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WIND-TUNNEL INVESTIGATTION OF HIGH-LIFT AND STALL-CONTROL
DEVICES ON A 37° SWEPTBACK WING OF ASPECT RATIO 6
AT HIGH REYNOIDS NUMBERS

By William Koven and Robert R. Graham
SUMMARY

Results are presented of an investigation in the Tangley 19-foot
pressure tunnel of the longlitudinal characteristics of a semispan model
wing having 37° sweepback of the leading edge, an aspect ratio of 6,
and NACA 647-212 sirfoil section perpend.icular to the 27-percent- chord.
line. Several types of stall-control devices including extensible
round-nose leading-edge flaps, a leading-edge slat, and a drooped
leading efige were Iinvestlgated; partial- and full-span tralling-edge
split and double slotted flaps were also tested. In addition, varlous
combinations of the aforsmentlioned leading- and tralling-edge flaps
were Invegtlgated. The tests coveged. a range of Reynolds numbers
between 2,00 X 108 and 9.35 X 10

The wing with or without trailing-edge spllt or double slotted
flep was longltudinally unstable near maximim 1ift due to tip stalling.
The addltion of an outboard half-span leading-edge flap or a leading-
edge slat to the plsin wing or wing with inboard half-span split flaps
eliminated tip stalling and resulied in stable moment. varlations at
the stall. The drooped leading edge, on the other hand, was only
effective when used in conJunctlion wlth an upper-surfa.ce fence.

The combination of an outboard leadlng-edge devlice and Inboard
half-span double alotted flasp resulted in an undesirable loop in the
plitching-moment curve near meximum 1ift in spite of an inboard stall.
The loop is attributed to the section characteristics of the double
slotted flap. Alr-flow surveys behind the wing indicated that a
sultably pla.ced. horizontal tall would eliminate the loop in the moment
curve.

For combinstions with split flaps, upper and lower limits exist
for the dpan of the lesading-edge devlice between vwhich stablility at the
stall can be obtalned; a crliilcal span of the leading-edge device was
found, however, below which refuctions in meximm 11ft resulted.
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The maximum 1ift coefficient of the plain wing was about 1.27.
Maximum 1ift coefficlents of about 1.5 and 2.0 were cbtained for
combinations of an outboard half-span leading-edge device with inboard
half-span eplit and double slotted flaps, respectively. The highest
maximum 11ft coefficlents were obtailned with drooped leading edge
plus fence combinations with trailing-edge flaps. An increase in
trailing-edge flap span from half to full span did not produce appreciable
increases in maximum 11ft when the accompanying changes in trim were
taken into account.

INTRODUCTIORN

Numerous Iinvestigetions have been devcted to a study of the low-
speed. longitudinal characteristics of swept wings. (For example, see
references 1 to 3.) As indicated by these atudles, two of the msJjor
difficultlies assocliated with sweptback wings are low values of maximum
1ift coefficlent compared with unswept wings and 1instebllity at the
stall due to tip stalling.

As far as maximum 1ift 1s concerned, the avallable date are confined
mainly to investigations of plain wings and wings with split flaps.
Even with gplit flaps, the maximum 1ift coefficients have been relstively
low and it 1s indicated that investigation of additional high-1ift devices
guch as a double slotted flap would be desirable.

One method of eliminating tip stalling which has been used suc-
cessfully (reference 4) involves the use of a leading-edge device located
on the outboard sectlons of the wing span. Several types of leading-edge
devices have been trled, that 1s, extensible round-nose leading-edge
flap, leading-edge slat, end sc forth; but no direct comparison to asslst
in the selectlon of the most satisfactory device has been made.

With the above considerations Iin mind, an investigatlon has been
conducted in the Langley 19-foot pressure tunnel on a wing having 37°
sweepback of the leading edge and an aspect ratio 6. It should be
pointed out that the wing plan-form varlgbles were such that, according
to the stability boundary presented 1n reference 1, tip stalling and
Ingtability at the stall would be expected. In additlion to the basic
wing characteristice at hligh Reynolds number, the investigation was
concernsd mainly with (a) the effectiveness of double slotted flaps
and split flaps, (v) whether a leading-edge device would eliminate tip
stall on the particular plan form used, (c) the determination of the
relative merlite of several types of leading-edgp devices, and (&) the
magnitude of maximum 1ift coefficlents and the type of stall assoclated
with various combinationa of leading- and trallling-edge devices.
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The semigpan reflectlion-plane model was equipped with three types
of leading-edge or stall-control devices, namely, a round-nose extensible
leading-edge flap, a leading-edge slat, and a drooped lsading edge. In
addition, the wing was provlded wlth partial- and full-span split and
double slotted flaps. Additlonal devices, such as a fence and outboard
pitch flaps, were alsc Investigated. The model conflgurations were
tested alone and in combination through a large angle-of-attack range
at Reynoldg numbers varying from 2.00 X 106 to 9.35 X 106. Lift,
drag, and pltching-moment data and stall studlies are glven for some of
the more importent conflgurations.

