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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-~
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2 NACA ARR No. ILJO5

drag coefficients over the entire 1ift range than, a
similar arrangement of a 0.20c double slotted flap on an
NACA 23012 airfoil.

TNTRODUCTION

The National Advisory Committee for Aeronautics has
undertaken an 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-1ift device
capable of producing high 1ift with low drag 1s desirable.
For use in landings, howsver, high 1ift with variable
drag is believed desirable. Other desirable character-
istice are: no increase in drag with the flap neutral,
small change in pitching moment with flap deflection, low
forces required to operate the flap, and freedom from
possible hazard due to icing.

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

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

APPARATUS AND TESTS

Models

An NACA 23021 airfoil with a 3-foot chord and a
7-foot span was the basic model used in these tests.
The ordinates for the NACA 23021 airfoil sectlon are
given in table I. The airfoll was constructed of laml-
nated mehogany and tempered wall board and is the same
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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 airfoil contour and extending
back to the rear flap in order to provide the basic air-
folil contour when the flaps were retracted (i, 1)

The double slotted flap consisted of a fore flap
and a rear flap. The fore flap (0.1h67c).tested was the
same one designated fore flap B in the investigation
reported in reference h 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
(0.2566¢c) tested was the one used in the investigations
reported 1n references 1 and 3, 1Its profile is also
shown in figure 1 and the ordinates are given in table I.

Both the fore flap and the rear flan were attached
to the main part of the airfoil 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 either 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 LMAL 7- by 1l0-foot tunnel and completely
spanned the jet except for small clearances at each end.
(3ee references 5 ‘and 6.) The main airfoil was rigidly
attached to the balance frame by torque tubes that
extended through the upper and lower boundaries 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 16.57 pounds per square foot
was meintained for most of the tests but, as the flaps
werc extended and the rear-flap deflection was increased
to 60° and 70°, it was necessary to reduce the dynamic
pressure because of the limited power of the tunnel motor.
Tith the configuration for maxirum 1ift, a dynamic pres-
sure of 1.8l pounds per sqguare foot was maintained.

These dynamic pressures correspord to velocities of 80
and 76,2 miles per hour under standard sca-level con-
ditions and to average test Reynclds numbers of approxi-

mately 2.,2L5 x 10 anad 2. 000 = 106, respectively.
Because of the turbulence in the wind tunnel, the
effective Reynolds numbers Ry (reference 7) were

approximately 3.6 X 106 and 3,42 x 106, respectively.
In each case, Ry 1s baged on the chord of the airfoil
with the flaps retracted and on a turbulence factor

of 1.6 for the IMAL 7~ by 10-foot wind tunnel.

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

The optimum flap positions for the various flap
deflections were considered, for purposes of making the
best selection, to be the positions et which elther
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 1n
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 600, Because of the large number of tests involved
in determining the optimum-1ift position of the double
slotted flap, a preliminary survey was made to determine
the optimum position and deflection of the most extended
position (position 3) of the fore flap with the rear flap
deflected 60° and T0° at various positions. Tests were
thereafter made with the fore flap at each of the three

" gelected 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.

&f 10°, 20°, 309, and L0 at gosition 1; 20 . HO®, 50°,
and 600 at position 2; and 409, 500, 60%, and 700 at
position 3. TInasmuch as it appeared likely that only
small rear-flap ceflections would be used with the least
extended fore-ilap position 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 anplicable 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 anproached 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,

8, - o0 section 1ift coefficient (1/qc)

°q, section profile-drag coefficient (dy/qc)

Cm( c.) section pitching-moment coefficient about
Eretio aerodynamic center of plain airfoil

m(a.c.)o/qcéj (fig. 2)

-
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v max

c
b max
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section pitching-moment coefficient
at maximum section 1ift coefficient
maximum section lift coefficient

minimum section profile-drag coefficient

section 11ft
section proflle drag

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

dynamic presgure (%pVQ)
/

chord of bagile airfeil with flap fully
retracted

velocity, feet per second

mass density of air

effective Reynolds number

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

angle of attack for infinite aspect ratio

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

rear-flap deflection, measured between rear-
flap chord &nd airfoil chord

distance from airfoil upper-surface lip to
fore-flap-nose point, measured parallel to
airfoil chord and positive when fore-flap-
nose point 1s ahead of 1lip
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¥ distance from airfoil upper-surface 1lip to
fore-flap-nose point, measured perpen-
dicular to airfoil chord and positive when
fore-flap-nose point is below lip

X2 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

Yo distance from fore~flap trailing 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:

Son HOgTOog sg il oo v o % e w4 0% clele SESEE. S, 10 PN
. . . . . . ° . . . . . ° . . . . . o . . . t .
chaX + i’ 05
cln(a.c‘)o . . . . . . . . . . . . . . . . . . -0‘005
Cd . . . . . . . . . . . . . . . . i0.000B
Omin

e s e ow e w A inaibe 8Lt SaiteANEIDO0G
do(cz

1.0)

1l

Cdo L ] - . . . - . Ll . . . . . . iO.OO2
(CZ = 2.5)

5fl and 6f2, degrees . . . . . . ° . . . . . . . . tooz
FAEDPEELLIONE . v v o e o T J% waiay AT SEL000NE

