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By Albert L. Braslow
SUMMARY

A two-dimensional wind-tunnel investigation was made of
two interchangeable sealed 0.22-airfoil-chord internally
balanced ailerons on an NACA 65(112)-213 airfoil. One of the
ailerons tested was of tiue airfoil contour and the other was
modified by partly eliminating the cusp near the trailing edge.
Tects were made to determine the effects of the aileron contour
modification on the section aerodynamic characteristics of the
airfoil and aileron.

The results of the investigation indicated that the
modification to the aileron contour caused the aileron effective-
ness to increase slightly at low aileron deflections and to
decrease slightly at large aileron deflections; caused the rate
of change of aileron section hinge-moment coefficient with both
section angle of atteck and aileron deflection to increase
positively; caused little change in the hinge-moment parameter
for a given rate of roll at the low aileron deflections but an
increage in the hinge-moment parameter for a given rate of
roll at the high aileron deflections; caused no appreciable
change in the section drag coefficient, rate of change of
gection 1ift coefficient with section angle of attack, and air-
foil critical Mach nuvmber; and caused an increase of approxi-
mately 9 percent in the maximm section 1lift coefficient of the
airfoil with the ailerons neutral. The application of standard
roughness to the leading edge of the airfoil increased positively
the rate of change of aileron section hinge-moment coefficient
with both section angle of attack and aileron deflection, decreased
the aileron effectiveness throughout the aileron deflection
range, and caused a smaller change in the hinge-moment parameter
for the true-contour aileron at any given rate of rcll than for
the modified aileron. Aileron deflections of -3° and 3° were
found to have no significant effect bn the airfoil critical
Mach number at the design section 1lift coefficient.
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INTRODUCTION

Thickening the cusped trailing edge of low-drag airfoils is
sometimes desirable, mainly for structural reasons. Encugh experi-
mental data are not available at present to show how to thicken
the cusp to best advantage, but a method of thickening this part
of the airfoil by straight-line fairings has been shown during
previous investigations to alter the aerodynamic characteristics
of some low-drag airfoils. In an attempt to keep changes in the
aerodynamic chaeracteristice at a minimm, a compromise modification
was made to the cusp of an NACA 65{112)-213 airfoil by retaining
the original airfoil mean line while fairing out the upper surface
to a straight line.

The effect of the contour modification on the aileron

effectiveness and hinge moments and on the alrfoil drag characteristics

and critical Mach mmber were determined from an invegtigation in
the Langley two-dimensional low-turbulence pressure tunnel of the
NACA 65 1121-213 alrfoil equipped with two interchangeable sealed
0.22-airfoil-chord internelly balanced ailerons; one of true airfoil
contour and one of the modified contour. Tests were made with the
airfoil surfaces asrodynamically smooth and with standard roughness
applied to the leading edge. 1In addition, the differential pressures
across the aileron seals were obtained for use in estimating the
hinge-moment characteristics of the allerons with any amowvnt of
sealed intermal balance.

COEFFICIENTS AND SYMBOLS

The coefficients and symbols used in the presentation of
regults are defined as follows:

c airfoil section 1lift coefficient (l/qoc)
airfoil maximum section 1lift coefficient
cq airfoil section drag coefficient (d/q.c)

Ap/qo seal-pressure-difference coefficient; positive when
pressure below seal is greater than pressure above seal

Ch aileron section hinge-moment coefficient based on aileron
chord (h/qoca?)

Cq aileron section hinge-moment coefficient based on airfoil
chord (h/qnc?)




-

where
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Ho - p

%)

airfoil pressure coefficient

alrfoil 1ift per unit span
airfoil drag per unit span

alleron hinge moment per unit span; positive when
trailing edge of aileron tends tc deflect dovnward

chord of airfoil with aileron neutral
chord of aileron behind hinge axis
free-gtream dynamic pressure (%DGVO%
free-stream velocity

free-stream density

free-gtream total pressure

local static pressure

airfoill section angle of attack, degrees

aileron deflection with respect to airfoil, degrees;
positive when trailing edge is deflected dowvmward.

