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WIND-TUNEEL TZSTS OF AILERONS AT VARIOUS SPEEDS
IV — AILERONS OF 0,20 AIRFOIL CEORD AND TRUE
CONTOUR WITH 0,35 AILEREON-—-CHORD IXTREME
BLUYT-NOSE BALA¥CE ON THE NACA 23012 AIRFOIL

By W, Letko, T, A, Eollingworth, andi R, A, Anderson
SURKARY

Tests were nade on an FACA 23012 eirfoll fltted with a
20-percent—chord, true—contour alleron with 35-percent—
chord, extreme blunt—nose balance, The tests were made
in the two—dimansional test sectlion of the NACA stablility
tunnel at & range ol alrapeeds from 160 to Z60 mliles per
hour, which corresponded to a range of wach numbers from
0.195 to 0,475, The primary purpose of the investigatlon
was to determine the variation of the merodynamlic cheracter—
istics of this type of ailleron with sirsveed; the effect of
varintions c¢f gap width and balance—nosa radll vas also in—
vestigated,

The results of the -investigrtlon are presented as curves
of section hinge—moment coefficlent and section 1ift coeffi-
clent plotted againet alleron engle, and cross plots have been
made to 1llustrate the effect of varlations of kach number,
balance—nose radll, and gap width on tho serodynamlic charac—
teristics of the aileron, TFor small emlloron deflections at
low angles of attack, incresseld alrspeed had 1little effect
on the rate of change of section hinge—momsnt coefflcleat
with allaron deflesction but lncreassd the rate of change of
sactlion 11ft coefficlent with alileron deflection, Increased
alrspesd decrcased the 'unstalled range of the -alleron and
inecrecased the rate of -change of sectlon 1lift coefflclent and
sectlon pitching moment coefficlent with angle of attack, 4n
incrsase in gap width at lovw angles of attack for small a2lle—
ron deflections decrcasdd the rste of change of section 1ift
coofficisnt with alleron deflection and approciabdly decreased
the rate of chango of section hinge—-mcmant cosfficlent with
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alleron deflection, Incressed balance—nose radlil increased
the rate of change of section hlnge-moment coefflclent with
alleron deflection for small alleron deflections and appre-
cladbly increased the unstalled range of the aileron,

INTRODUCTION

The recent trend in alrplane design toward lancrsased
slze, power, and radius of gyration in roll and the demand
for greater maneuveradbdility at hlgh airspeeds have made
necessary almost perfectly balanced controls on combat alr-
craft with no decrease in control effectiveness, Although
most present alleron installations are falrly satisfactory
at low alrspeeds, these lnstallatlons may be unsatisfactory
at high alrspeeds because of insufficlent balance and, in
some cases, overbalance, In an affort to overcome this
difficulty, the NACA has undsrtaken a series of investiga-—
tions to datermlina the asrcdynamic characteristics of varlous
types of balanced control surfacee at higher airspeeds than
were used in their development, The results of simllar tests
have been reported in references 1, 2, and 3,

The present report contains the results of tests of a
20-percent—chord allercn wilith a 35—percent—chord extreme
blunt nose talance on an NACA 23012 airfoll; the alleron
was similar to that of refsrence 1 with the exception of the
alrfoll sectlion contour, A4 0,35-alleron—chord balance was
chosen beceruse the results of reference 4 obtained at low
alrspeeds indicated thet thle aileron would give almost com—
lete balance at a low angle of attack,

The sectlon 1ift and hinge-moment coefficlents were
measured for various values of balance—nosse radli and gap
widths at alrspeeds up to 360 miles per hour over a range
of alleron deflections of +20° and a range of angle of
attack from —5° to 10°, The results of the investigation
are presented as curves of section hinge-moment coefficlent
and sectlion 1ift coefficlent plotted against alleron angle,
Crose plots have been made to show the effect of variations
of gap width, balance—nose radli, and alrspeed on the aero—
dynamic ocharacteristics of the ellaron,

SYMBOLS

et airfoll section 1ift coefficient (1/qe)

eh, &lloron sectlon hinge-moment coefficient (h,/q ca3)
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) bm°/4 airfoil éeéction pitching-moment -coefficient about
the quarter—chord point of sirfoll (EEL%)

q c®

1 airfoll sectlon 1ift

hy - alleron section hinge moment

c chord of baslic airfoil, lncludling aileron

Ca chord of alleron measured froum hinge axis dback to
trelling edge

q dyncmle prossure (%pva)

v air veloclty

p mass donsity of air

Mc /4 alrfoll section plitching moment about the quarter—
chord point of the airfoll

