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SUMMARY

The effects of suction through slots located at the %u-percent—
chord and 2%-percent—chord stations on the longitudinal aerodynamic

characteristics of 47.5° sweptback wing—fuselage configuration with and
wlthout flaps have been investigated in the Langley full-scale tunnel

at an average Reynolds number of 6.1 X 106. The wing section normal to
the quarter—chord line was NACA 64,A112, the aspect ratio was 3.4, and

the taper ratio was 0.51.

The maximm—l1ift coefficient of the plain wing without suction
was 1.03 and the application of suction at a high flow rate increased
the maximum 1ift to 1.20. The wing in the sealed and faired condition
was longitudinally unstable at stall, but with suction applied along
the outboard T3-percent span at the most forward leading-edge slot

(%u-percent choxﬁ) the instability near maximum 1ift was eliminated.
Applying suction at a high flow rate along the outboard 50—percent wing

span with this slot resulted in a maximum-1ift coefficient of 1.13 and
longitudinal stability throughout the 1ift range.

The installation of split flaps resulted in maximum-11ift values
similar to the unflapped wing with and without boundary—layer suction
and was longltudinally unstable for all conditions investigated.

The 47—percent—epan, 59-percent—span, and 7h—percent—span exten—
sible leading-edge flaps combined with suction (2%- —percent—chord slots)
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at a high flow rate gave maximum-1ift increments of 0.06, 0.03, and 0.08,
respectively, so that maximm-1ift coefficients of 1.19, 1.21, and 1.26
resulted for the respective flap arrangements. The smaller—span leading—
edge—flap configurations were longitudinally stable at the stall for the
conditions with and without suction; whereas the T4—percent—span—flap
configuration was longltudinally stable only at a high—suction—flow

rate.

INTRODUCTTON

The 1ift and stability characteristics of thin sweptback wings are
relatively poor as a result of leading-edge separation and thick boundary
layers developed over the tip sections. The use of devices such as
leading-edge flaps as a means for delaying separation (reference 1) has,
in general, shown improvements in the inherently poor low—speed charac—
teristics of thin swept wings. In addlition to the use of flaps, the
application of suction at the approximate midchord position on a thin
two—dimensional airfoil (reference 2) and leading—edge area suction on
the same model (reference 3) has also improved the section 1ift charac—
teristics but, as yet, very few data are available with boundary—layer
control on three—dimensional wings. A program was undertaken sometime
ago at the ILangley full-scale tunnel to evaluate the effects of various
combinations of high—1ift flaps and the application of boundary-—layer
control by suction on the longltudinal stabillity and 1ift characteristics
of a thin highly sweptback wing.

The model investigated had a wing leading-edge sweep of h7.50, an
aspect ratio of 3.4, a taper ratio of 0.51, and NACA 647A112 airfoil

gections were normal to the quarter—chord line.

The initial phase of the general program was to investigate the
effectiveness on the aerodynamic characteristics of suction slots at
the 20-percent—chord, 4o-percent—chord, and TO—percent—chord stations
along the outboard half of the wing span (reference 4). These results
indicated that separation occurred at the leading edge and showed the
necessity of applying suction near the wing leading edge. The experi-—
mental results of reference 5 further indicated that a suction slot
located immedlately rearward of the peak negative surface pressure would
help to eliminate leading-edge separation. The full-scale—tunnel pro-—
gram was, therefore, extended to investigate the control of leading-edge
separation by suction and the results of the investigation are presented
herein. The slot location required for this control is known to be
dependent upon the variations of the pressure distribution or angle of
attack and, from the two—dimensional data of reference 5, 1t 1s seen

-
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that a suction slot at or very near the %—-percent—chord gtation was

effective in improving the section 1ift characteristics. The slots for
the tests presented herein were therefore located at the ;—L—percent-

chord and the %—percent—chord stations and were investigated indi—

vidually or in combination with the 40-percent—chord suction slots and
with split trailing-edge flaps. The %—percent—chord gslot was also
investigated in combination with the extensible leading-edge flaps.

The average Reynolds number for the tests with suction was 6.1 X lO6
and the Mach number was approximately 0.10.

