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ADVANCE CONFIDENTIAL REPORT

ANALYSIS CF AVAILABLE DATA ON THE EFFECTIVENESS OF
ATLERONS WITHOUT EXPOSED OVERHANG BALANCE
By Robert S. Swanson and Stewart M. Crandall

SUMMARY

A considerable amount of two- and three-dimensional
data on the effectiveness of milerons without exposed
overhang balance has been collected and analyzed. The
trends indicated by the analysis have been summarized 1n
the form of a few approximate rules concerning the effecw-
tlveness parameter Aa/AS8 (at constant 1i1ft): Thickening
and bevelling the tralling edge (as measured by the
trailing~edge angle @) will generally reduce the effec-
tlvenese about 0.% percent per degree of bevel for allerons
sealed at the hinge axis and about 0.6 percent per degree
of bevel for unsealed allerons. A 0.005c gap at the hlnge
axls usually reduces the effectiveness approximately
17 percent for flap chord ratios of 0.2. This percentage
increases as the flap chord raetio is reduced. The effec-
tiveness 1s about 1l percent lower at alleron deflections
of 20° than at alleron deflections of 10°., At large angles
of attack (a = 10°) and for chord ratlos of about 0.2,
positively deflected ailerons are approximately 20 percent
less effectlve than negatively deflected ailerons. The
deflection of partial-span flaps has no conslistent effect
on the effectiveness. Increasses in Mach number and forward

movement of the transltion point decrease the alleron ef-
fectiveness,

No conslistent devliation of the experimentally deter-
mined values of statlc rolling moments from those values
predicted by the lifting-line-theory method could be de-
tected. Because the several factors. neglected in the
lifting-l1ine theory apparently are falrly small and
counteract one another, on the average, no addlitional
correction need be applied.
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INTRODTCTION

As a part of the general lateral-control investi-
gatlon by the NACA, the large amount of two- and three-
dimenslonal data on the rolling effectiveness of ailerons
without exposed overhang balance 1s collected and ana-
lyzed in the present paper. The main purpose of the
enalysls 1s to determine any fairly consistent variations
In the effectlveness of these allerons with the various
design variables and criterions of similitude.

The secondary purpose of the analysis 1s to evaluate
expsérimentally the limitations of 1ifting-line theory ¢i
wlth regard to the estimation of alleron rolling moments
from section data.

SYMBOLS
Cr, wing 1ift coefficlient
chax maximum wing 11ft coefficlent
) sectlon 1ift coefficient
Cy ' ) wing rolling-moment coefficlent
a angle of attack, degrees
6 flap or alleron deflection, degrees
b ' wing span
Yy spanwlse locatlon
Yo spanwise location of outboard end of aileron
T4 spanwise locatlon of lnboard end of alleron
'S wing area

" aspect ratlo (ba/%) o

taper ratlo, that 1s, flctitious chord at tip
divided by chord at root
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(bcL/BG)a

Aa/AB

(Aa/Aa)3

T

Subscript

or & = 0°

wing chord at any section B

flap chord at any section

alleron chord at any section
airfoll tralling-edge angle, degrees

Mach number, ratlo of free-stream veloclity to
veloclty of sound

Reynolds number

s8lope of curve of sectlon 1lift coefflclent
agalnst angle of attack at constant ©&

ﬁécz/éa.)a]

slope of curve of mection 11ft coefficlent
agalnst flep deflectlion at conatant a

sectlon flap effectiveness narameter, that
is, gbsolute value of ratio of equlivalent
_change 1n anglc of attack to angle of’
flap deflection measured at constant 1ift

alleron effectiveness parameter, that 1s,
ratio of egqulvalent changse of angle of
attack to angle of eileron deflectlon;
subscript 3 1ndicates that values are
computed from three-dimenslional test
date by use of lifting-line theory

theoretlcal or experimental correctlon to
lifting~llne~theory values of rolling

moment [ﬁf!gflz

Aa/AB
wind-~-tunnel turbulence factor

8 =00 to #10°, 8 =00 to #15°,
to *20°, etc., indlcates range over

which Aa/A8 or (Aa/'Aa)3 1s evaluated.
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DATA

Scope

The cheracterlstics of the two-end three-dimensional
models and the alr-flow cheracteristics of the wind tun-
nels 1in whicia the models were tested are summarized in
tables I and II, respectively. The deta as glven in the
original reporte (referancee 1 to 2l;) were in many cases
uncorracced for the effecte of the Jet boundaries or for
model deflections, It was found essential to apply such
correctlons before the data could be correlated.

