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INVESTIGATION OF TRANSONIC FLUTTER  CHARACTERISTICS OF A 

THIN loo SWEFTBACK WING HAVING AN ASPECT RATIO OF 4 

AND A TAPE8 RATIO OF 0.6 

By George W. Jones, Jr . 

SUMMARY 

A f lut ter   invest igat ion has been made in   t he  Langley transonic blow- 
down tunnel   a t  Mach numbers between 0.79 and 1.34 on a th in  loo sweptback 
wing having  an  aspect  ratio of 4 and a taper   ra t io  of 0.6. The data 
obtained have been compared with  data from NACA Research Memorandum  L55113a 
for  Oo and 30° sweptback wings with  the same aspect   ra t io  and taper   ra t io .  
The results  indicated that for  wings of the  type  investigated,   the  f lutter 
boundary for   the loo sweptback wing f a l l s  between those  for  the 0' and 
30° sweptback wings in   t he  low supersonic Mach  number range. However, the 
subsonic level  (around  a Mach  number of 0.8) of t h e   f l u t t e r  boundary f o r  
the 100 sweptback wing l i e s  above those  for  the Oo and 300 sweptback  wings. 
In addition,  the amount of r i s e   i n   t h e   f l u t t e r  boundary from the  subsonic 
level  to  supersonic  values is about the same f o r  the wings with  angles  of 
sweepback  of 10' and Oo, but i s  much greater  for  the wing with  an  angle 
of sweepback of 30°. 

INTRODUCTION 

Among the  plan forms fo r  which t ransonic   f lut ter   data  were presented 
in  reference 1 were a ser ies  of th in  wings having  an  aspect r a t i o  of 4, a 
taper   ra t io  of 0.6, streamwise NACA 65AOO4 a i r fo i l   sec t ions ,  and sweepback 
angles from Oo t o  60°. For each of these  plan forms the  flutter-speed 
ra t ios   ( ra t io  of the  experimental  flutter speed t o  the   f l u t t e r  speed cal-  
culated by using two-dimensional incompressible aerodynamic coeff ic ients)  
increased  with Mach  number from a Mach  number of about 0.9 up t o  a t  l e a s t  
1 .3 .  The  amount of increase was leas t   for   the  wing with an angle  of 
sweepback  of 600 and progressively  greater  for wings with  angles of sweep- 
back of 52.50, 450, and 30'. A reversal  of th i s   t rend  was  shown for   the  
wing with  an  angle of sweepback of Oo which had less  increase in  f lut ter-  
speed r a t i o  i n  the  supersonic  region  than  either  the 300 or 45O sweptback 
wings. 
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Because of t he  decided  reversal  in  trend between sweepback angles 
of 30' and Oo, the  question  has  arisen  as  to what would be  the  variation 
of f lut ter-speed  ra t io   with Mach  number f o r  a similar wing with  only a 
small amount of sweepback. In order t o  supply t h i s  information,  the 
present  limited  investigation was undertaken i n   t h e  Langley transonic 
blowdown tunnel t o  determine  the  transonic  f lutter  characterist ics of a 
loo sweptback wing with  an  aspect  ratio of 4, a taper   ra t io  of 0.6, and' 
streamwise NACA 65~004 a i r fo i l   sec t ions .  Experimental f l u t t e r   da t a  were 
obtained  for  this wing a t  several Mach numbers from 0.79 t o  1.34. Refer- 
ence f l u t t e r  speeds were calculated  in  the same  manner as in  reference 1 
and were used to   ob ta in   f lu t te r - speed   ra t ios   for  comparison with  the  data 
of  reference 1. 

