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SUMMARY

The effect of boundary-layer conbtrol by suction on the aerodynamic
characteristics in yaw of a 47.5° sweptback wing-fuselage combination
with high-1ift devices and on the effectlveness of a split-flap-type
alleron has been investlgated In the Iengley full-scale tunnel. The wing
section normel to the guarter-chord line was NACA 61{-1-A_'Ll‘2, the aspect

ratlo was 3.5, and the taper ratio was 0.5. The canflgurations tested
included the plaln wing end the wing wlth semlspen split and extensible
leading-edge flaps. The lnvestigatlon was made at a Reynolds number

of 4.2 x 106 corresponding to a Mach number of approximately 0.07.

The maximum effective dihedral of the plain wing with and wilthout
boundary-layer control was about 0.0031 at approximastely 84 percent of
the maximmm 11ft coefficlent. The installatlon of the semispen split
flaps increased the maximm effective dihedral to 0.0037 as a result of
the incresase in 1ift bubt did not change the characteristic curve as
obtained for the plain wing. Boundary-layer control lncreased the maxi-
mum effective dihedral to 0.0042. The extensible leading-~edge flaps
alone or in combinetion with the split flaps resulted in a linear varla-
tion of effective dlhedral wlth 11ft coefficlent and a rapld lncrease
iIn the dihedral effect near meximm 1i1ft. Boundary-layer control
produced an eadditlonal Increase ln effective dihedral and resulted In a
maximm effective dihedral of 0.0063 near the maximmm 1ift.

The wing-fuselage model had a smell amownt of dlrectlonel instabllity
and small lateral-force parameters for all £lap configuwrations; however,
there was a tendency for increasing dlrectional stablllty wlth increasing
1ift coefficlent. Boundary-layer control had no significant effect on
the directlonal stabllity or lateral-force characterlstlics of the model.

Unsweeplng the wing by yaw increased the effectiveness of the split-
flap-type alleron for all condltions. Further improvement 1n the alleron
effectiveness was obtained wlth bowmdary-layer suctlon of flow coefficlent:

of 0.02% and 0.037. UNCLASSIFIED
SRESTR TCTED:
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INTRODUCTION

The design of alrplanes with large smounts of sweepback as a means
for delaying the adverse compresslbllity effects on wings in high-speed
flight presents many problems of stabllity and control in low-speed
flight. The characteristics lnherent of sweptback wings Ilncluding low
maximam 1ift, high effective dlhedral, reduced longitudinal etabllity,
and lateral-control deficlency have hoen determined in investigations omn
both small-scale and large-scale models (references 1 and 2). Some improva-
ments in the low-speed characteristics of sweptback wings have been shown
with the use of various leading-edge and treiling-edge high-1ift devices.
In an effort to improve further the low-speed characteristics of sweptback
wings an investigatlion has been initiated in the Lengley full-scale tummsl
on a 47.5° gwoptback wing equipped for boundary-layer control by suction
and with both leading-edge and tralling-edge flaps. The wing aspect ratic
was 3.5, the taper ratioc was 0.5, and the alrfoll sections normal to the
guarter-chord line were NACA 6&1 ~A112. The wing was mounted in a low mid-
wing position on a fuselage.

The effect of boundary-layer control by suction on the 1lift, drag,
and longitudinel stability cheracteristics of the model at zero yaw are
reported in reference 3. The resulis of tests made to determine the effect
of boundary-layer control by suctlion on the lateral stabllity character-
istics of the model and on the egfectiveness of a split-flaep-type alleron

- &t a Reynolds number of 4.2 x 10° are presented herein. The effect of
boundaery-layer suction through slots located at the 0.20-, 0.40-, and
0.TO-chord positions was determined for suction-flow coefficients of 0.024
and 0.037. Forces and moments were measured wlth and without suction for
the basic wing and the wing with semispan spllit and partial-aspen extensgible
leading-edge flsps ueed alone and in comblnation. The data are presented
for 2 range of angle of attack over & range of yaw angle between -10°
and

