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COMPUTER PROGRAM FOR SUPERSONIC KERNEL-FUNCTION
FLUTTER ANALYSIS OF THIN LIFTING SURFACES

By Herbert J. Cunningham
Langley Research Center

SUMMARY

This report describes a computer program (program D2180) that has been prepared
to implement the analysis described in NASA TN D-6012 for calculating the aerodynamic
forces on a class of harmonically oscillating planar lifting surfaces in supersonic poten-
tial flow. The planforms treated are the delta and modifed-delta (arrowhead) planforms
with subsonic leading and supersonic trailing edges, and (essentially) pointed tips. The
resulting aerodynamic forces are applied in a Galerkin modal flutter analysis. The
required input data are the flow and planform parameters including deflection-mode data,
modal frequencies, and generalized masses.

INTRODUCTION

References 1 and 2 present the analytical background for, and results from, the
flutter analysis of thin lifting surfaces based on a supersonic kernel function procedure.
The present report describes the current version of the computer program used to obtain
such results, and the user should have access to references 1 and 2 for an adequate under-
standing of the program. An appendix describes the evaluation of the supersonic kernel
function that is used.

SYMBOLS
39111 weighting factor for the term (denoted by subscript n,m) in series for Ap].
b0 semichord length at root or plane of symmetry
g modal-independent damping coefficient
g coefficient of structural, solid-friction damping for mode i

amplitude of natural mode-shape deflection for mode i



I transfer matrix

I. elements of integrating matrices for chordwise integrations
K kernel function of integral equation (1)
k reduced frequency with reference length by =7
L * distribution function in lifting pressure series, n=1,2,. . .
n
M Mach number of stream flow
my; generalized mass
Ap,Apj lifting pressure, general, and for mode j, respectively
Q5 ,Q;] dimensional and nondimensional generalized aerodynamic forces
q,,4. generalized coordinates of motion for modes i1 and j
15
Q, integrals (n = 1 to 5) (see egs. (A7) to (A12))
R region of integration on wing (eq. (1))

Re( ),Im() real and imaginary parts of ()

8 value of spanwise coordinate at right-hand wing tip

t time

v velocity of undisturbed stream flow

w instantaneous downwash at wing surface, positive with z axis

X chordwise coordinate

X nondimensional local section chordwise coordinate, referred to loeal chord
Xa X coordinate of points at which integrands are evaluated for numerical

chordwise integration, where ¢=1,2,. ..



XeXia local values of chordwise coordinate at leading and trailing edges, respectively

Xg =X - £

y spanwise coordinate

Yo=Y -1

Yo y coordinate of span stations at which chordwise integrations are done for
subsequent spanwise integration, where o¢=1, 2, .

o mass of air contained in volume 41rb03, o = 41rpb03

g=\yM2 -1

5 width of subregion II (see fig. 3 of ref. 1)

7 dummy variable for coordinate y

MR limits of integration (ref. 1)

4 chordwise coordinate (ref. 1)

£ dummy variable for coordinate x

Ele local value of £ on leading edge

fol air density

T dummy variable of integration

w circular frequency of oscillation

wg chosen base or reference frequency

wj natural frequency of mode i



PROBLEM DESCRIPTION

For oscillating and steady thin lifting surfaces in supersonic flow, the linear inte-
gral equation that relates the distributions of downwash and lifting pressure on such sur-
faces is (see eq. (1) of ref. 1 and eq. (6) of ref. 2)

w(x ,Y, (269)”
=T 3, AP K(Mkexg,56) d dn (1)

where the region of integration R 1s the area of the wing surface bounded by the forward-
facing Mach cone with its apex at x,y. Generally, the downwash w(x,y,t) is known but
the lifting pressure distribution Ap({,n,t) 1is not known. A finite series is assumed for
Ap and each term in the series includes an unknown weighting factor. (See equations (11)
to (17) of ref. 1.) Equation (1} is solved by collocation or by a least-squares solution
technique.

The surface integrations and the singularity extractions indicated in equation (1)
are performed mainly by numerical quadrature, with some aid from closed-form inte-
gration. The surface integrals are evaluated and the simultaneous equations are
solved for the weighting factors and hence the pressure distribution under the control
of subprogram D2181.

Subprogram D2182 uses the results from subprogram D2181 plus the input modal
deflection data to compute the generalized aerodynamic force elements (see egs. (3), (5),
and (11) of ref. 2)

o (5 rt Ap; (x,y t)
e

@ Jy o £ w9,

and then, for a sequence of input values of an air density parameter, to solve the flutter
stability equations (see eqs. (A9) to (A13) of ref. 2)

(wB)Z ij (wp\?  4mobg (wp)? Qi :
qi = T (1 + igi) qu m—"'"ﬁ(wi) + Tﬁ—(w—i) = | = 0 (1 = 13 2: M -) (3)
i

A

K2



in searching for the value(s) of air density that correspond to neutrally stable motion(s).
The value that corresponds to the lowest dynamic pressure is on a critical boundary, that
is, a flutter boundary. Program execution continues for any particular case until a spec-
ified number of air density parameters is used. Succeeding cases (other planforms,
modes, k-values, M-values, and so forth) are executed until an end of file is reached.

PROGRAM ORGANIZATION

Overlay Structure

This program is organized in overlays to reduce the required field length. The
overlay structure is described by the following diagram:

OVERLAY {JMF,0,0)
PROGRAM MAIN

OVERLAY{ JMF.,1,0) OVERLAY{JMF,2,0)
PROGRAM DZ181 PROGRAM D2182

MAIN Labelled COMMON

The following listing contains the FORTRAN variables that appear in labelled
COMMON:

FORTRAN

COMMON label variable Description
/TRA2182/ XM Mach number of free stream
XK reduced frequency k
TANLE tangent of leading-edge sweep angle
TANLTE tangent of trailing-edge sweep angle
S ratio of wing half span to root-
chord length
NSYM integer quantity: = 0 for spanwise
antisymmetry, # 0 for spanwise
symmetry of lift distribution
IDENT identification information, up to
80 Hollerith characters
. /DEFAULT/ HMLTPLY two-word array, if nonzero, multi-

plies real and imaginary parts of
downwash input, respectively



D2180 Subprogram Descriptions, Flow Charts, and Listings

Program D2180 is overlaid in order to reduce the maximum required field length.
The main overlay 0,0 consgists of subprogram MAIN. Primary overlay 1,0 is controlled
by subprogram D2181, and primary overlay 2,0 is made up of subprogram D2182. There
are no secondary overlays.

This section of the report presents a brief description of each subprogram, its
function, flow chart, and listing. A list of the subprograms and their descriptions
follows:

Subprogram Description
MAIN Reads a NAMELIST input parameter, writes a heading, and directs
the access to overlay levels 1,0 and 2,0.
D2181 Writes headings, reads and writes IDENT input, reads and writes
NAMELIST input, and calls PART1 and PRT2.
PARTI1 Computes elements of I, matrix (eq. (32) of ref. 1)
KERNEL Computes K (KBAR) (egs. (3) and (4) of ref. 1)
MTXMPY Computes matrix III (eqs. (28) to (31) and table I of ref. 1), multi-

plies as in equation (28) of reference 1to get I, row by row
and writes I matrix on TAPES,

SSSSS8 Stores span stations at which chordwise integrations are to be
obtained and also stores the integrating factors for the span-
wise integrations to obtain elements of H;m.

H

GAUSS For each subregion of surface integration, computes the span sta-
tions and spanwise Gaussian quadrature factors.
LCOMP Computes the 7,* (eq. (13c), ref. 1)
PRT2 Optionally multiplies the real parts -(ahi /ax) and the imaginary

parts -2hy of the downwash input array by HMLTPLY(1) and
HMLTPLY(2), respectively; multiplies the imaginary part also
by k; solves equation (32) of reference 1 for the al(.ljm matrix;
writes the an]m matrix and the matrix of residuals from the

least-squares solution; optionally punches the ayy matrix

elements.

GLSP Solves N XM system of equations (N £ M) by least squares
(for N < M), or as a linear system (for N = M)

SIME® Solves set of linear simultanecus equations



Subprogram Description

D218§2 Prints heading, reads and writes IDENT input, reads and writes
NAMELIST input, reads the HI and asljr)n matrices from
TAPEY, and computes the Q; of equation (11b) of reference 2;
optionally writes matrices {2), (3), (4), (5), (6), (7}, (8), and {8x) of
equations (14), (16}, and (18) of reference 2; optionally punches
Qi’; matrix and seven asgociated parameters; writes matrix of
h; and span stations, al(-llm, myj, Wiy 8 writes Qi’;; solves

equation {(A13) of reference 2 for eigenvalues and eigenvectors;

for each «, it writes «, flutter determinant, eigenvalues, eigen-

vectors, eigenfrequencies, g values, and stiffness parameters.

OVERLAY (JMF,0,0); MAIN

This is the only subprogram in the 0,0 overlay and its function is to read a single-
parameter NAMELIST input IP2180, to write that parameter in a sentence, then to call
overlays 1,0 and 2,0 in sequence if KPROG < 1, or to call only overlay 2,0 if KPROG = 1.
The flow chart for subprogram MAIN follows.

MAJOR STEP FLOW CHART

INITIALTZE
HMLTPLY=0,0

READ
N AMELIST
INPUT (IP21680)

PRINY
NAMELIST
ITHPUT

KPROG.EQ.1
NO

OVERLAY 1,0

A
|UVERLAY 240 I



FEEEGEER Sy
* SEQUENCE =
* FUK MODS =

EEEREEF Rk

OVERLAY (JMF.0,0Q) A 1 100000
PROGRAM MAINUINPUT=L1,0UTPUT=1,PUNCH=2,TAPEY=1+TAFES=INPUT, A 1+ 2000006
LTAPEG=0UTPUT) A le 300000

c A 2 400000
c PROGRAM CARU SPECIFIES MINIMUM BUFFERS TO HoUUCE FIELD LENGTH A 3 500000
C A 4 600000
DIMENS JUN JTOENT(8), HMLTPLYI12) A 5 700000
COMMUN/TRAZLEBZ2/AMs XKy TANLE o TANLTE » Sy NMODE s NS Y M4 K PKOG A &6 800000
NAMELIST /1PZ1luQ/KPROG A 7 00000
COMMONZUE FAULT/HMLTPLY A 8 10000090
HMLTPLYL 1) =0, 08hMLTPLY (2)=0.0 A 9 1100000

13 READ (>41P2180) A 10 1200000
IF (ENDFILE 5) 20430 A 11 1300000

20 S57T0P 71 A 12 1400000
30 PRINT 40y KPROG A 13 1500000
40 FORMAT {1lHL4///51H ***BEGIN PROGRAM D2180, NAMELIST IP2150 IS (KPR A 14 Le00000
10G=4+I1e1H} ] A 15 1700000

IF (KPROG.EW.1} GO TO 5N A 16 1800000

CALL OVERLAY {3HJMF,1,0) A 17 1900000

50 CONT INUE A 18 2900000
CALL OVERLAY I3HJUMF.2,0) A 19 2100000

GO TU 10 A 20 2200000

END A 21~ 23040000

OVERLAY (JMF,1,0)

D2181.- Subprogram D2181 is the controlling subprogram in overlay 1,0. Its func-
tion is to direct the calculation of the weighting factors arilx)n of the lifting pressure
series for each mode j of the downwash as described in reference 1. The subprogram
first calls a NAMELIST input, and then calls PART1 and PRT2. Matrices III and anm
are written on TAPE9 for subseguent communication to D2182. The flow chart for sub-
program D2181 follows.

MAJOR STEPS IN PROGRAM D21B1
OVERLAY 1,0
PROGRAM DZ181

PRINT HEADING,

/ READ,PRINT INPUT (IDENT)/

/READ,PRINT NAMELIST INPUT TP2181/

|REHIND TAPEQI

CALL
PART]
4

CALL
PRT2

RETURN
{TO MAIN}




UVERLAY{JAF+140) B 1 2500000

PrUCRAM pr1l4dl B 2 2000000
DIMENSIUN XU481,Y(48)TDENTIS) B 3 27T00C00
OIMENSIUN UHA(46+6)s H{48y6)y HMLTPLY(2) B &4 2600000
COMPLEA XxMATZ2l4gel6) & 5 2990000
DIMENSTUN wTive) B [ 3000000
COMAON/TRAZL o2 /A e XKy TANLE y TANLT E+ S o NMUOESNS Y My KPP RUL B T 310000y
COMMUN/ UEFAULTAHMLTPLY ) 8 2200000
CUMMUN NAY sUEL s Ar Y oDHX s H WY B 9 3300000
CuMMJIN AA.A&.AC.ANQ.XN&.XN&.XNT.XNE.ANQ.BETA&u.dZYOl;KO,YO,XKOBZ. B 10 2400000
LAKMBZ, XMAY 02 p KOTERM SKAY O  XKYOSU o XKREAL « XK MAG s NKE Um o KMAT £ 3 KMPT B 11 3500000
NAMELIST /IPZ1ol/AXKeXMeTANLE,TANLTE S NXY B 12 3600000
INSYMebbL e Xo ¥ o UHX ¢ Fp NMODE T HMLTPLY B 13 2700003
ARITE {0,110} g la 3800000

WRITE (GyeQ) B 15 3900000

10 FUKMAT (LHO.//735Xs45HNASA — LANGLEY RESEAKLA LENTER - HAMPTUNy vA B lo 4000000
Vu/ii} : B L7 4100000

20 FORMAT (///L0X+03HJEAN FOSTER FIR HERS CUNNInLRAM~ UelsO(INCLUVESD B 18 4200000
12181 AND D21&823///7) g 14 4300000
aRITE lo.30) 8 20 4400000

310 FURMAT {2UXs 7GHUNSTEADY LIFTING-SURFACE THEURKY oY Trt SurckouNIC K B 21 4200000
TERNEL FUNCTILN METHOD AND A/ 420X, TGHOALERKIN mMuual FLUTTER ANALYSI g 22 +0d000J

25 UOF ARRUWHEALD PLANFORMS WITH SUBSCAIC LEALLNG/ 20As32MEULES ANU SU B 23 « 700000
IMERSONIC ThaAlLIno EDGES// 420X, 45HE®*¥REF. 1 & nimhd JUURes NUVelS00y B 24 45000 0d

4 PolSul=15ubd s 20ay 26H¥2*REF, 2 = NASA TN U-uv0i2 /20A&s0lh***REF. 3 B 25 %4%Q0C000

n= jwaSa TM X—cg9ls, THE OESCRIPTION CF THIS PrUULKAM B Ze L000000

C UEFAULLT VALGLS UF DEL/NSYM, wWT  #%x* 8 27 519000QQ
DEL=0.04 $NSYM=LdaT=-1,0C B 28 5400000

REALU (2,42 J0ENT 4 29 9300200

+0 FURMAT {oal0) g 30 24072003
WrRITet {&ed0) TLENT t 31 5500000

30 FURMAT L/sAlCS B 32 2000030
REau {2+1Pclnll B 32 2 700000

wRITE {001 E 34 500000

50 FORMAT (//1lars2H ECHD OF NAMELIST IPZ2181 FuLLuwd 1} B 35 3900500
WRITE (ol lPz1sli b 36 wQOUULD
REWINL ¥ B 37 100000

C TAPEY I5 A LCMMUNICATION CHANNEL TC OVERLAY &0 B 3o o 200040
CALL HARTIL B 39 @3000CJ

LALL FrT2 B @D 0400000
KETUKN B 4l &500000

END b A4Z- 500300

PARTL.- The function of PART1 is to calculate the I, matrix of equation (28)
of reference 1. By using a number of called subprograms, it first calculates the subdi-
vision of the region of surface integration as shown in figure 3 of reference 1, determines
for subreglons I, II, and IV whether 6-, 10-, or 16-point Gaussian quadrature is employed,
carries out the chordwise and spanwise quadrature to calculate the II;.:m matrix, and
multiplies the latter by the III matrix of equation {28) of reference 1. The flow chart
for PART1 follows.



FLOW CHART FOR SUBROUTINE PARTIL

/ PRINT HEADING /

ASSIGN AND COMPUTE CERTAIN
VAR[ABLES THAT ARE INVAR[ANT
WITH CONTROL POINT

[ conTroL-POINT 0O LODP |

]SPAN COORDINATE ¥ OF CONTROL PD[NT!

COMPUTE LIMITS OF SUBREGIONS 1,111,101, AND IV QF SPANWISE
INYEGRATIONS {SEE FiG. 3, REF. 1) DETAILED BELOW

!

COMPUTE Ty, , TR, By
SET 6/2 = NOMINAL INPUT VALUE

NO

CHANGE /2 TO (TR-YI/10,
COMPUTE SPANWISE INTEGRATION STATIONS AND ENTEGRATING FACTORS
FOR L1O0-POINT GAUSS QUADRATURE OF SUBREGION [V

L

[LeavE 572 UNCHANGED]

CHANGE &/2 TO (ig-¥li/20

f'l‘go

COMPUTE SPAN [INTEGRATION STATIONS AMD INTEGRATING FACTORS
FOR 16=POENT GAUSS QUADRATURE OF SUBREGION IV

130

C AL L $5555, STORE SPAN STATIONS AND
INTEGRATING FACTORS OF SUBREGION IV

l

10




COMPUTE THE Ll SPAN STATIONS AND INTEGRATING FACTORS
OF EQ. 27 FOR SUBREGION I1I

L ALL 55588
{STORE ABOVE RESULTS FDR I111

T, =Y - 6r2)

0/2

«LE. 20

170

COMPUTE BOUNDARY
BETWEEN SUBREGIONS [ AND 11

{THERE 1S NO SUBREGION ()

WIDTH OF SUBREGION II

5/2

NO

«+£T. 10

USE 10-POINT IUSE 16-POINT
GAUSS RULE 10 COMPUTE SPAN STATIDNS
ANO [NTEGRATING FACTORS OF SUBREGION [1

C AL L 58585
{STORE ABOVE RESULTS)

Mg,-tyY -5/21

a/2

«LT.20

[{THERE ts A SUBREGION 1)
]

WIDTH QF REGION [T NO WIOTH OF REGION [I ND

LE. C.7H «LEe 1e5

WIDTH OF REGION I WIDTH OF REGION 1

YES

USE 6-POINT] ___ [USE 1o—vomﬂ____lﬁ_ﬁ%m

GAUSS RULE TN COMPUTE SPAN STATIONS AND
INTEGRATING FACTORS IN SUBREGION [

(250
T ALL 55555
({STORE ABOVE RESULTS)
(260)

11



12

PRINT CASE PARAMETERS WITH
HEADING ONCE PER CASE

2
PRINT CONTROL—POINT PARAMETERS
WITH HEADINGS FOR EACH CONTROL POINT

IBEGIN DO LUOP FOR SPAN STATION 7 .]

!

PREPARE FOR CHORDWISE INTEGRATION AT STATION 7 .
COMPUTE DUANTITIES INVARIANT WITH CHORD
COORDINATE & (£1.

C AL L GAUSS
[COMPUTE CHORD INTEGRATING STATIONS

AND FACTORS FOR 10-POINT RULE]

C ALL 855558
{STORE ABDVE RESULTS)

LEEEPARE FOR CHORDWISE [NTEGRATIDN]

CHORDWISE INTEGRATION OF THE & ELEMENTS (ONE FOR EACH
LNSTARY IN FIT) AND F{¥) OF EQS. 19 TO 24, REF. 1

< o>

YES

|

|
USE EVEN POWERS OF 7 |__ | USE aBO POWERS aF 79
IN ACCUMULATING CONTRIBUTIONS TD THE REQUIRED 46 ELEMENTS
OF THE SPAN INTEGRALS [INMSTAR

{70 STATION DO LOOP |

ALL SPAN STATICON
7 COMPLETE

NO

(C AL L MTXMPY)

[TO CONTROL POINT DO LOOP |

ALL

CONTROL NO

RETURN



12

29

33

44

50

1

1

SUBKUUTINE PARTL

LLMPUTE [INM MATRTX OF EQS.

1d+28,

CUMPLEX AM2STa{4w) ¢ XMATZ {48,161

DIMENS [UN TUOENT(8)

ANV 52 ANU GUTPFUT BT

GIMENS LN X{4okbs Y(48) RNTAB{11),T3L1C{10)}TuLclaly
LToLiollo) +RTBLGIGY s RTBLIO(1Q),RTHL16{1G]
ZETHAN{Lod o RTRANI LS ETASTNI O ywoHSTNI O shosaT L16baTreSTinGLlod
3aL (o) FNSPK(0s38 o FNSPT{643)4F51{6)+F5R161,FEiFhinld,

FIP (o)l AWl 1CasFFIRILIN 4 0)FEIT(10yc) ¢ ANSKLI 4wl sANDL {2,
SALMGlo) yTARNI 1ol » THEWGH {2 E)
CGIMENS TUN LhHA{4v 614 HI4846)

UIMENSLUN wWTi w61

CIMMON/TRAZ o2 FAMe XKy TANLE s TANLTE4 Sy NMODE siNs Y My KFRUL
COMMUN NAY yDEL gag ¥ o DHX o+ 4 WT
CdMMUN AA AR s ACr ANG p KNSy XNGE 4 XNT o XNy XNG y BLT Ao ueb2¥ UL s AD e YL KK LU2 s
LAKMBZ s ARAY D2y ADTEAMZSKAYN y XKYISQU ) XKREAL ¢ XK lMuc s NRRUW e AMAT 2 4 KMET

OATA aNTAGY/
3.933304950L-22,

UaATh TBLo/
YedZe9uyulab—01,

4.6628T340E-J1,
2 Te98c4300Ce+00,—2426782857E+0 1,
3 2.5785TTH0e-0ls 4.06287240E-V]1,

6.61299786E-51,

24078HTTIOL-Vi,
1982430600+ 00,
9.93230920E—u/

2~6,0li09356L-CLs-9.32469514E-21/

1

UATA [BLLD/
Yaf3vdoblob-0Ll,

B.60762366E-01,

6279409500t -uvl,

leaaee9a0e+00,
lealoc Su0E+00,

2.3661910oc~0ly=La300l9lb0L-0ly

4a32395394E-Uly

e lav8b874338E-01,—1.488T4228E-21,—4+333523%4L~Uls~0si%40%008E-01,
3~ daniDuiiscot ~01l -9 T3900528E~31/

1
Z

UATA TBLLo/
Y9409 34— 0],
balTBToZ99E—01,

9. 44575023E-31,
4.5821677T7E-21,

Babbho3l2dci=Uly
Z.6100359uE~01,

Teo5404eDukE~Dl,
Y.90lzh0odb—Cey

1-G49C0L20040E~ U2+~ 2BL60R550E~0) v — 4. 58016777 —0ly~0.l 8T 0L04E-01,
4= T304 Qa4 0ot ~01 1-8465621 202601y~ 244575023 ~0k s ~%20740C954E-01/

1

¢ 3.60761573L~Cl.

-

2 2499524224 -0l

3

1

£ laaS595908E-Cl.
> lauv9450610L-01,
4 lal40lo9Tle-0L,

1

z

VATA kTBLG/
l.71224492E-0L,

UaTa RTell0/
Gatblliw+3e—~02,

la49a21z99E-01,
paTAs RTolLia/
2aT1D242G4E-02.

mnRITE (0el0

FlikAAl

PRINT 20

FORMAT (Ll#f/ 116HD
5

}

FRINT 334

FURMAT

PRINT 4D

FUrMAT {LHO. ZaH

PrINT 30, NAY

FORMAT 11201}

Ab=— 4229

XB=—1.4007

AC==2.9

ANl=—a121

ANZz—4 B899

ANI==, D940 1%33

oLilP=0¢cL

XM2= KMes2

BETA=5WRT{AMZ—1.3)

AnZ2=XK* 2.0

BTANLE=uvcTA+TANLE

BETASw=ETA®E2

AKOdZ2=ARZ/BETASY

ARMBZ=XMeXKOBZ

DY 60 L=LaNAY

VU 0 J=lelo

3.6NT6Y5T2E-01,
1.71324492E-21/

1.49451 349E-D1,
2.954524224E-01L,
6.66TL3443E-22/

6422535239€-02,
1.69156519E~131,
1.42602415E~21,
Ve

Ge67913954E~01,

2+ 190803wec—J1
2et926061 1%L,

9.515%851loc-02,
1.826034lu:-0L,
l.b915%6519E-31,

5158%116E-02y 6.22535239:-02,

(1HO, 45X,y +1H PART I NF 02181 ***%* GLNinaTt

K TANLTE
MACH UEL UM

Xt TANLTE s TANLE » S XM DEL I NSYM
loclT.a,112})

NO. PF CuaPTSa{=NXY))

4.0f913934E-01,

2euScoollFk~J1,
del900uiade—0l,

lectpcuoTle-Cly
le09430610E-Cl,
ledayayYbydakt-0l,
Zellactdyak—02/

IlhM MATKILIA)

TANLA
NSYMMETRY

sEalslizsNeEaialalslalaalalalalal sl alaaFalslislalalslolalaialalslolakaRal ol ol ol ol al R ol ool s N aN ol ol o ol WAl ol ol Sl A oW N o S S s i sl o e el s

abu00uy
o%00000
10G0000Q
7100000
72000572
T200J00
7400000
715000060
{16000C0
{7000Q0
8030020
7920000
sU000d0
v 10000
v20000D0
B3C00CC
840300
bouC0uY
w000
8700000
so00000
u9CQa0o
9000000L
gio000¢
Y£00000
%300200C
2400000
9200000
9000000
S7000G0
5400003
2900000
10000002
101GUvad
10200000
iviviuuuo
10400002
10500000
10D000C
107D00G0
128000Q00
10900000
11000uiuw
11103000
lizo0uyvy
11300000
1400000
11504002
11600600
L170000CC
1148000C0
11900000
12000000
1210C000
12200000
12300002
lzw0diiy
LZ2200000
126000Q0
127100000
1800000
12%00Qu0
1sCO0DCD
15100000
Lizo000n
13300000
13400000
132000C0
13600000
1270000¢
13800000
L3wdLo0n

13



[N aRalalel

70

L]
100

122

130

149

150

14

AMATZIL v di=(0aa0a)
NXYCNT=1
BEGIN CONTROL—PCINT Dud LLUP **¥¥x¥

SUBOIVIUE THE KEwWIGON OF INTEGRATICA INTO >UoKEGIUNS leliedlisly

AS IN FlG. 3 0OF REFe. 1. COMPUTE SPAN STATIUNS ANU SPAN
INTEGRATING FACTURS.