Reductlion and Presentation of Data

Section data.- The effectivensss parameter Aa/AS
1s the sectlon charactaristic of flaps that determines
thelr ability to provide rolling motion when installed
as allsrone on an airplane, provided the analjsis is
based on alleron dcflection rather than stick forcs.
Tis parameter Aa/A8 1s equal to the absolute value of
the change in angle of attack necessary to neutralize
the 11ft produced by a unit flap deflection. The effec-
tiveness parameter was determined from the section data
of references 1 to 15 by.plotting a agaeinst 6 for a
concstant section 1ift coefficlent c¢; and measuring the
slope (absolute value of slope used) of a stralght line
throuzh 0° and & = 10° for the effectiveness at
small flap deflections (8Aa/A8) 5=t 10° &nd

through & = 0° and & = 20° for the effectiveness at
large flap deflections (Aa/A8)g=00tg200 It 1s often

convenient In the analysls to consid?f 7 §1mit1ng case
: oc
of 0a/08, which is equivalent to L

m- For prac-

tical purposes, the values of (Aa/AB)g=q0t, 100 8re very
nearly equal to the values of 3a/d6.

Static thres-dimensional data.- In references 25
and 26 are presented charts for estimating the rolling
moment caused by aileron deflection. The charts were
calculated from 1ifting-line theory for various wing and
alleron plan forms for a slope of the section 1ift curve
of 0.099 per dsgree. The general method for using the
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charts te determine the rolling-moment coefficient Cj -
1s to evaluate graphically the following integral. across
the alleron span:

Cy
) Aa 93
= = — la
% = 850555 28 3~ %5/ (20)
v/2
or
854 Aa .C1
Cyp = 8——XK 4 — d— (1b)
0.099 88 «a
where
84 slope of sectlion 11ft curve, per degree
K experimental or theoretical correction to
lifting-1line theory (to be evaluated)
Aa/AB experimental section 1lift effectiveness of

alleron

Cy/a 1s determined from the charts of reference 25 or 26,
and y 1s measured along the wing spen. If Aa/A8 1is
constant across the alleron, the integral is equal

to Aa/A5 times the difference between the end values

Most of the models studled had ailerons of constant
chord ratio and Aa/A8 thus was a constant. By in-
serting experimental values of C; and chart values

a
of CL/a in equation (1la), 3 6;9 %%) or its equiva-
lent —:EL— KAE therefore could be eva?uated. A few
0.099 Ab

erroneous values in references 25 and 26 were corrected
and the curves were refalred to be similar to the known
fairing for elliptical wings. 3y using sectlon data to
estimate a, and Aa/A8, the value of X could be
experimentally evaluated. If section data for evalu-~
ating a, were not avallable, 8, was estimated by
using the measured slope for the finite-span wing in the
lifting-line~theory formulas (reference 27) corrected for
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the edge velocity by the methods of reference 28. For
these cases in which a, could not be satisfactorlily"

a
estimated, the data are presented as —2 [A%) |
0.099 \AS/

“or the few cases in which the ailsron chord ratilo
was not constent across the aileron span, the integral
of equation (la) wes svaluatod by using the section data
of flgure 1 to estimate the variation of Aa/AS .
with cg/; thus ar effectlve average value of cg/c,
welghted according to the abllity of each spanwise al-
leron section to produce rolling moment, was evaluated.

DISCUSSICH
Effect of Viscosilty

From flgures 1 and 2, the effcctiveness Aa/A6 of
sealed plain flaps and aillcrons with small tralling-edge
angles 1s seen to be conslderably less than the theo=
retlical values for tuln airfolls. Most of the decrease
in effectiveness may be attributed to the influence of
viscoslty. The effective sur'face or bouundary of the
airfoil 1s displaced from the actual surface by the
amount of the so-called displacement thickness, which
1s the height of the mean ordinate of the veloclity dis-
trivution in the boundary layer. Because the shapes
and thicknesses of boundary laycrs vary with pressure
gradlent, transition lccatlon, Reynolds number, Mech
number, gap at hinge axls, etc., the effective airfoil
shape varles with these factors.

