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WIND-TUNNEL TBSTE OF AILERONS AT VARIQUS SPEEDS
II -~ AILEBONS OF 0.20 AIRFOIL CHORD ARND TRUE CONTOUR
WITH 0.60 AILRERON-CHORD SRALED INTERNAL BALANOCHE
ON TIE NACA 66,2-216 AIRFOIL

By H. G. Denacl and J. D. Bird
SUMMARY

Hinge~-moment, 1i1ft, proassure dlfference across the
balance, and rressure~dletribution measurements were made
in the two-dimensicnel %est section of the stadility tun-
nel on a 0.60 elleron-chord sealed internal-balance al-
leroa on the K4&CA 66,2-216, a = 1.0 alrfoil.

The primary ot ject of these tests was to determlne
the eifect of spesed on the actlion of thie aileroa. The
alrepeecd was varied from 130 to 360 miles poer hour, corre-
sponding to Mach numbors of approximately 0.197 to 0.475,
respoctively. The vent gap was varled from 0.0025 wing
chord to 0.0100 wing chori.

The variations in section hinge-moment coefficient,
sectlon 1lift coeffliclent, and pressure coefficient across
the balance with Mach number, angle of attack, alleron an-
gle, and vent gap are given graphically. The pressure
coefficlent ecross the balance has been glven in order that
the desired amount of balance can be more readlly obtained.
Oross plots have also been included to show the general
effect of changes in Ma6h number and vent gap.

&n increase of speed 1n the range tested generally
increased the alopes of the curves of hinge-moment coeffi-
clent and 1ift coefficient and also caused a considerabdle
decrease of the unstalled range of the aileron.



IRTREODUOTION

The forms of allerons in use today have given perform-
ance that was satlsfactory according to previous require-
ments, With the development of current combat alrplanes,
however, large lncreases in speed ard wing area, together
with the demand for higher rolling velocitles, have intro-
duced difficulties such as overbslance at high speeds on
some of the exlsting slleron 1lnstallations.

This difficulty with balance 1s apparently the result
of compressibllity effects on the almost exact balance re-
quired at high gpeed. It has been considered desirable,
therefore, to relnspect some of the currently used or re-
cently proposed balance errangements from these consldera~
tiona. The FACA 1s therefore undertaking a study of =saeme
of the more promlising aileron forme at hlgher speeds than
those employed in previous development. As reported in
reference 1, an alleron of 0.20 airfoll chord with 0.35
alieron~chord blunt:nose balance has already been tested.
The prescnt investlgation was made to determine the effect
of speed, up to a Mach number of 0.475. on the section
characteristics of & 0.20 alrfoil-chord aileron of true
contour with 0,60 alleron-chord sealed internal balance on
the WACA 66,2-216, a = 1.0 airfoil, and &lao to determine
the effect of varlation of vent gap on the aerodynamic
characterisetice. The 0.60 alleron-chord balance was chosen
because unpublished data from Amees Aeronautical Laboratory
has indicated that satlsfactory hlnge-moment characterls-
t1cs would be obtalned on this type of allevon wlith this
alrfoll section.

Curves showing the variations of alileron section hinge-
moment coeffliclient, section 1lift coefficlent, and pressure
coefficient across the balence with alleron angle are plot-
ted for five airspeeds that correspond to Mach numbers of
0,197 to 0,475, Cross plots showing typlcal effecte of var-
lous parameitere on the serodynamic characteristics are in-
cluded for comparisons. A comparison of thls alleron with
the blunt®nose aileron of reference 1 on the same airfoll
18 also included.

SYMBOLS

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

where

airfoll section 1ift coefficlent (—;

increment of alrfoil section 11ft coeffioient

aileron gection hinge-moment cosfficlent ( c )
qCqa
increment of preseure coefficlent across balance

(pressure below balance minus pressure above
balance divided by dynamic pressure)

airfoll section 11if%

alleron sectlon hinge moment

chord of besic airfoil, including alleron
chord of aileron behind hinge axis
dynamic pressure (% pva>

absolute veloclity of alr stroam

mass deonsgity of air

angle of attack of airfoll for infinlte aspect
ratlo

alleron deflectlon wlth rsepect to alrfoil

¥Mach number

slope of ¢ againset & at constant a
ha : a 0

slope of ¢ agalnet o at constant 8§
b, o a

slope of AP agalnst §, at constant 7%
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(g:‘) slope of ¢; agalnet 8, at constant a, -
a

y o
slope of ¢ against o at 8, =0
(amo P z g . (o) a

APPABRATUS AND MODEL

Tosts were made in the two-dimensglonel test section
of the stabllity tunnel. Thils section is rectangular, 6
foet high and 2.5 feaet wlde. Air velocltles unp to 400
miles per hour are pecssible 1n thls asectlon. Figure 1 1s
n photograph of tho test section with a model 1im place.

