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WIND~TUNNEL INVESTIGATION OF AN N.A.C.A. 23012 AIRFOIL
WITH A& SLOTTED FLAP AND THREE TYPES OF AUXILIARY FLAP

- By Carl J. Wenzinger and William E. Gauvailn
SUMMARY

An investigation was made in the N.A.C.A, 7- by 10-
foot wind tunnel to determine the aerodynamic section
characteristics of an N.A.C.A. 23012 airfoil with a sin-
gle main slotted flap equipped successively with auxiliary
flaps of the plain, split, and slotted types. 4 test in-
stallation was used in which an airfoil of 7-foot span
was mounted vertically between the upper and the lower
sides of the closed test section so that two-dimensional
flow was approximated.

On the basis of maximum 1ift coefficient, low drag at
moderate and high 1ift coefficients, and high drag at high
1ift coefficients, the optimum combination of the arrange-
ments was found to be the double slotted flap. All the
auxiliary flaps tested, however, increased the magnitudes
of the pitching moments over those of the main slotted
flap alone.

INTRODUCTION

Many different types of high-1lift device have been
investigated by the N.A.C.A., in an extensive program of
research for increasing safety in flight. Some of these
devices are located at the leading edge of the wing and
others at the trailing edge. One of the most promising
of the devices is a recently developed arrangement of
gslotted trailing-edge flap. This slotted flap (reference
1) is capable of giving high maximum 1ift coefficients,
low drag at moderate and high 1ift coefficients, and high
drag at high 1ift coefficients. This flap therefore ap-
pears well suited for improving take-off and landing
characteristics.

Results of a few preliminary tests of a slotted flap
with a small split flap mounted on it (reported also in
reference 1) indicate that such an arrangement has consid~
erable promise as a high-lift device. As a further de-
velopment in enlarging the possibilities of the slotted
flap, the investigation has been extended to include nul—-
tiple flaps. The present report gives the results of an
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investigation of an airfoil with a medium-size-main slot-
ted flap combined with each of three different types of
smaller auxiliary flap: split, plain, and slotted. TFach
of the auxiliary flaps was tested at a series of deflec-
tions for several deflections of the main flap. Measure-
ments of 1ift, drag, and pitching moments were made in the
7- by 10~foot wind tunnel.

APPARATUS AND TESTS

' Models

The basic model, or plain airfoil, was built to the
N.A.C.A. 23012 profile and has a chord of 3 feet and a
span of 7 feet. The solid nose piece was made of laminated
mahogany, the ribs and the slot form were of pine, and the
intermediate section was covered with tempered waterproofed
wallboard. All the flaps were made of wood.

The main slotted flap has a chord 25,66 percent of
the wing 'chord c¢y3 this flap together with its gslot shape

(fig. 1) is the same as the arrangement designated 2~k in
reference 1. The flap was mounted on the airfoil with
three fittings along the span that permitted setting the
flap at the optimum location for each deflection. The or-
dinates for this flap and the slot shape are given in ta-
ble I, and the optimum path of the nose of the flap for
various deflections (from reference 1) is given in figure
2(a). The nose point of the flap is defined as the point
of tangency of a line drawn normal to the airfoil chord
and tangent to the leading-edge arc of the flap when neu-
tral.

. Two wildths of split flap were tested:.one has a chord
0.05c,, and the other a chord 0.1l0cy (fig. 1). Bach of

these flaps was fastened to the lower surface of the main
slotted flap by screws and blocks cut to different angles
for the various flap deflections. The flap hinge axXes were
set in from the trailing edge of the main flap an amount
equal to the chord of the split flaps.

The plain flap has a chord O.lOcW and is formed from
a portion of the main slotted flap, as shown in figure 1.
This flap is arranged for locking at various angles, both
up and down, with respect to the main flavn. The gap be-



g

tween the plain~flap nose and the main slotted flap was
sealed with a light grease for all tests to prevent leak-
age of air through the gap.

The auxiliary slotted flap (fig. 1) has a chord 0.,10cy;

the shapes of both the flap and the slot are similar to
those of the main slotted flap. The ordinates for the

- auxiliary slotted flap and the slot shape are also given

in table I, This flap was mounted on the main slotted
flap by special fittings that allowed the small flap to be
located at any point over a considerable area with respect
to the main flap. This arrangement makes it possible to
determine the optimum locations of the small slotted flap
for the various deflections investigated. (See fig. 2(b).)