SYMBOLS AND COEFFICIENTS

The data are presented with respect to the stablility axes. These
axes are an orthogonal aystem hgving the origln at the center of gravity
and in which the Z-axis 1s in the plane of symmetry and perpendicular to
the relatlve wind, the X-axis is in the plane of symmetry snd perpendic-
ular to the Z- axis, and the Y-axls is perpendicular to the plane of
symmetry. Moments are refarred to the quarter-chord point of the mean
asrodynamic chord.

cr, 1ift coefficlent <_L_>
as
Co pitching-moment coefficlent ( M) }
\gst
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rolling-moment coefficient L
95b
‘N
yawing-moment coefficient —-)

laterel-force coefflcient < )

11ft, pounds

pitching moment about Y-axis, positive when nose 1s railsed,
foot-pounds

rolling moment about X-axlsg, positive when right wing is depressed,
foot-pounds

yawing moment about Z-axls, positive when right wing 1s retarded,
foot-pounds

lateral force along Y-axls, positive when force 1s to the right,
pounds

totel wing area, square feet
wing area covered by suctlon slots, square fest
wing span, feet

wing chord, measured In plasne perpendlcular to quarter-chord line,
feet

wing chord, measured in plene parallel to plane of symmetry, feet

wing mean ssrodynemlc chord, measured in plane parallel to plans

b/2
of symmetry, feet g @ b
0

free-stream dynemic pressure, pounds per sguare foot (épV'z)

mass density of alr, slugs per cublec foot

free-stream velocl:y, feet per second

total quantity flow through suction ‘slots , cubic feet per second

suctlon-flow coefflcient (-—?‘-)
[
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@ angle of attack of wing chord line, measured in plane of symmstry,

degrees . .. o I R
¥ engle of yaw, degrees
Cy effective-dihedral parameter, rate of change of rolling-moment

v 3¢
coefficlent with angle of yaw, per degree | —

Cp ¥ directional-stebility parameter, rate of change of ya.w_ac -
moment coefficlent with angle of yaw, per degroe —BTlf-n

CY ¥ lateral-force paramester, rate of change of lateral-force coefs.
: Cy
ficlent with angle of yaw, per degree —B_W
SaR right alleron deflection, positive when trailing edge is deflected
dovnwerd, degrees
C'La gileron effectlveness, rate of change of rolling-moment coef-
&R filclent with right aileron deflection, per degree
Bf split-flap deflectlon, degrees
SLE extenslble leading-edge-flep deflection, degress

DESCRTPTION (OF MODEL

A three-vlew drawing showing the general dlmensions of the model and
a photograph of the model mounted in the Langley full-scale-tunnel are
given in flgures l and 2, respectively. The wing has a leading-edge
sweepback of 47.5°, an aspect ratioc of 3.5, a teper ratio of 0.5, and has
NACA 6l4-A112 airfoll sections normel to the quarter-chord line. The wing

was congtructed wlth no geometric dihedral, zero incidence, and no twist
and was mounted in a low midwing position on a circular fuselage.

Boundery-layer suctlon was applled through slots located on the upper
surface of each wlng panel at the 20-, 1&0—, and TO-percent chordwise
statlons. The suction slots extended from the Qg50%-span to the

O.92%—span locations. The wing area affected by the elots was 83.8 squure

feet. Dotalls of the slot installations are given in figure 3(a), 3(b},
and 3(d). The suction flow was directed through the slots into a wing
box beam which ducted the alr directly to an axial-flow blower, and the
alr was then ejected through the fuselage tailpipe..
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The high-lift devices tested In conjunction with boundary-layer control
consisted of semlspan spllt flaps and extenslible leading-edge flaps. The
dimensions and deflectlon engles of the spllt and extensible leading-edge
flaps are given in figure 3(a), 3(b), and 3(c).

