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AERONAUTIC SYMBOLS

1. FUNDAMENTAL AND DERIVED UNITS

Metrie English
Symbol N e
T bbrevia- : bbrevia-
Unit o Unit Hon
Length______ l raool ) o S ST | pe LSO KO m foot (or mile) ._______L ft. (or mi.)
Time i = t sSeeondaliu . Sl . S s second (or hour) ______ see. (or hr.)
Rorce -tk F weight of 1 kilogram_____ kg weight of 1 pound_____ 1b.
Power.___ -\ P horsepower (metrie)_— - __|-_________ horsepower_ ___.______ hp.
Snead v {kilometers per hour______ k.p.h miles per hour_ . ______ m.p.h.
e it meters per second__ _____ m.p.s. feet per second________ f.p.s.
2. GENERAL SYMBOLS
Weight=mg ) v, Kinematic viscosity
Standard acceleration of gravity=9.80665 p, Density (mass per unit volume)

m/s® or 32.1740 ft./sec.?
wr
Mass=—

Moment of inertia=mk?. (Indicate axis of
radius of gyration £ by proper subseript.)
Coefficient of viscosity

Standard density of dry air, 0.12497 kg-m*s® at
15° C. and 760 mm; or 0.002378 1b.-ft.~* sec.?

Specific weight of ‘“standard” air, 1.2255 kg/m® or
0.07651 1b./cu. ft.

3. AERODYNAMIC SYMBOLS

Area

Area of wing
Gap

Span

Chord

Aspect ratio
True air speed

Dynamic pressure=%pV2

Lift, absolute coefficient 0"=q£S

Drag, absolute coefficient CD=‘1—%

Profile drag, absolute coefficient C’D0=€%’
D,

Induced drag, absolute coefficient C’D,=EI—S

?

Parasite drag, absolute coefficient CDp=q2§

Cross-wind force, absolute coefficient 0"=q%'

Resultant force

Yoy
Tty

Q
@,
Vi

b 3
Lo

Angle of setting of wings (relative to thrust
line)

Angle of stabilizer setting (relative to thrust
line)

Resultant moment

Resultant angular velocity

Reynolds Number, where [ is a linear dimension

(e.g., for a model airfoil 3 in. chord, 100
m.p.{l. normal pressure at 15° C., the cor-

responding number is 234,000; or for a model
of 10 em chord, 40 m.p.s., the corresponding
number is 274,000)

Center-of-pressure coefficient (ratio of distance
of ¢.p. from leading edge to chord length)

Angle of attack

Angle of downwash

Angle of attack, infinite aspect ratio

Angle of attack, induced

Angle of attack, absolute (measured from zero-
lift position)

Flight-path angle
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WIND-TUNNEL INVESTIGATION OF AN N. A. C. A. 23012 AIRFOIL WITH VARIOUS
ARRANGEMENTS OF SLOTTED FLAPS

By Cari J. WENZINGER and THOMAS A. HARRIS

SUMMARY

An tnvestigation was made in the 7- by 10-foot wind
tunnel and in the variable-density wind tunnel of the
N. A. C. A. 23012 airfoil with various slotted-flap ar-
rangements. The purpose of the investigation in the 7-
by 10-foot wind tunnel was to determine the airfoil section
aerodynamic characteristics as affected by flap shape, slot
shape, and flap location. The flap position for mazimum
Uift; polars for arrangements considered favorable for take-
off and climb; and complete lift, drag, and pitching-
moment characteristics for selected optimum arrange-
ments were determined. The best arrangement was
tested in the variable-density tunnel at an effective Rey-
nolds Number of 8,000,000. In addition, data from both
wind tunnels are included for plain, split, external-air-
foull, and Fowler flaps for purposes of comparison.

The optimum arrangement of the slotted flap was
superior to the plain, the split, and the external-airfoil
types of flap on the basis of mazimum lift coefficient,
low drag at moderate and high lift coefficients, and high
drag at high lift coefficients. The increment of maximum
lift due to the slotted flap was found to be practically
independend of the Reynolds Number over the range
investigated. The slotted flap, however, gave slightly
lower mazimum lift coefficients than the Fowler flap. It
was found that slot openings in the airfoil surface at the
flap caused a measurable increase in drag of the airfoil
for the condition of high-speed flight even if the slot was
smoothly sealed on the upper surface and there was no
flow through the slot. It was also found that, in order
to obtain the highest lift coefficients, the nose of the flap
should be located slightly ahead of and below a slot lip
that directs the air downward over the flap. The nose
of the flap should have a good aerodynamic form and the
slot entry should have an easy shape to obtain low drags
at moderate lift coefficients.

INTRODUCTION

Most present-day airplanes, because of their high
wing loadings and cleanness of aerodynamic design,
employ some form of lift-increasing and drag-increasing
device to assist in landing them in a field of restricted
size. Also, increases in lift without increases in drag
appear desirable in the take-off and in the climbing
conditions of flight.

The foregoing considerations indicate that the most
desirable form of high-lift device is one capable of
providing high lift with relatively low drag, and also
probably high lift with high drag. Some other desirable
aerodynamic features are: no increase in drag with the
flap neutral; small changes in wing pitching moment
with flap deflection; low forces required to operate the
flap; and freedom from possible hazard due to icing.

Some form of slotted flap was believed to be the most
promising for the conditions noted. Various forms of
slotted flap include the external-mirfoil (references 1
and 2), the Fowler (references 3 and 4), and the Handley
Page types (references 5, 6, 7, 8, and 9).

The present investigation was made in two main
parts. The tests reported in part I were made in the 7-
by 10-foot tunnel of slotted flaps somewhat similar to
the Handley Page type. Flaps of three different sec-
tions and with several different slot shapes were tested.
Surveys were made of flap location to obtain the best
aerodynamic characteristics for each arrangement. In
addition, a plain flap, a split flap, an external-airfoil
flap, and a Fowler flap were included for purposes of
comparison.

Part II reports tests made in the variable-density
tunnel of the best slotted flap arrangement (2-h) de-
veloped in part I, to determine the effects at high Rey-
nolds Numbers. In addition, slotted flap 2-h was
tested in combination with a 60-percent-chord plain
flap to see whether, as in previous unpublished tests of
the plain flap alone, rounded lift-curve peaks could be
obtained.

The tests reported in part IT were made by the var-
iable-density-tunnel staff and the material presented as
part IT was prepared for publication by Harry Green-
berg and Neal Tetervin.

I. TESTS IN 7- BY 10-FOOT WIND TUNNEL
APPARATUS AND TESTS
THE MODIFIED 7- BY 10-FOOT WIND TUNNEL

Before the present investigation was started, the 7-
by 10-foot open-jet wind tunnel (reference 10) had been
modified, mainly by the addition of a closed test

1
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section and a new entrance cone: (See fig. 1.) With
these changes, the static pressure is practically constant
along the axis of the test section and the noise during
tunnel operation is fairly low. In addition, by making
the top and the bottom of the test section parallel, an
arrangement is obtained whereby two-dimensional-flow
tests can conveniently be made of large-chord models
completely spanning the jet in a vertical plane. The use
of such an installation permits a large ratio of chord of
model to height of jet together with small wind-tunnel
corrections (references 11 and 12) so that the range of
Revnolds Numbers of the tests for obtaining airfoil

tween the model and the tunnel walls is indicated by
the flashing of neon lamps connected in an electrical
circuit including the walls of the test section and thin
metal plates fastened to each end of the model.

