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VIND-TUNNEL INVESTIGATION OF AKX NAOX 23012 AIRFOLL WITH
A 0,30-AIBFOII-CHORD DOUBLE SLOTTED FLAF

By Paul X, Purger, Jack Fischel, and John ¥, Riehe
SUMMARY

Tegsts to determine the effect of flap position and
deflection on the asrodynamic characterlstliecs of an NACA
23012 alrfoll with a doudble slotted flap having a chord
30 percent of the alirfoll chord (0,30c) were conducted
in the LMAL 7— by 10-foot tunnel, 1Ian addition, a few
testas were made to determine the aerodynamic section
characteristics as affected by the slze and shape of the
fore flap, by movement of the fore flap and rear flap as
a unlt, and by varlation in the airfoll lower 1lip, Con-
tours of rear—flap-nose positlon for varlous values of
maximum section 1ift coefflcient, sectlion profile—drag
coefflcient, and section pitching-moment coefficlent are
presented at three selected fore—flap positions for vari-
ous rear—-flap deflectlions, The complete aerodynamlic sec—
tion characteristics are given at the three selected fore-
flap positione for the optlimum—1lft and optimum—drag po—
sitions of the rear flap at several deflections, Polars
of the section proflle—drag coefficient at the flap po-—
sltions and deflectlions for optimum 1ift and optimum
drag are shown, A discussion 1s given of the relative
moerits of the present arrangement as compared with a
0,2666c and a 0,40c slotted flap, & 9,30c Fowler flap,
and a 0,40¢c double slotted flap on the same ailrfoll,

The optimum deflectlion of the rear flap within the .
range investigated at each position of the 0,117c fore
flap was 600 in almost all cases and the maximum 1ift of
the airfoll was obtalned with the fore flap deflected
25° in the rearmost of the three selected positions,

The use of the 0,1467c fore flap provided a slightly
higher maximum section 1ift coefficient than was obtained
with the smaller fore flap, "The 0;30c .doudle slotted
flap (0,11l7c fore flap) .gave a maximum section 1ift coef—

‘ficlent (3,30) that was higher than that of the 0,26566¢

or O,ldc single slotted flaps, approximately equal %o
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that of the 0,30c Fowler flap, btut adout 0,16 less than
that of the 0,40c double slotted flap, The profile—-drag
coefficlients of the 0,30c double slotted flap were higher
than those of the 0,30c Fowler and the 0,40c double .
slotted flaps over the entire 11ft range and higher than
those of the two slngle slotted flaps in the range of
gsection 1ift coefficlents below 2,7, The negative seo—
tion pitching-moment coefficients at maximum section
11ft coefflcieut produced by the 0,30c double slotted
flaps were equal to those of the 0,30c Fowler flap and
were greater than those produced by other slotted flaps
on the same airfoll,

INTRODUCTION

An extensive investigation of various high-lift
devices has been undertaken by the NACA to furnish in-
formation applicable to the aerodynamic deslgn of wing-
flap combinations for improved safety and performance of
airplanes, A high-11ift device capable of producing high
1ift with variable drag for landing and high 11ft with
low drag for take—off and 1nltial climb 1s believed to
be desirable, Other desirable characterilstics are: no
increase in drag with the flap neutral, small change in
pltching moment with flap deflection, low forces required
to operate the flap, and freedom from possible haxard dus
to lcing,

Aerodynamic data on the NACA 23012 airfoll have been
made avallable for single slotted flape in references 1
and 2, for a Fowler flap having a chord 30 percent of the
airfoil chord (0,30c) in reference 3, and for a 0,40c
double slotted flap in reference 4,

The data presented in reference 4 indicated that the
double slotted flap gave higher 11ft than the single
slotted flap and hed lower drag at high section 1ift coef-
ficients, The double slotted flap also had higher 1lift
than the Fowler flsap,

Although an investigation essentlally the same as
that reported herein had been planned at LMAL several
yoars ago, no tests were made at that time because of
other projects of greater interest, Renewed interest
of designers and manufacturers in devices capable of
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producing very high 11ft on combat alrplanes, however,

led t0 the pressnt investigation, in which tests were
made of a 0,30c double slotted flap on the NACA 23012
airfoll (fig, 1). It was belleved that this device.
would combine the advantageouns aerodynamic character
istics of the 0,40¢c double slotted flap (reference 4)
with the structural advantagees of the small single
slotted flap (reference 1), The small size of the

fore flap would aleo allow the use of siampler doors for
sealing the break in the airfoll lower surface with the
flape retracted,

