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SUMMARY

The use and operation of a group of computer programs to perform a
flutter analysis of a single planar wing are described. This system of pro-
grams is called FAST for Flutter Analysis System, and consists of five
programs. Each program performs certain portions of a flutter analysis and
can be run sequentially as a job step or individually, FAST uses natural
vibration modes as input data and performs a conventional V-g type of
solution. The unsteady aerodynamics programs in FAST are based on the sub-
sonic kernel function lifting-~surface thecry although other aerodynamic
programs can be used. Application of the programs is illustrated by a sample
case of a complete flutter calculation that exercises each program,

INTRODUCTION

With recent advances in computer technology, computations for a
relatively detailed aircraft fluetter analysis are now practical. However,
both computer resources and manhours used in performing such an analysis can
be large for exploring a flight envelope or for a wvariety of configurations
as might be required in design. Since the resources used can be signifi-
cantly affected by the overall organization of the flutter analysis software,
one approach that has been used is to divide the flutter analysis tasks among
several programs that treat specialized portions of the flutter analysis.
This method has several advantages. First, the programs can be run sequen-
tially in a job-stepping mode or as individual units depending upon the
availability of input data or the task to be performed. Second, the programs
can be easily optimized for trade offs of central processing time and
storage. Third, the versatility of the programs and the ability to make
changes to the programs are enhanced. Additional complexity in the use of
job centrol language is, however, a penalty for using this approach. Several
programs have been developed for flutter analysis using the modular program
approach and are called FAST for Flutter Analysis System. This paper gives a
user's guide for each of the five programs and describes the overall
operation to perform a flutter analysis. A sample case of a complete flutter
analysis of a clipped delta wing, beginning with input natural vibration
modes and concluding with V-g plots and flutter eigenvalues, is used to
illustrate the application of the programs.

The division of flutter analysis tasks into separate programs depends
significantly on the type of computing system used, the type of graphics

available, and the use wade of the programs such as for design or analysis.
The five programs presented herein have been in use at Langley Research

Center for some time on the CDC CYBER series machives with the NOS operating
systems and the FTN compiler. The version of FAST described here, version
1.0, is a conversion of some earlier programs for the current computer
operating system and compiler.



GENERAL DESCRIFTTION

An overview of the FAST flutter analysis procedure is given in figure 1.
Natural vibration modes of the structure are considered to be known from
previous calculations or measurements. The generalized aerodynamic forces
are calculated and the flutter eigenvalues are generated to obtain the
flutter speeds and frequencies. This procedure is performed by the sequence
of five programs shown in figure 2 and discussed in the following paragraphs.

The first program, MPROC, processes the vibration modes to give modal
deflections, streamwise slopes, and certain integrals of the mode shapes
used in calculating generalized aerodynamic forces. TIn addition, contour
and oblique projection plots of the mode shapes can be generated. The input
requires wing geometry, vibration modes, and plotting information and is thus
independent of aerodynamic variables such as Mach number and aerodynamic
density. The modal file output from MPROC is TAPE2 and is renamed MODEF
for input to the generalized aerodynamic force program, GENFLU. Normally
MPROC is run as a separate job to permit inspection of the modal plots prior
to further calculations, and TAPE2 is saved for subsequent use. The user's
gulide for MPROC is given in Appendix A.

Program SUBCMAT generates the complex matrix elements used in solving
the subsonic downwash integral equation by a method similar to that of
reference 2. SUBCMAT requires only a small amount of central memory but can
require a significant amount of central processing time for execution. The
input for SUBCMAT includes the Mach number and reduced frequency specifica-
tions, and the same wing gecmetry specification as MPROC. Normally the
execution of SUBCMAT is followed by LUCMAT which can be a large field length,
short execution time program. " The user's guide for SUBCMAT is given
in Appendizx B, _ _.

Program LUCMAT performs an L-U decomposition of the complex matrices
generated by SUBCMAT. The L~U decomposition is based on the method presented
in chapter I/7 of reference 3., Normally, LUCMAT is run as a job-step with
SUBCMAT and file LUF saved as a permanent file if flutter calculations are to
be made for several sets of yibration modes for the same aerodynamic configu-
ration (such as during a design process or for different fuel conditions).
Since neither SUBCMAT nor LUCMAT require any modal information, these two
programs can be executed before the vibration modes have been measured or
computed. Because file LUF can be large and can overflow nominal permanent
file space allocation in some instances, saving LUF may require the use of
tape. APPENDIX C is the user's guide for LUCMAT.

Program GENFLU calculates the generalized aerodynamic forces using the
modal output from MPROC and the L-U matrices output by LUCMAT., The output
of GENFLU depends both on Mach number and vibration mode data but is inde-
pendent of air density. File GENFLU normally is saved as a permanent file to
permit reentry to the flutter eigenvalue program for various densities or
plotting scales. APPENDIX D gives the user's guide for GENFLU.



The last of the programs in this group is the parametric flutter analysis
program called FLUTDET. The capabilities and techniques used in FLUTDET are
described in reference 4 (with the exception that a different spline technique
is used exclusively for interpolating the generalized aerodynamic forces).
Program FLUTIDET reads the generalized aerodynamic forces from file GENF, and
reads the other information required to perform a flutter analysis from the
INPUT file. Required on INPUT are the generalized masses, modal frequencies,
and air density information. The flutter speeds and frequencies are printed
on the QUTPUT file, and V~-g plots are generated. The user's guide is given in
APPENDIX E.

Each program has been set up in absolute binary form and is normally kept
as a semi-private, indirect~access permanent file (on cluster 1 in the LRC
system). The programs can be obtained by the following instructions.

GET ,MPROC/UN=05206 1N,PW=MPROCV1.

GET ,SUBCMAT/UN=052061N,PW=SBCMTV1,

GET ,LUCMAT /U=052061N ,PW=LUCMTV1.

GET,GENFLU/UN=05206 1N ,PW=GNFLUV1.

GET , FLUTDET/ UN=052061N,PW=FLTDTV].
In addition, the absolute programs are kept on tape NA0B18, 1In the event the
programg cannot be obtained from the above instructions, they can be accessed
by using the control card

LABEL,T1,NT,D=1600,P0=R,ySN=NA0O818.
and performing a COPYBF,T1,BPROG. for each program. The five files on the
tape are MPROC, SUBCMAT, LUCMAT, GENFLU, and FLUIDET and are in the order

named.

The input data for the sample case are also kept as indirect access perma-
nent files (cluster 1) and can be accessed as follows:

GET,INMPROC/UN=052061N. - Input for MPROC

GET ,HDHFOC/UN=052061N.

Tape 2 of MPROC and MODEF for GENFLU

GET , INSBCMT/UN=052061N.

Input for SUBCMAT

GET , INFLTDT /IN=052061N.

Input for FLUTDET
The coded files for the above data sets and for the source decks are also
maintained in caxd image form on tape NC0302, They can be accessed with the

control ecard.

LABEL,T2,NT,D=1600,P0=R,VSN=NC0302.



and obtained by

COPYBF,T2,CODEDF.

The location of each coded file on the tape is

INMPROC
MPROC
HDHFQC
INSBCMT
SUBCMAT
LUCMAT
GENFLU
INFLTDT

FLUTDET

File

File

File

File

File

File

File

File

File

Further information on the use

the Appendices.

1

2

11
12

of these files is given in the user's guides in



APPENDIX A

il

SURFACE SPLINE MODE PROCESSING PROGRAM, MPROC

Program MPROC interpolates input vibration mode shapes, generates
contour and orthographic plots of the mode shapes, and calculates the slopes,
deflections, and weighted integrals of the mode shapes for use in the
unsteady aerodynamics programs. This version of the mode processing program
is designed to interface with the current version of the subsonic kermel
function generalized force program GENFLU. The program is dimensioned for
12 pressure functions in each of the chordwise or spanwise directions for a
total of 144 collocation points maximum for calculating input to the
generalized force program.

The spline matrix generation overlay is set up for dynamic storage for
up to 250 modal (x and y) input points (mearly machine capacity). The
storage required for the spline matrix is calculated, and the program field
length is set from within the program. The field length used is given in a
DAYFILE message. For a case of 69 modal input data points, the program
requires 34,300g words of central memory. The computing time depends

strongly on the type of contour plots generated and, in particular, on the
GRID parameter for plotted contours.

The absclute binary program 1s stored on the permanent file system as
an indirect access, semiprivate file named MPROC (the overlay file name).
Access to MPROC is obtained by the control card

GET ,MPROC/UN=052061N, PW=MPROCV1,

The files declared by the program are (in order) INPUT, OUTPUT, TAPEl, TAPE2.

The plots generated by MPROC for the sample case are presented in
figure 3,



Control Deck
A typical BATCH processing control deck is

MODEPRC, T2000 , CM60000. BLDG648 YOUR NAME
USER, . . . (your user number/your password)

CHARGE, . . . (your account number, LRC)

GET ,MPROC/UN=052061N, PY=MPROCV1.

MPROC.

SAVE,TAPE2=STPE2. (save TAPE2 as permanent
REWIND,TAPEZ, file named STPE2,

COPYSBF,TAPEZ.

DISPOSE,TAPE2=P9. (if punch cards desired)
ATTACH,PLOT/UN=LIRRARY.

PLOT,VARIAN (for Varian plots)

EXIT.

REWIND,TAPE2. (or other desired error processing)
COPYSBF,TAPEZ.

DISPOSE,TAPE2=P9.
ATTACH,PLOT /UN=LIBRARY
PLOT.VARIAN

——eor—-

INPUT DATA

—eoi~—

Data Setup

All input x,y quantities must be in consistent units (dimensional or
dimensionless) and must be referenced to the same x,y coordinate system,
The x-axils of the coordinate system must point downstream.



The detailed contents of the input cards are listed below:

No. of See

Contents Format Cards Note
1D (8A10) 1
XLR,XTR,XLT,XTT (4E20.12) 1
YROOT,YTIP,NL,NT (2E20.12,214) 1
(YL.(1),XL(T),T=1,NL) (2E20.12) NI, ¢
(YT(I),XT(I),T=1,NT) (2E20.12) NT (2)
MS,NC,LP,LSYM (4T4) 1

IN {8A10) 1 (3)
(XP(L),YP(L),L=1,LP) IN " (3
NI,ISYM,ISAVE (314) 1

N , {BA1D) 1
(XI(1),Y1(1),I=1,NTI) IN 'p"
CMIN,CINT,NCON,GRID,PAPER,HN, SPACE (2F10.2,110,4¥10.2) 1

MODES (14) 1

IN {8A10) 1

MODE (14) 1

ZN, (21(T),T1=1,N1) IN "p"

MODE (14) 1

ZN, (Z1(T),I=1,NI) N rph

For all data sets where a user-furnished format "IN" is used, the number of
cards depends on both the loop delimiter (LP or NI) and the format. This
gituation is indicated by "D" in the number of cards column.

NOTES:

(1) Omit this card set if NL
(2) Omit this card set if NT
(3) Omit this card set if LP

oot

0
0
0

The definitions of the input variable names are:

ID case identification card

XLR X coordinate of leading edge at root
XTR x coordinate of trailing edge at root
XT %X coordinate of leading edge at tip
XTT ®x coordinate of trailing edge at tip

YROOT y coordinate of root
YTIP ¥ coordinate of tip

NL number of discontinuities on leading edge



YL, XL

YT, XT

M3
NC

LP

LSYM

N

XP

YP

NI

ISYM

ISAVE

number of discontinuities on trailing edge
location of leading edge discontinuities
location of tralling edge discontinuities

The quantity y must appear before x on the YL, XL
or YT, XT cards. These cards must appear in the order

of increasing y.
number of spanwise varying pressure funciions
number of chordwise varying pressure functions

nuwber of downwash collocation points
If LP = 0, the program will compute downwash collocation
points at MS by NC Gaussian stations.

load symmetry

If LSYM = 1, force quadrature coefficients are computed
for antisymmetric loading.

If LSYM = 2, they are computed for symmetric loading

the variable format to be used to read the real numbers
that follow the format card

Any real format that can be expressed in 80 characters
(left adjusted) or less can be used. Be sure to include
the format-delimiting parentheses. These cards are used
to specify formats for (XP, YP), (XI, YI), and (ZN, ZI).
A different format can be used each time. .

x coordinates of collocaticn points
v coordinates of collecation points
number of modal deflection input points

interpolation symmetry parameter

ISYM = 1 antisymmetric spline
ISYM = 2 symmetric spline
ISYM = 3 nonsymmetric spline

if zero or blank, the program generates TAPEl containing
the inverted spline matrix. Otherwise the user must
furnish TAPEl, It is a single binary file and depends
only on NI, ISYM, and (XI(I), YI(I), I =1, NI). For a
large case (NI>100), TAPEL should be computed only for
first set of modes with the same definition points.



XL x coordinates of modal definition points

YI y coordinates of modal definition points

CMIN minimum contour in normalized z-units

CINT contour Interval in normalized z-units

NCON number of contours (i.e., CMAX = CMIN + (NCON-1) * CINT)

If NCON > 0, both line printer and plotter contour plots
will be generated.

If NCON = O, no contour plots will be gemerated.

If NCON < 0, only line printer comtour plots will be

generated.

GRID grid size (0.2 to 0.6 usually), in plotter inches

PAPER length of semispan on paper, in plotter inches

HN height of numbers, in plotter inches

SPACE frame advance in addition to that generated by NFRAME
If 0, program will compute SPACE, in plotter inches.

MODES the number of modes to be processed

MODE an integer designator for the mode (used only to label
the plot)

ZN the normalization value of =z E—

All the ZI(I) will be divided by ZN in the program.
For unnormalized modes, set ZN to 1.0

ZI the modal deflection =z
ZI(I) dis the deflection at (XI(I), YI(I)).

Program Limits

Limits on the various integer input quantities are listed below.

NL 0 through 20
NT 0 through 20
MS 1 through 12
NC 1 through 12

LP 0 through 144 (if 0 program computes MS by NC)



Thus

10

LSYM any integer
If not 1, LSYM is set to 2.

NI 3 through 250
Can be raised to 300 by program modification.
ISYM 2 0r 3
However, other interpolation schemes may be added later.
ISAVE any integer (usually blank)
NCON 1 through 180
MODES 1 through 1000
Note that CPU time is proportional to MODES.
MODE no limit
If more than three digits, it will overflow the format
on the plot.

A1l input quantities are FORTRAN BCD (no NAMELIST or binary information).

1. Blanks are read as zero.
2. Integers must be right adjusted in their fields.

3. Exponents on real number are optional and if used must be right
adjusted.

4. The nonexponent part of real numbers may be placed anywhere in
the field 1f the decimal point is punched on the card.

5. Slashes and unlimited group delimiting parentheses can be used
if all of the cards toc be read by format IN are not configured
the same (For example, suppose that 2ZN dis to be read from a card
by itself in format F4.2 and that (ZI(I), I = 1, NI} are to be
read six numbers per card in format 6Fl0.6. Then IN should be
punched on the card, left adjusted, as (F4.2/(6F10.6)).

