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” 

By Edward F Whittle, Jr . , and J. Calvin Lovell  

An investigation has been made In the Langley full-ecale tunnel 
of the low-speed characteristics of a wing having triangular plan 
form, 60° of  sweepback  at the lea- edge, and 10-percent-thick 
biconvex  airfoil  sections. The investigation  consisted of tlie determi- 
nation  of the effects  of semispan and full-spas leadfng-edge and 
trailing-edge fhps on  the longit-1 aemdymmio characterietfcs  of 
the w i n g  and the  effects of a vertical fin on t h e  lateral  stability 
characteristics. 

The maxhm lift  coefficient of the  basic  triangular wing w a ~  1.08 
at a lift-drag  ratio of 1.6, and both leading-edge and trailhg-edge 
fhps were relatfvely  ineffective in FncreaeFng t h e  mRalwrm lift  coeffi- 
cient  or  the  lift-drag  ratio. The optimum  flap  configuration  tested 
had a maxbnm lift coefficient of 1.20 at a lif’t-drag  ratio of 2.2. 
These low values of  lift-drag  ratio  at  the  relatively low values of 
maximum lift  coefficient  indicate that high power-off sinking speeds 
will prohibit safe  power-off landing of wings. of t h i s  tspe. 

The effective U e d r a l  of the  triangular wing was low, and a 
stzeable  vertical fin did not  apsreciably change the  effective  dihedral 
of  the w l n g .  The basic triangular w t n g  had a small degree of directional 
stability  at low lift coefficients and became  directionally  unstable  at 
lift cpeff  icients abom 0 .gO The vertical fin contributed a stable 
incrament of approximately -0.0012 to the directional  stability through- 
out t h e  lift-coefficient range. 

A .King having  triangular plan form, &lo of sweepback  at  the  leading 
edge, and 10-percent-tuck  biconvex  airfoil  sectfona has been  teated in - 
the -gley full-scale tunnel as part of a general  investfgation of the 
low-speed characteristics of probable  hi&-speed-airplsne  configurations 
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The investigation  included tests t o  determine the effecter of 
semispan and f d l - span  leading-edge and traiung-edge  f laps on the 
longitudinal Rerodynamic characterist ics of the triangular whg. Teets 
were made of several leading-edge and trailing-edge  flap combinetiom 
t o  determine the optimuni low-speed f b p  configuration. The lateral 
chlsracteristics of the unflapped tr iangular.  wing, with and without a 
v e r t i c a l   f i n  installed, were ale0 determined. 

The data were referred to   t he   s t ab i l i t y  axes, which are defined i n  
figure 1. The origin of the system of axes is located a t  the quarter 
chord. of the mean aerodynamic chord. 

u t  coefficient ( L/QS) 

lYaxlIuum l i f t  coefficient 

kmgi tMW-force   coe f f i c i en t  - ( x / ~ s )  

drag coefficfent (D/QS) 

pitching-moment coefficient (M/qSc ' ) 

Lateral-force  coefficient ( Y/~S 1 

yawing-mcment coeffi ctant  ( N/~SII  ) 

rolling-moment caeff  iclent (L '/qSb) 

lift 

longitudinal  force 

drag (-X a t  zero yaw) 

pitching moment about Y-axis 

Lateral  force - 
. - . . . " . - . - .. . 

yawing merit about  Z-axis 

ro l l ing  moment about X-axis 
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mass density of free-stream a i r  

free-stream  .irelocity 

free-stream dymmic pressure 

wing area 

span of wing 

angle of attack, degrees (meaemed in the  plane of symmetry) 

slope of lift curve, per degree 

angle of yaw, degrees (poaitive when ri&t wing i a  back) 

rate of change of lateral-force  coefficient with angle of 
yaw, per  degree 

rate of change of yaa-moment coefficient with angle of 
yaw, per  degree 

r a t e  of  change of rolling-mament coerficient with s e e  of 
yaw, per  degree 

flap  deflection, degree8 (positive dawn) 

l i f t - d r a g   r a t i o  

gliding speed, miles per hour 

sinking speed, f e e t  per second 

MODEL 

The tr iangular wing tes ted had a span of 23.1 feet, equi la teral  
plan f o m ,  which corresponds t o  &lo of sweepback a t  the leading edge, 
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. Jet-boundary corrections were made by an unpublished method  which takes 
Into account  both the chorduise and spariwise load  .distribution and 
determines  the boundary-ipduced dounwash over the ent i re  wing area. 
The conventional  corrections f o r  stream angle, buoyancy, and blocHng 
were applied 