chord of overhang from aileron hinge axis to middle of
gap seal

Reynolds number

airfoil critical Mach number

(98]
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Aay increment of airfoil section angle of attack
AD, increment of aileron deflection
A,
6559 aileron section effectiveness parameter; ratio of
\ Cl increment of airfoil section angle of attack to
increment of aileron deflection required to maintain
constant section 1ift coefficient
+ A 4 -
hg total dch/iﬁa in steady roll
T
n aileron response parameter

Ac
Hp
GF

TZXSa

The

increment of aileron section hinge-moment coefficient
due to aileron deflection at constant section angle
of attack

increment of aileron section hinge-moment coefficient
due to change in section angle of attack at constant
aileron deflection

increment of total aileron section hinge-moment
coefficient in steady roll

aileron section hinge-moment parameter

subscripts to partial derivatives denote the variables

held constant when the partial derivatives are measured. The
derivatives are measured at zero angle of attack and zero
aileron deflection.
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MODEL

The model had a 24-inch chord and was constructed of
laminated mahogany with the exception of the interchangeable
allerons, which were constructed of cast aliminum. The two
ailerone tested, which had chords of 0.22c and sealed internal
balances of approximately O.330a, differed only in contour.
One was of true airfoil contour (NACA 65(112)-213) and the

other was modified by the partisl elimination of the cusp near
the treiling edge. The modification congisted of fairing out
the upper-surface cusp near the trailing edge with a straight
line from a point 0.133c above the trailing edge tangent to
the airfoil contour and modifying the lower surface so as to
retain the original airfoil mean line. Ordinates of the basic
NACA.65(LJE)—213 airfoil section are given in teble I and the

crdinates for the rear 30 percent of the modified airfoil are
iven in table ITI. Sketches of the two ailerons are given

ag figure 1. Rubber seals were used along the complete span

and at both ends of the ailerons to stop the flow of air through
the gaps.

For the smooth condition of the model, the airfoil surfaces
were sanded with No. 400 carborimdum paper to produce an aero-
dynamically smooth finish. For the standard airfoil leading-
edge roughness condition, the model surfaces were aerodynamically
smooth exce>c that 0.011-inch carborundvm grains were applied
to each airfoil surface at the leading edge over a surface
length of 0.08c measured from the leading edge (reference 1).

APPARATUS AND TESTS

Tests of the model with each of the two ailerons were
made in the Langley two-dimensional low-turbulence pressure
tunnel. The tests included measurements at a Reynolds
number of 8 X 106 of airfoil 1lift and drag, aileron hinge
moment, and balance vressure for the aerodynamically smooth
model with various deflections of each aileron. Airfoil 1lift,
aileron hinge-moment, and balance-pressure characteristics
were also determined at a Reynolds number of 8 X 10° for the
model with standard roughness applied to the leading edge and
with various deflections of each alleron. With each aileron
neutral, 1ift and drag measurements were made of the model both
in an aercdymamically smooth condition and with standard leading-

1
edge roughness at Reynolds numbers of 2 x 109, 6 x 10°, 8 x 10°,

i
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and 9 X 106, corresponding to Mach numbers of 0.15, 0,14, 0.15,
and 0.17, respectively. In addition, airfoil surface pressures
were measured. from the leading edge to 0.70c at a2 Reynolds

number of 8 x 106 through an approximate range of section 1ift
coefficient from -0.5 to 1.0 with the ailercns neutral and at
the design section 1lift coefficient of 0.20 with the ailerons
deflected -3° and 3°.

Lift and drag meeswrements were made by the methods briefly
described in reference 1. Airfoil surface pressures and the
pressuvre difference across the aileron seals were measured with
static-pressure orifices located along both airfoil surfaces and
in the chember above and below the aileron balance plate.
Aileron hinge-moment meagurements were made with a pressure-
bellows balance.

The following factors were applied to correct the tunnel
data to free-air conditions:

f= 1
Cl - 0.97701
cqg = 0.992¢c4"
q, = l.OOBqO'
G = 1.015a,"

where the primed quantities represent the values measured in
the tunnel (reference 1).