The model was not equipped with controls and, therefore, in order to
obtain an approximate evaluation of the effectiveness of & lateral-control
device, a 0.20-chord split-flap-type ailleron was installed between the

0.55%span end the O-88%-spa.n statlons. The similated alileron was

attached to the right wing panel only end provided a deflection range of
about 11° down from the lower wing surface and 15° up from the upper wing
surface. :

TESTS

The tests to determine the effect of boundary-layer, control by suction
on the lateral characteristics of the model were made on the standard yaw
support and six-component balance system of the Langley full-scale tunmel.
The data were obtalned for an engle-of-attack renge from smaell negative
angles to the sngle for maximm 1ift for yaw angles renging from -10° to 6°.
For each model configuration tests were made without suctlon (slots sealed)
and with suction at flow coefficients of 0.024% and 0.037.

Aileron data were obtalned at epproximately 0° s +° s and -lOo yaw angles
for a range of angle of sattack between -0.8° and 17.90. The aileron- '
deflection angles ranged between -l5° and 11° in approximately 5° increments.

All tests were made at a Reynolds number of 4.2 x 106 corresponding

to a Mach number of approximately 0.07.
|

RESULTS AND DISCUSSIOR

The results of tests of the plain wing and of the wing with leading-
and trailing-edge-flap conflgurations, without suction ard wlth suction at
a CQ of 0.0211-, are presented in figures 4 to T. The basic data for CQ ’
of 0.037 are not presented becauss of the simllarity to the curves for
the lower suctlon-flow coefficlent. Stall-progrossion dlagrams are
pressnted in figure 8 for the various flap configurations at a yaw angle
of -6° and for suction-flow coefficients of O and 0.037. The effects of
boundary-layer control at suction-flow coefficlents of 0, 0.02%k, and 0.037
on the stabllity derivatives are shown in the summary curves of flgures 9
to 12. The baslc data of the alleron tests are presepted in figure 13,
and the summary curve showing the effectlveness of the split-flap-type
aileron is given in figure 14 for suctlon-flow coeffilcients of O 3 0.02l|-,
and 0.037. The stability paremsters weore determined by measuring the
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slopes of the respective data curves through +3° Yaw angles for several
values of 1ift coefficlent below the stall. The effectivenesas
curve CZS R was determined by measuring the slopes of the rolling-

a _

moment curve betwsen B of +5° for each engle of atback.

aRr

These data have been corrected for Jet-boundery effects, blocking
effects, and stream alinement. The thrust tare of the alr-jet—exhaust
was negligible and therefore was not considered.

Characteristics of the Plain Wing

The effective-dihedral paramster CZW for the plain wing without

boundary-layer control increased with increasing 1ift coefficient to a
maximm value of 0.0032 at a CL of approxzimately 0.8l and then

decreased rapidly with further increase in 1lift coefficlent (fig. 9).

The maximum 1lift coefficient of the model at zero yaw is 0.96 (reference 3)
end at that 1ift coefficient the effectlive-dihedral paramster is reduced
to approximately 0.0006. Tuft observations showed that the tip of the
leading wing panel stalled first as is shown in figure 8(a). The increase
in posgitive effective dihedral in the low and moderate -CL range is

attributed to the increase in 1lift of the leading wing panel poesibly due
to an increase in effective wvelocity and effective section angle of attack
ag 1t becomes unswept. Conversely, the retarded wing panel becomes more
highly swept and thus retards the rate of 1lift increase. At a higher
angle of attack the leading wing stalls first, thereby reducing 1lift and
producing a reversal In the rolling tendency at that 1ift coefficient.
These characteristics have also been observed 1n tests of simllar swept-
back wings having thin airfoll sections (references 2 and 4). Boundary-
laysr control at suction-flow coefflicients of 0.024 and 0.037 had very
little effwct on the variation of the maximum value of the effective
dihedral with 11ft coeffliclent. The CZW values were decrsased slightly
by boundary-lasyer suctlon up to a Cy, of 0.85 but due to the increased
lift-coefficient range the maximum value of 0.0030 wee obtalned at .
a Cy, of 0.95. A rapid reduction In dihedral effect occurred at higher
1ift coefficients in s manner similar to the condition without boundary-
leyer control.

The wing-fuselage combination produced a small directicnal instabill-
1ty which was slightly alleviated at higher 11ft coefficients. Boundary-
layer control at flow coefficients of 0.024t and 0.037 had very little
effect on the directional characteristics of the model.