SYMBOLS
C1, 1ift coefficient o
oS
t
cy sectlon 1lift coefficient | cos o P 2—):
0
c D
D drag coefficlent (———)
2S5
M
Cm pitching—moment coefficient ( -)
q,5¢
Cq suction—flow coefficient )
el
He —
CP pressure—logs coefficient (_O_E_E‘i)
0
P — P
P pressure coefficient T—
o}

L 1ift, pounds
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section 1ift, pounds
drag, pounds

pitching moment; positive when moment tends to increase
angle of attack, foot—pounds

total wing area, square feet

wing area affected by span of suction slots,
gquare feet

free—stream dynamic pressure, pounds per square
1 2
foot (E-pOVb )

mass density of ailr, slugs per cublc foot
free—stream velocity, feet per second

wing chord measured perpendicular to gquarter—chord
line, feet

wing chord measured parallel to plane of symmetry, feet

wing mean aerodynamic chord measured in plane parallel
b/2

to plane of symmetry, feet % c'2¢y

total quantity flow through suctlon slots, cubic feet
per second

free—stream total pressure, pounds per square foot

total pressure inside wing duct, pounds per square foot

Jocal static pressure, pounds per square foot

free—stream static pressure, pounds per square foot

VoC
Reynolds number (éo g )
V]

coefficient of viscosity, slugs per foot—second
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X distance measured parallel to plane of symmetry, feet

¥ distance measured perpendicular to plane of symmetry,
feet

b wing span measured perpendicular to plamne of symmetry,
feet

a angle of attack of wing chord line measured in plamne of

symmetry, degrees

MODEL

General dimensions of the model are given in the three—-view drawing
of figure 1, and figure 2 presents a photograph of the model mounted
in the Langley full-scale tumnel. The wing leading-edge sweepback
was h7.5°, the aspect ratio was 3.#, the taper ratio was 0.51, and the
airfoil sections normal to the quarter—chord line were NACA 647A112. The

wing panels were mounted in a low midwing position at zero incidence on
a circular fuselage and had no geometric dlhedral and no twist.

The auxiliary high—1ift devices tested in conjunction with boundary-—
layer control consisted of extemnsible leading—edge flaps and split
trailing-edge flaps. Detalils of the flaps are given 1n figure 3. The
extensible leading-edge flaps were 10—percent chord and extended over
the outboard 47, 59, and 74 percent of each wing panel and were deflected
127.5° from the wing chord line. These leading—edge flaps were faired
into the wing surface and, for these particular configurations, it was

not possible to test the flaps in conjunction with the %m—percent—chord

slots. The 20—percent—chord split flaps extended outboard from the
l2—percent—semispan station to the 56—percent-—semispan station and were
deflected 60° from the wing chord line (measured in a plane parallel to

the plane of symmstry).

Boundary—layer suction was applied at the wing upper surface through
slots located at either the 0.005¢ or 0.025c, and in combination with
slots at the 0.40c stations (fig. 3). The leading—edge slots spanned
the outboard 73 percent of each wing panel and the 4O—percent—chord slots
extended outboard from the 5l-percent—semispan station to the FL4—percent-
gemispan station. The area affected by the T73-percent-span leading-—
edge suction slots was 67.4 percent of the total wing area. Sealing
the inboard 23-—percent span of these slots reduced the affected wing
area to 40.7 percent of the total wing area. The slots discharged the
air into a single box—beam type of passage that was used as a duct to
the axial—flow blower housed in the fuselage (fig. 4 of reference k).
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Flow quantities were determined from a large number of total— and
static—pressure measurements in the annulus ahead of the axial—flow
blower. It would have been desirable to have obtained pressure measure—
ments in the slot diffuser along the span, but such instrumsntation was
not installed in the model and, therefore, the pressure—loss coeffi-
cients Cp were determined from total—-pressure measurements obtained

at the wing-fuselage Juncture of each wing panel, where the total pres—
sure was essentlally static pressure because of the low velocity. From
the results of the investigation reported in reference L 1t was evident
that pressure—distribution data over a few spanwise stations would be
most useful in the interpretation of the wing-stall progression and in
the evaluation of the local influences of boundary—layer suction. Alr—
foil surface pressures (measured in a plane parallel to the plane of
symetry, table I) were measured over the left wing panel by flush ori-—

f1ces located at the 0.343, 0.53%, 0.733, and 0.93% stations.

TESTS AND METHODS

The tests to determine the effects of leading—edge suction on the
longitudinal aerodynamic characteristlics of the model were made on the
six—component—-balance system of the Langley full—scale tunnel. Force
data, airfoil pressure distributions, and upper—surface tuft observa—
tions were obtained at zero yaw over a range of angle of attack from
small negative angles to the angle for maximum 1ift (except for two
conditions where the maximum 1ift was not clearly defined).

