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PRESSURE DISTRIBUTION OVER AN N. A. C. A. 23012 AIRFOIL WITH A SLOTTED
AND A PLAIN FLAP

By Carn J. WeNzINGER and Jaumes B. DEnLano

SUMDMARY

Pressure-distribution tests of an N. A. O. A. 23012
airfoil equipped with o slotted flap and with a plain flap
wcere made in the 7- by 10-foot wind tunnel. A test instal-
lation was used in which the 7-fool-span airfoil was
mounted vertically befween the upper and lower sides of
the closed fest section so that two-dimensional flow was
approximated. The pressures were measured on the
upper and lower surfaces at one chord section both on the
main airfoil and on the flaps for sereral different flap
deflections and at sereral angles of attack.

The data are presented in the form of pressure-distribu-
tion diagrams and as graphs of calculated section coeffi-
cients for the airfoil-and-flap combinations and also for
thq flaps alone. The results are useful for application to

i and flap structural design; in addition, the plain-flap
daia furnish considerable information applicable to the
structural design of plain atlerons.

INTRODUCTION

Up to the present time, many high-lift devices have
been developed and investigated, but each appears to
have some disadvantages. One of the most promising
high-lift devices thus far developed is the combination
of a slotted flap with a main airfoil. Investigations of
this arrangement (reference 1) have shown that it is
capable of developing high lifts and that it gives lower
drags at these high lifts than do external-airfoil, plain,
or split flaps.

The force tests of reference 1, in which several com-
binations of an N. A. C. A. 23012 airfoil with flaps of
different sections and with slots of several different
shapes were investigated, indicated that the best ar-
rangement thus far obtained is a combination of an
airfoil and a slotted flap, the flap having an airfoil shape
and the slot an easy entrance; this combination is des-
ignated flap 2-h in reference 1. A survey of flap loca-
tion with respect to the main airfoil was made to obtain
the best aerodynamic characteristics. It was also
found that some perticular flap path would give opti-
mum aerodynamic characteristics; the flap path
developed is reported in reference 1.

Very few data are available for application to the
structural design of slotted flaps. Some recent data

(references 2 and 3) are available but, as the reported
tests were not very comprehensive, the present investi-
gation was undertaken to supply information applicable
to the structural design of slotted flaps. Similar data
are already available for the design of split, external-
airfoil, and Fowler flaps (references 4, 5, and 6).

Pressure-distribution tests were made in the 7- by
10-foot wind tunnel of an N. A. C. A. 23012 airfoil in
combination with a slotted flap. The optimum flap
path previously developed for this flap (reference 1)
was used in these tests. Pressure-distribution tests
were also made over the same airfoil in combination
with a plain flap for purposes of comparison and also to
obtain additional information for the detailed struetural
design of both flaps and ailerons.

APPARATUS AND TESTS
MODELS

The models used in the present tests are the ones
previously used in the force tests reported in reference
1. The main airfoil, made of laminated pine to the
N. A. C. A. 23012 profile, has a uniform chord of 3
feet and a span of 7 feet. A removable full-span
trailing-edge section permits the testing of different
full-span flaps in combination with the same main
airfoil. Both a slotied flap and a plain flap made of
laminated pine were tested; each was supported on the
main airfoil by three metal fittings, one located at mid-
span and one inboard of each flap tip.

The slotted flap tested (fig. 1) is the one previously
developed by the N. A. C. A. and designated 2-h in
reference 1; it has a chord of 9.238 inches (25.66 per-
cent of the over-all airfoil chord). A full-span fixed
lip made of strip brass is located on the upper surface
of the main airfoil over the fiap-slot exit to seal the slot
when the flap is neutral and to direet the passage of
air downward over the fiap when the flap is deflected.
The path of the nose point of the flap chosen (fig. 1) is
the optimum one reported in the tests described in
reference 1. The nose point of the flap is defined as
the point of tangency of & line drawn normal to the
airfoil chord and tangent to the leading-edge are of the
flap when neutral. The flap is arranged for locking af
downward flap deflections between 0° and 60° in
inerements of 10°.
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The plain flap (fig. 1} has a chord of 7.20 inches
(20.0 percent of the over-all airfoil chord). The flap
gap was sealed for all flap deflections by interchange-
able full-span brass lips on the upper and lower sur-
faces of the airfoil to prevent a flow of air through the
gap. The flap is arranged for locking at flap deflec-
tions between 45° up and 75° down in increments of
15°,

A single row of pressure orifices was built into the
upper and lower surfaces of both the main airfoil and
the flaps at a chord section 21 inches from one end of
the. models (fig. 2). The orifices were located on the
models as listed in table I, the tubes from the orifices
being brought through the models and out &t one end.
The pressures were photographically recorded by a
multiple-tube liquid manometer.
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F1GURE 1.—Cross sections of model showing alrfofl-flap combinations ased in pres-
sure-distribution tests.