RESULTS AND DISCUSSION

The basic section 1lift, drag, hinge-moment, and balance-
pressure data are pressented in figures 2 to 6 for the true-
contour aileron and in figures 7 to 11 for the modified aileron.
These figures include data for the airfoil with aerodynamically
smooth surfaces and with standard roughness applied to the leading
edge. The discussion of ;he data refers to that cobtained at a

Reynolds number of 8 x 10° unless othervise stated.

Aileron Effectiveness

The effects of the aileron contour modification on the
aileron section effectiveness parcmeter ag and on Clg are

6
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shown in table IIT and curves of a, against Sa at a constant

cy of 0.20 are shown in figure 12. TFor the airfoll in an
aerodynamically smooth condition, the effectiveness parameter
is slightly greater for the modified aileron than for the true-
contour aileron. The values of O for the modified and true-
contour ailerons are 97 percent and 94 percent, respectively,
of the thin-airfoil theoretical effectiveness (reference 2) and
17 percent and 12 percent, respectively, greater than the valuve
(-0.430) obtained on the NACA 0009 airfoil section (reference 3).
Standard airfoil leading-edge roughness caused a larger adverse
effect on the effectiveness of the modified aileron than on the
effectiveness of the true-contour aileron.

In order to show the variation of the aileron effectiveness
with 1lift coefficient and aileron deflection, values of the
effectiveness have been measured between definite aileron
deflections %t a constant section 1lift coefficient and are
designated Qaab/éﬁa)cl' .Jalues of (Aab/Aéa)C1 are shown

plotted against section lift coefficient in figure 13 for aileron-
deflection limits of +10° and +20°. The effectiveness of the
modified aileron is slightly greater than that of the true-contour
aileron on the aerodynamically smooth airfoil when measured
between aileron deflections of -10° and 10°. An increase in

the aileron-deflection limits to -20° and 20° causes a larger
reduction in the effectiveness of the modified than of the true-
contour aileron with the result that the true-contour aileron

is slightly more effective at the high aileron deflections. For
the airfoil with standard roughness applied to the leading edge,
the values of (Aab/Aﬁa)cl for the true-contour aileron were higher

than for the modified ailercn when measured between aileron
deflections of both +10° and +20°.

Aileron Hinge Moments

The aileron hinge moments and balance pressures were
measured when the airfoil angle of attack a, was both increased
and decreased. The values of c¢p and A@/qo were generally
found to be more positive for increasing than for decreasing
angles of attack. The total variation usuvally amounted to less
than 0.006 and 0.06 for cp and Ap/qo, respectively. It is

felt reasonably certain that this difference in the values of cp
and A@/qo was caused by a lag in aileron setting as the angle of
attack was changed due to the method used in attaching the ailerons
to the pressure-bellows balance and also by friction in the
control-surface and hinge-moment balance bearings. Average values

i
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of the section hinge-moment coefficient and seal-pressure-
difference coefficient are used, therefore, in the presentation
of results.

Section characteristics.- The variations of aileron
section hinge-moment coefficient ¢y, &and seal-pressure-difference

coefficient Ap/q, with airfoil section angle of attack o

are presented in figureg 5 and 6 for the truc-contour aileron
and in figures 10 and 11 for the modified aileron. The irregu-
lapities that cccur in the variation of cp wvith %y for the

smooth airfoil correspond to the limits of the low-drag range
as shown in figures 2 and 8. Similar irregularities have been
noted during other two-dimensional investigations of control
surfaces (for example, reference 4) and are believed to be
caused by the sudden movements in trensition along the airfoil
surfaces at the extremities of the low-drag range. Reference L4
indicates that no unusuel aileron stick-force characteristics
will be caused by the sudden changes in the two-dimensional
hinge-moment coefficients. The addition of standard roughness
to the airfoil leading edge sliminated the irregularities as
shown in figures 5(b) and 10{b).

Values of hys  Chgo Py and Py for both ailerons

on the smooth and rough airfoils are given in table ITI. The
modification to the aileron contour or standard airfoil leading-
edge roughness caused small positive increases in both Ch

a
and ¢y . The variation of o, and Ap/q, vith 8, ata
constant section 1ift coefficient of 0.20 is presented in figure 12.

