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MEMORANDUM REPORT

for
Army Alr Forces, Materiel Cormmend
AERODYNAMIC CHARACTERISTICS FOR INTERNAL~-BATANCE AND
FRISE TYPE AILERONS ON AN NAGA.6 SERIEZX
LOW-DRAG TIP SECTICN OF THE WING FOR'THE'XP-éf ATRPLANE
By William J. Underwood
INTRODUCTION

At the requeét of the Army Air Forces, Materlel Command,
tests were made in the two-dimensional low=turbulence tunnel
of a model submitted by Bell Aircraft‘Corporation ag the tip
section of the wing of the XP=63 airplane." The model was
an’ NACA 66,2x-216 & = 0,6 =airfoll section of 50-inch chord
and made of dural according to standard shest-metal practice.
The model was fitted for an internal-balance aileron with a
tab and a Frise type ailleron,

Several alterations of the skirts and balance on the
Internal-balance aileron wers tested to obtain the various
aerodynamic characteristics of the aileron.

It was felt desirable to check the results from the
two-dimensional lowsturbulence tunnel on & smalier chord
model due to the blocking effect of the large chord model
at high angles of attack. The check tests were made in
the two-dimensional low-turbulence preséure tummel where

more complete drag and 1ift results could be obtained at
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approximately the same Reynolds number. The model tea
the two-dimensional low-turbulence pressure tunnel was ths

NACA 66,2x-116 a = 0.6 airfoil section of 24-inch chord.

"his model was made of laminated mashogany and was equipped
with pressure orifices over the alleron. Tt was felt that

the small change in carber between the 24-inch chord and
aileron characteristics.
Section 1ift, drag, and hinge-moment coefficients are

serited herein from the results of the

pr

7590

dim ens.o al low-turbulence tunnel and the two-Adimensional
low=turbulence pressure tunnel.
LETT 10D

Lift and drag measurements for both models were made Dy

methods described in reference 1. In the case of the NACA

]

86,2x~-216 a 0.6 50=~inch chord model,
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coefficlents were hased on the nomlnal wing cHord; - Byt of

50

|

nches

, although the true chord length
w#ith the internal-balance alleron and 49.375 inches with the

Frise type alleron. The hinge-moment coefficienis were based

aileron confipurations tested are dimencgioned ag & fractional

part of the nominal wing chord 2 Hinge moments were
measured with a2 torque rod hinge-morent balance. The section

hinge-rionent coefficient is given as
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was assumed to be equal to that resulting from the application

of a force acting perpendicular to the aileron chord at the

point of attachment. This force was assumed to act at an arm
2 e Q.1licg o - ol

of 0.53%c, and to be equal to =%5° (8y-8y) where Sy-Sp

(reference 1) is the difference in the pressure coefficients

across the sealing curtailn.

RESULTS AND DISCUSSION

1

NACA 66,2x-216 a = 0,6 50-Inch Chord Model

Configuration A (fig. 1). - Aileron effectiveness and

hinge moments for configuration A with the tab locked at zero
are presented in figure 2. The hinge-moment results showed

the need for more balance because the slopes of the hinge-
L /dey, : ,
moment-coefficient curves (ﬁ?— were too high. At high
\ \..Qr ;

Lo 6=0

speed the stick forces would probably be too large for good
maneuverability.

Configuration B {(fig. 1). - Aileron effectiveness and

hinge moments for configuration B are presented in figure 5
Because the slope of the hinge-moment-coefficlent curve
dey )
—= |
déa/é L
a
decreased for aileron deflections greater than =129, tests

was large and because the 1ift coefficlents actually

were made at only one angle of attack.

1

Configuration C-1 (fig. 1). - Alleron effectiveness and

hinge moments for configuration C-1 with the tab locked &t
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Zero are presented in figure Ifs © 9he corresponding drag
polars are prééented_in figures 5(a) and 5(b). The test
results were insufficient in'numbefttd détefmine CuUrves.
The effects of a 0.0392¢ tab on the effectivéness and hinge
moments are presented in figures 6(a), 6(b), and 6(c).
Figure || shows that the aileron was overbalanced for small
deflections, e iérge rate of change in hinge moment

de, \ |

with angle of attack (/d h : :
X i /}6a=0 will cause further aileron

| . . Y i . //a C
overbalance due to rolling. The dapEaiTalus oF \daﬂ>
5.=0
a

was attributed to the sensitivity of the pfeésures at slot
1ips, which are the same as ‘the balanceipressures, to.local
flow conditions in the region of the siot; Tﬁu resﬁlts for
the aileron with the tab indicate that it may be possible
to correct the Sverbalance by the use of a sultable tab
linkage., | |

