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ADVAYCE .COUFIDENTIAL REPORT
WIND-TUNHEL TZSTS OF: AILLPOh- AT VARIOUS SPEEDS
IV - AILERONS OF 0,20 AIRFOIL CEORD AND TRUE

CONTOUR WITH 0,35 AILERON-CHORD EXTREME
BLUNT-NOSE BALANCE ON THE NACA 23012 AIRFCIL

By W, Letko, T, A, Eollingworth, and R, A, Anderson

STUMMARY

Tests were made ‘on an NACA 23012 airfoil
20-percent—chord, true—contour aileron with 35—
chord, extreme blunt—nose balance, The tests were made

in the two—dimensional test section of the NACA stability
tunnel at & range of airspeeds from 160 to 360 miles per
hour, which corresponded to a range of rach numbers from
0,195 to 0,475, The primary purpose of the investigation
was to determine the variation of the aerodynamic characlter—
igtica of Thic type of ailepon with alrgspeeds the effect of

variations of gap width and balance—nose radii was also in-—
vestigated,

The results of the investigation are presented as curves
of section hlnge—rohelt coefficient and section 1ift coeffi-
cient plotted against aileron angle, and cross plots have been
made to illustrate the effect of variations of Mach number,
balance—nose radii, and gap width on the aserodynamic charac—
teristics of the aileron, or small aileron deflections at

F
low angles of attack, increased airspeed had little effect
on the rate of change of section hinge—moment coefficient
with aileron deflection but increased the rate of change of

gectlon 11ft coefficient with bileron deflectiion, Increased
airspeed decrcased the unstalled range of the aileron and
increcased the rate of change of section 1if% coefficient and

ent with angle of attack, An
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INTRODUCTI ON

The recent trend in airplane design toward increased
size, power, and radius of gyration in roll and the demand
for greater maneuverability at high airspeeds have made
necessary almost perfectly balanced controis on combat air—
eraft with no decrease in control effectiveness, Although
most present aileron installations are fairly satisfactory
at low airspeeds, these installations may be unsatisfactory
at high airspeeds because of insufficient balance and, in
some cases, overbalance, In an effort to overcome this
difficulty, the NACA has undertaken a series of investiga—
tions to determine the aerodynamic characteristics of varioug
types of balanced control surfaces at higher airspeeds than
were used in their development, The results of similar tesi:
have been reported in references 1, 2, and 3,

The present report contains the results of tests of a
20-percent—chord aileron with a 35-percent—chord extreme
blunt nose balance on an NACA 23012 airfoil; the aileron
was similar to that of reference 1 with the exception of the.
airfoil section contour, A 0,35—-aileron—chord balance was
chosen because the results of reference 4 obtained at low
airspeeds indicated that this aileron would give almost com—
lete balance at a low angle of attack,

The section 1ift and hinge—moment coefflcients were
measured for various values of balance-nose radii and gap
widths at airspeeds up to 360 miles per hour over a range
of aileron deflections of *20° and a range of angle of
attack from —5° to 10°, The results of the investigation
are presented curves of section hinge—moment coefficient
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and section 1ift coefficient plotted against aileron angle,

i)

ral

4

-
of gap width, bal

t

Cross plots have been made %to show the effect of variations
lance—-nose radii, and airspeed on the aero—
dynramic characteristics of the alleron,

c1 airfoil section 1ift coefficient (1/gec)

Ch, ajileron section hinge—moment coefficient (hy/q ca®)
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Cp /4 airfoil section pitching-moment coefficient about
e
s . (Bo/4
the quarter—chord point of airfoil [ —=&=
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g e
1 airfoil section 1ift
hm aileron section hinge moment
=
c chord of basio airfoil, including ajleron
Ca chord of aileron measured from hinge axis back to
trailing edge
a dynamic pressure (%pvb)
Vv air velocity
e} mass density of air
Me /4 airfoll section pitching moment about the quarter—
chord point of ‘the airfoill
&g angle of attack for sirfoil of infinite aspect ratio
& aileron angle with respect to airfoil
a > <
M Mach number
0ChH "\
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APPARATUS AND }ODE

The tests on the NACA 23012 airfoil equipped with an
extreme blunt—nose balance aileron were made in the rectan—
gular 2,5— by 6—foot test section of the stability tunnel,
The model completely spanned the test section and was fixed
into end diske that were flush with the sides of the tunnel,
The end disks were rotated to change the angle of attack,

