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RESEARCH MEMORANDUM

AN INVESTTGATION AT LOW SPEED OF A 51.3° SWEPTBACK
SEMTSPAN WING EQUIPPED WITH 16 . 7~FPERCENT—CEORD
PLATN FLAPS AND ATLERONS HAVING VARTOUS
SPANS AND THREE TRAILING-EDGE ANGLES

By Jack Fischel and Leslie E. Schneiter
SUMMARY

A wind—tunmel Investigation was performed at low speed to determine
the aerocdynsmlc characteristics of a 51.3° sweptback semispan wing
equipped with 16.7—percent—chord plain flaps and allerons having varilous
spans end spenwisge locations, and with one spen of alleron having tralling—
edge angles of 69, 14°, and 25°, ILift, drag, pltching~moment, and flap
hinge-moment data were obtained for the wing equipped with several spans of
sealed end unsealed flaps deflected up to 60°, and rolling-moment, yawing-—
moment, hinge—moment, and alleron—seal—pressure date were obtained for the
verlous combinations of esileron span end trailing—edge angles. In addition,
the wing aerodynamic characteristlcs were determined for a spoller—type
alleron configuration having & span of 60 percent of the wing semlspan and
a proJjection of S-percent wing chord in conJunction with a 92.5-percenti—
span flep deflected 0°, 30°, and 60°.

The results indicate, in general, that changes in the wing angle of
attack, flep deflectlon, flsp span, or flap spanwlse location produced
trends in the wing 1lift, drag, pltching-moment, and flap hinge~mcment
characteristics that were similer to, but of different magnitude from,
the trends produced on unswept wlngs, except possibly at large angles of
attack neer the wing stall. Also, chenges In.the wlng angle of attack,
alleron deflection, aileron span, or alleron spanwlse locetion generally
produced. effects on the swept—wing laterel—control chareascteristice that
were similer in trend to, but differing in megnitude from, the corresponding
effects produced on umswept wings. Notably, the data indlcasted that a
glven percent—span alleron would be most effectlive in producing roll when
it spans the center portion of +the wing semispan.

At velues of wing angle of attack below approximately 14°, the rolling
moment produced by the spoiler—alleron configuration generally Ilncreased
wlth increaee In the angle of attack, and the yawlng mcment was favorable;
also, in this asngle—of-ettack range, the spoller slleron generelly produced
larger rolling mcments with flap deflected than with flap umdeflected.

SO
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INTRODUCTTION

The plein—Fflap type of control device is being consldered and
incorporated 1n the design of high—speed alrcraft having swept wings.
The deslgn engineer on such alrcraft is greatly hampered, however, by
a lack of data upon which to base estimates ©f the various 1lift and
lateral—control design parameters. In order to help alleviate thils
difficulty, the National Advisory Committee for Aeronautics is currently
Investigating flap—type controls on swept wings with the ultimate obJjective
of obtaining flap snd elleron design criterions similer to those avallable
on unswept wings (references 1 to 6),

The data presented and discussed hereliln are the results of-—a low—
speed 1ift end lateral—control investigatlion of 16.T7—percent-~chord plain
flaps and ailerons having various spasns, spanwlge locatlons, and trailing—

edge angles on s tepered low—drag semispan wing having a leading-edge sweep

angle of 51.30. The present investigation, which was performed In the
Langley 300 MFH 7— by 10-—foot tumnel, is an extension of the investigation
reported Iin reference 7. The model ugsed in the present investigation and
that reported in reference 7 were essentielly the same, differing only in ~
the plan form of the wing tip. The characteristics of the wing in pitch
were determined through a large angle—of-etteck range for various flap
deflections with the flaps sealed and umsealed. Rolling-moment, yawing-—
moment, hinge~moment and Iintermal—dgeal—pressure characteristics of the
varlous span allerons were determined for a large range of ailleron
deflections and angles of attack with the allerons sealed. The effect

of alleron—end treatment (inboard end of aileron cut off parallel to the
plene of symmetry rather than normal to the aileron hinge axis) on the
lateral control and hinge—~moment characteristlics of one of the alleron
configurations was also investigated. TIn addition, the lateral—control
effectiveness of a spoller confliguration (previously developed on another
sweptback wing, reference 8), investigated in conjunction with a full—
gpan plaein unsealed flap deflected various emounts, was determined.

Included herein is a comparison between the aerodynsmic and lateral
control characterigtics of the subJject wing and the resked—tip wing of
reference T.

SYMBOLS

The forces and moments meesured on the wing are presented gabout the
wind sxes, which, for the conditions of these tests (zero yew), correspond
to the stablility axes. The X—axis is in the plane of symmetry of the
model and 1is parallel to the tunnel free—stream air flow. The Z-axis 1s
in the plane of symmeiry of the model and is perpendicular to the X-eaxis.
The Y—axisg 1s perpendicular to both the X— and Z-axes. All three axes
intersect at the Intersection of the chord plane and the plane of symmetiry
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of the model at the chordwise location shown in-figure 1. This position
corregponds to the aserodynamic center of the plain wing and is located
at 29.9 percent of the mean serodynsmlic chord.

Cr,
fale;

Cp
Cm

ACp
Cy
Cn
Cn
P

11Pt coefficient (TWice 1ift o:gssemis'gan mo-:lel)

Increment of 1ift coefficient
drag coefficient (D/gS)

pitching-moment coefficient
Tywice pitching moment of semispan model about Y—axis)

QST

increment of pltching—aoment coefficlent

.rolling-moment coefficient (I./qSb)

yewing-moment coefficient (N /qSb)
flep or aileron hinge-moment coefficient (H/2qM)

seal—-pressure coefficlent
<Pressure below aileron sesgl —

Pressure sbove alleron sea.l)
Q

twice drag of semispan model, pounds

rolling moment, resuliling from alleron deflectlion or spoller
projection, about X—exis, foot—pounds

yawlng moment, resulting from aileron deflectlion or spoiler
projection, about Z—axis, foot—pounds

flap or aileron hinge moment, foot—pounds

srea~moment of flap or alleron reerward of =end about the
hinge axis, cubic Peet (see teble I)

free—sgtream dynamlc pressure, pounds per square foot (%pva)

twlce area of semispan wing model, 18.90 squsre feet
twice spasn of semispan model, 8.05 feet

aspect ratio of wing, 3.43 (b9/8)
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wing mean aerodynamic chord (M.A.C.),
2.49 feet’ (EJML c2 dy)

c local wing chord, feet
distance along X—exls from leadlng edge of root chord to