No corrections were determined (or applied) for the
effect of the airfoil or flap fittings on the section
aerodynamic characteristics because of the large number
of tests required. It is believed, however, that their
effect 1s small and that the relative values of the
results would not be appreciably affected.
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Plain Ailrfoil

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

Determination of Optimum Flap Configurations

Maximum 1ift.- The results of the maximum-1lift 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 srea with respect to the fore
flap are presented in figures % to 5, The results are
presented as contours of lift coefficient for various
positions of the rear-flap-nose point at various rear-
flap deflections. The regults show that at each fore-
flap position, the contonrs d4id not close at the smaller
rear-flap deflections investigated, At positions 1 and 2,
it is indicated that the open contours 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 1ift coefficlient ¢ renerall
lmax g J

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

ojE (@ . Since the position of the rear-flap nose
Lmax

for cy tends to move forward and upward as its
max

deflection increases, the gap between the two flaps 1s

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

given in the following table:

Position of rear-flab nose |
Fore-Tlap Ahead of 1lip | Relow lip dy
position (percent (percent max
airfoil chord) airfoil chord)
1 1 6 2.71
2 0) 2 2,06
2 - L 5 Se 2l
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From the contours of rear-flap-nose position for

clmax’ the best path to be followed by the rear flap at

all deflections within the range investigated, from a

consideration of c3 L= alone, can be determined. The
max

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-1ift 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 1lift coefficients 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¢; = 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 minimum drag exists at various
values of section 1lift coefficient c¢; and various rear-
flap deflections and the minimum drag is seen to be prin-
cipally a function of section 1lift coefficlent and rear-

flap deflection and relatively independent of the fore-flap

position. In each position of the fore flap, as the
section 1ift coefficient or the rear-flap deflection
increased, the contours generally became more critical or
closely spaced; that is, a given movement of the rear-
flap-nose point generally caused a greater change in the
value of the section profile-drag coefficient cg .

(See figs. 6 to 8.) o

e el
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Tnasmuch as the rear-flap-nose positions for maximum
1ift and minimum drag generally do not coincide, a com-
promise is necessary. The curves for the complete aero-
dynamic section characteristics are therefore presented
for both conditions.

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

(a.c.)q
given c; was obtained with increased rear-flap deflection
and that the maximum negative values of g o) were
. . O

usually obtained at or near the position of the rear-flap-
nose point for maximum 1lift at each rear-flap deflection
(compare with figs. 3 to 5). At 5f2 = 500, 600, and 70°

at position 3, however, a decrease in the value

of o was indicated when cy increased,
(dece g '

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

With these contours of flap location for Cm(a 8]
. . O

in figures 9 to 11, the designer can determine or antici-

pate the values of cm(a % to be encountered at a
- 4 O

given value of ¢ within the range of position and
deflection indica%ed

Aerodynamic Section Characteristics of Selected
Optimum Configurations

The complete aerodynamic section characteristics of
the airfoil with the rear flap at the optimum-lift and
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optimum-drag positions at each flap deflection and at
each of the three fore-flap positions are presented 1in
figures 12 to 1l;. 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 0.0% greater
than that of the plain airfoll. At each fore-flap
position, the angle of attack for maximum 1lift usually
decreased with increased rear-flap deflection but in some
instances remained fairly constant,

At position 3 (fig. 1lly) and 8fy = 50°, the position
of the rear flap for maximum 1lift and minimum drag coincide.

Irregularities in the curves at the larger flap deflec-
tions (figs. 12 to 1) indicate changing flow conditions.

At the small resr-flap deflections and 1ift coeffi-
cients, the slopes of the pltching-moment curves were
negative and, at high flap deflections and 1lift coeffi-
cients, were usually positive; smaller negative values
of Cm(a o0 were therefore sometimes obtained with a

«C.lg

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

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

based on the value of c¢q . of the plain airfoil,

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-1lift

position than for the optimum-drag rcar-flap position, as
was anticipated.

™e maximum increment of 1lift coefficient obtained
was at position 3 with 6p, = 70°, where a value of 1.96

1s indicated, The scale effect on the values of Aczmax
was not investigeted but it is expected that the values
would increase slightly with Reynolds number with the

0.3%32c 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
sectlion profile-drag coefficlent cg at each fore-flap

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

curves indicate the cdo available at any ¢y when
min
the rear flap is located to give ¢, (fig, 16(a))
max
and c4 (fig. 16(b)).
o
min

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

for values of c¢; less than 1.3, and for values of cy,
above 2.6 the lowest value of °a, is indicated at
position 3.

Comparison of Flap Arrangements

When the lift-drag characteristics of the 0,2566¢
and 0.l:0c single slotted flaps (references 1 and 2) and
the 0.l.0c double slotted flap (reference 3) are compared
with those of the optimumn-1ift and optimum-drag configu-~
rations of the 0.32c double slotted flap (fig. 17), it
is apparent that the 0.l ,0c double-slotted-flap arrange-
ment produced the highest 1ift coefficient (c; = 3.56)

on the NACA 23021 airfoil. The cy obtained with
max
the 0.%2c double slotted flap is considerably higher than

that obtained with either single slotted flap but it is
approximately 0.25 less than that of the 0.l.0c double
slotted flap.

