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NATIONAL ADVISORY COMMITTEZ FOR AERONAUTICS

ADVAYNCE CONFIDENTIAL-REPGRT

WIND-TUNNEL INVESTIGATIOR OF AILERCNS
OF A LOW-DRAG AIRFOIL
I -~ THE EFFECT OF AILERON PROFILE

By Robert M, Crane and Ralph W, Holtzclaw

SUMMARY

An investigation was made in the Ames Aeronautical
Laboratory 7- by 10efoot wind tunnel of the effects of
various modifications to the profile of a 0.20+~chord
Plain sealed aileron and a 0s15«chord plain sealed aile-
ron on an NACA 66,2-21G6 (a = 0,6) airfoil. Aileron DY o-
files tested consisted of one profile conforming to the
normal WACA 66,2-216 (a = 0.6) ordinates; a profile con-
sisting of straight-line surfaces from the trailing edge
to the hinge-line ordinates; an intermediate thickened
profile; and a profile thinned below the normal airfoil
ordinates, ;

Thickening of the aileron profile was found to reduce

‘the alleron effectivensss, reduce the slope of the wing

section 1ift curve, and reduce the hinge-moment coefficients,
Thinning the profile had the opposite effect, The effects
of profile on the aileron characteristics decreased with
increasing angle of attack, there being practically no
effect at an angle of attack of 12°, Thickening the prow
file caused a slight increase in minimum profile~drag cow
efficient, but thinning the profile had. no effect,

It is demonstrated that deviations of the order of
i.0.00Sca from the specified profile on the ailerons of a
typical pursuit airplane can cause stickeforce variations
of £20 pounds for a large rate of roll at an indicated air-
speed of %00 miles Per hour. It is also shown that the
danger of overbalsnce at small deflections of closely bale
anced ailerens can be diminished by thickening of the ailere
on profile if the internal~balance clord is simultanecously
reduced to maintain the same stick force for a large rate of
rOll- :
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INTRODUCTION

With every increase in size and speed of modern high-
performanze alrplanes, the problem of attaining adequate
lateral control without excessive contirol forces become
less nmmenable to solutiocn by simple aerodynamic balanci
nethods, 0f the various methods of aerodymamic balance
available, one of the most efficient is the cgealed internal
nose balance, Hdowever, sufficient control lightness fre—
quently cannot be csatisfactorily attained oy the use of an
internal nose balance alone, The necessary balance may be
so large that the required control-surface deflection can—
not be attained, or structural necessities off the. malnasun-
faces may be such that adequate balance cannot be incor—
porated in the design, 4lleron profile offers an  independ—
ent means of adjusting mileron hinge moments without the
additional linkages and loss in effectiveness associated
with a balancing tab, 4ileron profile also offers a con-—
venient means of adjusting the aileron control character—
istics of an existing installction without the structural
modifications required by changes of alleron plan form or
aerodynamic nose balance, The efficacy of profile variations
in modifying aerodynamic ctharacteristics, and the consequent
necessity of fabricating to elose tolerances, must De appre—
ciated when it is desired to obtain specified ailerow’ charac-—
teristics on any one airplane.or to maintain a reasonzable
constaney- of characteristics in a number of airplances of the
samc design, .

s
ng

. .The purpose:of the teets reported herein was ‘to.provide
qqantitative dnta on the effect of aileron profile variations
and to form & loglcsl basis.for the specification of ailleron
tolerances,

 MODEL 4ND. APPERATUS

-Model

The airfoil used in these tests was constructed of
laminated mehogany to the NACA €6,2-216 (a = 0,6) profile
of 4=foot chord and 5-foot span, The airfoil ordinates are
given in. table I, The aft 0,35 chord of ths airfoil- was
made removable to allow the testing of ailercons of various
chords, A soli. trailing-edge section was congtructed and




this section and the main airfoil were equipped with a
single row of pressure orifices built into the upper and
lower surfaces of the airfoil at the midspan segtion.
These orifices were located on the model as listed in
table II. The allerons vere constructed of laminated
mahogany and had a nose-gap seal of dental rubber dam.
The sileron ordinates are given in table IETR- Dhe
ordinates of the normal-profile aileron are the same as
the corresponding ordinates of the IACA 66,2-216 (a =

0.6) airfoil. The details of the ailerons, and the modific-

ations tested, are shown in figures l and 2.

