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WIND-TUNNEL INVESTIGATION OF ORDINARY AND SPLIT FLAPS ON AIRFOILS OF
DIFFERENT PROFILE

By Carr J. WENZINGER

SUMMARY

The Clark Y, the N. A. C. A. 23012, and the N. A. C.
A. 23021 airfoils equipped with full-span ordinary flaps
and with full-span simple split flaps were tested in the
N. A. C. A. 7- by 10-foot wind tunnel. The principal
object of the tests was to defermine the characteristics of the
airfoils with ordinary flaps and, in addition, to determine
the relative merits of the various airfoils when equipped
with either ordinary flaps or with simple split SAlaps. -The
Clark Y airfoil was tested with 3 widths of ordinary flap,
10, 20, and 30 percent of the airfoil chord. The optimum
width of the ordinary and the simple split flap based on
the maximum lift aftained with the Clark Y airfoil was
then tested on each of the other two airfoils.

The optimum width of ordinary flap for maximum lLift
attainable was found to be the same as that of the split
flap, 20 percent of the afu;fozl chord. The split flap
produced somewhat greater increases in Cy_, on the
airfoils tested than did the ordinary flap of the same
width, but the LD at maximum lift was practically the
same for the two types of flap. Any gap between the
atrfoil and the leadzng edge of ordinary flaps had a very
detrimental effect on the O, attainable. Based prin-
cipally on factors aﬁectmg mrplane performance, the
relative order of merit of the airfoils tested with either
ordinary or split flaps 18 N. A. C. A. 23012, Clark Y,
and N. A. C. A. 23021. The hinge-moment coefficients
(based on flap chord and area) of the full-span ordinary
Jlaps were practically independent of flap chord; the actual
hinge moments varied approximately as the square of the
chord. In addition, the hinge-moment coefficients of the
split flaps were practically the same as those of full-span
ordinary flaps of corresponding widths.

INTRODUCTION

Many experimental investigations have been made
of various types of flap for increasing, in particular,
the maximum lift of airplanes as an aid to improved
performance. Among the devices already investigated
in considerable detail by the N. A. C. A. are simple split
flaps, split flaps of the Zap type, Fowler flaps, and
external-airfoil flaps. Some uncorrelated data are also
available from various sources on slotted flaps and on
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ordinary flaps. Because of the simplicity of ordinary
flaps and the lack of correlated data on them as a lift-
increasing device, it appeared desirable to make a more
complete investigation of this type of flap.

Three basic airfoil sections were used in the present
tests to obtain an estimate of the effect of airfoil section
and thickness. In addition to the Clark Y, the
N. A. C. A. 23012 airfoil was selected as being repre-
sentative of the best airfoils at present available for
use on conventional airplanes, and the N. A. C. A.
23021 airfoil was selected as a representative thick
section. Three widths of ordinary flap ivere tested on
the Clark Y airfoil, and one width on each of the other
two airfoils. For purposes of comparison one simple
split flap was also tested on the N. A. C. A. 23012 and
23021 airfoils, and data are included from previous
tests of the Clark Y airfoil with a split flap. The
aerodynamic characteristics of the airfoils with all the
different flaps were measured and, in addition, hinge
moments were obtained for the ordinary flaps on the
Clark Y airfoil.

MODELS AND TESTS

Models.—Mahogany models of the Clark Y, the
N. A. C. A. 23012, and the N. A. C. A. 23021 airfoil
sections were tested. The span of each model was
60 inches and the chord 10 inches. The Clark Y air-
foil with the 3 widths of ordinary flap tested (10,
20, and 30 percent of the wing chord) is shown in
figure 1. These flaps are arranged to lock rigidly
to the airfoil or to rotate freely about their respec-
tive hinge axes. The other two airfoils are shown
with ordinary flaps in figure 2 and with split flaps
in figure 3.

The ordinates of the airfoil sections are included
with the charts of their aerodynamic characteristics in
figures 4, 5, and 6. The size of flap that gave the
highest value of the maximum lift coefficient for the
Clark Y airfoil together with reasonable hinge moments
(20-percent-chord flap) was used with the N. A. C. A.
23012 and the N. A. C. A. 23021 airfoils.

