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0.85 AILERQN"CHORD EXTREME BLUNT NOSE BALANCE
ON TEE NACA 66,2-216 AIRFOIL -

By W. Letko, H. G. Denaci, and C. Freed
SUMMARY

Hinge-moment, 1ift, and pressure-distribution
measurements were made in the two~dimensional test section
of the NWACA stability tunnel on a blunt-nose balance-type
aileron on an NACA 66,2-216 airfoil at speeds up to 360
milesg per hour corresponding to a Mach number of 0.475,
The tests were made primarily to determine the effect of
gspeed on the action of thisg type of aileron, - The balance-
nose radii of the aileron were varied from O to 0.02 of
the airfoil chord and the gap width wag varied from 0.0005
to 0.0107 of the airfoil chopd. Tests were algo made with
the gap sealed., :

The variationg in hinge moments and lift with Mach
number, angle of attack, and aileron deflection are given
in the form of curves of section hinger-moment coefficients
and section 1ift coefficients plotted againgt aileron
deflection for the various conditions teésted, together with
crosg plots showing the general effect of Mach number, gap
width, and balance~nose radii.

The results show that there was a consgiderable in-
crease .in the gtalled range of the aileron with increased
speed., Up to the stall, the variation in hinge-moment
coefficients and 1ift coefficients for the speed range
tested was small but the variation may be appreciable when

3 stick forces at high speeds are congidered.




combat airplanes, in addition to high maneuverability re-
guired in combat, have made it necessary to balance almost
exactly the hinge moments of ailerons and at the same time
to maintain their effectiveness. Although most types of
aileron balances in use today operate satigfactorily at
low speeds, difficulty, such as overbalance at high speeds;
has been experienced with some existing aileron installa-
tions. This difficulty is apparently caused by the large
amount of balance coupled with the changes in hinge moment
that result from compressivility effects. Consideration
of these problems has made necessary further research on
gsome of the currently used or recently proposed balance
arrangements.

The WACA is therefore undertaking a study of some of
the more promiging aileron types at higher Mach numbers
than were employed in previous developments. This report |
deals with the section characteristics of a blunt-nose
balance type of aileron of 0,20 airfoil chord with a 0.35
aileron balance and of true contour used on an NACA 66,2-216
airfoil. The amount of balance, 0.35 aileron .chord, was
chogsen because, from the data given in reference 1, it was
estimated that thig amount of balance would give almost?t
complete balance on an airfoil of the NACA 230 geries at
a low angle of attack. .

2
INTRODUCTION
Large increases in the size and speeds of current

The section 1ift coefficient c¢; and the section
hinge-moment coefficient Chy, Were measured at various
airgpeeds up to 360 miles per hour, corresponding to a
Mach number of 0.475. Thesge meagurements were taken
through an angle-of-attack range from ~5° to 10° and an
aileron deflection range of %209, The influence of the
gap width between the aileron and wing and the influence
of the radii of the projecting corners of the balance were
investigated. The data are pressanted in the form of curves
of ¢; and cp, plotted agains?t aileron deflection with

cross plots to show the effect of the aileron parameters.
SYMBOLS

I

gc/

Acy increment of airfoil section 1ift coefficient

¢y, airfoll section lift coefficient <




Cmg /4 airfoil section bitchi£g~moment coefficient about

quarter-chord point of airfoil (———%)

Chg alleron sectlon hinge—moment coefficient (;___ >

Lo alrf011Asectlon 1ift

mc/4 ailrfoil section pitching moment about quarter~-chord
' point of airfoil '

h, aileron section hinge monent
c chord of basgic airfoil, “including aileron

Cqy chord of aileron measured from hinge axis back to
trailing edge

B
q dynamic pressure —PV\\
. \5" )
v air velocity
o mass dénsity_of air
(o 7 angle of atfack for airfoil of infinite aspect ratio

82 aileron deflection with respect to eirfoil

M Mach number:
APPARATUS AND MODELS

The tests were made.in the two-dimensional test sec-
tion of the stability tunnel at airspeeds up to 360 milesg
per hour. The tesgt sectlon ig rectangular, 2.5 feet wide
and 6 feet high. ' '

The model of an NACA 65,2-216, a = 1.0 section was
made of lamipnated mahogany. It cowmpletely .spanned the
tegt section and was fizxed into circular end disks that
were flush with the tunnel walls., The angle of attack of
the model was changed by rotating the end disks. Tables
I and Il give the ordinates of the airfoil section and-
locations of centers of balance~noze radii, respectively.
Figure 1 is a photograph of a model mounted in the tunnel,



The aileron of 0.20c and 0.35¢c, balance and of true

contour was made of steel with wooden nose pieces having
0, 0.0lc, and C0.02¢ balance-nose radii. (see fig. 2.)
The aileron was supported at the ends by ball bearings
mounted in steel end plates attached to the airfoil.

The aileron deflection was varied and the aileron
angle and hinge moments were measured by a calibrated
spring torque balance and sector system., Pressure ori-~
fices were located along the midspan of the wing and ai-
leron and the pregsure distribution was recorded photo-
graphically. In some cases hinge moments and lift were
obtained from the pressure-distribution diagrams.

For some of the tests the 1lift was also measured by
an integrating manometer connected to orifices in the
floor and ceiling of the tunnel. The integrating manom-
eter was calibrated against 1ift obtained by pressure
digtridbution.

TESTS

Tests were made with balance-nose radii of 0, 0.0le,
and 0.02¢c. With zero radii only pressure-distribution
tegts were made.  With radii of 0.0lc and 0.02c, hinge
moments were measured with gap widths of 0.0005¢, 0.0030¢,
0.0055¢, -and 0.0107c and also with a 0.0055¢c gap sealed
with a flexible sheet that extended from wall to wall.

In the test in which the 0.02¢ radii was used - in addi-
tion to the pressure-distribution and hinge~-moment
measurements - section 1ift was measgured by the integrat-
ing manometer.

