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RESEARCH MEMORANDUM

EFFECT OF A DEFLECTABLE WING-TIP CONTROL ON THE LOW-SPEED
LATERAL AND LONGITUDINAL CHARACTERISTICS OF A
LARGE-SCALE WING WITH THE LEADING
EDGE SWEPT BACK L47.5°

By Roy H. Lange and Marvin P. Fink
SUMMARY

Results are presented of an investigation in the Langley full-
scale tunnel of the effect of a 20-percent-semispan deflectable wing-
tip control on the low=-gspeed lateral and longitudinal characteristics
of a wing with the leading edge swept back L47.5°, an aspect ratio of
3.5, and circular-arc-airfoil sections. Limited tests were also made
of a conventional aileron simulated by an outboard 50-percent-semispsan,
20-percent-chord trailing-edge plain flap (for positive deflections
only). The basic wing configuration, the wing with drooped-nose flaps
deflected 40°, and the wing with drooped-nose and semispan plain flaps
deflected 40° were tested in the course of the investigation. All the

date are presented for a Reynolds number of 4.3 x lO6 and a Mach num-
ber of 0.07.

The results show that the 20-percent-semispan wing-tip control
investigated should provide adequate lateral control over the angle-
of-attack range investigated. For the basic wing the wing-tip control
was about as effective as a 50-percent-semispan trailing-edge aileron
throughout the angle-~of-attack range. With Tlaps deflected, the effec-
tiveness of tlie wing-tip control was greater than that of the trailing-
edge aileron at the higher angles of attack. Equal (trailing edge up)
deflection of the wing-tip controls provided an improvement in the flow
over the wing throughout the angle-of-attack range for z2ll configura-
tions. Deflection of the wing-tip controls resulted in a nose-up trim
change for all wing configurations. The lift-to-drag ratio of the wing
at 0.85 maximum 1ift with tips neutral is 3.8 for the basic wing, 5.2
for the wing with drooped-nose flaps deflected, end 6.1 for the wing
with drooped-nose and semispan plain flaps deflected. With the wing-
tip controls deflected -15°, these values become 3.7, 7.5, and T.0,
respectively.
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INTRODUCTION

Wihg-tip allerons nave shown favorable rolling effectiveness char-
acteristics as compared with trailing-edge zailerons on sweptback- and
delte~wing configurations throughcut the transonic and low supersonic
speed range (references 1 and 2). There are little data existent, how-
ever, relstive to the effectiveness of wing-tip silerons on sweptback
wings av low speeds. Some previous investlgations et low speeds and
small scale (reported in reference 3) have been confined to a wing of
very low aspect ratio. The wing-tip contrcl of the subject wing
appeared promlslng because of the longer rolling-momenit arm inherent
with all tip-alleron devices and because of the possibility of allevi-
ating tip stalling throughout the angle-of-attack range by negative
(trailing edge up) deflections of both tips.

An irvestigation has been made in the Langley fuli-scale tunnel of
the iateral and longitudinal characteristics of a large-scale wing of
aspect ratio 3.5 with the leading edge swept back 47.5° and with the
outer 20 percent of each wing semispan deflectable about a hinge axis
norriel to the plane of syrmetry. The wing-tip control used in the
present investigation differs, therefore, from that used in previous
investigations (references 1 and 3) in that a portion of the wing is
deflected, whereas the tip controls used previously consist of small
surfaces attached So the tips of the existing wings.

Focrce data are presented kerein at a Reynolds number of 4.3 X 106
and a Mach naaber of 0.07, from tests made to determine the effective-
negs of the 20-perceni-semispan wing-+tip contrcls for argles of attack
through stall and for total (differential) wing-tip-control deflections
ranging from 0° tc 50°. For a limited comparison, tests were made of a
conventional sileron simulated by an outboard 50-percent-semispan,
20-percenv-chord trailing-edge plain fiap for positive deflections only.
Data are also presented of the longitudinal azerodynamic characteristics
of the wirg with both wing-tir cortrols deflected in the same direction
for several negative (trailing edge up) deflections at each angle of
attack. The basic wing configurstion, the wing with the drooped-nose
flaps defiected 40°, and the w1ng with the drooped-nose &nd inboard
gemispan plairn flaps deflected 40° were tested in the course of the
investigaticn. In addition to the force measurements, the stalling
characteristics of the wing with the wing-tip controls deflected in
the sane direction were determined by means of tufi observations.
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COEFFICIENTS AND SYMBOLS

The test data are presented as standerd NACA coefficients of
Torces and moments. The data are referred to a set of axes coinciding
with the wind axes, and the origin was loceted in the plane of symmetry
as projected from the: quarter-chord point of the mean aerodynamic chord.