The flap effectiveness Aa/A6 is less than the
theoretlical value bacause the rate of increase of the
thickness of the boundary layer with flap deflsctlon,
vhich results from the high adverse pressure gradient
behind the hinge axls, 18 usually grsater than the rate
of increase of the boundary-laysr thickness with angle
of attack. The slopeuzbcz/éﬁ)a is therefore decreased

more by viscosity than 1s (@cz/ba)ag Aa/AS 1s thus

decreased by vliscosity. The larger the flap deflectlon,
the smaller the effectiveness Aw/AS. The section data
of figure 3 and the finite-span data of figure ly snow
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that, at low angles of attack, the effectiveness at flap
deflections of 20° is approximately 1l percent lower than
the effectiveness at flap deflections of 10°. At high
angles of attack, approximately the same reductlon occurs
(fig. 5), except for the gap-unsealed condition in which
little conslistent reductlion is 1in evildence.

The effect of vliscosity upon the alleron effec-
tiveness depends markedly upon the pressure gradient. <
The direction of the deflection of an alleron would be
expected to have 1little effect at small angles of attack
because the pressure distribution at & = 0° is very
nearly the same on both surfaces. The data of figure 6
verify this deduction. At high angles of attack, however,
negatlive alleron deflections reduce the adverse pressure
gradient whereas positive alleron deflectlons increase
the adverse pressure gradient. A lower effectlveness
thus may be expected for nositlve alleron deflectlons.
The data og fligure 7 indicate that, at an angle of at-
tack of 10~ and for chord ratlos of about 0.2, positively
deflected allerons are about 20 percent less effective
than negatively deflected allerons. This effect appears
to Increase with aileron chord ratlo.

The gap at the flap hinge axis allows the low-energy
boundary-layer alr to leak from the pressure side to the
suctlon slde of the alrfoil. The boundary layer on the
pressure side is thus thlnned and on the suctlon side 1s
further thickened with & resulting rcduction of the 1ift
increment. The effect of the gap on the lift-curve slope
due to angle of attack (csc,,/emn)6 is fairly small,

because the pressure difference across the hlnge axis 1s
small. The slope (pcz/BG)a, and consequently Aa/AS,

1s considerably decreased, however, because the maximum
pressure difference due to flap deflectlon 1s usually
located at the hinge axis. Figure 8 shows that a 0.005c
gap at the hinge axls decreases the effectlveness about
17 percent for flap chord ratios of 0.2. This reductlon
appears to be lerger for flaps of smaller chord.

A forward movement of the transition point usually
increases the thickness of the boundary layer and thus
decreases the flap effectiveness Aa/A8. This effect 1is
shown quallitatively in figure 9, in which data are pre-
sented from tests with and without the nose of the airs+’
foll roughened in order to fix transition. The position
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of the transition point on the unroughened alrfoll was
not determined. Some unpublished computations and ex-
perimental data indicate that a reduction of about

2 percent in Aa/A6 for a forward transition movement
of O.lc may be expected with sealed plain flaps. The
effects of vistosity are usually greater with increased
thickness and beveling of the airfoll tralling edge.
The effect of transition movements and gaps thus are
greater for airfolls wilth large tralllng-edge angles g.
Gaps et the alleron hinge exls also lncrease the loss
in Aa/A5 that results from transitlion movements.

The effect of bevelling the tralling sdge of the
flap 1s presented in flgure 9, in which the effectlveness
(Aa/h5)5=ootoloo is shown &s a function of the tralling-

edge angle @. Reductions of about 0.} percent per
degree of bevel for sealed flaps and of about 1 percent
per degree of bevel for unsealed flaps are indicated.
The three-dimensional data of figure 10 show a decrease
in alleron effectiveness of about 0.3 percent per degree
of bevel for sealed allerons and approxlmately

0.6 percent per degree of bevel for unsealed allerons.