COEFFICIENTS AND SYMBOLS

The date are referred to the wind exes with the origin at the
guarter chord of the mean aerodynamic chord. The data have been
reduced to standard NACA nondimensional coefficiep.ts which are defined
aa follows:

11ft coefficlent (I:)
qS

maximm 1ift coefflclent

drag coefficlent Gé)

é}’é-?w"

Cp pltching-moment coefficient M
gSc
ovE
R Reynolds number —_—
u
Mo gtream Mach number
a angle of attack of root chord line, degreeé
Cmax angle of attack at Cme
G 1if 1o focs?
LG’. -curve gslope a?: ,
€ downwash angle, degrees
Z vertical distance above chord plane extended -

L TOlife
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drag
M pltching moment about 0.25E
s wing aresa
b wing span
by flap span : -

b/2 _

c mean gerodynamic chord @ j; 629
c local wing chord parallel to plane of symmetry
ha lateral coordinate
2 lateral coordinate of centrold of 1lift .

q dynamic pressure (%Xi:)
2

qt dynamic pressure at tail
v free-stream velocity

B coefficlient of wviscosity
p denslty of alr

3] flap deflection
Subscripts:

n nose

a aileron

MODEL AND TESTS
MODEL

The model used in the investigation was a semispan wing mounted on
a reflection plane and single strut as shown in figure 1. It was of
steel construction and had an aspect ratio of 6, a taper ratioc of 0.50,
and 37° sweepback of the leading edge. The airfoll gection perpendicular
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to the 27-percent-chord line was the NACA 647-212 profile. The general
plan form and soms of the princlpal dimensions of the model are glven in
figure 2(a).

Detalls of the geometry of the varlous stall-control devices are
shown in figures 2(b) to 2(d). The drooped leading edge (which could be
deflected to three positions) asnd the leading-edge slat covered half

the wing semispan extending from O.h5g to 0.953. The round-nose extensible

leading-edge flap, on the other hand, was constructed so that several
flap spans could be investigated at one deflection. The leading-edge
Flep was of constant chord, whereas both the slat and the drooped leading
edge were of constant percent chord.

The model was so constructed that when the leading edge was drooped,
the slat was in the retracted position. Thus, slight discontinuities 1n
contour existed at O.llc and 0.02c¢c of the upper and lower surfaces of
the wing, respectively, for the drooped leading-edge confligurations.

No such discontinuities were present, however, on configuratlions without
gtall-control devices or configurations with leading-edge flap where a
different leading edge was used.

The stall-control fence is shown in figures 2(e) and 2(f£). The
fence was located at 0.503, had a constant height of 0.60 ths maximum

thickness of the wing at that spanwise location, and extended over the
chord as Indlicated on the figure.

The model was equlipped with two types of trailing-edge flaps,
nemely, spllt and double slotted, both of which could be tested half and
full span. The deslign paramsters for the double slotted flap werse
chosen on the basieg of two-dimsnsional wind-tunnsel data glven in
reference 5. A schematic drawing showing the design detalls of these
fleps is presented in Figures 2(g) and 2(h).

Photographs of the model and reflection plane mounted in the tumnel
and of the various stall-control devices 1nstalled on the model are
presented as figure 3.

For model comfigurations with leading-edge roughness, No. 60
(0.011~inch diameter) carborundum particles were applied by means of
a thin coat of shellac to the forward 8- and 2-percent of the wing
upper and lower surfaces, respectively. Roughness for the slat-extended
configuration was applled in the same manner to the leading edge of the
slat and to the leading edge of the Inboard sections of the wing.
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TESTS

Tests were made in the langley 19-foot pressure tumnel with the
alr compressed to approximstely 33 pounds per square inch. In order
to cover as wide a range of Reynolds nurbers as possible, several
tests wore made at atmospheric pressure. The Reynolds numbers and
their corresponding Mach numbers obtained in this investigation are
as follows:

R Mo
2.00 x 10% | 0.08
3.00 12
4.36 .08
5.30 .10
6.80 .13
8.10 a5
9.35 .18

Lift, drag, and pltching moment were measured through an angle-
of -attack range extending well beyond maximum 1ift. In addition, stall
atudles of some of the more interesting configurations were made by
visual obgervation and from motion-picture records of the behavior of-
wool tufte attached to the upper surface of the wing. The msjority
of the tests and the stall studles were conducted at a Reynolds number
of about 6,800,000. Downwash and dynamic-pressure surveys were made
behind the wing for the slat and half-span double-slotted -flap
configuration.

CORRECTIONS TO DATA

The 1ift, drag, and pltching-moment data presented herein have
been corrected for air-stream misalinemsnt but have not been corrected
for support tare and Interference effects. Previous experience on
complete models indicates that corrections for the effects of the tare
and. interference caused by the model supports consist of (a) a constant
shift in the pitching-moment curve (about -0.008), (b) a slight increase
in 1lift-curve slope (about 0.0008), and (c) a decrease in drag in the
low 1ift range.

Jet-boundsry corrections obtained by combining the msthods of
references 6 and 7 were made to the angle of attack and to the drag
coefficient and are as follows:

Pa¥e
AL

l . 1201'
0.0164C; 2

1l

D
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The correction to the pltching-moment coefficient caused by the tunnel-
induced distortion of the loading 1s

A0, = 0.010107,
A1l corrections were added to the data.
RESULTS AND DISCUSSION

The results of the Investigation of the plaln wing and wing with
tralling-edge flape are presented in filgures 4 to 7. Figures 8 to 12
show the effect of leading-edge devlices, end figures 13 to 22 show the
effect of wvarlous comblnations of leading-edge and tralling-edge devices.
Several additional tests were made to determine the effect of varying
the leading-edge flap span; only the maximum 11ft and pitching-moment
characteristics of these configurations are presented (fig. 16). The
gspanwlise locatlon of the centroid of 11ft l1s presented for several
configurations in figurse 23. A sumary of the mors lmportant results
of the Investigatlon 1s presented as table TI.

