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SUMMAHY 

Hinge momont, lift, and pressure-distribution meas- 
urements wore made on a Trise aileron on an NACA 23012 
airfoil in the tyro-dimensional test section of the LMAL 
stability tunnel.  Speeds up to 360 miles per hour corre- 
sponding to a Mach nunber of about 0.470 were used«  The 
nose radius of the aileron was varied from 0.0012 to 
0.0150 of the airfoil chord.  Toots also vere made with 
an increased vent gap and with the lower surface of the 
airfoil at the ontrance of the slot rounded to a radius 
of 0.02 of the airfoil chord.  The primary purpose of all 
tosts was to determine the effects of speod on this type 
of aileron. 

The variation in soction hinge-moment and section 
lift coefficient with Mach numbor and anglo of attack is 
shown in ourves of hinge-momont and lift coefficient 
plotted-against aileron defloction for tho various con- 
ditions tosted.  Slopus of thoso curves uoro dotorminod 
and plottod against Mach number and aileron nose radius. 

Increases in speed decreased the unstalled range of 
negative aileron deflections.  The changes in hinge-moment 
coefficients with speed seem comparatively small in the 
unstalled range but would probably cause considerable 
error if- neglected in computing the stick forces for high 
speeds* 

Tor small aileron deflections tho aileron with tbe- 
smallesfnose radius was most effective in reducing hinge 
moments, but the negative range of balance effectiveness 
was very limited.  Increasing tho noso radius extended 
the negative range of balance effectiveness appreciably, 
increased tho negative range in which the aileron was-. 



offectlvo In producing increments of lift, and causod a 
considerable increase in the lift produced "by tho aileron 
at high angles of attack and large positive aileron de- 
flections.  Hounding the lower surface of the airfoil at 
the slot entrance and increasing the.vent gap had an appre- 
ciable but varying effect on the lift and hinge-moment 
coefficients, depending on the angle of attack and aileron 
deflection. 

Oscillations of the Prise ailerons occurred at the 
negative angle of Btr.ll of the ailerons.  A vibration of 
shudder different from the usual oscillation occurred at 
the high speeds at largo angles of attack and at small 
and even zero aileron deflections. 

INTRODUCTION 

Increases in the size and speed of combat airplanes, 
together with the demand for high, rolling velocities, have 
made it necessary to balance almost complotely the hinge 
moments of control surfaces in order to enable the pilot 
to deflect the controls under all conditions of flight. 
Because this close balance and the compressibility effects 
have caused overbalance with some existing aileron in- 
stallations at high airspeeds, somo of the currently used 
or recently proposed balance arrangements must bo retested. 

The NACA is undertaking a study of some of tho .more 
promising aileron forms at airspeeds higher than those 
employed in previous devolopmonts.  Results of tests of a 
blunt-nose and a Boalod-intornal-balance aileron on a low- 
drag airfoil soctlon aro reported in references 1 and 2. 
Tho soctlon characteristics of a Prise aileron of 0.30 
airfoil chord and 0.35-aileron-chord balance on an 2TA0A 
23012 airfoil aro presented herein. 

The section lift and section hingc-moment coeffi- 
cients wore measured at different alrspe-ids up to speeds 
of 360 milos per hour (iiach number of 0.470) through an 
anglo of attack rango of -5° to 10° and an aileron deflec- 
tion rango of ^20°.  The influence of tho ailoron nose 
radius and the effect of rounding tho lower airfoil surface 
at the entrance of tho slot and of increasing tho vont gap 
wore also investigated.  The results are prosontcd as curves 
of section lift coefficient and soctlon hingo-moment coeffi- 
cient plotted against aileron deflection«  The slopes of 



the curves were plotted against Mach number and aileron, 
nos-e radius to Bhow; the effect "of "changes in the shape of 
the aileron "balance. 

SYMBOLS 

The coefficients and symbols used in this paper are 
defined as follows: 

c, airfoil section lift coefficient 

(ft) 
s^ aileron section hinge-moment coefficient 

ha 

kqc 
a 

where 

I airfoil section lift 

ha aileron section hinge moment 

c chord of basic airfoil, including aileron 

ca chord of the aileron measured from the hinge 
axis back to the trailing edge 

q dynamic pressure  fipVa \ 

7 absolute air velocity 

p maaa density of air 

and 

3 aileron nose radius, fraction of chord 

a angle of attack for airfoil of infinite 
aspect ratio 

6_ aileron angle with respect to airfoil, 
considered positive with trailing edge 
down 

U kach number 



'öcnQ TT£—i      alopo of  Cj,  against  6   at constant  a_ 

slopo of  c^ against  6   at constant  a o 

slope of  c^ against  aQ  at  8a = 0 

APPARATUS A.TSD  MODELS 

The tests Tare ma do in the NACA. two-dimensional test 
section of the stability tunnel.  This section is rectangu- 
lar, 6 feet high and 2.5 feet wide.  Speeds up to 360 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 chord and 2.5-foot span had an 
jACA 23013 airfoil section.  The main portion of the air- 
foil model ras made of laminated mahogany.  The 0.20c 
Prise aileron with 0.2bca "balance was made of steel with 
wooden nose pieces,  figure 2 is a sketch showing the 
dimensions and configurations of the aileron tested. 