Tests.—The tests were made in the N. A. C. A.
7- by 10-foot wind tunnel which, together with associ-
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ated apparatus and standard test procedure, is de-
scribed in reference 1. The dynamic pressure wae
maintained constant at 16.37 pounds per square foot,
which corresponds to an air speed of 80 miles per hour
under standard sea-level conditions. The average
Reynolds Number for the tests was 609,000, based on
the air speed and on the 10-inch airfoil chord. Lift,
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F1GURE 1.—Full-span ordinary flups tested on the Clark Y airfoil.
drag, and pitching moments were measured for all flap
arrangements with flap deflections from 0° to beyond
those for maximum lift. The angle-of-attack range
covered was from below zero lift to beyond the stal:
of the airfoil. Hinge moments were also measured for
the three widths of ordinary flap on the Clark Y airfoil.
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FIGURE 2—Full-span ordinary flaps tested on the N, A. C. A. 23012and N. A. O. A.
23031 airfofls.

These moments were obtained by the methods given

in reference 2, which presents results of hinge-moment

tests on split Haps of various chords. -

RESULTS

Results of the investigation are given in standard
nondimensional coefficient form for the following four
coefficients:

CL=%
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_drag
OD—'_gTS""
c ¢ __pitching moment about quarter chord
mely T Se
q
c __flap hinge moment
ol aSres
in which
S, airfoil area.
Sy, flap area.
¢, airfoil chord.
¢s, flap chord.

¢, dynamic pressure.

The data were corrected for the effects of the
jet boundaries and for the tunnel static-pressure

(—\"_aaoc_.
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F1auRE 3.—Full-span split flaps tested on the Clark Y, the N, A, O. A, 23012, and
the N. A. O. A, 23021 airfoils.

gradient. The standard jet-boundary corrections,
Aa=3§,0[,x57 .3,1in degrees, and AO’D=6%0,,’, where 0
is the jet cross-sectional area, were used. The value of
factor §=—0.165 was taken as being most nearly
representative of the boundary effect in the 7- by 10-
foot wind tunne]. (See reference 3.) The longitudinal
static-pressure gradient in the 7- by 10-foot wind
tunnel produces an additional downstream force on the
model. This force corresponds to a value of AQp=
0.0015 for rectangular airfoils of thickness equal to
12 percent of the chord and AC,=0.0029 for an airfoil
having a thickness of 21 percent of the chord. These
values were obtained in accordance with methods given
in reference 4.

DISCUSSION
PLAIN AIRFOILS

Complete aerodynamic characteristics of the three
plain airfoils are given in figures 4, 5, and 6. These
characteristics include those for the three airfoils of
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FIGORE 5.—The N. A. C. A. 23012 airfoil
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aspect ratio 6 corrected to free-air conditions, profile-
drag coefficients, and angle of attack for infinite
aspect ratio.
AIRFOILS WITH FLAPS

Clark Y airfoil with ordinary flap.—Lif§, drag, and
center-of-pressure characteristics for the airfoil with
the 10-percent-chord flap are given in figure 7. These
results are for the airfoil with the gap between the flap
and main portion of the airfoil completely sealed with
plasticine. Values of L/D and C,,,’ for the 10-percent-
chord flap are given in figure 8. Values of C;_,_ and
values of L/D and Cp at Gy, are given in figure 9 for
different deflections of the 10-percent-chord flap. The
latter characteristics are given for the conditions in
which the gap between the flaps and the main portion
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from references 5 and 6.) The effects on O, are
shown and the effects on L/D and Cp at Cy,,,,, From

these results it may be concluded that split flaps of
the same width give somewhat higher maximum lifts
than do ordinary flaps. Values of L/D and O, at

Crne: are nearly the same for both types of flap.
Practically no further gain in maximum lift is obtained
by increasing the flap chord beyond 20 percent of the
airfoil chord, the data indicating that with wider split
flaps the maximum lift remains about the same but
that it drops off with wider ordinary flaps. The
optimum width of either ordinary or split flaps for maxi-
mum lift appears to be 20 percent of the airfoil chord.

