2/YO!) S1JP73!i60,
RET U R'4 SUP73570
FNI- -SIuP. 4580a
Ffli:T'1A.a NL:T-IfJ. DfHIK SU073590

I'W~OIF i r- SUP73601J
LF i r,~ f' 'SuP761i

StiikOlI1 I Nh. vI: I II S UP71362 U
-- - 93
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COMPLEX CZEha,VPI(;,SS,'DQ,Q,PHIW,SPHI,PHI,PH1TEDPHI SIJP73630r rmON4/C4/VI-ICC12*/5),SS(200),DQ28,2)',QOC19 3)iPHmlwf5,-SpH! SUP75050
[CIMHON/C$/MURB(5t),NHLC50),KCC5-)-,kL(28,),BSLC29)sDXEt7),TPI,'U SUP7365b

CQIMON/C6/X,Y,DX,OY,EM,EK,EI BEKR,NPMPN8,-NBOX,kODEKODEPNBW,NBT SUP7366i
COMMON/C7/C-ERO,PHI,PHJTE,DPHI,XL,NSNTN,KJ,QR,QlIAB,QANIFR,TWLSUP73670<FCPMIION/CB/RHO SUp160
DO0 2n 1=2,NP SUP13690
N U= N p-. i * SUPY370O
JL~IjAXO Cl, 0-,1 1) SUP73 71J

JR=M I1NO (kOB (NU), mp+Il-1)- SUP73720
N(d=NBLC(NU) +J. ~SU07373 U
DO 20 J=JL,JR SUP/3740
K=KC(I)+IABS(MP-J) tbSp73750
DPHI=VP1C(K) SUP73760
IF (J.GT.--tPt-l.OR.J.EQ.I) GO TO 10 -SUP73776

1.K=KC( I)+IIP.J-21 SUP/3780
fPHI=0PHI+VP1C(K) -SIP73790

.10 SPH I SPII+'DPHIF*SS (NJ) $bP738IJF20: NJ=NJ+1 svP/3aio
RkTURN tu07-382U

END SUP73830t $ FORTRAN NLSTULC suP/I384 0
I IC D'E f)(-FSUP?3'8511

1CDQOO JFr p5u IP73860

SUBROUTINE JJ-IJI SUP73870
fCOM.'LEX' CZEh'0,VPIC,S'S, P(,,J,PHIW,SPHI,PHI,PHITE,DPi4I SUP73880
1. COMM-ON/Ci/Ki (b (20110),X,(5)YE(3),AR(3),X1,X2,X3DX'4,Y1,Y2,BETA,NS S1P73890

CfltjmOflC3/C(t0,28,2),kN1 (10,2),NF(ij:,2),NTNIAX(2,),PXYC 28),FNC28) Suip73900
C0MHiON/C4/VP!C( 1215)-,SS(2000),flU(28,2)',O(10,lIj,jI),PHIW(50),SPHI SLIP75LJ5u
-Cf 4MON/C5/MisH(5J),NiL(5),KC(50),KL(28),BSLC 20),-DXE('sYTPIU SUP7-392u

LCOMM)ON/C6/X,Y','DX,IJY,EM',FiK,EIKB,KR,NP,PPN,N8X,KODE,MODE,NBW,N8T SUP7393J

C OM t' ON/C8/Rl' f S UP739-59

NTM =PNMAu(S)~ S UR739,

Lo = li.IiXF(i'.iIWi:) SUP73990

1111 ?0f K1l,NIM SUP7400I0I
K K = r[(K) .St1P7401 U

211 f(J(K,NS) = I 1(K,tWh) + DPI*CON,*LMPLX(PXY(,XK)*FN(K--,-FK*PXY(K~j) SUP74020
V F(K)F.NE.A) Sol 10'5d S11PJ4U30

110 30 K 1,44'TM- SUP7464J
3o Rn0D(Ko1) D1] (K,1,) -tI*DPHI*PXYK)/'JX SUP7,4(50

~A Rfl FK4*(X.i - Xl) SUIP7 4060
OPHI -D)PHI'*CM?LA(COS(ARG),-SIN(ARG) y SitP7.407ti
xL 0.1)- SUP74080'I CALl. UEGE SUP74090

- 50 TF(,KOD)E.NE.5) RETUJRN SUP74100
XL X4 SUPT4110
TF(MP,.E(J.1)PH3TE = I.5*PHITE SUP741?0; L1)FHlI = IPHITF SiJP?74131

