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ABSTRACT 

A t  t he  request of the A e r o e l a s t i c i t y  Subcommittee o f  the AGARD St ruc tures  
and M a t e r i a l s  Panel, a survey o f  member coun t r i es  has been conducted t o  seek 
candidates f o r  a p rospec t ive  s e t  o f  standard con f igu ra t i ons  t o  be used f o r  com- 
par ison  o f  ca l cu la ted  and measured dynamic a e r o e l a s t i c  behavior w i t h  emphasis on 
the  t ranson ic  speed range. This se t  i s  a sequel t o  t h a t  es tab l i shed several 
years ago f o r  comparisons of ca lcu la ted  and measured aerodynamic pressures and 
forces. Approximately two dozen people i n  the Un i ted  States and more than th ree  
dozen people i n  the o the r  member count r ies  were contacted. This p re l im ina ry  
r e p o r t  presents  the  r e s u l t s  o f  t he  survey and an ana lys i s  o f  those r e s u l t s  along 
w i t h  recomnendations fo r  the i n i t i a l  set  of standard con f igu ra t i ons  and f o r  
a d d i t i o n a l  experimental work needed t o  f i  11 s i  gni  f f  can t  gaps i n the  avai  1 ab le  
in fo rmat ion .  

INTRODUCTION 

The d e s i r a b i l i t y  o f  e s t a b l i s h i n g  a s e t  of standard con f igu ra t i ons  f o r  
comparisons o f  ca l cu la ted  and measured dynamic ae roe las t i c  behavior was d i s -  
cussed a t  t h e  September 1984 meeting o f  t h e  A e r o e l a s t i c i t y  Subcommittee o f  t he  
AGARD S t ruc tu res  and M a t e r i a l s  Panel. Several years ago the SMP se lec ted  two- 
dimensional and three-dimensional standard 1 i f t i n g - s u r f a c e  c o n f i g u r a t i o n s  
(refs. 1 and 2) t o  prov ide  a c o m n  basi s f o r  compari son o f  pressures and fo rces  
c a l c u l a t e d  by the emerging t ranson ic  unsteady aerodynamic codes i n  order t o  
assess how well these methods model the essen t ia l  f l o w  physics. It i s  appropr i -  
a t e  now t o  designate a s i m i l a r  set  o f  con f igu ra t i ons  as "standard" f o r  the com- 
p a r i  son o f  t ranson ic  f l u t t e r  c h a r a c t e r i s t i c s  and dynamic response ( e i t h e r  forced 
o r  turbulence-exc i ted)  i n  order t o  assess how w e l l  these codes do the j o b  f o r  
which they were intended, namely, p red ic t  ae roe las t i c  behavior. 

I n  order t o  assess the s u i t a b i l i t y  o f  con f i gu ra t i ons  already tes ted  and the 
associated data f o r  designat ion as "standard", a survey o f  AGARD member coun- 
t r i e s  has been conducted to  seek candidates f o r  the prospect ive set. 
Un i ted  States approximately two dozen people w i t h i n  NASA, o ther  government 
agencies, u n i v e r s i t i e s ,  and the  aerospace i n d u s t r y  were contacted. I n  add i t ion ,  
i n p u t  was s o l i c i t e d  from more than three dozen people i n  the o ther  member 
count r ies .  A copy o f  t he  l e t t e r  o f  i n q u i r y  i s  inc luded as an appendix, and a 
l i s t  o f  the organ iza t ions  contacted i s  g iven i n  Table 1. 
r e p o r t  presents the r e s u l t s  o f  the survey and an ana lys is  of those r e s u l t s  along 
w i t h  the  au thor 's  recommendations f o r  the i n i t i a l  s e t  o f  standard con f igu ra t i ons  
and f o r  a d d i t i o n a l  experimental work needed t o  f i l l  s i g n i f i c a n t  gaps i n  the 
a v a i l a b l e  in fo rmat ion .  

I n  the 

This p r e l i m i n a r y  
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RESPONSE TO SURVEY 

The nature and scope of t h e  survey, along w i t h  some p r e l i m i n a r y  
considerat ions,  are .se t  f o r t h  i n  t h e  l e t t e r  o f  i n q u i r y  (Appendix) . 
guide l ines  thus establ ished, twelve o f  t h e  organizat ions quer ied recornended 
consi  d e r a t i o n  o f  speci f i c conf i gurat  i ons . 
a subsequent sect ion o f  t h i s  repor t .  

Wi th in  t h e  

These are evaluated and d i  scussed i n  

It may be said i n  general t h a t  t h e  survey produced no p a r t i c u l a r  surpr ises  
i n  terms o f  t h e  unexpected abundance o r  de f ic iency  o f  s p e c i f i c  k inds o f  data and 
in format ion.  Rather, it i s  hoped t h a t  t h e  r e s u l t s  o f  t h e  survey and t h e  assess- 
ment and recommendations based on i t  presented here in w i l l  serve t o  b r i n g  i n t o  
sharper focus and i n  a sense quant i fy  t h a t  which i s  a v a i l a b l e  as w e l l  as t h a t  
which i s  needed. It was no surpr ise,  f o r  example, t h a t  s u i t a b l e  data do not  
appear t o  be ava i lab le  from t h e  indus t ry .  Very l i t t l e  t e s t i n g  o f  research 
models was mentioned, and t h e  associated data are q u i t e  sparse. 
desi  gn-re la ted t e s t i n g  produced data s u i t a b l e  f o r  present purposes. The h igh-  
a s p e c t - r a t i o  t ranspor t - type wings t h a t  have been f l u t t e r  tes ted  general l y  had 
py1 on-mounted nacel l  es at tached and hence are no t  consi &red s u i  t a b l e  and were 
n o t  proposed f o r  t h e  i n i t i a l  se t  o f  standard conf igurat ions.  S i m i l a r l y ,  t h e  
low-aspect - ra t io  f i g h t e r - t y p e  models genera l ly  had s tores attached. Clean-wing 
c o n f i g u r a t i o n s  have been t e s t e d  f o r  f l u t t e r  clearance but  were not  o f t e n  taken 
t o  hard f l u t t e r  po ints  i n  order  t o  preserve the  model f o r  subsequent t e s t s  w i t h  
a v a r i e t y  o f  s tore conf igura t ions .  F i n a l l y ,  a number o f  con f igura t ions  were 
r u l e d  out  by secur i ty  c l a s s i f i c a t i o n ,  p r o p r i e t a r y  cons t ra in ts ,  o r  o ther  l i m i t a -  
t i o n s  on a v a i l a b i l i t y  o f  data. 

Nor has 

tiUIDELINES FOR PRELIMINARY ASSESSMENT 

Pre l im inary  considerat ions and gu ide l ines  f o r  t h i s  assessment are given i n  
t h e  l e t t e r  o f  i n q u i r y  (Appendix). Since emphasis i s  on t h e  t ranson ic  speed 
range, specia l  importance i s  p laced on conf igura t ions  f o r  which a v a i l a b l e  data 
a re  s u f f i c i e n t  t o  de f ine  accurate ly  a t ranson ic  f l u t t e r  boundary. Only conf igu-  
r a t i o n s  w i t h  clean smooth surfaces are  considered su i tab le .  Segmented models o r  
models w i t h  surface-slope d i s c o n t i n u i t i e s  (e.g., beveled f l a t  p l a t e )  a re  
inappropr ia te .  Excluded also, i n  general, are conf igura t ions  and data sets  t h a t  
i n v o l v e  behavior t h a t  i s  uncer ta in  o r  no t  w e l l  understood, uncer ta in  model 
p roper t ies ,  o r  known s e n s i t i v i t i e s  t o  small v a r i a t i o n s  i n  model p roper t ies .  
These may represent chal lenging research o p p o r t u n i t i e s  bu t  do no t  seem appropr i -  
a t e  as standard conf igurat ions.  Wi th in  these l i m i t a t i o n s  admissible 
conf igurat ions/data sets seem t o  f a l l  i n t o  t h r e e  categor ies:  

Category 1 includes good concise ( l i t t l e  s c a t t e r )  complete data sets  f o r  
r e l a t i v e l y  simple conf igura t ions  (e.g., i s o l a t e d  wings) w i t h  f u l l y  and accu- 
r a t e l y  de f ined and v a l i d a t e d  model proper t ies.  

