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INVESTIGATION OF LOW~SPEED ATIERON CONTROL CEARACTERISTICS
AT A REYNOIDS NUMBER QOF 6,800,000 OF A WING WITH
IEADING EDGE SWEPT BACK 42° WITH AND
WITHOUT HIGH-LIFT DEVICES

By Thomes V. Bollech and Gearge L, Pratt

SUMMARY

An investigation has been carrled out at a Reynolds number
of 6,800,000 to determine the low—speed lateral conbtrol characteristics
of a 20percent—chord half-span outboard alleron on & wing swept
back 42° at the leading edge. The wing incorporated NACA E4~112 air—
foll sectlons perpendicular to the 0.273 chord line and had an aspect
ratio of 4.0l and a taper ratio of 0.625.

The leteral control, ailsron hinge-moment, alleron load, and
balance—chamber—pressure characteristics were determined for the wing
with and wlthout high—11ft and stall—control devices for an angle—of—
attack range from —4° through the stall.

The results of the Investligation lndicate that at low total
alleron deflections the rolling moments produced were not Influenced
by model configurstion. At large total ailleron deflections (50°),
lower values of rolling maments throughout the angle—of-attack rangs
were obtalned for the flap-deflected conditlons than for. the plain wing
because of the loss in effectiveness of the downgolng aileron.

For a total alleron deflectlon of 500, longitudinsl trim c;hanges
were obtained for the flap-—deflected conditions whick would require a
small degree of elevator travel to balance.

The rate of change in aileron hinge moment with deflection in a
steady roll Chs' of the unbalanced alleron was approximately constant

in the low angle—of—attack range and decreased apprecliably in the
higher angle—of—ettack range for the plein wing and for the wing with
leading— end trailing-edge flaps deflected. The addition of fences to
the flapped configuration resulted in a more constant varlation of Cha'
with angle of attack. Accordingly, only for the latier case was the
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aerodynamic—balance requirement essentially comnstant throughout the
angle—-of—attack rangs.

The calculated value of the rolling—effectiveness parameter for
the plain wing at zero angle of attack agreed within 2 percent with the
experimental value,

INTRODUCTION

One of the many low—speed problemsg associated with the use of
highly swept wlngs is the difficulty in providing adequate lateral
control, partlcularly in the region of maximum 1ift., Present—day
experimental dats on the aileron lateral control characteristics of
swept wings are largely limited to low-gcale results such as reported
in reference 1. In order to provide data at high Reynolds numbers, an
investigatlion of the low-epeed alleron comtrol characteristlcs of
swopt wings has been undertaken in the Iangley 19-foot pressure tunnel,
As a part of the lasteral—control investlgation at large scale, the
aileron control characteristice of a 42° sweptback wing incorporating
circular—arc sections and of a 3"{° sweptback wing incorporating
NACA 64,-212 sections have been presented in references 2 and 3,

respectlively.

The lateral control characteristics for a 42° sweptback wing
fitted wlth a 20-percent—chord half-span cutboard alleron are presented
in this paper. The wing lncorporated NACA 64,~112 sections perpen~
dicular to the 0.273 chord line and had an aspect ratio of 4.0l and
taper ratio of 0.625., The alleron lateral control characteristics are
presented together with the alleron load characteristics and balence—
chamber pressures for the plaln wing and for the wlng equipped with
high—1ift and stall—~control devices., These devices included extensible
round-nose leading-edge flaps, tralling-edge split flaps, and upper—
sgurface fences..