CALL1. OEGE SUP74i40
RETURN 'SUP74150
END' SIJP74160

$ INCOIJE IBMF SUP74186

SLJRROIITINE UJ(EE SUP7420(L-
COMPLEX CZERO, VPh.,SSD--J.iWSPHIPH, PHITE, OPHi SUP742io

tCOMMON/4/VPIC,(L?5)S(00:D(82)01,0,)-HW50*SHI SP5
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*COKION/C5/HOR(50 ,HBL(5O),KCC5O'),KL(28)BSL2)DX(7)'ltPlU §0J7423'0
COHm"N/C6/X,-Y'X, Y,,E,E,EK8,EKRNPNP,t4DNBOXdKODEHODEsNBW,NBT SUP7424i,
COMN/C7/C2ERO,PIJ,PHITE,DPIXL,'SNT'IK;JQR',QIOBAN, IFRJWLSUP74 25O
COMMON/C8100 S1JP7426W'
PX=.OI-DX -SUP7427-6IIF(tXL.EO0fl.0) GO 40 30 SUP14286f X-Y/XL SUP,742,90

SUP7430'U,
to) 210 N=1,'7 SUP7431U

PY=PXSUP7432Q
DO I'0 10=1,N SUP74330
BlOCI,-2). = Dt)'(i,2) -0J*DPHIiPY SUP4340
IF(K< EQ NTMj HErUI(N -SIP7435U,

K=K41 SiPi4P560
109 -ppy-*Yx - SUP74376'
2n P0X=PXiXL SUP374380-

RI:TIIR4 SbUP14391
Ji -K=O SUP 744 0-IJ

0040 Nil7~ SUP7/441 0
K=K+N SUP744211

I r(K.GT. 11TM). [U~ERuN SU P7 44311
i1U(N!2)' = l'K~)-LI*IPHI*P X 5JP744411

Arl PxxiySUP 7445 0

-- E ND S P7447j - FRETRN- SU7446
I INCOBE IB'F S U P74-4 9V

CWASP * WAStH "S UP74 5 0 0
4 S1URROUTINE W~ASH SP41

COMPLEX G 6 Z )Q0P V 1,P H ITE, VPH 1 SUP74521
Ct)MN/Cl/We 0 X (2 OOD X, KE()-Y E (3,A R(3 ),-X*X 2 iX3 kX4, Y1, Y2, BEJA, NO SUP74534
C O N/ C3 /C 1'1 (, 2 ts,?)N 10 , 2) N F(102),N T MAX()P X Y,(28.Fk C2 8) tuP7-454o*
CWHO N /G4 / V F-I 127 5), S S(20O10, D U(Q28, 2),(10 , 10 -.3)PIIW(US6-) ,SP HI SUP75050'
C Om mO0Ni'G5 / M1) R(5 0)l0L i5 )K C(5 0Y, K L( 2 8)3S L (2O0).,DXE( 7 ),T!l, U SUP7456d

CUM0NC6/,YDXuY,E'm,EK,EKBCKR,NP,14P,NBNBOXK0DE,MODE,NkBWNBT SUP170 -
COMMON/C7-1CERO',P'i,PITE,DPHI,XL,NS,NTM,KDJQR,01(JA,,QANIFR',TWLSU,74511
GOMHON/C8/Rh0t SUP74590

XP X 51JP74609
IF(NS. 'F0.2) XP X -X3 SUiP74610'
PXY = 1.0 SUP7462U'J
D0t 10 N =2,28 & SJT7A6 3 0"

10i PXY('N') =0.0- -SUJP 7 4,64l
tk=NTHAXihS) SUP74650W

11) = 80RT(2.fI*T'M) - 0.5 ~SUP746601
TF(1D;E0.U ) O ro 60 SUP74676

K = ASUP 746801F.1 IF(XP.EO.O;,t!) G(0 TO'40 SU074690'

Y= xnP SUP747,flo

no0 30 hN 1, ill S6P74720
K =K+ I SUP74730
PX'Y(K)' PX. SUP7474'0
TO0 20 M = 1,N-£P45
K- = K + 1-S UP 14766SU'

20- PXYK PXY(X U'7i

q0' 10 60 SUR74790K411 'P = 1SP7110
FXY(K) PX GUP74820
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IC =K . iiSbP748 3
5h 5 pX Rx.Y SUP7464C
6o -NT?1 NT(HOJE,NS) SUP7495C

2 CO(MODE,l,NS) S-UP7486CI
olz 6ieD SUP74870F IF(NTM.F0.1,) 0;O TO80SP40

90 70 2,NIHSLP74890I
607 0 K Zj TM PX (''(MDE,K,NS) SUP7490lF = 'KICK) -SUP7491!0

t§11 SS(NB8) =IJ*(:MlpI X(!Z,EK*Z) SP43* { RTJR N - SLJP74944J
FND SU1P7495U

*FOkTHAN hIJLSTOthIf:CF SUP74 960
POLI, l; SUP749810

1'~ ~oj'S~iRfeOIITIN'1 I'OUlTUtD') SUP 7499 t
COMI'LFX CZEI~OVPlIC,SS,no,i,,QPHJWSPHI,PH 1,PHNITE,-DPHF' SIJP75000O
DIAIENSION CAROS (25,50j
flI4FMNION Swe(,,), SIIRF(2,3),CUD(7),C(50) SPS1

