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WIND-TUNNEL INVESTIGATION OF 20-PERCENT-CHORD
PLAIN AND FRISE AILERONS ON AN NAOA 23012 AIRFOIL
- By ¥. M. Rogallo and Paul B. Purser

SUHMARY

. An 1lnvestigatlon of several modificatlions of 20
percent-chord plaln and Frise allerons on an NACA 23012
alrfoll was made ln the HACA 7~ by 10-foot wlnd tunnel,

The statlec rolling, yawing, and hinge moments were deter=
mined and are herein presented for several angles of attack.
The condltlions under whioh alleron oscillatlon occurred

were also determined.

The tests lndicated that the osclillation of the Frise
alleron was the result of an abrupt breakaway of the flow
at the lower surface of the alleron nose when the alleron
was deflected to some angle botween ~10° and —200, the
particular angle varyling with the shape of the alleron
and with the angle of attack of the alrfoll. The flow
breakaway was accompanied by a rapid increase in the hinge
moment and, in genoeral, by a decraase in the rolllng mo-
ment, The tendency to osclillate was reduced or elimlnated
whon a bulgo or a nose slat was added to the lower surface
of the alloron., The noso slat, moroover, incrcasod the
effoctlvo deflcetlon range of the alleoron.

The alleron-control characteristics were computed for,
a pursult alrplane with several of the alleron arrangew
ments and wlth -three assumed alleron linkages. The re-
sults presented 1llustrate the effects of varlation of al-
leron floatlng tendency and of differential linkage and
support the contentlion that proper adjJustment of floating
tendency by means of tabs, bulges, springs, or other de-
vices, together with a sultabdle cholce of d4iffo rential
linkage, offers a promising means of improving the controle
force characteristics.

Internally balanced sealed ailerons with largor
amounts of balance than the allerons tested are consldered
promliging,



INTRODUCTION

The NACA has undertaken an extenslve investigation of
lateral-control devices for the purpose of developlng new
devlices and of supplylng uoro deslgn data on devioes pro-
vliously dcveloped.

A large amount of data has been publlshed by the NACA
on varlous arrangements of plaln ailerons, but comparative-
ly littlo has been published on Friece allerons (references
1, 2, and 3). The greater part of the data avallable on
Frise allerons cen be found 1n the Reports and Memoranda
of the)British Aeronautical Research Committee (references
4 to 9).

The investigatlion of this report was made primarilly
in an attempt to determine by means of wlind-tunnel tests
what modificaotions would be necessary to prevent the vio-
lent oseclllations inherent in the Frise allerons of a re-
cently developed fighkter slrplane. The Frlse allerons
tested were therefore deslgned to simulate the silerons of
a particular airplane. They are not representative of all
Frise ailerons because, as stated in referenca 3 and veri-
fied 1n the present lnvestligation, the shape of Frise al-
lerons greatly affects thelr characterlstics. The modifi-
cations made to the alleron durlng the lnvestigation were,
1n general, modifieations that could easlly be made on
the existing alrplane. Testsof a plaln sesled aileron
without balance were ineluded for comparison.

APPARATUS AND HETEHODS

Tests wero made 1n the NACA 7- by 1l0O-foot closeod-~
throat wind tunnel (roferernce 10) at an alr speed of ebout
40 miles per hour, corresponding to a test Heynolds num-
ber of approxlmately 1,440,000. Some of tho tests wero
repeated at an alr speed of about 80 miles per hour, cor-
respondlng to a test Reynolds nunber of approximatoly
2,880,000, The test sot-up is shown schomatiecally in fig-
ure 1. The various 0.20c¢ ailerons (fig. 2) wero installed
on the outboard 0,37 b/2 of tho 4- by 8-foot NACA 23012
alrfoll.