- P angle of attack .for airfoll of infinlte nspect ratlo

8 alleron engle with rcepoct to mirfeill

M Mach number

38 J slope of Chy, againet 8, at constant a, ob—

tained from the faired curve of °h against
§g at —5° and 59 aileron deflections

bch
<B ‘> 8lope of Sh, &agalnst a, at constant 8,
o

Bct\

(S-— slope of ¢, againet a, at constant 8,
%o’ 8,

T\

——

. slope of ¢ atalnst & at constant o
28,74 P 1 a conate 0

) obtained from the falred curve of c{ against
8g at —5° and 5° alleron deflections
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APPARATUS AND MODEL

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

A photograph of the airfoll mounted in tke tunnel is shown
in figure 1, TFigure 2 is a sketch skowing the alleron con-
flgurations tested,

The alrfoll was made principally of laminated mahogany,
The alleron, with the exception of a wooden leading edge,
was made of steel and rotated in ball bearings, These
becrings were set intc steel =nd platos mounted on the ends
of the airfoll, A full-span seal of impregnated cotton
fabric was used for the tests with thoe zep sealed, The al-~
leron angle and hinge moment were measured by a calibrated
spring—torque bealanco and sector system, The airfoil 1ift
was recasured by an intsgreting manometer connected to ori-
flces sut in the floor and celling on the center line of the
tunnel, The irtegrating manometer was calibrated from pres—
sure—distribution data, The pressure distribution was re—
corded photographlically from a multiple manometer connected
to pressure orifices located on the midspan of the wing and
alleron,

TEZSTS

Section hinge—moment and section 1ift coeffliclents were
measured at five airspeeds corresponding to a range of Mach
numbers from 0,195 to 0,475, These test alrspeeds corre—
sponded to Reynolds numbars, based on a 2~foot chord and
standard atmosphere, of approximately 2,800,000 to 6,700,000,
respectively, Firure 3 shows the variation of different test
kach numbers with approximate Reynolds numbers, At each air-—
speed, tests were rum at angles of attack of -5°, 0°, 59
and 10°, ©For each angle of atteck, gap widths ot 0. OOObc
0,0030c, O, 005C¢ (sealed and ansaaled) and 0,0107c were tested
with balance—nose radii of 0, 0,0lc, and O, 020. (See filg, 2.)
The integreting manometer rasults are not avallabdle for the
zero nose radius, TFor sach of the condlticns, tests wers
made with aileron angles of 0°, *50, %70, 1100 £13°, +16°,
£18°, and *20°, At high angles of atteck and high eileron
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defleotions, however, power was not avallable to obtalmn the
highest speeds,

At each angle of httack, photographle records of pres—
sure distribution were taken at aileron amgles of 0°, *5°,
+10°, and *16° for Mach numbers of 0,195, 0,558, and 0,455,

PRECISION

The alleron angle and angle of attack were set to within
£0,3° and *0,1°, respectively, The aileron section hinge-—
moment coefficlients could be repeated to within *0, 003 and
the 1ift coefficiente to within +0,01, Lift and pitching—-
moment coofflclents and angle of mattack wera corrected for
tunnel-wall effect by the folliowlng formulas:

ey = |1~ 71 (14 23)] cy?
e
a, = (1L + Y) aj!t
¢ (1 - 2BY) LA
Bc/4 cmc/é —:f—
whareas
Y =1_T_3. —0_\2
48\ b/
c alrfoil chord (2 ft)
h height of tunnel (6 f£t) .

B = 0,237 (theorastical factor for YACA 23012 airfoil)

°1' measured 1ift coefficient

ag! uncorrected or geometric angle of attack

°mc/4' measured pltching—moment coefficient

The values ﬁsed are:
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01 0.96601‘

Q
1

1.023a°|

c = 0,989¢c

The hinge moments were not corrected for tunnel-wall
effect but were measured both by pressure distribution and
by the spring-—torque balance for a nurber of conditions; a
comparison of the results of the two methods 1s given in
figure 4, The varlations shcwn are probably due to the fact
that the spring—torgue talance measures the moment of the
entire aileron, which includes the effects of boundary layer
at the tunnel wall andi of gaps at the erds of the alleron as
wvell as any cross flow over the alleron, The pressure dis-—
tridbution, however, glveés the hinge moment of one section of
the alleron and 1s sudbJect tc errors in fairing the pressure-
distribution curves, The effect of compressidbility on these
corrections has Dbeen neglected; 1t 1ls believed, however, that
the conclusicns given 1n the present report are not invalil-
dated,