. 

Category 2 includes c o n f i g u r a t i o n s  w i t h  p r o p e r t i e s  t h a t  are no t  conc ise ly  
de f ined or  w i t h  l i m i t e d  o r  sca t te red  data. These c o n f i g u r a t i o n s  are considered 
favorably  on ly  if there  are specia l  features o r  spec ia l  purposes t h a t  make thein 
o f  i n t e r e s t  o r  i f  t h e  model s t i l l  e x i s t s  and i s  a v a i l a b l e  f o r  f u r t h e r  measure- 
ments and tes t ing .  
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Category 3 inc ludes conf igurat ions w i t h  more compl icated shapes (e.g., 
wing lets ,  stores, nacel les,  i n t e r a c t i n g  wings) o r  behavior (e.g., s i g n i f i c a n t  
shock/vortex i n t e r a c t i o n s ) .  These are considered t o  be more appropr ia te f o r  
cons idera t ion  a t  a l a t e r  time. 

The conf igura t ions  and data sets proposed i n  t h e  course o f  t h i s  survey have 
been assessed and evaluated i n  accordance w i t h  these guide l ines.  
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RESULTS 

Conf i gurat  i ons Recommended 

The examination and assessment o f  con f igura t ions  and data sets suggested i n  
the  course o f  the  survey have l e d  t o  the d e l i n e a t i o n  o f  seven conf igura t ions  
which appear t o  be su i tab le  f o r  use as AGAR0 standards. 
concerning these conf igura t ions  and associated data i s  summarized i n  Table 2 and 
discussed i n  t h i s  section, A l l  nf the conf igurat ions are isnlatec! cleafi wings 
t es ted  i n  s lo t ted - th roa t  tunnels.  
two-dimensional conf igurat ion,  a l l  were side-wall-mounted semispan models. No 
s i g n i f i c a n t  f low separat ion appears t o  have occurred dur ing  the  tes ts ,  and the  
angles o f  a t tack,  s t a t i c  deformations, and motions were small enough t o  minimize 
t h a t  concern. 

Some in fo rmat ion  

With the  except ion o f  t he  tunnel-spanning 

Wing 445.6.- Wing 445.6 ( f i g .  1) i d e n t i f i e s  the  shape o f  a set  of swept- 
back, tapered research models which were f l u t t e r  t es ted  i n  both a i r  and Freon-12 
gas i n  t h e  16 foo t  x 16 f o o t  NASA Langley Transonic Dynamics Tunnel ( r e f .  3) .  
The f i r s t  d i g i t  o f  t h i s  numerical des ignat ion i s  the  aspect r a t i o ;  the  second 
and t h i r d  d i g i t s  i nd i ca te  the  quarter-chord sweep angle, and the l a s t  d i g i t  i s  
t he  taper  r a t i o .  These wings had a revolved t i p  shape, had no t w i s t  nor camber, 
and were tes ted  a t  zero angle o f  a t tack  ( f u l l y  symmetrical cond i t ions) .  They 
were o f  sol i d  homogeneous const ruct ion.  For  t e s t i n g ,  each wing was 
cant i lever-mounted from the tunnel  wa l l  wi th no simulated fuselage and no 
boundary-layer t r i p .  The wing roo t  was thus immersed i n  the  wal l  boundary 
layer .  Since the  model was cant i levered,  however, l i t t l e  motion occurred near 
t h e  roo t  so t h a t  po r t i on  o f  the wing con t r i bu ted  very l i t t l e  t o  the  genera l ized 
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 wa l l  
boundary l aye r  on measured f l u t t e r  c h a r a c t e r i s t i c s  should not  be s i g n i f i c a n t  as 
long as the boundary-layer th ickness i s  a small f r a c t i o n  o f  the  model span, as 
i t  was f o r  these tes ts .  

Th is  con f igu ra t i on  and associ a ted data are recommended f o r  several reasons : 
(1)  the  t e s t s  i n  a i r  and freon covered a very wide range o f  mass . ra t io  (8.5 t o  
260 o v e r a l l  as shown i n  f i g .  2) .  
about 12, 34,and 250, the l a s t  two values being f o r  models o f  un i fo rmly  reduced 
s t i f f n e s s .  (2)  The t ransonic  d i p  ( f i g .  3) i s  def ined, i n c l u d i n g  the  supersonic 
side, and data extend a lso we l l  i n t o  the  subsonic range. ( 3 )  Very good 
r e p e a t a b i l i t y  o f  data was shown. (4) Flow over the  wing was not complicated by 
the  i n te r fe rence  e f f e c t  o f  a s imulated fuselage. Moreover, s ince the model and 
f l ow  were f u l l y  symmetrical, the  f l u t t e r  data are not complicated by the  ef fects  
o f  s t a t i c  ae roe las 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 o f  data 
was obtained w i t h  models o f  d i f f e r e n t  s izes and w i t h  a sting-mounted fu l l - span  
model but  on ly  i n  the  low subsonic range. 

A t  Mach number 1.0, mass-rat io values were 

On the  negat ive side, one s i g n i f i c a n t  gap e x i s t s  i n  the d e f i n i t i o n  o f  model 
p roper t ies .  
na tura l  modes were measured. Mode shapes were not measured. However, t he  
models were so l i d ,  e s s e n t i a l l y  homogeneous, and t h e i r  t o t a l  masses are known, so 

Only the  node l i n e s  ( f i g .  1) and frequencies o f  the  f i r s t  four 
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t h e  mode shapes could be r e a d i l y  ca lcu lated by a s t r u c t u r a l  f in i te-e lement  
analysis.  The r e s u l t i n g  mode shapes should s u f f i c e  because f l u t t e r  c a l c u l a t i o n s  
t h a t  have been made f o r  these and s i m i l a r  models gave r e s u l t s  t h a t  were not 
p a r t i c u l a r l y  s e n s i t i v e  t o  v a r i a t i o n s  i n  mode shapes o r  i n  modal damping. I f  t h e  
modal c a l c u l a t i o n s  are made, wing 445.6 should be a category 1 conf igura t ion .  

TF-8A Wing.- The TF-8A a i rp lane was a proof-of-concept f l i g h t  demonstrator 
Models o f  the  wing of t h i s  airplane, which f o r  s u p e r c r i t i c a l  wing technology. 

was designed f o r  c ru ise  Mach number near 0.99, were f l u t t e r  tes ted  i n  a i r  and i n  
Freon-12 gas i n  the  16 foo t  x 16 foo t  NASA Langley Transonic Dynamics Tunnel 
( re fs .  4 and 5). Two models tested were as near ly  i d e n t i c a l  as poss ib le  except 
the  a i r f o i l  shape and associated t w i s t  d i s t r i b u t i o n  ( f i g .  4). One model had t h e  
TF-8A s u p e r c r i t i c a l  a i r f o i l  and t w i s t ;  the  other  had a conventional a i r f o i l  w i t h  
a t w i s t  d i s t r i b u t i o n  t h a t  would produce the  same d e f l e c t i o n  shape as t h e  
s u p e r c r i t i c a l  wing when both were a t  scaled design c r u i s e  Mach number and 
dynamic pressure. For tes t ing ,  the wings were canti lever-mounted on a h a l f  
fuselage t h a t  represented the  shape o f  the  TF-8A a i r p l a n e  ( f i g .  5) . The 
fuselage, i n  turn,  was mounted on a tu rn tab le  i n  t h e  tunnel wal l  t h a t  permi t ted  
several degrees v a r i a t i o n  i n  angle of at tack.  The conventional wing was tes ted  
w i t h  and wi thout  boundary-layer t r a n s i t i o n  s t r i p s  w i t h  very l i t t l e  d i f f e r e n c e  i n  
resu l ts .  The s u p e r c r i t i c a l  wing had t r a n s i t i o n  s t r i p s  throughout i t s  tes ts .  