Longitudinal  Characteristica 

Basic wine.- The ' k x b m m  l i f t  coefficient of the  basic triangular 
wing was 1.08 a t  an angle of at tack of 32 -5' as  shown p figure 4, 
a  variation in  Reynold8 number from 2.91 x 1OEA 9-61. X 10 Rad  no 
appreciable  effect oq Ch,. The l i f t -d rag   r a t io   fo r  the basic wing 

reached  a mximm value of 10 at  CL = 0.19 and then  decreased with' 

T u f t  studies f o r  ' t he  basic triangular wing are given in  figure 5(a) . 
A t  zero l i f t  the flow over the wlng was -0th and directed rearward. 
AB the l i f t  coefficient  increased, the vortex-type  flow  described in 
reference I developed  over the upper surface of the wing directing the 
tuf%s toward the WFng tip. T h i s  vortex  action is favorab'le i n  maln- r 

talning  orderly flow over the wing a t   t h e  high angles of a t tack f o r  
maximum l i f t .  Ln the  region  affected by the  vortex  action,  the tufts 
on the   l e f t  wlng panel  exhibited a tendency to  ro ta te  in a c locWse  

ro ta te  in a  counterclockwise direction. ThFs menamenon was previously'! - -  
noted fo r  the- flow over the Uo sweptback wlng of  reference 2 a A t  a 
l i f t  coefficient of a p p r o m t e l y  0 .%, unsteady  flow developed a t   t h e  
wing tips, and the slope of the l i f t  curve  decreased.  Thia  region of 
unsteady flow, followed by an area of complete stall, mved  propea- 
sively inboard  with  increasing l i f t  coefffcient. A t  the maximum l i f t  
coefficient  the  outboard third of the semispan appeared t o  be completely 
s ta l led .  

- .  
L direction and those on the right WFng panel eihibited  a tendency t o  .: ,.+ 

The slope of the pitching-moment curve was negative and constant 
up t o  the CL .(approximately 0.50) of i n i t i a l  unsteady flow a t   t h e  
wing t i p s .  At. this CL, the slope of the pitching-mamen-t cu rve  

decreased somewhat but then began t o  increase 88 CL increased. The 
shape of the pitching-moment curve throw the stall is considered 
stable .  

TrailinR-edge f laps . -  Figure 6 @yes the effects  of semispan 
inboard  trailing-edge f laps  on the  longitudinal a e r o d y y c  charac- 
t e r i s t i c s  of the m. A t  low l i f t  coefficients t h s  usual effects  of 
trail ing-edge  f laps yere shown, and the slope of the l i f t  curves 
remained constant up t o  the angle of a t t a c k   a t  which the initial 
unsteady  flow developed at the wing t i p s  The pitching nmment became 



progressively mre negative  wlth  increasing semispan flag deflection, 
and.the brealre i n  the pitching-nmnent  curves r-ined ekble ,  except 
at a f l ap   de f l ec t im  of &lo. AB shown in  figure 12, the best C h X  

of 1-15 obtained by semispan inboard  trailing-edge f lap w a ~  a t  8 
flap  deflection of 2 0 ~ .  

