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COLLECTION AND SUMMARY OF
FIAP-TYPE-AITERON ROLLING-EFFECTIVENESS DATA AT ZERO
LIFT AS DETERMINED BY ROCKET-POWERED MODEL TESTS AT MACH
NUMBERS BETWEEN 0.6 AND 1.6

By H. Kurt Strass, Emily W. Stephens, E. M. Fields,
and Eugene D. Schult

SUMMARY

A collection and summary have been made of the wing-aileron rolling-
effectiveness data which have been obtained as a part of a general inves-
tigation of lateral control being conducted by the Langley Pilotless
Aircraft Research Division ytilizing rocket-powered test vehicles in free
flight over a range of Mach number from 0.6 to 1.6. Some effects of
tralling-edge angle, alleron-chord ratio, aileron span and location,
aspect ratio, wing sweepback, and wing-tail interference are presented.
Rough design charts have been prepared to show some effects of aileron
trailing-edge angle at two sweepback angles, aileron-chord ratio, wing
aspect ratio, and spanwise extent and location of aileron. These rough
design charts have been prepared for use in the preliminary design stage,
and estimates from these charts were in fair agreement with measured
rocket-model data for several conflgurations simulating existing or pro-
posed aircraft wing-aileron combinstions.

INTRODUCTION

A general investigation of lateral control at transonic and super-
sonic speeds is being conducted by the Langley Pilotless Aircraft Research
Division utilizing rocket-powered test vehicles in free f£flight. The first
successful roll test was achieved in May 1946 and since that time a large
number of successful test vehicles, comprising a variety of wing-control
configurations, have been flown at the Langley Pilotless Aircraft Research
Station at Wallops Island, Va. It is the purpose of this report to collect
and summarize the rigid-wing flap-type aileron data obtained from these
tests under one cover in order to aid in the design of aircraft intended
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to be flown at transonic and supersonic speeds. A major portion of these
data has been reported in references 1 to 33. The data for a few models
(see refs. 1 to 4 and 6 to 10) were obtained during the earlier phases

of the development of the testing technique, and although they were
believed to be relisble as to trends and msgnitude, they do not meet the
standards of accuracy of the present report and are not included. Data
for only the solid-steel-wing model (ref. 19) have been included since
the other models had such large aeroelastic corrections as to make the
calculated rigid-wing results questionable.

It should be noted that the data in the present paper represent a
rigid-wing tailless (except where noted) configuration in essentially
steady-state roll at zero lift and zero yaw, with each aileron differ-
entially deflected 30 to 70. No data concerning the variation of rolling
effectiveness with aileron deflection or wing stiffness are shown.

. In the following sections an attempt has been made to separate the
effects of the major geometric veriables of the wing and aileron on
rolling effectiveness. Except for the effects of trailing-edge angle,
the data obtained by varying a major geometric parameter are first pre-
sented as rolling effectiveness plotted against Mach number and then
cross-plotted against the major geometric variable for severasl Mach num-~
bers. These cross plots may be considered rough design charts showing
some effects on rolling effectiveness of aileron trailing-edge angle at
two wing sweepback angles, hileron-chord ratio, wing aspect ratio, and
alleron spanwise extent and location. All the aforementioned cross plots
unavoidably contain some effects of trailing-edge angle.

The design charte have been used to estimate the rolling effectiveness
of an assortment of wing-aileron combinations simulating the wing-aileron
combinations (without fixed tails) of some existing or proposed aircraft.
These estimates have been compared with measured data from rocket-model
tests to indicate the applicability of the design charts for preliminary

design purposes.

The geometry, pértihent wing-control parameters, and sources of pub-
lished data for each of the test vehicles are listed in taeble T,

An index to the figures wbichfshows the effects of the major geometric
variables on the rolling effectiveness. has been included as table II.

SYMBOLS

A aspect ratio, b2/s

b diameter of circle swept by wing tips, £t
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Cy rolling-moment coefficient
c wing chord, paraliel to.model center line, £t
- Cp + Cy
c mean exposed wing chord, > £t
h wing thickness at trailing edge, ft

pb/2V>

5
A

L
b/

=

2

(/)
1
part- span alleron / part-span control

or

" [ov/ev (Cz/a)
5 full-span control
full-span aileron - ‘
L length of model fuselage, 4.58 ft
M Maech number
p rolling velocity, positive when right wing is moving downward,
radians/sec
a dynamic pressure, Ib[sq £t
R Reynolds number
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L

S area of two wings to model center line, sq ft

t wing local maximum thickness, Tt

v velocity, ft/sec

X distance from model mose to quarter-chord point of ¢, ft

y distance from model center line, measured in a plane perpen-
dicular to model center line, ft

pb/ZV rolling-effectiveness parameter (wing-tip helix angle), radians

pb52V rolling-effectiveness parameter (not éiggég21>, radians/deg

o] average aileron deflection for one wing in a plane parallel
to model center line, positive for trailing edge up on right
wing, deg

y
1‘1 = e—
b/2

A angle of sweepback of quarter-chord line, except where noted,
deg

A ratio of tip chord to chord at model center line

o trailing-edge angle, defined as the angle measured in & plane
parallel to model center line between straight lines drawn
between 0.97 chord and 1.00 chord on upper and lower
surfaces, deg

Subscripts:

a aileron

i inboard

o outboard

R rigid-wing rolling effectiveness

T wing-fuselage intersection

t wing tip
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MODELS

A general arrangement of typical test vehlcles is illustrated in
figure 1. The geometry, pertinent wing-control parameters, and sources
of the published data for each of the test vehicles are listed in table I.
More detailed information regarding most of the models can be obtained
from the appropriate references. The airfoil sections for all models,
except where specifically noted in table I, were taken in a direction
parallel to the model center line. All the models had constant percent-
chord ailerons. It may be noted in table I that in some cases the
tralling-edge angle varies between models having the same airfoil section.
This variation generally arises from the hand-finishing operations near
the extreme trailing edge durlng model construction.

A few of the models (2, %, 6, 8, 83, 85, 89, and 93) having a sim-
plified construction were used in order to provide additional data on
the effects of wing aspect ratio and aileron-chord ratio. A typical
model of this series (model 89) is shown in figure 2. The wings of this
series were made of l/2-inch-thick aluminum alloy and had wedge-shaped
leading edges extending to 0.20 chord. The dark spanwise strip near the
trailing edge 1s the filled-in slot along the alleron hinge line, the
slot having been cut to allow bending the aileron to the desired deflec-
tion. Welded fittings were used to attach the wings to the rocket-motor
case which also served as the fuselage. A tapered sleeve was used as a
falring behind the standard spinsonde head.

In the investigation of the effects of wing location and number of
wings on rolling effectiveness, the wings were located at a more forward
position on the body and some of these models had a free-to-roll tail
for directional stability. Each free-to-roll tail consisted of four fins
and two ball-bearing assemblies lubricated with a special wide-temperature-
range silicone grease. The photographs presented in figure 3 are typical
of the sweptback configurations.

TEST TECHNIQUE

The f£flight tests were made at the Langley Pilotless Aircraft Research
Station at Wallops Island, Va. The test vehicles were propelled by a two-
stage rocket-propulsion system to a maximum Mach number of approximately
1.6 to 1.8 in gbout 3 seconds. During the following 10 to 20 seconds of
coasting flight, time histories of the rolling velocity measured in zero-
1ift flight were obtained with special radio equipment (designated
spinsonde; see ref. 34), the flight-path velocity was obtained through
the use of CW Doppler radar, and the model space coordinates were obtained
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through the use of modified SCR 584 tracking radar. These data, in con-
junction with atmospheric data obtalned with radiosondes, permit the
evaluation of the rolling effectiveness in terms of the parameter pb/2V
as a function of Mach number. The variation of Reynolds number and
dynsmic pressure with Mach number is presented in figure k.

ACCURACY AND CORRECTIONS

General Discussion

During the course of & general investigation of rolling effectiveness
which has been conducted by the Langley Pilotless Aircraft Research
Division for the past 8 years, many changes have been made in the design
and construction of the test vehicles and in the testing technique in
order to improve the accuracy and reliability of the data. As a result,
the data have been corrected to a standardized set of conditions to allow
direct comparison of the data obtained at various stages in the evolution
of the present technique.

The rolling-effectiveness data were obtained under essentially zero-
1ift conditions and have been corrected to rigid-wing values and are pre-

sented in terms of the paraméter EEégz’ where pb/2V results from the

o(pb/2v)

aileron deflection & and should not be confused with 3
B

Accuracy

The following factors must be considered in the assessment of the
overall probaeble accuracy of the data presented here.