A photograph of the airfoil mounted in the tunnel is shown

in figure 1, Figure 2 is a sketch showing the aileron con—
figurations tested,

The airfoil was made principally of laminated mahogany,
The aileron, with the exception f a wooden leading edgzge,
was made of steel and rotated in ball bearings, Tﬂese
bearings were set intc steel end plateo mounted on the ends
of the airfoil, A full—-span seal of impregnated cotton
fabric was used for the tests with the gap sealed, The ai-—

£ T

leron angle and hinge moment were measured by a calibrated
spring-torque balance and sector system, e e v fic/l ANy
was measured by an integrating manometer connected to ori-—
fices set in the floor and ceiling on the center line of the
tunnel, The integrating manometer was celibrated " from presS=
sure—distribution data, The pressure distribution was re—
corded photographically from a multiple manometer connected
to pressure orifices located on the midspan of the wing and
aileron,
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Section hinge-moment and section 1ift coefficients were
measured at five airspeeds corresponding to a range of Mach
numbers from 0,195 to 0,475, These test airspeeds corre-
sponded to Reynolds numbers, Ba ed on a 2—-foot chord aand
standard atmosphere, of approy ttely 2,800,000 to 6,700,000,
respectively, Figure 3 shows the variation of different test
Mach numbers with approximate Reynolds numbers, At each air-
speed, tests were run at angles of attack of —50, OO, 50,
and 10°, TFor each angle of attack, gap widths of 0,0005¢,
0,0020¢c, 0,0055¢c (sealed and unvvaloc) and 0,0107c were tested
with balance—nose radii of 0, 0,0lc, and 0,02c, (See fig, 2.)
1ts are not available for the

A
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The integrating manometer resuld

zero nose radius, For each of the conditicns, tests were
made with aileron angles of 09, #5°, i7°, 100, +13°, +16°
£18°%, and +20°9, At high angles of attack and high aileron




deflections, however, power was not avalilable to obtain the
highest speeds,

At each angle of attack, photographic records of pres—
sure distribution were taken at aileron angles of 09, iSO,
£10°, and £16° for lach numbers of 0,195, 0,358, and 0,455,

PRECISION

The aileron angle and angle of attack were set to within

£0,3° and *0,1°%, respectively. The aileron section hinge—
moment coefficients could be repeated to within *0, 003 and
bhe Wit coeffilclent's ho within £0, 01, Lift and pitching—
moment coefficients and angle of attack were corrected for
tunnel-wall effect by the following formulas
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cy .= |1 =T (1 + 2B)| oy
e =, i
\
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., (1 + Y) g
Lot
g = (1 - 2BY) ¢ e L
g 01/4 ' ¢ ‘/, 4
where
Y % II: i/ b?—‘\lﬁ
4.8 % h /
c airfoil chord (2.ft)
h height of tunnel (6 ft)

B = 0,237 (theorstical factor for NACA 23012 airfoil)

cq'! measured 1ift coefficient
B! uncorrected or geometric angle of attack
Cm ! mesa SR s Y 3 % ~L PSS 4 +

c/4 i€asured pitching—moment coefficient
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The hinge moments were not corrected for tunnel—-wall
effect but were measured both by pressure distridbution and

by ¢ spring—torque balance for a number of conditions; a
comparison of the results of the two methods is given in
figure 4, The variations shewn are probably due to the fact
that the spring—torgque 1°1?nce ﬂpﬂsu?n: the moment of the
entire aileron, which includes the effects of boundary layer
at the tunnel wall and of gaps at the ends of the aileron as
well as any cross flow over the aileron The pressure dis—

e

tribution, however, gives the hinge moment of one section of

the "1Avr91 and is subject tc errgors in fairing the pressure-—
istribution curves, The effect of compressibility on these
corrections has Dbeen neglected; it is believed, however, that
the conclusions given in the present report are not invali-
dated,
RESULTS AND DISCUSSIOW

that the results for the tests may be more
the figure numbers the var
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easily found, ; riations shown on
the figure, and the corresponding model configurations are
given in table I,
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negative for positive aileron deflections at negative angles
of attack and increased negatively with an increase in angle
of attack, In most cases, the slopes of the curves changed
in the vicinity of the neutral aileron setting and at nega
tive aileron angles were smaller than at positive angles for
all angles of attack except at ‘agy = —-50, at which the nega—
tive slope was fairly large,