Boundary—layer suction data were obtained with slots located at
the 0.005c and 0.025c stations, and these slots were investigated
separately and in combination with the 0.40c slot installation. A few
tests were made to determine the effects of reducing the spanwise extent
of the 0.005¢c leading—edge slots by sealing the inboard 23-percent span
of these slots. The effects of sudden loss of boundary—layer suction
similating a power fallure by having the slots open and allowlng the
blower to windmill were investigated for the plain-wing configuration

having the 0.732-0.0050 slots. Because the 0.742 extensible leading—
edge—flap installation was found to produce the highest Cg and

longitudinal stability at stall when combined with suction at the
0.025¢ slots, a similar power—failure test was conducted.

A few exploratory tests were made to determine 1f there were any
appreciable low—epeed scale effects for the plain wing and the wing

with split flaps without boundary—layer control from 2.2 to 7.5 X 10
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and from 2.2 to 6.1 X 106, respectively. The tests to investigate

boundary~layer suction were made at a Reynolds number of B.l X lO6 and
a Mach number of about 0.10.

The operational characteristics of the large (3—foot—diameter),
single—stage, axial-flow blower used in this investigation were such
that, to obtain the required pressure rise, relatively large alr gquan—
tities were drawn through the system. The attempts to control the
quantity at any condition by throttling or auxiliary bleed were not
successful because of the accompanied reductlons in pressure rise, and,
in some instances, even for an unthrottled condition, the fan was
receiving insufficient alr—flow quantity for maximim pressure rise. In
all cases, the flow rates that were encountered are greater than those
recorded in two-—dimensional investigations (references 3 and 5). The
tests were run at constant speeds of either 3000 or 4000 rpm producing
total—suction—Flow coefficients of the order of 0.01 to about 0.035
and pressure—loss coefficlents from about 4 to 10 over the complete
range of angle of attack, and these data are presented with the force
data. The zero—flow—rate condition represents the configuration with
the slots sealed and faired to a smooth contour with the wing.

RESULTS

The data have been corrected for Jet-boundary effects (as deter—
mined from the straight—wing method of reference 6), blocking effects,
stream alinement, and approximate wing—support interference. In addi-
tion, a drag tare correction has been applied to compensate for the
effects of the alr—jet thrust due to the blower operation. The drag
coefficlents, as presented in the figures, are the measured coefficients
of the external drag of the wing—fuselage combination and do not include
the blower—power drag coefficients. In determining the section 1ift
characteristics, a check of the chordwise~force component in the high
angle—of—ettack range showed that it could contribute only 3 percent to
the 1ift and this component was therefore neglected.

In any comparison of these results with those of the investigation
presented 1n reference 4 1t should be noted that the aspect ratio of
the model was reduced from 3.5 to 3.42, the taper ratio was changed
from 0.50 to 0.51, and the location of the quarter chord of the mean

aerodynamic chord was shifted slightly forward. These plan—form varia—
tions d4id not appreciably affect the 1ift and drag characteristics but
did affect somewhat the longltudinal stability characteristics of the

model.

The surface—pressure results presented were obtalned at only four
spanwise stations; hence they are not sufficlently extensive for a
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loads analysis but do provide some detailed information regarding the

flow phenomena for the conditions investigated. In all cases with the
semigpan split flaps deflected, section 1ift coefficients are not pre—
sented for the two inboard stations because of the absence of pressure
measurements over the rearward part of the wing and flaps; however, the

airfoil surface pressures are presented to show the important effects
in the region of the wing leading edge.

A summary of the maximum-11ft results and the longitudinal sta—
bility characteristics for the wing conflgurations tested are presented
in table IT. In order to facllitate the discussion of the results, the
data are arranged in the followlng order of figures. The results of
the Reynolds number tests for the plain wing and the wing with split
flaps are presented in figure 4. Figures 5 and 6 present force—test
data and visual tuft diagrams for the plain—wing configuration with and
without boundary—layer suction and various slot locations. The split—
flap tests with suction at the 0.005¢ slot and the combination of the
0.005c slot and the 0.40c slot are shown in figure T, and the associ—
ated stall diagrams are given in figure 8. Force—test data and flow
diagrams for the conditlon with suction at the 0.025c slots, and the
combination of the 0.025c slot and the 0.40c slot, and with extensible
leading—edge flaps are given in figures 9 and 10. Alrfoil-surface—
Pressure data for the plain wing and the wing with split flaps are pre—
sented in figures 11 and 12 for the conditions with and without boundary—
layer suction. Summary curves of section 1ift data as obtained by inte—
grating the chordwlse—surface pressures for several Reynolds numbers are
given in figure 13 for the plain wing and for the wing with split flaps.
Figure 14 presents section 1ift data for the plain wing and the wing
with split flaps showing the effects of leading—edge suction. The
effects of the extensible leading—edge flaps without boundary—layer
control on the chordwise—pressure distributions are given in figure 15.
The effects of suction—power failure on the characteristics of the

model for the plain wing and the wing with 0.742 extenslble leading-—
edge flaps are given in figure 16.

