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GU ID ELI  NES FOR PRELIM I NARY ASSESSMENT 

Since emphasis is on the transonic speed range, special importance is 
placed on configurations for which available data are sufficient to define 
accurately a transonic flutter boundary. Only configurations with clean, 
smooth surfaces are considered suitable. Segmented models o r  models with 
surface-slope discontinuities (e.g. ,  beveled flat plate) are inappropriate. 
Excluded also, in general, are configurations and data sets that involve 
behavior that is uncertain or  not well understood, uncertain model 
properties, or known sensitivities t o  small. variations in model properties. 
These may represent challenging research opportunities but do not seem 
appropriate as standard configurations. 

0 Emphasis on transonic speed range 

0 Configurations wi th  clean, smooth surfaces 

Isolated surfaces now 

- Two- and threedimensional  
- With or without control -surface deflections 
- Conventional or supercrit ical a i r fo i ls  

0 Ke l lde f i ned  confiqurationsldata sets 

Geometrical properties 
St ructura l  properties 
F I ow properties 

0 Subcritical-response data as well as f lu t ter  data 

0 Exclude: 

*Complicated shapes and flow 

*Configurationsltests likely to involve 

- Flow separation 
- Uncertain model properties 
- Uncertain behavior 
- Sensitivity to variations in model properties 
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RESPONSE TO SURVEY 

Several years ago, the AGARD Structures and Materials Panel selected 
two-dimensional and three-dimensional standard l i f t ing-sur face  
configurations ( r e f s .  1 and 2) t o  provide a common basis for  comparison of 
pressures and forces calculated by the emerging transonic unsteady 
aerodynamic codes i n  order t o  assess how well these methods model the 
essent ia l  flow physics. It  is appropriate now t o  designate a s imilar  s e t  of 
configurations a s  llstandardll for  the comparison of transonic f l u t t e r  
charac te r i s t ics  and dynamic response (e i ther  forced or turbulence-excited) 
i n  order t o  assess  how well these codes do the job for  which they were 
intended, namely, predict  aeroelast ic  behavior. I n  order t o  assess  the 
s u i t a b i l i t y  of configurations already tes ted and the associated data for  
designation a s  'Istandardll, a survey of AGARD member countries has been 
conducted t o  seek candidates for  the prospective s e t .  The r e s u l t s  of that  
survey were given i n  reference 3 and a r e  summarized here along w i t h  the 
i n i t i a l  select ion of a standard configuration. 

The survey produced no par t icu lar  surpr ises  i n  terms of the unexpected 
abundance or  deficiency of spec i f ic  k i n d s  of data and information. It  was 
no surpr i se ,  for  example, that  su i tab le  data do not appear t o  be avai lable  
from the i n d u s t r y .  The high-aspect-ratio transport-type wings tha t  have 
been f l u t t e r  tes ted generally had pylon-mounted nacelles attached and hence 
a r e  not considered sui table  for  the i n i t i a l  s e t  of standard configurations. 
Similarly, the low-aspect-ratio fighter-type models generally had s tores  
attached. Clean-wing configurations have been tes ted for  f l u t t e r  clearance 
b u t  were not often taken t o  hard f l u t t e r  points i n  order t o  preserve the 
model for subsequent t e s t s  w i t h  a variety of s t o r e  configurations. 

.No par t i cu la r  surpr ises  

.Suitable data not available f rom indus t r y  

.High-aspect-ratio wings have nacelles 

.Low -aspect -rat io wings have stores 
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RESULTS 

The examination and assessment of configurations and data sets 
suggested in the course of the survey have led to the delineation of seven 
configurations which appear to be suitable for use as AGARD standards. All 
of the configurations are isolated clean wings tested in slotted-throat 
tunnels. With the exception of the tunnel-spanning two-dimensional 
configuration, all were side-wall-mounted semispan models. No significant 
flow separation appears to have occurred during the tests, and the angles of 
attack, static deformations, and motions were small enough to minimize that 
concern. However, adequate experimenta1,data'sets presently exist for only 
three of these configurations. 

0 Seven conf igurat ions appear suitable fo r  AGARD standards 

.Four swept wings 
OTVVO unswept wings 

One two-dimensional w inq  

.All were 

Isolated, clean wings 
.WaII-rnounted semispan models (except 2D) 
.Tested in slotted-throat t u n n e l s  

.Adequated experimental data sets exist fo r  on ly  th ree  of these 
conf igurat ions 
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PLANFORM AND MEASURED NODE L I N E S  OF WING 445.6 

