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TVO-DINENSTONAL WIND-TUNNEL INVESTIGATION OF

0.2C-AIRFOIL-CHORD PLATN AILERONS OF DIFFERENT
CONTOUR ON AN NACA 5l—a10 ATRFOIL SECTION

By william J. Underwood, Alkert I. Braslow
and Jones F. Cahill

SUMMARY

An investigation wes mads of three interchangeable
sealad=gep 0.20-airfoil-chord plain ailerons of different
contour on the NACA 673-210 airfoil section. The three
aileron contours testz=d were the true airfoil contour,
straight sldes,Aﬂd,abﬁvelei trailing edge. The effects
of aileron contour on the section aerodynamic cnarantor-
1stics of the airfoll and ailsron are presented herei

The results of the tests indicated that thickening
or beveling the aileron tralling edge by the amount
investigated would decrease the aileron effectiveness,
the rate of change of section 1lift coefficient with
section angle of attack, and the waximum section 1ift
coefficient; would increase positively the rate of change
of section hinge-moment coefficient with both section
angls of attack and aileron deflsction; would shift the
asrodynamic center forward; and would cause no signifi-
cant change in the section profile-drag coefficisnt with
gileron nsutral or in the increment of section Ditcning—
moment coefficient iniucod by aileron deflsction at
constant 1lift. The balancing actloﬁ of the allsron and
the loss. in ailaron ‘f-ECthERGSS aused by beveling ths
trailing edge were accentuated by tkﬂ spplleation of
standard-leading-edge roughness to the airfoil., The
computed characteristics of the threes-sealed internally
balanced =ilercns, based on the data for the hinge-
moment and seal-oressure-difference coefficients of
plain..ailerons, showed an apprecliable effect of aileron
contour on the hinge moments at the larger -aileron deflec-
tions even though all- three ailesrons were computed to
have the-samé hinge-momen t slope at small-aileron deflec-
tions.




2 CONFIDENTIAL NACA ACR No. L5F27
NTRODUCTION

The use of thin alirfoil sections to delsy the effects
of compressibility on the wingsof modern high-performencs
airplanes has emphasized the need for data on the ssro-
dynamic characteristics of allerons on thin airfoils. The
effects of aileron contour on thes aerodynamic character-
istics of ailerons have bszen shown previously by investi-
gations of 9 limited numbzsr of airfoils equipped with
control surfaces. Since very little section asrodynamic
data are available for ailerons on thin NACA 6-series
airfoils, tests wers mads of an NACA b 1220 airfoll
equipped with three interchangeable saaled-gdp 0.20-2irfoil-

chord plain ailerons of different contour.

The investigation was made in the Langley two-
mensional low-turbulence pressure tunnel. The three
lerons tested differ only in contour and are designated
rein es true-contour, straight-sided, and bovc¢cd
lerons. The hinge Wowants and CLfQCthe“uSS of %1

ilaron and the pitching-moment and profile-drag ch
acteristics of the airfoll were determined. Tests were
made with the airfoil swfeace acrodynamicelly smooth and
with standard roughnsss applied to the leading edge of
the airfoil. The OLerrentLal pressures across the
aileron ssal were obtained for use in calculeting the
hinge-moment characteristics of a*lerons having any
mount of sealed internal ualan
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The coefficients and symbols used herein are as
follows:

7
(e} foi 1 seleiblionmadid Bt fcost il alenmt [
4 a.c
cq airfoll section profile~drag coefficien ( \
o
Cm_ ) airfoll section pitching-moment coefficient about
e/l a
quarter-chord point -
QQCZ
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Ap/qo seal-pressure-difference coefficient; positive
: when pressure below seal is greater than
pressure sbove seal

Cy, alleron section hinge-moment coefficient based
on aileron chord <! —*:>

(o aileron section hinge-moment coefficient based
on airfoil \

where

7 sirfoil 1ift per unit span

G airfoll profile drag per unit span

m airfoil pitching moment per unit span

h alleron hinge roment psr unit span; positive
when aileron tands to deflect downward

@ chord of airfoil with alleron neutral

Cqy d of aileron behind hinge axis

o o 4 ~ — 7 2

o free-stream dynamic pressure 2?3,0

Vs free-strsam velocity

P free-stream density

and

a, airfoil section angle of attack, degrees

84 aileron deflzaction with rcspect to airfoll,
degrees; positive vhen trailling edge is
ceflzcted downward