The O0.32c double slotted flap had a larger cy
o}

than elther single slotted flap for values of ¢,

between 1.0 and approximately 2.7 and had a larger
cg, than the 0.40c double-slotted-flap arrangement at

all values of cy above 1.0.

The 0.32c¢ double-slotted-flap arrangement had values
of cg for the envelope polars that differed by
o :
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about 0,02 for the optimum-drag and optimum-1ift configu-
rations at a value of ¢, of about 2.5. At values of ¢y

less than 1.3 and greater than 3.1, however, the two polar
curves practically coineclde.

When the polars of the 0.32c double-slotted-flap
arrangement on the NACA 2%021 airfoil are compared with
a similar arrangement of a 0.30c double slotted flap on
the NACA 23%012 airfoil (reference l;), it is apparent that
the cy, obtained with each is approximately the same
b

ax
(fig. 1§). The values of cdo, however, are higher at
all values of ¢y for the arrangement on the 2l-percent-

thick airfoil than for that on the lZ2-percent-thick air-
foil but the relation between optimum-1ift and optimum-
drag configurations is about the same for each arrangement.

A further comparison of the various slotted-flap
arrangements on the NACA 2%021-airfoil indicates that a
fairly linear variation exists for each arrangement at a
given flap configuration between the e, and

max

the [Cm(a . )] (fig. 19) and this variation
. . O C
1
max

appears dependent on the flap arrangement. The 0.32c
double slotted flap gave higher values of Cm( )
o a . .

Co e
max

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 air-
plane, the loss in maximum section 1ift coefficient in
trimming the airfoil section pitching-moment coefficient
has been calculated, for the case when the center of
gravity is at the aerodynamic center of the plain airfoil,
from the following expression and is indicated in figure 19:

[Cm(a.c.)J

C
- L max

Loss of CLmaX = Z
it

The loss in ¢y Fr. has been presented for tail lengths

m
of 2, 3, and 5 airfoil-chord lengths and, by means of the
curves of figure 19, the effective ¢, can be

max
determined,
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Fffect of Various Modifications on the Aerodynamic
Section Characteristics

Effect of moving the two flaps as a unit.- The
effect on the aerodynamic section characteristics of
moving the fore flap and rear flep as a unit perpendicular
and parallel to the airfoil chorcd 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 1lift 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 downstream from Xxq = 0:70

(position %), large decreases 1in 1ift 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 1s more critical than the
position of the rear flap.

Moving the two flaps approximately as a unit from
position 1 to positlon 2 and then to position 3 along two
different paths, A and B, gave an increase in ¥ire,
drag, and pitching moment. (See figs. 22 and 235 ). o Slneg
the model fittings only allowed increments of 10° for the
deflection of the rear flap, it was not possible to have
a O, of 350 for figure 22 and a &p, of 145° for

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

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

angle-of-attack range, possibly because of the poorly
shaped slot entry ahead of the fore flap when the 1lip is
deflected. On the other hand, removing the 1lip at the
extended fore-flap position (fig. 25) hed a slightly
favorable effect on the aerodynamic section character-
istics at low values of ¢;, Dby causing a reduction in
the profile drag, and a slightly 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 desirable, provided
it does not reduce the values of Clqu availlable.

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

CONCLUSIONS

An investigation was made in the LMAL 7- by 10-foot
tunnel of an NACA 23021 airfoll with a double slotted

flap having a chord 32 percent of the airfoil chord (0.32c)

to determine the aerodynamic section characteristics with
the flaps deflected at various positions. The results of
this investigation show that:

1. The 0.32c¢ double slotted flap on the NACA 23021
airfoil gave a maximum section lift coefficient of 3.31,
which was larger than the valuc obtained with the 0,2566¢
or 0.L,0c single slotted flaps and 0.25 less than the value
obtained with the 0.,0c double slotted flap on the same
eirfoll.,

2. The values of the profile-drag coefficient obtained

with the 0,%2c¢ double slotted flap were larger than those
for the 0,2566¢c or 0.l.0c single slotted flaps for section
1lift coefficients between 1.0 and approximately 2.7. At
all values of the section 1lift coefficient above 1.0, the
present arrangement had a higher profile drag than the
0.4,0c double slotted flap.

3. At a given value of the maximum section 1ift
coefficient produced by various flap deflections, the
0.32c double slotted flap gave negative section pitching-
moment coefficients that were higher than those of other
slotted flaps on the same airfoil,

li. The 0.%2c double slotted flap gave approximately
the same maximum 1ift coefficient as, but higher profile-
drag coefficient over the entire 1ift range than, a
similar arrangement of a 0.50c 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 airfoil 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 lip at
the extended fore-flap position reduced the profile drag
slightly in the lower-lift range but was slightly
unfavorable at high section 1ift coefficients.

Langley Memorial Aeronautical Laboratory
National Advisory Committee lfor Aeronautics
Langley Fleld, Va.
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L.E. radius: L.85 , Lower surface, -0.55
Slope of radius through ;
end of chord: 0.305
NATTONAL ADVISORY e
COMMITTZE FOR AERONAUTICS 0
|




NACA ARR No. L4J05 Fig.

