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SUMMARY

A wind—tunnel investigatlion was conducted at low speed of
chord—extension controls, conventional ailerons, and spoilers on
a 45° swept-back wing of aspect ratio 4.5 and of taper ratio 0.5,
Measurements were made of the 1lift, drag, pitching moments, rolling
moments, and the rates of roll produced by the various controls,
The effect on the pitching-moment characteristics of "fences" on

the upper surface of the airfoil parallel to the alr stream was
also determined.

The results indicate that the conventlional allerons were more
effective in producing rolling moments than either the chord—
extension controls or the spoilers. Maximum effectliveness of the

spollers was obtained with the spoilers perpendicular to the air
Strea-m--

The fences parallel to the alr stream extended the linear
variation of pitching-moment coefficient with 1ift coefficient from
a 1lift coefficient of 0.45 to 0.80, but did not affect the longi—
tudinal instability at higher 1lift coefficients.

INTRODUCTION

One of the major problems involved in the use of swept
wings is the provision of adequate lateral control, especlally at
high 1i1ft coefficients. The experimental data of reference 1
indicate that the effectiveness of conventional allerons in
producing rolling moments is considerably reduced by incorporating
sweepback in the wing plan form. Therefore, the effectiveness of
a different type of latersl—control device, consisting of the
rearward extension of the wing chord, was investigated on a 450 swept—
back semispan wing. Spoilers were also tested on the same wing to
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determine the effect of spoller location relative to the alr stream
on their effectiveness for providing rolling momente.

As simple sweep theory indicates that the demping in roll is
reduced by sweep and, since it was belleved that the chord-extension
controls would increase this damping, comparative measurements were
made of the rates of roll produced by these controls and by conven—
tional aillerons on & full-span model of the same plan form as the
gemispan wing. In order to obtaln & more ccmprehensive comparison of
the effectiveness of the controls, the rolling moments were also
measured at verious angles of yaw.

In en attempt to control the outboard spanwise flow In the
boundsry layer and thereby delay seperatlon at the wing tip, the
effect of fences alined in the free-—stream directlion on the upper
surface of the semispan model was determined.

SYMBOLS, CCEFFICIENTS, AND CORRECTIONS

The data are presented in the form of standard NACA coeffi-
cients and symbols. All forces and moments are presented about the
stability axes with thelr origin on the root chord at the sams fore
and aft location as a point at 25 percent of the mean aerodynamic
chord of the plain wing.

oL, 11ft coefficlent <t'wice 1ift ofssemispa.n mod.el>
q
cp drag cosfficient (‘bwice drag ofssemispa.n mod.el>
q
ACH increment of drag coefficlent caused by the extension
of the controls
Cy rolling-moment coefflcient < rollingb moment)
Q
Cm pit;,hing—monen’t coefflcient _
\twice pitching moment of semispan mod.el>
gse
pb
o helix angle of roll, radlans
o angle of attack of the wing chord line, degrees
¥ angle of yaw, degrees
a free—stream dynamic pressure %pﬁ) s pounds per
square foot
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S full-span wing area, square feet
b full wing span, feet
P rate of roll, radlans per second
v alrspeed, feelt per second
o) .alr density, slugs per ocubic foot
c wilng chord, feet
[ wing mean aerodynamic chord, feet
A .a.spec'b ratio <:bS—2>
Rore ' effgctive Reynolds mumber

' ( Ve x (turbulence factor)

kinematic viscosity,

where the followlng turbulence factors, as
determined from sphere tests, were used:
(&) 2.34 — turbulence net int
(b) 1.0 - turbulence net out

o) conventional alleron deflection measured In a plane
perpendicular to the hinge line, degrees

Subscripts

L left alleron

R right alleron

u uncorrected values

The date. obtained from tests of the semispan model were
corrected for the effects of the tunnel walls by the method of
reference 2, which does not- comsider corrections for a swept-—back
wing. In order to facilitate the reduction of the data, the
corrections were assumed to be identical to those for a model of
unswept plan form of the same aspect.ratio, span, and taper ratlo.
The corrections applied to the data obtained from tests of the
semispan model sre as follows:

1In order to increase the effective Reynolds number for the full—
span model, a turbulence net was installed in the wind tunnel.
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Ny (Jet-boundary correction) = 0.652 CL,
Loz (streemline—curvature correction) = 0.0646 CLu

Aop = 0.0133 CL,,2
ACp, = 0.00188 Cr,,
ACp, = ~0.00k Cr,,

A previous check of the corrections for a similar model of a swept—
back wing indicated sweepback to have a negligible effect on the
magnitude of the corrections.

The drag coefficients presented for the semispan model are not
the absolute values as the drag of the reflection turntable is
included. EHowever, the incrementel drag coefficlents caused by the
controls are belleved to be approximately correct.