The aileron was supported at the ends by ball hear- 
ings fitted into steel end plates that were attached to 
the main airfoil.  The airfoil which completely spanned 
the tunnel was fixed into circular end plates that were 
sot flush with the tunnel wall. 

The angle of attack of the model rras changed by 
rotating the end plates«  The aileron deflection and the 
hinge moments were measured by a calibrated spring-torque- 
and-sector system.  In some cases the hinge moments ware 
also obtained from the pressure distribution over the 
aileron.  The lift was measured by an integrating manome- 
ter connected to orifices in the tunnel floor and ceiling 
and was calibrated against lift obtained by pressure 
distribution.  Pressure orificeB, nhich were located along 
the mldspan of the wing and aileron, were connected to a 
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multiple-tube manometer, and the. pressures .w.ere recorded 
photographically. 

TESTS 

Tests were made on an NACA 23012 airfoil equipped 
with a Prise aileron for aileron nose radii of 0.0012c, 
0.008c, and 0.0150c with a constant nose gap of 0.005c 
and a constant vent gap of 0.0055c.  The lower surface 
of the airfoil 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 
testB were made for the aileron with nose radius of 0.008c 
and a nose gap of 0.005c hut with the vent gap equal to 
0.0065c and 0.01c. 

Section hinge moments and section lift ware measured 
for Bpeeds from 150 to 360 milos per hour corresponding 
to Mach numbers ranging from 0.195 to 0.470.  The lowest 
speed corresponded to a Hoyncl&G number of about 2,800,000 
and the highest speed to a Reynolds uvmbor of about 
0,700,000.  The relation betwesn Reynolds number for 
standard atmospheric conditions and tost Mach number is 
shown in figuro 3. 

The tests were made at angles of attack of -5°, 0°,. 
5°, and 10° and for each angle of at back readings wore 
taken at aileron deflections of 0°, ±2°, ±5°, ±7°, ±10°, - 
±13°, =15°, =tl8°, and =n20°. 

Pressure-distribution records were obtained at Mach 
numbers of 0.199, 0.356, and 0,470 for every anglo of 
attack tested.  Jor each angle of attack records were made 
at aileron deflections of 0°, ±5°, ±10°, and ±16°. 

PRECISION 

Angles of attack were set to within ±0.1° and aileron 
defleotlons to within ±0,3°.  Measurements of tho hinge- 
moment coeffioiontB could bo repoatod to within ±0.003 
and lift coefficients to within ±0.01. 



Corrections for tunnel-wall effects were not applied 
to the hinge-moment coefficients«  The aileron angles 
were corrected for torBional deflection under load.  The 
following corrections were applied to the section lift 
coefficients and the angle of attack: 

»-1- T (1 + 2ß)"| c, ' 
j 

CXQ =' (1 + T) a0' 

where 

ß = 0.237 (a theoretical factor for UACA 23012 airfoil) 

h  height of tunnel 

c, ' measured lift coefficient 

a' uncorrected or geometric angle of attack 

The values used are: 

Cj = 0.SS6 c, ' 

a0 = 1.023 a0' 

Hinge moments were measured both "by pressure distri- 
bution and by the spring torque balance for a number of 
oonditionB and the results are plotted in figure 4.  The 
variations shown are probably attributable to the fact 
that the spring balance measures the moment on the entire 
aileron, which includes the effects of tunnel-wall boun- 
dary layer and of gaps at the ends of the aileron as well 
aB any cross florr over the aileron.  The pressure distri- 
bution, however, gives the hinge moment at the midsection 
of the aileron and is subject to errors in fairing the 
pressure-distribution diagrams. 