SYMBOLS 

A 

a 

E1 

GJ 

fh, i 

ft 

fa 

aspect   ra t io  of wing including body intercept, Span2 
Area 

dis tance  in  wing semichords  from midchord to   e l a s t i c   ax i s  
posftion;  perpendicular t o  quarter-chord  line,  positive 
with  elastic  axis behind  midchord, 2xo - 1 

(Exposed sernispan)2 
Exposed semispan area geometric  aspect  ratio, 

half-chord  perpendicular t o  quarter-chord  line, f t  

half-chord  perpendicular t o  quarter-chord  l ine  at   inter-  
section of quarter-chord l i n e  and  wing root, ft 

half-chord measured streamwise a t   in te rsec t ion  of wing  and 
fuselage, f t  

bending stiffness,   lb-in.  

to rs ion   s t i f fness ,  lb-in.2 

measured coupled  bending frequencies, (i = 1, 2, or 3),  cps 

2 

measured f i r s t  coupled torsion  frequency,  cps 

uncoupled f i r s t   t o r s i o n  frequency, 



s t ruc tura l  damping coefficient 

measured s t ructural  damping coe f f i c i en t   i n   f i r s t  bending 

s t ructural  damping coefficient  in  torsion 

wing mass moment of inertia  per  unit  length  along  quarter- 
chord l ine ,  measured about elastic  axis,   slug-ftZ/ft  

reduced  frequency, lw/Vn  

length of exposed quarter-chord l i ne  of a wing panel, f t  

Mach  number 

dynamic pressure,  lb/sq f t  

airstream  velocity,  ft/sec 

f lut ter-speed  ra t io ,   ra t io  of experimental f l u t t e r  speed 
to  calculated  reference  f lutter speed 

component of airstream  velocity normal t o  quarter-chord 
l ine,  v cos A, f t /sec 

distance of e las t ic   axis  of wing section behind leading edge 
in   f rac t ion  of chord,  both measured perpendicular t o  
quarter-chord l i ne  

distance  in semichords from wing e las t ic   ax is   to  wing center 
of gravity (measured perpendicular t o  quarter-chord  line), 
positive  with  center of gravity  behind  elastic  axis 

nondimensional coordinate  along  quarter-chord  line,  fraction 
of length 2 

mass-ratio  parameter, a m 

t aper   ra t io  of  wing, Streamwise t i p  chord 
Chord i n  plane of symmetry 
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A angle of sweepback of wing quarter-chord  line, deg 

P a i r  density,  slugs/cu f t  

w angular  frequency of f lu t t e r ,   r d i ans / sec  

%, i angular bending  frequency, 23ffh, i, radians/sec 

% a n m a r  uncoupled f irst  torsion  frequency,  %fa,  radians/sec 

Subscripts : 

e experimental  values 

R calculated  values 

MODELS 

The wing of the  present  investigation had a sweepback angle of loo 
along  the  quarter-chord  line, an aspect  ratio of 4, a taper   ra t io  of 
0.6, NACA 65~004 streamwise a i r fo i l   sec t ions ,  and a r a t i o  of sting- 
fuselage  diameter t o  wing span of 0.22. The model  wing panels were 
connected by a mounting block which fitted  flush  with  the  sting-fuselage 
and was an  integral   par t  of the  wing. (See f i g  . 1. ) In accordance  with 
the  three-digit  designation code of reference 1, t h i s  wing is designated 
a 410 wing ( t h e   f i r s t   d i g i t  is the  aspect  ratio  to  the  nearest   integer 
and t h e   l a s t  two digi ts   g ive  the sweepback angle in   degrees) .  The basic 
dimensions  of the  model a re  shown in  f igure 1. 

Because of the  destruction of the models by f lu t te r ,   th ree  models 
were needed to  obtain  the  desired  data. The models were constructed of 
sol id  Consoweld (ref.  2 )  , a phenolic  laminate  material  with  high-strength 
paper  reinforcement. 

Measurements were made of the  following  physical  parameters on each 
wing panel of each m o d e l :  e l a s t i c  axis posi t ion,   s t ructural  damping 
coefficient in  bending, and the f i rs t  four coupled natural  frequencies 
and the node  l*es associated  with  the second, th i rd ,  and fourth coupled 
frequencies. The frequencies and  node l ines  which were measured are 
presented in   f igure 2. On the  right  panel of model 3 the  spanwise varia- 
t ions of the  following  parameters were determined and are  presented  in 
table  I: mass, center-of-gravity  location, and the  square of the  radius 
of gyration  (taken  about  elastic  axis). Also presented  in  table I are 
certain  basic wing geometric  parameters which were the same f o r   a l l  
models; f o r  each panel of each model a tabulation is given of the lower 
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frequencies,  frequency  ratios, and the  s t ructural  damping coefficient 
i n  bending. The spanwise variations of bending  and tors ion  s t i f fnesses  
(E1 and G J ,  respectively) were also measured on the  r ight  panel of 
model 3 and are  presented i n  figure 3. The parameters measured on only 

