
https://ntrs.nasa.gov/search.jsp?R=19840015586 2020-03-20T22:08:30+00:00Z



NASA Technical Memorandum 85776 

Low-Speed Wind-Tunnel Study of the 
High-Angle-of-Attack Stability and 
Control Characteristics of a Cranked- 
Arrow-Wing Fighter Configuration 

Sue B. Grafton 
LungZey Reseurch Center 
Humpton, Virginiu 

National Aeronautics 
and Space Administration 

Scientific and Technical 
Information Branch 

1904 



SUMMARY 

A n  i nves t iga t ion  w a s  conducted i n  the  Langley 30- by 60-Foot Tunnel t o  study the  
low-speed, high-angle-of -a t tack s t a b i l i t y  and con t ro l  c h a r a c t e r i s t i c s  of a f i q h t e r  
confiqurat ion incorporat ing a cranked arrow wing. The s tudy w a s  conducted as part  of 
a NASA/General D y n a m i c s  cooperat ive research-program to  inves t iga t e  the appl ica t ion  
of advanced wing designs to  combat a i r c r a f t .  T e s t s  w e r e  conducted on a base l ine  
configurat ion and on seve ra l  modified configurat ions.  The modifications included a 
wing apex notch, a wing t ra i l inq-edqe extension, and wing fences.  The r e s u l t s  of t he  
inves t iga t ion  showed t h a t  the  base l ine  configurat ion exhib i ted  a high l e v e l  of maxi- 
mum l i f t  bu t  displayed undesirable  lonqi tudina l  and l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  
c h a r a c t e r i s t i c s  a t  hiqh angles of a t tack .  Various modifications w e r e  made which 
improved the lonqi tudina l  and l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  characteristics of the  
configurat ion a t  high angles of a t tack .  However, m o s t  of the modifications were 
de t r imenta l  t o  maximum l i f t .  

INTRODUCTION 

A cooperative research proqram between the  NASA Langley Research Center and 
General Dynamics to inves t iga t e  the appl ica t ion  of advanced wing designs t o  combat 
a i r c r a f t  w a s  recent ly  completed ( r e f .  1 From the r e s u l t s '  of t h i s  e f f o r t ,  General 
Dynamics is developing an advanced F-I 6 de r iva t ive ,  the F-I 6XL, which incorporates  a 
highly s w e p t  cranked arrow wing. A s  p a r t  of t h i s  cooperat ive program, explora tory  
low-speed, high-angle-of-attack static s t a b i l i t y  and con t ro l  tests w e r e  conducted i n  
the Langley 30- by 60-Foot Tunnel on a cranked-arrow-wing f i q h t e r  configurat ion t o  
i d e n t i f y  problem areas and def ine  modifications f o r  improved s t a b i l i t y  and con t ro l  
c h a r a c t e r i s t i c s .  Many of the modifications inves t iga ted  i n  the sub jec t  study w e r e  
f i r s t  developed i n  the 1960's f o r  use on supersonic t r anspor t  designs (ref. 2 ) .  

Some of the basic low-speed s t a b i l i t y  problems of highly s w e p t  arrow wings 
include ( 1 )  pitch-up c h a r a c t e r i s t i c s  a t  moderate to  high angles of a t t a c k  brought 
on by vortex breakdown over the wing ( r e f s .  2 and 3) and ( 2 )  l a t e r a l - d i r e c t i o n a l  
i n s t a b i l i t y  near maximum l i f t  caused by asymmetric vortex breakdown under s i d e s l i p .  
Modifications to the basic wing which are aimed a t  e l imina t ing  o r  minimizinq these  
problems genera l ly  des t roy  vortex l i f t  and s i g n i f i c a n t l y  reduce the  low-speed maximum 
l i f t  c o e f f i c i e n t  of the  winq ( r e f s .  4, 5, and 6 ) .  Also, such modifications can have 
a detr imental  impact on supersonic aerodynamic performance and would be unacceptable. 
Thus, the challenge i n  low-speed, high-angle-of-attack research is to provide altera- 
t i o n s  to the  bas ic  arrow-wing design to give acceptable  low-speed s t a b i l i t y  and 
con t ro l  c h a r a c t e r i s t i c s  by using seve ra l  options,  which have to be evaluated 
supersonical ly .  