The investigation was carrled out at & Reynoclds number
of 6,800,000, and a Mach nmumber of approximately 0.16 for an angle—of—
attack range fram —4° through the stall.
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SYMBOLS

All data are referred to a system of axes (wind axes) origlnating
In the plene of symmetry at the quarter—chord point of the mean
aerodynamic chord. The symbols used hereln are defined as follows:

c 1ift coefficient ( LEEE

I : S
Cpy pitching-moment coefficient <Pit°hiigcmnt>
Gn yawing-mament coefflicient (Ia'mngs.bm: snt)
c, rolling-moment coefficlent <Rolling S:oment)

Q

CZ aileron load coefflclent, positive in wp direction

€, ;

Aileron load measured perpendiculsr to wing chord 11ne>
a5,

¢ aileron hinge-moment coefficient (Alleron hi moment

T : aMg,
PR resulbant aileron balance—chamber-presgssure ccefflclent

/Pressure below seal — Pressure above seal
S ;
E alleron—seal leakage factar
1 _ Pressure difference across seal
Pressure difference across vents

q free—stream dynamic pressure, pounds per square foot (%p\?‘a)
b wing span measured perpendicular to plane of symmetry, feet

mess density, slugs per cublc foot

v free—agtream velocity, feet per second
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twlce moment area of alleron measured behind aileron hinge

0.975p/2
line, cubic feet c'y
o]

.5b/2

wing area, square feet

ailefon arsa behlind hinge llne, square feet

wing mean aerodynamic chord measured parellel to plane

: b/2
of symmetry % ‘/; c2dy

root—mean~square chord of aileron measured normal to alleron
hinge line, feet

locel aileron chord measured perpendlculsr to aileron hinge
line

locel wlng chord mesesured parallel to plane of symmstry, feet

local wing chord measured perpendicular to 0.273 chord
line, feet

root-mean—square chord of hypothetlcal alleron balance
measured shead of and normel to alleron hinge line, feet

sweep angle of wing leadlng edge, degrees
spanwlise coordinate, feet
angle of attack, degrees

alleron deflectlon, measured perpendlcular to the alleron
hinge line, degrees

arithmetical sum of equal up and down alleron deflections
for an assumed set of allerons

rate of change of rolling-moment coefficient with aileron
doflection

rate of change of aileron hlinge-mament coefficlent with
alleron deflectlon
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Ghm rate of change of alileron hlnge-mament coefficlent with angle
of asttack
Pp rate of change of alleron balance—chenber—pressure cogf—
3 ficlent with alleron deflection

PRc. rate of change of alleron balance—chamber-pregssure coef—
ficient wilth angls of attack

Ch‘c‘:‘ rate of change of alleron hinge-mament coefficlent in steady
roll with aileron deflection

MCDEL AND TESTS

Model

The wilng was constructed of laminated mehogany to the plan form
shown 1n figure 1. The sweep angle of the leading edge was 42.05°,
and the airfoll sectlons perpendicular to the 0.273 chord line
were NACA 64,-112 sections. (The 0,273 chord line corresponds to

the 0.25 chord line of the wing with unswept panels.)} The aspect
ratio of the wing was 4.0l and the teper ratio was 0.625. The wing
tips were persbollic In plan form and elliptilical in cross section. Ths
wing was constructed with no geametric dihedral or twist.

The wing was fitted with a 0,20¢' half—spen oubboard alleron
installed on the left wing panel only. The aileron was of an
Internally sealed unbalsnced type and bad a flst—sided contour with a
11..1° trailing—edge angle measured perpendicular to the hinge lins.
The alleron hinge moments and alleron loads were measured by
reslstance—type elecirical stralin gages., The alleron seal was attached
in such manner that moments and forces transmitted to the alleron were
negligible, Except for cutouts to allow for the installation of
strain gages, the seal extended the full span of the alleron., A
total of 12 pressure orifices were installed 1n the balance chamber,
g8ix ahove and gix below the seal to provide & measurement of the
pressure differentlial across the seal. Detalls of the alleron are
showvn in figure 1,

The leadlng—edge flaps used In the Investlgation were of the
round-nose extenslible type with a constant chord of 3,19 inches and
" extended fram LO to 97.5 percent of the semispan, The deflection of
the flaps was approximately 50° wilth respect to the mection chord
perpendicular to thse 0.273 chord line,
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Split flaps were used &8s the trailing—edge high-1ift device in
this Investigation and had a chord of 20 percent of the wing chord
measured perpendicular to the 0.273 chord line (which corresponds
to 18.4 percent of the wing chord measured parallel to the plane of
symmetry) and extended from the plans of symmetry to 50 percent of the
semispan., The flsps were constructed of -f-g—inch sheet steel and were
attached to the wing at an angle of 60°, The angle between the flap
. chord line and the lower surface of the wing thereby constitutes the
angle of flap deflection and 1s measured perpendicular to the
0.273 chord line,