(1) The accuracy of measurement of pb/2V at a given Mach number
for any given test model is dependent upon the following values:

- <o (01
p, radians/sec . . . . . . . . .. e 1 I
v, ft/sec T ¢
b/2 . . . i e i i e e e i e e e i e e e e ... Negligible error

The maximum probable error in pb/2V from these sources is estimated
to be £0.0020 at subsonic speeds and +0.0010 at supersonic speeds.

(2) The systemmatic errors caused by deviations from the desired
model geometry, a result of constructional tolerances which can alter
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the roll effectiveness, normally are limited to variations in alleron
deflection and wing alinement. The method of model measurement used is
capable of measuring the angular deviation to within approximately

i%%?%%é degrees per foot of wing or aileron chord. The accuracy of meas-
o)
urement for a typical model (model 28) can be illustrated as follows:

5 (aversge of models 28a, b, and c¢) = 5.22° % 0.071°

1,, (not published, average of models 28a, b, and c) = 0.02° £ 0.018°

where 1, 1is the average angle of wing misalinement (differential inci-

dence), positive when tending to roll the model in a clockwise direction
as seen from the rear, and 'is based upon distance from leading edge to
aileron hinge line (0.472 foot).

Corrections

Incidence.- The data were corrected for deviations in wing incidence
from the nominal value of iy = o° by use of the following equation

which was derived by using very simple aerodynamic assumptions:

2i

b _ Tw 1+ 2A
2V 57.3 1L 4+ 3\

The validity of this correction was demonstrated in reference 21 wherein

it is shown that this simple formula provides good estimates of pb/2V
resulting from differential incidence for a wide range of wing plan forms.
Tt is estimated from the data published in reference 21 and additional
unpublished data that the probable accuracy of prediction of this formula
is within #15 percent for most configurations. (Relatively thick unswept
wings, NACA 65A009, show an abrupt discontinuity in the variation of pb/EV
with M at M= 0.92 which is not predicted by the theory.)

Aileron deflection.- Corrections for deviations in & were made
simply by presenting the data as Eélgz.

As an example, the probable errors in Egég! for model 28 resulting
from the previously mentioned limitations are tabulated as follows:
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Sources of probable error in Egégz
pb/2V
M ) 5 . i,, deg
nominal Random d:’ Total
& |Measurement|Celculated correction
(2)
0.8]0.02040 |+0.00036 [£0.00028( +0.00009 +0.00001 +0.0007h4
1.4]0.00510 [£0.00018 {+0.00007| +0.00009 +0.0000L +0.00035

8Estimated at 15 percent of theoretical correction.

Aeroelasticity corrections.- It was necessary to correct all the
data for the effects of aeroelasticity, and the large number of models
which were tested precluded the use of very refined methods of aeroelastic
analysis. For this reason, a special engineering method was developed
and is presented in reference 25. The probable errors in the values

of Egégz resulting from the application of this method are very difficult

to assess and are dependent upon a large number of variebles. Unless
otherwise specified, it is believed that errors from this source are neg- .
ligible as the test wings in most instances were very stiff and needed

a relatively small correction.

Effect of model roll inertia.- For one-degree-of-~-freedom configura-
tions such as the rolling-effectiveness models of thls report, the equa-
tion governing their behavior is

pb Ix

dp
c, 2,.¢ =—=_Z%P
p ov 7’86 at

or

<EE>' - (93) L x _m
2v steady state N/ neas Clpqstb at

!-‘Prm» —— ? I!



2T

NACA RM L55F1k m 9

where
C. = Rolling moment
l aS'b
acy

1, =" d(pb/2v)

ac,
CZ = -
5 dsd
I, measured model moment of inertia about roll'axis, slug-ft2
S' area of three wings to model center line, £t
t time, sec

See the section on "SYMBOLS" for additional definitions.

The data for a model with large rolling accelerstions (model 27a)
have been corrected-for roll inertia effects and the results are shown in

figure 5. Physical constants for the model were I, = 0.0697 slug-fte,
b =2.18 £t, and S' = 1.93 £t°; and C; values for this configuration
D

were obtailned from reference 35. The maximum rolling acceleration for
the model was 175 radians/seca.

Figure 5 shows that the differences between measured rolling effec-
tiveness and steady-state rolling effectiveness are negligible for this
model despite the very large values of rolling acceleration. Very few
of the models in this report have rolling-acceleration values even
approaching those for model 2Ta, and no inertia corrections have been
made to any of the data presented in this report.

DISCUSSION OF RESULIS

Effect of Trailing-Edge Angle

General comments.- Aileron rolling effectiveness is affected by the
contour of the entire wing, and particularly the contour over the aileron.
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Thus, two allerons differing widely in contour but having the same
trailing-edge angles may have different values of rolling effectiveness.

It was shown in reference 20 that the rolling effectiveness of
untapered wings with 0° and 450 sweepback and employing full-exposed-span
ailerons could be correlated as a function of the trailing-edge angle for
a wide range of airfoil profiles and thicknesses. In general, the corre-
lation was good but the scatter of the data indicated that the trailing-
edge angle was not the only variable; however, it was obvious that it
was a very important factor. Since that initial effort, several attempts
have been made to improve the correlation by making use of the transonic
similarity laws. The pb/2V values were plotted against parameters con-
taining various cambinations of airfoil thickness ratio and trailing-
edge angle at constant Mach number and constant parameters contalning
Mach number, airfoil thickness ratio, and trailing-edge angle in com-
bingtion. None of these attempts provided any marked improvement over
the original correlation against trailing-edge angle in reference 20 and,
in addition, they were much more complicated to use.

Figure 6 presents the rolling-effectiveness data correlated against
trailing-edge angle and includes some additional data not avallable at
the time of publication of reference 20. In addition, an improved method
of correcting for the effects of aeroelasticity was used (ref. 25) which
primarily affected the data for the sweptback wings.

Unswept wings.- For unswept wings it is apparent that trailing-edge
angle has the greatest effect in the speed range between M =~ 0.8 to
M=~1.2, At M= 0.7 and ‘M =~ 1.2 the rolling effectiveness does not
vary markedly with ¢@. In the transonic range there is considerable
scatter and the only clear indication is that a small trailing-edge angle
(approximately 7° or less) maintains rolling effectiveness throughout the
speed range and that larger trailing-edge angles exhibit varying amounts
of rolling-effectiveness loss or even reversal of control. There is an
indication, although not shown as such in figure 6, that the 6-percent-
thick wings appear to have generally -higher rolling effectiveness than
thicker wings of about the same trailing-edge angle. In view'of the
scatter of the data and the relatively small number of thickness ratios
for comparison at a given trailing-edge angle, it is not clear whether
a differentiation between verious thickness ratios should be made, and
so the trailing-edge angle has been the sole variable considered in fairing
the data points.

Sweptback wings.- For wings swept back h5°h there was. generally less
scatter than for the unswept wings and the effects of trailing-edge angle
were evident at a lower subsonic Mach number. No direct data are available
for very low trailing-edge angles on a wing having the aspect ratio of the
wings used in this correlation (A = 3.71l), but flat-plate data (¢ = 0°)
for aspect ratios of 2.31 and 8.00 (models 6 and 89) have been interpolated
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to provide an estimated end point to aid in falring the measured data
to ¢ = 0°. The faired curve in the region near o = o° 1is presented
as a dashed line to indicate that it is essentially an extrapolation of
the data.

Effect of airfoil thickness ratio.- Although it is evident that
tralling-edge angle is a major factor in determining the level of rolling
effectiveness for an aileron, it is also of interest to note the effects
of changing the thickness ratio for a given family of airfoils. Such a
change necessarily involves a corresponding change in trailing-edge angle
so that it is not possible to determine the effects of thickness ratio
divorced from the effects of trailing-edge angle without altering the
basic profile of the family. Figure 7 presents a comparison of the
rolling-effectiveness data for wings having several thickness ratios,
aspect ratios, and plan forms.

Concluding comment.- The preceding discussion indicates that the
trailing-edge angle of an aileron is a parameter of prime importance and
most of the undesirable characteristics of increased trailing-edge angle,
such as abrupt changes in pb/EV with M and unusually large losses in
rolling effectiveness, can be avoided by employing ailerons with trailing-
edge angles of @ £ 7° for A = 0° wings and @ S 12° for A = 45° wings.
In actuality, most of the high-speed aircraft which are designed to £ly
at the speeds where large trailing-edge angles are to be avoided should
experience little or no trouble from this source.because drag consider-
ations preclude the use of thick wings (which would normally have large
trailing-edge angles).