The present  i nves t iga t ion  w a s  conducted using a 0.15-scale modified F-16A model 
to  represent  an e a r l y  F-16XL confiqurat ion.  The model used the  fuselage and horizon- 
t a l  t a i l  of the F-16A and incorporated a highly swept cranked-arrow-wing design 
( r e f .  1 ) .  The bas ic  conf igura t ion  w a s  tested with modified leading and t r a i l i n g  
edges and with fences on the upper surface.  A l l  the  configurat ions w e r e  s ta t ic  force  
t e s t e d  over wide ranges of angle of attack and angle of s i d e s l i p  a t  a free-stream 



v e l o c i t y  of 75 f t / s e c ,  which corresponds to  a Reynolds number of 2.15 X IO6. A 
l imi ted  number of f low-visual izat ion tests w e r e  made to provide information f o r  
i n t e r p r e t i n g  the  fo rce - t e s t  r e s u l t s .  

SYMBOLS 

Stat ic  longi tudina l  fo rces  and moments are re fe r r ed  to  the  wind-axis system, and 
s t a t i c  l a t e r a l - d i r e c t i o n a l  forces  and moments are ref e r r ed  to  the  body-axis system. 
A l l  f o rce - t e s t  da ta  are re fe r r ed  t o  a moment reference center  located long i tud ina l ly  
a t  45 percent  of the wing mean aerodynamic chord. All measurements w e r e  reduced to  
standard 
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c o e f f i c i e n t  for& on the  bas i s  of the  geometric characteristics of the wing. 

wing span, f t  

mean aerodynamic chord, f t  

drag coe f f i c i en t ,  F ~ / & ~ s  

l i f t  c o e f f i c i e n t ,  F ~ / ~ , , S  

rolling-moment c o e f f i c i e n t ,  MX/sSb 

pitching-moment c o e f f i c i e n t ,  My/qooSc 

yawing-moment c o e f f i c i e n t ,  MZ/%Sb 

side-f orce c o e f f i c i e n t ,  Fy&S 

drag force ,  l b  

l i f t  force ,  lb 

s i d e  force ,  l b  

moment of i n e r t i a  about X body ax i s ,  s luq- f t2  

2 moment of i n e r t i a  about Z body ax i s ,  s lug- f t  

r o l l i n g  moment, f t - l b  

p i tch ing  moment, f t - l b  

yawing moment, f t - lb  

f ree-stream dynamic pressure, lb/f  t2 

wing area, f t 2  

body reference axes 

angle  of a t t ack ,  deg 

anqle of s i d e s l i p ,  deg 
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MODEL 

The wind-tunnel model cons is ted  of a 0.15-scale modified F-16A fuselaqe,  which 
has a f l o w  through duct ,  and a cranked-arrow-wing planform. A three-view sketch of 
the  basic conf iqura t ion  is presented i n  f igu re  1. The geometric c h a r a c t e r i s t i c s  of 
the  test model are l i s t e d  i n  t a b l e  I. Sketches showing a wing leading-edge apex 
modification, a winq t ra i l ing-edge modification, and a wing fence modification are 
shown i n  f igu re  2. The f o r c e - t e s t  model, constructed pr imar i ly  of molded f i b e r g l a s s  
and wood, w a s  a 0.15-scale model of the  proposed fu l l - sca l e  a i rp lane .  The wings w e r e  
constructed without con t ro l  surfaces .  

TUNNEL AND APPARATUS 

The tests w e r e  conducted i n  the  Langley 30- by 60-Foot Tunnel. The model support  
system used i n  the force  tests is shown i n  f i g u r e  3. A s  reported i n  reference 3, 
c e r t a i n  model support  systems can cause la rge  flow in t e r f e rence  problems when used t o  
test conf iqura t ions  which produce s t rong  vortex flows a t  high angles of a t tack .  The 
model support  system shown i n  f i g u r e  3 w a s  designed to minimize these in t e r f e rence  
problems. The da ta  w e r e  measured a t  a free-stream ve loc i ty  of 75 f t / s e c ,  which cor- 
responds t o  a Reynolds number of 2.15 x I O 6  based on the  mean aerodynamic chord of 
the  wing. The fo rce - t e s t  se tup  used a strut-mounted system and incorporated a s ix-  
component i n t e r n a l l y  mounted strain-gage balance. The model engine i n l e t  and e x i t  
w e r e  open for a l l  tests. 