The upper—surface fences were located at 50 percemt of the wing
semispan and were constructed of -J%é-—inch sheet stesl cut to fit the

upper surface of the wing. The fences extended fram 5 percent of the
locel chord to the wing trailing edge. The height of the fences was
arbitrarily set at 60 percent of the maximum thickness of the local
ailrfolil section parallel to the plane of symmetry.

Details of the hlgh—1ift and stall—conirol devices are shown
in figure 2.

Tests

The tests were conducted In the Iangley 19-foot pressure tunnel
with the model mounted in the tunnel as shown in flgure 3. The ailr
1n the tumnel was compressed to approximately 0.0055 slugs per cubilc
foot enasbling the tests to be made at a Reynolds mumber of 6,800,000
and a Mach number of 0.16.

The aileron lateral control characteristics and the wing Lift,
drag, and pitching-moment characteristics were determined for the plain
wing and the wing equipped with high-lift and stall-control devices for
an angle-of-attack range fram -4° through the stall and for an aileron—
deflection range from -25° to 25°,

REDUCTION OF DATA

All date have been reduced to nondimensional coefficlent form,
Corrections for support tare and interference have been applied to all
force and moment date. dJet-boundary corrections determined by means
of reference 4 and alr—flow-misalinement corrections hesve been
applied to the angle of attack and dreg coefficlent. In addition, a
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Jet=boundary correctlion has been applied to the pliching moment.
Correctlions for Jet—boundary effects on rolling and yawing moments
vere found to be small and therefore have not been applled.

As previously stated, the ailsron sesl was not contimmous along
the span of the alleron due to the installstion of the strain—gage
beams, This discontinulty resulited ln some degree of leaksge across
the seal. A calibration of the lealmge through the alleron seal
indicated a leakage factor E of 0.13. The resultant balance—chamber
pressures presented herein have besn carrected to a 100—percent sealed
condlition. ¥No correction for the effects of lsakage on the aileron
hinge-moment and load characterlstics have been made to the data since
the amount of leakage (based on effective gap area defined in
reference 5) was found to be very small, and the effects are believed

to he negligible.

RESUITS AND DISCUSSION

Tateral characterigtlics.— The aileron characteristics for the
plain wing and the wing equipped witk high-11ft and stall—control
devices are presented In figures 4 to 6. Attenmtion 1s called to the
Pact thet the rolling-moment coefficlents for the plain wilng are not
falred bheyond angles of attaeck near maximum I13ft. Beyond that polnt
the 1ift curve levels off and, as a vesult of the varying degree of
flow separation that exlested on the wing at the high angles of attack,
the rolling-mament dats becams very erratic. Yawlng moments for
intermedlate alleron deflections have been amltted fram figures 4 to 6
Inssmich as the varlatlons were found to be emall and can be assumed to
be approximately linear through the range investligated.

Camparison of the rolling maments produced by egual up and down
aileron deflections for various conflgurations (fig. 7) indicates that
at low values of alleron deflectlons the rolling moment produced was
not influenced by model configuratlon. At larger total alleron
deflections (50°) the addition of high-1ift and stall-—control devices
resulted in samewhat lower velues of rolling mament throughout the
angle—of-attack range and, as might be expected from the loss in
rolling moment, also resulted in less adverse yawlng maments than were
obtained for the plaln wing.