PIATN WING AND HIGH-LIFT DEVICES

Lift Characteristics

The data for the plain wing and wing with splii and double slotted
flaps are presented in figures &k to 7. The 1lift curves for all conditions
were relatively linear up to maximum 1ift except for a slight rounding
at high angles of attack. In all cases the maximum lift coefficlent
and angle of attack at maximum 11ft wers very well defined iIndicating
a rather sudden breakdown of the flow at the critical angle.

Lift-curve glope.- The lift-curve slope was calculated from two-
dimensional data using the method suggested in reference 8 where the
aspect ratioc 1s based on the true length of the quarter-chord lims.
The lift-curve slope was also obtalned from the charts of reference G
which assume & gsection lift-curve slope of 2x. The two methods
predicted values of lift-curve slope of 0.07Ll and 0.066, respectively,
as compared wlth the wvalué of 0.070 obtalned experimentally.

Bffect of flap deflection.- Increments in 11ft at zero angle of
attack end at meximum 1iit are presented in flgure 5 as a function of
flap span. The data for the hglf- and ‘full-span flaps were taken from
figure 4; in order to obtaln more complete data on the effects of flap
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some additional tests on intermediate split-flap spans were made.
Only the 1ift increments for the supplementary tests are presented.

An attempt -was made to estimate the increments in 1ift at zero
angle of attack from two-dimensional data utilizing a method for unswept
wings outlined in reference 10. The equation was modified and sweep
takén into account as follows: '

&y, = T Acy CLa.A cos A

where

J factor depending on aspect ratio, taper ratio, and flap span
(reference 10)

Ac two-dimensional 11ft increment

1

CT-'a, calculated lift-curve slope of the swept wing
A
A angle of sweep of quarter-chord line

It is belleved that the form of the revised equation represents the
Tirst- order effects of sweepback. The calculated curves ‘are given in
flgure 5 as the dashed lines.

Consldering the split-flap configurations, it cen be seen that the
effect of inboard spans up to 0.52 was cglculated wlth reasonahble

accuracy. For epans greater than 0.53,_011 the other hand, the theory

greatly overestlmated the contrlbutlion of the flap. No such nctlceabls
departure from theory has been obtained on umswept wings; this abnormal
losa of outboard flap effectiveness may be typical of split flaps on
sweptback wings.

The date for the double-slotted-flap configurations are considerably
different from those for the split flap. The double slotted flap
produced larger increments in 1ift throughout the flap- -8pan range than
the theory predicted, and the outboard gpan did not lose its effectivensess
beyond what might be expected from the simplified theory.

The reason for this difference between the split and double slotted
flap is not apparent. The effects of sweepback on the varlation with
flap span of the increment in 1ift due to flap deflection appear to be
dependent on the type of flap under consideration.

Figure 5 also shows that the increments in 1lift at maximum 1ift are
conelderably less than at zero angle of attack. The magnitude of this
effect, however, appears to be of the same order as on unswept wings of.
similar alrfoll section. (See reference 11.)
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Maximum 1ift.- As far as the meximum 1ifts are concerned, they can best

be summarized in the followling teble. The values of Cf listed below
are untrimmed values: :

Nons 1.27
0 .53 split | 1.55

0.53 double | 1.92

1.03 gplit 1.65
1.03 double | 2.32

Piltching-Moment Characteristics

Except for the full-span double-slotted-flap conditlon, the pitching-
moment curves were fairly linear, and for the most part, parasllel to cne
another (fig. #). In all cases the moment at the stall broke in an
unatable direction, that 1s, ln a nose-up direction.

The trim changes brought about as a result of flap deflection are of
special interest. A comparison of the date from flgure 4 with similar
dats from reference 11 shows that the full-gpan split and double slotted
flaps produced changes 1n trim which were of the samo magnitude as on an
unswept wing with spproximately the same airfoll section. The semispan
flaps, howsver, produced conslderably smaller trim changes than was noted
on the unswept wing. The half-span gplit flaps caused practicelly no
change in trim, and the half-span double slotted flaps effected less
change than the full-span split flaps. (See fig. 4(b).) The smaller
trim changes associated wlth the half-span flaps are a result of ths
increased 1ift over the inboard portions of the wing ahead of the
0.25¢ point.

The changes in trim would require a balancing down load at the tail
which would reduce the available 1ift. For example, assuming a tail
length of 2.0c and a center-of-gravity location of 0.258 , the avallable
1ift at 0.85Ct will be reducsd as indicated.in the following

table:
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Flap 0.85C, . | 0.850L,, (trim)
Nome 1.08 1.05
0.5‘22 split 1.32 1.28
0.5'29 double 1.63° 1.54
1.0"5’ split 1.10 1.29
1.0}22 double 1.97 t.66

It appears that 1ittle gain in the usable maximum 1ift cocefficlent
is obtained from an increase in flap span from helf to full span.