The standard force-test tripod used with the pre-
vious open-jet wind tunnel (reference 10) to support
horizontally the smaller finite-aspect-ratio models has
been replaced by a single cantilever streamline strut.
The opening in the floor of the closed test section
through which the strut passes is made airtight by a
mercury seal. The existing scales are used with both
types of test; however, in the case of the two-dimen-
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FioURE 1.—Diasgram of the 7- by 10-foot wind tunnel with closed test section.

section data in a given wind tunnel can be considerably
increased.

The wind-tunne] balance has been slightly modified
by installing tubular supports on the top and the bottom
of the balance frame surrounding the test section sc *"1at
the model can be held vertical. The tubular supports
extend through circular holes in the closed test section
to sockets with clamps in the ends of the model; they
can be rotated with a motor drive by gears and shafting
to change the angle of attack from outside the wind
tunnel. A clearance of about %:; inch is allowed
between the ends of the model and the top and the
bottom of the test section (fiz. 2). Any contact be-

sional-flow tests, lift is measured on the cross-wind
scale and pitching moment on the yawing-moment
scale. (See reference 10 for arrangement of scales.)

Sphere tests have been made to obtain an indication
of the turbulence present in the air stream of the closed
test section. The turbulence was found to have
changed slightly from that of the open-jet wind tunnel,
so that the turbulence factor (reference 13) has been
increased from a value of 1.4 to 1.6. The dynamic
pressure of the air stream at the working section in
either horizontal or vertical planes is constant within
+0.5 percent, and the air stream is parallel to the
axes of the test section within +40.5°.
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MODELS

Plain airfoil.—The basic model, or plain airfoil,
(fig. 3) was built of laminated pine to the N. A. C. A.
23012 section (table I) and has a chord of 3 feet and a
span of 7 feet. The trailing-edge portion of this airfoil
was made easily removable so that the model can be
quickly altered for testing different flap arrangements.

—
. r 2 \
) \ [
i . e §
.s Ik e
\ : 1 o
N \ j
{H— oS
i 3 { \
1 §
IR l
!
1
1 : l
N
' 1
. I '
! | it
) i v :
) | LJ i | /
Horizontal'sectiorn
Bolance frome-- .
N
Mode! support-4\! xS
I Bl
: o
| i
(]
11 ’
H i ]
1ot
Py -
I N
ll 1 ¢
J— -
Vo
]
B : 1
| 1k !
' 1 H
. vy
L i l
.N
N

Verticol section

Flaurr 2.—Model instailation for two-dimensional-{'cw tests in the 7- by 10-foot
wind tunnel.

Split lap.—A simple split flap with a chord 20 p-~
cent of the airfoil chord (fig. 3) was used in conjuncti:n
with the plain airfoil. This flap is of plywood, ¥ inch
thick, and is fastened to the model by screws. The
flap angles (0° to 75°) are set by wooden blocks cut to
the desired angles and placed between the flap and
the airfoil.

Plain flap.—The plain flap (fig. 3) also has a chord
20 percent of the airfoil chord and is mounted on a
removable section, which replaces that of the plain
airfoil. Fittings supporting the wooden flap are of
thin steel and are equipped with ball-bearing hinges so
that the hinge moments of the flap can be measured.
The flap angles (38° up to 75° down) are set by a push
rod and bell cranks, so arranged that the settings can
be changed from outside the wind tunnel. The gap
between the flap and the airfoil is sealed top and
bottom by thin metal plates.

Removaobie
portion

[ n
! c=36.0" /2.0

Plain airfoil.

i c 1

Plamin Flap. £0c
'[ ¢, =36.0" ——T .028¢,,
I 4 0725C..,
Je,
External-airforl flap. ST 24e, !
' Hinge axis ———J
¢, =.2667c,
c,=36.0" —
_ .025¢,,
) ) R
—— 7436 co—— N
Fowler flop.
¢, =.2667¢c, \

FigUure 3.—Sections of the plain N. A. C. A. 23012 sirfoil and of the sir!oil:w!th
different types of flap.

4

Jxternal-airfoil lap.—The external-airfoil flap, avail-

'gble from another nvestigation, was used without

alteration although it was somewhat larger than de-
sired, having a chord 26.67 percent of the airfoil chord
(fig. 3). The flap has the N. A. €. A. 23012 section
and was located with respect to the main.4irfoil in
accordance with the results of reference 2. The flap
is supported on the main airfoil by thin metal fittings
arranged so tha‘ the flap angle can be set 3° up to
50° down.
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Fowler flap.—The external-airfoil flap was also used
as a Fowler flap (26.67 percent of the main airfoil
chord) after modification of the main airfoil (fig. 3).
No actual data were available showing the best location
of a Fowler flap of N. A. C. A. 23012 profile with a
main airfoil of the same profile® however, the flap was
located on the basis of tests of external-airfoil flaps
of N. A. C. A. 23012 profile (reference 2) and of tests
of Fowler flaps of Clark Y profile (reference 4). The
flap is supported on the main airfoil by thin metal
fittings so that the flap can be set from 0° to 60° down
when completely extended. The main airfoil is ar-
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Fiaure 4.—Sections of airfoll with arrangements of slotted flap 1.

ranged so that the N. A. C. A. 23012 Fowler flap may
be almost completely retracted for the flap-neutral
condition. (See fig. 3.)

Slotted flap 1.—The three slotted flaps tested are
designated by numbers and the slot shapes by appended
letters. Slotted flap 1 (fig. 4), which is representative
of recent Handley Page practice, was built according
to dimensions taken from reference 8. The ordinates
for this flap are given in table II. The slot variations,
used with flap 1 are shown in figure 4 and in table 1.
Shape & is also representative of recent Handley Page
practice and was built according to dimensions taken
from reference 8. Shape b is the same as shape a
except for an increase in the length of the slot lip to
close the slot on the upper surface of the airfoil with
the flap neutral. Shape ¢ is an intermediate step
toward closing the slot on the lower surface, and shape
e has the slot sealed all the way through the airfoil

when the flap is neutral. Shape e was further modi-
fied by different roundings of the slot entry. The slot
entry with the 0.02¢ radius'is designated as e, and the
one with the 0.04¢ radius, as e,.

Two methods of hinging flap 1 were employed. The
first method was to hinge it about a single predeter-

"mined axis location obtained from reference 8 for com-

' 8270c ———  ,}
l ‘;H = 08//c

. 74420—i—. 2566¢c—

c

Fiours 5.—Sections of airfoil with arrangements of siotted flap 2.

parison with recent Handley Page practice. The
second method was to mount the flap on the main air-
foil by special fittings that allowed the flap to be
located at any point over a considerable area with
respect to the main airfoil.

