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PRESSURE DISTRIBUTION OVER AN N. A. C. A. 23012 AIRFOIL WITH AN N. A. C. A.
23012 EXTERNAL-ATRFOIL FLAP

By Carn J. WENZINGER

SUMMARY

Pressure-distribution tests of an N. A. C. A. 23012
airfoil with an N. A. C. A. 23012 external-airfoil flap
were made in the 7- by 10-foof wind tunnel. The pres-
sures were measured on the upper and lower surfaces
at one chord section on both the main airfoil and on the
Aap for several different flap deflections and ai several
angles of attack. A ftest installation was used in which
the airfoil was mounied horizonially in the wind tunnel
betueen vertical end planes so that two-dimensional flow
was approximated.

The data are presented in the form of pressure-dis-
iribution diagrams and as graphs of calculated coefficients
Jor the airfoil-and-flap combination and for the flap
alone. The pressure-distribution fests showed thaé, as
with other types of flap, the greater part of the incremeni
of total mazimum Uft due to deflecting the external-
airfoil flap downward arises from the increased load
carried by the main airfoil. The maximum normal-foree
coefficient of the external-airfoil flap was about the same as
that of a split flap. The hinge momenis, however, were
mauch lower because of the azis location used with the
external-airfoil flap. The pressure diagrams showed that,
when the plain airfoil and the flapped airfoil are compared
at the same total lift, the flap reduces the adverse pressure
gradients and the tendency of the main airfoil to stall.
When the plain and flapped airfoils are compared at the
same angle of atfack, it is apparent that the flap influences
the air flow around the main airfoil so that the airfoil
carries a much greaier load without stalling than s
possible without the flap.

INTRODUCTION

The external-airfoil flap in combination with & main
airfoil appears to be one of the most generally satisfae-
tory high-lift devices investigated up to the present
time. Previous investigations of this arrangement (ref-
erences 1, 2, and 3) have shown that it is capable of
developing high lift coefficients and that it gives lower
drag at these high lift coefficients than do plain or
split flaps.

Several different combinations of airfoil section for

both the main airfoil and the flap have been investi-
gated; the most promising arrangement thus far
obtained has the N. A. C. A. 23012 section for both
main airfoil and flap. In addition, a survey of the
flap hinge-axis location has been made (reference 2)
to obtain one that would give low flap-operating mo-
ments and good aerodynamic characteristics.

In order to complete the information required for
structural-design purposes, pressure-distribution tests
were made to obtain the air-load disfribution over the
main airfoll and flap. The combination tested has
the N. A. C. A. 23012 section for both main airfoil and
flap and uses the hinge axis previously developed for
this flap.

APPARATUS AND TESTS
MODEL

The main airfoil was built of laminated mahogany to
the N. A. C. A. 23012 profile and has a span and chord
each of 20 inches. 'The external-airfoil flap was built of
brass, also to the N. A. C. A. 23012 profile, and has &
span of 20 inches and a chord of 4 inches (20 percent of
the main airfoil chord). The flap was supported on the
main airfoil by metal fittings at each end and by two
intermediate fittings spaced equally along the span.
The flap hinge axis (see fig. 1) was that previously
developed as described in reference 2, the flap being
arranged for locking at any desired deflection between
—10° and 60°.

A main row of pressure orifices was built into the
upper and lower surfaces of both the main airfoil and
the external-airfoil flap at the midspan section. These
orifices were located on the model as tabulated in figure
1, the tubes from the orifices being brought through the
model and out at one end. The pressures were photo-
graphically recorded by a2 multiple-tube manometer.

Two auxiliary rows of pressure orifices were also
built into the upper and lower surfaces of only the main
airfoil, one row being located 2 inches and the other row
K inch from the end. These orifices, together with those
at the midspan locetion, were used incidentally to
measure the distribution of pressures along the span of
the model between end planes for a few conditions.
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TEST INSTALLATION

The model was mounted in the N. A. C. A. 7- by
10-foot open-jet wind tunnel (reference 4) as shown by
figure 2. The main airfoil was rigidly attached to two
large circular end plates to which the flap was also
fastened but arranged to rotate so that its setting might
be changed. The two end plates were supported in

e, =20.00" e

FiourE 1.—Cross sectlon of model showing orifice locations nsed In pressure-disiri-
butfon tests. N. A. O. A, 23012 airfoll with 0.20c, 23012 external-airfoil flap.

