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SUhkART 

Teste were it ale on an IT AC A 23012 airfoil fitted with a 
20-percent—chord, true—contour aileron with 35—percent— 
chord, extreme blunt—nose "balance.  The testa were made 
in the two-dimensional test  Bection of the IT AC A stability 
tunnel at a range of airspeeds from 16 0 to 360 miles per 
hour, which corresponded to a range of i*ach numbers from 
0.195 to 0.475.  The primary purpose of the investigation 
was to determine the variation of the aerodynamic character- 
istics of this type of aileron with airspeed; the effect of 
variations of gap width and balance—nose radii was also in- 
vestigated. 

The results of the•investigation are presented as curves 
of section hin^e—moment coefficient and section lift coeffi- 
cient plotted against aileron angle, and cross plots have been 
made to illustrate the effect of variations of Kach number, 
balance—nose radii, and gap width on tho aerodynamic charac- 
teristics of the aileron.  For small aileron deflectionu at 
low angles of attack, increased airspeed had little effect 
on the rate of change of section hinge—moment coefficient 
with aileron defleation but increased the rate of change of 
section lift coefficient with aileron deflection.  Increased 
airspeed decreased the unstalled range .of tho aileron and 
increased the rate of change of section lift coefficient and 
section pitching moment coefficient with angle of attack.  An 
increase in gap width at low angleB of attack for small aile- 
ron deflections decreased the reto of change of section lift 
coefficient with aileron deflection and appreciably decreased 
the rate, of changd of section hinge—moment coefficient with 



aileron defleotion. Increased balanoe—nose radii increased 
the rate of change of section hinge—moment coefficient with 
aileron deflection for small aileron deflections and appre- 
ciably increased the ^installed range of the aileron. 

INTBODUCTION 

The recent trend in airplane design toward increased 
size, power, and radius of gyration in roll and the demand 
for greater maneuverability at high airspeeds have made 
neoessary almost perfectly balanced controls on combat air- 
craft with no decrease in control effectiveness.  Although 
most present aileron installations are fairly satisfactory 
at low airspeeds, these installations may be unsatisfactory 
at high airspeeds because of insufficient balance and, in 
some cases, overbalance.  In an effort to overcome this 
difficulty, the NACA has undertaken a series of investiga- 
tions to determine the aerodynamic characteristics of various 
types of balanced control surfaces at higher airspeeds than 
were used in their development.  The results of similar tests 
have been reported in references 1, 2, and 3. 

The present report contains the results of teBts of a 
30-percent—chord aileron with a 35—percent—chord extreme 
blunt nose balance on an NACA 23013 airfoil; the aileron 
was similar to that of reference 1 with the exception of the 
airfoil section contour,  A 0,35—aileron—chord balance was 
chosen because the results of reference 4 obtained at low 
airspeeds indicated that this aileron would give almost com— 
lete balance at a low angle of attack. 

The section lift and hinge—moment coefficients were 
measured for various values of balance—nose radii and gap 
widths at airspeeds up to 360 miles per hour over a range 
of aileron deflections of ±30° and a range of angle of 
attack from -5° to 10°.  The results of the investigation 
are presented as curves of section hinge—moment coefficient 
and section lift coefficient plotted against aileron angle. 
OrosB plots have been made to show the effect of variations 
of gup width, balance—nose radii, and airspeed on   the aero- 
dynamic characteristics of the aileron, 

SYhBOLS 

cl    airfoil section lift coefficient  (l/qo) 

Cha   aileron eection hinge-moment coefficient  (ha/q ca
s) 



Om /.   airfoil sect ion "pitching-^moment coefficient about 

the quarter—chord point of airfoil ( 9/TM 
\q c8/ 

t      airfoil section lift 

ha '     aileron section hinge moment 

c       chord of basic airfoil,'including aileron 

cB      chord of aileron measured from hinge axis back to 
trailing edge 

q       dynamic prossure  (-^pVa) 

T       air velocity 

p       masp density of air 

mc/4    airfoil section pitching moment about the quarter- 
chord point of the airfoil 

a0      angle of attack .for airfoil of infinite aspect ratio 

6a      aileron angle with rcspoct to airfoil 

M       Mach number 

c bcn ^ ^      j       slope   of     Cjj       againet     8&     at   constant     a0     ob— 
a et 0    tained from the faired curve of  cn   against 