Slotted flap 2.—It was believed that a good airfoil
section would probably make the best flap shape, espe-
cially from considerations of drag at low flap deflections.
The front portion of slotted flap 2 was therefore made
to the N. A. C. A. 6318 airfoil section back to the maxi-

! 8170¢

3-f

"~ /858c~
1 —2/48¢c—

F1aUuRE 8.—Sections of airfoll with arrangements of slotted flap 3.

mum thickness and was faired into the contour of the
main airfoil over the rest of its length. The arrange-
ments of slotted flap 2 and the slot variations used in
conjunction with it are shown in € -ure 5 and in tables
T and II. Slot shape h is the same as shape a except
t ~t the lip is made long enough to seal the slot on the
upper surface of the airfoil with the flap neutral. Slot
shape 1 (table I) is sealed all the way through the wing
with the flap neutral except for the radius at the slot
entry. Flap 2 was hinged in & manner similar to the
second method for flap 1.
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Slotted flap 3.—Slotted flap 3 has an arbitrary shape
with a very blunt nose (fig. 6). Slot shape f is the same
as slot shape e except for the longer lip to seal the slot
on the upper surfaces of the airfoil when the flap is
neutral. The ordinates for this slot shape are given in
table I. Slot shape g (fig. 8) is designed to give a good
expanding slot shape for flap deflections up to 50° with
the flap hinged at a point on the lower surface of the
flap 20 percent of the airfoil chord from the trailing
edge. The same main fittings were used on the airfoil
to support this flap as for flaps 1 and 2; they allow the
flap to be located at any point over a considerable area
with respect to the main airfoil.

GENERAL TEST CONDITIONS

The two-dimensional-flow installation in the 7- by
10-foot closed-throat wind tunnel was used for the
tests. (Seefig.2.) The regular six-component balance
(reference 10) was used to measure the lift, the drag, and
the pitching moment of the model. The hinge mo-
ments were measured with a special torque-rod balance.

A dynamic pressure of 16.37 pounds per square foot
was maintained for all of the tests except those of the
external-airfoil and the Fowler flaps. This dynamic
pressure corresponds to a velocity of about 80 miles per
hour under standard atmospheric conditions and to an
average test Reynolds Number of 2,190,000. Because
of the turbulence in the tunnel, the effective Reynolds
Number R, of the tests was approximately 3,500,000.
The models with the external-airfoil and the Fowler
flaps were tested at a dynamic pressure corresponding
to a velocity of 63.2 miles per hour under standard
atmospheric conditions. With this velocity, the test
Reynolds Numbers were also 2,190,000 for the tests
with the external-airfoil flap and with the Fowler flap
fully extended, based on the sum of the chords of the
main wing and the flap. In addition, tests were made
of the wing with the Fowler flap fully retracted at both
80 and 63.2 miles per hour.

Tests were first made of the plain airfoil and of the
airfoil with split, plain, external-airfoil, and Fowler
flaps through a complete range of flap deflections and
angles of attack for comparison with other tests and
also for comparison with the slotted flaps of the present
investigation. As an example of one of the recently
used Handley Page slotted flaps (reference 8), a few
tests were made of one slotted flap hinged about a pre-
determined axis location. The greater part of the
investigation, however, consisted of surveys to deter-
mine the optimum flap positions and deflections for
maximum lift and climb. Sufficient angles of attack
at each flap deflection were taken to determine envelope
polars over the complete lift range from zero to maxi-
mum lift. Data were obtained at 2° increments of angle
of attack and at 10° increments of flap deflection for
each flap location. Lift, drag, and pitching moments
were measured for all positions of the flaps over the

angle-of-attack range tested. Hinge moments of the
plain flap and of one slotted-flap arrangement were also
measured.
RESULTS AND DISCUSSION
COEFFICIENTS

All test results are given in standard section nondi-
mensional coefficient form as follows:
¢, section lift coefficient (!/gc).
cq,, section profile-drag coefficient (dq/gc).
Cmia.0. S€CtIOD  pitching-moment coefficient about
aerodynamic center of section with flap in
neutral position (m.c.),/gc?).
¢r, section hinge-moment coefficient of flap
(higed).
where
l is section lift.
dy, section profile drag.
M(q.0.) S€Ction pitching moment.
A, section hinge moment of flap about a speci-
fied axis.
¢, dynamic pressure (¥pV?).
¢, airfoil chord including flap; for models with
external-airfoil and Fowler flaps, ¢ is the
sum of the chords of the main airfoil and
the flap (cut+¢y).
¢y, flap chord.
and
a is the angle of attack for infinite aspect ratio.
&y, flap deflection.

PRECISION

Accuracy of tests.—From repeat tests the accidental
experimental errors in the results presented in this
report are believed to lie within the limits indicated in
the following table:

L £0.5° eg oo +0. 0006

C;m .......... :!:0. 03 ¢ :

¢ £0.003 _C@ma9TTIIoo +0. 002
fa(CT S il O +0. 2°
% (eymoy = == === - = 40.0003 Flap position___ 40. 001c

The profile-drag coefficient ¢,, of the airfoil-flap
combinations has not been corrected for the effect of
the flap-hinge fittings. From tests of the airfoil with
various flaps neutral and hinge fittings in place, but
with all openings in the airfoil surface sealed, it was
found that the drag increment was consistently about
0.001. No tests were made to determine the hinge-
fitting drag with the flaps deflected because of the large
number of additional tests required. The relative
merits of the various flap arrangements should not be
appreciably affected by hinge-fitting drag since the
same hinge fittings were used for all

With a few of the slotted-flap arrangements, two sets
of data could be obtained, an indication of two types
of air flow. For these cases, the data for the more
stable of the two flow conditions were used.
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Wind-tunnel corrections.—Certain theoretical cor-
rections have been derived for the effect of tunnel walls
on the lift of a flat plate completely spanning the jet
at an angle of attack (references 11 and 12). An
attempt was made to check these corrections experi-
mentally for an airfoil in the two-dimensional-flow
installation and, at the same time, to examine the effect
of tunnel walls on the drag and the pitching moment.
This experimental investigation showed the correction
for lift to be about 1 percent greater than the theoreti-
cally derived correction for ratios of model chord to jet
height up to 0.4. The experimentally determined cor-
rection has been used to correct all the lift data pre-
sented in this report. The maximum lift coefficients
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Fiovze 7.—Section ssrodynamic characteristics of N. A. C. A. 23012 plain airfoil.

given are about 10 percent higher than those given by
a rectangular airfoil of aspect ratio 7 but are probably
the same as would be obtained with an airfoil designed
to give elliptical lift distribution. This excess of lift
was checked by testing the same model (12 inches
chord by 84 inches span) in the two-dimensional-flow
installation and on the regular three-dimensional-flow
set-up. The results agree very closely withthe results
of pressure-distribution tests and with theoretical con-
siderations of the span loading on rectangular wings.
(See reference 14.)

The investigation to determine a correction for drag
has not been conclusive. The tests completed up to

the present time, however, indicate that the drag
results are about 10 percent higher than expected.
There are no theoretical corrections for the. drag
(reference 11) except for a symmetrical body at zero
lift. No corrections for the apparent tunnel effect
were applied to the drag data. Since any correction
would presumably be about the same for any of the
airfoil-flap arrangements at given lift coefficients, the
relative merits of the various combinations should not
be markedly affected by a drag correction. All the
drag data have been corrected in accordance with
reference 14 by a constant Acsy, of —0.0008 so as to
apply at an effective Reynolds Number of 3,500,000.

Tests to determine tunnel corrections showed that
the pitching-moment coefficients required no correc-
tion within the experimental accuracy of the tests.

