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By Leonard M. Rose 

Lm-speed .wind-tunnel t e s t s  were conducted of a triangular wlng 
of aspect r a t i o  2,O ~ 5 t h  a sgnrmetrical double-wedge section  having 
a maxim= thickness of 5 percent of the chord a t  20 percent of the 
chord. The wing was also tes ted  in  the presence of a ground plane. 
A d d i t i o n a l  data were obtained with conatankhord Bplit flaps and in 
combination with a body having a fineness r a t i o  of 12.5. 

A t  low lift coefficients,  relatively linear characteristics were 
obtained; whereas, at high lift coefficients the la teral+tabi l i ty  
chazacteristics became fncreasingly nanlfnear. This t rami t ion  range 
of lift coefficients was marked by an abrupt chasge in longitudinal 
stabi l i ty .  The effect of the body was to reduce the severity of $he 
longitudinal"etabi1ity change with r e l a t i v e l y   l i t t l e  effect on the 
lateral characteristice, Decreasing the h e i m t  above the murid 
resulted in a considerable  increase in the lift-curve slope and the 
maxim= l i f t ,  a reduction in induced drag, as w e l l  as a sli&t increase 
in longitudfnal stability. 

The s p l i t  flap- were relatively  ineffective for increasing the maxim= l i f t  o r   f o r  reducing the angle of attack f o r  mashum lift. 

The possible advantages of thin, low-aspect"ratio,  triangular 
wings at supersonic epeeds have been shown theoretically  by  several 
investi-tors (references I, 2, and 3 ) .  The characteristics of these 
wlngs at  aubsmio and. transonic speeds a r e  not so amenable to thew 
r e t i ca l  treatment, n o r  have they been extensively  investigated 
eqerimentally a t  any speed. 

.. 
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An experimental  investigation has been undertaken a t  the Amea 
Aeronautical  Laboratory of the characteristics of thin, l a r -aspec t  
ratio,  triangular wings over a wide range of Mach and Reynolds llumbere. 
F o r  t h i s  investigation a triangular wing wlth an aspect r a t i o  of 2.0, 
the leading e- swept back 63 .bo, and a symmetrical double-dge 
section having a maximum thickness of 5 percent of the chord a t  20 
percent of the chord was selected. Tne experimental results obtained 
w i t h  this wing f rm t e s t s  at low epeed and large scale, have been 
presented i n  reference 4. 

This report  presents the results of tests in  t h e  Amee 7- by lCkfoot 
wind tunnel t o  determine the C h a r a C b r i 8 t i C 8  of the wlng d o n e  and i n  
combination  with a body of f inenem ra t io  12.3. 3 Results are ah0 
presented f o r  the wing a t  several height6 above a ground p h e  

The results are presented in the form of standard RACA coeff i- 
I 

cients. All momente are referred to a point on the Wing center line 
at  the q u a r t e r  mean a e r o w i c  chord of the wing. (See fig. .1.) 
The symbols and coefficients are defined as followe: 

b wing span, f ee t  

0 w i n g  chord, feet 

C wing mean aerodynamic chord, f e e t  
- 

9 a;snamic pressure (&PI,  pound^ per square foot  

P m a s  density of air, slugs p r  cubia foot 

v airspeed,  feet per second 

h wing height above ground plane (measured t o  trunnion), fee t  
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a angle of attack of Xing, degrees 

* angle of yaw, degrees 

sp flap  deflection, degrees 

The wing tested was of aspect r a t i o  2.0 (leading edge swept 
back 63.4O) having a sgmmetrical d o u b m d g e  a i r f o i l  section with 
a m m  t h f c b s a  of 5 percent of the chord a t  20 percent of the 
chord. A fineness r a t i o  of 12.5 was selected f o r  the body, since 
it appeared t o  be a reasomibls  choice f o r  a supersonic alrplase. 
lzle body was proportioned relattve t o  -t;he nlng t o  represent a volume 
approximately that required  for efther a rocket o r  turbo-jet installa- 
t ion  in  a fighter airplane. The two wing l ooa t ions  relative t o  the 
body m r e  chosen to cover a range of poseible Etpplicatlona. The wlng 
was constructed of wood over a laminated steel spar; whereas t h e  body 
was of' &-wood construction. Sketches of the wlng and body me 
&own in figuree 1 ana 2. 

&e constashhord split f l a p s  i n v e e t i ~ t e d  in them tes te  wem 
bent t o  the proper  deflection from 1/16-inch--thick alminum eheet. . 
The flap chord was equal to 20 percent of the average wing chord, and 
the flaps extended along the epesl t o  the intersection of the f lap  
leading edge and a line along the wing  maxlmm thfcknese. lhie 
resulted in a f lap  area equal t o  1'7.4 percent of *e wing area. - 

The model was supported in the wind tunnel by a single strut 
attached t o  the ving E-. Figure 3 ahowe the mdel-mounting aman@- 
merit. For the t e s t s  in the presence of the ground plane, the height 
of the wing was varied by suitable spacere unhr the support strut .  
A sketch of the ground-plam arr-gement shawing the r eh t fve  lma- 
t im of the wing and ground plass  f o r  the m i -  strut hei@ts is 
s h m  in figure 4. Photographs of the model and ground plane are  
presented in figure 5. 

