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NATTONAL: ADVISORY COMMITTEE FOR AERON.AUTICS
RESEARCH MEMORANDUM

INVESTIGATION OF EXTENSIRLE WING-TTP ATLERONS ON AN
UNTAPERED SEMISPAN WING AT 0° AND 45° SWEEPBACK

By John R. Ha.german‘and. William M. O%Hare
SUMMARY

A low—speed wind—tunnel investigation was made to determine the
lateral control characterlstics of extensible wing—tlp ailerons on an
untapered semispan wing having two confilgurations; ane conflguration
was unswept and had an aspect ratlio of 3.13 and the other configuration
was swept back 45° and had an aspect ratio of 1.59. Three plan forms
of extenslble allerons were Investigeted on each wing conflguration at
‘various amounts- of extemsion and deflection relative to the wing—chord
plene. Also, wing aerodynamic chara.cteristics were determined for the
two plein—ring configurations. _

The results indlcate that sufficlent alleron effectiveness was
generally obtained at moderate and high 1ift coefficients with the
extenslble allerons investigeted. However, the control effectlveness
at low 1ift coefficlents appears to be inadequate for satlsfactory
epplication to an alrplane, It 1s thought that the extensible ailerons
may be sufficlently effective for some types of missiles.

Yawing moments prod.uced by the extensible allerons investlgated
were comparable to those produced by conventlonsl flap—type allerons.

IRTRODUCTION

The National Advisory Committee for Aeronsutics 1s currently
investigating the lateral—control problem associated with transonic
and supersonic wing conflgurations. Because conventional flap—type
allerons do not always provide adequete lateral control throughout -
the speed range, particulerly sbove the wing crltical speed, other
lateral-control devices are being investigated. Among the lateral—
control devices being Investlgated are- extensible wing—tip ailerons.
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These allerons can be utllized In various ways — such as, by extending
the alleron at a given deflection from one wing tip, or extension and
deflectlon of one aileron on one wing tip. One of the important edvan—
tages toc be derived from the use of these ailerons is that they would
allow use of full-gpan high—1ift flaps to alleviate scmewhat the problem
presented by the excessive speeds required for take—off end encountered
in landing of ailrplanes having high wing loadings. Ancther advanbage

gained from the use of extemsible wing—tip aillerons is the reduction of -

the problem concerning large operabing forces at high speeds associated
with flap—type ailerons.

Very little aerodynamic data pertaining to extensible wing-tip
allerons are. available. However, reference 1 reports a low—speed
Investigation of thils type of alleron on a rectangulsr wing of higher
agpect ratlio than thet used In the present investigation and shows that
rolling moment Increases epproximately linearly with alleron extension
‘and also increases wlth Increase In wing 1ift coeffliclent.

The present low-speed Investlgation, performed in the
Langley 300 MPH 7— by 10—foot tunnel, was made to determine 1f adequate
alleron effectliveness at low 1lift coefficlents could bhe obtained for
extensible wing—tip allerons wlthout resorting to simmltaneous extension
snd deflection of the alleron. Two untapered high—speed wing configu—
rations were used: one wing configuration was unswept and had an aspect
ratio of 3.13; the other configuratlon, obtalned by sweeping the umnswept
wing ebout the 50—percent root—chord station, was swept back L5° and had
gn aspect ratlo of 1.59. A large—chord parallelogram alleron, a tri—
angular alleron, and a short—chord peralilelogram slleron were tested at
various amounts of extension and deflection with respect to each wing
configuration through a large angle—of-attack range.

COEFFICIENTS AND SYMBOIS

The forces and moments measured on the two wing conflguratlions are
presented sbout the wind axes, which, for the condltlons of these tests
(zerc yaw), correspond toc the stability axes. The X—axis is in the
plane of symmetry of each model configuration and 1s parallel to the
tunnel air flow. The Z—exls is in the plane of symmetry of each model
conflguration and is perpendicular to the X-axis. The Y-axls 1s mutu—
ally perpendlcular to:-the X—eaxls and Z-axis. The three axeas Intersect
in the plane of symmetry at the quarter chord of the mean aserodynamic
chord of each configuration (figs. 1 and 2).
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The symbols used are as follows:

