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THE EFFECT OF MULTIPLE FIXED SLOTS AND A TRAILING-EDGE FLAP ON THE
LIFT AND DRAG OF A -CLARK Y AIRFOIL

By Frep E. WeuIick and JoserH A. SHORTAL

SUMMARY

Lift and drag tests were made on a Clark Y wing
equipped with four fized slots and a trailing-edge flap in
the 6-foot vertical wind tunnel of the National Advisory
_ Committee for Aeronautics. AIl possible combinations of

the four slots were tested with the flap neutral and the
most promising combinations were tested with the flap
down 45°. Considering both the mazimum lift coefficient
and the speed-range ratto Cimez/Comin, with the flap

mum drag coefficient of the arrangement was high.
A relatively low-drag fixed slot near the leading edge
of an airfoil has been recently developed by the Na-
tional Advisory Committee for Aeronautics, with which
the maximum lift coefficient of a Clark Y airfoil was
increased from 1.30 to 1.75. (Reference 2.)

The present investigation was made to determine the
effect on its aerodynamic characteristics of equipping
a Clark Y airfoil with several fixed slots similar in
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F16URE 1.—Section of Clark Y wing with multiple fixed slots and trailing-edge flap

neutral no appreciable improvement was found with the
use of more than the single leading-edge slot. With the
flap down 46° a mazimum lift coefficient of 2.60 was
obtained but the particular slot combination used had a
rather large minimum drag coefficient with the flap neutral.
With the flap down 46° the optimum combination, con~
sidering both the maximum lift coefficient and the speed-
range ratio, was obtained with only the two rearmost
slots in use. For this arrangement the mazimum lift
coefficient was 3.44.
INTRODUCTION

As an extension of the investigation of lateral stabil-
ity and control at low speeds, the National Advisory
Committee for Aeronautics has undertaken an investi-
gation of devices intended to increase the maximum
lift coefficient. In an investigation conducted by
Lachmann (reference 1) a large increase in the maxi-
mum lift coefficient was obtained with a highly cam-
bered airfoil equipped with fixed slots but the mini-

ghape to the recently developed low-drag fixed slot. The
tests were made with all possible combinations of the
various slots. In addition, since it was know that a
multislot wing could advantageously have greater
camber than that of the Clark Y, tests were made with
the rear portion deflected downward as a flap.

APPARATUS AND METHODS

The tests were made in the N. A. C. A. vertical wind
tunnel which has a 5-foot open jet. (Reference 3.)
In order to make the results comparable with results
of tests in the 7 by 10 foot horizontal tunnel (reference
4), the airfoil chord was fixed at 10 inches, which neces-
sitated the use of a half-span model and ‘‘reflection

- plane” as described in detail in reference 5. The bal-.

ance arrangement and general test procedure are also
described therein.

Four fixed slots similar in shape to the previously
developed leading-edge slot of reference 2 were cut
through the Clark Y profile as shown in Figure 1.
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The gaps indicated by the letter “a’ in Figure 1 were
all of the same size, 2 per cent of the wing chord. Be-
cause of the small size of the leading-edge portion
ahead of the front slot, it was made of aluminum alloy.
The remaining portions of the wing were made of
laminated mahogany. All five portions were rigidly
fastened together by means of thin metal plates at
both. ends. To prevent excessive deflection of the
leading-edge portion under load, a small metal clip was
used to support it In the center. When not in use, the

slots were closed by filling them with Plasticine and -

fairing to the Clark Y profile.

With the flap neutral, lift and drag tests were made
with all possible combinations of the four fixed slots.
After these tests had been completed the flap was
turned down 45° as shown with dotted lines in Figure 1.
With the flap down the rear slot was obviously of poor
shape, and in order to improve it a cover plate was
provided which is also shown by dotted lines in Fig-
ure 1.! With the flap down and the improved rear slot
in use, lift and drag tests were made with all possible
combinations of the other slots. In addition, several
combinations were tested with the rear slot closed,
including that with all the slots closed, which gave
the condition of an ordinary flap on a plain airfoil.