Cy, 1ift coefficient (L/gS)

Cp drag coefficient (D/gS)

Cm pitching-moment coefficient (M/aSE)

CZ rolling-moment coefiicient with wing-tip control deflected
T (Rolling moment/qSb)

CnT yawing-moment coefficient with wing-tip control deflected

(N/asb)

Cy rolling-moment coefficient produced by the trailing-edge
a aileron

Cn yawing-moment coefficient produced by the trailing-edge
@ aileron

L/D *  lift-drag ratio

CLmax maximum 1ift coefficient
pb/2v wing-tip helix angle, radians
CIP damping=in=-roll coefficient; rate of change of rolling-moment
coefficient with wing-tip helix angle Eg%
o5V,
R Reynolds number
L 1itt
D drag
M pitcking mcment
N yawing moment



ac

w0

o
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aporoximate aerodynamic-center location, percent <¢C

ac,,
0.25 - —2Y100
acy,

angle of attack measured in plene of symmetry, degrees
free-stream dynamic pressure

wing area (231.0 sq ft)

angular velocity about X-axis

wing span (28.5 ft)

mean serodynamic chord measured parallel to plane of
5 b/ 2
syrmetry (8.37 ft) <%-d[‘ c2dy
0

free-stream velocity

wing-tip-control deflection, positive with tralling edge
down, degrees

total {equal up and down) wing-tip-control deflection,
degrees

right trailing-edge-aileron deflection, positive for dowm
deflections, degrees

chord, parallel to plane of symmetry
chord, perpendicular to line of maximum thickness
spanwise coordinate perpendicular to plane of symmetry

rate of change of 1ift cdefficient with angle of
attack (9Cr/da), per degree

rate of change of pitching-moment coefficient with 1lift
coefficient

rate of change of rolling-moment coefficient with wing-tip-

control deflection (?CzlaﬁTt), per degree



NACA RM L51CO7 L 5
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MODE

The geometric characteristics of the wing with respect to the
unswept wing panel are given in figure 1. The wing has an angle of
sweepback of L5° at the quarter-chord line, an aspect ratio of 3.5, a
taper ratio of 0.5, and has no geometric dihedral or twist. The air-
foll section of the wing is a symmetrical, lO0-percent-thick, circular-
arc section perpendicular to the 50~percent-chord line. The wing was
constructed of & -inch aluminum sheet reinforced by steel channel spars.

L
The wing construction is extremely rigid and it is believed that no
deflections of an appreciable magnitude occurred during the tests.

The wing is equipped with a full-span drooped-nose flzp and an
inboard semispan plain flap which are 20 percent of the chord measured
perpendiculer to the line of maximum thickness. These flaps are
pivoted on pianco hinges mounted flush with the lower wing surface and,
when deflected, produce a gap on the upper wing surface which is
covered and faired with a sheet metal seal.

The wing-tip-control configuration tested consists of the outer
20 percent of each wing semispan deflecteble about 2 hinge axis normal
to the plane of symmetry and at 0.54%c. (See figs. 1 erd 2.) Deflec-
tions of from 30° to -40° are possible, and the deflections are remotely
controlled by actuators within the wing. The tips can be deflected
differentially as ailerons or in the same direction as flaps. The gap
at the Jjuncture between the wing-tip control and the wing is about
3/16 inch throughout. The area of each wing-tip -control is equivalent
to 14.L percent of the area of the wing semigpan.