CL,

Clpax
Cp
CM

_ ocg,
°Le. = 3o
CZP

1184 cosfPliolent <Twice 1iPt of semlspan mod.el)
4S

maximm 1if% cosfficlent

drag coefficlent (D/qS)

pitching-moment coefficlent
Twice pitching moment of semlspan model aboub Y—axis)

asSs

rolling-moment coefficient (L/qSb) '

yawing-moment coefficlent (W/qsb)

damping—in—roll coefficient; that is, rate of change of
r%lling—moment coeffliclent with wing—+tip helix angle -
C
1

ol
2v . ' ot

wing-tip helix angle, rédiens (C3/Cip) ) !
twice drag of semispan model, pounds

rolling moment sabout X—exis due to one alleron extended and
deflected, foot—pounds

Yawing moment about Z—exls due to one alleron extended and
deflected, foot—pounds

locel wing chord

wing mean aerodynemlc chord, 2.48 feet for unswept wing
configuration and 3.52 feet for sweptback wing configu—

b/2 |
. ration 2 f ced:y) : _ !
S 0 .
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y lateral distance from plane of symmetry, feet

twice area of semispen model, 19.16 square feet for unswept
wing configuration and 19.32 square feet for sweptback

wing configuration

aileron a.rea.; square feet (mee table I) .

Sa

b . twlce sparn of semispan model, T7.75 feet for unswept wing
configuration and 5.55 feet for sweptback wing X
configuration

by aileron span, feet (see table I)

qa free—stream dynasmic pressure, pounds per square foot ( %pve)

v free—stream velocity, feet per second

p mess denslty of air, slugs per cubic foot

a angle of attack with respect to wlng-chord plane, degrees

8gq - a'ileron deflection relatlve to wing—-chorci plans (positive
when trailing edge is down), degrees .

R ) Reynolde number

M Mach number (V/a)

a speed of sound

CORRECTIONS

.- The- 1ift, drag, end piltching-moment—coefficient data presented
herein are for & complete-wing model, end the lateral-control data
represent the aerodynamic moments on a complete wing as a result of
extending the alleron on one semlspan wing of a complete—wling model.

Jet—boundary (induced upwash) corrections were applied to the
angle—of—attack and drag values as ocutlined 1In reference 2. Blockage
corrections were applled to the test data by the methods of reference 3.

Reflection—plane corrections were not applied to rolling-moment

and yawlng-moment coefflclents becaume availilable correctlon date dld
not apply to the configurations of this investlgatlon. However, by
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extrapolation of data given in reference 4, it is estimated that the
values of rolling-moment coefficlent obtained were approximately

10 percent too high for both wings. -Also, 1t is thought ‘that the
yawing moments, 1f corrected, would be more adverse than the data show.

. MODEL, AND APPARATUS

The two configurations of the semispan—-wing model were mounted
vertlcally in the ILangley 300 MPH T— by 10—foot tunnel as illustrated
in figure 3. The root chord of the model (for each configuration) was
adjacent to the ceiling, the celling serving as a reflection plane. A
sgmall clearance between the model and celling prevented celling Inter—
- Perence of measurements of all forces and moments acting on the model.
A Palring strip was atbtached to the root of the model to deflect alr
thet flows Into the tunnel through the clearance hole betwsen the model
and the tunnel celling, thus reducing the effect of the downflow on the
regular flow over the model.

Both configurations of the semispan—wing model were untapered, had
no twist or dihedral, and had NACA 64AO0LO alrfoil sections normal to the
leading sdge. One configuration was unswept and had an aspect ratio .
of 3.13; the other conflguratlion, obtalned by sweeping the unswept wing
about the 50-percent root—chord station, was swept back 45° end had an
aspect ratio of 1.59. Dimensgions of the two plan forms are given in
flgures 1 and 2. The model was equipped with full-span flaps which were
locked at zero deflection during the present investigation. The exten—
sible allerons (figs. 1 and 2) consisted of a parallelogram and a tri—
angular aileron with similar root chords (0.625c) and a perallelogram
alleron with a chord of 0.156c and having an area sbout one—half as
large as the other two sllerons. The tralling-edge sweep angle of each
alleron was the same as the sweep angle of the corresponding wing con—
Figuration (figs. 1 and 2). The flat-plate type of allerons was:

constructed of z —inch sheet durel and had rounded leading edges eand 12°

beveled tralling edges along the entlre span of each alleron. Table I
presents the geometrlc characterlstics of the extensible wing—tip
ailerons. - '

