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RESEARCH MEMORANDUM

WIND-TUNNEL IWVESTIGATION AT LOW SPEEDS OF VARIOUS
PIUG-ATLERON AND LIFT-FLAP CONFIGURATIONS
ON A L42° SWEPTBACK SEMISPAN WING

By Ieslie E. Schnelter and James M. Watson
SUMMARY

A wind—btunnel investigeblion has been performed on s 42° sweptback—
wing model to determine the laberal control characteristice of a plug—
alleron confilguration consigting of six segments extending from the wing
20—percent—apan to the wing 80—percent—span stations and placed perpendicular
to the free—stream flow wlth the cenber of each plug segment on the wing
TO-percent—chord line. The basic plug alleron end several modifications
thereof were investigated for a range of plug proJectlons through a large
angle—of—attack range. In additlon, smeveral types of 1ift flaps were
Investigated and a full-span slotted~flap conflguratlion was developed.

The plug-aelleron characteristios were determined with the full—span slotted
flep in the optlimm loocatlion. The labterel control characterilstilcs of a
partial-span plain sealed alleron were also determined for comparison with
the plug-—alleron resulta.

" Of the various flap configurations investigated on this wing (fulli—
span slotted flap at deflections of 30°, k0%, and 50°, a half—span slotbted
flap at 50° deflection, and a half—spen split flep and a half—gpan Zap
flap ‘both at 60° deflection), the full-span slotted flap at 30° deflection
geve the mosgt sablsfactory calculated trimmed—gllding characteristics for
an airplene with an essumed wing loasding of 40 pounds per square foot and
e tall length of 3.0 mean assrodynemic chords.

The results ghow that the plug alleron investigsted with the failred
plug-slot lower 1lip gave positive rolling-moment coefficlents at all pro—
Jectlons throughout the angle-of—attack range Invesbigated, although there
was a large reduction in rolling-moment coefficient at all proJections at
angles of atback gbove the wing-tip stall angle. The maximm values of
rolling-moment coefficient produced by the plug alleron with the faired
lower lip were gbout 130 percent larger with the full—span slotied flap
deflected than with the flap neutrsal.

;
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The total meximm rolling-moment coefficient resulting from 40° total
deflection of a U9—percent—span by 20—percent—chord alleron was about the
same as thal produced by the plug alleron with the full—span slotted flap
deflected. The alleron rolling-moment coefficients with the partlal-span
alotted flap deflected were equal to or only slightly greater than those
with the flap neutral.

INTRODUCTION

The spoller Type of control device has been proposed in reference 1
a8 a means of laberal control for sweptback wings. All of the spoiler
configurations reported in reference 1, however, had some of the obJectlon—
able characteristics normally sssocisted with spollers on unawept wings;
namely, a large reduction in rolling-moment coefficient at high angles of
attack and low or reversed effectiveness at emell gpoiler prolectlons for
all angles of attack. Unpublished data showing the favorable rolllng—
moment characteristlcs In the transonlc speed range cbtained by one of
the more satisfactory spoller configurations of reference 1 indicated
that further work toward lmproving the low—apeed characteristics of spollers
on swept wings would be desirable. References 2 and 3 reported that the
plug alleron (formed by the installstion of a slot through the wing behind
the spoiler) on unswept wings eliminsted the objectionsble rolling-moment
characterisgtics exhibited by plein spellers. References 2 and 3 further
showed that the Installsbion of a full~-span slotted flap, in addition to
glving high maximum 1ift coefficlents for landing, grestly Improved the
roliing~-moment effectiveness of the plug alleron.