P' the  right  panel of model 3 are  used as representat ive  values   for   a l l  of 
the  panels. A discussion of the methods used t o  measure the  physical 
parameters may be found in  references 1 and 3. 1 

'I 

APPARATUS AND TESTS 

A detailed  description of the  tunnel,  the  test  instrumentation and 
the  testing  techniques may be found in  reference 1. Excellent agreement 
between flutter  data  obtained  in  the  tunnel and i n  f r e e   a i r  i s  shown i n  
reference 4. In  the  following  paragraphs  only  the  salient  features of 
the  apparatus and t e s t s   a r e  given. 

The t e s t s  were made i n  the Langley transonic blowdown tunnel which 
has a slotted,   octagonal  test   section measuring 26 inches between f l a t s .  
During the  operation of the  tunnel a preselected Mach number,  which i s  
determined by the  s ize  of the opening i n  an or i f ice   p la te ,  can be held 
approximately  constant  (after  the  orifice i s  choked)  while test-section 
stagnation  pressure (and thus  density) i s  varied. The tunnel can operate 
from subsonic Mach numbers through  the  transonic  range and  up t o  a super- 
sonic Mach  number of about 1.40. The density  range of the  tunnel i s  
from approximately 0.001 t o  0.012 slug  per  cubic  foot. 

The f l u t t e r  wings were cantilever mounted a t  an angle of attack of 
Oo i n  a cylindrical   st ing  fuselage which covers  the mounting block. This 
sting  extends upstream into  the subsonic  flow  region of the  tunnel  without 
change in diameter. Thus, the  formation of a bow shock wave which might 
r e f l ec t  from the  tunnel walls onto  the model is prevented. The funda- 
mental  frequency of the  support system i s  approximately 15 cycles  per 
second, and its weight is 289 pounds. 

Basically,  the  instrumentation w a s  as  follows: Wire s t r a i n  gages, 
installed  near each  panel  root, were used to   ind ica te   the  bending and 
torsion motions  of the wing. A recording  oscillograph was used t o  give 
a continuous  record of the  strain-gage  signals,  tunnel  stagnation tern-. 
perature and pressure, and tes t -sect ion  s ta t ic   pressure.  The record of 
the  strain-gage  signals was used t o  determine t h e   s t a r t  of f l u t t e r  and 
the frequency of wing osci l la t ions.  

Flut ter  speeds and flutter  frequencies were determined f o r  the wing 
a t  several Mach numbers throughout  the  transonic  range from 0.79 t o  1.34. 
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RESULTS 

Analysis 

The data  obtained i n  the  present  investigation  are  presented as the  
variation of f lut ter-speed  ra t io   ( ra t io  of experimental  flutter speed t o  
a calculated  reference  f lutter speed)  with Mach number. The method of 
calculating  the  reference  f lutter speeds i s  the  same as   tha t  of re fer -  
ence 1 which was based on the  analysis of  reference 5 .  Briefly, two- 
dimensional  incompressible aerodynamic coefficients,  based on the  com- 
ponent of the  airstream  velocity normal to  the  quarter-chord  line, were 
employed i n  a modal type of analysis. The spanwise derivative of the 
velocity  potential   appearing  in  the method of reference 5 was neglected. 
In the  analysis   the  f lut ter  mode shape was approximated by the  super- 
posit ion of t h e   f i r s t  two uncoupled free-vibration mode shapes of a 
uniform cantilever beam. Studies made in   reference 1 indicated that, 
for  the 410 wing, which had a r a t i o  of second bending t o   f i r s t   t o r s i o n  
frequency of about 1.1, the  addition of a t h i rd  mode m i g h t  have a s ig-  
nif icant   effect  on the  reference  f lutter speed. A s  a check, a second 
reference  flutter-speed  analysis was  made i n  which the   f l u t t e r  mode 
shape was approximated by the  superposition of t h e   f i r s t   t h r e e  uncoupled 
free-vibration mode shapes of a uniform cantilever beam. 