Program Qutput

Four output flles are used:

OUTPUT contains ID card printing and line printer version of
contour plot

SAVPLT containg plot vector file defined by PSEUDO
It can be saved or post processed.



TAPE2

TAPEL

contains input for subsoniec kernel program GENFLU
It should be routed to the BCP punch or saved as a permanent
file. It can be copiled to output by

REWIND, TAPE2.
COPYSBF , TAPE2,

contains interpeolation save matrix

Usually ignored by the user, but it can be saved as a
permanent file or rewound and copied onto a save tape if
many modes with the same (x,y) values are to be processed
at different times.

11



Listing of Sample INPUT Data

MEASUREY HOpeS FOR FLJTIER SUPPRESSIUN WING » HEASUREDL AHPLITUDES
0,00
0,00

6
69
(6F6, 2)
4,18
24,35
44,52
10,41
30,91
S2,64
23%,88
39,70
96,47
36,15
47,71
59,95
&%,5%
9i4,49
6P ,91
54,43
539,80
£5,15
59,46
62,R%
hd 85
67,29
66,63

b
2

0,00
0.00
U by
6,03
6,03
6,03
17.73
17.73
1/,75%
28,40
g8, 40
258,40
Ar.492
37,42
Sr.42
dg.e7
ain, 27
44,27
44 ,5%
4A, 55
4a.55%
22,34
11,44

LM

9
(F3/(7F10))
1

l,

0,0000000
0,0000000

0270903
JUF156RT
«2131582
H384007
Jh181892
2084326
«IHhT9843
Jd28adie

10,90
31.05
51,23
17,24
38,30
59,47
29,15
45,48
6,74
an,ni
31,91
63,81
45,2V
©7.,58
65.56
£6,17
61,53
be, 89
50,55
6gq,1d
67,12
ba.b“
60,52

0,00
0,70
0,00
beUS
6,05
6,03
17,78
17.75
17,73
247,40
28,49
ea,u0
a7,.4¢
17,42
37,42
Uy, 27
da,2¢
dd 7
48,93
48,5y
44,59
22,34
11,48

D210

0,0000000
0,0000000
«23%0455
1161064
2397393
24372336
L6557654
8327732

17 (63
X7 .80
51,497
24,07
45,81
bho30
34,42
bllaa
67,01
LE Y1
6,11
67 .86
51.84¢
b0, 27
68,21
57 .90
65,42
[-3-1 -1
61 469
63,39
58.88
ST 9%
Sd,4)

181

0,0000000
L0092877
L036765%
L 1403402
2095794
L4768
L70351266
8566043

9931785 1,0214889

(2832860

2481923

69,41
50,00

0,00
0,00
0,00
6,03
5,03
6,03
17,78
17,78
11,78
23,40
23,40
28,40
37,42
37 62
37,42
44,27
aa,27
44,27
48,55
un,ss
48 ,5%
22,34
11,44

0,0000000
10084530
+05255412
1672268
130196486
0883389
sTO21082
sBOLOSUS

5400

040000000
(0213871
0715959
W1777167
(4207149
3920155
7743151
« 9394032

L40L49710 1,0390060 1,0412466 1,0736328

11263876

0,59

6400 0,10
£0,0060000 0,0000000
0126286  ,0163964
,0388023 0541807
W1903452 2393519
,3440269 ,3864956
,5245952 ,5990182
«7320501  ,7500764
+9119085 ,940523%
(0945106 ,0839189

b9.41

o
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1,
0,0000000 0,0000000 0,0U00000 0,0000000 0,0000000 0,0000000 0,0000000
0,0000000 0,0000000 ,0074285 ,L0089787 ,0096247 ,00B%912 0048446
~,000%168 »,00A8496 >,0257735 »,0532911 0434726 ,0456043 ,0410180
40326206 0173115 ©,003458] =,0600950 »,0938570 ©,1600026 1297074
L1251857  ,1134980 ,1032233 ,0844907 ,0597507 ,0317809 0,0000000
» 0357858 3053420 3035980 ,308B277 ,3120599 ,3{B64U8T ,3261417
¢ 3286609 3450036 3525028 6057102 ,6586939 ,6416252 6694856
(5858084 7064727 ,7216386 7241780 ,7482721 ,9153{55 ,9385674
«7504558 9740527 ,9998708 1,0092371 1,0343001 1,0350753 1,0403075
~ 1385569 =,0906272 =,03643)18 =,1089723 =»,0620761 =,02352568
3

ia
0,0000000 0,0000000 0,0000000 0,0000000 0,0000000 0,0000000 0,0000000
0,0000000 6,0000000 »,000%920 », 0088797 » 0159394 a,0236791 »,0369350
#,0338908 =,0453%824 o, UbID5TS o0, 1165758 «, 1513085 »,176)137 w, 1870653
1891372 w, 15394063 «,1076780 »,1835%48 ©,0913127 »,0118596 », 4247447
w 4063934 =, 3%23753 « 3008752 o,22%2479 e,135415]1 #,0389226 ,0664496
# 1801095 w 3451029 =,4770460 ©,1913571 », 09456886 ,0180554 ,1311e33
L22B451A  I461595  ,4p32233 1022643 ,2068%966 3066450 L4095014
«S181293 L b1BTEST 7100784 ,TGBU3L3I  L88%8961 LBT3B197 LT4T3IT3)
WB2AFL. 2 (9079033 1,00001480 1,0TUA933 1,1786296 1,2353115 1,2942134
22424155  ,0380747 =,1153639 o,2606146 o,1513989 «, 1047802
4
1.
0,0600000 0,0000000 0,0000000 0,0030000 0,0000000 0,0000000 0,0000000
0,0000000 0,0000000 =,0029809 =« 0072149 »,0112623 »,0144296 »,01R26115
=,0107344 » 003AT14 0263134 0810652 o,094028b »,1050563 =, 1116847
=, 1089277 =,0987799 »,0B4U0BT o,0524402 ~,0056512 ,Qu8530] »,204310¢
»,2351009 =,2085875 =,1859456 » 15%678] =,124939%4 «,0943219 »,06528563
* UZIBUCU », 1958548 =,1492297 &, 0997184 =,042T7030 ,0245190 ,0903918
1510881 2267128 ,2924097 ,2019592 ,26T9387 5396893 ,4289066
5053379 5812999 ,6UFOCR0 ,7044318 ,TH90638 ,T4a%611 7972783
LATI06LT 9182309 ,9931370 1,0%595378 1,1101483 1,1d66408 )1 ,21R0483
=, 0408846 *,067808% =,U9481459 ,2099566 L0559490 =,0177733
5
1,
0,0000000 0,0000000 0,0000000 0,00Q0000 ©,0000000 0,0000000 0,0000000
0,0000000 §,0000000 ,030027% ,L009241% ,L0184821 ,0340149 ,0648840
«1051907  L146480% ,1573945 ,1268187 «,0228077 »,0114039 ,015763%
LOU38526 0849458 1215100 L£376327 ,L1069603 ,0%564294 =, 2335824
", 2263075 #,1930790 »,1626032 o,1165%46 w,07412%0 =, 0446323 »,0165199
0098309 », 5841526 «, 3110039 = 4431773 «, 3468344 «,2363350 », 1289815
-, 0263435 ,1012584 L2441172 =,3273692 »,1816752 «, 0487612 ,0941801
L3475423 3928431 5300626 ,6604404 ,8094770 ,497bu4Ce ,bl1482S
<7502949  LB775001 1.0222179 1,1690916 {,319111% 1,8450445 1,5604908
#,0057049 ,0438489 ,06658502 e,07B6473 1173810 ,1659525
6
1,
0,00Q0000 0,0000000 0,0000000 0,0000000 0,0000000 0,0000000 0,0000000
0,0000000 0,0000000 »,0163785 », 0252355 »,0233376 w,0144805 ,0095600
0382398 L,08886933 0504710 ,0134805 »,2291579 v,2081400 =,1508506
=.,0631942 0485027 ,16148649 ,23506R6 ,2085618 1479530 v,6103613
~,5317025 », 3907634 »,2581802 w 1014340 ,0403487 ,1824856 2293683
304794008 ,1710952 », 9745536 =, 8070652 « 6047378 » 3731899 », 1275130
20907493  ,338%35] ,59564609 o, 9481954 w, 6959792 @,4394067 »,1900042
20919433 3643329 ,BF25221 ,8690426 §,1513089 ,06293%6 ,2922114
3337208 7399614 §,0035830 |,2725292 1,5168002 §,7R59947 {,9969099
=, 0732482 1480388 2406861 o 031843] ,§2036430 ,14473%0
13
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1.
0,0000000
0,0000000
, 0296078
1415201
219349619
-, 2842784
=, 2961142
« 1679395
,0412%42
«036345)
8

ls
0n,0000000
¢,0000000
0340527
2132354
+ 35616103
=~ U086959
- 398454
«1BT2502
«I254091
SO56018%
9
1.
00000000
0,0000000
=, 0033549
.2014038
+1883408
«PT56BTS

v, 1191265

= 1177017
3117987
+018322)

14

0,0000000
0,0000000
0279326
10997851
,1148986
» V24145
v, 3047088
«209[846
4907243%
«,00893%88

0.0000000
0,0000000
0280979
13392238
22425459
‘2629254
- HBQ9TSE
1575143
«949945%8
*,0396547

0,0000000
0,0000000
-, 0473777
A 1011
,1088582
», 6092806
20691324
23132774
JT6as715
0302203

0.,0000000 0,0000000 0,0000000 0,0000000
LU225063  L0310281 ,03b30B7 L0395863
0281815  ,020576) L1935249 1947267
20604802 0393478 ,038%666 LUS6HB42
LUUL10066 ©,0392949 =, 1107105 w», 1696711

w UT24353 = 1236753 =, 1653571 », 2123530

»,39299%0 0207218 ,0S73218 ,0Q957792
2336939 3659960 ,3038348 6976947

1,0023579 1,0834979 1,1454168 1,1991333

», 0231254 0033304 ,L03437BS5 0443935

0,0000000 0,0000000 0,0000000 0,0000000
.0335308 ,0490945 ,0571228 ,0607369
LULTT693 0088345 ,52285%2 ,318743)
LU555165 ,0078305 ,0063247 0397550
,1237828 ©,0107419 »,1345262 »,2326072
L1570123 0499950 »,0564200 w,}732759

w,01UTB20 2369240 ,2231704 ,2103202
(TZ4BBTL 0963759 L0719807 ,LB46T80E
,9983937 1,0309206 1,0638490 1,0730850

-, Ub83666 0172673 0260014 ,L0365425

©,Y000000 0,0000000 0,0000000 0,0000000
LUE15286  ,0635605 LO0719438 ,066B74b
=, 0832521 w»,0846169 ,3893547 3562098
=, 0019497 » 0877364 »,1395984 », 1981647
L0508921 0374342 ,0770131 Li279p02
=, 5829596 = S381166 0,46635677 v, 3597192
IBTT859 w 9631507 o, TH11620 #,566777)
(3293040  ,SU5330% 7714954 0372392
1,0138629 §,289%30] §,5260285 1,7907974
JU3BB744 0155976 =, 1197144 »,0933305

0,0000Q00
+0334K81
3733494
2658324
»,2286318
" 2553990
11301941
7683455
1.2938694

0,6000000
LO04T5856
£2795904
14651139

", 3252685

=, 2955448
L19649603
(8956932

1,0940669

0,0000000
0360694
22879704
2294044
o19635486 7

v,2357185

w 55893594
$2H97583

2,00175%47
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Listing of Sample OUTPUT (1lst Mode Only)

MEASURED MODES POR FLUTTER SUPPRESSION WING = MEASURED AMPLITUDES

LINE PLOY GENERATED BY SUBROUTINE CONTUUR WITH PARAMETERS LISTED BELOW

XMIN AMAX YMIN YMAX CMIN CINT NC GRID {I) LUN [A)

w1 ,000000 1,000000 04000000 1,44074S  «2,000000 100000 161 0060030 b
-b_._Y
7 .
%
T ., 5297Ew02
TT m H0TQEmO2
7Tt =, 3903Fa02
TTITY wo LE7S5ENDR
TTTITTT »,5994Ew(3
TTTTUUUU HEBSERDY
IR 2 LT40EwQR
YUUURUYUYY W @790E=QR
UugUUYUUUYuY 243RBENCR
VuUUUYLLLYLYY ¢ SEVUE=D2
UUUUYUUUUULUYY sbLBYERDR
(VU IV ITIVITENITER «B508Em02
WUUUYLUUUGLGUUUUY W PETTE®Q2
HUUUUVUGUBRULUU UG s 1132En0QY
UUUUULUBUUUUL UL UULUY e 1223Ea(]
YUUUUUYL LU LU UYUULUY e130IEmDY
LUy UV LY URLU RSB UNLBU YUY oo s 1A33EmQ}
YULLYLUUUULUYLLLUNL U LYUY = 21502E201
ULIUURUUULUYL L UG LY LU LUL vl ep, #15T1E=Q}
VHUUUUULBUGE LI UL DUV LU UUU U LY - Eﬁ eiT13Ew0O]
UUUMUUULUTUBLULMURVUYY UUUbUUY Eg W 17B7ERCY
YUY UUUULLYUUUTUUULUU UG UV U ULy E: cJIUBEwWD)
VLU UUYUYGUUULLUULLY U DY YU U U UL LY o 2203 4E=DY
ULUUULLUYUYUUULUUNYR L LULI U UYL o} ;2 e2121Ew01
VULUUL U LUNUUYL UL UL LU UG UBUU U IYLY E: & 22314E001
UUULULUYY UL UL LS U Uy U But ulgug oLy e s242iEwQ]
UUUUUYUUULEUULUULLUUY LU L ULULUUL UL Eg L253TEnC)
YUBUSUULLUUUUT UL LY UG UU rBIuG U v dud duuY B L2183Em0Y
YULLUUUNMDLDULULUUUUY LU UY UL UVUU UL LU L UUY W29ETERDYL
UGYUYHUYURUUUUYULURUU B UL LY UL UL B UG Gy s I250EwQ]
VLU UYUUYUL LY LU LU D Y UUY VLU LU LU UL UG O e JH2UEwO]
UGULUULUUULLUULUUYY U B UL U HUUU LR YULU UL Y U UL «3639Ew0]
UUUUUuUUUUQuuuUyU UL Uy uuvLeUu Uy U U U DU G LIdUY +4088E=(]
UURYUVUQUULEULUIUY UL DUUE UL ULLU B Duu LU LY c4396E®0]
uuyuyuyuuyuoyuugJuuuvuyuuiuyuuygupyyuugl oo gy .97515'01
UHUUUBLNUUUUUUUUU UL g g LU ULU UL LU I UU G U uuBu b L W SU09EmDY