B27¢

5 .75.504‘]

I .806

fore flap
Lip

G Rear flap

Chord line

Lip

k L2566¢
L 3ec

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

ﬁﬂé 7c

Frgure /- Sections of rthe NACA 2302/
a//'rfO// ond the 0.32c double slotted
flap.




L4J0O5

NACA ARR No.

Figs.

9
|
d T X
S
R g ad ]
\ 4 Q
A‘r : . % i
HENG ] L s
A SR
9
1,1” t C E
< iR Ry
..s/ ’JAI
J e R
Sg S
RS ERASAS
: ¥ E i e
R
/ “~
=l TN
N ¢ Q
X S 8N
\ RERL
\ Ty
\ AR RN
k3§ 989
_ N
N
- / - =g
R
i } N
L \ oo
> Mv \ 1
1 A* l.’...
P i e R
DI 2U1IDL /802 | TW
7 176 [OUL-0UY D110 i
vo/199¢C




NACA ARR No. L4JO5 Fig.

Fercent arfollchord

Fercent airfell chord

0 o
; ]
. . 2 ‘g ; z:l‘boz;.:‘a 5
) S /'ﬁ 8 B
N /
L 6 “\3 A A % ’,2.47 -
& 0%
\ s E ‘-//‘j[,(—-?%‘z&! 8
— —t S~—k"
;;g /a-"' Ie‘&ﬂ/o § = [ / 10
97 E=fete® v S /
e \ T /2 & rf}\' /2
251
= " "
£ -2 0 - =4-6-8 4 2 0 -4 16 -8
Percent asrfoil chord Percent airfoil chord
@ 54 =10" (b) &4,= 20"
/e /-
245 2 B 255 |e69 z.sol &
7 S 260l \,_+ Y 4
|- BT e S "‘)\;//A :—5 B i P
1 /] . e =T
//—\/ v PR 27 Yéa A s
% & 3 7 \g = / /
{ 3 eSSl 8
nQ\ — 8 Y L I
AN — \1 s 2.50 —)\' >( j
250 \\edeN\ | A S /]
; 2 § 2
A N \/ Q
245|240 T b
4 2 0 Z 4 68 £ 2 0 2 # 62
Percent airfoil chord fercent airfoll chord
= > = 40°.
@ é/'. 20 NATIONAL ADVISORY @ %
COUMITIEE FOR AFRONANTICS

Figure S-Contours of rear-rlap position ror C,,,,. FPosition ! ;d=5 “1,35.70;y,345.(Volves of z,,y, ore
griven in percent a/rfoll chord,)




NACA ARR No. L4J05

|
2 :
4] 0
g2 |, X en| rsealess | X
A4 N Ir— r
D PR i S
/ (o) % ’/// ',/"‘2955 §
= A~
- ,< 8’} L ~ Lz P’< /5 ‘e
’/ 258 :/ >§ 8o o §
8 z&o'v\ € ¢
] 12
8 6 4 2 O -2-4-6 & 6 4 & 0-2—4-¢C
Percent airfoilchord Percent ajrfoilchord
@ &, = 50° () &p5 - 40"
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
\"
2\ ;
& a5
2502 C P |, \g S e:25] % ‘g
S e o= v_/:ws ﬁ 2 S
-7 ~ oS
le.os}- -~ N . § o
= D
Z»%*""‘/—J(/ )< 8 16 \ 8 E
S
N /0 § /0 §
®
56 42 046" 6 6 4 £ 0240
Percent awrfollchord Percent airfay/chord
€ &, = 90" @) &, = 60"

Figure 4--Contours of rear-Ilap positiorn fOr Cppon. FOSITiONZ; &,=20% x,2.70; g/,-2.45.ﬂ/a/ws orfz,y, are
given inpercent arrfol/ chord)




NACA ARR No. L4J05

= o
290 sl eg
#—f==< : <
‘}m 8'9? '/S/Ir ":'V 4 é
%)% a Wi
o’ 71 | 1§
3.05' o Q
\/ w0 &
/8

8 6 4 2 0 -£ -4+ -6
Percent airfoil chord
(@) &, « 407

POt [~ bes

b O

s % sL\ f%
5.457

A7 (4D s §
520" |/ \/ 3
3.L5! 8‘5
S
/\ ‘a§

/s

&6 ¢ 2 02420

Percent artor/chord
o
) éfz : 60!

Fig.
/ 50
» ¢ N
3./10 A\ ‘g
II 5 -s
\S./51

5 J g

8 6 4 8 0-3-4—6"

Fercent ajrfoll chord
b) &, 50

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

\\
o
WE==SL
\3./0t77 -3-43.31
315 - b
320| [ - \
\
\\ DT
=i ey o
e
8 6 ¥ 2 0 -2 -#-6
Percent airforl chord
(d/) 5/‘ 5 m?

Figure S-Contoyss of rear-flap pasition for ¢, ... Fasition 3 ; &,=30°;x,=0.70; y,=245. (Vales or 2,3

are g/ven 17 percent orrios/ chord.)

Percent airfor/ chord




NACA ARR No.

