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AND SPECIALLY DEVELOPED LEADING-EDGE SLOT
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SUMMARY

An investigation was made in the N.A.C.A. 7 dy 10
foot wind tunnel to find the increase in maximum 1ift co-
efficient which could be obtained by providing a model
wing with both a Fowler trailing-edge extension flap and
a Handley Page type leading-~edge slot. A conventional

-Handley Page slot proportioned to operate on the plain
wing without & flap gave but & slight increase with the
flap; so a special form of slot was developed to work more
effectively with the flap. With the best combined arrange-
ment the maximum 1ift coefficient based on the original
area was incressed from 3,17, for the Fowler wing, to 3.62.
The minimum drag coefficient with both devices retracted
wasg increased in approximately tine same proportion, Tests
were also made with the special-type slot on the plain
wing without the flap. The special slot, used either with
or without the Fowler flap, gave definitely higher values
of the maximum 1ift coefficient than the slots of conven-
tional form, with an iancrease of the same order in the
minimum drag coefficient.

INTRODUCTION

The purpose of the present invsestigation was to de-
termine -the maximum 1ift coefficient obtainable by conm-
bining the best retractable trailing-edge and leading-
edge devices found to date in the genersal wind-tunnel in-
vestigation of high-1ift devices now being carried on by
the National Advisory Committee for Asronsutics, The re-
tractable devices that have given the largest increases
in 1ift are the Fowler slottod extension flap (reference
1) and the Handley Page leading-edge slot (reference 2).

The first step of the present investigation was to
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test an airfoil based on the Clark Y section, incorporat-
ing the Fowler flap and Handley Page slot, in the optimum
arrangement separately determined for each (references 1
and 2). The maximum 1ift coefficient obtained with this
combination was only 8lightly higher than that for the
Fowler wing alone, which was ascribed %o the unsatisfac-
tory location and action of the leading-edge slot on the
wing with the Fowler flap. A modified form of slot was
therefore developed and tested with the slat in a number
of different positions, with the Fowler flap both extend-
sd and retracted,

APPARATUS

The tests were made in the H.A.C.A. 7 by 10 foot wind
tunnel, which is described in detail, together with the
balences and standard test procedure, in reference 3,
Because of the high 1ift obtained with the special devices
the model was supported by a fine wire at each wing tip
in addition to the uwsual center support. The tests were
made at an air spesed of 80 m,p.h, which corresponds to =&
Reynolde Number of 609,000 for the basic wing chord of 10
inches, ¥No corrections were made for tunnel-wall inter-
‘ference.

The wing model was the same one used in the previous
tests on the Fowler wing, as shown in figure 1, but the
nose was cut off to the contour of the Handley Page slot-~
ted wing and the slat was located in the position previ-
ously found best for the plain.slotted wing (fig. 2). Both
the original investigations (references 1 and 2) were made
with models having the Clark ¥ as the basic section, the
chord belng 10 inches and the span 60 inches.

TESTS AND RESULTS

The maximum 1ift coefficient (based on the original
area of 600 square inches) for the model with Dotk the
Fowler flap and the Hendley Page sloft in the individually
obtained opiimum positions was found to be 3.38, which is
only slightly greatsr than the value of 3,17 found for
the Fowler wing alone. In order to determine whether the
Fowler flap, set at & different location or angle, would
function more favorably in the presence of the slot, the
teats were repeated with these factore varied throughout



a small renge., The highsest value obtained, 3.37, was found
with the same nose location but with the flap deflscted

45° instead of the original 40°, It was comcluded that %the
slot has no substantiel influence on the best position of
the Fowler flap, and the final tests on this arrangement
were made with a flap setting of 45°. It was thought prob-
able, however, that the action of the leading-edge slot

was adversely affected to an appreciable extent by the
presence of the Fowler flap, and a program was undertaken
to improve the slot when operating in conjunction with the
flap. It seesmed likely that & better siat position could
be found for this condition, &nd in addition =& comparison
of the results of referernce 2 with those of referonce 4
indicated that an Iimprovement might be expectsd if the

slat were changed to have a better alirfoil form. The sec-
tion used ian refesrenco 4, later designated ¥.A.C.A. Ho.

22, was choson. (The ordinates arc givon in table I.)