The alrfoll was suspendod horlgzontally 1a the wind
tunnel with the inboard end attached to tho tunml wall to




simulato the somispan of a 16~foot wing. Tho attachment
at the wall rostrainod tho alrfoil in pitch but not in °
roll or yaw. The forcos nocossary to restrain the out- .
board ond of tho -airfoll woro moeasured By tho rogular dal-
anco systom, Tho rolling moments wore computod from tho
difforonco in thoe vortical recactions at tho outboard omnd
with tho alleron neutral and in tho reactions with tho al-
loron dofloctod; .the yawing momonts wore similarly com-
puted from the horizontal reactiomns, The: 11ft coeffl-
clents of the airfolil in the tunnel were computed from

the vertical outboard reaction with the aileron held at
neubtral and under the assunption that the lateral ocenter
of pressure of tho semispan was 0.45 b/2 from the plane of
symmotry., '

The alleron was manunlly operated by a crank outside.
the tunnol near tho inboard end of the wing, and the hinge
moments were computod fron the twist of a callbrntod torgue
rod connocting thoe cronk nnd tho alloron, All tho allor-
ons woro approxinatoly balancod statleally ond o relativo-
ly linber torque rod was usod in order that any tondency
of tho nllerons to osclllato night bo easlly noticoed. Bo-
cause the capaclty of the torque rod wae mocossarily limlt-
ed, 1t was 1impossliblo to obtaln all of the hingo moments
in tosts that woro made at 80 nllos por hour. Whon tho
hinge nononts bocano too largo for tho capaclty of tho
torquoe rod, tho rolling and the yawlng nonents were deter-
nined wlth the alleron locked at the various deflections
by neansg of a enall clanp at the alleron,

RESULTS AND DISCUSSION

Coefficlents

The results of the teets are presented in figures 3
to 10 as curves of rolling-, yawing-, and hinge~noment co~
efficlents plotted dgeilnst alleron deflection at several
ongles of attack for each alloron, The deflections at
wvhich the various allorons began to osclllate are noted by
arrows on the appropriaste hinge~nonent coefficlent curves.

The synbols usod in prosonting the rosults ares

C;, 1lift coefficlent (L/qS8)

C,! ~rolling-nonent coefficlent (L'/qbS)



C,' yawlng-mDonont coeffleclent (I!/qbS)
Cy alleron hinge-noment coeffjclent (Hg/aqSgzcy)
c wing chord

alleron chord —easured alorng airfoll chord line fron
hiznge axis of ailsron to trailing edge of airfoll

b twice span of senlspan nodel

S twice area of serlspan 2o0éel

Sg alleron area behind hinge line

L twice 1ift on sernlspan nodel

Lt rolling 1omeat about wind axis

el vawlng nozment about wird axis

Ha alleron hinge niounent about hinge axis

a dynarmic pressure of alr strean (& p 72)

o engle of attack of alrfoll in tunnel

8g alloron deflection, mositive when trailing ecdge 1s

ttown

8g nose slat deflection, positive vhen tralling edge 1s
down

G; rate of change of rolling—nonent coefficient Gl'

P with helix angle pb/2V
g stick force
SB stick angle
R differential-crank length

A positive value of L' or ©C3' corresponds to a de-
crease 1z 1ift on the nodel, and a positive value of N
or Cp! corresponds to an increase 12 drag oa the model,.
Twice the actual 1lift, area, and span of the nodel were
used in the reductlion of tho results beceuse the nodel




represonted half of a conploto wing, as has beon previously
statod. No corroctions havo been nade to the data for the

effect of the tunnel walls, .Although such corrections nay

be relatively large for thls setwup, the data on the varil-

ous nodifications are conmparable.

Wind~Tunnel Data

Plain pealed alleron without balance.~ The aerodynanlyg
characteristics of the plaln sealed alleron without dbalanced
are shown in figure 3. This alleron had falrly laree -
hinge-nonent-curve slopes (dOh/dBa) and an upfloating
tendency that increased with angle of attack. ¥No oscilla-
tion of the alleron was noticed durlng the tests.

Plain aileron with 0,326c, balance.- The aerodynanic

characteristics of the plair alleron vith a 0,326c, syn-
netricel nose balanco, sealed, unsezlod, and with two ar-
rangonents of covor pletes, aro shown iIn figuro 4. Tho
characteristics of tho unsvaled allsron with oaly tho top
covar plato in placo (fig. 4(a)) woro very littlo differ-
ant froo thoso of tho plain.soalod alloron without baleanco
oxcopt for tho oxpoectod roduction in Lingo-noaont-curvo
slopo. The sano ailoron wilth e shoot-rubbor soal (fig.
4(b)) was noro offoctivo but hnd about the samo hirnge-
nonent characterlstlcs as the unsealed aileron, probadly
because the senl was attached sllgktly benind the alleron
nose,

The addition of the bottomr cover plate to the alrfoll
with the bBalanced saaled aileron (fig. 4(c)) had conpara-
tively little effect on the hlinge-noneat coefficients bdbut
produced an unexplained decrease in the effectiveness of
the niloron. The only oscillation noticed 1In the tests of
the plain balanced alleron was an slight osclllation at 8
angle of nttack nt an nileron deflection of -27.5°. (See
fig, 4(a).) Aillerons of this type but with larger anounts
of balancoe aro considered pronising, ond a systenantic in-
vestigantlion of their characterlstics 1is reconnended.