Drag Characteristics

Referring to the drag polars (fig. L), it can be seen that, in
general, the effecta of the flaps are similar to those on unswept wings;
that is, for a glven lift coefflcient the half-span split flap had
lower drag than the same span double slotted flap, and the full-span
split flap had higher drag than the full-span double slotted flap.

Stalling Characteristics

The stalling characteristice for the plgin wing and half-span
trailing-edge flap configurations are presented in figure 6. TFor all
configurations the stall occurred rather suddenly, encompassing the
entire outer half of the wing semispan. Prior to the stall a marked
outflow along the wing trailing edge was observed. Thls cross flow
was most severe for the plain wing and resulted in a region of rough, but
not stalled, flow at the tralling edge of the tip sections. This
apparently reduced the lift effectiveness of the outboard sections because,
upon examination of the pitching-moment and 1ift curves, it can be seen
that a noticeable nosing-up tendency and rounding of the 1ift curve
ocecurred concurrently with the rough flow. Similar but less severe
conditions prevalled with double alotted flaps but did not occcur with
aplit fleps. :

Scale and Roughness Effect
The effects of a falrly wide variation in Reynolds number on 1ift,

drag, end pitching moment of the plain wing are shown 1in figure 7. A%
low Reynolds numbers the 1ift curves were well rounded near maximum 1ift,
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whereas at Reynolds numbers of ll-,350 ;000 and higher the curves were
characterized by sherp peaks. As might be expected, Clp,, Increased
with increasing Reynolds number, the rate of increase belng greatest
between Reynolds numbers of 3,000,000 and 4,350,000.

There were no Important scale effectes on the plitching-moment curves
near CLpypy; in all cases the moment broke in an unstable direction.

One test was made to determine the effects of leadlng-edge roughness
on the aerodynamic characteristics of the model at a Reynolds number
of 6,800,000. The results (fig. 7) show that the leading-edge roughness
caused a reduction in CLy.y 8nd a decrease 1n the lift-curve slope in

the high 1ift renge. The roughness also casused irregularities in the
pltching-moment-coefflcient curve near maximum .1ift. The reduction

In Cipgy Wwas not so large as that obtained in simllsr tests of

a 420 gweptback wing reported in reference 12. The smaller reduction
in Crp,, 1s believed to be, in part, due to the smaller relative size

of the carborundum grains used for the roughness in the present investi-
gatlon. The reasons for the peculiar behavior of the pitching-moment
curve are not apparent.

STATI-CONTRQL DEVICES

The data for the various stall-control devices are presented in
figures 8 to 11. It should be remembered that the slat was present in
Tthe retracted posltion for =211 the tests with the leading edge drooped
(including zero angle of droop)}. The irregularities in profile due
to the presence of the slat had & noticeable effect on maximum 1ift
ag can be seen from the comparison with the plain wing (fig. 8).

In evaluating the effect of the drooped leading edge, reference
should therefore be made to the zero droop angle condition and. not
to the configuration possessing the contlinuous profils.

The previous remarks do not apply to the leading-edge flap or
slat configurations; the data for these conditlions should be
compared dlirectly with the data for the wing without the
discontinuities. '

Lift Characteristics

In general, the effect of the drooped leadling edge was to shifit
the 1ift curve so as to make the angle of zero 1ift more posilitive
(fig. 8) and to increase the angle of attack for meximum 1ift. The
maximm 1ift coefficient was Increased approximstely 0.1l and was, 1n
the main, independent of the angle of droop.
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Figure 9 shows & comparison between the round-nose leadlng-edge
flap and the leading-edge slat; it also shows the effect of two spans
of the leading-edge flap. The addition of the leading-edge flap increesed
the lift-curve slope an amount approximately proportional to the increase
in area caused by the flap; the slat, on the other hand, had a negligible
effect on Cr,. With the leading—'ed.ge flap or slat, the maximm 1lift
coefficient was not a very well defined parameter in that the 1ift
curves near CLp,, Wwere falrly well rounded. The effects of varying
the span of .the leading-edge flap on CI-txax can be obtalned from figure 16.
It can 'be seen that extension of the leading-edge flap inboard from
the 0. 95— station caused a decrease 1n maximum 1ift until the inboard

end of the flap reached the 0.60 semispan station; further extensions
inboard, however, produced increases in Cp_, . The loss in maximum 1ift
obtained wilth the smaller span flaps is attributed to premature stelling .
behind the inboard end of the flap which apparently counteracts the ’
increase in 1ift contributed by the flapped portion of the wing.

Although similar premature stalling occurs with the larger span flaps,
the increment In 1ift effected by the large span flap 1s great enough

to produce a netdincrease in maximm 1lift. Unpublished data Indicate
that the effects of verying the spen of the slat would probably be
similar to those shown for the leading-edge flap.

Pitching-Moment Characteristics

The primary function of the stall-control devices 1ls to delay tip
stalling and to cause the inboard sectlons to stall first. This
presumably would produce a nose-down pltching moment at the stall.
Thus, insofar as the stall-control devices are concerned, the greateat
interest centers about their effect on wing pitching moments neasr
maximum 1ift.