Test Installation

.* The model was mounted in the closed test section of
the 7= by l0-foot wind tunnel so as to span the jet com—
pletely except for small clearances at each end. (See ref-
erences 1 and 2.) The main airfoil was rigidly attached
to the balance frame dy torgque tubes, which extended
through the upper and the lower sides of the tunnel. The
angle of attack of the model was set from outside the tun-
nel by rotating the torque tubes with a calibrated drive.
Approximately two-dimensional flow is obtained with this
type of installation and the section characteristics of
the model under test can be determined. (See reference 1.)

Tests

11 the tests were made at a dynamic pressure of
16.37 pounds per square foot, corresponding t¢ an air
speed of about 80 miles per hour at standard sea-level
conditions, Theé average test Reynolds Number, based on
the airfoil chord, was 2,190,000. This test Reynolds Num-
ber, when converted to an effective Reynolds Number that
takes account of the turbulence in the air stream, is
3,500,000. (Effective Reynolds Number = average test
Reynolds Number X turbulence factorj; turbulence factor
for the tunnel is 1.6.) '

Tests were made of the airfoil with the main slotted
flap first neutral and then deflected various amounts along
the optimum flap path shown in figure 2(a). Each of the
two auxiliary split flaps was next tested with deflectlons



of 15°, 30°, 45°, and 60° for various deflections of the
main slotted flap. Similar tests were then made of the
auxiliary plain flap in combination with the main slotted
flap.

The auxiliary slotted flap was deflected 10°, 209,
30°, 40°, and 50° with the main slotted flap set neutral,
and surveys were made to determine the optimum auxiliary-
flap positions and deflections for maximum Llift and steep
angles of climb. Surveys were also made to determine
whether these positions changed with deflection of the
main slotted flap, but no surveys were made to determine
whether the optimum path of the main slotted flap changed
with deflection of the auxiliary flap. The optimum path
finally chosen for the auxiliary slotted flap is shown in
figure 2(b),

A sufficient number of angles of attack at each of
the various deflections were investigated to determiwe en=
velope polars over the complete 1ift range from zerc to
maxinum 1lift. Lift, drag, and pitching moments were neas-
ured for all positions of the flaps over the angle-of-
attack range tested. No flap hinge moments or flap loads
were obtained. " i '

RESULTS AND DISGUéSION.
Coefficients
All test results are given in standard section non-
dimensional coefficient form as follows:
ey airfoil section 1ift coefficient (1/a8).
bcdo, :aiffoil.sectibn drag coefficignf (do/as).
'airfoil.éectidn pitchingwmoﬁent”coefficient

~about aerodynanic center of section with
flap in neutral position (m/q cW‘S).,

. c -
m(a.c;)o’
where

1 is the airfoil section 1lift.

dgs airfoil section drag.



and

From repeat tests,

airfoil section pitching moment.
. 1 2
dynanic pressure s p V).

airfoil area including flap, measured with
flap neutral.

airfoil chord.

is the setting of main slotted flap with
respect to the airfoil, deg.

setting of the auxiliary flap with resnect
to the nmain flap, dege.

angle of attack for infinite asgpect ratio.

Precision

" the following limits:
@ = = = = = o = % = e = = - %0.,25°
c e e e e e e e =~ #0.03
Vnax
c e e e e~ £0,003
Bla.c.),
c - - = - = = = -~ - =« *0,0003
O(C'L:O)
- e e = = - = £0,0006
ey e e = e e = - = £0,002
O(CL=2u5) .

Main-flap angle, 8p = = ~ - *0.3°

1

Main-flap position - —= - = - < *0.002¢,

]

Auxiliary-flap angle,

Gfg ) -

m Auxiliary-flap position - - - -*0.00lcy

the accidental experimental errors
in the results presented herein are believed to lie within



The 1ift and the drag have been corrected for tunnel-wall
effects, as explained in reference 1.