It should be noted that, under some partilcular con-
ditions, viscosity may increase Aa/A6 to values even
greater than those for the theoretical thln alrfoll. The
explanation for this rather astonishing fact 1s qulte
simple. The effectiveness parameter  Aa/A& 1s equal to

(2c1/26),

(écz/éa.)b‘ )
cosity decreases (6cL/Bg)5 more than it decreases

(bcl/bﬁ)a, the offeciivencss. parameter. Aa/Ab.

is increased. For a few condltlons, markedly low lift-
curve slopes (60;/Ba)6 occur over a small range of

angle of attack a. Also, the slope (pcz/ﬁﬁ)a 18 less

affected or is affected over a diffsrent range of a.

over a limited range of a, very large values of Aa/Ab
may therefore occur. A few cases in which thls phenomenon
has been observed are: (1) negatively deflected allerons
at large angles of attack near the stall, (2) so-called
linked-halance allerons with which a gap through the wing
occurs we'll ahead of the hinge exis and allows very low
values of (3cy/da), but has little effect on (3c;/06)

the ratlo of the lift-curve slopes If vis-
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near a = 09, and (3) eilerons on low-drag alrfolls
with large trailing-edge angles, which usually hdvVe a
very large value of effectiveness Aa/AS near the angles
of attack where the transition point suddenly shifts for-
ward (near boundary of low-drag reglon) and causes &

breek in the curve of c; agalnst a.

Effect of Compressibility

Data on the effect of Mach number on
(4a/A8) 5= 10040 10° 8re shown in figure 11. The data

are rather limited and subject to some doubt because it
is extremely difficult to determine accurately the wind-
tunnel corrections at large values of Mach number. Cor-
rections for model twist and deflectlons were applied to
the data. Inereasing the Mach number usually dearecs:s
creases Aa/A6. From figure 11, it may be seen that an
increase in Mach number from 0.2 to 0.45 reduces the
effectlveness about 7 percent.

The simple theory of Glauert and Prandtl indlcates
no effect of Mach number on Aa/A8 because (3c3/0a),

and (bc;/%b)a are assumed to be increased equally by

compressibility. Experimental data indlcate, however,
that (603/50)5 1s usually increased a 1little more

and (dcy/38), a little less than the Glauert-Prandtl

relation would account for. The explanetion appears to
be related to the thickening of the boundary layer and
the transition changes that have been observed at high
Mach numbers. It 1s believed, therefore, that below the
crltical speed the main effect of compressiblility u=
upon Aa/A6 is to Increase the effects of viscosaity.

Corrections to Liftling-lLlne Theory

The limitatlions of 1lifting-line theory for the esti-
mation of alleron hinge-moment characteristics from
section data were dlscussed in reference 28. The aspect-
ratlo corrections to the hinge moment determined from
1ifting-1ine theory were shown to be 1lnadequate whereas,
for the cases in whilich lifting-surface-theory calcula-
tions (reference 28) are available, the aspect-ratio cor-
rectlions to the hinge moment determined from lifting-
surface theory are shown to be satisfactory. The large
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difference between the results of the two theorles may
be 1llustrated by the fact that the aspect-ratlo cor-
rectlons to the slove of the curve of hinge moment
agalnst angle of attack determined from 1lifting-surface
theory are about twlce as great as the corrections
determined from lifting-line theory.

The aspect-ratio corrections to the slope of the
11ft curve against angle of attack (references 29 and 30)
for moderate aspect ratio as determined by the 1lifting-
line and lifting-surface theories differ by only about
7 or 8 percent. The aspect-ratio corrections to the
damping moments of ellintical winzs rotating about the
lateral plane of symmetry as determined by the two theo-
ries also differ by only about 7 or 8 percent (unpub-
lished correction determined by the methods of refer-
ence 30), The difference between the two aspect-ratio
corrections to the slope of the 11ft curve against flap
deflection 1s about 3 to i percent, which 1s only about
one-half as much as that for the slope of the 1lift
curve against angle of attack. This difference exists
primarlly because the distance to the three-quarter-
chord point (point for best msasure of effective angle
of attack of wing) from the center of load that results
from alleron deflection is roughly one-hgelf the dlstance
to the three-quarter-chord polnt from the center of load
that results from changes ln angle of attack. The ef-
fective length of the tralling vortices thus is less for
the load that results from flap defllection. It might
therefore be expected that the aspect-ratio correction
to the statlc alleron rolling moments determined from
lifting-surface theory would be of the same order, 3
to Iy percent greater than the value determined from
lifting-line theory. In any case, the aileron rolling
moments determined from liftinz-line theory should be
much closer to the experimental values than the alleron
hinge moments would be.