00 740 MJI=Ll.NXY

DU 70 JN=1 40

ANSH{IN)I=0.0

ANSI [UN}=0.C

Icz2=1

YTERM=Y(Mu])

dYMI=HETA®RY [ M)

ETAL=loYMa=X(MQ})/BTANLE

ETAR=[BYMuU*A (MU} /BTANLE

VELNZ=0EL/Z.0

ne={eTAK-Y Mol ) FUELNZ

IF (AE-10Q.0) sQe00e972

VELZ=(ETAR=-Y (MU} ] /177
PREPAKL SUBREGION Ty k%

ETA9={TAK

ETAgsYy{MJ I ruELZ

ECOUNT=10

NPTUSR=%

CALL GAUSS (L0+eTA4ETAS,TBL1041},RTBL10O{L)sYIERM, Ly ETRANLL),RTRAN

INRER

ad TG 130

it LAE=20.00 100,170,119
ubklL2=0ELn2
ETA4=YiMu)+uELZ
cTAS=LTAR

GU TO leo

DELZZIETAR-Y (MG))/20.7
ETAG=yYIMw) +UELZ
ETAD=cTAK

ICLUNT =10

NPTOSR=1d

CALL GAUSY> (lo+ETA4sETAS,TBLIGIL)+RTBLLIG{L) s YTERM) Lo ETRANC LY oKTRAN

101)3
DSR=ETAR-ETA4
UALL SS553 (102 ICOUNT +ETASTNA LYy WGHSTNI L) oETnAN{L) 9RrTRANILIY
PREFPARE SUBRELICN TTI ##=%
IL2=1CUUNT #1
ETA3=Y (Mul=DEL2
WIDTH=ETA4-ETA3
W=WILTH/L( .0
Ru3STlol=y1iMy)
MK =7
JdR =3
TABRNI) ={ 1. CAUEL2 PERNTAB(6)
WO 140 LK=1+5
AK=JK+1
ML=MK-1
RUZ3TIJKI=ROISTINK Y +1
RGASTIMK)=RGIST{MLI-W
TASKNEJR =L a0/l 21¥RNT AR JK)
TABRNIMKI=11.0/0EL2)%*PNTAR [MK)
JR=JR-1
s =Rt 1
LCCUNT=TLUUNT+LL
CaLL 555535 (JG24 ICOUNT4ETASTNI L) s WOPSTNILL) yROBSTELI yTABKNLLI)
PREPARE SUBREGICN TT  a#%x%
IC2=ICOUNT+}
oL=eTAa3~-ETAL
IF ({LL/UEL21-2047) 15M%,15C, 170
THERE 1S5 WU SUBREGIOM | #*x
ETAZ2=ETAL
UlL=¢
U2L=LTAZ-ETA2
IF LlpL/AueLsb—19.0) 160,180, 189

lalaiakeiaininisizsizsiniaininisiziskainisinksinkalniziskataliskakuisialalialalsl sl sEakalalalaRalalaNalelalalalaalolalal oo ol alsNalaaN ol ol e R ol el

14000000
14100000
14200000
14300000
14400000
14500000
L460Q000
14700000
14600000
14900000
15000000
12100000
15230000
15300000
15400000
15500000
15600000
12700000
15800000
15900000
16000000
16100000
16200000
16300000
1a400000
Lus000C0
16600000
167000C0
16600000
10900009
170000uG
17100000
17200000
17300000
17400000
17590000
17600000
17700000
17600009
17500000
13800uU000
16100000
100000
10300000
1600000
18500000
18600000
1670C000
184600009
18900000
19600000
19100600
19200000
19300000
19400000
195000C0
19600000
1970000V
19800000
19900600
20500000
20100000
20200000
20300000
£0400009
2000 u0
20600000
20740000
20800000
20900000
21000009



Lo 0

170
LoQ

130

230

212

220
230

244

252
200

270

280

290

10

OO0 W

320

CALL GAUSY (1GeETAZLETAZ, TBLIO(L ) o RTBLLQIL) » YTERMsLaETIANE L) KTHAN
Li1)) .

ICUUNT =TI GuUNT+10

NPTDZ2L =5

NPTule=0

LJ TO 190 .

BUUINOARY UF SUBREGION I AND {I *#=%

ETAZ=Y (MQ)-19.0%0F 2

CALL wAUSS (1asETA2 ETA? ¢ TBLYG(1 )+ RTHL1IASIL) o YTEKMy 1y ETHANT L) s KRTRAN
1113)

NPTOZL=08

NPTLLL=0

ICOUNT=1LUUNTHLS

CALL 55553 102+ [COUNT,ETASTN{L) s WGHSTN( L) seTRAN{LI+KTHRANELD)
ILZ=ICUUNT +1

I (LOL/DELZ2I-20.0) 26C,260,200

PREPARE SUBREGION T #%%

ETAL=ETaAL

ClL=ETA3-ETAZ

UEL=LTAL—-ETAl

1F ({u2L/vlL)=aT5) 210,210,229

CALL LAUSS (oeETALLETAZ, TBLA(L)+RTBLE(LY »YTERM 1l sETRANLCLI sRTRANIL]
1)

ICOUNT=ICUUnNT +u

NPTU2L=4d

NPTOLL =3

GO TO 223

[ LLR2L/01L0-145) 230422042490

CALL wAUSS {10.ETAL ETA2,TBLIDIL ) (RTBLICLILI Y TERMy LeETRANT 1) sRhTRAN
1e1))

{COUNT=ICUUNT+1D

NPTUZL=b

nPTulL=9

Y TU 220

CALL GAUSS (loseTAYETAZ,TBLIG(L) 4RTEBLIG(LI+ YTERMy L, ETRANCLISRTRAN
1(1h

FCAQUNT =1 COUNT+ 1w

NPTUZL =0

wWPTDLL=B

CALL S$5555 (L2, ICOUNTETASTNIL ), wGHSTNA L) sETANTILIsnTRANCLY]
UsLs0lL+u2L

nRITE (ae2iv)

FORMAT {1HOQ/36H X Y usL
1 ull D2L whhi

WRITE (6¢283) X{MQ)+¥YOMQ),.DSL,0LL,02L,DSR

FURMAT (6cl7.di

W ITE (wel2?di

FURMAT [«THD PTSD1L PTSD2L PTSOSR 3
WHRITE (&s3000 NPTOLLWNPTD2LNPTLSR

FORMAT (19,2117)

WRITE (G310} UeL2

FORMAT (4lHu HALF=WIDTH CF CONTRCL POINT STRIP Ell.0)

CUMPUTE WUANTITIES INVARIANT wWlITH CHURDWISE LUURUINATE

THELE=Q
THEaTNI L) =ThHELE

g Teft fu=1l. ICUUNT
IDCAN=1U-1
AETA=ABS{ETASTNLID))
YQ=Y {MWI-ETASTNI1D]
AYQ=AG3Lr0}
PEILE=AETA=TANLL
PSIMC=XA{MuW)=pETA®AYD
PSITE=1.0+AETA*TANLTE
PPP=PSITE+PSILE
BHO=PSITE-PSILE
Bud5=.5%080
DUML=IPPP-2.C*PSIMC) /BBO
IF {(OUMLl} 320.380,3237
NEL=-1

wd TO 340

el alalsEakalskalakeiasiniziakakaakis ks aisi o siainisiaksialali iz inialzReE el aNaleR e el sl aEa kel v ol e e alalislaNal ol a ol aN el ol ol el e afuR ol aNaN el al

145
146
147
148
149
150
151
152
153
154
155
150
157
158
159
160
161
162
163
loa
165
166
167
168
169
178
171
il2
173
174
175
170
177
178

190
191

200
201
20¢
203
204
205
2086
207
208
209
210
211
212
213
214
215
21&

21100000
21200000
21300000
21400000
21500000
21600000
21700000
21800000
21900000
220000C0
22100000
22220000
22300000
22400000
22500000
22600000
227000C0
22400000
224900000
£30000C0
23100004
23200000
23300000
Z2340Q0000Q
23500000
23600000
22700000
23400000
234900000
24000000
24100000
24200000
24300000
24400000
24500000
24600000C
24700000
24800000
24900000
29090000
25100000
25200000
25300000
25400000
25500000
£36D0000
25700000
25800000
25900000
26000000
¢6100a00
2620000Q
20300000
26400000
26500000
26600000
26700000
26800000
20900000
27000000
7100000
27200000
21300000
21400000
27500000
27600000
£T700000
276800000
2 1900000
28006000
28100000
28200000

15



330
349

390
3wl

370
340

390

400
410

%20

430
@40
427
40U

470

430
430

203

16

NEG=1

AlDUM=ABST{DUML)

IF {ABSLAUUM=) D0—-o107001) 353,350,380
IF {NEG) 300.360,370

UUML=—1.0
GO 7O 3b0
DuUMl=1.0

SUUML=ABS{SURTI L. I-0UML=*2) )
THEMC=ATANZ [ 5UUML.DUML)
ARAYO=XK*AYD
AKAYO2=240%AKAYD
AKAYQa=4,G3ARAYD
ARYQSU=s AKAYD2%%2
ARGz I XNLZLXARR2+ AKYOSQ) } 2XKAYD
AND=LANZ /LA *2 20 AKYDSQ) ) =XKAYD
ANG=3.141592 60+ XnAYL2
ANT=3,1410920-XKAY D2
KL 2= Al w2
ANG={ANI A L2, 0% (AL2*XNG*%2 ] ) ) 2XKAYD
ANP=(ANI/ L2, 0% (AL2¢XNTH%22] } ) 5XKAYC
$2Y0l=1.0/{BETASY*AYD)
CALL UAUSS (1) ¢THELEWTHEMC,TBLLINEL) yHTBLLIOU 1) +0+04LTRANIL) JRTRANI(L
11}
NPSI=5
JL2=3
JOCUUNT =12
CALL 55555 4 WL20JCOUNTyTHESTNI L) 4 THEWGH( 14 ¢ ETHRANLL ) yhTRAN(L])
THES TN 2} =THEMC
IF (Y2) 590,400,390
FUR EwWbe 22423 REF, 1 *ex
AS=X (Ml ~FSLMC
BYsOETASW*(vYQ*x%2])
THAT={ XK2¥X5%XMZ) /BETASD
COST=C0S{THAT)
SINT=5INLTHATI
GO 70 410
BY=J
a0 530 1E=2413
IN Uu LUUP L5T TIME FOR XSILE + 2ND TIME FOR ASIML,s 3wU TO
12TH TIME FOUR 10-PT. GAUSS QUADRATURE *%xx
NLCw=lE~1
SINTH=SINITHESTH{(NLOW} }
PSI=a0%{(PPP-(BBD)*COS{THESTNINLOW) )]
K0=4(MQ)—-P51
STHE=THESTN{NLUNI
Le INLOW=-2) 420,437,429
AOTERM=AQ/SWURTILAQ®®2-B Y]}
AHEKRE=XITERM=CUST
THE® E= X0V ERM*5INT
ASILE TERMS ARE COMPLETE #%#
IF INLOW=-1) 430,937,420
Call LCOUMP [PSI TANLE.PSILE.ALIL ) STHE)
1F (NLUw=2) 530.452,44"0
CALL WERMNEL
IF {NLUw—3) 530,3T7C+490
Ud 40l J4I=l.06
ALMCEJEI=AL(JE}
A3 1 MC TeRMS ARE COMPLETE LES S
Gu TO 530
D0 400 LAdwW=1so
FNSPRILLUWy 31 =0
FNSPILLUWY 32 =0
CONT INUE
CUNT LUE
uyd 220 Lua=lso
IF iY0) >C0,>210,270
ALCUMULATE INTEGRAL COF EQ 23, REF. 1 ##=
FNSPRILOms 31 =FNSPRILOW, 2)+{THEWGHINLGW) }3( ARREAL®ALLLURWIFALMLILUN)
L*AHLKE ) *SINTH
FNSPIAILUWs 3 =FNSPTILOW3 )+ [THEWGHINLOW) ) *{ AR IMAL®AL (LURI-ALMGELU W)
1#THERE) *5[NTH
GJd Td 520

s laiataiziaisisinialeiniaiainiainiainiaiaiakaizisieiskaliaksisinksininisiziainlalalaRalsl el ol aRalasNalaRaRaNalaFalaNal el ol s laliaReRakeNaRalalnN e

217
218
219
220
221

222
223
224
225
226
221
228
229
230
231

232
223

234
235
236
237
234
239
240
241

242
243

29%
245
24b
247
244

249
250
251
252

253
254
255
2586
257
258
259
269
261
262
263
26%
265
P
267
2648
2oy
270
271
212
273
274
275
216
277
276
279
2680
281
282
283
284
285
286
2a7
288

28300004
26400000
20500000
28600000
24700000
285900C0
248900000
29000000
25100000
29200000
29300000
29400000
29500000
29600000
297130000
29600000
£9%009000
30000003
30190000
304004000
30300000
304000L0
30500000
30600000
30790000
30800000
3090€000
31000000
31100000
31200000
31300400
31400000
31500000
516000C0
31700000
31600000
31500000
320000460
32100000
32200000
22300000
32400000
32500000
3600000
32700000
32800000
32900000
33000000
33100900
33200000
33200000
3340G000
33500000
330000200
33700000
33500000
33900000
24000000
34100000
24200000
34300000G
34400000
14500000
34000000
34 700000
34600000
24900000
35000000
35100000
35200000
an3ppeot
354JY00d



510
52Q
bEN]

940

540
20]

270
280

290

600

612

6290

157
760

1772

[§:-1¢]

ACCUMULATE INTEGRAL DF EQ 24
FNSPRILUWe 3} =FNSPRILOW + 3 (THEWGH {NLOW) J*AncEAL®AL LLUW ) *5 [NTH
FNSPILLUOW s 31 =FENSPIALOW 2 4 (THEWGH(NLOW ) ) # XK LI Muu*AL LLURI*ESINTH

LERT INUE
COUNT Lvuk
IF (Y] 243.20054"

FOR cwe 2ée REF. 1 *%%
AT=(XIMU)I-P>ILE)*%2
TRYSSURTLAT-6Y}

WHK= TRY*CUST

AHI=TEY*SINT

UL 299 JLAN=1,06
FSR{ICAN ) =—(ALMC ( TCAN) 1 #WHR
FSI{ICAN)=(ALMCLICAN}] *WwHI
wU TOD 580

Ul 372 1uAaN=1l.o0

FSRUTuAN) =0

F5i(luan)=0

U0 390 JC=lso

FLIPR{JCi=BBO%*FNSPRJC +3)+FSR1JC)
FIPI(JC=0800%FNSPTLJC »2)4FST(JC)
CAUnUwISEe ENMTEGRAL FIETA} OR FULY) COMPLETE

REF. 1 #3%

BEGIN MULTIPLICATION BY PUOWERS OF ETA AS IN twe

IF (NSYM] 62Ca06004620

nNIn=1

00 old 1n=slslys2
ANININI=LETASTNILD) Y= {IN)
NIN=NIN#1

G0 TO 679

MIN=1

VU 0od 1M=1le19+2

IF (ETASTNCIwl) 05046304650
IF {IM=11 6bl+a40+8%2
ANIMINI=L1.0

Gu TG asd
ANIMINI={ETASTN(LIOD) ) 2= (IM-1}
MInsMIN®]

JEN=D

COMPUTE 4o TEKMS OF TIKMSTAR,

DU 7599 JLAN=Ll.n
IF [JCAN—Z) 650,030,700

Ed.

10 PGWERS DOF ETA FOR N=1 AND 3,

o Fur N=9y 4 FOR N=6, *#x

NTM=10

GU TUu T40

NTM=8

U TO 740

IF (JLAN~=%) ooQsu?C,720
IF tJuAN—0l 720,720,730
NTM=48

Bd TO 740

NT M=%

DO 750 KLAN=1.NTHM

FRIRIKCAN cJCANF=F TPRIJCANE*AN{KC AN)
FRILUKCAN s JLAN)=r IPT{JCAN}® AN KCAN)

JKN= JKNE L

4 PUWchs FOx

28y kCha.] %%5%

ANSHAJKNI=WUHSTNLTIDI *FFTRIKCANy JCAN) #ANSREJAN]
ANSELJEN) =WOhSTNITDI*FFI T{KCAN y JCAN) +ANST L univ}

CUNTINUE
CONT INUE
OU T70 JdJ=1 s JKN

AMZSTRIJII=CMPLA(ANSREJIIANSTI{JJ))

KMPT=NAYCNT

LOMPUTE MATRIX TINM OF EQ.
CALL MTAMPY (XAMSTRILD)
NXYCNT=NXYCNT+]

END UF CUNTRUL-POINT DO LOOQP

NXY2=NAY*2
RETURN
END

REF. 1 ®x%

1T

L2 T

N=z ANU 4y

[aEslsisliaNalaEslisislalinisislisNaslalalisialalnlaRalalaal o alaeRalalaal sl el aRaRal sl o ¥ uRalali sl ol s o N e Ral e Rala e alniaiainis il sini el e siain R e

289
29¢
291
292
293
294
29%
296
297
298
299
300
301
32
303
304
ETHE)
30e
307
304
109
310
31l
312
313
314
315
3le
317
E3 -
3ly
320
321
322
323
324
325
326
327
3z8
329
330
231
332
333
334
33%
33s
37
338
39
340
341
342
343
344
345
3486
347
348
349
350
351
352
353
354
355
356
357
35—

35500000
35600000
25700000
35800000
35900000
30000000
36190000
30200000
36300006
36400000
365000G0
30600000
36700000
30800000
36900000
37000000
371000QC
37200000
37300000
37400000
37500000
37600000
ATT00000
37600000
37900000
38000000
35100000
38200000
38320200
34400000
285004000
38600000
33700000
3600000
38900000
39000000
39100000
392000090
39300600
39400000
39500000
39600000
39700000
39800000
39900000
40000000
4Q100000
4+0200000
40306Q000
40420000
405000C0
40000000
20720000
40600000
20900000
4100060V
41100000
41200000
41300000
4i400000
41500000
41600000
41700000
41 400000
41900000
42000000
421000C0
42200000
42300000
42400000

17



KERNEL.- The function of subprogram KERNEL is to calculate K of the super-
sonie kernel function of equations (3) to (6) of reference 1. The evaluation of the integral
in K 1is based on the approximation of the integrand as in equation (A5) of the appendix,
The flow chart for KERNEL follows.

YES
«EQ. 0.0

| v-n

(53,
REF. 1

EQ. (4) EQ. {6)
REF. 1 REF. 1

,
dwo} Y
|
RETURN

SUBRUUTINE KERNEL [} 2 42600000

C I}] 3 42700000
C COMPUTE ThHE K3AR OF EQS. 3 AND 4%, REF. ] [}] 4 42800000
o THE ALGURITHM 1S DESIGNED TO MINIMIZE CALWULATIUNS UF SINES, [¥] 5 42900000
C CuSINESe ANo EXPONENTIALS. THE INTEGRANU LF THE TAU INTEGKAL D & 43000000
¢ IS5 APPRGAIMATED AS IN FQ. 21 OF NASA TR h—48. CHUKUWLSE D 7 43100000
¢ INVARTANT QUANTITIES ARE CALCULATED IN SUBRUUTINE PAKTL AND 0 B 43200000
C PASSEL VIA CuMMON. ] g 43300000
C D 1e 43400000
UIMENSIUN wT( 46) o1l 43200000
VUIMENSTUN Xiaul),7(48), IDENTIS) D 2 43600000
UEMENSTUN UHX{40,6) 4HI48,6) D 13 43700000
COMPLEX AMATZl4b416) U 14 43600000
COMMON/TRAZIUZ2/AMy XKy TANLE s TANLTE,4 S ,NMODE ¢ NS YM s KPRUG U 15 43900000
CUMMUN NXY skl s Ae Yy DHX yH o T 0D 16 44000000
CGP’IHUN AA.A:J.AL’..AN%.J(N5.XN6.XN?'KNB.XN?.BtTabq,BZtOl,ACI.YD.MROHZ. L 1? ‘941000&3
lXKHGZoXKAYOz.xDTLRN.SKAYG,xKYOSu.xKREAL'XKIHAu,NkRUn.KHApohMPT 0 s 44200000
AKAYU422,0%XKAYD2 0 19 44300000

IF (YD) 20.10,20 o 28 444000080

10 VUMBA= 1 2. D% XR) 240 o 21 44500000
AKREAL=-CUS{UUMEA]) D 22 44600000
ARTMAG=S IN{UUMBA Y} D 23 44 T0000C

Gu TU 100 D 24 44400000

20 IF (XKD 40,435,490 o 25 %4 900000
3y ARTERM= A% 2—geTaSG*{YNR%2) L 2o 45000000
AKKEAL==-X0/5WRT(XKTERM) bo27 452500000

18



OO0

28 452000C0
29 453200000
a0 45400000
31 45500000
32 42600000
33 #H 700000
34 45800000
a5 45900000
36 46000800
37 46100000
3B 46200000

AR IMAG=0

ol To 199

SuRTI=SyrT (x0#*2=BETASQRLYN®=2}]
AUPL =AU+ AM*S5unTl
KIMI=A0~-kM*=5uRTL
AXOMI=AbS(XLMED
TUP=BZYOL* AUPL
ABTLu=pB2Y J1*aA0M]
ANTI=AK B2 *A0
KNLl=aKME2*5uxTl
PTUP=(3.1lalowlo)*TUP

PTLU=(3.141534%20)*ABTLD v 4uiJd0oud
ATusxA*TUP 4C 46400000
ATL=XA®ABTLL 4] 46500000
oTU=XxB*TuPk 42 466004300
oTL=Xb*hoTiLu 43 40700000
CTU=xC*Tup 44 4000000

40 464900000
46 41000000
47 47100000
48 47200000
49 47360000
50 47400000
sl 47500000
52 4 700000
43 +T7/000C0
54 47600000
LE 47900600
56 48000000
51 44100000
58 48200000
59 44300300
14} 45400000
61 46500000
62 48020000

LTL=x{*ApTLY

EAPl=tXP{ATU])
EAPZEEXPLATL
EAP3I=cAP{BTU)
EXP4=EXP(BTLY
EXPS=EXPILTUI
cAPo=ExrLLTLI
CSL=LuStaAnNLD )
C32=LusixnNLL)
SNI=SInMIAN1DY
SN2=SiN(AN11)
ANLZ=LSLl*L N2

AN13=SNL#5N2

CS33XNL2~ANL3
Cha=xXnN1Z+ANL2
KNL14=3NL1*(C54

AN1S=5NZ*LS]

Sz ail+*aNLD

ClCJOC‘UCC’JGDGDCUE,DOQDGUCDCCGGC}C‘WDGCDCCCCGCUDGCCGOCIDDOCGCCDCDCDC‘CGGBDC‘UDCC‘C
o
W

SN4=aNLl4—xNLY 4d 700000
CS59=CUSLPTUR) o4 48800000
Cye=COS(PTLJII o5 4+HS220000
SNS=SINIFTUP) 66 49000000
Sne=SINIPTLL) ul 49100000
IF LAUML) 50400500 b 449200000
SNG==3N4 69 49300000
SNo==-b4Nb ic 459400002
7l 449900000