To find the effect of the cover plate on the rear slot,
further tests were made with the cover plate removed,
first with all the other slots closed and later with the
combination giving the highest maximum lift co-
efficient.

All tests were made at an air speed of 80 miles per
hour, giving & Reynolds Number of 609,000 based on
the 10-inch chord.

RESULTS AND DISCUSSION

The results are given in terms of. the standard
absolute coefficients of lift and drag, Cr and Cp, un-
corrected for tunnel-walil effect. These coefficients are
plotted against angle of attack in Figures 2 to 8,
inclusive.

Flap neutral.—The effect of the fore-and-aft location
of a single slot is shown in Figure 2 where the results

‘are given for each of the four slots tested separately.

From either Figure 2 or Table II, which summarizes
the Important results with the flap neutral, it can be
seen that both the maximum lift coefficient and the
minimum drag coefficient decrease as the slot is
moved to the rear. The speed-range ratio Crmer/Comin
increases as the slot is moved to the rear, the value
with the rear slot open being slightly higher than that
for the plain wing. (The values with all other slot
conditions are lower.)

The rear slot increases both the maximum lLift co-
efficient and the ratio Crme:/Cpmi» When used alone
or with the leading-edge slot. With any other com-

1 In practics it would be necessary to make this cover plate flextble or to support it
cn hinges, becanss of interference with the flap in the neutral position.

bination the rear slot has a detzimental effect on one or
both of these factors.

The highest maximum lift coefficient was obtained
with the three foremost slots open and the rear one
closed. With this condition the maximum lift coeffi-
cient was increased from 1.29 for the plain Clark Y
to 1.93. This value is niot appreciably higher, however,
than that obtained with the third slot also closed, 1.90,
and is only 9 per cent higher than that obtamed with
only the front slot open.

The highest speed-range ratio was that obtained
with only the rear slot open. The value of the ratio
with the arrangement giving the highest maximum lift
coefficient was very low. Considering both the maxi-
mum lift coefficient and the speed-range ratio, the best
combination is probably that with the front and rear
slots open, but it is closely approached by the arrange-
ment with the front slot only open. These tests
therefore indicate that with an airfoil having the low
camber of the Clark Y no substantial gain would be
obtained by fitting more slots than one and that at the
leading edge.

Flap down 45°. —With the rear portion of the wing
used as a flap and turned down 45° the effective camber
of the wing is considerably increased and multiple slots
might be expected to have a more favorable effect.
The important aerodynamic characteristics with the
45° flap are summarized in Table III.

With the rear slot closed the flap becomes a con-
ventional one with a chord 30 per cent of the wing
chord. With all the slots closed, making a plain wing
with a flap, & maximum lift coefficient of 1.95 was ob-
tained at an angle of attack of 12°, as compared with
1.29 at 15° for the plain wing with flap neutral. With
the rear slot closed, every combination of the three
forward slots tested gave a maximum lift coefficient
close to the value 2.20.

With only the rear slot open without the cover plate,
the maximum lift coefficient was reduced from 1.95
with the slot closed to 1.77, while with the cover plate
in place the maximum lLft coefficient was increased
slightly to 1.98. The lift curve for the latter case had
two peaks—one at an angle of attack of 5° and a higher
one at 12°. ’

A comparison of Figure 6 with Figure 8 shows that
with the flap down the use of the improved rear slot
increased the maximum lift coefficient in every case
tested. The highest lift coefficient found was 2.60,
which was obtained with the first and third slots open
also. In this case the use of the improved rear slot
raised the value from 2.21 to 2.60. An interesting fact
is that with the flap down and the improved rear slot
open, opening the slot just ahead of it gave greater
improvement than opening either of the two forward
slots. In fact, in every case with the third slot open
and the improved rear slot in use, the maximum lift
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coefficient was substantially higher than in any case

with it closed.

