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NATIONAL ADVISORY COMMITTEE FOR AERONAUl'ICS 

:RESEARCH MHMORANDUM 

FULL-SCALE INV:ESTIGATION OF A WDG WITH THE LEADING 

EffiE SWEPl' BACK 47.50 AND HAVDG CIRCULAR-ARC AND 

FINITE-TRAILING-EroE-THICXNESS AILERONS 

By Roy H. Lange 

SUMMARY 

The results of an investigation in the Langley full-scale tunnel 
to determine the aerodynamic characteristics of a wing with the leading 
edge swept back 47.50 and having a 20-percent-chord, 5O-percent-Bpan 
outboard aileron are presented in this paper. The wing had symmetrical 
c ircular-arc airfoil sections and was investigated both with a 
circular-arc contour aileron and with a flat-Bided contour aileron with 
finite trailing-edge thickness. Tests were also made to determine the 
aileron effectiveness with and without the modified ailerog. All the 
data are presented for a Reynolds number of about 4. 3 X 10 and a Mach 
number of about 0.07. 

The results shaw that the finite-trailing-edge-thickness aileron 
caused about a 3-per.cent stabilizing shift in the aerod.ynamic-center 
location as compared with the basic wing for a lift-coefficient range 
of 0 to 0.35. The finite-trailing-edge-thickness aileron caused about 
a l5-percent increase in drag coefficient for lift coefficients below 0.3. 
In general, the finite-trailing-edge-thickness aileron gave a more 
nearly linear variation of rolling-moment coefficient with aileron 
deflection for a range of angle of attack from 00 to 160 by eliminating 
the reduction in aileron effectiveness for deflections between 100 and 
150 characteristic of the basic wing aileron. For angles of attack 
greater than 160 there is no appreciable difference in the effectiveness 
of the two aileron configurations. 

INl'RODUCTION 

The problem of securing adequate lateral control for high-speed 
aircraft employing sweptback wings requires careful consideration for 
both the high-speed and the low-speed flight conditions. An investi­
gation at high subsonic and transonic speeds (M = 0.50 to 1.2) of a 
20-percent-chord, 50-percent-epan outboard aileron on a 42 . 70 sweptback 
wing showed that changing the circular-arc aileron contour to a flair­
sided aileron contour with finite trailing-edge thickness eliminated 
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reversal of contr ol in most cases and generally improved the aileron 
control characteristics (reference 1). I n addition, an investigation 
at a Mach number of 1.9 (reference 2) also showed some improvement in 
rolling effectiveness resulting f r om the use of the thick aileron . 
Inasmuch as the a ileron with finite trailing-edge thickness produced 
desirable control characteri stics for high-speed flight, it was of 
particular interest to determine the charact,eristics of this a ileron 
f or low-epeed, high-att i tude flight conditions . Therefore , incidental 
to a general investigat ion i n the Langley full-ecale tunnel of a 
47 . 50 sweptback wing with symmetrical circular-arc airfoil sections , 
tests wer e made of the wing with a 20-percent-chord, 50-percent-epan 
outboard a i l eron with both the circular-;:eJ;'c contour and the flat-sided 
contour with f inite traili ng-edge thickness . A trailing-edge thickness 
of on&-half the a i l er on- hing&-line thickness was tested inasmuch as the 
results of r efer ence 1 indicated that , in general, this configuration 
was more effective than other trailing-edge thicknesses . 

The investigation included measurements at a Reynolds number of 
about 4 . 3 X 106 and a Mach number of about ,0.07 of the lift, the drag, 
and the p itching-moment coeff ic i ents of the basic wing and of the wing 
with the finite- t railing-edge- thickness aileron installed for a large 
angle-of -attack r ange . The a ileron effectiveness was also determined 
for the t wo aileron confi gurations from tests with the right aileron 
defl ected through a range from 00 to 19.60

• 

COEFFICIENI'S AND SYMBOLS 

The test data are presented as standard NACA coefficients of 
f orces and moments . The dat a are referred to a set of axes coinciding 
with the wind axes , and the or igin was located at the ~uarter-chord 
poi nt of the mean aerodynamic chor d . 