» O

/

{

BQQ

42

&

6 4 2 0 2 4 6
Percent airfoil chord

=)

@) c,= 10 ; §,=10:

Percent aireil chord

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

'0,46(244/0“2/-“{ :
oS i, ; L g
" \‘k//// }\3\~\§
o9 (L2 || ], 3
=7l
0547 056,058,060 4 §
64 7 o8 e A

Percent airfoil ¢chord

Flgure 6-Contours of rear-flap pos/1/on rfor ¢, . Position

(Valves of z,,y, are given 117 percent airforl ™ choral)

o
i g 7 e
I‘ H ,, (/
‘. ‘1\\ g L &
AN\ /| e
062} — {
A s 8
-CBF -
66 N> P o
0681 | s
1£

62 i=e=4 =618

Percent airfoil chord
© c;=1.5; 4,2-30.

1;8,°9°;2,25.70,;4,=345.

L4J05

Fercent girfor/ chord




NACA ARR No. L4JO5

L096 094088087

D o

R

3

N

Q

e

100} S

e . _: /\ A E

.10 = 0

.108Y Y 3

o X

e
60 # 50 ’2'-4« -6
Percent airfoll chord
(e c,=1.5; 5,; 40°,

Figure 6-Corcluded.

Fig.

%
=—1——10
J5 E
B
S
8
S
— \i P g
B2(p46) 160104 i
ST A
Percent airfoil chord

@) G =/5; 5,;:30‘.’

NATIONAL ADVISORY
COMMITIEE FOR AERONAUTICS

vad? 5 By
- 4 P 2 S
R\ 2PN
Z U
2N, e AN {
S NS
128" | 7a2h S
pa

-2 -4 -6

I A S
Percent airfor! chord

m C? = 2.0,’ 5,;‘40'.

6b




Rilg .« e NACA ARR No. L4JO5

lo16l074 078

S

A e wrd PR
MR

' 5f§

e AN (] |
1 a2 8

N

€

8
”

6 # 2 0 £ —%-6-8
Percent airfoil crord

@ Cp<1.55 84= 50"

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

\\ % = SN 2
\ N b
. 034»0?)‘ Qazqao P 096 % H TR %
: ; S : 8
Nl ) 1,8 et 1/ 5
> ~ X S
092 N NN SN
0%'\__. K\ / N W — / 3
> 2 WARESY. B i IS
096 9 14| |18 3
N o3
A e

6 4 & _0-£4 6 -8 6 # £ 0-2-%-6-8
Percent arrforl c/2ord Percent airfol/ chord

(D) CZ= Z-O; 5& = Jo". @ C{‘Z'oj éf:zg 40°

Figure 7- Contours of rear-flap pos/’/0/7 for ¢, . osi’/orn & ; &,=20°; 2,=C.70; Y243
(Values ofz,,y, are g/vern 177 percerf oirtor/"chord.) ’




Fig.
o
a5
8
4O
PN
B\
S
8 1
3
0 Q
S
L
6 4 2 0.-2-4-6
Percent ajrfoilthord
) Cp= £.5; 5/:‘ = 40"
NATIONAL ADVISORY
CUMMITIEE FOR AERONAUT/CS
\\ - \
\ =3
0 o
470
S STR B
e3> 23 . 9\) A2/
/é(‘{~73¢ﬁ 19 /\J— . >
= 756 % X N :
oo R i &
b NS 210/ \|
’l \ *s T
Y/
j75 L/ 72| 02 /0 QE)
(V)
/80~ I =

6 4 £ 0 -£ 4 -6
Percent ajrfoil chord

) c,- £.5; 5, - 60!

6 4 2 0 -z-#-6
Percent airfoil chord

©c,- £.5; & =50

Figure 7-Coricluded.

Percent ayrfor/ chord

7b




Fig. 8a ' NACA ARR No. L4JO5

\\
0 » 0
L11& Vv 7] %
=12 1. 2
s ) = =
AR =V A
o el ” N[ 71 3
7 T & 7l B 7 6 N
i TN S ol [N /LS
2 Y X
CAVEN Zavin
/ é N
Q
8 6 ¢ & 0-£ 45" 66 % £ 0-£-4-¢6
Percent alrfoil clord Percent airfeil chord
@c,-2.0; &, = 40° (B)cy=2.5; &, = 40"
: NATIONAL ADVISORY
CUMMITTEE FOR AERONAUTICS
5 5 \
160[-- LTI 3ol | T 200 ° ©
= 2 =
.ldé——’—'\\\\’é R 240 §
T 3 : 1 N
o4 > : ‘g 2301 11 Y; \ \3
N\ b ! AY s .
£ 3 P77, SN N
oo \V/ ~ 1 \‘f e N
S 2olzzo[ P Yy TN S
VN 240\ N
& )
Iz e 5 7 2 0 -2 -4 —e:"sq
Percent ajrfol/ chord Percent ajrial chord
© Cy=8.5; § 50" @ ¢y=3.0; § =20".

Figure &-Contours oF rear-Flap position for ¢, . Fosition3; & =30%x,=070,y, =245 Volves of
7 1,,y, are giver 1n /aerce/n/’? Gty chord) % A % paie




NACA ARR No.