TEST INSTALLATION

The model was mounted in the N. A. C. A. 7- by
10-foot closed-jet wind tunnel (references 1 and 7) as
indicated in figure 2. The main airfoil was rigidly
attached to the balance frame by torque tubes, which
extended through the upper and lower sides of the
tunnel. The angle of attack of the model was set from
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outside the tunnel by rotating the torque tubes with a
calibrated electric drive. Approximately two-dimen-
sional flow is obtained with this type of installation,
and the section characteristics of the model under test

may be determined.
TESTS

All the tests were made at & dynamic pressure of
16.37 pounds per square foot, corresponding to an air
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FIGURE 2.—Model Installation for two-dimensional flow tests in the 7- by 10-foot
wind taonel.

speed of about 8Q miles per hour at standard sea-level
conditions. The average test Reynolds Number,
based on the plain airfoil chord, was 2,190,000. This
test Reynolds Number, when converted to an effective
Reynolds Number (reference 8) that takes acecount
of the turbulence in the air stream, is 3,500,000. (Ef-
fective Reynolds Number=average test Reynolds
Number X turbulence factor; turbulence factor for the
tunnel is 1.8.)
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The model was tested with the slotted flap set at
angles of 0°, 10°, 20°, 30°, 40°, 50°, and 60° down; and
with the plain flap set at angles of 45°, 30°, and 15°
up, 0° and 15° 30°, 45° 60° and 75° down. The
angles of attack ranged from —14° to 20°, and the Iift
coefficients included those from approximately maxi-
mum negative to maximum positive. With the model
at a given angle of attack and with a given flap setting,
tunnel conditions were allowed to become steady
before a record of the pressures at the orifices was

taken.
PRESENTATION OF DATA

PRESSURE DIAGRAMS

All diagrams of pressures over the upper and lower
surfaces of the airfoil-flap combinations are given as
ratios of the orifice pressure p to the dynamic pressure
g of the free air stream for the flap deflections and for
the angles of attack investigated. Pressure diagrams
for the airfoil with the slotted flap are shown in figures
3 to 15 and, for the airfoil with the plain flap, in figures
16 to 24. The effect of the flaps on the pressure distri-
bution over the main airfoil is shown by a comparison
of the pressures over the plain airfoil with the pressures
over both the slotted-flap and the plain-flap combina-
tions at the same total normalforce coefficient and
also at the same angle of attack (figs. 25 and 26). In
figures 3 to 9 and 16 to 26, the pressures over the main
airfoil are plotted normal to the airfoil chord and the
pressures over the flaps are plotted normal to a reference
line which is parallel to the main airfoil chord when the
flap is neutral but which deflects with the flap.

Figures 10 to 15 are included to show the pressures
parallel to the chord of the slotted flap. These pres-
sures are also given as ratios of orifice pressure to the
dynamic pressure of the air stream; however, the
pressure values are plotted parallel to, instead of
normal to, the flap reference line and are measured
from the maximum ordinates of the flap instead of
from its reference line.

COEFFICIENTS

The pressure diagrams were mechanically integrated
to obtain data from which section coefficients were
ecomputed. Where the term “Aap alone” is used, refer-
ence is made to the characteristics of the flap in the
presence of the main airfoil. The section coefficients
are defined as follows:

=22 normal-force coefficient of main sirfoil with
e flap.

Cay

Ca F;—ér-x normal-foree coefficient of flap alone.
£

Cmy= m‘;, pitching-moment coefficient of main airfoil
9w with flap about quarter-chord point of air-

foil.
Ca I=Emé’ pitching-moment coefficient of slotted flap

alone about quarter-chord point of flap.
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c,,=—hf—,, hinge-moment coefficient of plain flap about
g¢s flap hinge axis.

c,_,=g'%f, chord-force coefficient of slotted flap alone.
r

{e. p.)u= 0.25— ™ X100, center-of-pressure location
Cre of main airfoil with flap
in percent airfoil chord

from leading edge.

{c. p.) Jf=<0.25 - i()X 100, center-of-pressure location
Car of flap alone in percent
flap chord from leading

edge of flap.

where the forces and moments per unit span are:

1, normal force on main airfoil with flap (this force is
normal to chord of main airfoil and is equsl to
n+n, cos 5y, neglecting the normel component
of the flap chord force).