With the drooped leading edge, for all the angles of droop, the
pitching-moment curves showed a marked but graduwel destabilizing trend
several degrees prior to the stall similar to that for the no-droop
configuration. At-the stall, howsver, the curves broke in a stable
dlrection except 1n the case of the hO droop. In general, it might
be said that the drooped leading edge 4did not display satisfactory stall-
control qualities. |

The leading-edge flap and the slat proved to be adequate with regard
to stabilizing the moment near the stall. There was no appreclable
tendency toward instability prior to the stall except for the larger
span leading-edge flap. This destabilizing effect for the 0. 70b flap,
although not so marked as for the drooped leading edge, might be
consldered undeegireble.
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The effects of varying the leading-edge flap span over a fairly
wide range are shown in figure 16(b). It can be seen that flap spans

between 0.3753 and 0.703 provided stable pliching-moment variatlons at

the stall. The pliching moment at the stall for the full-span flap was
unstable similar to that obtalned with the plain wing.

Data on a 42° sweptback wing of aspect ratio 4 (reference k),
having an outboard leading-edge slat dlffering from the present slat,
indicated that the particular slat confilguration used was not completely
gatlsfactory as a stall-control device. If the difference in angle of
swoep between the present wing and that of reference 4 can be considered
of secondary Importence, the inference may be drawn that very careful
attention must be glven to the slat-position parameters i1f the full
beneflits of the slat are to be reallzed.

Stalling Cheracteristics

The stalling characteristics of the wing with the various stall-
control devices are presented in figure 10.

The drooped leading edge did not produce a satisfactory stall
pattern. Although the origln of the stall was inboard (behind the
inboard end of the droop), the stall 1tself moved outboard rather
suddenly as the angle of attack was increased.

Comparing the leading-edge flap and slat 1t can be seen that, in
goneral, the origln and progresaion of the stall were very similsr. In
both cases the stall originated behind the inboard end of the device
and spread inboard and outboard. The outward movement of the stall,
however, was not so great for the slat as it was for the flsp configuration.
A stall pattern such as produced by elther the leading-edge flap or
8lat i1s belleved satisfactory from the standpoint of wing longlitudinsil
stability at or near maximum 11ft.

Drag Characterlistics

When the stall-control devices are used, the drag characterilstics
are mainly of interest at high 1ift coefficients. Figure 8 shows that,
for 1ift coefficlents above 0.70, the drooped leading edge had very
1little effect on the drag of the plain wing. Comparison of the drag

curves for the 0.503 leading-edge flap and slat (fig. 9) indicates

that, for all practlical purposes, the drag characteristics of the two
‘devices are the same at high 1ift coefficients. Although the drag was
less for the drooped leading-edge configuration than either the flap or
the slat, the differences in drag do not appear to be of major importance.
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Additional Stall-Control Devices .

Fence.- The stall studles with the leedlng edge drooped indicated
that the droop was effective in displacing the initial point of stall
inbosrd but was not adequate in preventing the separated region of flow
from moving outboard. In an effort to prevent this outward shift,
an investigation was made to determine the effects of an upper-surface
fence. Thils fence was of congtant helight and placed slightly cutboard
of the inboard end of the droop. The data for this configuration are
shown in figure 8.

The 1ift and drag characteristics of the drooped leading-edge
configuration were not moticeably altered by the addition of the fence;
the pitching-moment cheracteristics near and at the stall, on the other
hand, were markedly improved. In spite of a slight destabilizing trend
several degrees prior to the stalling angle, the general shape of the
pitching-moment curve was such that the combination of droop plus
fence might be considered satisfactory. The fence in combination with
the droop epperently straightened the cross flow to such an extent
that outwaerd spread of the stalled region was delayed. From a comperison
of the stall studles showing the effects of the fence on the wing with
leading edge drooped and neutral (fig. ll), it can be seen that the fence .
did not materially influence the origin of the stall but only prevented
the outward progression once the stall had started. The tip stalling
assoclated with the unflepped wing was relatively unaffected by the *
addition of the fencs. '

Wing twist.- Some interest has been shown toward the posslbility
of incorporating washout in the outer wing panels of sweptback wings
as a means of eliminating tip stalling. Since the model in this
investligetion could be equipped with a plain 0.20-chord aileron extending
over the outboard 50 percent of the wing span (for use in a subsequent
lateral control investigation), an opportunity arose to simulate wing
twist by deflecting the ailerons. - Although aileron deflection does
not exactly reproduce the effect of twist, it is belisved that some
correlation does exist for wings of moderate camber and thickness.

Figure 12 shows the characteristics of the plaln wing as affected
by several alleron deflectioms. The date show that a definite improve-
ment in the wing pliching-moment characteristics severa.l degrees prior
to the stalling angle was effected by the 20° and 25° up aileron
deflections, but that no improvement at the stall itself was produced.
The ma.gnitud.e of the twist at high sngles of sitack corresponding to
25° up aileron is difficult to estimate. The data of reference 13, however,
indicate that 20° up asileron on & similar airfoil are equivalent to
about 9° at low angles of attack but only about 3.5° of twist at the stall.
It would appear, therefore, that lerge amounts of twist would be required -
to effect any apprecilable change in the wing stalling characteristics.
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COMBINATIONS OF HIGH-LIFT AND STALL-CONTROL DEVICES

The previously discussed data have shown that tip stalling was
eliminated by use of the various stall-control devices and that reasonsbly
high values of meximm 1ift were obtalned wlith elther the helf-span
split or double slotted flap. In the case of the former, the maximum
1ifts realized were comparatively low, and for the latter, the wing was
still longitudinally unstable at Crysy. Consequently, the varlous
high-1ift and stall-control devices were tested in combination to
obtain an indication of the highest maximum 1ift coefficient obtalnable
with a stable pltching-moment varilatlon at the stall. The data for the
combinations are shown in figures 13 to 22.