Ql

x
leading edge of mean sercdynemic chord,
2.20 feet % [ 4 dy)

0

ha lateral distance from plane of symmetry, measured parallel
to Y-axis, feet

x longltudinal distance from leading edge of wing root chord
to wing leedlng edge at any spanwise station, measured
parallel to X-exis, feet

be span of flep, measured parallel to Y-axis, feet

by gpan of alleron, measured parallel to Y-exls, feet

' free—gtream veloclty, feet per second

ol mass denslty of alr, slugs per cublc foot

a angle of attack of wing with respect to chord plane at
root of model, degrees

B¢ flap deflection relative to wing chord plane, measured.
perpendicular to flap hinge axis (positive when
trailing edge 1s down), degrees

=7 alleron deflection relative to wing chord plane, measured
perpendicular to alleron hinge axis (positive when
tralling edge is down), degrees

¢ flap or alleron trailing—edge angle , measured in a plane
spproximately perpendlcular to flap or alleron hinge
axls, degrees

A wing sweep angle, angle between wing leading edge and =
line perallel to Y-exlis, degrees

Cy /Aor, rolling-meoment coefficlent produced by 1° difference in

angle of attack of various right and left portions of =
complete wing (reference 5) .
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Ao /AB effective change in the angle of attack over the flapped
portion of a wing produced by e unlit change in flap
Cp = (ach>
ha' - da s

deflection
e,
aC
ors, = (332)
&/q The subscripts 8, and o Iindicate the factor held

3¢ ; constant. All glopes were measured in the vicinlty
C1a =< L) of 8, =0° and a = 0°.
Bg B/, :
Py = [SE
o
-
Subscripts:
1 inboard
o outboard
£ - flap
2 aileron
max maximm

The subscripts 1 to 5 have been used wlth the seal—pressure
coefficlent P +to indicate the spanwise station at which the pressure
coefficient was messured. (See fig. 2.)

The 1ift, dreg, and pitching-moment coefficlent data presented
herein represent the aerocdynamic effects of deflectlon in the same
direction of the flaps or spoller on both semispans of the camplete wing.
The rolling-moment snd yawlng-mament coeffliclent data represent the
aerodynemic moments on & complete wing produced by the deflectlon of the
alleron (or projection of = spoiler) on only one semlspan of the complete

wing.
CORRECTTONS

A1l the test data have been corrected for Jet—boundary and reflection—
plane effects. Blockage corrections, to account for the comstriction
effects produced by the wing model and wing wake, have also been gpplled
to the test data.
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Bo corrections have been applied to the data to account for the mmell
amount of wing twist produced by ailleron deflection or the tare effects of
the root~falring body.

APPARATUS AND MODEL

The semigpan—sweptback—wing model was mounted vertlically in the
Langley 300 MPH 7— by 10—~foot tumnel, as shown in figure 3. The root chord
of the model wam adjJacent to the celling of the tunnel which served as a
reflection plane. The model was mounted on the six—component belance
gystem In such a manner that all forces and moments acting on the model
could be measured. A smpll clearance was meintalned between the modsel
and the tumnel ce&lling so that no part of the model came In contect with
the tunnel structure. A root fairing, consisting of a body of revolution,
was attached to the root of the model In order to deflect the spanwlise
flow of air that enters the tumnel test sectlon through the clearance
hole between tha model and the tunnel ceiling,

The model wrs constructed of leminated meshogany over a welded asteel
framework to the plan—form dimensions shown in figure 1. The model was
aweptback 51.3° at the leading edge, had =zn aspect ratio of 3.43 and a
taper ratio of O.kl4, and hed nelther twist nor dlhedral. The wing
pections normal to the 50-percent—chord line of the wing when in the
unswept condition were NACA 65012, Traunsition was fixed et the leading
edge of the wing In order to duplicate more neerly full-scale condltions.
The transition strip, conmisting of No. 60 carborundum grains, extended
over the forward 5 percent of the wing choxd on both the upper and the
lower surfaces along the entlre span of the wing model, The carborundum
graing were sparsely spread to cover from 5 to 10 percent of this area.

The semispan—wing model was equipped with plaln radius-nose control
surfaces (which were used either as lift~flaps or allerons) that were
20 percent chord normal to the 50—percent—chord line of the wing when
in the unswept condition and 16.7 percent chord parallel to the plene of
sgymuetyy of the swept wing, The flape or aillerons were constructed
around steel spars wlith Joints (cut normal to the hinge axis) at
three spanwise statlons so that various spans of flap or alleron, occupying
various spenwise locations, could be obtained (fig. 1 and table I). The

modified plan form of Yhe O_.h-Oll:% outboard alleron (table I) hed the

inboard end of the allerom cut parslliel to the plane of symmetry (fig. 4).
The three mahogany flep end alleron proflles used had traliling-edge angles
(in a plane approximately normel to the hinge axis) of 6° (true contour of
tralling edge of NACA 65-012 airfoil), 14° (straight sides from hinge line
to tralling edge of wing), and 25° (beveled tralling edge), and were built
to the sections shown in figure 5. Except as noted, the various 1lift
flape did not have a seal across the gap ahead of the flap nose, whereas
the various allerons were mealed. The seal consisted of a plastic
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Impregneted cloth attached to both the wing and the control surface,
acrogs the gap shesd of the control—surface nose, except at the point of
attachment of the flap or alleron actuating mechanism and at the control—
surface support bearings. The seal extended a2nd was sttached to the
bearing housing et the end of each flap or alleron chamber, and 1t is
believed thet the seal 1n each chamber wes falrly complete. Pressure
orifices were located above and below the seal in the wing block ahead
of the alleron at the spanwlise locations shown in figure 2. Two pairs
of pressure orifices were located in each of the two center alleron
sectlons, whereas only one palr of orifices was located in the inboard
alleron section.