DISCUSSION

Reynolds Number Effect

In order to determine if there were any scale effects in the low—
speed range on the characteristics of the present wing, preliminary
tests were made for the plain wing and the wing with split flaps and
slots in the sealed and faired condition. The results indicate that
varying the Reynolds number had no appreciable effects on the 1ift and
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drag characteristics of the model in the low— and moderate—lift—
coefficient range. The greatest increase in the maximum—1ift coeffi—

cients occurred between Reynolds numbers of 3.0 X 106 and 5.2 X 106,

and the results of figure 4 show increments of about 0.04 and 0.09 for
the plain wing and the wing with split flaps, respectively. The section
1ift plots of figure 13 also show the small influence of Reynolds num—
ber, in the range investigated, on the 1ift characteristics and these
results are consistent with the trends shown in figure 4.

The shape of the pitching-moment curves in the low— and moderate—
lift—coefficient range was not significantly influenced by increasing
the Reynolds number; however, the unstable break in the moment curve
occurred at increasingly higher 1ift coefficlents between Reynolds num—

flerstof 3.0 X 10 and 5.2 X 106. For all conditions, the sudden insta—
bility in the high—l1ift range is closely related to the point on the
1ift curve where initial decrease in lift—curve slope occurs and where
the drag-coefficient—curve slope increases rapidly.

Characteristics of the Plain Wing

The maximum—1ift coefficient of the plain wing without boundary—
layer control was 1.03 at an angle of attack of 21°. In the low—lift—
coefficlent range, the lift—curve slope as calculated from simple sweep
theory (0.057) is in good agreement with the results of figure 5 (0.054)
and the pitching-moment characteristics about the quarter chord of the
mean aerodynamic chord in this lift-—coefficient range show static sta—
bility. Between 1ift coefficients of 0.6 and 0.8, the tuft diagrams
(fig. 6) and the airfoil surface pressures (fig. 11) indicate the flow
over the tlp sections to be disturbed, and a separation bubble was

evident at the leading edge of about the 0.938 station. The presence

of this bound reglon of separation at the leading edge causes an
increase 1n the local-section—1ift coefficient as has been shown pre—
viously in the investigatlion of reference 7. This increase in 1lift over
the tip produces the increased stability shown in the lift—coefficient
range of about 0.9 (fig. 5). As the angle of attack increases further,
the rapid progression of separation over the entire tip produces a

very sudden loss of 1ift over the outboard sections, and, therefore,

the severe longitudinal instability prior to Clmax‘

The results with boundary—layer control (fig. 5) show that suction
increased the maximum—11ft coefficients from 1.03 to 1.12 and to 1.20
at blower speeds of 3000 and 4000 rpm, respectively, for either the
0.005¢ or the 0.025c slot arrangements. In the angle—of-attack range
pPriertto Clmax’ the 1ift coefficients with boundary—layer control at
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the 0.005¢ station were slightly lower than those for the sealed wing.
The reduction in 1ift is attributed to the fact that suction prevented
the formation of leading—edge separation and thus eliminated the addi—
tional increment of 1ift which had occurred at the tilp sections for the
basic wing. The linear portions of the 1ift curve were, however,
extended to higher angles of attack amd, for the 0.025¢ slot configu—
rations, suction slightly increased the slope of the 1lift curve. The
application of suction at the 0.005c had no appreciable effects on the
pitching-moment characteristics of the wing in the low—lift—coefficient
renge. In the moderate— and high—lift—coefficient range, however,
suction was effective in eliminating the leading—edge separation bubble
at the tip and, therefore, prevented the sudden gtabilizing tendency pre-—
viously shown for the plain wing. The flow over the tips was sufficiently
controlled to produce more desirable pitching-moment characteristics at
maximum 1ift. The flow diagrams indicate that initlal stall occurred
over the rear portions of the tlp sections and spread inboard along the
rear portion of the wing. At angles of attack near CLmax’ intermittent

stall occurs at the leading edge, which probably ie responsible for the
momentary instebility indicated for this configuration.