Tests for each condition were made at five speeds
which gave Mach numbers in a range between 0,195 and 0.475.
The lowest speed corresponds to & Reynolds number of about
2,800,000 and the highesgt speed to a Reynclds number of
about 6,700,000, Figure & is a plot of Reynolds number
based on standard atmospheric conditions againsgt test Mach
number. Tests were made at angles of attack of -5°2, 0°, 5°,
and 10° with =29, 2°, and 7.5° added for the 0.0055c gap
(open and sealed). For each angle of attack readings
were taken at the following aileron angles; 0, 29, £59,
%79, £10°, .£389, £36%, 438%,; and £209,

The -high gpeeds -could not be attained at the large
angles of attack with large aileron deflections because
of limited tunnel power.
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Preggure~digtribution records were taken at Mach
numbers of 0.195, 0.358, and 0.475 for every angle of
attack tested. TFor each angle of attack records were
made at aileron angles of O, *5°%, -7°, #10°, and #16°.

PRECISION

Angles of attack were set to within £0.1° and aileron
angles to within +0.3°. The hinge-moment coefficients

.that were measured could be repeated to within £0.003 and

the 'lift coefficients to within £0,01.

Correctiong for tunnel~wall effects were not applied
to the section hinge-moment coefficients. The following
corrections were applied to the section 1ift and section
pitching-moment coefficients and to the angle of attack:

ey = L1 -7 (1 + 38)) oy
(1 - 2BY) R
Qo -] - &) (o] e
ﬂc/4 - mc/é ¥ k&
ag = (1 + T)a?
where
2 8
Tw B é)
48 \h
h height of tunnel
B = 0.304 (theoretical factor for NACA 66,2-216, a =1

airfoil)
cy' measured 1lift coefficient
cmc/q‘ measured pitching-moment coefficient
al yncorrected or geometric angle of attack

The values used are:




o

¢y = 0.968 cy!

= 0.986 .006 !
cm.c/4 0.986 Cmc/4 120 «Q0% e

do = 1.023 o

Hinge moments were meagured simultaneously by pres-—
gsure distribution and by the spring torque balance for a
number of varied conditions and the results are shown in
figure 4. The variation in the values is probably due to
the fact that the spring balance measures the hinge moment
on the entire aileron, which includes effects of boundary
layer at the tunnel wall and of gaps at the ends of the
aileron as well as the effects of any cross flow over the
aileron; whereas the pressure distribution gives the hinge
mowent at one gection of the aileron and is subject to
someé errors in fairing the pressure-distribution diagramsg.

RESULTS AND DISCUSSION

In order that the results for the tests of various
model configurationsg may be more eagily found table III
gives the figure nunbers, the variations shown on the fig-
ure, and the corresponding model configuration. Only part
of the data are presented for the O and 0.0lc balance-nosge
radii.

The results show tha+ for all conditionsg the aileron
apparently stalled at an angle of deflection that depended
on the speed, the angle of attack, the gap width, and the
balance-nose radii and that the hinge moments increased
rapidly in the gtalled range. At the transition point be-
tween the stalled and ungtalled range the aileron was
observed to ogcillate between the stalled and unstalled

ondition. As the speed increased the ungtalled range of
deflectionsg of the aileron generally became sgmaller., The
effect was most pronounced with the zero balance-nose
radii.

Hiange Moment of Aileron

The aileron section hinge-moment coefficients chg
plotted againgt aileron deflection &, are given in fig-

ures b ta Y. The valueg of e given in figure 5 are
ha




from pressure-distribution records (no other satisfactory
measurements were available); those given in figures 6
and 7 are from spring-balance measurements (a comparison
of results obtained by the two methods is given in fig-
ure 4). These results show that for a limited range of
aileron deflections and angles of attack the aileron bal-
ance was fairly effective. An average value of the slope
of the curve of section hinge-moment coefficient plotted
dch
against aileron angle, ———2 , of =0.0057 was obtained
d 5,
from values of Chy- 8ti@s G408 + 5% as compared to a
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value of -0.01ll given by unpublisghed data for a 0.20 chord
plain gsealed aileron on the same wing section. Although

L ;
the value of -8 of =0.0057 is relatively large for

A

Cl8ga
combat airplanes, the increment reduction in the wvalue of
E98. ;
?2;* ig, according to data reported in reference 1, about
s RO ) 53
the same ag would be obtained for a 0,35cy balance aileron
on an NACA 230-gerieg section.

For the range of Mach numbers M tested the most
noticeable effect of increasing speed on the hinge-moment
characterigtics of the ailerons was a considerable increase

. in the stalled range of the ailercn. The general trend of
the effect of M on Ch, in the unstalled deflection

ange ig shown by figure 8 to be an increase in Chy with

increase of M. Some of this trend may be due to the
change in Reynolds number. Approximate valuegs of Reynolds
number for any value of N may be obtained from figure 3.

A change in the unstalled range of the aileron is
shown by figures 5 to 7 to be the principal effect on the
hinge~moment characteristics resulting from changes in
balance-nose radii and gap width. An increase in radii
from O to 0.02¢ changed the unstalled range from about +4°
to avout *10° and increased the ninge-moment-coefficient
slope. For all cases, the aileron with gap sealed had the
greatest ungtalled range. A4n increase in the gap decreased
appreciably the unstalled range; the amount of change
varied with angle of attack and the effect was usually
greater for the positive range of aileron deflections than
for the negative range.

Hy
*

@



Figure 9 ghows that the effect of gap on Ch, in the

unstalled range is usually small. The general variation
of ecp, with a, is shown in figure 10. Here again the

effects of M, balance-noge radii, and gap are small,

Lift

The airfoil section 1lift curves, c¢; (obtained with
the integrating manometer) for a balance-nose radii of
0.02c with aileron neutral, are presented in figure 1l and
show that the glope of the lift curve increases with Mach
number. The variation of lift-curve slope with speed for
the various gap widths is given in figure 12 together with
a curve showing the theoretical variation. It is believed
that closer agreement would have been obtained if the com-
presgibility effect on tunnel-wall interference and Reynolds
numnber effects on the airfoil characteristics had been
taken into account. Figure 12 also shows that the highest
gslopes were obtained with the gap sealed. When the gap
wag ungealed, an increase in the gap width ceused a decrease
in the slope excopt at the highest speed tested where an
increase in gap resulted in an increage in the glope.

Figure 13 is a plot of section 1lift coefficient against
aileron angle. In order to avoid confusion, faired curves
have been drawn in this figure only through the test points
for a Mach number of approximately 0.36. TFor low and
medium angles of attack an increase in the gpeed increases

: ; ¢ :
the value of the slope of these curves <§m£>. and the

amount of increase varies with the angle of attack:. At

"high ‘angles of attack an increase in speed generally causged

gegd
a-decrease in the value of/ ﬁ.
\ 38a /
5 C,

d
Figure 13 also shows that the value of (:ik\', for a
\38g /

; : . L
range of 85 of +5, was highest at low and medium angles
of attack with the gap sealed and, at high ahgles of attack,
the glope was highest for the C.0056c gab: Increases in
gap usually decreased the aileron deflection at which the
" stall occurred and decreased considerably the effectiveness
of the aileron at large aileron deflections. The loss 3in
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effectivenegs due to the gap at large aileron deflections
was least at the high speeds.