The model investigated had an FACA 66,2-216, a = 1.0
airfoil section of 2-foot chord. Table I gives the alr~-
foil ordinates. The wing portion of the model was made of
laminatad mahogany. The 0.20c aileron of true contour
with O.EOca gealed 1internal balance wes nmade of stesl.

Cover plates were also 0f etsel, falred to the =mirfoil
contonr, and the vent gnp wase varled by uee of cover plates
of different lengths. The seal waes nede of impregnated
cotton and extended completely across the sirfoil span.
Clearance at the ends of the balance was kept to & minimunm
and sealed wlth grease 5o prevent leakage. Tigure 2 is a
sketch of ths alleron teated.

Tho aileron wag supported a2t the ends by ball bearings
housed in stesl end plates attached to the mirfoll. The
airfoll was fixed into circular end disks, which were flush
with the tunnel walls with about 1/8-1inch clearence betwesn
the ailsron and the end disks.

The angle of attack wae ckonged by rotating the end
disks, Aileron angles were varied =nd hinge moments were
measursd by a calibrated spring-torque valance and sector
syetem, Lift was measured by an integrating manometesr
connected to orifices in the floor and celling of the tun-
nel. The integrating manometer was callbrated agalnst
11ft obtalned by pressurc-dlstributlon measurements on the
airfoll. Pregsure orifices were located on the center
line of the wlng and aileron and the pressure distridbution
was recorded by photograpking the multliple-tube manometer.
Pressure openlngs were located under tke cover plates on
each slde of the balance nsar the center line nnd the -
pressure difference acrogs the balance was read along with
the 1ift and hinge-moment readings.

274w
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TESTS

Tests were made with vent gaps of 0.00350, 0.0050e¢,
and 0.0100c, Einge momente, 11ft, and the presesure differ-
ence acrogs the balance weré measured. PFPressure distribdu-
tlone were recorded photographically.

Tests with each vent width were made at five Mzmoh nunm-
bere in a range between 0.197 and 0.475. The lowest value
of M ocorresponds to a Beynolds number of 2,800,000 and
the highest value to & Reynolds number of abaout 6,700,000.
Reynoldes number based on starndard atmospherlc conditions
plotted agalnst test Mech number is given as figure 3.

Tosts were made at angles of attack of b O°. 5°, and 10°,
For each angle of attazk, readings werse taken at the fol-
lowing alleron angles: 0°9, x2°9, xp°, =79, x10°9, x16°,
118°, and *20°. The highest valus of Mach number could

not be attalned at the large angles of nttack with largze
alleron deflectlions because of limited tunnel power.

Pregessure~distribution records were made at Mach num-
bers of 0,198, 0.5%8, and 0.475 for angles of attack of 0°
and 109. At cach angle of attack the alleron settings
were 0°, x5°, *10°, anda 16°

PRECISION

Angles of attack were set to within 20.1% and aileron

angles to within *0.3°. The hinge-moment coefficlents
could be repecated to within *0.,003, 1ift coefficients to
within *0.0l, and preseure coefflcient acrose the balance
to within +0.03.

Corrections for tunnel-wall sffects were applled to
tho 1ift cooffleclonts and to the angles of attack. The
corrootlons appliod aro:

o = [1 - Y (1 4+ 28)] ;'
Gy = (1 + Y) mo'

whero

2
n
.pl:l
ol
£le
—6



B = 0.304 (theoretical fector for NACA 66,2-216, a = 1.0

airfoil)
h helght of tunnel
ct' measured 1lift coefficlent

a,' uncorrected or geometric angle of attack
The values used are:

cl = 0.9€3 c!'

6, = 1.023 o,

¥o corrections were applied to the ssction hinge-moment
coefflicients or to the pressure coefficlent across the bal-
ance,

The spring-halance method used in this report for ob-
taining sactioa hinge-momen} coefficients was checked for
a number of cases by the pressure-distribution method and
the comparison 1s given 1n figure 4. The variations shown
are probably due to the fact .that the spring balance meas-
ures the moment of the entlire alloron, whioch 1lncludes ef-
fects of boundary layer at the tunnel wall and of gaps at
the cnds of tho alleron as woll as any cross flow over the
alleron. The pressure distridbution, however, givee the
hinge moment of one sectlion of the aileron ~And 1s sudject
to errors in falring the pressure-distribution diagrams.
The majority of the points shown are within the accuracy
of the spring-banlance measuring syetem.