The effect ive wing root and t ip   are   def ined  in   the  present   analysis  
as  the  perpendiculars  to  the  quarter-chord  line of the  intersections of 
the  quarter-chord  line  with  the  actual  root and t ip,   respectively.  

The values of k were weighted along  the  span  in accordance  with 
the wing taper, and the spanwise variations of the Theodorsen functions 
F(k) and G(k) were approximated by a s t r a igh t   l i ne  between the  root 
and t i p  values. 

The solution of the  f lut ter   s tabi l i ty   determinant  was obtained  in 
the form of s t ruc tura l  damping coefficient g as a function of Vn/bru\,. 
The s t ruc tura l  damping coefficient used was t h a t  measured i n  bending with 
the assumption t h a t  gh = ga = g. 

General Comments 

In some instances  the two  wing panels of the same  model did  not 
flutter  simultaneously. For such cases a separate  data  point  for  the 
occwrence  of  flutter on each panel i s  presented in   the   t ab les  and 
figures . 
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An easi ly   def ined  s tar t  of f l u t t e r  was not always obtained.  Often, 
a period of intermittent  sinusoidal-type  oscillations  in bending and 
torsion preceded  continuous f l u t t e r  and obscured the  exact   s tar t  of 
f l u t t e r .  Such periods  are  designated low-damping regions  as  in  refer- 
ence 1, since  the sum of the aerodynamic and s t ruc tura l  damping is near 
zero. 

Where low  damping occurred, two data  points were picked - one near 
t h e   s t a r t  of the low-damping .region and the  other  near  the start of 
continuous f l u t t e r .  Both data  points  are  presented  in  the  tables and 
figures . 

Presentation of Data 

The experimental and analyt ical   resul ts  of this   invest igat ion  are  
presented in tab le  11. The analyt ical   resul ts   are  from the two-mode 
computations of reference  flutter-speed  values. In th i s   t ab le   the  f i rs t  
f ive  columns describe  chronologically  the  flutter  behavior of each wing 
panel  during  each  tunnel run (a run is defined  as one operation of the 
wind tunnel from valve  opening to  valve  crossing). The f i r s t  column 
gives  the model ident i f icat ion number, the second column the run number, 
and the  third column the  chronological number  of each data  point  during 
each  run. The fourth and f i f t h  columns contain code l e t t e r s  which 
describe  the  behavior of the wing panels a t   the   t ime of each  data  point. 
Definitions of the  code l e t t e r s   a r e  given a t  the  top of table  11. 

The experimental f lutter  data  obtained  for  the 410 wing  and faired 
curves for   the  400 and 430 wings of reference 1 are  shown in  f igure 4 

i n   t h e  form of a p lo t  of the parameter ve as a function of Mach 
'sua f i e  

number. In th i s   f igure  and in   f igures  5 and 6 the low-damping regions 
are  indicated by dashed l ines  which extend from the  start-of-low-damping 
point (marked only by the  end of the dashed l i n e )   t o   t h e  continuous- 
f lu t t e r   po in t  (marked by a symbol a t   t h e  upper end of the dashed l i n e ) .  

The experimental f l u t t e r   da t a  normalized by calculated  resul ts   me 
presented as functions of Mach  number in   f igures  5 t o  7. Figure 5 
presents  the  flutter-speed  ratios  obtained on the 410 wing with  both 
two  and three  degrees of  freedom. Figure 6 compares the  flutter-speed 
ra t ios   for   the  410 wing with  the  f lutter-speed  ratios  for  the 400 and 
k3O wings from reference 1. Figure 7 shows the  faired  f lutter-speed 
r a t i o  boundaries for   the  wing of the  present  investigation and f o r   a l l  
the wings of  reference 1 which had aspect  ratios  of 4 and taper   ra t ios  
of 0.6. 

