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WIND-TUNNEL INVESTIGATION OF AN N.A.C.A, 23012 AIRFOIL

WITH TWO ARRANGEMENTS OF A WIDE-CHORD SLOTTED FLAP

By Thomas A, Earris
SUMMARY

An investigatlon has been made in the N.A,C.A, 7-
by 10~-foot wind tunnel of a large~chord N.A.C.A, 23012
airfoll with several arrangements of a 40-percent-chorad
slotted flap to determine the section aerodynamic char-
acteristics of the airfoll as affected by slot shape,
flap location, and flap deflection. The flap positions
for maximum 1ift, the polars for arrangements consldered
favorable for take-off and climb, and the complete sec-
tion aerodynamic characteristics for selected opitlimum
arrangements were determined., 4 discussion is given of
the relative merits of the various arrangements, A com-
parison is made of slotted flaps of different chords on
the N,A.C,A, 23012 airfoill,

The Pest 40-percent-chord slotted flap is only
slightly superior to the 25-percent-chord slotted flap
from considerations of maximum lift coefficlent and low
drak for take-off and initial climb.

INTRODUCTION

The National Advisory Committee for Aeronautics has
undertaken an extensive investigation of various wing-
flap combinations to furanish information applicadble to
the aerodynamic and the structural design of high-lift
devices for improving the safety arnd the performance of
airplanes., A high-1lift device capabls of producing high
1ift with variable drag for landing and high 1lift with
low drag for take-off and initial climdb 1s believed to bDe
desirable, Other desirable aerodynamlc features are: no
incresase in drag with the flap neutral; small change in
pitching moment with flap deflection; low foreces regulred
to operate the flap; and freedom from possible hazard due
to icing. ' N
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It 1s planned in this investigatlion to test both
simple and multiply slotted flaps of different chords on
airfoils of different profile. Some promising arrange-
ments of medium-chord slotted flaps have been developed
for the N,A,C.A. 23012 and 23021 alrfoils, The aerody-
namic data for these arrangements are reported in refer-
ences 1 and 2, Further improvement from consideratlons
of high 1ift coefficients and low drag at high and inter-
medlate lift coefficients was obtained with the comblna-
tion of a moedium~chord and a small-chord slotted flap
(reference 3). Pressure-distribution data are also avail-
able for the medium-chord slotted flap on the N.A.C.4A,
23012 airfoil, (See reference 4.)

In the present report, the section aerodynamic char-
acteristics are given for the N.A.C.A, 23012 airfoil
equipped with a 40-percent-chord slotted flap in combina-
tion with two slot shapes,

MODELS

Plain Airfoll

The basic wing, or the plain airfoil, used in these
tests was built to the N.A.C.A., 23012 profile and has a
chord of 3 feet and a span of 7 feet; the ordinatss for
the section are given in table I. The model was built of
80lid laminated pine and had been previously used 1n the
investigation of the medium~chord slotted flap reported
in reference 1, The trailing-edge section of this model
is sasily removabls so that the model can be quickly al-
tered for tests of different flap arrangements.

Slotted-Flap Arrangements

The slotted flap and the slot shapes were built of
solld laminated beech, The slot shapes were bolted to
the main airfoll in place of the solid tralling edge,
The flaps were mounted on special hinges that permitted
considerable latltude in the location of the flaps with
respect to the main airfoil.

Flaps.- Only one flap shape was ftested; it is de-
signated flap 1 (fig. 1 and teble I), This flap has a
small nose radius and was designed to give only a small
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break in the lower surface of the a2irfoll when undeflect-
ed, It also lends 1tself to use with a door to seal the
break in the lower surface of the airfoll with the flap
undeflected.

Slot shapes.- The two slot shapes shown in figure 1
were used with the flap and are designated a and D.
Slot shape &a was designed to give a minimum break in the
lower surface of the wing and, consequently, to have the
smaller effect on the drag with the flap neutral, Slot
shape b 1s similar to slot shape h of reference 1,
which gave the lowest drag at intermediate and high 1ift
coefficients for take-off, '

The models were made to a tolerance of £0.015 inch,
TESTS

The models were so mounted iIn the closed test sec-
tion of the N.A.C.A, 7- by 10-foot wind tunnel that they
completely spanned the jet except for small clearances at
sach end, (See refsrences 1 and 5.) The malin airfoil
was rigidly attached to the balance frame by torque tubes,
which extended through the upper and the lower boundarioes
of the tunnel., The angle of attack of the model was sut
from outside the tunnel by rotating the torgus tubes with
a calibrated drive, Approximately two-dimensional flow
is obtained with this type of installation and the section
characteristics of the model under test can be determined,

A dynamic pressure of 16.37 pounds per sguare food
was maintained for all the tests, which corresponds to &
velocity of 80 miles per hour under standard atmospherilc
conditions and to an average test Reynolds Number of
about 2,190,000, Because of the turbulence in the wind
tunnel, the effective Reynolds Number Ry, (reference 6)
was approximately 3,500,000, For all tests, Rg 1is
based on the chord of the airfoil with the flap retracted
and on a turbulence factor of 1.6 for the tunnel.