The variatlon of C; with aileron deflectlon (f1g. 8) (for the
plain-wing condition) was approximastely the same for corresponding
positive and negative alleron deflectilons for all of the angles of
attack investigated. On the other hand, with leading— and tralling-—
edge flaps deflected, the values of C; for positive aileron
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deflections were lower than those cbtalned for the corresponding nege~—
tlve deflections. This effect lncreamed with angle of attack. The
addition of upper—surface fences appeared to have little effect on
Improving the flap-deflected sileron effectiverness. The reduced
aileron. effectiveness at large poslitlive aileron deflectlons for the
wing with high~1ift and stall controls deflected wes noted in
reference 2 where ailleron tests were made on a wing of approximately
the same plan form but incorparating blconvex airfoil sections.
Camprehensive information from which an exect reason could be obtained
for the loss in alleron effectiveness wes not available; however, 1t
may be due In part to the existence of some degree of flow separation
in the reglon of the alleron as ls indicated by the 1ift and moment
characteristlics cobtalned.

A camparison of the variatiom of 07‘8 wlth angle of attack for

various model configurations (fig. 9) indicates that the values
of Cig (at By = 0°) were approximately the same for all model con—

figurations investigated up to an angle of attack of approximetely 10°
where 07'5 for the plain wing started to decrease. Ths value of C'ls

for the wing with lsading— and trailing-edge flaps deflected was
s8lightly greater throughout the higher angle—of—attack range. For the
condition with leading— and tralling—edge high~lift devices and upper—
surface fences, Czs sterted to decrease at an angle of attack of 12°

and at an angle of attack of 16° was 50 percent lower than that obtainad
for the plain wing. The experimental value of CEB obtained for the

plain wing at zero angle of attack was 0,00105. A value of 07'8

of 0.00103 was calculated for the same test condition by the method of
reference 6 and is within 2 percent of the experimentel value.

At zero angle of attack, favorable yawlng moments were obtalned for
all model configurations (fig. T); however, as the angle of attack was
Increased, the yawing momenta for all configuratlions became adverse.

Pitching-moment characteristics.— The increments of pltching

moment due to positive and negatlive alleron deflections were approxi-—
mately equal for the plain wing but were unequel in the case of the

wing with high-11ft and stall-control devices deflected (figs. 4 to 6).
Ag in the case of the rolling-moment characteristics, the large positive
alleron deflections produced a smaller increment in pitching moment than
carresponding negative deflectlions, Based upon the results of
horizontal-tall tests of reference 7 and assuming that the elevator
effectivensss would be 50 percent of the stabllizer effectlveness, 1t
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is estimated that slightly less than 2° elevator travel would be
necessary to counteract the pltching moment resulting from & total
alleron deflection of 500 for the flap—deflected configurations
throughout the angle—of—atteck range.

Hinge-maoment characteristlcs.— A representative plot of the vari—
ation of alleron hinge moment with alleron deflection is shown in
figure 10. The effect of high-1ift and stell-control devices on the
aileron hinge-moment parsmeters, ChB’ Chu.’ PRS’ end Pp , 1s shown

in figure 9. No appreclable effect on C,‘h5 was noted when leadling-

and trailing—edge flaps were deflected; howsver, the high-1ift devices
cauged a decrease in Cha. in the higher angle—of-etbtack range.

Except for very low angles of attack, the addlitlon of leading—
and trailling—edge flaps increased the value of PR‘é' In the case

of PRa,’ the addition of hlgh-1ift devlices reduced the values of PR
(*4]

in the higher angle-of-atteck rengs and thereby reduced the abrupt

lncreases in PR::. cbtalned for the plain wing. In the lower angle—

of-attack range the addltion of flaps served to Increase the values
of PRu.° The additlon of upper—surface fences produced variations of
the aileron hinge-maoment paramsters which were more uniform throughout
the angle—of—attack range.

The varlations of chu. Chs with angle of attack for the various

model configurations investigated are presented in figure 11. Iargs
positlve values of Chu,"chs were obtainsd In the high angle-—of-attack

range for the plain wing and the wing equipped with leading— and
tralling—edge flaps, The addltlon of upper-surface fences to the
latter configuration greatly reduced the large valuea of Chu /Ch5

obtalned in the high angle—of—attack range.