The effects of small leaks in the balance plate and
removal of one end seal are preéented in figuré T It iS
seen that small  leaks in the balance platé or sealiﬁg‘curtain
do not seriously affect the hinge moment and effectiveness
in the range of smdll deflection but have an annreciable
effect at aileron deflections above 10°, The removal
of one end seal; resulting in an end gap of approximately

0.575 lnch, caused a large increase in the slope of the
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hinge-moment-coefficient curve | —-] and an appreciable
déa i
Cva:o
decrease in the effectiveness.,

ity g 2 ' A v ;
The effects of roughness on effectiveness and hinge moments

are given in figures & and 9. In figure 8 it can be seen
/acy
that roughness causes a change in (?ﬁ§" J and appreciably
\ /
a/
} 6‘0.:0

shortens the range of low hinge moments for positive deflec-
tions of the aileron,

Configuratioh c-2 (fig. 1), - The hinge moments for con-

b 2

figuration C-2 are-presented in figure 10. It can be seen
by comparing figure 10 wlth figure li (configuration C-1) that

the change in the skirt gap eliminated the alleron over- .
g &

i

pbalance, and caused the rate of change of the hinge moment

I/dcll\‘\'
with angle of attack: iaf* | * .to decrease,’ - Increasing
\72 Jg =0

the size of the gap by shortening thé'skirt effectively moved
the gap position forward, away from the region of raéidly
changing pressufes assoclated with thé peék pressure on the
alleron, and thereby'reduced Ehé sensitivity of the pressure
differenbe across the balance‘portion of ther alleron ito
changes in angle of attack and aileron dgflectiﬂn. Unpub=
1ished test data showed no drag increment in the low-drag

range and no change in effectiveness throughout the range of

aileron deflections tested due to the increase in gap size,
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moment curves- \ Fg are about the same. Acain

unpvblished test ds

drag range and no cha

ral

range of alleron deflectlions due’ to
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The configuration tested in the two-dimensional 1

resuiltss et

3 . ; S = N o R R I Lz
pressure tunnedl are pregenved in figures Lo

It is seen 1in f1 15 that the rate of of the
hinge moment with angle of attack 1s of the same order

for configuration C-3 on the NACA €66,2x-216 a = 0.6
50-inch chord model. The slopes of the hinge-moment
are for qualitative purposes only because the effect of

gealing curtalin on the

mately estimated., Th

and 14(b) show a good low-drag range for the aileron

o5 B I e T ) - zZ = P S & 3 o e A s > S
figuration C-& are pregented in figure 11. B asis s e e
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turbulence pressure tunnel 1s glven in figure 12. The
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combination 318 used with configuration C-3 (fig.

or one with slightly more nose balance, a reasonab.
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0.0013¢ gap NATIONAL ADVISORY
GOVIMITTEE FOR AERONAUTICS

chord line

Pressure seal curtain_/

a
‘—i—o.onhc g 0.1642¢ >
0.020c

|
Ca
0.0475¢ 0.1375¢

Configuration A

chord line

A

R

0.730¢ (ref.) ——10,0389¢ ~—l

Configuration B

\\ Nominal wing chord ¢, 50 in, — — »
\ __0.0020 gap
chord line
i, (ST e e gt _ e Configuration C-1
= |
Pressyre seal curtain _— |
/ 0.0%92¢ fu—
] Ca
H:_—— 0.0817¢ — 0.1539¢ ——————»
0.020¢c
\/0.0050 gap (blunt)
___k.]Ci + s 5 Configuration C-2
/‘%‘L—/"”—J-‘SM par
/
‘,,\/0 0.002¢ flare
e - 1 o N \_\\ Configuration C-3
k,» ///
/"\ ———Same as upper

——

Figure 1.- Alleron configurations tested on the NACA 66,2x-216, a = 0.6, airfoil
section; 50-inch chord model.
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Figure 12.- Alleron configuration tested on the NACA 66,2x-116, a = 0.6,
airfoil sections 2lj-inch chord model.
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