Plain airfoil.- Tests were first made of the plailn
airfoll over the complete angle-of-attack range from -6°
to the stall,

Slotted flaps,- With each slotted-flap arrangement,
tests were made to defermine the effect on minimum drag
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of the breaks in the wing lower surface at the slot en-
trance with the flap retracted. Tests were also made to
determine the effect of the flap hinges with the flaps in
their retracted positions. The tests of slotted flape

lea and 1-b consisted in force measurements with various
flap positions and deflections to determine the optimum
rath of the flap from considerations of low drag through-
out the complete 1ift range and of the highest maximum
lift for each flap deflection. Data were obtained for all
tests throughout the angle-of-attack range from -6° to the
stall at 10° increments of flap deflection from 0° to 500,
No data were obtained above the stall because of the un-
steady conditions of the model. Lift, drag, and pitching
moments were measured for all positions of the flap over
the complete angle-of-~attack range tested,

'RESULTS AND DISCUSSION
Coefficients
All test results are given in standard section non-
dimensional coefficient form for the airfoil, corrected
28 explained in reference 1,
cys» ®ection lift coefficient (l/qoy).

¢q,s Section profile-drag coefficient (do/qcy).

section pltching-moment coefficient about aero-
dynamic centsr of plain wing (m(a'c‘)o/cha).

“B(a.ca)y’
where
't is section 1lift,
dy, section profile drag.
section pitching moment.
q, dynemic pressure (1/2pV®),.
chord of basic airfoil with flap fully retracted.

and
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o is angle of attack for infinite aspect ratio,

8¢, flap deflection.

Precision

The accuracy of the various mesasurements 1in the tests
is believed to be within the following limits:.

Gg = =~ = = = = = 20.1° ¢4 - = - = = £0,0006
°(cy =1.0
Cy e e = e - £0.03 ¢ | -= = = - - £0,002
lnax d°(cz'=a.5) : ’
' )
Cmpg .y = " = - ®0.008 Bp - - mim - - oo - - 20,2
cq. - = = - - = £0,0003 Flap position- - - - = £0.00lc
®°min | v

Correctlionsg for flap-hinge fittings have been ap-
plied to the data for the flap-neutral conditions, No
attempt was made to determline the sffect of the hinges
with the flaps deflected bescause thelr effect was believsed
small and because of the great number of tests reguired.
The relatlive merits of the two flap arrangements arse
thought to be not appreciabdly affected because the same
hinge fittings werse used with the two alrfoil-flap combl-
nations. i .

Plain Airfoill

Aerodynamlc characteristics.~: The complete sectisn
saerpdyznanic characteristics of the plain N.A,C.A, 23012

airfoll are given in figure 2. These data have been dis-
cussed in reference 1 and therefore require no further
discusslon here.

Bffect on profile drag of bresks in surface of air-
foil at $lot entrence,- The effects of the breaks in the
lower surface of the sirfoll with the flaps undeflectsd

are shown in figure 3. The break in the wing upper sur-
face only at the slot 1lip gave an approximately constant
increment of sectlon profile~drag coefflcient of about

0.0001, The increments of section profile-drag coeffi-
clent due to the breaks in the upper and the lower sur-
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faces of slotted flap l-a vary from about C,00086 at cp =
0 to about 0.0005 at ¢} = 1.0. Tor slotted flap 1-D,
the increment of section profile-drag coefficient due to
the breaks in the upper and the lower surfaces varies from
about 0,0013 at c¢3 = O to about 0,001l at c¢3 = 1,0, A
door on the wing lower surface may be used to reduce
greatly the increased profils-drag coefficient caused by
the lower-surface break with either of the flaps,

Stotted Flap Arrangements

Determination of optimum arrangements for maximum
1ift,- The data presented herein are the results of the
maximum-1ift investigation of the various flap-and-slot
combinations in which the flap, at & given deflection,
was located at points over a considerable area with re-
spect to the main airfoil., The data are presented as con-
tours of the position of the nose point of the flap rela-
tive to the slot lip for a given 1ift coefficient. The
nose point of the flap is defined as the point of tangency
of 8 line drawn pérpendicular to the airfoil chord and
tangent to the leadling-edge arc of the flap when neutral,
as shown 1ln figure 1.