The rolling moments produced by the chord-extension comtrols
on the semlspan model were not corrected for reflected load effects,
as 1t was desired to obtain only the comparative effectiveness of
the verious controls.

No corrections have been applied to the date obtained from tests
of the full—span model because of the small size of the model rela—
tive to the size of the test sectlon of the wind tumnel,

MODELS AND APPARATUS

A gpemispan model and s full-span model were used for the inves—
tigation in the Amesg T~ by 10-foot wind tunnel., The wing panels of
the full—span model were three—elghts of the scale of the semispan
model, Both models hed FAGA 6L4A210 (a=0.8) alrfoil sections® parallel
to the plane of symmetry, the 25-percent chord line swept back h5 3
an aspect ratioc of 4.5, and a tesper ratio of 0.5. A summary of the
geometric characteristics of the models is presented in table I.

The semispan model was mounted on & turntable thet was flush
with the tunnel floor which simulated the plane of symmetry (fig. 1).
The forces and moments acting on the model were measured by the
normal six—component wind~tunnel belance system.

The full-span model was mounted on & sting support as shown in
figure 2. Rolling—moments of the full-span model were measured,

2The symbol A represents an airfoil sectlon with stralght sides
near the trailing edge.
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excluslve of the forces on the support, by mesans of a cantilever
electrical straln gage. No sllowance was made for interference
effects of the sting on the model. The model was allowed to rotate
unrestrained about an axis parallel to the air stream. In this
menner rates of roll produced by the various controls were deter—
mined by timing a glven number of complete revolutions of the model.
In order to.obtaln steady rates of roll, the model was statically
balanced sbout the axis of rotatlon at each angle of attack by the
addition of lead weights at the nose of the model. The angle of
attack of the model was changed. by rotation about a lateral axis
located at 19.8 percent of the mean aerodynsmic chord.

The dimensional data for the chord—extension controls tested
on the semispan model are presented in table II and figure 3. These
controls (made of 0.091—inch sheet steel) were attached to the upper
surface of the wing which was recessed to provide a smooth contour.
The controls proJected along the airfoll mean camber line, glving
an angle of ‘255" between the wing chord plane and the controls.
Controls A and B were assumed to be extended by rotation about a
point on the wing trailing edge (fig. 3). No consideration was
. given to the fact that control A could not be retracted within the
wing plan form as 1t was desired to determine the maximum effective—
ness obtainsble with such a control. Control B was similar to
control A except that control B could be retracted within the wing
plan form. Control C was merely a constant—chord extension and
control D was similar to control A except that control D covered
the entire wing span.

Spollers were tested on the upper surface of the semispan
model in the positions shown in figure 4. The spoilers (made of
0.051~inch aluminum alloy) were mounted perpendicular to the wing
chord plane and extended 1 inch above the wing surface. Four
fences (1 inch high) alined parallel to the plane of symmetry were
also tesﬁid on the upper surface of the semispan model (also shown
in fig. .

A chord-extension control (control A;) similar to control A
was tested on the full-span model. Instead of extending the control
along the ailrfoll mean camber line as on the semispan model, 1t was
extended tangent to the airfoil upper surface. This resulted in an
angle of SP18% between the control and the wing chord plane. A
Plain, unsealed ailleron of 20-percent chord and 50-percent span was
also investigated on the full-span model (fig. 2).
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RESULTS AND DISCUSSION
Chord-Extension Controls on the Semispan Model

The results obtained from the tests of the chord—extension
controls on the semispan model aere presented in figures 5 and 6. As
shown by these data, the chord-extension controls are characterized
at low angles of attack by low rolling effectiveness which 1s con—
giderably improved as the angle of attack is lncreased. The maximum
11ft increments and the lift-curve slope increase caused by these
controls are approximately proportlonal to the increase In wing area
as 1llustrated by the following table which compares the percentage
increase In maximum lift coefficlent and the percentage lncreasse Iin
lift—curve slope with the percentage increase 1n area:

Inereass in Increase in Incresse in
Control maximum 1ift 1ift—curve
erea (%)
coefficlent (%) | slope (%)
A (169) 12.3 12.7 9
B 10.4 10.4 ) T
C T 8.2 T
D 24,5 30.9 20

As would be expected, the chord—extension controls caused an increase
in the longitudinal stability of the model.