Reported hereln are the results of a high-1ift and lateral—control
investlgation performed on a 1420 sweptback semispan—wing model in the
Langley 300 MPE 7~ by 10—foot tunnel. The high-11ft characterlstics of
a full-span slotted flap were determined on thls model for a range of
flap deflections and positlons, and an ettempt was masde to improve the
maximum 1i1ft characterietlcs of the full-gpan slotted flep by the Instal-—
lation of flap—slot flow—control venes. The high-11ft cheracterlstics of
a half-span slotted flap at one deflection and position and of a helf-span
Zap Tlap were also determined. A comparison of the calculated btrimmed—
gliding characteristics of the L2° sweptback wing under an assumed set of
alrplane condltions and equipped with several types and spens of 1ift flaps
was made. Included in the lateral—control psrt of the lnvestigation were
the determingtion of the lateral control cheracteristlcs of a basic plug
aileron and several revisions thereof. In addition, the characteristics
of a 49-percent—span by 20—percent—chord plain alleron were determined
for comperison with the plug—eileron resulta. Also determined were the
latersl control characteristics of the most satlafactory plug—elleron
configuration with the full—spen slotted flap deflected to 1ts opbimum
deflection and position and of the partlal—span aslleron with the partisl—
span slotted flap deflected,
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SYMBOIS AND CORRECTIONS

The forces and moments on the wing are presented about the wird axes.
The X—exis 1g in the plane of symmetry of the model and i1s parallel to the
tunnel sir flow. The Z—axis is in the plane of symmetry of the model and
1s perpendicular to the X—axis. The Y-axis is perpendicular to both the
X—exis and Z-exlis., All three axes lntergsect at a point 37.22 inches
rearwerd of the leading edge of the wing root on the line of lnbersection
of the plane of symmetry and the chord plane of the model, as shown in
figure 1.

Cr, 11ft coefficient <Twice 11FE og semispa_ﬂ_model)
q
cLb trimmed 11ft coefflclent
Cp drag coefficient (D/qS)
Cp pitching-moment coefficient about Y—axis (M/qST)
Cz rolling-moment coefficient about X—exis (I./gSb)
c, yewing-moment coefficient about Z-exis (N/gSb)
D twice drag of senilspan model, pounds
M twice pltching moment of semispan model gbout Y—exis, foobt—
pounds
L rolling moment due to plug projection or alleron deflection gbout
X—exls, foot—pounds
N yawlng moment due to plug projection or aileron deflection about
Z—exls, foot—pounds
;Lp 2
qQ dynamic pressure, pounds per equere foot (2 vV )
S twice area of semispan model, 32.2L4 square feet b/
3 wing mesn merodynamic chord (M.A.C.), 2.89 feet |2 c? dy
0
b twice spen of semispan model measured along Y—axis, 11.36 feet
ct local wing chord measured along lines perpendicular tg wing

trailing edge
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-c local wing chord measured aslong lines parallel to X—exis, feet

y lateral distance from plane of symmetry along Y—axls, feet

v free—gtream veloclty, f'eet per smecond

v a sinking velocity, feet per gecond

Vg gliding veloclty, miles per hour

o] mass density of air, slugs per cublc foot

a angle of abttack with respect to chord plane of model, degrees

BP plug-alleron projJectlon, percent local wlng chord, negative
when plug 1s proJected gbove wing upper surface

8, alleron deflection measured in planes perpendicular to aileron
hinge axls, degrees

8¢ flap deflectlon measured in plemnes perpendicular to flep leading
edge, dsgrees

R Reynolds mumber

The rolling-moment and yewlng-moment coefficlente represent the
aercdynamic effecta that occur on a complete wing as a result of deflection
of the control on one gemispan of the complete wing; the 1ift, drag, end:
pitching-moment coefficlents repregent the aerodynamic effects that occur
cn the complete wing as a result of deflectlon of the 1ift flap on both
gemigpans of the complete wing.

The test dets have been corrected for blockage and Jet—boundary
effects, Including the reflectlion—plane corrections to the rolling-moment
and yawing-moment coefflclents. The variation of the correctlons to the
rolling-moment and yawlng-moment coefficients with apan of the lateral—
control devlice ls presented in reference 1. The rolling-moment and yawlng—
moment coefficlent corrections spplled to the data presented herein were
taken directly from reference 1 for the spen of the control device under
consldergtion.

No corrections were made to the data to account for wing twist caused
by control deflections or projections or flap deflection.
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APPARATUS AND MODET.