The compleote maximum-lift date for slotted flaps l-a
and l-b deflected 10°, 200, 300, 40°, and 50° are given
in figures 4 and 5, An inspection of these figures shows
that the contours are not closed with all combinatlons
for flap deflections less than 20°, Within this range,
the position for maximum 1ift coeffliclent is not very
critical and only a sufficient number of positions vwere
taken to cover any practicable path along which the flap
is likely to be operated, ZFurthermore, the opitimum flap
position for these deflections will probably be chosen
from considerations of drag and ease of mechanical opera-
tion, '

The position of the flaps for maximum 1ift coeffl-
cient bocomes much more critical for the higher flap de-
flections and the contours are closed for flap deflections
from 300 to 50°, Two values of the maximum 1ift coeffi-
cients were obtained with the 30° and the 40° flap deflec-
tions at certain positions and are shown by the broken and
the so0lid lines on the contours. This result is probadly
due to critical air-flow conditions with gaps larger than
the optimum, This unsteady condition haes been encountered
in the previous tests of the slotted flaps reported in
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references 1, 2, and 3 andnhas been associated with large
gaps bestween the slot 1ip and the flap. The unsteadlness
is an undesirable condition and may be avoided if the gap
for a glven flap deflection 1s no larger than the optimun,

The maximum 1ift coefficients for slotted flaps i-a
and 1-b were obtained with the flap deflected 50° and with
the flap nose point 1.5 percent below and 1.5 percent
ahead of the slet lip., The maximum 1ift coefficlent with
slotted flap l-a was 2.85 and with slotted flap l-b was
2,90, With a 400 flap deflection, the maximum 1ift coef-
ficient for both flaps was obtained with the flap nose
point 1.5 percent below and 0.5 percent behind the slot
lip.

From these contours, it should be possible for the
designer to choose ths best path for the flap to follow
from considerations of maximum 1ift coefflcient alone,

If, from structural considerations, it is not possible to
use the best asrodynamic path, the loss caused by using a
compromise path can be immediately evaluated. Complete
section aerodynamic characteristics of selected optimum
arrangements for each flap deflection are given in a
later section of this paper.

Determination of optimum arrangements for profile
drag.~- Optimum positions of the flap arrangementis for the
conditione of low drag for take-off and initial elimd %o
clear an obstacle were determined, The sole criterlion
for a given 1ift coefficient was the drag coefficient.

The most important single factor in unassisted take-off
distance is the value of the 1ift coefficient for take- off
because the higher the 1ift coefficient, the lowsr the
take-off speed. It follows that, except for the detrimen-
tal effect of increased drag, the higher the 1ift coeffl-
cient, the shorter the distance required to clear a given
obstaclec, The limiting conditlions are the power avallable
to overcome the 'Arag at the higher 1ift coefficlents and
the excess available '1ift reguired from considerations of
safety. ~The data are given, therefore, as contours of the
nose position of the flap for constant drag coefficlents
at certaln selected 1lift coefficients, ¢ = 1.5, 2,0, and
2.5, and for flap deflections that cover the range for
which the drag coefficient is decreased by deflecting the
flap.

The complete drag data for slotted Flaps l-a and 1=d
are given in figures 6 and 7. Where the minimum drag cosf-
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ficients were approximately the same for a given 1lift
coefficient at low flap settings, both sets of data are
given, JFrom these data, optimum paths for the nose point
of the flap may be chosen from consideration of drag coef-
ficients at the various 1lift coefficients. If it is
structurally limpossible to follow the optimum path, the
additional drag coefficient caused by the deviation will
be available, Insufficlent data were obtained to close
all the contours, but most of the practicabvle srrangements
are believed to be withln the range covered,

Sectlon aerodynamlic characteristicse of selected opti-
mum_arrangements,- The complete section aerodynamic char-
acteristics of selected optimum arrangements of slotted
flaps l-a and 1l-b are given in figures 8 and 9, The opti-
mum arrangements were chosen from considerations of low
drag coefficiente at the specified 1ift coefficients, 1.5,
2.0, and 2.5, for flap deflections of 100 and 20° and from
considerations of maximum 1ift coefficient alone for flap
deflections from 300 to 50°, In addition to the optimum
arrangementa, data are also glven for certain arrangements
that appear structurelly simpler, A tadble included in
sach figure shows the nose position of the flap for the
various deflectionsg; the points are plotted on the dia.
grams. The selected "optimum" path referred to hersine
after 1s shown by the broken line through the points and
is a compromise between aerodynamic and structural consid-
erations, The aerodynamic characteristics shown in these
figures are typical; complete data for other positions of
the flap at the several flap deflections are avallable up-
on request., '

The erratic cg = for the 30° flap deflection of

slotted flap 1-b is typical of the results for this flap
deflection, The lower values of Cd, over the 1lift

range from ci= 1.4 {a = -6%) to 1.9 (o = ~1°) have been
disregarded in the selection of the optimum path because
the arrangement would probadbly be impraecticable, In ad-
dition, in a number of tests with larger gaps, two types
of flow were encountered for this 1ift range; the other
type gave a much higher Caqe The position for the flap

at the 30° deflection was sslected from consideration of
maxlimum 1ift coefficlient alone,

