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WIND-TUNNEL   I NTS ST I GAT I ON  07   20-PERCENT-CHOHD 

PLAIN AND  PRISE  AILERONS   ON AN  NAOA  23012  AIRTOIL 

• By I.  H.   Eogallo  and Faul E.  Purser 

SUMMARY 

An investigation of several modifications of 20- 
percent-chord plain and Trise ailerons on an NACA 23012 
airfoil was made in the NACA 7- "by 10-foot wind tunnel. 
The static rolling, yawing, and hinge moments were deter- 
mined and are herein presented for several angles of attack. 
The conditions under whloh aileron oscillation occurred 
were also determined. 

The testa indicated that the oscillation of the Trias 
aileron was the result of an abrupt breakaway of the flow 
at the lower surface of the aileron nose when the aileron 
was deflected to some angle between -10° and -20°, the 
particular angle varying with the shape of the aileron 
and with the angle of attack of the airfoil.  The flow 
breakaway was accompanied by a rapid increase in the hinge 
moment and-, in general, by a decrease in the rolling mo- 
ment.  The tendency to oscillate was reduced or eliminated 
whon a bulge or a noso slat was added to the lower surface 
of the ailoron.  The noso slat, moroovor, incroasod tho 
effective deflection range of the ailoron. 

The aileron-control characteristics were computed for, 
a pursuit airplane with several of the aileron arrange- 
ments and with three assumed aileron linkages.  The re- 
sults presented illustrate the effectB of variation of ai- 
leron floating tendency and of differential linkage and 
support the contention that proper adjustment of floating 
tendency by means of tabs, bulges, springs, or other de- 
vices, together with a suitable choice of differential 
linkage, offers a promising means of improving' the control- 
force characteristics. 

Internally balanced sealed ailerons with largor 
amounts of balance than the ailerons tested are considered 
promising. 



IfflEODUCTIOIT 

The SACA has undertaken an extensive investigation of 
lateral—control devices for the purpose of developing now 
devices and of supplying iiioro design data on devices pre- 
viously developed. 

A large amount of data has "been published "by the SAC A 
on various arrangements of plain ailerons, hut comparative- 
ly little has "been published on Prise ailerons (references 
1, 2, and 3).  The greater part of the data available on 
Prise ailerons can be found in the Reports and Memoranda 
of the British Aeronautical Eesearch Committee (references 
4 to 9). 

The Investigation of this report vaB made primarily 
in an attempt to determine by means of wind-tunnel tests 
what modifications would be necessary to provent the vio- 
lent oscillations inherent in the Prise ailerons of a re- 
cently developed fighter airplane.  The Prise ailerons 
tested were therefore designed to simulate t<he ailerons of 
a particular airplane.  They are not representative of all 
Prise ailerons because, as stated in reference 3 and veri- 
fied in the present investigation, the shape of Prise ai- 
lerons greatly affects their characteristics.  The modifi- 
cations made to the aileron during the investigation were, 
in general, modifications that could easily be made on 
the existing airplane.  Hosts of a plain sealed aileron 
without balance were included for comparison. 

APPAEATUS AND METHODS 

Tests were made in the NACA 7- by 10-foot closod- 
throat wind tunnel (roference 10) at an air speod of about 
40 miles per hour, corresponding to a test Reynolds num- 
ber of approximately 1,440,000.  Some of tho tests wero 
repeated at an air speed of about 80 milos per hour, cor- 
responding to a test Beynolds number of approximately 
2,880,000.  The test set-up is shown schematically 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 
airfoil. 

The airfoil was suspended horizontally in the wind 
tunnel with tho inboard end attached to tho tunnel wall to 
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simulate the somi span of a 16-foot wing.  Tho attachment 
at tho vail rostr-ainod tho airfoil in pitch "but not in 
roll or yaw.  Tho forcos nooossary to restrain the out- - 
"board ond of tho airfoil -wore measured by tho regular bal- 
anoo system.  Tho rolling moments wore computed from tho 
difforonoo in tho vortical reactions at tho out "board ond 
with tho aileron neutral and in tho reactions with tho a.i- 
loron deflected;.tho yawing momonts wore similarly com- 
puted from the horizontal reactions.  The lift -coeffi- 
cients of the airfoil in the tunnel were computed.from 
the vertical out "board reaction with the aileron held at 
neutral and under the assumption that the lateral.oenter 
of pressure of the semi span was 0.45 "b/2 from the plane of 
symmetry. 