The spoller-—elileron conflgurstion consisted of slx spoiler segments,
each having = spen of 0.10% eand & projectlion of 0.05¢c, attached to the
upper surface of the wing In a stepped fashlon wlth the span of each
segment normsl to the plane of symmetry (fig. 6). The midpoint of each
spoller segment wa.s on the 0.70¢c 1ine of the wing and the spoller

extended from 0.202 ta O. 802-

A remotely controlled motor—driven flap—ectuatling mechenism wes
used to cobtain the various flap and alleron deflections emplaoyed in the
investigation. The control—surface deflectiones were constantly indicated
on a meter by the use of a callbrated potenticmeter which was mounted on
the hinge axis near the outboard end of the aileron. A calibrated
electrical resistance—type strain gege was employed to measure the flap
and. ajileron hinge moments.

TESTS

A1l the temsts were performed at an average dynamic pressure of
approximately 20.5 pounds per square foot, which corremponds to a Mach
number of 0.12 and a Reynolds number of 2,200,000 based on the wing mean
serodynamic chord of 2.49 feet.

Wing angle—of—attack tests with the unsmealed fleps deflected various
smounts from 00 to 60° were made through an angle—of-—ettack range from —10°
to the wing stell angle, whereas corresponding tests wlth the mealed flaps
at zero deflection were generally made through an angle—of—eattack range
from —10° to 20°. Additional 1lift, drag, pitching-moment, and hinge—
moment coefficient date presented hereln, for both the retracted and ,
deflected conditions of the sealed flaps, were ohbtained in the course of
obtalning the lateral—control—test deata.

Lateral-control testis, wlith the varlous span ailerons having the
variocus treiling-edge angles, generally were performed through an sileron-
deflection range from ~30° to 30° at constant angles of attack ranging
from —4° to 28° in L4° increments.
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Tests of the spoiler conflguretion were performed through an angle—
of-ettack range from —10° to the wing stall angle with the meximum span

unsealed flap (bf = 0.925%) deflected 0°, 30°, and 60°.

RESULTS AND DISCUSSION

Wing Aerodynamic Characteristics

The static aerodynamic cheracterlstics of the wing in pitch for several
deflectlions of 0.521-12 and 0.925:9— ungealed inboard flasps are presented in

" flgure 7, and corresponding data for several deflectlions of sesled flaps
having various spans and spanwise locetlona =are presented in figures 8

and 9. The incremental values of 11ft coefflclent and pltching-moment
coefficlent resulting from flap deflectlon are shown in figures 10 and 11,
respectively, for the flaps 1n both the unsealed and sealed conditions.

In edditlion, the effects of flap span and spanwise locatlon on the values
of 11ft coeffliclent and pltching-moment coefficlent obtalned on +the gubJect
wing with the gesled flaps deflected 30° are shown in the sumary figures

presented as figures 12-and 13.

Lift charscteristice.— The data presented in figures T to 10 and 12
show that Increase in either the flap span or the flap deflection, within
the range investigated, generally resulted in an incresse in the 1lift at
any glven angle of attack and also in the maximm 1ift obtainable. The
incremental 11ft produced by unit flap deflection tended to decrease asn
the flap deflection or the angle of attack increased and waa generally
larger at o = 0° than at other angles of attack.

The values of AC, obtained with the O. 521b and O. 925— unsealed

flaps deflected 60° were, respectively, approximately 0.33 and 0.4k3
at o = 0°, approximately 0.29 and 0.35 at a = 12°, and approxi-—
mately 0.07 and 0.21 at Cr (figs. T and 10). The low value

of ACr,. ., shown here for the O. 521— flap as compared to the
value of ACy for the O. 925— flap has been noted previously in

other investigations of partial—span and full-span flaps on swept—
back winge and is thought to be assoclated with a premature stall
occurring over the inboard portlon of the wing when a trailing—

edge flap is deflected. This phencmenon is more clearly illustreted

by a comparigon of the 1lift curves of figures 7 to 9, which reveals
that the values of ACr, tend to decreasse more rapidly for inboard
flaps than for outboard or full—span flaps, as the wing stail is
approached. The decrease in the values of AC; produced by given

flap deflections as o Increased (figs. 7 to 10) was also noted in the
swept—wing investigation reported 1n reference 7, but was not noted in

1)"
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the investigatlons of unswept wings reported in references 1 and 2, and
1s therefore thought to be a phenomenon assoclated wlth sweptback wings.
The deta presented herein were obtelined at a moderately low velue of
Reynolds number; however, the results of other wind—turmel investligatlions
have indicated that the rate of increese of Cg wlth Reynoclds rumbper

1s less for sweptback wings than for mmewept wings in the critical range
of Reynolds number and is slmost negligible when transition is fixed on
the wing leading edge.

In pgddition to the Incresse in wing 1ift wilth flsp span previously
noted, figures 8, 9, and 12 also show that, at engles of attack below that
for Cg s the 1ift effectlveness of a glven percent~span outboard flap

wase less than that of a corresponding percent—epan inboard flep. This is

in excess of the effect that could be attrlbuted to the larger ratlo of

flap area to wing area obtained with inboard flaps then wlth outboard flaps
and asgrees wlth corresponding results obteined on mmswept wings (references 1
to 3) and with the results obtained in the swept—wing investigstion reported
in reference 7. It wlll be noted that wlth the flsp sealed, the ratio of

AC : . is elmo t = 09, 12° d
I"Df=o.5 BIAGLbf'*J-925B' 8 st constant at « s s an
st Cg, (figs. 8 and 10), but with the flap unsealed, thim ratic is

almost constent only at o = 0° and 12° (figs. 7 and 10). Moreover,
a camperison of the 1lift deta of figures T, 8, and 10 shows that, at
angles of atteck below that for Oy s, the values of ACy; obtained

with flape sealed or unsealed were generelly quite similar (fig. 10),
thereby Indicating that the beneflclal effects on ACy, of sealing the

fiap obtalned in previous investlgatlons on umswept wings were not
obtained on the subject wing,

Drag characteristice.— Increase 1n the flap span or the flap
deflection of elther the sesled or ungealed flaps generally produced
larger values of drag coefflclent &t low glven values of Cp, and
maller values of drag ccefficlent at high given values of Cr,

(figs. T to 9). A comparison of the lift—drag ratios L/D obtained

at the various flep deflections Indicates that at values of Cp above
epproximately 0.6, a flap deflection of 30° provides almost the cptimm
velue of I./'D, and any Iincrease in flap deflection does not improve
this ratic, although it does increase the 1ift coefficlemt (fig. T).
Because of the importance of the L/D ratic for teke—off and landing
(as well as for cruising flight), and because of the increase in
pitching moment with flap deflection (as will be discussed in the
following section) i1t mey be advantageous to 1limit the flap deflection
to a moderate value on sweptback wings.