JuyuutuvvuguyuuubtieguyeuLyuiuuuouu g pauL g taL 0 D8ABE=D]
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UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU
HUUUUUYUUYUUULL U UU UG LUVUIUUIUULUUL U BUUU L DU BB UULID U UL
Uuuuuduuyuyuuuyu YU UL BUULUULUULULVBU W G B UpU U ULy UL
UUUUUULRUULIUULULUWLU BUULBULY UL YD QUL VUUH LD U DR UULUL UL U LD
VUUUULUYURUUULU LU BY BUUBLEILUULLULBUYUULLLRUB D UYUUUU LU U L UL
VUUUUGULURUULUULUN U YUY LG BUUULBU LU Y UYLLU LB ULUUUUULURULUUULY
YULLBUUULULLOUDUULLL L UUIILUULUULUUUUYLULUUD LUUU UYL UULUUULUOUUUY Y
UUUUUU UL LUOUUUNULUUUL DUUBUG U UL UG UUUY YU UUUUUUUULULLIUYUUUUY Y Y Y
UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUVVVVVVV
UUYULUUUYUUGUULUUNUUUL LU UG UULUGUL LG U LUUUYUYU LU UNULUUUV Y Y Y Y Y Y Y
VUULUULUGULUYULUUUL UG URUUHIVYUY UL UL VUU UL UUULLOYUUUUUUYY Y VY Y Y VY VY
VUL UL U UULUUU LY UYBUUUUU U BUUUUUL LB ULUUULULUUUULUUUUUUUY Y VY VYV VY VY VY
UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUVVVVVVVVVVVVVVV
UUULULLUTU VLU UUULUU LUV BNULUUULURLLUUULUL LU UYL UUL LY Y YV Y Y YV Y VYV Y VY VY
VUUUULUUIAIBUUUY U UYL UUYVVULUDUUU B UGV UL LU LBU U ULUUUY Y Y YV VY Y VY VY VY Y VY Y
VUULUUULEUGUUUIUUULYUUDUYUUUUGUUL LU UUG BT VBB UL UU Y VY Y VYV Y Y VY VY YV VY UV Y R
UUUULLUUYUUGULLUUUU LU UQU YU VUG UMY YUV UG G UL U DU Y YV Y Y Y Y VY Y VY VY VY VYV VYRR
UUUUUYUVLUBULGUULUULLUUUVYBLULUU UYL UL UL LU DU YV Y Y Y Y Y VYV VY Y Y VY YV RN e
UUUUUUUWHHILGUUUULHUUULUYYLUUGUUUUUU LU UM UL UL UL UY VY VY Y VY Y YV Y VYV Y VY VY VNN W
UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUVVVVVVVVVVVVVVVVVVVVVHNNNHHHNNHW
UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUVVVVVVVVVVV¥VVVVVVVVfwhNhNﬂhHﬂHNﬂH
UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUVVVVVVVVVVVVVVVVVVVVVNHHHNHHHHNNNHHH
UUURULULG UL U UUU UG UL BUUGUUGUUUUUUUUU LB LY Y Y Y VY VY Y Y Y UV YV YV VY VRN WA N e K XK
UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUVVVVVVVUVVVVVVVVVVVVVVNHHNHHHﬁNNHNNNKXXXX
UUUUUUULUUULUULUBUY U UL UU YU DU UL LUV Y Y YV Y VY Y YV Y YV YV Y W RN R X X XX K X XX
VUYL UCULULUULUUUBULIUU MU U RUUUUUL UL YUY YV Y Y Y Y VY VY Y Y Y VY VY YV Y W W W W N R XK OO X
UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUVVVVVVVVVVVVVVVVVVVVVVHNHHHHNNHNHNNNXKXNKXKKKXK
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UGJUULURUUUUUUUUUULUGLUG LU BB UUUUUUUY Y Y Y VY VY VY U VY YV e W Y e i W W W XXX KX XXX YYY Y YY VYV Y Y222
uuuuuuuuuuUUuuuuuuuuuuuuuuuuuuuuuuvvvvvvvvvvvvvvvvvvvvvwuwuuwwwwuwwuwwxxxxxxxxxxxxvYVYYVYVYYVYZLZZZZ
UUULBUUUHIVUUUUURUUUUUUUUUSUUUU LU Y Y Y Y Y Y Y Y Y VYV VY Y Y Y VY W W R A M WX X X R XX KX MY Y Y YYY VY YYY2 22222222
UUUUUSUYUUUYULUUUVRULUULBUGULUUU Y Y Y Y PV YV Y UV Y Y Y YV U VR W W W R XX K X K XX S XN XY Y Y YYYYYYYYZZ 2 ZL222220
UUUUUUUUuUUUUUUUUUUUUUUUUUUUUUUUVVVVVvvvvVvvVVVVVVVVNNWHNNHMHVHWNHHXNXNxKXXX&XXYYYYYYYYYYYZZZZZIZZZZOOOD
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uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuvvvvvvvvvvvvvvvvvvwwwwwwwuuwwuwwwxxxxxxxxxxxxvvvvv7rvvvzzzzzzzzzzzoooooooot1
UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUVVvvvvvvvvvvvvvvvvNkuwwwwwwkuwuuwxxxxx:x:xXKXYYYYYYYYYYYZZZZZZZZZ&OOOGODOQl1
UUUUUUUUUUUGULUUUUUUUUUUUUUUUU Y Y Y Y VY YV Y WV Y YV N W W X XK XX X X XX XY Y YYY YYYYYYZ22222Z222000000000¢
UUUUULULULUBYLURULHUU UG UL VY e Y Y Y Y Y Y YV Y W W W W W X X X X XX XY Y Y YYYYYYYYZZZZ2222220000000001
UUUUUBUUULUUULUBUUGUU UYL LUUUU Y Y Y VY Y VY Y W W W W X X XX KX XX XYY Y Y Y Y YYYY Y2 Z2Z2Z222200000000018
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuvvvvvvvvvvvvvvvvvuwuwuwwwuwuﬁwuxxxxxxxxxxxvvYvvvvvvvvzzzzzzzzzzooooooouoo:
UUUUUUUUUUUUUUUUUUUUUUUUUUUUUVVVVVVVVVVVVVVVVVHWNHWNNHHwwwaxKXKXXNXXxYYYYYYYYYYYYZZZZZZZZZZOOOUOOOOOI1
UUUUULUUUUULLSUUUMUURUUUUUUUUY YV Y VY VYV YWY VW W o e m e WX XX XXX XXX X KY Y Y Y YYYYYYYZZZ2Z2222220000000008)
UUUUUUUUUUUUUUUUUUUUuuuuuuuuvVvVVVVVVVVVVVVVVHNNwnwwnknwhxXNXxxxxxxX!YYYYYYYYYYYZZZZZZZZZZOOOOOOOOOXl
VUUDUYUUUUUIUG QU UG DU U VY VY Y Y VY Y Y VR W e W v W W W OO X X X XN XY Y Y Y Y Y YYYZ 222 22222206800600001)
UUUUURUL UL UUULUUU UL VUV Y VY YTV VY VY Y i W W W W X X X X XX X XY Y YYYYYYYYYYZZTIZZ2Z2220000000001
UVUULUUUUULUUUUUUUUG VLU UV Y Y VY VY Y Y R W W W K X X XXX XXX Y YYYYYYYYYYZZZ22272Z2TZ00000000011
UUUUUUUUUUUUUUUUUUUUUUUUUUUVvVVVVVVVVVVVVVNHNHNNWwaNwwxxxxlXKXXKXYYYYVYYYYYYZZZZZZZZ&ZOOO0000001l
UUUUUUUUUUUUUUUUHUUHUUUUUUVVvVVVVVVVUVvaﬂuNHHﬁwwhNwwhxx!xxxxXXXXYYY7YvYYYYVZLZZZZZZZZOOOOOOOOOIx
VULUUUUUUUY UL BULLUO LU U Y Y P Y Y YV Y Y YV Vi W o M W W XX XX X N X XX XN YY Y YYYYYYYZZ2ZIZ22720000000000¢
YUUULUURUUDUUULLUUUUUUUY Y Y YV Y VY Y e W W W W XXX X XX X XX Y YYY Y YYYYYYZZZZZZZZZQ0000000004 )
UUUUUUUUUUUUUUUUUUUUUUUUVVVVVVVVVVvvvvuiuﬂhwuﬂwwwnhxxxxxxxiXXXXVYTYYYYYYYY12211122200000000001l1
VULUUUDUUB UL UL U UL Y Y Y Y Y Y Y VR W e b W R XXX XK XX Y XX XYY Y Y Y Y YYYYZ22222222000000000) 8411
it
tl

!
111
1122
11222
Lza2222
12222233
2222223333
222222233333
1222222333333
122222223333334
1222222233333344
11222222333333444
12222223333334444
22222223533344444
122222233333344a04
1222222233333344446
12222222833533444404
122222223533333044444
2222222233333 34444444
22eR22233333346444445

1
i
111
it
11y
il
11111
i
it
1%
i

1

i1

11
1111
111
1111
1114
111
11
1

VUUUUULULLUUUUULSUULILUV Y VY YV Y Y YV VYV AW s W W XXX XXX Y Y XX XY Y Y Y Y Y Y YYYZ2ZZ2Z22222000000001 141

1
1
1
t
1
1
1
UUUUUUUULUUULUUUUBIUY VY Y VY Y Y YV VYV YV i b Wi K AKX R S KX XX XYY YYYYYYYY222Z222222000000008 611 2

1
il
il
i
it
i
i

vbo(REwD}
s T099E=0}
e7616Emw0Y
wBABBESD]
¢ FOSGEwD]
«96U6EwDY
21069
«13131
1844
eidls
01397
21833
11686
1783
23098
o022
2226
22362
W2504
o717
20037
2 8R99
«d2RS
23370
23608
2 3758
#3900
a1 36
0283
'LLRY:
NTYT]
W 4792
3002
05170
V5593
s 2660
05689
sboﬁl
o 6387
20402
oB303
o727
27491
a 7918
5190
28454
¢B8913
s?i78
LT
9709
9944
14007
1,082
1,027
1.050
1,089
1,063
1,008
1,017
1,084
14092
14108



[

ELEVATION
I

«3,00000000000
»},90000000000
=1,50000000000
#1,70000000000
*1,40000000000
*«4,%0000000000
»},40000000000
=§,3000000000C0
ol 20000000000
=1,10000000000
=1,;00000000000
= ,900000000000
=, 800000000600
=, 700000000000
=o400000000000
=, 500000000000
= 4400000000000
2,500000000000
=,200000000000

»,100000000000E+0D
«533066907368E13

+100000000000
+200000000000
+300000000000
400000000000
+500000000000
500000000000
700000000000
2600000000000
900000000000
1,00000000000
1,10000000000
1,20000000000
1,30000000000
1,40000000000
1,50000000000
1460000000000
1,70000000000
1,80000000000
1,90000000000
2,00000000000
2,10000000000

.
*
L4

1449000000000
15,0000000000
15,4000000000
15,2000000000
15,3000000000
15,4000000000
15,5000000000
15,6000000000
15,7000000000
15,8000000000
1%,3000000000
16,0000000000

SYMBOLS

LWC ZIN X,

>N L FLCENTHLEWUN " ONAN IS XA EVCZIN A IO RRCOT >

o

—~ X

L]

TP Y F O ACU BN WRUN~ONAN I LCCAA OO ZTIrAC IS UAMOOT™

Lo e VO ZIO AL



81

THE PLOT CONTROL CARD IMAGE 18,

PLOT.CALPDST,FR(FSHE2R,sF3va14,)}
LERDY PEN 812f .9,

//PAPER

FRAME

satr WM+

25
26
27
28

12,

0.
0,4
O

xn

JOB NAME == JAFQGFA
DELIVERY == 8648 RB

4

MULTIPLE MDDE/Z/
YO

R ¥ HENNETT/EXT2661

THE PLOT CONTROL CARD IMAGE 18,

PLOT CALPDST,FB{FSHR28, ,F8VELd,)
//PAPER 1, LEROY PEN SIZE ,5,

OPERATIONS

SET BLKND

CONTRGL HMEBSAGES,

ELE R

PLEASE CHANGE PAPER

SET ALKND

28%knn

PLEASE CHAMGF PAPER

THIS FILE CONTAINS

83632
ESTIMATED PLOTTING TTIME

ESTIMATED PLOTTING

AVERAGE P03

PLOT TARE kn,
DATE =

PLTI9S
TR/OG/10,

4

28

FRAMES,
PLOTS,
PUINTS,
2 HRS 17
24,4 FFET
PERCENT

O calLcom
TIME = nA

MULTIFLE MDRDE//

BING,

FLATHER

54,2k,

XM

1,000000E+00
1,000000E+00
1,000000E+00

1.000000£400
1,000000F+00
1,000000E+00
1 ,000000E+OD

Y¥

1.000000E+00
1.000000E+00
1,000000E+00

1,000000E+Q0
1,000000E+00
1,000000E+00
1,00Q0000E+00

G,
O,
0,

CAL, POS



4AFRGFA, T8/05/10 ,NASA/LRC CY175T NOS §,2 (T11)

08 ,4%,02 . MOREPRC, T4000,CHO60000,

0g,45,02,B648 RB R M BENNETT/EXT2661 29
08,45,02,USER,08206N,,
08,45,02,CHARGE,100682,LRC,

08,4%,03,6ET, MPROC/UN20S206IN,PHs .
08,458,056 ,MPRAOC,

08,45,07, 034300 CM REQUIRED FOR DVERLAY (2,2),
08,409,20, END  MPROOT

08,49,20, 706,38% CP SECONDS EXECUTION TIME
08,49,20,8AVE,TAPER=5AVTPER,

08,49,21 JATTACH,PLAT/UNSLIBRARY,

08,49,21 ,PLOT.CALPOST,FB(F3H=28,,F3VE14,}
08,49.,25,C0ONT,//PAPER 12, LERQY PEN 8IZE ,5, MULT
068,49,23,IPLE MODE//

08,489,248, THIS JOB HAS kawwx PLDOY #wkwxx QLUTPUT
08,52.5%, CFN, PLT195,

08,53,42,MT25, ASSIGNED TO CALTPE , VSNsPLTI195,
08,544,30, #*nwx% PLOT OUTPUT COMPLETED rmwwwk

08,54430,UEAD, 0,003KUNS,
08,54,30,UEPF, 0.1T9KUNS,
08,56,30,UENT, 2,005KUNS,
08,5430, UEMS, 18,129KLNS,

08,54,30, 175 CPU SEC = UECP/S
08,54,30,UECP, 9i0,3408ECS,
08,54,30,AE8R, T40,0TOUNTS,

19


http:08,52.55
http:08.49.20
http:08,49.20

Listing of TAPE2

MEASURED MODES FUR F|JITER BUPPRESSIUN WING = MEASURED AMPLITUDES

9
(0ZOX(L}Y,L=1, 3&)
g, S16463634038Em03
RelBL9TRSTT0T9ER
1,3287384R399TE=D]
2.9355064826H0FuN]
3,168430472789€E001
4,409582918348E~01
b,02197893M145Ew0]
5,90121207290%E=(]
R,599192894224Ewg]
(ZPLL) Lot 38}
9,2730R8047908ERD3
3,713651501899¢=02
1.0278B4T41379Fw01)
1.7991Y8466B43EmN]
4,514296066%2768Ewn]
S.42099778810%5Em0
T 404286537911 8Eend
8,9038004505298~01
1 4009792548338E200

((’GC(N;Hjnn.iy &),

S+093658248311Ew0!
T.206563736570Em03
wl,06532933T453Ewn2
9,920U45u81U53AFwp:
=1, 50B176522904Emn3
«7,0612R58UR330F=04
2HRUT13H12074ENDS
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APPENDIX B
SUBSONIC KERNEL FUNCTION MATRIX ELEMENT PROGRAM, SUBCMAT

Program SUBCMAT calculates the complex matrix elements used in solving
the subsonic downwash integral equation for an oscillating planar lifting
surface. The solution of the matrix equation is subsequently performed by the
L-U decomposition program LUCMAT, and the generalized force program GENFLU as
job steps.