The data were corrected for wind-tunnel-wall effects by the 
m e t h o b  outlined in reference 5. W e e  corrections a m  s t r i c t l y  
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applicable only t o  Kings of larger sepect  ratio . Bince the model 
wing area r e l a t ive   t o  the cross-sectiana3 area of t&e wind tunnel 
waa Ermall, it i e  believed the error in using these corrections is 
negligible. The correctfans added mre: 

Ro tunnel41 correotione were applied  to the ground-plane test 
results, since the corrections were md.1. The test results -re 
also  corrected far a ~ t r e a m f n c l i n a t l o n  and s t r u t  tares. The strut 
t a m s  mm evaluated by wing an image strut as sham in figure 60 

The mador portion of the data was obtained at  a Rgynolda number 
of approximately 1.8 x 10" based on the m e a n  aerodynamic  chord. 

A summarg of the more pertinent test results t s  presented in  
f iguree 7 through 15. n e  reminder of t h e  test results are given i n  
tables I through VII. 

I eo la t ed  Wfng and W i n g - B O a y  Canbinationa 

The basic wing characteristics, as well as the results obtained 
with the wlng in two fore-and4t   locat ions on the body, are presented 
in figure 7 and tab les  I, 11, and 111. Them results indicate that 
the wing, alone or in cmBination with the body, attained a maximum 
l t f t  coeff ioient comparable t o  that of wings of greater aspeot  ratios. 
This m a x i r m z m ,  l i f t ,  h m v e r ,  was attained at an angle of attack in  
excess of 30' and the attendant high drag yielded lif t-drag  ratios 
of less than 2.0. (See f ig .  8.) Consequently, it would be necessary 
t o  resor t  t o  e i ther  very low wing loadings  or constderable power for 
this triangular wing to achieve rates of descent in the landing 
approach of as low an order of magnitude as thoae occurring with 
present-day airglatles. 

!the variation of pitoh-nt cmff ic ient  with lift coeffi- 
cient f o r  t he  wing alone indicates  satf&actory  etatic longitudinal 
e t a b i l i t r  except for an abrupt change at approximately 0.7 l i f t  
coefficient. (See fig. 7.) It is probable that this disoontinuity 
resulted frm a mpid change in the canditiane of air flow about thE 
wing. This change fn air flow has previously been observed and 
discweed by Winter (reference 6). A similar break in the variation 
of Om with Q, was found in the larepe-ecale testa reported in 
reference 4. 
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The effect of the body was t o  suppress t o  a great extent the 
abrupt change in s tab i l i ty  evident f o r  the wing alone. (See f ig .  7.) 
This beneficial  effect  quite  possibly  resulted from favorable  inter- 
ference of the body on the  transition from the even flow a t  the lower 
angles of attack to the peartially separated f l o w  at la rge  angles. 

The effect of angle of attack on the  variation of ya.w€ng moment 
and side  force w i t h  angle of yaw is shown in figures g(a), g(b),  and 
g(c)  for  the  isolated wing and the two w w o d y  conbinattons. 
Although the experimental  data  indicate  considerable  scatter,  the 
fairing of the curves is believed to represent  the  trend of the 
experimental data. The variation of the parameters Cn,+ and Cy$ 
with  angle of attack is sumrosrized in figure 10. These parameters 
represent  the  slopes of the curves  through  zero m w  and are useful 
prlnrarily a t  angles of a t tack  belm 20' because of the  erratic  variation 
of s a w i n g  moment and side  force  with yaw at larger angles of attack. 
The results f o r  the wing alone indicate increasing  directional  stabflity 

followed by a  reduction b~ C t o  zero a t  the stall. The s i d e o r c e  
variation C y  was such, however, that a vertical  tai l  muld be 
necessary t o  achieve the proper variation of angle of bank with angle 
of yaw. The addition of the b d y  in either  position  resulted in 
unstable values of C n  for  all conaftions, as well as undesirable : 

sid-orce variations xt angles of attack above 100. 

Cn* 
w i t h  increasing  angle of attack t o  a maximum a t  approximttely 20°, 

% * 

Split4Flap  Effectiveness 

Figures 11, 12, and 13 show, respectively,. the =riation of 
max-lift coefficient, change in lift coefficient , and change in 
pitch-ment coefficient w5th flap  deflection. Obviously, the 
f l a p  tested was of l i t t l e  value in fncreasing the rmximum lift atta- 
able. In fact,  for large f lap deflections the rpaxlmum l€Y3 wa6 less 
than that attainable with the flap tmdeflected. The increment in lift 
resulting from downward f lap deflection decreased mrkedly with 
creasing angle of attack; whereas the  effect of angle of attack was 
negligible f o r  upward f lap deflections. Similar-, the fncremant of 
angle of a t t ack   a t  a  constant IAPt coefficient, produced by the flaps, 
was small at high -lea of attack. 