Sealing the flsp produced no significant changes In the values of
drag coefficient at gliven values of 1ift coefficlent for a glven percent-
span flap (figs. T and 8).
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Pitching-moment characterlstics.— At values of 1ift cecefficlent
ebove spproximately 0.65, the subJect wing had en unstable variation
of pitching-moment coefficlent with 1ift coefflclient regerdless of the
flap span, flap deflectlion, or the conditlon of the flap-nose seal
(fige. 7 to 9). TIncresse in elther the flep gpan or the flap deflection
generally produced negative increments of pitchingrmoment coefficlent AChH
over the entire lift—coefficient range (figs. 7, 8, end 11). The values
of ACR reflected onmly a smell effect of sealing the flap at large flap
deflectlons, but mealing the flap produced about 20 percent less negative
values of AC, for the O. 925£-flap at low flap deflections. The values
of ACy obteined at o = 0° varied almost linearly with flap deflection
at velues of 8¢ between 0° and 30° (fig. 11), elthough the variation of
pitching-moment coefficlent with flap deflection Cpg tended to decrease
as the flap deflection increassed (figs. 7 and 8). For outboerd flaps, or

flaps having their outboard end at O. 99011 the data of figures 9 and 13

indicate that a nonlineer variation of qm with flap gpan exlgts and
that, for a given percent—gpen flap, AC,; was largest for a flap located
over the center portlon or:the outboard portion of the wing and was
elmost negligible for a short—sapan flap spanning the inboard portion

of the wing. Almost similar trends are shown by the variation of cmsf

with flep span, although such data are not presented herein. This effect
1s assoclated with the longlitudinal dlistence rearward of the sercdynamic
center of the loadling produced by flaps on swept wings.

Flap hinge-moment charecterigstics.— As would normelly be enticlpated,
the hinge—moment data of figures 7 to 9 ghow that the values of the flap
hinge-moment coefflclent became more negetlive with increase In the 1lift
coefficient (or the angle of attack) of the wing, end also with increase
in the flap deflection. Only slight, and in some cases, inconsigtent
effects on the values of hinge—moment coeffliclent were produced by
increasing the flap span, varying the spanwise positlion of the fleps, or
sealing the flaps.

In genersal, changes in the wing engle of attack, flap deflectilon,
flap span, or flap spanwlse locatlon, produced trends in the swept—wlng
lift, drag, pitching-moment, and flap hinge-moment characteristics that
were similar to, but of different magnitude from, +the trends produced on
unswept wings, except possibily at large angles of attack near the wing
stall.

Aileron~Control Characteristics

The variation of the alleron letersl control cheracteristics with
alleron deflection or wing angle of attack for each of the combinations
of aileron span and trelling-edge asngle Iinvestlgated 1s presented in
figures 1% to 21. The lateral—control parameters 025 , Ch8 , and Cha’

a a

determined from the data in figures 1k to 17, 20, and 21 (for allerons

,
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heving y. = 0.5902), are shown plotted against the position of the

Inboard ei%. of the alleron in figure 22 and ageinst alleron tralling—
edge angle in figure 23. A summery chart, presenting the values of the
aforementlioned lateral—control parameters and the values of the sesl—
Pregsure parsmeter P’-"a. obtained with each of the aileron comblnatlonsg

tested, ms well as the valuses of the total rolling-mament coefficient
produced by +30° deflection of each aileron, is given in teble IT.

Rolling—moment characteristics.— The data of figures 1k to 21 show
that the curves of rolling-moment coefficlent agalnst ajleron deflection
for a glven alleron conflguration are falrly linear and are almost
identical for values of a at end below 8.3°, but that theme curves
generally become less linear and the values of C; at given allerom
deflections decrease wlth increase in « sbove 8.3°. The magnitude
of the reductionr In Oy (as o increased) appeered to incresse as
the span of au aileron having ¥g, = 0.9_903— (outboard silerons)
irncreased, snd is par-ticularly large for the 0.513% (center—s‘_pen)
end 0.5212 (inboard) ailleromns. This phenomenon is thought to be
assoclated with the premature stell that occurred when control surfaces’
were used on the inpoasrd portion of the wing (mee figs. 7 to 9) and
Indicates that an elleron on the subject wing would retaln the greater
part of 1ts effectlveness through the o range when 1t 1s located
nesr the wing tip.

Ag an indicetion of the maximum rolling effectiveness of the
gllerons, assuming an ajileron system with no differential linkage, the
values of the total rolling-moment coefficient for 309 aileron deflec—
tion at constant values of « have heen computed for each of the ailleron
arrengements investigeted and are listed iIn table IT. Beceuse the trends
exhibited by these valmes of total C; for Bg = 130° are similar to

the trends exhibited by the values of the alleron—effectiveness
perameter Czs for each of the alleron arrangements, only the varliations
a

of the parameter 07'8 with aileron span, spamwise locstion, and trailing
8,
edge angle will be dealt with in the following discussion of rolling—
moment characteristics.
The veriation of the alleron—effectiveness parameter Cg, wlth
the position ofothe inboerd end of_bthe alleron, for allerons
heving ¢a. = 14% and Tag = 0.9905 and with alleron trailing-edge
angle, for outboard alilerons of_O.ll»O_h%, is shown in :E‘igures 22 end 23,

respectively. As would be nmormally a:nticipa.ted,- CZB Increasged wlth

increesing aileron spen and decresged with increasinga'aileron trailing—

edge angle. (COrrespc_::d.j.n.? effects have been determined previously on
mnswept wings (reference L4).) The varistion of CZS wlth aileron
a

gspen was nonlinear, and the data of figure 22 and table IT Indicate that
a given percent—span aileran would be most effective when spenning the
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center portion of the wing semispan and least effective when spanning the
Inboard portion of-the wing semigpan. A comparison of the values

of Czs measured with the 0.513% center—spen alleron and with
a . :
the 0.5212 inboard asileron (table II} with the values of Cig
: o a

estimated for these allerons from the C35 ~ curve of figure 22
a
indicates excellent agreement. The estlimated values of Cza were
a

cobtained from figure 22 by taking the difference between the values
of C34 | &t the lnboard and outboard ende of each alleron. Because of
a