Lift Characteristics

Combingtions with split flaps.- Figure 13 shows the data for the
half-span split flap in combination with leading-edge flaps of several
spans. The variation of (g with the span of the leading-edge flap

when the helf-span split flaps were deflected 1s shown in flgure 16.

The leading-sdge flap caused reductions in Cg until the span

was extended lnboard to about the 0.4 semispan station. ZExtension of
the flap inboard of the 0.4 semispan statlon produced increases in CIM

The action of the flap in the presence of the aplit flap was similar to
its action when no trailing-edge flaps were on the wing. The reductions
in Clma_x due to the short-span leading-edge flaps, however, were

considerably larger with the trailling-edge flaps deflected.

A comparison of the 1ift characteristice for three equal-span
leading-edge devices is shown on figure 1li. Comparing figures 8 and 1k,
it is evident that the drooped leading-edge combination produced the
highest increments in maximum 11ft. The increments in meximum 11ft
due to the combinations of leading- and tralling-edge devices wers 0.38,
0.31, 0.19, 0.16 for the drooped leadlng edge, the droop plus fence,
the leading-edge flep, and the slat, respectively.

Combinations with double slotted fleps.- Figure 15 shows the effect

of two spans of the leading-edge flap and also compares the droop, slat,
and flap. The variation of Cip,y, with span of leading-edge flap is

shown in figure 16.

As was true with the spldt flap, the sddition of leading-edge flaps
reduced C until the span of the flap was extended Inboard to
about the 0.4 semispan station. Extenslon of the flap lnboard of that
statlon increased Cry.y- ’
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Comparing the droop, slat, and flap, it can bo seen that (a) the
meximm 1ift coefficients for the equal span flaps and slat were
about the same and (b) that the drooped-leading-edge cambinastion produced
the highest increments in maximum 11ft coefficlent. TUnlike the split-
flap conflgurations, however, the addition of the fence to the droop
configuration effected a noticeable incresse in meximum 1ift.

Although the date are not presented, 1t should be mentioned that
extending the slat on the 30° drooped leading edge caused a reduction
in maximm 1ift as compared to the drooped. leading edge without the
slat extended.

Pltching-Moment Characteristics

Combinations wilith split flaps.- The data indicate that stablility

at the stall can he obtained when a leading-edge device and a split flep
are used. together 1f the span of the leading-edge device is sultably

chosen. For example, figures 13 and 16(b) show that the O. 5012’ leading-
ed.ge flsp produced a nosing-down moment at the stall, whereas the

0.'7’02 flap combinaticn caused the pitching—moment—coefficient curve to
breek in & stable direction at CLma.x but in an unsteble directlon as
the 1ift dropped off in the stalil. This unstable break was eliminated
by a reduction in flap span from O-'?OE to 0.653. The date also indicate

that a minimm flap spen exlists below which unsatisfactory longitudinal
stability characteristics at maximum 1ift willl result. The combinations

with 0.3753 or 0.252 leeding-edge flap displayed a nosing-up tendency
at Cly,, followed by a nosing-down tendency as the 1lift decreased in
the stall. This loop was eliminated when the span of the leadlng-edge

flap was extended +to 0.503. It 1s belleved that the leading-edge
slat would act in e similar memmer.

The slat and leadling-edge flep configurations behaved simllarly at
the stall in that a nosing-down moment was obtalned. The drooped
leading edge, however, was not as effective as the flap or slat, as
was indicated by a marked destabllizing trend several degrees prlor to
the stall. As in the case of the droop alone, the addition of the fence
1('esultei.)in a pilitching-moment curve that was sa.tisfa.ctory at the stall

fig. 1

Combinations with double slotted flaps.- For all of the combinatioms

with double slotted fleps, a typlcal loop in the moment curve (fig. 15)
was noted at high 1ift coefficients. The loop was such that it showed
nosing-up moments at Crp.. but reversed to give stable moments as the

1ift dropped off in the stall. The stall studies for these configurations
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(f1g. 18) show the same type of stall progression as was obtained by the
stable combinations with split flaps end indicate that the initlal
Instabllity was not caused by a loss in 1ift over the outer portions

of the wing. Two-dimensional date for the airfoll and double-slotted-
flap configuration used on the subJject wing show decided instabllity at
the stell. (See reference 5.) This instebllity has also been noted

on other double-slotted-flap airfoll sectlions and appears to be
characteristic of that type of flap. Thus the Iniiial stall occurred
over & portion of the wing where the predominant factor in the wing
pltching moment was the lnstabillty of the double-slotted-flap section.
As the angle of attack was increased, the stall progression was such
that the moment due to the loss in 1ift over the inboard portions of the
wing exceeded the umstable moments due to the flap, resulting in the
nose-down portion of the loop.