PLAIN N. A, C. A.23012 AIRFOIL

The section aerodynamic characteristics of the plain
N. A. C. A. 23012 airfoil, as determined in the two-
dimensional-flow installation, are shown in figure 7.
The polar is in good agreement with a generalized polar
for the N. A. C. A. airfoils given in reference 14. The
mimimum profile drag is, however, about 10 percent
higher than the minimum profile drag of the same air-
foil section for the same effective Reynolds Number.
This difference is not considered serious, and some con-
templated additional tunnel-effect tests will probably
furnish information as to the indicated differences.
The pitching-moment coefficient about the aerody-
namic center checks the pitching-moment coefficient
given in reference 14 for the same effective Reynolds
Number. The slope of the lift curve dec;/da is 0.107
from the present tests, as compared with 0.098 from
the results for infinite aspect ratio of tests of models of
finite aspect ratio given in reference 14. This difference
in lift-curve slope, although not yet adequately ex-
plained, should not affect the relative merits of the test
results of the flap combinations presented in this report.
The angle of zero lift, within the experimental accuracy
of the tests, agrees with the angle of zero lift as deter-
mined by other tests (reference 14).

FLAPS FOR COMPARISON WITH SLOTTED ARRANGEMENT

Split flap.—The section aerodynamic characteristics
of the N. A. C. A. 23012 airfoil with a 0.20¢ split flap
are shown in figure 8. The lift curves have about the
same slope as that of the plain airfoil. The angle of
attack for maximum lift decreases from about 15° with
the flap neutral to 14° with the flap down 45°. With the
flap down 60° or 75°, however, the angle of maximum
lift is only about 12° a change of 3° from the plain
airfoill. A change of this magnitude in the angle of
attack for maximum lift may have considerable effect
on the manner in which a wing stalls for combinations
with partial-span split flaps.
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The increment of maximum lift coefficient for a
given flap deflection is from 4 to 10 percent larger than
the increment obtained in previous tests of a model of
finite span at a much lower Reynolds Number (reference
15). The increases may be almost entirely accounted
for by the difference in span loadings because the
reference tests were made with a rectangular airfoil
in three-dimensional flow. Increments of maximum
lift coefficient of an airfoil with a split flap may be
considered to be practically independent of Reynolds
Number. The increment of minimum profile-drag
coefficient for a given flap deflection for these tests is
about 10 percent greater than for the tests of reference
15. The pitching-moment coefficients from the two-
dimensional-flow tests are in good agreement with the
pitching-moment coefficients given in reference 15 for
the same flap deflections.

Plain flap.—The section aerodynamic characteristics
of the N. A. C. A. 23012 airfoil with a 0.20¢ plain flap
are shown in figure 9. Comparison of these results with
the plain-flap results of reference 15 shows about the
same differences that were observed for the split flap.
The section hinge-moment coefficients given in figure 9
are of about the same magnitude as hinge-moment
coefficients of a 0.20¢ plain flap on a Clark Y airfoil
(reference 15). It should be noted that the charac-
teristics for the plain flap with both up and down
deflections are useful for the estimation of aileron as
well as flap effects.

External-airfoil flap.—The section aerodynamic char-
acteristics of the N. A. C. A. 23012 airfoil with an
N. A. C. A. 23012 external-airfoil flap are given in
figure 10. The relative merits of this flap arrangement
are about the same as a similar arrangement tested in
three-dimensional flow (reference 2) at the same effec-
tive Reynolds Number. Peculiarities in the curves of
lift, profile drag, and pitching moment at the high
flap deflections seem to be characteristic of this type of
flap and probably indicate a marked change in flow
pattern around the combination. As pointed out in
reference 2, the pitching-moment coefficients with this
type of flap are higher than with the split or plain flaps.

Fowler flap.—The section aerodynamic character-
istics of the N. A. C. A. 23012 airfoil with an N. A. C. A,
23012 Fowler flap are given in figure 11. The data for
the model with the Fowler flap fully retracted included
on this figure are taken from the tests at 80 miles per
hour. These results are in good agreement with pre-
vious results of tests of Fowler flaps. (See references 4
and 16.) The large pitching-moment coefficients ob-
tained with this flap may, in a large measure, affect its
use for a particular design. Itis of interest to note that,
with the flap fully retracted, there is no measurable
increase in profile drag over that of the plain wing (fig. 7)
for lift coefficients (¢;) below 0.8 but there is a loss of

about 0.05 in maximum lift coefficient. The angle of
attack for maximum lift with the flap set at 30° is only
10°, which is a decrease of 5° when compared with that
for the plain wing. This decrease is greater than that
for any of the other flap arrangements.
PRELIMINARY TESTS OF SLOTTED FLAPS
A preliminary investigation was conducted of the

Handley Page slotted flap, designated flap 1, and of
four slot shapes, the combinations being designated
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F1GuRE 12.—Eflect of slot shape on c,_'. Flap 1 at predetermined axis location.

1-a, 1-b, 1-¢, and 1-e (fig. 4). For this part of the
investigation, the axis about which the flap was de-
flected was determined from the data of reference 8.

Effect of slot shape on maximum lift,.—The maximum
lift coefficients ¢, ,_ are plotted against flap deflection 3,
in figure 12 for the several slot shapes. These data
show that extending the lip of the slot so that the slot
is sealed at the exit when the flap is neutral (shape 1-b)
gave an increase of 4 percent in maximum lift coefficient
over shape 1-a. Increasing the slot-entry angle (shape
1-c) caused a very slight decrease in maximum lift
coefficient. A further change in slot shape to close the
gap through the airfoil with the flap neutral (shape 1-e)
decreased the maximum lift coefficient 11 percent from
the value obtained with slotted flap 1-b.
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Effect of slot shape on proflle drag.—A comparison | coefficient for take-off with a good slotted flap seems to
of the envelope polars for slotted flaps 1-a and 1-b | be around 2.5; therefore, it is important to have as low
(fig. 13) shows that, for both high lift and low drag, | a profile drag as possible at these high lift coefficients.
slotted flap 1-b is superior. The higher drag of arrange- | It is probable that the lower drag of slotted flap 1-b at
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F1aURER 14.—Comparison of slotted flaps 1-b and 1-c.

ment 1-a in the low-lift (high-speed) range can be | the higher lift coefficients may be accounted for by the
accounted for by the open slot through the airfoil with | better shape of this slot lip, which directs the air down-
the flap neutral. With the wing and the power loadings | ward over the flap and prevents it from stalling at the
of present-day large transport airplanes, the best lift | higher flap deflections. There is no appreciable dif-
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ference in drag between slotted flaps 1-b and 1-c up to
lift coeflicients of about 2.5 (fig. 14). Because of the
lower maximum lift of slotted flap 1-e, the drag data
for it were not obtained. Other tests of slotted flap 1-e
will be discussed later.
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axis location was used. The profile drag was also among
the lowest. An inspection of the curves of a, against
¢; in figure 15 shows that the slope of the lift curves is
practically unaffected by flap deflection except for the
very large values. As previously mentioned, compari-
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FiGURE 16.—Contours of flap location for c,—.. Slotted flap 1-b.