The airfoil section 1lift and section pitching-moment
coefficients obtained by pressure distribution for balance-
nose radii of O and 0.02c¢ are presented in figure 14, TPig-
ure l4(a) shows, as might be expected, that there is little
change in the lift curve (aileron neutral) with changes in
balance-nose radii. Figure 14(b) showg the variation of
the airfoil section lift coefficient cy with aileron de-
flection for the different radii. It is evident that the
aileron with 0.02c¢c radii has a much larger effective range
than either of the other two ailerons and that the aileron
with zero radii is inefficient bDecause it loses all its
effectiveness at a positive aileron deflection of 5°,

Variations of airfoil gsection lift coefficient cy
with Machk number for balance-nose radii of 0,02¢ are shown
in figure 15 for three aileron deflections. The general
tendency, as expected, ig for the 1ift coefficient to in-
creasse with Mach number; part of thig increase probabdbly is
due to Reynolds number. At an angle of attack of 10°,
however, the 1ift coefficient decrecaged after a certain
value of Mach number was reached as a result of critical
speed occurring over the lesding edge of the airfoil.

Increasing the gap width from 0.0005¢c to 0.0107¢
generally caused a slight decrease in the value of cg.
(see fig. 16.) The aileron with 0.02¢ balance-nose radii
uged in thisg test ig somewhat more effective in producing
lift at an angle of attack of 10° than a plain sealed flap
of 0.20c on the same type airfoil at approximately the
same Reynolds number, as is iundicated by the data given in
reference 2.

Control-Force Criterion

The variation of AChaBa with Ae; .is a control-

force criterion that takes into account not . only the re-
duction in Acha but also the possible reduction in Acy
(for a given deflection) that may be caused by the balanc-
ing device. Therefore, even though Acha may be reduced
considerabdly, if it is necessary to move the control sur-
face through a very large angle (decreasing the stick
leverage of the ailerons) the product may be increased
somewhat to obtain the game ACL' The criterion as used
herein is strictly valid only at the instant that the
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aileron ig deflected. The use of this criterion for com-
puting stick forces during a roll will give an erroneous
indication of these forces because differences in the
rates of variation of hinge-moment coefficients with angle
of attack (achﬁaa) of the ailerons that are being compared

are not taken into account.

Figure 17, a plot of Acy, 8, against Aey for

various Mach numbers, shows that the effect of Mach number
on the balance effectiveness is small except for high

aileron deflectiong. Generally there is a decrease in the
range of balance effectiveness with speed. In gome cases,
however, the effective range increases with small changes
of speed but is decreased with further increases in speed.

Figure 18 shows the variation of Acy.b, with Acy
nga

for the different valance-nose radii. The effective 1lift~-
producing range is very small for the zero radii and isg
greatest for the 0,02¢ radii.

Figure 19 shows the variationm of Acp,8a With Acy

for the various gap widths.  TFor small and negative angles
of attack the results were best with gap sealed dut -at
higher angles the results were best with a gap width of
0.0065¢.,

A plot to show the variation of Achasa with Acy

for various angles of attack (fig. 20) has been included
ag a matter of interest and, also, for possible compari-
song with other ailerons.

The regults of thege tests indicate that a greater
amount of balance than that wsed in this investigation is
nececsgary if the ailerons are to give satisfactory hinge
moments for use on combat airplanes. The range of balance
effectiveness and the range for which the aileron is effec~-
tive in producing rolling moments could probably be ex-
tended by an increase in the balance-nose radii.

For the range of speeds tested, increases in speed
caused a considerable increase in the stalled range of the
aileron and in the unstalled range there were small in-
creases in the hinge moments. Higher speeds, however,
probably would have more effect because it is ugually not
until higher speedg are reached that the lift and drag
characteristics of airfoils are seriously affected by com-
pressibility.
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CONCLUSIONS

The results of the tests of aileronsg of 0,20 airfoil
chord and true contour with 0.35 aileron~chord extreme
blunt noge balance on the NACA 66,2-216 airfoil indicate
the following general conclusionsg:

1. Increasging the Mach number up to 0.470 generally
causes a small increase of the hinge-moment and 1ift coef-
ficients but increases the stalled range of the ailerons
congiderably. :

2. An increase of the balance-noge radii from O to
0.02 chord increases the range for which the aileron is
effective by about 8° but results in increaged hinge~-
moment coefficients with little change in 1ift coefficients
in the unstalled range.

5. An increase of the gap width increased the hinge-
moment coefficients slightly with little change in 1ift
coefficient; however, a considerable increase in the
stalled range of the aileron results. The magnitude of
the increase varies with the angle of attack.

4. The amount of balance tested, 0.35 aileron chord,
gave no case of complete balance and in some cases the
unbalance was relatively large.

Langley Memorial Aeronautical Laboratory,
National Advigory Committee for Aeronautics,
Langley Field, Va.
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12 NACA

TABLE I. - ORDINATES FOR NACA 66,2-216, a = 1.0 AIRFOIL

[Stations and ordinates in percent of wing chord]

Upper—shrface E Lower surface

Station Oordinate Station Ordinate
1 0 0 ol 0 0 j
e . 01 e l.z O L ’l ‘lc O
: .2Lo T4 g% .ggg -1.3040
1128 1.85 1.372 -1.6
2.362 2.560 2.638 2.1
L.8lL6 E.éo T T e )
7.340 - Ji2 7.660 -3.580
.838 5,140 10,162 —E.lOé
1&.8%5 6,276 15.15% -11.930
19.860 7.156 20.1L0 -5.56l
2&.879 5.8 25.121 -6.05
29.900 8.3 30,100 -6.422
2l .92l - '8.736 5.076 -6.676
9l 8.980 0.051 -6.838
2&.97 9,092 . 45.026 -6.902
50.000 9.060 ©50.000 -6.83&
55.023 8.875 54.975 -6.6 R
60.048 8.%96 52.952 -6.35
65,067 7.862 6ly.93% 4-3,802
©70.081 9.3%1 69.919 =1.997
5.087 .860 7...913 -1,.070
9. 085 L.6ll, 79.815 231052
85.075 S 395 gl 985 -2.049
90.05 2,103 89.945 -1.069
95.02 buh A% 9L .972 -.281
100.000 0 100,000 SF 2%y
L.E, radius: 11.575

