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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
RESEARCE MEMORANDUM

WIND-TUNNEL INVESTIGATION OF STALL

CONTROL BY SUCTION THROUGH A POROUS LEADING EDGE ON

A 37° SWEPTBACK WING OF ASPECT RATIO 6 AT REYNOLDS
NUMBERS FROM 2.50 x 106 70 8.10 x 106

By Robert R. Graham and William A. Jacques
SUMMARY

The effects of suction through a porous leading-edge surface hsve
been investigated in the Langley 19-foot pressure tunnel on a wing having
37° sweepback of the leading edge, an aspect ratio of 6, taper ratio
of 0.5, and NACA 64,-212 airfoil sections normal to the 27-percent-chord
line. The effects of varying the chordwise and spanwise extent of porous
ares were invesiigated on the wing without tralling-edge flaps and the
effects of one chordwise and spanwise extent of porous area were inves-
tigated on the wing with half-span split and double slotted flaps. The
tests covered a range of Reynolds number from 2.50 X 106 to 8.10 x 100
and a range of Mach number from 0.08 to 0.26.

The results indicate that at Mach numbers of the order of 0.12 the
outboard stall of the wing can be delayed and nose-down moments at maxi-
mum 1ift can be produced about as effectively by poundary-layer control
as by a leading-edge flep or slat. Suction over the outer 50 percent of
the semispan controlled the tip stall and allowed maximum 1lift coeffi-
cients of 1.33, 1.49, and 1.90 to be attained with treiling-edge flaps
neutral, half-span split flap deflected, and half-span double slotted
flap deflected, respectively. When a leading-edge flap wes deflected on
the same portion of the solid-leading-edge wing, corresponding values of
1.39, 1.46, and 1.87 were attained.

t a free-stream Mach number of 0.26, the wing with leading edge
sealed stelled when sonic velocity was reached locally. The limited
suction available, at that Mach number, delayed the tip stall until a
local Mach number of 1.20 was reached but did not provide nose-down
moments.

Su——
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INTRODUCTION

Considerable research in recent years has been carried on for the
purpose of improving the low-speed longitudinal stability of sweptback
wings. Most of this work has been concerned with delayling the tip stall
by means of auxiliary devices such as leading-edge flaps, slats, or droop
nose. (See, for instance, refs. 1 to 3.) More recently, attention has
been directed toward the possibility that stablility at the stall might
be obtalned just as effectively by means of boundary-layer control.

Some data are availasble which demonstrete that longlitudinsl stabililily
at the stall can be improved on sweptback wings by means of suction
through leading-edge slots or porous area (refs. 4 to 6). An appraisal
of leading-edge suction as a stall-control device on sweptback wings,
however, can be made only if its effects can be directly compared with
the effects of auxiliary devices on the same wing. In order to meke thils
comparison and also to provide additlonael data showing the effects of
leading-edge suction on sweptback wings, an investigation was made in
the Langley 19-foot pressure tummel on a 37° sweptback wing of aspect
ratio 6 with suction through a porous leading edge. The effects of aux-
illary devices on the same wing are shown in reference 1.

The tests included a few made with half-span split or double slotted
flaps deflected and were made over & range of Reynolds number from

2.50 x 106 to 8.10 x 10® and a range of Mach number from 0.08 to 0.26.
SYMBOLS

Forces and moments on the wing are referred to the wind axes with-
the origin at the guarter-chord point of the mean serodynamic chord.
All coefficlents and dimension symbols refer to the model as a complete

wing.

Cr, 1ift coefficient, Lift/q.S

CLmax maximum 1ift coefficient

Cp drag coefficient, Drag/q.S

CDP equivalent pump-power drag coefficlent, CPCQ

Cm pitching-moment coefficient, Pitching moment about 0.25¢C

goSc
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Hy -
Co suction-duct pressure coefficient, Za - o
Qs
Cq suction-flow coefficient, Q/V,S
or s D - p,
P pressure coefficient, ——=
a
.O
Par pressure coefficlent for local sonic velocity
R Reynolds number, pOVOE/L
M free-stream Mach number, Vo/a
5 + M2cos2A

M, local Mach number, 5 -5

1/3.5

(0.7PM2 + 1)
c angle of attack of root chord, deg
Hy duct total pressure inside porous leading edge
Q volume flow, at free-siream density, through porous surface
D local statlc pressure
S total wing area
SN wing area affected by suction (See table I)
b wing span
n 2 [P/2 5
c mean aerodynamic chord, § Cegy
o

c local wing cherd parellel to plane of synmetry
b4 lateral coordinate
A sweep of leading edge
Q5 free-stream dynamic pressure, % poVo2
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free-stream static pressure

‘o

Ho free-stream total pressure
Vo free-gtream velocity

Po free-gtream air density

vl coefficient of viscoslty
a speed of sound

MODEL AND APPARATUS

The model used in this investigatlion was a semispan wing mounted
in the presence of a reflection plane as shown in figure 1. A photo-
graph of the model and reflection plane mounted in the tunnel 1s pre-
sented as figure 2. Except for the modified leading edge, the wing wes
the game one described in referencé 1. It hed an aspect ratio of 6, a
taper ratio of 0.5, and 37.25° sweepback of the leading edge. The air-
foll sectlions were of NACA 641—212 profile perpendicular to the 27-percent-

chord line. The general plan form and some of the principal dimensions
of the model are glven in figure 3.

For several tests the model was fltted with O.50b/2 split fleps,
0.50b/2 double slotted ilaps, and a fence at the O.50b/2 station, details
of which are presented in figure k.

The leading edge of the upper surface was constructed from & lam-
inated skin attached to solid ribs. Two skins were tested, both of which
consisted of 1/16-inch perforated plate covered with s layer of 14 x 18
mesh bronze screen and an outer surface of 30 X 250 mesh, Dutch weave,
Monel filter cloth. The filter cloth was rolled from its original thick-
ness of 0.026 inch to 0.C18 inch for one of the skins and to 0.016 inch
for the other skin to obtaln the desired values of porosities and a
smooth surface of the skin. The porosity characteristics of the two skins
as ipstalled on the model are shown in flgure 5. The poroslty of the skin
with 0.018-inch filter cloth 1s designated as porosity A and that for the
skin with 0.016-inch filter cloth is designated as pgrosity B. A third
porosity was lnadvertently tested 1n the beglinning of the test program
when the porosity of the 0.016-inch filter cloth was reduced by the cor-
rosive action of goldering flux which had been used only along the edge
of the skin in the fabricatlion process but which apparently penetrated
the entire ares of the skin by capillery sction. This porosity is des-
igneated as porosity C and was used for only a fTew tests before the skin
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was cleaned by means of hydrochloric acid, water, and steam to increase
the porosity to that designaeted as porosity B. The 0.018-inch filter
cloth was cemented in place; hence, no corrosion problem occurred.

