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THE EFFECT OF MULTIPLE FIXED SLOTS AND A TRAILING-EDGE FLAP ON THE “
LIFT AND DRAG OF ACLARKYWO~

By FHFID E. WDICK and JOSEPH A. SHOETM

SUMMARY mum drag coefficient of the arrangement was high.
Li$anddrag teabwere mdona&rk Ywiw A relatively low-drag iixed slot near the leading edge

eguipped withfowrj?zeo? slot8and a trailing-edgejup in of am airfoil has been recently developed by the Na-
tlw6#oot vertical wind tunnel of the Naiional Ao?thorII tional Advisory Committee for Aeronautics, with which

- Oomm&eefor Aeronauti-M. ~ po88iblecombimztti of tie maximum liftcoefficient of a Clark Y airfoil was
thafour 810i8W8T8te8ied with the *P neutd and the inoreased from 1.30 to 1.76. @eference 2.)
most promisi~ combin.uiti were tested Ah tlw jlap The present investigation was made to determine the
down @“. Oomidering bothtlw maximum lifi weji%nt eflect on its aerodynamic characteristics of equipping

and the &pet@range rfdio cLmaz/cDmin~ ~h t~ -@P a Clark Y airfoil with several fied slots similar in

‘x
~URE l.—%cttonofC%@ Y W@ withnudtflia= dOtSandtmilfudm fiP

mnUraJno appreoialh improvement was found wiih the
w.8eof more than tha &ing.?aku&q@ge sht. With th%
jlap down ~“ a maximum lijl coqjiieni of 3.60 was
obtained but tii8 particular 810t combin.dion wed had a

rathml.argeminimum dragcoem dh thejap neutral.
Wdh the&p down ~“ tlw optimum combindion, con-
sia%ringboth the maximum li~ coij%ierd and the speed-
range ratio, WQXobtaind ~h OTJYthe two rea~~
810t8in use. For this arrangenwd tlw maximum lift
Co@n# was .$%&

INTRODUCTION

&an extension of the investigation of lateral stabil-
i~ 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
LrLchmmm(reference 1) a large increase in the maxi-
mum lift coefficient was obtained with a highly cam-
bered airfoil equipped with tied slots but the mini-

shapeto the recently developed 10W4W fixed slot. The
tests were made with dl possible combinations of the ,
various slots. In addition, aims it was how that a
multislot wing could advantageously have greater
camber thsmthat 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 ohord was tied 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 proiile as shown in Figure 1.
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The gaps indicated by the letter “ a“ in I?@re 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 fkont 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+dge portion under load, a small metal clip was
used to support it in the center. When not in use, the
slots were closed by illing them with Plasticize 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° m shown with do~ted lines in Fi&re 1.
‘i’i’iththe flap down the rear slot was obviously ;f 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 dmg tests were made with all possible
combinations of the other slots. In addition, several
combinations were tested with the rear slot olosed,
including that with all the slots closed, which gave
the condition of an ordina~ flap on a plain airfoil.

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

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

RESULTS AND DISCUSSION

The results are given in terms of. the standard
absolute COt3ffiCientSOf lift and ~, CL and CD, un-
corrected for tunnel-wall effect. These coefficients are
plotted aght 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 rew.ilts
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 rem. The speed-range ratio CLA(?m{~
increases as the slot is moved to the rear, the value
with the rear slot open be@ slightly higher than that
for the plain wing. (’The values with all other slot
conditions are lowOr.)

The mar slot increases both the maximum lift co-
efficient and the ratio C~=/C~fn when used alone
or with the leading-edge slot. ‘i$5th any other com-

1Inpfactka it maid be neeesmry tonlaketi CETEI @ateCexible IX to sQpIWt it

m hin~ kfmm ofhterferenm with theflapinthe neutral psltfon.
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bination the rear slot has a detrimental effect on ono or
both of these factor-s. .

The highest maximum lift coefficient was obtained
with the three foremost slots open and the rem one
closed. With this condition the maximum lift coeffi-
cient was increased from 1.29 for the plain Cktrk Y
to 1.93. This .va.lueis riot appreciably higher, however,
than that obtained with the third slot also closed, 1.90,
and is only 9 per cent higher than that obtained 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 arrarige-
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 450.—With the rw 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 expeciwd 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 rLplain wing
with a flap, a maximum lift coefficient of 1.95 wiis 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 2.2o.

With only the rear slot open without the cover plate,
the maximum lift coefficient was reduced from 1.96
with the slot closed to 1.77, while with the cover plate
in place the masimum lift 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 thot
with the flap down the use of the improved rear slot
increased the maximum lift coefficient in eveqy case
tested. The highest lift coefficient found was 2,60,
w-hiohwas obtained with the first arid third slots open .
also. In this caae the use of the improved rear slot
raised the value from 2.21 to 2.6.0. Au interesting fnct
is that with the flap down imd the improved rear slot
open, opening the slot just ahead of it gave greater
improvement than opening either of the two fonvard
slots. In fact, in every case with the third slot open
and the improved rear slot in use, the mrmimum lift
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coefficient was substantially higher than in any case CONCLUSIONS

with it closed. 1. Adding more than a @e leading-edge slot to
In every case with the improved rear slot open’ and the Clark Y airfoil, with its relatively low camber and

the third slot closed the lift curve had two peaks. without a flap, probably would not improve the aero-
Opening the third slot eliminated the ilrst peak and dynamic characteristics sulliciently to compensate for
produced a high value of the maximum lift coefficient. the increased structural d.iflictitiw.
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 a60
the front slot is the important one. The
highest value of the maximum lift coefficient 2.40
was obtained, however, with the leading-edge
slot open together with the two rear slots,
the value in that case being 2.60. 2.m

In computing the speed-range ratio
CL_/OD.i. for the cases with the flap de- ~,m
fleeted, the maximum lift coefficient was
taken with the flap down and the minimum
drag coefficient was taken with the flap neu- /.80
tral. The highest ratio was obtained by the
plain unslotted airfoil, the value being iu-
creased from 86.0 for the plain Clark Y to ‘-60
128.2. The speed-range ratio for the com-
bination giving the highest maximum lift ,.40
coefficient was only 87.3. The optimum ~=
combination, considering both the maximum
lift coefficient and the speed-range ratio, is f.zo
probobly the one with only the two rem-
most slots open. For this combination , ~
the maximum lift coefficient was 2.44 and “

[.00

the speed-range ratio w-as117.5.
Application of optimum oombinati;n with .80

flap!-on the basis of the coefficients ob-
.80

tained from these wind-tunnel tests, the
effect of equipping an ordinary airplane with .60

the optimum combination (the third slot and
the improved slotted flap) has been calcu- .40
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 95 -10 -5 0 5 10. 15 20 25 0

speed should be reduced about 15 per cent.
a, degrees

With a 50 per cent reduction in the wing area
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the landing speed should remain about the
same and the maximum speed should be increased in the 2. With the improved slotted flap down 45° and the
neighborhood of 3 per cent. The structure of the wing best combination of tied slots the maximum lift
could be in wxordrmce with customaq practice, the coefficient was increased Irom 1.29 with the plain
rem spar being located just back of the third slot. Clark Y firfOfi to 2.60.
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3. The optimum combination tasted with the flap
down 45°, considering both the maximum lift coefficient
and the speed-rrmgeratio, was probably that with only
the two rearmost slots open.
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TABLE II

Ladfngedgo radlna.lm

. TABLE III

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

AERODYNAMIC CHARA~RIS!HCS OF A CLARK Y
WING WITH MULTIPLE FIXED SLOTS
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