APPARATUS AND TESTS

Models

The basic airfoll used in these terts had a chord
of 3 feet and a span of 7 feet, THe model was constructed
of laminated pine and was buillt to the NAGA 23012 profiley
the ordinates for the sectlon are presented in tadle I,
This airfoil had previously been used for the investiga—
tions reported in referemces 1, 2, and 4, The trailing-
edge soction of the model aheamad of the flap was equipped
with 1lips of steel plate rolled to tho airfoll contour
and extending back to the flap in order to provide the
basic airfoll contour when the flap was retracted (fig., 1),

The doubdle slotted flap conslisted of a fore flap and
a rear flap, Two fore flaps (A and B) were used in this
investigation, The larger one designated fore flap B wvas
used in only a fow tests to determine the effect of in-
creaged. thickness and chord, The two fore flaps were of
different profile, as shown in figure 2, and were built
to the ordinates given in Eabdle I, Iore flap & was COD~
structed of laminated wood and had a trailing-edge of
1/16—inch steel plate, Fore flap B had an upper surface

and tralling—-edge of dural and a lower surface of laminated
wood,

The rear flap (0,2666c) testsd was the one used in
the investigations reported in references 1 and 4, The

rear~flap profile is shown .in figure 1 and the ordinates
are given 1n tabdle I,

Both the fore flap and the rear flap were attached
to the main portion of the airfoll by special fittings
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that permitted them to be moved and deflected indepen
dently, Both the fore flap and the rear flap also
pivoted about their respective nose points at any
poeition; increments of 5° deflection were allowed far
the fore flap and lncrements of 10° deflection for the
rear flap, The nose point of either flap 1is 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 beiween its
respective chord and the chord of the main airfoil,

The models were mads to a tolerance of 0,015 inch,

Tests

The model was so mounted In the closed test section
of the LMAL 7— by 10-foot tunnel as to completely span
the Jet except for small clearances at each end, (See
references 1 and 5,) The main airfoill was rigldly
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 by
rotating the torque tubes with a celldbrated drive from
outside the tunnel, This type of installatlon closely
approximates two—dimensional flow and the section char—
acteristics of the model belng tested can therefore be
determined,

A dynamic pressure of 16,37 pounds per square foot
vas malntained for all the tests, This dynamic pres—:.
sure corresponds to a velocity of about 80 miles ver
hour under standard atmospheric conditions ard to an
average test Heynolds number of approximately 2,190,000,
Bacause of the turbuience in the wind tunnel, the effecs
tive Reynolds number R, (reference 6) was approximately

3,500,000, For all tests, Ry 1s based on the chord of
the alrfoll with the flaps retracted and on a turbulence
factor of 1,6 for the wind tunnel,

No tests were made of the plain airfoll nor of the
model with the double slotted flap completely retracted
because the characteristics of the plain alirfoil had
previously been investigated and reported in reference 1,

Because of the large number of tests involved in
determining the optimum poesitions of the doudble slotted
flep, a prelimlnary survey was made to detarmine the
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optimum final position and deflection-of fore flap A;
Three poaltions of the fore flap were selected, Po—
gsltlona 1 and 2 were chosen arbltrarily and the deflec—
tion for poeltion 2 was the optlimum as determined from

a survey with the rear flap deflected 40°, 50°, and 60°,
Position.3 wes the optimum flnal position and deflectlon
of fore flap A as determlned with the rear flap deflected
50° and 60°, Tests were theoreafter made at each of these
three positions and deflections of the fore flap, as pre—
viously determined, to obtaln the maximum 1ift and the
optimum position of the rear flap at several deflectlons,
Tegtes were made with fore flap B at varlous deflections
and nositions in the reglon of the optimum position of
fore flap A, and witih the rear flap deflected 600 and