TESTS 

Static-force tests w e r e  conducted over an angle-of-attack range from -4O t o  41 O 

a t  s i d e s l i p  angles  from -13.5O to 10.5O. T e s t s  w e r e  also conducted to  study the  
e f f e c t s  of the wing leading- and t ra i l ing-edge modifications and wing fences 
described earlier. 

I n  addi t ion  to the  s ta t ic  tests, a l imited number of smoke flow tests w e r e  made 
to  he lp  i d e n t i f y  flow behavior over the  wing. The smoke f l o w  tests were used t o  
document vortex f l o w  behavior and to e s t a b l i s h  a r e l a t ionsh ip  between vortex flow 
breakdown as a func t ion  of angle  of a t t a c k  and angle of s i d e s l i p  f o r  use i n  i n t e r -  
p re t ing  the s t a t i c - f o r c e  test data.  

3 



RESULTS AND DISCUSSION 

Baseline Configuration 

.- The longi tudina l  c h a r a c t e r i s t i c s  of 
the  base l ine  conf igura t ion  with and without the v e r t i c a l  t a i l  are presented i n  f ig -  
ure  4. The da ta  s h o w  that the  configurat ion exhib i ted  a high l e v e l  of l i f t ,  achieved 
maximum l i f t  near an anqle of a t t a c k  of 36O, and exhib i ted  a high l e v e l  of longi tudi -  
n a l  i n s t a b i l i t y  o r  pitch-up a t  angles of a t t a c k  above about loo .  As expected, the  
da t a  show t h a t  removinq the  v e r t i c a l  t a i l  had r e l a t i v e l y  l i t t l e  e f f e c t  on the  longi- 
t u d i n a l  aerodynamic c h a r a c t e r i s t i c s .  The severe pitch-up tendency is c h a r a c t e r i s t i c  
of highly swept wings a t  l o w  speeds and is w e l l  documented i n  earlier publ ica t ions  
( f o r  example, r e f s .  2 and 3). The pitch-up i n s t a b i l i t y  is  mainly assoc ia ted  with the 
formation of h ighly  concentrated vortex flow emanating from the  wing apex a t  moderate 
to  high angles of a t tack .  The vortex core tends t o  l i f t  off  the sur face  of the a f t  
por t ion  of the  wing while remaining close to  the sur face  of the  forward port ion.  The 
loss i n  vortex-induced l i f t  over the a f t  por t ion  of the wing tends t o  s h i f t  the aero- 
dynamic center  forward t o  produce the  p i t ch  i n s t a b i l i t y .  A t  the  higher  anqles of 
a t t ack ,  the  problem is f u r t h e r  aggravated by vortex breakdown, which starts a t  the 
rear of the  wing and moves forward with increas ing  angle of attack. Figure 5 pre- 
s e n t s  photographs of smoke flow s tud ie s  on the base l ine  configurat ion a t  high angles 
of a t tack .  The photographs show t h a t  vortex breakdown s t a r t e d  a t  the  wing t r a i l i n g  
edge near a = 25O and progressed forward with increas ing  angle of a t t ack  u n t i l  it 
reached the  wing apex near a = 35O. The photographs a l s o  show t h a t  s ides l ipp ing  the  
model increased the angle of a t t a c k  f o r  vortex breakdown on the leeward wing and 
reduced the  angle of a t t a c k  f o r  vortex breakdown on the windward wing. 