The effectiveness of suction (0.005c slots) on the leading—edge
flow is shown by the section 1ift plots (fig. 14%) to be variable over
the span and, from such information, i1t should be possible to ascertain
the variations in spanwise control of suction flow which would be
required for maximm effectiveness. However, these results show that -
at the higher angles of attack, which 1s the most gignificant range
under consideration, with the lower flow rate (3000 rpm) more 1lift was
produced over the inboard sections; whereas a greater flow rate was
necesgsary over the outboard sections to provide any substantial increases
in 1ift. The greater effectiveness of the lower—suctlon conditlon over
the inboard section would not normally be expected but the following
offers a possible explanation for this effect. The average plenum—
chamber pressure—loss coefficient Cp (fig. 5(a)) is about 10 and 6
for the L000— and 3000—rpm suction conditlons, respectively. The greater
suction condition, in general, produced the required pressure drop to
induce inflow along the span of the wing and the lower pressure—loss
coefficient (Cp = 6 for 3000 rpm), however, was unable to satlsfy the

pressure differential required for inflow at the inboard sections. As
a result of the spanwise variation in the surface pressures, which can
be found from a cereful examination of figures 11(c) and 11(d), in

particular the pressures at the 2%~—percent chordwise station, 1t is

conceiveble that ailr was sucked into the slots along the center amd out—
board sections and blown out of the slots along the inboard sectilons.
It 18 possible that the outflow would produce the effect of a local

increased camber of the inboard sections (fig. 11(d)), O.3h§-and thus
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an increase in 1ift over the forward portion of the airfoil and some
forward shift of the center of pressure. The wing was about neutrally
stable up through the stall for the lower suction condition of 3000 rpm,
although there was some destablilizing moment shift in the higher 11ft—
coefficient range as compared to the higher suction condition, which is
believed to be caused by the forward movement of the center of pressure
asgocliated with the outflow over the inboard portions of the slot.

It should be pointed out that in the moderate—lift-coefficient
range the section—1ift data presented in figure 1L indicate an increase
in 1ift due to suction; whereas the force data presented in figure 5(a)
indicate a decrease in 1ift due to suction. A reason for this discrep—
ancy could not be determined. If it 1is assoclated with some measuring
inaccuracy, some of the preceding discussion of the possible flow phe—
nomena might lose its significance. It 1s recognized, in any case,
that this discussion is only tentative, although it is felt that the
general approach is reasonably correct.

The previous results have shown that suction at the leading edge
of the outboard T3 percent of the wing span appreciably improved the
longitudinal stability characteristics of the model, but the stall which
occurred at high 1ift coefficients over the outboard sectlons was not
eliminated. The inboard 23 percent of the 0.005c slots were sealed, and
the results (fig. 5(a)) indicate that, although the maximum 1ift was
reduced from 1.20, for the wing with 73—percent span 0.005c slots, to
1.13 (at 4000 rpms the model has more stable pitching-moment character—
istics over the lift—coefficient range including a very stable pitching
tendency near CIu,y. The greater breakdown in the 1ift over the

inboard sections, for the small-span slot configuration in comparison
with that for the large—span slot configuration, resulted 1n a sta—
bilizing rearward shift of the aerodynamic center and a net decrease
in total 11ift.

Suction—elot location has been shown in the two—dlmensional tests
of reference 5 to be of primary importance for the control of leading—

"edge separation on a thin airfoil at high 1ift coefficients. The pres—

ent investigation with suction at the 0.025¢ slots also clearly Indi-
cates the significance of slot location. The pitching-moment curves

of figures 5(c) and 5(d) show about the same trend of stability as for
the basic wing, which was characterized by a rapid Increase in stability
before maximum 1ift followed by an abrupt instebllity near Clp... The

pressure—distribution data of figure 11 indicate that immediately behind
the peak negative pressure there 1s an extremely steep adverse pressure
gradient and, in order to maintain any control of separation, a suction
glot must be well forward in the reglon of the steep adverse pressure
gradient. The flow diagrems (fig. 6(b)) show that suction through
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the 0.025c slote did reduce the spanwise flow of the boundary layer in
the region behind the slot but was ineffective in delaying the onset of
leading—edge separation and tip stall.

In the attempt to reduce the tendency for tralling-edge separationm,
suction at the 0.4Oc slot, in addition to the 0.005c slots, did not pro-—
vide any further improvement of the stability of the model in the high—
1ift range (fig. 5(b)) for the lower—flow—rate condition and was detri-—
mental for the higher—flow—rate condition. It is probable, however,
that the 0.005c and the 0.40c slots in combination may have functioned
more effectlvely if the flow through each could have been controlled
independently because there was evidence of outflow at the forward slot
due to the over—ell reduction of the plenum—chamber suctlon pressure
whenever the 0.40c¢ slots were in operation. The stalling patterns
(fig. 6) for this slot combination were similar to that of the baslc
wing which showed predominant leading—edge stall.