An oscillation frequently occurred during the tests at
the transition point between the stalled and uastalled range,
The amplitude of this oscillation increased with airspeed,
The principal effect of increased airspeed, however, was an
appreciable decrease in the unstalled range of the aileron,
(See figs, 5 to 10), Thig effect is probably due to the
effects of both Revnolds aumber and Mach number, A com—
parison of the various test Mach numbers with the approxi—

mate Reynolds numbers is given in figure 3,
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e effect of Mach number on <,

¢]

' faoynes A to 14, At ol = O for all Mach numbers and

450 : , ; 2 / 9Chg\
ag = *&° for low Mach numbers, the change in | ———

with Mach number was nearly zero, At a4, = 5% for wvalues
of Mach number above about 0,4 and at o, 10°  for the :

1

range of Mach numbers tested, the value of {———= in—
N

creased rapidly in the negative direction with Mach number,

L d /an K
The increase in \i——~ j which was probably caused by

compressibility effects, appeared to occur at consistently
higher lMach numbers with a sealed gap than with an open gap,

For the condition of high speed and o 0° with 0, 02¢

i

(0]

balance-nose radii, values of | o of —0,0008 for a

ed gap (fig,
rasted to

gap of 0,0055¢ (fig, 11) and —0,0022 for the
12) were obtained ‘rom this investigation as

d'l—'




values of -0,0075 and -0, OC57“rebnective1y, which are
reported in reference 1 for a 66,2-216, a = 1 airfoll for
the same conditions, This d1fference~1n the results indi-
cates that the amount of balance required depends on the
hinge moment of the unbalanced aileron, The hinge moment
of the unbalenced aileron in turn depends on the shape of
the airfoil section, particularly near the trailing edge,
(See reference 8,.)

An increase in the gap width tended to decrease slightly
the unstalled range of the aileron; the effect was negligible,
however, for most conditions (figs, 6 to 10), The effect of

v /’CC_Q \
N s { a \ . 1, - s : rz m Y
gZapr widtn on o {——= | is shown in figure 13, - The! change
S 5L &
/OCh \\ ’,r,o s 3 . .
SRR with gap width varied considerabdly with ag.
e sax
\ 084 g
At a4 = OO: increased gap width resulted in a decreased
o ,,(C'x, \
h
negative value of ii:rgg at all airspeeds this trend
08
NPRgie gl

was also found in reference 4, At Xy = 100, the manner

fach \

ime wiital ) | ~——8 varied with gap width was dependent upon

\058, /
0

airspeed, At M = 0,199, the effect of gap width on

7£0C6H | N\

K——~M'» was negligible; whereas at M = 0,417, the values
o :
8s ‘o

0
/C\Ch
B a : < - : )
ok \};~L increased negatively with gap width up to a
5 23
a

maXximum ne gﬁtiva value at a gap width of approximately O,006¢c,
For gap widths larger than 0,006c the negative values of

AT TN e MR
Cos \ - \ .
(Tj —/ decreased, The values of \——«ﬂ ' for the sealed
09 AR /
el N@Oa 20
0 a 0

gap corresponded closely to the values of the smallest gap
widths for gll conditionsy A vailue ol -0, 0002 romn

N
‘OCHh B
—— was indicated at o, = O when the gap width was

- [ O =
\osa Bl




aché\ :
0,0lc, An approximate value of —-——) of -0,0072 was
08,
Ly

obtained for a plain sealed aileron in reference 5,

Increasing the balance-nose radii increased greatly the
unstalled range of aileron angles, as shown in figures 5 and
B Because the data for zero radii were incomplete and be—
cause the results for ailerons with small balance-nose radii
(especially zero) showed that the stall ocecirred at such a
small deflection that these ailerons have doubtful practical
application, no curve for zero radii and only one for O, Olec
radii is presented, The effect of balance—nose radii on

E‘ Ch \-..
<}~—§/ is shown in figure 14, In general, the value of

i
08, Gy

BEh, ™
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ncreased negatively with increased radii in the
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unstalled range, as vas indicated in reference 4, An ex—
ception was found in the condition of the unsealed gap at