TEST INSTALLATION

The airfoil was mounted vertically in the test section
of the 7- by 10-foot wind tunnel No.. 1, as shown in the
photographs of figure 3. End plates were fastoned to the
F-foot-span section. Fairings of the same airfoil section
as the wing were attached to the tunnel-floor and ceiling
turntables and were used to shield the connection between
the model and the balance frame. These fairings were not
equipped with ailerons. Provisions were made for changing
the angle of attack and the aileron angle while the tunnel
was in operation. Aileron hinge moments were measured by
means of electrical resistance~type strain gages which were
mounted on a member which restrained the toraue tube of the

aileron from rotation,

COEFFICIENTS AND CORRECTIOQIS

The coefficients used in the presentation of results
follow, :

airfoil section normal-force coefficients .(n/qc)

“a

cy airfoll section 1ift coefficient (1/aec)

d, airfoil section profile-drag coefficient (do/qc)
o airfoil section pitching-moment coefficient (m/ac?®)
Ch aileron section hinge-moment coefficient (h/qoag)
P/q internal static pressure at ailefon.nose-divided by

dynamic pressure (See fig. T




Acy increment of ¢, due to deflecting the aileron
from neutral

Acy ! cy of down aileron minus .cqy of up aileron

Acd ianament of “eq due to dflecting the aileron
from neutral

Acy increment of ¢ due to deflceting the aileron
from neutral

Acp! cp of up aileron minus c¢p of down aileron
AP/q increment of pressure coefficient across aileron

ncse seal (pressure below seal minus pressure
above seal divided by dynamic pressure)

where

n airfoll section normal force

1 airfoil section 1ifd

dg _ airfoil section profile drag

m adnfodil sactioﬁ piltching moment about quarter-chord
of airfoil '

h aileron section hinge moment

c chord ofvairfiodl] wibth saileneny neutral

Co chord of aileron aft of aileron hinge line

q dynamic pressure of air stream (l/2pV2)

\') frée—stream velocitvv

D

In addition to the above, the following symbols are employed:

Qg angle of attack for airfoil of infinite aspect ratio
5a aileron deflection with respect to the airfoil
d increment above the normal profile

of the upper and
lower surface ordinates of the modified aileron
profiles at 0,5cy




b ‘wing span of assumed airplane
Y& indibated»éirspeed, miles per hour

‘ P : rate of rbll, radians pef second
o (bcl/Ba)Ba=@ . (measured through o, = 0°)
016a = (501/55a)a0=o (measured through ﬁéa = 0°)
B (édh/a@)5a=0- (measuréd through ao~='00)5
éhsa = (Bch/bsa)ao=o : (measu?ed thrdugh ba = 0%)

The subscripts outside the parentheses represent the
factors held constant during the measurement of the param-
eters, i .

The 1ift coefficient, profile—drag coefficient, and
pitching—~moment coefficlient have been corrected for tun-—
nel—-wall effects, Section profile drag was determined by
measurement of loss of momentum in the wing wake, A com—
parison of force—test and pressure—distribution measure—
ments of section-1ift coefficient and section pitching-
moment coefficient indicated that the end plates had no
effect on these coefficients with aileron neutral, UNo
corrections have been.applied to section hinge—moment co-—
efficients and no end—plate correction has been applied
to Ac,, .Because of possible tip losses, it is believed
that t%e measured aileron effectiveness.is slightly low
and rates of roll computed from these data will be con-—
servative, By comparison of these data with section data
on a similar airfoil (reference :1), it is estimated that
the maximum decrease in measured Acy due to this effect.
is not more than 12 percent,

TESTS

For each of the aileron—profile modifications, two.
series of tests were made, The first series obtained
aileron characteristics at the highest Reynolds number
obtainable (9,000,000) at five angles of attack (=49, ~2°°
0°, 29, and 49), A second series at angles of attadk of -
0°, 4°, 8°, and 12° was' run at a reduced Reynolds. number -