The program is dimensioned for up to 200 collocation points, requiring
22,0008 words of central memory for execution. The wing geometry portion of

the program uses the same cards used in MPROC. The abscissas and weights for
several orders of the Laguerre—~Gauss quadrature are stored permitting select-
ion of the quadrature order during input,

The absolute binary program is stored on the permanent file system as an
indirect access, semiprivate file named SUBCMAT (the overlay file name).
Access to SUBCMAT is obtained by the control card

GET , SUBCMAT /UN=05206 1N ,PW=SBCMIV1.

The files declared by the program are (in order) INPUT, OUTPUT, and
CMATF. The matrix element file CMATF is equivalenced to TAPE8 in the program.
The output file contains an error message summary for nonfatal error message
115. This situation results from the issuing of an error message under the
CDC FTN compiler when the result of a call to CEXP underflows even though the
result is set to zero. The message has been suppressed by a call to SYSTEMC
in the main overlay and only the summary is printed.

A short program called CHMIPRNT reads and lists the file CMATF and
serves to document CMATF. A listing of CMIPRNT and a portion of its
OUTPUT for the sample case are presented in this Appendix.

Control Deck
A typical BATICH processing control deck is

SUBCHMAT,T0600 , CM023000. BLDG648 YOUR NAME

USER, . . . (your user number/your password)

CHARGE, . . . (your account number, LRC)

GET , SUBCMAT /UN=05206 1N, PW=SBCMTV1.

SUBCMAT.

SAVE ,CMATF=5AVCMT. (save CMATF file as permgnent file named SAVCMT)
——eor~-

INPUT DATA

——goi-—

Generally the L-U decomposition program is run as the next job step.
Only the L-U file is saved for future use as it is the fundamental structural
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mode-independent file. A BATCH processing control deck for this case is

SBCMTLU,T0600,CM023000. BLDG64B YOUR NAME
USER, . . .({(your user number/your password)

CHARGE, . . .(your account number, LRC)

GET ,SUBCMAT /UN=05206 1N, PW=SBCMTV 1.

GET ,LUCMAT /UN=052061N,PW=LUCMTV1.

SUBCMAT.

LUCMAT.

SAVE,LUF=SAVLUF. (save the LU file as a permanent file
—-—eor—— named SAVLUF - Caution: this can be a
INPUT DATA (for SUBCMAT only) large file)

——g0i——

Data Setup

All dinput %,y quantities must be in consistent units (dimensional or
dimensionless) and must be referenced to the same x,y coordinate system.
The x-axis of the coordinate system must point dovmstream. The wing geometry
portion of the input data is identical with that for program MPROC.

The detailed contents of the input cards are listed below:

No. of See

Contents Format Cards ‘Note
1D (8A10) 1
XLR,XTR,XLT,XTT (4E20.12) 1
YROOT,YTIP ,NL,NT (2E20.12, 2I4) 1
(YL(I),X.(I), I = 1, NL) {2E20.12) NL (1)
(YT(1I),XT{1I), I = 1, NT) {2E20.12) NT (2)
NK,NM,NC,NS,NCP,ISYM,NG,IPRINT (2014) 1
RFMAX,RFMED, RFMIN ,ZETA (4R20.12) 1
(EM(1), T = 1, NM) (4E20.12) (NM+3) /4
(xP(1),YP(I), I = 1, NC*NS) (4E20.12) (NC*NS+1)/2 (3)
NOTES:
(1) omit this card set if NL = 0O
(2) n 1 " 1] " NT = 0
(3) Tt T 1 " r NCP -S 0

The definitions of the input variable names are:

ID case identification card
XLR x coordinate of leading edge at root
XIR X coordinate of trailing edge at root
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XLT x cooxrdinate of leading edge at tip

XIT X coordinate of trailing edge at tip
YROOT ¥ coordinate of root

YTIP y coordinate of tip

NL number of discontinuities on leading edge
NT number of discontinuities on trailing edge
YL, XL location of leading edge discontinuities
Yf; XT location of trailing edge discontinuities

¥y must appear before x on the YL, XL or YT, XT
cards. These cards must be ordered on increasing
y and are the same carxrds used by MPROC.

NK number of reduced frequencies, k, to be processed
NM number of Mach numbers, EM, to be processad )

NC number of chordwise-varying pressure functions

NS number of spanwise-varying pressure functions

NCP flag for reading control point locations

NCP = 0, XP, YP are calculated at Gaussian
stations by the program

NCP # 0, XP, YP are read as input data
ISYM loading symmetry flag
ISYM = 0, symmetric spanwise loading is assumed
ISYM = 1, antisymmetric spanwise loading is assumed
NG half order of the quadrature formula used
(If NG = 0, NG = 5 is used.)
IPRINT printing flag
‘IPRINT = O %P,YP and XG,WG are not printed

IPRINT # 0 XP,YP and XG,WG are printed



REMAX the maximum value of reduced frequency, k, to be calculated

RFMED the median value of reduced frequency, k, to be calculated

RFMIN the minimum value of reduced frequency, k; to be calculated
The program calculates the values of reduced frequency, k,

processed from a bilinear formula in descending values of
k. For equi-spaced values of &k, RFMED should be (RFMAX~

RFMIN}/2.0

ZETA the normalized singular strip width used in spanwise
integration. If ZETA is read as 0., the program resets
it to 0.1

EM array of Mach numbers to be processed

XP,YP X and Y coordinates of the collocation points. The

coordinates are normalized on local chord, and semispan
such that -1 < XP < land 0 < YP < I

Program Limits

The limits on the various integer input quantities are listed below.

NL 0 through 20

NT 0 through 20

NK 3 through 9999

NM 1 through 8

NC 1 through 44

NS 1 through 44

NCP 0 through 200 (If NCP = 0, then the program computes NCP as
NC*NS)

ESYM 0orl

NG 5 through 24 (If NG < 5, then the program uses NG = 5;

24.)

i

if NG > 24, then the program uses NG
Program COutput
Two output files are used:

QUTPUT contains a labeled reflection of the input data subject
to the IPRINT flag

28



CMATF

contains the complex matrix elements for all wvalues of k
and EM as a single binary file. File CMATF is rewound

at the end of normal program execution. This file is docu-
mented by the listing of the program CMTPRNT which is
presented after the sample case OUTPUT. A partial listing
of CMATF for the sample case as generated by CMIPRNT is
also presented.

29
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Listing of Sample INPUT Data

G LeU PROGRAM e FLUT, SUPP

SUBSONIC KERNEL CALCULATIONS USBIN
»i, b I 2 7438579455410
0, 10440714594439 0 0
10 { 6 6 0 § 0
10' 1! 0.
080

o Wy = 6 X &6 NOMINAL
le

Q.
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Listing of Sample QUTPUT

SUBSONIC KERNEL CALCULATIOUN® UIING LeU PROGRAM » FLUT, SUPP, k, = & X & NUMINAL

PLANFOHRM PARAMETERY NORMALIZED BY THE RODT SEMICHORD, HWREF = 1,00000000000
REFERENCE VOLUME & 1 ,72478773481 PAMEL ASPECT RATIU = 1,27828198901
MEAN CHORD s 1,12707302725 MEAN AERODYNAHIC CHORD = 1,35243540773

PANEL AREA = {,02378767790 SEMISPAN/BREF, 8 = §,44071439444

NUMBER OF MACH NUMBER3, NM = |
(MACH(I),I 3], NM) =
«B00O00000000

NUMBER OF REDUCED FHREGENCIES,NK = 10
HAXIMUM K, HFMAX = 10,0000000000 HEDIAN K; HFMED = 1,00000000000
MINIMUM K, RFMIN & U,

NUMBER OF COLLOCATIUN PUINTS, N = 38 NUMBER Uf CHORDWISE PRESSUHE MUDES,NLS b
LODADING SYMMETRY FLAB, 14fM = 0 NUHBER 0F SPANWIDE PRESSURE MDDES, N3t 6
XP,YP READ OR CALCULATE FLAG,NCPz O

QUADBRATURE HMALFwORDEWR, NG & 5
SINGULAR STRIP wINTH, LETA ® 100000000000

PRINT UPTIUON) IPKINT = ©

ERRDR SUMMARY
ERROR TIKES
0115 0324

4AFDEHHE, TB/0S5/08 yNASA/LRC CYLTS=T NGS 1.2 (T11)

13,57,05,3UBCHAT,T1000,CHOB00V0,

13,57,09,4648 R8 K M BENNETT/EXT26b1 29
13.57405,UBER,052061N,,
13,57.06,CHARGE, 100632, LKE,

13,57,07,GET, SUBCMAT/UNT0S2061N,Pua
13,57.18,SUBCHAT,

14,03,07, END SuUBCMAT

14,03,07, 271,450 CP SECONDS EXECUTION TIME
$6,03,0TSAVE,CHATFESYCHATE,

14,03,11,UELD, 0,0UZKUNS,
14,03,11,UEPF, 0,233KUNS,
14,03,11,UENS, 1,017TKUNE,

14,035,511, 175 CPLU 8EC ® UECH/S
14,03,11.UECP, 271.5408ECY,
14,03,11,AE3R, 169,982UNTS,
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Listing of Program CMTPRNT (Prints File CMATF)

PROGRAM CMTPRNT( OUTPUT 3 1008, CMATF = 10008, TAPEB = CMATF)
AR AR AR AR N A AR RN AR AR REARI AN AR AR RR R AR NN ARR AR R AN RRARN SRR

.

* PROGRAM CMTPRNT READS BINARY FILE CMATF (TAPES) GENERATED 8Y PROGRAM w

w
"

SUBCMAT AND PRINTS 178 CONTENTS OGN THE OUTPUT FILE,

h
L]

LER AR LA R bR R I Y Y R L N A Y R R 2 a2 221111}

10
20

100
10}
102

103
104
105
106

REAL CMAT(2,200)
INTEGER ID(8)
READ (8) TI0,BREF,VOLUME,NM,NK,NCP
PRINT 100, ID
PRINT 101, BREF, YOLUME
PRINY 102, NM,NK,NCP
DO 30 M & $,NM
READ (8) EMACH
PRINT 10%, EMACH
DO 20 K = §,NK
READ (8} RF
PRINTY 104, RF
DO 10 N B8 1,NCP
PRINTY 105, N

READ (8) (CMAT(1,1),CMATI2,1), I 2 §,NCP)
PRINT 106, (CMAT(1,1),CMAT(2,1)s I = §,)NCP)
CONTINUE
CONTINUE
CONTINUE

FORMAT (LMY, /7/7/% CMATF ID = #BA10)
FORMAT(/w BNREF =wG20,i2% VOLUME 3xG620,12)
FORMAT (% NO, MACH NOS, mal4« NO, RED, FRER, a%ld,
v« NO, COLLOC, PTS, =%id4)
FORMAT(//% MACH NUMBER zaxG20,12)
FDRMAT (/% REDUCED FREGUENCY =%G20,12)
FDRMAT(* N =w14)
. FORMAT (4X,2G620,12,8X,26R0,12)
ND
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Listing of Portion of File CMATF (OUTPUT of CMTPRNT)

CMATF ID & SUBSONIC KERNMEL CALCULATIONS USING Lol PROGRAM e FLUT, SUPP, W, ® 6 X 6 NOMINAL
BREF = 1,00000000000 VOLUME = {,72478773481
ND, MACH NO8, % { ND, RED, FREf, = §0 NO, COLLOC, PY8, = 36

MACH NUMBER @ « 800000000000

REDUCED FREBUENCY m 10,0000000000
N s i

rd 42261902064 0220731272360 2:28755540997 o, 71855056607

w2 03771409244 2876682583 T28ERN] 1,66301500432 eBTULBI855U21EROY

el ,194935647290 =, 281495061361 287700644000 He2433823383
2013366102006 v, 333645888031 02, 029675%9386¢ aR3UBL4T 26289
{1:86158269274 v, 814528560200 2{,5645380013% eB834155002966E=01
1.200924834227 e 1315140959222 e, TBT6S5T7990480 m, 379568064906

®]loT491839859% 3315536141780 1.71463806581 A, 502174646994

w] o59799404G99 Wy UATHSOIURABY 1,36836726293 =,315705213728

] 09342B51460% s 130010326169 2 TUBT00L 41381 2889518565941 1Ew0]
1239487372006 », R TUeTTRS94 wy 52759908204 s 959476796984
1,21089730817 = . 845%07079%66 =] ,06939%28482 656639548878
907089863333 » U3628006%640 676165876506 0186799166884

©,927406182938 116557156982 $ 828098471719 =] ,13639652252

=, 872860183794 1.04137038802 334062597690 6, 898137127399}

2. T86HLS5508153 o T13644914870 202016241661 = 462412061988

e 2902835241468 %,972270379003% ® 326859054739 0970924941197
+3T3T82706620 ®,940885070801 = 411799383048 : 862678637163

o 455250%00738 v, 720823985376 = HBARBTO20544 0312612845084

L 4
*
.