Effect of Wing Sweepback

Figure 8 presents some effects of wing sweepback on aileron rolling
effectiveness for a variety of test configurations employing full-exposed-
span allerons.

At subsonic speeds, increased sweepback generally resulted in
decreased rolling effectiveness.

At transonic speeds, the most significant effect of increased sweep-

back was the smoothing effect on the variation of Pbégv with Mach num-

ber. The rolling-effectiveness "bucket," characteristic of unswept wings
at transonic speeds with moderate trailing-edge angles, was virtually
eliminated as the sweepback was increased to 45° and disappeared com-
pletely at 60° sweepback.
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At supersonic speeds, increased sweepback did not cause a consistent

Pbéev with change in sweepback.angle; however, the general

tendency was a decreased rolling effectiveness with increased sweepback
angle.

variation of

Effect of Aileron Chord Ratio

Some effects of aileron chord upon rolling effectiveness are shown
in figure 9 for a wide range of wing pian forms and airfoil sections.
Unless otherwise specified, the following discussion pertains to full-
exposed-span ailerons.

NACA 65A009 airfoil sections.- Figure 9(a) presents the effect of

aileron chord as measured on unswept wings. The variation of ghégz

with Mach number for all the alileron configurations is characterized by
an abrupt dip near M = 0.9. This is a wing dropping phenomenon which
on the basis of past experience is restricted primarily to unswept wings
employing trailing-edge angles greater than ¢ = 7° and thickness ratios
grester than t/c =~ 0.06. (See refs. 20 and 36.) Aerodynamic control
reversal was measured for the 0.l-chord ailerons in this region. It
should be noted that a simildr reversal of rolling effectiveness has been
obtained for full-chord ailerons at a very small angle of deflection.

(See ref. 21.) The values of EEéEZ, presented in figure 9 were obtained

from models on which the ailerons were deflected approximately 50. Other
- tests have shown that aerodynamic reversal may be eliminsted by increasing
the aileron deflection. (See ref. 10, for example.)

Similar data for 450 swWweptback wings are presented in figure 9(b).
The variation of pbézv with cgfc is similar to that experienced by

the unswept wings.

NACA 65A006 airfoil sections.- The effect of aileron chord as meas-
ured on tapered, sweptback wings is presented in figures 9(c) to 9(f) for
outboard ailerons of various spanwise extents. With the exception of the
full-exposed-span ailerons, the data for the full-chord ailerons (figs. 9(d),
9(e), and 9(f)) were obtained for ailerons of different spanwise extents
than the partisl-chord ailerons.

The 0.15-chord ailerons were approximately 60 percent as effective
as the 0.30-chord ailerons for the two aileron configurations of greater
span (figs. 9(c) and 9(d)) but beceme relatively more effective for the
smaller spans (figs. 9(e) and 9(f)).

S e
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It may be of interest to note that, with the exception of the abrupt .
dip in effectiveness at M =~ 0.9 for the unswept wings (fig. 9(a)), all
the full-chord ailerons exhibited very little variation of effectiveness
with Mach number.

Flat plate airfoil sections.- Figures 9(g) to 9(J) present some data
which show the effects of aileron chord upon rolling effectiveness for
several wings all of which employed flat-plate airfoil sections (Q = 0°).
The effect of aileron chord was approximately the ssme for all the models
in that the 0.2-chord ailerons were approximately 75 to 85 percent as
effective as the O.4t-chord ailerons at subsonic speeds with the relative
effectiveness decreasing with Ilncreasing Mach number until at M = 1.6,
the 0.2-chord ailerons were approximately 50 percent as effective as the
0.l4-chord ailerons.

Correlation of data.- Where data are available for both part-chord
and full-chord controls of the same span (figs. 9(a) to 9(£)), the part-

chord 13282& have been divided by the full-chord Pbsﬂ and plotted

as K. at the appropriate ca/c value In figure 10 to illustrate non-

dimensionally the effects of aileron-chord ratio on rolling effectiveness.
Because of the scatter and the relatively small number of tests available,
only the theoretical two-dimensionsl curves for thin plates are shown

for comparison with the test rpoints.

The O.l-~chord ailerons on the unswept wings exhibited control reversal
at M = 0.9 and zero effectiveness at M = 0.93. At M = 0.96, no con-
trol reversal was observed but all of the unswept wing-aileron configu-
rations were appreclably less effective than the comparasble swept-wing
models. Figure 6 shows that the effectiveness of 0.2-chord ailerons can
be greatly increased in this speed range by recourse to smaller trailing-
edge angles. Although no direct evidence is available for O.l-chord con-
trols, there is no reason to suspect that a similar improvement could not
be achieved on these controls by the use of small trailing-edge angles.

It should be pointed out that swept wings with part-chord allerons exhibit

low Béégz values for large trailing-edge angles in this same speed range.
(See ref. 20.)

Effect of Aspect Ratio

The effect of wing aspect ratio upon the rolling effectiveness of
full-span ailerons is illustrated in figure 11 for untapered wings having
sweepback angles of 0°, 45°, and 60° dnd several airfoil sectiomns. Only
two configurations (fig. 11(a)) have been tested which show the effect
of aspect ratio upon 60° sweptback wings; these data do not conform with
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the trend shown by the wings of lower sweep but show that increased aspect
ratlo caused an increase in EEégz at subsonic speeds and a very slight
decrease at supersonic speeds.

Correlation of deta.- In order to illustrate better the effects of
aspect ratio, the data of figure 11 have been normalized as a fraction of
the A = 3.7 values, and the resulting values of K,, the normalized

aspect-ratio factor, are cross-plotted against aspect ratio in figure 12.
It is obvious that, although the general trend of the data is for the
rolling effectiveness to decrease with increasing aspect ratio, consid-
erable variation exists in the rate of change of the variation as is
evidenced by comparison of the faired curves of the various test
configurations.

At Mach numbers of 0.9 and greater, the effect of aspect ratio
depends upon the configuration. For example, at M = 0.9, the rolling
effectiveness of the unswept wings decreased rapidly with increasing
aspect ratio, whereas the 45° gweptback wings showed little effect of
aspect ratio. The aileron trailing-edge angle had considerable effect
in that for a given sweepback angle there was greater sensitivity to
changes in aspect ratio for the larger trailing-edge angles.

No plots are shown for the region between M =~ 0.92 and M =~ 0.98

pb/2v

because of the rapid variastion of with Mach number in this region.

Any plots of K, against aspect ratio at these speeds would at best have
doubtful value. )

General discussion.- It is evident from the foregoing discussion
that the variation of rolling effectiveness with aspect ratio is very com-
plex and is dependent upon a mumber of variables of which Mach number and
trailing-edge angle are of great importance. However, it is possible to
generalize to same extent. With certain exceptions, increased aspect
ratio apparently causes a decrease in rolling effectiveness. At transonic
speeds the effect is very variable and is influenced to a large extent by
the trailing-edge angle. Increased aspect ratio tends to decrease rolling
effectiveness more at supersonic than at subsonic speeds.

Effect of Aileron ILocation

Some effects of alleron location and spanwise extent upon aileron
rolling effectiveness are presented in figure 13 for a variety of wing-

aileron configurations.
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NACA 65A006 airfoil sections.- Figures 13(b), 13(c), and 13(d) show
the rolling effectiveness of various ailerons (including full-chord
ailerons) on sweptback wings having NACA 65A006 airfoil sections. Gen-
erally, the outboard half-exposed-span ailerons were from one-half to
two-thirds as effective as the full-exposed-span ailerons. An inboard
alleron was generally more effective than an outboard aileron of the
same span at subsonlic and transonic speeds, but the results were mixed
at supersonic speeds. Although all the part-chord ailerons showed
decreased effectiveness as the speed increased, the full-chord ailerons
had essentially constant effectiveness throughout the speed range tested.

NACA 65A009 airfoil sections.- Figure 13(a) shows that on the unswept
wing the outboard half-exposed-span control was more effective than the
inboard half-exposed-span control, whereas on the sweptback wing the
reverse 1is true. The outboard control was generally more than one-half
as effective as the full-exposed-span control for the unswept wing, but
gbout one-half as effective for the sweptback wing.

NACA 651A012 airfoil sections.- Figure 13(e) shows that the outboard

half-exposed-span ailerons were more effective than the inboard half-
exposed-span ailerons at subsonic speeds for both taper ratios. At speeds
greater than M = 1.0, all the configurations had poor control character-
istics, particularly near M = 1.2 where the controls were either com-
pletely ineffective or contrel reversal was observed.