The basic section hinge-moment and balance-pressure data of
figures 5, 6, 10, and 11 may be used to estimate the section
hinge-moment characteristics of ailerons of similar contour and
chord with any amount of sealed intermal balance by the method
given in reference 5. )

Bagis for comparison.- The mean angle of attack at which an
aileron is operating is altered by the rate of roll. The effect
of the change in angle of attack on the aileron hinge-moment
characteristics must be taken into eccount for comparison of
ailerons from section data. This correction is usually made by
use of the constant-lift concept, in which the assumption is
made that the aileron part of the wing acts at constant 1lif+t
during steady roll. The rate of change of the section hinge-
moment coefficient with aileron deflection in steady roll is
then given by the equation

" e, %
Ch?jm = Ch8 (l + - £ %\) (1)

3
1 \ O'Ja Cha /

8
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British research, however, has indicated that the parameter Chy,

is overstressed in the constant-1lift concept and that a more
accurate equation is

h

b\

ey = ch5 e n-———/;‘ (2)

C
h
Op < 5

vhere n 1s a response parameter dependent upon the aileron
dimensions, wing aspect ratio and taper, and spanwise location
of the aileron. A typical value of n, equal to 0.2, is given
in a British paper of limited distribution but more recent
NACA data indicate that a more suitable value of n for the
ailerons of a modern fighter-type airplane is 0.27, and that
value has been used in the present analysis. Equation (2) is
inadequate for determining the three-dimensional aileron
characteristics, but it may be used for comparing the two ailerons
of different contour. In order to apply equation (2) to non-
linear curves it has been converted to increments of the total
aileron section hinge-moment coefficient in steady roll by

L 'ﬂ e {Ac ‘—]1
gst 1, n \"°h)q, 5
= /_ 3 <; (_/_\ch\ i - /ASa (zgch) BJJ (3)

The hinge-moment parameter ——~§TL~, vhich is the ratio of the
Lo [ADs,
increment of section hinge-moment coefficient in steady roll to
the aileron effectiveness, is plotted against the equivalent change
in section angle of attack Aoy required to maintain a constent
section 1ift coefficient for various deflections of the aileron
from neutral. This method of analysis takes into account
the aileron effectiveness and hinge moment and the possible
mechanical advantage between the controls and the ailerons. The
aileron span and possible three-dimensional-flow effects are not
considered except as indicated in equation (3). The smaller the
value of the hinge-moment parameter for a given value of FATs P8

the more advantageous the combination should be for providing a
lower control force for a given value of the wing-tip helix angle.

Aileron comparison.- Values of the hinge-moment parameter

ACHm
== arec plotted agalngt Aoy in figure 14 for each aileron

Dato [0,

£
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on the airfoil in a smooth condition and with standerd roughness
applied to the leading edge. For the smooth airfoill, both ailerons .
should provide about the same control force at low aileron
deflections. The true-contour aileron should provide the lower
control force at high aileron deflections for the airfoil in a
smooth condition and through the eantire range of deflections
tested for the airfoil with standard leading-edge roushness.
Although the application of standard roughness generally causes
the value of the hinge-moment parameter to increase slightly for
any given valuve of A, (fig. 1k4), the control force for the
true-contour aileron would change less with changes in the surface
condition cf the wing, as can be seen from a comparison of the

A

values of o for the smooth airfoil with those for the
Aﬂb/Aﬁa

airfoil with standard leading-edge roughness.

I L
The modification to the aileron contour or standard airfoil

leading-edge roughness had no effect on the airfoil lift-curve
slope with the aileron neutral as shown in table III. The value ~

of ¢, is equal to 0.104k for all conditions. g
. g
A comparison of figures 2 and 7 shows that the aileron
contour modification increases appreciably the maximum section .
1ift coefficient Cy of the airfoil in a smooth condition.

max
With the ailerons neutral the contour modification increases the
value of Ccy from 1.37 for the true-contour aileron to 1.49.
max

For the airfoil with standard leading-edge roughness, the aileron

contour modification causes no significant change in cy

The redvction in the value of cy caused by standard feading-
max

edge roughness is similar to the decrease found for other NACA 65-

series airfoils of comparable thickness (reference 1).