70° in the reglon of 1ts optimum poeition as determined
from tests with fore flap A, In additlon, - -in order to
determine the effect on the merodynamlic characterlstilcs
tests were made with the lower 1llp of the ailrfoll trailing—
edge section 1in its normal position on the contour, de=’ -—
flected 13,5° within the alrfoll contour 1in order to pro—
vide & smoother slot entry, and also completely removed,

An angle-of—-attack range from —6° to the angle of
attaclk for maximum 1ift wae covered in 2° increments for
each test, No data were obtalned for angles of attack
above the e£tall because of the unsteady condition of the
model, Lift, drag, and pitching moment were measured at
each angle of attack,

RESULTS AND DISCUSSION
Coefficlents and Symbols
All the test results are given in gtandard section
nondimensional coefficlient form corrected Ffor tunnel-wall
effect and turbulence as exzpleined in reference 1,
ey section 11ft coefficlent (1fqé)
o4 section profile—drag coefficlent (do/qe)

cm(a ) section pltching—moment coefflcient about
«C.d0 aerodynamic center of plain airfoil

m(aic. )O/q.cg
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Cny section pltching-moment coefficlent
(8.04)¢ o at maximum sectlon 1ift coefficlent
‘nax
ey naximum section 11ft coefficilent
max
ca minimum section proflile—drag coefficlent
min
where
1 section 1if¢
dq section profile drag
Big.c ) section pitcking moment about amaerodynamic
*Ttlo centar of plain airfoil
q dynamic pressure (%p73>
c chord of basic airfoll with flap fully retracted
\ 4 velocity, feet per second
P masz density of alr
and
By effectlive Reynolds number
1t distance from aerodynamic center of airfoil
to center of pressure of taill, expressed
in airfoll chords
> 2 angle of attack for infinite aspect ratio
8¢ fore-flap deflection, measured between
1 fore—flap chord and airfoil chord
8¢ rear—flap deflection, measured between reasr—
2 flap chord and alrfoll chord
x distance from airfoil upper—surface 1lip to

fore—flaep-nose polnt, moasursd parallel
to alrfoll chord and positive when fore— .
flap-nose point 1s ahead of 1lip
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¥, """ distance from alrfoll upper—eurface 1lip to
fore—~flap—nose point, measured perpendi-
cular to alrfoll chord and positive when
fore—~flap—nose polnt 1s below lip.

3 distance from fore—flap tralling edgeé to

rear—flap—noese polnt, measured parallel
to airfoll chord and positive when rear-
flap—~nose point 1s ahead of fore—~flap . .-

trailing edge

¥a dlstance from fore—~flap trailing edge to
rear—flap—nose point, measured perpendi-
cular to alrfoll echord and positive when
rear—-flap nose is below fore—~flap trailling

ed ge

Precision

The accuracy of tke varlous measurements 1s belleved

to be within the following limitsa:

Qoy degrees . . ., , . ,

c1 * B s -9 L L] L] L ] L

max
cm(a.c.)o » 8 ='s e e o

c - [ ] a - L ] [ ] L ]
d'°min

[+]
%(ay = 1,0)

c
d"’(c"_ = 2,5)

Bfl and Bfa’ degrees .

Tlap positidn e s s 4

» ® s & s :bO.l

+0, 03

+0, 003

. . ,. . %0,0003 -

>+ ® » s o :hog 0006

£0, 002

. . » .- @ io.a

. . .« . . %0;001lc

No corrections were determinad (ar applied) for the
effect of the airfoill or flap fittings because of the

large number of tests required,:

It 18 believed that .their

effect, howerer, 1s small and that the relative values of
the results would not be apprecladly affected,
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Plairn Alrfoil

The complete aerodynamic section characteristics
of the plain NACA 23012 airfoil (from reference 1) are
presented in flgure 3, Inaemuch as these data have
previously been discussed (reference 1), no further
discussion 18 consldered necessary,

Determination 5f Optimum Flap Oonfigurationes

Maximum l1ift,—~ The date presented 1ln flgures 4 to 6
represent the results of the maxlimum—1ift investigatilon
with fore flap A at each of the three previlously deter—
mined positions and with the rear flap deflected and
located at points over a considerable area with respect
to the fore flap, The results are presented as contours
of the position of the rear—flap—-nose point at various
deflections for given 11ft coefficients,