Friso nlloron witkh 0.326cp balance.~ The gorodynanic
.charucteriatics of tho Friso elloron wita 0,326c, balance
aro shewn in figure 5., Tho unsoalod Frise ailoron (fig.

6(a)) was loss offectivo at o low anglo of attack and
slightly oioro offectivo at a high angle of attack than the
unsoalod plain ailoron (fig., 4(a)). The Friso ailloron had




an upflocting tondoncy and o vory snall hingo-nonont-gurve
slogo nt low dofloctions, dbut at high dofloctions (10  and
-20°) tho difforcncos in hingo~nomont coofficionts woro as
largo as thoso of the plaln allorons., Thoe snall hiago~
noncnt-curvo slopos ot low dofloctlons noy bo a coatribut
ing factor to control—~froco latoral instabllity.

Conparison of tho results of figuros 5(a) and 5(D)
showa the scalo offoct on the ckaracterlstlics of the Frise
aolleron, The increansed snmeed incrensed the effectiveness
of the alleron at all angles of attack,

The ndditlon of o sheet-rubber serl at the nose of the
Frise alleron (fig. 5(c)) increased the rolling-moment ef-
fectiveness of the alleron. The location of the seal (at
alleron nose instead of on upper surfaco near slot 1lip)
docreased the effectivenoss of the balanco, probably bve-
cause tho seal preverted the prossuros on the wlng lower
surfaco and ahoad of tko alleron from actlng on top of the
alleron nose. The seal also changaed the upfloating tend-
ency to a downfloating tondoncy. It 1s thouzxht that a
soal near the uppor surfanece of tho alrfoll would lncreaso
the rolling mouent without roducing tho offoctivo balanco,

The addition of a tralling-~edgo tab, deflected —150,
to the Frise alleron with 0.325cy balance (fig. 5(d)) had
sonewvhat the same effect on the characteristics of the il-
leron as did the addltlion of the seal, partly because of
the increased slze of the alleron. Thils Increase 1n size
was not consldered 1n the computation of the hainge-momnent
coefflclionts., The alleron with tho tad, however, was not
qulte so effectlve as the alleron with tho soal,

Nelther the 1lncrease 1n speed nor the addition of tko
soal or tabd had nuch offoct on the osclllatory tendonclos
of the Frise alloron with 0,326c, balanco. This allcron
osclllatod rathor violontly at dofloctions ranging fron
-16° to —25°, dopending on tho angle of attack., It 1s ap-
paront from thoso data and from unpublishod rosults of
flight tosts of two difforent installatlons of Frise al-
lorons that the prosonco c¢f osclillation, and tho alloron
doflection at which it occurs, 1s dopendont on tho partic-—
ular installation (skapo, surfaco finish, rigldity of tho
systen, cte,). In somo installations, Friso allerons do-
floctod upward noarly 20° havo shown no apperont teondoncy
to osclllato, It 1s not gonorally consliderod advisablo,
howovor, to permlt such largo dofloctions for this type of
alloron,




A study of the data and an observation of tufts lo-
cated on tho lower surface of tho aileron made 1t apparent
that tko oscillatlon of tho alloron was not what 1s goner-
ally called ailleron fluttor. With the alrfoll at an angle
of attack of 8° tho alleron was dsflected to ~17° before
the flow bogan to break awny from tho alloron lower surs
face; below this angle (~17 ) the hinge moments were small.
At deflactions of =172 to ~30° the hinge moment increased
rapldly and at -20° the flow had completely broken ‘away
from the lower surface of the slleron. The elasticity of
the torque rod allowed the large hinge momeant occurring at

8, = =202 +to0 return the aileron to a deflection of ~15°

where the flow becane snooth and the hinge nonent became
small; here the spring effect of the torque rod again de-
flected the alloron to -20° and once agaln the flow broke
away and the largo hinge noneat decressed tke alleron de-
flectlon. Thic process continuod untll tho alleron was
novod %o a differont anglo by the crank, Both portions of
tho hingo-nonent-coofficlent curve had stable slopes and,
slnce the tufts showed that the brenk in the curve was a
stalling phenonenon, the actual variatloa of the hinge-
nonent coefficient during the oscillatlon 1s probably that
indicated by the arrows 1ln flgure 6.