Except for-flap  deflection8  greater than 30°, the longitudinal 
data for fdl-span  trail ing-edge flaps are presented i n  figure 7. Sham 
discontinuities in the l i f t  and itching-mcrmant c m e s  appeared between 
angles of aktack of l2O and 140 pat a flap  deflection of 20°, CL 
decreased fram 0.93 t o  0 38 and Cm increased  poeitively fram -0.23 
t o  -0 -18) a f t e r  which. the  curves proceeded at  decreased slope. 
Discontinuities of this type were &o noted in reference 3 f o r  a 
trianguhx wing having dou'ole-wedge airf'oil sections and sp l i t   t r a i l i ng -  
edge f laps .  T u f t  studies a t  EL full-span tralUng-edge-flap deflection 
of 20° (see f ig .  5(b))  indicate a rapid  progression of p s t eady  flow and 
stall over the wing t i p s  between angles of a t tack OF 12 . and l 4 O  - The 
largest  C~ of 1.19 f o r  fm-span tralling-eage f h p s   ( f i g .  E) 
was obtained a t  a flap  deflection of 20°. The smal l  pine i n  C b  
and the  unstable pitching-moment breaks together wlth the need for 
outboard  control  surfaces render full-span trailing-edge flaps 
Imj?ractical f o r  m6 on WFngs of this type. 

Leading-edw f laps .  - Except fo r  f Lap deflections  greater than 30°, 
figure 8 show the effect  of full-span leading-edge flape on the lmgi- 
tudinal characterist ics of the wing. T u f t  studfes o f t h e  flow oyer the 
wing with full-span leading-edge f l a p  deflected 20° are  given in 
figure 5( c)  The progression of spanwlse flow and s t a l l   f o l l a r  the 
same pattern as for  the basic Xing, although. the . d e v e l o p n t  .of tihe 
vortex-type flow w&8 delayed somewhat  by deflection of the leading-eQe 
f laps .  This delay i n  the vortex action is believed  to be due to   the 
decreased pressure di f fe ren t ia l  between t h e  upper and lmr dJurfacee 
of the  deflected  flap in - the  immediate vicini ty  of the f l a p  l eading '  
edge The general shape of the pitching-moment curve8 -8 unaffected 
by leading-0d.geTfla-g deflection. However, a progressively  negativg 
sh i f t  of the curves  appeared with,increasins-  l+ling-eQe-flap 
deflection, due t o  the alleviation af pressures and loading a t  the 
leading edge - It. is shown i n  f i p r e  -12 . . that-a-full- .ape_ leading-edge-. - 
flap  deflection of 30° produced the  largest  C h  of 1.22. 

" 

. -. 

" 

. ... . . -  . . - . - . - 

The effect  of deflecting the leading-edge f laps  separatel;y a s  
semispan inbosrd and outboard  leading-edge f laps  is shown in  f iguree 9 
and 10 and their separate  eff'ect on C is shown in   f igure  12. 
Deflection of the catboard leading-edge flap. bqroved the flow a t  the 
wing kips, thereby  providing more linear pitching-moment curves as 
cornpara t o  the pitching-mament cur& fo r  the basic wing. However, - 

1 

LmaX 
* - 
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. .  the maximum Uft coefficient was -increased only t o  1.16 at the 
excessively Wge f l ap  angle of P O .  Separate  deflection of the 
semispan inbmrd  leading-edge f lap had an adverse  effect on 

The geneFal shape of t h e   p i t d l i n g - m n t  C I k V 8 S  -8 unaffected bg 
flap  deflection,  but  they were ahifted progreesively in the  negative 
direction due t o  loss Fn l i f t  a t  the wing apex. 

%lax' 

Flap combinations.- The e f fec t  of three leading-edge and t ra i l lng-  
edge f l ap  cambinations on the longitudinal characteristic8 of the wing 
is given in   f igure  U. Flap deflections of  2o0 were used throughoat. 
The deflection of  full-span leading-edge f laps  and samispan inboard 
trailing-edge  flap8 had no appreciable  effect an C b x  o r  L/D 

a t  Ck,, but  the pitching-nmment curve was shif ted in a negative 
direction. The addition t o  t h i s  f l a p  cambination of outboard t ra i l ing-  
edge f h p s  shif ted t h e  lfft o w e  upward t o  a 

L/D was 1.5, ma the pitching-JnmBnt  curve WBB shif ted still more i n  a 
negative  direction. 

cL of 1-20, a t  WWCh 

The deflection of semispan outboard lea--edge f laps in conjunc- 
tion  with semispan inboard  trailing-edge flap6 extended the  l inear i ty  of 
the l i f t  curve,  thereby re8uLtIn.g in the maximum lift coefficient at an 
angle of a t tack of 25.5O as campared with 32.5O fo r  the basic wfng . The 
value of C b x  was increased t o  1.20, and the lift-drag r a t i o  at C h  

was increased to  2.2. T h i s  c d i n a t i o n  produced the mo~t linear 
pitchingamnt  character is t ic-s   with a lese negative  shift  of the curve 
though the  break a t  the s t a l l  W&B mgblal. The canbination of outboard 
leading-edge f laps and inboard  trailing-edge f laps  is coneidered the 
ogtimum Landing configuration  teeted. 