The effects of varying the leadlng-edge flap span on the piltching-
moment characteristics of the double-slotted-flap combinations
(fig. 16(b)) are somewhat obscured by the characteristics of the
double slotted flaps. The pltching-moment characteristics are similar
for 211 combinations of leading-edge flap and double slotted flap
regardless of leading-edge flap span.

Drag Characterlstics

In the high-lift-coefficlent range there were no Important differences
in the drag characteristlcs of the verious comblnations with split
flaps other than the 1ift 'coefficient at which the sharp drag rise
occurred. The anset of the d.rag rige 1s associated with a break in the
1ift curve.

Similar results were obtained for the combinations with double
slotted flapsg.

The drag was higher for the double-slotted-flap configurations than
for the split-flap configurations. In the high 1ift range (below the
drag-rise 1lift coefficient) the greater drag of the double-slotted-flap
combinations does not appear to be of great importence from the standpoint
of relative sinking speeds. TIn particuler, assuming & wing loading

of 40 pounds por square foot and sea-level conditions, the sinking speeds
at 0.85Cr, ., are about 20 and 22 feet per second for the split- and

double-slotted-flap configurations, respectively.

Stalling Characteristics

The stall patterns for the several combinations are i1llustrated
in figures 17 and 18. In general, the discussions of the stall progressions
glven in connection wlth the leadlng-edge devices alone apply to the
combinations with trailing-edge flaps.
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Downwash and Dynamic-Pressure Measurements

In order to determine whether a sultably placed horizontal tail
would eliminate the unfavorable loop in the pitching-moment curve for
the double-slotted-flap combinatlons, downwash and dynemic-pressure
surveys were made behind the wing. The particular combinatlon used
was the leading-edge slat plus double slotted flsp. -

A plane approximately 2.0C behind the 0.25¢ point of the wing was
surveyed; the area surveyed was from about 0.9C above to 0.3C below

the chord plane extended and from 0.152 to 0.373 out from the planse of

symmetry. The date were obtained by means of the . survey apparatus
described in detall in reference lh-and are presented in figures 19
and 20. To.obtain tail-on piltching-moment curves, a constant-chord
tail of arem 0.13S and aspect ratioc 3 was assumed Average values of -
dowvnwash and dynamic pressure were obtained by 1ntegrating the survey

data across the span of the assumed tall.

Pitching-moment deta were computed for three vertical locations
of -the horizontal tail and are presented in figure 21. The data show
that, although the three tail locations selected for illustration
eliminated the loop in the moment curves near maximom 1ift, some ’ T
instability weas present. Of the three tell heights inyestigated, it
appears that the. high poeitlon offered the mest—satisfactory characteristics. .

Scale and Roughness Effect

In corder to obtaein an indication of the effecte of scale and
roughness on a typical comblnation, several addltional tests on the
glat and double-slotted-flap configuration were made. The date are
preaented in figure 22.

In generel, the scale effect was very similar to that obtained on
the plain wing; meximm 1ift coefficient increased as the Reynolds
nunber was increased, and no importent effects on stability at
wers observed. The effect of roughness was to reduce maximm 1ift and
to cause a_slight rounding of the 1ift curve at the high angles of
attack. Unlike the plein wing, no irregula.rities i the pitching-
moment curve occurred.

Spanwise Position of Centrold of Lift

Information concerning the spanwise location of the center of the -
load distribution aver a wing is desirable from the structural stand- v
point. TInasmuch as the model used in thfs investigation was a semispan
mudel, it was possible. to determine the ceniroid of the loading from -
the force and rolling-moment data without resorting to pressure- : e ¥

distritution measurements. - . -

- .= .. F S ) ————— o .
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The variation of the spanwise posltion of the centroid of the
loading with 1ift coefficient for several wing configurations is presented
in figure 23. The centroild glven in figure 23 is that dus to the total
loading, that is, the basic and additional loadings. The date show that
(a) up to the sta.ll there was & negligible change in the load centroid
for the basic wing and wing with half-spen leading-edge slat, (b) deflection
of the lnboard tralling-edge flaps moved the centrold inboa.rd. and
(c} with flaps deflected the centrold of the load moved out'boa.rd. with
Increasing 1ift coefficlent. These results are Iln qualltative agreemsnt
with those expected from theoreticel considerations.

Some computatlions were made to determine the degree of accuracy
to which the spanwlse position of the centrold of the loading could be
calculated.. The charis of reference 9 were used to determine the positlon
of the centroid for the plein wing. Agreement between theory and

experiment was very good, the theory predicting - 5 = 0.452 and
experiment ylelding values varying betwsen Iﬁé = 0.458 and ’5%5 = Q.43

The varlation of —%— with Cp, for the half-span tralling-edge

flap was calculated for the split-flap condition from the following
equation:

CI(CI,=O) cosEA

BT - @,

whers
G—@ gpanwise pogltion of centrold for additional lcading with
8 sweepback taken into account (reference 9)
1 rolling-moment coefficient at zero 1ift due to baaic
(CL=O)A =0° loading on one panel of unswept wing

For purposes of comparison, the above equation was used to compute
the varistlion for an unswept wing of the same aspect ratio and taper ratio:
The calculated curves are shown by the dashed lines In Figure 23.