With certain arrangements of the main slotted flap
with the auxiliary flap deflected, it was possible to ob=
tain two sets of data, both of which are shown on the
curves of gsection aerodynamic characteristics. Because
of the innumerable possible combinations, the optimum
nose path determined in reference 1 for the main flap was
used. The slot opening for a main-flap deflection of ap-
proximately 30° in combination with some settings of the
auxiliary flap seems to be critical since most of the dou~
ble readings occurred with this arrangement. Undoubtedly,
a more stable combination could have been found by ad-
Justing the gap of the main flap but this procedure would
have required more time than was available for these tests.

The profile~drag coefficient cd, of the airfoil-

flap combinations has not been corrected for the effects

of the various flap-hinge fittings. From previous tests

of the airfoil with the main slotted flap (reference 1),

it was found that the drag of the fittings did not exceed .
0,00L. The main-flap fittings used in the present tests

were gmaller than those mentioned and, asg the auxiliary-

flap fittings of the present model were small, 1t was es-

timated that their drag would not exceed 0.001.

Section Aerodynamic Characteristics

liain slotted flap.- The section aerodynamic charac-
teristics of the airfoil with only the main slotted flap
are included as a basis for comparison (fig. 3). The
present data agree well with those given in reference 1,
the chief difference being that the maximum 1ift is about
3 percent lower for the model used in these tests. This
difference may be attributed to the use of an entirely
different model and to slight differences in the accuracy
of the flap setting.

Airfoil with main slotted flap and auxiliary split
flaps.~ Section aerodynamic characteristics of the airfoil
with the slotted flap combined with the 0,05c¢, split flap
are given in figures 4 to 8, and envelope polar curves for
this arrangement are plotted in figure 9. Similar data
for the airfoil with the slotted flap and the 0.1l0cy split
flap are given in figures 10 to 15. '




The envelope polar curves provide a convenient meth-
od for the comparison of the 1lift and the-drag character-
istics at various deflections of the combination of main
and auxiliary flaps. ZEach envelope curve shows, for the
combination being considered, the lewest drag obtainadle
at a given 1ift coefficient for a fixed deflection of the
main flap, Figure 9 indicates that the 0.05c¢, split flap
will improve the effect of the main slotted flap alone
for fixed main-flap deflections of 10°, 20°, 30°, and 40°
when the split flap is deflected to give 1ift coeff1c1ents
higher than 1,3, 1,6, 2.2, and 2.7 Similarly, figure 15
indicates that, for fixed malnnflap deflections of 109,

20°, 3%0°, and 40°, a beneficial effect will be obtained

from the 0.10cy split flap when it is deflected beyond the
corresponding 1ift coefficients of 1.7, 2.2, , and 2,75,

Airfoil with main slotted flap and auxiliary plain

flap.~ Section aerodynamic characteristics of the airfoil
with the main slotted flap combined with the 0.,10cy plain
flap are given in figures 16 to 20, and envelope polar
curves for the combination are plotted in figure 21. Asg
for the combination of the slotted flap with the split
flaps, some benefit is obtained. TFor fixed main-flap de~
flections of 109, 20°, 30°, and 400, figure 21 indicates
that a beaneficial effect will be obtained from the 0.1l0cy

plain flap when it is deflected at 1ift coefficients be~
yond 0,8, 1,95, 2.5, and 2.5,

Airfoil with main slotted flap and auxiliary slotted
flap.,- Section aerodynamiec characteristicg of the airfoil
with the main slotted flap combined with the auxiliary
0s10cy; slotted flap are given 'in figures 22, 23, and 24,
and envelape polar curves for the combination are pletted
in figure 25, As previously mentioned, some preliminary
tests were made to determine the optimum path of the aux-
iliary slotted flap for given deflections of the main
flapj the optimum paths chosen are shown in figures 22,
23, and 24, A beneficial effect will be obtained from the
auxiliary slotted flap for fixed main-flap deflections of
200 and 40° when the auxiliary flap is deflected at 1ift
coeffic1ents beyond 1. ?5 and 2,45,

Comparison of the Flap Arrangements Tested

An cenvelope of cach of the series of envelope polar
curves given in figures 9, 15, 21, and 25 has been plot-



ted for each flap arrangement in figure 26. This figure
shows that, from 1ift coefficients of 1.1 up to the stall,
the 1ift and the drag characteristics of the airfoil with
the main slotted flap can be improved by the addition of
an auxiliary flap of the split or slotted type. The aux-
iliary plain flap offers an improvement over only two
portions of the 1ift range, between cy = 1.1 and 2.45

and from 2.73 to the stall, The superiority of the main
slotted flap with the auxiliary slotted flap for high 1ift
with low drag, which is very important for take~off and
steep angles of c¢limb, is immediately evident. High 1if?t
with high drag for landing purposes could be obtained by
deflecting the slotted flaps to angles greater than 40°0.