The effect of Reynolds number between 2 X 1O6 and 9 X 106
on the section 1lift characteristics of the airfoil in the smooth
and rouvgh corditions is shown in figures 4 and 9 for the neutral
position of the true-contour and modified ailerons, respectively.
Similar effects of Reynolds number are noted for the two ailerons.

An increase in Reynolds number from 2 X 106 to 6 x lO6 cauges a

large increase in maximumm section 1ift coefficient for the smooth

airfoil; however, a further increase in Reynolds number to 9 X 10 .
cavses no appreciable change. For the eirfoil with standard

leading-edge roughness, Reynolds number through the range investigated

has no significant effect on the value of Clmay' $

~

10
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Drag

The aileron contour modification has no significant effect
on the smooth airfoil section drag characteristics except at an
aileron deflection of 20° as can be seen by comparing figure 3
for the true-contour aileron with figure 8 for the modified
aileron. The values of the section drag coefficients for the
20° deflection of the modified aileron are doubtful, hovever,
because of probable cross-flow along the span of the model. With
the exception of the 20° deflection, a low-drag "bucket" was
realized at all deflections of both aillerons.

The effect of increasing the Reynolds numher from 2 X 106

to 9 X 106 vas normal, that is, the valve of the minimum section
drag coefficient and the range of section 1ift coefficient for
low-drag values decreased with increasing Reynolds number (figs. 4
and 9). The increase in the values of cq caused by standard
airfoil leading-edge roughness (figs. 4 and 9) is similar to that
of other NACA 65-se—ies airfoils of comparable thickness
(reference 1).

Airfoil Pressure Disgtributlion and Critical Mach Number

The pressure coefficients over both airfoil surfaces from
the leading edge to 0.70c are presented in figure 15 through an
approximate range of section 1lift coefficient from -0.5 to 1.0
for the airfoill with a neutral position of both the true-contour
and modified ailerons. The variation of airfoil critical Mach
number M,,, estimated by von KArman's method from the experimental
surface pressures (reference 7), with section 1ift coefficient is
presented in figure 16. The modification to the aileron contour
had very little effect on the values of Mcr' Theoretical values
of Mcr for the NACA 65(112)-213 airfoil section, calculated by
the methods of reference 1, are also presented in figure 16. GCood
agreement exists between the values of Mcr predicted from theory
and from the experimental data in the range of section 1ift coeffi-
cient for high critical Mach number and low drag.

The chordwise variation of airfoil pressure coefficient at
approximately the design section 1ift coefficient of 0.20 is
presented in figure 17 for the airfoil with each ailercn deflected
-39, 0%, and 3°. Because the value of M,y is a direct function

of the peak pressure on the airfoil surface, the close agreement
in the peak values of & for the aileron deflections tested
indicate a neglegible effect of an aileron deflection of -3° or 3°

1E3L
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on the airfoil critical Mach number at a constant section 1ift
coefficient of 0.20.

CONCLUSIONS

A two-dimensionel wind-tunnel investigation was made of
an NACA 65(119)-213 airfoll equipped with two interchangeable
sealed 0.22-airfoil-chord internally balanced ailerons of
different contour. One of the ailerons tested was of true airfoil
contour and the other was modified by the partial elimination
of the cusp near the trailing edge. The data obtained indicated
the following conclusions:

1. Modification of aileron contour caused

(2) The aileron effectiveness to increase glightly at
low aileron deflections and to decrease slightly at high
aileron deflections

(b) The rate of change of aileron section hinge-moment
coefficient with both section angle of attack and alleron &
deflecticn to increase positively

(c) Little change in the hinge-moment parameter for
a given rate of rcll at the low aileron deflections but
an increase in the hinge-moment parameter for a given rate
of roll at the high ailleron deflections

(4) No appreciable change in the section drag coeffi-
cient, rate of change of section lift ccefficient with
section angle of attack, and airfoil critical Mach number

(e) An increase of approximately 9 percent in the
maximum section 1ift coefficient of the airfoil with the
ailerons neutral

2. The application of standard roughness to the leading
edge of the ailrfoil

(a) Increased positively the rate of change of aileron
section hinge-moment coefficient with both section angle of
attack and aileron deflection