Characteristics of the Wing with Split Flaps

The basic wing equipped with split flaps produced a maximm—1ift
coefficient of 1.05 (fig. 7) and the longitudinal stability character—
istics are similar to those for the plain wing with the inherently
abrupt instebility occurring near CLmax' Boundary—layer control at

the 0.005c slot increased the maximum—1ift coefficlent 1eer dkpsalel Chatsl Al Al

at blower operating conditions of 3000 and 4000 rpm, respectively. With
suction control employed, the longitudinal stablllty was improved in the
low— and moderate—lift renge, but near CImax the pitching-moment

characteristics were unstable. The tuft diagrams (fig. 8) and the sur—
face pressures (fig. 12) show the flow pattern to be typical of that

for the plain wing with and without boundary—layer control. The appli-—
cation of suction at the outboard half of the 0.005c slots with or
without the additional 0.40c slots did not improve the 1ift or stablllty
characteristics of the wing with split flaps.

Characteristics of the Wing with Extensible Leading—Fdge Flaps

The maximm—1ift coefficient of the wing with O.h?%—leading—edge
flaps without boundary—layer control was 1.13 (fig. 9(e)). Extending
the flaps to 0.59% and O.7hg-(figs. 9(b) and 9(c)) increased the maximum—

11ft coefficient to 1.18 in each case. The pitching—moment character—
igtics of the 0.47% and 0.59% leading-edge fleps were stable at the

maximum 1ift but, for the O.59§-f1aps leading edge, there was a tendency
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for instability prior to the stable break at maximum 1ift. The flow
diagrams of figure 10 indicate that initial stall occurred at the
inboard end of the flaps as a result of the disturbance created by the
plan—form discontinuity at the inboard end of the flap. The stable

pitching moment at C for the 0.47R and 0.59R leading—edge~flap
Lnax o 2

configurations resulted from the combination of the clean—up of the tip
flow and the growth of stall inboard. The airfoil surface pressures
also show that the extensible leading-edge flaps eliminated the steep
adverse pressure gradients and reduced the peak pressure coefficients
which occurred for the plain wing (fig. 11) at each spanwise station

covered by the flaps. When the flap span 1s increased to o.7h§) a very
stable curve was obtained prior to a very sharp umnstable bresk at stall,

which was characteristic of the stall of the plain wing. The increased
stability near Clmax results from the loss of 1ift at the inboard

sections where initial stall occurred. As the angle of attack is
Increased further, the control of the flow over the outboard sections
is lost and tip stall predominated to produce abrupt instability.

The addition of boundary—layer suction at the 0.025c slots at the
high flow rate produced no appreciable effects on the longitudinal sta—

bility of the model with either the 0.47‘22 or the 0.593 leading—edge

flaps. For the reduced suction—flow condition, however, there is indi~
cation of improvement in the stability near Clmgyx+ With suction at a

high flow rate, higher 1ift was maintained over the outboard sections
which produced the stabilizing pitching tendency prior to CLmax’ but

stalling eventually progressed outward from the inboard end of the

flap (fig. 10) and was not influenced by the suction, and this produced
a momentary instability immediately before a stable stall. It is prob—
able that suction at the lower flow rate did not control the separation
at the tip so effectively which ultimately produced a smoother stahle
pitching—moment curve in the high—1ift range.

Suction at the maximum flow rate provided stability to CLmax for
the larger O. 7&— leading-edge—flap configuration; however, it was not

defined beyond this point. Suction at the lower flow rate was unable
to delay tip stall and therefore instability occurred at Cr . The

additlon of suctlion at a high flow rate through the 0.40c slots, as well
as the 0,025c slots for the O.7h% leading-edge~flap configuration, pro—

duced stability to maximum 1ift; however, it was not defined beyond this
point. This combination also gave a maximum—1ift coefficient of 1.29

which wes the highest obtained for this configuration. The flow dlagrams
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of figure 10 indicate that the flow over the region behind the slots was
greatly improved and the stall was restricted to the Inboard sections of

the wing. However, for the configuration with split flaps and O.7¥%

extensible leading—edge flaps (fig. 9(c)) in conjunction with suction
resulted in a maximm—1ift coefficient of 1.32, and longltudinal insta—
bility at Cg 5