The trziling-edge aileron tested is an outboard 50-percent-
semispan, 20-percent-chord (normal to the 50-percent-chord line)
trailing-edge plain flap. Downward deflections of 0°, 5.70, 10.20,
1%.3°, and 19.6° are provided on the right aileron only, and when the
alleron is deflected the gap on the upper wing surface is sealed and
faired. The area of the right trailing-edge sileron is eguivalent to
10.9 percent of the area of the wing semispan.

TESTS

The tests were mede through & maximum angle-of-attack range from
about 0° to 290 and at a Reynolds number of k.3 X 106 and a Mach num-
ber of 0.07. Three wing configurations were tested: +the basic wing
configuration, the wing with the drooped-rose flaps deflectea 400, and
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the wing with both the drooped-nose and inboard semigpan plain flaps
deflected 40°. The drooped-nose flap configuration was investigated
because the results of the pressure-distribution measurements over the
wing (reference U4) showed that the vortex-type flow, inherent for the
basic wing configuration, was eliminated by k0C deflection of the full-
span drooped-nose flap. With the tip control deflected the span of the
drooped-nose flap extended from the plane of symmetry outboard to

80 percent of the wing semispan.

For the tests made to determine the effectiveness of the wing-tip
controls deflected as ailerons, the tips were flrst deflected in equal
smounts in a leading-edge down directlion at each angle of attack until
the spanwlse flow at the tips disappeared; then the tips were deflected
differentially in 5° increments. The deflections used at each angle of
attack about which the wing-tip controls were deflected differentially
are given in table I for each wing configuration. The maximun negative
defiection for these tests was limited to -20°. The aileron-
effectiveness tests of the trailing-edge aileron were made with only
the right aileron deflected through a range fram 0° to 19.6°. For
these tests the alleron was set at the required deflection, and then
force tests were made as the angle of attack of the wing was increased
through & maximum range of from 0° to 29°.

In order to determine the effect of wing-tip-control deflection on
the longitudinal aerodynamic characteristics of the wing, the tips were
deflected negatively in the same direction in 50 increments at each
angle of attack until no further improvement in the flow over the tips
was oObserved. The effects of negative tip deflection on the stall pro-
gression of the wing were determined from visual observations of the
action of wocl tufts attached to the upper wing surface.

Throughout tke investigation there was no evidence of vibration or
Tflutter of the wing-tip control regardless of the wing attitude or tip
deflection tested.

RESULTS AND DISCUSSION

Presentation of Results

The results have been corrected for the blocking effects, tares,
and for approximate wing-support interference. The angles of attack
and drag coefficlents have been corrected for Jet-boundary effects by
the method gliven in reference 5. In addition, the angles of attack
have beer corrected for air-stream misalinement.
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The results of the investigation are presented in two sectlons.
The first section presents the aerodynamic characteristics of the wing
with the wing-tip controls deflected as ailerons. The basic data are
given in figures 3 o 5. The rolling and yawing moments for a total
aileron deflection of LO® are presented in figure 6, and the rolling
effectiveness Tor the baslic wing is given in figure 7. The character-
istics of the O.50b/2 trailing-edge aileron are presented in figures 8
and 9 for comparison purposes. The effectiveness parameters (an)

for the two aileron configurations are given in table II. The second
section presents the effects of the wing-tip control on the longitudi-
nal characteristics of the wing with the tips deflected in the same
direction. The basic date are given in figures 10 to 16. Diagrems
ghowing the effect of wing-tip-conirol deflection on the stalling char-
acteristics are given in figures 11, 12, and 13. The surmary curves
(figs. 17 and 18) show the effect of wing-tip-control deflection on the
approximate aerodynamic-center location and on the lift-drag rstio.

Effect of Tip Control on Lateral Cheracteristics

Tip=-control effectiveness.- The wing-tip controls at each angle of
attack were differentially deflected about an initial deflection which
weg not coincident with the chord line of the wing. (See table I.)

The wing-tip-control effectiveness parameter CZSWL for the basic wing
bl 71

increases From -0.00085 at the lcwest angle of attack to -0.00100 at

a = 1k, 2° and then decreases to -0.00070 near maximum 1lift. (See fig.3
and table IZ.) The effectiveness parareter at the lowest angle of
attack compares favorably with the value of -0.00088 calculated by the
method of reference 6 for a trailing-edge plain aileron of 50-percent
semispan and 20-percent chord.

