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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for the
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WIND-TUNNEL INVESTIGATION OF A BEVELED AILERON SHAPE
DESIGNED TO_INCREASE THE USEFUL DEFLECTION RAHNGE

By R. T. Jones and W. J. Underwood
INTRODUCTION

The useful range of deflection of a control surface
is ordinarily limited by the occurrence of flow sepa-
ration on the convex side of the surface behind the
hinge. After this separation occurs the hinge moment
increases rapidly, making it extremely difficult to
deflect the aileron beyond this point at high speed.

An aileron following the shape of the original airfoil
forms an outside corner on one side of the flap hinge
when it is deflected through a small angle. The
increased local velocity around this corner, which is
followed by an adverse pressure gradient, is responsible
for the flow separation.

When beveled ailerons were constructed for the
XP-51 airplane, the bevel was built up by spreading
the upper and lower surfaces apart behind the hinge
(see fig. 1, configuration B, and fig. 2 of reference 1),
making a slight inside corner on each surface. During
the flight tests; it was noted that these ailerous
showed a somewhat greater useful range of deflections
and gave slightly better control at low speed than did
the original allerons.

In an attempt to further increase the useful range
of angular deflections, the aileron shown in figure 1,
configuration C, was designed. The more pronounced inside
corner at the aileron hinge point causes an initial posi-
tive pressure peak, so that a certain amount of deflec-
tion is possible before the pressure curve becomes flat.
The purpose of the present investigation made in the
Langley Memorial Aeronautical Laboratory two-dimensional
low-turbulence tunnel was to determine the general



aerodynamic characteristics of this aileron and, in
particular, to determine its useful angular range.

APPARATUS AND MzZTHODS

A scale model having a 36-inch wing chord and
35.75-inch span was made to coprps”ond to the measured
ordinates of an intermediate section of the aileron
portion of the wing (16 inches outboard from the inboard
end of the right aileron) of the XP-51 airplane. The
wing section was modified aft of the 70-percent chord
point in order to fair in the 0.150-chord alleron.
(See fig, 1, configuration C.) The ordinates of the
modified wing section forward of the “ileron hinge line
and the original measured ordinates of the plain wing
are given in table I.

The aileron shapes tested are anomn in figure 2.
The three ailerons were b*n)ed at the 85-percent chord
point. Therefore, with the Q.145-chord aileron the
wing chord was reduced approximately 0.2 inch. In the
sealed condition, the alleron nose gap was sealed with
thin rubber dam.

For the low-drag condition, the model was finished
with number ;00 waterpaper to produce aerodynamically
smooth surfaces. For the high-drag conditien, tde
model surfaces were the same as in the low-drag c il
tion; but roughness strips, made of carborundum gr qns
embedded in glue on a l-inch strip of Scotch tape,
were placed on the upper and lower surfaces near the
leading edge of the model.

Lift and drag measurements of the model were made
by the methods described in reference 2. The profile-
drag and lift coefficients were based on a nominal wing

chord of 36 inches. The aLlC“OD hinge moments were
measured by means of a calibrated torque rod and the
coefficient is based on the actual chord and span of
the aileron.

All tests were made at a dynamic pressure of
59.7 pounds per square foot, which corresponds te a
velocity of about 150 miles per hour and a test Reynnlds
number of approximately ,,000,000, The test program 1is
given in the following table.




Aileron deflection, iBOO, for all pruns

. Qg o Surface
Run nos | Alleron (deg) Gap condition R
2 ;! 0 Seal Smooth
& 1 0 No seal Smooth
Roughness
3 1 0 Seal atrit
rips
L 2 0 Seal Smooth
5 o 0 seal “ggf?g:ss
6 3 0 Seal Smooth
Roughness
7 3 0 Seal ahcde
2 G gl Roughness
. 4 ’8.5 g strips

RESULTS AND DISCUSSION

Bffect of hinge-gap seal.- The effects of sealing
the hinge gap cn the aileron characteristics can be seen
from the results presented in figure 5. With the gap
open there is a tendency for aileron 1 to overbalance
for small deflections. A similar tendency has been
found in other tests on beveled-tralling-edge ailerons.
As shown in figure 3, this tendency to overbalance was
eliminated by sealing the gap to stop the flow of air.
Apparently the pressure difference resulting from a
small deflection of the alleron is sufficient to cause
a large portion of the boundary layer to flow from one
side of the airfoil to the other through the hinge gap,
accentuating the effect of the bevel. In addition to
eliminating the overbalance, sealing the gap also reduced
the increment in 1lift for the larger ailleron deflectlions.
This is not in agreement with the usually favorable
effect of sealing the gap of contour ailerons or less
severely shaped ailerons. In a practical installation
the effect of the hinge gap may, of course, be influenced
by the internal pressure in the wing.




Effect of surface condition and Reynolds number.- s
Because the balancing action of the bsvel depends on the
boundary-layer thickness and profile, it -is to be
expected that the amount of balance obtalned may vary.
COHSWdPPablV with surface roughness and Reynolds number.
Because the boundary-layer thickness near thie: trailing
edge of the airfoill is 1ntlmately related to the drag
coefficient and because the form of the bouﬂuar“~laver
profile near the trailing edge varies little for thin
airfoils at small angles of attack, 1t is to be expected
that the balancing autﬁon of the bevel can be related
to the drag coefficient of the section. The effects of
Reynolds number, position of transition, and surlace
condition on aileron characteristics may therefore be
correlated with their known effects on Iro¢1le drag

The effect of changes in profile drag on the aileron
characteristics is indicated by the recults presented
in figure li. The presence of the roughness strips
approximately doubles the drag of the airfoll sectlon
in each case. A comparison between the high- and low-
drag conditions for the three configurations shows that
the slope of the hinge-moment curve is reduced for small
deflections and the increment of 1ift i1s reduced for
almost all alleron deflections by the addition of the
roughness strips near the leading edge of the model.