The Frise anileron with 0,326cys balance was then
equipped with a 0.0lc lower-surface bulge (fig. 7) to pre-
vent flow separatlon at the alleron nose by lncreasing
the radius of curvature. The srne purpose could probadly
have beon accomplished by cutting away part of the origil-
nnl clleron nose. Tho bulge slightly incroased the rolling-
nonont effectivenoess of tho alleron and decroasod the hlnge-
nonent-curve slope at high deflectlons but produced an un-
stable hlnge-nocent-~curve slope 1n part of the negative
deflectlion range, The bulge also caused thes upfloating
tendency of the alleron to change to a downfloating tend-
oncy at low angles of attack. Thils change in floating
tendoncy will tend to increase the stick forces when a con-
ventional difforentiel system.is used and could probadly
be counteractod by an additional bulge on the upper surface
of the alleron near the trailing edge or by a forward nove-
neat of the polnt of maximun thickness of tho lower sur-
fnce dulge. )

No osclllatory tendencios were noticed in the tests of
the alleron with the dulgze.

Frise alleron with 0,278cg falance.— The aserodynanlc
characteristices of the Frlse alleron with 0.278cg balance




are shown in figure 8, This alleron (fig. 8(a)) had a
greater hlnge~nonent-curve slope than the Frise alleron
with 0.326c, balence, as was expected. The change 1n the
anount of balance had little effect on the osmclllatory
tendencles of the alleron.

The nddition of the 0.,0l¢ lower—~surface dulgo (fig.
8(1)) had approxinately the sane effect on the Frise ail-
leron wilth 0,.,278c, bealance as 1t had on tho Frise alleron

with the larger balance., The bulge gave the alleron a
downfloating tendency, decreasod tho hingo-nouont-curvo
slope, and apvarently olinlnated the osclllatory tendoncles
of the alloron. The additlon of a shoot-~rudbbor soal at the
nose of tho ailleron with tho bulgo (fig. 8(c)) slightly in-
crongod the rolllng-nozont effoctlivonoss of the slloron

but rltered tho hinge-nonont charactorlstics surprisingly
little rolative to the large offect shown 1n flguro 5,

Tho soal dild not caango the osclllatory tondoncios of tho
alloron,

Frise alleron with 0,298c, balanco.- Two tests (fig.
9) were mnde of a Frise alleron with a 0.298c, tzlance of
a square, unconventional shape. Tae upper suriace of the
nose rennined within the wing contour at deflectlons up to
-20°, It was thought that this nodificatlon night decronse
the osclllatory teundencles of the alleroan., Ianstead, the
alleron wns loss effective, had larger hinge-nonent coeffl..
cilonts than the alloron with the 0.278c¢c, balance, aad

st1ll osclllatod at &, = ~12,5°. {(Seo fig. 9.)

Friso alleron with 0.278qa balarco and a nosc s8lot .-

The aerodynanlc characterlatics of the Frlise alleron with
0.278c, balance and a nose slat (NACA 22 section) are
gshown in flgure 10. The nose slat set at 17° (fig. 10(a))
increasod tho rolling-noxcnt effoctivenoss and balance and
reduced the oscilllatory tendencles of the alleron. In-
creasing the slat angle to 28° (fig. 10(b)) nade the al-
loron alnost as effective as the plaln sealed aileron wilth-
out balance, reduced the hinge-—uoment coefilcients at high
deflections, and lnoproved the osclllatory tendoncles still
nore, Adding a sheot—~ruvber seal at the noso of tho al-
leron with tho slat at 28° (fig. 10(c)) had 1little effect
on tho charactorlstics of the alleron oxcept to lncroaso
the rolling-nonont offectivoness slightly at noderate dow—
flectlons.