Location from leading
edge—
Orifice
Of wing Of flap
(fractions | (fractiops
Ce) 73]
0 0.000 0. 000
1 024 . 025
2 050 . 050
3 .100 .100
4 250 <250
5 450 450
-] 626 <626
7 . 750 780
8 828 826
9 881 925
10 938 S
11 086 [

circular cut-outs in two large vertical end planes that
extended from top to-bottom of the air stream and some
distance ahead of and behind the model. The angle of
attack of the model was set by rotating the large cir-
cular plates and locking them at the desired angle.
Approximately two-dimensional flow is obtained with
this type of installation and the section characteristics
of the model under test may be determined.

TESTS

The tests were all carried out at & dynamic pressure
of 16.87 pounds per aquare foot, corresponding to an air
speed of 80 miles per hour at standard sea-level condi-
tions. The average test Reynolds Number, based
on the sum of the mein airfoil and flap chords, was
1,460,000. This test Reynolds Number, when con-
verted to an effective Reynolds Number (reference 5)
that takes account of the turbulence in the air stream, is
2,040,000. (Effective Reynolds Number=test Reynolds
NumberX turbulence factor; turbulence factor for the
tunne] is 1.4.)

The model was tested with the external-airfoil flap
set at angles of —3°, 0°, 10°, 20°, 30°, and 40°. The
main airfoil was also tested by itself without the flap
for purposes of comparison. The angles of attack
ranged from —16° to 16° and the lift coefficients in-
cluded those from approximately maximum negative
to maximum positive. With the model at-a given angle
of attack and with a given flap setting, a few minutes
were allowed for all test conditions to become steady; a

record was then taken of the pressures at the orifices
by meens of the photographic manometer.

PRESENTATION OF DATA
PRESSURE DIAGRAMS

Diagrams of the pressures over the upper and lower
surfaces of the main airfoil without flap (fig. 3) are
given as ratios of orifice pressure p to dynamic pressure
of the air stream ¢ for the angles of attack investigated.

T
o ‘0 ".
2L ;LI :
~ T ¥ I 8
.
5T I ¥
_ |
i ’
Plon
Fixed wooden
/end plane
l——— 48" 1
—
Y2" Ol
(o' Clearance Rolatoble
’g . |_1{"end plofes L
o % 20 g S
[V A R | e N Q
Q- - — e —i—Air flow>-———*
g -/:}5 /113 8D [ @ &
S 1)
le—— —|
j |
B ‘ Elevation
24"
102"

FigURE 2.—Diagram of model with external-aicfoll flap fnstalled between end planes
in the 7- by 10-foat wind tunnel.

Pressure diagrams for the combination of main airfoil
with external-airfoil flap are given in figures 4 to 11 for
the various flap deflections and angles of attack tested.
On the diagrams the pressures are plotted normal to
the main-airfoil chord and to the flap chord, the pres-
sure values being measured from the main chord for
the main-airfoil pressures and from the flap chord for
the flap pressures.
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F1aURE 3.—Prassure distribution on the N, A. G, A, 23012 main atrfoli without flaps at varfons angles of attack.
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F1GURE 4.—Pressure distribution on the N. A. C. A. 23012 afrfofl with N, A. O. A. 28012 external-airfoll flap at varlous angles of attack. Flap deflected —3°.
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FIGGRE 5.—Pressure distribution on the N. A. C. A. 23012 afrfofl with'N. A. C. A. 23012 externsl-aicfoil flap at varfous angles of attack. Flap deflected 0%
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Fieurk 6.—Pressure distribution on the N. A. O. A. 23012 alrfoll with N. A, O. A, 23012 external-alrfoll flap at varlous angles of attack. Flap deflsctod 10°,
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FIGGRE 7.—Pressure disiribution on the N. 4. O. A. 23012 airfoll with N. A. . A. 25012 external-airfofl iap at varfous angles of attack. Flap defiected 20°.
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FIGURE 8.—Pressure distribution on the N. A. Q. A. 23012 airfoll with N. A, C. A. 23012 external-airfoll Sap at various angles of attack, Flap deflacted 30°.
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FiGURK 9.—Pressure distribution on the N. A. C. A. 23012 airfoll with N. A. O. A. 23012 external-airfofl fiap at varfous angles of attack., Flap deflected 40°.
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Plain airfolf

/
F1GURE 10.—Oomparison of the pressurs distributior on an N. A. C. A. 23012 afrfoil with a 0.20¢,, ei?ernal-atrfoﬂ flap with that on the plain airfoll at the same lift, ¢a=1.105.
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/

F10vRE 11.—Comparison of the pressure distributlon on an N. A, C. A. 23013 airfoil with a 0.20c,, externel-airfoll flap with that on the plain alrfoll at the same angle of attack,
ap=8.5%
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COEFFICIENTS

The pressure diagrams were mechanically integrated
to obtain data from which section coefficients ecould be
computed. The section coefficients are defined as
follows:

€x =;T"; normal-force coefficient of main airfoil alone.