(S,BO0,000), With the aileron neutral, section charac— ,
teristics were obtained at a Reynolds number of 8,200,000,
Section profile—drag coefficients were obtained with the
aileron neutral, at the ideal 1ift coefficient . (cq1 = 0,21)
over a Reynolds number range of 3,000,000 to 10,000, 000,

RESULTS AND DISCUSSION

Basic section data,— The basic section data, with
aileron deflected and aileron neutral, are presented in
figures 4 to 14, These data may be utilized to predict
the section characteristics of ailerons with any amount of
internal nose balance by means of the equatiop

(ch)B= cp + AP/q -
where
(ch)B aileron section hinge-moment coefficient of
aileron with scaled internal nose balance
Ch aileron section hinge—-moment coefficient of
plain aileron
B nose balance (expressed as fraction of ca)
R nose radius of plain aileron (expressed as

fraction of ¢,)

While these basic data are useful for purpeses of.
aileron design, the prediction and comparison of the
effects of aileron profile on section characteristics may
be more convenlently demonstrated by means of section
parameters, For this purpose plots showing the relation
of various coefficients and parameters to other independ—
ent variables have been prepared,

dileron effectiveness,— The effect of the profile
variations on the -aileron—effectiveness parameter
(dafd8,)e, and Bys is shown in figures 16 to 18, It
& :

will be noted that the value of the former quantity for
the normal-profile aileron, at a Reynolds number of
9,000,000, is about 71 percent of that which would be
predicted from thin-airfoil theory, and about 90 percent




of %the value obtained on the NACA 0002 airfoil (reference
2)., Thickening the aileron profile reduces the aileron
effectiveness, and thinning the profile increases it,

The change in the effectiveness is very close to a 11near
funetion of 4 (figa, 17 and 18),

Aileron profile has a similar influence on effec—
tiveness at the higher aileron deflections where the flow
over the aileron has separated, Figures 19 and 20 present
the total Ac,! availablé due to +10° and £15° of
aileron deflection plotted against angle of attack, At
moderate angles of attack thickened profiles give the lower
effectiveness values; thinned profiles give the higher,
However, differences due to profile decrease at the higher
angles of attack and at an a, of 12" there is only a
minor variation in Acy'! available for the various aileron
profiles, The ACI' available under these extreme condi-—-

tions of angle of attack and aileron deflections is about
41 percent.-of the Acy ' predicted on the assumption of

thin-airfoil effectiveness (that is, by using the da/ 38 5
relationship from reference 3 and using a value of cyq

of 2m/57,3), This value holds within 2 percent for °

.both the 0,15-chord ailerons and the 0,20-chord ailerons

and for all the profile variations;:

To determine the effect of coqtrol4surféce profile on

the aileron effectiveness of a typical installation, these

data have been applied to the prediction of the alleron
control characteristics of a modern pursuit airplane, The
airplane data necessary for the calculations are presented
in table IV, 'The calculations have been made assuming
zero sideslip of the airplane and no torsional deflection
of the wing, The effect of aileron profile on cIOL has

been included in determination of O©, the damping—

0. %

‘moment coefficient due to rolling, The calculation varia—

tion of pb/2V with total aileron deflection for the
various aileron profiles is presented in figures 21 and

22 for indicated airspeeds of 300 and 120 milés per hour,
Examination of these figures reveals that the aileron
effectiveness at low speeds is little influenced by aileron

profile, Thus, the size and the total deflection for an

installation o¢ given effectiveness will be unchanved by
control-surface profile modlflcatlons

Aileron hinge moments.—~The variation of ch8 with




control-surface chord is shown in figure 22, and a compar—

ison is afforded with the variation predicted from thin-—

airfoil theory and that measured on an NACA 0009 airfoil

(reference 2), The value of Chg for the normal—-profile
a

alleron, at a Reynolds number of 9,6000,000, is about 58
percent of the value predicted by thin—airfoil theory and
about 82 percent of the measured value for the NACA 0009
airfoils