" 
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DISCUSSION 

The experimental  data  obtained  for  the 410 wing and presented i n  
figure 4 show t h a t  up t o  a Mach  number of 1.2 the  data  obtained  for  the 
three  different models are  in  good agreement. Above a Mach  number of 
1.2 some sca t t e r  is shown,  and i n  drawing t h e   f l u t t e r  boundary through 
the  scatter,  the  data  obtained  (see  table 11) fo r   t he  one  wing panel 
of model 1 and the  two panels of model 2 are  favored over those  obtained 
for   the one panel of model 3. The f l u t t e r  boundary in   th i s   reg ion  i s  
not  as  definitely  defined  as  at   the lower Mach numbers  and is shown i n  
figures  as a dotted  l ine.  

A comparison  of t he   f a i r ed   f l u t t e r  boundary for   the  410  wing with 
the  boundaries for   the 400  and  430  wings of reference 1 (see  f ig .  4 )  
indicates that in   t he  low supersonic  range  the 410 wing f l u t t e r  boundary 
l i e s  between those fo r  the 400 and 430 wings. The slope of the 410  wing 
boundary i n  t h i s  range i s  s l ight ly   less   than  that   for   the 400 wing. Also, 
the  subsonic  level of the boundary for   the 410 wing i s  s l igh t ly  above 
that   for   the 400 wing and considerably above tha t   for   the  430 wing. If 
the  overall  increase i n  the parameter 

sonic Mach numbers i s  considered,  the 410  and  400 wings increase by about 
the same  amount but  there i s  a much larger  increase  for  the 430 wing. 

'e 
bsma J l l e  

from subsonic t o  super- 

Figure 5 shows for   the 410  wing no significant  differences between 
the  reference  f lut ter  speeds calculated  with  the two-mode analysis and 
those  calculated  with  the three-mode analysis. The subsonic level  of 
t he   f l u t t e r  boundary obtained (Ve /VR values  near 1.1 a t  a Mach number 
of 0.8) shows the  reference  f lutter speeds for   the 410  wing t o  be some- 
what conservative. The flutter-speed  ratios  increase  steadily  with Mach 
numbers above 0.85 t o  a V e / V ~  value of 1.48 a t  a Mach  number of 1.3. 

Figure 6 shows t h a t ,   a t  low supersonic Mach numbers, the 430 wing 
f lu t te r - speed   ra t ios   fa l l  between those  for  the 400 and 430 wings. The 
data i n  th i s   f i ,me  a re  based on re ference   f lu t te r  speeds  calculated 
with two-mode analyses. The r a t e  of r i s e  of V e / V ~  for   the 410  wing 
i n   t h i s  Mach  number range  appears t o  be s l ight ly   less   than  that  of the 
400  wing. A t  Mach numbers around 0.8  the  level of the 410 wing Ve/VE 
curve i s  about 10 percent  higher  than  that of the 400  wing  and about 
7 percent  higher  than  that of the 430 wing curve,  although  the  fairing 
of the 430 wing curve in   t h i s   a r ea  may be somewhat arbi t rary.  The  amount 
of increase  in  f lutter-speed  ratio from the  subsonic  level (Mach numbers 
around 0.8)  to  supersonic  values is about the Sitme for   the 410  and 
400 wings, but  there i s  a much larger  increase  for  the 430 wing. The 
f a i r ed   f l u t t e r  boundaries of figure 6 are shown in   f igure  7 with  those 
for  similar wings of reference 1 having  aspect r a t io s  of 4, t aper   ra t ios  
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of 0.6, and  sweepback angles of 4 5 O ,  52.30, and 60°. A s  discussed  in 
reference 1, the  reference  f lut ter  speeds for   the wings with sweepback 
angles  less  than 45O were computed  by a two-mode analysis whereas the 
4 5 O ,  52.5O, and  600  wing reference  f lut ter  speeds were computed by a 
three-mode analysis. 