'

() Decreased the alleron effectiveness throughout the
aileron deflection range
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(c) Caused a smaller change In the hinge-moment
parameter for the true-contour alleron at any glven rate
of roll than for the modified aileron

3 Aileron deflections of -3° and 3° had no significant
effect on the airfoil critical Mach number at the design section
1ift coefficient of 0.20.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va , March 1, 1946
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TABLE I

ORDINATES FOR NACA 6 ~21% AIRFOIL SECTION
(112)

[Stations and ordinates given in percent
of airfoil chord]

Upper Surface Lower Surface
Station |Ordinate Station |Ordinate
0 0 0 . 0 L
1.042 i -.942
.%25 1,262 : .gug -1.?29
101%6 10617 1055)4. -10883
2.383 2212 2.617. 1 ~L.8l2
};.82; 30%3 ’?o%g "%088
_.56 E.u22 10.138 | =3.429
12.86 2.&38 15.13% | -L.092
19.88 .183 20.117 | =L.592
22.89 '6.720 25.10 | -4.958
29.91 7.163 320,083 | =5.217
33-93 T3 5.062 | -5.371
.958 7.565 Eo.ouz -5.0125
<979 1+53 }5.021 [ =5.350
50.000 7.338 50.000 { =5.133
55.017 6-358 54.983 | =L.767
60.033 6.1,25 53.967 .283
* o | afe | g | i
gs.ogé E.aog L.942 | =2.417
0.054 B 35 g 9L6 | -1.742
85.050 2.E 3.950 -1.092
90.038 1.532 89.962 -.508
‘ ;
95.017 .700 9l,.98% -.071
‘ 100.000 0 100.000 0

‘ ' NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE II

NACA TN No.

ORDINATES FOR REAR 30 PERCENT OF MODIFIED
NACA 65(112)-213 AIRFOIL SECTION

[stations and ordinates given 1n

percent of airfoil chord]

1099

Station ordinate
Upper surface Lower surface
70.000 5.029 -3.058
gs.ooo L.225 =2.1429
0.000 3,1,00 -1.792
90.000 L. 771 -.70
95.000 .2%6 -.300
100. 000 .133 -.133
TABLE III
SECTION PARAMETERS MEASURED AT ag = 0° AND &, = 0° FoRTR =8B %0
Surface c a c c
(1) 1, ) h hg Py Pg
True-contour aileron
Smooth 0.104 | 0.059 | -0.540 | -0.0038 | -0.0081 | 0.036 | 0.095
Rough <104 .053 -.505 | =-.0035| =-.0067 .029 .086
Modified alleron
Smooth 0.104 | 0.060 | -0.560 [ -0.0031 | -0.0077 | 0.042 | 0.082
Rough .104 .051 -.490 | =.0027 | =-.0065 .029 .073

il
"Smooth™ and "Rough®" refer to the alrfoll with aerodynamically

smooth surfaces and with standard leading-edge roughness.

' NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 1.- Allerons on the NACA 65(112)-215 airfoil sectlon.
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Figure § .- Drag characteristics of an NACA 65(112)-213 airfoil section equipped with a sealed 0.22¢ internally balanced
aileron of modified contour. R = 8 x 10°; smooth condition; test, TOT 70lL.
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NACA 65(115)-213 airfoll section equipped with a

sealed 0.22c Internally balanced aileron. Tests,

™T 70, and 71L.




Tttt b

S

Airfoil pressure coefficlent,

NACA TN No.

1099

1.6
Upper surface
=
1.0 Ud%k{rﬁ o (
5 NN
/ ‘ o= N
1.2 < 0 ' , ] | Fr
: <]
: I Lower surface ?
n?zzz%::::ﬁz::i; K\\\{.\\\*F\\\
1.0 :
éa cy \<
: (deg)
; 0 0,205
-8 -3 .210
% 3 .20l
.6 /
L
L 2J
: NATIONAL ADVISORY
oi A COMMITTEE FOR AERONAUTICS
0 10 20 20 Lo 50 60 70

Percent airfoll chord

(b) Modified aileron.

Flgure 17 .- ‘Concluded.
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