Clark Y airfoil with a 20-percent-chord split flap.—
For comparison with tests of the N. A. C. A. 23012
and N. A. C. A. 23021 airfoils having split flaps, the
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FIGURE 68.—~The N. A. C. A, 23021 airfoil.

of the airfoil is both open and sealed. It will be noted
from figure 9 that even a small open gap had a very
detrimental effect on the maximum lift of the airfoil.
It is therefore essential to keep the flap gaps com-
pletely sealed to obtain the best characteristics with
ordinary flaps. Similar charts for the airfoil with a
20-percent-chord flap are shown in figures 10, 11, and
12. Charts for the airfoil with a 30-percent-chord
flap are given in figures 13, 14, and 15.

Optimum sizes of ordinary and split flaps on the
Clark Y airfoils.—Figure 18 gives a comparison of
different widths of ordinary and of split flaps on Clark
Y airfoils. (The data for the split flaps are taken

lift, the drag, and the center-of-pressure characteristics
for a Clark Y airfoil with a 20-percent-chord split
flap are given in figure 16. These data were taken
from reference 6 and have been corrected for a wing
of aspect ratio 6 in free air. The L/D and C,,,’ for
the Clark Y airfoil with split flap are given in figure 17.
A comparison of 20-percent-chord ordinary and split
flaps on a Clark Y airfoil is given in figure 19. This
figure shows the variation of Oy, and of L/D and
Cp at Cp, ., for different flap deflections. As pre-
viously noted, the split flap gives a somewhat higher
maximum lift than does the ordinary flap but has
slight effect on the other factors.
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N. A, C. A, 23012 airfoil with 20-percent-chord
ordinary and split flaps.—Lift, drag, and center-of-
pressure characteristics are given in figure 20 for a
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F1GURE 7.—Lift, drag, and center of pressure for the Olark Y airfof] with 0.10¢ full-span
ordinary flap. Flap gap sealed.

20-percent-chord ordinary flap on the N. A. C. A.
23012 airfoil. The L/D and C,, g for the 20-percent-
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curves for 20-percent-chord split flaps are given in
figures 22 and 23. A comparison of ordinary and
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.| F16URE 8.—Lift-drag ratio and pitching-moment coefficient for the Clark Y airfoll

with 0.10¢ fall-span ordinary flap. Flap gap ssaled.
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F16URE 9.—Effect of flap deflection on maximum lift, and on lift-drag ratlo and drag
at maximum lift. The 0.10¢ full-span ordinary flap on the Clark Y airfofl.

split flaps on the N. A. C. A. 23012 airfoil is given in
figure 24. This figure shows the effects of Crmaz 88

chord ordinary flap are given in figure 21. Similar

well as of L/D and Cp at Oy _ for different flap deflec-
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tions. As in the case of the Clark Y airfoil, the split
flap gave a higher maximum kift on the N. A. C. A.
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FIGURE 10.—LIt, drag, and center of pressure for the Clark Y afrfoll with 0.20¢ full-
span ordinary flap. Flap gap sealed. y

93012 airfoil than did the ordinary flap. In addition,
the two types of flap had almost the same effect on
the other factors considered.
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N. A. C. A. 23021 airfoil with 20-percent-chord
ordinary and split flaps.—Charts similar to those for
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F1aURE 11.—Lift-drag ratio and pitching-moment coefficlent for the Clark Y airfoll
with 0.20¢ full-span ordinary flap. Flap gap sealed.
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FIGURE 12.—Effect of flap deflection on maximum lift, and on lift-drag ratlo and drag
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the N. A. C. A. 23012 airfoil are given for the N. A.
C. A. 23021 airfoil with flaps in figures 25, 26, 27, 28,
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and 29. The ordinary and split flaps on the N. A.
C. A. 23021 airfoil also showed the same relative
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F1ouRre 13.—Llft, drag, and center of pressure for the Clark Y airfofl with 0.30¢
full-span ordinary flap. Flap gap sealed.

effects as they did on the Clark Y and on the N. A.
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Comparison of lift effects of 20-percent-chord
ordinary and split flaps on Clark Y, N. A. C. A. 23012,
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FigurE 14.—Lift-drag ratio and pltching-moment coefficient for the Clark Y airfoll
with 0.30¢ full-span ordinary flap. Flap gap sealed.