REAL PART T2 49uL00000
T2 «9 700000

RUZ=lan3=sNG 1 /2.0 T4 49800000
Re3={ LAAFLSI+ARAYI2FSNII*EXP L= ( XA*CS4+ XKAYO ¥ oN4I*EXP L) * A% 75 495230000
K4z LI XBECS I+ ARAYOZRSN3) #EXP 3= (ABHCSa+ XKAYUL*SNG JSEAP4 ) ¥Anb 76 50000000
AN2D=C59%(53 i7 501 000G0
ANZLESNS#5N3 T4 50200000
CST=an20-Xmel 79 503040000
C59=ANZO+XNZ ] 80 5240QC00
ANZ22=050*C 54 8l 20500000
ANZI=aNo®5Ng 82 50600000
LSE=XKN22—-KN23 82 50700000
CS12=ANZZ+KNZ3 84 508UQUQU
ANZa=5N*(53 85 209000GC
ANZ5=L 5% 3N3 86 510u000u
SNT=RMZ4 v ANZD 87 »110000C
SNI=RNZ4—XKNZo BB 212300C¢
ANZG=SNLFL S 89 $130000U
KN2T=C56%an4 30 5140000C
SNH=ANZo+ ANZT 91 51500000
SN1D=AN2 o—RN&T 9 51600000
Kus= L LACASNT=AND*CSTI*EXPS+ [~ XL #SNEB+XNo#*L Sl ¥EXPo ) EANL+{ LAC*SNI=X 93 5170000¢C
INTHECSYI XL APS #L=ALSSNIN+XNT2CS10) *EXPO) 2 XN2) 94 216000GC0
95 51900500

TMaINARY PurT 96 52000000
97 5100000

IF {XJMIY 6070470 98 52200000
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72 Kla2=—0-L33¢004)/2.N 0 99 %2300000
RIW3s( (- XA®SNI+ARAYOZRCSII#EXP L+ ( XARSNG=XRAY D0 S ) FEXP ) % AN 0 100 2400000
KIWa=((-KE*SNI+AKAYD2*CS3 ) MEXP I+ { XB*SNG=ARAY DL* 54 1 ¥ EAP 4 ) R XND D 101 52500000
ALdo={{ (ACH*C ST e ANGHSNT }*EXPO— (AC*CSU+ XNGFONG I ¥EAPG ) RANG+( L ALFCS59+X 0 192 52000000

INT*SNGY#EAPY—{ XCXCRIO0+ XNT*SNIOY#EXPo ) * [—XNy )} v 103 2£ 100000

bJ TO 9@ 0 104 52800200

g0 KlW2z=(=C33-Cha+l.Q1/2.0 L 10% 3£9C000¢
Alq3=lI-xA*SNiraKAY?E*CSZ)*EXP1-(xA*SN4—xKA¥b¢*L54J*EAFZ—AKAYO#)*K 0D 106 LS30000609

1N4 D 107 53100000
Alda=( (- AS* SN+ XKAYO2*LS2) *EXPI—( XBESNG—XRAT UZ¥L 54 J S LA 4~ AKAY 0% ) %X U 108 53200000

INS 0 109 53220000
ALdo= I XLFCST#ANOHSNT J*EXPS+ [ XCHCSIXNOG*SND ) ¥ EXPo—c. Q% ACH ®XNB+{ ( X D110 224C00CO

LURCS O+ XNT* SN #EAPSH (XCH*CSID#XNT#*SNLO) ¥EXF -2 . O% AL J ¥ I =AY} ) v 111 53500000

30 HLl=RuJ2+R I +RU4+HES D112 23600200
AIQLl=XIw2+Rl3+¢A1044+X105 U 113 53700004

C D114 55800040

C INTEGRAL IN n Ban FINISHED 0 rls 23900000

C D 11& 54000000
KN3L1=xQTenMELDZ b 117 54100000
ANZ2=AN3L1*( 51~ Kl dl D 118 52420000y
AN3I3Z=—Xh3l®ahil+Rul D 119 243000GC
GS=2U%AREAD g 120 b4400000
C511=L05{LS) 0 121 54500000
SNLL=SINIGS) U 122 2460000C
ARREAL=—[ XAN32 #0511 +XN3I32SN1L} D 123 24700000
ARIMAL=ANIZ®GN1L~XN3I*CS1] D 124 54800000

130 RETURN D 125 2490000u
END v 126- 55300006G

MTXMPY.- The function of subprogram MTXMPY is to compute the elements of the
matrix III of table I of reference 1 and carry out the indicated matrix multiplication of
equation (28) of reference 1. The flow chart for subprogram MTXMPY follows.

FIRSTY
CONTROL
POINT

NO

XMAT3 — COLUMNS 5 TO 16
OF {1 MATRTX
EQ. (28) AND TABLE 1, REF, 1

[XMAT4 = COLUMNS | TO 4]

WRITE ON TAPE9
RECORD 1, COLUMNS | TO &
RECORD 2, COLUMNS 5 TO 16

OF MATRIX I1f

100

ONE ROW DOF TINM MATRIX,
EQ. (281, REF. 1

RETURN

20



SUBRUUTINE HMTAMPY (XM2STR])
COMPUTE ThE L1LT MATRIX OF EWS. 28 TO 2i,ANU Tablt L JF KEFe 1-
AN MULTLIPLY A5 IN EQe 28 TO GET  JTINM MATRIA UF EWS. lbs2b,32

REAL R4BeKu(oRhbideK4

REAL KEoKi ohZ2pah2C4K2D,K2

DAIMENSEUN wT L96)

OIMENSION ELSIoFE2S)eKELTI4KFLLS)

JIMENMSIUN Alecks¥{48),TDERTIB)

UIMENS LUN LHXL4B+6),HL48,6)

CUMPLEX XMATI 146,12, XMAT2148,106) 4XM25TR46)

COMPLEX XMAT4la0,4}

COMMON/TRAZL B2 /KM s XEs TANLE o TANLTE s SoNMOODE s NS Y My K PROG
CUMMON NAY UEL s A0 Yo OHX oH 4T

COMMON XAp X v AC s ANG XNS» XNG o XNT » XNBy XNG o BETASWB2Y0L ¢ K0, Y0, AK0B 2,
LARKMBZ o ARAY Q2 y AOTERM o SKAYO » XKYDISW p XKREAL s XKIMAL ¢ MoK U ¢ XMAT 2 s KMPT
KZ2=2.0% AR

JUME TO 1000 Fus DOTHER THAN FIRST CONTROL PUIKT *e®vsw
IF AxMPT=-1) 10,110,100

CUMFUTE ELEMENTS OF 111 MATRIX, ECS.29 Tu 31 ANU TAROLE 1y REF.1

Bll=Q.2

812=0.2112244da

322204 To86T514

813=0.112701l60

B23=0.0

B33=0.B8{298354

Ci1=0.75%11.04S)* I TANLE+TANLTE )

12201141 0.4330127C/S)*I TANLE-TANLTE)
Ce2=2.0%L11-C12

CLl3=ClLl+i0.56l99T5N/S5)*FI TANLE-TANLTE]

£23=L11

C33=2,0%L11-013

CNST=i=1 a0/ 12.0%5%82)}

D11=CNST*CLL

U12=CNST4llz

V22=UNSTH( 22

D13=CN3T*LL3

LZ23=CNST®C 23

033=(CNST*(33

etli=o.0

El12)=l—b.0%822—6.0%B12)

Ei3)=1-0.0%L22-G."3(C12)

El4)={-0.0%u22-0.72012)

Ei3)=l~0.,0%b12)%|~B22}
Elai=—b.0%Bl % {~L22)-6."%C12%(-B22)
ElTi=—6.ukpl2¥{-u22)-6.0%Cl2*¥(-L22)-6.0%D12¥1-822])
E48)=—6.0%Cle¥t—022)-6."3D12%(-(22}
El9)=—06.,0%01e%i-U22)

Fil)l YU Fizn) HEKE ARE GUL1) TO &i25) IN REF. 1 #®k%
Fil)=—20.0

FIl2)=20.0%b20#2U.0%B13

Fi3)=20.0%C2z2e20eC2

Fle)=20.0%DE3+20.0%D12

FL3)=20.0%B13%{-023}
Flol=20.0%B12%{-C22)4270,0%C13%(-B23)

FITi=20. #8132 (-0223)+20.0%C13%{~(23}+20..020L2*(~-523}
FIB8)=22.0%CL3%1—J231+20N,.7*013¢(—-(23)
FL9)=20.0%013%1-0u23)

FLL3I=F11)

FULLI=FU 21 —p323%Fil}

FL123=F13)-C33%11)

Fllaslsrlal—033%r{1}

Flia)=Fl3)-po3*F{2)

FUl3)=rlu)=Bi3xF(3)=-C322F (2}
F{lo)=FIT)—B33%r(4)-CRA3XF{3)-033%F (2]
FOLII=FiBi-C33%Fi4)-033%F(3)

FLLgi=Ftd—us3¥ria)

F{Ld)=—B33*F >3]

F(20)==B333F|oi-C23%F(5])

FL2l}=—B33%F{T)I-LZ2%FL 6)-D32%F(5)
FL22)=—B33%F18}-L23*FITI-D33*Fi6)
FL23)==833%H19}-C23*F{8)-DA3eF(7)

rrmmr‘nrnrnrnrwrrn-n-.n-.mrnrrrnrwrrrhmmn'-mﬂfrr-mmrr-rr'mrnrnmrnrrmmrnmrrmrnn—mmn-.mmmmmmnmmmmmm"mmmmmmmmmmm

55200000
55300000
55400000
55500000
55600000
55700000
55800000
55900000
56000000
56100000
56200000

26300000

26400000
56500000
56600000
56700000
260800000
56900000
57000000
57100000
57200000
27300030
57400000
57500000
576000000
= 7700000
578Q00CC
ST900000
58000000
98100000
58200000
583d0000
58400000
5850000L
2HaQ0Q00
28700000
L8s00000
28900000
29003000
59100000
29200000
59300000
99400000
5%5000CC
59,00000
59700000
59800000
59900u00
60000000
50100000
«02000Q0C
60200600
0400000
60500000
0600000
60700060
608000C0
& Q0920200
©10000Ce
ol100yoy
61z0000¢C
61300000
614000C0
61500000
©leu000uU
ok 7000C0
61a3000C0
&1900000
520000060
602100000
6220000G

21



29

30

40

F1Y)

22

FL24=—(33%F{9)—U32*F[ 8}
FU25)=-U33%F{Y)

Ul 20 J=lsao

0g 20 L=1,12
AMAT3(Jebi=1CaeTald
K2B=2.0*Ak*i-B11)
KEC=Z.0%Xn*i—(C11)
K2U=2.08XK*1—D11}
BSTAk=2.O%B11
LSTark=2.0%C11
USTAR=Z.0%011}
K4B=—s,0%xK%—Bl1)}
Kal==4. J¥AK¥§—L1k)
Kab==4 0B AK* 1-O11 1}
Ka=—4. 0% XK

COUMPUTE CULUMNS & TO 8 €F TI1 MATRIX,

U0 30 Jd=le4

AMAT3L J+ J)=LNPLALRSTAR,OL)

L=J+l

AMAT 3Ly =LMPLALICSTAR O, )

L=L+1

AMAT 3L J=LMPLALDSTAR,D.)

L=i+i
AMAT 3L JISCMPLAE-2."y Ou }
L=L+b

AMATI{L pJh=CMPLAL-Z.Ns KSR}

L=L+}

CAMAT3(L » JE=LMPLALOL 9 KET)

L=L+1l
AMAT3UL»JI=UMPLAIN . +K4D)
L=L+§

XMAT 3Ly J)=CMPLAI D0 KG)
JO 40 J=i,9
KECJI=2.0%AK%E{L)
ETAN=C{ LI ¥ TANLE®*24ELSL)

CaMPUTE COLUMNS 9 TD 12 OF 111 MATRIX

U0 20 J=5.48

L=Jd-%

KMAT3 UL d)=CMPLAIEES) D)
L=L+1

KMAF3LL JI=UMPLXLETAN, N, )
L=l+l :
KMAT3(L o d b =CMPLACEITYN. )
L=L+]
AMATI{L»J}=CHMFLXLEIB)+0.)
L=L+1
KMAT2HL o JI=LMFPLALELD) £ 0.
L=L+*t

AKMAT A L4 JISCHPLALENZ2)Y+ Q0
L=L+l

AMATALLe JI=LMPLAKEL3 ), D.)
L=i+1
AMAT3LIL ¢ JI=CFPLAVE(4),D,.)
w=L+b

KMATI Lo 32 =LMPLALELZ) LKELIS))

L=i+1

AMAT3{L s JI=UMPLAIE(I},KETS))

L=L+1

AMAT 3L J)=CMPLALELG) L, KEILT))

L=L+]

KMAT3 4L v J)=LPPLAI T . oKE{B]))

L=L+1l

AMAT3(L y SI=LMPLAIT . yKEEG })

L=L¥+h

AMATI Lo J)=CMPLARIZ.TEELIL} )4 KELZ)D )

LELvl

KMATSLL s JI=CHPLAIOSWKEI3))

L=L+l

AMAT3LL v Jh=CMPLAIN . KELS))

L=L+b

AMATSEL e 3 Y=CHMPLAL ™ . 4KE(1]))
FTANIS=F L 150 +F L ROV RTANEE %2

TadLE 1 *®%%

e

mEMMmMoOErEmMMreMmMMAMmMEeEmMemMPEEMmMMMMTEMmMMMPMEMEmMMbMMMMMMmMMTMAMErMMMmMMEMMmEeEMEmMMmMMMMaomTmMmTeMoammmemmmm

113
114
1is
1le
117
ils
119
120
121
122
123
lég
125
126
127
128
19
130
131
132
133
134
135
136
137
138
139
140
141
142
143
l44

62300009
6240000y
62500009
belVO00
62700000
62800000
62930000
63000000
3100000
63200020
63300000
634000C0Q
63500000
63030000
63700900
63800000
633000400
4000000
641000GC
04200000
64300000
04400000
64500000
04600000
64706000
64800000
©49000C9
65000000
051060000
5200000
05300000
02400000
65500000
e5600000
65700000
65400000
02900000
6o 00000y
oo 180003
6u2000C0
0u3000C0
66400000
06500000
buo00Q000
66700000
G6E00000
66900000
670000090
27100000
67200000
67300000
o T400000
6750000V
o 7600000
6T700000
& 7400000
67900000
8000000
08100000
68200000
66300000
68400000
655000C0
aboGOQ00
68700000
a6800007
68900000
69000000
59100000
69200000
693000060
69400000



70

30

FTANZOSF (200 +F 1L L) *TANLE® %2
FTANZISF (21} +F(LZ2)*TANLE**2
ETANZZ=F (221 +F 12V *TANLE %2
Ul uQ J=1,16

NINENE

KFLJI=2, 0% X0 sF(JJ)

COMPUTE CuluMis 13 TO Y& OF 111 MATRIK e%x

00 710 u=v,12

L=Jd-8
AMATA(Ly 0l =CMPLALF(19)40.)
L=i+]l

AMAT 3Ly di=CMPLALFTANZO,404.)
L=L+1

KMAT3{ L, JisCMPLALFTANZL, OL)
L=L+]l .
AMAT 3L, J)=LHMFLX(FTANZ22,N.}
L=L+]

KMAT3{L, J)=CHMPLALF(23),47.)
L=L+]

AMATI Ly JISUMPLREF 124 )40.)
L=L+l

MAATZ( L+ JISCMPLALF(29),0.1)
L=L+4

AMAT Ly di=umMPLAEFI14)40.)
L=L+l

AMAT 3L+ JI=CMPLX{FTANL5,D.)
L=L+#]

KMAT3(Le JISCMPLALF1B) 7.}
L=L+]
XMAT3{Le ) =CFPLAIFLYIT ) N)
L=L+]

KMAT3{Ly Ji=LMPLALF(L18)49.)
L=t+4

AMATSIL e =CMFLALIF{14)4,KF(10})
LaL+]

XMATZ(L 1 =L MPLALFLLS) KFLLL) )
L=L+l

AMATBLL v d ) =CMPLALF I 1G] 4KF(12))
L=L+1

AMATS L e dI=UMPLACF[1T) oKF{12)}
L=L+1

AMATIL» Ji=CMPLALF {18 4KFLY4))
L=+l

KMAT 2L L s JISUNMPLALT wg KF{15))

L=L+1

AMATS(L e di=CHMPLALD .4 KF(16))

L=L+4

AMAT3{ Lo JI=CMPLALI3.0%F{11) ) 44FL510)
L=L+l

AMAT3 (L s i=UMPLALTU3.0%F{12) ) 4,KF(6))
L=L+]

XMAT 3L e JI=UMPLALT 2.0%F(12) ) oKFL 7))
L=L+}

AMAT3{Le JI=LMBLAL Y. ) KF[8))

iL=L#l

AMATZ(L e JI=SLMPLAL N oo KF (D))

LsLt4

KMAT3IL e JISCMPLACEGLO%FLYN) ) 4KFI12))
L=l +1

AMAT3IL o di=UNMPLALD.KF{3)])

L=+l

AMAT AL s J)=UMPLALD . ¢ KF {4))

L=L+a

XMAT3iL e JI=UMPLAL e oKFIL1)]
AKZ2=Z2a % AR

UG dQ Kd=lew
p0 30 Jk=l.4e
AMAT4UJK K ) =CMPLX [Ny D)

CuMPUTE CLULUMNS 1 TO 4 OF III MATRIX

00 9 KJd=l,4
AMAT4IRJeKJISUMPLX (1.0 4)
AMAT#L 19 L)=CMPLAL DL 4 %K2}

mmEMmmMMmMmMoTO MMM MM MME T MMM mrm e moMmmmMmMMmMMAT MM MMM EeEMTST MMM MM rMoT T mMmMmmMmm™mmmee

145
146
147
148
149
150
151
152
153
154
15%
150
157
lbe
159
160
161
l62
163
164
les
l66
167
l&8
l6vy
170
171
172
173
174
175
176
177
178
175
180
181
142
183
los
185
ls¢
187
180
189
130
191
192
193
194
19h
156
197
198
199
20C
201
202
201
204
205
206
207
208
209
210
211
212
213
214
215
2lo

u%5000C0
69030000
69700400
09820000
CYYIOUUY
700000C0
70100000
70200000
70320000
TO40LLDUO
7050Q00C0Q
10600000
72700000
706000CC
70900000
71000000
71100000
712000C0
71300000
71400000
715030000
71600000
TLI00GOG
71800000
71900000
72000083C
712100009
7200000
72300000
12400000
500000
72600000
727000090
728004000
72900000
73000000
72100000
13200000
73300000
73400000
73500000
{3600000
T3700000
73800000
7290C200
74000000
T4100C0¢
74200000
74300000
74400000
74500000
T4oDQ03C
74700000
74826000
74490000Q
75000000
72106000
75200000
75300000
75400000
75500002
715600000
75700009
7000000
15900000
700000C0
Tal00000
16200000
70320000
T64Q0000
76500000
ToweQC000
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AMAT 20 2)=CMPLA [N XK2) £ 217 TLT0000y
XMAT@l 2Ll 31=CMPLALNL,XK2) E 2lb Teb0Q000
AMAT#E22 ¢4 =LMPLA(D.+XK2) E 219 To9000uy

G TAPEY Is a CuMMUNTCATTON CHANNEL TO OVERLAY 2,0 E 22¢ 77000060
ARITE (9} LEXMATS(JIK KU} ¢y JK=L 48] gkd=1s4} E 221 17100000

ARITE (9) (UAMATATJK «KI) s JK=1r 40} Kd=1,12]) E 222 77200000

C MULTIPLY, EWa 28, REF. 1, RESULT I> THE 1INM MATRIA *%% E 223 71300000
72 VG Ll1Y Jsl.4 E 224 17400000
ARPT=REAL [AMcSTRIJII-KZEATMAGIXM2S5TRILI+1BY ] E 225 T7200000
KIPT=AIMAGIANMZSTAlJ) I+ K2¥REAL[XM2S5TRIJ+18)) E 228 7116004000

110 AMAT2IKMP T ¢ JISLMPLX{RPTXTPT } E 227 717700200
O 130 LiL=1.12 £ Z22b 77600000

LaLlL +a E 229 77930300

Ul 120 J=l.4c E 230 Tu000000

129 AMATZUKMPT o LJSAMZSTRUJIEXMAT I Jy LL I +XMAT2E0MPT L £ 231 78100000
130 CONT Inue E 232 78200000
PRIWT Leds RMPT E 233 183000900

lad FORKMAT {1ACs4HRUwW »12,27TH OF COEFFICIENT MATHIX i1NM) E 234 T5420000°
ARITE (oslaz0) £ 235 78500000

is0 FORMAT [12A42HRELTXs4HIMAG, 16K, 2HREy LT Ky 4Rl MA0 s i0Ks2HRE) LTXe4HIMA E 236 Toe0000D
16i £ 237 Te790000
ARITE (0aled) LAMATZIKMPT yJ) ¢d=1,416) E 238 T8HU0U0O

laQ FURMAT (aloxe+ELlaa8)) £ 239 Te%00000
RETURN E 240 79000000

END E 241- folooocq

S88S8S.- The function of subprogram SSSSS is to store in sequence the span stations
17 and the assoclated spanwise integrating factors for subregions I, II, I, and IV of fig-
ure 3 of reference 1. No flow chart is needed.

GAUSS.- The function of subprogram GAUSS is to calculate the span stations 7
and select spanwise integrating factors for a 6-, 10-, or 16-point Gaussian quadrature in
regions I, II, and IV of figure 3 of reference 1. No flow chart is needed,

LCOMP.- The function of subprogram LCOMP is to calculate the values of ln*(g,n)
(n =0,1,2,3,4,5) of equation (13¢c) of reference 1. The flow chart for subprogram LCOMP
follows.

NO (62 - ¢ )LE0.0

PRINT MESSAGE AND

VALUES OF &, £, £2 - gi?e

CALL
EXIT

¥
* * * * * *
P A A A A
(eq. (13¢), ref. 1)

RETURN
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SUBACGUTINE 55555 {MCeMCOUNT,STNETA,STNWGH,ETATRA ,nGHTRAD F 2 79300000
C F 3 79400000
[ STURAGE UF SrPAl STATIONS ETA AND THEIR ASSULIATEU SPANmISE F 4 79500000
% INTELRATING FALTORS F 5 79600000
[# F & 15700000
UEMENRSJUNSTNETALGY ) o STNRGHISC) L, ETATRAI LG} yWbhTHALLG) F 7 T9H00000
nAY=1 F B 795900000
OU 10 [Ts=MC.FLCOUNT F g 80000000
STHNETA{IBI=cTaTRALNAY) F 10 80100000
STNWGHE I b =aHTRALRNAY) F 11 80200000
10 NAY=NAY+] F 12 80300000
WETURN F 13 40400000
END F 14~ s0500000
SUBRUUTINE GAUSS (NGAUSS s A 4B yU ok ¢ YCAUSSy NuLE ST « STATN yHGhFLT) %) Z 83790003
C [ 3 60800000
C Fn NuaUSS=w.17, OR 1& COMPUTE SPAN STaTluwd (5TaTih) AN [ 4 604900000
[ SPANWISE LAUSSIAMN QUACRATURE FACTORS (wuht(CT) FUR EALH G 5 u1000000
c SUBREuluNe wITH LOWER LIMIT A  AND UPPien LIMIT ba. %%% b [ 8l1000Cu
C G 7 61220000
DIMENSTIUNULLED) eri16)+STATNILS) yWdGHFCT (18] G 8 5130000¢
BMA= {B-A} /2.0 G 9 81400000
BPAT=(B+A)/2.0 G 19 1520000
U0 30 [=1.NbAUSS Gt 11 S lu0QQus
5TATHE 1)z nMA®Ul 15 +BPAT G 12 gl7o0acoe
I[F INQUESTE 2ualus2D - 13 81400000
12 VALUESL.LD G 14 81900000
s0 TO 30 G 1o 8230000
23 VALUE=L YUAUSS-STATNIT ) ) %%2 G 1leé 82100000
30 WoHFLT L L) =8MARRL L ) /VALUE G 17 84200000
RETURI G 18 52300000
ENU G 19- 82400000
SUBRUUTINC LLULMP [DOPSI sTAN,DPSILE.XLNCsDTHE) H 2 b260G000
C H 3 82700000
L CUMPUTE Tht LwSTAZ (N=C TO 5} CF Edes 130y kEble L *%es H 4 82800000
C H 5 62900000
UEMENSTON Xbnwlold H ] e 3AN00000
ANC=DPS1*#2-UPSILE**2 H 7 83100000
IF LANC) 1Q4+19,40 - H a8 83200000
10 aRITE (G200 H ] 33300000
2Q FURMAT (20K1ERKUK TN LLCCMP SQRT} H 10 8340000U
WRITE (0e30) UP3L+0OPSILE ANC H 11 82500000
30 FURMAT (LlHO/9HUPST=ELT. 845Xy THUPSILE=ELTads5As4nANC=ELT b1 H 12 83600000
CALL EXIT H 13 a3700000
40 THI3=5G4RTLANL) H 14 43800000
VL 80 JJd=l.o H 1% 83900000
Ir (JJ=2) 5G40deT" H L& 54320000
54 ALNU[(JJr=0PSIATHIS H 17T 84100000
GU TO &d H 14 B4.000L0
od ALNU{IJ ) =UPS %% 2/ THIS H 19 b43QQC00
G0 TO BO n 20 44400000
7o ALNO(JJI=LuPSies{JJ—2) )*THIS H 21 845000002
80 LENT ENUE H 22 54000000
RETURN H 23 a4 700000
END H  24- 84800300

PRT2.- The function of subprogram PRT?2 is to solve equation (32) of reference 1
for the weighting factors agl)n. A heading is written. If HMLTPLY(1) and HMLTPLY(2)
are both nonzero, the real part of the downwash input (- Bhy /Bx) is multiplied by
HMLTPLY(1), and the imaginary part (—Zhi) by HMLTPLY(2). The imaginary part is
also multiplied by k. When there are more than 16 control points, the simultaneous
equation set is solved by a least-squares subroutine GLSP. The resulting aS‘jIL matrix
is printed, written on TAPEY for communication to D2182, and can be optionally punched.
The flow chart for PRT2 follows.
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SUBROUTINE PRT 2

/ PRINT HEADING/

: HMLTPLY{]1 AND 2).EQ.O.