Complete data on slotted flap 1-b.—The complete
section aerodynamic characteristics of the N. A. C. A.
23012 airfoil with slotted flap 1-b deflected downward
various amounts are given in figure 15. This flap ar-
rangement gave the highest lift coefficient of any of the
four arrangements for which the Handley Page fixed-

son of the Cay,. with the flap neutral with the Cq,, . Of
the plain wing (fig. 7) shows that there is a difference of
about 0.001. The greater part of this increase in drag is
caused by the flap hinge fittings; the remaining Ac,, is

due to the break in the lower surface of the airfoil
caused by the slot and will be discussed later.
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The pitching-moment coefficients for this flap arrange-
ment are about the same as for the external-airfoil flap.
A small change between the pitching-moment coeffi-
cients for the flap undeflected (5,=0°) and for the plain
airfoil (fig. 7) may be attributed to a slight downward
deflection of the slotted flap. The hinge-moment co-
efficients are about one-half as great as those for the
plain flap (fig. 9) because the hinge-axis location for
the slotted flap was designed to give partial balance.
DETERMINATION OF OPTIMUM SLOTTED.PLAP ARRANGEMENT

FOR MAXIMUM LIFT

The data presented in this section are the results of
the maximum-lift investigation of the various flap-and-
slot combinations in which the flap, at a given deflec-
tion, was located at points over a considerable area
with respect to the main airfoil. The data are presented
as contours of the position of the nose point of the flap
for a given lift coefficient. The nose point of the flap is
defined as the point of tangency of a line drawn per-
pendicular to the airfoil chord and tangent to the lead-
ing-edge arc of the flap when neutral.

Slotted flap 1.—Contours of flap location for maxi-
mum lift coefficient for a given flap angle are given in
figure 16 for flap 1-b. At 10° flap deflection (fig. 16
(a)), the area of flap positions covered was not suffi-
cient to define the optimum position. The highest
Cine, 18, however, 19 percent higher than it was for
flap 1-b at 10° deflection about the predetermined axis
location (fig. 15). It appears that a large gap between
wing and flap is desirable for low flap deflections from
considerations of maximum lift. At 20° flap deflection
(fig. 16 (b)), the optimum position of the nose of the
flap is 4 percent below and 2 percent ahead of the slot
lip. In this position, the maximum lift is 10 percent
higher than it was for the combination given in figure
15. At 30° deflection (fig. 16 (c)), the optimum posi-
tion of the flap for maximum lift is slightly above the
position for the 20° deflection. The maximum lift is 3
percent higher with the flap in the optimum position at
this deflection than it was for the same deflection about
the predetermined axis location (fig. 15). The optimum
position of the flap for deflections up to 30° probably
should be chosen from a consideration of the drag coeffi-
cients rather than the maximum lift coefficient because
the take-off distance of an airplane may be decreased
by depressing the flap. It is therefore desirable that
the drag coefficient be a minimum for a given lift coeffi-
cient corresponding to the lift coefficient for best climb.
With the flap deflected 40° and 50° (figs. 16 (d) and
(e)), the maximum lift coefficient is about the same as
for the same deflections about the predetermined axis
location (fig. 15). The optimum positions of the nose
point of the flap for these deflections are, respectively,
about 2.5 percent below and 0.5 percent ahead of the
slot lip and 1.75 percent below and 0.5 percent ahead of
the slot lip. For the 60° flap deflection (fig. 16 (f)),
the maximum lift coefficient is about 4 percent higher

M7167—-39—3
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than for the same deflection about the predetermined
axis location (fig. 15). The optimum position of the
nose point of the flap for this deflection is about 1 per-
cent below the slot lip.

The contours of figure 16 show that, for small flap
deflections, the optimum position of the flap for maxi-
mum lift coefficient is much less critical than it is for
the larger flap deflections. It is also evident that there
is a considerable loss in lift coefficient if the nose of the
flap is moved back of the slot lip. These results are in
agreement with previous tests of external-airfoil and
Fowler flaps. The highest maximum lift coefficient
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was obtained with the nose of the flap directly under
the slot lip and with & gap between the flap nose and
the slot lip of about 1% percent of the wing chord.
Because of a possible hazard from icing of large
openings in the surface of a wing, flap 1 was also tested
using slot shape e, with the flap in the best position
for maximum lift coefficient from the tests of shape b.
The results of these tests are given in figure 17 as plots
of maximum lift coefficient against flap deflection.
The effect of rounding the slot entry on maximum lift
coefficient is also shown in this figure. The maximum
lift coefficient of slotted flap 1-e from these tests is
about 8 percent higher than it was for this combina-
tion with the flap deflected about the predetermined
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axis location (fig. 12). With the slot entry rounded to
a radius 2 percent of the wing chord (slotted flap 1-e,),
the maximum lift coefficient is about the same as it
was for slotted flap 1-b (fig. 16 (f)). A further rounding
of the slot entry to a 4-percent-chord radius had a
detrimental effect on the maximum lift. It appears
from these results that the shape of the slot is not
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FieuRE 18.—Contours of flap locatlon fore¢, .

critical for maximum Lift provided that the flap is
located properly with respect to the slot lip.

Slotted flap 2.—The contours showing maximum lift
coefficients for the various deflections of slotted flap
2-h are given in figure 18. This combination gives a
higher lift coefficient at each deflection than was ob-
tained at the corresponding flap deflections with flap
1-b (fig. 16). The total projected area of flap 2-h
and the main airfoil is greater than the area of the com-

bination with flap 1-b, which accounts for the increases
in lift. The best positions for the nose of flap 2-h rela-
tive to the slot lip are practically the same as for flap
1-b.

The contours showing the maximum lift coefficients
for the various deflections of slotted flap 2-i are given
in figure 19. This arrangement is inferior to both 1-b
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and 2-h throughout the complete range of flap deflec-
tions. The maximum lift coefficient was obtained with
the flap deflected 60° which is 10° greater than for
either flap 1-b or flap 2-h. The maximum lift coefficient
with flap 2-iis about the same as it was for flap 1-e, (fig.
17), a comparable arrangement. The position of the
flap nose for maximum lift coefficient for this arrange-
ment is only about 0.5 percent of the chord below und
about 0.25 percent back of the slot lip.
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Slotted flap 3.—Contours of the flap-nose position
for the maximum lift coefficients of slotted flaps 3-f
and 3—-g are given in figures 20 and 21, respectively.
Both of these flaps are inferior to all the other slotted-
flap combinations tested, and both have about the same
maximum lift coefficient. No tests were made at
the small flap deflections because of the inferiority of
the flaps at the large flap deflections. The nose shape
of this flap is probably too blunt to obtain a satisfactory
flow of the air over the upper surface of the flap.

EFFECT ON PROFILE DRAG OF BREAK IN AIRFOIL SURFACE
DUE TO SLOT

The increments of profile drag Acs, caused by the
breaks in the airfoil surface at the flap are plotted in
figure 22. These data were obtained by making tests
with the flap undeflected both with and without the
breaks in the surface. (The breaks in the surface were
sealed with plasticine for the tests without the breaks.)
The curves given in figure 22 are differences between
faired curves through the test points for the individual
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tests. Slotted flap 1-a, which has an open slot through
the airfoil with the flap undeflected, gave the largest
increment of profile-drag coeflicient for all lift coefficients
up to 0.60. At the higher lift coefficients, the Acq) de-
creases probably because of some boundary-layer con-

(a)

(c) 3y=50°.

gave o Acy of 0.0004, which increased to 0.0009 at the
higher lift coefficients. Slotted flaps 1-e; and 2-i
are the next in order giving, at zero lift, a Acq, of 0.0003
increasing nearly to 0.0008 at the higher lift coefficients.
Slotted flap 1-e gave a Acq, of about 0.0001 for the low-

s (d) §r=00°.

Ficure 20.—Contours of (lap location for ¢, . Slotted Gap 3-1.
»en

(a) §y=50°.