Some insight in to  the usefulness of these f laps a8 balancing. 
devices m y  be obtaTned from figure 13 which fndicates  l i t€le  effect  
of l i f t  coefficient on the increment in pitchin@; moment sttainable 
with upmrd.flap  deflection. EoCTever, the  results also indicate  that 
this flap produced relatively small pitching moments, which would 
necessitate static nnrgins of less  than 10 percent for  operation a t  
l i f t   coef f ic ien ts  in excess of 0.8. 
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Ground Effect 

The effects of proximity t o  t h e  ground on static  longitudinal 
stabil i ty,   l if t-curve slope, and maximum l i f t  coefffcient of the 
wing are eummariaed in figure 14 from the data presented in t a b l e s  IV 
through VI1 f o r  the wing alone and the wing Kithout f lap  in the aft 
loastion CM the body.= Ihe effect of the ground plane on the atatic 
longitudinaL s tab i l i ty  of the w i n g  w&s relatively nmn.'l.l and deoreamd 
ragidly as the height of the wing was increased. The presence of the 
ground inoreased the l i f h u r v e  slope more than 25 percent for the 
oloaest  position (h/b = 0.19); and even with a height-to-epan r a t i o  
of 1.0, C& waa almoet 15 percent greater than t he  free-ir value. 
Bimilmly, the proximity of the ground resulted in an increase ifi 
t he  maximum lift ooeff icient atta,inable which ranged from 16 percent 
f o r  h/b = 0.31 t o  8.5 percent f o r  h/b = 1.0. The drag waa, as 
expected., oonsiderably reduced. by the presence of the ground. This 
reduction  resulted in an inorease of -the l i f w a g  r a t i o  fram 2.1 
( a t  hJb urn) t o  3.0 ( a t  h/b = 0.19) at a lift coefficient O f  1.2, 
Eliznilar, though amaller, increeeee in lift-drag r a t i o  were evident 
for other hei ta above the ground plane and higher lift ooeffioienta. 
(Bee f ig .  15. P ! J b  data, preeented in tables IV throu#t V I 1  indicate 
only a Ui&t iaoreaee in f lap effectiveness In the preaenoe of the 
ground plane. 

rPeets of a tziangular Kfng of aspect r a t i o  2.0 wtth 8 eymmetrioal 
d0ub-W atrf'oil m o t i o n  having a maximum thickness of 5 percent 
of the chord at  20 peruent of the chord, indiaated tbat twu regimes 
of air flow existed over the wing. It was surmised that at low angles 
of attaok m o t h  flow exiated, wfiich resulted in relatively linear 
varisticms of foroes  and maments vlth changes in angle of a t h k .  A t  
higher angles of attack  partially separated f l o w  prevailed, resulting 
in Increasingly nonlinear variation of tple la teral4orce and moment 
ohmactmistice as tple angle of a t t m k  was increased. The traa~i- 
tion between the tvo flow oonditime m e  marked by a abrupt change 
in longitudinal  stability. 

l U i t h  the w i n g  in t h e  forward location on the body, data could be 
obtained only a t  low angles of attaak before the tail or  the body 
came in contact with the ground plane. The King in the aft location 

t h e  body gave results identical with those Prom the w i n g  alone 
f o r  a l l  ground-effeot tests. Theref ore  the results in tables IV 
through VI1 f o r  6f = 0 are apgliaable to the body and wing a9t 
conflgur€ttim. 

~~ 
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A maximum l i f t  coefficient of 1.40 was obtained at an angle of 
ettack of 35'. S p l i t   f h p s  were relatively  ineffective f o r  increae- 

l i f t .  
I ing the m&xfmum lift o r  reducing  the angle of attack f o r  maximum 

Lif  +drag ratios of less than 2.0 were obtained a t  high-lif t 
coefficients,  indicating that very l o w  King loadings o r  considerable 
power would be necessary to achieve safe rates of descent fn the 
landing approach. 

The characteristics of the uing in combination Cth a body 
having a f ineness ratio of' 12.5 were similar t o  those of the wing 
alone  except that the abrupt thane in longi tudinal   skbi l i ty  
evident with the wing alone was to a large extent suppressed. 

Decreasing  height above a ground plane resulted in a C O I I E ~ ~ ~ F  
able  increase in liftrcurve slope and mum l i f t ,  a sli@t increase 
in longitudinal-  stability, and a reduction in induced drag. 

Ames Aeronautical Laboratorn, 
Na t iona l  Advisory Camittee f o r  Aeronautics, 

Moff e t t  P'ield, Calif. 
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(a) Front view. 

(b) Side  view. 
Figure 5.- Model inatallation for ground-lane tests. 
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Figure 14.- The ef fect  of  height obove the  ground 
pione on fhe /ongltudino/ characteristics of the  mode/. 
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Figure 15.- The effect of height ubove the ground 
plane on the lift-drog r u t h  of the wing. 
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