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VIND-TUNNEL TBSTS OF AILERONS AT VARIOUS SPEEDS
III'- AILERONS OF O.20 AIRFOIL CHORD AND
TRUE CONTOUR WITH 0.35-AILEROH-EHORD FRISE

BALANCE OF THE NACA 23012 AIRFOIL
SUMMARY

Hinge moment, lift, arnd pressurc-distribution meas-
urements were made on a Frise aileron on an NACA 23012
alrfoil in the two-dimensional test sectlon of the LMAL
stabdility tunnel, 8peeds up to 360 miles per hour corre-
sronding to a Mach nurber of about 0,270 were used, The
nose redius of the alleron was varled from 0,0012 to
0.0150 of the alrfoll chord. Tosts also were majde with
an increascd vent gap end with the lower surface of the
alrfoll at the ocntrance of the slot rounded to a radius
of 0.02 of the alrfoil chord, The primary purposs of all
tosts was to determino the effecte of spend cn this type
of aileron,

The variatlon 1in soction hinge-moment ard section
1i1ft coefflclent with kaca numbor and anglo of atteck 1is
shown 1in ocurves of hinge-momont and 1ift coofficient
pPlotted. against elleron defloctlon for tho verious con-
ditions tosted. Slopws of thoso curves were detoerminod
and plottod against dach number and alleron nose radius,

Increanes 1in speed decreased the unstalled range of
negatlive aileron deflectlons, The changes in hinge-moment
coofficients with speed seem comparatively =mall in the
unstalled range but would probably cause counsiderabdble
oerror 1f- neglected in computing the stlck forces for high
speeds. '

For gmall alleron deflections the alleron with the
smallest nose radius was most effoctive in reducing hinge
moments, but the negatlive range of balance effectiveness
was very limlted, Increasing tho noso radius extended
the negative rango of balance effectlvenoess appreciabdly,
incroased the negative range in which the alleron was. .
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offective in producing increments of 1lift, and caused a
consideradble increcse in the lift produced by tho aileron
nt high angles of attack and large posltive aileron de-
flections., ZRounding the lower surface of tiae airfoll nt
the slot entrance and increasing the vent gap had an appre-
clable but varying effect on the lift and hinge-moment
cooefficlents, depending on the angle of attack and aileron
deflection.

Oscillations of the Frise allerons occurred at the
negative angle of stall of the allerons, A vibration of
gshudder different from the usual oscillation occurred at
the high speeds at largoe angles of zttack and at small
and even zero alileron deflections,

INTRODUCTICH

Increases in the slze and speed of combat alrplanes,
together with the demand for high rollling velocities, have
made 1t necessary to balance almosi complotely the hinge
moments of control surfaces 1an order to eradble the pilot
to deflect the countrols under all conditions of flight.
Becaunse this close balance aad the compressibillity effects
have caused overbalance wlth -some existing ailsron in-
stallations at hlgh alrspeeds, soms of the currently used
or recently proposed balarnce arrangements must be retested,

The NACA 1s undertaking a study of somes of tho.more
promising alleron forxs at alrspeeds highar {aan those
employed in previous devslopmonts, Results of tests of a
blunt~-nose and a sealod-~intornal-balance aileron on a low-
draz airfoil soctlion are reoportcd in references 1 and 2.
The soctlon characteristices of a Frise alleroan of 0.20
airfoill chord and 0.,35-alleron-chord balance on an ¥NAQA
23012 alrfoill aro prosented hereiln,

The soctlon li1ft and svction hingec-moment coeffl-
clents woro measured at dliferent alirspeads up to speeds
of 360 miles per hour (dach number of 0.470) through an
anglo of attack range of -5°2 to 100 and an aileron doflec-
tion rango of *¥20°, The influonce of the ailoron nose
raedius and the offect of rounding tho lower airfoll surface
at theo entrance of tho slot and of increasing tho vont gap
wore also investigated, The results are prosentcd as curves
of sectlon lift coefflclent and section hingo-moment cosffi-
clont plotted ageinst aileron deflection, The slopes of



the curves were plotted against Mach number and aileron._
. nose radius to show the effect of ¢hanges in the shape of
the alleron balance.

SYMBOLS

The coefficlents and symbols used in this paper are

defined as follows:

c1

\

airfoll section 1ift coefficlent (_‘L)

qQc
aileron section hinge-moment coefficient
hg
a
qca

airfoll section 1lift
alleron sectlion hinge moment
chord of basic alrfoll, including ailleron

chord of the aileron measured from the hinge
axlie back to the trailing edge

¢ynamic pressure %PVB
absolute air velocity

mase denslty of air

alileron nose radius, fraction of chord

angle of attack for airfoll of infinite
aspect ratlo

aileron angle with reapect to airfoll,

considered positive with tralling edge
down

Mach number




ac
h“) slope of ¢, against §, &t constant g«
" o
a :

a o

(]

oc, .