L4J05

Y
Chord — = f
= &,
— Q——&vr/&\o.ﬂé‘.ﬂl \ o
L6\ iz ies 23
—=<[F \\»§
m\_k/ \ /5‘%
53
N[o§
8 6 4 2 o -2 -4 -6

Percent airfoil clrord
(e)¢,=2.5; 3, - 60°

<

NN

235

A7 Z
7

= T
215 T
210
8 6 # 2 0 -2 —~¢-6
Percent agirfoi/ cherd
@c, 2.5; 5.+ 70

v Q

N7
- A

MRR

~y

S

N
Percerit airfalohord

Figure 8= Concluded.

Fig. '8b

70k

Tk
lare
:
fb//m;

LIRS

S

\

W

8 6 # £ 0 -2-#-6
Percent a/rfoil chord
(F)c,=30; &, - 60"

\)

)
Percest arrfon

N

NATIUNAL ADVISORY
COMMITTEE FOR AERONAUTICS

Vo
[sr0]. 3200~ N
\‘ i) re)
1ﬁ£¥% =159, 510 §
29017 1 *
-~ 17 \ N §
F27o'm//yl \‘ \ A S
AT 5§
2|30, |\
o2

8 6 # 2 o0 -2-4-6
Percent airfol/ chord
(h) c,-2.0; & - 70".




Fig. Qa NACA ARR No. L4JO5

Qo

-
-18|-/9|-20/;21
1 7/

}//} /9 /"224.
/

ANy %
| N AL

o

(
=
g

[\

,
&

)
Percent airfoil chord

/
\L—Fv‘/

6 ¢ 2 0-2-4-6-8
Percent airfoil ctord
(a) ¢,=10; &+ 10"

NATIUNAL ADVISURY
COMMITTEE FOR AERONAUTICS

= T 0 ‘\% o
£l § LA ATZER S
y- f/ [6§’ {v,//// 2 §
' N T~ SN
NS < \“ { 5\‘§ -.35“‘ < & } ;s
) ] \ )
=23 \§//\ \ L % E \\'A\:—/A\\ i /0'§
Lozl | psafosi| |, 9 56 | e L
2 Q
Q
% "
6 # 2 0-2-4-6-8 6 # 2 0-2-%4-6-8
Percent ajrfoil chord Percent airfoil chord
b) ¢,+1.0; & +20° @ c,=1.5; & «£0"
2

[ 9- Contours of rear-flap position for . Position [; 55 A570; y=345.Valves
/gurgfx“g/, are given in percent i rors chord) e bG TiA%Y




NACA ARR No. L4J0O5

A ——— o
OIS 54558 §
NEW' 774
YN A S
BTN 6 3
46 b;_x_ L Z S
Civine "3\?&
— / = b 0 B
| |40 " N

6 4 2 0 2 -4 -6
Percent qirfoll chord

(€) ¢ 1.5; 5, 40"

Figure 9~ Conc/uded.

Fig.
0
-‘4'7 46
gEag
AT
T ,' .
]
S
&
o §
6 # 2 0246
Percent airfoil chord
) c,-1.5; &, 30"
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
£ =0
- 5455|558 02 N
BN
481~ / U 23
A3
< 50K A 6. Q
SN
K k'S
o e §
it
6 % 2 0-£-%06
Percent airfoil ctord

(f) ¢, £:0; 5/2-40f

9b




Fig. 10a NACA ARR No. L4JO5

e

&
¢ 0

"w\ -'51\7 T}ﬁ 2 g
S

/:// 7729 S AR

/ 1‘/\\ gh g

R s

93027 \\( - §

8 4 -e/t’ &

6 4 2 0 -2 -
Percent airfoil chord
(a) Cf= /-5‘1 @& = 30°

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

\\ \\
o =N
o - = o 3
‘Af}f;/// Z4§ 77 .=
s A== S
20/ 7 3 S T
AT s S
7 8 R > < R
AN {/o § tezt” ez |-~ S e
Lo
/4 Y/ A
8 6 # 2 0—&-4-6 8 6 ¢ 2 0 -2-+4-6
Percent alrfoil chord Percent airfor/ chord
(D) c;= 2.0; &, = 30", @), =20 ; & = 40"

Figure [0- Contours of rear-flap position rfor

G . Position 2; &=20 1, 2.70; 3245
(Values of 2,3, are girer ir péréent anrfail chord) ™ 5 Oy 108




NACA ARR No. L4JO5

\\
\\
4/ 70843 | ©
> 2
-
651 ;io
.'66’ ,’7‘ \

3 7,",; & : \ Q
) 1 S
-65’:69 77A 6/ [62 o
6 4 Z 0 2-4% -6

Percent ajrforl chord
€)c, 25, 2, = 50°

Flgure /0= Concluded .

[ikge 2 Ob

= Oy
kT %é
AP

o

= }) )J f
o1k I PN

61162 63 44

6 4 £ 0-Z 4 -6
Percent airfor/ chord

@c,-2.5; 8 40"

S

®
Percent

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

\\
? _73_¢f-23 M~ S
§ A b) 28
N BN 7 A
-§ 7 , < /{X‘Z.?éz‘ S
X 68 || \/)-. 2N > §
! S
g -66 \ /o&
6 4 2 0 -2-%-0

Farcent arfor/ chord
@) c,+ 2.3 S,, * 60°




Fig. 1lla

NACA ARR Nq.