10 2.0 —
’ \ //‘ - \\-\
e -
8 /6 /M\ ,/ — L, —] \\_ \C'_;:u
Coat =~ \}(\
6 j/‘)/ \\ O— —Flap gap openn |
e \\ x « ~ seoled
L N
4 .8 \\'\ \N\”__%—
S
G
2 4 2
3 i
o 0 20 40 80 100

60
05, degrees

FiGURE 15.—Effect of flap deflection on maximum lift, and on lift-drag ratlo and
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and N. A, C. A, 23021 airfoils.—Table I shows the

C. A. 23012 airfoils.

effects at a test Reynolds Number of 609,000 on the
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maximum lift coefficient with flaps neutral; on the
meximum lift coefficient with flaps deflected; on the
increment in meximum lift coefficient due to the two
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FIGURE 16.—1Lift, drag, and center of pressure for Clark Y airfoil with 0.20¢ full-span
split flap. (Data from reference 6.)

types of flaps on various airfoils; on the ratio of maxi-
mum lift to minimum drag; and on the ratio of lift to
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Somewhat higher maximum lift coefficients and
greater increments in maximuin lift were given by the
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—t———T2——1—1
5T . 60 45°
10 2.0 Y o gg, et Gmax
%, A =75
8 /6 x Ordinary flop —
o—— —Splitflop (ref[., 6’}
C N D— — = = (ref§)
/TN
6 12 SN
L ™~ L
D — 1D
4 .8 —
|l PRSI A
2 .4 = = Co
(2 =
o I3 24 32 40

&8
Flop chord, percent wing chord

F1GURE 18.—Eflect of flap chord on maximum lift, and on lift-drag ratio and drag at
maximum 1ift for both ordinary and split flaps on the Clark Y alrfoil.

split flap than by ordinary flaps on the three airfoils

drag at maximum lift.

tested. The highest maximum lift coefficient and the



ORDINARY AND SPLIT FLAPS ON AIRFOILS OF DIFFERENT PROFILE

greatest increment in maximum lift were both given by
flaps on the N. A. C. A. 23021 airfoil. In this case an
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F1GURE 10,—Eflect of flap deflection on maximum lift, and on lift-drag ratic and
drag at maximum lift. The 0.20¢ {ull-span ordinary and split flaps on the Clark Y
afrfoil,

20 T
BN
186 ,/ \\\
RN
/ Ry
/2 / i %
[ by,
8 / / S 3 /nﬁb'
'l '~
/,/ d st ;D/ 7‘%
’ Lééaﬁ?zii
Al AT
//,’x,w o | "o,
L, 7
D .st% /
A L g e ——
] el
7 # 2 75° @ cemeeeee- >
'6 / O35
0
o !
/ \\' °//
) \
Cu }5\/\\\?‘\“—“—“_‘”3 L
\L\.‘?\.‘_\_‘_“____A e L —BERTD
-2 S %.gﬁ??ﬁg
T 0 4 .8 c L2 16 2.0

F10URE 21,—Lift-drag ratio and pitching-moment coefficfent for the N. A. O. A. 23012
afrfoll with 0.20¢ full-span ordinary flap. Flap gap sealed.

increment in maximum lift coefficient of 1.193 was
obtained, which represents an increase in the maximum
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lift above that of the plain airfoil of more than 100
percent. The highest speed-range ratio C;__ /Cp_, was

min

given, however, by flaps on the N. A. C. A. 23012 air-
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foil, which has a lower maximum lift but which also
has a considerably lower minimum drag. The steepest
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gliding angle attainable (indicated by L/D at C; ) is
the same with either type of flap on the particular
airfoil considered.
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Some tests in the full-scale tunnel and in the variable-
density tunnel (reference 7) indicate that the maximum