+his excellent egreement between the meagured and estimated values
of CZS » 1t 1s Indicated that the C;5 curve of figure 22 could be
a a

used to estimate accurately the allerom—effectiveness parameters of.
allerons spanning verious portions of the wing semlspan on wings having
plan forms similar to the wing investlgated.

In the investigatlion reported in reference 9, the gubject data and
data obtalned in other investigetlone have been analyzed and a method of
computing control parameters for sweptback wings has been developed,
which, for the subject wing, is represented by the relatrionship

C1 2
Otp, = Az RF cos

The variation of C35  Wwith aileron span calculated from thls relation—
a

ship is shown in figure 22. The variation of C;/Ax with alleron span
uged in these calculations was ocbtalned from reference 5 for a wing of
aspect ratio 6 and a teper ratio of 0.5; these values spproximately
correspond. to the geometric cheracteristics for the wing of the present
paper when 1t 1s unswept. A value of 0.4k was used for Aa/AB which
corresponds to the velus for e sealed alleron of 0.20c (normel or
epproximately normal to the hinge line). The theoretical curve of 015
a

is in excellent agreement with the experimentelly determined curve (as
was shown in reference 9), except for short—spsn allerons located near the
wing tip, where the experimentally determlined curve provides slightly
smaller values of C;S . o '

a

Yewing—moment characteristics.— The total yawlng—moment coefficilent
resulting from equal up and down deflection of the allerons was generally
edverse (silgn of yawing moment opposite to sign of rolling moment) for
811 combinetions of ailercn mpen and trailling~edge angles tested (figs. 1k4
to 21). The magnitude of the adverse yawing-moment coefficlent lncreassed
ag the angle of attack increased, 1n one case becoming as much as
84 percent of the totel rolling-moment coefficient. The ratio of adverse
Yawing moment to rolling moment was considerebly larger for the sgubJect
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wing than the corresponding ratio obtained for unswept wings. Reference 10
indicates that these large mdverse yawlng maments would tend to reduce the
rolling power of the allerons and that these adverse yawlng moments, when
coupled with the low alleron effectiveness encountered at hlgh velues of
1ift coeffliclent and./or Jow airplane directional stebllity, may be gulte
deleterious. As would be expected, the yawing moment produced by any
glven edusl up snd down deflectlon of the allercons Increased with
increasing alleron span. Varlatlon of the sileron tralling—edge angle
caused no gignificant changes in the yawling moments produced by

the o.hold% outboerd aileron {figs. 16, 20, and 21).

From conglderations of elther the total yawlng moment or the ratilo
of yewing moment to rolling moment, there sppeare to be no. advantage to
be galned in the use of ailerons spamming the center portion or the
inboard portion of the wing semispan. The center—span ailercn (0.513]21),

while producing more rolling moment, also produced more adverse yawlng
moment than would probably be produced by a comparable span alleron
located at the wing tip; however, the ratlo of yawing moment to rolling
moment was almost ldentlcal for all configurations.

Aileron hinge-moment chersacteristics.— Hinge-mcment—coefficient data
obtained on the verious spans of aileron (figs. 1% +to 21) show that the
values of the hinge—moment coefflcient Cy, at given alleron deflectlons,

genereally becams more megative ag the wlng angie of attack incressed. The
dats also ghow that & fairly linear verlatlon of O wlth &g waa

cbtained for the 0.9252» glleron at low angles of attack. The variation
of Cp with B8y, for the up—going alleron, generelly beceme less as

the value of « Increased, as the alleron span of outboard allerons
decreased and, for the 0.11-01% cutbhoard allerons, as the alleron tralling—
edge angle Ilncreased.

The values of the alleron hlinge-moment paremeters chu and Cha
a

were only slightly affected by changes in the span or gpanwlise location
of the ailerons (fig. 22 and table II). For allercns having JYa, = 0.990%
and @, = 14°, OCp, and Cp, exhibited a slight shift toward more

-
negative values as the alleron span was Increased, and for the O. 5135 center—

spen alleron end the O.EZI.-E inboard alleron as well as for the 0.40’-% out—
board alleron, the data Indicated a slight shift towerd more negative
values of both cha. and Ch& when the gpesnwlse posltion of the alleron
was moved inboard. In addition, for outboard allercns of O. 11-01{—— Chy,

end Cng exhibited large changes toward less negatlve (or more positive)

values ag the aileron trailing-edge angle was increased (fig. 23). Corre—
sponding effects on the values of Cho;, and Ghaa produced by change in
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aileron tralling-edge angle have been noted previocusly 1o other investi— ?
gatlions on swept and unswept wilngs (references 7 and y, respectively).

Internal seal—-pressure characterlgtics.— The internal smeal-pressure -
data obtalned on the various span allerons having a trailing—edge sngle
of 14O (fige. 1% to 19 and table II) show that the most linear variation
of P with 8, and the highest value of P at any given value of B4

were Invariably obtalned on each alleron at the spanwise statlon located
nearest the inboard end of the alleron. In eddition, for each span of
alleron, the values of P for given alleron deflections and the values
of Pga generally decreased in proceeding from the inboard pressure—

orifice stations to the outboard stations. Increasing the wing asngle of
attack had sn' inconsistent effect upcon Paa but generally produced a

ghift of the prespsure curves toward more positive values of pressure
coefficient. TFor a constant alleron span (ba = O.hohg), Increasing the

slleron tralling—edge angle generslly produced mlightly smaller velues
of Ps, and produced only negligible changes in the values of P at

given alleron deflections (figs. 16, 20, and 21 and teble II).