7w, Dormal force on main portion of the sirfoil without
flap (this force is normal to chord of main airfoil
and is equal to n,—n, cos &,).

s, normal force on flap alone normal to chord of flap.

My, pitching moment of main airfoil with flap about
quarter-chord point of airfoil.

my, pitching moment of slotted flap about quarter-
chord point of flap.

ks, hinge moment of plain flap.

s, chord force on slotted flap alome.

and

¢, dynamic pressure of free 2ir stream.

¢s, chord of main airfoil.

¢y, chord of flap.

The coefficients for the combination were derived
from the normal forces alone, the chord forces of the
flaps being neglected. In the case of the slotted flap,
however, neglecting the flap chord-force component
in the computation of the total normal-force coefficient
of the combination reduces these coefficients by a
maximum of about 0.08.

Because the model completely spanned the jet, the
integrated results, which are given in coefficient form
in figures 27 to 42, may be taken to be section charac-
teristics. 'The normal-force coefficients of the airfoil-
flap combinations include an experimentsally determined
correction for tunnel-wall effects, which was made as

In reference 1.
PRECISION

No air-flow alinement tests were made in the wind
tunnel with the test arrangement used in this investiga-
tion, so the absolute angle of attack may be slightly in
error; the relative angles are correct to within 3-0.1°.
The flaps were set to specified angles to within 40.1°.
The orifice pressures, based on check tests in which
both the angle of attack and the flap setting were
independently changed, show that they agreed to
within +2 percent, with the exception of upper-surface
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FiGURE 30.—Section characteristics of the  FIGURE 8l.—Section characteristics of the  Fiatkr 32.—Bection characteristios of the
N. A. C. A, 23012 alrfoll with a 0.2568¢. N. A. C. A. 23012 airfofl with a 0.2666¢ N. A. C. A, 23012 alrfoll with a 0.2508¢s

slotted flap set at 30° . slotted flap set at 40°, slotted flap set at &50°.
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PRESSURE DISTRIBUTION OVER AN

pressures near the leading edges, which, at high angles
of attack, checked to within +5 percent. The dynamic
pressure recorded was sccurate to within 40.25 per-
cent for all tests. Pressure orifices were not sufficiently
numerous to determine accurately the peaks of pres-
sures on the airfoil nose, but this deficiency should not
materially affect the results.

RESULTS AND DISCUSSION

SECTION PRESSURE DISTRIBUTION

The distributions of air loads on the main airfoil
and on the two types of flap are shown in figures
3 to 26. These pressure diagrams may be applied to
the structural design of ribs and flaps and, in addition,
figures 16 to 24 are useful in that they supply consid-
erable detailed information for the structural design of
plain ailerons. The pressure diagrams also serve to
illustrate some important effects of the action of flaps
on the distribution of pressures over the airfoil.

A comparison of the pressures over the upper surface
of the slotted flap (figs. 8 to 9) with those of the plain
flap (figs. 16 to 24), or with those of either the external-
airfoil flap (reference 5) or some Fowler flaps (refer-
ence 6), indicates certain differences, the most obvious
of which is & double-peak negative pressure region near
the nose. These peaks may be interpreted as indicat-
ing the existence of relatively high-velocity regions with
8 low-velocity region between them.

An analysis of figures 4 to 7 shows that this region of
decreased velocity, or increased pressure, moved for-
ward on the flap as the flap deflection was increased.
For flap deflections of 10°, 20°, 30°, and 40° this region
was located at approximately 2, 1%, 1, and ¥ percent of
the main airfoil chord, respectively, behind the leading
edge of the flap. Because of its path, the nose of the
flap moved back correspondingly greater increments
when the flap was deflected; therefore the resultant
movement of the region of decreased velocity was back-
ward toward the edge of the lip as the flap deflection
was increased. The double-peak pressures finally dis-
appeared at high angles of attack for a flap deflection of
30° (fig. 6) and at low angles of attack for a flap de-
flection of 40° (fig. 7). As the angle of attack was in-
creased for a given flap deflection (figs. 4 to 7), the
double-peak pressure distribution slowly approached
g single-peak pressure distribution. It is interesting to
note that these peak negative pressures on the slotted
flap extended over a greater portion of the flap chord
than did corresponding peak pressures over other flaps
(references § and 6). _