REPORT NO. 554 NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

24
A
20 //
N
/6 /7 \\
RN RN
| |4 ~
a [/ R
1 / ~T uiLb——.uﬁJb
? / / {/ i; b——:ij"" bt
7// ’i’;g’—"”'rf’ @;‘A///:;fﬁ"
L -r
j7 1
27
___/' d - O.d w.
i /] ey e —-
( \ / « = 30° =« —_——a
[ « u 45° « —————
Wl “le0e » = *
—8p—n “ = T5% N ol X
'-\\\ ?
.y e \‘—°-~_°__ |
q ’ \\\\\\ '\o;;y
\\LT-'Q\
'Nlr\k Tt L L
-2 N\"..- l s
o N —t
S LT el i < ]
T
=3 D‘R:é_,./
-4 o 4 ] 7.2 25 S5

G
FIGURE 28.—Lift-drag ratio and pitching-moment coeflicient for the N. A. C. A.
23012 airfoil with 0.20¢ full-span split flap.

12 2.4\
L
0 2.0
AT
n y. L~
\ 7
8 16 /gf’
Ulm // \\\
/] NN
6 L2y S
L NS
D S
4 .8 _ D
x Ordinary flap
0 —r — Split ”
z 4 e | %
: //l//
& ==
/‘P
o o 20 40 80 100

60
&, degrees

FIGURE 24.—Eflect of flap deflection on maximum lift, and on litt-drag ratfo and
drag at maximum lift. The0.20¢(ull-span ordinary and split flapson the N. A. C. A.
23012 alrfoll.



ORDINARY AND SPLIT FLAPS ON

lift of the N. A. C. A. 23012 airfoil is equal to or slightly
greater than that of the Clark Y airfoil in the normal

full-scale range of the Reynolds Number. Further-
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FI1GURE 25.—Lift, drag, and center of pressure for the N. A. C. A. 23021 airfoil with
0.20¢ full-span ordinary flap. Flap gap sealed.

more, recent tests in the variable-density tunnel show |

that at large as well as at small Reynolds Numbers
the N. A. C. A. 23021 airfoil has considerably lower

ATRFOILS OF DIFFERENT PROFILE
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maximum lift than the Clark Y. Thus, it appears that
the N. A. C. A. 23012 plain wing will have some ad-
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vantages over the Clark Y or N. A. C. A. 23021 wings
in the full-scale range of the Reynolds Number that
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are not shown by low-scale tests if the lift increments
due to the flaps are not adversely affected. Experi-
mental data (unpublished) have shown that actually
the increments in maximum lift due to split flaps on
medium-thick airfoils vary but little with Reynolds
Number. In connection with the present investiga-
tion, a few tests were made in the variable-density
tunnel to determine the scale effect on Cy_,_ at high
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FIGURE 28.—Lift, drag, and center of pressure for the N. A. C. A. 23021 alrfoil with
0.20¢ full-span split flap.

Reynolds Numbers of the N. A. C. A. 23021 airfoil (a
thick section) with a 20-percent-chord split flap. The
results of the scale-effect tests are given in figure 30
in which C;___for the N. A. C. A. 23021 airfoil with the
flap neutral and with the flap deflected downward 75°
is plotted against “effective’” Reynolds Number both
for the 7- by 10-foot and the variable-density wind
tunnels.
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(Effective Reynolds Number=test £ X 22:1123 z ir:zﬁ-
See reference 7.) The value of the factor is 1.4 for
the 7- by 10-foot wind tunnel and 2.6 for the variable-
density wind tunnel. The date show that the scale
effect is about the same for the N. A. C. A. 23021 air-
foil with the flap deflected downward 75° as it is for

T

20

/6 /

/2

~ -~
/1A I
7 ‘/_.-P" o "_:'a
. / A e s e
[/ L= EA ™
o2

G

FIGURE 20.—Lift-drag ratio and pltching-moment coefficlent for tho
N. A. C. A. 23021 alrfoil with 0.20¢ full-span split lap.