RESULTS AND DISCUSSION °

In order that the results for the tests may be more
eesily found, the figure numbers, the varictions shown on
the fizure, and the corresponding model confilgurations are
glven ia table I,

Hinge Momente

Curvee of sectlon bince—monont coefficisnt Chy plotted

against alleron deflsction 8, are nresented in figures 5
to 10, The results, in gensral, indicate that good balance
effectlvencss was maintained for a limited range of aileron
angles; for large aileron angles, separation of flow caused
rapld increases in the hinge—-momont coefficients,

In the unstalled range of ailleron angles, the slopes of
the curves of Chy egainst &8, were small and generally
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‘negative for positive aileron deflections-at negative angles
of attack and increased negatively with an increase 1n angle
of attack, In most ceses, the slopes of the curves changed
in the vicinity of the neutral alleron setting and at nega-
tive alleron angles were smeller than at positive angles for
all angles of attack except at ay = —5°, at which the nega-
tive slope was falrly large,

An oscillation frequently occurred during the tests at
the transition point between the stalled and unstalled rangs,
The amplitude of this oscilletion increased with airspeed,
The principal effect of increased airspeed, howsver, was an
appreciable decrease in the unstalled range of the ailleron,
(See figa, 5 to 10), This effact is probably due to the
effects of both Reynolds aumbor and Mach numdber, A com—
parison of the varloue test hech numbers with tke approxi-
mate Reynolds nurbers is given in figure 3,

fo
The effect of Mach number on O%hg is shown i1n
A
%o
flgures 11 to la, At a, = 0° for all hach numbers and
oc
ag = *5° for low hach numbers, the charge ir /°ha\

8

\a"’/%

with kach number was nearly zero, At a, = #5° for velues

of Mach number above about 0,4 and at a, = 10° for the '
och

range of Mach numbers tested, the value of < ;> in-
e8, 7,
. 27

creased rapldly in the negative direction with kach number,

/Boha
38,

The increase in > y Wwhich was probabdly caused by

0
compressibility effects, appeared to ocour at consistently
higher Mach numbers with a sealed gap than with an open gap,

For the condition of high speed and a, = 0° with 0, O2c
dchy

o
a
Co

gap of 0,0055c (fig, 11) and —0,0022 for the sealed gap (fig.
12) were obtained from this investigation as contrasted to

balance-noss radil, values of ( of --0,0008 for a
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values of —-0,0075 and —-0,0057, respectively, whlch are
reported 1n reference 1 for a 66,2-216, a = 1 alrfoll for
the same conditions, Thils difference.in the results indil-
cates that the amount of balance required depends on the
hinge moment of the unbalanced alleron, The hinge moment
of the unbalenced ailsron 1ln turn depends on the shape of
the alrfoil section, particularly near the tralling edge,
(See reference 8.)

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

och
gap width on ( a) ls shown in figure 13, The change

o8
dch &%
in (a—é—ﬂ with gap width varied considorably with a,.
a’a,

At agy = 0°, 1increased gap width resulted in a decreased

s0Cy
negative value of kf——g) at all alrspeeds; this trend
o
0

was a8l1ls80 found In reference 4, At a, = 10°, the manner

in which (T——ﬂ\ varied with gap width wes dependent upon

alrspeocd, At h = 0,199, the effect of gnp width on

och \
(T——ﬂi vas negligible; whereas at M = 0,417, the values

©8a 7o

bch
of ?;; ) lncreased negatively with gap width up to a
a’qa

naximum negative value at a gap width of approximately O, 006c,
For gep wldths lergor than 0,00tc theo negative values of

Bc‘ig\ Ech \
- / decreased, The valuees of —2" for the sealed
08 EBa /U.o

gap correosponded closely to the values of the smallest gap
wldths for all conditions, 4 valus of —-0,0002 for

dChg o
(‘6 > wag indicated at a, = 0 wvhen the gap width was
o
a’“Q
o
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e . . dei
0,0lc, An approximate value of