TABLE II. - LOCATION OF CENTERS OF BALANCE-NOSE RADII

[Stations and ordinates in percent 6f wing chord]

Balance-nose qE?eE surface . Lower surface
radii Station |Ordinate [Station |Ordinate

Q5w THed74! Z.Bs 75.00° f=l.0

1 75.30 'ZS < T¢39 “pise, 90

2 75.67 2 175479 -1.63




NACA TABLE III. - LIST OF FIGURES 13
Pig- Balance-
uge “ariation shown’ nose Gap width
radii
Ch against &g
5 \(by preSsure distribution) Oc 0.0055¢
é chg against &g .0lc .0055¢
(a) .0005¢
(b) .00%0c
7 Chg ageinst &g .02cje (c) .0055¢
(d) .0107c
(e) .0055c (sealed)
(a) .Olc .0055¢
8 fhg Egainsb. M (b) .02¢ .0055¢ (sealed)
9 chg against gap ggg :8%2 Varies
(a) .0lc { 0.0055¢
20 Chy agalnmst g, (b) .02¢c +0055¢ (sealed)
.0005¢
11 c; against ag .02¢ ‘8%8?2
.0055¢c (sealed)
dcy .0005¢c
2 ( ) .0055¢
: & xa 5a=0 against M 02c 10107¢
.0055¢ (sealed)
(a) .0005¢c
13 c; against &g .02¢c gs; :8?8?2
(d) .0055c (sealed)
cy and cnm obtained by
lh pressugéhdistribution O°01 00
(a) Variation with ag g «0055¢
i (b) Variation with &g s
15 ¢, against M .02¢ { :8gggg(eealed)
16 c; against gap .02¢ Varies
Achgbg against Ac :
17 {(showing change with® M) +02¢c 0.0055¢
( Achﬁba against Acy
showing effect of balance-
18 ; nose I‘adii) .02¢ 000550
(by pressure distribution)
Achgba against Acy
15 &showing effect of gap) .02¢ Varies
Achgbg agalinst Acy
- {(showing spread with aq,) -02¢ 0,0055¢
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NACA

f/’g, Z

c=24.00"

~—To /eading edge

Gap

A=0.0005c
B8 =.0030c
C = LosJ5e
D= .0/07c

c l Hinge axis

Gaop sealed with flexible sheet

Figure R.— Aiferon section of NACA 66,2-2/6 ; a=</.0
airfor/ Showing variations of balance-nose

radii and gap.







I-131

~
_
| *
e
|
_

EONd o
| /

e

e

w
|
Sorig o W RO I
i
|
|
i
L

ard atmo

nd

st

on

1
1

baser

mimoer

bver for

4 numbd

Mac
section of the

3

nes of test

11

eynolds number for va

R

re 3.-

bility tunnel.

sta

4
v

test






1I-131

kx|

e
09

N

NACA

1
i
|

1

¥

1,
sectio

e e e

10Uus

va
d balance-
S

ar

W
v
v

&
1.

T

b

2
T
AT

(

s

i ! | @ SRR e S T A LRI S i o
! “ { ,L el
i !
| ! _ @ ®
| n ®) b ' 2
f— e e e _r SUEIE. FICKE SR RESERIC S N . S i ]
! ; R i | J | . w
| = | T ! a w0
) | i A/ i } 2 | i 2
| | { I | - _ ~
wl | i H o X
e T T - guun N - B
o | i o) el s
| 1 ‘u a a

| i 2

W)

e 6D

|
m
e _xtl!,i|‘.l.i .».y.x.m?..: i _r..l.i.i; i .W WET R 8 Pt i«.ﬁ«;bl‘l CRIETL
|
|

_. 1
e . |
et ﬂ
_‘I _ —— ﬁ!‘. —— !ﬁ:l e e e B | SNSRI ;_1|l!II —— . o
* _ ~
{ w |
|

e

: Yo ‘eouereq-suiads
4q POUT®BIqO JURLOTIIQ00 JUSWGW-85UTY UCTY098 UOISTIY







(3ypos ‘6Lz Ot/] Wo SLOISIAID p) = Yo0i9 \V

20
% oileron
oos5c

O.

| A LUl /
|

/6
wtl,

-

[
\—'
_—

et
y QL

s

/
|
) QNN G : Jw\x\
/

74
Al
=0

3

axpbO \j\ \\_\\ Wv\ . g

AN

Argte of attack,d,, deg |Fig.5
. 57
/
7
2

==

el
¥
L COe
1ose radiél

/72

e-

=

_4A

-—

Aileron ong/e, s, ,deg

197
-2

M=.358.

7

7 . TR \QL
AT T 7/

| 7

.

“M=472
NN

M
+/6

X i‘g\Q'
N

-0

N i T i T S v 2 o = 3
-~ :‘a = - .
P42 Y ua/2144500 suswow - abLiy Uoiyoss Losz/ty

£
f
a

MACA[™

/4y

=2

angle (by pressure distribution). Ba%c

Figure 5. —Voriotion of olferan sectiosn Hi







4¢3/

NACA Angle of attack, oc, , deg F1g.6
| ) 1
,2 % . g :g'/ -2
L !\§\\§\\ : g /
. X ol 5
TN : o 10.2 ]
0= ‘\\ : % 1 0
=474 \\\A\* e | l\
T T -
2 \1%- e “@\ I ¥ 7l
| % ] l ’ _A > s
y N M= 4542 |- SN% 2
‘ Gu L\ X o't
Xf.\
St Ao \.\\\\Q\ A 0
N \\\v(\\\a\ J ' \\*\*
LA T .
N2 . LIS /
L ; R R ok
£ X z : N M=4/8]
PES NS = Nanunl
o e AN A S8
gL M=.358] NN A~ : 0
g ' N K\A\\A: : .,
E \1*' :8: : & : I /
1 oZ . ~] /
Q.) . : -
o P X T~
L P LR SR 2
L’ : ; . \C\ g
N g oy e
R0 AL WIS .. 4P
: ANSiGES s S o ;
» . : f SN e
RS TRIRL | T #M=288_,
S A
s, e T NN
9 /A%i\ o \\ \§ L
< AN ! >~
0 - T S \ - :\*O
M=/99 ‘Q\\x\%@ % j =ik
A -
-/ o : =/
_\\ Ney 1
-2 y — =2
S A
- =3 2 X
e RSN R T SR SR O\:jg

Alleron ongle, &, ,deg

Flgure 6.— Variotiorn of ailerorn

a/eron ang/e. Bolrce

Section hinge-moment coerficient with ailero,
ooSsc.