The aileron hinge-moment parameters ¢y and Chsi
(0 a

are plotted in figuies 17 and 18 as funcections of .d.* The
curves indicate' that both of these parameters vary approx—
imately linearly with 4, 1increasing algebdbraically as d
is increased, A similar relationship has been established
by reference 4, The value of (bch/ba)éa varies with

angle of attack and aileron deflection, At small angles

of attack and zero aileron deflection, there is a linear:

relationship between (dcp/%a)s -g and. d, The value of
* a

(Bch/aa)5a=o in this region varies between -0,0087 for

d = ~O,Olca and. 0,0024 for 4 = 0,02¢c,, At angles of
attack greater than 69, (Ech/éa)6a=o has an ppproximately
constant value of —-0,010 irrespective of aileron profile,

At low angles of attack and extreme aileron deflections,
the effect of aileron profile on (Bch/ba)sa becomes less

less apparent, Data obtained with the straight—sided
aileron at low angles of attack (fig, 8) indicate that at
zero aileron deflection (bch/ba)sa is positive, at ailer-

on deflections of —12° and 6° the value of (bch/ba)ga is

zero, and at larger aileron deflections its value becomes
negative,

The variation of total Acy ' due to il50 of aileron
deflection with angle of attack is presented in figures
24 and 25, The value of Acp?! decreases as d 1is in-
creased, but at large angles of attack the effect of pro-
file is very small,

The data of figures 17 and 18 have been plotted. in
figures 26 and 27 as hinge—moment parameters against 1lift
parameters, These curves show the relative dependence of
the aileron hinge moments on the aileron effectiveness and
on the slope of the wing section 1lift curves, In addition
to the data shown for the ailercns of the present investi—
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gation, experimental points are included from data
obtained for a series of 0,20-chord ailerons with thick-
ened and beveled trailing edges, The small deviation of

" the experimental points from the mean curves indicates

that the relationships indicated are not influenced by
the chordwise distribution of thickness of the control-
surface profile, An experimental point is also presented
fron data obtained on an NACA 0009 airfoil (reference 2)
which indicates that for the same effectiveness, similar

hinge nonents may be anticipated for ailerons on an NACA

-

66,2-216 (a = 0,6) airfoil as are experienced on ailerons
on an NACA 0009 airfoil, A similar agreement between the
subject data and the NACA 0009 data does not exist for

Chq, against cq..

Since the effect of aileron profile on AP/q 1is
small, the hinge—noment coefficients of ailerons with
internal nose balance will exhibit aileron profile effects
similar to those observed on the plain ailerons, As sep-
aration occurs over the aileron at large deflections,
there is an abrupt loss in ©P/q over the suction side of
the control (side opposite the deflecticn), This loss
accounts for the nonlinearity of the curves of AP/q
against &, (figs. 5 to 12y, “I%:3s tiis redustion in
AP/q which causes the nonlinearity of hinge—moment curves
of ailerons with large amounts of internal nose balance,

Figures 28 and 29 illustrate the changes in control-
force characteristics which result from small changes in
aileron profile, The variation of stick force with pb/2V
for a typical nmodern pursuit airplane equipped with 0,20~
chord ailerons with 0,534c, 1internal nose balance is pre-
gented in these figures for indicated airspeeds of: 300
and 120 piles per hour, At the higher speed, ‘a decrease
of 0,0090a in the aileron ordinates at 0,5¢c, reduces the
pb/2V obtainable with a 3C-pound stick force from 0,08 to
0. 056 and nore than doubles the stick force for a pb/2V
of 0,08, Increasing the midchord ordinates of the ailgron
0,0009c, changes the stick force from 8 pounds to an over—
balance of 7 pounds at a pb/ZV of 0,05, Since results
of overbalance are likely to prove catastrophic in a high-
speed dive, due to the ailerons taking control, every
effort should be made to maintain panufacturing tolerances
and allowable surface deforrations at a value which would
preclude. the occurrence of this condition.