( EL) slope of ¢; agelnst & at constant a
ac1 .

—t slope of c; egalnst o at §, =0

APPARATUS AND 1AODELS

The teets -vere mado in the NACA two-liwenslonal test
section of the stabllity turnel. This section 1s rectangu-
lar, ¢ feet higih and 2.5 fect wide, Speeds up to 350 miles
per hour corresponding to a Mach number of 0,470 were used,
Figure 1 shows the model mounted in the tunnel,

The model of 2-foot cuord ani 2.5-foot span had an
FACA 23012 alrfoll section, The maln portion of the air-
foll model vas mede of laminated manogany. The 0,20c¢
Frise alleron with 0,Zbc, dalance was made of steel with

wooden nose plecen, Figure 2 is & sketch showing the
dimensions and confliguratiozs of ths alleron tested.

The alleron was supported at the ends by ball bear-
inge fitted into steel end plates that were attached to
the main airfoil, The airfoll wanlch completely spanned
the tunnel was fixed into circular end plates that were
sot flush with the tunnel wall,

The angle of attack ot the model was chenged by
rotating the end plates, The alleron deflection and the
hQinge moments were measured vy a callibrated spring-torque-
and-sector system, In some cases the nlnge moments were
also obtalined from the pressure dlstributlion over the
alleron, The 1ift was measured by an integrating manome-
ter connected to orifices in the tunnel floor ani celling
and was callibrated agalnst 11ft obtained by pressure
distribution, Pressure orifices, -Thich were located along
the midspan of the wing and alleron, were connected to a

M




maltiple-tube manometer, and the.pressures ware recorded
pnotographically.

TESTS

Tests were made on an NACA 23012 airfoll equipped .
wlith a Frise alleron for alleron nose radll of 0.0012¢c,
0,008c, and 0.01£0c with a constant nose gap of 0,00b6c
and a constart vent gap of 0,0055¢c, The lower surface
of the airfoll at the slot entrance was not rounded for
these tests, (See fig, 2,) With the lower surface at
the slot entrance rounded to a 0,02c radius, additional
tests were made for the alleron with nose radiuve of 0.008¢
and a nose gap of 0,005c but with the vent gap equal to
0,006%¢ and 0,0lc.

Sectlon hinge moments and section 1lift were measured
for speeds from 150 to 360 mlilos per hour correspoanding
to Mach numbers ranging frcm O,19F to 0,470, The lowest
speed correspcnded to a RAneyncldc number of about 2,800,000
acd trLe highest speoed to a Reynolds nvmbor of about
5,700,0C0. The relatlon betweson Reynolds number for
standard ~tmosphoric conditlons and tost Mach number is
slkown in figuro 3.

The tests were made at angles of attack of -5°, 0°,.
and 10° and tor each angle of attack roeadings were

taken at aileron deflections of G°%, x2°, x5°, =7°, x10°, - —
£13°, x15°, =189, and x20°,

59,

Pregassure-distribution records weroe obtalined at Mauch
numbers of 0,199, 0,366, and 0,470 for every anglc of
attack tested. Tor each angle of attack records were made
at alleron deflections of 09, +5°, *10°, and *18°,

PRECISION

Anglos of attack were sot to within *0, 1° and aileron
deflections to within =0,3° Moasuremonts of the hinge-
momoent coefficlonts could bo repoatod to within *0,003
and 1ift coeofficionts to within *0,01,



Corrections for tunnel-wall effects were not applied
to the hinge-moment coefficients, The alleron angles
were corrected for torelonal deflection under load, The
followlng corrections were applied to the section 1lift
coefficients and the angle of attack:

c, =_[1 -7 (1 + ZB)J cy !
(1 + T) ap!

. Cq

whore

B = 0,237 (a theoretical factor for NACA 23012 airfoil)
h height of tunnel
' measured 1ift coefficilent

a.! urcorrected or geometric angle of attack

The values used are:

C-L

a

0.6866 cL'

o 1.023 a,'

Hinge moments were measured both by pressure distri-
bution and by the spring torque belance for a number of
conditions and the results are plottsd in figure 4, The
varlations shown are probabdbly attributadle to the fact
that the spring bpalance measures the moment on %the entire
alleron, which lncludes the effects of tunnel-wall boun-
dary layer and of gaps at the ends of the ailleron as well
a8 any cross flow over the alleron. The pressure distri-
bution, however, gives the hinge momont at the mideection
of the aileron and 1is subject to errors in feiring the
pressure-distribution dlagrams,

RESULTS AND DISCUSSION

For most of the speed and angle-of-attack ranges,
only small changes were observed in the general bohavior



of the Frise allerons, At the negative.angle of stall of
‘the alleron, which depended on..the angle of attack, the _
speed, and the shape of the aileron balance, the aileron
would oscillate between the stalled and the unstalled

. condition. ,

& different effect was noted at an angle of attack
of 10°, where - at high speeds a violéent, intermittent
vibration or shudder occurred at small positive aileron
deflections, Simultaneously, an intermittent stall of
the whole upper surface occurred as was shown by the
tufts which were placed over the wing and aileron in
order to study this phenomenon. W¥ith further increases
of speed this effeot took place at still lower positive,
and even at small nogative, alleror deflections and at
lower angles of attack.