-r705€ rodit =0.0/Cy gop = 0.

(1 block = 19/40")







d-¢3)/

NACA T g Fig. 7a
2 Angle of allack, oC,, deg by
PR S
/ }\ 5 ok o/
INC N L
0
= i o T e . e o
~ ~<J \ N
; : '\E 2 % \\O\ N n -
NG '\ i}‘\\ M=A737 TGl T[]
N ookl 3
0 v a
g 7 \T\““w\ \-L\**
. BiE: B l M=.4]7
DSt » S~ RCN =, s
e - /
$ IS AR |
N N 2] ol N
"E /—'—L\T\ LK\! : \’\\ ‘F\’_ ¥
3 \\ \\ s Bl VY D\\\Q:)(Z .
L S [
', N\ \\i\\ o B
g Tatertel N e [T
g 2 M=.359 g X i | ./
N
I _— ~J = \
S,/ \l\ s ﬂ\\%\\\* 2
e .
& 0 . - “&\ 0
S d oSl | | m-zes] |
%2 ‘ == S0 <= . /
O pra— > N
K l "
2 P EX N 2
< T \T\\ ey d’éé '
—1 ~5
0 '\ , ] : *\g -0
-/ M=./98 \G\ﬂ\{l\\f\’n‘\ Vosie T * /
(@) Gap =0.0005¢ Y L ' *
)= ol \ :
50 -/6 e 28 4 0 & 8 V74 /6 20

Aileron angle, 8, ,deg

Figuré 7.— Variation of ailerormr section 7LNge ~/nament coefrficiernt

~/705€ rodil =0.02

with alleron arngle. Baol/orice

C.

(2 block = 19/407)







NACA ' T T T F T T T |Fig7
2 Angle of attaock ,oC, , deg_{ Z
® N | 5 g
N SN P X ,
= \l‘\ ] 10.2 4
AL < ; ~<]
0 1 \\T\ N - 0
o ‘T\x* ~o 1 et |
o : ~o-] e
2l M=457 B == O J £y
She RIS -
J-
\\K M=.473 \K\ (\ \
~QD./ \\\,.\ \QE \ig: 2
O ¥
T ol P el A
0 1 [l | .
v = T T TN, M=4/8
N o | 1
R BT | /
8 P\b\k R \Jﬁtﬁ\m\
¥ / \‘ F\\\j\ -D\\C\SE\ \k 2
S \ 2 \’\ A S ¢
> S %*’0
e M= 356 ool T Totol T %
C I P, AN : jr\?}\\'\
S RN NN
. N -
~ k2] I~
o [ \1\”“\ ' ~ B
- g '2 r\ﬂ\«ﬁ\\‘i . . \&NO\\A‘ \.\ l. /
5 . | TeS] TN
= ! oY i X
X e TN 2
’ "\ AT Y
OLﬁ“\c & e T~ %
. : : -L *\"\\ 7  — e
—Li.f\ "No\
iy M= 198 [oTE L [P0 ~h -
1 el NN e N "
L) Gap = 0.0030c. ( i :
-2 8 \ 2

=20 /6 e =8 -4 0 <t 8 /12 /6 20
Aileron argle, s, ,deg (7 block = /0/40")

Figure 7. — Varigtion of aileron section hinge-moment coerficlernt
w117 aileram angle. Bolarnce-rnose radii = 0.02c. [Contmved,)

R >







Angle of altack,x,,deg

-5./
-2

it
A¥

7

F aedlf

‘?ﬁg/‘

el T —M=4]7

0
<
*\
kil
¥
.E’ Baa
LN
S .2 e % B =/
U " 7 %tv\ L3
b :
- Hoige ,-\§?\ , L -2
9 \ ﬁi ¥ \i\ %
E 0 \}\"‘A 0
- e B et A i N s
) - ' ;
>, ;?2 | M=.357 ﬂ&% Ais .
b N | ‘ ﬁﬁ\ \%Q\\,\
S | Py R SN RS
~ L | B >
0 ' ) A =
% \\\\;S %\K 0
& T Tl EasN
N 5T RSN | M=.%88
Y 2 i (A i f ) /
; N ' A2
. N
I S : >
- X Mot M 0
| \\7\ \\A\ A :
Gl P T : S :
i p ol -y
- M=|198 ey %\* -
o Pl | R :
(c) Gap =0.005%¢. NS
-'2 = K o l \ __.2
20 /6 v (1 =8 £ (0] < 8 /2 /6 20
Aileron ongle, &, , deg i (7 block = 10/407)

Figure 7. — Variation of aiferon section ringe-moment coefficient witt
ailerorn angle. Barxce-rose radii =0.02c . (Continved)







A. ¥8/

NACA BN
2 Arngle o:I‘ az"z‘acf,oco, deg__| 2
R =S
>\x . G ) é g/
il B : ol
l\\ <b\~\\ E s
0 (\ \.I, \O\\,\ e I 0
'l'\
ﬂ}f >l
=] L M=45 ™~ £
s T Hrdg e o [N ;
f\ T “\ig
Py Nk M =470 N 2
5] \’l\ \é\\\\’\ t "‘.\""
o B U Y o |,
N B
= N
. =¥ ey o | e | mega L
SIS L9
= e o Nel T
A AN RNAN e,
3 ’ % et |
3 s
o __M=??5\ﬂ .\j\ Pk iy
R s ‘O\ g
S \ N o =
Ly F — - il
. g i o oy L
~ \"\ pm!
t 0 \ \l\ \DEQ: 0
B | *& ~h '
i (E
S 2l o] e T el T D »
L i o ! -
3 M |
< S sy LENSTAN z
. | i =
ﬂ\é\\\\ S N
P T\*x '\L\* i
= =S =
i M=_795 510 o3 I G e, oy
y e s ~ 8
| | | ey
@) Gap = 0.0/07c, Y Yy
-2 e 2
-

20 6 J2 -8

Aileron ongle, &, ,deg

-4

o - 8 2 6

Figure 7. —Voriation of aileron sectiorn Henge -moment coerficiernt
wittr aileron angle. Bolonce-rnose rodii=0.02¢. (Contirwed)

(7 brock = 10/40°)







|

&
/
a
=1
2
o
/
=7
o
/
2
4]
=/
e
a
/

% .