The right semlspan sweptback—wing model was mounted in the Langley
300 MPH 7— by 10—foot turmel as shown In figure 2. The root chord of the
model was adJjacent to the celling of the tunnel, the celling thereby
serving as a reflection plane. The model was mounted on the balance
system in such a manmer that all forces and moments acting on the model
could be measured. A small clearance was malntalned between the model
and the tummel celling so that no part of the model came in conbact with
the tunnel structure. A root—fairing strip was attached to the model to
deflect the alr that flows into the tummel test section through the
clearance hole between the model and the tumnel celling so as to minimize
the effects of any such inflow on the flow over the model.

The model had 42° of sweepback referred to the wing leading edge, an
aspect ratio of 4.01, and was constructed of lesminated mashogany to the
plen form shown In figure 1. The airfoil section normal to the 0.272 chord
line was constent throughout the span and was of NACA 64;—112 alrfoil

profile. The tip of the wing was rounded off begimning at 0.97512l in both
plan form and cross sectlon. The model had no geometric twist or dihedral.

The full—span 20-percent—chord slotted flap was bullt to the plan
form and sectlon dimensions shown In figures 3 and L, respectively. The
flap was fitted with an sbtachment bracket at three spanwlise locations
and each bracket could be adjusted to give several flsp deflections and =a
range of positions of the flap nose wlth relation to the wing trailing—
edge upper—surface lip. A partial-span slotted flap was formed by cutting
the flap at the 5l-percent—span statlon on a line parsllisl to the model
plane of symmestry. The detalls of flap—slot flow—control venes A end 3B
investigated on the semispan—sing model are presented in figures 5 and 6,
respectively. A half-gpan Zap-type flap investigated on the semispan—
wing model wes built of thin plywood and was deflected down 60° ebout a
hinge line on the wing treiling edge (fig. 7). The small slot between the
flap leading edge and the wing tralling edge was sealed.

The plan form and section dimenslons of the basic plug allerons
investigated are shown In figures 3 and 8, respectively. The plug aillerons

were bullt in six segments of i--inch gluminum plate and had Jg-inch—thick

steel actuating arms screwed to the ends of each plug segment. A clamp
was provided on each actuating arm to hold the plug alleron at the desired
projection. The plugs could be adJusted through a range of projections
from O percent to —7 percent of the local wing chord. In addition, the
plug aileron was investigated with the slot lower 1lip refaired from the
originsl sharp lip to & smooth air inlet as shown in figure 9.
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The 20—percent—chord by L9—percent—semispan plain asileron inveatigated
was formed by cutting the flap on a line parallel to the wing plane of
symmetry. The plain glleron wes sealed and was held at the various deflec—
tlions (ranging from 20° to —-20°) by steel strape on both the wing upper
and lower surfaces.

Trangition was not fixed for any of the tests.
TESTS

The slotted—flep, plug-aileron, and plain—-elleron tests were performed
at an average dynamic pressure of gpproximately 20.5 pounds per square
foot, which corresponds to a Mach number of sbout 0.12, end a Reynolds
number of about 2,400,000, The Zap flap test and the plein—wing test per—
formed in conjJunction with the Zap flap test were performed at an average
dynemic pressure of ebout 9.1 pounds per square foot, whlch correaponds
to & Mach number of about 0.07 and & Reynolds number of about 1,600,000.
3018:h Reynolds mmbers sre baged on the wing mean aerodynamic chord of
2,89 feet.

The tests, In general, were run through a range of angle of attack
of ~10° to 26°.

RESULTS AND DISCUSSTION

The 1ift, drag, pitching-moment, and calculsted trlimmed-gliding
characteristics of the 42° gweptback semlspan—wing model are presented in
figures 10 to 16. The rolling-moment end yawing-moment charecteristics of
the varlous plug~elleron and plain-elleron configuratiomns, both flap—
neutral and flep~deflected, are presented in figures 1T to 22.

Wing Aerodynamic Characteriastics

Flap retrected.—~ The aerodynemlc charscteristica of the wing with
various plug—elot configuratlons are shown 1n figure 10. It may be seen
from figure 10 that at an angle of attack of about 16°, regardless of the
plug-gap or lower—lip configuration, the slope of the pitching-moment—
coefficlent curve becomes markedly unstable and the drag starts to increase
rapidly. A visual study of the behavior of tufts on the upper surface of
the wing showed thet a sudden stalling of approximstely the outboard 40 per—
cent of the wing occcurred at this angle of attack. This abrupt stall may
be a condition encountered only at the low Reynolds number et which the
tests were performed. The results of previous unpublighed tests in the
Langley 19—foot pressure tunnel of a complete wing (with individusl panels
heving the seme geometric characteristics as the wing reported herein)
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through a large range of Reynolds number indicated that at the higher
Reynolds number, the bresk in the pitching-moment curve would be delayed
to a higher angle of abtback and the sbrupt nature of the stall would be
somewhat relleved.