The solid ribs which supported the porous skin divided the leading
edge into eight compaertments the dimensions of which are shown in fig-
ure 2. FEFach compartment was connected to the main suction duct through
an individual flow-measuring venbturli and flow-control gate wvalve.

Flow into the leading edge of the wing was obtained by connectlng
the suction duct to the outside of the tunnel when the air in the tunnel

was compressed to gbout 2% atmospheres or to high-capacity vacuum pumps

when the air in the tunnel was at atmospheric pressure.

The extent of the porous area was controlled by spraylng the leading
edge with a layer of nonporous strippable plastic and a layer of lacquer
sanded smooth and then stripoing off only the ares vwhich was to be porous.
The porosity of the skin was maintained by passing a cleaning agert such
as acetone or cerbon tetrachloride through the porous ares.

The leading edge of the wing was equipped with surface orifices et
0, 0.00lc, 0.003c, and 0.005c at the spanwise midpoint of each compart-
ment to measure the peak leading-edge pressures at those spanwise
locations. Each compartment was equipped with a tube for measuring the
total pressure inside the leading edge.

Tests

The tests were mede in the lLangley 19-foot pressure tumnel. The
mejority of the tests were made with the air in the tunnel compressed to

about 2% atmospheres. The Reynolds number range for those tests was

.36 x 105 to 8.10 x 106 and the corresponding Mach number range was 0.08
to 0.15. In order to investigate some of the effects of compressibility,
a few tests were made with the alir in the tunnel at atmospherlec pressure.
The Mach number range for those tests was 0.10 to 0.26 and the corre-
sponding Reynolds number range was 2.50 X 106 to 6.30 x 106,

Lift, drag, and pitching-moment data were obtained through an angle-
of-attack range extending beyond meximum lift. Airfoll peak pressures
and. suction-flow rates were also obtained through thls range. The extent
of porous area was varied spanwlse between the 0.15b/2 station and the
0.95b/2 station and chordwise between 0O and 0.10c on the upper surfece.

Tests were made to investigate the effects of suction on the plain
wing, the wing with 0.50b/2 split flaps, and the wing with 0.50b/2 double

L
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slotted flaps. An upper-surface fence at the 0.50b/2 station was also
tested on the preceding configurations.

A few tests were made with the porous skin exposed but with the
suction valve closed to simulate suction-power fallure.

All the tests with suction were made with the pressure inside the
leading edge constant along the span. The pressure was varied through
the angle-of-attack range, however, in order to maintain a constant value
of flow coefficient CQ.

CORRECTIONS TO DATA

The 1ift, drag, and pitching-moment dats presented herein have been
corrected for slr-stream misalinement but have not been corrected for
support tare and interference effects. Previous experience on complete
models indicaetes that corrections for the effects of the tare and inter-
ference caused by the model supports consist of (1) & comstant shift in
the pitching-moment curve (asbout -0.008), (2) a slight increase in 1ift-
curve slope (about 0.0008), and {3) a decrease in drag in the low lift
range.

Jet-boundary correctlons obtained by combining the methods of refer-

ences 7 and 8 were made to the angle of attack and to the drag coefficient
and are ag follows:

A = 1.12CT,
ACp = 0.0164C 2

The correction to the pitching-moment coefficient caused by the tunnel-
induced distortion of the loading is

ACy = 0.0101Cp

An additional drag correction was required in these tests because
the air drawn into the wing was discharged at right angles to the air
stream, thus creating a drag force equal to that caused by loss of momen-
tum of the suction air in the drag direction. The assumption was made
that the momentum of the suction air was that in the free streem and that



NACA RM L52L05 o« 7

no losses occurred in the wing boundexry layer prior to entering the wing.
The drag correction determined from impulse momentum princivles is

ACy,

Q. = —ZCQ

RESULTS AND DISCUSSION

The results of the investigation are summarized in table ITI. Detailed
resulis from some of the more interesting configurations are presented
in figures 6 to 33.

Wing Without Flaps

Wing characteristics with leading edge sealed.- A comparison of the
1ift and pitching-moment characteristics as shown in figure 6 with those

of reference 1 indicates that at Reynolds numbers sbove 4.36 X 106 the
installation of the sesled porous skin caused the initlal separation and
final stall to occur at lower lift coefficients and lower angles of attack
then those for the wing with the golid leading edge. At the lower Reynolds
numbers (2.50 x 106 to 3.50 X 106) the installation of the sealed porous
skin had practically no effect. ‘he maximum 11ft coefficient for the

wing at a Reynolds number of 6.80 x 106 was 1.15 with the leading edge
sealed and sanded smooth, as compared with 1.27 with the solid steel
leading =dge. A similear reduction in meximm 1ift was noted in refer-
erence 1 when the wing was tested with a slat in the retracted position
QPI = l.lT). These differences in maximum 1ift indicatie the effecis

of small changes in the leading-edge contour on the wing stall and demon-
strate the difficulty of accurately fabricaeting & smooth leading edge as
compared with accurately machining one from solid materisl.

Figure 6 also shows the effects of varying the Reynolds mumbers
through a range from 2.50 X 106 to 8.i0 x 106 at Mach numbers below 0.15.

The wvalue of chax varied from 1.04 at 2.50 x 100 to 1.15 at 6.80 x 106
end 1.13 at 8.10 X 106. The 1ift coefficient &t which the unstable
pitching-morent break occurred changed from about 0.9 at R = 2.50 X 106
to about 1.1 at the higher Reynolds numbers, thus indicating that the
initial trailing-edge separation was delayed to a higher angle of attack.
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The plots of peak measured pressure coefficient across the span of
the wing (fig. 7) show the progression of the leading-edge stall as the
angle of attack is increased in the range near Cyp . At the lowest

Reynolds number of the tests (?.50 X 10§> the stall originated in the

tip area and spread inboard as the angle of attack was increased. As

the Reynolds number was increased to 4.36 X 106 the initisl stall was
delayed to a higher angle of attack, but i1t covered a larger ocutboard
aree than at the lower Reynolds mumbers. Further increases in Reynolds
number caused & reduction in area of the initial stall and a more gradual
spread of the stsll with increasing angle of attack.