L4J05

o
3 %3 .
C L r
§ 6, ’//////fiA
N 2RI Y
S 67 r” Ty )/
1 : Lo &
o 681 169 (695
X 0
VAR
L
2= =0/ 8§ 6 f 2 0-2-4 62
Pe/cenz o/n‘w/ chord Percent ajrforl chord
@ c,:20; 5 : 40° @)c, 2.5, & . 40°
NATIUNAL ADVISURY
COMMITTEE FOR AERONAUTICS
- o - o
.7\5\‘ 2 =77/ = P 766&' % 7 /—l% /4 2
‘\[,\< P § (o8 /] 7 Z >¢
e ’(/:I’l 6 § —v-"ﬂ,//‘(l AN (( 6
7T 3 T AR
s e\ ] S sl 22 VB NI
S Vi
o § ) b
8 6 20 =L A= 6/5 8 2 0-£2-4 6/2
Percent a/rfa// chord Percenr airror/ chord
@ ¢y~ 2.5; 8, - 50° @ cp=3.0; 3, . 50¢

Figurell-Contours of rear-flap position for c,,
are gires? in percent &ifroi/ chord.)

rcgo- 11011 358, =30%: 2,2 Q70, 3 245 Volves of 2,3,

Percent airfor/ chord

rPercent airfollchora




NACA ARR No. L4J0O5

Figurell.- Cornclvded.

Fig. 11b
4 <
~ @I _m
=% — - o
R N -0 =B 77
~L_| | 80 . ] SR S
M deee Pl 0, 8 72 A= Tl §
el T e S g - L
= 4 & =B \ X
Y R L) A7 e
o - S Tl | W1 L
=76 L75 P / - § \/«/" 3 g
S L BN, T
7564 2 0—2,-4——6/0 LI G S B E R
Percent airfoil chord Percent ajirifoilchord
© c;=25; 5. =60". () c;=30; 5.-60°.
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICE
) /
‘.74\ -.7? -70 (\ \ e /A R R o
- 1 B e
'.76—--:‘1 k/_ }z g Y. N )Z‘J” v §
-75*;80' % L3N % | = -1 Lz /\ < AE
AT | 3 7 A7 e L
| »> 5 S i 1/ L N A 6 48
e D el \ 4 3
8 O O
\ N gl
8 6 ¢ & 7—3~4L-5/0 8 % E O=F % 6

Percent arrfol/ chord
@ 25, &= 70"

Pescent oirfoi/ c/ord
&) Cp=20; &= 70




Fig. 12a NACA ARR No. L4J05

.

A -

i
‘
g5 |
3] - 1] s
;
| i

: ;
i i
|

-
: g3 23 i : :
} £ - \
‘ |
\
\

-

F

it
i
:




NACA ARR No. L4J05 Fig. 120




L4J05

NACA ARR No.

13a

igs




a
S0)
i .
to . R
o HiH & fhzd S 4
F 4
) 8 i E S H
S i :
0 : :
o i &
| =)
< : :
L o
© : it
=
i
(o
a e} -
A T
<< it i
O
<
=
.
. » » “




L4J05

NACA ARR No.




14Db

Fig.

L4J05

NACA ARR No.

5
e
I
|
~- |s|~|1¢1
1577 T
l_a
Pl
| = ﬁ—o T
S |
IS w
i NS ER
N D |
o |[IS T
Sy ~ A!I
. BB
| W E =2
T x T
| M sl i}
~! _f I
G 1 {e
I O e
[N |
< S
f g
ERaISRER s il
| Oy
it i e S e L0 [l
e
s 0 e A
| | { |
1B R ER 5
- 15
[ il
1
{ I
il )




X
g Fore -flap Rear-flap position for
& position Optimum lift
< o RN PRTC v v s Optimum drag
2.0 2 bl -
T A E — 3
U r -7
N S jjxii
T /6 e
S ; e
< e -
N - /
2z S
Q T -
9 / ///
g s
§ 8 ///
5 -
8
A
T 4
g J NATIONAL ADVISORY
O CAMMITTEE FOR AERONAUTICH
g
N 0 ‘
0 10 <0 30 40 S0 60 70 80

Rear -flap deflection , 8¢, , deg

Flgure I5.- Effect of rear-rlqp deflection on the /ncrement
of maximumm Section /ift coefficient. The 05’20 double
Slotted flap on arn NACA 2302] airfoil.

*314

ST

*ON ¥dV VOVN

SOrv1




NACA ARR No. L4J05 Fig. l6a

44 e
27 ¥ o8
|
40 : l
1
T
e Ll
i
|
Py — — Plain arfoil | 1 ’
——— Fore-flap position 4 \ |
3 -—————- Fore-flap position & ! ’
3 Fore-flap position 3 [ 1
] { ll
et
et %480 R
g o 0 / i
Q s 20 ' ‘
o 30
§ 20 i 3 50 '// /
>3
v s & LAY
P ¥ 70 / //
S .16 ,’/ /
=
2 ke o
Q 2 o
(;\_; / oo
08 A
= ”/ /EY
/L‘
04 = -
4 i ,// [s)] :lerTIEE OR

4 0 4 8 1% 1.6 2.0 24 28 Je 36
Section lift coefficient,c,
@ Rear-flap positions for ¢, .