The O.80b/2 drooped-nose flaps increazsed the wing-tip-controi
effectiveness in the high angle-of-attack range as compered with the
basic wing. (See fig. % and tsble II.) The highest values of the wing-
tip-control effectiveness parameter (-0.00113) were measured in the high
angle-of-attack range for the wing with the O.80b/2 drooped-noge flaps
- and semispan plain flaps deflected (fig. 5 and table II).

Rolling- ard yawing-moment characteristics.- As an indication of
the effectiveness of the wing-tip control in the high deflection range,
the rolling-moment coefficients produced by a total wing-tip-control
deflection of 40° are plotted against angle of atteck in figure 6 for
the three wing configurations. In the low angle-of-sttack range the
rolling-moment coefficient was about 0.04 for sll configurations. The
effect of the 0.80b/2 drooped-nose flaps was to prevent the large loss
in rolling-moment coefficlent near maximum 1ift that was noted for the
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begic wing ard so provide an increase in the ro’ling-moment coefficients
in tke moderate angle-of-atrack range. For the wirg with the combined
deflections of the drooped nose and plain flaps, there is a rapid
decrease in rol+1ng-mom=nu coeff1c1e 1t with increase in asngle of attack
above 14°,

As shown in figure 6, the Tavorable yawing-moment coefficients of
the basic wing caused by wing-tip-contrcl defliection et the low angles
of sttack are increased and extended to moderate angles of attack by
the additicn of the flaps. In the high angle-of-atfack range the
adverse yaw is increased by the flaps.

Rolling effectiveness.- In order to indicate a meesure of the
rolling effectiveness of the wing-tip control investigated, values of
the wing-tip helix angle pb/2V have been cezlculated for the basic
wing ccenfiguration. The estimated values of pb/EV were determined

pb _ %1
' C
2 lP

from the relationship . The values of CZP were determined

frcm the expression

( “)CL

iy = ( )C-=0 (ha)cL_o

given asg method 1 in reference 7. The value of (FZD)CL—O Tfor the

wing as determined from the charts of reference 6 was -0.265. The
values of pb/EV presented have not been corrected for the effects of
edverse yaw or wing twist, and an alleron linkage system giving s dif-
ferential of 1:1 (equal up and down deflections) is assumed.

The data of figure T show that the total wing-tip-control deflec-
tiorn required to produce & helix angle of C.09, considered necessary
for satisfactory low-speed vortrol as spec1f1ed in reference 8,
increases from 27° at a = 3.0° w0 32.5° at a = 6.7° and then
decreases to 20° at o = 14,29, The large increase in the values of
pb/2V at an angle of attack of 1L4.2° is similar to tha%i shown in
reference 9 for the effect of an end plate on the effectiveness of a
tip-alleron control.

Lift and pltching-moment charscteristics.- The data of figures 3,
h, and 5 show that incressing the total wing-tip-cortrol deflection
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from 0° to 40° has a slight effect on the 1ift and pitching-moment
characteristics. However, as shown in figures 3(b), 4(b), and 5(b),
there is g 1lift and trim change associated with the initial wing-tip-
control deflectiion at each angle of attack. It is estimated that the
maximum change in trim associated with the initial wing-tip-controcl
deflection for each configuration would amount to about 12° of elevaior
defiection for an unswept tail and a dynamic pressure retio of 1.00.

Comparison with trailing-edge plain aileron.- The rolling- and
yawing-moment coefficients for the O.50b/2 trailing-edge plain aileron
presented in figures 8 and 9 represent the coefficient at 2 given
deflection minus the coefficient at zero deflection. The data from
which the rolling-moment coefficients for the basic wing were derived
are given in reference 10 and are typical of the data obtalined for the
other wing coniigurations. In the following discussion 1t should be
noted that the hinge line of the trailing-edge aileron is swept back
360, whereas the hinge line of the wing-tip control is unswept, and
algo that the trailing-edge alleron has less area than the wing-tip
control.