Bending and t o r s i o n a l  s t i f f n e s s e s  for  these models were measured, and 
general i zed masses were determined by the method o f  d i  sp l  aced frequencies. 
we1 1 -def i ned natura l  v i  b r a t i  on modes were measured. Six uncoupl ed bendi ng modes 
and s i x  uncoupled t o r s i o n a l  modes as w e l l  as twelve coupled modes were 
c a l c u l a t e d  by NASTRAN. Although the  s t r u c t u r a l  p roper t ies  o f  these models are 
wel l  defined, the  ex terna l  shape i s  not. Design ord inates fo r  the  s u p e r c r i t i c a l  
wing are ava i lab le ,  but  actua l  values for  t h e  models are not. The models s t i l l  
e x i s t ,  however, so t h a t  the ord inates could be r e a d i l y  measured. 
done, these models would be considered t o  c o n s t i t u t e  a category 1 conf igurat ion.  

S i x  

If t h i s  i s  

The data obtained i n  f reon f o r  both wings f o r  angles o f  a t tack near zero 
( f i g .  6)  from reference 4 show l i t t l e  scat ter ,  extend wel l  i n t o  the  subsonic 
range, and inc lude a wel l -def ined transonic dip. The det r imenta l  e f f e c t  o f  the 
s u p e r c r i t i c a l  a i r f o i l  on t ransonic  f l u t t e r  i s  c l e a r l y  shown. Moreover, a 
l i m i t e d  amount o f  f l u t t e r  data obtained i n  a i r  f o r  the s u p e r c r i t i c a l  wing ( f i g .  
7 )  from reference 5 shows a d r a s t i c a l l y  det r imenta l  e f f e c t  o f  angle o f  a t tack,  
even a t  on ly  one or  two degrees. As ind icated i n  reference 5, t h e r e  are 
i n d i c a t i o n s  t h a t  t h i s  e f f e c t  o f  angle o f  at tack,  i n c l u d i n g  the  backward-turning 
t ranson ic  f l u t t e r  boundary, i s  associated w i t h  s t a t i c  aeroe las t ic  deformation. 
The basic data o f  reference 4 should be considered the  "standard1' set, but t h e  
data of reference 5 are a v a i l a b l e  f o r  comparison w i t h  more ambit ious 
c a l  c u l  a t  i ons . 

S u p e r c r i t i c a l  Transport Wing.- The h igh-aspect - ra t io  s u p e r c r i t i c a l  
t ranspor t - type  wins shown i n  f i g u r e  8 has been stud ied ex tens ive ly  i n  the  1.6 m 
x 2.0 m HST-at NLR-Amsterdam ( r e f s .  6 and 7). This research wing-was tes ted  i n  
t h e  presence o f  a simulated fuselage but was at tached a t  the roo t  t o  an 
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X-section flexure which added a pitch degree of freedom to the usual 
deformations of the wing i tself .  
turntable i n  the tunnel wall which permitted changes i n  angle of attack. 
torsional s t i f fness  of the wing i t s e l f  appears t o  be suff ic ient ly  high to avoid 
t w i s t i n g  deformations large enough to  cause any s ignif icant  amount of flow 
separation. 
boundary layer. .Although f u l l  geometrical description of the model is  not 
contained i n  references 6 and 7, the information, including wing-surface 
ordinates, does exis t .  
a v a i  1 ab1 e. 

The flexure, i n  t u r n ,  was attached to  a 
The 

Tests were r u n  w i t h  both fixed and natural transit ion of the 

I t  i s  not known whether s t i f fness  distributions are 

The f l u t t e r  t e s t s  of this wing  were performed w i t h  great care and 
precision. A considerable amount of subcritical -response data appears to  have 
been taken d u r i n g  the approach to f l u t t e r  conditions. The exceptionally large 
number of f l u t t e r  points obtained show very l i t t l e  sca t te r  and are suff ic ient  to  
define w i t h  great accuracy the transonic f lutter boundaries for nominal angles 
of attack of -0.35', 0.85", and 2.05" ( f i g .  9 ) .  I t  i s  particularly noted that  
the double transonic d i p  shown for 2.05' i s  remarkably l ike  that  calculated for  
the TF-8A wing  a t  2.00" ( re f .  5 ) .  The f l u t t e r  boundaries i n  figure 9, however, 
do not show the backward t u r n  which was found experimentally for  the TF-8A wing 
a t  positive angles of attack. 

I f  fu l l  shape and s t i f fness  information can be made available for the 
supercrit ical  transport w i n g ,  i t  certainly would be regarded as a category 1 
configuration. 

Modified F-16 Wing.- The modified F-16 wing  model shown i n  figure 10 was 
f l u t t e r  tested i n  Freon-12 gas i n  the Langley Transonic Dynamics Tunnel ( re fs .  8 
and 9 ) .  T h i s  was a cantilever-mounted research model that  had essentially the 
same planform as the wing of the F-16 airplane except the strake was n o t  
reproduced i n  the model. The  model was aeroelastically tailored to washin under 
aerodynamic load i n  contrast to the usual washout deformation exhibited by wings 
of conventional construction. The model had no twist nor camber, however, and 
was f l u t t e r  tested a t  essentially zero angle of attack so t h a t  s t a t i c  
aeroelastic deformation - conventional or unconventional - d i d  not occur. The 
only influence of the aeroelastic t a i l o r i n g  on f l u t t e r ,  therefore, should be 
through i t s  e f fec t  on the vibration modes, f ive of which were measured. 
Structural-influence-coefficient matrices were also calculated and measured, and 
mass distribution was carefully evaluated. These structural  and mass properties 
are contained i n  IJ. S. Air Force reports that  are subject to  distribution 
restr ic t ions.  However, the Air Force representative who supervised this project 
has indicated that  the model properties could be removed from the restr ic t ion i f  
this configuration i s  selected as one of the AGARD standards. 

The t e s t s  were conducted a t  moderately h i g h  Reynolds numbers, so 
boundary-layer transit ion strips were not used. A1 though only one hard f l u t t e r  
p o i n t  was obtained ( a t  Mach number 0.821, a considerable amount of 
subcritical-response data was obtained a t  f ive Mach numbers between 0.65 and 
1.15. One of the objectives of these t e s t s  was to  evaluate several methods for 
extrapolating f l u t t e r  points from subcrit ical  -response data. As shown i n  
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f i g u r e  11, the range of ex t rapo la ted  dynamic pressures a t  f l u t t e r  increased as 
the  bottom o f  the  t ranson ic  d i p  was approached. This l a r g e  s c a t t e r  and t h e  
small number of Mach numbers covered i n  the  experiments make t h e  a v a i l a b l e  data 
se t  unacceptable as an AGARD standard. However, the  model s t i l l  e x i s t s  and 
could be used for  f u r the r  tes ts .  I t  i s  therefore,  regarded as a category 2 
con f igu ra t i on  and i s  suggested f o r  cons iderat ion v i r t u a l l y  by d e f a u l t  s ince no 
o ther  su i tab le  low-aspect - ra t io  conf igura t ion  emerged i n  the  survey. 

R i g i d  Rectangular Wing.- Two " r i g i d "  rec tangu lar  wings have been f l u t t e r  
tes ted  i n  Freon-12 gas i n  the  Lang'ley Transonic Dynamics Tunnel as a 
proof-of-concept demonstration o f  a f l e x i b l e  mount system ( f i g .  12). Th is  mount 
( r e f .  10) was designed t o  prov ide r ig id-body p i t c h  and plunge degrees o f  freedom 
f o r  f l u t t e r  models. 
p l a t e  which i s  connected t o  the  tu rn tab le  i n  t h e  tunnel  wa l l  by four rods and a 
can t i l eve red  f l a t  sp r ing  t h a t  serves as a drag s t r u t .  The arrangement o f  these 
elements shown i n  f i g u r e  13 e f f e c t i v e l y  cons t ra ins  r o l l i n g  and yawing motion of 
t h e  model. 

I n  t h i s  system the model i s  r i g i d l y  at tached t o  an end 

The two wing models had no t w i s t  nor camber and were e s s e n t i a l l y  i d e n t i c a l  
except f o r  a i r f o i l  shape. One had a "convent ional"  NACA 64A010 sect ion;  t he  
o ther  had a 10%-thick s u p e r c r i t i c a l  th ickness d i s t r i b u t i o n .  The t i p s  o f  both 
wings were squared o f f .  Both had boundary-layer t r a n s i t i o n  s t r i p s  a t  10% 
chord. The models s t i l l  e x i s t  and could be used f o r  f u r t h e r  tes t i ng .  