The aileron was manually operated "by a crank outside, 
the tunnol near tho inboard end of the wing, and the hinge 
momonts were computed fron tho twist of a calibrated torque 
rod connecting tho crank and tho ailoron.  All the allor- 
onB wore approximately "balancod statically and a relative- 
ly limber torque rod was usod in order that any tondency 
of tho ailorons to oscillate might "bo easily noticod.  Bo- 
cause the capacity of the torque rod was ttocossarily limit- 
ed, it was inposslblo to obtain all of the hinge moments 
in tosts that wore nado at 80 milos por hour.  Whon tho 
hingo momonts "booano too largo for tho capacity of tho 
torquo rod, tho rolling and the yawing moments were deter- 
mined with the aileron locked at the various deflections 
"by means of a small clamp at the aileron. 

RESULTS AND DISCUSSION 

Coefficients 

The results of the tests are presented in figures 3 
to 10 as curves of rolling-, yawing-, and hinge-moment co- 
efficients plotted against aileron deflection at several 
angles of attack for each aileron.  The deflections at 
which the various ailorons "began to oscillate are noted "by 
arrows on the appropriate hinge-monont coefficient curves. 

The symbols used in presenting tho results are: 

CL   lift coefficient  (L/qS) 

0l
l.  rolling-moment coefficient  (L'/qbS) 

• •     •     IB     •••• ••    I •     •••• ••••••     •• ••••      • ••••••••        ••     •••      •    • • •   I   •••••• I 



Gn' yawing-fconont coefficient  (jJ'/q'bS) 

C^ aileron hinge-nonent coefficient  (Ha/q.Saca) 

c wing chord 

ca aileron chord measured along airfoil chord line fron 
hinge axiB of aileron to trailing edge of airfoil 

"b twice span of senispan nodel 

S twice area of senispan nodel 

Sa aileron area "behind hinge line 

L twice lift on senispan nodel 

L' rolling aonent about wind axis 

U1 yawing nonent about wind azie 

H& aileron hinge nonent ahout hinge axle 

q dynamic pressure of air strean  (J p Ta) 

a angle of attack of airfoil in tunnel 

6a ailoron doflection, positive when trailing edge is 
down 

88 nose slat deflection, positive when trailing edge is 
down 

Gj rate of change of rolling-uonent coefficient  Cj1 

P    with helix angle pb/2Y 

Fa stick force 

&„ stick angle s 

E differential-crank length 

A positive value of L'  or  Oj1  corresponds to a de. 
crease in lift on the model, and a positive value of E• 
or  0n

f  corresponds to an increase in drag on the nodel. 
Twice the actual lift, area, and span of the nodel were 
used in the reduction of tho results because the nodel 



represented half of a complete wing, as has "been previously 
stated.  No corrections havo "been iaado to the data for the 
effect .of. the.tunnel vails.. .Although such, corrections nay 
"be relatively large for this set-up, the data on the vari- 
ous nodifications are conparahle. 

Vind-Tunnel Data 

Plain sealed aileron vlthout "balance.«« The aerodynanitj 
characteristics of the plain sealed aileron without "balance" 
are Bhovn in figure 3.  This aileron had fairly large 
hinge-nonent-curve slopes  (i0h/d8a^  anä an ^pfloating 
tendency that Increased with angle of attack.  XTo oscilla- 
tion of tho aileron was noticed during the tests. 

Plain aileron with 0.336oa "balance.- The aerodynamic 
characteristics of the plain aileron with a 0,326ca syn- 
netrical nose "balance, sealed, unsealed, and with two ar- 
rangements of covor plates, nro shown in figure 4.  Tho 
characteristics of tho unsealed aileron with only tho top 
covor plate in place (fig. 4(a)) wore very little differ- 
ont fron those of tho plain-soalod ailoron without "balance 
except for tho oxpoctod roduction in Iiingo-nonont-curvo 
slopo.  The sane ailoron with a shoot-rubber soal (fig. 
4(h)) was noro effoctlvo "but had ahout tho sane hlnge- 
nonent characteristics as the unsealed aileron, prohahly 
"because tho seal was attached slightly "behind the aileron 
nose. 