CONCLUSIONS 

Transonic f lu t t e r   da t a  obtained on a th in  loo sweptback wing having 
an  aspect  ratio  of 4 and a t ape r   r a t io  of 0.6 have  been compared with 
data from NACA Research Memorandum L37Il3a for  Oo and 30° sweptback wings 
with  the same aspect   ra t io  and taper   ra t io ,  and the  following  conclusions 
have  been drawn: 

1. For wings of the  type  investigated,   f lutter boundaries i n   t he  
form of flutter-speed  ratio  against  Mach number  and an  experimental 
parameter  consisting of the reduced  frequency  divided by the  square 
root of the mass r a t i o  show tha t ,   i n   t he  low supersonic Mach  number 
range,  the  f lutter boundary for   the 10' sweptback wing fa l ls  between 
those  for  the 0' and 30° wings. However, the  subsonic  level (around 
Mach  number 0.8) of t h e   f l u t t e r  boundary fo r   t he  10' sweptback wing 
l i e s  above those  for  the Oo and 30° sweptback wings. 

2. The  amount  of r i s e   i n   t h e   f l u t t e r  boundary from the  subsonic 
l e v e l   t o  low supersonic  values is about  the same fo r   t he  wings with 
angles of sweepback of 10' and 00 but i s  much greater   for   the wing with 
an angle of  sweepback of 30'. 

Langley Aeronautical  Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va.,  November 29, 1956. 
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TABLE I.- PHYSICAL PROPERTIES OF MODELS 

T vIodels 1, 2, 
and 3 

65A004 
4 

30 
0.6 
0 657 

1.65 
0.453 
0.165 
0.163 

1.142 

Parameter 

WCA sect  ior: 
A 

A, deg 
A 

Panel A 
span, f t  

A g  
2 ,  f t  
br 9 f t  
bs ? f t  

ra2 

1.252 

.209 

.215 

.204 

.227 
,234 
.240 
.247 
.242 

.221 

XU 

-0.122 
- -103 
- .081 
- .058 
- -030 

.002 
035 

.067 

.091 

.114 

a 

0.047 
.020 

- .009 
- 0037 - .066 
- 095 
- .122 
- -149 
- 177 
- .205 

3.00872  0.98285 
.00794 94855 
.00721 .91425 
.00654  .87955 
Do0595 84565 
.0054o  .81135 

-00455 74275 
.00417 ~ 0 8 4 5  
.00384 .67415 

004 96 77705 

Mod Model 2 

R i g h t  Right 
panel 

Model 3 
F’requency Left 

panel 

112 

4 93 
1420 
468 
463 
.2419 
1.0648 

112 

496 

45 9 
454 

.2467 

1400 

1.0925 

.016 .034 I .043 gh .os5 .023 .022 



[Wing-panel-behavior  code: 
F - flutter . 
N - no flutter 
X - wing  panel  destroyed 
G - strain,gages inoperative] 
D - l~ damping 

- 
iun 

- 
1 
1 

3 
2 

3 

4 
4 
5 

6 
5 

6 
6 
7 
7 
7 
8 

8 
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Figure 1.- Sketch of 410 wing  showing basic model- dimensions and 
construction. A l l  dimensions are  in  inches.  
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Figure 2.- Coupled natural  vibration  frequencies,  elastic  axis  positions, 
am3 measured coupled node l ines  on models of 410 wings. 
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Figure 3 . -  Measured  variation  of  bending  and  torsion  stiffnesses  along  the span for a 
representative 410 wing. 
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Figure 4. - Variation of parameter  with Mach  number for 410, 400, and 430 wings. 
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Figure 5.- Variation  with  Mach  number  of  flutter-speed  ratios  computed for 410 wing by two-mode 
and  three-mode  analyses. 
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Figure 6.- Comparison of flutter-speed-ratio  data for 410 wing  with  similar  data  for 400 and 
430 wings  of  reference 1. 
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Figure 7.- Effect of sweepback  on variation of flutter-speed  ratio  with Mach  number as shown by 
fa i red   f lu t te r  boundaries for  410 wing  and  wings of reference 1 having  aspect ra t ios  of 4 
and taper  ratios of 0.6. 



: i  

. . .  
u 

. . .  

. . .  . ,  
. .  

./_ . . . . . . . . . . .  

. .  