F l u t t e r  data obtained a t  essen t ia l l y  zero angle o f  a t tack  (measured on the  
end p l a t e )  are shown i n  f i g u r e  14. Although on ly  a l i m i t e d  number of f l u t t e r  
p o i n t s  are shown on each boundary, a number o f  " n o - f l u t t e r "  po in ts  were a lso  
recorded which help t o  subs tan t ia te  the shape o f  the  boundaries. 
each boundary near Mach number 0.8 are i nd i ca ted  t o  be near the bottom o f  the  
t ranson ic  d ip .  The now-fami l iar  det r imenta l  e f f e c t  on f l u t t e r  of the  
s u p e r c r i t i c a l  a i r f o i l  i n  the t ransonic  range i s  again evident - but  w i t h  a 
d i f ference.  The separat ion o f  the  two f l u t t e r  boundaries i n  f i gu re  14 i s  caused 
s o l e l y  by the  d i f f e rence  i n  th ickness d i s t r i b u t i o n ;  whereas, o ther  comparisons 
o f  convent ional  and supercr i  t i  cal  wings ( e  .g., TF-8A) have been compl i cated by 
d i f f e rences  i n  s t a t i c  ae roe las t i c  deformation. 

The po in ts  on 

The absence o f  s t a t i c  aeroel as t  i c deformat i on and the simp1 i c i  t y  of geometry 
and modes of motion o f  the  two rectangular wings make these worthy of 
cons idera t ion  as a p o t e n t i a l  category 1 conf igura t ion .  
system permi ts  f l u t t e r  t e s t i n g  a t  nonzero angles o f  a t tack.  Indeed, the  
convent ional  wing has been tes ted  up t o  11' angle o f  a t tack a t  low Mach numbers 
( r e f .  l o ) ,  and there  i s  no cons t ra in t  against such t e s t i n g  a t  h igher  Mach 
numbers. Some degree of uncer ta in ty  remains, however, wi th regard t o  the  e f f e c t  
of  f low over and around the moving end p la te  as we l l  as the  aerodynamic forces 
on the  exposed rods o f  the  mount system. These e f f e c t s  are probably not l a r g e  
because the  end p l a t e  remains always p a r a l l e l  t o  the  a i rs t ream and moves on ly  
edgewise i n  the cross-stream d i r e c t i o n ,  and the  motion o f  the  rods decreases t o  
zero a t  the  tunnel  wal l .  
s t a t i o n a r y  s p l i t t e r  p l a t e  has been b u i l t  i n  which the  moving end p l a t e  w i l l  be 
flush-mounted. Transonic t e s t s  a t  angle o f  a t tack  wi th t h i s  arrangement a re  
awa i t i ng  tunnel  t ime . 

Note a lso that  t h i s  

Nevertheless, f o r  f u r t h e r  t e s t i n g  o f  t h i s  sor t ,  a 
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Rectangular Wing i n  Cryogenic Tunnel .- The "paddle" model shown i n  f i gu res  
15 and 16 consisted o f  a r e l a t i v e l y  r i g i d  rectangular  wing w i t h  NACA 64A010 
a i r f o i l  mounted on an i n t e g r a l  beam f l e x u r e  which provided freedom i n  f l app ing  
and p i tch ing .  
Transonic Cryogenic Tunnel t o  explore techniques and problems i n v o l  ved w i t h  
f l u t t e r  t e s t i n g  i n  a cryogenic environment ( r e f .  11). 
temperature va r ia t i on  on mater ia l  p roper t i es  and hence on v i b r a t i o n  modes, 
f requenci es, and modal dampi ng were exami ned by ca l  cu l  a t  i on and experiment . 
measured and agreed wel l  w i t h  ca lcu la ted  values. 
zero angle o f  at tack,  both w i t h  and w i thout  boundary-layer t r a n s i t i o n  s t r i p s .  
Subcri t ica l - response data were recorded as f l u t t e r  was approached, bu t  
r e l a t i v e l y  few f l u t t e r  po in ts  were obtained ( f i g .  17 )  . Although the  model s t i l l  
ex i s t s ,  no spec i f i c  fo l low-on t e s t s  are planned a t  t h i s  time. However, because 
o f  the  h igh  Reynolds numbers involved, the  l i m i t e d  e x i s t i n g  data f o r  t h i s  model 
may be usefu l  as a category 2 conf igura t ion .  

The f l u t t e r  t e s t s  were conducted i n  the  NASA Langley 0.3 m 

The ef fects  o f  

r 2 . . -  T I " c :  iiiij.&g were ca;cu;ate;* Frequencies no& .I:-..- I 1 1 1 t ! : 5  UI ..P o-..- I U U l  fiobes were 
The f l u t t e r  t e s t s  were run a t  

Two-Dimensional F l u t t e r  Tests.- The survey d i d  not reveal  the  ex is tence o f  
any two-dimensional t ranson ic  f l u t t e r  tes ts .  However, preparat ions are being 
made f o r  two very s i m i l a r  t e s t s  i n  the  immediate f u t u r e  - one a t  OFVLR G'dttingen 
and one a t  NASA Langley. Both t e s t s  w i l l  employ the  s u p e r c r i t i c a l  MBB-A3 
a i r f o i l ,  prov ide p i t c h  and plunge degrees o f  freedom as we l l  as a means of 
reac t i ng  s t a t i c  load so t h a t  t e s t s  may be run a t  l i f t i n g  cond i t ions ,  and 
inc lude plans t o  mgasure s u b c r i t i c a l  response and aerodynamic forces on the  
model. Tests a t  Gottingen w i l l  be i n  the  lm x l m  Transonic Wind Tunnel . A t  
Langley shakedown tes ts  o f  the  mount system are under way i n  the 6- by 19-Inch 
Transonic Tunnel, t o  be fo l lowed immediately by f l u t t e r  t e s t s  i n  the  6- by 28- 
Inch Transonic Tunnel. Two models w i l l  be used i n  the  Langley t e s t s  - the bas ic  
MBB-A3 a i r f o i l  and an uncambered model w i t h  the  same th ickness d i s t r i b u t i o n .  
The r e s u l t s  o f  both ser ies  o f  t e s t s  should be very use fu l  f o r  comparison w i t h  
c a l c u l a t i o n s  made by two-dimensional theor ies ,  and hope fu l l y  both w i l l  produce 
category 1 con f igu ra t i on lda ta  sets. 

Conf igurat ions Not Recommended 

A number o f  other con f igu ra t i ons  were considered i n  the course o f  t h i s  
survey and assessment but  are not recommended as AGARD standards. Because they 
might normal ly be regarded as l o g i c a l  candidates, eleven o f  these are mentioned 
here along w i t h  a b r i e f  i n d i c a t i o n  of the reasons t h a t  they are not su i tab le .  
F ive  o f  these are generic research models; th ree  are s u p e r c r i t i c a l  wings; and 
th ree  are m i l i t a r y  a i r c r a f t  con f igura t ions .  An i n t e r a c t i n g - l i f t i n g - s u r f a c e  
con f igu ra t i on  i s  also mentioned for poss ib le  l a t e r  cons iderat ion.  

A ser ies  o f  models wi th systematic v a r i a t i o n  o f  sweep and aspect r a t i o  was 
tes ted  i n  the Langley 26-Inch Blowdown Tunnel (e.g., r e f .  12). Usua l ly  on ly  one 
o r  two f l u t t e r  po ints  were obtained per model, so i t  was necessary t o  cons t ruc t  
a number o f  models o f  each conf igura t ion .  These models were r e l a t i v e l y  small so 
t h a t  it was d i f f i c u l t  t o  make a set o f  supposedly i d e n t i c a l  models w i t h  the same 
proper t ies .  It was a lso  d i f f i c u l t  t o  measure accura te ly  the  p roper t i es  of small 
models. Moreover, the  tunnel  f l o w  was q u i t e  rough, and l a r g e  amplitudes o f  
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motion were f requen t l y  observed before f l u t t e r  was ind icated.  Scat te r  i n  the  
r e s u l t i n g  data i s  unacceptable for  AGARD standard. 

