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WIFD-TUNNEL INVESTIGATION OF AN NACA 23021 AIRFOIL
WITH A 0.32-AIRFCIL-CHORD DOUBLE SLOTTED FLAP
By Jack Fischel and John M, Riebe

SUMMARY

An investigation was made in the LMAL T7- by 10-foot
wind tunnel of an NACA 23021 airfoil with & double
slotted flap having a chord %2 percent of the airfoil
chord {0.32c¢) to determine the aerodynamic section charac-
teristics with the flaps deflected at varlous positions.
The effects of moving the fore flap and rear flap as a
unit and of deflecting or removing the lower 1ldp of the
slot were also determined.

Three positions were selected for the fore flap and
at each nosition the maximum 1lift of the airfoll was
obtained with the rear flap at the maximum deflection
used at that fore-flap position. The section 1ift of
the airfoil increased as the fore flap was extended and
maxirum 1ift was obtained with the fore flap deflected 30°
in the most extended position. This arrangement provided
a maximum section 1ift coefficient of 3.31, which was
higher than the value obtained with either a 0.2566¢c or
a 0.l.0c single-slotted~flap arrangement and 0.25 less
than the value obtained with a 0..0c double-slotted-flap
arrangement on the same airfoil., The values of the
profile-drag coefficient obtained with the 0.3%2c double
slotted flap were larger than those for the 0.2566c or
0.lt0c single slotted flaps for section 1ift coefficients
between 1,0 and approximately 2.7. At all values of the
section 1ift coefficient above 1.0, the 0.40c double
slotted flap had a lower profile drag than the 0.32c
double slotted flap. At various values of the maxlmum
section 1ift coefficient produced by various flap
deflections, the 0,32c¢c double slotted flap gave negatlve
section pitching-moment coefficients that were higher
than those of other slotted flaps on the same airfoil.
The 0.,32c¢ double slotted flap gave approximately the same
maximum section 1ift coefficient as, but higher profile-~

Sl




2 NACA ARR No. LLJ05

drag coefficlients over the entire 1ift range than, a
similar arrargement of a 0.20c¢c dcuble slotted flap on an
NACA 23C12 airfoil.

TNTRODUCTION

The National Advisory Committes for Aeronautics has
undertaken en extensive investigation of various high-
1ift devices in order to furrnish information applicable
to the aerodynamic design of wing-flap combinations that
will improve the safety and periormance of airplanes.

For use in take-off and initial climb, a high-11ft device
capable of producing high 1ift with low drag 1s desirable.
For use in landings, however, nigh 1ift with variable
drag 1s believed desirable, Other desirable character-
istics are:s no increase in Gragz with the flap neutral,
small change in pitching morment with flap deflection, low
forces required to operate the flap, and frezdom from
possible hazard due to icing.

The results of various investigations on the
NACA 22021 airfoil are presented in references 1, 2, and
3. Results for the NACA 23021 alrfoil with a single
slotted flap havirg a chord 25.66 percent of the alrfoll
chord (0.2566c) are given in reference 1; results for the
same airfoil with a 0.40c single slotted flap and with a
0.40c¢c double slotted flap are given 1n references 2 and 3,
respectively. :

The present investigation, in which tests were made
of a 0.32c double slotted flap on the NACA 23021 airfoll
(fig. 1), 1= a continuation of the investigation reported
in reference 4 of a 0.30c double slotted flap on an NACA
23012 alrfoil.

APPARATUS AND TESTS

Models

An NACA 23021 airfoll with a 3-foot chord and a
7-foot span was the baslc model used in these tests.
The ordinates for the NACA 23021 eirfoil section are
given in table T. The airfoil was constructed of lami-
nated mshogany and tempered wall board and 1s the same



P

P T ~

ToTT

NACA APR No. LLJo5 3

airfoil previously used for the investigations reported
in references 1, 2, and 3. The trailing-edge section of
the model ahead of the flaps was equipped with lips of
steel plate rolled to the airfoll contour and extending
back to the rear flap in order to provide the basic air-
foil contour when the flaps were retracted (fig. 1).

The double slotted flap consisted of a fore flap
and a rear flap. The fore flap (0.1467c).tested was the
same one designated fore flap B in the Investigation
reported in reference 1, and had an upper surface and
trailing-edge of dural and a lower surface of laminated
wood. The fore-flap profile is shown in figure 1 and
its ordinates are given in table I. The rear flap
(0.2566c) tested was the one used in the investigations
reported in references 1 and 3, Its profile is also
shown in figure 1 and the ordinates are given in table I.