The seal-pressure data indicate, in general, that sealed internal .

balences will provide hinge-moment balancing effects on a highly sweptback A
wing through a nioderaté slleron—deflectlon range and a large angle—of—

attack range up to and through the angle of wing stall. Calculations of —
the balancing moments of varlous sizes of sealed Internal balance made by =

the methods and data presented 1n reference 11 and the data presented in
+he present paper showed that an Intermal balance which would permit

+009 gilleron deflection on the wing investigated wounld provide considerable
balancing effects through the wing angle—of—ettack range; however, this
would also limit the rolling power of the ailerons, which mey be serious at
low speeds. In order to lncrease the deflectlon range of the ellerons
above +20°, and thereby the avallable rolling moment, the size of the
overhanging balance would necessarily be shortened with an accompenying
loas in available balancing power of the internal balance.

Characteristics of the modifiled 0.4045 aileron.— As has been previously

noted, and as shown In figure 1, the allerons tested .In the main part of
+thig Investigation were formed by segments the ends of which, with the

exception of the ends at the 0.065% and. 0.990% statlions, were cut

perpendicular to the alleron hinge line. In order to determine the .
effects of alleron end treatment or changeg in aileron plan form on . B i-
alleron control characteristics, the 0.4O4E outboard ailleron having a .
trailing-edge angle of 6° was modified by cutting the lnboard end of the
alleron parallel to the plane of symmetry (fig. 4). A comparison of the
data for the modified aileron configuration with that of the originel
alleron configuration (figs. 24 and 25 end table II) shows that the
modification resulted in approximately a 9—percent reduction in the
rolling power of the aileron, no notgble change in the yawing—moment.



-/-

NACA RM No. L8H20 15

characteristicy, and a negiligible reduction in the value of the hinge—
moment parsmeter cha. The maln effect of the modificatlon was &

reduction in the variation of hinge moment over the aileron deflection
range; this reductlon amounted to approximetely 55 percent in the value

of chﬁ'
a

Spoiler Control Characteristics

The azerodynamlc and latersl control characteristics of the wing
equipped with the spoiler confilguration shown in figure 6 and with

the 0.925% unsealed flep deflected 0°, 30°, and 60° are shown in

figure 26. As has been previcusly noted, the spoller configuration
uged for these tests is simllar to one of the more satisfactory
configurations developed in the investigation reported in reference 5.

A comparison of the aerodynemic charscteristics of the flapped
wing—spoiler configurstion wilth the characteristlcs of the plein flapped
wing (fig. 7(b)) shows thet the addition of the spoiler configuration on
both gemigpans of the complete swept wing (for possible ume as a speed
breke or a glide—path control) generally produced the seme effects on
the values of Cr, Cp, Cp, and Cy at valies of a below approxi-—
metely 16° as are produced on umswept wings. Addition of the gspoller
configuration to the swept wing reduced . the values of C;, over the
entire angle—of-attack range; in addltion, the values of Cp were
increased, and the velues of Cp and Cp generally beacsme more
positive (or less negative) at low angles of asttack, and opposite trends
were exhiblted by these coefficlients at large angies of attack. The
spoller confliguration produced only emall changes 1n the incremental
values of Cy, Cp, Cm, =nd Cp resulting from deflection of the flap.

The variatlion of spoller—elleron rollling-moment coefficlent with
angle of attack wes lrreguler for all three flsp deflections; the values
of C3 generally increased with increase In « at values of o below
approximately 14° and tended to decrease with increase in o above
o = 149, Except in the high angle—of—attack range, the values of C3
produced by .spoller projJection generally were greatest wlth the flap
deflected. The yawlng-moment coefflclents produced by spollier projec—
tlon were favorable over moast of the angle—of—attack range but became
adverse at angles of attack greater than approximately 12°.

It is rather difflicult to meke s direct comparison between the
relative effectlveness of the cone spoller configuration Anvestigated
and..the effectiveness of the ailerons investigated, principslly because
the spoller was tested at only one projection and the configuration
tested may not be optimum for the subJect wing. However, considering
the varistion of the rolling-moment charsascterlistics over the proJection
range of this spoiler configuration on another wing (reference 8) —
which would probably be quite similar on the subJect wing — 1t appears
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that the present spoller configuration at a2 maximum proJjection of
approximately 0.08c would probably provide as much rolling moment

over the angle—of—eitack range as the o.hou% ocutboerd aileron (which

represents a falrly typical alleron configuration) deflected £20°
(to allow for adequate internal balancing). A comparison of thism
nature is not complete, however, because the gpollers exhibited more
favorable yawing-moment cheracteristics and would have more favorsble
stick—force characteristics than the O.hOlL-g- alleron, particularly at

high speeds. It should be remembered that the comparative snalysis of
the effectiveness of-the two lateral control devices is baged on data
obtalned only at low speed end, as such, 1s not intended to spply in the
transonic speed range wherein wings of this plan form are designed to Ffly.

Effect of Wing—Tip Shape

Reference T presents the results of an investigation, similar to
that reported herein, performed with essentially the same wing model
as the present model, except that the wing model of reference T was
equipped with & reaked +tip. For purpcoses of ldentiflcation, the wing
of reference 7 will be referred to in the ensulng discussion as the
"reked—tip wing” and the wing of the present investigation will be
referred to as the "swept—tip wing."

Comparison of wing serodynamlic characterigtics.— The varlation of
the wing angle of attack and drag, and pltching-moment coefficlents with
11ft coefficient for the reked—tip wing with the largest span of flap
tested at 0° and 30° deflections were almost identical to the corre—

sponding characteriastics of +the swept—tip wing with the 0.9252- flap at

similar deflections. Thils rather complete lack of agignificant changes
in the wilng aerodynamlic characteristics as a result of changing the tip
ghape has been noted previocusly 1ln sseveral unpublished invegtigations.
Thips phencmenomn, plus the fact that the aspect ratlos of the swept—tip
and. raked—tip wings under dlscussion were about the gams, leads to the
bellef that sny major changes in the wing serodynemic cherascterlsticsa
resulting from a chenge In the wing—tip shape are the result of changes
in +he wing aspect ratlo. In addition, 1t is conmidered somewhat
surprising that the variation of the increment of 1ift coefficilent with
flep deflection produced by the largest span flap on the raked-—tip wing

was almosgt in perfect sgreement with the results for the 0.925:% flap on

+he swept—tip wing, because the ratios of area and span of the largest
gpan flap on the raked—tlp wing to the area and span of the raked—tlp
wing are smaller than the corresponding retics for. the swept—~tlp wing.