A 45' swept wing was ex tens ive ly  tested by Cornel1 Aeronaut ica l  
Laboratory f o r  the  U.S. A i r  Force ( r e f  . 13). 
var ied  i n  these tes ts .  The model, however, had a " r i g i d "  roo t  stub extending 
i n t o  the  a i rs t ream w i t h  the  f l e x i b l e  wing panel attached. 
sharp d i s c o n t i n u i t y  i n  s t i f f n e s s  resul ted i n  v i b r a t i o n  models w i t h  "k inks"  
which are considered unsu i tab le  f o r  standards. 

A number o f  parameters were 

The associated 

F l u t t e r  t e s t s  were performed by the Lockheed-Cal i f o r n i a  Company w i t h  
tapered wing models o f  two planforms - one swept 20' w i t h  aspect r a t i o  5.72 
and the  o ther  swept 60' w i t h  aspect r a t i o  2.73. A l l  models were bevel-edge 
f l a t  p la tes.  The Mach numbers were 0.80, 1.43, 2.46. The s p a r s i t y  of data 
and the  bevel -edge models do not recommend these con f igu ra t i ons  . 

A two-dimensional model w i t h  NACA 0012 a i r f o i l  was used a t  Middle East 
Technical U n i v e r s i t y  t o  measure unsteady pressures a t  low Mach number ( r e f .  
14). No t ranson ic  f l u t t e r  data were obtained. 

A c l i p p e d - t i p  d e l t a  wing was f l u t t e r  tes ted  a t  NASA Langley, p r i m a r i l y  t o  
i n v e s t i g a t e  con t ro l  laws f o r  a c t i v e  f l u t t e r  suppression ( re f .  15). The model 
had a 3%-thick sharp-edge a i r f o i l .  Therefore, even though it was tes ted  a t  
zero angle o f  a t tack,  the f l u t t e r  motion generated a leading-edge separat ion 
bubble or  vortex. It i s  not known whether the bubble became l a r g e  enough or  
s t rong enough t o  a f f e c t  t he  f l u t t e r  cha rac te r i s t i cs .  The det r imenta l  e f f e c t  
on f l u t t e r  o f  leading-edge f low separation i s  we l l  known. The model had two 
' 'penci l "  nace l les  under the  wing t o  simulate engine/nacel le  i n e r t i a .  
created aerodynamic i n te r fe rence  on the  wing and compl icated the  v i b r a t i o n  
modes. Two o f  the four  open-loop f l u t t e r  po in ts  were obtained a f t e r  the model 
had been damaged. 

These 

The ensuing repai  r a1 te red  modal f requencies . 
Cal c u l  a ted f l  u t t e r  charac ter i  s t  i cs f o r  the supercr i  t i cal  Japanese 

t ranspor t  wing have been found t o  be qu i te  s e n s i t i v e  t o  small v a r i a t i o n s  
wing-sect ion centers o f  g r a v i t y  s ince the centers o f  g r a v i t y  are c lose  t o  
e l a s t i c  axis.  Such s e n s i t i v i t y  i s  unacceptable f o r  a standard con f igu ra t  

n 
the  
on . 

The s u p e r c r i t i c a l  wing o f  a proposed execu t i ve - je t - t ranspor t  was f l u t t e r  
t es ted  a t  NASA Langley, both w i t h  and without w ing le ts  ( r e f .  16). There were 
f i v e  f a i r l y  l a rge  simulated f l ap  t rack  f a i r i n g s  on the  a f t  p o r t i o n  o f  the  
wing. Although the  wing was tes ted  near zero angle o f  a t tack,  t he  l a rge  
nose-down p i t c h i n g  moment caused enough t w i s t  t o  c rea te  concern about the  
ex is tence o f  s i g n i f i c a n t  f low separation on the outboard p o r t i o n  o f  the wing. 
Only two hard f l u t t e r  po in ts  were obtained f o r  the  wing w i thout  w ing le t .  

wing, which was intended f o r  f l i g h t  t e s t i n g  on the  OAST (Drone f o r  Aerodynamic 
and S t r u c t u r a l  Test ing)  vehic le ,  has been f l u t t e r  t es ted  i n  the  Langley 
Transonic Dynami cs tunnel  ( r e f  . 17). The r e s u l t i n g  fl u t t e r  boundary occurred 
v i r t u a l l y  a t  a constant Mach number o f  0.9 over a very wide range o f  dynamic 

The h igh-aspec t - ra t io  s u p e r c r i t i c a l  ARW-2 (Aeroe las t i c  Research Wing) 
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pressure. This unexpected behavior i s  not f u l l y  understood a t  the  present 
time. It i s  not known, f o r  example, whether s i g n i f i c a n t  amounts o f  s t a t i c  
a e r o e l a s t i c  deformation and/or f l ow  separat ion were involved. 
i s  cont inuing. 

I n v e s t i g a t i o n  

Experimental f l u t t e r  data e x i s t  fo r  t he  T-38 t r a i n e r  and F-5 f i g h t e r  
wings, much o f  i t  f o r  t he  F-5 w i t h  stores. However, t he  nature, quant i t y ,  and 
q u a l i t y  o f  data f o r  clean-wing con f igu ra t i on  are not known a t  t h i s  t ime nor i s  
i t  known whether the f l u t t e r  models s t i l l  e x i s t i  The F-E; wing has a smal: 
amount o f  camber over the  forward p o r t i o n  and hence i s  subject  t o  some degree 
o f  s t a t i c  aeroe las t ic  deformation even a t  angles of a t tack  near zero. I f  
s u i t a b l e  data can be made a v a i l a b l e  o r  i f  the  f l u t t e r  model(s) can be made 
a v a i l a b l e  f o r  f u r the r  t e s t i n g ,  t h i s  c o n f i g u r a t i o n  cou ld  be an i n t e r e s t i n g  
cambered, low-aspect-rat io counterpart  t o  the  uncambered, low-aspec t - ra t io  
modi f i ed F- 16 w i  ng . 

A l i m i t e d  amount o f  t ranson ic  f l u t t e r  data over a r e s t r i c t e d  range o f  Mach 
number e x i s t s  f o r  t he  AV-8B H a r r i e r  VSTOL f i g h t e r  con f igu ra t i on .  The semispan 
model and support system provided p i t c h  and plunge r ig id -body  degrees o f  
freedom as we l l  as s t r u c t u r a l  f l e x i b i l i t y .  The c o n f i g u r a t i o n  i s  complicated, 
however, by la rge  i n l e t s  a t  the  wing roo ts  and a curved t i p  shape t h a t  i s  
d i f f i c u l t  t o  model accura te ly  i n  a computational g r i d .  I f  data-release 
c o n s t r a i n t s  can be avoided, t h i s  might be c l a s s i f i e d  as a category 3 
conf igura t ion  f o r  f u r t h e r  cons idera t ion  a t  a l a t e r  t ime. 

Aeroe las t ic  i n s t a b i l i t i e s  encountered du r ing  f l i g h t  t e s t s  o f  t h e  5-1 
bomber are we l l  known (e.g., r e f .  18). 
wing-body model was f l u t t e r  t es ted  a t  the  NASA Ames Research Center. 
S u b c r i t i c a l  response and about 80 f l u t t e r  po in ts  were recorded over a range o f  
Mach number, angle o f  a t tack  and sweep angle. The f l ow  phenomena t h a t  d r i v e  
t h e  i n s t a b i l i t i e s  are complex, however, and invo lve  complicated e f f e c t s  and 
i n t e r a c t i o n s  o f  leading-edge-separation vo r t i ces  and shock waves. Moreover, 
t h e  vor tex  formation and f low p a t t e r n  are probably in f luenced by the  
leading-edge bump a t  the  j unc tu re  o f  the f i x e d  and variable-sweep po r t i ons  o f  
t h e  wing. 