the plain airfoil and that the increment in Gy, due
to the deflected split flap is, therefore, practically
independent of scale effect. It seems fairly well estab-
lished that increments of Cy_. due to split flaps on
medium-thick and thick airfoils are independent of scale
effect, so that values of the increments obtained at
the relatively low scale of the present tests may be

directly applied to full-scale wings.
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TABLE 1
COMPARISON OF CLARK Y C. 23012, AND
N. A. C. A. 23021 AIRFOILS W’ITH BOTH ORDINARY
AND SPLIT 0.20c FLAPS

[The 7- by 10-{oot wind tunnel. R, 609, 000]

Flap neatral Flap deflected
Type of flap
D at
Clark Y
Ordinary..... 1. 250 89.4 2,105 Q.785 144 4.8
1) ¢) 1| S, L. 250 89.4 2.118 .888 151 4.8
N. A. C. A. 23012
..... .128 107 2. 000 0.874 191 4.5
8plitooo—._ L1286 107 2.100 974 200 4.5
N. A. C.A. 23021
Inary..... 1.170 73.2 2.187 1.017 137 4.8
8Splite ... 1.170 73.2 2,363 1,108 148 4.0
* Cp ., values for flap neutral.
3.0
- k'S
25 6= 75°] T
ol [+
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df f 0‘ =
qu 4;\/"//
| [ 4
L1
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1.0
o 76y /0~foot wind funnel
{turbulence factor, .4)
-5 A Varioble-density turinel
(furbulence facior,2.6)
4] 2 4 & 8 /05 2 4 6 81107

Effective Reynolds Number

F1aURE 30.—Bcale effect on maximum lift coefficlent of the N. A. O. A. 23021 airfoil
with 0.20¢ gplit flap neatral and deflected 75°.

Hinge moments of ordinary flaps.—The hinge
moments were obtained for the three widths of ordinary
flap on the Clark Y airfoil. These results are given
in figures 31, 32, and 33 as coefficients of flap hinge
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moment against flap deflection for various angles of
attack. Comparison of hinge-moment coefficients for
the three widths of ordinary flap indicates that they
are practically independent of the flap chord. Com-
parison of the hinge-moment coefficients of ordinary
flaps with those of the split flaps given in reference
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F1GURE 31.—Hinge-moment coefficlentsof 0.10¢ full-span ordinary flapon the Clark Y
airfoll. Flap gap sealed.
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F16URE 32.—Hinge-moment coefficlents of 0.20¢ full-span ordinary flap on the Olark Y
alrfoll. Flap gap sealed.
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FI1GURE 33.—Hinge-moment coefficients of 0.30¢ full-span ordinary flap on the ClarkY
airfoll. Flap gap sealed.
2 indicates also that the hinge-moment coefficients are
practically the same for the two types of flap. The
actual hinge moments in inch-pounds are plotted
against flap chord to a logarithmic scale in figure 34
for different deflections of the ordinary flaps and for
several angles of attack. The slope of these curves is
approximately 2, indicating that the actual hinge
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moment varies as the square of the flap chord for a
given flap deflection.
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CONCLUSIONS

1. Full-span split flaps produced somewhat greater
increases in Cp___ of the three airfoils tested than did
full-span ordinary flaps of the same width, but the L/D
at Gy was practically the same for the two types of
flap.

2. Based principally on the speed-range ratio
¢, . /0o, the relative order of merit of the airfoils
tested with either ordinary or split flaps is N. A. C. A.
23012, Clark Y, and N. A. C. A. 23021.
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3. Any gap between the wing and the leading edge
of ordinary flaps had a very detrimental effect on the
C, attainable.

4. The hinge-moment coefficients of the full-span
ordinary flaps were practically independent of flap
chord; the actual hinge moments varied approximately
as the square of the flap chord. Both of these findings
accord with theory.

5. The hinge-moment coefficients of the full-span
ordinary flaps were practically the same as those of
split flaps of similar size.

LaNeLEY MEMORIAL AERONAUTICAL LABORATORY,
NaTroNAL ApvisorY COMMITTEE FOR AERONAUTICS,
Lanarey Fieup, Va., October 25, 1936.
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