Effect of Power Faillure

Suction—power fallure with the slots open would reduce the maximum—
1ift coefficients of the plain wing and the wing with 0.748 extensible

leading—edge flaps by 0.21 and 0.17, respectively, and the values
of Cg thus obtained are less than those for the sealed wing con—

figurations (fig. 16). The measured drag in the low—11ft range was
essentially unaffected for the slots—open fan—inoperative condition but,
at a Cy, of 0.3 or 0.5, depending upon the flap configuration, the drag
for the fan—inoperative condition increased rapidly. In the high angle—
of-attack range near Clmax the effect of suction fallure is to increase

the drag coefficient about 0.120 which, for the flap—deflected configu—
ration, represents over a 50-percent drag increase. Except for the
reduction in the maximum-1ift coefficient, the sudden loss In the suction
power on the plain wing and the 0.005c¢c slots installed would not decrease
the stability or introduce instability at stall, although a small trim

shift would occur. For the wing with the O.7h§-leading—edge flaps and

the 0.025c slots the sudden power failure would be appreclably more
gerious. For operation near (g there would be a large trim shift

and a recurrence of instability as a result of the loss in 1ift over the
tip sections. In the event of suction-power failure, 1t would be advis—
able to have a device whereby outflow would be eliminated.

Drag Coefficlents

Boundary—-layer control at the leading edge reduced the measured
external drag coefficients in the high—1ift range but did not appre—
ciably change the drag in the low— and moderate—lift range.

The drag coefficients presented in the data figures, as has been
noted, do not include the blower—power drag coefficlents and, if 1t is
of interest to determine the total—drag coefficients for the conditions
with boundary—layer control, the drag coefficient equivalent to the

-
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power required to discharge the air removed from the boundary layer at
free—stream total head must be included. (See reference 8.) It is
apparent that leading—edge suction slots located in a region of high
negative pressures would produce fairly high—power drag coefficients.

SUMMARY OF RESULTS

The results of the Investigation in the ILangley full-scale tunnel
of the effects of leading—edge boundary~layer suction with high=1ift
devices on the aerodynamic characteristics of a 47.5° sweptback wing
are summarized as follows:

1. Change in Reynolds number from 3.0 X 106 to 15510 106 and

from 3.0 X 106 to 6.1 x 106 for the plain wing and the wing with split
flaps, respectively, had no appreciable effects on the 1ift and drag
characteristics of the model. The abrupt instabllity which occurred at
Initial stall was progressively shifted to higher 1ift coefficients

between Reynolds numbers of 3.0 X 106 andi=h {pEx 106.

2. The maximum—1ift coefficient of the plain wing without boundary—
layer control was 1.03. Applying suction at the maximum flow rate at
the 0.005~chord slots or at the 0.025-chord slots increased the maximim—
1ift coefficient to about 1.20. The model was longitudinally stable at
the maximm 1ift for the 0.73—percent span 0.005~chord slot configuration
although a slight instability occurred prior to the stall. Suction
applied along the outboard 50 percent of the wing span of the 0.005—
chord slots resulted in static longitudinal stability through the 1ift
range and at a maximum—-1ift coefficlent of 1.13.

3. The maximum—1ift coefficients of the wing with split fleps,
with and without boundary—layer suction, were of the same magnitude as
the plain wing and suction did not improve the longitudinal stabllity
characteristics of the model.

L. The 0.47 semispen, 0.59 semispan, and O.74 semispan extensible
leading—edge flaps, combined with suction at the 0.025—chord slot, pro-
duced small increments In maximum 1ift of 0.06, 0.03, and 0.08 resulting
In maximm—1ift coefficients of 1.19, 1.21, and 1.26, respectively. The
smaller—span leading—edge—flap configuration was longitudinally stable
near maximum 1ift for the conditions with and without suction but for
the O.Th—percent—epan—flap configuration, longltudinal stabllity near
the maximum 1ift was attalned only with a high—suction—flow rate. The
highest value of maximum-1ift coefficient obtained in this Investigation
was 1.32 for the wing with the 0.74—percent—span flaps in combination
with the split flaps and boundary—lasyer suction but the wing was unstable
at stall.
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5. Blower—power fallure would result in a reductlon of the
maximm—11ift coefficients and instabllity at the stall for the leading—
edge—flap confilguration.