The peak pressures over the upper surface of the
slotted flap are not so high as the corresponding peak
pressures over an external-airfoil flap, but they are
much higher then those over the plain flap (figs. 16
to 24). No data are available, however, for the ex-
ternal-airfoil flap for flap deflections above 40°, but it is
believed that the slotted flap would develop higher
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peak pressures because it can be set at higher flap deflec-
tions before completely stalling. The upper surface of
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the slotted flap (figs. 3 to 9) was only partly stalled for
high angles of attack at high flap deflections; whereas
the upper surface of an external-airfoil flap (reference 5)
was completely stalled for angles of attack above 3° at
a flap deflection of 40°. The slotted flap taken as a
whole was completely stelled (no increase in flap load
with flap deflection) for a flap deflection between 40°
and 50° (fige. 8 and 9), and the external-airfoil flap
previously tested (reference 5) was completely stalled
for a flap deflection between 30° and 40°.

The chord pressure diagrams for the slotted flap
(figs. 10 to 15) are included because it is believed that
relatively large forces probably existed that scted in a
direction to retract this flap from its maximum-lift
setting. As shown by these diagrams, the negative and
positive components act in the same direction for nearly
all of the arrangements tested except the 10° setting, so
that the total chord pressure force is directed forward
in practically all cases. These diagrams are consider-
ably different from those of some Fowler flaps previously
tested (reference 6), in which the negative and positive
components acted in opposite directions and tended to
counteract each other. It should be noted that the
chord pressure forces do not include the skin-friction
forces, which act nearly parallel to the chord and in
such a way as to decrease the magnitude of the total
chord force if negative or to increase it if positive.

No pressure-distribution tests were made to deter-
mine the effect of slight deviations of the flap from its
optimum path. An analysis of the data presented in
reference 1 end in this reporf, however, indicates that
slight deviations from the optimum flap path would
not be expected materially to affect the magnitudes
and the distribution of the pressures over the flap. Any
appreciable deviation from this optimum path would
affect the totel lift and the total drag of the airfoil-flap
combination as noted in reference 1.

The distribution of pressures over the plain flap (figs.
16 to 24) is similar to that of a symmetrical plain flap
reported in reference 9. High negative pressures for
practically all angles of attack were found on the lower
surface at the flap nose for flap deflections of —30° and
—15° and on the upper surface for & flap deflection of
15°. For flap deflections above 15°, high negative
pressures appeared on the upper surface at the flap
nose. For flap deflections of 30° to 75° (figs. 21 to 24),
the upper surface of the flap was stalled.

Comparison of pressure diagrams for the plain airfoil
and for the eirfoil-flap combinations at the same lift
(figs. 25 and 26) shows the effect of the flaps. Increas-
ing the flap angle and decreasing the angle of attack
to maintain constant lift had the following effects: At
the leading edge of the main airfoil, for both combina-
tions, the magnitudes of the peak pressures were
progressively reduced. At the trailing edge of the main
airfoil, for the slotted-flap combination, the megnitudes
of negative pressures were increased and the magnitudes
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of positive pressure were practically constant; wherees,
for the plain-flap combination, the magnitudes of both
positive and negative pressures were increased as the
flap deflection was increased.

The flaps also obstructed the flow of air below the
airfoil and caused the pressures to build up on the lower
surfaces. The air flowing through the slot produced a
high average velocity and increased the negative pres-
sure on the upper surface of the slotted fiap; the nega-
tive pressures on the upper surface of the plain flap
changed very little.
 The slotted flap had a pressure distribution similar
to that of the plain airfoil, except for the double-peak
pressures, indicating that, as long as the flap remains
unstalled, it would have a small wake, as would the
plain airfoil. Near the stall, however, the wake of the
combination would still be small because of the slot
effect, which permitted the attainment of high lifts with
relatively low drag. This effect is absent for the plain
flap on account of the large wake, especially near the
stall.

Comparison of pressure diagrams for the plain airfoil
and for the airfoil-flap combinations at the same angle
of attack (figs. 25 and 26) shows that the flaps increased
the negative pressure over the entire upper surface
of the main airfoil and increased the positive pressure
on the lower surface of the main airfoil except near the
leading edge. The pressure gradients remained about
the same except at the trailing edge of the main portion
of the airfoil for the slotted-flap combination, where
the adverse pressure gradients were decreased on the
upper surface and increased on the lower surface. The
pressures on the upper and lower surfaces of the flaps
increased with flap deflection but more so for the slotted
flap. The important effect of the flap, as shown by
these diegrams, was its ability to influence the air
flow around the main airfoil so that the airfoil carried
a much greater load without stalling than wes possibie
without the flap. The slotted flap was superior to the
plain flap in this respect.