Both the fore flap and the rear flap were attached
to the main part of the airfoill by special fittings that
permitted them to be moved and deflected independently.
Each flap also pivoted about its own nose point at any
position; increments of 5° deflection were provided for
the fore flap and increments of 10° deflection for the
rear flap. The nose point of either flap is defined as
the point of tangency of the leading-edge arc and a line
drawn perpendicular to the flap chord., The deflection
of elther flap was measured between its respective chord
and the chord of the main airfoil., The model was made
to a tolerance of 0,015 inch.

Tests

The model was mounted vertically in the closed test
section of the IMAL 7- by 10-foot tunnel and completely
spanned the jet except for small clearances at each end.
(See references 5 and 6.) The main airfoil was rigidly
attached to the balance frame by torque tubes that
extended through the upper and lower boundarles of the
tunnel., The angle of attack of the model was set from
outside the tunnel by rotating the torque tubes with a
calibrated electric drive., This type of installation
closely approximates two-dimensional flow and the
section characteristics of the model being tested can
therefore be determined.

-
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A dynamic pressure of 16.37 pounds per square foot
was maeintained for most of the tests but, as the flaps :
werc extended and the rear-flap deflectlon was increased -
to 60° and 70°, it was necessary to reduce the dynamic
pressure because of the limited power of the tunnel motor.
With the configuration for maxirmm 1ift, a dynamic pres-
sure of 1l;.8l; pounds per square foot was maintained.
These dynamic pressures correspond to velocities of 80
and 76,2 miles per hour under stendard sca-level con-
ditions and to average test Reynolds numbers of approxi-

mately 2.2,5 x lO6 and 2.140 x 106, respectively.
Because of the turbulence in the wind tunnel, the
effective Reynolds numbers Rg (reference T7) were

approximately 3,6 x 106 apd 3.2 x 106, respectively.
In each case, Rg 1s based on the chord of the airfoil
with the flaps retracted and on a jurbulence factor

of 1.6 for the LMAL 7- by 10-fooct wind tunnel.

No tests were made of the plain airfoll nor of the
model with the flaps completely retrected because the
characteristics of the plain airfoll had previously been
investigated and reported in refercnce 1.

The optimum flap positions for the various flap
deflections were considered, for purposes of making the
best selection, to be the positions at which either
maximum 1ift, minimum drag, or minimum pitching moment
was obtained, although, as previously Indicated, a
variable drag is desired for landing conditions.

Three positions of the fore flap were selected in
determining various extended positions of the flaps or
a possible path for the extension of the flaps. The
least extended fore-flap position, having a 5° deflection
(position 1), and the chordwise location of the inter-
mediate position (position 2) were chosen arbitrarily.
The location perpendicular to the chord and the 20°
‘deflection for position 2 were optimum as determined from
a maximum-1ift survey with the rear flap deflected 500
and 60°, Because of the large number of tests involved
in determining the optimum-1lift position of the double
slotted flap, a preliminary survey was made to determine
the optinmum position and deflection of the most extended
position (position 3) of the fore flap with the rear flap .
deflected 60° and 70° at various positions. Tests were
thereafter made with the fore flap at each of the three
" selected positions in order to determine the maximum 1lift
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and the optimum position of the rear flap at several
deflections. Data were obtained for rear-flap deflections.
of 10°, 20°, 209, and }0° at position 1; 30°, ;0°, 50°,
and 600 at position 2; and L0°, 509, 60%, and 70° at
position 3. Inasmuch.as it appeared likely that only
small rear-flap deflections would be used with the least
extended fore-flap positlon and that only large rear-flap
deflections would be used with the most extended fore-
flap position, the tests were confined to these configu-
rations., In order to determine the effect on the aero-
dynamic characteristics, tests were also made with the
lower lip of the slot in its normal position on the
contour, deflected 19° within the airfoil contour (at
fore-flap position 2), and completely removed (at fore-
flap position 3).

No scale-effect tests were made because the results
of earlier tests of the NACA 23021 airfoll with a slotted
flap (reference 1) are considered applicable to the
results of the present investigation.

An angle-of-attack range from -6° to the angle of
attack for maximum 1ift was covered in 2° increments over
most of the range for each test; however, when the stall
condition was approached the increment was reduced to 1°,
Very little data were obtained for angles of attack above
the stall because of the unsteady condition of the model.
Lift, drag, and pitching moment were measured at each
angle of attack.