La te ra l -d i r ec t iona l  s t a b i l i t y  cha rac t e r i s t i c s . -  The va r i a t ion  of the s ta t ic  
l a t e r a l - d i r e c t i o n a l  fo rce  and moment c o e f f i c i e n t s  with angle of s i d e s l i p  f o r  t he  
base l ine  configurat ion is presented f o r  various values of angle of a t t a c k  i n  f i g -  
ure 6. The da ta  show t h a t  the  va r i a t ions  of Cn and C, w i t h  s i d e s l i p  w e r e  f a i r l y  
l i n e a r  a t  angles of a t t ack  b e l o w  31° and extremely nonl inear  a t  angles of a t t a c k  
of 31 O and 36O. The da ta  of f igu res  7 and 8 show t h a t  the  v e r t i c a l  t a i l  w a s  inef fec-  
t i v e  by a = 31° and a c t u a l l y  produced highly d e s t a b i l i z i n g  yawing-moment and 
rolling-moment increments a t  a = 41O. The da ta  of f i g u r e s  6 and 7 are summarized i n  
f i g u r e  8 i n  terms of the l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  de r iva t ives  C YB’ ‘ne, and 

. The de r iva t ives  w e r e  obtained from the  c o e f f i c i e n t  da ta  by the  slope method 

using the da ta  poin ts  f3 = 4.5O and f3 = -5.5O. The r e s u l t s  show that the model 
with the  v e r t i c a l  tai l  removed w a s  d i r e c t i o n a l l y  unstable  throughout the a range 
with the i n s t a b i l i t y  increas ing  sharp ly  above a = 30°. The d ihedra l  e f f e c t  

w a s  s t a b l e  up t o  a = 30° b u t  showed an abrupt  d e s t a b i l i z i n g  break near a = 32O. 
The addi t ion  of the v e r t i c a l  tail produced d i r e c t i o n a l  s t a b i l i t y  for angles of a t t a c k  
up to  about 27O. Above a = 21°, the  increment i n  d i r e c t i o n a l  s t a b i l i t y  provided by 
the v e r t i c a l  tai l  decreased rap id ly ,  and the  model became d i r e c t i o n a l l y  unstable 
above a = 27O. The d e s t a b i l i z i n g  e f f e c t  of the  v e r t i c a l  t a i l  above a = 31° ind i -  
cates t h a t  the  t a i l  w a s  i n  an adverse sidewash f i e l d .  The v e r t i c a l  t a i l  increased 
the  stable d ihedra l  e f f e c t  a t  l o w  and moderate angles  of a t t ack  bu t  became l a t e r a l l y  
d e s t a b i l i z i n g  a t  hiqher angles of attack. This d e s t a b i l i z i n g  e f f e c t  r e su l t ed  i n  the  
base l ine  configurat ion exh ib i t i ng  lateral  i n s t a b i l i t y  i n  the  angle-of-attack range 
from 33O to 40°. 

c, B 

(-“,s> 
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The lateral i n s t a b i l i t y  a t  high angles of a t t a c k  is a t t r i b u t e d  mainly to the  
asymmetrical breakdown of the  wing leading-edge vortices under s i d e s l i p .  The e f f e c t  
of s i d e s l i p  angle on vortex breakdown, shown i n  the photographs of f igu re  5, is d is -  
cussed i n  more d e t a i l  i n  re ference  2. Other i nves t iqa t ions  (see re f s .  3 and 4)  have 
documented the predominant e f f e c t  of the asymmetric vortex breakdown on ing- 
moment c h a r a c t e r i s t i c s  a t  high angles  of a t t ack  f o r  conf igura t ions  with l y  s w e p t  
wings. This loss i n  lateral s t a b i l i t y  combined with the h ighly  unstable  d i r ec t iona l -  
s t a b i l i t y  c h a r a c t e r i s t i c s  made the  configurat ion highly suscep t ib l e  to  yaw diver-  
gence, as shown by the data presented i n  f igu re  9. Negative values of 

i n d i c a t e  s u s c e p t i b i l i t y  to d i r e c t i o n a l  divergence, as described i n  r e fe r -  

ence 5. The base l ine  conf igura t ion  is seen to have unstable  or negative values of 
C above (x = 32O. These negative values of are caused by the  

and neu t r a l  or unstable  values of unstable  values of 

l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  problem and the  severe pitch-up discussed earlier, a 
number of configurat ion modifications w e r e  s tud ied ,  and the  r e s u l t s  are discussed i n  
the subsequent sec t ion .  