Based upon the analysis of reference 8, values of chu, /Ch5 in

excess of 2.0 are likely to result In lasrge values of the ratio of peak
fgrce obtainsed at the inltiation of a roll to the steady force in the
roll with the possibility of obJjectionably high stick forces during

the rapid Inltiation and reversal of an ailleron roll., It can be seen
from flgure 11 that for the plaln wing and the wing equipped with
leading— and tralling—edge fleps an analysls such as presented in
reference 8 would be necessary to insure against the possibllity of
obtalning excesslve stick forces in any particular design,
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A possible high-apeed flight arrangement mey incorporate an
aileron with a geared tab and no asrodynsmic balance. Although this
particular type of design may prove satisfactory in same instences, it
should be polnted out that high positive values of Cha/Chs are

attained in practlce through the use of this type of laterel-control
arrangement., It 1s evident, therefore, that a geared—tad arrangement
without aerodynamic balance would not prove satlisfactory for this
particular case, lnaamuch as it would tend to aggravate the already
large positive values of Chm[chs'

Another approach to the high-speed f£light problem is to incorpo-
rate in the alleron design same degree of serodynamic balance, In an
effort to show the effect of an Internally sealed aerodynamic halance
on Cha' {the rate of change of aileron hinge moment with deflection’

in a steady roll), some calculations by means of equations presented
in reference 2 were mede for various degrees of aerodynamic balance for
the configurations investligated and are rresented in figure 12. It can
be seen that 1In the case of the plaln wing, the degree of aerodynamic
balance requlired for Cha' = 0 varies from approximately 45 percent

of the alleron chord at o = 0° to 50 percent at « = 16°. With flans
deflected, the required eserodynamic balance varied from approximately 50
to 30 percent of the alleron chord for angles of attack of 0° and 16°,
respectively. With upper—surface fences installed, the aerodynamic
balance required was approxlmately 50 percent of the alleron chord
throughout the angle—of-attack range.

Ailleron load coefficients.— The alleron load coefficients are
presented in figures 4 to 6 for the purpose of supplying design infor—
mation on the aerodynamic forces that would be anticipated on a
geametrical similar alleron. Due to the limltatlions of the strain-gage
arrangement, 1t was not poseible to measure the alleron drag forces
perellel to the wing chord line and, therefore, no attempt was msde to
present true normal—~force coefficlents,

CONCLUSICRS

Froam an investigation of the lateral control cheracteristics at'a
Reynolds number of 6,800,000 of a wing with the leeding edge swept
back 42° with and without high-1ift devices, the following conclusions
can be made:

1. At low total aileron deflections the rolling maments produced
were not Influenced by model configuratlions. At large total aileron
deflections (50°), lower values of rolling maments throughout the
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angle—of-attack rangs were obtalned for the flap-deflected condltlons
than for ths plaln wing because of the loss In effectiveness of the

downgoling alleron,

2, For a total aileron deflection of 50°, longitudinal trim changes
wore obtalned for the flap-deflected comditlons which would require a
amall degree of elevator travel to balance.

3. The hinge moment of the unbalanced aileron was approximately
uniform in the low angle—of-—attack range and decreased appreciably in
the higher angle—of-attack rangs for the plaln wing and for the wing
with leadling— and tralling-edge flaps deflected. The addlition of
fences to the flapped conflguration resulted in a more uniform hinge—
moment variation, Accordingly, only for the latter case was the
aerodynamic—balance requiremsnt essentially constant throughout the
angle—of-attack range.

4, The calculated value of the rolling—effectivensss parameter for
the plain wing at zero angle of attack agreed within 2 rercent with the
experimentel value,

Langley Aeronautlcal Iaboratory
Natlonal Advisory Camittee for Aercnautics
Langley Alr Force Base, Va,
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i 4.0 radius
0.5 diometer -
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(enlarged)

0.2 chord

&0°

Section B~B
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maXimum thickness

Section C-C

(enlarged)

Figure 2.— Detalls of wing hilgh-1ift and stell-control devices.



Flgure 3.— The 420 sweptback wing mounted in the Langley 19-foot pressure
‘tunnel.
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