RESULTS AFD DISCUSSION

The results of this investigation are presented graph-
lcally in figures 5 to 18. In order that individual plots
may be more easily 1dentified, table II gives the flgure
nunber, variatlions shown, test Mach numdber, and vent gap.

Hinge Moments of the Alleron
The effect of an increase of the ailrspeed from a Mach

number H of 0.2 to 0.47 was appreclable on the curves of
seotion hinge-moment cosffilclent oha plottod against
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nileron angle §8,. A atudy of figure 5 shows that the range
in whiech ®hg continues to increase linearly with 8, de-

cresses with increase of speed and that, in this linear
range, the slope of these curves increasod with spoed. In
- order thet the effeot of chango of alrspeed and vent gep on

ac )
aah ) may be more roeadlly seen, thle parameter has been
a

plotted ngainet Mach number in figure 6 and against vent gap
in figure 7. Becausc the hinge-momont-coefficioent curves
often changed slope at zero alleron angls, valuses of Chg

at allsron angles of £5° were arbitrarily used to determine
the slope. It is evident thal; in the range tested,

ach

38 ) becomes greater negatively wlta increase of N
Y

for all but the 10.3° angle of attack a,. Part of thie

change may be due to Reynolds number. The canange in aslope

when o, = 10. 2° at M = 0,35 is not understood but 1ig

believed to be sesociated with the attainment of critical

speods over the forward poeition of the alrfoil at thie
angle of attack.

Changee of the vent gep from 0.0025¢ %o 0.0100¢ also
oc
caused a gonseral negative lncrease 1in ( h ) This re-

eult 18 in agreemont with the results given in reference 2,
in which tbe vent wldth was varied. Thore was no noticeabdle
change of ths stallod range of thoe alleron wlth vent gap.
(sce figs. 6 and 7.

h
With the O.GOoa balence tested, (§E~a> vaes posltive
a

®xo
at’ a, = 0° over part of the epeed range, and overbalance
18 indicated. One.requirement for balance is that

aoh
5 ) be negative, but this condlition is not sufficlent
a

for btalance when the change 1in angle of attack due to roll-

dc
ing 18 conpgldered. In these tests ( h ) wvas negative



at all angles of attack at high speed; yet, 1f the rolling
conditlon 1s considered when stlck forces are estlimated,
the ailerone may be overbalanced at all speeds for a large
range of alleron deflsctions,

If the pressure difference across the balance le as-
sumed to be equel for all polinte along the balance, it is T
reasonable to expect that the oha can be predicted for -

any other amount of bPalance. This fact 18 substantiated e
by the data and discussion in reference 3. The fcllowling
relation based on the geometry of the balance parts has

been derived:

¢ '=c, - |0.1624 — (x~0.1875) (X=0:1875 .4 1875 -{AI’ (1)
h h, 2 B

where

ch' alleron eectiorn hinge~noment coefflcient of an al-
leron of x ©balance

x amount of balance in fraction of aileron choréd; for

plein alleron, x = 0.1875

The pressure coefficient across the balance AP 1is
given in figure 8 for conlitions identical to those at
which the hingze moments were measured. The varlation of

(%%E with Mach number in the range tested is small.
8g

Abenlutoe veluee of AP at large aileron angles were lower
at high airspeeds than at low airspeeds. The highest val-
nes of AP were genoerally obtained with the emnallest gap
that was used, which is as expected.

From the use of cha and AP obtained from the

0.0060c vent gap at M = 0.358 and formula (1), the hinge-
moment coefficlents for a plain sealed alleron were cal-
culated and are given in figure 9. The curvee of hinge-
moment coefficlent computed for a plailn sealed alleron are
nearly llneoar throughout the ailleron range.

Data from figure 5 have baon cross-plottod to show the
variation of cha with angle of attack for three repre-

sentative ailoron angles in figure 10. Tho average incre-
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ment of oy  for ag = -5.1° %o 10.2° ie -0.09, whioch

glves an average value of EEE&) ' of ~0.0059. Speocific
3c dao ‘3
h
values of (5;‘5 may vary wildely from -0,00869.
[¢] 53
Lift

The airfoll section 1ift coefficient o, plotted

againet angle of attack for the various speeds and vent
gaps that were tested are given in figure 11 for gzero ai-

leron angle. The parameber (gﬁl wes taken between
©%0%,=0

%, of -5° and 0°. 4 characteristic of this low-drag air-

foil eectlon 1s that separation takes place between an g

of 2° and 4°, and a change in the 1lift curve results. More
information on thle phenomenon 1s given 4in roference 4.