"8 ,dyn c"$ ,dyn . To correct t h i s  
c1 8 cn$ 

Modified Configurations 

Longitudinal aerodynamic cha rac t e r i s t i c s . -  In  an at tempt  to  a l l e v i a t e  the  p i t c h  
and l a t e r a l - d i r e c t i o n a l  i n s t a b i l i t i e s  discussed above, the v e r t i c a l  t a i l  w a s  removed 
from the base l ine  configurat ion,  and various a l t e r a t i o n s  w e r e  made i n  order  t o  
develop a modified configurat ion.  The modifications included a wing apex notch, a 
wing t ra i l inq-edge extension,  and wing fences ( f i g .  2 ) .  Because the i n s t a b i l i t i e s  
w e r e  a d i r e c t  r e s u l t  of the wing leading-edge vortex flow c h a r a c t e r i s t i c s ,  each modi- 
f i c a t i o n  w a s  designed t o  favorably a l ter  these c h a r a c t e r i s t i c s .  

Presented i n  f i g u r e  10 are the  r e s u l t s  of tests to  study the e f f e c t  of the wing 
apex notch modification on the  longi tudina l  aerodynamic c h a r a c t e r i s t i c s  of the con- 
f igu ra t ion .  This modif icat ion,  shown i n  f igu re  2(a) ,  produced a la rge  s t a b i l i z i n g  
e f f e c t  and s i g n i f i c a n t l y  reduced the i n s t a b i l i t y  above (11 = 1 1 O .  The modification 
caused some reduct ion i n  l i f t  c o e f f i c i e n t  above (x = 15O. This reduction i n  l i f t  
c o e f f i c i e n t  w a s  apparent ly  a r e s u l t  of the apex notch, which weakened the wing 
leading-edge vortex. 

Another modification made s p e c i f i c a l l y  to minimize p i t c h  i n s t a b i l i t y  w a s  the 
wing t ra i l ing-edge  extension. (See f i g .  2 (b ) . )  The da ta  of f igu re  11 show t h a t  the  
t ra i l ing-edge extension w a s  e f f e c t i v e  i n  reducing the p i t c h  i n s t a b i l i t y  and, as 
expected, increased the  maximum l i f t  because of the  increased wing area. Presented 
i n  f igu re  1 2  are da ta  obtained from tests to  determine the e f f ec t iveness  of the  com- 
b ina t ion  of apex notch and wing t ra i l ing-edge extension on the  longi tudina l  aerody- 
namic c h a r a c t e r i s t i c s .  The da ta  of f igu re  12 show that the combined e f f e c t s  of apex 
notch and wing t ra i l ing-edge  extension produced a very favorable  e f f e c t  on p i t ch ing  
moment and maximum l i f t .  
reduced from about 0.10 t o  0.023, and the  maximum l i f t  c o e f f i c i e n t  w a s  increased f r o m  
1.55 t o  1.65. 

The maximum unstable  pitching-moment c o e f f i c i e n t  w a s  

Another modification s tudied  w a s  the addi t ion  of wing fences. (See f i g .  2 ( c ) . )  
This modification w a s  aimed pr imar i ly  a t  improving the  lateral s t a b i l i t y  a t  high 
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angles of a t t a c k  by forc ing  the vor t i ce s  on the  r i g h t  and l e f t  wings to  break down 
more symmetrically and thereby minimize the adverse e f f e c t  of asymmetrical vortex 
breakdown on lateral  s t a b i l i t y .  The r e s u l t s  of adding the wing fences on longi tudi-  
n a l  characteristics are presented i n  f i g u r e  13 and show that wing fences reduced the  
l e v e l  of p i t c h  i n s t a b i l i t y  above a = 25O bu t  w e r e  very de t r imenta l  to vortex l i f t ,  
as ind ica ted  by the reduct ion i n  the l i f t - cu rve  slope and loss of maximum l i f t .  

