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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

LOW-SPEED INVESTIGATION OF THE LATERAL CONTROL
CHARACTERISTICS OF THREE TIP AILERONS
ON A 60° TRIANGULAR WING

By Stanley M. Gottlieb
SUMMARY

Lateral control characteristics were obtained for three tip ailerons
on a 6-percent-thick, 60° triangular-wing-—fuselage combination in the
Langley low-turbulence pressure tunnel at a Mach number of 0.15 and a
Reynolds number of 9 X 100. The controls consisted of two half-delta
ailerons having areas equal to 0.077 and 0.138 times the wing-semispan
area and a full-delta aileron having an area equal to 0.138 times the
wing-semispan area.

Calculations indicated that, in a steady roll, the large half-delta
aileron was more effective than either the small half-delta or the full-
delta alleron at low angles of attack. At high angles of attack, however,
the full-delta aileron was the most effective. Both half-delta ailerons
were underbalanced st low angles of attack and became overbalanced as the
angle of attack was increased, whereas the full-delta alleron experienced
the reverse trend. These changes in balance for the full-delta aileron
were due to large changes in the varistion of hinge-moment coefficient with
angle of attack Cha’ whereas the changes in balance for the half-delta

ailerons were due to changes in both Cha and the variation of hinge-
moment coefficient with deflection. -

INTRODUCTION

Wings of triangular plan form provide certain structural and aero-
dynamic characteristics that are advantageous at transonic and supersonic
speeds. Numerous investigations have been made to determine the effec-
tiveness of various types of lateral control devices on wings of this
type. Data presented in references 1 and 2, for example, have shown that
tip controls are more effective than flap-type controls at transonic and
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supersonic speeds. At low speeds, however, data such as those presented
in references 3 and 4 show that the tip controls lose their effectiveness
particularly at high angles of attack. In order to determine the effec-
tiveness as well as the hinge-moment characteristics of two different
types of tip controls at low speed and high Reynolds numbers, an investi-
gation was made in the Langley low-turbulence pressure tunnel of three
tip controls on a 600 triangular-wing—fuselage combination. The con-
trols consisted of two half-delta ailerons having areas equal to 0.077
and 0.138 times the wing-semispan area and a full-delta aileron having -
an area equal to 0.138 times the wing-semispan area. All tests were

made at a Mach number of 0.15 and a Reynolds number of 9 X 106.
SYMBOLS

Wing-fuselage forces and moments are referred to the wind axes as
illustrated in figure 1.

‘ Lift
C 1ift coefficient
L > aSy
C drag coefficient Drag
D )qsw
Cn pitching-moment coefficient about fuselage station 20 (fig. !
Pitching moment
aS,c
Cy rolling-moment coefficient, Roiling moment
aSyb
Cy lateral-force coefficient, Lateral force
aSy
Cn . yawing-mcment coefficient about fuselage station 20,
Yawing moment
aSyb
Ch hinge-moment coefficient, half-delta tip control,

Hinge moment

aS,C4
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Ch

tot

hinge-moment coefficient, full-delta tip control,

EiE%E_EEEEEE. For aileron plan forms considered herein,
quA

the two definitions of hinge-moment coefficient are
equivalent.

total hinge-moment coefficient produced in steady roll for
equal positive and negative deflections of ailerons on
opposite wing semispans, Cy (due to deflection) + Ch (due
to Q)

dynamic pressure, pV2/2, lb/sq 't
air density, slugs/ cu ft

air speed, ft/sec

wing area, 1 sq ft

aileron area, sq ft

wing span, ft

moment of area of full-delta aileron about hinge line, £t

mean aerodynamic chord of wing, ft
mean aerodynamic chord of aileron, ft
angle of attack of fuselage center line, deg

deflection of aileron with respect to center line of fuse-
lage, positive when trailing-edge is down, deg

wing-tip helix angle, radians

rolling velocity, radians/sec

increment in coefficient due to deflection of control surface
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Cha slope of curve of hinge-moment coeff1c1ent plotted
against Q, dCh/da

Ch6 slope of curve of hinge-moment coefficient plotted
against &, dCp[dd

APPARATUS, MODEL, AND TESTS

The present investigation was cohducted in the Langley low-turbulence
pressure tunnel on a sting-mounted model with an electrical strain-gage
balance housed within the model fuselage.