; The various flap arrangements tested are also com-
vared in tadble II. A comparison is made of the profile-
drag coefficients at several different 1lift coefficients
with the correspoending pitching moments and flap deflec-—
tions; in the last two columns are given the ratio of
1ift to drag at maximum 1ift (an indication of the steep-
est gliding angle available), and the ratio of maxinun
1ift to the drag at a 1ift coefficient of 0.2 (criterion
of the speed range). The main slotted flap with the aux-
iliary slotted flap also shows up favoradbly .in these com-
parisons, except as regards the pitching moments. For
nearly all conditions, thig combination has the highest
pitching moments of the arrangements tested and this char-
actoristic must be given consideration in applications to
design. .

The effect of the various flap arrangements in increas—
ing the maximum 1ift of the airfoil is shown in figure 27
where values of the maximum—~1ift inecrement ACL are
' max

plotted against deflections of the auxiliary flaps for
given deflections of the main slotted flap. The superior-
ity of the main slotted flap with the auxiliary slotted
flap is immediately evident. It will be notecd that, with
the main slotted flap deflected 40° (its setting for ] pax

and the auxiliary slotted flap deflected 30° or 40°, an
increase of 1,46 in the maxinum 1iftgcoefficient is possgi-
ble. This increase almost doubles the maximum 1ift of the
airfoil with flaps neutral, and still further increases
might be expected with larger flaps and thiqgg; airfoil
gectiong. Further investigation along these lines is

pladned.

7~



CONCLUSIONS

1., The optimum arrangement of the main and auxiliary
flap combinations tested is the main slotted flap with the

auxiliary slotted flap, which has more favoradble charac-
teristics than the single main slotted flap on the basis
of maxinmum 1ift coefficient, low drag at moderate and
high 1ift coefficients, and high drag at high 1ift coef-
ficients.

2. The auxiliary split flap or the auxiliary plain
flap combined with the main slotted flap slightly im-
proves the aerodynamic characteristics at high 1ift coef—
ficients.

3. All auxiliary flaps tested in combination with
the main flap increase the magnitudes of the pitching
moments over those of the main slotted flap alone.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., October 31, 1938.
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TABLE I
Ordinates for Flap and Slot Shapes

(Stations and ordinates in percent of airfoil chord)