To study these problems a semispan 

F i n a l l y ,  a proposed category 3 i n te rac t i ng -1  i f t i n g - s u r f a c e  
conf igura t ion /da ta  se t  should be mentioned f o r  l a t e r  considerat ion.  A se r ies  
o f  untapered 45" and 60" swept-wing models was t e s t e d  f o r  t he  U.S. A i r  Force 
i n  the  Cornel1 Aeronautical Laboratory 8x8-Foot Var iab le  Dens i ty  Transonic 
Wing Tunnel ( r e f  . 19) . A l l  models had a mod i f ied  NACA 63-006 a i r f o i l  
perpendicular t o  the lead ing  edge and were tes ted  a t  zero angle o f . a t t a c k  bo th  
i n d i v i d u a l l y  and as w i n g - t a i l  combinations. I n  each combination the  wing and 
t a i l  had the  same planform but d i f f e r e n t  s t i f f n e s s  l e v e l s  and were e l a s t i c a l l y  
coupled a t  t he  root  by an i n te rconnec t ing  t o r s i o n  bar. The t e s t s  covered a 
range o f  Mach number, mass r a t i o ,  and frequency r a t i o  as we l l  as a se r ies  o f  
l o n g i t u d i n a l  and v e r t i c a l  separat ion distances between t h e  surfaces. 
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Status Assessment 

The assessment o f  ava i l ab le  and needed data and in fo rmat ion  given here i s  
based on a percept ion o f  requirements f o r  the  establ ishment o f  AGAR0 standard 
conf igura t ions ,  not on research needs. The two are, o f  course, c lose ly  
re1 ated, however . For exampl e, w i  nd-tunnel -wal l  e f f e c t  has not been addressed 
i n  t h i s  assessment, although it i s  an important research t o p i c  which can have 
a s i g n i f i c a n t  impact on subsequent choices o f  standard conf igura t ion /da ta  sets  
and t h e i r  i n t e r p r e t a t i o n .  

This  assessment i s  given below i n  three pa r t s  addressing 
moderate-to-high-aspect-ratio wings, low-aspect - ra t io  swept wings,and 
two-dimensional wings. Three ra the r  obvious general comments, however, 
p e r t a i n  t o  a l l  th ree  par ts .  F i r s t ,  high-Reynolds-number data are obv ious ly  
needed f o r  a l l  th ree  types of conf igurat ions fo r  c lose r  s imu la t ion  o f  a i r c r a f t  
f l i g h t  condi t ions.  These data are also needed fo r  standard conf igura t ion /da ta  
sets t o  p rov ide  a bas is  for  c loser,  more v a l i d  comparisons w i t h  ca l cu la t i ons  
made with i nv i sc id - f l ow  theor ies,  w i th  v i scous / i nv i sc id  i n t e r a c t i o n  methods, 
and w i t h  Navier-Stokes so lu t ions .  Second, data are needed f o r  con f igura t ions  
which incorpora te  some degree of cont ro l -sur face d e f l e c t i o n  i n  t h e i r  modes o f  
motion. These data are needed t o  assess the accuracy o f  ca lcu la ted  
cont ro l -sur face  behavior and in f luence on f l u t t e r  and are espec ia l l y  needed i n  
connect i on w i t h  ac t  i ve-cont r o l  studies.  I n  the  absence o f  sui  tab1 e 
con t ro l  -surface data o f  t h i s  type, con t ro l  -sur face e f f e c t s  must be evaluated 
by comparisons o f  ca l cu la t i ons  w i t h  measured aerodynamic data such as those o f  
reference 20. Third,  i n  any subsequent t e s t s  o f  the recommended 
con f igu ra t i ons  o r  o ther  prospect ive candidates subcr i t i ca l - response data 
should be recorded as f l u t t e r  i s  approached. These data are needed t o  assess 
the  accuracy and v a l i d i t y  o f  ca lcu la ted  s u b c r i t i c a l  response (which may be 
ampl i tude-sens i t i ve)  as wel l  as t o  provide in fo rmat ion  f6r the con t inu ing  
assessment o f  methods f o r  ex t rapo la t ing  t o  f l u t t e r  po ints .  S t a t i c  ae roe las t i c  
deformat ion should a lso be measured i f  a t  a l l  poss ib le .  

Moderate-to-High-Aspect-Ratio Wings.- The f i r s t  three con f igu ra t i ons  
l i s t e d  i n  Table 2(a) ,  along w i t h  the r i g i d  rec tangu lar  wing i n  Table 2(b), 
prov ide reasonably adequate representat ion o f  moderate-to-hi gh-aspect - ra t io  
wings a t  moderate Reynolds numbers, inc lud ing  s u p e r c r i t i c a l  and convent ional  
wings, both w i t h  and wi thout  t w i s t  and camber and the  accompanying 
compl icat ions o f  s t a t i c  aeroe las t ic  deformations. Some p e c u l a r i t i e s  i n  the  
e f f e c t  o f  angle of a t tack on the transonic d i p  f o r  s u p e r c r i t i c a l  wings have 
been del ineated;  subcr i t i ca l - response data are ava i lab le ;  and the  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. As i nd i ca ted  prev ious ly ,  f u r t h e r  
t ranson ic  t e s t s  o f  r i g i d  rectangular  conventional and s u p e r c r i t i c a l  wings on 
the two-degree-of-freedom mount system ( f i r s t  con f i gu ra t i on  i n  Table 2(b))  a re  
awa i t ing  tunnel  time. These t e s t s  w i l l  i nc lude va r ia t i ons  i n  angle of a t tack  
a t  t ranson ic  speeds and should prov ide an add i t i ona l  data set  f o r  t h i s  k ind  o f  
con f i gu ra t i on .  Note a lso  t h a t  use of t h i s  mount system i s  not l i m i t e d  t o  
rec tangu lar  wings nor even t o  r i g i d  wings, al though r i g i d  wings are, o f  
course, r e l a t i v e l y  easy, quick, and cheap t o  b u i l d  and tes t .  



12 

I t  i s  recognized that  the highly e f f ic ien t  subsonic/transonic transport 
or long-range bomber w i t h  moderate-to-high-aspect-ratio wing i s  probably the 
type of a i r c r a f t  mostly l ikely to  be f lutter c r i t i c a l  and hence is the type of 
a i r c r a f t  for  which computational methods require the most stringent 
Val idation. The configurations recommended here, however, appear to  be 
adequate for  i n i t i a l  AGARD standard configurations. Subsequent t e s t s  of other 
configurations may produce data sets suitable for  use as AGARD standards. 
Such t e s t s ,  however, should be undertaken for research purposes rather than 
for  the purpose o f  creating an AGARD standard. 

Low-Aspect-Ratio Swept Wings.- The greatest  current deficiency appears to  
exist for  low-aspect-ratio (fighter-type) swept wings. 
the modified F-16 wing  i s  recommended vir tual ly  by default and only because 
the model is  s t i l l  available. Ex i s t ing  data for  this model are inadequate. 
Therefore, a d d i t i o n a l  t e s t s  w i t h  this model, preferably a t  both zero and 
nonzero angles of  attack, would be required for  i t  to  be considered suitable 
as  a standard configuration. For nonzero angles of attack the s t a t i c  
aeroelastic deformation of this model will be washin rather then the washout 
of more conventional wing structures. T h i s  behavior, however, shou ld  not 
compromise the usefulness of the resul ts  for Val idation of analytical 
methods. Moreover, future f ighter  a i r c ra f t  may be designed this way to  
improve maneuverabil i t y .  

As stated previously, 

A further effor t  should De made to  determine the nature and amount of 
data tha t  can be made available for the T-38/F-5 clean-wing configuration. 
Such d a t a  could provide a valuable complement to  the modified-F-16 data. 

For research purposes as well as to  establish a subsequently needed AGARD 
standard, f l u t t e r  t e s t s  are needed for low-aspect-ratio highly-swept wings 
(e.g., delta or clipped-delta wings) a t  zero to  moderately h i g h  angle of 
attack. The free-vortex-dominated flow over such wings i s  known to increase 
structural  loads and decrease f l u t t e r  speeds relative to  those for attached 
flows. Methods for calculating such flows a t  transonic speeds, steady and 
unsteady, are emerging, and experimental data are needed for validation. I t  
i s  suggested t h a t  models i n i t i a l l y  have sharp  edges so that  the separation 
l ine  location wil l  remain fixed and known. 
strakes a t  zero and nonzero angles of attack. 
readily be performed on the two-degree-of-freedom mount system previously 
descri bed. 