In every case with the improved rear slot open’ and
the third slot closed the lift curve had two peaks.
Opening the third slot eliminated the first peak and
produced a high value of the maximum lift coefficient.

Thus, with the flap down the two rear slots
are the important ones, which is in contrast
to the case with the flap neutral, for which
the front slot is the important one. The
highest value of the maximum lift coefficient
was obtained, however, with the leading-edge
slot open together with the two rear slots,
the value in that case being 2.60.

In computing the speed-range ratio
Crmaz/Opmin for the cases with the flap de-
flected, the maximum lift coefficient was
taken with the flap down and the minimum
drag coeflicient was taken with the flap neu-
tral. The highest ratio was obtained by the
plain unslotted airfoil, the value being in-
creased from 85.0 for the plain Clark Y to
128.2. The speed-range ratio for the com-
bination giving the highest maximum lift
coefficient was only 87.3. The optimum
combination, considering both the maximum
lift coefficient and the speed-range ratio, is
probably the one with only the two rear-
most slots open. For this .combination
the maximum lift coefficient was 2.44 and
the speed-range ratio was 117.5. ,

Application of optimum combination with
flap—On the basis of the coefficients ob-
tained from these wind-funnel tests, the
effect of equipping an ordinary airplane with
the optimum combination (the third slot and
the improved slotted flap) has been calcu-
lated. If the wing area is kept the same,
the landing speed should be reduced about
26 per cent and the maximum speed about 3
per cent. If the wing area is reduced 25
per cent the high speed should remain ap-
proximately the same and the minimum
speed should be reduced about 15 per cent.
With a 50 per cent reduction in the wing area
the landing speed should remain about the
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CONCLUSIONS

1. Adding more than a single leading-edge slot to
the Clark Y airfoil, with. its relatively low camber and
without a flap, probably would not improve the aero-
dynamic characteristics sufficiently to compensate for
the increased structural difficulties.
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F1oure 8.—Lift and drag coeficlents for a wing with 45° slotted flap and varlous

same and the maximum speed should be increased in the
neighborhood of 3 per cent. The structure of the wing
could be in accordance with customary practice, the
rear spar being located just back of the third slot.

149900—33——3b

leading edge and center fixed slots

2. With the improved slotted flap down 45° and the
best combination of fixed slots the maximum lift

coefficient was increased from 1.29 with the plain
Clark Y airfoil to 2.60.
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3. The optimum combination tested with the flap
down 45°, considering both the maximum lift coefficient
and the speed-range ratio, was probably that with only
the two rearmost slots open.

LANGLEY MEMORIAL AERONATUTICAL LABORATORY,
NaTronar Apvisory COMMITTEE FOR ABRONATUTICS,
LaneieY FreLp, Va., April 6, 1932.
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TABLE I

ORDINATES FOR CLARK Y AIRFOIL
[All values In per cent airfoll chord]

Ordinates
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Leading edge rading=1.50

. TABLE I

AERODYNAMIC CHARACTERISTICS OF A CLARK Y
WING WITH MULTIPLE FIXED SLOTS AND A SLOT-
TED FLAP DOWN 45°

Slot combination Cimes | Comial g:::' ag,...
°
el § 1950 | o013 | 1282 12
fa 2,152 . 0210 oL 0 10
P4 2.235 . 0278 §0.3 20
T 2200 | .0340 647 21
/Q% 2210 | o200 L8 20
TN Los0 | o4 | 1206 12
Q\ 170 | o184 | 108.0 14
GC?\\ 2442 | L0208 | 175 16
G’C?G’\\_ 2 500 0258 9.8 18
G’Q\ 2185 | .0214 | 1020 18
/f—_\/\\\ 2261 | L0243 9.2 19
/JQ\\_ 2320 | .0319 2.7 20
/0'00\_ 2535 | .0363 69.8 20
/GO\\_ 2600 0208 87.3 2
/Q'C?§4 206 | L0208 68.3 2

1 Cpmis With (lap neutral.
/