The basic model configuration had & triangular wing with 60° sweep-
back of the leading edge, an aspect ratio of 2.31, and NACA 65A006 air-
foil sections parallel to the plane of symmetry. The wing was tested in
a rearward position on the fuselage (fig. 2(a)) which had a fineness
ratio of 10 and whose ordinates are given in reference 5

Two half-delta ailerons, which had areas equal to 0.077 and 0.138
times the semispan area, and a full-delta aileron, which had an area
equal to 0.138 times the semispan area, were mounted on a strain-gage
hinge-moment balance on the right semispan. Each of the half-delta
ailerons was deflected about an axis perpendicular to the plane of sym-
metry, located 45 percent of the aileron root chord forward of the wing
trailing edge. The full-delta aileron was deflected about the skewed
parting line between the aileron and wing. For each aileron, the deflec-
tion is measured in a plane perpendicular to the hinge line. Detail
dimensions of the ailerons are presented in figure 2(b). The wing,
ailerons, and fuselage were constructed of steel. A photograph of the
model is presented in figure 3.

The latefai control characteristics were obtained from strain-gage
measurements of rolling moment, yawing moment, lateral force, and aileron
hinge moment throughout an angle-of-attack range from -12° to 20°. The
data were obtained at a Reynolds number of approximately 9 X lO6 and a
Mach number of approximately 0.15.

CORRECTIONS

The model force and moment coefficients were corrected for tunnel
blocking effects by a method based on information presented in references
6 and 7. Corrections to angles of attack and drag coefficlents to account
for the induced upwash produced by the jet boundaries have been applied as
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determined by the method of reference 8. The maximum change in aileron
deflection resulting from the air loads (which occurred at Sa = 209

for the highest angles of attack) was approximately 0.6°. No correc-
tions have been applied for changes in deflection.

RESULTS AND DISCUSSICON

Lift, drag, and pitching-moment data for the basic wing-fuselage com-
bination are presented in figure 4. Rolling-moment, hinge-moment, yawing-
moment, and lateral-force coefficients for various aileron deflections are
presented as functions of angle of attack in figures 5, 6, and 7 for the
three ailerons tested.

Yawing Moments

The variations in the incremental yawing-moment coefficient AC,

with aileron deflection at various angles of attack are presented in fig-
ure 8 for the three ailerons tested. The full-delta aileron showed favor-
able yaw throughout the angle-of-attack range except at zero angle of
attack at negative deflections. The half-delta ailerons, however, have
unfavorable yaw at all angles of attack through the positive deflection
range and at high angles of attack for negative deflections but showed
favorable yaw at low angles of attack and negative deflections.

Aileron Effectiveness

Cross plots of the increment in rolling-moment coefficient OCy

against control deflection, figure 9, indicate that at all positive

angles of attack for negative deflection and at angles of attack to 10°

for positive deflections, the large half-delta aileron is the most effec-
tive and the effectiveness of the small half-delta aileron and the full-
delta aileron are approximately equal. At an angle of attack above
approximately 8°, however, both half-delta ailerons begin to lose effec-
tiveness for positive deflections (figs. 5(a) and 6(a)) and the full-

delta aileron becomes more effective (fig. 9) than either of the half-
delta ailerons between angles of attack of 10° and 15°. At an angle of
attack of 15° and positive control deflection, the maximum effectiveness

of the half-delta ailerons which occurs at approximately 12° deflection,

is equal to only one-quarter of the effectiveness of the full-delta aileron
at a deflection of 209, The full-delta aileron loses effectiveness at posi-
tive deflection above an angle of attack of 16° (fig. 7(a)), but still
remains more effective than either of the half-delta ailerons. The half-
delta ailerons show zero effectiveness or an actual reversal in rolling
moments at an angle of attack of 20° for positive deflections. Tt should
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be noted in connection with this discussion that the deflections of the
half-delta and the full-delta ailerons in the stream direction are not
the same because of the different orientations of the hinge lines.

For angles of attack above 200 the variations of rolling-moment coef-
ficient with both angle of attack and deflection for all three ailerons
are very irregular, (figs. 5(a), 6(a), 7(a)) apparently as a result of
the unsteady stalled flow over the outboard regions of the wing. The
inconsistent behavior of the rolling moments at high angles of attack is
emphasized by the comparison of the rolling-moment coefficients for the
three undeflected ailerons. At high angles of attack, two of the ailerons
show large positive changes in the rolling-moment coefficient, whereas the
other shows a large negative change in rolling-moment coefficient.

Hinge Moments

The half-delta ailerons show very irregular variations of hinge-
moment coefficient with angle of attack (figs. 5(a) and 6(a)). In gen-
eral, zero or positive values of Cha are obtained through the low angle-

of -attack range and larger negative values of Cha are obtained in the

high angle-of-attack range. Although the variation of hinge-moment coeffi-
cient with angle of attack is more regular for the full-delta aileron
(fig. 7(a)), large changes in Cha with angle of attack also occur for

this aileron, Cha having large negative values through the low angle-of-
attack range and small values at angles of attack above about 10°.