Verious extenslons of each allercn were attached to the wing tip
at the desired deflections wlth respect to the wingc¢hord plane with
the brackets enclosed in a wing—tlp fairing. The allerons were
deflected about a spanwlse axls that passed through the 50-—percent tip—
chord station on each wing conflguration except for several tests
performed with the short-chord ailleron deflected about & spanwlse axls
that passed through the 0.267 tip—chord station on the unswept wing
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configuration (figs. 1 and 2). The aileron deflections were limited to
a range that would enable the allerons to remain within the wing contour
when retracted at the given deflection. : :

| TESTS

Lift tests were made through the angle—of-attack range from —6° to

- stall for the unswept and sweptback plain—wing configurations at Mach

numbers of 0.19, 0.27, and 0.37. On the unswept wing, these Mach
nuwbers correspond to Reynolds mumbers of 3.2 X 106, k.5 x 106,
and 6.1 X 105 based on a mean asrodynamic chord of 2.48 Peet; whersas >
on the U45° sweptback wing, thege Mach numbers correspond to Reynolds
numbers of 4.5 x 106, 6.3 x 106, end 8.6 X 106 based on a mean aero—
dynamic chord of 3.52 feet.

Lateral-control data were obtalned on the unswept and sweptback
wing configuretions through the ang’e—of-ettack range from —6° to stall
at an average dynamic pressure of approxlmately 51 pounds per sguare
foot, which corresponds to a Mach number of 0.19. Alleron data were
obtained for various combinations of alleron deflection and extension
for each of the three allerons on each of the two wing configurations.

DISCUSSION

Plain—Wing Aerodynamic Characteristics

The 1ift, drag, and pi‘bching-—moﬁent characteristics of the unswept
and 45° sweptback plain-wing. configurations are shown in figures 4 and 5,
respectively. .

Unswept wing.— As Mach number and Reynolds number were increased,
there was a slight increase in CIu, and a negliglble change 1n drag
and plitching-moment characterlsticas of the unswept wing for velues
of Cg, below about 0.7 (ftg. 4). The aerodynamic center of the unswept

wing was about 4 percen{: meen aercdynamlc chord ahead of the '6/’-!- over
most of the angle—of-attack range; however, the wing had a stable stall
reglon, a characteristic usually exhibited by low-aspect—ratlo unswept
wings.

The experimentel value of (}L(1 of 0.055 measured for M = 0.19

is in excellent agreemsnt with the wvalue of 0.055 computed by the
empirical method recommended in reference 5 but is Llower than the
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value of 0.059 computed by the theorstigcal method of referemce 6 (using
a value of 0.1075 for sectlion 1lift—curve slope (reference T)).

The 1ift curves for M = 0.19 and M = 0.27 indlcate an increase
in Cg with an Increass 1n Mech number and Reynolds number; however,

an adverse compresslibllity effect at high 1ift coefficlents, accom—
panied by a decrease In Cg _ , can be noted for M = 0.37. These

effects correlate well with data from references T and 8 pertaining
to Reynolds number and Mach number effects.

459 pweptback wing.— For the 45° sweptback wing configuration,
CI'a. increased very slightly and the drag and plitching-momsnt charac—

teristics changed negliglibly as Mach number and Reynolds number were
increesed (fig. 5). The pitching-moment data for the sweptback wing
indicate that the serodynemic center was gbout 5 percent mean aero—
dynamic chord ahead of the E/)-L at low 11ft coefficlents; however,
&t higher 1ift coefficlents and through the stall reglon the wing was
stable.

. The experimental value of Or  obtained on the sweptback wing at

M= 0.19 is 0.036. This value compares very well with similar values
of CLQ; of 0.037 computed by the theoreticel method of reference 6

(which sccounts for sweep angle) and by the empirical msthod recommended
in reference 5 (which considers aspect ratlio as the only variseblse).
Thls agreement between the estimated and messured values of C-T-u, tends

to substantiate the point made in reference 6 that sweep angle has
little effect on cI'u, for wings of low aspect ratio.