Miscellaneous airfoil sectlons.- Several miscellanecus wing-aileron
configurations having full-chord ailerons are presented in figure 13(f).
These data, except for model 36, show a relatively constant rolling effec-
tiveness throughout the speed range tested.

Comparison between experimental and estimated values.- Reference 37
presents a method for estimating the effect of alleron spanwise location
on rolling effectiveness for unswept wings having various aspect ratios
and taper ratios at low subsonic speeds, and reference 38 compares the
results shown in reference 37 with experimental data for swept wings and
presents a design chart based on the comparison. It is shown that aspect
ratio has little effect on the spanwise variation of rolling-moment coef-
ficient and that the effect of taper ratio is not of major importance.
Figure 14 shows the design chart of reference 38 in nondimensional form
which was obtained by dividing the value of Cl/Am (equivalent to CZ/B

in the notation of the present report) at any span station by the full-
span value.

The quantity of rocket-model data in figures 13(a), 13(b), 13(e),
13(d), and 13(f) 1s not considered to.be sufficient to.establish a gen-
eral plot of the variation of rolling effectiveness with control spanwise
location, so the data from figure 13 are compared in figure 14 with the




16 NACA RM L5§F11+

normalized design chart taken from reference 38. The comparisons in
figure 14 have been made at two representative Mach numbers and are in
reasonably good agreement; the data of figure 13(e) (A = 8.0) have not
been included at M = 1.4 because of the poor control charscteristics
at this speed.

The data of figure 13 were normalized according to the procedure

q1.0
pb/2v

5

.0 .0

i
L T A
'rl -

5
Ay

where Kﬁ appearing on the right-hand side of the equation is the value
for a full-exposed-span control from figure 14. The values of Kﬁ thus

obtained for outboard ailerons (no = 1.0) are plotted as data points on
figure 14 at the appropriate value of 17j. The experimental Kn values

for inboard ailerons are not shown in figure 1k, but they agree fairly
well with estimated velues from figure 1k.

Effects of Wing-Tail Interference, Wing
Tocation, and Number of Wings

General discussion.- All the data thus far discussed were obtained
by the use of three-winged test vehicles which do not resemble typical
alrplane configurations. Some uncertainties exist regarding the appli-
cation of these data to conventional aircraft. In order to partially
clarify this situation, a limited investigation has been conducted to
determine some effects upon alleron rolling effectiveness of wing-tail
interference, wing location on the fuselage, and the number of wings.

Wing-tail interference.- In order to determine some effects of wing-
tail interference upon the aileron rolling effectiveness at zero lift, an
investigation employing five test models was conducted. The test models
were constructed with two wings, instead of the usual three, in order to
approximate an airplane-type configuration. (See fig. 3(b).) Two of
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these models employed free~to-roll tail assemblies (models 54 and 58)
which provided directional stgbility without introducing rolling moments.
Bench tests of these free-to-roll tails, under simulated drag loads sev-
eral magnitudes greater than those estimated for flight conditions, showed
friction forces corresponding to a rolling mament of 0.17 £t-1b which is
negligible when compared with the 40 to 50 ft-1b damping moment of the
test wings. A more complete description of the test models with free-to-
roll tails is given in reference 33. Figure 15 shows the results obtained
with these models.

Inboard ailerons: Figure l5(a) shows that fixing the tail for inboard
allerons resulted in a considerable decrease in rolling effectiveness.
The change in rolling effectiveness due to the fixed tail was approxi-
mately constant throughout the speed range tested and was enough to cause
a slight roll reversal at speeds greater than M = 1.3. Whether this
condition exists for other aileron deflections and tail fore-snd-aft
locations is not known at this time. Changing the location of the fixed
tail from the plane of the wings to 0.18c above the plane of the wings
had little effect on the fixed-tall rolling effectiveness.

Outboard ailerons: Figure 15(b) shows that fixing the tail did not
cause any apprecisble change in the rolling effectiveness of the outboard
alleron at all speeds for which data are available.

__ _General discussion: It is apparent from the limited date presented
here that the rolling effectiveness of inboard aillerons is markedly
affected by the fixed-tall assembly. Reference 33 shows that the addi-
tional damping in roll due to the addition of the fixed-tall assembly
caused a decrease of about 15 percent in the rolling effectiveness at
all speeds, a value which is outweighed by the large losses resulting
when the aileron-generated downwash strikes the fixed tail. Reference 33
shows that the effects of the downwash could be estimated with fairly
good accuracy by simple theoretical means.

Effect of wing location and number of wings.- Figure 16 shows the
effects on rolling effectiveness of locating the wings at a more forward
position on the fuselage and reducing the number of wings from three to
two. All the winge were untapered, had NACA 65A009 airfoil sections,
and 0.20-chord ailerons. The effects of wing forward location and num-
ber of wings were not appreciable except for the unswept wings at sub-
sonic and transonic speeds (see fig. 16(a)) where any physical modifi-
cation to the standard model (three wings aft) generally caused a decrease
in rolling effectiveness.
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ADDITIONAL TESTS

References 1 to 33 contain additional aileron rolling-effectiveness
data not considered appropriate for inclusion in the present report. The
type of investigation and corresponding references are listed as follows:

Type of investigation Reference
Aerocelastic effects . . . . . . . . . . . . . .|16, 18, 19, 22, 23,
oh 25, 26, 2B, 32
Delta wings . . . e e e e e e e e 5, 12, 24
Leading-edge and trailing-edge
ailerons in combination . . . . . . . . . . . 6
Effects of aileron chord extension . . . . . . 10
Effects of airfoil nose shape . . . . . . . . . 13
Horn-balanced 2ilerons . . . « « « « o o « « & 14
Wing-tip ailerons . . . . . e e e e s 17, 30
Effects of wing leading—edge roughness e e o e 27
Interference between ailerons and
tip stores . ¢« ¢ ¢ 4 v bt e e h e e e s e 30
Bellows-actusted ailerons . . . . . . . . . . . 31
Effects of bpullt-in wing twist . . . . . . . . 32

SPECTFIC WING-ATLERON CONFIGURATIONS

~Comparison Between Measured and Estimated Values

A number of models simulating existing or proposed airplane wing-
aileron configurations without fixed tails 4id not £it handily into the
basic data plots showing the effects of aspect ratio, trailing-edge
angle, and so forth, and these special models have been included in
figure 17. It was felt that these speclal models would provide some
indication of the applicability of the preliminary design charts (figs. 6,
10, 12, and 14).

In estimating the rolling effectiveness of a given configuration, it
was assumed that the rolling effectiveness could be approximated by con-
sidering only six major varisbles: (1) aileron trailing-edge angle, and
(2) sweepback at the hinge line, figure 6; (3) ratio of aileron chord to
wing chord, figure 10; (k) wing aspect ratio, figure 12; and (5) spanwise
extent, and (6) location of aileron, figure 14. To consideration was
given to the effects of wing location on the body, number of wings, and
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so forth. No consideration was given to the effects of wing taper ratio, -

other than the use of the hinge line for the reference sweepback angle
when using figure 6.

As shown in figure 17, the sgreement between the measured rolling
effectiveness and the estimated rolling effectiveness (from figs. 6, 10,
12, and 14) is fair on the whole.

Method Used in Estimation

For the purpose of estimating the rolling effectiveness, it is
assumed that the rolling effectiveness for any configuration may be
expressed as the rolling effectiveness for some arbitrary reference con-
figuration with the proper corrections applied to account for deviations
fram the geometry of the reference configuration. In the present case,
the reference configuration geometry is given in the legend of figure 6.

In order to indicéte the procedure used in estimating the rolling
effectiveness from figures 6, 10, 12, and 1k for a given configuration,
a sample calculation is shown as follows for model 99 at M = 1.00:

A=2.8
A = 38.5° (hinge line, calculated)
¢ = 11.6° \
\

ny = 0.h1

N, = 0.75

C

2 =0.23

pb/2V _ (p'b/EV L

KaKq
5 5 )ref Kcref

where <Bkég!> is the rolling effectiveness for reference configu-
ref )

ration having 38.50 sweepback at the hinge line and 11.60 trailing-edge
angle, using straight-line interpolation for effect of hinge-line sweepback




20 L&ﬁqﬁ@ NACA RM L5SFL4

<§b82V> = 0.0116 (interpolated from fig. 6(£))

=1.15 (from M > 1.0 theory curve, fig. 10(f))
Ky, = 1.12 (from A = 45° curve, fig. 12)

Kn = 0.76 - 0.24

=0.52 (frcm Apg = 51.3° curve, fig. 1&)

therefore,

It

(0.0116)(1.12)(0.52)(1.15)

1

0.0078

CONCLUDING REMARKS

. A collection and summary is presented of the wing-alleron rolling-
effectiveness date which have been obtained with each aileron differ-
entially deflected 3° to 7° during a general investigation of lateral

control being conducted by the Langley Pilotless Aircraft Research Divisilion.