The addition of the "botton cover plate to the airfoil 
with the "balanced sealed aileron (fig. 4(c)) had conpara- 
tively little effect on the hinge-nonent coefficients "but 
produced an unexplained decrease in the effectiveness of 
the aileron.  The only oscillation noticed in the tests of 
the plain "balanced aileron was a slight oscillation at 8° 
angle of attack at an aileron deflection of -27.5°.  (See 
fig. 4(a).)  Ailerons of this type "but with larger amounts 
of "balance are considered pronising, and a systentitle in- 
vestigation of their characteristics is reoonuended. 

Prise ailoron with 0.326cn. "balance«» The aorodynaziic 
characteristics of the Priso ailoron with 0.326ca "balance 
aro shown in figure 5.  The unsoalod Prise ailoron (fig, 
5(a)) was loss offectivo at a  low anglo of attack and 
slightly ziOTO   offectivo at a high angle of attack than the 
unsoalod plain ailoron (fig. 4(a)).  The Priso ailoron had 



an upfloating tendency and a vory snail hlngo-nonont-curvo 
slopo at low dofloctions, "but at high dofloctions (10 and 
-20°) tho difforcncos In hingo-nonont coofficionts woro as 
larßo as thoso of tho plain ailorons. Tho snail hingo- 
noncnt-curvo slopos at low dofloctions nay ho a contribute 
ing factor to control-froo latoral instability. 

Oonparison of tho results of figuroB 5(a) and 5(h) 
shows tho scalo offact on the characteristics of the Prise 
aileron.  The increased speed increased the effectiveness 
of the aileron nt all angles of attack. 

The addition of a sheet-rubber seal at the nose of the 
Prise aileron (fig. 5(c)) Increased the rolling-moment ef- 
fectiveness of the aileron.  The location of the seal (at 
aileron nose instead of on upper surface near slot lip) 
decreased the effectiveness of the balanco, probably he- 
cause tho seal prevented the prossuros on the wing lower 
surface and ahead of tho aileron fron acting on top of tho 
aileron nose.  Tho seal also changed the upfloating tend- 
ency to a downfloating tondoncy.  It is thought that a 
soal near the uppor surface of tho airfoil would increase 
the rolling moment without roducing tho offoctivo "balance. 

The addition of a traillng-edge tab, deflected -15°, 
to the Prise aileron with 0.33oca "balance (fig. 5(d)) had 
somewhat the same effect on the characteristics of the ai- 
leron as did the addition of the seal, partly "because of 
the increased size of the aileron. This increase in size 
was not considered in the computation of the hinge-moment 
coefficionts. The aileron with tho tab, however, was not 
quite so effective as the aileron with tho seal. 

Ueither the incroaso in speed nor the addition of tho 
soal or tab had much offect on tho oscillatory tendoncios 
of the Prise ailoron with 0.326ca balance.  This aileron 
OBcillatod rather violently at dofloctions ranging from 
-16° to -25°, dopendlng on tho angle of attack.  It is ap- 
parent from these data and from unpublishod rooults of 
flight tosts of two difforent installations of Prise ai- 
lorons that the prosonco cf oscillation, and the ailoron 
dofloction at which it occurs, is dopendont on the partic- 
ular Installation (shapo, surface finish, rigidity of tho 
system, etc.).  In sone installations, Prise ailerons de- 
flected upward noarly 20° havo shown no apparent tondoncy 
to OBCillato.  It is not gonorally considerod advisablo, 
however, to permit such largo dofloctions for this type of 
ailoron. 



A study of tho data and an observation of tufts lo- 
oatod on tho lover surface of tho aileron made it apparent 
that tho oscillation of tho ailoron was not what is gonor- 
aliy called aileron flutter.  With the airfoil at an angle 
of attack of 8° tho ailoron was deflected to -17° "before 
the flov bogan to broak away fron tho ailoron lover sur- 
face; "below this angle (-17 ) the hinge moments vere small. 
At deflections of »17° to -20° the hinge moment increased 
rapidly and at -20° the flov had completely "broken "away 
from the lover surface of the aileron.  The elasticity of 
the torque rod allowed the large hinge moment occurring at 
8  = -20°  to return the aileron to a deflection of -15° a 
where the flow "became smooth and the hinge moment "became 
small; here the spring effect of the torque rod again de- 
flected, the aileron to —20° and once again the flow "broke 
away and the large hinge moment decreased the aileron de- 
flection.  This process continuod until the aileron was 
movod to a difforont anglo "by the crank.  Both portions of 
tho hingo-momont-coofficient curve had stähle slopes and, 
since the tufts Bhowed that the "break in the curve was a 
stalling phenomenon, the actual variation of the hinge- 
monent coefficient during the oscillation is probably that 
indicated by the arrows in figure 6. 