Oomplete maximum 1ift data for the rear~flap—nose
positions with the fore flap in the least extended of
the three positions (identified herein as position 1)
are given in flgure 4, ehowing the rear flap deflected
in 10° increments from 10° to 60°, The contoure with
the fore flap in the intermediate and extended positions
(positions 2 gnd 3) are given in figures 5 and 6, res—
pectively, Because 1t 1s unlikely that small rear—flap
deflections would ever be used with these extended fore—
flap positions, data for the small rear—flap deflections
were not obtalned, The flgures show that sll tkhe con—-
tours are closed, except that for 8z = 10° at position

1, which indicates that the contour would close at an
impractical rear—flap—nose position,

At each of the fore—flap positions, the rear—flap-—
nogse position for maximum 1ift becomes more critical
with increased flap deflection, particularly when 5g,

is 50° and 60% With increased flap deflection, the po—
sitlon of the rear—flap nose for maximum 1lift temds to
move forward and upward and the gap between the two flaps
1s thereby decreased, In the following table are glven
the valuees of the maximum sectlion 1ift coefficient ob-
talned at each fore—flap position and the approximate
poslition of the rear-flap nose with respect to the fore-
flap tralling edge,
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Position of rear—flap nose ‘|-
. I Y -
Fore—tlayp Ahead of 1lip Below 1lip cq '
position | (percent airfoil |(percent airfoll max
chord) chord) :

1l 2 3 2. 74

3 3 2 3.15

3 3 ' 3 3.30

In almost all cases, the highest value of maximum section
11ft coefficient for the flap—-deflection range investi-
gated was obtalned at 8¢ = 60°,

From the contours of rear—flap—-noke posltion for
Clpax: & designer should be able to determine the best

pata to be followed by the rear flap at all deflections
withln the range tested, fror a consideration of only
maximum section 1lift coefficlent, The range of flap
positions covercd was believed sufflcient to allow for
any deviations or compromises from the "Best 11f+t" path,
Complete aerodynamic section characterlstices for the
optimum rear—flap—nose position for both 1lift and drag
at each fore—flap deflection and position will oe pre—
sented subsequantly in this report,

Ninimum Profile drag.~ Contours of rear—flap—nose
posltion for values of minimum sectlon profile—drag co—
efflclent at specific sectlion 1ift coefficients and flap.
deflections are presented in figures 7 to 9 for the three
fore-—-flap posltiones, A comparigon of the contour of fig-
ure 7(a} with the section profile-drag characteristics
of the plain airfoll (fig. 3) indicates that the plain
airfoll gives the lower drag at section 1ift coefficients
of 1,5 or liess,

At position 1, the contours of ca, are presented
only for values of 8¢  of 10°, 20°, end 30°, since it

1s bellieved that the larger flap deflections at this po-
sition would not be used because the corresponding Cd o
values are qulte high, Inesmuch as all the contours at
each of the three fore—flap positions were not closed
about the indicated optimum rear—flap-nose posltions, it
1s apparent that a sufficient range of rear—flap positions
was not covered and that the true optimum values may exist
at some other positions, The contours alsoc indicate that
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more than one region of relatively low drag exlsts for
several rear—flap deflections, As anticlpated, the min—
imum section profile—drag coefficlient increased with
deflectlon of the rear flap at any given 1lift coeffi-
clent, At the same 1l1ft coeffliclent and rear—flap de=
flection, values of profile—-drag coefficlent became less
as the fore flap was extended; for examplse, at ¢y = 1.5,

8¢, =_50°, an optimum value of cgq, of 0,050 was ob-

tained at position 2 as compared to a value of 0,063 at
position 1, and at ¢y = 2,5, 8f_ = 50°, man optimum

value of cd of 0,103 was obtained at position 3 as

compared to a value of 0,117 at position 2, The optimum
rear—flappnose posltion moved forward and up, closer to
the fore—flap 1llp as the fore flap was extended and also
as the rear flap was deflected,

For all these contours (figs, 7 to 9), in each po—
sltion of the fore flap at high 1ift coefficients and
flap deflections, a given movement of the rear—flapwvnose
point caused a greater change in the value of Cdge

Inpnsmuck as the rear—flap—nouse posltions for maxi-
mum lift and minimum drag generally do not coincide, a
compromlise 1s necessary; therefore, complete aerodynamlc
section cheracterlstics are presented for both conditions,