CL l ift coeffic i ent (L~~~ 

CD drag coefficient (~s:) 

C I 

CI a 

M 

L 

pitchi ng-moment coefficient (. M ..=-\ 
,,~Sc) 

rolli ng-moment coeff icient ~q~~ 

rolling-moment coeff icient produced by the ail er on 

p itching moment or free-etream Mach number 

rolling moment 
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x 

dem 
dCL 

dC l a 

deaR 

angle of attack, degrees 

free-s tream dynamic pressure 

wing area ( 231 .0 sq ft ) 

wing span (28.5 ft ) 

mean aerodynamic chord to plane of 

symmetry (8 .37 ft ) 

distance from leading edge of root chord to 

of the mean aerodynamic chord ( 9 . 03 ft ) 

airfoil thickness 

right aileron deflection, positive for down deflections , 
degrees 

chord, parallel to plane of symmetry 

longitudinal distance , parallel to plane of symmetry, 
from leading edge of root chord to quarter-chord point of 
each section 

rate of change of pitching-moment coefficient with lift 
coefficient 

rate of change of rolling-moment coefficient produced by 
aileron with right aileron deflection, per degree 

MODEL 

The geometric characteristics of the wing are given in figure 1 . 
The wing has an angle of sweepback of 450 at the quarter-chord line, an 
aspect ratio of 3 . 5, a taper ratio of 0. 5 and has no geometric dihedral 
or t wist . The airfoil section of the wing is a symmetrical, 10-percent­
thick, c ircular-arc section perpendicular to the 50-percent-chord line . 
A more detailed description of the wing is given in refer ence 3. 

The aileron tested was actually an outboard 50-percent-span, 20-percent 
chord (normal to the 50-percent-chord line ) trailing-sdge plain flap . 
T:lis :zlap was pivoted on piano hinges mOllilted flush with the lower 
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wing surface and , therefore , only downward deflections were possible. 
When the flap was deflected the gap on the upper wing surface was 
covered and faired with a sheet-metal seal. Aileron deflections of 0°, 
5 . 7° , 10. 2° , 14.3°, and 19 . 6° were provided on the right aileron 
only . A sketch of the ~ileron contours tested is given in figure 2, 
and a photograph of the wing with the aileron modified with a finite 
trailing-edge thickness is given as figure 3. 

TESTS 

All the tests wer e made through an angle-of-attack r~e from 

about _20 to 250 and at a Reynolds number of about 4.3 X 10 and a 
Mach number of about 0. 07 . In order to determine the longit udinal 
characterist ics of the wing measurements were made of the l ift, the 
drag, and the pitching-moment coefficients of the basic wing and of 
the wing with the modif ied a i l eron . The aileron-effectiveness tests 
were made with only the right aileron deflected through a range from 00 

to 19.60
. For these tests the aileron was set at t he required deflec­

tion, and then force tes ts were made as the angle of attack of the 
wing was increased fro~ 00 to 25° 

The effects of the aileron with finite trailing-edge thickness on 
the stall progression of the wing were determined from visual obser­
vations of the act ion of wool tufts attached to the upper wi ng surface . 

RESULTS AND DISCrnSION 

The r esults have been corrected for the stream alinement, the 
blocking effects , the tares caused by the wing supports , and the jet­
boundary effects which were calculated on the basis of an unswept wing. 

Longitudinal Aerodynamic Characteristics 

The finite-trailing-edge- thickness aileron shows a slight incr eas e 
in lift-curve slope and in maximum lift coefficient as compared with the 
basic wing . (See fig . 4(a).) The drag coefficient of the basic wing is 
increased by about 15 percent for lift coefficients below 0. 3 by the 
addition of the finite-tr a i ling-edge-thickness aileron. (See fig. 4(b).) 