The r e s u l t s  o f  tests to  s tudy the  combined e f f e c t s  of the  wing apex notch, wing 
t ra i l ing-edge extension,  and wing fences on the  longi tudina l  aerodynamic cha rac t e r i s -  
t ics  are summarized i n  f i g u r e  14. The da ta  show t h a t  the  combined modif icat ions 
g r e a t l y  reduced the p i t c h  i n s t a b i l i t y ,  although the configurat ion st i l l  showed a mild 
pitch-up near a = 11O. The modification also reduced the l i f t  c o e f f i c i e n t  above 
a = 16O. Comparing f i g u r e  14 with f i g u r e  15 shows that the addi t ion  of the v e r t i c a l  
t a i l  had l i t t l e  e f f e c t  on these r e s u l t s .  

La te ra l -d i r ec t iona l  s t a b i l i t y  cha rac t e r i s t i c s . -  Presented i n  f igu re  16 are the 
l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  characteristics of the  base l ine  configurat ion compared 
with those of the modified conf igura t ion  with the  apex notch. The da ta  show some 
s l i g h t  de t r imenta l  e f f e c t s  of the  notch on the d i r e c t i o n a l  s t a b i l i t y  c h a r a c t e r i s t i c s .  
However, the notch appeared t o  provide some improvement i n  lateral s t a b i l i t y  near 
a = 36O. The e f f e c t  of the  wing t ra i l ing-edqe extension on the  l a t e r a l - d i r e c t i o n a l  
s t a b i l i t y  characteristics is shown i n  the da t a  of f igu re  17. The da ta  show very 
l i t t l e  e f f e c t  of t ra i l ing-edge  extension on the  d i r e c t i o n a l  s t a b i l i t y  cha rac t e r i s -  
t ics  but  a de t r imenta l  e f f e c t  on lateral s t a b i l i t y  above a = 31". I n  f a c t ,  the  
b e n e f i c i a l  e f f e c t  of the  apex notch a t  a = 36O w a s  o f f s e t  by the de t r imenta l  e f f e c t  
of the t ra i l ing-edge extension. It  should be remembered, however, that the apex 
notch and t ra i l ing-edge extension modifications w e r e  aimed pr imari ly  a t  reducing the 
pitch-up c h a r a c t e r i s t i c s  of the  model and t h a t  t h e i r  inf luence on l a t e r a l - d i r e c t i o n a l  
s t a b i l i t y  c h a r a c t e r i s t i c s  w a s  of secondary i n t e r e s t .  A s  shown i n  f i g u r e  18, the  
l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  characteristics of the configurat ion with the  combina- 
t i o n  of the  apex notch and t ra i l ing-edge extension w e r e  somewhat i n f e r i o r  to  those of 
the  base l ine  configurat ion.  

Presented i n  f igu re  19 are the r e s u l t s  of tests to determine the incremental  
e f f e c t  on l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  of adding the  wing fences.  A s  noted i n  the  
earlier discussion of the longi tudina l  c h a r a c t e r i s t i c s ,  the fences w e r e  conceived as 
devices f o r  d e l i b e r a t e l y  forc ing  vortex breakdown i n  a more symmetrical fashion,  
p a r t i c u l a r l y  under s i d e s l i p  condi t ions,  and for a l l e v i a t i n g  the  lateral i n s t a b i l i t y  
exhib i ted  by the  base l ine  configurat ion i n  the  region of maximum lift. Although they 
w e r e  de t r imenta l  to  vortex l i f t ,  the fences accomplished t h e i r  primary purpose and 
el iminated the  lateral i n s t a b i l i t y  near a = 36O. Figure 20 compares the  lateral- 
d i r e c t i o n a l  s t a b i l i t y  c h a r a c t e r i s t i c s  of the base l ine  configurat ion with those of the 
configurat ion incorpora t ing  a l l  t h ree  modifications.  The da ta  show t h a t  the  combina- 
t i o n  of modifications w a s  genera l ly  de t r imenta l  to  d i r e c t i o n a l  s t a b i l i t y  throughout 
the  angle-of-attack range and reduced the  lateral s t a b i l i t y  below a = 33O while 
improving it a t  higher  angles of a t tack .  