Pitching howent.,~ The contours of rear—flap-nose
position-for values of Cm(a, e Yo at specifiec flap

deflectlons and 1ift coefflclents are presented in £1ig-
ures 10 to 13 for each of the three fore—flap positions,
Because the positive increment of 11ft usually obtained
with increased flap deflection:.has: its centroid farther
to the rear than does an equal 1ift increment obtained

by increased angle of attack, an increase ln the negative
pitehing moment of the airfoll 1s anticlipated when thse
flap is deflected, The contours for S T ) tend,

L) L) o

therefore, to close near the regilon of the rear—flap—-nose
position for maximum 11ft, and the positions of the rear—
flap nose for maximum 1ift and maximum pitching moment
usually colncide,

The negatlive section piltching-moment coefficients
usually increased with 1ift coefficient and flap defleo—
tion and the change in cm(a c.) for a given change 1in

L] L] 0
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rear~-flep-nose position became larger as both these
variables increassd, At & given 1ift coefficlient, "the -
negative values of °n(ga, e ) also increased as the

fore flap was extended and deflected, It appears de—
airable therefore to use the minimum flap deflection or
extension necessary to obtain a given 11ft coefificilent,

¥ith these contours of rear—flap posltion for
cm<a 0.) avallable {(figs, 10 to 12), a designer can
L ] a o

determine or anticipate the sectlion pitching-moment co—
efficlients to be encountered wlthin the range of posi-=
tiones and deflections lnvestigated,

Aerodynamie Sectlion Characteristice of Selected
Optinmum Configurations

The complete aercdynamic sectlon characterlistics of
the airfoll with the optimum—1ift and cptimum-drag po—
sltlons of the rear flap at each flap deflectlon and at
each of the three selected fore—flap positions are pre-
sented in flgures 13 to 15, These figures indicate that
the lift—curve slopes decreased with increased flep de-
flection, The angle of attack for maxigpum 11ft usually
decreased with increased flep deflectlon at each posiltion,
tut in some instances remalned practic¢ally oonstabt, It
wlll be noted that the aerodynamic gectlion characteristics
for optimum 1ift for af = 70 are presented only for

posltion 3 (fig, 15(a)), Tests were made at Sfa = 30°

in both positions 2 and 3, dut insufficient data were
obtalned to present the characteristics for the optimum
rear—flap position for position 2 or the contours for
elther fore flap position; however, at position 3, from
data gathered at 8 = 70° and other deflections, it

fs believed that the optimum—lift posltion of the rear
flap was attalned, The aesrodynamlc characteristics are
therefore glven, .

The section pitching-moment coefficlents in gensaral
increased negatively with the rear—flap deflection and
ag the fore flap was extended, The slopes of the section
pltching-moment curves were negative at low angles of
attack and low flap deflections and were usually positive
at high angles of attack and high flap deflections, At
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high sectlion 11ft coefficients, lower negative values
of op werectherefore sometimes obtained with
(3030)0 :

a large flap deflection than with a small one, Tt will
be noted in figures 13 and 14 that at &g = 50° and 609,

respectively, the position of the rear flap for maximum
11ft coincides with that for minimum drag, indlicating

this position to be best from both conslderations, 1In
figures 13(a) and 14(a), the irregularities 1n the curves
indlcate that charging flow conditions existed at 8f3==6°Q

Increment of maximum Section Lift Coefficient,— The
effect of flap deflectlion on Acimaz for each of the

three fore flap positions 1s indicated 1n figure 16,

The increment of maximum sectlon 1ift coefficlent, based
on the maximum section 1ift coefficient of the plain alr-
foll, increased not only with rear—flap deflectlon bdut
also as the fore flap was extended and deflected,

The values of Acy . for the optimum—1ift rear—

flap positions are higher than those for optimum drag
except at position 1, sfa = 50°, and position 2,

8, = 600, where the two values colncide, The maximum

increment wlthin the range investigated at cach fore-flap
position occurred at &f_ = 60°, except for the optimum—
drag curve of position 1, The maxlmum lncrement, which
was obtained at position 3, was about 1,75, In position
1 Aclmax increased only slightly for rear—flap deflec—
tions above 30°, and in position 3, the decrease in