RESULTS AND DISCUSSION
Coefficients and Symbols
All the test results are given in standard section
nondimensional coefficient form corrected for tunnel-wall
effect and turbulence as explained in reference 6.
c; - section 1lift coefficient (1/qc)
cq section profile-drag coefficlent (dg/qc)

o]

Cm section pitching-moment coefficient about
(a.ce)q aerodynamic center of plain airfoil

[m(a.c. )o/qca] (fig. 2)
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section pitching-moment coefficient

at maximum section 1ift coefficient
max

maximum section 1ift coefficient

minimum section proflle-drag coefficient

section 11ft
section profile drag

section pitching moment about eerodynamic
center of plain elrfoil (fig. 2)

2

chord of basiec alrfeil with flep fully
retracted

dynamic pressure (ipvé\

"velocity, feet per second

mass density of air

effective Reynolds number

distance from aerodynamic center of airfoil
to center of pressure of tall, expressed
in airfoil chords

angle of attack for infinite aspect ratio

fore-flap deflection, measured between fore-
flap chord and airfoil chord

rear-flap deflection, measured between rear-
flap chord and airfoil chord

distance from airfoil upper-surface lip to
fore-flap-nose point, measured parallel to
airfoill chord and positive when fore-flap-
nose point is ahead of 1lip
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v distance from airfoil upper-surface 1lip to
fore-flap~-nose point, measured perpen-
dlcular to airfoil chord and positive when

fore-flap-nose point 1is below lip

b &] : distance from fore-flap tralling edge to
rear-flap-nose point, measured parallel
to airfoil chord and positive when rear-
flap-nose point is ahead of fore-flap

trailing edge

P distance from fore-flap tralling edge to
rear-flap-nose point, measured perpen-
dicular to airfoil chord and positive
when rear-flap-nose point is below fore-

flap trailing edge

Precision

The accuracy of the various measurements in the
tests is believed to be within the following limits:

Qos degrees . . . . .

c
I’max

c ¢« o o e s
m(a‘c‘)o *

c

domin
c
Ca

O(C'L = 2.5)
bfl and 6f2, degrees
Flap position . . . .

.

No corrections were determined (or
effect of the airfoil or flap fittings on the section
aerodynamic characteristics because of the large number

of tests required.

. . T0.1
. $0.03

. £0.003
+0.0003
+0.0006
. 10,002

. . to.z
+0.001c

applied) for the

It is believed, however, that their

effect is small and that the relative values of the

results would not be appreciably affected.
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Plain Alefoil

The complete aerodynemic section characteristics of
the plain NACA 23021 airfoil (froimm reference 1) are
presented in figure 2. Since these data have already
been discussed in reference 1, no further comment 1s
believed necessary.

Determination of Optimum Flap Configurations

Maximum 1lift.- The results of the maximum-lift inves-
tigation with the fore flap at each of the three selected
positions and with the rear flap deflected and located at
points over a considerable area wlth respect to the fore
flap are presented in figures % to 5, The results are
presented as contours of 1lift coefficient for various
positions of the rear-flap-nose peint at various rear-
flap deflections. The regults show that at each fore-
flap position, the contours did not close at the smaller
rear-flap deflections investigated, At positions 1 and 2,
it is indicated that the open contcurs would close at
positions of the rear-flap nose that would be impracticable
because of the large gap between the two flaps.

At each of the three fore-flap positions, as the
flap deflection increased, the position of the rear flap

for maximum section 1lift coefficient 1 max generally

became more critical - that 1s, a given movement of the
rear-flap-nose point caused a greater change in the value

of ¢ + Since the position of the rear~flap nose
max

for ¢ tends to move forward and upward as 1ts
Lnax

deflection increases, the gap between the two flaps is

.reduced. The values of czmax obtained at each fore-
flap prosition and the approximate position of the rear-
flap nose with respect to the fore-flap trailing edge are

given in the following table:

Position of rear-flap nose

Fore-flap Ahead of 1lip Below 1lip cy,
position (percent (percent max
airfoil chord) airfoil chord)
1 1 6 2.71
2 0 2 2,06
5 2 3 3,31
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From the contours of rear-flap-nose position for
szax’ the best path to be followed by the rear flap at

all deflections within the range investigated, from a

congideration of czmax alone, can be determined. The

range of flap positions covered was considered sufficient
to allow for any deviations or compromises from the best
path. Complete aerodynamic section characteristics for
the optimum~1lift and optimum-drag rear-flap-nose positions
at each selected fore-flap position are presented subse-
quently herein.