Some effects of trailing-edge angle, alleron chord ratio, spanwise extent

and location of aileron, aspect ratio, wing sweepback, and wing-teil inter-

ference are presented. The quantity of data which has been obtained in
each of these categories varies considerably.
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It is felt that the effects of some parameters, such as aileron
trailing-edge angle, are fairly well defined, whereas others, such as
wing-tail interference, are not satisfactorily defined.

Rough design charts have been prepared to show scme effects of
aileron . trailing-edge angle at two sweepback angles, aileron chord ratio,
aileron span and spanwise location, and wing aspect ratio. These rough
design charts have been prepared for use in the preliminary design stage,
and estimates have been made from these charts for thirteen wing-aileron
configurations (without fixed taile) simulating existing or proposed air-
craft wing-aileron combinations. The estimated values were in falr agree-
ment with measured rocket-model data.

These design charts should be used with caution when the configuration
has a fixed tall assembly, since the limited data available indicate that
in some cases the wing-tail interference appreciably affects the aileron
rolling power. ‘

Langley Aeronsutical Laboratory,
National Advisory Caommittee for Aeronautics,
langley Field, Va., June 8, 1955.
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TABLE 1
WING GONTROL CONFIGURATIONS
Wing Parameters Control
Configuration Mode‘— — - Parameters | X |pefg
Ald | ] Airfoil section [b/2]Ct]Cr Sz]__cg 7 $i{8 L
(d (a) (EOIEDIFH A T 7i | o ided(d
357 207
. ‘MQ&H?%‘FO“
_—T 1 o7l |0| LEXe=000r [osd o [as7[3esiodeediolzofosrory —
—_— LE] h/e=0.0l
1/2=0.02
Wedge fo 0.2¢.
ﬂ 2 [23[0 |0 -@Comumc&wta 88|77 |77 136|20|45|LO| O |aso|8a| —
T _I/C_=O-954, i—
3 g NACA 65A009 ‘ t |24|10[iLs[s0d 85]2 28
edge fo 0.2¢
E a m ao[1s|io| o |asol 84| —
a - 105484
5 |23|30{10| wNAcA esA009  |[88|77 |77 [36[20|24|L0 82 —
) b 107|469
Wedge to O2¢
_Q 6 [23]as|l0| "o LTI 88 |77 |77 [13620|15 10| O [s0q01 | —
1/c20.054,
7 ° NACA 65A009 t [24[i0[F7P27 61 | 28
b 12.3|505
Wedge fo O.2c.
) 8 ‘&m@ I aolus [Lo| o Jass|e | —
— 1/c=0.054
a 09509
9 ble3|eoflo| Naca esacos |88 |77 |77 |136[20[24 L0112 [238 .84 —
c 1.4 238
a ] 76 |4.82
_ﬁ o [23(60 | O| NACA 654006 (98 | O |134|168l00165(1.0 86| 12
= , 801492
ol I I 76° l I l l I agls.19 j
exago
A n L.E.radius: Wing 0.0lc 74 .0 12
—_— Alleron 0.05¢
b t/€20.06 49 |7.65
12 29| o[o| wNaca esaoos |98 |68 |68 |32[20[21 10|25 47785 ] 28
J 3 [29]45[i0| Naca esa00s |98 |68 |68 |132|20|21 |0 [l0.4lasg.80( 28
D 14 37| 0 |10] Naca esa009  [1.0959 |59 Jl29fu0fis Lo lo.o|and 89| —

(a) Section is taken freestream unless noted otherwise.
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TABLE I.- CONTINUED
WING CONTROL GONFIGURATIONS

Wing Parameters Control
Configuration Mod4 — _ Parameters | X |pefg
alA|,| Airfoil section [b/2] Ct] Cr Séia_ n.|n |13 ]L
Xd {a) O] Vil "old
' [37| 0 |10  NacA 658003 1109|5959 129 20| 1510 (3.5]as1| 69 ;g'gg
J:ﬂ_ 16 NACA 65A006 _‘ 721485 | 12028
1 Wedge to 0.4¢ T— —r T
17 “Emmm’wm@jck o 0 |46 20
AL 1/c=Q06 EREEEN
Circular arc fo 0.4¢
18 %Wc StthicktolE. o st 20
L _L 1/c=006 EERERERRAN
T Earcuicr arc fo 04¢ T ]
19 Flat to TE.(8=0) 32477 20
h/c=003
L t/c=006 L
W ] ircular arc to 0-4c T T T B T
20 Flat fo LE (820)3 62489 |} 20
1 1/¢=0.06 AREEERREEN
a [2.9[518
b| e T TS e 13.215.07)
2l ¢ Circular arc 13.6l464 20
d | [ . t/c=0.08 ANEREERRIN 13.6|478!
o ] Constinick~ 0 i3.5}a43
22 Circular orc:LE.fo 0.5¢ 20
foT.
b YerOOR L L || || lle:6leas
a W Const Ihick.a = | T ) 2124
23 |, Circular arc:L_E.to 05¢ 20
O7c toT.E. 4
b " t¢=006 _L _L _L 21.2|4.68
a Const. thick—] = 4.61
I e
24 Circular arczl_E.to 05¢ 20
O8cloTE.
1 er0.08 LLLLLL] [r2lass
] 9.6 [4.70]
25 Double wedge 20
b TL 1/c=0.09 TL | _L _L T 9.8a81
i 4
26 ' Circular are |20415.04 20
| t/c=0.09 SRS
a k 17.4}a.00
b 19.8]3.54
21 NACA | 6-009 243}500 1,20
d 248|498
a -k 7] n.7jsos | Ji,1a
28 b NACA 65A009 ) 11.7|515 1820
¢ 11.7|5.45 25

(a) Section is taken freestream unless noted otherwise.
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TABLE I.- CONTINUED
WING CONTROL CONFIGURATIONS

- Control
. dJ Wing Parameters Paramefers X
Configuration Mo — - < |Refs.
Al2 || Airfoil section [b/2|Ct|c ] g]cq 2|7 $|8]|L
Id (a) (ENOEDENDIRg ] Vil d
29 |a7{0 |10 NACA 65A009 L09|.59 |.59 [L29[20[.19 (LO|I1.2 63| —
a TI T T 106]4.89
(a)30, 1 ‘ A 1L8]5.12 33
{b)|31 1085.04; 33
32 . NACA 65,4012 16.3[504.89| 28
r[ o | TITEF T 98035 —
33 b NACA 65A009 60]1.0 /08|50 12
ef [ i ]] 1 10.8{ 5.0
a 10.8| 5.0
34 19 |60 14
il 1 114485
. 1.3[479
35 a0l 1o -
E— bl REEN 11.5}5.08
% 36 ¥ JOOI9 |10 [123 057} T 3,82
- p 11.1|4.82]
j 37 [|3.7|30|Lo NACA 65A009 1.09|59 (.59 [129[20119 {I.0 83| —
. b 1.4 1484
: 2 38 [37]|45|L0 NACA 65A009 1.09).59 (59 |L.2911019 |l.Oo{9.9 las2.80| —
39 NACA 65A006 l20l9 [LO|7.1 514 20,28
: _f_ a T T I hz3ls0d | [z0.28
Raaoee 117107111011 1150 4111152
40b Circular arc 1291508 20
— c /c=0.06 AEES 11 =35i517
c Const. thicke 17.2l4.79
41 Circular arc:UE to 05¢ 20
O6¢toTE.
b t/c=0.06" nl 17.514.92
a Const.thick~]  |— [2025.2
b R’ LI N oo 206495
42 Circulor arc:LLE to 0.5¢ 20
c Q7ctoTE. 21.9]4.93
d th=0.06 1 1| [229491
q Const. thick~| - 30.114.79
a3b Circular arc:L E1o O5¢ 302484 20
0.8ctolTE.
c /=006 333531

(a) Section is taken freestream unless noted otherwise.
(b) 3 wings, free—to-roll tail.