\._ 5 2 L L

vded)

(7 block = 10/40")

Figure 7. —Voriation of oi/erom sectior £28nQe = morrrernt 607// cient with

W 9 \\. | \+\. lw %

,W +O0A X O -lww u\\w\ \ %%_ \ ( 1y \\ IM_\ \

8 Hd 44 1 ¥ i g IBRE T ©
g o1 15104 o

P

|

0.0055¢ (sealed).
8

Thee ool
R
e
= -
\N |
0 ey
\Ef\%\ p
i
\
o
Ailerorn ongle , &,, deg

v
]
— A
=G
N
2561 1o

. /96 _ |10

b o
[T
A
R
\V\\&:%

allerorn angle. Bolor ce- rose rodit =0.02¢. (Conc

S @A RIF P b < 10 T TR 3T S
\Mw \\L ﬁ\ ‘leaN ﬁm\lvu& \ \mv M, %
H—F H\ fo : \fux NWA . (A )
T ﬁr VA _\‘l\m Ve \.‘m 7 \wvwﬁl Aw
T L e T e T B N T R o e o
N o Yoy 205 s o - 26wy Lo14235 UoI/1Y _ 4







X-'4/3,

Frg. 8a

NACA
'Angle of attack, C, , deg
I
o
——————— 5.1
T e /0.2
0 v WA
’\\j\. "
N = 7° b
=/ \~+\ 3 5 ] I s
—__,_1____“___——"-.“ -4——-____._.___\___
N S i F=—F1_
Q [ Sl
“EJZ
9
L
¥
Q
VU 0 AN
» 0
§ gl o=
s TR I e e - ] ] B e (O
g‘:/ 1
) R e & B ke
s
.'5—.2
AN
3
%
Q .
0 e
g I
o v — ==
5=-7 i N 0
sepand_ 4 1 L. s
-/ O e s e -‘————~__\~\\
F .3 -~ i 2 3 4+ 5
Mach number, M (lback=/0/30)
(a) Balarce rnose radii = 0.0/c. )
Gap = 0.0055¢ Gap = 0.0055¢ (secled)

Figure 8.~ Variation of a/leron section hinge-imoment coefficient
with Mach rumber.







o NACA Frg.8b
A [ 1 T
3

Angle of attack,0C, , deg |

4 : =/
7
e 51
o = PR
0 I~
/3 — = =7 D i
I e o U L
M ‘\.“\“\ ﬂ__._—‘\‘\ )
2 s
0
=0 T —F—+t—FT—1—=

W
~

Arleron sectiorn hinge-moment coefficient, [

oy '\~_‘_/
7
o/
—T 60=-7°
0 Y (e
S et =5 BRGSO ) R S RS AT TS e
= = — "‘—"——'_—ﬁ'\,\
_./ G i T
A4 - .Nv
} e 3 “ 9 2 ) 4 ]

M . A : M
(1 block = 19/30") ach number,

(b) Bolorce rose rodii = 0.02c.
Gop =QOO55 ¢ Gop =QO055¢c (sealed)

frgure 8.— Vgriotion of aiferon section hinge -moment coefficient
weth Mach number. (Concluded)







o Y o N

Acleron section hinge-mmoment coefficient, Cha
L 4

Figure 3.— Variotion of ailerorn section hinge -rmomernt coefficiet with QL.

e N
—_— M=0./99 0
— M- .48
o M= ./99
Rl +M= 48
8y =7°
| b ? 1
¢ e |—— e ¥ 60__- OO
$ “h"'\ (S0 A
'W5¢,=— -
4+
©
i ;i ettt NOUDR
o .002 004 .006 .008 .0lo o 002 004 .006 .008 )
Gap , rfroction of chHord . "
() Balonce-rose rodii =0.0/c . (1 black = 10/30") Lgl
X = O° oL, = 5./° &
Q







“ryz/
o LE] 5
— M=0./97 N
— ———M=7 >
K B v e
. ‘
@ —F—F—1— AR Y 5,= 79
_/ 5 == \’\-\
{0 “\-\..
R ? — =
. =2
3
S o
! 25
g =/ oW ==
Q
=
)
g
§,==7°
é 0 b—t—f—T—
& o — —
IN
Q
\
g =/
S
o 002 004 006 008 .00 0 002 004+ 006 .008 .00

Gap , fraction of chord

(b) Bol/arce-rose rodii =0.02c¢.

Lo =0°

Figure 9.— Variotion of aileron section #1inge -moment coefficient with gap.(Continved)

(1btock=/0/307)
Xo=5./° =
&






g
() ;
> NACA Firg, 10
: <08 §..(
P $ ~T o« [ TEIETI
- “ "./o \‘ \\ Q= 7 \\
/ g
o =L Nhic .
o =3 =]
L =20 ———— M= Q/99
.’t: : —_——— M=.4/8
3 o
= s
) _— I~
S -05 s~ 9 8~ 0° s e 25
N i T g
~ /0 ) e ! | \
§ == | \
& I51_(a) Balornce-nose rodic=0.0/c. 1L
s gop = 0.0055¢ gaop = 0.0055¢ (seaked)
<
o
W s =~ <t
~%% . e '\\" ~
N O e 6r9= 7 o
';3) o5 \‘ W\
£ 5 \\ ’ i
g" =/0
!';- -4 o 4 8 -4 o 4 &
- Angle of atiock. ke, deg
=05 ‘ !
\ S
P =y 1
= =/0 P 8= 72 e
e B
‘q‘ B ~ o B "
- Q = \\ %
8 =20 —M=0497 g
$ —_——— M7 5
¥ ol — Q
0 \\ \\
g _05 \ 5'= OO L§ \
o N
S =10 \N \\
§ i B
o =/5|— (b) Bolornce-nose radii= 0.02¢.
Q gop = 0.0055¢ gap =0.0055¢c(sealed )
<
N a
N \
E 0 \\\ 5o=-7° TR -
. = \q\
R =05 e "N
: = I~
. >3 ‘
< -4 0 4 8 -4 o 4 &