=
Ocha\

low airspeeds where the value of i@f—/ remained practi-—
COgq
Qo
cally constant, In the unstalled range the rate of change
/ache\
of '———i/ with balance—-nose radii was greatest with the
k]
a’ag,
gap sealed, (See fig, 14,) At %y = 0° and with the gap
sealed, the aileron with balance—nose radii of zero was

§
slightly overbalanced at all airspeeds,

Closely balanced ailerons may be overbalanced while
/9ch,\
depending on the value of {——%2)
\gqo/ﬁ
i
ation of c¢p, with a, at high and low Mach numbers for the

rolling The vari-—

B 0

open and the sealed gap is presented in figures 15 and 16,

o

respectively, When &, = +13° the value of {~*_:) ig
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negative, With the aileron neutral, the value of

/dchg
e is positive at negative angles of attack and

a(’l.-o /88.

becomes negative with an increase in angle of attack, 1In
general, the effect of gap width or of a variabtioeon jinSair-
,”E‘ c h a\\\ A

—_——= appears to be glight, The results of

m

peed on

this investigation indicate that for large sileron angles, a
reduction in stick force would be obtained while the alrplane
is rolling; the amount of reduction depends on the value of

‘0Ch 1\
] =8 . .
——_—) < Although ‘the enrve g sey against o some—
\5@ / e O

R B
times has a2 slight positive slope, there is little chance of
overbalence for this aileron instal lation,

Jday

Sectlon 1ift. alleron penbtraly~ ¢ Cnrvies ofesimina

séction 1ift coefficient ¢y plotted against angle of
attack ay are presented in figures 17 to 20, The results
indicate that the principal effect on the section 1lift curve
of variations of airspeed, gap width, or balance—nose radii
was a change in slope,

Increased airspeed increased the slope of the 1lift curve
&8 1s ghown in figures 17, 18, and 21, TYor & zap widioSor
0, 0055¢ with the gap both open and sealed, an .increase in
slope of approximately 15 perceant was Obumlned for the range
of test Mach numbers, 4 slope of 0,124 at a Mach number of
0,473 was obtained from this investigation for the sealed

condition, A comparison of the theoretical and the measured
effect of Mach number on the slope of the 1ift curve for the
sealed and open gap is given in figure 21 References 6
and 7 show that the slope of the 1ift curve should vary with
Majchinamber asihn 0 LS lE The the orﬁtlcal curve in figuregl
v 1 - N®
N
~was obtained by selecting a value, of feke at zero Mach
0Go bis
nunber of such wagnitude that the theoretical increase in
lift—curve slope passes through the measured value for the
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sealed gap at a Mach number of 0,2, The measured effect of
Mach number on the slcpe was greater thau the effect indicated
by theory, The variation in Reynolds number and the failure
to consider compressibility effects in applying the wind-
tunnel correction probably contributed to the discrepancy be-—
tween the theoretical and the measured effect of kach number,

Increased airspeed had a negligible effect on the angle
of zero 1ift but resulted in separation at a lower angle of
attack (figs, 17 and 18),

n : (21 : :
The effect of gap width oa e mEa is shown in figure
O
0’ 8,
, /e
19, The value .—~—/ was greatest for the sealed gap and
\Bmo a

only slightly less for the 0,0005¢c gap width, An increase
from 0,000%¢c to C,0050c in gap width decreased the value of

At N

/0C N

g approximately 8 percent, but a subsequent increase
OUJQ/S

in gap width from 0,0030c to 0,0107c had a negligible effect
on the slope, The increased gap width slightly increased
the angle of zero 1lift,

An increase in balance—nose radii frem O to 0,02
little effect on the slope of the section 1ift curve
shown in figure 20,

g .

1ift coefficient ¢q plotted against aileron angle 84

Section 1ift, aileron deflected,— Curves of section

are presented in figures 22 to 27, The results, in general,
indicate that the 1ift increased with aileron angle up to
some value after which separation occurred, and cq de-
creased rapidly,

A

Although the slopes of the c¢{ against 6, curves
changed slightly in some cases a 85 = 0, these slopes
generally remained unchanged throug hoat the unstalled range
of aileron deflections, An eLCCpthA to this condition was
found when an effcet (probably due to conpressibility, Reyn-
olds number, or a combination of both) occurred, which re-—
sulted in a rapid decrease in slope with increased zileron
el AN
deflection, A wvalue of (;~l' of 0,045 was obtained as
3857 ¢ N
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an approximate average slome for all test conditions in
the unstalled range of aileron deflections.