The pcssible use of aileron profile changes to obtain
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desired stick—force characteristics is illustrated by fig—
ures 30 and 31, Control-force characteristics are shown
for 2 typical modern pursuit airplane equipped with 0,20-
chord ailerons, The airplane data necessary for the cal-
culations are presented in table IV, ZXach aileron was
assuned to have an internal nose balance such that a pb/2V
of 0,08 can be obtained with a 30-pound stick force at an
indicated airspeed of 300 miles per hour, It will be ob-—
served that the thin-profile aileron which is closely
enough balanced to satisfy the 30-pound stick—force limi-
tation at high speed is cverbalanced 4 pounds at a pb/2V
of 0,035, 4s the aileron profile is thickened, the control-
force gradient becomes more positive, and the linear range
of the gradient is extended to larger values of pb/2V,

The primary problem of alleron-balance design is to make
the control light enough at very highi.spsed while avoiding
ocverbalance in any part of the deflsction range, and
retaining sufficicnt feel at low speeds, The danger of
overbalance can be minimized by the attainment of a linear
variation of control force with pb/2V at high speeds, p
The nonlinearity of the hinge—momen?v curves of ailerons
designed with intcrral nose belance prevents the realiza-—
tion of $this idesl -conditiong .but silpron profile offers -
a limited means of conirolling the value and the linear
range of this coatrol--force .gradient,  These effects of
aileron profile on control—-force gradients are due mainly
to two causes: the reduction in the amount of nose bal-
ance required by the wvhickened aileron profiles, with the
consequent reduction in the nonlianearity of the hinge-—
nouent curves of the balanced ailerons; and the presence
of an unfavorable response characleristic (positive
(bch/Bm)Sa) at low ailcron deflections (where an increase

o

o

in stick force is desired), with favorable response at
high aileron deflections (where a decrease in stick force
is desired), This effect of response on controcl-force
gradient is lllustrated by figure 32, presenting the vari-
ation of Acy! and Acy' for the static condition and
for the dynamic rolling condition of the assumed pursuit
airplane,

The effect of aileron chord on the control-force
eharacteristies can be obtained by a comparison of the
control—force chareciteristics of the 0.20¢-chord and 0,15-
chord ailerons of normal 8nd ‘straight—sided prsfile, In
all cases wihere the tvo ailerons are desigusd for the
same high—speed stick force at a pb/2V ol 0,08, the
0.20-chord ailerons produce a more nearly linear variation
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of stick foree with pb/2V than can be acquired with the
0,15-chord aileron, TFigure 33 presents the variation of
stick force with pb/2V when the ailerons are designed
for a 30-pound stick force for a2 pb/2V of 0,08 on a
typical pursuit airplane at an indicated airspeed of 300
miles per hour, The reduction in control-surface chord
results in a 20-pound decrease in the stieck force for an
aileron of normal profile and a 5-pound decrease in the
stick force for an aileron of straight—sided profile for
gl oail/ 2y &2 0, 05,

Lift.—~ The variation of cq with 4  is shown in
, 2.

figures 17 and 18, ' These curves indicate that Cy

varies approximately linearly with d, decreasing as d
is increased,

Pitching moment,—~ Thickening the aileron profile
caused an increase in (ch/bci)8 e corresponding to a
: &%

forward shift of the aerodynamic center, This is'shown
in figures 13 and 14,

Drag,~ Figure 15 presents the variation of section

‘profile—drag coefficient with Reynolds nunmber at the
ideal ‘section 1ift coefficient (eq = 0,21), Thinning

the aileron profile had no effect on the section profile—
drag coefficient, but thickening the profile to straight—
sided caused an increase in cdo of 0,0004 for the 0.20-

chord aileron and 0,0002 for the 0,15-chord aileron,
Reynolds number.,— A Reynolds number effect was found

to exist at low angles of attack and further investigation
was nmade over the available Reynolds number range

(3,200,000 to 9,000,000), TFigures 34 to 36 present Acy',

Acy', and AP/q against Reynmolds number, At small an—

gles of attack, increasing Reynolds number results in a
loss in Acy', Ac,', and AP/q, The magnitude of these
effects of increasing Reynolds number is a function of 4,
increasing as d is increased, - (See figs, 17 and 18.)