Angle of otigck ,oC, 5 deg

Figure /0. — Variatiorn of oilerorn sectiorn hinge-rmorment coeti ent
% with ong/e of attock. i it

T VT e







Y

NACA Frg. 1l

lo A /

J

6
L _Gap=000S5C Gap =. 0055 ¢
. JV |
; i
/ i
olo 7
i

%
&
N

~N
b-
N
N
S
P -
3-34,.5 ; ‘
% &
Y 7
Q
O 4 |_Gap=0/07d Gap=.0055¢
t (seq/ed)
a
A
b 'E J
~
g /
\"
0w Mach number s M
/ a 0./98
v REE
o) B
:Z x 4/7
o 472
ﬂ
-4 o # & /R -4 o 4 8
(7 block = 1g/32") Angle of artaock, &, , deg

Frgure //.— Var/a#/on of sec’son /[iFt coerricient with angle or
atteck. Ba/ance-nose rad/s =Q.Ofc ; Ga= OF°







I~131

———

<

|
|
|

——

| _ SR R e

| ! | |

| | | |

| ~ _ o ;
— et L L B L

| ! H «Q

i | | W

| | i 0n

i M -

|
t
i
1
|

s i S
| {
|

{
}
i
|
!
}

e g

variati
1
!
i
1

[1-M2

"r
Ui
S

i
|

i
1
|
= N

\ 7
B o R
ety _ \

soretical
A 17
J.l‘J 28] .L/\

|

|

| e

Thec

|
]
|
N _ _
i
|

~,|:4,
1
{
A
A
_
o oo IR S
1
! |
{ ,
e Ea

4V}

~

%
pizs

=
©

b

¥

Mach

o]

varicus







NACA Fig./3a

y /6 Mach nhurnber , M o+
B E 0.498 L
o) + x
o .
3 T .
P % 455 e
~< & 3
/2 X X > 2
A s | S "/‘g'_
PP il o1
10 S OC=/0.2 = L
Wi Bl B
p a1 '
8 . .
/ﬁ( : a| |
] p . + B
6. 5 ;; IS4 & ;
e 5.2 5 "
¢ Lt 3 ¥
¥ i
S %M=.473 % —CL(\“O
g X : < ¥ / X <
X N
g ;t_ . o
g - . 5 7]
N T
<y i 4 ' —
S “ra 5.2
. *G @
i 18
E].
5
=/0
=1l

=4 -/6 =/ =& -4 0 4q 8 /4 /6 20
: Aileron angle, &, , deg (7 block = 19/40")
(a) Gap-=0.0005c.

Figure 13.— VYarration of section It CO@ff/C/@n/‘ with aileron angle.
Balance-nose raadi =0.02¢

| '
R R







LoyB)

NACA

/.6

/.4

L

1.0

Section /ift coefficient, c,

=1.0

=l

Frg.13b6

Mach number, M. s
17
o |
(o)
: FARE
6 ot +
. g O
| HO-
%/_c} o o
0
(P L
W §
R C
% O '
e 7%1*‘2%@-—
v O
4 < ’O ]
Mom |
;/(
_ﬁj_cl“ b
B4
M=56, 5 |
|
e 06 || BV
: % %/ = 456,
%
| |

W =fE -2

(b) Gop =0.0055¢.

-8 -4 0 <

Aileron angfe, 5, , deg

& /2 -8 28
(7 block = 10/40")

Figure /3. — Variotiorn of section lift coes (clentl with alleron angle.
Balarxce-nose roail =0.02 c. (Contnvead)







1.4

L-y3/

he

1.0

Section IFT coerficient, ¢
|
\\)

Mach number, M
1o o0/95
+ 287 L
2 7
X :
S | W8 Lag] o G
& a
4 [
o, = 102
-
/& 0
7 3
o | M=470
oo 4 a4 ar 3 N
J\G‘j ;i/
.4
o
e

oY

(] o 1

-0

-/6

S/ =S = o 4 & /2 /6 20
Alleron engle, S, , deg

© Gap = 0.0/07c. ( brock = 19/40")

Froure 13. = Varjajion orf sect/on /Tt coerricient with olerorn ang/e
Balance-nose racii = Q02c¢. (Continved)

R R







NACA A Fig./3d

16 Mach numbers, M
O 0/96
B 5 58
N\ /4
X 4/5
i S 492
" 12
/0
B

S
=~ S
< 4
3 T
N |
R TS
: -NE #
Q L g/
) St
N % 5 g i
~ r s
L2 ,
PR ALY
S -4 i ke
¥ By o
-5 : .-%’ Q/
M= 257,
-8
E P 4
— 35—
-0 R
O [Nn- 253
~/2

-20 -/6 -/2 -8 -4 o 4 g /2 6 20

Aileron angle, &, deg .
: (7 btock = 10[4a")
(@) Gop = 0.0055¢c sealed.

Frgure /3. — ariation of Section lift coefficient with aileron angle
Balance hnose radii=0.02c. (Concluaded,)







U0T30885

1
—— - ; e (4V]
i | _ T L
” ﬁ ! o
i | ! i gt
b ! 1 { “ _
T o IR i Es
T
i | f P
: ! / __ ! i . i
| it
T T ..Jﬁv-x.l i 0l (e )
F < | i 3 ) i
o] i 3 o !
f 2] i i = <
i & ! i .
[ o v oo
e IR S I ok 2
9 , :
1 = | b
= 21N 4 | 1
i ! W o+ 0O i
H | 0 | .
| SRR = IS = i <

alia

Figure 14(a,b).- Section 1

g
el

ift coe

1

pressure-dis-

tribution.