L
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REDUCED FREQUENCY = 2,80000000000
N = S
#1,18406028075 ©,355i29832677
®=,922852427125 m HT9157868345
w, 175412087613 s, 486810746116
1226014092870 sl12121433981
s 9347848544924 20 358562737094
2287788977510 « 394500203093
al.362650178647 2142203136508
» 877393897747 vy 1546836598120
=, 3648079320464 wl 212913304674
1400321964958 * 408123193550 =01
2339230748304 +9732217653U4%Ew0S
cH6T7544T82442 e S558T4615B4SEwD]
w, 787059123727 «166984103735
v, 716770609419 2149076067084
e, 544532680152 e03362273T172Ew0Y
sHBUBIOULLUSS ma2b4b17583156
£431106011326 w, 255322209476
457295759510 w, 149704875870
N = 2
wis12604922014 «2BB2309ZRT 4R
®],09751734049 2350301084079
v 870890581604 1 9856251991 14F w0
e 7TL0S0273573 o, 456868833202
2 1526PE334697 o 049799394519
o 133542619409 ®,2054278439057
W 76634681 TRAEmD]Y s HVRBITURNAYY
2449723330713 2513901878315
®, 497573440758 2329839279081
=, 398067194359 wadt17041228399
w, 206988724629 wadi6UTya940T 6
77120721404 w 5U2%521111848
«385376348K30 «181071248278
dU362BS80ARYY 2164726656419
W1A3TRUTSEINA 2183874705972
», 343835184621 2159644099207
v, 350648849604 10564859545
», 3136950102584 s 249075R6S94TERDY

1413528050293
,586860219866
- 298087021575
©{,15330481166
e 546116956406
(137129737952
{ 05439990413
655588851080
«273017306794Em0Y
", 9643755628101
585012050545
", 221751759352
,T83807307344
1646557883241
L4014847109039
», 4273786894719
., 4436964244372
», 440820397634

1,15280200107
1.01464305626
620040389509

., 48730931679

", 756488261809

", 629950834898
1139685780854
2363613678183
e375544110054
326472473123
«25BU3AGERTSUE=O]

», 3558324682879

», 536757499485

», 297797437584
V3675635241950
346481905549
351516772725
\236084261551

. 5315389888061
96890384816}
s 497934601606
», 380315554426
2,3716R4705235
® 405205031462
b1 US8BTIB1840
187918782085
284210285124
126640143103 TEwD]
v, 2514TT661552Em0]
v, 1113598104868
©,157910590746
@, 120566111169
WIBROEBUOBLATEEmDR
2206506219969
2219892751377
W 7376178078%6Ew0

»,3363013420258

268843225118
s 174664994275
LUB2BOTTIHTOEY
0359104647010

w, 343407614955Ew0]

564286683248

», 442828602850

v, 158143012162
fGROL06R91 344
2389044021865
260655084692

w, 160635785439

», i71310672342

193993874086

»,1387576168670

w,bT7B252592533Fml
+233900029627E=01
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cE

3
» 79813282091 2E~01
v, 245241408379
" 652390670490
», 452433053409
2, 2¥01 151 4N
0198804400330
WO36R1401A1 3¢
1687685133559
2327721338423
m 418673233738
w, 459584463154
» 4558849258462
e,158042595844
®,333141773422Ea01
»17354299083517
e 3T4590698014
2 32013857540%
1156482567008
4

2911238434692
+ 793769568850
2 FF2AHOVIL] 48
mi 07160409538
»] 1524345542
B,95$653161737
1416903884068
2 ST3004230878
2709376843298
' 407343757335
1276237338645
W J420T7S8TH429E D)
=, 2802038671149
w 310840139424
w, 279146543987
w 2 1h05363A0LY
=, 155567022522
»,516154B6616%Ex0]

2861286628078
1,230972751014
115887408108
w TY143122%847
2,941 133712086
933276603638
e 228455224028
« 343234215614
4523696741220
2273237280682
2207343741276
+RB0962279630ENDY
n e 3B9TTUTLITT L
2o 3501037841351
v, 259439560057
e ll82209639U5Ex0]
15893083898 8F0
0 913900536426E~01

177497766414
«839871535608
1.26467725242
»190584659136
» 8151385654590
° 403124514415
nob8BB4TABE618
"a659534136477
", 434980901669
2416402283848
+451595839808
385676158507
0177655971781
W 131862626689
oUBAGR2LR9P2831EwDY
", 142902655550
malA4023P2904301
" B63410T16496Ew01

(131106121151
(450663040392
,788918554388
417789917304

- -¢565328106718E001

® 4603320488406

" 7999214861179

®, 938900213347

e, 4547092800T76Ee0]
Q430078729945
480704019096
e 8T4922770717
2112931193148

0, 040268894544E=01

v, 276071243452

v, 559933850602

v, 248333449615

w 62175989891 7EmDY

",999600150973
®, 846497691376
v, 221466260217
112513570737
111058709209
1616836145253
m 4T 8404569220
=, 678868772907
»,638348530575
", 3652045997468
", 165402906500
,133783813016
0294075423202
L 31U45U0R46B8H
,202543843993
L 194881612105
$108160395294
", 28112327 3343E=01

»1,05657543043
wio 314946806723
#, 796950311439

843291516403

--$2 00307453835

s7054853896035

8,264290968782

e 412679362085

0 858808416697

ny2543159878472

#w, 1358420424308
2995797780THBEROY
364307571748
2308350999826
,156804326512
G1TR197249267Em02

26807562501 15E=D]

mg 109312970800

m 71193768354

=1;17777282656

@]e19847611314

e, 9346220597 34Ew0)
c261693292009
WS69T16675941
$685616865195
593917387030
,125692257491

», 430209280504

2,448907593068

°, 265877707637

w 162225447781

» 94493998796 5E=01
aU29611417734Ew0]
1435825623520
p123454900%69
2 $38660050070E =01

=
2B
rd
2
t_.
o
>

3

=

=
%%
4 50
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2 1396388694085
1420670555569
1.,20828107248
w, 4935524 2138Y
=, B8I005400394d¢
» . GT7947820%4
e,556094857737
-, 383151999954
@,2632%31792160E001
496008129954
+93669408506%
2o H4T7TT302747Y
s 187833176849
210523345123y
d496RH1R2%0A60EwD]
32121682841 7E=01
2« 13786H295599EaD1
w 547332446190 Ce0?
)
WB6RU0GHL32278
1869092912912
iclbiinheBuby
W 10B2BY2YUSEY
®, 2360072170704
2, b44073420432
m,9766272929%¢
®,922898047510
» 891262684999
«113868710048
207342465552
268703314597
«6604S0H3792%Ew0
WbRTT379814695Em0
«19B8093N3AZ Ent
v H30206912928Ew0 ]
e 3613597870387EanN]
v 188896995961k}

n, 787865680956

@, 203706841475
«269872081088
e996164519648
1,00557717694
2737642401324

w, 739350746089

2, 896090801330

»,8{3393545075

w 218366309296

“, 151148365028
019696032881 76004
¢199954931799
2186892278790
5115297893249
»11425369504p
LB880081692353En0]
2 3022803230225 w0}

®1,10227157090

., 753920491467

w 818976296148
1,12882727949
1437619936596
1,24333744836

0,302970463542

. 498338679496

614207836724

» 443693026751

v. 392957437373

“ 1BRT458R497Y
e296902944091Fw01
250132661 8094E=01
2653908310700E=01

%, 293261846395Em02

" 5771423819226m02

vy 154414386935Ew01

©,997674182288
®),29385736684
*4,00209722764
632708888420
1,00116678875
991415475160
484630516975
L225268779592
»,220483497748
»,516309118477
523717682541
», 276028638329
a, i 73584251350
2,104087712977

© 253750989600E801

9,245614393325E=01
"o 289392772228E002
oT13324972229E02

", 581460709884

wi,06671679303

u]1,08731056459
2 322208416263Ex01
W457692588354
758676926944
366302169782
810584594356
221222003428

2,154267501867

® 255380312642

», 234314398667

6596051 15386Em01

m499024BUBULITERD]
2 342453455549E=01
LU09446823708ER01
,286217648419E=01
WTB2BI1SUG4BUERDR

555147048046

©, 560840333 485Em0]

308080949347

«1,00208042124

®.961579493959

°, 302474968988
L806840697579
2914612654173
+568183378216
2193047855471
«B39197233517E001

©,150600328285

5,198079485922

# 159340765673

43060031851 14Ew0]

€, 1060647112650

0y 6206509276979E00
QUHT269860894E00D

1955364057496
617256932387
(B61625895977E=01

#},228643605888

w1, 42169660405

v, 806606725630
2586339528009
5818588788V
0580532693786
0430026779221
314399629539

0, 7665050443976=02

* o 378670684955Em01

2,614516486076E=01

*,561318055733€a01
25694 54380064E w02
»3048995146711ER02
»2523634100666=01
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., 506521807269
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o) 04683573371
,10048974G184
1097365305601
e 599765382381
¢ 384636017273Ew01
»,819151614091
-]
wlp4i5746620625
« 370071847727
1297421307418
1,010201383526
m,143532519121
*i 37627289994
®, 317654863557
", 220310129802
LA40890097543
n,27785084E421
, 305352286521
JHDRTR398058S
3776353291 1%
", 291405890567
w,759889422nk4
m, 467132364602
p 20102351539 0E=04
$D33327242143

¢, 830025999319

., 257353249568
» 516380903839
0544813625149
2219240080441

-, 230884120099

w, 107070822167

", 130266353291
,B94939312788En01

mpbl0143861210E01
, 55550693091 36001
2641054669045Ew04
2 B32499832168

we85518341 3802E01

*, 1938575512042

®, 272646405495
,6020602453201E001
s 260860651155

n, TUGZO6RTBBZEERDY

0,603918662038

", 891821303559

»,321078633595
s B0B6ETT162TT
LBBRURSH1TH49
W548777830341

ne 165806102368

», 745442243279

*, 440115750373
26031 35978663Em0]
L492850767628
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LE2T1307193286Em01

., 145282791390
129844692884
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L429784405186
u] 67426018869
»,591511786264
2, 470855120188

1,60798598900

(689144537652

L565305097186
"] 44971509141
» B6RDI96910TT
B, 64USTU519141

$,12897023791

971364632275

0610474560380
w, 775437473906
», 90061136801}
2,393666996059

, 348859907639

sb52705785615

,756330390688

»] 44587461469

»},511661 32537

v, 569373969517
896413534168
1421293404669
512686583304

0,562177556389E01

", 690947437599

=,234571094689E=01

», 567520818095

- 713764B0U666E-01

°,223735257847
.701332192349
386025897107
L202271993031

»,573141B09809

w, 472985064203

,578303529%3}

., 516886189669Em01

e, 470837233002

», 409823203898
¢ 114200922802E#01
S371878639503
18356250391
30049657983 4Ew01

v, 1946465593453
2131758506429E =0

2 B62352234361Ex01
L2R8432T80519E0]

B, s 18479974744
172610951263
L 98975564864 2E001
2134806825364

0 226625584049

m 165751668727

s835713091718
2916331995597
0515134875309
LH061025665356w01

", 795502569243

e, 407078580943

w 262524118584
$ST8186543010
LUBR293983049
L258028513485

v, 339583342879

., 410326490004

e,112655261438
W613619473829E=01
,196976497122

m 4976851 87686ER01
165226543382
LHG5859951194Ew0]
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*, 349066267960
1211272298508
2316054256495 3%5Ex01
528174570489
v 86919831 2234Ew01
2625339267527

2, 5309686233774

2102582674042

G, 472242162394
2« 113633584417
« 780615148302

2, 96460606484388E004
2287983842375
0180490529735
308998922430

9,467219540606

®, 309035437399

10
+ 310314960574

=, 7358707486535

w 8380303784177

"y 935166345304

011423924309
1.78443592347
O77954070490

* L, HT3TUSURSRABRED]

w] 22054179028
2190811002328

", 2Bh6532908b64

=,33169955255>

»,235397902539
6203632162926 w0
e 433446525867

190938048969
«14359A680907
2AI6382T87STY

sB61038961366
o, 54646%260734
w2,405430134%5
v 933327146703
2188574664751
L.62362322138
2 BR2T708409490
s 128405839661
2,5236271200%42
2119018989550
w,197825945748
»,20939874076%
@a303572470202
0789126706421 Eu08
o 805843776972
¢ 3478854319136 =01
2 398026734725E201
w, 7719815226848 =02

1.035942954%9
«3913754692223C«01
»d,60890138774
605099802514
v, 357720009627
o TSBR94436009
®,259282507930
W 402499520351
787809576458
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APPENDIX C

COMPLEX MATRIX L~U DECOMPOSITION PROGRAM, LUCMAT

Program LUCMAT performs an L~U decomposition of the complex matrices
generated by program SUBCMAT, the subsonic kernel function matrix element
program. Normally, LUCMAT 1s run as a job step subsequent to the execution
of SUBCMAT in the job stream for flutter analysis. The factored matrix is
independent of the structural modes.

Program LUCMAT is set up for dynamic storage. It calculates the
required central memory field length and reduces the field length to that
required for execution. Approximately 14,5008 + NCP#*(2*%NCP + 1) words

of central memory are required for execution (NCP = order of the matrix =
number of collocation points). TFor NCP = 36, approximately 22,0008 CcM
words are required.

The absolute binary program is stored on the permanent file system
as an indirect access, semiprivate file named LUCMAT (the overlay file
name). Access to LUCMAT is cbtained by the control cards

GET,LUCMAT /UN=05206 1N , PW=LUCMTIV1.

The files declared by the program are {(in order) OUTPUT,.CMTAF and LUF,
CMATY is equivalenced to TAPES in the program and LUF is equivalenced to TAPE9.
Prior to completion of normal execution, file LUF is rewound. Note that there
is no INPUT file. Program LUCMAT reads only from binary file CMAT which is
described in the documentation of program SUBCMAT. File LUF contains the
factored matrices as a single binary (unformatted) file for all values of Mach
number and reduced frequency. The OUTPUT file is used by LUCMAT only for
system error messages.

A short program called LUFPRNT reads and lists the file LUF, and serves
to document file LUF. A listing of LUFPRNT and a portion of its QUTPUT for
the sample case are presented in this Appendix.

Control Deck
A typical BATCH processing control deck for executing only LUCMAT is
BLUCMAT,T0200,CMO23000. BLDG648 YOUR NAME

USER, . . . (your user number/your password)
CHARGE, . . . (your account number, LRC)

GET , CMATF=SAVCMT. (get previously saved CMATF)

GET ,LUCMAT/UN=05206IN,PW=LUCMTV1.

LUCMAT.

SAVE,LUF=SAVLUF. (save LUF file as permanent file named SAVLUF)
——eoi-—
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Generally, the L~U decomposition program is run as the job step after
SUBCMAT. Only the.L~U file is saved for future use as it is the fundamental
structural mode-independent file. A BATCH processing control deck for this
case is

SBCMTLU,T0600,CM023000. BLDCHAS YOUR NAME

USER, . . . (your user number/your password)

CHARGE, . . . (your account number, LRC.)

GET ,SUBCMAT/UN=05206 1N, PW=SBCMTV1.

GET,LUCMAT /UN=05206 1N ,PW=LUCMIV1.

SUBCMAT.

LUCMAT.