liain slotted flap
Station Upper | Lower
_ surface surfaceJ
o -1.29 ~1.29 |
.40 -, 32 -2,0b Contour of main slot
.72 .04 ~2.21 :
1,36 .61 “2.56 . Station Ordinate
2,00 1,04 -2.41 55 . 30 21,02
2.64: 1.4:0 “‘2.4’1 »?4.1"7 .67
3.92 l.94 = 76,732 1.76
©.20 2.80 4 = 77.82 | 2.30
5.66 = ~2.16 79.32 | 2.65
6,48 2.53 = 80.82 2.82
7.76 2.&)3 hand 82‘70 2.64:
9.03 2.58 - .
10.31 2.46 - Center of arc:
20.66 .92 i N.?O o
25 .66 130 -, 13 Radius of arec: 7.97
Center of leading-edge arc:
0.91 ~14,29
Leading~edge radius: 0.91
Auxiliary slotted flap Contour of auxiliary slof
i Stntion Upper Lower Station . Ordinate
: surface surface ' 89.50 -0, 86
0 ~0.43 ~0.43 89 -.48
025 006 "'v84" 90 |28
.50 « 31 -,92 20.50 .66
.75 .49 ~,98 91 .90
1.00 .63 -1,00 91.50 1.05
1.50 .85 -1.02 92 1.17
2,00 .99 -1.00 92.50 1.22
2.50 1.08 -.96 93 1.15
5.00 1.12 had 95.25 1.15
3.50 1.12 - o N .
4.00 1.06 - Center of arc:
Q
Center of leading-edge arc! . B9.%9 .52
0,4% -0, 43 Radius of arc: 3.05
Leading—-edge radius: 0.43 o
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TABLE II
Comparison of Flap Arrangements Tested
8 8 e
cy c em £y s L/D at Unax
dg (a.c)o ‘ o ; cdo
(deg.) | (deg.) Unax (CL=O-2)
. Main slotted flap alone
0 80,0110| =0.010 0 -
[ =,130 10 -
1.0 .0l8 {2226 | 20 -
1.5 .027 - 253 20 -
. 50 21.00 237 .4
2.0 045 —e265 150 -
2.5 .076 ~.352 30 -
bo, 73 .13 - 370 40 , =
Vith auxiliary 0.10c, plain flap
0 |20.0114| -0.015 o | 0
1-0 001‘8, “'0240 20 O
1.5 .026 -, 250 20 0
! . 2 o) »
2.0 .042 -.367 ! 30 0 1750 435
2.5 079 o345 30 0
b2.80| .16 ~-.402 | 40 20
With auxiliary 0.05cy split flap
0 20,0110 -0.010 0 0
1.0 ,018 -,130 10 0
1.5 ,027 -2573 20 0 " 89 046 .1
2.0 .045 ~.306 20 15 17. )
2.5 073 —, 448 30 30
bo,.83f .16 420 40 45
With auxiliary 0.10cy split flap
0 20,0110| =0.010 . 0 0
[ =.130 10 0
o oLe =245 20 0 16.59 045 ,2
1.5 .027 -.253 | 20 0 T *
2.5 | . .076 ~.3%53 20 0
bo,82 W17 - 425 40 30
' With auxiliary 0,10cy slotted flap
0 |20.0118] =0.020 o | o
1.0 i .018 —e 245 20 , 0
1,5 .026 -,348 20 10 . :
» 4 . 2 »
2,0 iv-,oz9 -.424 | 20 } 20 17,34 50.0
.b2.5 B L0686 | =.400 20 | 20
2.00] 17 -,520 40 | 30

Mininun drag. DMaximum 1ift.
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FIGURE LEGENDS

Figure l.- Section view of the N.A.C.A., 23012 airfoil with
the main slotted flap and the auxiliary flaps.

Figure 3.~ Section characteristics of the N.A.C.A. 23012
airfoil with the main slotted flap deflected various
amounts.

Figure 4.- Scction characteristics of the ¥.A.C.A, 23012
airfoil with the main slotted flap deflected 0° and the
auxiliary 0.05cy split flap deflected various amounts.

Figure 5.~ Section characteristics of the N.A.C.A, 23012
airfoil with the main slotted flap deflected 10° and.
the auxiliary 0.05c, split flap deflected various
amounts. '

Figure 6.- Section characteristics of the N.A.C.A. 23012
airfoil with the main slotted flap deflected 20° and
the auxiliary 0.05¢, split flap deflected wvarious
amounts. ‘ ‘

Figure 7.~ Section characteristics of the N.A.C.A. 23012
airfoil with the main slotted flap deflected 309 and
the auxiliary O. O5cW split flap defWGCted varlous
amounts.

Figure 8.~ Section characteristics of the N.A.C.A, 23012
airfoil with the main slotted flap deflected 40° and
the auxiliary 0,05¢y; split flap deflected various amounts.

‘Figure 9.~ Envelope polar curves for the N.A.C.A, 23012
airfoil with the main slotted flap and the auxiliary
0.05cy split flap.

Figure 10,~ Section characteristics of.the N.A.C.A., 23012
airfoil with the main slotted flap deflected 0° and the
auxiliary 0.,10c, split flap deflected various amounts.

Figure 11l.~ Section characteristics of~the N.A.C.A. 2&012
airfoil with the main slotted flap deflected 10° and the
auxiliary 0.10cy, split flap deflected various amounts.

Figurc 12,- Section characteristics of the N.A.C.A. 23012
airfoil with the main slotted flap deflected 20° and
the auxiliary 0.10c, split flap deflected various amounts.