At angles of attack beyond the low—drag range (greater

than 2° and less than —1°), the Reynolds number effect was
consideradbly reduced, Measurement of .the airfoil boundary-—
layer profiles indicated that these Reynolds number effects
were caused by a forward movement of the transition point,
with the aileron deflected, due to increasing Reynolds nun-—
ber, This forward movement of transition, resulting in a
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thickening of the boundary layer at the beginning of the
pressure recovery, reduces the peak of the basic incremen-—
tal 1lift and results in a less complete recovery, thus
causing a decrease in effectiveness and AP/q,

CONCLUSIONS

Results of the tests of aileron—-profile variations
to 0,20-chord plain sealed—gap ailerons and O,15-chord
plain sealed—gap ailerons on the NACA 66,2-216 (a = 0,6)
airfoil indicate the following conclusions!

1, Phickening of the aileron profile results in a
decreanse in the aileron effectiveness, a decrease in the
slope of the wing section 1lift curve, and a decrease in
the aileron hinge—moment coefficients, Thinning the pro-
file has the opposite effect, The magnitude of the incre-
ment or the decrement is proportional to and varies ap—
proxinately linearly with the magnitude of the profile
alteration,

2, The effects of aileron profile are reduced as
angle of attack is increased, At an angle of attack of
12°, aileron profile has no effect on the aileron charac—
teristics,

3, A linear relationship exists between the aileron
hinge noments and the aileron effectiveness, Any reduc-—
tion in hinge nonents by profile alteration is accompanied
by a corresponding decrease in effectiveness,

4, Thickening the alleron profile .causes an increase
of 0,0004 in the mininum section profile-drag coefficient,
Thinning the profile has no effect on ninimun drag,

5, When the ailerons of a typical pursuit airplane
are designed for a given control force for a large rate
of roll at high speed, the ailerons with thickened. pro-—
files have a greater stick force for full deflection at
low speeds than the normal or thinned profiles, Thicken-
ing the aileron profile results in a more nearly linear
variation of stick force with rate:-of roll at high speeds,
provided the internal-<balance chord is devre@sed to main-—-

tain the same maxinunm stick force,

6, When designed for the same high-speed stick force
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for a large rate of roll, ailerons. jof 0,20 chprd are
prieferable to allerons ol .0, lbichogrd offitheiisame. Span,
Beeause, of the greater effectiveness of Wthe lapger chord
gilerons, & more ncarly linearn variation of stick force
with rate of roll at high spced can te attained than is
possible with the O, 15—chord ailerons,

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Moffett Field ©Calif,
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TABLE I.— NACA 66,2-216 (a = 0,6) AIRFOIL
[Stations and ordinates are given in
percent of tha airfoll chova]

Upoer aurface “ Lower surface
Station Ordinate "% Statien Ordinate
(6] 0 { 0 0

2371 1,242 i .529 -1.1312

L 607 1,501 w ., 8873 ~1,319
1,091 1,886 ‘ 1.409 —1 608
2,517 2.6815 \ 2,683 e
4,794 3.761 l 5,2 —~2,669
7. 284 4,663 1 AT -3, 441
c,781 5,3C8 it 10,219 B T
14,788 5,500 | 15,818 —d, 702
19,806 7.428 f 20,194 ~5,290
24,822 8,155 \ 25,168 ~5_.741
29,862 8,708 Z20,.138 —6, 080
34,897 9,098 | 35,103 —6.312
29,935 9. 356 ‘ 40,064 | ~6,462
44,978 G,.471 , 45, 022 ~6,523
50, 023 9,431 ‘ 49,997 —6,483
55,073 9,224 l 54,927 6,336
60141 8,800 . 59,859 ~6, 043
5,191 8. 084 | €4.809 ~5,5%74
70,198 7,068 i £9,802 —4,866
75,181 5,889 | 74,819 —4, 037
80,148 4,585 | 79,8582 =3 10
85,106. 5265 | 84,894 w2, 197
| 90,061 1,937 0 89,939 - =1L 220
95, 021 0,762 b 94,979 —, 432

100 0. i‘ 100 0
'Leading—edge.rgdius; 1,575 Treilling-cdge radiuss 0, 0625
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TABLE II,— ORIFICE LOCATIONS ON NACA 66,2-216 AIRFOIL

. [Orifice locations on upper zand lower surface of
airfoil in percent of airfoil chord from leading edge]

Orifice," Location' Orifice Location
0 6. L Ii] 13 45
1 625 ': 14 50
P 1,250 | 35 55
2 2.500 16 60
4 5 - 17 65
5 7.500 18 .70