Figuns 21.—Contours of flap location for ¢, . Slotted flap 3-¢g.
mnas

trol from the air ejected on the upper surface of the
airfoil. The Acq, for slotted flaps 1-b and 2-h in-
creased from about 0.0008 at zero lift to about 0.0013
at a lift coefficient of 1.0. At zero lift, slotted flap 1-e,

wing chord

(b} drm35°.

lift condition, which increased nearly to 0.0003 at a lift
coefficient of about 0.50 and then decreased to zero at
higher lift coefficients. Slotted flap 1-c¢ showed no
increase in profile drag. It should be pointed out
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that a Acq, less than 0.0003 is too small to measure

definitely because such a small value is within the
experimental accuracy of the tests.

DETERMINATION OF THE OPTIMUM SLOTTED-FLAP
ARRANGEMENT FOR PROFILE DRAG

The results presented in this section are intended to
aid in the determination of the optimum positions of
the several slotted flaps for take-off and climb from
considerations of low drag. The best take-off and
climb to clear a specified height in the shortest hori-
zontal distance will be the lowest drag coefficient at the
lift coefficients corresponding to take-off and climb.
The data are therefore given as contours of the nose
position of the flap for constant drag coefficients at
certain selected lift coefficients that cover the range
for which the drag coefficient is decreased by deflecting
the flap. The data previously presented show that, for
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Ficurx 22.—Effect of slot openings in surface of sirfoil on increments of profile drag.
&, 0°; offective Reynolds Number, 3,500,000.

lift coefficients of 1.0 or less, the drag is lowest with the
flap undeflected.

Slotted flap 1.—The contours of the position of the
nose point of slotted flap 1-b for constant ¢4, are given
in figure 23. The best position for this flap at a lift
coefficient of 1.5 (fig. 23 (a)) is with the nose point of
the flap 5 percent of the chord below and 4 percent of
the chord ahead of the slot lip. The minimum profile-
drag coefficient is 0.027, and the position for drag
coefficients up to 0.028 is not very critical. At a lift
coefficient of 2.0 (fig. 23 (b)), the best position is about
1 percent above and much more critical than the best
position for a lift coefficient of 1.5. The minimum
profile-drag coefficient is 0.046 with the flap in the best
position at a lift coefficient of 2.0. The optimum
position of the nose of the flap, for minimum drag at a
lift coefficient of 2.5 (fig. 23 (c¢)), is 2.5 percent below
and 2.5 percent of the chord ahead of the slot lip.
The minimum profile-drag coefficient, when the flap
is in this position, is 0.096 and the position for the low
drag is very much more critical than at the lower lift
coefficients. The flap angles for minimum profile
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drag at ¢;=1.5, 2.0, and 2.5 are, respectively, about
15°, 22°, and 30°.

No detailed surveys were made with slotted flap 1-e,
but the effect on c,, of rounding the slot entry is shown

in figure 24 as envelope polars. Rounding the slot
entry with a radius 2 percent of the wing chord gives

(a) ci=1.5.
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Figurk 23.—Contours of flap location for ¢, . Slotted flap 1-b.
0

a considerable decrease in Cay Bt U values of the ''ft
coefficient. When the entry radius is increased to 4
percent of the wing chord, however, there is no further
decrease in ¢4, but a considerable increase at the high
lift coefficients. The best arrangement of slot shape
e, slotted flap 1-e,, is inferior to slotted flap 1-b through-
out the complete range of flap deflections.
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Slotted flap 2.—The contours of the position of the
nose point of slotted flap 2-h for constant €q, aTO given

in figure 25. At ¢;=1.5 (fig. 25 (a)), the minimum
profile-drag coefficient is about 4 percent less than it
was for slotted flap 1-b. The position of the flap
nose for the minimum profile-drag coefficient is not very
critical and,the tests did not cover a sufficient area to
close any of the contours. For ¢,=2.0 (fig. 25 (b)),
the minimum profile-drag coeflicient is about 8 percent
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ceding comparison of slotted flap 1-b and 2-h shows
arrangement 2-h to be superior throughout, probably
because of the better nose shape of the flap.

The contours of the position of the nose point of
slotted flap 2-1 for given profile-drag coefficients are
shown in figure 26. A comparison of these contours
with thosé for slotted flap 1-b (fig. 23) and 2-h (fig. 25)
shows flap 2-i to be inferior to both of the others through-

out the lift range. It is therefore apparently necessary
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Fiaurs 24.—Effect of siot-entry radius on ¢ 4

lower than for slotted flap 1-b. The contours are not
closed for this lift coefficient and the position for mini-
mum profile drag is again not very critical. The
contours of profile-drag coefficient at ¢,=2.5 (fig. 25
(c)) show the minimum to be 25 percent less than it was
for slotted flap 1-b. The position of the flap nose for
minimum profile drag is critical at about 3.5 percent
below and 3.0 percent of the wing chord ahead of the
slot lip. There is, however, a second region of low
drag farther abhead and closer to the slot upper bound-
ary for which the contours are not closed. The pre-

that the slot have an easy entry in order to have low
drag together with high lift.

EFFECTS OF SLOTTED FLAP WITH SPLIT FLAP

Effect on maximum lift.—The effect on ¢, ,_of the
addition of a 0.05¢, split flap, deflected downward R/0°,
to slotted flap 1-b is shown in figure 27. This compari-
son was made with the slotted flap hinged in such a
way that it was in the optimum position for the maxi-
mum lift coefficient when deflected downward 60°

without the split flap. The increase in maximum lift
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coefficient for small deflections of the combination is
quite large. The maximum lift coefficient with the
combination down 25° is the same as it is with slotted
flap 1-b alone down 50°. The maximum lift coefficient
with the combination down 50° is, however, only 2 per-
cent higher than for the slotted flap alone in its opti-

Percent wing chord

() e;=1.5.

®) e=2.0.

(c) ci=2.5,

Fiauzs 25.—Contours of lap location for ¢ o Blotted flap 2-h.

mum position. It is possible, however, that higher
maximum lift coefficients may be obtained by a more
comprehensive investigation.

Effect on profile drag.—The effect on ¢, of the
addition of the split flap to slotted flap 1-b is shown in
fizure 28 by envelope polars. The combination has
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higher drag than the slotted flap alone for lift coefficients
less than 2.2. It is possible, however, that lower drags
could be obtained by using smaller deflections of the -
split flap at the smaller deflections of the slotted flap.
The combination has a lower drag than the slotted flap
alone at lift coefficients above 2.2. These results indi-
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Figure 26.—Contours of flap location for ¢ o Slotted flap 2-i.

cate that multiple-slot flaps might be developed which
would be superior, from considerations of low drag for
take-off and high lift for landing, to any of the slotted
flaps investigated. Further investigation is recom-
mended of multiple-slot flaps and of slotted flaps in
combination with plain and with split flaps.
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OPTIMUM ARRANGEMENT OF SLOTTED FLAP l

2.8
The optimum flap arrangement was chosen on the ”a = R <
basis of minimum profile-drag coefficient at a given e i 1
lift coefficient for lift coefficients less than 2.5 and of ;
maximum lift coefficient for the larger flap deflections. 24 / A i

On this basis, slotted flap 2-h was superior to any of / P
the other flap combinations tested. The data for
slotted flap 2-h, when moved along the optimum path
shown, are given in figure 29. Flap-load and moment
data from pressure-distribution tests will be available
for this combination at a later date.
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COMPARISON OF FIVE TYPES OF FLAP

Effect on maximum lift.—Increments of maximum
lift coefficient Ac;_, _ are plotted in figure 30 against flap
deflection to show how the effect of flap deflection
upon maximum lift varies with the five types of flap
tested; namely, split, plain, external-airfoil, Fowler,
and slotted flap 2-h. All coefficients are, of course,
based on area with the flap neutral and the increments,
except for the external-airfoil flap, are taken from the y .
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lip of the slot is extended to the trailing edge of the
basic airfoil. The flap is therefore moved through a
greater distance when extended and deflected and,
consequently, gives more lift because of the greater
lifting surface exposed to the air. Slotted flaps could
be developed with the slot lip terminated at any point
between the location for slotted flap 2-h, or farther
forward, and the trailing edge of the airfoil. These
slotted flaps would be expected to give ¢,  _ increases
corresponding to the increased airfoil area.