RESULTS AND DISCUSSION 

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



of the JPriae ailerons« At the negative-angle of stall of 
the aileron, which depended on the. angle of attack, the 
speed, and the shape of the aileron "balance, the .aileron 
would oscillate "between the Btalled and the tmstalled 
condition« 

r 

A different effect was noted at an angle of attack 
of 10°t where- at high speeds a violent, intermittent 
vibration or shudder ooourred at small positive aileron 
deflections«  Simultaneously, an intermittent stall of 
the whole upper surfaoe occurred as was shown by the 
tufts which were placed over the wing and aileron in 
order to study this phenomenon,,  Tith further increases 
of speed this effect took place at still lower positive» 
and even at small negative, aileron deflections and at 
lower angles of attack. 

The violent vibration or shudder may have been the 
result of compressibility- shock over the wing and aileron 
because, in all cases in which the vibration ocourred, 
the peak pressures on the upper ourface of tho wing were 
found to be uniformly higher than the critical pressure. 
It is also probable that the vibration may be associated 
with some peculiarity in the mcA^l mounting, irregular- 
ities in aileron profile, or static unbalance of the 
aileron.  Changes in the shape of tho slot and sealing 
the Blob T/ith plasticine had no apparent effect on the 
vibration.  When a blunt-nose aileron 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 
beoauBe of the violence and spasmodic occurrence of the 
vibration limited the investigation of this phenomenon 
with the result that noither the cause nor the effeot was 
definitely determined.  The widespread uso of tho TriBO 
aileron, however, warrants a further investigation of 
th1B vibration. 

Hinge Moments 

The aileron section hlnge-momont coefficients  Qh 
a 

plotted against aileron deflection .§a  for the various 
Bpeeds and aileron parameters are given in figures 5 to 
9.  These curves show that for positive aileron defled-% •* 
tions the slopes of the curveB of  c^  against  6& 
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become more negative with increasing  5a; whereas for 
negative alleTon deflections, the slopes of the curves 
are generally small and sometimes beoome slightly posi- 
tive for a limited range of  6a.  After the aileron stalls, 

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

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

The range of negative aileron deflections, for which 
good balance of hinge moments is obtained,, decreases with 
increased speed and increases with increased aileron nose 
radius, as is shown In figuros 5, 6, and 7.  The amount 
of unbalance increases with increased  aQ  for positive 

aileron deflections and decreases with increased a  for o 
negative aileron deflections, except when <x0 = -6°, at 
which the hingo moments are much larger than when 
cc0 = 10°. 

Because the effocts, in the unstallod range, of the 
various aileron and test parameters are not readily appar- 
ent from the curves of figures 5 to 9, the values of 

'dch \ 
. a-. ]   obtained from the values of  c^  at ±5° 
a /CL0 

ailoron deflection are plotted against  U  in figures 
10(a) and 10(b).  Those figures show an approclablo change 

/dch  \ 
In  I . -a 1   Tith incroascs in spoed.  Tho dirootion 

0 
and magnitude of tho change depends on the angle of attack 
and tho aileron parameters,  figure 10(b) shows that when 
tho lower Burface was rounded to a 0,02c radius the absolute 

value of  I -^-c " I    increased at positive angles of attack a6a K 



in 
N 
10 

arid decreased at negative angles "of attäok.  Increasing 
the vent gap genorally deoreased the absolute value of 
/9ci 

The effect of aileron nose radius on ( ——-5—1   la 

'h. '3c. 
shown In figure 11.  The value of (—-£—)   Increased 

(: 35a 
"o 

negatively with aileron noso radius and the largest 
changes occurred at the high angles of attack. 

/ac. \ 
Tho value of |  ~ft ]    obtained for the ailerons 

with a noso radius of 0.0150c probably could be decreased 
to approximately the value obtained for tho ailerons with 
a r.ose radius of 0.0012c by use of a small amount of addi- 
tional balance; at tho same time, the nogatlvs range of 
balanco effoctivoness *rould be larger than the ne.gati.vQ 
range obtained with the small nose radius. 

Lift 

The airfoil seotlon lift coefficients  c,  obtained 
with the integrating manometer for zero aileron angle, 
are presented as a function of   0  in figures 12(a) and 
12(b) for the various speeds and aileron parameters tested. 
The results Indicate that generally, at an angle of attack 
of 10°, the value of  c,  is higher 'tfhan the value usually 
obtained for a plain 23012 airfoil, ••' This Increase Is 
probably due to the effect of the slot because  c. 

increased when the nose radius increased and when the 
lower surface of the airfoil was rounded at the entrance 
of the slot. 

AB was expected, increasing the speed increased the 
slope of the lift curve. This effect is shown in figure 
13, which Is a plot of lift-curve Blope obtained from 
values of  c,  at aQ  = ±5°, *gainst Maoh number for the 
different aileron parameters»  for comparison, a curve 
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ia included with values of   -—i     that are Increased 

by the factor     , which is the theoretical 
Jl  - lie 

variation of lift-curve elope with U    as given in 
reference 3. 