The lateral-force parameter was not appreclably affected by boundary-
layer control and has a value of less than 0.005 over the lift-coefficient
range.
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Characteristics of the Wing with High-Tift Devices
Semispan split flaps.- The additlon of semlspan split flaps to the
wing increased CZ fram 0.0032 to 0.003T7 for the slot-sealed condltion

max
and to 0.0042 for suction-flow coefficlents of 0.024 and 0.037 (fig. 10).
The variations of CZ\lr with CI. a~e very slmilar to those for the plain

wing, and for all flow conditions the maximum wvalue of CZ occurs at

approximately 0.84C; . Tuft dlagrams, figure 8(b), show that the

stall progressions for the wing wilth split flaps are very simlilsr to those
for the plain wing (fig. 8(a)). The split flaps do not aild in eliminating
the tip stall at high 1ift coefflclents; therefore, the sudden drop

of Cy stil]l occurs near maxlmum 1lift. Boundary-layer control at a

suction-flow coefficient of 0.02%, up to & Cp of 0.6, had no effect

on CT’\Y; however, beyond this 1ift coeffilcient there wae a more rapid
rige in C; untll the maximm value (& 0.0042) was reached. This increase

in effective dihedral 1s attributed to the delay in stall over the wing
reglion affected by the suction slots. Although boundary-layer suctlon at
a Cg of 0.024h did clean up the flow throughout the low and moderate 1lift-
coef%icient range, the forward wing paensl reached the stall angle before
the tralling wing panel giving the reduction in C, at high 11ft coef-

Fficients. Increasing CQ to 0.037 lncreased. c74{r gomewhat over the 1ift-
coefficlent range from 0.26 to 0.8, after which the CZ‘IF curve was simllar
to that for the lower flow coefficient of 0.02L.

Split-flap deflection with and without boundary-layer control had no

eppreclable effect on the directlonal-stabillty or lateral-force parametears
of the model. Y

o.5og-span extensible leading-edge flaps.- With the installation of

extenslble leading-edge flaps the effective-dihedral paremeter increased
linearly throughout the 1lift renge (fig. 1l1). The flow diagrams of
figures 8(a) and 8(c) show thet the leading-edge flaps were effective in
delaylng leading-edge separation and tip stall on the forward wing pansel
until high angles of attack thus permitting a uniform stall on both wing
panels. The dihedral effect was greater wilth suction than without suctlon
because the control of the boundary layer further delayed the stall over
the outboard portion of the wing with the effect being more proncunced

for the lesading wing panel. The values of Cz* at a CI. of 1.03 were

about 0.0040 for all suction-flow conditions tested.

For this flap configuration, the model 1s also slightly unstable

‘directionally Gn-lr ] O-OOJ) for all suctlon condltions up to a CL of
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about O.7. Above thls 1lift coefflclent, suctlon produces a stabilizing
effect which results in a smell degree of stability 2% the highest 1ift
coefficient. T A RN S - oo e

The O.50%-span lesding-edge flap had very little effect on the

lateral-force characteristics of the model with or without boundary-layer
control. :

Semispan split flaps and O.50%-span extensible leading-edge flaps.-

The combination of +the semispan split flape and the 0.50%-span extensible

leading-edge flaps resulted in the largest dihedral effect at maximum
1ift for all the flap and suction configurations investigated (fig. 12).
The veriation of Cz* with CI. ia nearly linear up to high 1ift coef-

ficlents and near Cj the dlhedral effect is rapldly increased. The
maximm velue of CZ* for the sealed conditlon was 0.00553 and for the

conditions with boundary-layer control, 0.0063. The extensible leading-
edge flaps wers effective 1In delaying the stall at the wing tip as shown
by a comparison of Pigures 8(a) and 8(4).

The combinetion of flaps had no appreciable effect on the directicnal-
stabillty and lateral-force parameters over the other flap arrangements
oexcept at CI there 1s & deptabllizing tendency dlrectlionally which

maey be assoclated with the repid increase in dilhedrsl effect.