;> of -0, 0072 was
28,

a
o .
obtained for a plain sealed ailleron in refereance 5,

Increasing the balance—nose radil increased greatly the
unstalled range of aileron angles, as shown in figures 5 and
6, Because the data for zero radli were lncomplete and be-—
cause the results for ellerons with small balance-nose radll
(especially gero) showed thet the stall occirred at such a
small deflection that these allerons have doubtful practioal
applicatlion, no curve for zero radll and only one for 0,0lec
radil 1g presented, The effect of balance—noss radill on

een N
{; Ba / is shown ian figure 14, In general, the value of
o8

dch
———5 increased negatively with incrzased radlii in the

unstalled range, as was lndicated in reference 4, 4n ex—
ceptlion was found in the condition of the unsealed gap at

dep
low alrspeoeds where the value of ( e> remained practi-

cally constant, 1In the umstalled range the rate of change

ach
of ( > with balance—nose radil was greatest with the
a Qg
gap sealed, (See fig, 14,) At ay = 0° and with the gap

sealed, the aileron with balance—nose radii of zero was
8slightly overbalanced at all airspeeds,

Olosely balanced ailerons may be overbalanced while

och N\
rolling, depending on the value of ———ﬂ/ ., The vari-—
0ag 8,
ation of cp, with a5 at high and low Mach numbers for the

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

respectively, When 8, = +13° the value of ( is
a“'o 8a
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negative, With the aileron“neutral, the value of

fdchg )
=) is positive at negative angles of attack and

60.0 /5&.

becomes negative with an increase in angle of attack, 1In
gensral, the effect of gap width or of a variation in air-

¢

spead on <?—E§ appears tc be slight, The results of
oa, 784

this investigation indicate that for large alleron angles, a

reduction in stick force would be obtalnad while the airplane

is rolling; the amount of reducticn depends on the value of

xtch

X a) . 4lthough the curve of cyp_ against a, some—

\ba,o 8 a

a

times has & slight positive slope, there is 1little chance of

overbalence for this aileron installation,

Lift

Sectlon 11ft, alleron neutral,— (Curves of airfoll

section 11ft coefficient ¢y ©plotted agalnet angle of
attack «, are presented 1in figures 17 to 20, The results
indicate that the principal effect on the sectlion 1ift curve
of variatlons of elrspeed, gap width, or balance—nose radii
was a change in slope,

Incrcased alrspeed increased the slope of the 1ift curve
as 1s czhown in figures 17, 18, and 21, TYor a gap width of
0.0055¢ with the gap bdoth open and sealed, an increase 1in
gslope of approximetely 15 percent was obtained for the raage
of test Mach nuxbers, A slope of 0,124 at a Mach number of
0,473 was obtained from this investigatlion for the sealed
condltion, A comparison of the thoorstical =2nd the measured
effect of Mach number on the slope of the 1ift c¢urve for the
sealed and open gan is given in figure 21, BReferences 6
and 7 show that the slope of tae 1lift curve should vary with

hach number es 1 — « The theoretical curve in flgureZ2l
J 1 -k \
.wapg obtained by selecting e value of EEl' at zero Mach
Ba.ojsa

nunber of such magnltude that the thaoretical increase 1in
lift—curve slope passes through the measured value for the
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"#ealed gap at a Mach pumdber of 0,2, The measured effect of

Mach number on the slope was greater thau the effect indicated
by theory., The variation in Reynolds number and the failure
to conslder compressibllity effects in applying the wind-
tunnel correctlon probably countributed to the dlscrepancy be~
tween the theoretlicanl and the measured effect of kacéh numder,

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

The effect of gap width on /é&iﬁ 1s shown 1in figure

19, The value <ffl/ vas greatest for the sealed gap and
dag” g
a

only slichtly less for the 0,0005¢c gap width, An 1ncrease
from 0,0005¢ to C,0050c¢ in gap width decreased the value of

ce \
(——i \ approxirately 8 percent, but a subsaquent increase
amo/s
a

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

An increase in balance—nose radll from O to O, 02c¢c had
little effect on the slope of the sectlon 1ift curve as
gshovn in figure 20,

Section 1ift  sileron deflected,~ OCurves of section
11ft coefficient ¢y plotted against aileron angle 84

are presented in figures 22 to 27, The results, in gensral,
indlcate that the lift Increased with aileron angle up to
some value after which separatlon occurred, and c¢q de—
creased rapidlyr,