5a  at -5° and 5° aileron deflections 

^da0 'g 
I a )  slope of  cj,   against  aQ  at constant  8a 

"a 

5 
bc^ 
7—J slope of  c^  againet  a0  at constant  8a 

I    j    slope of  o.  atainst  6_  at constant  a„ 
\B6a/„ 

l a ° B tto     obtained from the faired curve of  c^  against 
8a  at -5° and 5° aileron deflections 



APPARATUS AND MODEL 

The testa on the NACA 23 012 airfoil equipped with an 
extreme blunt—nose "balance aileron were made in the rectan- 
gular 2.5— by 6-foot test section of the stability tunnel. 
The model completely spanned the test section and was fixed 
into end disks that were flush with the Bides of the tunnel. 
The end disks were rotated to change the angle of attack. 
A photograph of the airfoil mounted in the tunnel is shown 
in figure 1.  Figure 2 is a sketch showing the aileron con- 
figurations tested. 

The airfoil was made principally of laminated' mahogany. 
The aileron, with the exception of a wooden leading edge, 
was made of steel and rotated in ball bearings.  These 
bearings were set intc steel ?nd platos mounted on the ends 
of the airfoil.  A full—span seal of impregnated cotton 
fabric was used for the tests with the gap sealed.  The ai- 
leron angle and hinge moment were measured by a calibrated 
spring—torque balanco and sector system.  The airfoil lift 
was measured by an integrating manometer connected to ori- 
fices sot in the floor and ceiling on the cent or lino of 'the 
tunnel.  The integrating manometer was calibrated from pres- 
sure—distribution data.  The pressure distribution was re- 
corded photographically from a multiple manometer connected 
to pressure orifices located on the mid span of the wing and 
aileron, 

T3STS 

Section hinge—moment and section lift coefficients were 
Lred at five airspeeds corresponding to a range of Mach 
,«.« -?,.-„ n    t mz    4-~ n xrac    ink... 4. „«4.  _4__..-_J_ __...._ 

- - jp- - -   - — vv   _—0 — _ 

Kach numbers with, appiu^xiuais AB^UUIUü ULUUUOJ.-a,     JLQ   SUCH a 

speed, tests were run at angles of attack of  —5°, 0°, 5°, 
and 10°.  Tor each angle of atteck, gap widths of 0.0005c, 
0.0030c, 0. 005Cc (sealed and unsealed) and 0.0107c were tested 
with balance-nose radii of 0, 0. Olc, and 0.02c.  (See fig. 2.) 
The integrating manometer results are not available for the 
zero nose radius.  For each of the conditions, tests were 
made with aileron angles of 0°, ±5°, ±7°, ±10°, ±13°, ±16°, 
±18°, and ±20°.  At high angles of attack and high aileron 



defleotions, however, power vaa not available to obtain the 
highest speeds, 

At each angle of attaok, photographic records of pres- 
sure distribution were taken at aileron angles of 0°, ±5°, 
±10°, and ±16° for Mach numbers of 0.195, 0.558, and 0.455. 

PHECISIOT 

The aileron angle and angle of attack were set to within 
±0.3° and ±0.1°, respectively. The aileron section hinge- 
moment coefficients could be repeated to within ±0.003 and 
the lift coefficients to within ±0.01. Lift and pitching- 
moment coefficients and angle of attack were corrected for 
tunnel—wall effect by the following formulas: 

ct = |l - T (1 + 2ß)J c. 

a  = (l + Y) at 

c„ .  = (1 - 2ßT) e- , i + —^ 

where 

c       airfoil chord (2 ft) 

h       height of tunnel (&   ft) 

ß = 0.237  (theoretical factor for SACA 23012 airfoil) 

c^'     measured lift coefficient 

aQ'     uncorrected or geometric angle of attack 

°inc/4l  measured pitching—moment coefficient 

The values us<?d are: 
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o^ = 0,966cl« 

a.o  = 1.023aoi 

!»c/4 = °-989cmc/4
l + 0.006Cl. 