It may be seen that the section data (fig. 1) end
the finite-span data with the lifting-line-theory aspect-
ratio corrections applied (flg. 2) are in fairly good
agreement. Although there 1s considerable scatter, the
curve faired through the sectlon data represents very
well ths finite-span datae, especlally for aileron chord
ratlos ‘of 0,2 or less. (See fig. 2.) An experimental
evaluation of the over-all aspect-ratio correctlions shows,
on the average, no serious discrenanciles (exceeding
10 percent) with the lifting-llne-theory values; that is,
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Aa/A8

on the average, X = i——é%glz = 1,0... The 3 or L percent

.o T Aa, . - - . ' Ceme e e
Ancrease in the aspect-ratlo correction that might be
_expected from & 'qualitative study of lifting-surface
theory (actual numerical values have not yet been calcu-~
lated) may either be masked by the scatter of the data
in figures 1 or 2 or may be counteracted by three-
dimengional boundary-layer effects or by the effect of
the vertical location of the trailling-vortex sheet (ref-
erences 28 and 31). :

Lifting~1line theory indicates no change in ailleron
effectiveness with deflection of partial-span flaps.
Some effect might be expected because of cross flow;
however, figure 12 shows that the deflection of partial-
span flaps generally has no consistent effect on aileron
effectiveness. :

The avallable data on the effect of sweep and taper
(figs. 13 and 1) show that, insofar as aileron rolling
moméents are concerned, no large correctlons are to be
applied to lifting-line theory for the effects of taper
and sweep. For wings of low taper (large values of A),
i1t appears that the alleron effectiveness 1s slightly
greater 1f the wing 1a swept forward.

CONCLUDING REMARKS

The trends 1lndlcated by the analysls of avallable
data on the effectiveness of allerons without exposed
overhang balance have been summarized 1n the form of a
few approximate rules concerning the effectiveness
parameter Aa/A8 (at constant 1ift): Thickening and
beveling the trailing edge (as measured by the trailling-
edge angle @) will generally reduce the effectiveness
about 0.% percent per degree of bevel for allerons sealed
at the hinge exls and about 0.6 percent per degree of
bevel for unsealed allerons. A 0.005¢c gep at the hinge
axlis usually reduces the effectiveness about 17 percent
for flap chord ratlos of 0.2. This percentage increases
as the flap chord ratlo 1s reduced. The effectlveness
1s about percent lower at aileron deflections of '20°
than at aileron deflections of 10°., At large angles of
attack '(a = 10°) and for chord ratios of about 0.2,
positively deflected ailerons are about 20 percent less
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effective than negatively deflected allerons. The de-
flection of partial-span flaps has no consistent effect
on the effectlveness. Increases 1ln Mach number and for-
ward movement of the transitlion point decrease the
aileron effectiveness.

I'lo conslstent correction to the lifting-line-theory
method of estimeting alleron rolling momants could be
detocted. Because the several factors neglected in -
1lifting-1ine theory arparently are fairly small and
counteract one another, on ths average, no additional
correctlon nsed be appliled.