The effects of varying the Reymolds number combined with those due
to compressibillity are shown in figure 8 where the Reynolds number was

varied from 2.50 X 106 to 6.37 X 106 as the Mach mumber was varied
from 0.10 to 0.26. The value of Cy increased from 1.03 to 1.13 as

the Mach number was increased from 0.10 to 0.20 but decreased to 1.09 as
the Mach number was further increased to 0.26. The increase in Cr

as the Mach number was increased from 0.10 to 0.20 was, of course, due
to the corresponding increase in Reynolds number from 2.50 X 106 to

-
4,95 x 109, The decrease in Cr thet occurred as the Mach number

was increased z2bove 0.20 was due to compressibility effects. Figure 9
shows that the peak measured leading-edge pressure coefficient for the
plain wing reached a value of -11.2 at a Mach number of 0.20 and decreased
as the Mach number was increased. At & Mach number of 0.26 the peak meas-
ured leading-edge pressure indicated that sonie veloecity had been reached
locally. At that Mach number the local attainment of sonic velocity
apparently precipitated the stall. At Mach numbers between 0.20 and 0.26
the data do not indicate that sonic velocity was attained, but it may
possibly have been attained at some location and angle of attack between
those at which measurements were taken.

The plots of peak measured pressure coefficlent across the span of
the wing (fig. 10) show that the angle of attack at which the outboard
stall occurred dld not change through the Mach number range from O.1l4 o
0.24. Apparently increasing the Mach number above 0.1lh offsets the

effects of the corresponding increase in Reynolds number above 3.46 X 106.
Comparison of figures 7 and 10 shows that at a Reynolds number of

about 4.40 x 106 the outboard stall occurs at an angle of attack of 17.3°
at a Mach number of 0.08 and 15.20 at 0.18. A corresponding reduction
in the angle of attack for the outboard stall was brought about at a

Reynolds number of about 5.40 X 106 when the Mach number was increased

from 0.10 to 0.22 and at about 6.50 x 106 when the Mach number wes increased
from 0.12 to C.26.
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Effects of varying spanwise extent of porous skin.- The dats of
Tigures 11 and 12 reveal that suction through the outboard 50 percent
(0.h5p/2 to 0.95b/2) of the leading edge of the wing at & Reynolds number

of 6.80 x 106 increased the meximum 1ift coefficient Cr from 1.15

to as much as 1.35 depending on the chordwise extent of vorous area,
the porosity, and the flow coefficlent. Extending the porous area inboard
as far as the 0.15b/2 station resulted in a slight decrease in Comax

for the flow rates obtained. If it had been possible 4o obtain higher
flow rates, higher values of Cp might have been obtained. Suctlon

over less than the outer 50 percent of the semispan resulted in no increase
in CI over the values for the sealed-lesding-edge configuration.

The data of figures 11 and 12 show that leading-edge suction was
required only on the outer 37 percent to 50 percent of the semispan to
alleviate the gharp unsteble pliching moments in the high 1ift range.
Suction at the maximum flow rates avallable over less than the outer
37 percent or over more than the outer 50 percent of the semigpan caused
the pitching moments to be stable at C; but did not prevent a serious

unstable trend from occurring Jjust below CI .

The plots of leading-edge peak vressures across the spen (fig. 13)
show that suction over the outer 25 percent of the semispan at the rates
obtained did not delay the stall in that ares but did maintain some 1ift
over that portion of the wing as the stall progressed inboard. Thus the
initial outboard stall caused nose-up moments but enough 11f{ was main-
tained over that portion of the wing so that as the stall progressed
inboard the moments changed to a nose-down direction. tending the
porous asrea inboard until it included the outer 50 percent of the semispan
caused the stall to be delayed to a higher angle of attack but the suction
was not sufficient to prevent a stall from occurring near the tip at the
same time that a stall ocecurred Just inboard of the porous area. The
1ift that was meintained on the outer portion of the wing, however, was
sufficient to cause the pitching moment at the stall to be In a nose-
down direction. The area between the two stalled areas maintained a
fairly large peak pressure and consequently a fairly large 1ift to the
highest angle of attack tested. When the porous ares was extended well
inboard, a falrly large part of the outer semispan stalled when the
inboard sections stalled and the portion which maintained 1ift was too
far inboard to contribute much to the pitching moments. Thus the data
indicate that, if nose-down moments are to be obtained at the siall,
the spanwise extent of porosity should be limited to about the outer
50 percent of the semispan., It is possible that nose-down moments could
be obtained at the stall with a longer spaenwise extent of porosity if the
flow coefficient could be increased over the outboard sections.
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Effects of varying chordwlse extent of porous skin.- Figure 1L shows
the effects of varylng the chordwise extent of the porous area while
holding the spanwise extent constant (outboard 50 percent of the semispan}.
The flow rates used were those obtained with the maximum pressure drop
available so that the duct pressure coefficient was unchanged regardless
of extent of porous area. Thus the pressure drop across the skin and
the local flow rates through the porocus skin at any particular angle
of attack remsined unchanged as the chordwlse extent of porosity was
varied. The total flow rate, however, increased as the extent of porous
area was increased. The data (fig. 14) show that suction over only the
leading 0.0055c of the upper surface of the outer 50 percent of the semi-
span was sufficient to delay the leading-edge stall so that nose-down
pitching moments were obtained at CLmax' The outboard tralling-edge

separation, however, still occurred just below Cj as evidenced by

the unstable pltching-moment trend in that 1lift range. Increasing the
chordwise extent of porous area caused a slight increase in Cj and

also reduced the range of instabillty prior to Cp .

The plots of leading-edge pressure (fig. 15) show that suction through
the leading 0.0055c¢ of the outer 50 percent of the semispan delayed the
outboard stall from a = 16.4° to o = 18.4°, but the inboard stall did
not occur until 19.4°, with the result that nose-up moments were cbtained
when the outboard stall occurred. Suction from 0.00lc to 0.010c on the
same portion of the span delayed the outbosrd stall until an inboard
stall had developed and malntained the high leading-edge peak pressures
almost at the maximum cbtained as the inboard stall developed. Increasing
the chordwlse extent delayed the tip stall to higher angles of attack
and allowed higher pressure coefficients to be reached over the suction
portion of the wing after the inboard portion was stalled.

Effects of varying suction flow rate.- The data of figure 16 show

that, at a Reynolds number of 6.80 x 106, reducing the flow rate from
the maximum obtaeined with 0.015c chordwise extent and 50-percent span-
wise extent of suction reduced the meximum 1ift coefficient from 1.33
for a Cgp of 0.00052 to 1.19 for a CQ of 0.00018. The pitching moments

were stable at the stall for values of CQ of 0.00026 or greater but
the unstable trend below Cr . wvas more severe at the lower flow rates.

