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PRESSURE DISTRIBUTION OVER A RECTANGULAR AIRFOIL WITH A PARTIAL-SPAN
SPLIT FLAP

By Carr J. WeNzINGER and Taomas A. HArRrIs

SUMMARY

Pressure-distribution tests of a Clark Y wing model
with a partial-span split flap were made to determine
the distribution of air loads over both the wing and the
flap.  The model was used in conjunction with a re-
flection plane in the N. A. C. A. 7- by 10-foot wind
tunnel. The 20-percent-chord split flap extended over
the inboard 60 percent of the semispan. The tests were
made at various flap deflections up to 45° and covered
a range of angles of attack from zero lift to approximately
maximum lift for each flap deflection.

The results are given as airfoil section, or rib, pressure
diagrams for the wing with flap neutral. Increments of
airfoil section pressures are gwen for various amounts
of flap deflection so that combined wing and flap sec-
tion pressure diagrams may be obtained by a simple
addition. Caleulated coefficients of section loads and
moments and of wing loads and moments are also given
for the wing and flap combination and for the flap alone.

It was found that deflecting a partial-span split flap
affected the pressures and the section normal-force and
pitching-moment coefficients over the entire wing span.
The flap loads and moments were almost constant over
the span of the partial-span flap for a given angle of
attack and flap deflection. The maximum normal-force

K 47.0"

and hinge-moment coefficients were about the same for
the partial-span split flap of the present tests as for a

Sull-span split flap previously tested.

INTRODUCTION

A considerable amount of aerodynamic and air-load
data is available for simple split flaps extending along
the entire span of the wing. (See references 1 to 3.)
However, because of the general use on present-day
airplanes of the outer portion of the wing span for
ailerons, most of the installations of split flaps have
been limited to the inner 40 to 60 percent portion of
the wing span. Some aerodynamic information on
partial-span split flaps is available from wind-tunnel
force tests of both rectangular and tapered wings
equipped with such flaps (references 4 and 5). There
are available, however, very few air-load and moment
data suitable for the design of wings with partial-span
split flaps.

The present investigation was made to obtain in-
formation, particularly of span load distribution, that
would be suitable for application to design problems
involving partial-span split flaps. The data were ob-
tained from pressure-distribution tests of a wing model
with a 20-percent-chord split flap in the N. A. C. A.
7- by 10-foot wind tunnel. The results are given as
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FIGURE 1.—Diagrammatic drawing of semispan Clark Y airfoil with split flap showing pressure orifices.
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FIGURE 2.—Side view of model in tunnel.
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F1GURE 4.—Pressure distribution over airfoil sections at three angles of attack; 6;=0°.
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pressure diagrams for the basic wing and as increments
in pressure or load for the flap-deflected conditions.
The characteristics are given for the wing-and-flap
combination and for the flap alone.

MODEL AND APPARATUS
WING MODEL
The Clark Y wing used for these tests had a 20-inch

chord and a 60-inch semispan (fig. 1); the portion ex-
tending back to 80 percent of the wing chord was con-
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FI1GURE 5.—Increments of pressure over airfoil sections at —6° angle of attack with the
flap deflected various amounts.

structed of laminated mahogany. The trailing-edge,
upper portion was constructed of ¥g-inch-thick steel
plate rolled to the contour and attached to the wooden
part of the wing with screws. The flap, which had a
4-inch chord and a 36-inch semispan (20 percent ¢ by
60 percent 6/2), was formed by hinging the inboard 60
percent of the metal lower surface of the rear part of
the wing about its leading edge. The flap was sup-
ported at its leading edge by small piano-type hinges

and was set at the various deflections by suitable
spacer blocks as shown in figure 2. The gap between
the leading edge of the flap and the wing was sealed
with plasticine for all tests.

Pressure orifices were built into the upper and lower
surface of both the wing and flap at several sections
along the semispan, 166 individual pressure orifices
being installed. The tubes from the orifices were
brought through the model and out at the inboard end.
Two orifices on both the upper surface of the flap and
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FIGURE 6.—Increments of pressure over airfoil sections at 6° angle of attack with the
flap deflected various amounts.

on the lower surface of the wing at sections E, F, and
G (fig. 1) were used to obtain the pressures between the
flap and the wing.
MANOMETERS

Two N. A. C. A. multiple-tube photographic-
recording manometers (described in reference 6) were
used to record the point pressures on the model. The
manometer was connected to the orifices by means of
rubber tubing, so arranged as not to affect the air flow
over the wing.
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FIGURE 7.—Increments of pressure over airfoil sections at 15° angle of attack with the
flap deflected various amounts.
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TEST ARRANGEMENT