. CFIDENTTAL ~
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TABLE I- CONTINUED
WING CONTROL GONFIGURATIONS

. J Wing Parameters P Confr?l x
Configuration Mod — - arameters 1 A |Refs.
Al A]y] Airfoil section [b/2]Ct|Cr 34& nln |23 IL
d (a) (Fhlen e < 7i | %o dedid
a R L1111 10214.72
44 |[37{45|10 Double wedge 1.oo| .59 |.59 |L29]20[i9 L0 80|11,20
bl [, 1/c20.09 1 | 10.4]474
a 164[5.47
——— | 45D Circular arc 73551 | bizo
el |1 1/¢=0.09 e 17.4/5.14
a 19.7 |5.05
46 -
ol [ 1] ] NACA 16- 009 AL osasal | [1:20
a 11.3]3.44
b zfszo| | (2928
47 ¢ NACA 65A009 19(s525| 1 [ya)s
d 19is29] |20,25
e |- EREEEEREEN 1L9[477]
48 136j467|63| —
(b)| a9 10.914.82) —
{c)| 50 107 |as7 —
51 NACA 65,A012 16.4i512|.80| 28
P T 11.15.52]
52 b NACGA 65A009 60{1.011i.8 53| 14
c 120/555
53 134l471|63| 33
{c) |54 135/4.69 33
(d)| 55 IL7 [470 33
a T 1131472}
56 19|80 80| 14
b ERREEEREEN 113484
57 12.814.61|.63| 33
58 12.0[3.26 33
59 12.03.17 33
60 11.8]5.26 33
6l aol19 fi.ofia|asz 80| —
62 100119 1.0 [113 |09 I 21
a 11.4 484
63 [3.7|eoli.o| nNacaesaoos  [l.os|s59 |59 j29f20hi9 [l.O 92| —
b 11.5|4.93

(a) Section is taken freestream unless noted otherwise.

{b) 3 wings, free~to—roll tail.

{c) 2 wings, free-to—roll tail.

(d) 2 wings, fixed—tail, horizontal fail in wing chord plane.

(e) 2 wings, fixed-tail, horizontal tail O.l 3 above wing chord plane.
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TABLE I.- CONTINUED
WING GONTROL GONFIGURATIONS

i Control
Model Wing .Parameters Parameters | X [gote

A Airfoil secti b/2| Ct } C Ca é18]|L
Alied | AN gpetion ool Toldbd

Configuration

64 |40|35[.60 NACA 65A006 1.50[.56 |.88 |22930[.4 |1.0]|7.8]438.73| 22

|l

) 5711.0|7.8 [4.03 , 22,25

67 |35(1.0 (7.1 [4.01 22

68 57(1.0]6.84.03 22

i % 66 [4.0]45(60 NACA 65A006 1.50(.56 |.88 |229:5 (14 {1.0|66 4274 | 22

69 78.0|68[384 22
i g 70 | | [ |35]|57|79[356] | | 22

7 30[14 10|78 [37d | [22.25

72 | 35 (1.0 | 7.6 [3.5¢ 22

(a) Section is taken freestream unless noted otherwise.



NACA RM L55F1h —

TABLE I.- CONTINUED
WING GCONTROL CONFIGURATIONS

i Control
ModJ Wing Parometers Parameters | X |oore

A Airfoil section [b/2|Ct|¢C Ca d[8]L
A Ydeg * (a) (Fhi(ft) (ft')(f?%T i ”ocng(d

’ a 72383
73 la.0|a5 |60l  NAcCA e5A006 150|56 |88 |225.30|57]1.0 742225
i E 74 78|L.o[7.0[353 22

Configuration

i g 75 14 157|174 3.71 22,25

T 1] EEEEEEER
76 13515773 [3.74) 22
. ]
1.0[14 |lL.O|7.2]1.4] 32
- — -+
78 .49|1.0(8.6{1.63 32
7] 1 1

l 79 70|.o(8.5(277 32

80 92]1.0 |8.31475] 32

81 |40|45}0 NACA 65A006 1.23] O [LO2|I51L0[I7]1.0}9.0]|074|.89| 21

(a) Section is taken freestream unless noted otherwise.
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TABLE I.- CONTINUED
WING GONTROL GCONFIGURATIONS

Wing Parameters Control
Configuration ModeL Parameters | X |pofs
Al A]a| Airfoil section ([b/2[Ct]C '5;4% ¢ |8|L
[d (a) (Eh(n |t <] i | Mo kdedide
a 8.6|4.84

82 J40 15E o] NACA 65A006 1.231 O JI.O2|L.51|1.0}.63|1.0 89| 12

b 8.7 1498

Wedge to 0.2¢,
83 |50]0 |10 :mqﬂckbﬂi 1.25 |0.50050(1.25]20].11 |I.O| © |4.89.88| —

t/¢=0083
NACA 65A009 } 17 |L.O|11.8]4.88 28

I edge to 0.2¢
85 MMMMIE 40]11 [1.0| O [5.07]

t/¢20.083

86 :5.0 45110 NACA 65A009 1.25 O-500-50h.25 12047 1.0 ::g ::gg 82| —

87 *__*--i' NACA 65,A012 ‘—_*__* * } * *I5.74.94+ -

88 (8.0{45 |LO NACA 65A009 1.55(.39 |39 [1.20{20]13 [I.0 |!10.0|467].76 | 28

Wedge to 02¢c
<727 " _
Const thick fo TE. ’ ’

1£=0108

15.7524
20 : NACA 65,A012 I3 ]1.0 28

9l |57 [1.0[15.615.08] 28

92 13 |57 |15.6]4.8Q 28

Wedge to 0.2¢ 1
93 WLy, aoloslo| o las7| T | —
Const. thick to T.E.

120108

NN !N NET=TN

94 |80|45]50 NACA 65,A012 1.59|.27 |.50 {I26]2013 [1.0[i5.71490,.76 | 28

(a) Section is taken freestream unless noted otherwise.
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TABLE I.- CONTINUED
WING GONTROL GONFIGURATIONS

Parameters | X ipafs

A Airfoil section |b/2[Ct|¢cr Ca 4;4(8 L
Alded (a) (F)l(t) k- 7 | ko

Configuration

Wing Parameters . Control
Mod

Z ? 95 |8.0/45 |50 NACA 65/A012 1.591.27 | 50 |126[20]|56|L0O|I57|50|.76 | 28

g % 96 131561591439 28

o111

97 [2.8]16 (39| Wedgess L.E.toO3c |1.02(41 |87 [148[25|68{l.0|a9l450.86( 16
O7ctoTE. !
t/c=0.045
~ |oa- 3016 |40 1.04(.39 |.86 |L42|25|70[1.0|839]606.60| 29
NACA 00086-116
38/1.14{madified)at root _
99 |28|45|52 NACA 0006.4-L6 1.42[.69 |1.23 |2.87123|41 |75|11.6{834.64
~— - | 38/L14{modified)at tip.
NACA 0009- .16
38/1.14({modified)at root.
100 |3.0{45 |50 NACA GOO7-1.16 1.42|.64 |I.17 |27025|68|1.0|7.8 {4.04.80
38/1.14(modified)at tip.
Republic R-4, 40-1710x gﬁ gf;
101 |3.1]135 .63 (modified) normal to 504 .99 |.80 |.56 [1.28{.27/55|.94 9.6 474.84 15
percent chord line. 99 |50d
: % 102 [3.5|61 |25 NACA 65A005 1.12].26 |.88 |1.44{30]|50{l.0|64(480.83 | I9
a NACA 00lO0-64 16.4|47%3
103 |3.6|38[|45| normalto 44.8 1.11].39 |076[1.38[17 |SO|I.O 82] 13
. b|- A4 percent chord line I17.5|5.01
~ T I | i Same as 103 except l l l l l i I I
104 aileron is modified: 8.1 |4.83 13
hadr (g
ﬂ 105 [4.0] O |60 NACA 65A004 1.15].43 |.67 [1.33]15159(1.0[5.1 [525].60| 30

(a) Section is taken freestream unless noted otherwise.
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TABLE I.- CONCLUDED
WING CONTROL CONFIGURATIONS

Wing Parameters Control
Configuration Mod 9 Parameters | X [poce

A Airfoil secti bs2| ¢t | € 8
A A irfoil section r ¢ L
____(9) % ks K cdeJ(d

Id (FO[(FH)](ft)
LI7 |39 | .71 [136[20|50(1.0 |81 [4.11].80| 10

nlcf’

10 percent circular arc

I 40| 40
06 50 normal to c/4 line

N

NACA 64(,0)A01I normal

NACA 64(08) A00828 | (q)
normal to 38percent-
chord line at tip (f )

ﬁc) 108 |34(47 |44 : 109¢ 40 [.80 14246 |62 I.DC\LO.? 813 25,26
(@ ].