Tests at higher flow rates and reduced Reynolds numbers indicate that
increasing the flow coefficient did not completely eliminate the unstable
rend prior to C; . Thus the tests indicate that leading-edge suction

delayed leading-edge separation, with the result that considersble improve-
ment in stability was obtained at Cr . They also indicate that leeding-

edge suction did not eliminate trailing-edge separation but did delsy its
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spread toward the leading edge, with the result that the unstable trend
below Cp_ was less severe with suction. It is possible that a mid-

chord suction slot or suction area operating in conjunction with leading-
edge suction (similar to the two-dimensionsl arrangement in ref. 9) might
delay the trailing-edge sepsration so that the pitching-moment curve would
be linear up to CT .
The effects of varying suction rates on the leading-edge pressures
are shown in figure 17. The minimum flow coefficient tested (CQ = 0.00018)

delayed the outboard leading-edge stall slightly, as shown by a compar-
ison of the data of figure 17 with the data of figure T obtained at the
seme Reynolds number with leading edge sealed. An increase in C

was obteined with the minimum flow coefficient (see fig. 16), but that
amount of suction did not maintein enough 1ift over the outboard portion

of the wing to cause any improvement in the pitching-moment characteristics.
Increasing the suction rate to & CQ of 0.00040 delayed the stall to a

higher angle of attack (a = 19.5°) and caused an increase in the outboard
lift beyond the stall which considerably lmproved the pitching-moment
characteristics at CI _ The 1ift that was maintained over the outboard

sections after the stall occurred was sufficient to cause the plitching
moments to be in a nose-down direction. A further increase in CQ to
the maximm that could be obtained at thet Reynolds number (?Q = 0.000SéD

did not ceuse any apprecisble change in the spanwise distribution of the
peak pressure coefficients or in the pitching-moment characteristics.
Some data were obtained with a CQ of 0.00090 but the Reynolds number

was reduced to 4.36 X 106 and the effects of the Reynolds number reduction
on the inboard stall tend to cloud any effects of the increased flow
rate.

Scale effects with suction.-~ The effects of varying the Reynolds

mmber of tests of the wing with suction from O to 0.0l5c and 0.45b/2 to
0.95b/2 are shown in figures 18 and 19. Figure 18 shows that with a
constant flow coefficient CQ = 0.000hé) the 1ift coefficient at which

a severe nose-down change occurred in the pitching-moment curve was about
constant at 1.26 through the Reynolds number renge from %.36 X 100 to

8.10 x 106. Below a C;, of 1.26 the pitching-moment characteristics
were similar throughout that Reynolds number range. One test was mede
at a Reynolds mumber of 3.46 X 106 and = Cq of 0.00036. Under these

conditions the pitching-moment characteristics were similar to those
obtained et higher Reynolds numbers with CQ = 0.00040 except that the

severe change in the pitching-moment curve occurred at a lower 1ift

coefficient (1.21).
ST




12 . NACA RM L52LO5

Reference 6 indicates that with varying Reynolds number, dynsmic
similarity in the boundary layer will not be obtained with suction unless

the product CQRl/2 is held constant. Filgure 19 shows that the pitching-
monment characteristics and the values of CLmax were essentially the

same through the Reynolds number range from 4.36 X 106 to 8.10 x 106
when Cqu/2 was held constant or when CQ elone was held constant

(see fig. 18). Small differences in the pitching-moment characteristics
are probably due to scale effects on the stalling characteristics of the
sections inboard of the porous part of the leading edge.

The spanwise plots of leading-edge pressure coefficients (figs. 20
and 21) show only slight variations in distribution over the outbosrd
vortion of the wing with suction as the Reynolds number was varied whether

the product CQRl/2 was held constant at approximately O.00040 V8.10 x 106

or Cqg was held constant at aspproximately 0.000k0. In either case, how-
ever, when the stall occurred it covered a larger inboard (no suction)
portion of the wing at the low Reynolds number than at the high Reynolds
numbers.

affects of leading-edge suction on wing characteristics at critical

speeds.~ Some of the effects of suction on the wing were determined at
speeds at which critical or supercritical pressure coefficients were
measured at the leading edge of the model. The results are not conclusive
because only small flow coefficients were obtalnable at those velocities.
The results (figs. 8 and 22) indicate, however, that the small flow rate
used at M = 0.26 (gq B 0.0001?) was sufficient to delay the tip stall

somevhat although not enough to cause nose-down pitching momrents at CLmax

The nose-up moment due to tip stall occurred at a 1lift coefficient about
0.04 greater than the corresponding lift coefficient with leading edge
sealed. In order to accomplish this delay in the tip stall, the suction
was required to maintain the flow around the leading edge even though that
flow reached slightly supersonic local velocities (Ml = 1.20). TFigure 9

shows the increase in the outboard leading-edge pressure coefflcient (-9.3
to -12.2) brought about by suction through the porous skin (CQ » 0.00015).

The spenwlse plots of leading-edge pressure coefficient (figs. 10
and 23) show that at a Mach number of 0.26 a flow coefficient of about
0.00015 increases the angle of attack for the outboard stall from 1k4,2°
to 15.3° and maintains some 1lift over that portion of the wing after the
stall. The flow coefficlent was not sufficient, however, to delay the
outboard stall until an inboard stell had developed. The results show
similar changes at lower Mach numbers except that a much larger increase
in angle of attack for stall was brought about by CQ 2~ 0.00015 at the
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lowest Mach number and Reynolds number than at the higher Mach numbers.

At a Reynolds number of 2.50 x 10° and a Mach number of 0.10, the stall
originated on the inboard portion of the wing and 1ift was maintained on
the outer portion well beyond the stall so that the pitching moments were
in a nose-down direction. When the flow was incressed to the maximum
obtainable at the lower Mach numbers, the pitching-moment characteristics
were improved (table II) and the leading-edge pressure coefficients

(fig. 24) indicated a larger 1ift maintained over the outer portion after
the inboard stall had occurred.

Effects of lesding-edge suction on the wing drag.- The effects of

various rates of suction on the drag of the wing are shown in figure 25.
It can be seen that suction has no effect on the drag except in the range
of 1ift coefficient where the suction has delayed separation. The drag
data indicate that, in the case of power fallure, separation occurs at

a much lower 1ift coefficient than with the leading edge sealed and the
drag coefficient increases rapidly at 1ift coefficients above 0.8. Com-
parison of the drag date with those from reference 1 with a leadlng-edge
flap on the same portion of the model as was occupied by the porous area
(0.450/2 to 0.95b/2) shows that, as would be expected, the wing drag was
less with suction than with the leading-edge flap. When the equivalent
pump-power Aarag coefficient CDP for CQ greater than 0.00030 is added

to the wing drag, however, the totel drag is greater than the drag of the
wing with leading-edge flap.