Figure 10 ghows little variation of the wing aerodynamic characteris—
tlce with varlation in plug-slot configuration other than that a higher
drag was obtalned with the plug—slot configuraetion having the falred plug—
slot lower lilp and with both the upper and lower plug—slot gaps open than
with any of the other plug-slot configurations investigated.

Flep deflected.— A peries of flap-nose poglitions was investlgated
with the full-span slotbted flap at deflections of 30°, 40°, and 50°. The
results obtained for the mogt gatisfactory flap positions at each par—
ticular deflection are presented in figure 11 and show that all three
flap confilgurations gave about the same value of meximum 1lift. A flap
deflection of 30° in the position indicabed gave the highest L/D ratio
throughout the 1ift renge and i1s therefore considered to be the optimm
flap deflection.

The inboard S5l—percent-span slotted flap at 500 deflection 1s con—
slderably more than half as effective 1n producing 1lift as the full-span
slotted flap at the seme deflection and position. (See fig. 12.) The pro—
portionately higher lifting effectlveness of the inboard partlal—span
flep as compared with the full-span flep has been noted previcusly in
references 4, 5, and 6 for unswept wings. The pitching-moment coef—
ficlents produced by the full—-spsn slotted flap 1s sbout three times as
groat as that produced by the partial-span slotted flap. This effect 1s
as would be predicted on the basis of the anslyses of references 7 and 8
which show that the center of load of the wing with the full-span flsp 1s
conslderably farther behind the aerodynemic cenbter of the wing than is
the center of load of the wing with the partial—spen inboard flap.

Figure 13 presents a compsrison of the aercdynamic charscteristics in
pitch of the plaln wing and the wing with the half—gpan Zap flap deflected
60°. (These data were obtained at a Reynolds number of 1,600,000.) A
comparison of the plain—wing dsta of figure 13 with the plain-wing data
of figure 12 (which was obtained at a Reynolds number of 2,400,000) shows
that the maximum value of CL and. the slope of the curve of CL againsgt

o ab the high lifts obtalned at the lower Reynolds number are samewhat
greater than the values cbtalned et the higher Reynolds number. In
addition, & comparison of the Zap flap data of figure 13 wlth slotted—
flap data of figure 12 shows that the Zap flap produced almost as high a
meximum value of CL ag the full-span alotted flap bubt produced about

the same lncrement of CL as the partial-span slotted flap aft 1ift coef—

ficlents below maximm 11ft. The differences between the plaln—wing data
at the two Reynolds numbers are probably caused by changes in the physical
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conditions of the wing model and not by the changs in Reynolds numbers
since the Zgp flap test and the accompanying plain-wing test were per—
formed before the installgtion of the slotted flap, the plug ailerons,

aend. the various plain—spoller configurations reported in reference 1. It
is believed that the maximwm 1ift coefficlents for the full—-span and
partial—span slotted flaps would have been somewhat higher had the slotted—
flap tests been performed with the wing in s condition comparable to that
for the Zap flap tests.

Figure 14 presents the trimmed—gliding characterilstics of the plain
420 gweptback wing ard the wing equipped with various flap configurations.
The. gilding characterlstics were calculated for an alrplene having an
assumed wing loasding of 40 pounds per square foot and a tail length of
3.02. (The gliding characteristics of the wing with the half-span split
flap, presented in fig. 14, were calculated from unpublished data
obtalned in the Langley 19-foot pressurs tunnel.) At a sinking speed
Vg of 30 feet per second (assumed to be the maximum permissible) the

Plain wing had the highest gliding speed, about 135 miles per hour.