NO

MOLTIPLY ,
HX 8Y HMLTPLY(1),
BY HMLYPLY{Z2)

¥
/ PRINT NOTICE /

:

80 )«

¥

PRINT DOWNWASH
FOR EACH MODE J

i osr)

ERROR RETUR
FROM GLSP

/

¥
/PRINT ERROR MESSAGE /

/

WRITE RECORD 3 ON TAPE9, AND PRIN

EIGHTING FACTORS ANM (EQ.32)
FOR EACH MODE

7

k

PR

/

INT RESIDUALS FROM LEAST SQUA
SOLUTIONS, EACH MODE 4

4

26

L
{ RETURN )=




OO0 Oo oo

10

20

30

40

50

&0
70

o0

190

110

129
L3O

140

159

SUUHOUTINE PRTZ

CUMPUTE wEIwHTING FACTORS ANMUJ) OF Ew 32y KEFa 1 ANU Ed5« 9
AN 18, KEF. 2 FOR A MINIMUM OF 16 ANu A MAXLMUM GF a8
CONTKUL PULNTSy USING A LEAST-SQUARES SulUT IUN.

WRITE Anm{Jd) MATRICES ANU MATRICES OF LEAST-SQUARES RESIDUALS
PuUnNLr AMM MATRICES TF NPUNCH =1 *kx

COMMUNFUEFAULT /HML TPLY

COMMON/TRA2L 062 AAMe XKy TANLE s TANLTEsSyNMODE s NS Y My KPRUG

COMMUIN NAYsDELgX e YoDHX pH oW T

CUMMON XAy XB e XC s ANG s XNS s XNG o KNT o XNB s XNT ¢ BETAS UeB2Y0L A0+ YO AKOB 2,
LAXKMOZ ¢ XINAY D2 ¢ ADTER M SKAY Oy XK YIS XKREAL y XK 1MAL f NKK On p KMATZ ¢ KMPT
DIMENSTUN DCUEF{96 4321 yBVECTIZG,6) 4 WFACTI32,0130{9010)5uMLo) WTIT
10'1T5‘96|32)|E‘32|32| .

UIMENSION OH 146960 HU4B46)yHR{ &8 ,5)

OIMENRSIUN HMLTPLYLZ2)

OUIMENSTIUN A{48)l.Y(48), IDENT(8)

ABUVE DIMENSIONS FOR A MAXIMUM OF 4B CONTHuL PUINTS AND & MODES **¥
CUMPLEX XMATZi4ds161

CUMPLEX ANM{lasol

WRITE (0,10}

FORMAT (//7/37TA,n8H PART 11 0OF 02181 #*%x SOLvE SIMULTANEGUS EWUATIO
ILNS FOR ANMAS /)

IF (HALTPLY (L) abEuePeN o ANDHMLTPLY{ 2} EQ.Du0) Lu TU 40

DU 20 J=1l.NMUDE

DU 20 1=1NAY

HiTs JI=HMLTP LY L D RHIT 4 J)

UHAL 1y Ji=HMLTIPLYLL)*0OHX( T4 J)

CONT INJE

PRINT 30, RMLTPLY{ 1) JHMLTPLY(2) ]
FURMAT (// v 9as fon*sxxxeNOTICE- INPUT DOWNWASH wUANTITIES HAVE bEkh
ITMULTIPLIED AS FULLOWS = BYF&.3,25H FOR ThHe 3LUPES UHKs ANU/LDX,3
Z2H BY 643,30 FUR THE DEFLECTIOCNS H  #&%¥, s /]

NAYZ2=2¥NXY

DG 20 LXY=LsNaY

DO 50 J=l.l4

ARKGLaREAL LAMATZ2(LXY )

ARGZ=AIMALIANATZALXY 1]

UCOEHILAY JI=ARGL

LNT=LAY+NAY

DCOEF{LNeJI=ARLE

dN=J+1b

DLOEFTLAT ¢ JN)=—aRG2

UCOEF{LNy JNI=ARG1

DJ 840 MUDE=1 +NMUUE

U0 @ J=lsNaY

HR§J o MODE | = Ak ¥H1 4, MODE }

BVECTI JeMUDEI=DHA[J4MODE)

L=NXY+d

pVECTIL « MQUE ) =HR [ J+MNDE}

wRITE lo«70) MUUE

FORMAT [ /7L Aavl9nD0OWNWASH w/Y, MODE(,IZ24+50A), NAY KEAL PARTS FIRST
Le IN CORIRCL PGINT SEQUENCE//)

WRITE [os903 {8VECTIJ MODEY 2 J=1eNAYLZ)

FUKMAT {olbasElne81)

CALL GLSP (ULUEF s NXY2y 32 yBVECT oNMODE y WFACT g 9 3UM rw THERKET g TB oL 450y
1321

I¥ (ERRET=11 143,107,127

PRINT L10

FURMAT {//1k, TOr*x2x TRROR RETURN FROM LEAST SWUARES ROUTINE, FEWE
1R THAN lo EWNS. %*8//)

GO TO 190

PRINT 130

FORMAT (//1lasooH®*%xx ERROR RETURN FROM LEAST sWuAktS ROUTINE, LETE
1RMINANT = O *x*%u//7})

oG TO 190

g0 1bU MUQE=]1,NMUOE

wHITE los1501 MUDE

FORMAT (/7 LA+ 2dHWEIGHTING FACTORS ANMy, MOUEls12+22H)y lo REAL PAR
175 FIRSTZ2)

WRITE tbev3) (WFACT{J4,MODE],J=1,22]

T R o T I o T e L R = 1 T I UUiy e gy o N S e L T = I I T S g R ey ey e ]

85000000
85100000
85200000
85300000
85400000
45500000
85600000
85700002
bBhs00000
85900000
86000000
86100000
862030000
846300000
86400000
Bob00000
Boeu0000
BoT7000OCT
86800000
86900000
67000000
a7100000
bT200000
@ 7300000
87400000
87200000
47600000
87700000
87800000
87900000
88000000
88100000
88200000
Lo300000
B8400000
88500000
BoodQ000
B4 720000
800000
88900000
449000000
99100000
89200000
§9300000
#94C0000
49500000
39600000
2700000

H9E00000

#%500000
90800010
90100300
90200000
90300000
90409900
§0500000
90630000
S0T0000D
90500000
40900000
91GU0000
91100000
91200000
91320000
51400000
91500000
91000000
%1706000
91800000
91900200
Y2000000
92100000
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J lew Jk=l,so
oU 160 Kd=1s10
RP=WFACT [ nds ukl
REd=KJ+lo
AIP=wFALTiRR G IR}

152 ANMIKJ s JEI2LMELXERPLXTP)

T4 92200000
5 92300000
76 42400009
77 22500000
78 S26000090
79 G2700000

et P prn b bt ke b e g
P

c TAPES IS o LOMMUNTCATION CHANNEL TO OVERLAY £.0 860 52800000
WHRITE (%) (ARNMIOK,MCDElsdK=1,106} 929000090
wkbiE (0170} MUDE 82 92000000
170 FURMAT {//41X+429ALEAST SQUARE RESIOUALSy MULE(,1Z2,50H) s NRY Reak P 83 43100000
1ARTS FIRSTy il CuUNTROL POINT SEWQGUENCE/ /) 64 932420000
L42 ARITE [6+903) (ulayMOVUE),Jd=1,NXY2} 3] 93300000
190 K E TURN 86 93400000
EnNUD 8- 93500009

. GLSP.- The function of subprogram GLSP is to solve for the weighting factors

1(13111 of equation (32) of reference 1 with the aid of subprogram SIMEQ. A weighted
least-square-error solution is made if the number of equations M exceeds the number
(N = 16) of unknowns. The matrix of weights is supplied by the user. For WT(1) = -1.0,
all weights are made 1.0. After a reduction to a normal form, solution of the simulta-
neous equations is done by SIMEQ. If the number of equations eguals the number of
unknowns, SIMEQ is called directly. I the number of equations is less than the number
of unknowns, solution is not made. Instead a RETURN is made with IER = 1. The list-
ings for subprograms GLSP and SIMEQ follow,

a

SUBKRUUTING GLSP {AsMyNyBeIPs X Us SUMyWT 3 LER 2T Sewdy MAXM, MAAN] J 2 S 700u00
ot %% DUCUMENT ULATE O8B-N1-68 SUBROLTINE REVISEw O7-0y=T1 *¥kxwhsns 4 3 Y2830000
" TH1 > RUUTINE iS5 ADAPTEC FOR USE AT LANGLEY FhuM SMLIH3UNIAN J 4 93400000
C ASTRUPHYSICAL OBSERVATORY SUBROUTINE GLaP. ’ N) 5 94004000
[ ALMAXMeMaAN) = GIVEN RECTANGULAR MATRIA J <] 94100000
c F o= NJ. rOWwS OF & J ! 94200000
< N = Nu. Culs DOF A J & $4300000
. BlMAAM iP)} = MATRIX CF RIGHT SIDE J 9 Ya4400000
C I[P = nU. COLS OF A J 10 94500000
C XMaansIFi = SCLUTTION MATRIX J 11 S40JGO00
" VIMAAM . IF) = RESIDUAL MATRIX J 12 94700004
[ SuM{ [P} = SuM OF WEIGHTED SWUARES GF KuSiuUALS o+ 13 94800000
C WIiMARMI = wETGHTS. IF WTill=-1.0, ALL wElGHTS AKE SET = 1.0 J 14 Y4 900000
C Ik = ERKOR RETURN, = Oy NORMAL. = ly t LT Na = 2y DET = 0. J 15 950009C0
[ TBIMAKN) = TEMP. STARAGE IN SIMEQ J lé 95100000
[ WAIMAKAN, MAXN) = MATRIX OF NORMAL EQUATIUNS J 117 95200000
C MAXM = MAXIMUM ROWS 0OF A J 18 95300000
L MAAN = MAATMUM COLS OF A J 19 99400000
C SIMEL = ROUTINE TO SOLVE NURMAL EqUATIUNS J 20 25500000
Cc J 21 95000000

UIMENSTUN A(MAXM MAXNY, BIMAXM,IP)y XIMAXNylFoy U{MAAM$IV )4 J 22 95700080

L SUMiIP)vwTIMAAM) » TBIMAXN Fo WA TMAXN MAXND J 23 95800Q0C0
C J 24 $5500000

vET=0.0 J 25 Su 000000

IER=0 J 26 96100000
[ SET ALL wklouTs = 1.0 FOR NO WEIGHTENG iwTtl) = ~1.0) Jd 27 $6200000

IF [ATlli.6E-0.) GC TO 20 J 28 S0 300000

O LD I=1.M J 29 Ya4Uaoud
10 wT(Li=1.0 J 30 $0500000
24 IF [M=Nl 30s40470 d 31 Y6600000
8 If M LESS THAN Ny NO SOLUTION, IER = 1 J o3¢ 96700008
30 1ER=] 4 33 Yo800000

RETUK J 34 $6900000
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90

102

1132

122

140

o

[ R R L]

29

[a Nl o

30
4
2N
al
70

80

93

IF M = Ne SOLUTION WITH NDRMAL EQUATFIONSs AX = B
WO 00 l=l.#
U0 50 d=1+N
wAlT wdl=a01,4d)
VD o0 K=LeIP
Kllsk1=Bl1IsK)
LL TO 1c0v
IF M T Ne WA = AIT) #* A ¥ WT, X = ALT) ¥ B8 ¥ Wl

VU 80 K=1+N

U0 40 J=law

WwAlJd,K)=0.0

ud 30 I=1.M

WAL k)= wAlLd oK) +ACT K) XA LT +J ) *WTET}
WELGhT B

U 90 K=1,10P

DO 90 J=leN

AldeKI=0.0

Ul 90 [=14M

XK{JdeRI=X L JaRY+AL T+ JI*BAT+K)*WT (] )
SULVE EwuAT]uNS BY SIMEY

CALL SIMEQ {(wAsN+ Xy IP,DET,TBMAXN,IS)

If (BET.NELO.) U TO 110

[ER=2

wl TO 1«0
SULYE sESIUUALS AND SUM OF SGUARES OF Re>JUUES

DU L300 KsielP

SUMIKI=0.0 -

D0 130 [=1l.+M

JileKiz==0(ls+K)

w0 120 J=1aN

Ul TeKb=2UT T s KIP{ATT 2 d)*XLIpK}}

SUMLK)=SUMIK I +LUL I K ) I*E29NT ()

~E TURN ’

END

SUBRUUTINE S1MEJ (AyN+BsMDETERM,IPIVCT ¢NMAXK . 15CALEY
*%% QULUMENT UATE Q8~-"1-68 SUBROLTINE ReWiscl Os~Ql-oo *esdEnex:
SLLUTION uF SIMULTANECUS LINEAR EGCUATIONS

DIMENSTUN IPIVUTAN] 2AINMAX NI, BILNMAX,M)
EuUi VALENCE LIKUWr JROW) ¢ CICOLUM, JCCLUM)Y » {aMaR T SWAPI

INITIALIZATIUN

15CaLe=0
R1=10.,0%%100
R2=1.0/k1
DETckM=1.0
DG 20 Jd=lWN
IPIVOT(JI=0
DU 380 I=leN

SEARLCH FUR PLlVUT ELEMENT

AMAX=0.0

Do 7C J=LlsN

IF (ErIvOTigi-1) 20,723,230

DU 60 K=i+N

1F (EPIVUTIRI=L} 40,460,397

IF LABSIAMAAI—AbSLALJWKI)) 50,60C,60
IAR0n=d

1CULUM=K

AMAASALJL oK)

CUNTINUE

CCNTINUE

1F (AMARDY 99D,8D.49"

DETERM=0.0

I SCALE=D

Lu TO 370

IPIVOT (I CULU NI =L RIVOTLICOLUM ) ¢

(B UL By Sy A SN S S SN S N N Sy S S SO SN VY SN N A S A N RN S e

AERERZERAFAERERAZEZERFIEZNEAFRXFRZIAITEZAZEERERRXFERZEZIRZERERXZEX

97000000
47100000
947200000
97300000
74000600
97200000C
47600000
97700000
978000C0
97 YQUOCD
96000000
98100000
Suz000C0
9830C000
90400000
98500000
Y4600000
Su 700000
Ydouu000
S8900000
949000000
99100000
95200000
39300000
95400000
99500000
99600000
99700000
559800000
99900000
100000000
100100000
100200000
100300000
130400000

100600000
1Q0700040C
100Gu000Q0
100960000
Lo1CL0L00
1011000C0
101200000
1013000G0
1014000060
101500000
10lon0GLL
101700000
L0L800000
1019000040
1020000C0
lu2loLoed
1022000600
102300000
102400000
10500000
102600000

L 102700000

102400000
10900000
103000000
103100000
103200000
lu3zogooo
1034000C0
103300000
103600000
102700000
103800000
103900000
10400CCI9
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Ll Sl o

139

170

LuG
190
200
213
2232

230

240
250
269

2719

280
2940

300
310

329
330
34
329
360
arn

320
399

30

INTEKLHANGE Ruwd TO PUT PIVOT ELEMENT UN UILaLUNAL

[F tIkGu=leuiumt 179,142,107
UETERM==uETERM

U L10 L=14N
onAP=ALIRUWs L}
A(IROneL) =ALLICULUM, L)
AlILQLUNM L) =5nAaP

IF (M) 140014 0e120

U 130 L=lem
SwAP=o{1RUAN+L)
BlIRCwetd=BiICULUM,L)
BOICULUMsL)=5aAP
PIVUT=AL JCULUM. LLOLUM)
IF (PIVUT ) 150,80,15N

SCALE THE DETEKMINANT

PIviTi=PIvOT

IF {ABS{OETERMI-R1) 180,160,150
UETERM=DaTERM/R]
LSCaLle=15CALL+]

IF (ApS(UETERMI-RYL) 210,170,170
UETEKMEUE TERK M/ KL
I15Calb=1SCALE+]

ol TO 212

IF (AoS{UETERMI=-R2) 197,190,210
UETERM=pET ERMEk]
LsCALE=i50aLLE-1

IF (AQSLUETERMI-KZ) 200,270, 219
DETERM=LETERM*RL
[SCALE=15CALE=-]

IF LaBSIPLIVATII-K1) 24G,220,220
PIVvuTl=FIVUII/R]
ISLaLE=TI3CALE+]

Ik {ABS(#FIVOTIN-RL) 270.230,230
PIVUTI=PIVOTI/R]
ISCALE=TSCALL+L

Lbd TU 270

IF LAGSIPIVULTLII-K2) 257,257,270
PIVUTI=FLvUTI*R1
ISCALE=I50ALE-]

IF LABSIPLIVOTLI-R2} 260,260,270
PIVUTTI=PIVOT | *K}
IsCaLe=ISCALE-]
UETERM=UETERM*P] VO T!

VIVIDE PIVOT ~UW BY PIVOT ELEMENT

00 290 L=1sN

iF (IFEVATiLI-1) 289,297,399
ACICOLUM, L }=ALICOLUM,LY/PIVAT
CUNTINUE

IF (M) 32C.442, 357

DU 310 L=L1l.mM

g {ICULUM, L) =bi 1COLUM, LY /PIVOT

REVUCE NON-PIVOT RCWS

U 300 Ll=14nN

I {LL-1C0LUM) 337,387,330
=AtLLviLULUM)

D 353 L=L.A

It LIPIVOTL)=1] 340,357,290
A(Lch}=A(Ll|LJ-A(ICDLUM'LI*T
CLNT INJUE

IF (M) 350u3b00300

DU 370 L=1l.m
b(Ll.LJ=u(L1.L)—uI!CULUM,L)*?
CONT I NUE

RETURN

END

ARXEEXFTFEAARZARER>F R A XXX KERIEFRAZTAEEERRNETREXRRE X & X% FREXXER AR A TR T AT XFTFARAAENIARN R T XXX X X = x

107
100
109~

1041000CQ

C4200000
L0+300000
L U4500000
104500000
104400000
194700000
1l U4ow00uQ
104900000
1G20000G0
1051008000
105200000
105300009
102400000
105500000
105600000
105700000
Lo5300000
L059030603
106200000
1061000090
106200000
1LV 300000
10o40Q007
106900000
Ll CeeuQQQ)
104700000
106820000
106900007
Lu7QuoLV0
107100000
107200000
197300000
L07400020
L07a00000
1070000G0
107100000
107200008
107900000
1080u0000
108100000
lubedouco
1062000C0
1C&4000C0
10s5000C0
1Q¢ud 0000
108700000
10vs00000
1069000C0
109000000
109100000
1992Q0000
109300000
109400000
109500060
109600000
109700000
109800000
109900000
11¢060000
110100000
1102000G0
116300000
1104Q0000
1105G0000
110600000
11G70Q000
1138000040
110900000
111000000
111100000
11130000
111300000



OVERLAY (JMF,2,0); D2182

Subprogram D2182 is the controlling subprogram in overlay 2,0. Its function is to
direct the calculation of the generalized aerodynamic forces Q:‘j and, optionally, of the
flutter solutions as described in reference 2. A NAMELIST input is read. I it includes
' prevmusly calculated Qi] values, their calculation is bypassed. Otherwise, the III

and a 3m matrices are obtained from TAPE®. During the calculation of Qi] most of
the intermediate matrices can be optionally printed. Finally, flutter solutions are made
for up to 25 values of air density, and the output is printed. The flow chart for D2182
follows.

FLOW CHART FOR PROGRAMNM D 2182

OVERLAY 2,0
PROGRAM D2182

/ REAO, PRINY IDENT/
INITIALIZE MASSES TO 0,0
AND WIC YO [MOEFINITES

READ; PRINT
NAMELIST
INPUT [P2182

REWIND TAPE9

ANMD ANM {RECOAD 3! OF EQS. 28,32 OF REF. 1

REWI[ND TAPE9

/ WRITE CERTAIN Pnnnnelens oM _outeuT [/

//'READ FROM TAPE9 MATRICES [[1 (RECORDS 1 AND z://

INETIALTZE NAJRIX ELEMENTS TO ZIERD
{MTRZ, IFML, [TMI, MTR&6, MTRA, QLJ)

COMPUTE NONSTANDARD SPAN COMPUTE 3,45+7,9,0R 11
STATIONS [MAX. OF 11} STANDARD SPAN STATIDNS
L ]

BEGIN DO L00P FOR

SPAN STATIONS IN SEQUENCE
Al
[BEGIN DO LOOP FOR MODES |

240

31



{INITIALLZE 1TM2 = D |

| INTERPOLATE  HLE]

COMPUTE MATRIX (4]
(Ed. l4, REFa. 2)

FOR NONYTANDARD INTEGRATION (MAX = 20}

NO YES
cweol = 0
COMPUTE MATRIX (2} AND CHORD STATILIONS NO

YES

USE 20-POINT| JUSE 10-POINT,
COMPUTE MATRIX (2) AND CHORD
STATIONS FOR GAUSSIAN (STANDARD)

32

INTEGRATION
{340 )
NO ¥ES
NONSTANDARD - STANOARD
USE NAMELISTED HIC INTERPOLATE DEFLECTIONS HI
TO COMPUTE MATRIX (3} ARD COMPUTE MATRIX (3}
»{ 370 }

[coMPUTE MATRIX (11]

ALL MODES COMPLETE

240

NO

COMPUTE NATRIX (%)
FOR A SPAN STAYION

/

PRINT MATRICES (2) AND {3} IF
CWPR2 AND CWPR3I, RESPECTIVELY, .NE. O




PRINT INTEGRALS

IF CWPR& LNE. O

S

xle

//IF CWPRSG NE. O PRINT MATRIX 145/

ALL SPAN STATIONS COMPLETE

SPAN STATION
D0 LOOP

3

NG

/'IF CWPR4 JNE. O PRINT DEFLECTIONS HtEj

COMPUTE NONSTANDARD

MATRIX {6} FROM INPUT

YES

A

COMPUTE MATRIX
STANDARD SPANWISE INTEGRATION

(6) FOR

NO

b

Y

1

COMPUTE MATRIX (T} COMPUTE MATRIX (7)
WITH 0DD POWERS FOR WITH EVEN POWERS FOR
SPANWISE ANTISYMMETRY SPANMI SE SYMMETRY
» 680 )«
IITH3 = MATRIX (5} TIMES MATRIX (&)

| COMPUTE MATRIX (8} |

[ compute mateIx (8x) |

/ IF CWPRS.NE.O PRINT MATRIX {5) /

800

33



800

/IF CWPR6.NE.O PRINY WATRICES (67 AND(T1/

Y

{IF CWPRB.NE.QO PRINT ITM3 AND MATRIX (!I/’

/LF CHPREX.NE.O PRINT MATRIX (8%)7

[1TM4 = MATRIX (8X) TIMES MATRIX 1 |

[COMPUTE QIJSTAR WATRIX, EQ. (18)]

NPNCHQ.EQ. 1

NO

PUNCH QL JSTAR MATRIX
AND MACH K TANLE,TANLTE,S,NMODS, AND NSYM
{(FORMATTED FOR SUBSEQUENT NAMELIST REAQ)