¥Tith the slot closed the section of thoe wing was that

shown in figure 3 and, as this arrangement was obviously
not favorable for minimum drag, the first tesft made was

a measurcment of the drag with tho slot closed and the
Fowler flap retracted. After the tests had shown that the
minimum drag coefficlient had lacreased from 0.,0156 %o
0,0224, the nose of the main airfoil was rounded as shown
in figure 4, With this condition the value of the miai-~
mum drag coefficient was reduced to 00,0182, which was con-
sldered reasonably satisfactory. A complete test of C1,s
Cp. and c.pe. for various angles of attack was thern mads
with the wing model as illustrated 1n figure 4. The reosults
are given in figure 5.

The model was then given a series of tests to find
the maximum 1ift coefficients with the Fowler flap extend-
ed and the F.A.C.A., 22 slat held by metal c¢lips in the va-
rious positions shown in figure 6. The trailing edgs of
the slat was located at elght different positions, giving
a series of intersecting straight lines forming & conven-
ient basis for a contour chaert, The slat was tested at
three different angles for each of the %railling-edge lo-
cations sinown, During this asurvey the angle of the Fowler
flap was varied throughout a2 sufficient range %o enclose
the optlmum angle for each trailling-sdge loc%tion of tae
slat. The optimum angle in all cases was 35 , giving in-
creases In COprmax ©f 2 to 4 perceat over the Crmax
found for a flap angle of 409, the optimum angle for the
original Fowler wing. The resulits, ziv-en in figure 7
and table II, show that tihe hizghest value of the maximum
1lift coefficient obbained was 3.58 for which the slat
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was in position P, the angle between the chorde of slat
and main wing being 40

The center fitting supporting the slet was made rath-
er thick for convenience in permitting adjustment of an-
gle and position and it was thought that this fitting
might disturd the flow, particularly near the stall, and
cause a somewhat low value of the maximum 1ift coefficient.
Another test was therefore made with the slat in the best
position but with the center fitting replaced by a smaller
thinner one, With the smaller fitting the interference
with the flow between the slat and the wing at the center
of the span was reduced and the value of the maximum 1ift
coefficient was raised to 3.82. The characteristics of
the wing in this condition are glven in table IV and fig-
ure 9, :

After these tests had boen completed it was decided
that the special form of slot which had been developed
was of sufficiont interest to warrant anothor sories of
tests to find tho best slat position with the Fowler flap
retracted, making the model & plain slotted wing. The
results of these tests are given in figure 8 and table
III., The best position found was with the trailing edge
of the slat at point E and the slat at an angle of 45°,
With the small center fitting holding the slat in this
position a maximum 1ift coefficient of 2,08 was obtained.
(See fig, 9 and table IV.)

DISCUSSION

The extended Fowler flap and the leading-edge slat
provide additional area which involves additional compli-
cation and weight, TFrom one viewpoint, if 1lift-increasing
devices are to be considered effective they should increase
the actual surface loading, rather than produce 1lift only
in proportion to the additional area., In order to facil~
itate a comparison of the various modele on this basis,
values of the maximum 1ift coefficients based on the total
extended area are glven in the last column of tabdle IV,
Either of the slots alone, it will be noticed, gives a
substantlial increase in the surface loading, that for the
special slot being definitely higher than that for the
conventional type. The Fowler flap alone gives a further
increase of the same order. The comblned Fowler flap and
conventional leading-adge slot give a slightly lower value
than the Fowler wing alone, but the combination with the spe-
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clal slot gives a somewhat nigher value. In the letter
case the increase in the maximum 1ift coefficient is ac-
companied by a proportional increase in the minimum drag
coefficient, however, and i% is somewhat doubitful wkether
any possible lncrease in performance or the decrease in
wing size obtained by adding even the special slot to the
Fowler wing would warrant the increase in complication
and cost,

The unfavorable effect of the high drag on the rate
of ¢climb of an airplens is indicated by the value of L/D
for a 1ift coefficient of 0.7 given in the third column
of table IV.

One interesting featurs of the wing having both the
Fowler flap and the special lesading-edge slot is the flat
peak of the 1ift curve as shown in figure 9. The maxinum
value of the 1ift coefficient was obtained at an angle of
attack of 21° and the same value maintained up to 25°

GONCLUSIONS

1., By the addition of a special retractable leading-
edge slot to the Fowler wing arrangement, the maximum 1ift
coefficient based on the original area was increased from
3.17 to 3.62 and was accompanied by an increase of approx-~
imately the same relative amount in the minimum drag coef~
ficient with the devices retracted.