SAVE,LUF=SAVLUF. (save the LU file as a permanent file named
——eor—- SAVLUF =~ Caution: This can be a large file)
INPUT DATA (for SUBCMAT only)

——goi-—
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Listing of Sample OUTPUT

4AF@BIC, 718/05/08 ,NABA/LRC CY1T75eT NO8 [,2 (T41)

14,0546 ,LUCHAT,T0400,CH060000,
14,05,46,B648 RB R ¥ BENNETT/EXTZ2661 29
14,05,46 ,UBER,082061N,,

16,058,477 ,CHARGE, 100652,1.RC,
14,05,484GET,CMATFREVCMATE,

14,05,55,GET,LUCMAT/UNIOS2061N, Py .
14,05,58,LUCMAT,
14,06,09, END LUCMAT
14,06,09, 64395 CP SECONDS EXECUTION TIME
14,06409,8AVE, UFSLUFE,
148,06,16,UEAD, 0,002KUNG,
14,06416,UEPF, 0,390KUNS,
14,06,16,UEMS, 1.114KUNS,
14,06,16, 175 CPU BEC a UECP/S
1“.0&'15.UECP! EQaBSSECSQ
14,06416,AESR, 23,436UNTS,
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Listing of Program LUFPRNT (Prints File LUF)

PROGRAM LUFPRNT( OUTPUT = 1008, LUF = 10008, TAPE% = LUF)
HRARERN AN RNR NN RR AR AT IR I AR AR A RN R AR RARRA KRR AN ANR RS R RARRI RN KRR KR N2 AN

* "
» PROGRAM LUFPRNT READS BINARY FILE LUF (TAPE9) GENERATED BY PROGRAM "
w LUCMAT AND PRINTS ITS CONTENTS ON THE DUTPUT FILE, w
L] L

LLEE A SR SRR RS2t st szt R T YR SRS ST LTSS 22 ]

COMPLEX CL(346,36),CU(36,36)
INTEGER IDC(B)sINT(36)

READ (9) ID,BREF,VOLUME,NM)NK,NCP

PRINT 100, ID

PRINT 101, BREF,VYOLUME

PRINT 1025 NM,NKyNCP

DO 30 M = §,NM

READ (9) EMACH
PRINT 103, EMACH ORISINAL PAGE 15
DO 20 K = §,NK OOR QUALITY,

READ (9} RF

PRINT 104, KF

READ (9) (INT(IR), IR = 1,NCP)

PRINT 105, (INT(IR), IR = 1,NCP)

PRINT {06

DD 5 IR = §{,)NCF
PRINY 107, 1R )
READ (9) (LLCI,IR), I = 1,IR)
PRINT 108, (CL(I,IR}, I 1,IR)

S CONTINUE

PRINT {00

PO 10 J = 2,NCP
IR & NCPe2wn]
IRL] 8 IKe}
PRINT 107, IRL1
READ (9) (CU{I,IRL1), I = IR,NCP)
FRINT 108, (CU(I,IRL1), 1 B IR,NCP)

10 CONTINUE
20 CONTINUE
30 CONTINUE
100 FORMAT{IMY,/7//% LUF ID = w8A10)
101 FORMAT(/w BREF mwG20,12n VOLUME =#G20,12)
j0e FORMAT(/% NO, MACH NDS, B*l4% NO, RED, FRER, =w14,
A # NO, COLLUC, PT8, =%14)
103 FORMAT(//% MACH NUMBER awG20,12)
104 FORMAT(iHL,//* REDUCED FREWUENCY =2#(20,12)
105 FORMAT(/x INT ARRAY®R/(4Xx2014))
106 FORMAT(//% L MATRIXW)
107 FORMAT (4X* IR B%14)
{08 FORMAT (4X,2E20,12,8X,2E20,12)
109 FORMAT(//% U MATRIX»)
END
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Listing of Portion of File LUF (OUTPUT of LUFPRNT)

LUF 1D = SURSONIC KERNEL CALCULATIONS USING LwU PROGRAM e FLUT, SUPP, W, # & X 6 NOMINAL
BREF = 1,00000000000 VOLUME = 1,72478773481

NO, MACH NOS, = { ND, RED, FREQ, @ {0 NO, COLLOC, PTS, = 36

MACH NUMBER = LA0000N0000000



A9

REDUCED FREQUENCY =

INT ARRAY
6 36 34 35 3%
25 a4 28 2% 26
L MATRIX
IR = |
e, 79861980193 2E+00
IR= 2
®,11564060280T8E401
TR = 3

5, 112604922014E401
*, IB34P5Y9R9BAES(]
IR = q
»,122850090289E401
s STE359B9B2RT1FEeD]
IR = S
291 {23B43469PE4DD
LSTI3T4INSHIRESOD
%, 59830A0ATRDSED]
IR = &
o 1396 3RAGURKEXDD
104328556596 F601
w 4088096237 3PE+00
IR e 7
@, 5095343R0255E+00
ma226T0473T272E400
w, 193854521 UBPE+ND
#,896270286331E400
IR = A
w,lP3A62428TRE+NY
s FRNZZNIVNANIRESNY
» 22URTE320R23E4NY
W TBLETARBASPAUF SO0
IR = 9
w JUISTABRPHARERNY
221 A290199G9T{ERDY
° 12149229080 %F4+0Y
w,b9UZRG3PRAPTFANG
e J11A1 7T TRAARF &NO

2280000100000

3% 32 32 32 33
36 36 36 3p 38

v, 4Y6912555098Ew0Y
5455512983267 TE+00

o 28623NIATLREFOO
v 194A3T7A0258F 40

2y 537 329705430E =0
c85272217TISTDE=D]

1 177497766414E+00
2 100558572409E401
2131361530823 401

o TRTBESHBOISHESDD
0 513677324199E+00
w31 399097T3RTAE+DD

my6SH6042BTAUEOD
125298174754+ 0)
W 2RUOBI0FTITIESND
2257189621 28T7E400

e 830032599935 19FE 400

« SHOA92N019A0LE*00
e, TT0O26TH400K9E400
w YR HUYAUAT IBESOO

w ,TUd396RTAB2HF D]
", 379417165933E+00
WaPHhR1AR2TILUE 0D
o iNTTERG1ARL9E 4O
W 2FBNSHY22RILFH0O0

3% 33 X0 31 31 31 3%
35 33 ¥4 34 36 36

W 182975099355E+00
2433310297 UAYEXOY
J29RLGLTHGRTUERDY
WUBUUISI6IRITEHOD
w,388760319569E401
L141203188766E+00
", 2bP54BBLALAZELDY
L 433955201798L+00
v, 763411 7T9R0RBE=0Y
2 LTUITLTIUIISEHDD
w, L 41404618204E401
» 75137844183 2E400
o
3
R QUBORTOSTISUGESDY
L f10GNIRITLOLUESOY
wg: 1014165280818 40
o w 21793311786RE400
S5
Eg »308857028322E+04
= WS08285965%96 08400
v 88964599209 29E+00

W22BNTTILQ1BEXDY

3y 28 2%
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LA383630T 14056400

W21 3264391314401
32741487651 79E+00
»X0902456N625E+00
- 21326600SALTE+0O

» 629417966593E400
(144695845 T29E 01
«, 755865970 198E+00
e 393433142796E401


http:347154589d9E.O1
http:141004618204E.0t
http:433955a01798E.0o
http:182975099355E.00
http:1a5298174?54E.01
http:u555129836b77+.00

8S

IR = 10
m BTATAURTIAR2TERDD
+B57244920320E=n2
v, 235876001222hkw01
o 41922363 24B0E+00
e IL130981R6TLGEwDY
IR = 14
2 JL0S1USAOSTAESND
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W IARGASURUIRIRF MO
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s FUBLBITOTUBLERDD
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12000242353 0E001
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B LARPRASHINR Lt

0 4956595090 2E+00
2 71926U092495E400
p104700280427TE+00

eei0TS18027418E400

2,253 70934735650}

2 103596295489F 0
w,TUG220812647E400
»,9903622361308400

s 1G3308T6TIBLESOYL
", 4904hA1SSARIE0]

2 10820151 4936E+01
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223419TR11705E+01
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R, 10761672791 E+01
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v, BT146449%868E+01
n, 10218937634 IE40OP2
0, 242559923 06+00
» 1482221401 94E4+02

1131868706128 401
221229972471 E=D

w, 71254104%96202E+00
WATETLGL0PLBLEHOY
2 ASIURAGITINGYXE 4O

w1 28TANPRIB29E+0Y

w,2NBRAGARTABLF 00
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15579347 7820F 0D
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718539671 387E401
", 310851429038E+00

®,39524812n832E4+01
W527515977077E w0
", 605602575066E+00
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IR 8 18
19708463109Q3E«00
w 2¢361060613AEWN
«C82T4076358842E401
°,F03644770T09ESND
2100062794014F4072
v, 632010771 711E401
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s JUUTH2406325E 401
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APPENDIX D

PROGRAM FOR COMPUTING AERODYNAMIC FORCES FROM SUBSONIC

KERNEL 1-U MATRICES, GENFLU

Program GENFLU uses the vibration mode independent L-U matrices from
program LUCMAT, and the vibration mode information from program MPROC to
generate the complex generalized force matrices. Normally GENFLU is
run ag a job step subsequent to the execution of LUCMAT and prior to the
execution of program FLUTDET in the flutter analysis job stream. As the
generalized force matrices are independent of the flow density, the general-
ized force file should be saved for later use by FLUTDET for other demsity
values,

Program GENFLU is set up for dynamic storage. It calculates the required
central memory field length and reduces the field length to that requzred for
execution., The central memory required is 16,100g + (2#NCP + 5%NCP#*NM +
2%NM*%2), where NCP = pumber of collocation points, and NM = number of
vibration modes, For NCP = 36 and NM = 10, approximately 22,200g words
are required.

The absolute binary program is stored on the permanent file system as
an indirect access, semiprivate file named GENFLU (the overlay file name).
Access to GENFLU is obtained by the control card

GET,GENFLU/UN=052061H, PW=GNFLUV1.

The files declared by the program are (in order) MODEF, LUF, GENF,
and OUTPUT. File MODEF is equivalenced to TAPE7 in the program, LUF is
equivalenced to TAPE9, and GENF is equivalenced to TAPELO, Note that there
is no INPUT file., Program GENFLU reads from binary file LUF and coded file
MODEF. These files contain all necessary data for the execution of GENFLU.
The resulting aerodynamic forces are written on binary file GENF. File MODEF
igs described in the documentation of program MPROC, and file LUF is described
in the documentation of program LUCMAT. Although LUF may contain the matrices
for several reduced frequencies and several Mach numbers as a single binary
file, program GENFLU writes an end-of-file mark on file GENF between Mach
numbers. Thus the generalized forces for each Mach number on GENF can be
selected by file manipulation using the COPYBR contrel card, for execution
of FLUTDET. File GENF is not rewound within program GENFLU. The OUTPUT file
is used by GENFLU only for system error messages,

A short program called GNFPRNT reads and lists the file GENF and serves

to document file GENF. A listing of GNFPRNT and its OUTPUT for the sample
case are presented in this Appendix.
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Control Deck
A typical BATCH processing control deck for executing only GENFLU is
BGENFLU, T0200, CM023000. BLDG648 YOUR NAME

USER, . . . (your user number/your password)
CHARGE, . . . (your account number, LRC)

GET,LUF=SAVLUF. (get previously saved LUF)

GET ,MODEF=SAVMODE. (get previously saved MODEF from
GET,GENFLU/UN=052061N, PW=GNFLUV1. MPROC exaecution)

GENFLU.

SAVE,GENF=SAVGENF. (save GENF file as permanent file
@1~ named SAVGENF)

In the above example LUF and MODEF were available from previous executions
of LUCMAT and MPROC, respectively. In many cases GENFLU is executed as a
job step in the same run as LUCMAT and SUBMAT. A BATCH processing control
deck for this case is

SUBGENF,T0600, CM023000. BLDG64B YOUR NAME
USER,. . . (your user number/your password)

CHARGE, . . . (your account number, LRC.)

GET, SUBCMAT /UN=052061N, PW=SBCMTVL1.

GET ,LUCMAT/UN=052061N, PW=LUCMTV1.

GET, GENFLU/UN=052061N, PW=GNFLUV1. .

GET, MODEF=S5AVMODE. (get previously saved MODEF)

SUBCMAT.

LUCMAT.

SAVE,LUF=SAVLUF. (save the LU file as a permanent file
GENFLU. named SAVLUF - Caution: This can be
SAVE, GENF=SAVGENF. a large file.)

——eQr-—- (save GENF as permanent file named
INPUT DATA (for SUBCMAT only) SAVGENF)

——epi--
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ORIGINAL PAGE IS
OF POOR QUALITY}

Listing of Sample OUTPUT
QAFGBLT, 78/05/08 NASA/LRC CYJ75=T NOS t,2 (T11)

14,83,35,6ENFLU,T0400,CM060000,

14,13,35,B648 RB R M BENNETT/EXT266] 29
164,13,35,USER,052061N,,
14,13.,36,CHARGE,1006952,4LRC,
14,13,36,6ET,LUFSLUFB,

14,13,40,GET,MUDEFRSTPER,
14,13,41,8ET,GENFLU/UNROS2061N,Pus

14,13,47,,GENFLU,

14,13.59, END GENFLU

14,13,39, 4,640 CP SECUNDS EXECUTION TIME
14,13,59,85AVE,GENFBGENED,

14,34,00,UEAD, 04,002KUNS,

1“91“IOOQUEPFI 0.2§§KUNS|

14,14,00,UEMS, 0,943KUNS,

14,14.,00, 175 CPU SBEC = UEQP/S

14,14,00,UECP, 4,7408ECS,

1“;1“!00.AE3R’ 13'333UNT3;
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Listing of Program GNFPRNT (Prints File GENF)

PROGRAM GNFPRNT( OUTPUT & 100B, GENF ® 10008, TAPELD = GENF)
RRRRRN AR RN R AR RN TR AR RNARN KRR RN R RRRERRRARNRRA RN RN ARRRN NN RNk

. *
*#  PROGRAM GNFPRNT REAUS A SINGLE BINARY FILE FROM GENF (TAPE10) "
. GENERATED BY PROGRAM GENFLU AND PRINTS ITS CONTENTS ON THE "
«  OUTRUY FILE, "
w W
] L]

LR T L Y R T I T I T I T I YT

COMPLEX A(R24,24)
INTEGER IDA(8),108(8)

READ (10) IDA,ID8,EMACH,BREF,; VOLUME ,NDF ;NRN

PRINT 100, 104,108

PRINT 101, EMACH

PRINT 102, BREF, VOLUME

PRINT 103, NDF,NRF

PO §10 K = 1,NRF .
READ (10) RFe ( CACI,J)) I B 1,NDF), J 2 },NDF)
PRINT 104, RF
PRINT 108, ( (ACI,J), I & 1,NDR), J 3 1,NDF)

10 CONTINUE

§00 FORMAT(LHL,///% GENF FILE, IDA = #BA10/5iX% IUS = %8A10)
101 FORMAT(//% MACH NUMHER 3#3520,12)
102 FORMAT(/w BREF ®maG20,12% VOLUME Tw@20,12)
103 FORMAT(//% NO, RED, FRED, =wldw ND, VIB, MODES =wld)
104 FORMAT (RH1,//% REDUCED FREQUENLY =wG20,12/

A 4xXwl CACI,Jd)s I = L,NOF)y J 24{,NDF) =%)
105 FORMAT(&4X,2E20,12,8%X,2E20,12)