The hinge moments were not corrected for tunnel—wall 
effect but were measured "both by pressure distribution and 
"by the spring—t or que balance for a number of conditions; a 
comparison of the results of the.two methods is given in 
figure 4.  The variations shewn are probably due to the fact 
that the spring—torque balance measures the moment of the 
entire aileron, which includes the effects of boundary layer 
at the tunnel wall and of gaps at the ends of the aileron as 
well as any cross flow over the aileron.  The pressure dis- 
tribution, however, give's the hinge moment of one section of 
the aileron and 1B subject to errors in fairing the pressure- 
distribution curves.  The effect of compressibility on these 
corrections has been neglected; it is believed, however, that 
the conclusions given in the present report are not invali- 
dated. 

BESULTS AND DISCUSSION 

In order that the results for the tests may be more 
easily found, the figure numbers, the variations shown on 
the figure, and the corresponding model configurations are 
given in table I. 

Hinge Moments 

Curves of Hoction hin^e—mon.ont coefficient  c^   plotted 

against aileron deflection  8tt  are proaented in figures 5 
to 10.  Tho results, in general, indicate that good balance 
effectiveness was maintained for a limited range of aileron 
angles; for large aileron angles, separation of flow caused 
rapid increases in the hinge-momemt coefficients. 

In tho unstalled range of aileron angles, the slopes of 
the curves of  cu   against  6a  were small and generally 



negative "for~ positive aireron deflect ionB- at negative angles 
of attack and increased negatively with an increase in angle 
of attack. In most cases, the slopes of the curves changed 
in the vicinity of the neutral aileron Betting and at nega-» 
tive aileron angles were smaller than at positive angles for 
all angles of attack except at <x0 » —5°, at which the nega- 
tive slope was fairly large. 

• 

An oscillation frequently occurred during the tests at 
the transition point between the stalled and unstalled range. 
She amplitude of this oscillation increased with airspeed. 
The principal effect of increased airspeed, however, was an 
appreciable decrease in the "iinBtailed range of the aileron. 
(See figs. 5 to 10),  This effect is probably due to the 
effects of both Reynolds numbor and Mach number.  A com- 
parison of the various test  hach numbers with the approxi- 
mate Reynolds numbers is given in figure 3. 

(SH) The effect of Mach number on V aJ    is shown in 

figures 11 to 14.  At aQ  «= 0°  for all hach numbers and 

a_ = ±5° for low hach numbers, the change in  ) 

o 
with hach number was nearly zero.  At  a0 = ±5°  for values 
of Mach number above about 0,4 and at  a0 = 10°  for the 

/&cha\ 
range of Mach numbers tested, the value of  I J in— 

a Q-Q 

creased rapidly in the negative direction with hach number. 

The increase in  f— ) ,  which was probably caused by 
\ö8i 0- 

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

For the condition of high speed and  a0 = 0°  with 0. 02c 

/  &°ha\ balance-nose radii, values of {  )    of -0.0008 for a 
V o6_/ 

* ao 
gap of 0.0055c (fig. 11) and -0.0022 for the sealed gap (fig. 
12) were obtained from this investigation as contrasted to 



value8 of —0,0075 and —0.0057, respectively, which are 
reported in reference 1 for a 66,3-316, a = 1 airfoil for 
the same conditions.  This difference- in the results indi- 
cates that the amount of balance required depends on the 
hinge moment of the unbalanced aileron.  The hinge moment 
of the unbalanced aileron in turn depends on the shape of 
the airfoil section, particularly near the trailing edge. 
(See   reference 8.) 

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

/ÖPha\ gap width on  ( )   is shown in figure 13,  The change 

/öch \ *0 
in ( a)   with e;ap width varied considerably with  aa. 