For a conservative design, the control surface
should be proportioned so as to avoid overualance with
the highest profile-drag coefficient the wing would be
expected to have in service. -

Although these results (fig. l) may be talen as an”
irtdicavion of the effect of drag on a modere 1 tely bh
airfoil, it is not thousxht that the results can be
safely e,.ysica L0 airfoils of orcaier thickness. - On
thicker airfoils the boundary layer at the tralling :
eGdge is often considerably nearer- the separation pOLnt
aiid the behavior of the aileron undsr these' circum-
stances may be quite different.

Effect of aileron profile.~ The. effe Lo of aileron:
profile on the alleron charecteristics .are pwgbented LA
figures L and 5. »

In figure l(a) the hinge moment &nd 1lift charac-
teristics are Biven 1dr alleron 1, which -had a trailing-
edge bevel angle of 27 In the smooth conditior, the




results show that for this moderate bevel angle the
hinge-moment and 1lift characteristics are approximately
linear until a down deflection of 259 18 resched. .  For
upward deflections near -10°, an abrupt change occurs
in the slope of the hinge-moment curve. Although
aileron 1 would give the required lateral control at
low speeds, the large negative value (-0.0053) of
(0cn/00g), combined with the characteristic positive
value of (éch/éa)aa for beveled-trailing-edge allerons
would result in too large stick forces at high speeds
o Suilil present-da" control requirements. The results
in figure lL(b), !lhg smooth, show that aileron 2 with

a bevel angle of 30 an increase of 3° in the bevel

angle of aileron 1, woulé also fail to *ivo the required
lateral control at high speed because of the too large
negative value (-0. OO“M) of (0cyp/085),- The resulis in

figure li(c), wing smooth, show that al‘ eron 3 with a
bevel angle of 530  an increase of 5 in the bevel angle
of aileron 2, combined with a reduction in aileron chord
of 0.005¢c had a value of =-0.0020 for (Ocp/06a)y Wwhich
should be low enough to give the required lateral control
at high speeds on a pursult plane of conventional size.,

A comparison of figures l(a), b), and lLi(c) shows
that by increasing the beve; dnbhe from 27° to 33%° the
slope of the hll’e-momert curve is pro greosively reduced
at small deflections, resulting in considerable curva-
ture of the hlnge-momnnt curve, while the 1lift-
characteristic curves remain about the same for the
three allerons.

No contour aileron was tested for comparison with
the modified aileron; hence, it is not possible to
state definitely that the results of thzse Lests show
an increase in the range of useful deflection over the
usual contour aileron, although low values of the hinge
moment appear to be extended to greater deflections than
is ordinarily found for conventLonal shapes.

Figure 5 gives a comparison of drag polars for the
modified aileron section and the plain wing section
with and without a 0.187¢ contour aileron. This com-
parison shows that in the range of test Reynolds number

an lncrease in minimum profile drag cg, - of about
m




0.0002 resulted from deforming the plain section with a
contour aileron to form the modified section and a:
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TABLE I

AIRFOIL ORDINATES OF INTERMEDIATE WING SECTION OF XP=51 AIRPLANE

Plain wing section Modified wing section
x/c ’v/° yL/c x/e T/C v /¢
0 0 0 0 0 0
. 0125 .018) -, 013} .0125 .0184 - oxgh
. 025 . 026 -,0181 025 . 026 -.0101
005 .0 6 -.02)4 005 .0 "'002’4
0075 ® 38 -,030 0075 .0 38 ‘005
5 o B ER g
® .o -00 12 ® ® e
2 B 8 .
e 50 ° 072; - 02&6 ® 50 ® 0765 - 05’46
.35 .0787 -.0550 «35 . 0787 -.0550
L0 .0793 -. 0552 40 . 0793 =.0552
'hs '0790 "005 5 -,45 00790 -'o S
050 ® 69 -y O L] o 00Z69 -.0
. 60 . 0675 -.OLly7 .60 - 0675 - 0447
® 0 .0520 -.0513 ® 0 00520 -00319
® 0 .6358 -.016 ° o 00528 -00135
0805 .0926 -.016 .85 00220 ".00 0
-8125 -.015
« 015 =,01
8175 -,0151
° -00 5
.85 .0228 -.011
-90 .0133 -,006
’95 00056 -QOOZh
9 . 0011 -,0011
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Figure 2.— Aileron shapes tested on 36-inch
chord model of X/~-5/ wing section.
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Section 1ift coefficlent, ¢,
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Figure 3.- Effect of hinge gap on section aileron characteristics

of aileron 1 on 2 scale model of the intermediate wing section of

the XP-51 airplezne. ag,0°; wing smooth (cdo =

.0045); R, L x 106,
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alleron characteristics of a modified aileron on a scale
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Modified alleron section - alleron 1

O —-Seal e 6
+ —-No seal 22997 B, b x 10
Plain wing section; R, 6 X 106 (fig. 5 - ref. %)
—————— Plain wing gection with 0.187c contour aileron;
R, 6 x 10°%; no seal. (fig. 10 - ref, 3)
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Flgure 5.- Comparison of the drag polars of the modified
wing section with alleron 1 and the plain wing with and
without a contour aileron.
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