SECTION LOADS AND MOMENTS

The section coefficients are plotted in figures 27 to
42. Flap loads build up slowly for most lifts of the
combination. The loads on the slotted flap increase
more rapidly with flap deflection (figs. 27 to 33) than
do the loads both on the plain flap (figs. 34 to 42} and
on the external-airfoil flap (reference 5). The highest
flap loads seem to be obtained with the slotted flap,
the maximum normal-force coefficient being about 30
percent higher than for the external-airfoil flap. It is
believed that slight deviations of the flap from its
optimum path would not materially affect the flap
loads. The greater part of the increment of normal-
force coefficient of the combination due to deflecting
the flaps downward, however, arises from the increased
load carried by the main airfoil.
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The chord-force coefficients of the slotted flap (figs.
28 to 33) are nearly all negative in sign; that is, the
pressure forces parallel to the flap reference line are
directed forward. The megnitudes of these forces are
relatively high and considerably greater than those of
some Fowler flaps of N. A. C. A. 23012 section that
were recently tested (reference 6). The chord forces
should be taken into account in design when consider-
ation is being given to the resultant air loads acting on
the slotted flap. As mentioned previously, the magni-
tudes of these forces would be somewhat decreased by
the skin-friction forces that have not been included.

The pitching-moment coefficients of the slotted flap
alone about its quarter-chord point--were slightly
higher than the pitching-moment coefficients of the
external-airfoil flap (reference 5} for flap deflections
up to about 30° (figs. 27 to 30). The pitching-moment-
center for both flaps was at about the same location.
For a flap deflection of 40° (fig. 31), the pitching-
moment coefficients for the slotted flap were much
smeller than they were for the external-airfoil flap.
For higher flap deflections, the pitching-moment co-
efficients increased quite rapidly (figs. 32 and 33). The
hinge moments for the plain flap were high and in-
creased rapidly with an increase in flap deflection (figs.

34 to 42).
CONCLUSIONS

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

2. The maximum normal-force coefficient—for the
slotted flap investigated had a higher value than that
attained by other types of flap, and the magnitudes of
the pressure chord-force coefficient were relatively
large.

3. The pitching-moment coefficients for the slotted
flap elone were slightly higher than the pitching-moment
coefficients for an external-airfoil flap alone (moment
centers had approximately the same location) for flap
deflections up to 30°.

4., The pressure diagrams showed that, when the
plain airfoil and airfoil-flap combinations were com-
pared at the same fotal normal-force coefficient, the flap
reduced the adverse pressure gradients and the tendency
of the main airfoil to stall. The slotted flap was more
effective in this respect than the plain flap or an ex-
ternal-airfoil flap.

5. The pressure diagrams showed that, when the
plain airfoil and the airfoil-flap combinations were com-
pared at the same angle of attack, the flap influenced the
flow of air around the main airfoil so that the airfoil
carried a much greater load without stalling than was
possible without the flap. The slotted flap was more
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effective in this respect than the plain flap or an
external-airfoil flap.

LaneLEy MEMORIAL AERONAUTICAL LABORATORY,
NaTronarL Apvisory CommiTris For AERONAUTICS,
LaneLey Fierp, Va., March 17, 1988,
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TABLE I.—ORIFICE LOCATIONS ON AIRFOIL-FLAP
COMBINATIONS TESTED

N. A. O, A, 23012 36~

inch airfoll with & N. A, C. A, 23012 38-inch alrfoll with &

0.20¢, plain flap 0.2560¢4 slottod flap
Orifice locations on | Orifica locations on Orlfice 1 1
upper and lower upper and lower rifice locatlons on
e on Torony | T o6, s | ShiEce " aap
ord from lea n of alrfo
cont flap nord
edgs Pemgi“t ech&rd from | RO lending odgo
Orlifice Looation Crifice Lacution Orifice Lacation
D 0.00 0 000 Q 0.0
1 L2 1 L 26 1 125
2 2.50 2 250 2 . 250
3 500 3 500 8 5.00
4 10.00 4 10.00 4 10. 00
5 20.00 5 20.00 5 18.00
-] 80.00 8 30. 00 8 30.00
7 40.00 7 40. 00 7 46,00
8 50.00 8 50.00 8 02. 50
¢ 60. 00 ] 60.00 '] T250
10 70.00 10 07.00 10 82.50
1 76.00 11 70.00 11 92.50
12 78.00 12 Y. S RS S—
13 80.00 13 78.00
14 82.50 14 L:1 9. R DO SR ———
15 85.00
16 90.00
17 95.00
18 98. 00