At a sinking speed of 30 feet per mecond the gliding speed decresased
to gbout 132 mlleg per hour with elther the heglf-~span Zap flap or the
half-span split flep deflected and decreased to gbout 115 miles per hour
with the helf-span slotted flap deflected 50°. The slowest landing speeds
(about 110 mph) were obtained with the full—span slotted flep deflected
either 30° or 50°. On the basis of these results the full—spen slotted
flap at 30° deflectlon 1s considered to be the most satisfactory flap con—
figuration for this particular wing. The data presented in figure 1k are
for relatively low Reynolds numbers. The unpubliished data from the
Langley 1G9—foot pressure tunnel indicate that increasing Reynolds numbers
result in an increase in the value of maximum l1ift coefficient which
would, of course, result in s somewhat lower landing speed for each of the
flap configurations. '

Tuft studles of the flow along the wing lower surface in the vicinity
of the flap slot with the full—span slotted flap deflected showed a large
amount of spanwlse air flow toward the wing tip in lines approximately
parallel to the flap leading edge. The flap-elot flow-control vanes A
end B shown In figures 5 and 6, respectively, were therefore installed
on the wing lower purface 1n the flap slot to interrupt thls spanwise flow
and. to direct it in lines perpendicular to the flap leadlng edge, thus
increasing the dynsmic pressure and, consequently, the 1ift over the flap.
The results presented in figure 15 for the wing with tufis and the full-
gpan slobtted flap deflected 50° show that the wing lift wes decreased and
the wing drag increased by the installation of vanes A. The Installation
of flow-control vanes B on the wing with the full-epen slotted flap
deflected 50° resulted in an incresse in both the wing 1ift and drag as
shown in figure 16. Comparison of the calculated gliding cheracteristics
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of the wing with the full-span slotted flap at 8¢ = 50° and vanes B

on and off indicated that better gliding characteristics would be obtained
for the vanes—off condition. Such may not be the case, however, at other
flap deflections. :

Lateral Control Charscteristics

Plug ailerons (flap retracted).— Figure 17(a) shows the variation

wlth angle of abtback of the rolling-moment and yawlng-moment coefficients
produced by various proJections of the plug ailleron with the sharp plug—
slot lower lip. The rolling-moment coefficient increased with plug—
aileron projection and with angle of attack to an angle of attack from
14° to 169, at which point the rolling-moment—coefficlent curve showed a
sharp decrease. Thig decrease lsg caused by the gbrupt tlp stelling of
this particular wing, as has been mentioned previously. The masximm
rolling moment produced by this plug—elleron configuration was obtained

at SP = =7 percent and was gbout the same value as thst produced by

gpoiler 18 of reference 1 at the same spoiller proJection. In the lower
angle—of-attack range, however, the rolling moments were lower for the

plug aileron with BP = -5 percent and =7 percent than for spoiler 18 of

reference 1 gt comperable projections and angles of attack. At the lower
plug—alleron projections, the rolling moments were higher over the angle—
of—attack range than those produced by spoiler 18, and the reversal of
rolling moment noted for spoiler 18 did not occur. However, the plug
aileron with the sherp plug—slot lower 1lip was Ineffective in producing
favorable rolling moment at low plug—saileron proJjections.

In an attempt to remedy the plug-aileron Iimeffectiveness at low pro—
8ection5, the plug-slot lower lip was falred to offer a better air Inlet
as shown in fig. 9). The faired plug-slot lower lip improved the
effectiveness of the plug aileron at all projections and increased the
maximum rolling moments approximately 20 percent. (See fig. 17(b).) How—
ever, there was stlll a large reduction in rolling-moment coefficient at
all projections at angles of attack above the wing—tip stall angle.