The violent vibration or shudder may have been the
result of compressidility shock over the wing and ailleron
because, in ell cases in whick the vibration occurred,
the poak pressures on tkhe uprper surface of tho wing were
found to be unifcrmly higher than the critical pressure,
It is also probadbie that the vibration may be associated
with some pecullarity in the mclsl mounting, irregular-
ities in aileron profile, or stntic undbalance of the
aileron, Changes in the shape of tho sloit and sealing
the slobt with plasticine had no appareant effect om the
vibration, When & blunt-nose alleron was tested under
the same conditions on the same wing, however, the
vibration did not occur,

The possibility of damage to the model and equipment
boocause of the violenco and spasmodic occurrence of the
vibration . limited the investigation of this phenomenon
with the result that noither the cause nor the effect was
definitely determined, The widespread use of theo Frise
alleron, however, warrants a further investigation of
this vidbration, .

Hinge Moments

The aileron section hinge-momont coefficienta on
a

plotted against aileron deflootion, .85 for the various

speeds and aileron parameters are given in figures 5 to
9. These curves show that for positive alleron defleca =

tions the slopes of the curves of Chy against 3§,



become more negative with increasing ©&6g,; whereas for

nagative alleron deflections, the slopes of the curves
are generally small and sometimes become slightly posi-
tive for a limited range of §,. After the alleron stalls,

the slopes suddenly increase with the result that the
magnitude of the ninge moment at large negative deflectlons
is about the same as that at corresponding positive
deflections; '

Even though the results show that the individual
alleron was usually overbalanced for some negative
deflections, the combination of two allerons on an air-
plane would not necessarlly be overbalanced. Certain
linkage combinations, however, might give overbalance.

The range of negatlve ailleron deflectlons, for which
good balance of hinge moments ls obtalned, decreases with
lnoreased speed and increasese wlth increased alleron nose
radlus, as 1s shown 1in figuros 5, 6, and 7, The amount
of unbalance 1ncreases with lncreased 9% for positive

alleron deflections and decreases wlth lncreased a, for

negative alleron deflections, except whon a°_=.-5°, at
which the hingc moments are much larger than when

— )
a, = 107,

Becauss tho effects, in the unstalled range, of- the
varlous alleron and test parameters are not readlly appar-
cnt from the curves of flgures 5 to 9, the values of

dc
—2a_ obtained from the values of cjp at *5°
95, a
o
alloron deflectlon are plotted agalnet ¥ 1in figures
10(a) and 10(b)., These filgures show an appreciablo change

dc

h

in (—335—) wlith incrocascs in epood. Tho direction
a

a
o
and magnltude of the change depends on the angle of attack
and tho alleron parametors, Figure 10(b) shows that when
the lower surface was rounded to a 0,02c radlus the absolute

de
h
value of ( aaa ) increased at positive angles of attack
a
a
o
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aid deoreased at nogative angles of attaok,” Increasing
the vent gap genorally docreased the absolute valune of

dcy
a
( aa ) .
@y
ach
The effect of aileron nose radius on _sgﬁ- 1s
3 & /o, .
c .
shown in figure 11, The value of (_s%ﬂ_) increased
a
o

o
negatively with alleron noso radius and the largest
changes occurred at the hligh angles of attack,

dc '
Tho value of | —erB. obtained for the allerons
LN : )
Qo

with a nose rediue of 0.0150c probably could be decreased
to approximately the value obtained for tho ailerons with
a ross radius of 0.00l2c by use of a small amount of addi-
tional bYalance; at tho same time, the nogative range of
balanco effoctivoness would be larger than ths negative
range obtained with the small ndse radius,

LAt :

The airfoil seotlion 1ift coefflclents c, obtained

with the integrating manometer for zero alleron angle,
are presented as a function of ‘0o 1im flgures 12(a) and

12(b) for the various speeds and alleron parameters tested.
The results indlcate that generally, at an angle of attack

of 10°, the value of ¢, 18 higher ‘than the value usually

obtained for a plain 23012 airfoil.é This inorease is
probably dus to the effect of the slot because ¢

increased when the nose radius inoreased and when the
lower surface of the airfoil was rounded at the entrance
of the slot, ’

As was expected, increasiug the speed inoreased the
slope of the lift.curve, This effect 1s shown in figure
13, which is & plot of lift-curve slope obtained from

values of o, at a, = +5°, «gainet Mach number for the

different aileron parameters, For comparison, a curve
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oc

i8 included with values of 5&1 that are incroeased
o
aa
by the factor X » which 18 the theoretical

J1 e

varlation of lift-curve eslope with M &as given in
refereace 3. .