The model was mounted in the N. A. C. A. 7- by 10-
foot wind tunnel (reference 7) in conjunction with a
reflection plane at the inboard end. (See figs. 2 and 3).
This plane extended from the top to the bottom of the
air stream and some distance ahead of and behind the
model and was so located that the model was placed
symmetrically with respect to the tunnel center line.
The tubes from the pressure orifices were brought
horizontally through a rotatable section of this plane
to the edge of the jet and were grouped together to
form a streamline shape so that the air flow on the
opposite side of the plane, on which the model was
located, was not appreciably disturbed.

TESTS

The static reference pressure used to maintain the
dynamic pressure constant during the tests was cali-
brated against dynamic-pressure surveys at the model
location with the model removed from the tunnel.
The longitudinal static pressure at the model location
was also measured and used to correct the point pres-
sures to the correct reference pressure.

All the tests were made at a dynamic pressure of
16.37 pounds per square foot, corresponding to an air
speed of 80 miles per hour under standard sea-level
atmospheric conditions. The average Reynolds Num-
ber of the tests, based on the wing chord, was approxi-
mately 1,220,000.

The model was tested with flap angles of 0°, 15°,
30°, and 45°. The angles of attack covered a range
from approximately zero lift to 15° (approximately
Cy, ) with each flap setting, test points being taken
at 3° intervals. When the model had been fixed at
a given angle of attack with a given flap setting, a
few minutes were allowed for conditions to become
constant; a record was then taken of the pressures at
the orifices by means of the photographic manometer.

| PRESENTATION OF DATA

Section or rib pressure diagrams with the flap neutral
(fig. 4) are given as ratios of point pressure p to dynamic
pressure ¢ for a low angle of attack (—6°), an inter-
mediate angle of attack (6°), and a high angle of
attack (15°). In addition to the section pressure
diagrams with the flap neutral, the increments of
point pressure with the flap deflected over the point
pressure with the flap neutral (both in terms of the
dynamic pressure) are given (figs. 5 to 7) for all
flap deflections and for the three previously mentioned
angles of attack. On these diagrams the flap pressures
are plotted from the deflected flap chord but normal
to the wing chord. The principal advantage of the
increment diagrams is that they may, by the principle
of superposition, be applied to pressure diagrams of
any other basic wing section that does not depart too
greatly from the Clark Y section of which the tests
were made.
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The data computed from the integrated pressure
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n, 1s the airfoil section normal force per unit
span.
N, wing normal force.
ny, flap section normal force per unit span.
Ny, flap normal force.
My, airfoil section pitching moment per unit
span about the quarter-chord point.

by, flap span.

In these coefficients it is to be noted that the chord
forces on the airfoil have been neglected; i. e., the
longitudinal center-of-pressure positions and the pitch-
ing-moment coefficients were derived solely from con-
siderations of the normal forces.

The airfoil section normal-force coefficients are plot-
ted against the wing semispan in figure 8 for all
flap deflections and all angles of attack tested. The
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airfoil section centers of pressure are plotted similarly
in figure 9. In addition to these data, the increments
of airfoil section normal-force and pitching-moment
coefficients, Aec¢, and Ac,, for the three angles of
attack previously mentioned are given in figure 10.
The airfoil section coefficients ¢, and ¢,, are also plotted
against angle of attack for all the flap deflections in
figure 11. The wing normal-force and pitching-moment
coefficients and longitudinal centers of pressure are plot-
ted against angle of attack for all flap deflections in
figure 12, and the wing lateral centers of pressure are
given for all flap deflections in figure 13.

The flap section normal-force coefficients are plotted
against flap semispan in figure 14 for all flap deflec-
tions and angles of attack. It should be noted that
for 6,=0° the coefficients were computed for the load
on only the lower surface of the flap, whereas for the
other flap deflections the coefficients include the loads
on both the upper and lower surfaces of the flap. This
condition also applies to the flap centers of pressure and
hinge-moment coefficients. The flap section centers of
pressure for all flap deflections and angles of attack
are plotted against flap semispan in figure 15. The
flap normal-force and hinge-moment coefficients and
longitudinal centers of pressure are plotted against
wing normal-force coefficients in figure 16 for all flap
deflections and angles of attack. The flap lateral
centers of pressure are plotted against angle of attack
in figure 17.