In the low and moderate angle—of—attack range, the yawing-moment coef-—
ficlents produced by the plug allerons with either the gharp or the faired
plug—slot lower 1llp were of the same sign (positive) as the rolling-moment
coefficients (a condition usually referred to as favorable yaw) and were
equal to about 30 to 40 percent of the rolling-moment coefficient at the
maxlmum values of rolling-moment coefficient. The yawing moments usually
became negative above an angle of attack of about 11° to 139, which is in
proximity to the angle of attack at which the wlng tip stalled and the
pitching moments became umstable.
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Presented for comparison in figure 18 are the rolling-moment coef—
ficlents agalnst plug—aileron projection at various angles of attack for
the plug—alleron conflguratlons with & sharp and a faired plug-slot lower
1lip and for spoiler 18 (from reference 1). These daba show the reversal
of rolling effectiveness of the spoller at low projections and the elimi—
natlon of the reversel by use of the plug alleron. Also shown is the
increase in rolling effectiveness (noted previously) obtained with the
falred plug-slot lower lip compared to the effectiveness obtalned with
the sharp plug-slot lower lip.

Plug alleron {flsp deflected)— Figure 19 shows the roiling-moment

and yawlng-moment coefficlents produced by the plug alleron with the
faired plug-slot lower lip and with the full~aepen flap deflected 30° at
the optimum nome positlon. In general, the rolling-moment coefficient
increased with increasing plug-elleron projection and increased slightly
wlth Incressing sngie of atiack to the angle of attack for the tip stall
(approximately 10°). Comparison of the plug-eileron data of figures 17(b)
and 19 shows that deflectlon of the full-span slotted flap resulted in an
Increase 1n the maximm rclling-moment coefficient produced by the plug
alleron of asbout 130 percent over the rolling-moment coefficlent produced
by the plug aileron on the unflapped wing,

At low angles of attack, the yawing-moment coefficlients produced by
the plug ailerons with the full-epen slotted flap deflected were generally
of the geme sign as the rolling-moment coefficlents, except at projections
of —1/2 percent snd —l percent where the sign was the opposite of the
rolling-moment coefficient. The yawing-moment coefficlents were gboubt
10 percent to 15 percent of the rolling-moment coefficlent at the maximm
value of rolling-wmoment coefficlent. The yawing moments became negative
sbove an sngle of attack of about 10° which, for the flap-deflected con~
dition, 1s the angle of attack at which the wing tip stalled.

Effect of plug-elleron actuating—erm configuration.— The plug-aileron
actuating arms were normally open as shown in figure 8. In order %o
determine the effects of this opening, the actuating arms were filled—in to
the wing surface 1n such a masnner as to form a so0lid actusting arm.

The data of figures 20(a) (8; = 0°) and 20(b) (af = 50°) indicate that
wilth the flap neutral, the filled—In actuating arms had little effect on
the rolling-moment coefficlents produced by the plug alleron. With the
flap deflected, however, the rclling-moment coefficients produced by the
plug alleron with the filled—in- actusting arms were generally lower by as
mich as 13 percent than the rolling moments produced by the plug alleron
with the open actuating arms.

The yawing—moment coefficients produced by the plug alleron with the
filled—ln actuabting arms were alightly higher at the maximm plug pro—
Jections (ﬁp = —0.07c) than those produced by the plug with the open
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actuating arms. The yawing-moment coefficients produced by the plug at
smeller projections were only slightly affected by variation of the
actuating—arm configuration.

Effect of gap between wing upper surface and plug—elleron lower edge.—
At plug—aileron projections of SP = =0,03¢c or greater, the lower edge

of each plug segment emesrged from the upper surface of the wing at the
inboard end of the plug segment in such a manner that a wedge—shaped gap
existed between the wing upper surface and the plug—segment lower edge.
Figure 21 shows that filling in this gap resulted 1n an appreciable
increase in rolling-moment coefficient over that produced in the gap—open
condition with the plug at bp = —0,07¢ Ddbut had 1little effect on the

rolling-moment coefficient at 'SP = —0.05¢. This effect of gap between

the plug lower edge and the wing upper surface has been obtained previocusly
for plug allerons on unswept wings (references 9 and 10).

Filling—in the gap between the plug—eileron lower edge and the wing
upper surface increased slightly the yawlng-moment coefficlent produced
by the plug ailleron at both 8P = =0.05¢c and. —0.07c.