. The 1ift data for M = 0.37 were not obtalned at 1ift coefficlents
high enough to observe any compressiblliity effect similar to that noted
on the unswept wing conflguration. However, the 1ift curves for M = 0.19
eand M = 0.27 show & negligible change In Cp wlth increase in Mach

number and Reynolds mumber; possibly- Indicating the onset of adverse
compressibility effects, or llttle effect of Reynolds numbers of 4.5 X 106
and 6.3 x 100, E

Comparison of the unswept and sweptback plain—wing configurations.—

Comparison of the plain—wing aerodynamic date for the unswept and swept—
back configurations shows that the resultes vary wlth aspect ratio and’
sweep angle ag would be predicted by theory. The value of cIu was

higher for the unswept conflguration, primarily because of the higher
aspect ratio of the unswept wing (reference 6). A larger value of g
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was obtained on the sweptback configuration than on the unswept configu—
ration, an effect which has been found previously in other investi-—
getions (for exsmple, reference 9).

Drag coefficients of the sweptback wing were generally lerger than
those of the unswept wing, especially at large 1ift coefficlents. Cal—
culations indicate that this 1s accounted for mostly by the lower aspect
ratlo and the consequent larger values of induced drag of the sweptback
wing. The meximum lift-drag ratio (which occurred at COr, & 0.2) was
about 16 and 12 for the unswept and sweptback wing confilgurations,
respectively. '

The aerodynamic center was ahead of the /4 —approximately the
same gmount in percent mesan serodynamic chord at zero 1lift coefficient
for both wing configurations. Both wing configuretions exhibited steble
atall characteristics; however, the unswept wing had a more nearly
linear variatlion of-¢y with a.

Taterael Control Characteristics

The rolllng-moment and yawing-moment coefflcients obtained for
geveral extenslions and deflectlions of the variocus plan forms of exten—
sible wing-tip allerons on the unswept wing configuratlion are sghown in
figures 6 to 11, and simlilar data obtalned on the sweptback wing
cenfiguration are shown in figures 12 to 17. As previously discussed
under the section entitled "Corrections,” the rolling-moment and yewing—
moment data presented in these Tigures are uncorrected for reflection—
plene effects. : .

Unswept wing conflguration.— The rolling-moment coeffliclents
" generally increased with Increase in o for all alleron _d.eflections
and extensions on the unswept wing configuration.

The rolling-moment data indicate a reversal of dirsectlion of roll
at some negative engles of attack, a highly undesireble condition for
inverted flight and some maneuvers. Ubtlllzing greater aileron deflsc—
tlong than those used in this Investigation would probaebly relleve the
undesirable conditlion somewhat since reversal of rolling moment occurs
at larger negative angles of attack wlth increased alleron deflectioms.

Deflecting the large—chord and trlangular silerons caused fairly
linear Increeses in rolling moment for the deflectlion-range tested
(figs. 6 and 8). For the short—chord aileron, no appreciable increase
in rolling moment was galned by deflecting the aileron beyond L° at
positive angles of attack, probebly because of early separation over
the alleron which was accentuated with increased deflectlon. However,
the rolling moment produced by the short—chord aileron continued to
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increase wlth incresslng o even at the large alleron deflectloms,
Probaebly because a&s the wing comtinued to load up, mutual in‘berference
between the wing and the sileron (induction effects) tend.ed. to lncrease
further the loading on the wing. . ®

Except at some negative values of o, an Increase of sileron
extension at constant allercon deflectlion caused an Ilncrease in rolling
moment for all aengles of attack and for all alleron configurations
(figs. 7, 9, and ZL'L).

: Several tests performed with the fully extended short—chord aileron

moved forward on the wing so the aileron midchord would coincide with
the 0.267c line of the unswept wing showed that the aileron produced
approximately the same lateral control characterlstics on the wing as
when in the normal position investigated (fig. 10).

The short—chord allsron-—wring comflguration reported herein was
goomatrically comparable to the extensible wing—tip alleron described
in reference 10, but comparison between the resulbts of the two Investi-—
gations was avallable for only o = 0°. Although larger values of Cy
were obtalned for varlous alleron extensions in the present case, both
invegtigationg showed the same general variatlon of rolling moment with
aileron extension.

Comparing the three allerons of thils investigatlion on the basis
of equal values of Sa_/S it can be noted that for similar alleron
deflectione each of the allerons on the unswept wing configuration
generelly produced sbout the same amount of rolling moment, except
at high angles of attack where the short-—chord alleron d.id. not produce
rolling moments as great as those produced by the largs—chord or tri-—
anguler silerons (figs. 7, 9, and 11). .