6OmMON/c1/Kvlx (.,Oo0 )XE,(5) -_YE(3), ARM'Y,X1, 2,X13sX4, Yl.Y2, "EjAi NS SUP7502U
CIjmIIo4/C;2/As,hiMACH,FMACH(6),NF-L,FREUC1ol),NMODEI4SURF,LVPIC',LSSVPSIP/553U

I'C'IMMOrI/(;i/CC((,2n,),NI(i,2),NF(i0,2),NiP.A(2i,PXY(25),FN(28) SUP75-41J

CO~mIoN/c5/MHoR(5tl),NI L(5()KC(50),KL(,28.),BSt (211)',DXE(7)j,1PI,U SUP7506U
cI)mmnN/Ch/X,Y,fX<'YEM,FK,EKB8,EKR,NP,I4PNBNBOX,Kl3E,NIODE,N8W,N5T 511P75076
COM1MON/C7/CiEtlo,Plil,PHITE-,DF'HI,XL,NS,I4TM,Ks,J,OR,QI,OA8,UAN,IFR,TWLSjP7508U
COfMM ON/C 8/Ri-f S" Su750,
nDATA (SW(1,fl)',1=1.61/26HMAP OF M1ACH BOX OVERLAY ON, SUP15i~o

I 26HWING* TA-IL, 'AND' DIAPIRAGN 8UP75116
L2 261i (S - -WING 'S 1p 751,9 u

326H- (t) -TAIL- Sb?? 5 30
4 26-I A p) - WAKE I SO7514 U'A S26H (0) - DIAPHRAGM SUPZ5150

IlA(SlIRF'(1 .fJ='3/HJG ('i8HTA'IL ,iIHWING 4 1AI"L / SUiP15161J

fr.,o 10 (,10 fl , ill) 411 50 ,60, ,70 )A~il SUP/5181J
LI'll WRITF-(6,,11')l M,AisHU,'XE(i),XE(4),X1,X4,Yl,Y2,Y2iY2,'X2,X4,AR(l1l, SU075190

1 AR(2),l4W,rRF, -BS;,NBS, 'S117520 0
U. 11, FORMAT (3 f//////3 IX,4JHIiAC/NhAA, IlIS SILL SUPERSONIC A'IRLOADS PROGRAMSUP?52IO

1 ///37X,3flHI.%,'T CIOtJDITIONS AND 6EOMLTRY/1H0//1:5X, I13HMACN NUMBESJP-75221
2 =J8.5,4X,I.iSPE:l'OF SOUND] =F10.3,4,H L/,X4R1,1./1If SUP15?3i
X54X,AHWING,IR9X, SUP75240
6S 4H1A1L///2-?X,1nHl-F. SIAlION (L),2F22.3//22X,16HROOr CHORD (L)3SUP?525u'1..4 ?F?2.3// 2?X;i'fHl..f. SPAN (L),2F212.i3//22X,16HT.E4 SPAN ( S;7 6
5 ?F22".3/1 2? X, hN fIIP CHORD) (L),2F22.J//22Xv16HTo1AL AREA (L*L),SIJP7-5240
6 2F22.3// 24'2X,16HCHORoWISE BOXES , 1191122/,/22X, §SUP75 8L /1,611SPANWSE, BO)XES ,119,122i SUP75290

RITE(6,12)rRoX,D.AI0 SUiP75300
12 FUR~ikr(1H0/,I1X,2JH111FAL CHORIJUISE BOXES =,13, 5k,11HBOX CHURD =~SUP7531-4

1 IE12.5#2U L, 5X,IONBOX SPAN =,1P1E12.5,20 L/-) SU075320
LWRT1IE(6,91) SUP75330

NB i_- 1 'SUP75341
noU 17' NP = , tP-JX S0753 0IIMR = MOB(NP) SUP7536

jfoBG'5) 13,, 10'' 80 P75370
~' ~Kl3IOX(NB) SUP?5391

fM)='C00(K)f SUP?754 Oil
13 NR, NH + i SLJP/541210

< r F(NP.0~.6) noi rn 15 96 - SUP /5420'



- IRITE(6,14)iSW(INOPl 15), (CC(iP),P213 NB) SUP75430
14 F0RNAT(iOXo 5A~iSOA'1) tUP75440.