Minimum profile drag.- Drag data obtained with the

fore flap in the three selected positions and the rear
flap deflected at various positions over a wide region
are presented in figures 6 to 8. The data are presented
as drag contours for the rear-flap-nose position at
certain selected section 1ift coefficilents and rear-flap
deflections. A comparison of the section profile-drag
characteristics of the plain zirfoil (fig. 2) with the
profile-drag characteristics given in the contours of
figure 6(a) and 6(b) shows that the plain airfoil gives
the lower drag value at c¢j = 1.0,

Inasmuch as only a very few of the contours were
closed about indicated optimum-drag positions of the rear-
flap nose (figs. 6 to 8), it is obvious that a sufficient
range of rear-flap position was not covered and that the
true optimum values may exist at some other positions.

At each of the fore-flap positions, however, it is indi-
cated that the contours would close at positions of the
rear-flap nose which would be somewhat closer to the lip
of the fore flap than the positions tested. As the fore
flap was extended and as the rear flap was deflected, the
optimum-drag rear-flap-nose position generally moved
forward and up, closer to the fore-flap trailing edge.
More than one region of minimm drag exists at various
values of section 1lift coefficient c¢; and various rear-
flap deflections and the minimum drag 1s seen to be prin-
cipally a function of sectlion 1ift coefficient and rear-
flap deflection and relatively independent of the fore-flap
position., 1In each position of the fore flap, as the
section 1lift coefficient or the rear-flap deflection
increased, the contours generally became more critical or
closely spacsd; that is, & glven movement of the rear-
flap-nose point generally caused a greater change in the
value of the section profile-drag coefficient c¢g_.

(See figs. 6 to 8.) ©
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: Tnasmich as the rear-flap-nose positions for maximum
11ft and minimum drag generally do not colincide, a com-
promise is necessary. The curves for the complete aero-
dynamic section characteristics are therefore presented
for bothh conditlons,

Pitching moment.- Contours of section pitching-
moment coefficient for the rear-flap-nose positions at
selected section 1ift coefficients and rear-flap deflec-
tions are given for each of the three fore-flap positlons
in figures 9 to 11. These contours indicate that an
increase in the negative value of cm(a c.) at a

* . o

given c¢; was obtained with increased rear-flap deflection
and that the maximum negative values of Cm(a ) were
: +Ca
o

usually obtained at or near the position of the rear-flap-
nose point for maximum 1ift at each rear-flap deflection
(coupsre with figs. 3 to 5). At 6f2 = 509, 609, and 70°

et position 3, however, & decrease In the value

of Cm was indicated when ¢y increased.
(a.c.)o ‘

At a given 1ift coefficient and rear-flap deflection,
the negative values of pitching moment also increased as
the fore flap wes extended from position 1 to position 3.
It appears desirable therefore to use the minimum flap
deflection or extension necessary to obtain any given 11ift
coefficient. In addition, the contours indicate that the
position of the rear-flap nose becomes more critical with
increased rear-flap deflection and 1ift coefficlent.

With these contours of flap location for mia.c.)
L] L] 0

in figures 9 to 11, the designer can determine or antici-
pate the values of cm(a c.) to be encountered at a
. L] o

given value of ¢ vithin the range of position and
deflectlion indica%ed.
Aerodynamic Section Characteristics of Selected
Optimmm Configurations

fhe complete aerodynamic section characteristics of
the airfoil with the rear flep at the optimum-1lift and
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optimum~drag positions at each flap deflection and at
each of the three fore-flap positions are presented in
figures 12 to 1. The consecutive flap-nose positions
as 6f2 increases are indicated in the figures by those

key symbols that are connected by dashed lines. The
lift-curve slopes decreased with increased rear-flap
deflection, although at rear-flap deflections below 50°,
the lift-curve slope was sometimes as much as 0.03 greater
than that of the plain airfoil. At each fore-flap
position, the angle of attack for maximum 1ift usuvally
decreased with Increased rear-flap deflection but in some
Instances remained fairly constant.

At position 3 (fig. 1) and 6r, = 50°, the position

of the rear flap for maxirmm 1ift and minimum drag coincide.
Irrecgularities in the curves at the larger flap deflec-
tions (figs. 12 to 1) indicate changing flow conditions.

At the small rear-flap deflections and 1lift coeffi-
cients, the slopes of the pitching-moment curves were
negative and, at high flap deflections and 1ift coeffi-
cients, were usually positive; smaller negative values
of °mig.c ) were therefore sometimes obtained with a

L] * O

large flap deflection than with a small one at high 1lift
coefficients. (See figs. 13 and 1k.)