A comparison of the data of figures 3, L4, 5, and 8 shows that the
variation of rolling-moment coefficient with wing-tip-control deflec-
tion is almost linear with the tip controls deflected, whereas the
variation with the trailing-edge aileron deflected is irreguler and in
meny cases shows a reversed effectiveness. This irreguliar variation of
rolling-moment coefficient with trailing-edge-aileron deflection was
investigated in reference 10, and it was found that & more nearly
linear variation was produced by appllcation of finite-trailing-edge
thickness to the asilerons.

The aileron effectiveness parameters for the two aileron configura-
tions (table II) are about the szme at the low and high angles of
attack for the basic wing configurations. TFor the configurations with
flaps deflected, however, the effectiveness of the wing-tip control
increases over that measured for the trailing-edge aileron with
increasing angle of attack. For the configuration with the drooped-
nose and plein flaps deflected, the tip-control effectiveness is about
twice that measured for the trailing-edge aileron. It should be noted,
however, that the trailing-edge aileron was deflected downward only znd
that upward deflections might cause a2 slight change in the averzge
slope of the curves through zero deflection.

An indication of the effect of airfoll section on the alleron
characteristics of the wing plan form under consideration may be
obtained from the data of reference 11 for a wing-fuselage combination
of almost identicel plen form and sweevback but with an NACA 641A112

airfoil section. The aileron effectiveness parameter of the basic wing
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configuration near maximum 1ift for the wing-+ip control and 0.50b/2
trailing-edge alileron on the subject wing is -0,00070, whereas the
value For a 0.45b/2 aileron of reference 1l near maximum lift is
-0.00050. It should also be noted that for the wing with flaps deflec-~
ted, the effectiveness of the wing-tip control is considerably higher
than that measured. for tne O.h5b/2 aileron of reference 11 in the high
sngle-cf-atvack range.

BEffect of Wing-Tip-Control Deflection on
Longitudinal Characteristics

It was believed that by equal deflection of both wing-tip controls
the vortex flow, inherent for the basic wing (reference L), could be
modified somrewhat in the region of the tips and that some improvement
in the 1lift and pitching-morent characteristics would be reaslized.
Comparisons of the flow over the wing, both with the wing-tip controls
neutral and with the wing-tip contrcls deflected in the same direction,
are given in figures 11 to 13. As shown in figures 11 to 13, negative
wing-tip-cont»ol deflection provided sn improvement in the flow over
the wing througnout the sngle-of-attack range for all configurations.
Wing-tip-control deflection caused a reduction in 1ift coefficient
throughout the angle-of-attack range for the basic wing confilguration.
(See fig. 14(a).) In the high sngle-of-attack range for the wing with
the flaps .deflected, the wing-tip-control deflection can be increased
to -15° before any decrease in 1lift is noted. (See figs. 15(a) and .
16(a).)

Kegative tip-control deflection casused a change in trim in a
positive direction for all configurstions, (See figs. 1u4(a), 15(a),
and 16(a).) For the wing with flaps deflected the change in trim
caused by wing-tip-contrel deflection is in a direction which reduces
the out-of-trim moment produced by flap deflection. The basic wing
has an undesirable shift 1In aerodynaric center of 25 percent of the
mean serodynamic chord throughouf the lift-coefficlent range to
O.85CLmax. (See fig. 17.) Deflecting the wing-tip controls -5°

reduced this shift in aerodynamic center to about 1l percent for the
same lift-coefficient range. No improvement is noted for higher wing-
tip-control deflections. For the wing with flaps deflected, the rapid
unstable shift in aserodynamic center is delayed tc higher 1ift coef-
ficients with the wing-tip controls deflected -15°. (See figs. 17,
15(a), and 16(a).)

The lift-drag ratio of the basic wing 1s decreased with increasing

wing-tip-control deflection. At 85-percent maxlimur 1ift, however, the
lift-drag ratio 1s decressed from 3.8 to only 3.7 for a wing-tip-control
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deflection of -15°. At 85-percent meximum 1ift the 0.80b/2 drooped-
nose flaps increase the lifit-drag ratio of the wing to 5.2 with tips
neutral. Wing-tip-control deflection provides a further increase in
lift-drag ratio in the moderate- to high-lift~coefficient range, and
at 85-percent maximum 1ift a value of 7.5 is measured for a wing-tip
control deflection of -15°. (See fig. 18(b).) Deflecting the rear
flaps in combination with the drooped-nose flaps increases the 1ift-
to-drag ratio to 6.1 Ffor the tips-neutral condition. At 85-percent
maximum 1lift, wing-tip-control deflection of -15° further increases
the lift-drag ratio to 7.0. (See fig.®18(c).)