Figure (6~ [Frofife-arag epve/ope polar curves for the VACA 2302/
o/rfor! with o~ 0.32¢ double slofted frap.




Section profile-drag coefficient,cq,

Fig.

16b NACA ARR No. L4J0O5
|
44 3
40
36 g
32 ———— Plain girfoil !
’ ~— —— Fore-flap position 1 }
—————— Fore-flap position & "
———— Fore-flap position 3 |
28 i
4
8¢,,d€9 ! )
|
&t o |0 \ ] |
s 20 ' /
o 30 / /
20 o 40 :
i > 50 #
: % |
4 1
16 / L / :
a7
/ V
{7
1R 7 7
7
Pl
_—/;’/ \
04 = 4 NATIQNAL ADJISORY |
| e [ | 1= COMMITTEE FOR RONAUTLS
o IR =
0

+ 0 a8, " e 16 20 2.4 R.8 34
Section lift coefficient,c,
(b) Rear-flap positions for Cdy -
Frgure /6~ Corc/uded.

36




Section profile-drag coefficient | Cq,

44
Z

3
32 I

|

L
<5 Flap Reference I

] - 02566 c_Slotted (flap 2b) / i @\_

24— —-— 40 c Slorted (flap 1b) 2 - :

———— .40 ¢ Double slofted
— 32c¢ Double slotted (present arrangement)

—— ——— ——

I
2 BEIED SR
: & Odeg (8¢, on double slotted flaps) ,/;lf/
o 10
16 & L0 ; /
i g 30
P50 | Rearfiap positi At
> ear-flap positions i e .
.8 s 80 Optirmum IfF % [
g v 70 Optimum drag / 78 /f [
5
A// /;1 // \
/ T —— —]
]~ ~ ¥ 3 o
o $5
,4""}% d)m'uu g mxm
—— __‘___*___—v—"_
ClE

4 0 A 8 1& L6 "R0.. &4, €8 3% 36
Section lift coefficient , ¢,

Frgure [7-Compar/son of section profile-drag coefricients ror severa/ flap
arrangemernrs or rthe NACA 2302/ a/rro/l. .

‘ON ¥Y¥V VOVN

Gorv1

814

41



Fatfods ) NACA ARR No. L4J05
I
44
/
‘0 :
36
=L 0.30¢ Double Slotted flap on NACA 23012 airfoil (referen)ce 4)
0.32 ¢ Double slotted flap on NACA 2302] airfail
s
za 28
.§ Sfe’deg ,T
Q /
T .24 B i
\ 3 o 40 1
g & /
| L Rear-flap positions /|
< /6 Optimum 1ift ——2L Al
§ ; Optimum drag7§<zfﬁ
.g 12 ;/ / ///
2 VA
¢ Y
06 / 2 l/
A
Al
04 f/ —Z
B B
O——0 4 8 12 16 20 24 28 3z a6

Flgure /8.~ Cormparisorn of se
Sitni lar Jovble-slorfed )
23012 arnd MACA 2302/ a/rfor/s.

Section lift coefficient, c,

Ction profile-arog coelficienrs ror
~flop arrangemezits or the WVACA




Section pitching-moment coefficien

Flap Reference

Plain airfoil

R +
3 N\ v
g-/ %“\ \\*T z
o~ & “
'—t:,é '1‘.\ \\\( 5 ey > Position 2
g l‘\\ N\ l \\ |o Position3
) =C t P \
=

/
02566 ¢ Slotted flap(flap2b)  /
040 c slotted flap ( f/arp ib) 2
040c¢c cqouble slotted g, 3

Position 1} 0.32c double

Slotted flap (present
arrangement)

ST e
==
=
//
Eo
7~

\ \V | NATIONAL ADVISORY
=5 ! N & o COMMITTEE FOR AERONAUTICS
: \ : = :
I\ N\ g
) (4 O . . ’
v H Lc?ss in c?max in | : \\
' ‘.\ \ trimming airplane with : \& Q
! N
! ‘\ ‘\<—-Ta/‘/ length, % = 2 b
= e 7. & .
‘| ‘.T it 7 o %_
‘| . Zt=‘5 \< £
-6 ' \ ° 3 §
< SR \ B
| b o \
=7 H | N &
K >

0 4 8 1.& 1.6 2.0

Maximum section |ift

Figure /9.~ Section pI/1ching-rmormers

/IFT coefFicient foF severa/ f/
arrro/l.

k4 28 Jdz
coefficient , C;

coerrficient at the r7ax/imum Sect/iorn
ap arrargermerr’s on rthe NACAZ3IO0Z/

*ON ¥¥V VOVN

Gorv

‘814

61



L4J05

NACA ARR No.

i1 128

T

20

1g.




NACA ARR No. L4J05 Fig.




L4J0O5

NACA ARR No.

22

Raifgs




NACA ARR No.

i
T
i

i

8 i T
233588 §Eae: itessis




L4J05

NACA ARR No.

24

ig.

e




25

Fig.

L4J05

NACA ARR No.