It should bo notod that the slat span was only 0,31 b/2



while the alleron span was 0,37 b/2; a slat tho full
longth of the alloron would: probably bo. nore offooctive,
Also, -slnco only two' slat arrangenants wore tosted, it 1s

""", probable that neither the deé¢Fflectiof Hdr the position of

the slat waes the optirmn, . These tegtse Lndicated, however,
that slata nay be very useful on cdntrol surfaoces;

Application of Data
The alleron-control characteristics of o pursult air-
plane (fig. 11) equipred with several alleron arrangenents
- with an equal up-and-down linknge (+15°) and o differential
linkage of the sane totnl deflection (fig. 12) have been
conputed and are prosented in figures 13 pnd 14.' For sine
Pliclty, these leoterrle—control charaotaristics wero cone
puted from tho data in figurss 3, 4(b), 5(a), 5(c), 8(a),
8(b), 10{1), and 10(e) (tho uncorroctod aorocdynanic char-
acturistics of tho ailerons) without taking account of the
difforenco 1n wing »lan form., Tho offocts of rolling,
noroover, have not been considored; tkoso offocts willl bo
dlscussed lntor., 3Becoum tho assunptlons ard tho nobthods
of corputation follovwod noroin aro tho sano as those in
rofoerencos 11, 12, rné 13, tho connuted charactoristics of
tho movoral renorts are thought to be connarablo. The
112t coofflclent of the alrplane ot ony particular angle
of nttack was assuned to be that of the alrfoll in the
wind tunnel, thils ccefficlont boing codnutcu as proviously
deoscribed undor Apvaratus end lletioods.

As wos oxpocted, the dantn in figuros 13 and 14 show
thnt tho Frise allerors, in general, had saallor stick
forces thon plaln alleroans of the snne size for a glven
value of rolling-noinient coeffilcient, Tho plnin allerons,
however, were nore effective then the ¥Frlse allerons at
the sane deflections, The andverse (negative) yawing-

. nhonent occefflclents of the two types of c2lileron wero about
the sano exoopt near full clloron dofloction, whoro the
Frise allorons had bettor 7awing—nonont charaoteristics
but alsoc had high stick Torces. .

With an ocourl up~and-down deflcection the 0,15¢c plain
‘sealed alloron with 0,35c¢, bnlanco of roforenco 11 had ap-
proxinatoly tho- sano offoctivonoss and yawlng-nonont chare
actoristices as tho 0,20c Frisoc unsoalod alloron with °.
O.S?Soa balanco and had only slightly larger stick forces,
Tho plain alloron alsoc has in its faver tho fact thet tho
anount of sorodynanlec balanco could prebably bo increansocd
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cnough to give it lowor stick forcos than those of tho
Frise alleron at full. deflectien witheut ceverbalancing in
the low-deflection range. The fact that the alleren weuld
not be overbalanced in the low-deflection range would re-
duce the pessibllity of the occurrence dof contrel-free
lateral instablility. The 0,15¢ plain alleron, nerecver,
should not tend to oescillate.

At low speeds the conventicenal differcntlal systen
gave loewer stlck forces than the equal-deflectien systen,
At high speeds, howovor, oxcont at small dofloctions, the
two systoms gave about esaqual stick forcos. (Soce figs, 13
and 14.)

During the analysis of tho data 1t bocane apparent
that the uso of a reversed difforential (down ailoron de-
flected nore than up ailoren) night be adventagoous when
the alleron had & downfloating tondency. This possibllity
nay be inferrcd fron the analysls of nileron-linkago sys-—
tons prosonted in roferonce 1l4. The dlfforontial skown 1n
figurce 12 was roversed and anplied te 2 Friso alleren with
and witheut a sonl (fig. 15). Thec use ef the revoersed
differential slightly incroascd the advorse (negative)
yawing-nement coofficionts. (See figs. 13(bp), 14(b), and
15.)