Langley Hemorlal Asronauticel ILaboratcry,
Katlorna’ Advisory Committee for Aeronautics,
lLangley Field, Va..
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NACA ACR No. L4EOl P
TABLE T.- SUPPLEMENTARY TNFORMATTON REGARDING
TESTS OF TWO-DIMENSIONAL WODELS
Model %o
Basic Alr-flow characteristicsj g
Desig-|Sym-| airfoll Type of flap ok
nation|bol T M R '2‘3
1
1 O | Naca 0009 Plain 1,95 | 0,08|-=eemcaus It to s
2a | 4+ | Naca oo1s Plain 1.95 |o0.10{1.4 x 106| 6
V Internally balanced 6
2b idd NACA 0015 straight contour 1.93 0.101.L x 10° | 8
3 X | NAca 23012 Plain 1.60 0.11f2.2 x 1o6 10,11
NACA Plaln . 6
L O |¢6(2x15)-009| straignt contour 1.93 | 0:10{1.L x 107 peec--an
NACA 6
5 @ 66009 Plain 1.93 | o0.11{1.L x 10 7
NACA Approach- 6
6 A low drag |IRternally balenced 1ng 1.00 0.17]2.5 % 10 15
NACA
66(2x15)-216,| Internally balanced | APPTO8CH-| 4 ygic 3 5 106 |
7 v | 66(2x15)-216,| Internally ced | yng 1.00 2.3 >
NACA -
8 > 66(2:&5)-1616, Internally balanced fggrgagg 0.1 6.0 x 10° 15
a = 0. *
NACA .
9 < compromi se Plain :gprgagg— ----- 13.0 x 106 Lemua-- <
low drag € 1.
NACA A h-
10 v low drag |Internally balanced iggrgfgo 0.14| 6.0 x 106} 15
NACA
11 < | 637420)-521 |Internally balanced fﬁpri"‘gg' ceea-]8.0 x 10® feuee- -
{ approx.) g L.
aNACA .10.20[2.8 x 106
12 N | 66(215)-216, |Internally balsncea | APETORCH-) “ig to | 13
a=0.6 g~ 0.48/ 6.8 x 1n
SNaca .
13 to i 66(215)-2166, Plain fggri"gg" 0.143.8 x 108 | 12
a = 0. ¢
NACA 6
1l 4 66(215) 01, Plain 1.93 0.09[1.2 x 10 9
NACA -
15 g 66,2-212, Plaln fggrgf‘gg ----- 6.0 x 108] 14
a = 0.

2This designation has been changed from the form in which 1t appears

to the form described on p. 2la of reference 32.

in reference




TABLE II,- SUPPLEMENTARY INFORMATION REGARDING TESTS OF THREE-DIMENSICNAL MODEIS
Estimated slope
Nodel Arfoil e of seotfon 1ift 23
Typical aileron section L a cp/0 ourve, per deg Alr-flow =L
Desig- Symbol Plan form Root Tp y_,_ _yq_ ap ap icharacteristica 5.3
nation b/2 | b/2 sesled unsesled 2
Tunne! wall ~ | t 6
______ NACA HACA R =1.99 x 10
16 mg 1 | 65(223)-222, | 65(216)415, 12.0 |o.32)0.641 [0.945 |0.228] 0.110 | 0.107 [ = 0.11 --
= I ‘ a= 1.0 a=0.5 7=1.6
6
NACA NACA . R=1.9x 10
178 | 66,2-118, | 66(2x15)-116 6.23 |0.33 0. 0.906 | 0. 0.103 | ~ecmmen ¥ =0.11 1
< <} 0= 1.0 a=1.0 3 (033 p-bso p.50 19 g 7= 1.6 ?
RACA NACA RE L9 % 106
170 Q N ! 66,2-118, 66(2x15)-116, 6.23 (0.33)0.490 [0.906 [ 0,162 | 0,103 [~=e==ae | ¥ = 0,11 15
a=1.0 a=1.0 N 7 =1.6
1 NACA NACA R=1.9 x 106
17¢ O - 66,2-118, 66(2x15)-116, 6.23 [0.33 bo.kgo 10.977 | 0.149 | 0,103 [~=aua --|¥=0.11 19
s =1.0 a=1, Tr=1.6
NACA NACA R=1.9 x 106
174 <> - ! 66,2-118, 66(2x15)=-116, 6.23 10.3% [0.490 10.906 | 0.175] 0,103 {meceew- | M = 0.11 15
- a=1.0 a="1.0 r=1.6
NACA NACA R = 1.9 x 106
17e O— _ ! 66,2-118, 66(2x15)-116, 6.23 [0.33 [0.490 [0.977 {0,039 0,103 [~~=w-e= | N = 0.11 15
e« =1.0 a =10 r=1.6
22‘33‘5‘ 5 235‘35‘ &® 8} | 0.1 0.103 : égg x 106 15
. .25 . 0.60 {0.579 [0.984 | 0. 0.10 . ¥ = 0.
180 | & (23015-5, 2300025, 555 579 55 5 0.8
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TABLE II.- SUPPLEMENTARY INFORMATION ~ Contlnued