R Reynolds numbsr
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total =B 4 11
p ChﬁT ota 55; in steady roll
n response parameter (refsrence 1)

<Ach> increment in aileron sectlion hinge-rioment coef-
9 ficient due to aileron dcflection at a constant
section angle of attacl

(th\ increment.of aileron section hinge-moment coef-
ficient due to change in section angle of
attack at constant aileron deflection

Acy increment of total aileron section hinge-moment
= coefficient in steady roll
ACHT ; . .
-~ alleron section hinge-moment parameter

ives denote the

ti
ial dsrivatives
suredat i zere angile

The subscripts to pertial deriva

variables held constanu when the part
. were taken. The derivatives wers mesa
of attack and zero aileron deflsction.

\) 0

MODEL

The model had a 2li-inch chord and a 35.5-inch span
and was constructed of leminated mshogany with the excep~-
tion of the interchangsable ailsrons, which were conrstructed
of solid dural (fig. 1). Ordinates of the NACA 65.,-21C air-
foll section are given in table I. -

The three alleron shapes testsd are shown in figure
and consist of the true airfoil contour, straight sides,
and & beveled tralling edge. The ordinates of the true-
contour aileron were the same as the ordinates given in
table T for the trailing-edge prart of the NACA %51-210 alr-
foil sec tion. fae contours of the stralght+<sided and
beveled aillerons were formed by straight lines as shown
in figure 2. A rubber seal was used at the gap at the

s

nose of the aileron.

For the tests of the smooth eirfoil, the model was
hed with No. L0OO carborundum papsr to produce aero-

finishs
dynamically smooth surfaces. For the tests of the air-
foill with standard leading-edge roughness, the model

CONFIDENTIAL
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surfaces were the same as those of the smooth airfoll
excevt that 0.0ll-inch carborundum grains were sapplie
to both surfaces at the leading edgs over & surface
length of 0.08c measured from the leading edgs. This
roughness is defined in reference 2 as the standard
roughness for a 2l-inch-chord model.

APPARATUS AND TESTS

The 1ift, drag, and pltching moment of the model
were measured by the methods described in reference 2.
The allsron hinge-moment measurements were made witl
electrical-resistance strain gages mounted on the beams
that supported the aileron. This method of mounting
eliminated the possibility of friction due to the use of
bearings 2t the alleron hinge axis. The pressure dif-
ference across the aileron sesl was meesurad with surface
static~pressure orifices located inside the gap abovs
and below the flexible rubber seal.

Tests of the model with each of the three ailerons
were made in the Langley two-dimensional lows turbuler,cm
pressure tunnel at Reynolds numbers of 1x 10 and
9 X 10° and at Mach numbers of 0.07 and 0.17, respec-
tively. The tests 1lncluded mea ureﬂents of 1ift, sileren
hinge moment, aileron balance pr,scure, and air LOll
pitching noment for each aileron deflaoted in lnecre~
mcnts of 5° between -20° and 20°. Drag measurements

ere made at both Reynolds numbers through the complete
range of aileron dsflection for the model with the true-
contour aileron and, for the models with the straight-sided

and beveled ailerons, at a Reynolds number of ¢ X 10

and 6, = 0° orly. In addition, the model with each of
the three ailesrons was tested at a Reynolds number of

c X 103 with standaréd roughnzss applied to the leading
edge of the eirfoll. For ths airfoll with leading-edge
roughnsss, only lift, alleron hinge moment, and ailsron
balance pressure were meésured throu, gh the range of

aileron deflections.

o

The following fectors
tunnel data to free-air
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d, = 1.006q,"

1

%

7
1.015a,
where the primed quentities represent the values measured
in the tunnel (reference 2).

PRESENTATION OF DATA

FPor use in aileron deslgn, basiec seetlon data are
presented for & range of ailileron deflsction in figures 3
to 9 for the true-contour aileron, in figures 10 to 15
for the straight-sided ailercn, and in figures 16 to 21
for the beveled aileron. These figures include data for
the airfoil with aerodynamically smooth surfeces and with
standard roughness applied to.the leading edge.