Tho variation of section 11ft coefficient ¢ with

alleron angle is given 1n figures 14 to 18; im orier to
avold confuelon, only the curves for the medium speed
ware failred. The valuas of cy are approximately pro-

portional to aileron deflections extending to abont 20°
in the positive dircctlion., The alleron stall, which
deponds on nose radliue and a, for a given- speed, occurs

at a much lower negative alleron deflection, h&%ever, and
the increment of ¢ due to aileron deflection docreases
for greater values of 63. The range. of negatiwve alleron
deflectione 1m walch the alleron ie not stalled -decreases

with increases of speed and incrvases with increases in
nose radius,

The slopes of tha curves are ganerally lowest at
a. = Pand, in moet cases, the slope lncreeses as a,

changes in eigher directlion., The effect of. sapeed on

de
(3El ig best skown by figures.l1l9(a)-and 19(b), .which
\“Ca -

Q

o
oc -
give the curves of /E—l plotted agaipst H-for all
\59‘6

(o]

aileron parametcrs. The valuee -of_ . §§l>_'“ wore-obtained

a
- aO

from the values of o, at &z = x5°% The.slopas increase- -
with Mach number in a manner similar to thc increase in
the slopes of tae curves of cl agalnst a, -glvea.in
figuro 13. .

Changing tho alleron nose radius haed-an-apprecilable

de

offcect on (531) as shown 1n figure-20,. - At.-low._and
a
a
)
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Coe o . {9 . . C ..
negative anglos of attack (5%1) generally doecreased
a o,

as the nose radius increased tt at high angles of attack
increased with increased nose radius. The absolute valus
o
of (Egl) generally decreased at low and negative anglos
a a,
of attack but was increased at medium and high angles of

attack as a result of rounding the lower surface of the
airfoill at the slot entrance, (Bee fig, 20.) A4n increase

3
in the vent gap caused & decrease in sgl for all
. a
o
o

angles of attack, the ofrect belng much larger at low and
modium angles of attack than at high angles of attack
(fig' 20) a

CONCLUSIONS

The resulte.of the tests of ¥Yrise allerons of 0.20
alrfoil chord and true contour with 0,35 aileron-~chord
balanco on the NACA 23012 airfoll indicate the following
goeneral concluslons:

1, The unstalled range of negatlive alleron deflec-
tions was deocreased by increasing the ailrspeed; in the
unstalled range, however, the changes in hinge-moment
coefficients with speed woere comparatively small and
irrogular for the speed range tested but would probabdly
cause & coneiderable error if neglected in computing
stick forces for high speeds.

2, Tor small alleron deflections the aileron with
the smallest nose radius tested was most effective 1in
reducing hinge momente, dbut the effective range was
limited. Increasing the nose radius produced a large
increase in the range of negative alileron angles at whioch
the alleron was effective 1in producing increments of 1lifs,
Increases in nose radius also caused a considerable in-
orease in the 1lift produced by the alleron at high angles
of attack and large positive alleron deflections,
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the slot entrance

Z. Rounding the lower surface of the airfoil at

and increaging the vent gap had an

appreeinvle but irrcgular effcect on the 1lift and
ninge-momcut coefficicnts,

tion

Oscillations of ¢t

thhe negative angle of stal
shudder different

nt the high speeds at Inrg

zcro aileron defl

and cven

4

or

and aileron deflection.

depending on angle of attack

~

he Frisc ailerons occurrcd at

1 of the ailerons, A vibra-
from the oscillation occurred
e angles of attack and at small

tecticns .
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3. Rounding the lower surface of the airfoil at
the slot entrance and increasing the vont gap had an
approciable but irrogular effect on the 1ift and
ningo-momcnt coefficionts, depending on angle of attack
and ailoron deflection. .

4, Oscillations of the Frisc allerons occurred at
the negativo angle of atall of the ailerons., 4 vibra-
tion or shudder different from the oscillation occurred
at tho high speeds at inrge angles of attack and at small
and cvon scro alloron deflecticrs.

Langloy Memorial Aeronmsutiecal ladoratory,
National Advisory Commlttee for Ascsonautics,
Langlecy Fleld, Vn.
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