Tests are also need for wings w i t h  
Tests of this type might 

Two-Dimensional Wings.- The survey d i d  not reveal the existence of any 
transonic f l u t t e r  d a t a  for two-dimensional wings. However, imminent t e s t s  of 
the MBB-A3 supercritical a i r fo i l  a t  DFVLR Gottingen and a t  NASA Langley should 
provide the needed data sets .  I t  i s  suggested t h a t  any follow-on t e s t s  
include also a conventional a i r fo i l  and perhaps a control-surface degree of 
freedom. 
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RECOMMENDATIONS FOR ACTION BY THE AEROELASTICITY 
SUBCOMMITTEE 

1. It i s  recommended t h a t  t h e  A e r o e l a s t i c i t y  Subcommittee i n  i t s  e n t i r e t y  o r  
through a designated working group thereof review t h e  r e s u l t s  o f  the  survey and 
assessment presented here, along w i t h  o ther  a v a i l a b l e  in format ion,  f o r  t h e  pur-  
pose o f  s e l e c t i n g  "standards" from e x i s t i n g  conf igura t ions  and data sets  as w e l l  
as t o  d e f i n e  conf igura t ions  and data needed t o  f i l l  gaps i n  a v a i l a b l e  
i n f  ormat i on . 
2. 
a d d i t i o n a l  in fo rmat ion  i n d i c a t e d  t o  be needed f o r  t h e  e x i s t i n g  recommended 
conf igura t ions ,  (b) e s t a b l i s h  procedures and format fo r  present ing model i n f o r -  
mat ion and experimental data f o r  the  standard conf igurat ions,  and (c)  p u b l i s h  
t h e  complete sets  o f  in fo rmat ion  and data f o r  t h e  standard c o n f i g u r a t i o n s  as a 
counterpar t  t o  AGARD-R-702, which contains aerodynamic in fo rmat ion  on t h e  
c o n f i g u r a t i o n s  establ ished i n  AGARD-AR-156 and -167. 

It i s  recommended t h a t  t h e  Subcommittee (a) undertake t o  acqui re t h e  

3. It i s  recommended t h a t  t h e  Subconunittee promote and coord inate t h e  f i l l i n g  
of gaps and d e f i c i e n c i e s  i n  conf igura t ions  and data sets (but only where spe- 
c i f i c  needs are i d e n t i f i e d )  by (a) f u r t h e r  measurement and t e s t i n g  o f  e x i s t i n g  
models o f  recommended conf igura t ions  and (b) t e s t i n g  a d d i t i o n a l  con f igura t ions .  

4. 
data sets  as open-ended and consider from t ime t o  t ime t h e  i n c l u s i o n  o f  addi-  
t i o n a l  c o n f i g u r a t i o n s  i n v o l v i n g  inore complex geometry, f l o w  phenomena, and 
dynamic behavior. Select ions should be j u d i c i o u s l y  made and unnecessary 
p r o l i f e r a t i o n  avoided. 

It i s  recommended t h a t  t h e  Subcommittee regard t h e  standard c o n f i g u r a t i o n s /  
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Oear 

The d e s i r a b i l i t y  o f  e s t a b l i s h i n g  a se t  o f  standard con f igu ra t i ons  f o r  compari- 
sons of ca lcu la ted  and measured dynamic ae roe las t i c  behavior was discussed a t  
t h e  l a s t  meeting o f  t h e  A e r o e l a s t i c i t y  Subcommittee o f  t he  AGAKD S t ruc tures  and 
Ma te r ia l s  Panel. You may r e c a l l  tha t  several  years ago the  SMP se lected two- 
dimensional and three-dimensional  standard 1 i f t i n g - s u r f a c e  con f igu ra t i ons  (AGARD 
Advisory Report Nos. 156 and 167) t o  p rov ide  a common bas is  f o r  comparison of 
pressures and forces ca l cu la ted  by t h e  emerging t ranson ic  unsteady aerodynamic 
codes i n  order t o  assess how we l l  these methods model t h e  essen t ia l  f l o w  
physics. 
"standard" f o r  the comparison o f  f l u t t e r  c h a r a c t e r i s t i c s  and dynamic response 
( e i t h e r  forced o r  tu rbu lence-exc i ted)  i n  order  t o  assess how we l l  these codes do 
t h e  j o b  f o r  which they were intended, namely, p r e d i c t  ae roe las t i c  behavior. 
t h e  request of t he  subcommittee I have agreed t o  survey the  member count r ies  fo r  
recommended candidate conf  i gurat  i ons and experimental data sets.  
tance i n  p rov id ing  i n p u t  froni your  o rgan iza t i on  and country  i s  respec t fu l l y  
requested. 

It i s  appropr ia te  now t o  designate a s i m i l a r  se t  o f  con f i gu ra t i ons  as 

A t  

Your ass i  s- 

The standard-conf igurat ion se t  should be regarded from the s t a r t  as open-ended 
t o  p rov ide  f o r  the i n c l u s i o n  o f  a d d i t i o n a l  con f i gu ra t i ons  as computational capa- 
b i l i t i e s  expand t o  t r e a t  more compl icated shapes and f l o w  phenomena, as addi -  
t i o n a l  use fu l  data sets  become ava i lab le ,  and as a d d i t i o n a l  ae roe las t i c  p e c u l i -  
a r i t i e s  a re  observed. Fo r  i n i t i a l  purposes, however, t he  f o l l o w i n g  gu ide l i nes  
seem appropr iate.  

Although emphasis i s  on t he  t ranson ic  range, i t  i s  des i rab le  t o  inc lude data 
se ts  which extend a l s o  i n t o  the  upper subsonic and lower supersonic speed 
ranges. 

Since iiiost current  derodynamic theor ies  a re  based on t h e  assumption o f  at tached 
f low, candidate data se ts  should be fo r  t e s t  cond i t i ons  t h a t  a re  no t  l i k e l y  t o  
i n v o l v e  any s i g n i f i c a n t  amount o f  f low separat ion,  i n c l u d i n g  t h a t  which may be 
in t roduced by model deformation. An except ion t o  t h i s  gu ide l i ne  might be con- 
f i g u r a t i o n s  and cond i t ions  f o r  which vor tex- type separat ion from l i f t i n g  sur face 
edges i s  present. 
induced f l ow  separat ion f rom surfaces, on t h e  o the r  hand, may be more appropr i -  
a t e  f o r  i nc lus ion  a t  a l a t e r  time. 

- 

Condi t ions i n v o l  v i  ng pressure-gradi  e n t - i  nduced o r  shock- 
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Emphasis i s  on we l l -de f ined sets  of f l u t t e r  data f o r  accurate ly  known 
geoinetr ical,  s t r u c t u r a l ,  and flow condi t ions.  It i s  h i g h l y  des i rab le,  however, 
t o  inc lude a l s o  s u b c r i t i c a l  response data t o  f a c i l i t a t e  an assessment of our 
a b i l i t y  t o  p r e d i c t  forced-response c h a r a c t e r i s t i c s  as w e l l  as the  nature o f  t h e  
onset o f  f l u t t e r .  

Both two-dimensional and three-dimensional con f igura t ions  having convent ional  o r  
s u p e r c r i t i c a l  a i r f o i l s ,  e i t h e r  w i t h  o r  w i thout  cont ro l -sur face de f lec t ions ,  
should be considered. Although emphasis i s  on i s o l a t e d  l i f t i n g  surfaces, t h e  
candidate conf i g u r a t i  ons may inc lude i n t e r a c t i n g  1 i f t i  ny surfaces such as 
w i n g - t a i l  , wing-canard, o r  wing-winglet combinations. For i n i t i a l  purposes, 
however, con f igura t ions  which invo lve i n t e r f e r r i n g  bodies, such as s tores o r  
ndcel les,  are not being considered. 