The parameter g:z> was plotted against ¥ 1n figure
0’8 =0
%30

of 0.017 was obtained for
amo

12, and 2 change of (
85=0

the vent gaps of 0.0025c and 0,0050c for a change of M
betwesn 0,2 and 0.475. OClauert and Ackeret have shown that
1
1 - K?
This veriation is shown in figure 12 by using an arbltrary
1ift slope of 0.099 at I = O in such a way that the theo-
reticnl increase of 1ift slope passes through the measured
value for the 0.0025¢ and 0.0050c vent gape at N = 0.2.
4 comparable change in M of 0.0l1 is obtained by this
method. The obeerved differencs between the two curves 1e
believed to be due to the fact that Reynolde. number may
have an approociable offect on the slops of the 1ift curve,
as 18 indicnted by the data given 1n roferente 4 for thie
alrfoll section, and to the fact that the wind-tuanel cor-
roction which was appliod neglectod compressibility ef-
fects. The vent gaps of 0.0026c¢ and 0.0050c gave 1denti-
cal results, whereas the 0.0100c vent gap showed a con-
slstently lower lift-curve slope. This difference may be
due to misallinement of the cover plates.

the 11f% curve slome should vary with M as

Plots of sectlon 1ift coeffigcilent LT agalinst alleron
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engle (fig. 13) show that the most notlceable effect of an
increase 1n the airepesd 1s a decrease of the angle at
vhich the slope of the 1ift curve changes. In order to
avold confusion the curves in figure 13 have been falred
through the points for a Mach number of 0.358 only. The

ac;
parameter <§E—> obtained from values of c; at 3§, £
o &
of £5° 1g plotted againot M 1in figure 14 and against \
y dc
vent gap in figure 15. A small increase of (531 wase
a
)

noticed with increasse of alrspssd in the range tested for
all but the 10.2° angle of attack. Variations of the
slope with vent gap wore too irregular to show any defl-

dc
nite $rends. The valuos of (§EL> obtaincd in this
a
e

test are 1in close agresmont with tho values obtalned from
reforonce 4 for a 20-porcent chord, plain scaled flap on
the same amirfoll and at approximately the same ZRoynolds
number,

- Control-Force Criterion

The varistion of Achasa with Acz is a control-

force criterlon that takes into account not only the re-
duction 1n Acha but slso the poselble reductlion in Acl

(for a glven defloction) that ma7 be caused by the balanc-
ing devico. ZEven though A4cy may be reduced consider-

a .
ably, 1f in dolng =0 1t 1s necescary to move the control
surface thrcugh a very large angle (decreasing the stick
leverage of the ailerons), the product Achasa nay be in-
creased somewhat to obtaln the same Acl. The criterion

as used herein 1s strictly valld only at the instent that
the alleron is deflected. The use of this criterlion for
computing stick forcese during a roll will give arn errone-~
ous indication of these forces because differences in

acha
o )
o 8

taken 1nto account.,

for the allerons that are belng compared are not

Flzure 16 shows this criterlon compared at varlous
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Mach numbers. The effect of an increase in speed 1s small
exoopt at large alleron deflections; in thie case the
control-force criterion 1s gemerally lower at low speeds
than at high speeds. Varilations with vent gap when com-
pared by this criterion were small (fig. 17); the 0.0025¢c
and 0,0050¢c vent gape, howsver, gave elightly better re-
sults than the 0.0100a vent gap.

The blunt- nose balance alleron with 0.02¢ radil and

'0.0055 gap reported in reference 1 is compared in figure

18 with the aileron tested in this investigation. It 1s
ovident that, when compared by thls criterion, the internal-
balance alloron tested had not only lower values of Achaaa

at specific values of Acl and less separatlon of these

curves with angle of atteck, but also higher values of
Ac; obtainable with alloron defloction, than the 0.36cy

blunt nose balance aillercn or this ailrfoll.

A notlceebls diffasrence between the two allerons, not
shown 1n any of the flgures, 1s that tho oscilllations that
occurred at the transition point botwoen the stalled and
unetalled range on tho blunt noso alleron were eilther not
present or were so smrll as to be unnoticed on the intermnal-
balance eileron. A posslble explanation for this phenome-
non 1s that the stall was nnt as clearly defined on the
internal-balance type and, as discussed in reference 3,
there may be a heavy damping of oscillatlons with the inter-
nal balancse.