- 

.. 
L 

Figure 13 gives the polar curves f o r  several flap  configurations 
euperh~gosed on a gliding-speed and sinking-speed @?id baeed on an 
assumed wing loading of 40 pound8 per equare f o o t .  The curve for the 
optFmum f lap canbination  teeted &owe that the power-off s m w d  speed 
a t   t h e  estFmated lift coefficient (0.n) f o r  the landing approach is 
49 f e e t  per second at a f l i g h t  speed of 143 milee per hour. It i8 
believed that t h i s  high power-off einklng speed will prohibit  safe 
parer-off l andins .  

Lateral Characteristics 

The variations of t he   l a t e ra l   s t ab i l i t y  parameter; C Z ~  Cnv 

and C with CL in f i p e  16 were obtained from the variatians of Cz, 

C,, and Cy with $ ( f igs .  14 and 15) a t  mall angles of yaw ($ = so) 
Since  the  stabil i ty boundaries f o r  'a triangular wing have not-boen 

y* 



established, there is some question a8 t o  the sfgnificance of the 
maguitude of the s t ab i l i t y  paramstera. In  general, harever, it is 
believed that positive  values of C Z ~  and negative values of (2% a re  

necessary for   sat isfactory flylng qualit ies.  

The value of C for   the  basic triangular wing increased fram 
23r 

zero a t  zero lift t o  a maximum value of O . O O E  at CL = O .4Oj and 
as C~L Fncreased . .  . .  above 0.40,-Czs decreased,  reaching  zero a t  

CL = 0.64 and -0 -004 at a CL of 1.00. The ver t ica l  f in had no 
appreciable effect on the effective d i h e d r h .  It is believed that 
deflection of the outboard leading-edge f l a p  would extend the l i f t -  
coefficient  range  for  positive  effective  dihedral,  since these flaw 
bprove the flow a t  the wing t i p s .  

The basic triangular wing had a amall degree of directional  sta- 
b i l i t y  at l i f t  coefficients between 0 -20 and 0 -90 * The minimum value 
of  C for the basic w3ig was -0.0007 at a CL of 0.80, and a t  l i f t  

coefficientfl above th i s  value C increased with CL to   posi t ive 

values a t  l i f t  coafficients above 0 . 9 .  The ver t ica l  fln contributed 
a stable increment of approximately -0.0012 t o  C throughout the 

l i f t -coeff ic ient  range but did not  prevent from becaming positive 

above CL = 1.0. These values of C f o r  the fin-on  configuration 

are believed t o  be adequate for   sat isfactory  f lying  qual i t ies .  

nJC 

nllr 

n14 

% 
** 

The basic  triangular wing had a amall degree of Lateral-force 
e f f ec t   a t  low lift coefficiente, due t o  asymmetry of the m o d e l  &/or 
a i r  8 tream. At l i f t  coefficients above 0 -60, Cy increased  with CL 

t o  0 -004 a t  a CL of 1.00. The ver t fca l  fin contributed an increment 
of appmxlmtdy  0.005 t o  Cy throughout the CL range. 

If 

* 
CONCUTSIONS 

The remlts- of tests a t  a; high Reynolds number of a triangular Xing 
ham lO-percent-.thick  biconvex a i r fo i l   sec t ions  Indicate the fo lbwlng  
concluaione: 

1. Since  the opt- flap. configuration  teeted ( i n b o d  eami8pan 
trailing-edge and outboard semispan leading-edge flaps  deflected 20°) 
only  increaaed C t o  1.20, it is  believed that the maxFmum l i f t  

coefficient of an equilateral   tr iangular wing having pla in  tyalling-od& 
flaps and drooped leading-edge f lap8 will be relat ively low. 