The geometrical,  mass, and s t i f f n e s s  p r o p e r t i e s  o f  candidate models should be 
w e l l  de f ined and val idated. Moreover, it should be remembered t h a t  mode shapes, 
frequencies, damping values, and general ized inasses are not  s u f f i c i e n t  f o r  
s t r u c t u r a l  d e s c r i p t i o n  where dynamic behavior i s  nonl inear.  S t i f f n e s s  proper- 
t i e s  must a lso  be known t o  perri i i t the c a l c u l a t i o n  o f  the  s t a t i c a l l y  deformed 
shape about which t h e  f l u t t e r  motion o r  dynamic response occcurs. 

h i  t h i  n these gui del  i nes your  input ,  recommendati ons, and comments are earnes t ly  
s o l i c i t e d .  
posed conf igura t ion ,  t h e  associated t e s t  condi t ions,  and the  r e s u l t i n g  data 
sets. For example, was angle o f  attack var ied? Was s t a t i c  o r  mean deformat ion 
measured under a i r l o a d ?  I f  so, a t  how many p o i n t s  on the  model? I f  not, was 
mean pressure d i s t r i b u t i o n  measured a t  enough p o i n t s  so t h a t  s t a t i c  deformation 
can be c a l c u l a t e d  from the  s t i f f n e s s  data? I f  a l l  p e r t i n e n t  in fo rmat ion  i s  n o t  
a v a i l a b l e  t o  you a t  t h i s  time, please i n d i c a t e  t h e  nature and extent  o f  informa- 
t i o n  t h a t  may be suppl ied l a t e r  and approximately when i t  can be subieitted. It 
would be h e l p f u l  t o  know t h e  extent  t o  which inode1 proper t ies  and other  informa- 
t i o n  have been v a l i d a t e d  or, conversely, the  nature o f  any re levant  incons is -  
tenc ies  o r  uncer ta in t ies .  Please i n d i c a t e  whether t h e  model s t i l l  e x i s t s  and 
could be a v a i l a b l e  f o r  f u r t h e r  measurements and t e s t s  i f  needed. 

Please f u r n i s h  as much in format ion as poss ib le  r e l a t i v e  t o  each pro- 

I n  order  t o  a l low t ime f o r  me t o  organize the  mater ia l  and prepare a p r e l i m i n a r y  
r e p o r t  f o r  presentat ion a t  the SMP meeting i n  September, p lease l e t  me have your  
i n p u t  by J u l y  8, 1985. I thank you i n  advance f o r  your  c o n t r i b u t i o n  t o  t h i s  
e f f o r t  . 
Sincere ly  , 

E. Carson Yates, Jr. 
Chief  Sci  e n t i  st 
Loads and A e r o e l a s t i c i t y  U i v i s i o n  
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TABLE 1.- ORGANIZATIONS CONTACTED. 

BELGIUM 

1. Laboratoi r e  de Techniques 
Agronautiques e t  Spati ales 
Universitt! de LiGge 
L i  2ge 

CANADA 

3. National Aeronautical Establ i shrnent 
National Research Counci 1 o f  Canada 
Ottawa 

FRANC€ 

4. Prospective Aerospati a l e  
37 B ld De Montmorency 
75016 Paris 

*5. ONERA 
29 Avenue De La Divis ion LECLERC 
92 Chat i l lon  
Par is  

6. Centre 0 '  Essais Aeronautique De 
Tou 1 ou se 
23 Ave. Henri Guillamet 
31056 Toul ouse CEDEX 

ti EKMAN Y 

*Responded without proposing cand 
**Proposed configurations 

date conf i gurat 

7. Messersctiilii t t -661 kow-B1 ohm GMBH 
Unternehmenbereich Flugzeuge 
8000 Munich 80 
Postfach 80 11 60 

8. IABG MBH ABT TF 
E i  ns te i  nstrasse 20 
8012 Ottobrunn 

*9. I n s t i t u t  A FGr Mechanic 
Uni versi  t a t  Stut tgaart  
Pfaffenwaldring 9 
7000 Stut tgaar t  80 

**lo. I n s t i t u t  Fur Aeroelastik 
DFVLR-AVA G 6 t t i  ngen 
Bunsenstrasse 10 
2nnn CX++;..-~- 
37UU UUbb I I I y c l l  

GREECE 

11. Technology Research Center (KETA) 
Hel lenic A i r  Force 
Athens 

12. Universi ty o f  Patras 
Polytechnic School 
Patras 

ITALY 

13. I s t i t u t o  D i  Technologia Aerospaziale 
Uni versi  t a  Degl i Studi Homa 
V i  a Eudossi ana 16-19-00 
184 Roma 

14. Aeri t a l  1 a 
Corso Marche 41 
10100 Torino 

15. Pol i tecn ico d i  Milano 
M i  1 ano 

16. Universi ta d i  Pisa 
P i  sa 

17. I n s t i  t u t o  Progetto Vel i vol i 
Uni vers i  t a  d i  Napol i 
Napol i 

on s 



NETHERLANDS 

**18. National Aerospace Laboratory NLR 
Anthony Fokkerweg 2 
Amsterdam 1017 

PORTUGAL 

19. CEMUL 
I n s t i t u t o  Sup. Technic0 
Lisbon 

TURKEY 

**2O. Middle East Technical Univers i ty  
Ankara 

UNITED KINtiDOM 

21. b r i t  i sh Aerospace Hi r c r a f t  tiroup 
Warton D i v i s i o n  
Warton, Preston, Lanes PK4 1AX 

22. BHC Ltd. 
Coiiunerci a1 A i  r c r a f t  D i  v i s ion  
F i l t o n ,  B r i s t o l  BSY9 7Ak 

23. Hawker-Siddeley Aviat ion Ltd. 
Woodford Aerodome 
Stockport,  Cheshire SK7 1QR 

24. kerodynami cs Uepartmerit 
K141 - Koyal A i  r c r a f t  Establ i shment 
Farnborough, Hants GUU 610 

25. B r i t i s h  Aerospace Dynamics Dept. 
182 Bui ld ing,  Warton Aerodrome 
Lancaslii r e  PK144X 

26. Structures bepartment 
Royal A i  r c r a f  t Establ i shinent 
Farnborough, Hants (iU14 6TL) 

W ey b r i d ye, Su r rey 
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Wright Patterson AFB, OH 45433 

"29. The Boeing Company 
P.O. Box 3707 
Seatt le,  WA 98124 

*30. Northrop Corporation 
1 Northrop Avenue 
Hawthorne, CA 90250 

**31. Rockwell In te rna t iona l  Corporat i  on 
Los Angeles, CA 90009 

*32. McDonnell Douglas Corporation 
3855 Lakewood Boulevard 
Long Beach, CA 90846 

**33. McUorinell Doug1 as Corporation 
P.O. Box 516 
S t .  Louis, MO 63166 

'34. Grumman Aerospace Corporation 
Bethpage, NY 11714 

**35. General Dynamics Corporati  on 
P.O. Box 748 
For t  Worth, TX 76101 

**36. Lockheed' C a l i f o r n i a  Company 
P.O. Box 551 
Burbank, CA 91520 

**37. Lockheed Georgia Company 
South Cobb Dr ive 
Mariet ta,  GA 30060 

**38. School o f  Engi neer i  ng 
Duke Univers i ty  
Durham, NC 27706 

*Responded wi thout  proposing candidate conf igurat ions 
**Proposed conf igurat ions 

*39. Department o f  Aeronautics & Astronaut ics 
Massachusetts I n s t i t u t e  o f  Techno1 ogy 
Cambridge, MA 02139 
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UNI  I'EU STATES (Continued) 

**4U. Department o f  Aeronautics and Astronautics 
Stanford Uni versi t y  
Stanford, CA 94305 

**41. NASA Langley Research Center 
Harnpton , VA 23665-5225 

*Responded without proposing candidate conf igurat ions 
**Proposed configurat ions 
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- F i r s t  t o r s i o n  mode 

- - - -  Second bending mode 

-- Second t o r s i o n  mode 

\ 

FI GURE 1, - PLANFORM AND MEASURED NODE LI NES OF W I  NG 445,6 I 
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