-y

PRINT MATRTX OF DEFLECTIONS RIC

PRINT SPAN STATIONS

PRINT ANM MATRIX

PRINT GENERALIZED MASS MIJ MATRIX
PRINT MODAL FREQUENCIES OMEGAII}
PRINT MODAL DAMPING COEFFICIENTS G(L)

b

/ PRINT QIJSTAR MATRIX /

NO 0 YES
PRINT ~

COMPUTE ELEMENTS OF FLUTTER

DETERMINANT, EQS. AL2 AND Al3

.NO -FLUTTER
/PRINT VALUE OF ALPHA/ (RETURN )}

/PRINT FLUTTER DEVERMINANT/

{C AL L EECN, COMPUTE EIGENVALUES AND ElGENVECTDRé)
PRINT EIGENVECTORS
NORMALIZED TO LARGEST EL EMENT
L

(1240 )

COMPUTE DAMPING COEFFICIENT G
AND STIFFNESS PARAMETER hbbofv

¥

PRENT EIGENVALUES, EIGENFREQUENCIES w.,
DAMPING COEFFICIENTS G , AND S5TIFFNESS
PARAMETERS abbo n

(_RETURN YO MAIN )




[N o

24

30

49

2J

7

d

C
v

vl

2

]

¥ F A

Gy EUMELIL]» ISPR(LL )+ XTR(Z2C) 2 INTHACT (62

UVERLAYA dMre 2400 L
PRUGRAM UZ2lb2 L
DIMERSTUN ApTBLICI0) XB8TB2C(27),TAICLO(10),ToiC20020)YSPI111, L
IXLE2CH e ALELLLY 4 ATELLLY yMTRL( 64201 4 MTR2(204 sMTR3 L2001 sMTRe 00D, L

ZMTR4AL o411} ol EL 1Y 96) s MTRS(O,6, 11 ) MTRO(LILI MTRTILLLs L)y MTRulo L

3eLs b0y MTHEX t0r40] s ITM L6427, ITMZ{ 6160+ 1 TMIlosu il) +1UENT By L
4ALCBARLZ20) yno(0) s YSPSUT L) yHICIL1L1 4200 ) yHT AL (U shuk Lol LFEl)
DTEMPlulaulo) vaMGA(B) , MASS{O .6 ) s ALFHALZB)AILL20) ¢ ATADLZO) ¢ SMLEBI

CLMPLEX TAovietelo) yANMI1646),GAMMBLL) s CAPOIo L) rnldlosnlsElLLIG)
LelTMa4(6yunl s CFesADIE), STOR(E,6}eHACT (01 6) s VELI Ly L) VECSAY

WEAL MTRLyMTH2 MTRR,MTRA ¢MTRGA yMTRO yMTRO 4 MTAT s MTHO s MTROA Y ITML [Th2
Lol TM3y Ky MASS oK MACH, TSPS

CUMMUNS/ TRAZLoZ2/aMy XK+ TANLE ¢ TANLTE s SoNMUDEsiva Y M

INTEGER CawsP ST o CnSPICWCOTVCHPRZ yCHPRI yCWPRasLalkrd, L
LCWPRrusLaPKY s LWPluX

UATA TadLbd FU? IMTEGRATENN STATIUNS Anu FACTURS Fux 10 ANUD
20=Fulnl wAULSTAN QUACRATURE FUK Qided *%x

VATA LXuTolliJled=1y211/.12%0T30E-1 0670003l Te—Lyeinley02idy
1e28330250 0 oten902831.57442T1T,.71669TT01a039704Tdy%3L03l0d,
2eGbo903cn /s

DATA {XoTu2l(dlsd=2y 270/ .24357004E-2,,. 18014030~ Ly aw3nal2TbbE~1,
1e8394l510b—1 412083475 ,.18697316+.24456650,.313190%0 50010707,
S0l T50Tuy o2302052604401286233, ,63€E53N4, (3093330615 020049,
3.07310595¢4919530494+.95611721,.981585%0 599000430/

DATA {(TuiCLlald)eyd=1,y17 )/ ,232325672k~14.T4T250T9E- 1, .1095431 0,
Lal3ab3330,. 147702l 4.14776211,.024632320,.109543 0, Tul25075E-1,
2a3333%074L-1/

GATA ATolL2)(J1ad=ts 20 )/ aBENTD030E—2,420300710E- 1 -31200024L1,
1e4l0363F—1se20905080F-1,4.59037266E-1yab62094219E—1 ¢ dlC4dU55k-1y
2. T4260493E=14.T6276694E-1,.763T0a94E=1y 74560493k 1,.70046092L~1,
3.60044319E—1,y.5909T266E-14.50965060E-1ys4lel3oiTb—1ys3lounl24e-1y
44203007 1oe-1sa83370035E-2/

WAMELIST ZIP2Lu2/NSPSTANCNST oMASS s CMEGA s OMEGL D s NALFHA ALPHA LY BP S,
1 19PseHILeLwsPaT sChSPT yCWCDT vATAByCWPR2yCabRr3y L
£ CmPREyLaPro o LnPrb yCWPRE yLWPRIA XL EARS XT Ly NHP L
3, INTUR e NFNCHws NRJ Ty DT Jy MACH s Ky TANLE » TANLT L S o NMULS s N2 YM

NMULS=NMuJE S HALN=XMEK= XK

PRINT 17

FURMAT L1HL e /// XN BTHPROGRAM J2162 see CUMPLIE uwtNLraLlleU AERUUY
1wAMIC Ftuntbd Anu SCLVE FLUYTER UVETERMINANI S

DEFAULT vaLuld oFf COMTROL PARAMETERS FUR eUaurATUREs PRINTING,

PUNLHLND s Adu ITNPUT  #xx

LnlUl=CaPRZ=LnPrRI=LWPP4=(WPRG=CwPRO=LAPHE=LarrnaXr =0

Lwse i =CusPsT=nPNLHL=NRQT y=0

dewlii INPLT L

AcAy (94231 luknT

Fukmal {aald)

PRINT 30« TUENT

FURMAT (//7/LlCaydal0//)

JJd +0 1]l=1s30

wlJi113=0.0

MASS(IT)=ustd

vl 20 I1=1.13232

HILGIEd=1 7740000000000 7777TTR

READ {ueliziaZi

FORMAT $//L1Ae220 ECHO AF NAMELIST IP2182 FOLLUWS )

wRITE fuecd)

winl1e tos [P2IBRZI

I+ [imuwidebwel) w3 TD 1030

REwINJ G

ALAY {9) UTREY{JE K 3K =1 vdalskd=1l,44])

KEAU (9} (ITROY(JKyKIT 9 JK=1 40 ) KJd=5416]

U 19 RJ=lenMUUS

REAL (9] LA Jdn b J) o dK=1,416]

Rewliuw 5

ARITE [oedUl SACHI K« TANLE s TANLTE y 5 yNMUDS efvaT

FOkAAL (/Fuh MACH=ELS. 8y 5Xy 2HR=E1 5.8 5K s0HTANLESE L 2ear e TRTANLTE=
1elb.Beoas 2H3=EL e 3//TH NMODSS1245X e 50NSYMS12/ 27

rcerrFrrFcFrrecrreCccCcCtcrrCCr e r-rrerrer e~

rerrre e

-
[l el el el el e

-

[l N il ol o e ol el el o

INITIALILE maTRIA ELEMENTS TO ZERU L
OU YU J=lanCUusT L

111500000
111200000
1117000G0
1116005G0
11r300auu
112000000
112100000
11220300GC0
112300000
112400000
11500000
1120300060
1127000uw0
1128003030
112900000
113000000
1131G0R3G0
113200000
113300000
113400C00
1135000090
113000000
113700000
113800000
113900000
114000600
1141:3000C
114200000
114300000
114400000
114220003
114020C0
114700000
11463C023
1149%00CCQO
L1lou00uiy
1121020%%
115200000
115320002
115400000
L15300000
11500007
LLI5TU000Q
115803000
11590000G
116000000
liul2CQCD
110200000
116300000
116400000
116500004
1i00G030D
116 40G0O0Ju
116500060
116%G0000
1170C0CT0
Li7120000
117200000
1l fs2G000
117400040
117500030
1170005000
117700000
1174000407
117900000
Llas0Cuup?
113100000
1150006
114300020
1luv4u0ouo
118500080
ligel00Q0
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29

129
Alg

124

133
14)

Lou
lu®

17u

laa
1373

[N el w]

227

SR N ekl

2£0
230

24

2ad

Zou
270

36

MTAZ (J1=).

a0 110 Nad=Llso

Uu 10 ndJ=l.wMuus
Ul LO0 Js5=1enSKs51
ITM3 NS elidd e da) ="
CONT IivUE

Luad 120 J=leo

Lu l2u Ra=ienlusl
ITMLiJ sk J)=0.0

Ud 130 JdP=1.NSPLYT
MTraluPlsue.d

CLinT IhUE

OU 1iv Mu=ls0

0J lov MK=la0

wO 150 ML=1.10
MIma(MJds MK ML) =0,.0
CUNT InNUE

CUNTINUE

e 152 Mu=l.hMIud
Ul 10 Me=lsRMUUS
wIdiMY ML =Ua 0
CLNT INUE

P Anwl Sc STaTiuNs FSTABLISHED

[ (LabP5T.Ew.0) GO T 210
NUN=3T ANuaRU 5PAN STATIONS

JO ZC2 J=l.N5PST
Y5PL Jl=vSP sl diay
vl TU 230

STANUARU 3P Ar S5TATIONS [245.7, %, 0h11 EQUALLY SPALLL)

UY2a/FLUATINSPAT-1)
¥SP{li=0

Ul 220 Jd=2 NSPST
Y3Plul=raPla—1)+uy
LunNTInJE

DU 270 LSPAN=SL «NaPST
Ul 220 MJwE=LeMNMODS
vl 240 JRieu

VU 240 nd=1shMuus
1TM2HlUerJI=0.0

CCHMPUTE aND STuxt CHOFD INTEGRALS CUF LNSTAR -~ MTk4A

ALELISPANI=ABS LraP(ISPAN) ) =T ANLE
KTECIoPARI=) . ¢ADSIYSPEISPAN) ) =TANLTE

XVAL=ALEG{I SPAN)

90 253 Jd=1 AP
ATolJdi=albElLoPANI + XTAB LI ¥ IXTELISPANY—XLE [ [oFAND )
HTAS(J)=RICLLISPANy J4MDDE)

INTERPULATE Lt UEFLECT TGN

CALL FTLubP CAVAL 2 HVAL,, INTOR o NHP , XTEUL) yHTaulL 1))
HLELISFANYMULE ) =HVAL
ALToW=aTELESPAN]) **2—XLE{ ISPAN] #%2
ALTSR=3URTLALTSW

ALT332xLToRes3

ALT55=2 AL TS5R=%,

ALEZ=ALE (ISP AN} ®%?

IF {ALECISPAN) wLWa™o ) GO TD 207

ATUAL=AdS CATECLSPANIZXLE{ISPAND )

ACOSHAL Dl ATUAL#SCRT(XTOXL®%2 =] ,] 3

wd TO 270

KCUSH=V. 0

CONT INUL

MTH4AlLs E3PAN)=ALTSR
MTN4A!¢.[>PANJ=.D*XTE(ISDARIﬂxLTSR&.S*XLEd*ALUah
MTRHA{3:15PANJ=-)*KTE|ISDANJ‘KLTSR--D*KLE&*ALUSH
ATradlay [ 5PaN) 2. 423223 332x 753

roor -
L o e o ol el ol ol il ol el ol el o el el ol el gl el o L i a3 o S e

127
128
12¢
130
13
132
133
134
135
l3e
137
136
139
140
14}
142
142

11700000
116600000
11e%G0000
115000000
1191G0000
119200000
4193500000
119400000
11%5C0000
119uQO0uy
L19783g0e
11%8C00090
119900000
140000000
12J10000Qu
120200300
120300000
1:0400C00
120200008
l12ueldiuu
LeC700000
1£CHO0CLD
1.39D00GT
141000000
121100000
12130000
121300000
121400040C
121550000
121e00vuD
121700603
121800600
1219000C0
122000003
122100000
122200000
122300000
12400000
lee330000
122000000
1227000G0
142800300
122900000
123QC0000
123100000
13200000
122262000
123400340
12350Qu0d
122000000
123700000
123003230
L236209C0
12400000u
124100000
lew 200000
124300000
1£440C300
124500000
1&=600300
14700000
124400000
124420300
125000003
Lzsoluguon
125200000
Le 2300000
122400000
1455C0000
122600000
Les70Q000
125200000



2480

o0

330

laNalsl

[aBel gl

350

[N alal

360
ENQ]

3d2

35D
400
419
420

[aEaEsNeRal

MTR4A( S ISFAN)=. 25 ¥ XTEL T SPANYSXLTS3+. 1 25%ALE2*ATEL ISPANJ*¥ALTSR-.12

Lo*aL Ec#e 2% XCUSH

MTR4AL By I SPANI = 2*XLTSS5+.33333333%XLE2*XLTS3
V0 280 NN=l.0

MTR4 (NN, MODE J=MTR4AINN, I SPAN J¥HLE( ISPAN, MUUE )

CUMPUTE ANJ 5TORE CHORD INTEGRATING MATRIA = MThe
IF (CwCul.EW.D) LD TO 300
NON=STANUARL LHURDWISE INTEGRATIGHN

20 £93 J=1,NCUST

MTHZLJ)=XECL JI=(ATELTSPAN)-XLE(ISPAN))
KC(JI=XLEALISPAN) ¢+ XCRAR LI IS IXTECISPAN)-XLE[ISPAN])
GO TU 340

STAMOARU CHOmUwidF INTEGRATION (10 OR 20-PULhT LAUSS)

IF (NCDST.E&.10) GC TO 320

DO 310 J=1.NCOTST
MTRZ{u)=TulC206J )= XTE{ISPAN)—-XLE(ISPAN}}

KLl d)=ALe{[oPAN) +XBTBZO{ JI*[XTELISFAN}—XLELLISPANG)
GG TG 340

DU 330 J=1.NLUST
MTRZ{JI=TEICLIUL0d *IXTEL I SPAN)-XLE (ISPANI)

AC LIzl (ISPANF ¢XATBLIN (U= (XTELISPAN)=-XLELL3PANDI
CONTINUE

V0 413 KChu=1l,.NCOUST

COMPUTE AND >TCHE DEFLECTIGNS H-HLE{MUDE [) - MIR3A
IF (ChiulaNel0) oD TG 360
STANDARU INTERPULATION OF DEFLECTILCNS

UJ 3250 J=1l.NHP
XTBOIV=XLEAISPAN)+XTABIJI*IXTE(LISPANI-ALE{ISPANI)
HTABLJ)I=HIL{ISPAN,J MODE)

AVAL=XACIKCHUL }

INTERPOLATE LEFLcCTIONS

Cali FTLUP (AvAL yHVALINTOR NAP, XTRB(L1)yHTaBkL
MTRI{KCHUs MLUE)=HVAL-HLE(ISPAN,MODE]

sO TO 3TQ

NON=-STANLARDy Ust CEFLECTIONS HIC w/0 INTEKPuiLATION

MTKIIKCHD e MuLEY=HIC (ISPAN, KCHUy MOOE}-HLELLSPANYMOUE)
CUNTINJE
SHKRTRAD=3GHTIXC{nCHD)**2 —XLEL{ISPAN] *%2]
ACN=1.0
UG 400 N=2lyo
LF [ihetwel) wu Tu 380
1F [Nabw.2) LU Tu 297
MTRLIM s KCRU )5 ACH*SQRTR AD
XKCN=ALN® XL IKLHU)
L0 TC 402
IF{5ukTHAD.NESs 0.7} GO TO 282
MTRL (N KCHD) =0.0
GO TU 422
MTRL [Ny RCHLIFACLKCEFDY A SQRTRAD
wd TO 402
MTRLI{N s ACHD I =ALIACFDIEMTRIIN=-1,KCHD)
CUNT INUE
CONTINUE
LUNT INUE
END UF MUvAL D20 LOQP %=

MATWIA OPchaTlUn FOR CHORDWISE INTEGRATIGH

Ll

(ol ol ol ol ol ol ol ol o ol S

[l ol ol ol ol

125900000
120000000
126100000
126200000
126300000
126400000
126500000
120000000
126700000
126400000

126900000

L2 70000L0
127130000
127200000
127300000
127400000
127500000
127600000
127700000
1£7600000
127900000
126000000
1281000900
128200000
126300000
126400000
12a500000
1£d600000
1200000
124800000
128900000
LZ29000000
129100000
1292000030
129300000
125400000
129500000
129600000
1267000460
129800000
1299C000u
130000000
1390100000
1302720600
130300000
130400000
135500000
130600000
130700000
130800000
130900000
121000000
151100000
151290G00
1>130C000
131400000
121500060
131600000
131704000
131600000
131900000
132000000
132100000
132200000
132200000
132400000
132500000
132600000
Lac 700200
132800000
132960000

37



C CLMPUTE aND STumr CHORO TNTEGRALS - MTRHS L 209 133000000
C L 210 123100000
QU 430 J=l.so0 L 211 133200C09

DU 430 JJ=LyNCWLST L. 212 133300000

430 ITMLUdeddl=MTRIGJs JUIEMTR2( 4] L 213 133400000
U0 440 J=1lso L 214 133200000

UL +40 JJ=LlhM0US L 219 1334600000

U0 «40 JJd=1 NeusT L 216 133700000

440 [TMZ20d e ddd=ITMLIL U pdJIIFMTRI( IS JII#ITMZ Uy L 217 135400000
JU 450 J=1l,o L 218 133900000

PG ws0 JJ=1.NMOUS L 219 124000000

a9 MTR2{JJ+Jo [OPAN) =T TM2L U JJIEMTRG(dydJ) L 220 134100000
I+ [LwPR2aT w2} GO TO 4H0 L 221 124200000

ARITE [waabd) L 222 1343000020

«bD FURMAT (//71UA«21RMATRIX MTRY - BY RCnaS ) L 223 134400000
ARITE {10000 (IMTRI(JIK K} 4R JI= L NCDET) 3 dk=1su) L 224 124500000

WRITE [oeaii) L 225 1344600000

470 FORMAT (//#1Qa, 3DHMATRIX MTR2Z2, DIAGCNAL ELEMENTS ) L 226 134702000
WRITE (oslO00C) (MTR2[JK])] s JK=1,NCDST} L 227 134600000

480 IF [LwPh3.E9.0) o2 TO 500 L 228 134920000
WRITE (wya90) L 22y 135023200

490 FORMAT L//71GAs34nDEFLECTICNS H-HLE ¢ MTR3 4 oY HKUnS ) L 23C 132100000
WRITE {6ol0CC) (UMTRIMIK,KIY +JK=1 e NCOST I ond=]1 o NMLUSI L 231 135200000

230 IF (CaPryabwad} 00 TO 527 L 232 135300000
WhITE {¢510) L 2332 132400300

510 FURMAT [//10A+33ACHORD INTEGRALS LF LNSTAR - MTheA/d L 234 135200Q04
WKITE (Lsl300) (MTRGAIJK (ISPAN) ¢ JK=1,401) L 23% 125600000

520 IF jCwPRa«bly.0) G TO 560 L 236 135700000
WRITE (0+5301) L 237 135600000

230 FURMAY (//10XsclhMATRIX MTR4 - BY ROWS ) L 238 132900000
wRITE {100y (IMTR&{ JK KA 4K J=1 ,NMGDS )y dKk=1,80} L 239 1346000000

wRITE (.40 L 240 136100000

540 FURMAT {//10A+33nMATRIX IT¥#1 = MTRI®*MTRZ , uY Runas 1 L 241 130200000
WEITE (L100C) (UITMLIJUK s KJ) sKJ=1,ALOST ) uk=1,0) L 242 136300000

Wi ITE [osbb0i L 243 140420000

550 FORMAT (//71CX33HMATRIX ITH2 = ITMI%MTR3 , 0o Ruwds | L 244 136500000
WRITE (L 1C8GC) ILITMZIUK yEJ) K J= 1 NVOGS )2 dhsS1an) : L 24% 15360000030

260 CONT INUE L 246 1326700000
ald AT ENJE L 247 L36800Q000
C END ur SEAN-STATICN 0OC LOOP =+ L 248 1346900600
IF (CwPre.Ew.Q) LD TO 590 L 249 137000600

WRITE (D4+5001 L 250 137100000

260 FURMAT L//10A+51HUEFLEC TIONS HLE GF MTR4y bY SPAn 5ThAa.y MOGwke L FIRS L 251 147400000
R L 251.1 137300000
WRITE (0+1000) ({HLFUJK KJ)o JK=1,4NSPST) K=l NMUUN) L 252 127420000

590 CONTINUE L 253 137500000
C L 294 137000000
C COMPUTE ANU 5TORE SPAN INTEGRATING MATRIX — mTke L 25% 137700000
C L £56 L=7200000
IF (CwSPl.cwel) ot TO 61C L 2507 137900000

C L 258 138000000
C NUN—3TANUARU SPANWISE INTEGRATIULN L 259 136100000
C L 2&C 1362030C0
D0 o000 J5=1l.05P57 L 26l 158300002

600 MTRo{JSI=ISPSLdnI%S L 282 136400000
Gl TO 030 L 263 138500000

c L 264 138000000
. STANUARL SPANmISE INTEGRATION L 265 134720000
C L 266 134300000
oly WUANT=S/FLUATI 3% {NSPST=11}) L 267 154900000
MTRo (1 )=UdJANT L 2ou 139000000
NSM=NSPST-1 L 269 139100000

00 020 Ja=2iNSM,2 L 270 13420000G
MTRo(JS )= O%JUANT L 271 149300000

o2 MTRoEUJIS+1)=2 ,0%JUANT L 272 139400000
MTROLNSP ST =GyuANT L 272.1 139500004

C L 273 139600000
630 CONTINUE L 274 139700000
DO 04C Ja=1l.NOPST L 275 139840000

o4l MTRT(JUS5+1)=1.0 L 276 139900000
U0 o8B0 J5=1.N5PST L 277 140000000

LF INSYMuEwali GO TO 669 . L 278 14G1laQuou
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DU 650 J4P=1,10 L 279 140200000
JSPe2F{gP-11+1 L 280 140300000

bl MTRILJS.IP)=Y5P (U5 )**JSP L 281 140400000
60 TO e L 28z 140500000

662 Ud 070 JP=2,+,10 L 283 140600000
JSP2ZE{Jp=2) #2 L 284 140700000

B0 MTARTLUS uP)I=YSP(JS)**JSP L 285 140600000
6dd CONTINUE L 286 140900000
00 700 NSJ=1,0 L 2a7 141000000

DL 700 Wag=1lsNMLUS L 288 141100000

DU 8%0 d>=1sN5PST L 289 141200000

690 ITM3{NSJaNJU»JSI=MTRSINJIJINS I JSIHPTRGEL U5} b 290 141300000

700 CONT U 291 141400000

L 292 141500000
C MATRLA OPERATIDN FCR SPANWISE INTEGRATION 293 141600000
L 294 141700000
C 295 141600000
C COMPUTE ANuL STURE QIJ-STAP MATRIX - MTRS 290 141900000
c 297 142000000

298 142100000
294 142200000
300 142309060
301 142400000
T 142500000
303 142000000
304 142700400
365 142800000

DY Tal Md=lr0
U0 T30 MR=1,NMuD>
00 720 ML=l.1d
UL 10 MM=]sNaP5T
F B! MTROIMI ¢ MK e MLI=TTMI(MI g MK, FMIEMTRT MMy ML} *Miko {mJ MR ML)
120 CUNT INUE
T30 CUNT IivUE
143 CONT INUE

c 30e 142900000
c CUMPUTE ANL sTGRE CEJ-STAR REARKANGED ~ MTRoA 307 143000000
C 308 1424100000

309 143200000
3le 14330000C
311 143400000
312 143200000
313 143600000

Uu 770 Mu=leNMLLS

Niy=(0

DO ol MK=l,o

I {MRtwelelheMhGEQ.2) NTM=21D
IF (MR WEG+2,URhaMR.EQ.4) NTM=8

I IMKabEde9) NTM=6 3l4a 143700000
IF (MKeEWs0) NTM=4 315 143800000
DU 750 ML=l inTh 3l6 143900000
NN=NN*+1 31T 1440092300
{20 MTREBAL MJaiin) =MTRAI (MK M ML) 218 144100000
160 CUNT INUE 319 144200000

az¢ L4430000G0
321 144400000
3zz2 144500000

170 CUNT INUE
I[F {LwPr3.EwC] w0 TD 80D
wAlTE (6, T78Q)

(ol ol ol ol ol ol ol ol ol ol ol ol ol ol il R e S S s el ol

fud FORMAT {//1UA+22aCHORD INTEGRALS - MTRS/ oA, 15hN=0 (IN CNSTak)d, L 323 144000000
11lae 3HN=Lle 1TA¢3PN=2y 1TXy3HN=3, 17Xe3HN=2, 1TAs3HN=2 ) L 323.1 144720000