%X 
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2. Low values of lift-drag r a t i o ,   a t  the relat ively low values 
of maxim= l i f t  coefficient,  indicate that high power-off si- 
speeds will prohibit safe power-off landfng of Uin@ of this type- 

3 .  Semispan outboard  leading-edge f laps  in combination with the 
semiapan inboard trail ing-edge  f lap gave the most linear  pitching- 
IlKxment variation of those  colribbtions  tested. Although the marginal 
break a t   t h e  stall is' not a desirable one, it is believed  that no 
ser ious  s ta l l ibg  character is t ics  due t o  this condition will be 
encountered Fn flight. The l inear i ty  of the pitching-lmunent curves 
and generally  stable  tendencies  through the stall Indicate that 
triangular wings of the tspe tested can be designed to  have satisfactory 
low-speed  1ongitud.inal stability characterist ics 

4. The effective d i h e d r a l  of the triangdar wing was low at l o w  
l i f t  coefficients mum C was 0 .OO= a t  a CL of 0.40 and 

became negative at lift coefficie?'~te above 0.63. A vertical f in  having 
13 percent of the wing area and an aspect  ratio of 1.43 did not  appreci- 
ably change the .effective  dihedral of the uing. It is believed  that 
deflection of the outboard leading-edge f laps  would extend the l i f t -  
coefficient range for   posi t ive  effect ive dihedral. 

( % 1 

Langley Aeronautical  Laboratory 
National Advisory C a m m i t t e e  f o r  Aeronautics 

Langley Field, Va. 

. 
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Figure 1. - The stability system of axes and sign convention for  the standard 
NACA coefficients. All force coe€ficients, moment coefflcients , angles, and 
control-surface deflections are shown as positive. 
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(a) Dimensions of the triangular wing. 

Figure 2. - General  arrangement of the low -aspectTatio triangular wing. 
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(b) Sectional views of the triangular-wing flaps. 

' Figure 2. - Concluded. 





(a) &sic wing. 

Flgure 3.- The low-aspect-ratio triangular wing mounted in the Langley full-scale tunnel; 
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(b) Vertical fin installed for yaw tests, 

Figure 3.- Concluded. 
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Figure 5.- Stalling characteristics of the triangular wing. 



Figure 6,- Effect of semlspaxl inboard trailing-edge-flap deflection on the aerodynamic characteristics 
of the trtangutar wing. w - 0'. B 
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Figufe 7.- Wect of full-span trailing-edgedsp deflection on the  aerodynamic characteristics of the 
trlw wing. * = op. 
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Figure 8.- Effect of full-span leading-edge-flap deflection on the aerodynamic characteristics of the 
triangular wing. * = oo. w N i 
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(a) CL plotted. against = and C,. 

of t k  t r i w a r  wing. I = 0'. 
Mgure 9.- Effect of semispan outboard leading-edge-flap deflection on the aarodynamic characterlstics 

I . . .  . . . . . . . . . . . . . . . .  . .  .~ . . .  .. . . . .  . -  
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(b) CL plotted against C,. 

Figure 9.- Concluded. 



Figure 10.- Effect of semispan inboard  leading-edge-flap  deflection on the aerodynamic characteristics 
of the tria,ngular wing. 9 = oO. 
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Figure 12.- Effect of flaps on the maximum Uft coefficient 
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Mgure 13.- Gliding speed and sinking speed of the triangular wing with the varlous f lap  combinations 
and a cplng loading uf 40 pounds per square foot. \D N 

. . .. . 
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Figure 14.- Effect of yaw on the  aerodynamic characteristics of the triangular wing. Vertical fin off; 
8f = 00. 
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Figure 16.- Effect of yaw on the aerodynamic charackglstlcs of the triangular wing, Vertical fin on; 
Bf P O .  

. . . . . . . . .  . .   . .  



L i r t  eoeffiaient, CL . 
Figure 16. - Effect on the lateral stability parameters of installing a  vertical 

. f i n  on the triangular wing. 
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