The variation in the incremental hinge-moment coefficient ACy with

aileron deflection (fig. 10) is approximately linear for the full-delta

aileron through an angle of attack of 15°. As the angle of attack is
increased from 0° to 150, Ch6 decreases negatively from a value of -0.01

to a value of -0.005. The hinge-moment coefficients due to deflection,

figure 10, of the small and large half-delta ailerons are closely balanced
at low angles of attack, having values of Ch6 at zero angle of attack of

-0.0018 and -0.0011, respectively. As the angle of attack is increased,
however, the variation of hinge-moment coefficient with deflection tends

to become overbalanced (Ch6 positive) at low deflections.
Characteristics in a Steady Roll
In order to make a comparison of the control characteristics in a
steady roll for the three ailerons tested, values were computed for the

wing-tip helix angle pb/2V and for the combined hinge moments of ailerons
‘on both semispans of the wing deflected to equal and opposite angles.
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Values of pb/2V were computed with the use of average values of damping-
in-roll coefficients presented in figure 6 of reference 9. For the cal-
culation of the total hinge-moment coefficient, the spanwise distance

from the plane of symmetry used to determine the change in effective

angle of attack due to rolling velocity was assumed to be the distance

to the centroid of the ailerons. It should be noted that these data for
total hinge-moment coefficients, which are presented in figure 11, do

not show a direct comparison of the control forces for the three ailerons
because of the differences in aileron dimensions.

The effectiveness of the ailerons at low angles of attack for equal
up and down deflections as indicated by the values of pb/2V (fig. 11),
are qualitatively affected by the changes in aileron plan form and area
in the same manner as that indicated previously in the discussion of
rolling-moment coefficients. At a = 20°, the rolling effectiveness for
combined up and down deflections as indicated in figure 11 was greatest
for the full-delta aileron, whereas the rolling-moment coefficients, fig-
ure 9, indicated that at positive deflections the greatest effectiveness
was obtained with the full-delta aileron but at negative deflections the .
greatest effectiveness was obtained with the large half-delta aileron.

For all the ailerons tested, large changes in the variation of total
hinge-moment coefficient with pb/2V occur with changes in angle of

attack. Both half-delta ailerons were underbalanced at low angles of
attack and became overbalanced as the angle of attack was increased,
whereas the full-delta aileron experienced the reverse trend. Althbugh
the full-delta aileron had no physical balance and therefore a large
negative variation of Cp with & (underbalance) as shown in figure 10,

the overbalance at low angles of attack in a steady roll, shown in fig-
ure 11, is due to the large negative values of Ch, ©Presented in fig-

ure 7. The large decrease in the negative value of Chgq Wwith increase

in angle of attack (fig. 7) caused a decrease in the balancing effect

of the rolling velocity resulting in an underbalanced control at the

high angles of attack. For the half-delta ailerons, on the other hand,

a positive change in the value of 'Chs in addition to the change in Cha

(figs. 5 and 6) from a zero or positive value at low angles of attack to
a negative value at high angles of attack resulted in an overbalanced
condition for these controls at high angles of attack.

It should be noted that the data of figures 5, 6, and 7 indicate
large irregularities at high angles of attack of the variations of rolling-
moment and hinge-moment coefficient with angle of attack and deflection.
It is believed, however, that the data are sufficiently systematic to
indicate reliable trends of aileron balance and overbalance (fig. 11),
although the magnitude of the hinge-moment coefficients indicated in
figure 11 for both half-delta ailerons at high angles of attack may be
questionable.
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CONCLUDING REMARKS

Calculations indicated that, in a steady roll, at low angles of
attack the large half-delta alleron, which had an area equal to 0.138
times the wing-semispan area, was more effective than either the half-
delta aileron having an area equal to 0.077 times the wing-semispan area
or the full-delta aileron having an area equal to 0.138 times the wing-
semispan area. At high angles of attack, however, the full-delta aileron
was the most effective. Both half-delta ailerons were underbalanced at
low angles of attack and became overbaslanced as the angle of attack was
increased, whereas the full-delta aileron experienced the reverse trend.
These changes in balance for the full-delta aileron were due to large
changes in the variation of hinge-moment coefficlent with angle of
attack Cha’ whereas the changes in balance for the half-delta ailerons

were due to changes in both Cha and the variation of hinge-moment coef-
~ficient with deflection.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., June 1, 1953.
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Relative wind

Relative wind

Figure 1.- System of axes used. Positive force coefficients, moment
| coefficients, and angles are indicated.
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Figure 5.- Lateral control characteristics of model with half-delta aileron.
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Figure 5.- Concluded.
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Figure 6.- Lateral control characteristics of model with half-delta aileron.
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Figure 1l.- Characteristics in steady roll.
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