The f irst  configuration t o  be tentat ively accepted a s  an AGARD standard 
is designated "Wing 445.611. Wing 445.6 i d e n t i f i e s  the shape of a s e t  of 
sweptback, tapered research models which were f l u t t e r  tes ted i n  both a i r  and 
Freon-12 gas i n  the 16 foot x 1 6  foot NASA Langley Transonic Dynamics Tunnel 
( r e f .  4 ) .  The f irst  d i g i t  of t h i s  numerical designation is the aspect 
r a t i o ;  the second and t h i r d  d i g i t s  indicate the quarter-chord sweep angle; 
and t h e  las t  d i g i t  is the taper r a t i o .  
sections with no twist nor camber, and were tes ted a t  zero angle of a t tack 
( f u l l y  symmetrical conditions).  
construction. For tes t ing ,  each wing was cantilever-mounted from the t u n n e l  
wall w i t h  no simulated fuselage. The wing root was t h u s  immersed i n  the 
wall boundary layer. Since the model was cantilevered, however, l i t t l e  
motion occurred near the root  so  tha t  portion of the wing contributed 
very l i t t l e  t o  the generalized aerodynamic forces d r i v i n g  the f l u t t e r  
motion. Consequently, the e f fec t  of wall boundary layer on measured 
f l u t t e r  charac te r i s t ics  should not be s ign i f icant  as  long as  the boundary- 
layer  thickness is a small f ract ion of the model span, as i t  was for  these 
t e s t s .  

These wings had NACA 65A004 a i r f o i l  

They were of sol id  homogeneous 
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MASS RATIOS FOR WING 445.6 

This configuration and associated data are recommended for several 
The tests in air and freon covered a very wide range of mass ratio reasons. 

(8.5 to 260 overall as shown here). 
were about 12, 34, and 250, the last two values being'for models of 

At Mach number 1.0, mass-ratio values 

I uniformly reduced stiffness. 

320 

240 

Mass 160 
ratio 

80 

0 

Mach number 
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FLUTTER-SPEED INDEX FOR WING 445.6 

The t r anson ic  d i p  is def ined ,  including t h e  supersonic  s i d e ,  and data 
Very good repeatabi l i ty  of  data extend a l s o  well i n t o  the subsonic  range. 

was shown. Flow over the  wing was no t  complicated by the in t e r f e rence  
effect  o f ' a  s imulated fuselage. Moreover, s i n c e  the model and flow were 
f u l l y  symmetrical, the f l u t t e r ' d a t a  are no.t complicated by the  effects of 
s t a t i c  a e r o e l a s t i c  deformation. F i n a l l y ,  note  t h a t  a l i m i t e d  amount of data 
was obtained wi th  models of  d i f f e r e n t  s i z e s  and w i t h  a sting-mounted f u l l -  
span model, but  only i n  t h e  low subsonic  range. 

Flutter 
speed 
index 

- 
Mach number 
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WING 445.6 

The features that make w i n g  445.6 attractive as a standard 
configuration are summarized in this.figure. 

Reasons recommended: 

0 No twist, camber, angle of attack -therefore, no static aeroelastic deformation 
0 Cantilever-mounted with no fuselage - therefore, no interference flow 
@Tests covered larqe range of mass ratio 

Transonic dip ful ly defined 
Good repeatability of flutter data 

Information not available: 

.Mode shapes not measured, but have been calculated 



FLUTTER-SPEED I N D E X  FOR TF-8A W I N G  

I I 

The TF-8A wing and associated data s e t s  const i tute  the most complex of 
the candidate configurations considered i n  reference 3. Two models of t h i s  
wing were tes ted i n  a i r  and i n  Freon-12 (refs. 5 and 6). The models were 
mounted on a half fuselage for  tes t ing and were a s  nearly ident ical  a s  
possible except one had a supercr i t ical  a i r f o i l ,  and the other had a 
conventional a i r f o i l .  The data obtained i n  Freon fo r  both wings for  angles 
of attack near zero ( r e f .  5 )  show l i t t l e  s ca t t e r ,  extend well into the  
subsonic range, and include a well-defined transonic d i p .  Moreover, the 
f l u t t e r  boundary for the wing w i t h  supercr i t ica l  a i r f o i l  has been closely 
predicted by modified s t r i p  analysis ( re f .  6). A l i m i t e d  amount of f l u t t e r  
data obained i n  a i r  f o r  the supercr i t ica l  wing a t  angles of a t tack between 
0' and 3' ( r e f .  7 )  shows a dras t ica l ly  detrimental e f fec t  of angle of 
a t tack,  even a t  only one o r  t& degrees. 
f l u t t e r  boundary for nonzero angle of a t tack has been shown by modified- 
s t r ip-analysis  calculations t o  be generated by large var ia t ions i n  mass 
r a t i o  ( r e f s .  7 and 81, although s t a t i c  aeroelast ic  deformation apparently 
has an influence a s  well. 

The unconventional shape of the 

0 .  EXPERIMENTS 

CALCULATIONS 
LOWER DYNAMl C PRESSURE 

---- HIGHER DYNAMIC PRESSURE 

0.5 - 
I r  

196. 