These basic section datas may be used to predict the
sectlon hinge-moment cheracteristics of ellerons of similar
contour and chord with any amount of ssaled internal
balance by the following eguetions:

4p ((..tz‘ z_ﬂ

Ac = ! l 1)
|
c = (o= + Acy (2)
h& I -~ 7 2 Llar\ a3 aq Po :la
balanced ailesron vlain aileron
where
Acy, increment in aileron section hinge-moment coef-
= ficient vroduced by sn internal-balsnce
arrangsment
Cy chord of overhang from aileron hinge axis to
middle of sealed gap
o chord of aileron behind hinge axis
i twice nose radius of plain aileron

CONFIDENTIAL
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Equation (1), in which the overhang is assumed to extend
to . the middle of the gap, can be used for determining
the overhang moments of sealed internally balanced
ailerons of normal con&iéur4tlon, thet ls, slilerons, for
which the overhang extends straight forward into the
balance chamber and the sealed gap width is small.

/-
The date obtained at a Heynolds number of 1 X% 10°
are not so accurate as those obtaired at a Reynolds
muwber of 9 x 10° because of the small dynamic pressure.
The results for the lower Reynolds number, howevsr, are
believed to be useful for indicating qualitative effects
of Reynolds number on the aileron characteristics in

4k

tior @ a0 Tae;

O\

the range of Reynolds number from 1 X 10

The effects of aileron contour on section char-
acteristics are compared by means of ction bawametﬁrs.
Variations of these parsmeters and ccef“ic ents with other

ndependent variables are nresented phical and
tabular form.
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The following discuss opé efers to the cdata obtalned
at a Reynolds number of 9 x 10° with thne sirfoil surfaces
aerodynamically smocth unless otherwise stated.

DISCUSSIOKN

Aileron Effectiveness

The effects of aileron contour are shown in table IT
for the aileron section effectiveness parameter ag and

for E and in figure 22 in which a is plotted against
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63 at a congtant c¢y. Thickening

ge of the aileron resulted in a
and Cye The value of the
of each of the thrmm ailerons teste
than the value (-0. 150) obtained for
of true = rfozl contour on an NACA 0009 airfol
(referonoe 2), The percent loss in ag
edge modifications to the true-contour aileron is
in the following table:
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Airfoil
Aileron
Smoo th Rough

True-contour 0 L.7
Straight-sided 1.5 b7
Beveled 245 L2

/ha,

The value of the effectiveness parameter Kéﬁ

B/ =¥r0°

when measured over a range of aileron deflsction of +20°

at a constant section 1ift coefficient of 0.20 was greater
for the straight-sided aileron on the airfoil with & smooth
surface or with leading-edze roughness than for the other
two ailerons. The value of this parameter for the beveled
aileron was also greater than for the true-contour aileron
with the airfoll smooth but was lower with standard
leading-edge roughness applied to the airfoil. An

increase in the section 1ift coeffielent from 0.20 to

AQn

A,

S 17

=ter

\\‘
(‘1

ar

0.80 caused the effectiveness

{6

to decrease for the true-contour aileron and to incresse
for the straight-sided and bevslsed ailerons. The wvalue

Laq _
o ool for the beveled ailsron is question-

8/ 5 =209

able because of a jog in the 1lift curve at c¢; = 0.80 and
6g = 20° (fig. 16(b)). The sileron effectiveness
decreased slightly when the Reynolds number was

e aad Fren 1% 102 to 9 x 10b as shown in table II
and figure 22.

s

os Moments

Aileron Hing
Section characteristics.= Ths e

contour on various aileron ssction h

is presented in table TI. ) ]

from the trus cir“oﬁl ?t“w; )

beveled trailing edg 1ncreased the valu

-moment par ameters
eron contour

and Ch@' pasitively. I%
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that the exact valusz of Cy at a, = oY for the

bevsled aileron is considerably less than 0.0069 as
given in table II but, because of tae sharp changes in
the variation of c, with a near & section angle of
attack of 0°, an aversge slope wes used for ey

“a

=

3
O @0

50 ) :
between values of a, of =-2° and 2°. An increase in

0
/
the Reynolds number from 1 % 10° to 9 x 10° provided a
positive increase in Cha for 8ll three ailerons and
2

o~

abial (e

r
) for the beveled aileron only (table IT). A

(@4

comparison of the aileron hingermoment characteristics
for a Reynolds number of 9 % 10° (figs. L, 11, and 17)
shows that as the aileron was thickered and beveled
near the trailing edge, abrupt changss in ¢y, occurred

in the low angle-of-attack range.