Vö8a'a0 
At  a0 = 0°,  Increased gap width resulted in a decreased 

/&ch. 
negative value of f -}   at all airspeeds; this trend 

a a« o o 
was also found in reference 4. At aQ  = 10 , the manner 

in which ( ä )   varied with gap width was dependent upon 

(i 

o 
airspeed.  At  h = 0,199, the effect of gap width on 
öch \ 

ai   vas negligible; whereas at  li = 0,417, the values 

a .^0 

/öch \ 
of  f aJ   increased negatively with gap width up to a 

\°«a/a0 
maximum negative value at a gap width of approximately 0.006c, 
For gap widths largor than 0.006 c tho negative values of 

l~r~  ;   decreased.  The values of  [  • for the sealed 
Vö8a/a0 V?.5a\ 

gap corresponded closely to the valuos of the smallest gap 
widths for all conditions.  A value of —0.0003 for 

C ^kjA     „-_  ,_„,__._,  -x   _   _  „O 05a <V 
was indicated at  a = 0  when the gap width was 



0.01c.  Au approximate value of (  -) of -0,0072 was 
Vö6ft 

* ao 
obtained for a plain sealed aileron in reference 5. 

Increasing•the balance—nose radii increased greatly the 
unstailed range of aileron angles, as Bhovn in figures 5 and 
6,  Because the data for zero radii were incomplete and be- 
cause the results for ailerons with small balance—nose radii 
(especially zero) showed that the stall occurred at such a 
small deflection that these ailerons have doubtful practical 
application, no curve for zero radii and only one for 0.Olc 
radii is presented.  The effect of balance—nose radii on 

( 

&ch„\ £ 

G 
öchaN 

ö8a'a0 

*6a KQ 

is shown in figure 14.  In general, the value of 

increased negatively with increased radii in the 

unstalled range, as was indicated in reference 4.  An ex- 
ception was found in the condition of the unsealed gap at 

/öohe\ 
low airspeeds where the value of  f J   remained practi- 

ce6 a yao 

cally constant.  In the unstalled range the rate of change 

/öch \ 
of  [ S J   with balance—nose radii was greatest with the 

gap sealed,  (See fig. 14.)  At  a0 «= 0° and with the gap 
sealed, the aileron with balance—nose radii of zero was 
slightly overbalanced at all airspeeds. 

Closely balanced ailerons may be overbalanced while 

rolling, depending on the value of  ( —)     ,  The vari— 
Vöa0 /g 

ation of  cü&  with a0     at high and low Mach numbers for the 

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

respectively.  When  6a = ±13°  the value of  ( J    is 
C &<*0 '6a 
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n 

negative.  With the aileron neutral, the value of 

/öcha> 
I j is positive at negative angles of attack and 
\öa0 /ga 

"becomes negative with an increase in angle of attack,  I 
general, the effect of gap width or of a variation in air— 

/o°h \ speed on  [ a )   appears tc "be slight.  The results of 
V°a0 '

8a 

this investigation indicate that for large tileron angles, a 
reduction in stick force would be obtained while the airplane 
is rolling; the amount of reduction depends on the value of 

.    .  Although the curve of  cy,   against  a   some— 

°a 
times has a Blight positive slope, there 1B little chance of 
overbalance for this aileron installation. 

Lift 

Section lift, aileron neutral.—  Curves of airfoil 

section lift coefficient  c^  plotted against an^le of 
attack  a0  are presented in figures 17 to 20.  The resultB 
indicate that the principal effect on the section lift curve 
of variations of airspeed, gap width, or balance—nose radii 
was a change in slope. 

Increased airspeed increased the slope of the lift curve 
as is shown in figures 17, 18, and SI.  For a gap width of 
0.OOüöc with the gap both open and sealed, an increase in 
slope of approximately 15 percent was obtained for the range 
of test Mach numbers.  A slope of 0.134 at a Mach number of 
0.473 was obtained from thiB investigation for the sealed 
condition.  A comparison of the theoretical and the measured 
effect of Mach number on the slope of the lift curve for the 
sealed and open gap is given in figure 21,  Seferenoes 6 
and 7   show that the slope of the lift curve should vary with 
Kach number as   1  .— .  The theoretical curve in figure21 

was obtained by selecting a  value of ( 1 1   at zero Mach 
\&a0/6 

number of such magnitude that the theoretical increase in 
lift—curve slope passes through the measured value for the 
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(sealed gap at a Ma oh number of "0.2.  The measured effect of 
Mach, number on the slope vas greater thau the effect indicated 
by theory.  The variation in Reynolds number and the failure 
to consider compressibility effects in applying the wind- 
tunnel correction probably contributed to the discrepancy be— 
-tween the theoretical and the measured effect of hach number. 