Tho variation of section lift coefficient  c   with 

aileron angle is given in figures 14 to 18; in order to 
avoid confusion, only the curves for the medium speed 
Tere faired.  The values of  c,  are approximately pro- 

portional to aileron deflections extending to about 30 
in the positive direction.  The aileron sta.ll, which 
depends on nose radius and  aQ  for a given- speed, occurs 

at a much lower negative aileron deflection-, however, and 
the increment of c, duo to aileron deflection docreaseB 
for greater values of  &a.  The range, .of nagative aileron 

deflections in wnich the aileron 1B not stalled d-ocTeases 
with increases of speed and increases- "with increases in 
nose radiuB. 

( 

The slopes of the curves ar-e jgeji&rally lowest at 
<x„ = 0°and, in most cases, the slope increa-s-es as a_ o * o 
changes   in   eighcr  direction.     The  effect   of- speed  on 
'c)c,\ 
--Js 1 is  "best   shown  "by f igure-s..19(a) -and- 19 t&),   which 

° /öCT\ give  the   curves   of     I-sr-M plojtt«4.,againfft     Hfor all 

*     a>/ao 
aileron  parameters.     The  values-of    .[-I_I_il        wer-e-o-b-taln-ed 

'• -- (ft) 
"0 

from   the values   of     o,     at     6a =±5°.    The—slope.s_ _inorea-ee - 
with Mach number   in a manner   similar to  tho  increase   in 
tho   slopes   of   the   curves   of     c       against     ou   -given.„in 
figuro  IS. l 

Changing  tho  aileron  nose -rajüvs- T»dV~aj_--appreatablfl 
/8c. 

of feet  on    [ TT^ 1 as  anown   in ^-lgur-e-^0^ - At.-Iow_and 
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(ft) V   ao 

negative anglos of attack (-_JL}   generally decreased 

as the nose radius increased Wit at high angles of attack 
increased with increased nose radius.  She absolute value 

of  ( -—ij   generall7 decreased at low and negative anglos 

of attack but was increased at medium and high angles of 
attack as a result of rounding the lower surface of the 
airfoil at the slot entrance.  (See fig» 20.)  An increase 

('öol\ in the vent gap caused a decrease in l^s-H   for all fel 
angleB of attack, the ofiect being much larger at low and 
modium angles of attack than at high angles of attack 
(fig. 20). 

CONCLUSIONS 

The rsBulte.of the tests of Trise aileronB of 0.30 
airfoil chord and true contour with 0.35 aileron-chord 
balance on the NACA 23012 airfoil indicate the following 
general conclusions: 

1. The unstalled range of negative aileron deflec- 
tions was decreased by increasing the airspeed; in the 
unstalled range, however, the changes in hinge-moment 
coefficients with speed wore comparatively small and 
irregular for the speed range tested but would probably 
cause a considerable error if neglected in computing 
stick forces for high speedB. 

2. For small aileron deflections the aileron with 
the smallest nose radiuB tested was most effective in 
reducing hinge moments, but the effective range vas 
limited.  Increasing the nose radius produced a large 
increase in the range of negative aileron angles at which 
the aileron was effective in producing increments of lift. 
Increases in nose radius also caused a considerable in- 
crease in the lift produced by the aileron at high angles 
of attack and large positive aileron deflections. 
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3. -Hounding the lower surface of the airfoil at 
the slot entrance and increasing the vent gap had an 
appreciable but irregular effect on the lift and 
hinge-moment coefficients, depending on angle of attack 
and aileron deflection. 

4. Oscillations of the Frise ailerons occurred at 
the negative angle of stall of the ailerons»  A vibra- 
tion or shudder different from the oscillation occurred 
at the high speeds at large angles of attack and at small 
and cvoji zero aileron .deflect iens ,. 

Langley Memorial Aeronautical Laboratory, 
national Advisory Committee for Aeronautics, 

Lang1ey Field, Va. 
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Figure 1.- Airfoil and aileron mounted in tunnel. 
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3. Hounding the lover surface of the airfoil at 
the slot entrance and increasing the vent gap had an 
appreciable but irrogular effect on the lift and 
hingo-moment coeffiolonts, depending on angle of attack 
and aileron deflection. 

4. Oscillations of the Frlso ailerons occurred at 
the nogativo angle of stall of the ailerons.  A vibra- 
tion or shudder different from the oscillation occurred 
at tho high speeds at Jcrgo angles of attact and at small 
and cvon aero aileron .deflections. 
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