SUMMARY OF RESULTS

The results of an investigation in the Langley full-scsle tunnel
of the effect of a 20-percent-semispan deflectable wing-tip control on
the low~speed lateral and longltudinal characteristics of a wing with
the leading edge swept back 47.5° and circular-arc-zirfoll sections
showed the followlng:

1. The 20-percent-semispan wing-tip control investigated should
provide sdequate lateral control over the angle-of-attack range inves-
tigated for the basic wlng as well as for the wing with flaps deflected.

2. For the basic wing the aileron effectlveness parameter for the
wing-tip control was about the same as that for the 50-percent-semispan
trailing-edge aileron throughout the angle-of-attack range. With flsps
deflected, the effectiveness parameter for the wing-tip control
increased over that measured for the trailing-edge aileron with
increasing angle of attack. The highest values of aileron effeciive-
ness parameter for the wing-tlp control were measured at the high angles
of attack with flaps deflected.

3. Equal negative deflection of the wing-tip controls provided an
improvement in the flow over the wing throughout the angle-of-attack
range for 2ll configurations.

b, As compared to the wing with tips neutral, wing-tip-control
deflection in the high engle-of-attack range caused a decrease in 1lift
for the bassic wing, but for the wing with flaps deflected, the wing-
tip-control deflection can be increased to -l5° before a decrease in
1ift 1s produced.

5. Negative wing-tip-control deflection caused & change in trim
in a positive direction for all configurations.
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6. The lift-drag ratio of the wing at 85-percent maximum 1ift with
tips neutral is 3.8 for the basic wing, 5.2 for the wing with drooped-
nose Tlaps deflected, and 6.1 for the wing with drooped-nose and semi-
srar plain flaps deflecteéd. With the wirg-tip controls deflected =159,

these vzlues become 3.7, 7.5, and 7.0, respectively.

Langley Aercrnautical Laboratory
National Advisory Committee for Aeronautlcs

Langley Field, Va.
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TABLE I.- INITTAL DEFLECTIONS FOR WING-TIP-CONTROL

SFFECTIVENESS TESTS

Configuration
(deg) (deg)

-5
=10
-10
~-15
=20
-20
-20

[OV)

OD.F‘OO\
QOO F~]O

Basic wing

e

o
£ 10

-10
-15
-20
-20
-20
-20
-20

0.80b/2 drooped-nose flaps
deflecved L0
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NACA RM L51COT S

TABLE IT.- COMPARISON OF ATLERON EFFECTIVENESS PARAMETERS (?15)

FOR WING-TIP CONTROLS AND TRAILING-EDGE AILERONS

[%lopes measured at 0° aileron deflectioé]

( dgg) Tip control Trailing-edge aileron
(2) Basic wing configuration
3.0 -0.00085 -0.00087
6.7 -. 00077 -.0008k
10.L -.00092 -. 00084
1k, 2 -.00100 -.0007T
18.1 -. 00065 -.00072
22.0 -.00070 -.00070
(b) Drooped-nose flap deflected 40O°

6.9 -0.00079 -0.00070
10.6 -.00066 -.00069
1h. bk -.00091 - . 00060
18.1 -.00087 -. 00065
21.8 -. 00097 -.00075
25.7 -.00080 - . 00055
27.6 -.00105

(c) Drooped-nose and semispan pilain flaps deflected 40°
k.5 -0. 00070 -0.00043
8.3 -. 00094 -. 00042
13.9 -.00084 -.00045
16.7 -,00113 -.00042
19.6 -. 00083 -.00032
21.6 -.00113 -. 00060
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Area,