END
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GENF FILE,

Iisting of File GENF (OUTPUT OF GNFPRNT)

104 & SURASONIC KERNE| CALCULATIDNS USING LeU PROGRAM = FLUT, SUPP, W, = &4 X & MOMINAL
InS = MEASURED MODES FNR FLUTYER SUPPRESSION wING » MEFASURED AMPLITUDES

MACM NUMBER m 800000000000

BREF = 1.00000000000 VOLUME = L,7R4TBTT348E

NU. REDI FREQ. = 9 NU. VIB' MUDES - 10



REDUCED PREGUENCY = §104,0000000000
(ALY, J), I 3 $,NDF), J Bl ,NDF) =
#,24076138998BRE+N0 @,954221273909E 0]
s 1495G3587RTUES01 «,1449T79293218E+01
01355150251 343E401 w,195174846268E+0]
0 18825098670%E401 =, 103283805006F+04
#B20445315245E#00 W ITHEBTINTIBUESDD
«B8283%2434230%E400 o,384039602703E+01
BOBOIBIBR2TIER0N o, 1977882141375 401
+149293215069E+01 w,382208646364E+D0
1 298T1TH9944TEHND »,131184730784E400
w 8472021561 TIE+DD w,0695610801 184500
«T31815624746E400 =, 55026397844 8E+01
o BHH6BITTLIVIEDD w,220522451325E+01
», 51364895949 4E+00 WOUTHEILOURTUEDY
e JOLE3IHZBTR289E«01 w 13113AG2T0TUEGOY
m,23161338705SE+N0 = ,251480G8912SE+01
2 393354270152EmN1 = ,296565337002E+01
184277074 701E90Y  »,215626026211E+01
», 973377873 T56E«00 2 32B3S24605%29E+00
w,1T00008821592E401 w B8T77568022645E400
w 45B8880562805E400 »,207252992328E401
»33595T479322E+00 = ,3302397064TRE60)
14237555947 0E+01 =, 18815986081 TN
150153620064E+0] w 1T77378716946E401
w 31085493665 7E«0Y 2 122TBTUSRIR0E DO
w,121726600681E+01 w,30P2644R81280TE+0]
o 1634A37343322E60] o ,B0U6HR43006AEMN]
2+ 164712982980E+01 «H3T1291303BAES00
21066993ATARGES0Y  w, 550402830 16ARE+00
n,TUTERASR0OTT1ERQO W OOB3ITOI29TULESOD
2104134013246 en]  ©,6449T131111GE4NOD
e 16512863162UE001 » 1658398054 78E401
29420331 TBO2SEA00 =, 12T4BYIALAIOEG0Y
210818T694833E+0) w,328297328814F+00
2 46TL9TTTORRTESDC 210359394728 0}
2 369671750 752E400 1282464955354 F401
dCUTI9SNTUSHREFDT o ,27160509133UEH0]
*,19608327925RE40t  w,17759487 105080
", 327605510322k 401 = ,216U036340854F400
1RG22 BALGNESNY @ ROTPPIUARI1OFE+DY
2 2973721496025 401 e, 151599948150k +0]
22E25A049ARFAF NN w 44229511 TR8F 401

21607413291 20E+01
2 165615364 IGEX0Y
«37045TUBSSTTE=01
2 229T5SU05229E« 0
¢« 134583684 137E+0]
s T1242B9T0OTBTES0Q
L 125890R4U4306401
2 935301350203E+00
2 F03833AUL6%98E«00
®,669238650007E200
2+ 203U4295B738TE+00
e 16955871R9%AR+0Y
w,110325175824E+01
v ALUBTOZ00283E00
s TAQUREARIL2TEDD
%, 65326007757 0ED]
4738793429 28E+00
«135106575101E+0Y
* 11 U9456T36TTESDY
®,513831190852E400
127834093 703E+01
2 188395192799k +0¢
»,433525994969E401
®,120893250300E+0}
2101748456 U2RE+01
2 152H20BRD144E+01
¢ 12899532231 0E+0]
s E3247T37945S2E400
+U12BROIBYTSIEwO
2586162232616E+00
s 1994 U3YR0OBAEHD]
s CHIS12420249E4+ 0
n, 6803254801 39E+00
s 1324838492530
0 1996454603325 ¢0
WTURBS2RI3282E400
., 254256002622E+0]
" 10412094 7R62E+01
WGUTBITBTLZ60E=D]
WIB11IS90RSSAUE4D]

w,427704688339E+0
©, 190537920 734E+0
w,16T180114996E+0Y
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»,BHUTLUSEN0SSELDD
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2PETUBTII6GHUESDD
=, 24TT71863356E400
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REDUCED FREQUENCY = 4,7T0%6R235294
( CACI,J3, 1 = (,nNDF), J 21,NDF) =
s 1603TXABLUAGIESO0 w 327384596884 LE+0
«OSB034719776E+00 »,S537811870637E400
«ST1912S4RSASAEHDN @, 1269601593T9E+0D
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0599894368255E+00 »,12191670298%E+0]
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o S4B16G794RR2UESND 2 309T7RRASCSL QL 400
e, 10119037703nEa) w,T027334760493E+00
wm,1894U968146TE+ND o, AROL4DLTHBSBS9E+00
WwCBOUSU36FUCRESD0 w,935129386F46E+00
«S100891326TREXDD w, BO9SRISAIB43E+00
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w, 508816351428 E400 @,136232Y08968E401
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«11638P585427E401 13109047794 2E400
L100836922384E400 216753334/ 210E400
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m,1622389245243F4N1 o ,167930819877E+01
WBTER2197ATERENt =2,1T0R3ANZASILE+OY
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", 2T109752B272E+00
LB5B88232651398500
w 401966269 365F401
»,929011939839E+00
LA3012T6645U3E40D
526286398246E+00
,71028249036378E¢00
C43TTATO9TL0UEOD
e, 786143628721Em0Y
", 485230926252E+00
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5, 509105527354E400
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® 1407672%6368E400
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»,122728417008E+01
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s292163352904Ew0}
0, 139285621940E+01
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“y 173847881 728E+00
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®,9%2855377099€+00
0321362607T018E~04
e 867690521 030E400
©,123045361091F«018
wy13715364T683E+D1
g RTBY99TST1924ES0
21108716298 70E+014
¢ 3TT7BETRORSEIESND
01 17334781088Ew0
w26 148542540E+00
", 4230998848%58E+00
2, 203820959736E+00
¢ 30504847 3546E+N0
028545377 51464200
o 73003297103T7E400D
* 9015020443596 40D
% B60194065492F+00
» , 15107PS 13T 38E4D)
moB81285761U078E+00
»2BUI2ETIENN9RES00
", 1384590%8766E+NY

s H19224998372E=0
0 22994%999239E+00
2545008951 228E+00
w 33166501891 5E+00
eH05269893049E+00
s 185696846842E400
e 20TO411T9TLUESDD
o2136224632{3E=0]
sR11018530172E400
0. 5621S317874TE+DO
o 4159573345 4TEeD
eT31810078160E400
e S9BR80160153E0
#,561683R811T0E+00
W 1G58766024009E200
o 154555305390E+00
o 18503946900T0E¢QD
2 38346R2T009IEH0D
0, 104212242598E+0%
v 148899883855E+00
o 137885599739k 00
«871234802893Em0Y
w 521186433108E+01
w bT41AR2SUB4REEN0Y
2 T35064010169E400
o 1 1UCG00I44BTUESQD
e 106445375985E+08
°,3624944T0031ERDY
» , 2i513564190%E+00
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APPENDIX E

PARAMETRIC FLUTTER EIGENVALUE PROGRAM, FLUTDET

Program FLUTDET reads the unsteady aerodynamic forces and calculates
the flutter speed at a particular Mach number for several densities or
altitudes using a conventional V-g type of analysis. Although designed to
interface directly with program GENFLU, which calculates unsteady aerodynamic
forces from subsonic kernel L-U matrices, other compatible sources may be
used. The aerodynamic forces are Input for a few selected values of reduced
frequency and are interpolated by FLUTDET for additional, closely-spaced
values, The flutter characteristics are calculated, and V-g plots are
generated for each density.

The program is overlayed to reduce the central memory field length
requirements. It is dimensioned for 16 vibration modes and requires
approximately 32,0008 words of central memory for execution.

The absclute binary program is stored on the permanent file system
as an indirect access, semiprivate file named FLUTDET (the overlay file
name). Access to FLUIDET i1s obtained by the control card

GET, FLUTDET/UN=052061N, PW=FLTDTVL.

The files declared by the program are (in order) INPUT, GENF, OUTPUT,
FLSCH, TAPE4, and TAPE7. GENF is equivalenced to TAPE3 within the program,
and FLSCH is equivalenced to TAPE8. TAPE4 is an internal disk file used to
store the interpolated aerodynamie forces. FLSCH is an internal disk scratch
file used during interpolation of the aerodynamic forces. TAPE7 is an
internal disk file used to store the eigenvalues for the plotting ovverlay.
In addition to the files declared for the program card, subroutine PSEUDO
declares a file named SAVPLT which contains the plot wvector file for subse-
quent post-processing for the desired plotter. File GENF is a binary
(unformatted) file that contains the unsteady aerodynamic forces and is
described in the section documenting program GENFLU.

The plots generated by FLUTDET for the sample case are presented in
figure 4.
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Control Deck

A typical BATCH processing control deck for executing only FLUTDET

for one Mach number is

BFLUTDT,T0600,CMO60000,

BLDG648

USER, . . . (your user numbex/your password)

CHARGE, . . . (your account number, LRC)

GET, GENF=SAVGENF.
GET,FLUTDET/UN=052061N, PW=FLTDTV1.
FLUTDET.

ATTACH,PLOT/UN=LIBRARY.

PLOT .VARIAN

EXIT.

ATTACH, PLOT/UN=LIBRARY.

-—eo0r—

INPUT DATA FOR FLUTDET

——gOl-—

File GENF is a multi-file if several Mach numbers are run with a
single execution of SUBCMAT. A sample control deck for the second Mach

number is

BFLUTDT,T0600,CM060000.

BLDG648

(get previously saved GENF)

(get plotting pose processor)

(or other desired error
processing)

USER, . . . (your user number, your password)

CHARGE, . . . (your account number, LRC)

GET , GENF=SAVGENF .

COPYBR, GENF,GF1.

COPYBR, GENF,GF2,
REWIND,GFl,GF2

GET, FLUTDET /UN=052061N, PW=FLTDTV1.
FLUTDET, ,GF2.

ATTACH,PLOT /UN=LIBRARY,
PLOT.VARIAN

EXIT.

ATTACH, PLOT/UN=LIBRARY.
PLOT.VARIAN

——80Y=—

INPUT DATA for 2nd Mach number
—-——e0l—

In the above examples GENF was available from previous executions of

(get previously saved GENF)

YOUR NAME

YOUR NAME

GENFLU. 1In some cases FLUTDET will be executed as a job step in the same run

as SUBCMAT, LUCMAT, and GENFLU. A BATCH processing control deck for this
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case is

SUBFLTR,T1000,CM060G000, BEDG.648 YOUR NAME
USER, . . . (your user number/your password)

CHARGE, . . . {your account number, LRC.)

GET, SUBCMAT/UN=052061N, PW=SBCMIV1.

GET,LUCMAT/UN=052061N, PW=LUCMTV1.

GET,GENFLU/UN=052061N, PW=GNELUV1.

GET ,FLUTDET/UN=052061N, PW=FLTDTV1.

GET ,MODEF=5AVMODE. (get previously saveddMODEF)
SUBCHMAT.

LUCMAT,

SAVE,LUF=SAVLUF. (save .the LU file as a permanent
GENFLU, file named SAVLUF)

SAVE, GENF=SAVGENFE.

REWIND,GENF. (save ‘GENF as permanent file
FLUTDET. named SAVGENF)
ATTACH,PLOT/UN=LIBRARY.

PLOT.VARIAN

EXIT.

A TTACH,PLOT/UN=LIBRARY

PLOT.VARIAN

——eor--

INPUT DATA (for SUBCMAT only)

-—eQr—-

INPUT DATA (for FLUTDET only)

——eoi--~

In this example the L-U file and the generalized force file (GENF) are
saved for future restart capability with different vibration modes or Flutter

parameters. For this case, program MPROC has been previously executed to
generate file MODEF.

Description of the Flutter Determinant

The flutter equation solved by the program is

n
194 4+ 7

[wz - wi(l + g, + ig) M
j=1

Aijqj =0, 1=1(1)n (1)

where
w is the frequency of vibration (radians/sec)

ws is the frequency of the ith natural vibration mode (radians/sec)

g, 1is the modal damping coefficient in the ith natural vibration
mode {dimensionless)
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g is the incremental damping, a parameter introduced by the program
so that linear eigenvalue techniques can be used (dimensionless)

M, is the generalized mass associated with the ith natural mode

(kilograms)

q; is the component of the ith natural mode in the flutter eigenvector
(meters)

A.. 1s the generalized aerodynamic force resulting from the pressure

induced by the jth mode acting through the displacements of the
ith mode (Newtons/meter)

n 1is the number of vibration modes

The dimensional quantities above are given in metric units; however, any
consistent set of units may be used.

The quantities Mi and Aij are defined by integrals

’

Mi = ffwm(x,y)hi(x,y)dxdy

Alj = ffwhi(X,Y)APj (K,Y)difd}* (2)

where

n(x,y) is the mass per unit area (kilograms/square meter)

hi(x,y) is the deflection in the ith mode {(dimensionless)

X,y are cartesian coordinates (meters)

W dis the lifting surface (or half of the lifting surface if the loading
is symmetric or antisymmetric. However, it must be the same for both
integrals.)

Ap.(x,y) 1is the difference in pressure between the upper and lower surfaces

J resulting from the downwash by the jth dimensionless natural mode
(newtons per square meter per meter of displacement, i.e.,

newtons/cubic meter)

Equation (1) is in physical units. However, most unsteady aercdynamic
programs will generate dimensionless generalized aerodynamic forces.
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Let
i _ bOAp. cxs}7) dx _,d_‘z_
Ai. = Jrfw hi(x:y) 2 :I;:—'b
J Lov o o

where

boﬂlpj(x,y)é}_c
hi(X,y), ) 2 b
Q

a.ndéz
b
spV 0

&)
are all dimensionless and

bo = reference length, meters, usually root semichord

air density, k/m3

o
il

velocity, m/s

<3
fi

- Then

- 2, T
Ai g = LoV boAij

and noting that

(1 + igi +dig) T (1 + igi) (1 + ig)

as g, or g + 0, one may write equation (1) as

(waZ ;b n ko biKi. o =0
[ V) “(V (l+1gi)(1+1g):]qi+j§l—-—-————-=]—Mi i

wb
Noting that _Vg = k, the reduced frequency, and letting

2

wobo
9=(v) (1 + ig) (4)

where the reference frequency, @ is usually taken to be the modal frequency,

W, of the mode that the user estimates to be nearest the flutter frequency,

96 ZE/ /;;JJ



one then obtains

T1
‘.El(cij - 5ijg)qj =0 i=1(1)n (5)
j
where
2 L 3=
i wy 1+ igy) M, ij (6)

' Equation (5), above, 1s solved by a matrix eigenvalue routine. The
results, {2, are presented as plots of incremental damping, g, versus flutter
speed index, F, where

F=- F’/_
wobo il
The mass ratio, u,'is given by
M
U= =
b3
vbop (7
where Mo ig any convenient refersnce mass and is usually
M, = JS mx,y)dxdy (8)

the mass of the lifting surface, and where v 1is a dimensionless reference
volume usually given by

;1 b (y)dy (9)

but can be set to 1.0 if desired. In equation (9), span is the full or
gsemispan consistent with W, usually the semispan.
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Data Setup

Program FLUTDET reads the flutter parameters from the INPUT file and
the aerodynamic forces from binary file GENE. The INPUT file will be
described and followed by a brief description of GENF (which has been
described in the document of program GENFLU).