(a) Path of the main slotted flap for various deflec-
tions on the N,A.C.A.

Path of flap nose for
variousg flap deflec-

tions. Distances meas-
ured from lower edge of

lip in percent airfoll

23012 airfoil.

chord, cy.
Sfl(deg.) - v
0 8.36 1 3.91
10 5.41 | 3.63
20 3,83 | 3,45
30 2.63 | 3,37
40 1,35 | 2.43
50 .50 §1.63
60 .12 | 1.48

13

(b) Path of the auxiliary 0.10c, slotted flap for vari-

oug deflections on the maln slotted flap.

Path of flap nose for various
flap deflections.

Digtances
measured from lower edge of 1ip

'in percent airfoil, chord, ocy.
Sfl(deg.) Gfg(deg.) . y

0 .0 3,22 1.58

20 10 1.55 | 1,52

20 20 1.32 | 1,50

20 30 1.06 | 1,50

40 20 .32 | 1,50

40 30 06 | 1,27

40 40 .25 .59

Figure 2.~ Optimum locations of

the slotted flaps.
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Figure 13.~« Section
airfoll with the
auxiliary O.lOcW

Figure 14.- Section
airfoil with %the

auxiliary 0.10cy.

Figure 15.~ Envelope polar curves for the

alrfoil with +the

characteristics of the N.A.C.A. 23012 "
main slotvted flap deflected 30° and the
split flap deflected various amounts.

characteristics of the W.A.C.A. 23012
main slotted flap deflected 40° and the
split flap deflected various amounts.

H.A.C.A. 23012

main slotted flap and the auxiliary

O0el0cy split flap.

Figure 1l6.~ Section
airfoil with the
auxiliary 0.10cy

Figure 17.~ Section
alrfoil with the
auxiliary Os10c,

Figure 18,~ Section
airfoil with the
auxiliary 0.10cy

Figure 19.,- Section
airfoil with the
auxiliary 0,10cy

Figure 20.~ Section
alrfoil with the
auxiliary 0.10c,

characteristics of the N.A.C.A. 23012
main siotted flap deflected 00 and the
plain flap deflected various amounts.

characteristics of the N.A.C.A., 23012
main slotted flap deflected 10° and the
plain flap deflected various amounts.

characteristics of the N.A.C.A, 23012
main slotted flap doflected 20° and the
plain flep deflected various amounts.

characteristics of the H.A.C.A, 23012
mein slotted flap deflocted 30° and the
plain flap deflected various amounts.

characteristics of the N.A.C.A., 23012
main slotted flap deflected 40° and the
plain flap deflected various amounts.

Figurc 21l.~ Envelope volar curves for the N.,A.C.A, 23012

airfoil with the

main slotted flap and the auxiliary

0.10c, plain flap.

-
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Optimum path of auxiliary
flap nose for various flap
deflectiens. Distances
measured from lower -

edge of 1lip in percent of
airfoil chord, e

w
Sfé(deg.) x . ¥
0 3,22 1.58
.10 - ' .b5 2,77
,20 .32 2.50
30 .06 1.27
.40 .25 .59
50 ' A2 W47

Figure 2.~'Sectlon characterlstlcs of the N,A.C. A 23012
airfoil with the main slotted flap deflected 0° and the
auxiliary O. 10c slotted flap deflected various amounts,

Optimum path of auxiliary
flap nose for wvarious flap
deflections. Distances
. measured from lower edge
-of 1ip in percent of alr-
foil chord, ¢

w
Sfé(deg-) x ¥y

0 3.22 1.58
10 1,55 1,52
20 1.32 1.50
30 1.06 1.50
40 .75 .59
50 42 .47

Figure 23.~ Section characteristics of the N.A.C.A, 23012
airfoil with the main slotted flap deflected 20° and the
auxiliary 0.10e, slotted flap deflected various amounts.
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Optimum path of auxiliary:
flap nose for various flap
deflectionsg. Distances
measured from lower edge

of 1lip in percent of air- .
foil chord, cy : '

ng(deg-) x oy
0 3,22 1.58
10 .55 1.77
20 .32 1.50
30 .06 1.27
40 . .25 .59

Figure 24.- Section characteristics of the N.A.C.,A. 23012
‘2irfoil with the main sletted flap deflected 40° and the
auxiliary 0.10c¢, slotted flap deflected various amounts.