Rein normal-force coefficient of main airfoil
@Cussn with ﬂap.

Criern ™

=2z —%, pitching-moment coefficient of main airfoil
g alone about quarter-chord point.

M@+n, pitching-moment coefficient of main
PCustn airfoil with flap about quarter-
chord point of combination.

Cmigsn™

Cay= ;?-’; normal-foree coefficient of flap.

i

Iu.nge-moment coefficient of flap about hinge
axis.

C.‘r

center of pressure of
main airfoil alone in
percentage of chord
from leading edge.

(c. p.)m=(o.25—%":)><100,

center of pressure
of main airfoil
with flap in
percentage of
chord of com-
bination {from
leading edge.

c.p )<w+n—(0 25 ——F4 m‘""”)X 100;

"(|l+.f)

(c. p.) ,—(0 95_63, X100, center of pressure of flap

in percentage of flap
cgord from leading
ge

where the forces and moments per unit span are

n,, normal force of main airfoil.

Trwrtpyy DOrmal force of main airfoil with flap.

m,, pitching moment of main airfoil about quarter-
chord point.

Mep, Pitching moment of main airfoil with flap
about quarter-chord point of combination.

n,, normel force of flap.

L, hinge moment of flap about hinge axis.
and

g, dynamic pressure.

¢x, main-airfoil chord.

¢y, flap chord.

€w+p chord of combination (e,4-cy).
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The center-of-pressure positions and the pitching-
moment coefficients were derived from the normal
forces, the chord forces being neglected except for the
effect of the flap, in which case the flap deflection was
taken into aceount.

The caleulated results from the present tests were all
corrected to infinite aspect ratio characteristics in
accordance with methods given by Glauert (reference
6) that have been found satisfactory from other tests
of a similar arrangement in the 7- by 10-foot wind tunnel
(reference 7). Another check on the theoretical cor-

i, &=
a8,
w8
SR
cg¥ /
Sug 20
$3% a Ve
S
g
i g I~
888 o . S
S8
=08
CEQ —/
ra
—Force-fest resulfs o~
gl 10 by60-inch i
s “CV MACA.230/2 airfoif
uS —(referernce 8) T
5% A4 apa
~ 0 H
B o A
§8 8
U ~4 //
—]
-8
=& -2 -8 -4 a 4 8 2

o, , deg.
F1GURk 13.~Section characteristics of the plain N. A. C. A. 23012 alrfoll. % .

rection is shown in figure 12, where the corrected results
of the pressure-distribution tests are compered with
force-test results (reference 8) for a 10- by 60-inch
N. A. C. A. 23012 plain wing corrected to infinite aspect
ratio by the usual methods.

For the case of the pressure-distribution tests

agy=a+Ax
where

Aa(deg.)=—<0.25£c, X 57.3

¢ is the total chord.

k, the height of the jet.
(The quantity ¢, is substituted for C, in the present
correction and the substitution results in only a slight
error because of the small difference in value between
the two quantities.) Curves of the various calculated
coefficients are given in figures 12 to 18.
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PRECISION

No air-flow alinement tests were made in the wind
tunnel with the test arrangement used in the investiga-
tion, so the absolute setting of the angle of attack may
be slightly in error; the relative angles are, however,
accurate to £0.1°. The flap deflections were set to the
specified angles to within 4-0.1°. The orifice pressures
based on check tests in which both the angle of attack
and the flap settings were independently changed
showed that they agreed to within +2 percent, with the
exception of upper-surface pressures near the leading
edges, which, at high angles of attack, checked to within
+5 percent. The dynamic pressure recorded on each
diagram was accurate to within +0.25 percent for all
tests. :

The distribution of pressures along the span of the
model indicated that two-dimensional flow was ob-
tained with the installation used. The pressures, for a
given location along the chord of the airfoil, were the
same from midspan to within at least ¥ inch of the ends
(the row of orifices nearest the end of the model).