The principal effects of increased airspeed were an
appreciable decrease in the range of aileron angles over
which 1ift effectiveness was maintained and a decrease,
generally, in the maximum value of c¢3., (See figs, 22 to
)

; i . foen) WM | : :

The effect of alrspeed on —— is shown in figures

ooa/ao

28 to 21, At a., = 0F and 59 for all Maech' numbeirsMaincasan

/3e

ag = =5°% and 10° for low Mach numbers, the value of k~——-
. =

a' L
0

inecreased with Mach number, as is shown in figures 28 and
29, As the MNach numbers increased adbove 0,35, the value of
13601\ .
\;E_f remained adbout constant for a5 = —5° and rapidly

3o o 1
decreased for ag = 10, This change was probably a com—

= / oc s ; :
pressibility effect, The value of R e varied with oy
\08 57,
(¢}

but the rate of increase with Mach number below critical
SP S wa pproximately the same for all values of a,.
il T thils investiggtion indicate that at zero
an the effect of airspeesd on both the aileron
ef and the balance effectiveness was slight,

Vari@tions in gap width generally had a negligible
effect on the range of aileron angles over which 1ift
effectivencss was main a8 2% ko v 4 Increased

tained (fi
i cia

gap width, however, did appre 2 bly decrease the maximum

/041\ ]

value of e¢),y The effect of gap widbth on = is
\LS /
_ %o
shown in figure 30, At zero angle of attack the value of
/501\ ) ) ;
= decreased with increased gap widthj; however, at
XO8 ./
28 o
A ! . 4 /ccl\
By 1 lO the effect of gap width on | —-—— depended on
/
U\)
a q
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I the airspeed, ZFor low airspeeds the effect is similar to
that for zero angle of attack, but at high airspeeds the

3eq

value of < increased with gap width, (See fig, 30,)
3887y

At high airspeeds and zero angle of attack for the condition
at which the best hinge—moment balance was obtained, that is,

/ocha\ ;
for a gap width of approximately O, 0Olc and s = -0,0002,
obg A
/501\
the value of | i = 0,042 was the smallest for the range
\08
0
of gap wldths tested,

Incrcased balzsnce~nose radii greatly increased the range
of alleron deflections over which 1ift effectiveness was :
maintained and appreciably increased the maximum value of
Cre (Seec ‘igs\ 52 and. S5y The effect of balance—nose
radii on ?—— is somewhat irreguler as can be seen from

cSn/
. - Qo

By LR
0% o e N

Ag
2 it £
- =3

Pitching—poment Coefficient
The variation of the airfoil section pitching—moment
coefficient <cp , . with angle of attack a, aileron
c/4 .

neutral, which was obtained from pressure distribution, is
presented in figure 32, The principal effect on the Cmc/a
curve of a variation of airspeed or gap width was a change
-in slope, whereas the effect of balance—nose radii was neg—

ligible; increased gap width or increased airspeed increased
the slope of the cmc/4 curve, The variation was approxi-

mately linear and was sufficient to double the slope for the
range of test Mach numbers and gap widths,

CONCLUSIONS

From the results of this investigation the following
. conclusions may be drawn

l, Increased airspeed increased the positive slope of
. the airfoil section 1ift curves and pitching-moment—coefficient
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curves, increased the slope of the curves of section 1lift
coefficient with alleron angle, and had a negligible effect
on the balance effectiveness at low angles of attack for
small alleron angles, - The unstalled range of aileron de-—
flections decreased with increased speed,

; 2, Increased gap width increased the aileron balance
effectiveness but decreased the slope of the curves of
section 1ift coefficient with aileron asngles at low angles
of attack for small aileron angles, An increase in gap
width usually decreased the slope of the airfoil section
1ift curve but increased the positive slope of the airfoil
section pitching—-moment—coefficient curve,

S Increased balance-nose radii greatly increased the
unstalled range of aileron angles and decreased the balance
effectiveness for small angles,

Langley Memorial Aeronautical Laboratory,
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Nationel Advisory Committee for Aeronaut
Langley Field, Va,
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Figure 22— Vorigtion of section /1T coefficient with ol/leron
ongle. MNose rad/ =00/cy gap widr# = 0.0055c.
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Figure 24.— Variation of section liIft coesficient with alleron
angle. Nose radl/=002c¢ ; gap widih =0.0030c .
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