Comparison of sclected optimum arrangements,w In

order to compare the drags of the various flap arrange-
ments, onvelops polars are given in figure 10 for the
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slotted-flap arrangements of figures 8 and 9, As previ-
ously mentioned, the low drag coefficients for the 30°
flap deflections have been disregarded in drawing the
envelops polars for slotted flap 1l-b. Figure 10 shows
gslotted flap 1-b to be superior %0 slotted flap 1i-.a for
take-off at any lift coefficient from 1.1l up to the maxi-
‘mum 1ift coefficient. For lift coefficients less than
1.1, the plain wing has lower drag coefficlients than any
of the arrangements with the flaps deflscted, If a door
wore used to seal the break in the lower surface of the
wing at the slot entrance, both of the slotted~flap ar-
rangements would have approximately the same character-
istics as the plain wing for lift coefficients less than
1.1. . -

A comparison of slotted flap l-a and 1l-b as 1lift-
increasing devices is shown in figure 11, where the in-
crements of maximum 1ift coefficient Ac%m are plotted

: ax

agaeinst flap deflectlon when the flap 1s moved along the
optimum path prviously mentioned., Slotted flap 1l-b is
slightly superior to slotted flap l-a for all flap deflec-
tions, It is particularly interesting to note that the
increment of maximum 1lift coefficisnt increases very
slightly for flap deflections greater than 300,

The pitching-moment c¢oefficients for slotted flaps
l-a and 1-b at comparable 1ift coefficlents are about the
same, (See figs. 8 and 92,)

Comparison of slotted flaps of different chord,- A
comparison of slotted flap leb and slotted flap 2~h (25.66-

percent-~chord slotted flap) of reference 1 is shown by
polars in figure 12. From a consideration of ¢4, for

values of ¢} 1less than 1.5, the two slotted flaps com-
.pared are about equal. For higher values of ¢j, the
40-percent-chord slotted flap is slightly superior for
take-off, In addition, the 40-percent~chord slotted flap
for the extreme flap deflection gives hlgher values of
Cd, It is probable, however, that the operating force
would be so much higher for the 40-percent-chord slotted
flap that it would be impracticabdble.

The effect of slotted-flap chord on Acz is shown
nax

in figure 13 where the data for the smaller~choerd flaps
were taken from referenceg 1 and 3. It is of interest to
note that the increase of «¢3 wa.s only O,1 for an in-
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crease of flap chord from 25 to 40 percent whereas, with
the increase of flap chord from 10 to 25 percent, the gain

in ¢ was 0.5.
1'rna.x

A comparison of the pitching-moment coefficients for
the 40~percent-chord slotted flap, the 25.66-~percent~chord
slotted flap of reference 1, and the lO-percent-chord
slotted flap of reference 3 shows that, for equal 1ift co-
efflcients, the pltching-moment coefficlents are about the
same,

CONCLUDING REMARKS

Slotted flap l1-b is superior to l-a except for low
drag with flap neutral, Slotted flap 1-b is also superior
to slotted flap 2-h of reference 1 from considerations of
maximum 1lift and of low drag for 1ift coefficients from
1.5 to 2.5. It should be noted that the gain in aerody-
namic characteristics with the large-~chord slotted flap
as compared with the 25,66~percent-chord slotted flap is
slight.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., May 23, 1939,
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TABLE I

ORDINATES FOR AIRFOIL AND FLAP SHAPES

(Stations and ordinates in percent of wing chord)

N;A.C.A. 23012 Alrfoil

715 12
Flap 1
Upper Lower
Station surface| surface
O “1-76 “1.76
.63 -.31 -
1.25 .37 -3.17
2.5 1.36 -3%.,40
5 2,69 ~-3.36
7.5 3.48 -3,19
10 3.97 -3,00
11 4,05 -
12 4,07 -
20 3.08 -2,16
30 1.68 -1,23
35 .92 -.70
40 .13 ~-.13
Center of L.E. arc
1.35 ~1,76 J
L.B, radius: 1.35

. Upper Lower
Station| gyrface |surface
c - 0
1.25 2.67 -1.283
2.5 3.61 -1.71
5 4,91 -2.26
7.5 5.80 -2.61
10 6.43 ~-2.92
15 7.19 -3.50
20 7.50 -3.97
25 7.60 -4.28
30 7.55 -4 .46
40 7.14 -4 ,48
50 6.41 -4,17
60 5,47 -3.67
70 4,36 ~-3.00
80 3.08 -2.16
90 1.88 ~-1,23
95 .92 -.70
100 .13 -.13
L.BE. radius: 1.58. Slope

of radius through end of
chord: 0,305.
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