Effects of upper-surface fences.- Figure 26 shows that a fence on
the upper surface of the wing at 0.50b/2 delayed the trailing-edge sep-
aration so that the unstable pitching-moment trend below Cp was

considerably improved and in some cases was almost eliminasted. 'The fence,
however, had no effect on the leading-edge separation so that about the
same guction flow was required to produce nose-down moments at the stall
with or without the fence. (See table II.)

No attempt was made to determine the optimum fence arrangement but
the trends indicated by the tests with one fence are similar to the
trends shown in reference 10, which reports a more complete fence
investigation.

The spanwise plots of peak pressure coefficient (figs. 17 and 27)
show that, witk suction, the angle of attack at which the initial stell
occurred was about 1°© lower for the confilguration with fence then for .
the plain-wing configuration. When the leading edge was porous but no
suction was applied, the fence had no noticeable effect on the stall as
anslyzed from the leading-edge pressures.
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Wing With Trailing-Edge Flaps

The effects of leading-edge suctlion on the wing with trailing-edge
flaps are shown in figures 28 to 30. Comperison of the data of figure 28
with corresponding data from reference 1 shows that, with half-span split
flaps, the installation of the sealed porous skin on the model caused a
reduction of CLmax t0 1.36 from 1.55 for the solid leading edge. Applying

suction to the leading 0.015¢c of the upper surface on the outer 50 percent
of the semispan at a flow coefficient of 0.00048 increased Cr to 1.49.

The wing exhibited nose-up pitching moments at the stall with the leading
edge sealed, Jjust as it d4id with the solid leading edge. With suction
the pltching moments were in a nose-down direction at the stall, but Just
below Cr. ., they showed a nose-up trend similar to that noted when the

flaps were neutral.

A comparison of the data for the wing with suction (fig. 28) with
that for the wing with a leading-edge flap on the same portion of the wing
(ref. 1) shows that the maximum 1lift coefficient was sbout the same for
both configurations (1.49 and 1.46). The wing with leading-edge flap,
however, exhibited practically linear pitching-moment characteristics
below the stall as well as nose-down moments at the stall. One test was
made with a fence at 0.50b/2 but the results (fig. 28) showed no effect
on the pitching-moment characteristics and a slight reduction in CI

1.49 to 1.45).

The results of tests with the half-span double slotted flap (fig. 29)
show that suction through the leading 0.015c of the upper surface on the
outer 50 percent of the semispan at a CQ of 0.00048 was slightly better

than the leading-edge flap (ref. 1) on the same portion of the wing in
terms of CLmax (1.90 compared with 1.87) and stability at the stall.

Both configurations, however, produced a loop in the pitching-moment curve
at the stall such that nose-up moments were obtained at CI but nose-

down moments as the 1lift dropped off in the stall. The fence at O.éOb/Z
on the wing with suction failed to change the loop in the pitching-moment
curve appreciebly and caused a slight reduction in Cp (1.90 to 1.85).

The effects of suction on the characteristics of the wing with double
slotted flaps were also investigated at a Mach number where the stall was
precipitated by compressibllity effects (M = 0.24). The results (fig. 30)
are inconclusive, however, because the maximum CQ obtainable was only

0.00016. The value of C; was increased from 1.68 to 1.72 by that

flow but the pitching-moment characteristics were unaffected (nose-up at
the stall).
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The effects of suction on the leading-edge pressures of the wing
with flaps are shown in figure 31. The leading-edge pressures indicate
that the initial stall and stall progression with flaps are similar to
those without flaps. The stall with double slotted flaps is so much like
that without flaps that no indication is given of the reason for the loop
in the piitching-moment curve. Figure 31 also shows that the effects of
the fence on the wing with flaps were similar to the effects observed on
the wing without flaps.

The wing drag characteristics with flaps deflected (fig. 32) showed
the same trends as with fleps neutral; that is, some drag reductions were
effected in the high 1ift range by delaying separstion and the wing drag
with suction was less then the drag with leading-edge flap (ref. 1). When
the equivalent pump-~-power drag coefficient CDp was added to that of the

wing, however, the total drag was greater than that for the wing with
leading-edge flaps. t & 1ift coefficient of 1.40 with split flaps
deflected, the total drag with CQ = 0.00048 was 12 percent higher than
the drag of the same configuration with leading-edge flap. At & 1ift
coefficient of 1.80 with double slotted flesps deflected the total drag
with C, = 0.00048 was 7 percent higner than thet for the same config-
uration with leading-edge Tlap.

Power Requirements for Porous-lLeading-Edge Suction

The power requirements (excluding duct, pump, and exit losses) for
porous-leading-edge suction were calculated as follows:

_ (ap) _ CaBVouclp

Horsepower
P 550 550

A wing loading of 50 pounds per square foot and standard sea-level air
density of 0.002378 slug per cubic foot were sssumed in calculating
and V,. The wing area used was 306.1 square feet, which corresponds

to that of a present-day fighter aircraft of similar sweepback angle.

The power requlrerents were calculated for the flow coefficients
obtained in the tests and the duct pressure coefficients required to
meintain those flow coefficilents through the angle-of-attack range. The
calculations were made for several trailing-edge-flap configurations with
a porous leading edge from O to 0.015c end 0.45b/2 to 0.95b/2 and are
presented in figure 33.

The calculations show that the plain wing would require 109 horse-
power to maintain a CQ of 0.00052 (the maximum obtalned) through the




16 L NACA RM LS2L0OS

stall <PP = 49.6). It would require 2L horsepower to draw a Cq of
0.00026 (the minimum that produced nose-down moments in the stall) through
the stall (cp = 20.6).

With half-span split flaps the wing would require 98 horsepower
(Cp = 59.8) and with half-span double slotted flaps it would require
78 horsepower (9P = 58.1) to maintain Cg at 0.00048 beyond Cpp..- This

flow rate was sufficient to produce nose-down moments at CI when the

split flaps were deflected but not when the double slotted flaps were
deflected. The suctlion, however, was as effective as a leading-edge flap

or slat (ref. 1) in improving the pitching-moment characteristics of the
wing with double slotted flaps. These improvements might have been obtained
with a lower value of CQ and consequently lower power but no data were

obtained to determine the minirmm requirements.

SUMMARY OF RESULTS

The results of an investigation of the effects of drawing air through
a porous skin on the leading edge of a 37° sweptback wing of aspect ratio 6
indicate that at low Mach numbers the outboard stall of the wing can be
delayed and nose-dowvn moments can be produced at maximum 1ift sbout as
effectively by that means &s was done witn a leading-edge flap or slat in
a previous investigation on the same wing. Tne pitching-moment data for
the wing with suction, however, indicated a nose-up tendency just prior
to the maximum lift coefficient CLmax that was not noted in the data

for the wing with leading-edge flap or slst.