Comparison of alleron lateral control characteristics.— In general,
the. C3, Cp, Cn, &and P data obtained on +the swept—tip and raked—
+tip wings were quite similar and exhibited the same trends with change
in alleron deflection and wing angle of attack. Algo, in gemeral, the
effect of varlation of the wlng—tip shape on the variatlion of +he lateral—
control paramsters Ch&a, Chys and CZaa with aileron trailing-edge
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angle and on the varilsation of chﬁ and Cha with elleron span was

negliglible. For any. glven spen of a.ileron, the rolling—effectiveness
parameter 07,5 for the swept—tip wing was slightly greater than

a
the 07'5 valuee for the raked-~tlp wing. Thls effect seems logical

when one consid.ers the compara.tive spans and spanwlse locatlons of the
allerons tested an both wings. From a comparigon of these low—epeed
data, 1t appears, therefore, that the wing with the swept tlp would be
preferred becsuse the wing with thig tlp has, for equal aspect ratlo
and taper ratlo, more physical length of trailing edge uponr which to
ingtall allerons and high—1ift devices than the comparable rsked—tip
wing, and because it would provide more satisfactory performance (as a
result of ite larger esrea) for an airplene.

CONCLUSIORS

A wind—tunnel Investlgatlion was performed at low speed to determine
the aerodynemic characteristics of a 51.3° sweptback semispen wing
equipped with 16.T-percent—chord plein flaps and ailerons heving various
spane, spanwlise locatldns, and tralling-edge angles. In additlon, a
spoller—elleron configuration was tested on the semlspan wing in conJjunc—
tion with a 92.5-percent—span flap. The results of the investigation
led to the followlng conclusionsg:

1. In general, changes In the wing angle of attack, flap deflection,
flep span, or flap spanwise locatlion produced trends In the swept—wlng
1lift, drag, pltching-moment, end flap hinge—moment characteristics that
were gimiler to, but of different magnitude from, the trends produced
on unswept wings, except posslbly at large angles of attack near the
wing stall. In the low and moderate llft—coefficlent range, a seel
ingtalled scross the 0.5—percent—chord gap ahead of the flap nose
produced no significant changes in the 1ift, drag, pltching-moment,
and hinge—moment characteristlics of the wing obtained with the flap
imgealed.

2. The incremental value of 11ft coefficlent ACy, K cobtalned
with 52.1-percent span and 92.5-percent span unsealed flaps deflected 60°
were, respectively, a.pprcxrima.tely 0.33 ard 0.43 2t zero a.ngle of attack,
approximately 0.29 and 0.35 at an angle of atta.ck of 12°, and approxi—
metely 0.07 and 0.2]1 at maximm 1ift. o

3. As would be normally anticlpated the effectivenesms of the
allerons, as shown by the variation of rolling-moment coefficient with
aileron deflectlon C-l& s Increased as the aileron span Incressed and

a

decreased as the trailing—edge angle of a glven alleron was Increased.
The data indicated that s glven percent—span sileron would be most
effective when spanning the center portion of the wing semispan, but
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would retain the greater pesrt of lte effectlveness through the angle— -
of-attack range when spanning the outboerd portlon of the wing semispan.

4. The total yawing moment, resulting from equal up end down .
deflections of the allerons, was generally adverse for all combinations
of alleron span and tralling-edge angle tesgted and became more sdverse
ag the wilng angle of attack or the alleron spen incressed. Variation
of the tralling-edge angle caused no significent changes in the yawing
momente produced by & given span of aileron.

5. The values of the alleron hinge—-moment parameters cha and Chs
8

were only slightly affected by changes in the span or gpenwise location
of the allerons; Chm and Ch5 exhiblted a slight shift towerd more
a

negative values ag the aileron span was lncreased towerd the wing root

section and as the spanwise location of & given span of alleron was

moved inboard. In additlon, for a given span of aileron, Chm and Ch5
a

exhibited large changes toward less negative (or more positive) values as
the aileron trailing-edge asngle was increased.

6. Increasse in the wing angle of attack hed an inconsistent effect
on the variation of seal-pressure coefficlent with alleron deflection Paa

but generally produced a ghift of the curves of the pressure coefflcilent

againet alleron deflection toward more positive values of pressure .
coefficlent. Increase 1n the alleron trailing-edge angle generally .
resulted 1n glightly smaller values of PS but hed & negligible effect

on the velues of pressure coefficlent obtained at given aileron deflectlions.
The seal—pressure data indicate, 1n general, that sealed intermnal balances
willl provide hinge—moment balancing effects on a highly sweptback wing
through a moderate alleron—deflection range and a large angle—of—attack
range up to and through the angle of wing stall.

7. Data obtailned on & L4O.k—vpercent-span outboard aileron modified
by meking the inboard end of the aileron parallel to the plane of
symmetry (+he original ailleron had its inboard end normal to the alleron
hinge line) shows that the only noteble changes resulting from the modifi—
catlon were an approximately 9-percent reduction in the rolling effectlve—
ness of the aileron and a 55—-percent reduction in the parameter ChS

-

8. The rolling moment produced by the spoiler—aileron configuration
generally increased with.increase 1In wing angle of attack o at values
of o %below approximately 1h° and, in thig « range, generally was ’
greater with the flap deflected than with the flep undeflected. Also,
in the aforementioned a range, the spoller alleron produced fevorable

yawing moments. . o -
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9. A comperlison made between the date obtained on the subJect swept
wing and data obtalned on a reked—tlp versilon of the subJect wing Indlcated
no major differences existed in the trends and msgnltudes of the coef—
ficients obtained.

Langley Aeronautical Leboratory
National Advisory Commlttee for Aeronautics

Langley Fileld, Va.