ﬁ) 109 |2.1]59 )43 .88 | 51 |1.04{152].15.60|95|6.8]6.10 25,26

_— ()]

to 38-percent-chord
(c)]|107 |57]20]45 line at root. 139).30 | 62 (138|148 |.70 IDGTOJ 978).60 [25,26

(a) Section is taken freestream unles$ noted otherwise.

(c) 2 wings, free—to-roll tail.

(f) Variable wing sweepback configuration. Wing pivots about axis normal to wing chord
plane at intersection of fuselage and 38-percent-chord line.

{g) To tip at 38-percent-chord line.
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TABLE.  IT

INDEX TO FIGURES

35

Basic data | Cross plots
Variable
Figure Figure

Trailing-edge angle . . . e e o s s - 6
Airfoil thickness ratio . . . . . « « . . T -———
SWEEPDACK + « o v o 4 o s e e 4 e o o e o 8 (a)
Aileron chord ratio . .. . . « . . . . . 9 10
ASDECE TEEIO .« + v e e e e e e e e 11 12
Alleron span snd spanwise location . . . 13 14
Wing-tail interference . . e e e s e e 15 ———
Wing location snd number of wings . . . . 16 _—

Comparison between measured and
estimated values . « « « ¢ ¢« & « .+ & 17 ——

aTrailing-edge angle plots show data

angles.

at two wing sweepback
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3 wings spaced at intervals

of 120° around body \

3.25 aircraft rocketj

Spinsonde 5.00 diam. —1

(a) Model 28. A = 3.7; A = 0% A = 1.0. L-67857.1

Figure 1.- General arrangement of typical test vehicles. All dimensions
are in inches.
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»

3 wings spaced at infervals .
of 120° around body
7,
3.25 aircraft rocket 18.00
Spinsonde

F-————-—-—--- --—---—--—- ".____._.-.]
]

(b) Model T1. A = 4.0; A = 145% A = 0.60. L-73023,1

Figure 1.~ Continued.

e
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3 wings spaced at intervals
of 120° around body

3.25 aircraft rocket —\

(c) Model 88. A = 8.0; A = 45°; A = 1.0. L=69353.1

Figure 1.~ Concluded.




s 551 o .

—
3 wings spaced at intervals
of 120° around body
7,
18.59
" 3.25 - diameter
f"o-zo—'ﬁ 6.00 / aircraft rocket.
-
/ !— . ‘
I _ Aluminum fairing
L—— 3.96 diam.
Spinsonde
56.00
— ]

1-82789

Figure 2.- Photographs showing typlcal construction for models 2, k%, 6,
8, 83, 85, 89, and 93. All dimensions are in inches.

e B e gt

ol
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3 wings spaced at intervals _
of 120° around body 3

3.25 aircraft .
rocket _\ . 5.?0

Spinsonde

55.00

L-T71131,1
(a) Three wings with outboard half-span aileron for investigation of
effects of wing location. Model 53.

Flgure 3.- Typical test vehicles for investigating the effects of wing
location and wing-tail interference. All dimensions are in inches.
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b1
4 10:61 - |<1.00
Spinsonde- | 5-?0 \ ’M ‘51;0
e — — == — — m— = ——————— == i
1 ——————{J&OO
S
\—3.25 aircraft
rocket
-* 55.00 >
1
o
L-75895.1

(b) Two wings with outboard half-spen esileron with fixed tail for inves-
tigation of effects of wing-tail interference. Model 55.

Figure 3.- Concluded.




. L s

(a) For all tests » the Reynolds number per foot R/E fell within the
shaded band. The minimm € tested was approximately 0.4 foot.

4x103

* (b) For all tests, the dynamic pressure g ‘fell within the shaded ’band;.

Figure 4.- Variation of Reynolds number and dynsmic pressure with Ma::c;fﬁ'.
number for all test vehicles. AT

ﬁ-,,, - |
-
~
“ .
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.02
N Measured, /A= 0°
AR ———— Corrected for roll
A\ inertia
Ol k
(pb/ZV) p NN :
5 /g \ Ban
o
7
\
TF
-0l
5 8 1.0 1.2 1.4 1.6

Figure 5.- Effect of model roll inertia on rolling effectivenss.
) Model 27a.
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] 4"..4 < ,'
.02 ’5-: 4 ’ _‘@ 71 (,
/5
b/2v
(2220 o
R
A=0°
0 T
0 10 20 30 40
$,deg
002 l
- £7
{\ ThR=LlT f-(‘
\ SGA )
A L) ==y |
&4 i )
(pb/ZV) ol K NN .
8 /R
A=45°
o LB
0] 10 20 30 40
¢,deg

() M = 0.70.
Figure 6.- Variation of rolling-effectiveness parameter (pbBZV) with

trailing-edge angle @. Unless otherwise indicated, average values
are plotted where two or more nominally identical models were tested.
A=3.7; \= 1.0; ca/c = 0.20; full-exposed-span ailerons (“r = 0.19);
5 = 30 to T°. Numbers in symbols denote model numbers.
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45

(7 ,l ;‘ ‘, A
02 By Sasi7dl uuEE
[ N 47
(pb/ZV) / :{ p .’ 2 i
8 A N
R - N
Ol =4 \\‘ ot
\\ X
1 A=0° :
O NN
o) 10 20 30 40
$,deg
y,
02 ,
. £7
(pb/ZV) W
8 R _6‘;894 ] ! - = Pz
0Ol RLHU-EAC 4
57 Z
H A = 45°
O LTTITd .
0] 10 20 30 40
¢, deg
(p) M = 0.80.

Figure 6.- Continued.
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| |
B
([' \*\
.02 M8
pb/2V) AT
3 R ¢ T
Ol
' £2)
\ P
2> YA K
3 \ — ’4 T4
O ]
” bl
S Yol
- A=0°
-0l [TT1111
o) 10 20 30 40
¢,deg
.02
V'
pb/2V N nn ,
S A = W
R. b1 Ui%
.0l ':éﬁ\\ u
14 v ‘
\' - ™ p..
H A=45°] ] =
o | TT T 111 = {
0 10 20 30 40
‘¢, deg

(c) M =0.90.

Figure 6.- Continued.
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1"”’
.02 X
JuEELEL.
b/2 N1
(" . ") PN
R J
.0l »
-) V..
. .{l P
I
0] €
. 20"
H 4=0°
-0l [T IT1T
o) 10 20
¢, deg
.02
‘ gau
(pb/zv) ENE
\ #aa;
5 Jr [ N
NN N
°! O
£ \
,‘;'-’ \.a" _d
H A=45° 250 1 & B
o) O
o) .10 20
¢.deg
(d) M = 0.93.

Figure 6.~ Continued.
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.02
/ . i
(prZV) Br)
R =
@\‘ P /= ’13
Ol A R &Ua
e e T
H A=0° ' EoANA7
0 NN
o) 10 20 30 40
$,deg
P
.02 (T
(pb/ZV) v \\\\ ,)
S R 34 4 P
A
0l TTT RS
H R A TS
] A"45 5@ A 4
0 I { p 2 7rm
0 10 20 30 40
$,deg

(e) M =0.96.

Figure 6.~ Continued.
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.02
(pb/ZV) ED
=S
S R . -
Ol <—t{hF (:q ] 7
n :1 h
NS i
] A=O° \"/
o I T |1 i
0 10 20
¢,deg
.02 ~
IS
(pb/ZV) Y -
3 /R N ] i
ISz
.0l i u
‘\/ y
Er S
E A=45° fre :‘L‘\ N
0 [TITLT A
o 10 20
¢,deg

(f) M = 1.00.

Figure 6.- Continued.
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50
.02
(pb/2v)
8 R 'I\
Ol &t Gomws 23
\ \._1" red ) P~ -
4 Pa 4
g \_/ A 3!,=-== :
A=0° '
o)
0 10 20 30 40
¢,deg
]
.02
(pb/zv ) j!
) R B
&89~
.0l S
7 y7
Y47 7 IE
T AR
A=45° T
0 I 2 1 f NREE
o} 10 20 30 40
¢,deg

(g) M =1.20.

Figure 6.- Contimued.
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.02
(pb/ZV)
3 R
ol |
T
/7 f C l,_ Il ]
TN S Y, A
1 A=0° - 3
o LHOIIIrIr Zer 27
0 10 20
' ¢, deg
.02
(pb/ZV)
5 R f“l |
Ol B¢
‘(' “ /‘ 2
H A=45° 2
O [T 11 1 11 A4
0] 10 20
¢,deg

(h) M = 1.ho.

Figure 6.~ Continued.
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(pb/ZV

(

pb/2v

.02

.

k

NACA RM L55F1L

(1) M = 1.60.