Sucticn on either the forward 1 vercent of the outer 37 percent of
the semispan or the forward 1/2 percent of the outer 50 percent of the
semispan was sufficient to produce stability at the stall. Inboard exten-
sion of the l-percent chordwise extent of porous area increased OCy s

but extension to include more than the outer 50 vpercent of the semispen
allowed nose-up moments at the stall and did not provide any additionsl
increase in CI . Chordwise extension of the 50-percent semispan extent

of porous area from the forward 1/2 percent to the forward 2 pergent of
the upper surface increased CLﬂ&X and further improved the stabillity

at the stall.

The maximum 1ift coefficient with suction over the outer 50 percent
of the sermdspan (0.45b/2 to 0.95b/2) and the leading 1-32= percent of the

chord was ebout 1.33 with flaps neutral, 1.49 with half-span split flep,
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and 1.90 with half-span double slotted flap. The pitching-moment data
for the configurations with flsp neutral and with- half-span split flap
indicated nose-down moments at CLmax although a nose-up tendency was
noted just prior to CLmax; the vpitching-moment data for the double slotted
flap configuration lndicated nose-up moments at CLmax but nose-down

moments as the 1lift decreased in the stall.

At Mach numbers above 0.2, stelling occurred over the tip sections
of the sealed-leading-edge wing as local sonic velocitles were approgched.
Application of the highest suction-flow rates avallable (?Q = 0.00015

delayed the tip stall until local velocitlies of the order of MI =1.20

were atteined but this delay in tip stalling was not sufficlent to provide
nose-down moments at CI .

Langley Aeronautical Laboratory,
National Advisory Cormittee for Aeronautics,
Langley Field, Ve.
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TABLE I.- RATIO OF TOTAL WING AREA TO WING AREA AFFECTED

BY SUCTION FOR TH= VARIOUS SPANWISE EXTENTS

OF POROSITY

P oty i
0.15b/2 to 0.95b/2 1.290
0.20b/2 to 0.95b/2 1.400
0.25b/2 to 0.95b/2 1.526
0.30b/2 to 0.95b/2 1.674
0.35b/2 to 0.95b/2 1.847
0.45b/2 to 0.95b/2 2.301
0.58b/2 to 0.95b/2 3.223
0.70b/2 to 0.95b/2 5.092

SRACA
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TABLE II.- SMMARY OF RESULPS OF INVESTICATZCN OF STALL CORTROL BY LEADING-EDCE
SUCTION ON A 37° SWEPTBACK WING

tent of perous ares

Spanwise Chorcwise ?‘“(':gitl % b 8‘10-6 X th"‘x gl’;:z Ca chimRetantasics P"'ﬁ'—gfa
5 %0 1.5
sealed —_— . —_— of? 2.50 |o0.10f 1.04]|20.3% o 6
Cn
-1
sealed U —_— —_— of? k.36 | .08] 1.11]16.3° ol 6

1
senled —_— —_— — oft 5.30 .10] 1.12 [16.4° 1 g 6

sealed —_— _— PR off 6.80 | .12} 1.1528.4° l l} 6
L2

sexled —_— — —_— off 8.10 215 ) 1.13 [17.5° oi | ’% : 6
-.1

sealed RS _ —_— off 3.Lh6 W] 1.06125.3% oo E &
-.1

sealed —_ _ -— off he.51 | .18) 1.135):8.LC

asaied — J— J— off h.95 20| 1.13 | 19.4° 0_\) 8
[
sealed — —_— —_— of 1 5.3 221 1.08)| 17.3° o .

sealed —_— —_— —_— oft 5.8, 2} 2.09|29.3° o 8
-.II
sealed _— J— — | ore j6.37 | .26} 1.09]20.3° o ) 3
0.70 b/2 0 to o.o00i | orr | 6.80 | .22{1.3[217.49 -&
w0

5 0.01c o : 11
0.95 b/2
0.58 b2 9 to B .00021| orr |6.80 [ .12({2.17|=z049 O 1
to G.0lec ?
0.95 b/2 o

0.45 b/2 0 to B .00030) orr | 6.80 |.22]1.30]|26.6° © 11
to C.0le
0.95 v/2 -l

w

0.35 v/2 0 to B .00036| orff é.80 | .12} 1.25| 2k.69 4 ; : ; 1
to 0.0%¢
0.95 b/2 l [\'—f
-1
L Sea figure 5. NACA
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=Y CF R..'EL'LT‘-‘ CF INVESTISATICN OF STALL

H'E?:EA(':{ WING - Cortinved

CONTROL

NACA RM L52L05

BY IEADING-EDGE

Extent of porous area Porcsi'u 6 a at
C FL Rx1.0" C P rist Plgure
Spanrige Ckcrdawlse (e} Q or il RS Fmax Cn charactoristics Ho.
0. 50 b/2 0 to 3 acooka off 6.80 [ .12| 1.271 25.59 5 .0 _1*;5 1
0.0 -
0.955/2 ¢ Cm
-1
0. 25 b/2 0 to 3 .00cLs5 off 6.80 | .12] 1.20) 2459 o A 11
0.0lc
0.95 b/2
| -1
1
0.2 b/2 0 to B b.o00ky | ort | 6.8c | .12 1.25| 22.59 © — )t 11
Q.0le
0.95 'b/2
-.1
o1—+\—/)¢——¢—
0.k5 v/2 2 to A .00020 off 6.8¢ | .12] 1.29] 26.9° h
to 0.0055¢
0.95 b/2 -.1
0
0.5 /2 0.001c A 00030 off 6.80 | .12| 1.29
to /' to 04616 3 - 29} 25.5 i
0.95 b/2 =1
O
G.i5 b2 0 to A -0003k | off |[6.50 | .12{ 1.26|25.5 i
0 0.01c
2.95 b/2 -l
. o ©
0.45 b/2 0 to A 0cals5 off 6.80 A2) 1.%25(23.6 1y
to 0.0125¢
0.95 h/2 =1
0 us b/z 0 to It .CO052 off €.80 | .12 | 1.33 |2k.6° 0 %
6.015¢
0. 95 b/a ‘ _,11 ;
04—t
o. L5 b/2 Lo A €063 ofs 6.50 | .12 | 1.L0 |25.5° \_\’ iy
0.022
0.95 n/a =elr
ot
o. 1;5 b/z 0 to ¢ 00080} ofr €.801 .12 t 1.3, | 23.69 \1\ U
0,13
0. qs 'b/Z -
.b,s h/z oot A +00028 | off |6.80 |.12{1.19 [22.49 o4 N 16
.015¢c
0. 9-; b
-.1
Q,hlj b/2 0 to R .c0026 | orr |6.80 {.12]2.27 j2.59 © 16
0.015¢
0.95 b/2 -
o
0.45 v/2 9 to A .000L0 | off 5.8¢ .12 |1.31 |2y,6° 16
to G.525¢
0.95 b/2 -.1
0.450/2 7 0O to A 00052 | off |6.80 |.12 |1.3% {2i.6° 16
to 0.C15¢ -.lT
0.95 v/2
o
0.45 v/2 ! 0 to A .0007C | off 5.3 | .10 |1.34 [25.6° 16
to I o.018¢ -.1
0.55 b/2 |
a -
Ses Tigure S. ~ :;NACZA '
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SJCTION CN A 379 SWEPIZACK WING - Continued