.6 10 19 75
7 15 20 80
8 20 21 85
9 25 22 90

10 30 zg. 95

11 35 24 g

15 40




e

TABLE III.—- AILERON ORDINATES

[ Stations given are wing stations and ordinates
are in percent of the airfoil chord ]

0,20c Ailerons (T, E, radius:

0. 0625)

Woroal St;aight— Iiﬁiiiiiii:e ik {nned
L f S ¢ Sel .
profile Brafd s ST RELY.c priofd le
Station| Upper| Lower Upper| Lower Upper | Lower Upper| Lower
81,25 4,27 |—2,85|4,27 | —=2.85 4,27|-2,85| 4,27|-2,85
83,33 3,77 |—2,45 3,80 | -2,55 3,78|=-2,50| 3,73|—2,40
85,42 3,21 |—2,07(3,33 | —-2,24 3. 2—=e, 16 | B3, 151399
87.50 2,66 |—-1,67[2.88 |=1,93 2,76{-1,80| 2,53|—-1,54
89.58 2,08 1-1,28|2,40 | =-1,61 2,24|-1,45| 1,93|-1,11
Ll 1,54 | —,91{1,93 | -1,30 1,73|-1,11}| 1,35} —=,72
S s S 1506 —-.5811,44 -.99 1.25| —,79 .88 —.38
95083 063 _033 .98 —"-68 .80 -.50 '50 —'.16
FIes 2 Bl -, 17} .51 -, 36 L4l —,26 L 24| —,07
100 0 0 0 0 0 0 0 0
0,15c Ailerons (T, E, radius}- O, 0625)
8700 2,65 |—=1.67]12.71 |=1:78 2.68|{-1,71| 2.61}-1.60
89.58 2,08 |—1.28!2.26 |—1,48 2.1 701 38 | L2 00 -l S
16 1.54 |—+,9211.82 |[-1,19 1.69{-1,C6 1| 1,39| —,76
37D 1,06 -,5811,38 -,90 1.22) —.,75 .85 —,38
951, 83 263 a0l .92 -,60 o8Il —. a7 .451 —,16
9892 sk -.17| .48 o .40f -.25 <2l = ey
100 0 0 0 0 0 0 0 0




MABLE IV.,— CHARACTERISTICS OF TYPICAL

PURSUIT AIR
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Figure 31.- The effect of modifications of the aileron profile on the aileron~econtrol characteristics of
a typical pursuit airplane equipped with 0.20-chord, sealed gap ailerons with sufficient
internal nose balance for a 30-pound, high speed, stick force at a pb/Z‘.T of 0.08. V4 = 120 mph.
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Figure 32.- The variation of total hinge moment coefficient with sec-
tion lift coefficient increment for various 0.20-chord
aileron profiles, showing the effect of aileron profile on the response
factor (variation of cp due to rolling). «g=0.010.
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Figure 33.- The effect of aileron chord on the aileron-control characteristics
40 of a typical pursuit airplane equipped with sealed gap ailerons
[ with internal nose balance. V; = 300 wph. /i}/(/g
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FIGURE 34.~ THE EFFECT OF REYINOLDS NUMBER an THE SECTION AMA/AM/C

CHARACTERISTICS OF AN AACA G6, 28-2/6 (®O.6) A/RFO/L
EQUIFFED WI7H O.2O-CHORD, SEALED. GAP, ALAIN AILERONS.
oc,= 0.07°




4 : , ; . : =15
210
!Sao deg
L o !
3 j 5
- :
fo] i
[0} 1 !
=
[}
£
O
£ 0 ‘
. !
=
65} i
ot }
[9) |
o i
Gy 1
41 |
o .2
o " - -5
-+~
D
o
— {
& i
o
= |
o .4 |
@ ~_10
i
-.6 ,’"15
3 4 5 6 7 8 9 10 x 1076
Reynolds number ,
Figure 35.- The effect of Reynolds number on the section aerodynamic characteristics of an NACA
65,2-216 (a=0.6) airfoil equipped with 0.20-chord, sealed gap, plain ailerons of

normal profile. ag = 4.140.
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