2. By the application of the same slot arrangement
t0o a plain CGlark Y wing the maximum 1lift coefficient was
increased from 1.27 to 2.08 with an increase in the mini-
mum drag coefficient from 0.0156 to 0,0182,

3, The special slot, used either with or without the
Fowler flap, gave definitely higher values of tho maximum
1ift coefficiont than the slot of conventional form, with
proportionate increases in the values of minimum drag co-
efficient,

Langley Hewmorial Aeronauntical Laboratory,
National Advisgory Committee for Aeronautics,
Langley Field, Va,, April 4, 1933,



6 N.A,.C.A, Technical ¥Note No, 459

REFERENGES

1., Weick, Fred EB,, and Platt, Robert C.: Wind-Tunnel
Tests of the Fowler Variable-Area Wing. 7T.N. No.
419, N.,A.C.A., 19332.

2. Wenzinger, Carl J., and Shortal, Joseph A,: The Aero-
dyrnamic Charscteristics of a Slotted Clark ¥ Wing
as Affected by the Auxiliary Ailrfoil Position,

T¢R, No. 400, N.A.C.A., 1931,

3. Harris, Thomas A.,: The 7 by 10 Foot Wind Tunnel of the
National Advisory Committee for Aeronauntics. TeRe.
No. 412, N.A.C.A.,, 193l.

4, Weick, Fred X,, and Bamber, Hillard J,: Wind-Tunnel
Tests of a Clark Y Wing with a Narrow Auxiliary Air-
foil in Different Positions., T.R. No. 428, N.A.C.A4A,,
1832,



N.,A.C.A, Technical Hote No,

TABLE I

AIRFOIL ORDINATES

(Values in percent of chord)

459

Clark ¥ N.A,C.A, 22
Station Ordinate Ordinsate Ordinate Ordinate
upper lower upper lower
0 3,50 3,50 2.88 2.88
1l.25 5.45 1.93 5,40 1,09
245 6.50 1,47 6,48 « 8D
5 7.90 .33 8,02 .28
7e5 8.85 . 63 9,11 .08
10 9.60 42 9,95 .00
15 10,69 « L5 11.34 e1l2
20 11,36 « 03 12.29 « 24
30 11,70 0 13,35 1.46
40 11.40 0 13.42 3.08
50 10,52 0 12.60 4,78
60 9.15 0 11,12 5.63
70 735 0 9,156 5,79
80 5.22 0] 6,68 4,68
g0 2.80 o} 3,95 2.67
85 1,49 0 251 1,32
100 12 Q 1,13 « 00
L.E. Rad. 1.50 1.50
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VARIATION OF COppax VITE SLAT ANGLE OX

FOWVLER WING WITE SPECIAL SLOT

Trailing-edge

positions

Siat
angle

C

D

E

25°
27.5°
30°

32,59

3,490
3,540

3,460

35,445
3.475

3,450

3,520
3,540

3.530

3.525
3,570

3,515

3.520
3.580

3.560

3,460 |

3,520

3,490

3,520

3.550

1 3,540
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TABLE I1I
VARIATION OF Cpmagx TITH SLAT ANGLE ON
PLAIN WINS WITH SPECIAL SLOT

Prailing—-edze positions

Slat

anzle A C b H F G H I J

20° |L.922
22.5°|1.952
25° 1,754 1,990
27.5° 1,880{2.005|2.000
30° 1.890 2.045[1.985|1.750
32.5°) . 1.,770(1.835|2,020|1.755

35° 1,765 1,975 (1,745

42,5° 2,030
45° 2.059 1,975
47,5° 2,030
50° 1,953 |2,040
52,5° 1,820
55° 1,992

67 ,5° 1,985
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TABLE IV
SUKMARY OF CHARACTHBRISTICS OF LIFT
IJHCREASIKNG DEVICES TESTED )
1
Cimax Opmipt | L/D at| Ormax
Arrangement (original| (original| C=0.7] (actual
area) area) surface
area)
Plain wing 1.27 0.0156 17,5 1,27
Plain wing with Handley 2 2
page slot 1.84 <0158 17,5 1,63
Plain wing with special : .
slot 2.08 0182 14,3 1,87
Fowler wing 3,17 01586 17,5 2.26
FPowlsr wing with Handley
Page slot 3.37 32,0156 217.5 2.21
Fowler wing with special
slot 3,62 .0182 14,3 2,40
‘Baged on dats with slat and flep retracted,

®*Wing profile is assumed perfect with Handley Page slot

closed.

This condition is not attained in practics,

which would mseke the actual drag difference between the
Handley Psage and special slots lese than the above fig-
ures indicate. '
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