As shown by the var i ations of Cm with CL in figure 4(c), the 
aileron with f inite trailing-edge thickness caused about a }-percent 
stabilizing shi ft in the aerodynamic-center location as compared with 
the basic wing for a lift-coefficient range from 0 to 0. 35. For lift 
coefficients above about 0.5, however, ther e is no appreciable change 
in aerodynamic-center locat ion as compared with the basic wing. 
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Observations of the stall progression over the wing with the finite­
trailing~dge-thickness aileron installed showed a delay in the angles 
of attack at which spanwise flow was fully developed in the outer wing 
semispan as compared with the flow over the basic wing. As a result , 
the flow over the outer wing semis pan was improved through the l ow and 
moderate angle-of-attack range which resulted in an increase in the lift 
over this por tion of the wing and more stabilizing pitching character­
istics . However , at the higher angles of attack there was no signifi­
cant difference in the s t all progressions . 

Aileron Effectiveness 

The rolling-moment data presented in figure 5 were used to obtain 
the aileron~ffectiveness results presented in figure 6, and the rolling­
moment coefficients presented in figure 6 represent the coefficient at a 
given deflection minus the coefficient at zero deflection . In general, 
the finite-trailing~dg&-thickness aileron gave a more nearly linear 
variation of rolling-moment coefficient with aileron deflection for a 
range of angle of attack from 00 to 160 by eliminating the reduction in 

dC l a 
the aileron effectiveness for deflections between 100 and 150 

dOaR 
characteristic of the basic wing aileron. For angles of attack greater 
than 160

, ther e is no appreciable difference in the effectiveness of the 
dCla 

two aileron configur~tions . The aileron effectiveness ~ at the 
OOaR 

hi ghest deflection tested ( OaR = 19 . 6) decreased from values 

of -0.00118 and -0. 00148 for the basic-wing aileron and finite­
trailing~dge-thickness aileron, res pectively, at an angle of attack o 
of 0 to -0.00039 for both aileron configurations at an angle of attack 
of 200 . The effectiveness is further decreased to about zero for both 
aileron configurations at an angle of attack of 220. For these higher 
attitude conditions, each aileron pr oduces about the same maximum 
rolling-moment coefficient of about -0.012. 

SUMMARY OF RESULTS 

The results of an investigation in the Langley full-ecale tunnel 
of a wing with the leading edge swept back 47 . 50 and having a 20-percent­
chord, 50-percent-epan aileron with a circular-arc contour and with a 
flat-eided contour with finite tra iling-edge thickness showed the 
following: 

1 . The finite-trailing~dge-thickness aileron caused a 3-percent 
stabilizing shift in the aerodynamic-center location as compared with the 
basic wing for a lift-coefficient range from 0 to 0 .35 . For lift 

j 
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coefficients above 0 . 5 there is no appreciabl e change in the aerodynamic­
center location as compared with the basic wing . 

2 . The finite- trailing-edge-thickness ail eron caused about a 
l5-percent incr ease in drag for lift coeffic i ent s bel ow 0. 3 and 
slightly increased the lift-curve s lope and maximum lift coefficient . 

3 . I n general , the f inite- trailing-edge- thickness aileron gave a 
mor e nearly linear variation of rolling- moment coefficient with aileron 
deflection f or a range of angle of attack from 00 to 160 by eliminating 
the reduct ion in aileron effectiveness for deflect ions between 100 

and 150 characteristic of the basic wing aileron . For angles of attack 
greater than 160 , there is no appreciable difference i n the effectiveness 
of the t wo aileron configurat ions. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langl ey Air Force Base , Va. 
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Figure 1.- Plan form of 47.50 sweptback wing . All dimensions are given in inches . 
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Spanwise ]ocation, t/2, inches 
percent b/2 

50 2.33 
75 1.97 

100 1.61 

Aileron hinge line 
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- --- Basic aileron (circular arc) 

-- --Fini te-trailing-edge thickness aileron 

Figure 2. - Se ction profiles of ailerons tested. 
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Figure 3 . - Three-quarter rear view of wing with finite-trailing-edge­
thickness aileron installed. 
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Figure 5.- Variation of rolling-moment coef ficient with angle of att ack 
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effectiveness. • 
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