Langley Aeronautical Iaboratory
National Advisory Committee for Aeronautics
ILangley Air Force Base, Va.
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TABLE IT

NACA RM L50B15

SUMMARY OF MAXTMUM-LIFT RESULTS AND IONGITUDINAL STABILITY CHARACTERTSTICS

8 Configurstion Suction slots | Suction—flow rate |Lmax (ﬁzﬁzn) cms';;:ﬁi?% Figure
Sealed | = ¢ 1.03 === —_—— | 5(a)
0.005¢ High 1.20 0.17 5(a)
0.005¢ Moderate 1.12 .09 = | =)
0.005¢ Suction power failure| .98 -.21 16(2)
Outboard 0.005¢c High 113 .10 cﬁ 5(a)
Plain wing 0.005¢ and 0.40c High 1.19 .16 = | 5(p)
0.005¢c and 0.%0c Moderate 113 .10 ———— 5(b)
Outboard 0.,005¢ High 1.27 .1k — | G
and 0.40c e
0.025¢ High 1.20 LT ————— 5(c)
0.025¢ Moderate 1,13 .10 —_— 5(c)
0.025¢ and 0.40c High 1.39 .16 —<—N— 5(a)
0.025¢ and 0.k40c Moderate 223 .10 C——— 5(a)
Sealed | = -m-mmee- 1.06 s== : 7(a)
0.005¢ High 1.22 .16 == 7(a)
0.005¢ Moderate 113 .07 — | 1s)
Semispen split flaps |Outboard 0.005¢ High 1.18 .12 B 7(e)
—
0.005¢ and 0.40c High 1.20 .1k - | T(®)
0.005¢c and 0.40¢| Moderate T .05 ———;_/———— 7(v)
mtzgdug.gégosc High 1.20 L1k : 7(v)
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TABLE II.~ Concluded

SUMMARY OF MAXIMUM—IIFT RESULTS AND LONGITUDINAL STABILITY CHARACTERISTICS ~ Concluded

40 Stabili
Suction slots Tmax i d

Configuration

Suction—flow rate CLm

(suction)

Cp agalnst Cp Flgure

Extensible leading—
edge flaps — 0.&712?-

0.74

O. 7)32_’ and semispan
split flaps

Sealed

0.025¢

0.025¢

Sealed

0.025¢

0.025¢

Sealed

0.025¢

0.025¢

0.025¢

0.025¢ and 0.40c

0.025c and 0.40c

0.025¢

High

Moderate

High

Moderate

High

Moderate

Suction power faillure

High

Moderate

High

1.13

1.19

ALl

1.18

1.20

1.18

1.26

1.23

1.09

1.29

1.2k

0.06

.0k

.03

.02

.08

.05

=17

.06

;,—

9(a)

9(a)

9(a)

9(v)

9(b)

9(v)

9(e)

9(c)

9(e)

16(b)

9(a)

9(a)

9(c)

~_NACA
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46 4"
Wing area 22598 sq ft
Aspect ratio 3.4
/ Taper ratio 0.51
. |.-IMo- Airfoil section NACA 64,All2
Nl Root chord 10.8 ft
Sfige Tip chord 55 ft
855" c 8.78 ft
| 121t
428"
’ 434" l

3Bt

Figure 1l.- Three-view drawing of a U47.5° sweptback wing-fuselage combina-
tion with boundary-layer control.
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Figure 2.- Three-quarter front view of the 47.5° sweptback wing boundary-
layer-control model mounted in the Langley full-scale tunnel.
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b/2 s

¢ 0.005¢ or

Gile:

(b) Section AA.

30

0.0lc'R

0003c¢ Min. width

(d) Enlarged view of leading-edge suction slot.

Figure 3.- The location and detail dimensions of high-1ift devices.
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Figure 4.- Effect of Reynolds number on the aerodynamic characteristics
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Figure 5.- Effect of boundary-layer control by suction on the aerodynamic
characteristics of a 47.5° sweptback wing-fuselage combination.
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(a) 0.005c slots (O.73%>.

Figure 6.- Stalling characteristics of a 47.5° sweptback wigg-fuselage
combination with and without suction. R = 6.1 x 10°.



- NACA RM L50B15 S

b
o 8 -04 10 -04 10
T 4 j1/\ Cm © a& Cm O {
-08 8l ) -08 8
v 7y o

2 16 20 24 28

UNSTEADY FLOW

N
k\\\\ INTERMITTENT STA’_L
STALL
«=124°
C =71

Suction at 0.025c Suction at 0.025c
e slots (0.733) slots (0.733) and
faired. 2 2
4000 rpm. 0.40c slots, 4000 rpm.

(b) 0.025c slots (O.'Bg).

Figure 6.- Concluded.



7 cp
2t

5 : E12
i 25 A
4 9 é a 8 e B
léﬁ g i S e e /P”_ SR = n
s 3 i
-3 84 o
Cp g
2 0 04 e
c = =
\ 5(:“02 Sl N R s - R 4&]—&»4- Rl
=C. ZA O S —,
G"Qﬂ“@v &3 o+ “—577‘38’7‘ -O-=& = [
0 3897 2 1z 6 20 24 28
« , deg
1.4 14
y: SGOGNB, iy
(& Suction conditions
10 10 ] = 