TA3ID II.- STMMARY OF RESULTS OF INVESTIGATICN OF STALL CCHNTIFOL HY LEADING-EDGE
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Extent of rporcus area (Porosity I c at Figure
Spacwise Chordwlge (a) Cq Flap [2¥10 MG o Plrax Cy character!stics el
= L
0.h5 v/2 0 to A 0.00090( osr | k.56 0.08|1.34 je3.6°[ _§ -3 ™0 1.5 -6
to 0.C15¢ ot ~
0.95 n/2 Ca
-
0.45 v/2 0 to & #0000 of2 | hk.%6 | .08]1.29 |22.5°] Qg4—p———" & 18
to 0.015¢c ———
0.95 b2 q
-l 4+
- —+
0.45 /2 0 to A oocho| erf 5.30 .10 1.27 {22.5¢° Q 18
to P 0.0Q15¢ \_’i
0.95 v/2 a1t
odf—a—
0.45 v/2 0 to A ocolo| ofr |[8&-10 | .15[1.29 |2k.5° 16
ta 0.015c \"l
0.35 v/2 _ad
0
c.:5 v/2 0 to A 0005k | ore {lL.36 | .38|1.32 |22.5° 19
o C.0l5¢
&.95 b/2 -l T
45 B/ ol °7
0.5 v/2 0 to A .00050 | of® .30 | .10]2.32 |2k.5 9
i 02035 5 5.3 10 [ 1.3 k.5
0.95 bj2 -1+
ot+—tt—
0.5 v/2 0 to A ; +000Lk6 | orr |6.80 | .12|2.31 |z5.5° \,1 9
to C.015
0.95 b/2 15¢ -4
Eoudis v/2 0 %o A .0001E | o= |6.80 | .12 |1.19 l20.4° o.w —
to 0.015¢
0.95 b/2
-4
b 2 of ©1 t y t 26
0.k5 /2 to A .00030 | ofZ 6.50 ) .12 ]1.24 |21.5
to 0.015¢c
0.%5 b/? -1lr
[ . —
®o.ls5 b2 0 to A 00049 | ors |6.80 | .1z {1.33 |24.6° 26
to 0.015¢ -1
€.95 b/z -1
0.45 v/2 0 to A power off 6.50 .22 |1.06 {18.3° o@—!— ———
te 0.015¢ Tallure
0.95 t/2 l
.14
c{—\l———«l—l-
0.Lhs v/2 0 to A .00026 | off 2.50 |.10 (1.2} [21.6° 22
to 0.015¢
€.95 b/2 -1
(o s —
0.45 b/2 0 to A 0017 | ofr [3.h6 |.1 [1.19 [21.4° ———") 22
to 0.01cc J
0.95 b/2 14
g+—++—2t
a.l5 v/2 0 so A .00035 | off 5.46 |.1h |2.29 {22.6° 18
to 0.025¢ J_
0.95 b/2 -.l
RS
0.45 /2 Q tc S .00C15 | off 4.51 }.18 |1.16 j2o.k° 2z
to 0.015¢ o_t;.);p
0.95 B/2
-.10

;Sce figure §
Upper surfac

e “ence at C¢.50 b/2.
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SUCTINN OF A 37° SWEFTBACK WING - Concluded
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CONIROL BY LEADING-EDGE

- T
Extent of porous arsa !’ox(-:s)ity cq Flap rx10~€¢| ¥ cIm 31:: Cp characteristics Plgure
Srenwise Chordwise x = e
CL,
2.45 bv/2 0 to A 0.00024 | ofe #.51 jo.18[ 1.19}{22.4° 0 6 1,0 1.5 2.0] =-=
to 0.015¢ 0 + + + +
0.5 b/2 cml\/‘
~. 1
0.45 v/2 ta A .C0C25 | off 495 | .20f 1.21]15.8°
to 0.215¢ 22
0.95 bf2
0.5 v/2 o to A 00022 i . .0 —
h2° / cCoble o L.9s | .20{ 1.17]19.L —
C.$5 t/2
-.1
0.45 »/2 0 to A .20016 | off §.L 22| . 15,89
bg >/ 0.025¢ 3 11 115.8 0 —_ 22
0.95 /2
-.1
L
0.45 v/2 O to A C0018| off 5.3 | .22{1.28 |21.L° y -
to 2.015¢
0.355 v/2 -
o.:;z b/2 Doo:,gc A 0COL6| off 5.8 { .24} 1.11 §17.k° —H—+ 22
Q <UL
2.95 b/2 ‘
-.14
A5 A2 0 to A .cooily | off 6.37 | .26]1.1¢ |20.3° —t 22
to 0.015¢
«95 b/2 -
. +—\ z
sealed —_— —_ —— | ep1it| 6.80 | .12|2.36 [13.60] °© d_'_ 28
-.14
0.45 v/2 0 to A .cooh6| splis) 6.80 | .12)1.49 16.8°) _——F—+—+ 28
o 0.013¢
0.95 n/2 -t )
%0.L5 v/2 0 to A 0006 | spiit]| 6.80 | .izfi.gs 25.70f Ot -+ 28
to 0.015¢
0.55 v/2
-.1f
0.5 b2 0 to A .000y8 lacmie [ 6.80 | .12]1.90 [35.20] ., | [ B 23
Lo 0.015%¢ slotted
0.95 b/2
-.2
. - 1 1 1
Bo.l5 v/2 0 %o A «coc8 [double | 5.80 | .12{1.85 13,20 ~*F ' 2
to 0.015¢ alotted
G.55 /2 -
- ! ] 1 1
sealed —_— —_— —— {double | 5.84 | .24}1.68 j11.0° 30
slotved -
C.h5 b/2 S to A .00016 |dourls | 5.8 | .24]1.72 |11.00f ~°F ' & ' 50
to 0.015¢ slottied
€.95 b/2 -

8300 figure 5,
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Figure 1.- Details of setup of 3"{o sweptback semispan wing and reflection
All dimensions are in inches.
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Figure 2.~ Model and reflection plane in the Langley 19-~foot pressure
Ttunnel.
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(a) Inboard 0.50b/2 split flap. Section normsl to 0.27c line
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(b) Inboerd 0.50b/Z double siotted flap. Section normal %o 0.27c line
0.6 x maximum afrfoil thickness
Fence cut Ffor

o 0.04c¢ double slotted flap

-
J0 30
- ~wE
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(c) Fence at 0.50b/2 spanwise location.