RESULTS AND DISCUSSION
SECTION PRESSURE DISTRIBUTION

The pressure-distribution diagrams (figs. 3 to 9) are
useful to show the chordwise distribution of the air
loads on the main airfoil and on the flap and may be
regarded as satisfactory for application to rib and flap
design. The diagrams also illustrate certain special
features of the action of external-airfoil flaps.

Comparison of pressure diagrams for the plain airfoil
and for the airfoil-flap combination at the game lift
(fig. 10) shows the effect of the flap. Increasing the
flap angle and decreasing the angle of attack to main-
tain constant lift had the following effects: (1)} The
magnitudes of the peak pressures at the leading edge of
the main airfoil were progressively reduced, and (2) the
magnitudes of both positive and negative pressures at
the trailing edge of the main airfoil and at the leading
edge of the flap were progressively increased.

The flap, in addition, obstructed the flow of air below
the airfoil and caused the pressures to build up on the
lower surface. The air flowing through the slot over
the upper surface of the flap produced a higher average
velocity and increased the negative pressure on the flap
upper surface. Thus, the influence of the flap was to
reduce the adverse pressure gradients and the tendency
of the main airfoil to stall.

The external-airfoil flap itself had a pressure distribu-
tion similar to that of a plain airfoil, so that the flap
would have a small wake as long as it remained un-
stalled. The wake of the combination would therefore
be small, particularly near the stall; this small wake
permitted the development of high lift togefher with
low profile drag. In this respect slotted flaps, in gen-
eral, appear better than plain or split flaps.
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Comparison of pressure diagrams for the plain airfoil
and for the airfoil-flap combination at the same angle
of attack (fig. 11) shows that the flap increased the nega-
tive pressure over the entire upper surface of the main
airfoil and increased the positive pressurc on the lower
surface near the trailing edge. 'The pressure gradients
remained about the same except at the trailing edge of
the main airfoil, where they were reduced. The pres-
sures on the upper and the lower surfaces of the flap
both increased with flap deflection. The important
effect of the flap in this case was its ability to influence
the air flow around the main airfoil so that the airfoil
carried a much greater load without stalling than was
possible without the flap.

One other interesting item is suggested by the progres-
sive increase in flow velocity over the main-airfoil upper
surface relative to free-stream velocity as the flap is
deflected. This characteristic suggested that the use
of this type of flap would increase the rolling effective-
ness of ailerons located on the trailing edge of the main
girfoll. An investigation of such an arrangement
(reference 8) recently completed in the N. A. C. A. 7-
by 10-foot wind tunnel indicated that such animprove-
ment could be realized.

SECTION LOADS AND MOMENTS

The section coefficients are plotted in figures 12 to 18.
It will be noted that the flap loads build up rapidly at
relatively low lifts of the combination and that they also
increase rapidly with flap deflection (figs. 13 to 18).
The maximum flap loads appear, in general, to reach
somewhat higher values than are obtained with an air-
foil of the same size tested alone at the appropriate
Reynolds Number. (Test Reynolds Number for flap
alone based on flap chord and free-stream velocity=
244,000.) The greater part of the increment of total
Capqe due to deflecting the flap downward, however,
arises from the increased load carried by the main air-
foil.

It is interesting to note that the maximum normal-
force coefficient of the external-airfoil flap tested has
about the same value as that attained by split flaps in o
previous investigation (reference 9). Owing to the use
of the hinge axis chosen, however, the hinge moments of
the external-airfoil flap are much smaller than those of
corresponding sizes of split flap.

CONCLUSIONS

1. Pressure-distribution tests show that, as with
other types of flap, the greater part of the increment of
total maximum lift due to deflecting the external-airfoil
flap downward arises from the increased load carried
by the main airfoil.

2. The maximum normal-force coefficient of the
external-airfoil flap investigated had about the same
value as that attained by split flaps. The hinge mo-
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ments, however, were much lower because of the axis
location used with the external-airfoil flap.

3. The pressure diagrams showed that, when the
plain airfoil and the airfoil with the external-airfoil
flap were compared at the same tofal lift, the flap re-
duced the adverse pressure gradients and the tendency
of the main airfoil to stall. Yhen these plain and
flapped airfoils were compared at the same angle of
atftack, it was apparent that the flap influenced the air
flow around the main airfoil so that the airfoil carried a
much greater load without stalling then was possible
without the flap.

LaNGLEY MEMORIAL AERONATUTICAL LLABORATORY,
NaTroNal ApvisorY CoMMITTEE FOR AERONAUTICS,
Laxcrey FieLp, Va., July 29, 1937.
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