Figure 25.~ Envelope polar curves for the N.A.C.A., 23012
airfoil with the main slotted flap and the auxiliary
0.10cy slotted flap,

Figure 26.,~ Envelope of envelope polar curves for the
N.A.C.A. 23012 airfoil with the main slotted flap and
various auxiliary flaps.

Figure 27.~ Effect on section maximum-1ift increment of
various flap arrangements on the N.A.C.A. 23012 airfoil,
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Fig. 3

N.A-C.A.

Q
o
@
) - e N
1 —=3 R
! PR R 8
» N il A\
A N N\ <
3y NEREEEN Ok N
EE S EEN N GNEEY o
w_ E / / /A// L /H d N
1]
by A/. % o / /m// QS
i i RUNAN NENY N
._. W ./ //, L\ m
4 } A M
| ) \ \, \ \ ,,/ @
Q Ma. V xl.rf R Do, Y , VR =
| 1 W i Y Y A
m \ _// \ \ A\ A
f e s QM // S |
I \ \ ,_ \ A\ \ NN N
L Bl I T3 _ k NTY T R% ~
| i ,_. A\ \ N ERIAN Q
| 4 . } ,_“.MJ \ L | bk h
! i 5! HER NN AN I AVAY o
IR OOR8RY | | NEAEERY
BN § 1] _ i \ R L ©
T \ T
] ! K P _ w | i \ \ AN )
i _ _ | ~ _ 1 il NEAERER
T n_ Pl ; N v
+ [ | X
AR béis i NENELEND SEEN
b | 1 ! _ e 2 | \ .
¢ !
O i NEAYEAEY R
i A J
N
. I
IR R AR E R

X
%Bhury 1810444 80D JUBUIOW-BUIYD YIS

,em\.v .\N\m\u.twmou ,UD&Q '

bap  %p ‘yo0i0 40 B1buy

Lift coefficient, ¢,

Figure 3



Fig 4
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Fig 5

N.A.C.A.

S

o

Q

N

tQ

N

, 1 . o &
5 W , Loy

o 1_ A T e ~4. Ao J N

il R NS BN R

1) /}, . \ Y Q

2 Lk NAN N
4 nOf _J/V, / /./ / e}
/, /W R ~
) A4 ANAVAR Y N
T 1A w,_m_b
1 m // - L}
y 3
] ; AR N
— % B 1=
] WA YRR w8
s Y 5
0 £
C | * m“ ’ ﬂ/ X/ 2
t i __ ///
it ¥ il ATALRY ®
;" ,W05050 ¢_ __ .P A //w/,
R s TOYO i eI ©
_.__T .of_“__ K AN .
i \

} by ~
AL ! i Lk :
] | 1] AN N

[l BUAA KD :

1 _ﬂ [R N / / \

i i \
I 1l ©

1
_ . o
IR YN TR LYy T Y SN N g ¢y
KOhy L 1SI Y DOD JLISUOU-BLILDY ] %5 ¢ Jua1o444302 boag

bap* %p Y2040 4O 3Ly
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Fig. 7
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Fig. 8
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Fig.11
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" Fig. 13

NACA.

Q
]
N
P S i e i SR TR N
. ﬁ [ NERSUAN - 4 N nD.
X Y N >/w . N Y]
‘ LR R\, %
i ﬁr MBEENE Y N
RN VLAY SN oy
1 oA N\ _ N
— iy -
\ AN =)
\ /y \ NANR N
. R >

Q
/ =3
\ S Q
K A
| ¥
\ S
N ~
/ ©
] & i ©
] Sooges | | \ .
S N | k

\w H " 1 m /
] x__v m%u | N

[ A\
Q
N
E ] h
S Y T Y v ey g T e YU TR LY oV NN § oYy

Xy LIS BOD JUBLIOUBLIDYief Py * 1512444205 boIg bap* aB. YO0 4O by

Lift coefficient, ¢,

Figure 13



Fig. 14
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Fig. 18
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Fig. R3
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Fig. 24
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