A Choréd-Extension Control and a Conventional
Aileron on the Full-Span Model

In order to obtain a compaerison of the performance of the chord-—
extension control with that of a conventional alleron, tests were
conducted upon the full-span model with e conventional alleron of
20-percent chord and 50-percent span and with & chord-extension
control of 50-percent semispan similar to control A extended 16°.
Measurements were made of the rolling moments at various angles of
yaw throughout the angle—of-attack range and the rates of roll with
the model rotating unrestrained. It was found that at small angles
of attack control A, as tested on the full-span model, was
incapable of producing steady, rates of roll with the model unre—
strained. Therefore, the control was extended tangent to the upper
surface of the airfoil (referred to as control A.), thereby
increasing the control deflection relative to the wing chord plane
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from 2055t to 9°18t, All the results presented for the chord-—

extzssion control on the full-span model are for a deflection
of g°18¢

The rolling-moment coefficlents and the wing—tlp helix angles
measured with the chord—extension control A; and with the conven—
tional allerons on the full-span model are presented in figure 7.
As shown by these data, the allerons were considerably more effec—
tlve than the chord—extension controls. Also the effectlveness of
the chord-extension control was seriously reduced as the angle of
yaw was lncreased. The wing-tip helix angles which the conventional
allerons are capable of producing were also estimated from the
measured rolling-moment coefficlents, using the damping in roll of
reference 3 reduced by the cosins of the sweepback angle. The
results, shown in figure 7, indlcate that simple sweep theory gives
a good first approximation of the damping in roll at small angles
of attack, but at higher angles of attack where the wing tip was
stalled the consequent reduction in the damping in roll should be
considered.

By means of a turbulence net and by varying the dynamic
Prossure from 5 to 50 pounds per square foot, the Reynolds number
of the full-spen model was varied from 0.27 X 10° to 2.08 x 105,
The effect of this varistion of Reynolds number on the wing—tip helix
angles produced by control A, is shown in figure 8.

Spoilers on the Semispan Model

The data from the tests of the spollers of 50-—percent span on
the semlspan model are presented in figure 9. As shown by these
data, the largest rolling-moment coefficlents were measured for the
gpoller perpendicular to the air stream. However, at high angles
of attack, there was either a complete reversal in spoiler effectiv—~
ness or the effectiveness was seriously reduced, depending on the
spoiler location. The spoilers were considerably more effective at
low angles of attack, but were less effective at high angles of
attack than the chord-—extension controls. The conventional ailerons
tested on the full—span model were more effective than any of the
other controls tested.

'Fences on the Semispan Model

¥
During the course of the investigation fences were tested on the
upper surface of the semlspan model 1in an effort to extend the
linsarity of the pitching-moment characteristics to highsr 1ift
coefficients. As shown by the data in figure 10, the fences did
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extend the linear variation of pitching-momsnt coefficlent with 1ift
coefficient from a 1i1ft coefficient of 0.45 to 0.80. However, the
longitudinal stebility at higher 1ift coefficlents was not improved.

CONCLUSIORS

The results of the wind—tunnel investigation of several lateral-—
control devices and fences on a 11-50 swopt~back wing of aspect ratio
4,5 and of taper ratio 0.5 indicate: _

1. The conventlonal allerons were more effective in producing
rolling moments then either the chord-extension controls or the
spoilers throughout the useful angle—of-attack range.

2. The maxlmum effectiveness of the spollers in producing
rolling moments was obtained with the spollers perpendicular to the
air stream. '

3. Simple sweep theory provided a good flrst approximation of
the damping In roll at small angles of attack, bubt was unsatisfactory
for ‘predicting the damping in roll at higher angles of atiack when
the wlng was partially stalled.

k., The fences parallel to the air stream increased the maximum
lift coefficient for a linear variation of pitching-moment coefficlent
with 11ft coefficlent from O.U5 to 0.80, but caused no improvement
in the longitudinal stability at higher 11ft coefficlents.

Ames Aeromautical Isboratory,
Natlonal Advisory Committee for Aeronautics,
Moffett Fleld, Calif.
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TABIE I.— GEOMETRY OF MODEIS

Dimsnsion Semispan wing Full-—span wing
Aspect ratio h.5 k.5
Taper ratlo ' 5 >
Sw?_ip'back of 0.25-chord 15 15

ne, degrees

Airfoll section 64A2113Acé§=o.8) 61LA211§A%2=0.8)
Span, Peet 4 3
Area, square feet T7.097 1.996
Me?;leierodyn&mic chord, 1.844 6%
Root chord, feet 2.371 .889
Tip chord, feet 1.185 Jull
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TABIE 1I.— DIMENSIONAL DATA FOR CHORD-EXTENSION
CONTROLS ON THE SEMISPAN MODEL

Angle between wing

N e e Cr R P 8
in plan view (deg)
A 0.50 16 0.87
- -0 11 5%
A -20 6 .326
B Lk 16 T4
c «50 0 (constant—chord .55
control)
D 1,00 8 1.7k

~A
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(b) Control A extended .
Figure l.—~ Semispan model mounted in ths Ames T— by L0-foot wind tunmnsl.
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(a) Conventlonal ailerons deflected (b) Control A; extended

Figure 2.— Full-span model mounted on the sting in the Ames T by 10-foot wind tunnel.
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Retracted posA{'ﬁan

P/aiﬁ wing Control A Control B
255 oy
— }

Contro/ C Control D

All dimensions in inches

Figure 3= Chord-extension conirols tested on semispan model.
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