The yawing moments produced by each of the aileron configurations
were generally adverse over the entire o range and became more adverse
with incresse in «, alleron deflection, and/or aileron extension. The
adverse Cp /07, -ratio was large for all alleron configurations at large
angles of ettack, but was la:cgest for the short—chord a.i_'l_eron, belng
larger than 0.25.

459 gweptback wing.— As was the case of the unswept wing, the
rolling moments produced by the various allerons on the 450 awept wing
generelly increased with increase in o (figs. 12 to 17). The rolling—
moment date show a reversal of roll dlrection at some negative angles
of attack, as did the ailleron on the unswept wing.

Deflecting each of the allerons effected fairly linear increases
in rolling moments at all posltive angles of attack for the alleran—
deflection range investigated (figs. 12, 1k, and 16). TUnit deflection
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of the short—chord aileron produced larger incrementel roll at low
angles of attack then at high sngles of attack (fig. 16). This
phencmenon concerning the short—chord alleron waes alsc noted on the
wngwopt wing confilguration and was atitributed earlier in the paper to
separation of flow over the alleron. :

Except at some negative values of «, an Increase of alleron
extension at congtant deflection for each allerom plan form caused an
increa.?e in rolling moment for all angles of attack (figs. 13, 15,
and 17)., .

On the basis of equal values of ' Sg/S and at the same deflection,
the short—chord aileron produced rolling moments over the embire o
range comparable to the rolling moments produced by the large—chord
and trisngular allerons (figs. 13, 15, and 17).

Adverse yawlng moments were produced by the allerons for all
positive angles of attack, generally becoming more severe with
increased o (figs. 12 to 17). Yawlng moments alsc became more adverse
with en Increase of aileron deflection or extensiom. The adverse C,/Cy

ratio emounted to as much as 0.6 for some alleron configurations at
large angles of attack near Cj .

Comparison of the unswept and sweptback wing configurations.—
Comparison of the lateral-control date for the unswept and sweptback
wing configurations shows that the rolling moments produced by each
of the ailerons generally exhiblted similar varlations with change in
engle of attack, alleron extension, and/or alleron deflection.

For any glven value of Cj the triangular alleron on the unswept

wing conflguration generally produced greater rolling moments than the
corresponding triangular alleron on the sweptback configuratlon, whereas
the large—chord and short-—chord ailerons on the unswept wing configu—
ration generally produced emaller rolling moments than the corresponding
allerons on the sweptback configurations. However, because the damping—
in—roll coefficlent CIP is smeller for the sweptback wing than for the

unswept wing (primarily because of the smaller aspect ratio of the
swoptback wing (reference 11)), the values of the wing-tip helix
angle pb /EV' produced. by eacu ~f the ellerons on the swepthack wing
configuration were considerably greater than the values of pb /2’\7‘
produced by the respective allercons on the unswept wing configuration.

In order to compare the rolling effectlveness of the various
allerons, the variation of wing—tip helix angle pb/2V with 1ift
coefficient, estimated for the unswept and sweptback wing configurations,
ig given in figures 18 and 19, respectively. Values of the damping—in—
roll coefficlent C'Lp used in computing pb/2V were 0.27 and 0.13 for
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"the unswept end sweptback wing configurations, respectively, and were
obtained from reference 11. These values of CEE pertain to low—speed

.data for the wing alome and do not account for the lncrease in aspect
ratio resulting from extending the alleron. All values of pb /EV' are
probably hilgh since rolling due to sidesllp, yawing, and wing twlst wers
neglected.

Except for the short—chord aileron on the unswept wing, for which
the values of pb/2V are low over the entire Cr, range, alleron
effectiveness avallable at moderate and large 1ift coefficients with
sach of the allerons Investlgated on both wing configurations (figs. 18

~and 19) would easily satilsfy requirements of reference 12. However, at
small 11ft coeffiliclents, alleron effectiveness eppsars to be inadequete
for application to an airplane. It 1s thought that the extensible
aillerons may be sufficlently effective for some types of missiles.

Adverse yawing momente produced’'by the ailerons on the unswept and -
sweptback conflguretions generally varied in the same manner with
chenges in angle of attack, aileron deflection, and/or aileron extension,
but yawlng moments were generally larger for the sweptback coni‘iglu'ations.
These yawing momsnts were comparable to those produced 'by conventlonal
flap-type allerons.