The Prise aileron with 0.326ca balance was then 
equipped with a 0.01c lower-surface bulge (fie. 7) to pre- 
vent flov/ separation at the aileron nose by increasing 
the radius of curvature.  The erne purpose could probably 
have been accomplished by cutting away part of the origi- 
nal aileron nose.  The bulge slightly Increased tho rolling- 
moment effectiveness of the aileron and decreased the hlnge- 
nonent-curve slope at high deflections but produced an un- 
stable hinge-mocent-curve slope in part of the negative 
deflection range.  The bulge also caused the upfloating 
tendency of the aileron to change to a downfloating tend- 
ency at low angles of attack.  This change in floating 
tendoncy will tend to increase the stick forces when a con- 
ventional differential system is used and could probably 
be counteracted by an additional bulge on the upper surface 
of the aileron near the trailing edge or by a forward move- 
ment of the point of maximum thickness of the lower sur- 
face bulge. 

Ho oscillatory tendencios wore noticed in the tests of 
the aileron with the bulge. 

Jrlse aileron with 0.278ca balance.- The aerodynamic 
characteristics of the FriBe aileron with 0.278ca balance 



are ohown in figure 8.  This aileron (fig. 8(a)) had a 
greater hinge—nonent-curve slope than the Prise aileron 
with 0,326ca "balance, as was expected.  The change in the 
anount of "balance had little effect on the oscillatory 
tendencies of the aileron. 

The addition of the 0.01c lower-surface "bulgo (fig. 
8(h)) had appropriately the sane effect on the Priso ai- 
leron with 0.278ca balance as it had on tho Prise aileron 
with the largor balance.  The bulge gave the aileron a 
downfloating tendency, decreasod tho hingo-nouont-curve 
slope, and apparently elininated the oscillatory tendencies 
of the aileron.  Tho addition of a ehoot-rubbor soal at the 
noso of the aileron with tho bulgo (fig. 8(c)) slightly in- 
croasod the rolling-aonont offoctivonoss of the alloron 
but altered the hingo-nonont characteristics surprisingly 
littlo rolative to the largo offoct shown in figuro 5. 
Tho seal did not chango the oscillatory tondoncios of tho 
aileron. 

Prise aileron with 0.293ca balance.- Two tests (fig. 
9) were ar.de of a Prise aileron with a 0.298ca balance of 
a square, unconventional shape.  The upper surface of the 
nose remained within the wing contour at deflections up to 
-20°.  It was thought that this nodification night decrease 
the oscillatory tendencies of the aileron.  Instead, the 
aileron was less effective, had larger hinge-nonent coeffi- 
cients than the ailoron with the 0.278ca balance, and 
still oscillatod at  60 = -12.5°.  (See fig. 9.) 

Friso aileron with 0.273cft balance and a noso slat.— 

The aerodynamic characteristics of the Prise aileron with 
0.278ca balance and a nose slat (HACA 22 section) are 
shown in figuro 10.  The nose slat set at 17° (fig. 10(a)) 
increasod tho rolling-no^cnt effoctivenoss and balance and 
reduced the oscillatory tendencies of the aileron.  In- 
creasing the slat angle to 28° (fig. 10(b)) nade the ai- 
leron alnost as effective as the plain sealed aileron with- 
out balance, reduced the hinge—nonent coefficients at high 
deflections, and inprovod the oscillatory tendencies still 
nore.  Adding a sheet-rubber seal at tho noso of tho ai- 
leron with tho slat at 28° (fig. 10(c)) had little effect 
on tho characteristics of tho aileron except to lncroaso 
the rolling-nonont offectivonass slightly at noderato do- 
floctions. 