Increment of maximum section 1lift coefficient.- The
increment of the maximum section 1lift coefficient

based on the value of Clmax of the plain airfoll,
increases as the rear flap is deflected and as the fore

flap is extended (fig. 15). At each fore-flap position,
the values of Aczmax are higher for the optimum-11ift

position than for the optimum-drag rear-flap position, as
was antlicipated.

Aczmax’

™e maximum increment of 1ift coefficient obtained
was at position 3 with &p, = 70°, where a value of 1,96

is Indicated. The scale effect on the values of Aclmax

was not investigated but it is expected that the values
would increase slightly with Reynolds number with the
0.32¢c double slotted flap as did the values for the
single-slotted-flap arrangements of references 1 and 6.
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Envelope polar curves.- The envelope polars of
section profile-drag coefficient cg at each fore-flap

o}

position, obtained from figures 12 to 1, for the optimum-
1ift and optimum-drag configurations, and the polar of
the plain airfoil ere presented in figure 16. These

curves indicate the cdo avallable at any c, when
min
the rear flap 1s located to give ¢y (fig. 16(a))
max
®min

For both the maximum-1ift and minimum-drag configu-
rations (fig. 16), the plain airfoil gives the lowest e,

for values of c¢; 1less than 1.3, and for values of ¢y
above 2.6 the lowest value of °d,q is indicated at
position 3.

Comparison of Flap Arrangements

When the lift-drag characteristics of the 0.2566¢
and 0.ll0c single slotted flaps (references 1 and 2) and
the 0.li0c double . .slotted flap (reference 3) are compared
with those of the optimumn-1iift and optimum-drag configu-~
rations of the 0.32c¢c double slotted flap (fig. 17), it
is apparent that the 0..0c double-slotted-flap arrange-
ment produced the highest 1ift coefficlent (c; = 3.56)

on the NACA 23021 airfoil. The c, obtained with
max

the 0.32c double slotted flap 1s considerably higher than

that obtained with either single slotted flap but 1t 1is

approximately 0,25 less than thet of the 0.4 0c double
slotted flap.

The 0.3%2c¢ double slotted flap had a larger cdo

than either single slotted flap for values of ¢

between 1.0 and approximately 2.7 and had a larger
cq, than the 0.L0c double-slotted-flap arrangement at

all values of cy ebove 1.0.

- The 0.32c double-slotted-flap arrangement had values

of ¢ for the envelope polars that differed by
do
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about 0,02 for the optimum-drag and optimum-11ft configu-
rations at a value of c¢; of about 2,5. At values of ¢y

less than 1.3 and greater than 2.1, however, the two polar
curves practically coincide.

When the polars of the 0.%2c double-slotted-flap
arrangement on the NACA 23021 airfoill are compared with
a similar arrangement of a 0.30c double slotted flap on
the NACA 23012 airfoil (reference L), it is apparent that
the cy, obtained with each is approximately the same

ax
(fig. 1%). The values of °q,s however, are higher at

all values of ¢, for the arrangement on the 2l-percent-

thick airfoil than for that on the lZ-percent-thick air-
foil but the relation between optimum-1lift and optimum-
drag configurations is about the same for each arrangement.

A further comparison of the various slotted-flap
arrangements on the NACA 23021 airfoil indicates that a
fairly linear variation exists for each arrangement at a
given flap configuration between the ¢y and

max
the E;m(a . )] (fig. 19) and this variation
L L] o c
1

max
appears dependent on the flap arrangement. The 0.32¢
double slotted flap gave higher values of Fnka o)

Qe
at any value of ¢, than any of the slotted flaps.

Inasmuch as there will be a tail load required to
trim the negative pitching moment of the wing of an alr-
plane, the loss in maximum section 1lift coefficient in
trimming the airfoil section pitching-moment coefficlent
has been calculated, for the case when the center of
gravity is at the aerodynemic center of the plain airfoll,
from the following expression and is indicated in figure 19:

[?m(a.c.)o .