L comparison of figures 17 and 20 shows that the
abrupt changes in ¢, for ths beveled aileron disappear
when roughness -i1s applisd to the leeding edge of the
airfoil. The hings-moment characteristics of a beveled
alleron, therefore, may bes sensitive to wing-surface
roughness.

Data showing the variation of the increments of Ch,,
and Ch6 with changes in trailing-ecdge angle of various
eilerons on some NACA airfoll sections are given in refer-
ence li. When based on the change in trailing-edge angle
from the true-airfoll contour, the increments of cha and
Ch for the strsight-stided and beveled ailerons with the

alrfoil either smooth or with standard roughness applied
to the leading-edge f&ll within the expsrimental scatter

“<£

of the date of reference l..

The effects of Feynolds nurber on &4p/q, can be

seen in figure 22. An, increase in the Reynolds rnumber
from 1 x 10° to 9 x 10° decreassed the available pressurs
difference across thes aileron sesl.

Basis for cowmparison.- The of ro n
the aileron has an important effect on the hinge moment
because the rate of roll a2lters nean angle of attack
at which the asileron is operati: ‘or comparison of
ailerons from section data, the » the aileron hinge-
moment characteristics are usua termined by use of
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the constant-1ift concept, that is, the assumption that
the aileron portion of the wing acts at constant 1ift
during a steady roll, In reference 1, however, Geates

and Irving indicated that the conqtan+ 1ift concept
overstresses the importance of the hinge-moment Duraneter
Chy, and gave the equatlon for the rate of change of the

hinge-moment coefficient with aileron deflection in
steady roll es

e
Cr. = gy (\/4. - n i (%)
£ -~ C"m o
Orl o \ =)
rather than
A (@4
~ — éa na\¥ !
Che . Py L ok e (L)
HOm e ed hs/
N Ko
which is the equation for the constant-1lift concept.
Although equation (3) is - 1ﬂa°qaﬁte fox COmDutlno

finite-span craracter+stics. it 1s satisfactory for
comparing the three ailerons of different contour. In
order to simplify the application of eguation (3) to
nonlinear curves, the equation was converted to

A m o

- -
A 2 (ACI—I\ !
¢ 0/q |
Bl ("3 Ac, Y o[- — A - (%)
£ () k h/ & A‘JQ//L‘.va (ACh\) ’ > =
In:.-‘ |
|
-
s
A typical value of 1/5 is given for n in referonce 1.
The value corresponds to several wing-asileron combinations,
one of which is a wing with an aspect ratio of 9 and with
a 0.20¢c aileron having an equal up-and-down deflection
and extending

b« trom 55O ﬁc““°ﬂ“ semispan to the wing tip.
The value n = = was used 1u eguation (5). The

7

method of analysis used herein is considered suitable
for comparing the relative merits of the three ailsrons.

The analysis is pre
=4
R

ented in the form of the equiva-
lent change in sec gle

of attack Aa requlired to
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maintain & constant section 1ift coefficient for various
deflections of the aileron from neutral. The hinge-moment

Crry,

L 5 o
varsmeter ———i—, which is the ratio of the increment

Aa, /A8,

in hiqvo~xamfnt coeffici ent in steedy roll (egquation (5))
to the sileron effectivenes is plotted against the
equivalent change Iin angle of attack, The method of
anelysis takes into account the aileron effectiveness,
the hinge moment, &nd the possible mechanical ’d]unuaée
betwesn the controls and the eilerons. Ths span of the
ailerons and possible effects of thres-dimensional flow
are not consicdered excent as indicated in equation (5.
The smaller the value of the hinge-moment paremetsr for
a given value of A4ag the more adventageous the comblna-
tion should be for *rovi iing & lower control force for a
given helix angle of the wing tip %g.

23

Plain aileron.- In order to compare the pla
of different contour, wvalues of the hinge-moment param 1bt8f
AC‘{;
o

are plotted sgalnet Aao in figure 2%. Figure 235

indicates that thickening and beveling the tralling edge
of the sileron would improve the control-force character-
istics of a sesled-gap 0.20s plain aileron. The applica-
tion of standard roughness to the airfoil causes the hinge-
moment parameter to ﬁﬂﬁreasa in magnitude for small values
of Aoy and to increase for lerge values of 4a,.
palanced silsron.- For comparisons of the tihree

ailero n of different contour with sealed internal balance,
thP effects of small changss in the pressure difference

cross ‘the aileron seal and chonges in wing roughness are
im“OPta“u. For a conservative design, the internally
balsnced eilsron should be ao proportioned as to avoid
overbalance when the wing has the roughest surfacs that
would be expected in service., For the sairfoll wilth
standard lesding-edge roughness, the chord of overhang
cp necescary to balance each = to uﬁom = 0,001

zilsron
i

was computed by means o equatlons:
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Ohalence Mo balsncs <