It should bo notod that the slat span was only 0.31 b/2 



while the aileron span was 0.37 "b/2; a slat tho full 
•longth of the ailoron would:proha"bly he. more offoctivo. 
Also,^ slnco only two- slat arrangements wore tested, It is 
prohahl'e that neither' the" d'e'frectlofC fiojT" the' position of 
the slat was the optitmn. . These testa indicated, however, 
that slats nay he very useful on control surfaces* 

Application of .Data 

The aileron-control characteristics of a pursuit air- 
plane (fig. 11) equipped with several aileron arrangements 
with an equal up-and-down linkage (+15°) and a differential 
linkage of the sane total deflection (fig. 12) have "been 
computed and are prosented in figures 15 p.nd 14..' 3Por sim- 
plicity, these lateral—control character!s-tics wero com- 
puted fron tho data in figure8 3., 4(h), 5(a), 5(c), 8(a), 
8(h), 10(h), and 10(c) (the uncorroctod aorodynanic char- 
acteristics of tho ailerons) without taking account of the 
difforonco in wing plan form.  Tho offocts of rolling, 
noroovor, have not "boon ponBidored; thoso offocts will ho 
discussed lator.  3ocr.uso tho assumptions ar.d tho nothods 
of computation follov:od horoin aro tho sauo as those in 
roforencos 11, 12, and 13, tho computed characteristics of 
tho sevoral reports are thought to he conparahle.  The 
lift coefficient of the airplane at any particular angle 
of attack was assumed to he that of the airfoil in the 
wind tunnel, this coefficient "being computed as previously 
d9scrihed undor Apparatus end llothods. 

As was expoctod, the data.in flguros.13 and 14 show 
that tho Prise ailerons, in general, had smallor stick 
forces than plain ailerons of the same size for a given 
value of rolling-moment coefficient,  Tho plain ailerons, 
however, were more effective tlip.n the Prise ailerons at 
the same deflections.  The adverse (negative) yawing- 
nonont'coefficient« of tho two types of aileron wero ahout 
•the Bamo excopt n'ea'r full ailoron deflection, whore the 
Prise ailorons'had hotter yawing-nonont characteristics 
hut also had high stick forces.       " 

With an ooual up-and-down deflection the 0.15c plain 
Bealod ailoron with 0.350^ "balance of roforenco 11 had ap- 
proximately tho- samo offoctivonoss and yawing-nomont char- 
acteristics, as tho 0.20c Prise unsoalod ailoron with ' ., 
0,326oa halanco and had only slightly larger stick forces. 
Tho plain ailoTon alBO haB in itB favor tho fact that tho 
amount of aorodynanic halanco could prohahly ho increased 
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onough to give it lowor stick foroos than those of tho 
UPrise aileron at full, deflection without overbalancing in 
the low-deflection range.  The fact that the aileron would 
not he overbalanced in the low-deflection range would re- 
duce the possibility of the occurrence öf control-free 
lateral instability.  The 0.15c plain aileron, noreover, 
should not tend to oscillate. 

At low speeds the conventional differential systen 
gave lower stick forces than the equal-doflection systen. 
At high speeds, howevor, oxcopt at snail dofloctions, the 
two systons gave about eoual stick forcos.  (Soe figs. 13 
and 14.) 

During the analysis of tho data it bocane apparent 
that the use of a reversed differential (down ailoron de- 
flected nore than up ailoron) night bo adventagoous whon 
the aileron had a downfloating tendency.  This possibility 
nay bo inferred fron the analysis of ailoron-linkago sys- 
tons prosontod in roforonce 14.  The difforontial shown in 
figure 12 was roversod and appliod to a UPrise aileron with 
and without a soal (fig. 15).  Tho use of tho roversod 
differential slightly incroasod tho advorse (negative) 
yawing-nonent coofficionts.  (See figs. 13(b)., 14(b), and 
15.) 

Figure 16 is a conparlson of the stick forces of an 
airplane equipped with the sealed Frise aileron with three 
linkages: conventional differential, equal up-and-down, 
and reversed differential.  The conbination of downfloat- 
ing tendency and reversed differential gave a considerable 
reduction in the high-speod stick forcos.  An increase 
in angle of attack decreased the downfloating tendency of 
tho aileron and it.was ostinatod fron other data that the 
soaled ailoron would float up Blightly at  a = 15°.  On 
the basis of this ostlnatlon an approxinato curvo was drawn 
in figure 5(c) and fron this curvo tho low-spood atick 
forces (fig. 16) wore conputod.  At low speed tho rovorsed 
differential and tho upfloating tondoncy increasod tho 
stick forces.  This increase in stick force would givo nore 
fcol to the stick at low spood and loss variation of Btick 
force with spoed. 