Desgscription of the INPUT file.— The INPUT file comsists of a case
identification card followed by several variables read in a NAMELIST format.
The single case identification card i1s read into an 8-word array, IDFL,
in an 8A10 format. The NAMELIST name is NAMEl. Note that some of the
variables are preset to default values and need not be read unless values
other than default are desired.

The variables in NAMEl, their defimitions and their default values,
if any, are as follows.

IGAIN the gain of the interpolation formula. The Eﬁj's from GENF

are interpolated versus k such that there are IGAIN-1
interpolated Kij values between every adjacent pair of Ai.

]
from GENF. Default = 20, maximum = 40, minimum = 2

ITER the number of Laguerre iterations used in solving for the
elgenvalues from equation 5. If ITER is too small, discontinui-
ties will appear on the V-g plots.

Default = 1.0

BREF reference length, b0
Default = 1.0

VOLUME ' the dimensionless volume, v (see equation 9). If omitted, the
' value read. from GENF will be used. If included, the value read
by the NAMELIST overrides the value read from GENF.
No Default

MP number of vibration modes to be processed. If NMP = 0, it is
set to NDF. This parameter permits the use of only the first
NME modes from the input files.
Default = 0, maximum = NDF

(GMASS(I),1I=1,NMP) the generalized mass array (Mi is defined by
equation 2),
Default = 16%1.0

REFMASS the reference mass used in the calculation of mass ratio and
flutter speed index (see equations 7-8). If REFMASS = 0, it
i8 set to 4.*GMASS(1).

Default = 1.0
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(FREQ(I) ,I=1,NMP)

NEM unused

array of modal vibration frequencies (mi in equation 6).

Ascending order is recommended. Zero values (rigid
body modes) must precede all nonzero values.
No default wvalues

parameter

MPS parameter for unimplemented option. Must be .FALSE.
Default = .F.

REFFREQ reference frequency (wo in equation 6). If REFFREQ = 0., it is

sat to

the third nonzero walue of FREQ.

Default = 1.0

(6(1) +I=1, NMP)

NA number

array of modal damping coefficients (g, in equation 6).
Default = 16%0.0. 1

of altitudes or density wvalues to be calculated.

« Default = 1, maximum = 40

(ALT(1),I=1,NA)

(CONV(T),T=1,4)

array of altitudes or densities. TIf CONV(2) = 0, ALT(I)

is the density value. TIf CONV(2) # 0, the ALT(I) is the
geometric altitude in physical units (usually meters).
Default is ALT(1) = 0. (sea level) and ALT(2) through
ALT(10) = the discontinuities of the temperature scale in
meters; ALT(11) -~ ALT{40) are not defaulted.

a four-word array of unit conversion factors, CONV(1l) is

a multiplicative factor that converts the user's generalized
aerodynamic forces to the ﬁi 's of equation 3. That 1s

A = ® . Default = 1.0.
Aij CONV (1) Aij,u

CONV(2) is the factor by which the values of ALT(I) must
be divided to give the altitude in feet for entry into

the standard atmosphere subroutine, AT62. If CONV(2) = O,
ALT(I) is taken to be the value of density.

Default = 0.3048 .

CONV(3) is the factor by which the_ density output from the
atmospheric subroutine in slugs/ft> must be multiplied to
give a density (p) consistent with the units of bO and Mi

in equation 6. If CONV(2) = 0, then CONV(3) applies to the
value of density supplied in ALT(I).
Default = 515.379
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CONV(4) is the factor by which the speed of sound output
from the atmospheric subroutine in ft/sec must be multiplied
to give units consistent with bo.

Default = 0.3048

Examples: If b0 is in meters and Mi is in kilograms,

default values for CONV{2) through CONV(4) should be used.
if b0 is in feet and Mi is in slugs, CONV(2) through

CONV{4) should be set to 1.Q.

The following six NAMELIST parameters are used for scaling the g vs V
(flutter speed index) plot.

GMIN the minimum value of g (incremental damping) to be plotted.
Default = 0.7

GMAX the maximum value of g to be plotted.
Default = 0.3

YSPAN the Tength of the Y (or g) axis of the plot in inches.
Default = 10.0Q .

FMIN the minimum value of F (flutter speed index) to be plotted.
Default = 0., minimum = 0.0

FMAX the maximum value of F to be plotted.
Default = 3.0

XSPAN the length of the x (or F) axis in inches.
Default = 15.0

GTK and FTK are unused parameters,

Description of file GENF.- The aerodynamic force file GENF consists of
a single binary file of NRF + 1 records. The first record contains 21 words:
(1pa(1),1-1,8),(IDS(I),I=1,8),EM, BREF,VOLUME,NDF ,NRF, where IDA is the aero-
dynamic identification card (passed from SUBCMAT), IDS is the structural
mode identificatlon card (passed from MPROC), EM is the Mach number, VOLUME
is the dimensionless reference volume, NDF is number of vibration modes, and
NRF is the number of reduced frequencies. The next NRF records contain
1+2*NDF**2 words, RF,((A(I,J),I=1,NDF),J=1,NDF) where RF is the reduced

frequency k and A(I,J) is the complex Eij for the value of RF. The

reduced frequencies' RF must be monotonic (monotonically decreasing preferred).
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Program Limits

The limits on the various integer input gquantities are summarized
below

IGAIN 2 through 40

ITER 1 or more

NA 1 through 40
NDF 1 through 16
NK 3 or more

NMP 1 through NDF

Program Qutput

Program FLUTDET prints the flutter results on the QUTPUT file. The
plot vector file for the V-g plots is placed in file SAVPLT (declared by
subroutine PSEUD0O) for later postprocessing.

The OUTPUT file contains the heading information followed by a refiec-
tion of the input data. The flutter results for each altitude are listed
in order of decreasing reduced frequency. The column labeled mode refers
to the branch of the V-g curve in essentially the order of the modes at
the highest value of k. The headings for the velocitieg is listed as
meters/sec but will be in the units the user employs. The units for altitude
are listed as meters but are those appropriate for altitude, except that the
dengity is listed if CONV(2) = 0.0 (density values supplied by the user).
The quantities DG/DRF and DFSI/DG are the derivatives dg/dk and dF/dk
determined by differencing. They provide the user an indication of the
slope of the flutter crossing without reference to the plots. The scales
on the V-g plots are not labeled and should be chosen to permit easy scaling
with a ruler (1 unit per inch of plot, etec.). The value for altitude
listed on the plot is also density if CONV(2) = O.

Divergence calculations are made with FLUTDET providing the aercdynamics
are given for %k = 0, since the eigenvalue problem has been formulated such
that it is wvalid for %k = 0, However, the interpolation for the divergence
crossings is erratic and the divergence results may or may not be printed as
a flutter crossing of essentially zero value of % (this situation can be
alleviated, however, by setting g; to a small negative value such as -.001).
The divergence condition will appear on the V-g plot as a branch of the plot
that approaches the g = 0 1line as k approaches zero.
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Listing of Sample INPUT Data

FLUTTER CHECK RUN FOR NOMINA{L CASE USING SUBCMAT WITH CONVERSION FACTOR INCLUDED
SNAMEY REFFREQm 97,955,FRER(1)P46,935,97,955,144,827,154,629,240,081,
272,062,288,147,302,535,364,865,

GMASS(1)m,10929,,03349,,07298,,04934,,12916,,05619,,02405,,17267,,09%01,
REFMASS= 1,862,

CONV(2)B0,51000,2IGAINRU0,,BREF32,89208,

FMAXZ 1,0, XSPAN®10,, GMINmo,3, GMAX=,3, YSPANRB,,
NHP:qy

NABG, ALT(1)s ,0085000, ,00385%1, ,Nn02%49, ,001795, ,00§1C20, ,000500%



Listing D% Sample OUTPUT

MHMAMEM N MAMWM UMMM AN MM AMEH R AW MWW MA MW WM MMM NN N MW MEEAM AR AN MWW MM AM MM A NN MM WM WM WM WH N MMM M N WA R YR
NMNMUEMAMWMAMWM N MW A AW WA AWM AN W MA MM A MWW MM AM KM A MW MR AW MMM WM MMM MM AN MWW M A M AWM MWW M N MR A M S M N M AM Y
MNMNMNHNMHARMEMEM RN M AN MU MEMAM N RM S AMA MMM A MAM A SRR MM AMAM MW R M MW A MMM MM MMM MMM WM WM MMM MM A R M WM
WMHHAMWEAMRHERBS R AR AMWH WM AMKM MM RN AR MM WM WM MM MM A MMM MM WM MWW MMM UMM WM AM WM W N MMM MA MMM MMM MM

FLUTTER EIGENYALUE FROGRAM & VERISION 1,0

78/05/08, 15.,07,21,

SUBSUNIC KERNEL CALCULATIONS USING Loy PROGRAM = FLUT, SUPP, W, = b X 6 NOMINAL
HEASURED MODES FUR FLUTTER SUPPRESSION WING » MEASUNED AMPLITUDES
FLUTTER CHECK RUN FOR NUOMINAL CASE USING SUBCMAT WITH CUNVERSIUN FACTOR INCLUVELD

MACH = 8000000 BREF = 2,892080 VOLUME = ) ,724788 NOF = 9 NNF =2 10

RIITVAD 9004 40
SI @DV TVNIDIEO

INAMEL

1GAIN = 40,

ITER = 1,

BREF 2 L289204E+01,

VOLUME = ,1T24787T3uB0hSE+0L,
NMP = 9,

GMAS5S = Jl0929F+0n, 3349Em0), ,TeSbf~ul, ,d934bwll, L1R2916E+40U, ,9619E=01, 22UUSEROL) G1TE6TEYUO, oS90L1EmDL, J1E+U1,

1E+DL, JJF401, fEFEUL, letO, albkedle SiC*0),

- REFMADS = tRbZE+')
= :
W FRES T oaUBBAakt0e, w7000k, GydunTEROL, L 1NUEABral g, L luntnlr +ad, o212UERE+DS, ,PBBLUTE+QS, ,3U2535E+US,

W SEUHLRE+ 55, HN L+ I+ T, 1. L Iy
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NEM z 0,
MRS a2 F,

REFFREQ 3 ,9795%E+02,

G 8 040y 0,0, 0,0/ 040, 0.0, 040, 0,0, 0.0y 0.0y Va0, U0y 0,0, 040y 0q0y VaU; 0,0,
NA 2 6
ALT L] |5E‘ua: .JB!‘E'OB! .ﬂSb?E'OEn 2 1795E=02, L102Lw02, +9EnC3, 0,0, 0,0, Oe0p Do0p 00y Q40p G40 040, 0,0,

0s0y 0,0, 0,0r 040, 040, 240, 040, 0.0, 0,0, 0,0, 0,0, 040, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0, {,0,
0.0' 0.0' 0.0' OIO!

CONY 5 J1E%01, 0,0, o1E+0i, 0,0,
GHMIN 8 w,3E400,

GMAX 5 L3E%00,

YSPAN = (BEe0],

GTK # L1E+00,

FMIN B 0,0,

FMAX B LIE*0),

X3PAN = J1E+02,
FTk 8 LJ1E+4D1,
SEND
REDUCED FLUTTER FREWUENGCY FLUYTER SPEED ALK SPEED ALTITUDE MADS
MOQUE FREQUENCY SPEED INDEX (RADIANB/SEL) (METERS/SED) (METERS/SEC) DG/DRF DF81/0G (METERS) RATID
T 1,.,23558 » 108385 2Sh, 148 999,593 I »,428532 1046257 «S00000END2 B,92%572 ,
% 1,20%26 AB22n06 311,170 T46,670 I =,120503 4447980 +500C00E»DR 8,925782
4 1,16252 JAALUZY 299,875 146,020 1 »,203708EwD] 37,9920 «500C00EwDR  B,92572
% 1.,09030 Tk 301,348 199,345 I ,674%3% vl ,02779% +J00000E=D2 B ,.92572
b 1407147 » 353608 174,282 HT0,417 I-m 403224 936618 »S00Q00Ew02 8,92872
8 1,00491 « 994847 AYR 586 8da,047 1 L451448 w] 03327 e 3000Q0EmD2 B ,92572
2 ,83040% s302608 73,5393 eY6,118 1 wi,bbu4p W iB0298 «S00000EeD2 B,92572
h  LH850pT 931605 134,874 fRE 019 I 182800 =, BDE924 +S00C00Ew02 8,92572
S L423pa3 1.50173 1Be, 143 127§.02 I =7,.6014¢ W THHS5H9EwD]  JSUQCODE=QR 8,98%72
9  ,3583%84 2e 85909 R99,808 2U19,84 1 m,27085%00E=0] 293,970 «+300C00E=p2 B,928572
8  L2B0946 3,06436 251,948 2593,57 I =4,%022% 1.49292% »300000EwD2  B,92572
9 L21%103 4477375 297,718 4040, 34 I J130798Ewp]l »1659,57 +300C00EmQ2 B ,92572
T L197728 2,47633 144,293 2095,88 1 «8,79728 w,71539n +900C00EmpD2 8,92572
8 ,173s74 4,44%yp 285,949 $Ted,49 I L823U51E=~0] wd5,3%99 +500000EmpP2  B,92572
8 Lfi17476 5,83928 200,751 49uae, 17 1 =,833949k=01 347,430 «300000E=02 8,925972
B LIUR0bLSEm0S 32311 e 159N38E~DY  H19H,04 1 .240909 Ta96362 »SU0UD0E=Q2 B,92972
T W2329D2E=08 9,77639 59371 2E E I S I taflutu »2,05655 P 3UDUQUERDE & ,%9e%972
5  S1d4nb21fmld  Ghd%u29 227TRTYHER]Z DA% ,%7 3 I =1,48440p wel75639L»0Q1 ,50Q000E=s02 8,92%72
5 L0443dTew)s ), Tun74 Ww22b363E=10 1473,31 I 9521560 w, 2hlbit »S00000Ewp2  &,92572
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