Half—span plain ailleron.— The rolling-moment and yawing-moment charac—
teristics of the wing with the 0.20c by O.’+912l allerons are shown in

figure 22(a) with the flap neutral and in figure 22(b) with the half—span
slotted flep deflected 50°. For both the flap-neutral and flap—deflected
conditions, the rolling-moment coefficient increased with increasing
alleron deflectlons and decreased as the wing angle of attack was increased
elther positively or negatively from o = 0°. At angles of attack below
the wing—stall angle, the values of total rolling-moment coefficient, for
any combingtion of equal up-eileron and down—elleron deflections, are

equal to or slightly higher for the slotted flap—deflected condition than
with the flap neutrsal.

For both flap conditions, the totel yawing—moment coefficlent
resulting from en equal up and down deflection of the alleron was generally
smell at angles of attack below the wing stall and was adverse (sign of
yawing moment opposite to slgn of rolling moment). At angles of attack
below the wing—staell angle the total adverse yawing-moment coefficient
produced by the aileron on the wing with the flap deflected, although
small, was somewhat greater than that produced by the aileron on the wing
with the flap neutral. The total yawing-moment coefficients producel by
the plain ailleron at engles of stbtack greater than the wing—stall sngle
were higher than those at low angles of attack for both flap condlitions.
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Comparison of plug allerons and the hailf-epan plain alleron.— A
comperison of figures 17(b) and 22(a) (8; = 0°) end figures 19 (8, = 30°)
and 22(b) (8, = 50°) indicates that the plug alleron has favorable yaw

over the usable angle—of—abtitack range as campared to the adverse yaw
present with the plsln aileron.

For the flap-—meutral condition, the plaln aileron gave a maxIlmum
rolling-moment coefficiemt for a tobal alleron deflectlon of LO° approxi—
mately 130 percent greater than the maximm rolling-moment coefficlent
produced by the plug aileron at GP = —0,07c. For the flap—-deflected

condition (partisl-spen flep with the plain alleron and full—span flap
with the plug aileron), the maximim value of rolling-mcment coefficient
produced by the plug alleron was about the same as that produced by
+20° deflection of the plain alleron.

At angles of abttack above the wing—tip stall angle, the rolling-moment
coefficlents produced by the plaln alleron were mach larger than those pro—
duced by the plug alleron, regardless of the 1lift—flep condition.

CONCTUSIONS

The results of en investlgation of & L2° sweptback semlspan—wing model
equlpped with several high—iift and latersl—control devices lead to the
followling conclusions:

1. Of the various high-1ift flaps investigated (full—span slotted
flap at various positions and deflections, & half-gpan slotted flap at
50° deflection, & half-gpan split flap and s half—wpan Zap flep both at
60° deflections, the full—epsan slotted flap deflected to 30C gave the most
satisfactory calculated landing chasracteristica for an airplane with an
assumed wing loading of 40 pounds per square foot and a tall length of
3.0 mean aerodynsmic chords.

2. The plug—alleron arrangement investigated with the falred plug—
slot lower lip gave posltlive rolling-moment coefficlents at a1l projectlons
throughout the wing angle—of-ettack range, although there was a large
reduction in rolling-moment coefficlent at a1l projectlons at angles of
attack gbove the wing—tip stall angle. The maximm values of rolling—
moment coefflclent produced by the plug alleron with the faired lower lip
were gbout 130 percent larger wlth the full—epan slotied flap deflected
than with flsp nsubrsal.
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3. The total maximm rolling-moment coefficlent resulting from
LO® total deflection of a 49-percent—span by 20-percent—chord aileron was
gbout the same as that produced by the plug aileron with the full-—span
slotted flap deflected. The alleron rolling-moment coefficients with the
partial-span slotited flap deflected were equal to or onJ.;y' 8lightly greater
than those with the flap neubral.

Langley Aeronsutical ILgborstory
National Advisory Commlttee for Aeronauticse
Langley Air Force Base, Va.
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(a) Wing lower surface.

Figure 2.~ The 42° gweptback wing mounted in the Langley 300 MPH T- by
10-foot tunnel. Full-span slotted flap deflected 50°.
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(b) Wing upper surface.

Figure 2.- Concluded.
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Figure 5.- Locations and detalls of flap-slot flow-control vanes A on the 420 swepthack wing.
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Figure 6.- Locations and details of flap-slot flow-control vanss B on the 42° swepthack wing. All
dimensions in inches unless otherwlse indicated.
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