- i max

Cl’max 'Lt

Loss of

The loss in 1l max has been presented for tail lengths

of 2, 3, and § airfoil-chord lengths and, by means of the
curves of figure 19, the effective ¢, can be

max
dstermined,
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Effect of Various Modifications on the Aerodynamic

Section Characteristics

Effect of moving the two flaps as a unit.- The
effect on the aerodynamic section characterlstics of
moving the fore flap and rear flap as a unit perpendicular
and parallel to the airfoil chord is shown in figures 20
and 21, respectively. A 0.0lc displacement downward of
the flaps, perpendicular to the chord, was quite critical
in that a large decrease in 1ift and an increase in drag
resulted (fig, 20). Figure 21 indicates that a movement
of the flaps parallel to the airfoll chord had a consid-
erable effect on the aerodynamic characteristics; that is,
at positions of the fore flap downsiream from Xq = 0.70

(position 3), large decreases in 1lift and increases in
drag resulted and unsteady flow conditions existed. A
comparison of figures 20 and 21 with the contours of
figures | and 7 and 5 and 8, respectively, indicates that
the position of the fore flap is morec critical than the
position of the rear flap.

Moving the two flaps approximately as a unit from
position 1 to position 2 and then to position 3 along two
different paths, A and B, gave an increase in 1lift,
drag, and pitching moment. (See figs. 22 and 23,) Since
the model fittings only allowed increments of 10° for the
deflection of the rear flap, it was not possible to have
a b6y of 350 for figure 22 and a bp, of 45° for

[

figure 23 at position 1. Although motion of the two
flaps as a unit is only approximately simulated, figures 22
and 2% are thought to be sufficiently illustrative.

Effect of the airfoll lower lip.- The effects of
deflecting the lower lip of the airfoll from its normal
position at fore-flap position 2 and of removing the
lower airfoil 1lip at position 3 are shown in figures 24
and 25, respectively. Deflecting the 1lip upward 19°
decreased c¢; and increased cdo over most of the

angle-of-attack range, possibly because of the poorly
shaped slot entry shead of the fore flap when the lip is
deflected., On the other hand, removing the lip at the
extended fore-flap position (fig. 25) had a slightly
favorable effect on the aerodynamic section character-
istics at low values of <¢,;, Dby causing a reduction in
the profile drag, and a slgghtly adverse effect at high
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values of c¢7. Such a result indicates that a smoother

slot entry ahead of the flaps may be cdesirable, provided
it does not reduce the values of .czmax avallable.

Although no data were obtained at small flap deflections,
it is probable that the smoother slot entry would be even
more favorable under such conditionms.

CONCLUSIONS

An investigation was made in the LMAL 7- by 10-foot
tunnel of an NACA 23021 airfoil with a double slotted
flap having a chcrd 32 psrceont cf the airfoil chord (0.32c¢)
to determine the aerodynamic section characteristics with
the flaps deflected at variocus pesitions. The results of
this investigation show chatl:

1. The 0.3%2c double slotted flap on the NACA 23021
alrfoil gave g meximm s=ctlon 1ift coefficient of 3.31,
which was larger than the valus obtained with the 0.2566¢
or 0.40c single slotted flaps and 0.25 less than the value
obtained with the 0.!;0c double slotted flap on the same
airfoll,

2. The values of the profile-drag coefficient obtained
with the 0,%2c¢ dcuble slotted flap were larger than those
for the 0.2565¢c or 0.,li0c single slotted flaps for section
1ift coefficients between 1.0 and approximately 2.7. At
all values of the section 1ift coefficient above 1.0, the
present arrangement hed a higher profile drag than the
O.hOc double slotted flap.

3. At a given valve of the maximum section 1ift
coefficient prodiced by various flap deflections, the
0.%2¢c Goublie slaltad flap gave negative secction pitching-
moment coeificients thiet were higher than thiose of other
slotted flape on the same airfoil,

I. The 0.32¢ double slotted flap gave approximately
the same maximum 1ift coefficlent as, but higher profile-
drag coefficient over the entire 1ift range than, a
similar arrangsment of & 0.30c double slotted flap on an
NACA 23012 airfoil,

5. Moving the flaps slightly from their optimum
positions sometimes proved critical and resulted in a-
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large increase in drag and a reduction in 1ift. The
position of the fore flap appears to be more critical
than that of the rear flap.

6. Deflecting the lower lip of the alrfoil 19°
upward generally decreased the section 1ift coefficient
and increased the section profile-drag coefficient over
most of the angle-of-attack range; removing the 1lip at
the extended fore-flap position reduced the profile drag
slightly in the lower-1lift range but was slightly
unfavorable at high section 1lift coefficients.

Langley lMemorlal Aeronautical Laboratory
National Advisory Committee for Aeronautics
‘Langley Field, Va.
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Fig. 20 NACA ARR No. L4JO0O5
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