Flap hinge lines

1.0
Agpect ratio 3.5
Taper ratio 0.5

23 sq ft

Tip-control hinge line

0,50b/2 trailing-edge aileron=hinge line

—

Section A-A
showing the drooped—
nose flap deflscted

Line of maximum
thickness

Sy 1,—~—_--/-;
REGS

608

N

—

342

Figure 1.- Plan form of 47.5° sweptback wing. All dimensions

are in inches.
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Figure 2,- Photograph of 47.5° sweptback wing mounted in the Langley full-
scale tunnel with the tips deflected in the seme direction.
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Flgure 3.~ Characteristics in left roll of

R =% L3 x10
&p for each angle of attack.)

wing configuration.
deflection

6

the tip controls for the basic

. (See table I for initial tip
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(b) Variation of C; with o and Cy.

Figure 3.~ Concluded,
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(a) Variation of Cy; and Cpp with &py.

Figure 4.- Characteristics in left roll of the tip controls for the wing

with 0.80b/2 drooped-nose flaps deflected 40°. R = 4.3 X 105. (See
teble I for ipitial tip deflection &p for each angle of attack.)
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(a) Variation of Cip and Cp, with 3.

Figure 5.- Characteristics in left roll of the tip controle for the wing
with 0.80b/2 drooped-nose flaps and semispan plain flaps deflected %0°.

R= 4.3 x 106. (See table I for initial tip deflection &p for each
angle of attack.)



1.2
| P (= |
10 Mt sl A
8 " I
l
CL &\\ -
8 37¢,deg - /
—— 0 A\ /
—&— {0 & f
4 ——20
' —A— 30 |
7" L / _]
> ——=— 31=0°(fig. 16 @))
SUAG
0 0] 12 16 20 24 04 0] -04 -08 712 -16
a,deg Cm

(b) Variation of Cp, with o« and Cp.

Figure 5.- Concluded.

U

LODTST WY VOVN



NACA RM L51COT SN 25

L]
Basic wing
——-——0.80 bs2 drooped-nose flaps
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Figure 6.- Rolling- and yawing-moment characteristics for a total tip-
control deflection of L40° in negative roll.
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Figure T.- Variatlion of estimated wing-tip helix angle pb/2V with
total tip-control deflection for the basic wing.
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Figure 8.- Rolling-moment characteristics of the 0.50b/2 plain treiling-

edge aileron. R x 4.3 x 10°.
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Figure 10.- Effect of the gaps at the Junctures between tip controls and
wing. Basic wing configuration; 8p = 0% R & k.3 x 105,
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STsdeg

{a) Tips neutral

~ o
| . \',.* .

Direction Intermittent Unsc;d Intermittent Stall NACA -~
of flow  flow Y e s

Figure 1l.- Effect of tip deflection on the stalling characteristics of
the bagic wing configuration. Tip deflections for best flow improvement.

R %~ 4.3 x 106.
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Figure 12.- Effect of tip deflection on the stalling characteristics of
the wing with the drooped-nose flaps deflected 40°. Tip deflections

for best flow improvement. R =~ L.3 X 106.
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Figure 13.~ Effect of tip deflection on the stelling characteristics
of the wing with the drooped-nose flaps and semispan plein flaps
deflected L40®., Tip deflections for best flow improvement.

R~ 4.3 x 108.
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Figure 1k.- Longitudinal characteristics of the basic wing with tips
deflected in the same direction. R x 4.3 x 10°.
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(b) Variation of Cp with Cp.

Figure 1k4.- Concluded.
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(a) Variation of Cy with a« and Cp.

Figure 15.- Longitudinal characteristics of wing with 0.80b/2 drooped-
nose flaps deflected 40° with tips deflected in the same direction.

Re 4.3 x 106.
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(b) Variation of Cp with Cp.
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Figure 16.- Longitudinal characteristics of wing with 0.80b/2 drooped-nose
flaps and semispan plain flaps deflected 50° with tips deflected 1in the

same direction. R % k.3 X 106.
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Figure 17.-'Effect of tip-control deflection on the approximate

aerodynamic-
center location. R % 4.3 x 106.
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Figure 18.- Effect of tip-control deflection on lift-drag ratio.
R = k.3 % 108.
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