Section parellel to plane of
symmetry.

Figure k.- Details of trasiling-edge flaps and fence.
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Figure T.- Effects of Reynolds number variastion on the leading-edge
pressure coefficients of the 37° sweptback wing with porous leading
edge sealed.
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Jeading edge sealed.
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Cq = 0.000%0.
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Figure 22.~ Effccts of Mach number and Reynolds number variation on the
aerodynamic characteristics ol the 37° sweptback wing. Porosity A;
spanwise extent, 0.’+5b/2 to O.95b/2; chordwise cxtent, O to 0.0l5c;
Cq ~ 0.00015.

78

GOTZST Wd VOVN



NACA RM L521.05

o EA
f e
£ ==
1
1
A
T
| . ——
. &
v
m'
>
| ——
o5 I —
i
2
P —t

m S RIANER
g MEAEIENS
n@.ﬁ [
=, 23T
~ = SnaNay
My/ — oOOADAY
e
Vi —
oS
_
- N S © N Q N
~ ~— T~ . '

=08

=04

=08

~04

Cy, against Cp.

()

55

TFigure 22.- Concluded.



56 S NACA RM L5Z2LO5

————————— 1s5.

1

]

[}

1
T
2-=] O~ N

= N0 QU

1
1
v

TR
e o8O0

|
|
!
|
|
|

-16 | = |
~

AR 1 |zt |

t
- 8 .. 'aﬁ: I / 1 i\\\‘ I ' ’L’_A-/— /'Q‘%\g\‘
Fe I R W R N
, [TV Ty N ™
ic

: R =2.50 x 2c5. o) M =c.ys R = 3.46 x =05,

Sranwise extexnl o r+Spanwiss extent
’
’

I-‘-S;:anw:.se extont —~Spanwise extent-—
1 g T i
e~ T T ] .
NS S : : el R
)&é/"’ S % : = it aa TS
= “\\

-8 === %,
P ] NEEETN AU

O I I I RN

||\
[
1
v
b
/l
'’
'’

(6) M =¢.28; R = k.51 x 105, (¢} % = 0.20; R = b.95 x 106,
/6 [+ Szanw!se extene-l e Spanwize extent ’-l
- — - : . .
P | i | | e L
“ /“ oN ’ ‘—’ i l
- | ¥/:" N \\ L ':jj‘ ’N\ _I_l
&
P 1 — -’:_:\- . i B :_—..-_ .‘h T
e\ N\ ATt N N A S
N TN - 3
1) [ | . ]n\.- 1\ './’! I

fo) W= 0.22i R = SZ X 10% 0o .2 +4_ .6 & [0

(¢} W =c.2h; R =s5.a x 106,

r—s;mui se er.t.e:‘.t—"l
—t

!
_i_ - ]\.l\ NACA,

£’ = 1 __"'T\A
o L jl—_"""' s *g

o 2 4 €& .8 10
Eysb

() ¥ =0.26; R = 6.37 » 265,
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0 to 0.015¢c; Cq =~ 0.00015.
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Figure 26.- Effects of an upper-surface fence on the aerodynamic
characteristics of the 37° sweptback wing. Porosity A; spanwise
extent, o.hsbéz to 0.95b/2; chordwise extent, O to 0.0l5¢c;

R = 6.80 x 10%; M = 0.12.
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Figure 27.- Effects of an upper-surface fence on the leading-edge
pressure coefficients of the 37° sweptback wing. Poroslty Aj

spanwise extent, O.1L5b/2 to 0.95b/2; chordwise extent, 0 to 0.0l5¢;

R = 6.80 x 10%; M = 0.12.
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Figure 28.- Effects of leading-edge suction and an upper-surface fence

on the aerodynamic characteristics of the 37° sweptback wing with
half-gpan split flap. Porosity A; spanwise extent, 0.145b/2 to 0.95b/2;
chordwise extent, O to 0.015¢c; R = 6.80 X 106; M= 0.12.

29

S0T2ST WY VOVN



20
'8 LA T LA
R IRE«l;!
Z /(‘ )\ _H g ‘OEO o
/.6 i ):r ks . a] 0 : %‘-\U g
1.4 o/ 4 %D-TTEE Fenoo /r ) Eﬂ'ﬂ_ﬂ
G | g & I l
12 | ! ! T i
d A d !
w L LY |
. T
8 L L1 |
-4 0 4 8 12 16 20 24 28 <12 -16 -20 -24
0 4 8 12 16 20 24 =08 -12 =16 -20 -24
a, deg Cm

Figure 29.~ Effects of an upper-surface fence on the aerodynamic
characteristics of the 37° sweptback wing with half-span double
slotted flap. Porosity A; spanwise extent, 0.45b/2 to 0.95b/2;
chordwise extent, O to 0.0l5c; Cq = 0.00048; R = 6.80 x 106;
M= 0.12.
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Figure 30.- Effects of leading-edge suction on the acrodynamic
characteristics of the 37° sweptback wing with half-span double
slotted flap. Porosity A; spanwise extent, 0.45b/2 to 0.95b/2;
chordwise extent, O to 0.015¢; R = 5.8k x 106; M = 0.2k.
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Figure 31.- Effects of leading-edge suction and an upper-surface fence
on the leading-edge pressure coefficients of the 37° sweptback wing
with half-span flep. Porosity A; spanwise extent, O.l'er/Z to 0.95‘0/2;
chordwise extent, O to 0.015¢; R = 6.80 x 10°; M = 0.12.
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Pigure 32.- Effects of leading-edge suction on the drag charscteristics
of the 3"{0 sweptback wing with half-span flaps. Porosity A; span-
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Figure 33.- Variation of calculated suction horsepower with angie of
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wing loading, 50 pounds per sguare foot; assumed wing area,
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0.95b/2; chordwise extent, O to 0.015c.
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