"' 0.3,  Lp56* 
- - - -_  
- - _ _ _ _  

! 
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TF-8A W I N G  

The features  tha t  make the TF-8A wing models a t t r a c t i v e  a s  standard 
configurations a re  summarized here. Note that  calculation of f l u t t e r  
character , is t ics  for  these models should include a l so  calculation of the 
aeroe las t ica l ly  deformed shape and associated s t a t i c  loading about which the 
f l u t t e r  osc i l la t ion  occurs ( r e f s .  7 and 8 ) .  

Reason s recommended: 

Data fo r  wings w i th  conventional and supercr i t ica l  a i r fo i l s  

.Flutter boundary wel l  defined, i nc lud ing  t ranson ic  dip 

.Tests covered large range of mass ra t io  

.Data inc lude effects of nonzero angles of attack 

.Shapes, .frequencies, and generalized masses for  six modes measured 
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SU PERC RIT I C  AL TRANSPORT WING 

The h i g h - a s p e c t - r a t i o  s u p e r c r i t i c a l  t r a n s p o r t - t y p e  wing shown here h a s  
been s t u d i e d  e x t e n s i v e l y  a t  NLR Amsterdam ( re fs .  9 and 10). T h i s  research 
wing was tested i n  t h e  p resence  of  a s i m u l a t e d  f u s e l a g e ,  b u t  was attached a t  
the  r o o t  t o  a n  X-section f l e x u r e  which added a p i t c h  degree o f  freedom t o  
t h e  u s u a l  de fo rma t ions  o f  t h e  wing i t s e l f .  The f l e x u r e ,  i n  t u r n ,  was 
attached t o  a t u r n t a b l e  i n  t h e  t u n n e l  wall which permit ted changes i n  a n g l e  
of attack. The t o r s i o n a l  s t i f fnes s  o f  t h e  wing i t s e l f  appears t o  be  
s u f f i c i e n t l y  h igh  t o  avoid t w i s t i n g  de fo rma t ions  large enough t o  cause  any 
s i g n i f i c a n t  amount of flow s e p a r a t i o n .  

section A - A  

wind-tunnel side wall 

pressure orifices ( 1  2) 

accelerometers (2) 

Global view of flutter model and support. 
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FLUTTER CHARACTERISTICS OF SUPERCRITICAL TRANSPORT WING 

The f l u t t e r  tes ts  of t h i s  wing were performed w i t h  great care and 
precis ion. ,  
have been taken d u r i n g  t h e  approach t o  f l u t t e r  c o n d i t i o n s .  The 
e x c e p t i o n a l l y  l a r g e  number of f l u t t e r  p o i n t s  o b t a i n e d  show ve ry  l i t t l e  
scatter and a re  suff ic ient  t o  d e f i n e  with great accu racy  t h e  transonic 
f l u t t e r  boundar i e s  f o r  nominal angles of attack of -0.35 , 0.85 , and 2.05 . 
It is p a r t i c u l a r l y  noted t h a t ,  t h e  double  transonic d i p  shown f o r  2.05' is 
remarkably l i k e  t h a t  c a l c u l a t e d  fo r  t h e  TF-8A wing a t  2.00' ( ref .  7 ) .  
f l u t t e r  boundar i e s  f o r  t h e  s u p e r c r i t i c a l  t r a n s p o r t  wing, however, do  n o t  show 
t h e  backward t u r n  which w a s  found e x p e r i m e n t a l l y  f o r  t h e  TF-8A wing a t  p o s i t i v e  
a n g l e s  of a t t a c k .  

A c o n s i d e r a b l e  amount of s u b c r i t i c a l - r e s p o n s e  d a t a  a p p e a r s  t o  

0 0 0 

The 

3 

2 

1 

0 
3 

2 

1 

0 

3 

2 

1 

0 

1.6 0.7 0.8 0.9 

O-NO FLUTTER 

1.6 0.7 0.8 0.9 
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SUPERC R I T  I C  AL TRANSPORT WING 

The features that make the supercritical transport wing attractive as a 
standard configuration are summarized here. 

Reasons recommended: 

Flutter boundary very well defined, especially transonic dip 

Subcritical-response data taken 

Data include effects of nonzero angles of attack 

Many flutter points, little scatter 
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STATUS ASSESSMENT - GENERAL 

The assessment of available and needed data and information given here 
is based on a perception of requirements for the establishment of ACARD 
standard configurations, not on research needs. The two are, of course, 
closely related, however. Three rather obvious general comments are 
pertinent: First, high-Reynolds-number data are obviously needed for all 
types of configurations for closer simulation of aircraft flight conditions. 
These data are also needed for standard configuration/data sets. Second, 
data are needed for configurations which incorporate some degree of control- 
surface deflection in their modes of motion. In the absence of suitable 
control-surface data of this type, control-surface effects must be evaluated 
by comparisons of calculations with measured aerodynamic data (e.g., refs. 2 
and 1 1 ) .  
or other prospective candidates, subcritical-response data should be 
recorded as flutter is approached. These data are needed to assess the 
accuracy and validity of calculated subcritical response (which may be 
amplitude-sensitive) as well as to provide information for the continuing 
assessment of methods for extrapolating to flutter points. Static 
aeroelastic deformation should also be measured, if at all possible. 