Alrfoll Alleron Estimated slope oe
¥odel section location of section 1ift %2
Typleal afleron section A Ao Ton | oo/e [¥erpor e | mr-flow |58
Desig- 71 | 3o ae; Gap cheracteristics | o
nation Symbol Fien form Root Tie b/e | b/2 unlsd junsealed EE
NACA NACA R = 1.5% x 106
18b Pay 23015.5 23008.25 5.55 10.6010.579[0.98Y | 0.155[0.105 [ =racws=|M = 0.0 15
{ approx.) {approx.) 7 = 1.6
NACA NACA R = 1.5, x 106
180 bay 23015.5 23008.25 5.55 |0.60[0.579{0.984 { 0.031{0.105 [0.103 |w=0.08 - 15
(approx.) (approx.) 7= 1.6
¥AC4 NACA 15 = 2.05 x 106
184 A 23015.5 23008.25 5.55 [o.60| 0 Jo.984|0.0800.205 |0.103 = 0.12 15
(approx.) (approx.) 7= 1.6
1 R =1.5 x 106
19a R NACA 2%012 L4.00 [1.00 P.630 [1.000 | 0.200 0,105 | =e=<=ea= b = 0,06 16
S I ‘ 7= 1.6
l ‘o6
R =1, 10
19b bvd t NACA 23012 L.00  [1.00 p.630 B.000 | 0,250 [0.105 |=~w=c=ee M : o.§6x 15
=1, '
T
= 1.5 x m‘
190 v/ ' NACA 23012 4.00 [1.00 |p.630 f1.000 | 0.100 jp.105 |o0.103 ks .66 17
=1,
e
‘Tunne! woll~ '
E s 106
208 3 NACA low drag 7.30 |0.42 p.509 p.980 | 0.192 P.10% {0.101 = tl).z 15
Ir= 1.

"ON dDV VOVN
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TABLE TI.- SUPPLEMENTARY INFORMATIOF - Continued

AMrfoll Alleron Estimated slope €8s
¥odel section looation of section é“t o ke
SUrve, per deg reflov " e
Destg- . e Typical sileron section i a N T ca/c - » - aatersgtics EE
0. Plan form —_— | — ap ap
nation | 7™ Root Tip b/2 | b/2 senled junsealed F44
R= 2.5? x 106
20b [»d NACA low drag 7.30 Jo.42[0.509]{0.933 [0.200 [0.103 | 0.101 3’«.5 gt —-
R = 0.6 x 106
21a <G Clark Y 6.00 1.00[0.70 [1.000 0.40 |ee==-=]0.097 |u = 0.11 18
7 =1, 19
= 0.61 x'10°
21b < clam Y 6.00 1.00 0.60 [1.000 .25 [-e--a-]0.097 i =0.11 ° 18
7 =1, 19
R = 0.61 x 106
21c q Clark Y 6.00 [1.00p.ko [1.000 P.15 [-==---]o0.097 M =o0.11 18
7 =1.h
R = 0.61 x 106
22a 74 clark Y 6.00 0.60 |0.700 |1.000 j0.250 [0.102 {0.097 5: g.il 22
+ = 1.
|
[
R = 0.61 x 106
22b v Clark Y 6,00 0. 60 [0.590(1.000 p.250 [0.102 | 0.097 =0.11 231
+ 7=1. 2¢
IT
/’1 R = 0.61 x 106
220 4 R \ T Clerk Y 6,00 0.60 0. 68L|1.000 [0.400 |eme--a] 0.097 ;f 2.11: 21
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TABLE IT.- ST PPLEMENTARY TNFORMATTON ~ Cantinued