Although the slopes of the c¢{ against 8, curves

changed slightly 1n some cases at 85 = 0, these slopes
gonerally remained unchanged throughout the unatalled range
of alleron deflections, An exception to this condition was
found when an effsct (probadly due to compressibility, Reyn-—
olds numtar, or a combination of bhoth) occurred, which re—
sulted in a rapid decrease in slope with increased aileron
L]

deflection, A value of Eii\ of 0,045 was obtained as

W’ o
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an approximate average siliope for 2ll test condltions 1n
the unstalled range of ailoron deflsctlons,

The principal effects of lncreased alrspeed were an
appreciable decrease in the range of alleron angles over
which 11ft effectiveness was maintalned and a decrease,
gengrally, in the maximum value of cj, (See figs, 22" o
27,

The effect of airspeed on \B_i\ is shown ian flgures
° a Og
28 to 231, At aj = 0° and 5° for all hach numbers and at

¢c
ao = =5° and 10° for low Mack numbers, the value of ( 1\

%o
increased with hach number, as is shown in flgures 28 &nd

29, Aes the hach numbers increased abdove 0,35, the value of
’Bc1\
\;E—/ remained about constant for ay = —5°9 and rapldly

To
decreased Ifor ag = 10°. This change was probably a com—

/Bc-l\

8

presgibility effect, The value of varled with «

o
a8’a,
but the rate of inciroase with NMach number below criltical
spaedis was approximately the same for all values of a,,
Mhe results of thils investigation indicate that at zero
angle of attack the effect of alrspeed on doth the alleron

effectivensss and the balance effectlveness was slight,

Yariutlons in gap width generelly had a negliglble
effect on the range of alleron angles ovar which 1ift
effoctivonoss was maintalned (figs. 2% to 27), Increased
gap width, however, did appreciably decrease the maximum

‘8¢
value of e¢93., The eoffect of gap width on (5—1 is
. 63/;0
shown 1ln figure 30, At zero angle of attack the value of

601\
aa/

decreased with inoreased gap width; however, at

°o

. dc 1.\
the effect of gap width on TE— depended on
o
G0
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‘the airspeed, For low airspesds the sffect is slfilar to

that for zero angle of attack, but at high airspeeds the

value of M) increased with gap width, (See filg, 30,)
5a%a, E

At hligh alrspeeds and zero angle of attack for the condltlon
at which the best hinge—moment balance was obtained, that 1lsa,

. och
for a gap wildth of approximately 0,0lc and (66 a) = -0,0002,
: a /g
0

roc
the value cf ngl> = 0,042 was the smallest for the range
a’y, .

o
of gap wildths tested,

Incrcaecd balinco~nose radii greatly increased the range

.of alleron deflectlions over which 11ft effectiveness wes

malntained and appreciably lncreassd the maximum value of
cy. (Seo iggs\ 22 and 25,) The effect of talanceo—nose

&Ca N\
radii on ks—- : is romewkat irraguler 2s can be seen from
2/ a0
figura 31,

Pitching-koment Ccefficient

Trhe varilatlon of the 2lrfoil section pitching—moment
coefficient cmc/4 with angle of attack a,, @aileron

neutral, which was obtalned from pressure distribution, is
prescnted 1ln flgure 32, The principal effect on the cmc/4

curve of a varlatlon of airspsed or gap width was a change

-in slope, whereas the affect of balance—nose radll was neg—

l1igible; increased gap wildth or increased airspeed 1increased
the slope of the cmc/4 curve, The variation was approxi-

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

CONCLUSIONS
From the results of thils investigation the following
concluslong may be drawn:

l, Increased alrspeed increased the positive slope of
the alrfoil section 1ift curves and pitching—moment—coefficlent
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curves, increased the slope of the curves of section 1lift
coefficlient with alleron angle, and had a negligible effect
on the balance effectivenese at low angles of attack for
small alleron angles, The unstalled range of alleron de—
flectlons decreased with increased speed,

: 2, Increased gap wldtbh increased the aileron balance
effectiveness but decreased the slope of the curves of
section 1ift coeffliclent with aileron angles at low angles
of attack for small alleron anglee, An increase in gap
wldth usually decreassd the slope of the airfoil section
11f%t curve but increased the positive slope of the airfoil
gection pitching—-moment—coefficient curve,

3. Increased balance-noge radil greatly increased the
unstalled range of alleron angles and decreased the balance
effectiveness for esxall angles,

Langley Memorial Aeronautical Laboratory,
Hatlonal Advisory Committee for Aeronamutics,
Langley Fleld, Va,
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