Increased airspeed had a negligible effect on the angle 
of zero lift but resulted in separation at a lover angle of 
attack (figs. 17 and 18). 

The effect of gap width on ! ^£A.j    i8 shown in figure 
f&cj> 
 J o/8, 

/ccO\ "& 

19.     The  value     {  i was   greatest   for   the   sealed   gap and 

onl;r  slightly   lees   for   the   0.0005c   gap  width.     An   increase 
from   0.0005c   to   0,005 0c   in   gap  width  decreased   the   value   of 
/cc,\ 
f »5   approximately 8 percent, but a subsequent increase 
\OCXo/g 

a 
in ftnp width from 0.0030c to 0.0107c had a negligible effect 
on the slope.  The increased gap width slightly increased 
the angle of zero lift. 

An increase in balance—nose radii from 0 to 0.03c had 
little effect on the slope of the section lift curve as 
ahovrn in figure SO. 

Section lift, a^I.eron dafTented,—  Curves of section 
lift coefficient  ci  plotted against aileron angle  6a 

are presented in figures 22 to 27.  The results, in general, 
indicate that the lift increased with aileron angle up to 
some value after which separation occurred, and c\     de- 
creased rapidly. 

Although the slopes of the c\     against  8a  curves 
changed slightly in some cases at  6a =» 0, these slopes 
generally remained unchanged throughout the unstalled range 
of aileron deflections.  An exception to this condition was 
found when an effect (probably due to compressibility, Reyn- 
olds number, or a combination of both) occurred, which re- 
sulted in a rapid decrease in slope with increased aileron 

deflection.  A value of [ ,    of 0.045 was obtained as 
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an approximate average slope for all test conditions in 
the unBtailed range of aileron deflections. 

The principal effects of increased airspeed were an 
appreciable decrease in the range of aileron angles over 
which lift effectiveness was maintained and a decrease, 
generally, in the maximum value of c\,      (See figs. 22 to 
27.) 

The effect of airspeed on t )    is shown in figures 
^>8ayao 

28 to 31.  At  a0 = 0° and 5°  for all hach numbers and at 
/öc l\ 

<xQ = _5° and 10° for low Mach numbers, the value of  ( -) 
a a. o 

increased with Mach number, as is shown in figures 28 end 
29.  As the Lach numbers Increased above 0.35, the value of 
/öciN 
I rr- ;    remained about constant for  aQ = —5°  and rapidly 

a° o decreased for  a0 = 10 .  This change was probably a com- 

pressibility effect.  The value of  (  )   varied with  a 
» a /~ a a0 

but the rate of increase with Kach number below critical 
speeds was approximately the same for all values of  a0. 
The results of this investigation indicate that at zero 
angle of attack the effect of airspeed on both the aileron 
effectiveness and the balance effectiveness was slight. 

Variations in gap width generally had a negligible 
effect on the range of aileron angles over which lift 
effectiveness was maintained (figs. 23 to 27).  Increased 
gap width, however, did appreciably decrease the maximum 

value of c\m     The effect of gap width on  (—- i   is 
\2>6a/a 

o 
shown in figure 30,  At zero angle of attack the value of 

bcx\ 

0 ö8ay 
decreased with inoreased gap width; however, at 

a' a-, 
°o 

a  = 10   the effect of gap width on  I——]    depended on 

a0 
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the airspeed.  lor low airspeeds the 'effeet' is "similar to 
that for zero angle of attack, hut at high airspeeds the 

value of [2£1  ]   increased with gap width.  (See f'ig. 3 0.) 

At high alrspeedB and zero angle of attack for the condition 
at which the best hinge—momant "balance was obtained, that 1B( 

/dcha\ for a gap width of approximately 0. Olc and ( )  =—0.0002, 

/oc,\ o 
the value cf  I  )  = 0.042 was the smallest for the range 

v&6ay 
ao 

of gap widths test*»*. 

Increased balance—ri'oso radii greatly increased the range 
of aileron deflections over which lift effectiveness was 
maintained and appreciably increased the m.iximum value of 
ci.  (See figs,. 22 and 25.)  The effect of talanco-noae 

/oc A 
radii on  1  ;   is somewhat irregular as can be seen from 

Vc5a/ 

figur-i 31. 