Presented i n  f i g u r e  21 are the l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  c h a r a c t e r i s t i c s  of 
the base l ine  and modified confiqurat ions with the v e r t i c a l  t a i l  on. The combination 
of modifications reduced the d i r e c t i o n a l  s t a b i l i t y  a t  l o w  angles of a t t a c k  and 
r e su l t ed  i n  the  model becoming d i r e c t i o n a l l y  unstable  near a = 24O. Above a = 31°, 
the modifications improved d i r e c t i o n a l  s t a b i l i t y  compared with the base l ine  configu- 
r a t ion .  The modifications w e r e  unfavorable t o  lateral s t a b i l i t y  below a = 31° b u t  
produced favorable  effects a t  higher  angles  of a t tack .  The overall impact of the 

6 



modifications a t  high angles of a t t a c k  can be summarized by using the  Cn $ ,dyn 
parameter. The Cn da t a  f o r  the  base l ine  and modified configurat ions are pre- 

$ ,dYn 
sented i n  f igu re  22. The da ta  show t h a t  the  modifications reduced the magnitude of 
C a t  moderate angles  of a t t ack ;  however, the modifications extended the angle- 

"$ ,dyn 
of -a t tack  range f o r  s t a b l e  values of up to  36O. 

CONCLUDING REMARKS 

The r e s u l t s  of a low-speed, explora tory  wind-tunnel s tudy of a cranked-arrow- 
wing f i g h t e r  confiqurat ion can be summarized as follows: 

1 .  The base l ine  configurat ion exhib i ted  a hiqh l e v e l  of maximum l i f t  but  d i s -  
played unstable  lonqi tudina l  and l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  c h a r a c t e r i s t i c s  a t  
moderate t o  high angles of a t tack .  These c h a r a c t e r i s t i c s  w e r e  dominated by the 
s t rong  vortex flows generated by the highly s w e p t  wing a t  these condi t ions.  

2. The combination of wing apex notch, wing t ra i l ing-edge extension, and wing 
fences improved the  lonqi tudina l  and l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  c h a r a c t e r i s t i c s  of 
the  base l ine  configurat ion a t  hiqh angles of a t t ack  but  w e r e  detr imental  to  maximum 
l i f t  coe f f i c i en t .  

Langley Research Center 
Nat ional  Aeronautics and Space Administration 
Hampton, VA 23665 
Apr i l  20, 1984 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF BASELINE MODEL 

Fuselage : 
Length. f t  ................................................................... 7.34 

Wing: 
A r e a .  f t 2  .................................................................... 13.5 
Span. f t  .................................................................... 
Aspect r a t i o  ................................................................. 
Taper ratio ................................................................. 
Leading-edge sweep: 

Inboard. deg .............................................................. 
Outboard. deg .............................................................. 

Trailing-edge sweep. deg ..................................................... 
Dihedral. deg ............................................................... 
Incidence. deg ............................................................... 
Mean aerodynamic chord. f t  ................................................... 

4.86 
1.75 
0.10 

70 
50 

18.5 
0 
0 

3.71 
Twist. deq ................................................................... 0 
A i r f o i l  ............................................................. NACA 64A003.2 
Root chord. f t  ............................................................... 6.93 
Tip chord. f t  ............................................................... 0.58 

V e r t i c a l  ta i l :  
A r e a .  f t 2  .................................................................... 0.55 
Span. f t  .................................................................... 0.85 
Aspect ra t io  ................................................................. 1.30 
Taper ratio ................................................................. 0.30 
Leading-edge sweep. deg ..................................................... 37 

A i r  f o i  1 : 
Trailing-edge sweep. deg ..................................................... 0 

R o o t  ....................................................... 6 percent  biconvex 
Tip ....................................................... 3.5 percent  biconvex 
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( a )  Wing leading-edge apex notch. 

Figure 2.- Modifications to  base l ine  configurat ion.  Dimensions are given i n  f e e t .  
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(b ) Wing t ra i  li ng-e dge ex tens  ion. 

Figure 2.- Continued. 
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1.51 

T ''Wing Fence 

(c ) Wing fences. 

Figure 2.- Concluded. 

13 



Figure 3.- Model support system 
for static-force test .  
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Figure 4, - S t a t i c  l ong i tud ina l  aerodynamic c h a r a c t e r i s t i c s  of base l ine  configuration. 
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Fiqure 5.- Smoke flow v i sua l i za t ion  showing vortex breakdown on baseline 
configuration. 
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