, Alrfoll 1 Estimated aslopse
vodel segtion ﬁ:c::ggn of sectlan 1irt Alr-flow Eé
) Tyolcal aileron section A a cg/c |SUTYS, per deg ' characteristics EE
Desig= | ¢ mool Plan form Root Tip A T Gap Gap By
natfor |27 v/2 | b/2 sealed |unsesled ae
= 0,61 x 106
23a <+ Clark Y 6.00 |0.20 [0.590 [1.000 0.25) [0.102 | 0.097 M i Cl).il.‘l .
R = 0.61 x 106
22b py| Clark Y 6.00 0.20(0.700{1.000 {0.250 0.102 | =====- ¥ = 0,11 -
T=1h
R = 0.6 x icb
232 ﬁ Clark Y 6.00 |0.20|0.600]1.000 b.hoo ----- 0.097 (M =0.11
7 =1l
. ) R = 0.61 x 106
2k X Clark Y 6.00 [1.00§0.540(0.940 [0.235 |--ewe 0.097 17‘: t{il :
I ' R = 0.61 x 106
25a s o + Clark Y 6.00 [1.00]0.573(0.973 P.243 [--==m 0.097 55 g.}ﬁ_
] .
7 = 0.61 x 106
25b 4 - ! - Clark Y 6.00 [1.00{0.685{0.985 0417 Jem-um 0.097 |M =0.11
| ) 7= 1.4
N ® = 0.61 x 106
26a Q NACA 23012 6.00 |[1.000/0.400]1.000 |0.150 {0.102 | =wwew- ‘r; = o.'.lél
+—-—7 =1.
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TABLE II.- SUPPLEMENTARY INFORMATIOR - Concluded

Mrfoll Alleron Estimated slope
Model section location of sectlon 11ft §§
e./c |curve, per deg Alr-flow K
Deslg- Typical alleron sectlon A A 9 % o/ . 5 characteristics | = %
Symbol Plan form e T - N ap ap DY
netion [27™ Root o o2 |v/2 sealed lunsealed 2
R = 0.6 x 108
260 | O I NACA 23012 6.70 [1.000| 0 [1,000/0.100 [0.202 | «eee- ‘r; = 0.161 23
= 1.
27. El - ! RACA 23012 6.00 0.200]0.400(1.000 [0.150 |0.102 | ~=--~ 23
|
| b
R R = 0.17 x10
Y Q R.A.F. 38 7.2 |0.400/0.600[1.000[0.250 [-meuw | aemen ¥ = 0.5 2l
- 106
R.A.F. 38 7. .Loo |o. 000 0.250 |=emen | =ama- R =017 x 10
29 A 3 7.2 oo 600 (1 : 50 ¥ = 0,05 2l
6
F R = 0.1 -
» | v R-A.F. 38 7.2 |0.250(0.600{1.000 [p.250 |e--ec | ---e- WY P
- 6
33 D H.A.F. 3C 7.2 0,250 10, 60011.000 F.zso .......... 5 = g:ég x 10 2l
P
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NACA ACR No. L4EOl o T Fig.
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/N g
1
T
0]
0 .1 .2 .3 L

Flap chord ratlo, cg/c

(b) 6 range from 0° to 20°.
Figure 1.~ Varlation of sectlon flap effectiveness with
flap chord ratio for small Mach rumbers and a small
range of trallling-edge angle. Gaps sealed; e, = 0.

(Symbols designating two-dimensional models are
identified in table I.)
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Alleron chord ratio, cgz/c
(b) Gaps unsealed.
Fligure 2.- Variation of aileron effectlveness with
alleron chord ratio for small Mach numbers and &
small range of trailing-edge angle. a = 0°.

(Symbols designating three-dimensional models
are ldentified in table II.)
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Figure 3.- Comparison of section flap effectiveress
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Figure li.- Comparison of alleron effectiveness at
large and small sileron deflections. o= 0°.
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Figure 5.- Comparison of aileron effectiveness at Pigure 6.- Comparison of alleron effectiveness at

large and small aileron deflections. a = 10°. positive and negative aileron deflsctions. a = 0°.
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Section flap ef.t'ectivonoas,(A

Reynolds number, R

0 10 2.8 L.2 5.7 7.1 x 106
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h 0.0025¢
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.6 A .015¢
i S PR Y
A =
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Mach number, M
Figure 11.- Variation of section flap effectiveness

with Mach number and Reynolds number. Model 12;
sealed internal balance; ¢; = 0
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(b) Positive aileron deflectiouns.

Flgure 12.- Comparison of aileron effectivemess with
partial-span flaps retracted and deflected, Alleron
gaps sealed; a == 10°.
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Figure 13.- Comperison of alleron effectiveness for wings
with two amounts of taper. Models 28 to 31; gaps sealed;

cp = 0.8¢; .
L Lma.x

Alleron effectiveness,
for wings swept back
(v) A = 0.40.
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Flgure 1 .- Comparison of aileron effectiveness for wings
with aweepback and aweepforward.
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