Pitching-Koment Coefficient 

She variation of the airfoil section pitching—moment 
coefficient  cm ..  with ancle of attack a,n,     aileron mC/*t ol 

neutral, *rhich was obtained from pressure distribution, is 
presented in figure 32.  The principal effect on the  °mc/4 

curve of a variation of airspeed or gap width was a-change 
in slope, whereas the effect of balance—nose radii was neg- 
ligible; increased gap width or increased airspeed increased 
the slope of the cn   .        curve.  The variation was approati— 

c/4 
mately linear and was sufficient to double the slope for the 
range of test Mach numbers and gap widths, 

COHCLTJSIOSS 

Prom the results of this investigation the following 
conclusions may be drawn: 

1.  Increased airspeed increased the positive slope of 
the airfoil section lift curves and pitching—moment—coefficient 
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curves, increased the slope of the curves of section lift 
coefficient vith aileron angle, and had a negligible effect 
on the "balance effectiveness at low angles of attack for 
small aileron angles.  The unstalled range of aileron de- 
flections decreased with increased speed. 

2. Increased gap widtb increased the aileron balance 
effectiveness hut decreased the slope of -the curves of 
section lift coefficient with aileron angles at low angles 
of attack for small aileron angles.  An increase in gap 
width usually decreased the slope of the airfoil section 
lift curve hut increased the positive slope of the airfoil 
section pitching—moment—coeffie lent curve, 

3. Increased balance-nose radii greatly increased the 
unstalled range of aileron angles and decreased the balance 
effectiveness for small angles, 

Langley Memorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Tield, Va, 



15 

ESTBBZffCaS 

1. Letko, V., Denaoi, H. G-., and Treed, 0.:  Wind-Tunnel 
Tests of Ailerons at Various SpeedB.  I — Ailerons 
of 0.20 Airfoil Chord and True Contour with 0.35 
Aileron—Chord Extreme Blunt Hose Balance on the JTACA 
66,3-216 Airfoil.  HAGA ACE  Ko. 3111, 194?. 

2. Donacl, H. (J. , and Bird, J. D,:  Wind-Tunnel Tests of 
Ailerons at Various Speeds.  II — Ailerons of 0.20. 
Airfoil Chord and True Contour with 0.60 Aileron- 
Chord Sealed Internal Balance on the NACA 66,2—216 
Airfoil.  NAÖA ATÄ  Fo. PF18, 1941*. 

3. Letko, V. and Kemp, V.}  Wind—Tunnel Tests of Ailerons 
at Various Speeds.  Ill - Ailerons of 0.20 Airfoil 
Chord and True Contour with 0.35 Aileron-Chorr1. Trlse 
Balance on the HACA 23012 Airfoil.  EACA ACH  No. 2114, 
1943. 

4. Pursor, Paul E. , and Toll, Thomas A.: 
Investigat ion of tho Characteri&tii 

6. 

Wind-Tunnel 
 v_  „ .cs of Blunt— Hose 

Ailerons on a Tapered Wiuf.  UiCA AER , Isb. 1343. 

Wensingor, Cerl J,, and Delano, James I.:  Pressure 
Distribution over an 1T.A.C.A. 113012 Airfoil with a 
Slotted and a Plain Flap.  2JA1A Hep. Bo. S33, 1938. 

Glauert, H.:  The Effect of Compressibility on the Lift 
of an Aarofoil.  E. &   h, No."ll35, Briti3h A.B.C. 1928. 

7.  Ackert, L, J.:  Über Luftkräfte bei sehr grossen^ 
Geschwindigkeiten insbesondere bei ebenon Strömungen. 
Helvetica Physiea Acta, vol. I, fasc. 5, 1928, pp, 
3 01-322. 

8.  Purser, Paul E., and McKee, John W.:  Wind—Tunnel Investi- 
gation of a Plain Alleron with Thickened and Beveled 
Trailing Edges on a Tapered Low—Drag Wing.  NACA ACE, 
Jan. 1943. 



16 

TABLE I 

LIST GUT FIGUEES 
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Figure 29.- Effect of a variation of Mach number on the slope of the 
curve of lift coefficient with aileron angle. Gap width 
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