GO 10 V1U7750
-J_ WIITEMI16): CC'iP) ,"IP:1-, 11), U74'h

16FORMiAT14GXi~flAl) U750i17 C ONINUE SP,40
GO0 TO 1000~ S0P,75485

8011 WRiE- 6,801) - SUP7,549J
6011 F0RIAT(9X,5?IHEHN MOB EcXCEEDS. 50 THE P.AP PRINTING IS DISCONTINUED SUP75500.

1//-1110,48H CALCULATIONS PROCEED IN NORMAL MANNER ) S11P755i0
-GO T6 10011 'SUPj5520II 2i WRTI1EC6,51)fREO(IPR),NBOX,EI(R SEm- SUP75500
h R ITF (6,21 ) EE KK SUP7,554 U

21 FORIIAT(lH 28X.48iPLAN-AR VELOCITY PUTENTIAL INFLUENCE COEFFICIENTSStUP7555'
I /1H06,36,iIlfMtIA'H NO-* =,F&.55 10X, 6HKBAN =,F9.5/lH~o,3X,1HI,5XIHJSUJP7 5560ii 2,1X5NBI,~r'MB'~1,AUA VPIC(I,J),6X,14H.PIAG VPIC(I:,J)SUP75,570
4 /1I It S1P75580u
K =0 -SUP07,559U

110 22 I1 1,.NHI1X SIP/56111)

P 0 U 2 J 1-,SIJP7561J

IiARhU, J I JP?~iiKK'+ 1 SUP7 5640
2,2 WRITF(6,23) I J,6ARNU. BAOMU,,VP I q')- SUP75650.
2Z3 FORF-AI(9X,216,4X;,Z F10.1 ,2X11P2E22.5) SU0756601

J1FIJHAT~iK ,21 X, 69111JPPER VELOCIITY POTENTIALS. AND SOUR'CE SJRENGTHSSUJP757OU
1 FR MDE (".13111,9XIH,6XI-iI4,'X HN3,7,,1HRPH 5( Ns I),,7X,,10H 1Sl)P75711i

2 PHlCN,M)1OX,9HR -;Scr,Mi),8X,9Hfi SS(N,I?,)/lH ) S-UP7157ZUIjO lo160 SUP /573 0

10WR TX6,2OSiLLtoR, PHEVIY SCfN )~F2!,4,22' FO NCRSUP_711
41 DRFCATION /17l;,8A..7,3IRDUCH EQUENCY) (-EICSD,951X UP/750

WRIT0(6100 S~F(1S SUP/75764

6. 11 FORH4AT'(28XHl,5i11,'4JMI E SAPE POLYIC0.AL OE IES PRGAM(ON ,A6/ SUP/5750

I ?X,27HRES-~i:1' 10 HEEt SU(CE IFl.EAIJING,25 BOXE-EN ESN IN CHRS P7586U1

DIRF102O 1!~t0I,,0iEUbDFEUNY -EICOD)F..-X SUP758211
3NTMN.I(F IsS)RA ~a IBE4-3/H SUP7b5i9U

10 WRITE(6;1li3) IAU(I,NS)J1,t4 SIJP/5911

1011 FwUI'T(6,45FRIlOtFR §NBOX E 'PLYOP'LC~wtESfON#6 SUP/5850
W1E(,61)(StI-RF(,NS),I:'1O H URAEi.A2)EiG-ENELN '~'.E SUP7593 U

61 FOM.T1 -/?l,35XD,20XIGENERAIZDFORESFO 261'O6,HDF, StJP75870i-D 10 HO1=iOfDL AT1X9HMGPN,1X9ASVAU,. SUP/59,5u

20 W~ 11 616HAS ., 1/) ij S)ii-l.N Stjp/59oo
103 10 -1000 ,X,,,0E3./,,XlPEJ. SUP,597 III/-WRTIE(6,71:).,kPR[,'SoI,,A 'SUP/5931i

IT (NSUROF .[-. .11 Go1 fO632
IF (NS.NE.3) A~O T) Of 000*

632 KKK=20NHOIE
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NNNN=NNN-

CARD S,1,NNNN) =jP 100-- 4.

CARDS(,J,NNN)=(JI
F IF (,J.NE.NkUDE) G60 TO 1000
I IF (K.NF.NMOjDE) GO T 10004E444

PONCH 6969, ,((CARIS(1,JJ)PJJ1l,KKK), 11=l,4D)
6969 FORIIAt(6E12.5)- ,IDE

71 FORMA:T(1If0,i',!,2,iP3E19.'5,OPF16.3,4H DEC) SUP175990
91 FQRHAu1H1,3nXi44s1ISS'ILE SUPERSO*hIC A'IRLOAD§ 'PROGRAM (C0NT-D))M SUP76000
0fl0fi RLTIJRN 5UP760,i0
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