The resitlte indicate that, for the glven condition, the spanwliae
variation of the centroid with 1ift coefficient was calculated with
reasonable accuracy. It should be polnted out that the equation given
above was based on the assumption that sweep d1d not affect the distributicn
of the basic 1ift but only affected the effectivensess of the flap. Fram
the close agreement between experiment and theory it appears as if ths
agsunption was relatively valid.
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SUMMARY OF RESULTS

The results of the wind-tunnel Investigation of high-1ift and -

stall-control devices on a 37T° swept'ba.ck semispan wing of aspect ra.tic 6

may be sumarized as followas!: =~ = e

1. The wing with or without trailing-edge split or double slotted
fleps was longltudinally unstable near maximum 1ift due to tip stalling.

2. The additlon of an outboard half-span leading-edge flap or
leading-edge slat tc the plain wing or wing with inboard helf-span
gplit flaps eliminated tip stalling and resulied in stability at the
stall. The drooped leading edge, on the other hand, was only effective
when used in conJunction with an upper-surface fence.

3. The combination of an outboard leading-edge device and Inboard
half -apan double slotted flap resulted in an undesirable loop in the
pitching-moment—curve near maximum 1ift in splte of an inboard stall.
The loop is attributed to the section characteristics of—the double
slotted flap. Ailr-flow surveys behind the wing showed that a sultably
placed tail would eliminate the locp in the moment curve.

4. For combinations with split flaps, uppeér and lower limits exist
for the spen of the leading-edge device between which stabllity at the
stall can be obtained., a critical span of .the leading-edge device was
found, however, belaow which reductlons in maximm 1ift resulted.

5. The maximm 1ift coefficlent of the plain wing was about 1.27.
For combinations of an outboard half-span leading-edge device with an
inboard helf-sgpan spllt flap or double slotted flap, maximum 1ift
coefficlentas of the order of 1.5 and 2.0, respectlvely, were obtalned.
It i1s algo Indicated that the drooped leading edge plus fence
comblnaticns with trailing-edge flaps would glve the highest meximum
1ift.

6. An incresse in tralling-edge flap spen from half to full span

did not produce aprreclable increases in meximm 1i1ft when the accompanying

changes in trim were taken into account.

Langley Aeranautical ILeboratory
Natlonal Advisory Committee for Aerona.utics
Langley Fleld, Va.
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TABIE I.— SUMMARY OF RESULTS OF INVESTIGATIUN OF HIGH LIFT AND
STALL CONTROL DEVICES ON A 37° SWEPTBACK SEMISPAN WING
T.E. | L.E. |mtrimed| %max |o¥ &%
Configuration devi devl 5 Cm characteristics Fig. No.
oA el R : -
CL
i 5. 1': LL5
——— ort | off 1.27 | 19.0 [0.081 r ' b
] | 1 1
P orer |0.500 1.42 | 26.0 .125 gﬁ 9
- 0 —_
—————=="""| off .500 1.28 | 20.0 08, 8
(a) -1
_ 04 +——t 4
===} orr | .500 | 1.28 | 18.9 | .085 8
(a) o \_4
oft .500 1.39 | 24.0 .102 \—v\ 9
[ . —
ore « 700 1.41 25.0 .093 T l 9
——e _[_
0.500 orr 1.55 | 17.1 134 L
-.11
<:>Y- ! ] {
.975 ore 1.65 | 15.1 .157 A L
/Q—_ .500 <500 1.43 | 15.0 A2 + \{ i
;:}T-' 500 | .500 1.55 | 18.1 a2k \ﬂ 1
(a) ~ad
- + —+—
@1 | .500 | .500 | 1.9 | 26.0 | .222 Ty
(a} —.1-}

8 reading edge drooped 30°

: slat In retracted position
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TABLE I.— SUMMARY OF RESULTS OF INVESTIGATION OF HIGH LIFT AND STALL

CONTROL DEVICES ON A 37° SWEPTBACK SEMISPAN WING — Concluded

NACA RM No. L8D29

T.E. L.E.
Configurstion %g;;§e %g;ége U%g:::?i ng;) D/L at Cp characteristics Fig No.
0 .0 1.5 20
o, T T A T
0.500 | 0.500 1.46 | 15.0 .121 % 1%
a4t
X 500 | 650 | 163 | 182 | w28 | L) 15
500 | .700 | 1.69 | 21.3 129 Y —+- -\.—4 13
04 —
500 | off | 1.92 | 4.3 | oy \ A
C—__:?—\ . : 7 )
975 1 ofr 2.32 11.9 146 ¢ 3 L
P -3~ ' 1 !
AN 500 | .500 | 1.85 U3 Qg \'0 15
-ad 1 ! \
P p— 500 | 500 | 1.94 | 15.3 } Al \A 15
(‘, \ -l
-l ! 1 )
P s 500 | .500 | 2.02 | a7 | o1 — : 15
(a) N\ -2
-1 ' 1 1
500 | .500 | 1.87 | 13.h | .42 \P 15
-2
/Q‘o—\ -
.500 | 650 | 2.06 | 16.4 | 145 : “' ! ' Q’ 15

a Leading edge drooped 50°; alat in retrscted positlon.
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(2) Model mounted in tunnel.

Figure 3.- Tunnsl setup and various stall-control devices on model.
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(b) Leading-edge slat.

PFigure 3.- Continued.
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(c} Drooped leadin'g edge.

Figure 3.- Contlnued.
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(d) Extensible round-nose leading-edge flap.

Figure 3.- Concluded.
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