Effect on profile drag.—The effect on ¢4, of the five
types of flap is shown in figure 31 by envelope polars.
The five types of flap have about the same profile-drag
coefficients for lift coefficients less than 0.90. The
airfoil with slotted flap 2-h has the lowest profile drag
for lift coefficients from about 1.0 to 1.7. The airfoil
with the Fowler flap is somewhat better than slotted
flap 2-h as regards low profile drag at lift coefficients
greater than 1.7. Here again it is probable that a
slotted flap with a greater lip extension could be
developed to give an even lower drag at high lift
coefficients.

When the horizontal distance to land over a given
obstacle is restricted, if a high drag together with a high
lift is desirable, slotted flap 2-h is superior to the four
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II. TESTS IN VARIABLE-DENSITY WIND

TUNNEL
APPARATUS AND TESTS

The variable-density wind tunnel is described in
reference 17, except that an automatic electric balance
has been installed to measure force coefficients. The
precision is discussed in references 14 and 18.

The basic airfoil was made of duralumin to the
N. A. C. A, 23012 profile. The 25.66-percent-chord
slotted flap was built of brass to the ordinates given for
flap 2 in table II. The shape of the slot and the posi-

8270 ;
N R-0789% | g cgire
a \
\\, 0
4—-—-')/37; ~0475¢
.808l¢c * 8-0°
c

00/2¢
7999¢ 20°
o
8/36¢
30°

< .8272c

.8366¢

50°

F1aurx 32.—8ections of airfoil with 0.2566¢ slotted fiap 2-h.

tions of the flap for the various flap deflections (§,) are
shown in figure 32. In the investigation made in the 7-
by 10-foot tunnel, these positions were selected as the
optimum, the criterion being low drag in the lift range
below a value of 2.5 and high maximum lift above this
range.

The flap was attached to the wing by five small
steel brackets; a different set of brackets was made for
each flap position because the position was determined
by the size and the shape of the brackets.

The 60-percent-chord plain flap (fig. 33) was built by
cutting the wing at the40-percentstation and connecting
the two parts by a narrow flexible plate flush with the
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lower surface. When the flap was deflected, the V-
shape groove formed on the upper surface at the 40-
percent point was filled with plaster of paris, forming
a fair and rounded juncture.

The lift, the drag, and the pitching moment were
measured from below zero lift to beyond maximum lift
at an effective Reynolds Number of about 8,000,000.
The lift in the region of maximum lift was also measured
at an effective Reynolds Number of about 3,800,000.
The measurements were made at flap settings of 0°,

T

T

F1aURE 33.—8ections of airfoil with 0.80¢ plain flap deflected 12° and 0.2566¢ slotted
flap 2-h.

20°, 30°, 40°, and 50°. In addition, at flap settings of
30° and 40°, the Reynolds Number range from 900,000
to 8,000,000 was covered.

The slotted flap was also tested at deflections of
20°, 30°, and 40° in combination with the 60-percent-
chord plain flap deflected 12°,

RESULTS AND DISCUSSION
PRESENTATION

The results are presented as a series of lift curves for
a rectangular wing of aspect ratio 6 in figure 34; the
two groups of curves in the figure correspond to the two
Reynolds Numbers at which all the tests were run.

The section characteristics, indicated by lower-case
letters and presented in figures 35 and 36, were worked
up as explained in reference 18.

MAXIMUM LIFT

The lift reaches a maximum at a flap deflection of
40° (fig. 34). The variation with Reynolds Number is
shown in figure 37. The maximum lift increases with
Reynolds Number but appears to be leveling off at the
end of the Reynolds Number range tested (about
8,000,000). The results of tests in the 7- by 10-foot
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wind tunnel are also shown on the figure and the
agreement with the variable-density-tunnel results, for
the two points shown, is good. It will be noted that
the increment of maximum lift is nearly constant over
the range tested. A comparison of these results with
those of references 2 and 19 shows that, at a Reynolds
Number of 8,000,000, the slotted flap can reach a maxi-
mum lift coefficient of 2.86 as compared with'2.54 for
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had practically no effect on the drag. If the slot is
perfectly sealed when the flap is neutral, a decrease of
the minimum drag of the order of 15 percent may
accordingly be expected.

The drag of the wing at high lifts, with slotted flap
2-h deflected to its most favorable position at each
lift coefficient, is included in figure 39. This curve,

which may be called a profile-drag envelope polar, is
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F10URE 34.—Lift against angle of attack for N. A. C. A, 23012 airfoil with 0.2508¢ slotted flap 2-b, rectangular wing, aspect ratio 8.

the split flap, 2.39 for the plain flap, and 2.37 for the
external-airfoil flap.

The deflection of the 0.60¢ plain flap had only a minor
effect on either the maximum lift or the shape of the lift
curve near the maximum (fig. 34).

PROFILE DRAG

The wing with the slotted flap in the neutral position
had 15 percent higher minimum drag than the plain
airfoil, as shown in figure 38. In order to find out to
what extent this drag increment could be reduced by
preventing flow through the slot, tests were made with
the upper slot closed. The closing of the slot exit

the envelope of all the polars for the wing with all flap
settings. A series of such curves for various flap types
and arrangements shows the relative merit of each type
for such an item of performance as take-off where,
other things being equal, lower drag at high lift coeffi-
cients is advantageous. Such a series of curves (fig.
39) shows the 0.2566¢ slotted flap 2-h to be definitely
superior to the 0.20¢ plain and split flaps, as was also
shown by the 7- by 10-foot tunnel tests. Slotted flap
2-h is also slightly superior to the external-airfoil flap
on the basis of low drag and is greatly superior to it on
the basis of maximum lift. The data for these other
flap arrangements are taken from references 2 and 19.
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CONCLUSIONS

1. The optimum arrangement of the slotted flap
tested was superior to the split, the plain, and the
external-airfoil types of flap compared on the basis of
maximum lift coefficient, low drag at moderate and at
high lift coefficients, and high drag at high lift coeffi-
cients. The slotted flap, however, gave slightly lower
maximum lift coefficients than the Fowler flap.

2. The increment of maximum lift due to the slotted
flap was found to be practically independent of the
Reynolds Number over the range investigated.

3. Openings in the lower surface of the airfoil for the
slotted flaps tested had a measurable effect on the drag
for high-speed flight conditions even when the slot was
smoothly faired to maintain the contour of the upper
surface and there was no air flow through the slot.

4. The slotted flap gave the highest maximum lift
coefficients when the nose of the flap was located
slightly ahead of and below the slot lip and with a slot
lip that directed the air down over the flap.