20 . : - NACA RM No. L8H20

REFERENCES

1. Bouse, R. 0.: The Effects of Pertlal-Span Plain Flsps on the
Aerodynemic Characterlstics of & Rectangular and & Tapered
Clark Y Wing. NACA TN No. 663, 1938.

2. House, Rufus 0.: The Effects of Partial-Spen Slotted Flaps on
the Aerocdynemic. Characteristics of a Rectangular and a Tapered
N.A.C.A. 23012 Wing. NACA TN No. 719, 1939.

3. Wenzinger, Carl J.: The Effects of Full-Span and Pertlal-Span
Split Flaps on the Aerodynamic Characteristics of & Tepered
Wing. NACA TN No. 505, 193L4.

4, Langley Research Department (Compiled by Thomas A. Toll): Summary
of Lateral—Control Research. NACA TN No. 1245, 1947.

5. Welck, Fred E., and Jones, Robert T.: Résumé and Analysis of N.A.C.A.
Lateral Control Research.. NACA Rep. No. 605, 1937.

6. Pearson, Henry A., and Jones, Robert T.: Theoretical Stebility and
Control Characterlistlics of Wings with Varlous Amounts of Teper
and Twist. NACA Rep. No. 635, 1938.

T. Flschel, Jdeack, and Schneit.er, Leslie E.: An Investigation at Low
Speed. of & 51. 3 Sweptback Semilspan Wing with a Reked Tip and
with 16.7-Percent—Chord.Allerons Having Three Spans asnd Three
Tralling-FEdge Angles. NACA RM No. 18F29, 1948,

8. Schneiter, Lesllie E., and Watson, James M.: Low-Speed Wind~Tunnel
Investigation of Various Plaln-Spoller Configurations for Lateral
Control on a 42° Sweptback Wing. NACA TN No. 1646, 1948,

g. Lorwry', Johh G., and Schneiter, Leslie E.: ZEstimation of Effectiveness
of Flap-Type Controls on Sweptback Wings. NACA TN No. 167k, 1948.

10. Fehlner, Leo F,: A Study of the Effect of Adverse Yawing Maoment on
Lateral Maneuverablility at a High Lift Coefficlent. NACA ARR,
Sept. 19k2.

11. Fischel, Jack: Hinge Moments of-Sealed—Internal-Balance Arrangements
for Control Surfaces. II — Experimental Investigation of Fabric
Seels in the Presence of a Thin—Plate Overhang. NACA ARR No. L5F30a,

1945.



WACA RM No. L8H20

TABTIE I.— DIMENSTIONAL CHARACTERTSTICS OF THE

VARTOUS 0.167c FLAPS ARD ATTERONS TESTED

ON THE 51.3° SWEPTBACK WING

Flep or
elleron gpan

149k
1Tk

.0561

8Modified by cutting inboard end of aileron perallel to plene of

gyrme+try .




TABLE IT.— SIMMARY OF THE LATERAT, CONTROL CHARACTERTSTTCS OF 0,167c ATLEROES

OF VARTOUS SPANS (N TEE 51,3° SWEPTBACK WING

Aileron Pba Total C; for B, = +30°
B%:n’ (6s8) Vo | o o Sta. 1[5ta. 2|Bta. 3[Sta, 4|Bta. 5|a s 0°|a & 8.3°[a & 12,59« & 20.8°
0.925121 14 |0.00118(-0.006k4 |~0.0024 {0,025 {0.033 [0.030 [0.033 [0.027 [0.057k| 0.0562 | 0.0495 | 0,0436
(6368 | 1k | .00105| ~.0060| =.0015|-wm== 033 | .031 | .033 | .027 .051£ 0503 | .ouis | okt
.hoh% 1% | 00057} —.0057| =.0011 [-=w-m- SN (N 030 | .02k | .0200] .0e98 | L0250 | .02ko
1738 | 1h | .00022|-enmen- -- S I .013? 0134 | .0120 | .0096
522 | 14 | .00063| ~.0067| -.0025| .02% | .026 | .083 |-meem- veemem| L0323 L0315 | L0265 | .0190
.513121 1% | .00081| —.006%| —,0011|--=-=- .031 | 027 | .028 | .023 | .ou33] .oM25 | .0358 | .0308
.lmhlal 25 | .00048| ~.0035| 0015 |ewamwn|eeannn 027 | .021 | .0276| .02h3 | .0268 | .0255
hohfZ- 6 | .0005g| —.0069| —.0015 - .030 | .0%6 | .0310{ .0276 | .0276 | .02k2
“.hoh% 6 | .0005%| ~.0031| —.001k SRRV PUNEPURY SR I E— cemmmnen
® Modified by outting Inbosrd end parallsl to plane of eymmetry ~BKA
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Figure 1.~ Sketch of the 51.8° sweptback semispan wing model, § = 18,90 square feet; A = 3,43;
taper ratio = 0.44. (All dimensjons In feet,

except as noted,)

CSHZI "ON Wd VOVN

154



Pressure leads

Jea/
To imanometsr

Figure 2.~ Location of pressure orifices on the semispan wing model,
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Figure 3,- The 51.3° sweptback semispan wing mounted near the ceiling in the Langley 300 MPH 7- hy
10-toot tunnel.
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Figure 4.~ Sketch of the 51,3° swaptback semispan wizg showing the rmodified and origtnsl 0,404 2

allerons tested,
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Jrae - confour aiferom ; @ =67
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Straight - sided ailerom ; § =14."
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Figure 22.- Variation of aileron parameters Cg
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Figure 23.- Variation of aileron parameters Cp . , Cp,., and C with
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aileron trailing-edge angle on the 51.3° sweptback wing., b, = 0.4049- ;
Vag = 0.9908; @ = 6° on wing inboard of aileron.
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Figure 24.- Comparison of the variation of hinge-moment coefficient with angle of attack for the original
and modifled ailerons of b, = 0.404% on the 51.3° sweptback wing. 8, = 0°; @, = 89
b .
Ya, - 0.9905. 3
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Flgure 25.- Comparison of the variation of lateral control characteristics with

aileron deflection for the original and modified ailerons of b, = 0.4042 on

the 51.3° sweptback wing. a = _OO; ¢a = 60; Yo = 0.990%.
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