Figure 16 is o conparison of the stleck forces of an
alrplane equipped with the sealed Frise alleron-wlth three
linkagoas: conventional differential, equal up-and-down,
and reversed dlfferemntial, The coendbinatlon of downfloat-
ing tondency and reversod differentlel gavo a conslderable
reductlon in the high-speced stick fercos, A4n lncreasec
in englo of attacx decrocascd the downfloating tendonecy of
the alloren and 1t was ostinatod froro ethor data that tho
gcaled aileron would fleat up slightly at o = 15°., On
the basls eof this ocstlinatien an approxinato curve was drawn
in figure 5(c) and fronm this curve tho low-spood stilclk
forces (fig. 16) woro ceoputed. At low speed the roversed
differential and the upfloating toendency increased tho
stick forces. Thls incroease in stlick ferce would givo roro
fcol to the stick at low spoed and loess varlatlion of stick
force with epoed,

Bocause tho fleating tondoncy of allerons nay be con-
trelled by the uso of springs, tabs, or bulges and by noesc
troeatuont, adjustiaont of floating tondency and of diffoerone
tlal offors a prenlsing neans of controlllng stlick forces
and stick-force varlatior with spoecd.
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The effects of rolling have not been consldered 1n
the conputed characterlestlcs of flgures 13 to 16. The
..characterletips. presented are those_that would exlst 1f
the alrplane were restralned in roll and yaw, as lsg generale
ly true of a wind—~tunnel nodel. An airplane actually be-
gins to roll alnost lnnedlstely after the allerons are de-
flected, In order to 1llustrate the effect of rolling
upon tho stick force required to produco a givon rolling-
nonent coefficiont, conparative curves are gkvon 1ln flgure
17« Tho solid lines represont tho statlc condltion, 1in
whioh the alrplane i1s not pormittod to roll. Tho brokon
curvos ropresont the condltlion in which the alrplano 1s
rolling with a voloclty such that tho rolling nmonont duo
to roll 1s nunorically equel to tho rolling nonent duo to
alloron dofloction, (Soo roferonco 15 or 16,) The value
of Gz for tho 1llustrativo rlirplano was ostinatod as

P .
0,45 fron the curvos of roferonco 15 or 16.

Tho differoncos botwoon tho curvos shown by tho solld
and tho dProkon lines of figuro 17 aro alriost oantlroly theo
rosult of tho varlatlon of slloron hingo nomnoent witlh angle
of attack., If coaparative curves sinllar to thoso of fig-
ure 17 wore drawn for plug-typo allorons (soo roference
13), a roduction of stick forco at a glven rolling-nonont
coofficlont would also do shown, dut for thoso nllorons
ths reductlion would bo prinarily the result of tho 1lncroaso
of rolllang-noniont coofficlont with anglo of attack,

COXCLUSIONS

Tho oscllletory tondency found 1n sonio flight Inctal-
latlons of Frisc allorons waos shown by the wlnd—tunnol
tosts to be the rosult of an adbrupt broakaway of tho flow
ot tho lowor surfaco of tho alloron noso when tho alloron
wes dofloctod, This bronkawng occurrod at an alloron de-
flection betwoon -10° and =20, the ~iloron doflectlon
varylng with tho angle of cttack of tho alirioll and wilith
tho shapo of tho alloron.

Whon tho flow broakaway occurred, the hlngs nonent
increased rapldly and the rolling nonent usually decreased,
It appears that ¥rlise allerons should be so designed that
they will not be deflected to the angle at whlch dreakaway
occurs. Thse useful range of Frligse cllerovns nay sonstines
be lncreased by the nddition of a nose slat or a bulgs on
the alleron lowsr surface,
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Internally balanced sealed allerons with larger anounts
of balance than those tested are considered pronisinrg, and
a systenatic investigation of thelr characteristics is rece
onnended., .

Bocauso the floatlng tendoncy of allerons nay be con-
trolled by tho uso of springs, tabs, or bulges ond by
nose troatnont, adjustoent of floatlng tendoncy and of
difforontial offers a pronising noans of controlllng stick
forcoes as woll as tlo varilatlon of stleck forco with spood.

Langley lenoripel Aoronautical Laboratoryr,
Watlonal Advisory Conrnittoo for Aoronauntlcs,
Langley Fiold, Va.
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with 0.20c by 0.37 b/2 Frise ailerons with 0.326cg balance.

Reversed differential linkage. 8, 18°, -12°,
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(a) Frise aileron with 0.326 c, balance; no seal, no bulge.
(b) Plain sealed aileron with 0.338 Cg balaunce; top cover plate only.

Figurs 17.- Effsct of rolling om the stick-force characteristice of a pursuit airplane
equipped with two arrangements of 0.230c by 0.37 b/2 ailerons and two
alleron deflection systems.
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