Figure 6.- Concluded.
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¢, deg




nAGA Rt T55FLH (come mavmias 2

= = —6 00 ) = 3‘ ° (1 )'
02 =5 \\‘ ’—655i002, % = 7.20 (12
Fi= - - 6545009, ¢ = 11,79 (28)
N NP —65,8002, 9 = 16.5° (32)
|
(pb/2V) SRRRY- AN
8 R .01 A/ T '.“‘ N
HA=0° I
0 :
‘I
6 8 1.0 1.2 14 1.6
M
02-
 ENEE . i 650006, B = T.1° (3 )
L P ol —65A009, ¢ = 11,7 Q'n
_ B SNEEAS 76518012, § = 16.4° (51)
(pb/ZV) - ST
8 R .Ol ~ i -~ o X P
\ 4 - - e X
- A=45° B SEALa e
0 HHH
6 8 1.O 1.2 1.4 1.6
M
(a) A =3.71.

Figure T.- Effect of airfoll thickness ratio on aileron rolling effective-
ness. Numbers in parentheses denote model numbers. NACA 65A0XX air-

foil sections. cg/c = 0.20; A = 1.0; & =~ 3° to 7°.
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02

(pb/ZV')
5 R Ol

02

NACA RM L55F1h

[~

65A00 =1, o' 86

140 = 15.70 (87)
Ti

1.0 L2 14 16

(v) A =5.0.

— 654009, $ = 10,0° (88)

Db/ZV) Ol = — il

5 :

HHA=45° TH famss:
0o

© ° 10 12 14 16

M

(¢) A =8.0.

Figure T.- Concluded.
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Oy »

02 A=0°, ¢ = T7.29 (16)
. N T // A= ]4_50, ¢ = 7.10 (39)
(pb/ZV) . %
8 - y s
R /,/

01 RS-
0
.6 8 1.0 L2 .4 1.6 1.8

M

(a) A =3.7; A = 1.0; NACA 65A006 eirfoil sections; cg/c = 0.20.

on 7 =35% 4 = 7.8° (6L)
- O - A = 15°, ¢ = 7.8° (1)

(pb/2V) dnc P

8 R N /r /r’

» o‘ i 5\ -
0
.6 .8 10 L2 14 .6 18
M

(b) A =14.0; A =0.6; NACA 65A006 airfoil sections; cg/c = 0.30.

Figure 8.- Scme effects of wing sweepback on rolling effectiveness for
full-exposed-span ailerons. Numbers in parentheses denote model num-
bers. © = 30 to TO.
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o2 FEEE R A= 0°, ¢ = 11.5° (3)
i o PO Sy vay. A = 30°, @4 =10.6 (5)
pb/2V SENNEE AN A = 159, ¢ = 12,00 (7)
F) S S i~ = 60°, ¢ =11.2° (9)
R = AN AEN AN IAN AP
- TAYY - 3N
0l A N
0
.6 - .8 1.0 1.2 L4 1.6 1.8
M

.02
pb/2v \ A =00, ¢ =9,50 (12)
( 3 )R FETeh AN = 356. p =100 (13)

T 7 ///
ol ‘\ " - M // 11
I I~ \5- u 1]
o)
.6 8 1.0 L2 L4 1.6 18
M

(d) A =2.9; A = 1.0; NACA 65A009 airfoll sections; cafc = 0.20.

Figure 8.- Continued.

" CONFIDENTIAL -




8T
NACA RM L55F1L

I o i 5T

— A = 003 ¢¢: 11.70 (28)
.02 T N 1A= usz, 9= 11.72 (h7F
pb/2V === RS A = 60°% ¢ =114° (63)
=5),
0l s
| 4 et
\ e -
\ [ =~ ]
- 0
-6 8 L0 12 14 L6 18
M

(e) A =3.7;3 N = 1.0; NACA 65A009 airfoil sections; ca/c = 0.20.

.02
(pb/ZV) L] A =0° ¢ =11.8° (84)
S R 4 . 1A = 45°, ¢ = 11.8° (86)
/,//
.0l - t S
l B .
0
.6 .8 1.0 L2 14 1.6 18
M
(£) A =5.0; A = 1.0; NACA 65A009 airfoil sections; cg/c = 0.20.

Figure 8.- Contimued.
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. Sl thch 1 T3k

02"
\ —ﬁ-r—: 006 g =—16.3o (32)
H HH A= 45°, 8 = 16.4° (51)
o] T 4
.
(pb;2v ) ; v : ==
R i N
I
0] 5
....OI :
.6 .8 L.O L2 .4 L6 .8
M

(g) A =3.7; A =1.0; NACA 6514012 airfoll sections; cg/c = 0.20.

.02 =
£
RSWA /-./1.= 0°, g = 18.6° (27a,b) 1T
A A= 45°, ¢ =20.0° (46) [
0l 4 NN
\ ,/
(pb/ZV) NesSmavauEN
S R \ i RS 1] N
(0]
I
1
-0l
- .6 .8 1.0 L2 1.4 L6 1.8

M

(h) A =3.7; A = 1.0; NACA 16-009 airfoil sections; cg/c = 0.20.

Figure 8.- Continued.
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03
‘\
N —/t= 0° ¢ = 0° (2
H A2 0se, =00t
.02 1 T
(pb/ZV) ASSRaE
8 R \~ - =
o1 ANRS=RENEn =S
0
6 8 10 12 14 16 18
M

i A= 0% §=0°(4)
03 NS
02
(pblzv) A =145°, 4 =0° (8) N
8 /g : =

ol

0

.6 8 1.0 12 1.4 16 18
M

(3) A =2.3; A = 1.0; flat-plate airfoil sections; cg/c = 0.40.

Figure 8.~ Concluded.
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03
A
\ 7 . L R
- 1 < Ca =] —
] < = 1.00, g = 12.3 (346)F
.02 N c& =0 ’4‘0 ¢ =11 o u
1 = = 0.40, ¢ =11}y (35}:
pb/2V 1 pd ™ N [+ ]
( g )R | . = = 0.20, g = 11.7° (28}
SSRannElaL A
0l f T
A T /_
N 0& - - (o] ]
] ’ ‘= = 0.10, § = 10.9° (1)
-.0l
6 8 1.0 12 1.4 1.6 18

M

(). A =0° A =3.7; N\ =1.0; NACA 65A009 airfoil sections; full-
exposed-span alleron.

Figurg 9.- Effect of aileron chord ratio ca/c on rolling effectiveness.
5 =~ 30 to 79, except for ca/c = 1.0. Numbers in parentheses denote
model numbers.
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452
I
03
N
\\ c
maENERE -t = 1,00, § = 11.3° (62)
c
02 = = 040, § = 11.L° (61)
(pb/ZV) . PO T
8 R : S ~ Cg,
- - = 0.20, § = 11,79 (47)
ol 3
= (1 \‘, uy: H
[+ A =
, LE==010, 8 =9.9° 385 =2 :
6 8 10 12 L4 16 '8

M

(b) A =145% A =3.7; A =1.0; NACA 65A009 airfoil sections; full~
exposed~-span aileron.

Figure 9.~ Continued.
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N

03 N EEEN
Oa o
— = 1,00, ¢ = 7.2 (77)
[¢]
02 [ T - = 0.30, # = 7.8% (T1)
. walK
pb/2V T A2 = 0.15, # = 6.6° (66)
: T
( 8 )R i //
ol 1 S
)
6 8 10 12 L4 L6 18
M

(¢) A =159 A =14.0; A'=0.60; NACA 65A006 airfoil sections; full-

exposed-span alleron.

Figure 9.- Continued.
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03
N o, - ]
02 N- = = 1,00, (1nterpolatod):E;
[+ uEa
(pb/ZV) L H--2 = 0.30, 8 = 7.6° (12) HE
) R - A ca _ _ ° :i:
. )4 - = 0.15, ¢ = 7.1° (67)

| T = i
0 | TS Y

0

.6 8 1O L2 L4 L6 1.8

M

(@) A =145 A = 4.0; N = 0.60; NACA 65A006 airfoil sections; outboard
three-quarter-span aileron.

Figure 9.- Continued.
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(b) Outboard ailerons.

Figure 15.- Some effects of wing-tail interference on rolling effective-
ness for inboerd and outboard ailerons. A = 3.7; A = 1.0; A = 459;
NACA 65A009 airfoil sections; ca/c = 0.20; & =~ 3° to 7°. Numbers in
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(v) Full-exposed-span ailerons. A = 45°.

Figure 16.- Continued.
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Figure 17.- Measured and estimated rolling effectiveness for several
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Figure 17.- Concluded.