5. The lowest profile drags at moderate lift coeffi-
cients were obtained by using a slotted flap with an
airfoil nose shape and with an easy entrance to the slot.

6. It appears that still further improvement may be
obtained in low drag characteristics at moderate and
high lift coefficients by the use of multiple flaps or by
slotted flaps with greater lip extensions.

LANGLEY MEMORIAL AERONAUTICAL LABORATORY,
NarioNaL Apvisory COMMITTERE FOR AERONAUTICS,
LaneLeY Fiewp, Va., February 12, 1938.

TABLE 1

ORDINATES FOR AIRFOIL AND SLOT SHAPES
[Stations and ordinates in percent of wing chord]

N. A. C. A, 23012 Airfoil
Upj Lower
Station | o7fCL | sariace
[ N PR 0
1.28 2.67 -1.23
2.5 3.81 -1.7
5 4.01 -2.26
7.5 5.80 -2.61
10 8.43 -2.92
15 7.19 -3.50
20 -+ 7.50 -3.97
25 7.60 -4,28
30 7.58 -4 48
- 7.14 —4.48
50 6. 41 -4.17
60 5. 47 —3.67
70 4.38 -3.00
80 3.08 -2.18
920 1.68 -1.23
95 .92 -.70
100 .13 -.13
L. E. radius: 1.58. Slope of
n%aul through end of chord:
0.308.

TABLE I—Continued
ORDINATES FOR AIRFOIL AND SLOT SHAPES—Con.

8lot shape &
Station | Ordinate
74.89 —0.18
75. 41 59
75.93 118
76. 46 1.64
T7. 50 2.32
78.08 2.87
80.00 .9
Slot shape
Station | Ordinate
74 -0.18
7541 .50
78.93 L18
76. 46 164
77.50 2.32
78.08 2.87
80. 00 297
8L.70 2n
Slot shape 1
Station Ordinate
7442 |oeoo...o.
74.74 -0.22
75.08 .13
78. 69 .68
76.33 L1
76.97 1.46
78.28 2.00
70.53 2.38
80.81 2.5
82.08 2.68
82.50 2.60
TABLE II

ORDINATES FOR FLAP SHAPES

[Stations and ordinates in percent of wing chord]

Flap 1
Station !Umpm Lower
0 -1.81 —-1.81
.52 -18 | ...
104 .58 —~2.41
1.56 116 -2.43
2.09 1.63 —2.42
3.13 2.30 -2.37
4.61 284 ———
5.63 2.97 -2.18
6.82 28 | ......
18.63 1.68 -L.23
20.63 R -. 70
25.63 13 -, 13
Center of L. E. arc
0.72 —1.61
L. E. radius: 0.72




AN N. A, C. A, 23012 AIRFOIL WITH SLOTTED FLAPS

TABLES II—Continued
ORDINATES FOR FLAP SHAPES—Continued

Flap 2
Up Lower
Station | L PPee
0 -1.29 -L29.
.40 -.32 -2.05
.72 .04 -2
138 .61 -1.38
200 1.04 -2 41
2.64 140 -2.41
3.02 L9464 | ......
820 230 | ...
566 | ...... -2.16
8.48 P
7.76 263 | ...
9.03 2.8 | ...
10. 31 2.48 | ......
15. 66 1.68 -1.23
20,68 .92 -.70
23.66 .13 - 13
Center of L. E. arc
0.91 -L2
L. E. radius: 0.01
REFERENCES

1. Platt, Robert C.: Aerodynamiec Charaocteristiecs of Wings
with Cambered External-Airfoil Flaps, Including Lateral
Control with a Full-Span Flap. T. R. No. 541, N. A.
C. A, 1935. .

2. Platt, Robert C., and Abbott, Ira H.: Aerodynamic Char-
acteristics of N. A. C. A. 23012 and 23021 Airfoils with
20-Percent-Chord External-Airfoil Flaps of N. A. C. A.
23012 Section. T. R. No. 573, N. A. C. A,, 1936.

3. Weick, Fred E., and Platt, Robert C.: Wind-Tunnel Tests
of the Fowler Variable-Area Wing. T. N. No. 419,
N. A. C. A, 1932.

4, Platt, Robert C.: Aerodynamic Characteristics of a Wing
with Fowler Flaps Including Flap Loads, Downwash, and
Calculated Effect on Take-Off. T. R. No. 534, N. A.
C. A, 1935.

Glauert, H.: The Handley Page Slotted Wing. R. & M.
No. 834, British A. R. C,, 1923.

o

31

6. Irving, H. B., and Batson, A. S.: Summary of Data on

10.

11.

12.

13.
14.

13.
16.
17.

18.

19.

Slotted Wings Obtained in the Wind Tunnel of Messrs.
Handley Page, Ltd. R. & M. No. 930, British A. R. C.,
1926.

. Anon.: Résumé of Investigations Made on Handley Page

Slots and Flaps. A. C. I. C, vol. VII, no. 639, Matériel
Div., Army Air Corps, 1929.

. Clark, K. W., and Kirkby, F. W.: Wind Tunnel Tests of the

Characteristics of Wing Flaps and Their Wakes. R. &
M. No. 1698, British A. R. C., 1936.

. Higgins, George J.: An Airfoil Fitted with a Slotted Flap.

Jour. Aero. Sci., vol. 3, no. 12, Oct. 1936, pp. 431-433.

Harris, Thomas A.: The 7 by 10 Foot Wind Tunnel of the
National Advisory Committee for Aeronautics. T. R.
No. 412, N. A. C. A, 1931.

Glauert, H.: Wind Tunnel Interference on Wings, Bodies,
and Airscrews. R. & M. No. 1566, British A. R. C., 1933.

Tomotika, Susumu: The Lift on a Flat Plate Placed in a
Stream between Two Psrallel Walls and Some Alljied
Problems. Report No. 101 (vol. VIII, 5), Aero. Res.
Inst., Tokyo Imperial Univ., Jan. 1934.

Platt, Robert C.: Turbulence Factors of N. A. C. A. Wind
Tunnels as Determined by Sphere Tests. T. R. No. 558,

"N. A.C. A, 1936.

Jacobs, Eastman N., and Sherman Albert: Airfoil Section
Characteristics as Affected by Variations of the Reynolds
Number. T. R. No. 586, N. A. C. A,, 1937,

Wenazinger, Carl J.: Wind-Tunnel Investigation of Ordinary
and Split Flaps on Airfoils of Different Profile. T. R.
No. 554, N. A. C. A, 1936.

Wenzinger, Carl J., and Anderson, Walter B.: Pressure
Distribution over Airfoils with Fowler Flaps. T. R. No.
620, N. A. C. A,, 1938.

Jacobs, Eastman N., and Abbott, Ira H.: The N. A. C. A.
Variable-Dengity Wind Tunnel. T. R. No. 416, N. A. C.
A, 1932. .

Jacobs, Eastman N., and Abbott, Ira H.: Airfoil Section
Data Obtained in the N. A. C. A. Variable-Density Tunnel
as Affected by Support Interference and Other Correc-
tions. T.R. No. 669, N. A. C. A,, 1939.

Abbott, Ira H., and Greenberg, Harry: Tests in the Variable-
Density Tunnel of the N. A. C. A. 23012 Airfoil with Plain
and Split Flaps. T. R. No. 661, N. A. C. A., 1939.

U. S. GOVERNMENT PRINTING OPFICE: 1939