Palen | ferz)
oh = cp + E;/ - c%) (7

4 1 Shg "
Chy = G 41 =F g (8)
“Cp =0 p 1’;6-

The computed overhangs cy/c, wers 0.536, 0.531, and

0.396, rospactlvelr for the true-contour, straight-sided,
and beveled a:l 1erons. The hinge-nomernt coefficients for
the angle~-of-attack and ailernn-defle ctlon ranges were
then calcuvlated from the data on the hi inge-moment and
seal-prsscsurs-difference coefficients for the plain
aileron by use of ayuvations (1) and (2). The approximate
limi ting qeflnctlohs of the three seelad internslly
balanced eilerons of true a 01l contour, straight sides,
and & beveled trailing edge were 159, *1E0, ang £20°
respectively. The maximum Jeflections were limitad hy
the lengths of ths sesled internal balances.

_-I

O
-

For comparison of three scslad internally balanced
11erons, values of the hings-woment naramester
AC—-

a otted again: AQ in figure 2.
Aaq7_6 re plotted against aa, in figure 2l

Fi gure ol ahiows thet the straight-sided ailsron
wnulu provide the smallest GOPTP”7 force of
thp three sealed internazlly balanced allerons. The order
of merit of the three ailernns changed when the internal
balance wes adced because of ,the effects of aileron con-
tour on the availanls ss&al-pressure-diflerence coafficient
at the higher ailsron deflections. For a wing with a
smoother surfcce then that for which the conservative
amount of sezled intsrnal balan determined,

the honfrﬂl force fer tze stra ided Lnrrwn
woulcd ze . the least of the th llSPOHS, el
smell Juﬂng* in the control fovce for the straight-
sided aileron can be seen in figure 24 by a compnarison of
ACr
the values of o for the smooth airfoil with those
Aa,\,/uﬁa

for the airfoil with stundard ieading-edge roughness

CONFIDENTIAL
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Iift

The effects of aileron contour, Reynolds number, and
standard airfoil 1 adLrg—ﬁdfe roughness on the lift-curve
slope Cla for NACA 051—210 ”1ff071 section with the

. A study of table II

cE
i
L)
[©]

aileron neutral are shown 1n table TII

"

with the true-contour glleron., This loss in maximum sec=
tion 11ft coeffinieng 1A attrlbnied to the change in
camber over the rear nart of the airfoil section caused
by the aileron-contour modlficastion. A comperison of fig
ures 7, 13, and 19 ohgws thet, for the airfolil with

1531
shows thsat CZ 1s chenged by eithsr roughness or
Reynolds wuyku; by lesg than 2 percent regardless of the
alleron contour. A reduction in lift~curve slope, howsver,
of approxin 2 and T percent, respectively, resulted
when the aileron wes chenged from the true alrfoil contour
to straight sides ‘or to & beveled trailing edge.

A comparison of figures %5, 10, and 16 shows that for
the airfoil with smooth surfeaces the maximum section 1lift
coefficient of the NACA 63,-210 airfoil section with the
alleron neutral was spproximetely 5 percent less for the
model with the straight-sided or beveled d1¢erono than

it

w

standard lsading-edge rov*h,&qa the maximum section 1if
coefficient was the sawe for t“= true-ccutour and straight-
sided ailerorns but that the maximum section 1ift cocfli—

cient for the beveled sileron was less then that for th
true-contour aileron.