Because tho floating tondoncy of ailerons nay bo con- 
trolled by tho uso of springs, tabs, or bulges and by nose 
treatuont, adjuetnont of floating tondoncy and of differen- 
tial offers a pronising uoans of controlling stick forces 
and stick-force variation with spood. 
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The effects of rolling have not "been considered in 
the conputed characteristics of figures 13 to 16«  She 
.characteristics,, pre.sen.ted are those...that, would exist if 
the airplane vere restrained in roll and yaw, as is general* 
ly true of a wind-tunnel nodel.  An airplane actually he- 
gins to roll alnost immediately after the ailerons are de- 
flected«  In order to illustrate the effect of rolling 
upon the stick force required to produco a given rolling— 
nonent coefficient, comparative curves are gtvan In figure 
17.  Tho soiid lines represont tho static condition, in 
which tho airplane is not pernittod to roll.  Tho brokon 
curvos ropresont tho condition in which tho airplano is 
rolling with a voloclty such that tho rolling nonont duo 
to roll 1B nunorically equal to tho rolling nonent duo to 
ailoron dofloction.  (Soo roforonco 15 or 16.)  Tho value 
of  0,   for tho illustrative r.irplano was ostinatod as 

0.45 fron the curvos of roferonco 15 or 16. 

Tho differoncos botwoon tho curves shown by tho solid 
and tho "broken linos of figuro 17 aro alnost ontiroly tho 
result of tho variation of ailoron hingo nonont with angle 
of attack.  If comparativo curvos similar to thoso of fig- 
ure 17 woro drawn for plug-typo ailorons (soo roforonco 
13), a reduction of stick forco at a given rolling-nonont 
coofficiont would also bo shown, hut for thoso ailorons 
tho reduction would ho primarily the result of tho incroaso 
of rolling-mouont coofficiont with anglo of attack. 

COffCLTJSIOUS 

Tho oscillatory tondency found in sono flight instal- 
lations of Triso ailorons was shown hy the wind-tunnol 
-to8ts to he the rosult of an abrupt hroakaway of tho flow 
at tho lowor surface of tho ailoron noso when tho ailoron 
was dofloctod.  This hroakaway occurrod at an ailoron de- 
flection hotwoon -10° and -20 , the ailoron deflection 
varying with tho anglo of attack of tho airfoil and with 
tho shapo of tho ailoron. 

Vhon tho flow hroakaway occurred, the hinge nonent 
Increased rapidly and the rolling nonent usually decreased. 
It appears that Frise ailerons should he so designed that 
they will not he deflected to the angle at which breakaway 
occurB.  The useful range of Prise ailerons nay sometimes 
be Increased by the addition of a nose slat or a bulge on 
the aileron lower surface« 
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Internally "balanced sealed ailerons with larger anounts 
of "balance than those tested are considered premising, and 
a systenatic Investigation of their characteristics is rsc- 
onnended. 

Bocauso the floating tendoncy of ailerons nay "be con- 
trolled "by tho uso of springs, tabs, or "bulges and "by 
noso troatnont, adjustnont of floating tendoncy and of 
difforontial offers a pronlsing noans of controlling stick 
forces as v/oll as tho variation of stick forco with spood« 

Lnngloy 1-ionorip.l Aoronautical Lp."boratory, 
National Advisory Conr.ittoo for Aoronautics, 

Iingloy Fiold, Ya. 
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at funnel wall 

Fig«. 1,6,11 

Figure 1.- Schematic 
diagram of 

test set-up. 

Figure 6.- Tuft action on the lower 
surface of an up-deflected 

Frise aileron, showing cause of 
oscillation. 
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-30 -20 -10 10 20       -30 -20 
Aileron deftec+t'on, da ,deg 

Figure 3.- Aerodynamic characteristics 
of a 0.20c by 0.37 b/2 

plain grease-sealed aileron without 
balance on an NACA 23012 airfoil. 
V, 40 mph. 

(a) No seal, top cover plate only. 
Figure 4a to c- Aerodynamic charac- 

teristics of a 0.20c by 
0,37 b/2 plain aileron with a Q.326ca 
symmetrical nose balance on an NACA 
23012 airfoil. V, 40 mph. 



IACA Fig. 4b,c 

10 .20     \-30 -20 
Aileron deflection, <Sa, deg 

(b) Sheet-rubber seal; top cover (c) Sheet-rubber seal; both cover 
plate only, plates. 

Figure 4b,c. 



IACA Fig. 5»,b 
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(a)  No  seal;  V,  40 mph. 

to 20     -30 -zo 
Aileron defteciion,öa ,deg 

-10 IO 20 

(b) No seal; V, 80 mph. 