L-43 |

Section lift coefficient s> Cz

NACA

c/4

Secteon pitchirng-moment coefficient, c,,

Jg
R
N
';?
0
T
=/
0
5
&
=/
1.2 ‘
/ //v;;:
] N
1.0 QJ/ u
: 3
A 3
8 = - Q
\\ ‘ ;7/ % =
.6 \\\ ,\A/ — | —°t
/4. 8
P—— |_—XT—
ozt e
4 74 P
: g + M 12
/l /F
2 Z //
ol =102
’ | 4
— % Bolarce-rnose rocii
b + - Q
_.2 / X 0. O/C
002
: i i
...4 A /7f
=/ =/ -8 -4 o) 4 8 2 /6

Aileron angle, &,, deg
’ (b) Variation with &,.
Fégure /4. — fiecﬁog lirt coefficiernts and section pitching-rromert
Coefficients obtoined by pressure-distribution. M=0.358;
gap =0.0055¢. (Conclvaed). g







A4 31
ol 2= O° Ggu 7° N
— ) \w& 0)
i e T T~Lwor T
8 i ) .S — /o et ‘ e
i o=/02 1 et P & 0
l—=1 S A 7
6 — < —t .8 10 -
——1 7 7 I— = ‘r"/
. [ e [ 9/
L e b 51/° ~ -
# - % . 8 e
(O (R RO e L s e e e
ZO
~
O == :
7z A > 6
‘k\ S LR —-~\~~___ | —
s | . 0’
15 T P e | 42" 2 P |
N W W e
N ) o° !
Q e SETe—a )
o b o
N ’.2 3 O FAAA 2
{ =t 5
S R e el
= e~ g3 2° Gap=0.0055¢c
9 E — i — 1+ —t Gap=.0056c |Gealed)
g —4 e | T § _Z° '.2 0 =/
3 e e
=1 —1=5/
-6 y : é s ] ‘*:N 4. =2
N\\\.\{ \'\-\:_ =819
B s - -5./° |
2 .3 F = 5 2 3 + 5 2 83 + B 5
(7 block = 10/32*) Mach number, M 2
Figure 15— Variation of section /ifl coefficient with Mach number G

Balance-nose radis = 0.02 c.







Q
i og/pl = Y20/ ‘2200 =1/p0o4 dsou doUD/DG
...M/y ﬁ‘ \ 7 v ‘dbb Yym qual2144200 141) UOI[28S JO UOHDIION —*Q/ 31nb/o
o/'G =D 00 = °D
PA40Y2 30 w0ILI014 ‘db9
0/0 800" Q00" voo: g0’ 0 . 0/0" 800 900" 00" 200’ 0
0 o-
_
2 v- ©
O
H\J“ﬂ#k|na@ T o S M,.
: i SR o W B B P O e e |
\l‘.\\‘l - ID ) N‘l //
: QN ey #
. Sy 3
— oot —t—t— g 0
- H v
=
= = — — ~
/rl/ OQ = @ Mur AW
) M
+— L L S = m N. =
— e JEe, 3
-0 e -
WA S F
or Hl"ll’hl!’[i 4
; B e e
,&l
LIV =W +
LG5 by P8/bES dby 9
BTN~ s e
< L6/0=W
W S e Y I " =







A-¢3I

Mach number, M.

VavN

] 0./798

< 2 LE9
° 357
x £/7
% 47

.‘\.
o
<
= (to:“f/o . =5)°

N
| oo

Control/-Force crrterion;~ANAc

a,=/oR®

=6 4 < o R 4 6
(7 block = 10/32*) /ncrement of sec’ion

-6 > 4 =2
/iF7- coefficienty Ac,

Figure I7. - Variation of control-Force criferion wrth /ncrement of section IiffF
change with Mach pumber. Balance nose rodis= 0.02c ; gap =0.0055¢c,

o R

4

coefficient; showing

L/ b1y







I~L31

NACA Fig., 18

4 4 0
g x 0.0lc
=LA 0,02¢c

D
.

s SR T s LY -

et

—+]
e iet i

e

o7
|
A
|
|

Control-force criterion :
c i 107 4 AChasd
&

|
,'
+-
|
f
i
i
|
|

it

~
v
T
|
1
?
e e

SRR —— SUCERIES NySSOREISEmTRN! MINSSERISSRS (Sue; L

3, + !
I B .

W) T S —

s _A.T_ SRS
|
Pou
/

| %
| 57

i | | | RN W PRk

-l -.Q 0 e o4
Increment of section 1ift coefficient, Ocy,

.
(03]

ibution)

Figure 18.- Variation of Ach,8a with Acy (by pressure
= ;gap::.

digtr
showing efifect of balance-nose radii. M = 0.358

0.0055¢.







D

N - Gap
\\ v -1 _ \,< + 0.0005c
| - s 0055¢
\\\ KA X x 0/07¢c
. : o .00S5S5c (sealed)]
. S |

i
bal

LN
O > O
s
o

X

a,=35./°

X,
3 ]

3
A ’(
,\

S
S
O / \
g =
S-4 t A v \
¢ : §
< \\3\\'\""\ j&*\ﬁ,\
N NI NN W
Q .
i |
-2 o= O° \\_\@‘3 @ = /02°
2 R4
1
/
=6 : =R (2 =35 4 -6 =6 = =R o -2 - .6
- (7 block = 10/32") Increment of sec7sorn JiFF coefficient y AG

Frgure /9. — Variarson of control-

effect of gap. Bala

nce-nose radii =0.020c ; M

force criterion wirh /incremen 7; /o; sectsorn //FF coeffrcient, showing
ok

b
™
~
©






1L-131

, i
g S ) bl ey e S N T )
T f £ ngle

‘ i

| |
of attack, ~
=51

(R}

——\ ,.#r/ - 5 5.1 .
\ N 1 Al 2
<(‘:)"S x \ !VIT ‘:
y: g.__"__h_BL;NLLMEBkT_um_m e .
()‘ At 1 {
& \(Xfl +\ i '
- ! H { |
£ _ ) W A e W DN o TN -
Y ' B F\\\\\ i
i 1 i
(0] 'ﬁ?\ fe dy i
:‘: LJ qﬁ\r{l:‘}j{ ;t;‘r'\‘t?l-‘ ; ! g
= R S = —
«Q { e ey S
SRS \\\‘\
@ i { R B’ f‘
© ! ﬁ_x i
i s
g | SN S ey S - A \+
Y | | | B
o : | | | ><\«\¥ :
< | { S
i I e SN (i | L RN o e o s g B8 \
4;‘ ? Y}‘ 4_
8 i ! X \
% i o
LIt o Lot e - ___,__? = = ._i/x oY T__
: | /
S | o
- ! i f ! £ \
e 1 I ] : l' 1 BE \
, | | l 7
a | | !
&7 | * ! I | | |
i ] 5 1 i
~<6 -4 — 0 2 A 86
Increment of section 1ift coefficient, ACL
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Figure 20(2,b).- Variation of control-force eriterion with increment of section 1ift
coefficient for the angle of attacik rangs. Balance-nose radii = 0.02c:
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re 20.- (Concluded).
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