The effec

1 r onn the airfoll segtia
pitching moment 1

u
¢ II and figure 22. “Mf
c

i snown
rate of change of ¢, p/ wit 1 becomss less negative,
Mg /Ly

;
-+
et

which corresponds to a forward shnift in the aerodyramic

center, as the alleron contour is changed from the true
airfoil contour to straight sldes cor to & beveled trailing
edge. This chsange in aerag"zemic center agress with the
resnlts pf referencbs 5 and/ An increass in the
Reynolds number from 1 X 19° tg 9 x 106 had no appreciable
effect on the varlation of c with 6 at a constant

Cl/ells i
section 1179t coefflicient 6f 0,207 (fig. 22
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Because the changes in section pitching moment of an
airfoil incduced by aileron deflsction are of primary
lmportance in determining the lateral-control reverssal
speed, the variation of the increment in section pitching-
moment coefficlent Acy, e/l with the equivalent change in

section angle of attack required to maintain a constant

section 1lift coefficient was plotted for the three

ailerons (fig. 25). Thes variation of 4c, , with Aa
Te/u

was approximately the same for the three ailerons tested

-F‘J.. ’J‘. . 4 C 1 ..‘2 vn a‘

(fig. 25) The rate of change of Acmc/b with aag

is 0.0205, which agrees with the theoretical and experi-
mental values given in reference 7.

Drag
The effect of aileron contour on the airfoll section
profile-drag coefficient is presented in figure 26.
With the ailsron neutrsl, changes in the aileron contour
within the range Jnvestwgated show no significant effect
on the airfoil section profile-drag characteristics

The variation of airfoil section profile-drag coef-
ficlent eg with section angle of attack a, for
various aileron deflections is presentsd in figure 6 fozz3
the true-contour alleron at Reynolds numbers of 1 X 10
and 9 X 10°, At a Reynolds number of 9 X 1ob a low-
drag " bucket" was reslized 2t all aileron duilections
(fig. 6). Because the czhange in - with aileron con-

tour was small with the aileron neutral, the section
profile-drag chearacteristics of the alrlﬁ11 with either
the straight-sided or beveled zilsron deflected would
probably be tkc ssire as for the airfoil with the true-

contour aileron

A two-dimensional wind-tunnel investigation was made
of an NACA 651~210 airfoil squipped with three inter-
changeable sealed-gap 0.20~airfoil-chord plain ailercns
of different contour, The airfoil was tested with smooth
surfaces and with standard leading-edge roughness. The
data obtained indicated the fallov1nh conclusions:

1. Changing the sileron contour by thickening or
beveling the trailing edge would cause

CONFIDENTI AL
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(a) The aileron section effectiveness paraweter ag 2

to decrease

(b} The rate of change of alleron section
hinge-moment coefficient ¢, with both section angle
of sttack a, and elleron deflection b, to
increase positivelj '

(¢) The rste of change of sszction 1ift coeffi-
cient ¢; with sectlon angle of attack a, to
deecreasge

(d) The mexirmam section lift coefficient to
deecrease

(e) Ths serodynemic center to shift forward

| (f) The increment of s:ction nitching-moment
‘ coefficient inducad by aileron deflection at con- ¥
stant 1ift to remain the same
(g) Tha section profile~drag coefficient with .
the silleron ncuifal to remaln substantially unaffected
throughout the section anglz-of-attack range

2. The application of roughness to the leading edge
of the airfoil would eccentuste the balancing aCtLOﬂ of
the ajleron snd ths 10-“ in aileron effectliveness cauvsed
by beveling tlie aileron trailling cdge.

%2, The offect of aileron contour on the hinge momsnts
of sealed internally balanced ellerons, as computed from
data on the Angc—norpﬂt end seal-pressure-difference coef-

ficients of plain ailerons, showed an appreciable effe ut
of aileron cnntour on the hmn 4] m\ﬁents at large alleron
deflections sven though 211 gllerons were caa;uteu

to have the same hiﬂge-«omsnt slop: et small deflections.

Langley Memorial Aeronautical Laboratory
J y 3 L3 °
Netional Advisory Committee for Asronautics
Lengley Field, Va.
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TABLE I
ORDINATES FOR NACA 651-210 ATIRFOIL SECTION