O 790 MJ=1,NMUU> L 324 144000000

PRINT ToZe Ma L324%4.1 144900C00

Tal2 FURMAT [5xe SHMUOE 121} L324.2 145000000
790 WRITE {0+100C) ((MTRSIMIZIKIKI I v JE=146) s KJI5LenSFST) L 325 1451u0400u
300 If {CWPro.EG.0) O TO 820 L 2Z6 145200000
WwRITE {usplil L 3z7 1453000006

uli FIRMAT [//L10As4THASPAN INTEGRATING MATRI X — Miko (LIldcoial TERMSI/S) L 328 145400000
ARITE loslURC) (mTRALJK) » JK=1,NSPST) L 329 145500000

WriTE (b6,020) L 330 145600000

420 FURMAT (//710X. Z3HMATRIX — MTRT - BY ROWS /) L 331 1427CQ000
whITE (64+1000) (UIMTR7(JK KJD ek =1+ 1000 JK=1sNSFSTI L 332 1454000040

432 IF [LnwPko.EW.2Y 6O T 83~ L 323 145900000
ARITE (bed4dd L 334 140000000

8+ FURMAT 1//10A,360MATRIX 1TM3 = MTKS*MTKS 4+ bY CULUMNS ) L 335 146100000
did a50 JK=1Ll.MMOUD> 336 140200000

dn0 WRITE (6+100C) (LTTMRIJJ JKeJM) o JI=LyE M2y 3P 5T} 337 L4630000U0
WRITE (beoQ) 338 140400000

aod FURMAT (//10UAy50HSPAN TNTEGRALS:MTRE,8Y ROw3,00 ELEMENTS EALh MUDE 239 l46500000
1 /1 - 340 146600000

DU 470 MJ=1¢KM0US R 341 146700000

a7 ARITE (0o1300) ((MTRBIUK,MUrKE)okI=1,41001UKk=1461) 342 146800000

440 IF (CwPRoA.£Q.0) GD TO 90C 343 140300040
ARITE (648901 344 L4 10U0LCL

890 FUKAAT L //10As02rSPAN INTEGRALS REARRANGEUsMInDXs RUmnd LF 96 ELEME 345 1471000C0
INTS £EACH MUDE/) 346 147200000

~frrreCfcCrCEC e

ARITE {osiCI0) LIMTRBXIJIK K IsKI=1448) s JK=he NMLUS) 347 147200000
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{00

410
320

930
Y49

959
Ial

370

4l
4320
1302
)]
1223

1039

1042
1050
102D

1079

1060

1990

1100

1102

1119

1122

40

CUunTINUE

DO 920 MJ=1.~AM0OLS

vl 910 ML=le+4o

ITMa (MM =0.0

CUnT INUE

DU 940 MJ=1+NMOUS

Ll 940 ML=1l.+1lo

DU 430 MM=1.40

ITMa UM oMLl =MThkoX (Mo MM] =TREY (MM ML) #ITM4LMI ML
CONT IUut

MATKIA UPERATICHN FOPR GENERALIZEU AEROLDYNAMIC rORLES
DG 98D Md=1,N40US
Ul 900 MIi=1,nMOUS
DU 950 ME=l.le
WIJIMIgMI )= I THG{MI oMLY FANMIML, MT ) +QTJIMI vt 1)
CLnNT INUE
GIJ—STAR maATAIX 1S COMPLETE
WRITE {oea70)
rURMAT L/ /71uas TIMINPUT DEFLECTICNS H 5UB 1y IN VRUER Leks TO Tatas

1 INBUARU FlrSTe mODE Y FIPST/

Ol 990 Ma=1yNMUUS

Ul gl MI=lNEPST

AKITE {es100c) (nICIMT 4 4MU) yd=1NHP)

CUNTINUL

FURMAT (olbXkeELln.81]

WRITE {os1010Q)

FUrRMAT 1 //10A13HSPAN STATIONS /)

WHITE Lo LOCC) (YSPIJI4d=1,NSPST]

WRAITE (6.1020)

FURMAT (/7 10As4o0HANM MATRIX, dY MOOAL COLUMND UF LOMPLEX ELEMENTS/
19XsaHREALy JoA sl MAG 16X ¢ 4HREAL s La Xy 4HIMAG LUA 9K EAL s 10Ky 4HIMAG)
ariTE o, 10000 (LANM{OK KOs JR=1 ¢ 16) Kd=1sivmius)

CUNT INUE

akITE (0+l040C)

FORMAT (//710as10nMIJ MATRYX/)

ARETE (610080 [({MASSLIK sKJ) ok J=1l NMODS ) Jh=1y NMUUS)

mHITE (u,100201%

FURMAT {//10As1T7HMODAL FREQUENCI ES/)

WRITE (6412000 [UMEGATJ) +J=1NMGDS)

WRITE (6y10ud)

FORAAT [/ /LOA,31AMODAL DANMPING CCOEFFICIENTS GILI/)

WRITE (0elD00) (Ll{JYed=1,NMODS)

WRITE Loy 10703

FORMAT (//10AcZon QIJ MATRIX, BY CCMPLEX kUwa/ i

WRITE (010001 L(UTIUIKIKI ) yKAd=1 3 AMOUS) sdizl sivMibius )

FF INPNCHWwoNELL) 50 TO 1102

PUNCH 1080 MACH.K y TANLE s TANLTEy 5y NMODS yN3YM

FURMAT {LlAeoHMACHZEYS o8y 2H  K=E154 By THy TANLEELDeds lH3 /LA THTANLTE=

LELDabe3Hs32E1l000s THINMODS=12 y0Hy NSYM=12, 1Hy)

J0 1100 MI=1,NMUDS

VU L1220 MJ=L.NHuUS .2

Kuld=RhEAL twidimMdeMI T} $ RQUIJPL=REAL{QIJiMIrL Mid}
AlulJd=AlMAaGIwIJlMI LML} ) $ AIQIJUPl=AIMAG(wlu{MJ+L,MIIi
PUNCH 1090s MUeMIoRQAIJLAIQEILRQIJPL,AIQIUPL

FURMAT (5H widl+1] e IH 11 42H} =20 LH(,ELSutslne skl oadedHl o))
CLNTINUE

BeLIN FLUTTER SOLUTICN  #%a

[F {K.hNEZJsd GU TD 1120

PRINT 1110

FORMAT (//33h %% Kz™, NO FLUTTER SCOLUTICH *%%//}
el TU 12310

WO £330 maF=1,NALPHA
U0 1140 Ml=1.NMGuS

Il el

{ i i ot il el el Y el o sl il el el el el 2l sl sl el oulll Sl ol nl ol el ol i ol ool sl el mull ol el

344
349
350
3sl
392
353
354
355
346
357
3sg
359
380

147400000
147500000
147600000
147700000
14780Q000
147900000
140000000
1448100000
L44200000
1403000060
148400000
145300000
148600000
148700000
145400000
1448900000
149090000
1491u00uy
145200000
149300000
149400000
1449500000
lavauidoQo
14ST70000C
149ag0u00u
14 9%2300CC
150000000
15010000
150290000
159300000
1204230000
120500000
15Ce00000
15070000C
150600000
154900000
1510000008
15110000C
1510C000
1513900000
151400000
151500000
151600000
121730C0G
1218000400
151900000
152000000
152100000
152400000
152300000
L24Q0000
1500000
152000000
192730000
122800000
152900000
153000000
123100000
153200000
123300000
153400000
153500000
193600000
153700000
1535800Q0C
153900000



1139
114D

1153

11a®

1172

L18?
1144

12920

1212

123
1230

1240

1223

1202

1273

lsad

1240

1300
1319

KPT=(lUMtbb/EMtbA{MIIl**E/(HASSlMl.HlJ*(l.*ulmll**ZJ)J
K1IPT=-G(M] ) *=PT

GAMMALMI ) =CMPLXLRPTXIPT)

DO L1130 mMy=1,NMuLS

CAPGIRL s MJ I =LAMMALMTF A (MASSIMI My ) FALPHAINAF ) Sl ld ML MIVIKFF2]
CUNTINUE

WRITE (0ell50) ALPHALNAF]

FURMAT 1///7/10A,0HALPHA=ELS.BI

wRITE (o0s1lled)

FUKMAT {(//10As30HFLUTTER DETFRMINART, BY CUMFLEX mlwa/ |l
WRITE Los100CH (ICAPGLJK (KUY sKI=1NMGUS )y Jh=1, NMLUS)
NMAA=G

INTHACTI L La=INTHACT (2,1 1=NMOUS

CALL EECHM (LaPGeEIGyVECy STOR yHACT yCFE+AD INTHALT sisMar)
IF LINTHACTUL.1)-GELNMODSY GO TO 11892

WRITE (6.1l70C])

FURMAT (/oOH ®##ssiee® NCA-CONVERGENCE RETUKN FRUM SUckUUTINE ®x%%
LEakwEn/}

LO TO 1300

PRINT 1199

FURAAT (/uA,9BnEIGENVECTORS I SAME CRDER A> THE EIUENVALUESS s s EAL
1H CIGENVELTUK NJRMALIZED TO ITS LARGEST ELEMENTI

Ju 1230 LvEL=1,nMDDS

RENUKMALIZE EIGEWVECTAR, MAKE LARGEST ELEMENT lau + 0.0l
JSAVE=1]

Ol 1200 J=2+NMDUS

oF ((VEC{JSAVESLVECI*CONJG (VECIJSAVESLVECI) il Ta [VECLdpLVEC I #LONJG
LAVEC JyLvEC) I JSAVE=J

CLNTENUE

VECSav=VEL(JSAVES LVED)

DU L1210 J=Y.NM0Us

VECLJeLVECI=VECLJsLVECI/VELS AV

CLnT INUE

PRINT 1220, LVEL+{VECII,LVFC],I=1,NFADS)

FORMAT (LheH EIGcNVECTOR(+I241H)/{bE21.8)/)

CunT INUE

Ui 1290 JITL=18NmIDS

EIGeNR=KEALIEIG(JITED)

clGENI=AIMAGLELGLJTTED)

IF (ElGEamGT .00 GO TO 1240
aMG[JlTEi=tuMEle!TEJ=KB(JlTEl=1?7?OCQOOODOOC??I?Ilu

Gl TU leaB

SMLEJITEl = IGENL/EIGENR

EUMEGL I TE)=LMELG/SURTIETIGENR)

KBIJITEY =R#*UMLGB/ECMEGIIITE)

CUNTINUE

WhITE (641200

FURMAT i/7/10Av4LHEIGENVALUES . RECLIy IM{L)snELchy IML2)LETC ./}
WRITE (oel03C) (el1GUd)d=1,NMJDS)

WRITE (0e127CQ)

FURMAT (//10&, LuHEIGENFREQUENCIES/ )

WRITE (610001 (EIMEGLJ) «d=1,4M0D5)

WRITE (wal200)

FURMAT (/77104 ¢22HDAMPING CCEFFICIENTS G/}

ARITE (0el0UOE (SMGEI) y0=1,NMJUS)

NEITE 1021290C)

FURMAT (//1UKe 20nSTIFFNESS PARAMETERG/]

ARITE (6213021 {KB{J)rJ=1.NMODS)

CUNT InUE

Ab TR

END

!'l'_l"l'l"l‘l'"l"‘!"f‘r‘"l—'-r'l'_l’r‘l_l—r_l_f'l'"l"l"‘l"l_r‘l_r_f_l'"r—I'l‘l""'l"l"l"!“f‘r‘"l"l"l"l"l"‘l_l“l"l"l'l‘"r'I-U_l"f-

Gl
4lo
4lo
417
41H
419
420
421
422
423
424
425
420
427
429
429
43¢
431
432
433
434
434
43a
437
438
439
44l
441
442
443
444
444
44k
447
445
44%
450
431
452
453
454
455
456
457
45b
459
4o
461
462
463
4 b4
405
466
Go7
468
469
470
471
472
473
4T4—

154000020
1541000600
154200000
194300002
154400000
1542500000
154600000
154700000
154300000
154900000
15000000
155104000
155»200000
155300000
1595400000
125500000
155600000
155700080
155500000
1259000C0
150000000
150100000
190200000
156300000
156400000
1506500000
150600000
150750000
156800000
126400020
157000000
L57100000
127200000
157300000
1574000C0
157200CG0
LaT7o00u00u
12770000GC
15600000
1571920000
158000000
i»51000GC
198200000
15b63000C0
155400000
158500000
158000000
lba70u000
158800C002
Lo89000uC
159000009
129100000
159200000
12%500000
159400000
159500000
1590000G0
L59700000
159000002
159900C00
160000000
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Description of External File TAPED

The file TAPESY is written in Overlay 1,0 and read in Overlay 2,0. As shown on
the flow charts, it is handled as follows, for KPROG = 0:

{1) Rewound in subprogram D2181.

(2) In subprogram MTXMPY the first four columns of the matrix IO are written
as record no. 1, and columns 5 to 16 are written as record no. 2.

' )
- (3) In subprogram PRT2 the matrix of ap), 1s written as record no. 3.

(4) In subprogram D2182, TAPES is rewound, the matrix I is read as the first
two records, and the matrix a1(1]rl1 is read as record no. 3. TAPEY is then rewound.

For KPROG # 0 TAPE?Y is not used.
USAGE

Program Information and Input Deck Arrangement

The program D2180 is written in the FORTRAN IV language for the Control Data
6000 series digital computer under the SCOPE 3.0 operating system. To compile, load
and run requires a field length of 63000 (octal) locations with variables dimensioned as
follows: 48 control points, 6 vibration modes, 25 air density values, and 220 points on
the half-span wing for modal deflections. An example of a central processor time to
compile and run is 166 seconds on a 6400 for a case with 48 control points, 3 modes,
21 density values, and 110 deflection points. The following sketch shows the input deck
arrangement

H

42



wos -3

Control
cards

D0 T

‘ % 1P2182 |':|

$ 1p2181

Required for KPROG < 1

Ident Omitted for KPRQG = 1

$ 1P2180

Copy program from storage,
compile, and execute,

Case 2, etc.

43



Input Description

The input quantities are loaded by using the FORTRAN IV NAMELIST, with the
exception of the IDENT cards that are in 8A10 format. The input symbols are as fol-
lows: (Recall that all NAMELIST input begins in columns 2 to 80. Also, see descrip-
tion below of "standard integration™ for Qi’; values).

$IP2180
KPROG

$END

IDENT
$1P2181
DEL
DHX

H

HMLTPLY

NMODE
NSYM

NXY
s
TANLE
TANLTE
WT

XK
XM

$END
IDENT

44

control word: if less than 1, execute both programs D2181 and D2182;
if equal to 1, execute only D2182,

identification information, one card in 8A10 format

(equation numbers below refer to the number given in ref. 1).

nominal value of width ¢ of subregion I, Default value = 0.04.

real part of downwash ratio on left-hand side of equation (18),
-h; /ax, one value per control point

imaginary part of downwash ratio on left-hand side of equation (18)
(ref. 1) not including k, -2h, one value per control point

optional two-word array that if nonzero multiplies: HMLTPLY(1)
times DHX, HMLTPLY(2) times H. Default values are 0.0.

number of modes of downwash (maximum of 6)

control word for spanwise symmetry in lift series An* of equa-
tion (13b} of reference 1 and An' of equation (14) of reference 1:
0 for spanwise antisymmetry (odd powers on nm), not 0 for span-
wise symmetry (even powers on nm). Default value = 1.

number of downwash control or collocation points, maximum of 48

ratio of wing semigpan to root semichord

tangent of leading-edge sweep angle, positive for sweepback

tangent of trailing-edge sweep angle, positive for sweepback

array of weights used in the least-square-error solution of the simul-
taneous equations (32). WT(1) = -1.0 causes all equal weights.
Default value = -1.0.

reduced frequency k

Mach number of undisturbed flow

array of x-coordinates of control points

array of y-coordinates of control points

identification information, one card in 8A10 format, may differ from
preceding IDENT



$1P2182
ALPHA

CWCDI

CWPR2,CWPR3,CWPRS5,
CWPR6, CWPR8,CWPRSX

CWPR4

CWSPI

CWSPST

G

HIC

ISPS

INTOR

MASS

NALPHA

NCDST

NHP

(equation numbers below refer to the numbers given in ref. 2)

array of values of « in flutter equation (A12), maximum of 25.
ALPHA and MASS must be in consistent units.

control word for chordwise integration in equation {11b) of reference 2;
0 for standard, #0 for nonstandard, integration. Default value = 0.

control words for printing matrices (2}, (3), (5), (6}, (8),
} and (8x), respectively of equations (14), (16), and (18):
=0, do not print; #0, print. Default value = 0,

control word for printing matrix (4), its integrals of Ln*(x,y U), and
hi(xle,yo.): =0, do not print; #0, print. Default value = 0.

control word for spanwise integration of equations (11b) and (16): =0
for standard integration, #0 for nonstandard. Default value = 0.

control word for span stations at which chordwise integrations are done:
=0} for standard, #0 for nonstandard. Default value =0.

modal damping coefficients of structural, solid-friction damping, gi-
(See eq. (AT).) (Damping force proportional to amplitude, but in
phase with velocity).

three-dimensional array of input values of modal deflections from which
the values of hj(x,y) of equation (14) are interpolated or used. In
HIC (JSPAN, KCHORD, IMODE) subscripts JSPAN, KCHORD, and
IMODE indicate the index of the span station, the chord station, and
the deflection mode, respectively, of the value of HIC. JSPAN
increases inboard to outboard, KCHORD increases from leading
edge toward trailing edge.

input array of spanwise-integration factors, which the program multi-
plies by s to produce the I, of matrix (6) of equation (18) for non-
standard spanwise quadrature. Omit if CWSPI = 0.

order of chordwise interpolation (1 if linear, 2 if parabolic) used in
obtaining the deflections h; of equation (14) from the input data HIC.

a two-dimensional array of generalized mass elements my; of equa-
tions (A3} and {A13).

number of « values in input (see eq. (A12)), maximum of 25.

number of chord stations used in every chordwise quadrature, =10 or
20 for standard quadrature (with CWCDI = 0); a maximum of 20 for
nonstandard.

number of h (deflection) points input in HIC for each chord, maximum
of 20
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NPNCHQ control word for punching matrix of Qi’g (QLY) and seven other parame-
ters for subsequent use in NAMELIST input: =1, punch; #1, do not
punch. Default value = 0.

NRQLJ control word: =1 when QIJ is included with IP2182 and its calculation
is not needed; #1 when QLJ is to be calculated. Default value = 0.

NSPST number of spanwise quadrature stations: 3, 5, 7, 9, or 11 for standard
quadrature; a maximum of 11 for nonstandard

OMEGA array of input modal frequencies «w;

OMEGB base or reference value wy (see eq. (3)) .

QLI nondimensional generalized-force-matrix elements Qij of equa-
tions (11), (18), and (A12)

XCBAR array of nondimensicnal local chordwise coordinates X, at which

hi(xc,y U) of equation (14) of reference 2 are input and used in non-
standard chordwise quadrature. (See eq. (B2).) Same for all
chords. Omit for standard quadrature.

XIC array of integrating factors for nonstandard chordwise quadrature,
which the program multiplies by the local chord length to produce
the Ic(xc) of matrix (2) (eq. (14)). Omit for standard integration.

XTAB chordwise array of X (see eq. (B2)) at which the deflections HIC are
input; the same for all span stations
YSPS array of nondimensional span stations y/s for nonstandard spanwise

quadrature. (See ISPS and NSPANST.)
$END

The "standard integration" (for obtaining the generalized aerodynamic forces)
referred to with certain of the input variables is that described in reference 2 and is
summarized as follows: The chordwise integration (see eq. {13) of ref. 2) is done by
Gaussian quadrature, the values of modal deflection hy being interpolated (linearly or
parabolically according to INTOR) at each span station from the deflection data HIC sup-
plied at local chord locations XTAB. The span stations (at which the chordwise integra-
tions are done) are equally spaced for spanwise integration by Simpson's rule for second-
degree parabolas. That is, the wing semispan (from y =0 to y = 8) is divided into an
even number of equal-sized parts, and this division results in an odd number of equally
&paced span stations.

For nonstandard spanwise integration the user assigns CWSPI # 0 and inputs the
arrays ISPS of spanwise integrating factors and YSPS of span stations. The values of
ISPS must be those for a unit semispan; the program multiplies them by s to obtain
matrix 6. The values of YSPS are y/s. The array of input deflections HIC must, of
course, be at the user-selected span stations YSPS.
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For nonstandard chordwise integration, the user assigns CWCDI # 0 and inputs
the arrays XCBAR and XIC. Furthermore, the input deflections HIC are not interpolated,
except for the leading-edge values, for use in the chordwise integration and must there-
fore be supplied for the chordwise loéa,tions of the user-specified quadrature scheme.
The values of XIC must be those for a unit chord length; the program multiplies them by

the local chord length x;, - X 7o’

Listing of Input Data for Sample Case

$iP2180
KPROG =0,
$END
HT-T FLUTTEK MUODELs 48 CPTS, 3 MCDES, 8/2Z2/73
siP2181
XM=1.2s XK=.4, NMUUE=3, TANLE=1.216y TANLTE=435255, S=e8ly NAY=48,
Ali=e03 102104106080 lay XK {T)=al915y o5€255 05355,
XKELl0i=a269 e54Lse 713l 188514120571y XI15)=.37454.5320y5480¢1.0060,
X190 =e538,.082Lly.8201¢9772,1.1142, xl24,=-5575]-ﬁﬁ?bf05170'.9‘0171'1-0778,
X29)=aT071a8231+a9392,1.0553,1.1713, X{241=2eT403,¢084200+ 994741 04689141488,
X{39=aB7611a964241.05234114NM4,1,2284, X{44)2.92551.957641.0717,1.1458,1.22,
YUL3=0%0a0y 3% ULy 0%, L6294% 4263, 5%,324,5%,405,5%.48695% %07 19%.b48,5%,729,
HMLTPLY{L)=Ll.0+HMLTPLY{2)=2.7,
DhX{ Lalde ~olt9s =+38B1y =503y —a267y =450y ~eT8y ~e334, —a4lby
~a8273 ~a4Ts =aa4T3) =455y —a553; 619 ~00%r —e4liby
—eB05y =601y =209 ~ o518y —eBBTy —sb36y —4829y —ab5%,
~a3T3y ~o088y —ebDy —2H48s —o65Ty —4604, =687y —2699,
—eB03 s =134 —o09by —aTNG, =739, =,733, —aT77ly —atlés
—eT85s = o008y —abi4le =881y —oB873) —oebloy —a88Ti—1.049,
DHX{ 4941)= 1.T768Cs 1.8230, 1.620y 1,170y 1,170, 1310, 1.400y l.3270,
1070, 827, « 782y 1.917y 14440, L6984+ 14130+ 423
24290+ 4650, L2903 2552, 2.600, 1.530, <104y 790,
-el30s 1740y 2.8610, 370y 4220, 370y 14940, 1.730,
« 390 2930, 2290y 424049 620y %603 24209 #2209
2071y 120¢ o170 44274 325D « 270y 200+ <1390y
OHX{ 97+1)0= 4330y +44Cy 440y 1405 .058, 130r «31lUy «£230,
« 150 4330, 42604 «NBYy 058, L1000, L3200, <140,
—.Olac -003! -.ldO; "-1901 "’02001 -01?01 _01001 -.530’
-+ 500, '-EZQ' --410' --7701 "-910| “1610’ -0650'-10b50'
-20170'!-1-010I "0de1—1¢689'—24760"'1‘94C'-10510’-¢.350'
+229909~2.1804=1.530¢-1.790,4=1,6724-2.04C4-2.170,-1.720,
Hi ledlid= 2150 «169C, #0720, =045y -a0670y ~a1b90y .1l630, —-.03090,
-al&90, eJ7abs —a0349, -.0830, —.168Q, "-2_710! 0555y —a0310
-11755' —.2730I --0"‘0'.‘! -.ll?f" —.1955' '-285\)! ’-3700! --G?‘?Ul
-2 1500y =«2330s —231l45y =2 4000y —.2180y ~e290Uy —+3045r —ob44bby
252904 —e 2900,y =43037, —.4347, -.5080, -.5800, —.4500,; -.5200,
"-5900! —COOUOI --7.550l '-5550! _162C0' '-6850' ”-7‘0:0' -.dZOD.
HE 4941)= =a9200s —e0a20,y —-.2875y 0118y <2130y <4600y -.5850: —<1310,
.3870. --33501 --2480' -0080! -3256! -’1’870! --3550l --2()10'
.1920f -4300’ "'-2099! "02450' "00055' -33?0' 041501 "025801
~+2610, —elud0s + 1200, + 3425, —025759 “oZ"’COi “-1090’ oO??Qi
« 2710y —«3000¢ =823i0y =2224N0, ~,1920, -.1080¢ ~a3420s =.3100,
—23050¢ =e2975y —aluuD, —« 4880y —24590y —a4350y ~ailbry —aailsd,
HE 974132 —al1130s -.3492, 20460, L1055, 41160y 1400y —-.0075, 1320,
«l645y «1075, «loldy, L1897, L1983y 2120, 1910, .2275,
22325, +23209 43205y 42980 42690 #2425y L2190 44200
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«3760s 229080 o220y L1775, 43905y 30260, 2400y L1100,