Alleron Effectlivensss

The use of extenslible leading-edge flaps in order to delay tip stalling
has been shown to produce high dlhedral effect on the sweptback wing which
in turn Introduces difficult problems of lateral control. Inasmch asg ths
model was not originally provided with an sileron, lateral control was
obtained by a simlated alleron consisting of a split flap attached to the
outboard portion of the exlsting semispan split flap on the right wing
panel. The effectiveness of the simulated alleron is given in figurs 14
for conditions with and wilthout boundary-layer control. . The ailercn power
for thils split-flap-type control is low with the maximum increment in
rolling-moment coeffliclent being of the order of 0.025. It 1s evident from
the summary curves that sweep hes a merked effect upon the alleron effec-
tiveness. When the model was yawed to the left by approximately 10° , Or,
in effect, the sweep of the right wing decreased, the alleron effectiveness
for the sealed condltion Increased by approximately 20 percent at low 1lift
coeffliclants and epproximately T0O percent at moderate 1ift coefflcilents.

The increase was approximately 30 percent for the highest suction-flow coef-
ficient up to a 1lift coefficlent of 0.9. In the higher CL range the
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effectivensess of the split-flap alleron is largely reduced. The increase
in effectiveness in the low and moderate lift-coefficlient range 1s
explained by the fact that the Q. 33—-span aileron extended outward only

to the O. 88—-span stations therefore, a8 large part of the aileron was

unaffected by early tip stall. At hilgh 1ift coefflclents when the wing
tip stalled and the disturbsd flow spread to the reglon covered by the
alleron, the effectiveness was greatly reduced. For all yaw atbtltudes
boundary-layer control provided some lmprovement in the effectlvensss of
the simlated aileron aend in all instences the effect was more pronounced
for the larger flow coefflclent in the higher C;, renge.

In the tests of reference 3 the extenslble leasding-edge flaps produced
the most satisfactory longltudinal staebllity cheracteristics, and slthough
this conflguration was not tested, it ls possible that the effectlveness
of the split-flap-type aileron would have been improved somewhat by the
Installation of the extensible leading-edge flaps.

SUMMARY OF RESULTS

The results of the effect of boundary- layer control. by suctlon on
the asrodynamlc characteristics in yaw of a LT. 5 sweptback wing-fuselage
combination wlth high-11ft devices and on the effectiveness of & split.flap-
type alleron are summarized as follows: )

1. The maximum effective dlhedral of the plain wlng with and wlthout
boundary-layer control was 0.0030 and O. 0032 respectively, et 1lift
coefficlents of approxlimately O. 8401 The dihedral effect 1s consld-

ergbly reduced .at higher 1ift coefficlents.

2. Installation of semlspaen split flaps increased the maximum
effective dihedral to 0.0037 as a result of the Increase in 1ift but dld’
not change the characteristic curve as obtained for the plain wing.
Boundary-layer suction increased Cqu to sbout 0.0042 at approximastely

o.thLmax.

3+ The addition of the extensible leading-edge fleps alone and in
combination with the split flaps produced a linsar varlation of CI

with C;, and a rapid increase in the dlhedral effect near (g .

Boundary-layer control produced an additional Increase In effective dihe-
dral epd resulted in a maximum value of sz of 0.0063 near maximum 1ift.
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4, Without boundary-layer control the model was directionally unstable
for all flap conflgurations with a tendency for increasing dlrectional
gtabllity as the 1lift coefficlent increased. Boundary-layer control produced
no significant effect on thes dlirectlonal stablillity of the model.

5. The model has smell lateral-force parameters for all configurations.
Boundery-layer control had no meterial effect omn the laterasl-force
characteristics.

6. Unsweeping the wing by yaw inoreassed the effectiveness of the split-
flap-type alleron for all condltions. Boundary-layer suction improved the
alleron effectiveness with the ilmprovement being more pronounced for the
higher flow coefficient.

Langley Aeronautical Leborsastory
Natlonsael Advisory Committee for Aeronsutics
Langley Fleld, Va.
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Figure 1.~ Three-view drawing of a 47.5° sweptback wing-fuselage combination with boundary-
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Figure 9.~ Three -quarter front view of a 4'7.50 gweptback wing-fuselage combination with
boundary-layer control.
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