Figure 5a to d.- Aerodynamic characteristics of a 0.20c by 0.37 b/2 
Frise aileron with 0.326ca balance on an NACA 23012 

airfoil. 



NACA Fig.  5c,d 

10 SO -30 -20 -10 
A Heron de flaciion, <£, deg 

(c) Sheet-rubber seal; V, 40 mph.  (d) No seal; V, 40 mph; 0.10ca by 
0.37 b/2 tab; 6t, -15°. 

Figure 5c,d. 



Figs. 7,8« 

10 ZO       -30 -20 
Aileron deflection, d^ ,deg 

Figure 7.- Aerodynamic characteristics 
of a 0.20c by 0.37 b/2 

Frise aileron with 0.326ca balance and 
a 0.01c lower-surface bulge on an NACA 
23012 airfoil. No seal; V, 40 mph. 

(a) No seal; V, 40 mph. 
Figure 8a to c- Aerodynamic 

characteristics of a 0.20c 
by 0.37 b/2 Frise aileron with 
0.278ca balance on an NACA .23012 
airfoil. 



N1CA rig. 8b,e 

10 20       -30 -20 
Aileron deflection dj, ,deq 

(b) No seal; 0.01c lower-surface (c) Sheet-rubber seal; 0.01c lower- 
bulge, surface bulge. 

Figure 8b,c. 
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Figure 9.- Aerodynamic characteristics Figure 10a to c- Aerodynamic charac- 
of a 0.20c by 0.37 b/2 

Frise aileron with 0.298ca balance on 
an NACA 23012 airfoil. No seal*, 
V, 40 mph. 

teristics of a 0.20c by 
0.37 b/2 Frise aileron with 0.278ca 
balance and a centrally located 
0.078ca by 0.31 b/2 nose slat on an 
NACA 23012 airfoil. 



IACA Fig.  10b,e 
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Aileron defied/on, <J„ ,deg 
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(c) Sheet-rubber seal; 6a, 28°; 
V, 40 mph. 

Figure 10b,o. 



NACA Fig.  12 
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Figure 12.-  Conventional differential aileron linkage assumed 
in the computations. 



WACA Fig.  13a,b 

.04 .OS .06 0 .01 .02 
Rolling-moment coefficient, Ci' 

(a) Plain sealed ailerons, (b) Frise aileron with 0.326ca balance, no bulge. 
Figure 13a to do- Aileron-control characteristics of a pursuit airplane equipped 

with several arrangements of 0.20c by 0.37 b/2 ailerons. 
Eoual up and down linkage. 6a, tl5°. 
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Ro 11ing - moment coefficient, Ci 

(c) Frise ailerons with 0.27Rca bal- 
ance: not sealed. 

(d) Frise aileron with 0.278oa balance 
and a nose slat; 5S, 28°. 

Figure 13c,d. 
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(a) Plain sealed aileron.  (b) Frine aileron with 0.326ca balance; no bulge. 
Figure 14a to d.- Aileron-control characteristics of a pursuit airplane equipped 

with several arrangements of 0.20c by 0.37 b/2 ailerons. 
Conventional differential linkage. 5a,+12°, -lfl°. 
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(o) Friae ailerons with 0.278ca bal- (d) Friae aileron with 0.278ca balanoe 
anoe; not sealed. and a nope elat; SB,  2R° 

Figure-14c,d- 



MACA Figs.   15,16 
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Figure 16.- Effect of aileron 
linkage on the stide- 

force characteristics of a pursuit 
airplane equipped with 0.20c by 
0.37 b/2 sealed Frise ailerons 
with 0.326ca balance; no bulge. 

.02 .03 .04 .05 
Roiling-.moment coefficient, Ct' 

Figure 15.- Aileron-control characteristics of ä pursuit airplane equipped 
with 0.20c by 0.37 b/2 Frise ailerons with 0:326ca balance. 

Reversed differential linkage. $a, 18°, -12°. 
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Rolling-moment coefficient, Cy 

.OB .03 .04 

Conventional differentia/ 

(a) Prise aileron with 0.336 cm balance; no seal, no bulge. 

(b) Plain sealed aileron with 0.336 ca balance; top cover plate only. 

figure 1?.- Iff.sct of rolling on the «tick-force characteristics of a pursuit airplane 
equipped with two arrangements of 0.30c by 0.3? b/S ailerons and two 
aileron deflection systems. 
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