-« 1240, 44095y <2983y 41950, —. 0485y —u2950, 22110, 0340,

~2 20900 —eb4403r —0007y —.066", -.3120, -a4 740y —¢9920, -2 1250,
$END

HT-7T FLUTTEk MOUEL, 48 CPTS, 3 MUCES, B8/z22/73

slp2id2
INTOR=2+ NPNCHu=Ll, N3PST=11, NCOST=1n,
HICILeloli=—uld1l8s=o192r—a158y—wll0y—u0471e0301413T1e822ye3851a929400759,
HICI1o2o11=-.ls9.—=lc3'—.119'-.0557.—.0026..079..i?‘-)..29..417,.55&,.'{00,
HIC(l'3'l]=--109p—-12?'--"79".ﬁ073v-qq'.12’-21511327:.451,.591,-?313
HIC{leGsll=—ulday—eQ83+=a03T.031 ,.079;.159,.255,.363..460,.523..707'
HIC(l 454l )= a7 e=eD344eM0G )4 0NE29211T101901 2294243503921 465544790,
HIC(116|1)=".027..009.-044'.(,‘93'.155,.233,.326..434,.;5?..6&6..825,
ch‘lOT'l}=-0040l0094!-n829101311 -196|-273|-365'-4713.592,.?10,.656’
HIC{Ll1841)=el3]1 s e 077401231l T69a239¢4315:2040%9220b1a02T1eTbtirabbY,
HIC(1.9.11=.057;.1161.168,.225,.285;.358,.446'.540'.baZ,.?bB,.‘iZb;
ch‘ll10!1)=-1£2l -1@3!-218'-27?‘1.331! .4CO,.4861.55“1,.bgb,.bgl,.?bz,
HIC{Llell o li=aioteel230142T1 v22204.270, .442,.525..u21,.73b..dbU,l.OO.
HIC{Ys1le24=1.0, 07211-545!0455r¢388g-3.‘)'-3281.3251.33b'.50#g.039,
HILl1!2'2)=-b22I0557t042910355!«309,-2&8’-284..3\)..36‘},-‘ti‘jﬂ'.bzl'
HICT1ls342)=ats G0y -338¢-288t-ZbS,.2571-258!oZTbr-:‘}"fh'-"t?b.‘OOb'
HlCl1.4.21=-‘|590-5‘)5i0282’.261!.2591-2b1|.25‘t'.2373032U|-459|-591|
HIC(1151£)=-beo-2‘*‘3'.2281-2339-245|.25‘|'.2‘!61.2"31-310,-447,-576,
HIC(l-b.Z)‘-‘.l'&b-.lbl--136,.149..155..182,.202'-23&.-309..436,.558,
HlCll.7.2J=.DiZ.—,:)O#b,-.’.".‘B,—.OGEn .006,.’334,.lOH..Zlu..305..42?,.536,
chl1QBI2]=-o101r_¢l‘17!"-1781--193.-.180'—4145"-0131.192'.302’ -‘tlgg.blg‘
H{Cll'9'23="‘a213u—o2!01"-325r'-3’1‘7.".3371“.283|-.1é7| -1551-295'04121-5061
H(Cll'10|2’3--3301‘.357;*.423|”-431,‘-4041“.3‘!31—-21|o105’3491304001-51
ch‘l-11'2‘=".‘tb0".‘t521—.4879—-468'”-418r'o351|—027l|-056|-264’-4'o‘tg?g
H1L11-113l=-122- e 0353~ 053y~ lébr—a33b!"'-454"‘-90‘)1"-‘}95,‘.37)p‘-O‘,D.-‘)B‘I[
H[C(112'3)=¢085|-CC??:‘-US!‘- 1910‘. 328,—.42'-.451.-.41.—.292..0@0. -9579
HlC‘lo5.31=-0‘991—-02‘J.—.1"8'--213n-.32lc—-385r-.3‘z7g—-3‘!1:“.211,.198,.bBbf
HIC‘11403,=.U010t"-00‘1|--136'-02271—-311y"‘-3510-0347,"‘02901‘-1293-312|.65’
HIC L 95+3)5-004901—a1031=016813=a235y =0 2581=a3214=4 3006y —2 2620344 .402, .71 9,
HlCll,bo3J=—.0d4|—-l32'--1791'.2?6|—.284|*.296.-.£741-.195|.0h1-47#,.757’
HlC(lv?-31=--1C5-—.l‘rov-.189.—.234.—.2b9.-.278.-.24.-.Odb..209, «935,.798,
HlLil|8v3l=--114-—-131;-.194'-.233|—.256:'-256:‘.19’.046..33?..595.-643'
HIC‘11913,=--llﬂl_ol)‘fo“-lgsi‘-2321“.2‘!3.'-223"-11'4153,-‘%‘10.-059,-“94,
HIC‘l’10!3,=—-127'--1059--205“-2321—02311_-l?&gO-O!odgb'o'ba'.-lz-l".g‘fb!
HI:(1111'3]=—.141"'-1‘1"'.213."-232"-219!'.125:-1&‘1;-366.-00,o?'ﬂ&ll-u.
NHP=11-XTAE(1’=0.0'-11-2’n3|041.51-b'-7!-8!-911-01
MASS{1+14=a00035704,; MASS{2,2)=,0005176, MASS{343)=a0UUZ26302
OMEGA{1)=162.5, 39l.y T25.4+ OMEGB=T725., G{1)=3%0.0,
ALPHA(I]*.OOUQ--000&..0007g.OCOB'.00091.0010n-00111-0012!000131-0014|-0015!
-031b-.0017-.0018‘.0019..7729;-9022;.0024'.0020--UUZb.-UUEO;NﬁLPHA=Zl|
$END

Discussion of Printed Output

The only printing from D2180 is one line that states the value of KPROG. Then
follows from D2181 a heading, the contents of the IDENT card, and an echo of the NAME-
LIST IP2181. Then comes a heading identifying PART I, and the case data K, TANLTE,
TANLA, S, MACH, DELNOM, NSYMMETRY, and number of control points NXY. Then
follows, for each control point in sequence,
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X X

Y y

DSL D1L plus D2L (fig. 3, ref. 1)

D1L width of subregion I, if any

D2L width of subregion I

DSR width of subregion IV

PTSD 1L,PTSD2L,} one half the number of Gaussian quadrature stations in sub-
PTSDSR regions I, II, and IV, respectively

the half-width 65/2 of subregion III (the control-point strip), and a row of the Tlnp
matrix (16 complex elements).

After the II,, matrix for the last control point is a heading that identifies the
beginning of PRT2. Then, if the input includes a multiplier for the downwash input, a
notice is printed regarding that multiplication. The complex downwash elements follow
for each downwash mode. Then for each mode comes the 16-element complex apy,
matrix and the matrix pf residuals from the least-squares solution. ({The sequence of
subscripts nm in a0) 1s 00, 02, 04, 06, 10, 12, 14, 16, 20, 22, 24, 26, 30, 32, 34, 36
for spanwise symmetry. For spanwise antisymmetry, m is one unit higher: 01, 03,

o etey, . 37).

The output from D2182 begins with a heading, followed by the contents of the second
IDENT card input, and by an echo of the NAMELIST IP2182 input. Then the input values
follow for the case data MACH, K, TANLE, TANLTE, S, NMODS, and NSYM, the matrix
of deflections hj(x,y), the matrix of generalized masses myjj, the modal frequencies wj,
the modal structural damping coefficients g;, and the matrix of generalized aerodynamic
force elements Q;;' Finally, for each value of the air mass parameter «, there is
listed «, the flutter determinant, the eigenvector columns {qi}, the eigenvalues £, the
elgenfrequencies w, the structural damping coefficients g, and the stiffness parameters
bOwB/V = kRe(). Where the eigenvalue € has a negative real part, w, g, and
bpwg /V are printed as indefinite quantities.

Discussion of Punched Output

The punched output is obtained when NPNCH® =1 and consists of the QLJ matrix
and the quantities MACH, K, TANLE, TANLTE, S, NMODS, and NSYM in the format for
subsequent NAMELIST/IP2182/ input when flutter solutions are desired for additional air-
density parameters ALPHA. For the latter usage, KPROG =1 and NRQIJ = 1.
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OUTPUT FOR SAMPLE CASE

NASA — LANGLEY RESEAKCH CENTER — HAMPTON, VA.
JEAN FOSTER FOR HERB CUNNINGHAM— D2180{INCLUDESD21BL AND D21B2)
UNSTEADY LIFTING-SURFACE THEURY BY THE SUPERSONIC KERNEL FUNCTION HETHOUD &ND A

GALERKIN MODAL FLUTTER ANALYSIS UF ARRUWHEAU PLANFORMS WITH SUBSUNIC LEADING
EDGES AND SUPERSOUNIC TRAILINu EOGES

**x¥REF, 1 = ATAA JOUR.y NOV.1960, P.l%01-1%9cH

*¥¥REF. 2 = NASA TN D—-6012

#REREFL 2 = NASA TM X=-2913, Tht DESCRIPTION OF THIS PROGRAM
HT-=7 FLUTTER MUDELs 48 CPTSy 3 MUDES, 8/2</13

ECHO OF NAMELIST 1P214l FOLLOWS

§IP2181

XK = Qu4%c+0D,

iM = Q. 12E+0L,

TANLE = 0.l2l6k+01,

TANLTE = 0.35255£400,

s = 0.81lE+00,

NXY = 48,

NSYM = 1,

DEL & D.%9E-01,

X = 043E-D0l, 0.2E¢O7, O.4E¢00, O.6E+00s ULBE*QUs Uo1E+01,
0.1912E+00, N.5635E+400, 0.9355E+00, 0.3696+00y Q.541E+00,
0.7131E+00, (Q,.8B51E+00, {.10571E+0), Ve3745E+00, J.5325L+00,
D.8430E+00y "N,10066E401, D.538E+09y D,0821E¢00, 0.826lE+00,
0+9702E+Q0r 0411142E+01, 0.5575E+00, Oua6b76E+00y 0.8170E+00,
0.9477E+0Cy D.10778E+01, O0.707E+0Q0, 0.6231E+00, 0.9392E+00,
010553k +01s 0D.11T7T13E+01l, C.7405E+00, Qed420E+00y 0.944TE+00,
0.1040uk+0L, O,11488E+0l, O.5T6LE+Q0, CaS042E+00, 0.10523E+01,
Oell404E+0ls, 0Q.12284E+91, 0.9235E+00, Q.99 TuE*0C, 0.10717E+91,
OellabSbe+0Ql, DJ122E+01,

Y S D.0s D40 .0 N0, 2.9, 0.0y Q.081E-01y O.851E-01, G.81E=-01,
Q.162E+00, 0. 162E+00, 0.162E+00, Q.l62E+U0Q, Qel62E+QQ,
D.243E¢00Q, Ne243E+9C, N,243E+00, 0u243E+00y Q.324E+00,
U.324E+00y 0.324E+00, 0.3248+00y 0.324E+00, Q.4056+00,
Qe4D2E#00, N_40S5E+D, Q.405E+00, (.405E+C0, (.4H6E+00,
Dea480E+00e  N.486E+00, Qe 488E+00) Quo4boE+0D,s Qe56TE+Q0,
0.20TE+C0s N.SETE+TCs D.56TE+00, 0.567E+G0, 0. 648E+00,
Qeb48t+00, Q.648E+CC, Q.64BE+00, Duababe+00y Q.T29E+00,
0.729E+00, D.729E+0N, D, T25E+00, Q729E+00,

JHX = —0.142E+00y —-N.3B1E+"T, —D.5ITE+DD, ~Q.éafE+00, =Qd.abe+0Q0,

=0.olok+00, ~D.324E4+0C, =04418E+00y ~D.62TE¥00s =VauT6E+0Q,
=04 T3E+400, —".455E+00, ~Va5533E+00) -0.019E+00, -0.004E+00,
~D+a24E+00s -0.805E+00, ~0.601E+00, —0a2c9E+D0, —Q.510E+00,
—0.587E+00, —-2.626E+70, -2.62%E+00, ~Det54e+ 00, -0.573E+00,
—0.5833E4#00, ~0.65TE+"0, -0,648E+00, =0a657c+00y -0.004£+00,
~J.0dTE+CO, =", 699E+07, ~0.663E+00, -0.734E+00, -0.696E+00,
“0.702E+00, —-0.729FE+0C, Q. TZ3E¢00, ~0.7TZE+00, ~0.812E+00,
—0.Tu3E+00, =D,H0BE+DD, ~0.84LE+00, -0.861E+00, ~Ued73E+00,
~0.614E+00, ~D.887E+0C, —2.1045E+01, Q.175E+01, 0.183E+01,
Qel62E+0Lly 0Q.11TE+01, Jol1T7E+01,y ULi31E+0L, Valbb+0l,
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NMODE

Wl

HMLTPLY

SEND

0.137E401,
OulagErQl,
Jab2E+I0,
OuT9r+UQ,
O0.37c+00,
Jalab+Gls
D« 12E+00C
G.15E+0G,
D.12E+08,
CabE-~Q2L,

Da3E-02y —0.12E+7 T

~D453c+00,

=0.0lE+0C»

=0elogk+Cl,
—0.299c+Gly
=0.d0+E+Uly
Ie Lo is I
Ie I+ Iy 1
Ie Is [y [y
Iy To Ly dv
| O T P
Iy Is Ie [

N.21luE+(d,
Oulble+ 0uds
—Q.lodE+G3,
~Ded T3E+ 0D
—0.3ToE+30,
—0es21BE#C0s
—Q.29E+00,
~0a52c¢0u,

Qe 8BIE+CU,
—0+113E-0ls
Cu3d7E+CG.
=0.355E+00,
=0.245E+00,
—Decalb 4+l
“Ue2bbi+ 00,
=Dal34E+20
~0+305E+00,
~0u433E+G0,
DodpE~Gl.

0.1645E+00,

0e213E+00,

Ge3205E 430,

Dealiet+0n,

Qad9abe+00,
C.eN95E+00Q,

Qa2lle+i0y
=0.312£+00,
Iy Iy I 1s
1e 1y L1y Iy
Ie Do Is [
Te 1o 1y I
Is Is I+ 1y
Ie 1o 1+ 1+

3,

-D.lE+0OY, I
Te 1o Iy 1os
Iv Ie Is I
1s Ie B o
Iy 1e¢ 1o 1o

D.lE+DL,

DLA0TE+NL
0.698E+Q20C,
T 2EHTY,
— U« 13E+00
T.1G4E+7]
Je82E+00,
0.17E+0OD,
Oe33E+0%,
Je3LE+DND,
Ja58E-01+

0.1E+20,
=N.13E+02, -0.

N.82T7E+00,

Del13E+01,
NuG52E+COy
N.LT4E+01,
N.173E401,
0. FGE+O0,
NaaZE+204
Ou.44E+CCy
N.23E+00,

-0.5E+400C, —Q.32E+CCy -0.

-0.68E+#00, —0.165E+01,

—Ve2TH6E+N],
-0.218E+01,
~M .21 TE+DY,
e Is Iy Iy
iv Te Ts Ty
iv Ta T4 1y
is Ty Is Iy
e Is Iy T+
Iy 1e I, I,

Ny 1b9E+T N,

~.1G4E+DL,
=0.153E+01,
—Ve1T7Z2E+Q01,
Ty Iy Is Iy
In By Iy I
te Io Iy I,
Ie o 1o s
Te Iv I Is
Iy Iy Iy 1o

N.T2E-Cl,

—0.9E-02+ ~0.169E+00,

—N.2TLE+DD,

-0.4E-0ty —0.117E+Q0,
-D.15E+0C, =~
=0.3645E+00,

=".T9E=71,
=0.29E+00,
—3+363E+N",

~0.59%E+00, —0.66E+CCy

=D.T45E+02,

V. 21E+00,
=" AZBE+NQ,
—N.261E+00,
~0.55E-02¢
=V.182E+0D,
~0.)109E+0Q0,
~%.19ZE+DT,

—0,2975E+0Cy
=~ H1BSE+NC,

J« LO55E+00,
N 19LE+07,

Ja3THE®ND,

Ce34E=-01,
~DabTHE+T0,
Te Io Ty I
I+ Ie I+ I
Iy Ip Iy 1,
Iy To Iy Ty
e Te Is Ty
I' I' l' !f

» Te 1y 14 1
Isa Ty Eo Lo
Ie Te Iy I
Tr 1o T4 Ty
1r Is

0«.Z2E+D1y

T 1NTSE+CD,
3. 298E+00,

0.306E+0C,
N4298E400,

DL 5H5E=01,

—0.434E+00,

—0.82E400,
Da4GGE+QQ,
~0.228E+00,
G 192E+00Q,
De33 TE+DQ,
TJal45E+00,
Qe TTE=Cly
—-0.108E+00,

0.118E+0C,

N 298E+00,
0. 24E400,

=3.9G5E+00,
Te i Lo I
ll If I. Il
Te I 1 1s
Iy T4 I, I,
!' I' I' I"
Ise Io Ie Ly

v Is 1 Iy 1
Ie 1o I Is
1o Ts T 1o
Te Ie Ie 1o

=Q.21TE+0L

-0. 264E+00,
~3.4055E+00,

D.161E+20,
0.2275E+00,
0. 269E+00,

QaTocE+00,
VelldIE+U0D Yy
NaloL+01,y
Oulblic+0l,
O.99c+00,

Q,42E+00, O.
0.32E+00, 0.
04 44b+ 00y 0.
0.15E+00y O
Qe 3E+00,

0.153E+01,

J.191E+01y
UaZ229E+DL,

0. 104E+20,

0.22E+00,

0.Z9E+Q0,
0.TLE-OLy
O.2E+00,
Ge5dE~0ly
Q.20E+0C,

0e37E400y
Us53E¢00,
ceE+00y
ZTE+Q0,
L4E+00,
33E+00,

Qeléb#Q0r ~0.1EE-DLy

2E#30y -0 1TE400s ~0.16E+00,
41c+00y -0 T7E400, -0.91E+00,

—Q.lUlE¢Oly
~J i T7E+ULy
I T Is 1
Iv 1o 1o I
I, i+ 1y I
Te 1w i I
Is ig Ly 1o»
Il Il j' I'
Ts 1y Ls iy

—Neiy2b~02y —~

-0.161E+01ls -0.0B8E+00,

—-0.235E+01,
0. lofi+0]s
1y Iy 1y I
I' 1' l' I.
e 1o 1 Is

1s Iv Iy

1

1
Ise de 1y 1s 1

I

I

*
v Is 1s
v 19 Iy
1 4 l’ {'

Io Ls Is 1y
Iv Ie Iv 1o
Iy 1y

C.67t-01y ~0a189E+20,

0.785L=-01y -Ua4c-0D2,y —0.H3E-01,

—0.31E-0C1y

=0.1995C¢ 00,

Nel223c*DPy —

=0.1755E+00,
—Ua282E+30Q,
0u3Ll45E+00, —Qa.4E+0Q,

=Js4a06b+00, —~0an25E+00,

—0.20dE+00y
~0.T35e+00,

~0.492E+00, -
“UeDobb+00,
Oae0E=D2
Qe 2b+00y
0.41uE+0O,
Da34cdb+00
D 2T1E+00,
—Da34nE+00,

Daltr+Q0,

Naébok+00y
O«11E+00,

C.195E400, ~Q.405e-01
~0.209E+00,

~0a4405E+00,
=GaT29E+00,
Is 14 Iy 1y
[' -l' l' I'
Ts Ia 14 1.
Iy by I 1
Ie 1o Iy Iy
Ty by Iy iy

s e Iv I4 1
Ie Lo L1s Iy
I' I' I" l'
Iy 1o Jo 1

Q. 189E+00,
0. 23256+ 00,
Jed425E+00,

~G.08E+00, -0.45E+00,

—0.555E+00+ ~0.62E+00,

Det4E+QQy =0l 2B7SE+D0D,
-0 131E+00,
0.325€+00,
=0.265E+00,
=0a.2bBE+Q0,
v —0e&575E+00,
—0.3kE400, =0.257E+00,
—0.316E+00,

Q448TE+00,

—De40dE+00s ~0.429E+00,
~0.113E+00+ -Q.49E-01,

-0a75e-02y 0.132E+00,

0.194E+00,

0. 232E+00,

D.219E+00,
0«1775E+00,

—UslZ24E+00,

v ~Q.Z95E+00,
~0.0E+00s —0.86E-01,
Eo 1y Ie Ly 1o Es s
Ly Iy Iy Iy Le Iy 1o
I' I' -l-l l" l' I' I.
lp 11 lr I' Il II l?
Iy Ly Iv 1o 1s I Is
1o 1y Ig¢ Iy L 14 1
I’ II ll l| 1’ I'

s Ly Iy Iy 1o Is Iy Iy
1' II I' ll I’ ll ['
l' ll I' I, Il I' ['
Iy Lo Lo Bs Lo 1» Ia
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42 Q00Q00Q00E~OL

NO.
G4

X
3.00000000€-02

PTSOLL
Q

HALF—wlDTH OF

ROwW
RE

4. T4004853E+00
—1.020010306~11

—6. 537201494608
«7a3990684BE—D¢%
2.T3219921E+00G
~T.600784156~12

.3
2.00000000E-0QL

PTSDLIL
[+]

OF C.PTS.{=Nxr)

TANLTE
3.225500006-01 l.2
¥
Les
PTSD2L
5

CCATROL POTMT STRIP

1 OF COEFFICIENT MATRIX [TKM

IMaG
1.02679148E-01
1.918N4522E=13
1.N2030759€-09
6. 1T0714406E-06
6.32L3519%E-02
1.43001278E-13

.5

PTSD2L
5

HALF—WIUTH GF CUNTRUL POINT STRIP

Ridw

4. 76 1eb44DE+00
~8.8614881ic~07
=9, 435594326-05
—Sa0425lTuTE-DS
—2+48L55TLOE+UY

l.00423113E-07

X
4.0800Q000DE-0L

PTSDLlL
g

2 OF (UEFFICLENT

Q0.

HATRIX TINM

THAG
6.86T43974E-01
1.11540034€-07
9. 84505568E-00
3,640 1T230E-D4
~3.21300079E-01
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PTSOLL
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1.9T248072E-04
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-4. 8T864609E-06
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I GF D2161 #% GENERATE IIMM MATRIX

TANLA S MACH DELNOM
1600000E+00 B.10000000E-01 1.20000000E+00 %+ Q0000000E~02

D51 (RN b2t UsA
346B660BE~02 0. 1+436686048E-02 1.4366B608E-02
PTSDSR

3

1.5%31Tab6E—03
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-8.To4601 06e—04
4.3729527016+00
—F.72990773E~12
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~6e14380432E-04

051 viL

779071 7E~D2 0a

PTSDSR
5

1.06421191e~02

khE
-3.a96Y774E-D2
222009422 1E+00
—6.36799452E-07
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L.O040%3482E-0Z

DsL
284Z382E-01 a.

FT5DSR
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2.Q0000000E-02

rE
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o5 ulL
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—5.Y28306471E-04
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8. G00LO000E~0QL 0.