Third, in any subsequent tests of the recommended configurations 

Based on a perception of requirements for  AGARD standard conf igurat ions,  
not  on research needs 

@High-Reynolds-number data are needed for a l l  types of conf igurat ions 

*For closer s imulat ion of a i rcraf t  f l i gh t  conditions 
*For closer, more val id comparisons w i th  calculations by 

- I n v i s c i d -f I ow theories 
-Viscousl inviscid interact ion methods 
- Navier-Stokes solut ions 

0 Data are needed for conf iqurat ions wi th  control-surface deflections 

*For assessment of calculated contol-surface behavior and  in f l uence  

*For active-control studies 

should be recorded as f lu t ter  is  approached 

on f lu t ter  

0 In f u t u r e  tests subcr i t ical  -response data and static aeroelastic deformations 



STATUS ASSESSMENT - C O N F I G U R A T I O N S  

Moderate-to-High-Aspect-Ratio Wings.- The three c o n f i g u r a t i o n s  l i s t e d  
p rov ide  r e a s o n a b l y  adequa te  r e p r e s e n t a t i o n  o f  moderate- to-high-aspect-rat io  
wings a t  moderate Reynolds numbers. Some p e c u l a r i t i e s  i n  t h e  effect  o f  
a n g l e  o f  at tack on t h e  t r a n s o n i c  d i p  f o r  s u p e r c r i t i c a l  w i n g s  have been 
d e l i n e a t e d ;  models s t i l l  e x i s t  f o r  f u r t h e r  t e s t i n g  as  needed. 

Low-Aspect-Ratio Swept Wings.- The greatest current d e f i c i e n c y  appears 
t o  e x i s t  f o r  l ow-aspec t - r a t io  ( f i g h t e r - t y p e )  swept wings. A s  ind ica ted  
p r e v i o u s l y ,  d e s i g n T r e l a t e d  t e s t i n g  of  such models i n  clean-wing 
c o n f i g u r a t i o n  has u s u a l l y  n o t  been t a k e n  t o  hard f l u t t e r  p o i n t s .  F l u t t e r  
tests are needed for  low-aspec t - r a t io  highly-swept wings a t  z e r o  t o  
moderately h i g h  a n g l e s  of a t tack .  The free-vortex-dominated f low ove r  such 
wings is known t o  i n c r e a s e  s t r u c t u r a l  l o a d s  and decrease f l u t t e r  speeds  
r e l a t i v e  t o  t h o s e  f o r  attached f lows.  Methods f o r  c a l c u l a t i n g  such f l o w s  a t  
t r a n s o n i c  s p e e d s ,  s t e a d y  and unsteady,  are emerging, and expe r imen ta l  data 
are  needed f o r  v a l i d a t i o n .  

Two-Dimensional Wings.- The survey d i d  n o t  r e v e a l  t h e  e x i s t e n c e  o f  any 
t r a n s o n i c  f l u t t e r  data fo r ' two-d imens iona l  wings. However, planned t e s t s  o f  
the MBB-A3 s u p e r c r i t i c a l  a i r f o i l  a t  DFVLR Gd t t ingen  and a t  N A S A  Langley may 
p rov ide  the needed da ta  sets. 

0 Moderate-to-high -aspect-ratio wings: 

adequate standards for 

- Moderate Reynolds numbers 
-Conventional and supercr i t ical  wings w i th  and wi thout  twist  and camber 
-Effects of zero and nonzero angles of attack 
-Subcr i t ica l  response data exist 

Wing 445.6, TF-8A wing, supercr i t ical  t ransport  wing provide reasonably 

Low-aspect-ratio swept wings: 

Greatest deficiency in conf igurat ions and data indicated by survey 
.Flutter tests are needed for low-aspect -ratio highly swept wings at zero 

to moderately h i q h  angle of attack ( f ree-vortexdominated flow) 

OTwod imens iona l  wings: 

.No t ransonic  f lu t ter  data appear to exist 
Imminen t  tests at DFVLR and  NASA should f i l l  need 
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SYMBOLS 

M freestream Mach number 

Po freestream stagnation pressure 

VI flutter-speed index 

a steady-state (or mean) angle of a t tack a t  wing root 

mass r a t i o  'r 
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