PRECISION

Inasmuch as no air-flow alinement tests were made
in the wind tunnel with the test arrangement used
for this investigation, the absolute setting of the angle
of attack may be slightly in error; the relative angles
are, however, accurate to within +0.1°. The flap
deflections were set to the specified angles to within
+0.1°.  The point pressures based on check tests in
which both the angle of attack and the flap settings were
changed independently showed that they agreed to
within +2 percent, with the exception of the upper-
surface pressures near the wing leading edge 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. Since
the dynamic pressure was recorded on each diagram,
there is no relative error between it and the point
pressure; therefore variations of the dynamic pressure
do not introduce any error in computing the coefficients.
None of the data has been corrected for the effects of
the jet boundaries.

|

RESULTS AND DISCUSSION
SECTION PRESSURE DISTRIBUTION

The distribution of pressure over the airfoil sections
with the flap neutral (fig. 4) is typical of that for wings
of rectangular plan form. The expected high tip
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FIGURE 10.—Increments in airfoil section normal-force and pitching-moment coeffi-
cients with the flap deflected various amounts.

loads at the high angle of attack verify previous con-

clusions that structurally the rectangular tip shape is

poor. The data for angles of attack other than those

shown were not believed to be of sufficient general

interest to include in this report.

The increments of pressure due to the deflected flap
at the low angle of attack, —6°, (fig. 5) show that the
partial-span flap affects the load distribution on all
sections along the span of the wing. The first section
outboard of the tip of the flap, section D, shows a
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peculiar resultant down-load increment at the trailing
edge of the wing, which increases as the flap is deflected
downward. There is also a considerable resultant
down-load increment on the trailing-edge portion of
the wing covered by the flap when the flap is deflected,
which increases with flap deflection. In addition, the
positive pressures on the lower surface of the wing are
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F1GURE 12.—Normal-force coefficients, pitching-moment coefficients, and centers of
pressure of the wing with the flap deflected various amounts.
increased more than the negative pressures on the
upper surface at a given flap deflection. The pressures
are increased the greatest amount near the flap hinge

and near the leading edge of the wing.

At the intermediate angle of attack, 6° (fig. 6), there
is a peculiar increase in load at the tip of the wing,
which is probably a function of the wing plan as well
as of the flap deflection. The increments of pressure
at the trailing edge of the wing are quite similar to

those noted for the low angle of attack. In addition,
the increase in positive pressure near the flap hinge on
the lower surface of the wing is larger. This increase
in load near the hinge may be critical in rib design
because normally this portion of the rib does not have
large loads. The negative pressure on the upper sur-
face near the leading edge increases at this angle of
attack by about 75 percent of the dynamic pressure
with the maximum flap deflection.

At an angle of attack of 15° (fig. 7) the increase in
load on the tip section is again evident. At this angle
of attack the resultant down-load increment near the
trailing edge at section D with the flap down is less
than for the lower angles of attack. The load incre-
ment on the portion of the wing above the flap is
very small but the increment on the wing outboard of

the flap is large, increasing with flap deflection. The
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Ficure 13.—Lateral centers of pressure of wing with the flap deflected various
amounts.

large increase in positive pressure near the flap hinge
is also evident and is in agreement with the results of
the tests reported in reference 3. The increased nega-
tive pressure at the wing leading edge is about three
times the dynamic pressure when the flap is fully
deflected.
WING LOADS AND MOMENTS

The airfoil section normal-force coefficients plotted
in figure 8 show the actual distribution of the air load
along the span for all the angles of attack and the flap
deflections tested. With the flap neutral, the span
load distribution is typical of that for rectangular
airfoils.  With the flap deflected, the section normal-
force coefficient increases along the entire span of the
wing. The rapid change in section normal-force co-
efficients at the tip of the flap is very noticeable. The
curves show that the larger the flap deflection, the
greater is the concentration of the load over the
flapped portion of the wing for a given total load.
The high tip loads may be attributed to the particular
plan form of the wing.

The section centers of pressure plotted against the
span of the wing with the flap neutral (fig. 9) are
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typical of those for a wing of rectangular plan form.
The center of pressure moves forward as the angle of
attack is increased and is nearly uniform over the
span except at the tips of the wing, which may be
seen from the pressure-distribution diagrams (fig. 4).
With the flap deflected (fig. 9), the center of pressure
shifts rearward not only over the flapped portion of
the wing but also over the rest of the wing to the out-
board end for the high angles of attack. For the low
angles of attack, the center of pressure shifts forward
over the unflapped portion of the wing when the flap
is deflected.