PTSDIL
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PTSD2L
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TMAG
1.97315278E+00
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—5.695TB48DE-Q5
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2.00035C0JE-02
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=3.00805086E+00
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bDsL

4. 044005 25E=-0¢k Q.
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HALF—WIDTH Ur CONTROL FOINT STRIP

RUW 5 OF COEFFICIENT MATRIX TINM
RE

2« 008F%5ZsL+00D
~3.00685009E-013

52

THAG
2.5516T493E+00
L.66421589E-D3

FTSDSR
B

2.12d42382c-02

RE
=5.0090%826E-01
=~ 6. 93500 79E+00

oLl

ulL

1HAG
7.29465030E-05
Ye62B53525E~02
l.d316379TE~13
F422360544E-10
5413573242E-06

D2L

95719071 7E~02

1HAG
2.14711711E-03
3ua0T501176E-01
8.04343119€-08
3.54204T6% =00
-5.3279960TE~D4%

DaL
1.92842382E~01

iMAG
1.08377327E-02
L.099211 66E-01
0. B704%063E-00
—&6+336455145E~05
—b. 2015250TE~03

DzL
2.99263572E-0L

1MAG
2. 503942 §3E-02
-1.25121470E-01
7.030T12058-05%
=“9.39446653E-04
-3.73870823E-03

bzl
4. 04400525E-01

IMAG
1.25079596E-01
—2+G7054832E+00Q

RE
-5.90127313E~08
~B«2965352TE~0%

34676401 26E+ 50
=B.85359850E6~12
=5.04044391E-08

UsSR
F.5TTS0TLTE-C2

RE
—1.35192217E-0%
~2.53123T54E-02
=1.00520425E+00
~2.55113560E~07

2.3091D0575E~05

GS5R
1.92842382E-01

KE
=2.10897208E-03
~4.9607T622%E-02
~3.1992674 TE+00

2+ 39130707E-G6
TalBoTdoo4E-04

2.99263572E-01

RE
—1.02419005E-02
—3.5106%0474E~-02
=1.123523F3E+0D

1.51661363E-04
LaT%795043E-03

UaR
4. 0%400525E-01

KE
—3.0579284%E-02
1.70742303E-01

NSYHMETRY
1

IMAG
1.07124020E-09
6.20942694E- 00
B.23672533E-02
1l.66524951E-13
T-B4296%66E-10

IMaG
l.40166885E-05
1.%24T1625E=03

—6-00331112E-02
3.27819066E-08B
—2.239259356E- 00

[HaG
4.39873234E-04
b QB 94346 TE-D3

~T.46701082€-01
=1.14210452E-06
—1460235451E-0%

1 MAG
3.235555636-03
5.92926451E-03

-8.39407132E-01
~50 36833064 TE~05
~5+49420111E-C4

1 MAG
1.30571603E-02
~1.98450203E-02



4.08435973E- 04
1.20525018E-01
— Lo 24186023 +00
1.77194010e-24

X
1.00000000E+0D

PTSO1L
0

Ja

¥YS02L

B.59964653E~04
-3,01982141E-02
1.045T0232E+00Q
-1.36466489E~04

CSL

=3.53)137244E-D6
Seal2%4Q03E-03
~l.23172126E-01

i

5. 05500656E~01 G.

8

HALF=W1UTH UF CuNTROL POINT STRIP

ROW & OF COEFFICIENT MATRIX T11NM
RE

S+16786TBIE+ DU
=1.068783062e~02
1l a44747355E-02
-2.64629933E-01
-3.08003618E+01
~44+33140850E=0%

X
1.220003006+32

PTSGLL
8

Y
T 29NN OE-£1

IMAG
3.0961806BE+C0
T+51519221E-03

=4,14158903E-03
2.302408076E-02
~5.311255356E400
1.315542915-04

FISDSR
a

2.0605297TE-DZ

RE
—B.90775565E~01
—l.05850866Ev01

3, 00070713E-04
6.0B011T7w5E-03
L.26Td1383E-01

2253319%36E-04
—3.43469930E-03
Z2.238339216-02

5.05500650E-01

1MAG
2a32365561E-01
=32 894321 43E+ Q0
1.99284872E~04
~%.42160746E=-03
8.03020836E~03

5-990013156+00
B,02379663E-04%
-1.56370745E-03

DSR

5.05500656E-C1

RE
—6.95388044E~02
5.20834293E-01
1.88813716E+01
1.72663320E-03
~5.0395191TE-03

Output for downwash points 7 to 47 not shown

PTSD2L
a

HALF-wWIuTH GF CuNTKUL POINT STRIP

R
Sehauw 85110400
3.37875314e-01
—1.71440132E+CC
6.1l83%692L-01
2.3072U47Y%0k-Cl
=1.367720%E-C1

senweyUTILE- IMPUT DOWNWASH QUANTITIES HAVE sEEN MULTIPLItU
Fun THE DEFLECTILNS

Y 2.900

DJnNwWA SH aiv, Mool

=1,450000G63t-C1
~3+340000008-01
~3.53000000L-CL
-5.590000230L-C1
-454§3000000kL-Ll
~6.57200000k-C1
-7.3900v0QuuE-ul
~d.41009030E-0L

1.72000000r-01

1.30400000e-L1
—1.34400007c-71
~3,2000000uL -0z
=1.20000229e-C1
~2.91600000&-C1
-a.L0+03300E-01
—5.84000030e-0l

Ruw 48 UF COEFFICIENT HMATRIX TTHM

TMAG
3.62648213E420
4. 339574 C0E-01
-3.53837521E-01

4.6 3570668501
=4e I0DELIGLHE-CL
~2.41181965E-02

PART 11 OF Dilal =*% SULVE

NXY REAL PARTS FIRST,

“3,.810N0PN9E-T ]
~4.180C0000E—01
-5.130C0000E-01
-5.1B8070C0Ce~01
-5.d8C0CC0O0E-DL
—6.99700NNE= ]
~T.330G00QCCE-0OL
-8.8177NNANE-D1

1.352C0C0NE=-01
-T7.2000C0C00E=-02
=2, 16B00NC0AE-D]
-49.36000000E-02
—1.864MANT0E-0L
-2.5729C000E-C1
4. 64C0D000E~01
4 G QNONNANIE~T]

L
1. 1C211439E+00

PTSDSR
-]

l. TT4To492E-0D2

KE
4. 91 759907L+00
= 5.24970799E-0L
-1.0a8691491E+Q0
64491628106-01
—l.3594a536E—01

LYY YN

-5,03000400E-G1
-6.27000000E—0L
=6 .o04000003E-C1
-5.67006G060e~C1
-&a3 FU0UOGJE-O]
—a.,0300d000c-C1
~7.729U000VE-01
=82 73000000E-01L

5.76000000c—-02-
-1.3520C000k~01

499000003 c~02
-1.20400300E-01
-2.3la000U0E~0L
-4.2000C0000e-01
-3 .000L00G0E-DL
-4.%0000003e-01

olL
3a1942Tob65E-01

D2l

maG
1+3342264TE+DQ
=2.96973956E+00
+1.69023457E=01
1-72089808E-01
~l.72058246E-0L

7.832656703E-01

DSR

RE
2+444D3309E+00
—2.29791531E+00
=84389036682E-01
Gebb00iTo49E=01
~1.78162916E~01

S1MULT ANEDUS EWUATIONS FOK ANN

Lab9728842E-01

7+35065805¢-01
~3.93955619E-04
3.12195010E~0Q5

IMAG
3.T7T32259€E~02
“2.0670942TE~02
4.92465916E4+00
~l.165986896—03
2+62042586E-03

L KAG
T.19471056E-01
~8.29956650E-01
1.84892TEBE+QD
Te246%908117E-02
-6.03413229E~02

A5 FULLOWS = BY 1.000 FOR THE SLOPES DHXe« ANG

In CUNTRuUL FUINT SEWUENCE

—-2.670Q0Q400E-01
—4./uDQ00QQE-0L
—4.24000000E-01
=+ 3600000QQE=]
=0.40000000E-01
-7+ 34000000E-01
—bt:12UQ00Q0E-D]
-B,1600000Q00E-01
—3.,60000000E-03

b.26000000E~02
~2.4s0000C0E-02
—2.26000000e-0L
-3.20000000E-01
-2.320009C0E~-01
—4a1eUQO0Q0E-01
~5.4c000000E-01

-4.20000000E-41
—4,7300000QE-01
-6.05000000E-01
—b.c9000000€-01
=0.57000000E~01
—6.96000300E-01
= 7.650C0000E-01
~d.47000000E-01
—5.,20000000€-02
=3.20000000E-03
=1.40400000£-01
—3.00e0000DE-OL
~1.74400000E-0L
-2.904003C0€E-01
—4.712000000E-01
=5.%6000000E-01

-6.T8000000E-CL
—4.55GC000CE-OL
—6.010000Q0E-01
=6+54000QC0E-Q]
~6.0400000CE~D1
~7.05000G00E-01
—H. DEQOQDCOE-CL
~1.049G000UE+0Q0Q
—~1l.512000006-CL
—b46400000CE-C2
—2.16400000E-C1
~6.32000000€-02
-2.320000CG0E-0L
-3.47200000&-71
—5.24000Q00Q-01
—5.560000C0E~0]

53



UUWNHASH diva. MJutl

L. 7800000LL+00
1.,4C7CAG02E+0C
L .44000300E+00
2 .907200024E-C1
-1.30003320-11
1. 24Q0uduye+un
6. 200000wIE—G1
1.70000000&-01
~1.60200030k-01
—4.0E007000E 01
2 .00000000E-E]
-2, 12C00D00c -]
=2 . 0ds00000E-01
~d.7zuu00a0E-02
=L .23000C02de-C1
—2.27200000c-01

&y

UdnNal SH Afve mulEl 34,

3.3C30%300k—. s
3.10000000c-C14
2.6800000200-0¢
-1.20200000c-0C1
=5.00duulIvE-UL
—uaBCI030001L-C1
=2.75203000c+0C
~1.53000033E+07
=49.04303I03E-Cc
—6 00000 UL -0
1. 98400832 -C1
2.450402000c-0C1
3.00owuduuE-0l
1.%200722 k(1
=3« g8dLUdIUL-ue
—4.30702000.-C1

WETLHT ING FACTORS Alvide

LEAST SwuAkk rbalutAla,

54

—{aolJdouu33it-u2
Lel94t0b3lrvi?
ladaTs%lelde~Co

=9.993e%402c-0s

—1l.3230%00LE-"2

—3.9329299Tc-0¢

=le4ddoglyle-00C
~2u5%2510253c-02
2.23292350k-02
2a339973dat-0¢
“l.oolvZuice-Ge
lev3o5u3i3E-Ce
la2luoYaedse~G2
“lsndoftaesL—0
Ta93bhduizst-
Z2all1293%s4aL-us
l.éow3dSyioE~Qc
—leo?920Ta0e-t
~baodd2alivr
—3.369T200 -0 5
3.159650000c-100
1.91237T005c-02

NXY REAL PARTS FIRKST,

182000000800
12T C0N0E+50
£.9400DCINE-D1
5.32C0C000E-01
1. 740 0ONNGERI0
1. T30CO00CE+LO
GuHINAPONNE-T]
4.20000000E-01
-5.1200C000E-01
=1.7487000%E =01
1. 896CT00CE-01
~1.9620MLE-01
—1.4560CR0DE-"1
£.16000Q00E-D2
-8.6400NANNE-N2
=904 0N0N2E-D1

Nx¥ BEAL PAKTS FI1FST,

4 BN ARAANESY]
2.300°CC00E-01
1.7Aneranng=-n]
Al_qrv'r‘r‘ﬂr\'\E.."\'l
-3.2000CC00E-01L
~1a&5INNRIBEHIG
=1.94000000+00
~1.790°0PY0EROD
=3, H200N0NNE-02
1.056PCC00E~-01
AP US LU LT T
2,380 AnrEon]
2.384NnC00C0~01)
a-gnnmﬂ'_\n"\g-’\z
-2L.FO00rONNE-Q]
~5.2BANMONE-02

MCDFL 11}y

—2.917281947€-01
=7.10922995E-11
—2.3TTI4PGIE-D1
1.107S%670E-0L
2,3 231397GE~N2
5.%97208%1e-02

MOITE L 114,

S.laele221E-73
=1.34629T 6756 =02
=1.600069T5E-02
—5+73307 516672
~1.20449816%~-C2

1.93u7rel 7TE-G2
—l. 5649720402
~6.1B429T85€-03
~0.22542781£-913

2.T79230821-03
-2.20784M25E-02
-l.04731THHE-D3
-3490Z2Y14983E~03
=T T40142T3E-0y
-1.28)67609E-02

1.21795461E-212

NXY REAL PARTS FIRST,

1.,2000000:+00
1.07000000L400
L.L3060RGC0e+Q0
2.5000ULLUEFD Y
2.01000000E+00
9. #C00I00uUE=-01
4.200000C0E-C1L
3.300G0000E—Q)
-2.300u0uVUE-GL
3.09.0000CE-C1L
=2, u4000000E-01
-4.40000003L-03
1-:6A000Q0c-C1
2.leofbiduE-ul
~2.7003000QE-C1
-3.07206000c-C1

4 .40000000c-01
1.50G200QGe~01
3000020008 -C1
~2.Q0000vd wii=01
~4+100uu00ue-vl
-2.17202000E+00
=1.di00000CE+0D
—lao fU0UGUQE+IU
Je0bFI0C0AE~02
la3loal300c~-C1
t.3i8Q0400E-01
2+1500000e-C1l
2. oudQloe-ul
=9.9:0000G0e-02
L.06e00uwQ0e~-Gl
~2a.920ulQQC0e-01

16 RCAL PARTS rlrsT

B.alldbvolec—0C1
ledbuTyddoc~Ue
a.3d3cdTeoe-31
T«140T70992c-U3
4, 334023cab-02

Gauduaduldse—Ce
Tetdo3oisde-0c
Le302500lZE-01
Garlaos489c-0G2
S5aQFiuc4l0c—03
—laowl4uialb—03
JedboQibiab~02
Lawsz9iduOE-Dz
LR ST E PN I PR-TLUIVES
Teoalyuvobi—ul
5e1007%Q75e~GC3
—wa3a%oliToc—-04
—3.3%4038Uik-U3
ZeprlulNase—04
BaUaiZoll oE—Ua
—2.00097E32L-03

[N LLNThRUL FUINT seguchLE

1.17000000E+00
6.27000000E-01
£.2:00%0€0e-01
1.53000000E+00
3. 700000 00c—01
5.320000000c~01
£.20000000E-01
2. 700000 00:-01
—9.20000000E-02
—2. 104 000C0E-C1
~2.00500000L~01
2.09000000E-CL
2= 1400Q2¢0e-61
—Z40000000c—01
—2+52607000E-01
~3.4060G0000E-01

v CunTROL Pudnd SEWUENCE

1.400000C0E-01
3230005000601
1.40000000E-01
=1.7Q00000Q2E~01
=1.70000000c~01
-l.oE000000E+0DC
—24+32000000E+07
—24 040000 00E 00
o. 44002000E-C2
B.60000000-02
i=B2000000E-Q1
1.94000000E-01
1.420U0000E-CL
3.27000003E-0L
2.72000000E-02
=3aT7492000006-0Q1

-%.850036329&~01
-4, 57041111E-01
—waSopcTaT4E-0L
4.9i073733E-02
oslolel900E—0:

I CUNTRUL POINT SEWUENCE

~l.ndolas TEE-1T]
£.5u029329E-02
-2.03201613E-02
T.820509C3E-04
—F.43553550E-02
—Z45T230413E-02
T.lov2204Te-02
~be21400862E-02
=T 1d327791E-N2
—4%.223348C1E-0Q2
l.ua?T71ll84E-02
3.05172418L—03
—2+21740360:-03
~l.d7260899E-02
Zo40E99415E-03
—3.29009912E-04

1.14000000£+00
7.4 2000000E- 01
2.2930000DE+Q0
1+04JC0000E-01
2.20000000E-01
2+.90000000E-01
7.1000000CE-02
2.0Q0002006-C1
1.74400000E-01
-1.5240000CE-01
1.52000000E-01
5. 344000Q0E~0L
= +36303I00E-71
- 2.056C0000E- 01
-2.44000000DE-01
-3.34uC0000E- 0t

5.4000000CE-2E
2.6Q000000£-01
-1.600C0AUQE-Q2
=i.00000020E-01
-%.10000000E-CL
~oas00C0GC0E-OL
—£.990C00CCEYQN
—£«17000000E« 00
9e44000000€~02
1220400000L-01
lasoQUUOQUE-DL
1.7220C0000E~01
3.17Z00000E~-01
2.30400000E-C1
=1.472000006-01
—4.75000Q0QCE-01

leToola927E-72
l.42233T45E¢0C
3.300000L3E-02
~Z.084021909E-03
-Y. 039719 05E-C4

ledCwozobnoE-C2
cedllusdliat—02
4afZ12Tbhat-02
3.2220204bE-02
=3 2452000608~ 02
=1.09021l469E-02
L.7d2527174E-02
~3.uT925728E-02
1.0z T50TE-Q2
~Zeialonal 9E-Q2
T.u4321101E-03
-b.350¢1310E-N3
240ul906l6E-03
E.21223977E-C3
2.00313035E-03
~3.uc201741E-C3

La310CO0CCEeCT
1.91 0Q0000E+00
6. 5000000CE-C1
T.90C{0000e-01
3.790000QQCE-01
2.40000000E-01
1.20000QC00CE-01
1.3200000GE-01
3.728C00C0L-01
64000000 0E-02
3.440000CCE-D]
-2+3040U0000L-01
-1.508000Q0E~CL
=1.872Q00CCE-0OL
-2.3800000CE-CL
—3.2%40000CE-01

1.30000000E-0Q1
8.00000C0CE-02
3.00000000E-03
-5.3004000CE-0Q1
~6. L0D00UGCE-CL
-1.680000C CE+0G
-2.150000CREr0D
—l.72000000E+00D
1.12Q00000E~-C1
1.51200C0C0E-01L
1.85000000E-01
3.3600C00GE-C1
2. 448C000CE-01
1.560009C0E-01
—3.57200000E-01
-5.800000CCE-0Q1

-3.84011078e-01
~la4493546056400
~4.THB44060E-C2
—la 20 £22T90E-01
4.27151688E-C4

3.98122867E-03
-1.:1233311e-02
~L.bd964751E~C2
~3.4741200TE-0Q2
~4.38110Q75E-C2
2.3881u190E-03
-3.09795739E-02
4.20281202E-02
-7.03205410E-C3
6. 58585063602
T.98230005—03
—5.5435C711E-C2
9.357121L3E-05
7.00903305E-C4
2.7118210%~032
-l.66B41625E-02



WELTUHT ING FACTUAS urm,

a2 10T as3ie~C)
=251 74007+
“lel840lubak-uz
-2.0205ul%1e-01
9. 19BUs0aii-J3
—u.dolS2dunt =01

LEAST Suwdnt kedluUALa,

Da33TY9wIwL—0e
1.38734dbGe~31
Cedlasulonl-Le
4e229439020=T00
4a59237544E=C1
—oaB82723232F-01
2.420633uTe-01
l.40i5%¢8lut=ul
—t.00Tbuidle-03
~ta 19700200t -u_
—-z.1l8315413e-C2
—3.62000%21-02
—Z2.2%u2Lol FE-J2
-9 .00313D00e~02
2.2080L1329E-02
525G Taluuyt =0

WETGHT [ FACTURD niui.

FRR-TLET R M LR
4456921 2voc—U1
—lesT4llon2i=0c
-2.293%0500e-01
D.utgbalite-0
Zato9dl Quee—-C2

LEAST SJUAKE sxbdluulls

—daaT8T331l8E-02
da3collosdb-0e
oab226%149L-042
G.5727607u-02
2.12037571E-01

-4 {00279 70E-0l
pabd2bu3saE-01

—<s427007lZL-02

=2 433J8% 94TL-0>

-T1.4%043122E-U

—5S5.llo4920it—02

—la24laldlst-ul

—E474330a30E~-03

=1 .800D452T7E-0<
0e%234ulgE-03
2234491 05TE-Q3

WT={ FLUTTER MODEL,

MODEL Zky 16 REAL PAKTS Fin3d

~6,hATH0466E-22
2.406G830LEF(0
2.31891131c+09
2.2%425241E-02
1.19102841E-01
T.%TaganioL-01L

MODE{ 2) e NAY REAL PARTS FEn51l.

-2, 9493555601
-4, 24621947
-7.01825572E-02

X.943781723E-21

—64.692151146~01
-2.81076LNBEDZ
2.566%87Q8z-02
1. 70454800603
4,53128240E-02
1.08005265E-02
=2.V1NE43T4E-D2
T.263486822-07
1.56425751E-02
~1.393823%8E-013
3.,2289C63%E-02
2.3181589%9¢E-"4

~l.d3a043pac+lo

4. lz0pbTeue-Co
~ebilafoZlLtiu
—5.ulévuoluc=~0c
—tead3l a9l TE-DL

=lewdacabasb-0L
Jeola3undTe-03
—2.99lCu9d FE-D]
-5.53f491o5ie-01
-4, 033002l 9E-01
—4aei29saldc-Gl
=1, 230bb4900e-01
lewduna93sc—-UlL
1.12753970c-0¢e
l.0lo4uduse—C2
Ga4zivaodrle—03
l.olabbl3doc—0c
=3 l0ueadc 3z
= 3.all9a22x-02
—bac92%3%3lE-03
v.ebealcor—03

MODEL %), 16 REAL PARTS FLIRST

~1.53062741E-71
—-1.19%9]1 256E+00
Ta93971344E-01
—2.6226657%E-01L
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APPENDIX
EVALUATION OF THE SUPERSONIC KERNEL FUNCTION

Based on equation (16c) of reference 3, the kernel function can be expressed in a
separated form

2E(M,k,x0,y0)

(20)°y, 2V

K(M:k:xo ’YO) = (Al)

where x5 =X - £, yo =y - 7, and the reduced kernel K is a dimensionless part of K.

For the steady case,

—XO

K(M,0,x,5,) = =—=—rn—= (A2)
Lt  ERA Y]
For Yo = 0 ({thatis, n=1y)
= -i12kx
K(M k,x,0) = -e 0 (A3)
The general expressionfor n#y is
-i2kx, /32
. o/B
T _e-12}cx0 Xp® / cos 2kM(X 9 _ 5237 2)1/2
7. 20y 2 g2 V0 0
%" T Py
T -i2k T
+ iklyol S‘ u__7_, |y0| dr (Ad)
) \’1 + 1'2
where the upper limit 7, = Ty + Ty and lower limit T, =T, " T and
ﬁ
X
TS|
1 2
B 'yol
(A5)
To = 5
B |Y0\

-t
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APPENDIX - Continued

In the integrand in equation (A4) the quantity 7 1{1 + T2 is closely approximated
for positive values of 7 as in reference 4

T =1+ NleElT + NzebT + NSeCTsin T (A6)

1+7'2

where Nj =-0.101; Ny =-0.899; Ng=-0.0932307; a =-0.329; b=-1.4067 ¢ =-2.90;

and only Ng varies slightly from the corresponding constant in reference 4. With this
approximation substituted in equation (A4), the integral can be evaluated in closed form.

The upper limit 7, is always positive. The lower limit is sometimes positive and
sometimes negative. Since the approximation of equation (A6) holds only for positive 7,
negative 7; is accounted for in the following discussion.

Let the integral be defined

T, -12Kk|y a7
lefu—L—-e [¥ol dr (AT)
1 1+ 72

where Ql is complex, Ql = Re(Ql) + iIm(Ql). Since there are four terms on the right-
hand side of equation (A6),

Q]. zQz +Q3 + Q4 + Q5 (AS)

and each Qn is complex as follows:
Ta
Q, = \Ll (cos ZkIyOIT - i sin 2k|yol'r) dr

5 IYOI sin 2k,y0|7u - 8in ZklyOHTll

+ i(cos ZkIyolTu F cosl YOHTl I - {g}) (AD)

where upper of the two signs ¥ and the upper of the two quantities {0} are used for
2

positive Ty and the lower of the two are used for negative L
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APPENDIX A - Continued
Qg = Ny S‘Tu eaT(cos 2k|y0|'r - 1 sin 2k|y0"r) dr
T
{
=Ny Ea"'U(a cos 2k’y0"ru + 2k|yolsin 2kly0|7u)

A Tz](a cos 2k|yo)| 7, |+ 2K|3g|stn 2K{yo|| D:|

aT
+ i% u(-.a sin BkIyolTu + Zk|yolcos 2k]y0|1'u)

aITll 0
+e (a sin ZklyOHTZ l - 2k_|y0'cos ZkIYO”Tl D - {4le & (A10)
0
where
N

N4 = _.._._.1—2.

a2 + (2k|y0,)

= T br _ioain @

Q4 = Ny S"rl e (cos .‘ZklyolT i sin ak,yolT) dr (A11)

is obtained from the right-hand side of equation (A10) by replacing N, by Ny and a
by b.

-
Q= Naj‘ UoeT g 117(005 Zklyol'r - i sin Zklyol’r)d?
.
2
CT. .
= NB{E UE; sin Ng7,, - Ng cos NsTu] - € | ZIE: gin Nﬁl Tll - Ng cos N5| Tzlﬁ
C‘Tu CJTII
+ Ngle ¢ sin Ng7, - Ny cos NTT\J -e [c sin Nr,vl Tzf - Nnp cos N",'l TIH
T
. 16‘8%‘:%'} cos Ng7, + Ng stn NGTLJ Fe , 1|E cos Ng| 7| + Ng sin Ny| TEH- {0}
2c

T
- Ny ECTUE; cos Ng1, + Ng sin NTTLJ ¥ e(:l EI[C cos Nr?' Tll + Ng 5in NTITI[I} - {20(:}) (Al 2)
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APPENDIX - Concluded

where
Ng =7 + 2k|yol Ng=1- 2k|y0|
N N
3 3
Ng = ——2 Ng = ——2>——
2(02 + N62) 2(02 + qu)

and where the upper or lower of two signs and two quantities are used as described with
equation (A9),

In the subprogram KERNEL, the number of calculations of sines and cosines has
been minimized to only four of each with simple arguments, and the sines and cosines of
the sum and difference arguments in Qg are obtained as their "multiply-adds."
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