[Statlons and ordinates given in

percent of airfoil chord] CONFIDENTIAL
Upner surface Lower surface
Station Ordinate Station Ordinate
0 0 0 0
.252 .819 .565 -.719
2 ZD .999 a2 -.859
1.169 1.275 1.331 -1.089
2.L,08 1.757 2.592 -1.8 5
L.898 2.491 5.102 -1.859
7.39& 3,069 7.606 -2.221
B. 9L 3.55 10.106 -2.521
14 .899 .33 15.101 -2.922
19.909 1;.938 20.091 -3.3[6
2ly. 921 53997 25.029 -3.60
23.956 5.732 20.060 -5.58
34.991 2-92& 5.0L9 -3.89L
af.9o8 Ac g 0.0%2 -5.928
+. 98l 6.05 L5.016 -3.86
50.000 5.915 50.000 -3.,709.
o | n | mug | 3
. ’ : -3,
65.0 2.712 23.9gi -2.652
70.0L3 L.128 62.957 -2.18l
5'°ﬁ? 5-&59 7h.955 -1.689
(o.o,é 2.783 52.956 -1.191
35.038 2.057 1.962 -.711
90.028 1.327 89.972 -.293
95,011, 622 9l.366 .010
100.000 0 100.000 0
L.E. radius: 0.687
Slope of radius through L.E.: 0.08L25
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TABLE IT.- SECTION PARAMETERS MEASUFED AT a = 0° AND 6, = O°

Surface R ey ®1s

{01%)

smooth |9 x 106|0.1080.052

0
—
o

o

Rough .107| .oL9

Aa
EXCEPT FOR <?3§> MEASURED AT 63 = 0.20 AND ¢, = 0.80
/8 ,=t20°
a <hc°> <Au°> c c P P c c
5 A0 6. hy hg a 5 m, mg
/8, =120° 10 54=220°
(2) (3)
True-contour aileron

-0.472| -0.455 -0.0449 -0.0066|-0.0136|0.025(0.075|-0.0017|-0.0100
-.L50 «i28 | —eeeceeea- -.0062| -.0122| .02L| .075|====man|=acaem-
-.LL9o =b80 | —eeme-- = | =.0092| =.013l|=cene|caauaa -.0008( =-.0100

smooth |1 x 106| .106| .053

Straight-sided aileron

smooth |9 x 108|0.106|0.050
Rough |9 x 108 .105| .oL7
smooth |1 x 106| .105| .051

-0.L465| -0.L46é5 -0.480 =0.0050|-0.0112(0.029|0.07L |-0.0007|=0.009L
-.L50 435 | emee-- === | ~.0040| -.0110| .025| .O7L|===c-=ee|ocaauux
-.485 =480 . | ===== mmem= | =,0071| =.0113|-=ccc|cacan -.0002| =-.0104

Beveled alleron

Smooth |9 X 106 0.100|0.046
rough |9 x 108| .100| .oL2
smooth |1 x 108| .099| .oL7

-0.L60| =0.459 -0.470 0.0069 [-0.0070(0.026|0.079| 0.0010|=-0.0086
=415 =00 | ----- ————— «0019| =.0059| .02L| .077| ---=-- .y
=750 =Sk | —emmeeee- = | =.0027| -.0100|-====|«meax -.0001| -.0098

lvemooth® and "Rough" refer
leading-edge roughness.

e, = 0.20.
5°L = 0.80,

to the airfoll with aerodynamically smooth surfaces and with standard
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Figure .l.~ NACA '65;-210 airfoil section with aileron, as tested in the
Langley two-dimensional low-turbulence pressure tunnel.
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.003%¢c
X

Hinge axis

Radius = .019¢c

= .0080_}-

Flexible seal (a) True-contour aileron

.200c -

|
— ; .003%¢c

Flexible seal
J (b) Straight-sided aileron.

(; +.003%¢c
. 0l;0c —=~
\ Radius = ,100c =

25°
Hinge axis

Flexible seal

(c) Beveled aileron,

NATIONAL ADVISORY
CONFIDENTIAL COMMITTEE FOR AERONAUTICS

Figure 2 .- Sketch of the threes sealed-gap plain aillerons on the
NACA 651-210 alrfoil section.
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(a) R=1x10".

Figure 3 .- Lift and pitching-moment characteristics of an NACA 651—210

airfoil section equipped with a sealed-gap 0.20c plain aileron of true
airfoil contour.

Tests, TT 8,7, 849, and 850.
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(a) R=1 x 106,
Figure 4 .- Hinge-moment characteristics of a sealed-gap 0.20c plain alleron of true
airfoll contour on an NACA 651-210 airfoll section. Tests, 847, 853.
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Figure 6 .- Drag characteristics of an NACA 651-210 airfoll section equipped with a sealed-gap 0.20¢ plain
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Figure 8.- Hinge-moment characteristics of a sealed-gap 0.20c plain aileron of true
airfoll contour on an NACA 651-210 airfoil section having standard leading-edge
roughness. R = 9 x 10°; test, TDT 868.
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roughness. R = 9 x 105; test, TOT 869.
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