The increments of airfoil section normal-force and
pitching-moment coefficients caused by deflecting the

ADVISORY COMMITTEE FOR

AERONAUTICS

and moment diagrams of plain wings having similar
profiles and plan forms.

In order to complete the air-load information on wings
with this type of flap, more tests are desirable with other
wing profiles and plan forms and flaps of different spans
and chords. Such additional data would establish the
effect of profile and plan form on section-characteristic
increments and on span-load and moment increments.

The curves of the section normal-force coefficient (fig.
11) show that for all sections except A and B the normal-
force coefficient is linearly proportional to the angle of
attack from zerolift to 15° angle of attack. Thepitching-
moment coefficient curves, except for section A, are regu-
lar, the moment increasing toward the center of the wing.
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FIGURE 14.—Span load distribution on flap for various flap deflections.

flap (fig. 10) are probably of greater interest than the
wing coefficients for a particular model. The largest
changes in section normal-force coefficient, Ac, =0.75,
and in section pitching-moment coefficient, Aep,, =
—0.20, occur at the maximum flap deflection used and
at 15° angle of attack. The rapid change in both the
wing normal-force and pitching-moment coefficients at
the outboard end of the flap and the increase in the
force and moment on the unflapped portion of the wing
are clearly shown by these increment diagrams. The
peak load and moment increments at the tip of the
wing are probably a function of the rectangular tip
shape and might not be encountered with rounded wing
tips. It is probable that these increments of loads and
moments may safely be superposed on known span load

ity are desirable.
The lateral center of pressure on the wing (fig. 13)
moves toward the plane of symmetry as the flap is
deflected downward.

FLAP LOADS AND MOMENTS

The flap section normal-force coefficients are shown
in figure 14 for all flap deflections and angles of attack
plotted against flap span. For the zero flap deflection the
load on only the lower surface of the flap was considered,
but for the other flap deflections the load on both sur-
faces wasincluded. The section normal-force coefficient
of the flap increases with flap deflection but shows no
consistent variation with angle of attack. For practi-
cal purposes the air-load distribution may be considered
uniform over the span of the flap.




PRESSURE DISTRIBUTION OVER A RECTANGULAR AIRFOIL
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FIGURE 15.—Flap section longitudinal centers of pressure against span of flap for various flap deflections.
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The flap section centers of pressure (fig.15) with the
flap neutral are rather erratic and vary over a large
range; for other flap deflections the flap center of

pressure is essentially constant between 40 and 50
percent of the flap chord from the hinge axis.
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The flap hinge-moment and normal-force coeffi-
cients (fig. 16) increase with flap deflection but show
no consistent variation with wing normal-force coeffi-
cient. The maximum flap normal-force coeflicient was
1.15, which checks the results of references 2 and 3 for
the same flap deflection. The maximum hinge-moment
coeflicient of the flap was 0.5, which is about 10 percent
less than thatreported for the full-span flap of reference 2.

The longitudinal center of pressure on the flap (fig.
16) is about constant at 43 percent of the flap chord
from the hinge axis except when the flap is neutral and
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for small values of the wing normal-force coeflicient
with the flap down 45°. With the flap neutral the
center of pressure moves to about 65 percent of the
flap chord at small values of wing normal-force coeffi-
cient. The lateral center of pressure on the flap (fig.
17) is at 50 percent of the flap span from the plane of
symmetry, within +0.5 percent, for all flap deflections
and angles of attack tested.

The amount of leakage between the wing and a
closed split flap largely determines the hinge-moment
and normal-force coeflicient for the neutral setting.
If there is any negative pressure on the upper surface
of the flap in the closed position, the hinge-moment
and normal-force coefficients will be increased. It is
possible that the force required to overcome the hinge
moment when the flap is neutral may be critical for
manual operation of the flap. Further tests of various
flap-neutral conditions seem desirable.

CONCLUSIONS

The following conclusions may be drawn from the
results of the tests reported herein:

1. Deflection of the partial-span split flap affected
the pressures and section normal-force and pitching-
moment coeflicients over the entire span of the wing.

2. For the wing-flap combination tested, the flap
loads and moments were practically constant over the
span of the partial-span split flap for a given flap
deflection and angle of attack of the wing.

3. The maximum normal-force and hinge-moment
coefficients were about the same for the partial-span
split flap of the present tests as for a previously tested
full-span split flap.

LANGLEY MEMORIAL AERONAUTICAL LLABORATORY,
NaTroNaL Apvisory COMMITTEE FOR AERONAUTICS,
LancLeY FigLp, Va., April 28, 1936.
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