The rudder deflection required in:a roll to correct for adverse
yawing moments due to alleron extension and yawing moments dus to
rolling was computed for an assumed alrplane utilizing the 45° swept—
back wing with triangula.r t1ip allerons. . The vertical tail of the
assumed airplene had 45° of sweepback, an aspect ratio of 1.0, an area
of 0.15 of the wing area, a rudder chord of 0.25 of the ver'bica.l-—ta.il
chord, and & tail lengbh of 2.5¢. Tor sweptback wings, yawlng moments
due to roll are adverse at low 1lift coefficlemts and favorable.

(Cn seme sign as C3) at high 1ift coefficlents (reference 13).

For B2 = 0.15 and COr = 0.5 (£ig. 19(b), 1/2 alleron extension) end

= 0.0k (reference 13), a rudder deflection of less than 10° would

maintain a coordinated roll. At high 1ift coefficlients rudder deflec—
tions would be smell since the adverse yawing moments due to aileron
extension are counteracted by the. favorable yawing moments due to roll.

CONCLUSIONS

A low—epeed wind—tunnel investligation, made to determine the
laterel control characteristlca of extensible wing—tlp ailerons on an
untapered semispan wing at 0° and 45° sweepback, led to the following
~conclusions:
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1. Sufficient alleron effectiveness was, generally obtained at
moderate and high Lift coeffliclents with the extensible allerons
investligated. However, the control effectiveness at low 11ft coef—
ficlents appears to be inadequate for satisfactory application to an
alrplane. It 1s thought that the extensible ailerons may be suffi~
ciently effective for some types of missiles. .

‘2. Yawing moments produced by the extensible allerons investigeted
were compareble to those produced by conventional flap—type allerocns.

i.angley Aeronsutical Ieboratory
National Advisory Committee for Aeronautics
Langley Alr Force Base, Va.
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CROMBNRY OF THE ETENSIHLE WING-ITP ATLERCHS

TABLE I

Algron Extension K 3 AL o
Adleron arcI aroa
Alleron Fominal Actusl extension, b, | Afleron | Wing semispen’ 7.3 (sq t8) Wing aves * 8
plan form extengion (£5) chord, )
Ao00 | A=i50 A= & ow 50 A=0° | A=k | A=0 | Amks® | A=00 | A=M50
T Full Toll 0.49, 0,351 0.127 0.126 0.766 0.TT5 0.0%0 0,040
3 1/10 .367 2k5 -095 .083 573 She .030 .028
Large chord 0,625
_ /e 1/8 B57 178 08k 065 .38 +393 »020 .020
) 1/ 1/ 121 .093 .03 .033 189 .206 .010 JOLL
il ¥ull 97T 655 282 N-, 0] .T6% .T6T 040 040
ik 3/ .T37 500 .190 LB 576 T4 .030 .030
Triangular 62508
1/2 1/ gL .38 J127 .185 .38 354 080 20
1/ 1/ .2k ATh .0653 .063 191 192 .010 .10
pun 1 1,035 R 267 263 Jop Joo .21 .oz
1.3 3 .TI6 .558 . .BOD 197 .302 .38 016 , 016
fhoot choyd | 1560
1/a 1/2 515 368 .133 A3 «£200 R=0i 011 o1
1/ 1/ 259 .186 06T 087 .10 .l02 005 005

BAt root chord of ailerom.
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Figure 1.- Schematic drawing of the wmewept configuration of the wmtapersd semigpan~wing model and the
extensible wing-tip ailerons. Wing area = 19.1l6 square feet; aspect ratio = 3.13. (A1l dimensicna
are 1n inches wmless otherwlse noted.)
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Figure 2.~ Schematic drawing of the l&5 aweptback configuratién of the umtapered semispan-wing model
and the extensible wing-tip ailercms. Wing area = 19.32 square feet; aspect ratlo = 1.59. (ALL
dimensions are in inches unless otherwlse noted.)
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Figure 13.~ Lateral control characterlistics of 11-50 sweptback w%ng with
Sa = ll' .

large-chord wing-tip alleron at varlous extenslions.
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Figure 17.- Lateral control characteristicse of 45° sweptback wing with

short-chord wing-tip ailleron at various extensions.
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