CONCLUSIONS

The results of thips investigation of an internal-balance
alleron of 0,20 ailrfoil chord and true contour with a 0.60
alleron~chord balance tested on the NACA 66,2-216, a = 1.0
airfoll section indicate the following general conclusilons:

1. Increasing the alrespeed up to a Mach number of
0.475 noticeably inocremased the slope of tho curves of the
hinge-moment cocefficient and of the airfoill 1ift coeffi-
gient but, at the samo time, consideradly deccreased the
unstalled range of tho aileron.

2. Ohangos of tho vent gap from 0.00256 chord to .
0.0100 chord had little offect on the aerodynamic characs.
terlgtics; bost acrodynamioc characterlietice, however, wore
ocbtalned with a vent gap of 0.0050 chord or less.
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3., A 0.60 alleron chord sealsed internal balance on
thie alloron causes overbalance at zoro anglo of atteck
for low alrepoods; moroover, when the changoe in anglo of
attack duo to rolling is consldered, tho aileron may bo
overbalanced at all speeds for a large range of alleron
deflectlons,

4, The internal-balance alleron tested had much bet-
ter aerodynamic characteristics than the bdlunt nose al-
lerons tested on the same alrfoll.

Langley Memorial Aeronautical Laboratory,
Netlonal Advisory Committee for Aeronautics,
Langley Field, Va.
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TABLE I
ORDINATES FOR NACA 66,2-316, & = 1,0 AIRFOIL

[Stations and ordinates in percent of wing chbrd]

N
g
4
Upper surface Lower surface
Station Ordinate Station Ordinate
0 0 0 0
.401 1,250 .B599 -1.130
.640 1.484 .860 -1.344
1.128 1.858 1.372 © =-1,644
2.3582 2.560 2.638 -2.188
4.846 3.604 5.154. -2.972.
7.340 4.428 7.660 ~3.580
9.838 5.140 10.162 -4.,106
14.845 6.376 15.165 -4 ,930
19,860 7.156 20.140 i -5.664
24 .879 7.844 25.121 ~6.054
29.900 8.366 30.1C0 -6.422
34.924 8.736 35.076 -6.676
39.949 8.980 40.051 ~-6.838
44,974 9.092 45.026 ~-6.902
50.000 $.0%0 . 50.000 -6.854
55.025 8.875 54.975 -6.686
6C.048 8.496 659.9562 -6.354
65.067 7.862 64,933 -5.802
70.081 6.9£] 69.919 ~4.997
75.087 £5.860 74.913 -4.070
80.085 4.644 79.915 ~3.062
85.075 3.395 84.926 -2.049
90.06b6 2.103 89.945 . -1.069
95.028 .913 ) 94.972 - -.381
100,000 0 100.000 0
L.E. Radius = 1.675
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TABLE II

LIST OF PLOTTED RESULTS

14

Figure

Ha.oh number

th blunt nose type

Yoten| * - -Yariation shown (sgprox.) - Vent gap
0.198, .290 (a) 0.00250
6 Ch, B8&ainst 8y 98. 118, (v) .0050e
(e¢) .0100c
)
6 -B_BE) egeinst X Verios 0.0050¢
a
[+ 9
aoha .
7 Y againet vemt gap 0.198, 418 Yariea
a.
0.198, .290, (a) 0.0025¢
8 AP sagainst 8, 358, 18, (p) .0050¢
ALk (¢) .0100c
i Ch, agalnct 6,
9 | £ €computed for 0.20¢ plain 0.358 0.00506
aileron)
10 Che against ay, 0.19¢, .W1.8 0.0050¢
<{ 0.198, .290, 0.0025¢
11 c, against a 358, Mg, .0050¢
L Bk .0100¢c
0.6025¢
12 <Ec—7'- egulnet M Varies [ . 00”R0¢c
oo 4 | 1 .0100c
( 0.198, .290, | () 0.0025¢
13 ¢; againet 3§, s .358, M8, | () .00500
L (o) .0100c
ac
o} ( r agalnst M Veries 0.00500
acz
15 55 against vent gap 0.198, .48 Varies
a
o]
tha_s egalnat Aoy 0.198, .290
16 showing variation with 2358, 18 0.0050&
. -M L7k .
thaaa against Ac:1 0.0025¢
17 ‘showing .variation with 0.418 +0050¢
vent gap «0100c
thaaa against Aoy
18 { alleron tested 0,198, .18 0.0050¢
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