Act ., Wwas fairly small between g, = 60° and 70°,

Invelope_Polar Curveg.,— The envelope polar curves

of sectlon profile-drag coefficient at each of the fore
flep poslticns, obtalned from figures 13 to 15, and the
envelope polar of the plaln airfoll are presented in filg-
ure 17, These polars show ths loweset sectlion profile-—
drag coefflicient obtainabdle at a given section 1ift coef-—
ficient for the optimum—1ift and optimum—drag flap con—
figurations at each fore—flap position,

For section 1ift coefficients less than 1.5, the
plain airfoll gives the lowest ssction profile—drag co—
efficlent, Position 3 gives in general the lowest values
of ed, for values of c¢q greater than 2,0,
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s ey

.Comparlson of Flap Arrangements

A comparison of section profile—~drag coefficlents
for the 0,2566c and the 0,40c slotted flaps (references
1 and 2), the 0,30c Fowler flap (refarence 3), and the
0,40c doudble slotted flap (reference 4) 1s presented in
figure 18 with the two envelope polars of the 0,30c - -
double slotted flap obtained from fligure 17, Thie fig-
ure shows that although the maximum section 1lift coeffi-
clent of the 0,30c double slotted flap (3,30) ia far
better than that obtained with either single slotted
flap, 1t is below the value of 3,46 obtalned with the
0,40Qc double glotted flap and approximately equals the
valte obtained with the 0,30c Fowler flap, This com-
parison also shows that the 0,30c doudle slotted flap
had a larger profille dreg than any of the other arrange—
ments for sectlon 11ft coefflclents greater than 1,2 and
less than 2,7 but had & lower profile drag then elther
single slotted flap at sectlon 1lft coefficients higher
than 2,7, At all values of scctlon 1ift coefficlent,
the 0,30c double slottod flap had larger proflle drag
than elther the 0,30c Fowler or the 0,40c doudble slotted
flap arrangements, '

Tho optimum—~drag envelope polar of the 0,30c- double
8lottod flap had values of cq, that were somewhat lower
than thoge of the optimum 11ft poler; this differunce in
ca amounted to as much as 0,02 at ¢1 = 2,9, At section
ligt coofflclents less than 1.6 and higher than 3,1 the
polars for optimum 1ift and optimum drag, however, almost
colnclde,

A comparison of the gection pitching-moment coeffi-
clents at the maximum section 1ift coefflicients for the
various flap arrangements previously discussed 1s given

in flgure 19, The variation of [om(a c.) ] ~ with
L} » o 1
nax

Cl,ax 8PPears to be dependent upon.flap arrangement,

The arranjement reported herein gave higher values of

om(a.c;)o than any Qf the slotted flaps dut 1its -

c‘ma.z

values are approximately equal to those of the Fowler
arrangement,
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The loss of alrplane maximum section 1ift coeffi-
cient in trimming the airfoll sestion pitchlng-moment
coefficient is given by the expression

[cmfa.c.)o1

= 1%lpax
tall length, 14

Loss of Clpax

Curves of loss of eclpay for tall lengths 13 of 2, 3,

and 5 airfoll chord lengths are presented in figure 19
and can be used for determining the effective maximum
section 1ift coefficlent, )

Bffect of Varlous Modificatlons on
Aerodynamle Section Characterlstics

Effect of moving the two flaps as a unit,~ In fig-
ures 20 and 21 are presented the aerodynamlc section char-
acteristices of the airfoll showlng the effect of moving
the rear flap and fore flap A as s unlt, Figure 20 indi-
cates that a 0,0lc displacement of the flaps upward per—
pendicular to the airfoll chord had only a small adverse
effect; however, a 0,0lc movement of the flaps downward
was qulte critical because greatly decreased values of
¢y, and 1lncreased values of cq, Wwere obtalned,

The effect of a forward movement of O, 0le of the
flaps 1s shown in figure 21; only a slight effect in the
aerocdynamic characteristics was obtalned,

From these data, 1t 1s indicated that some positions
and deflections of the flaps are quite critical; that is,
a movement of as llittle as 0,0lc may appreciably alter the
characterlstics obtalned,

Effect of the airfoll lower 1ip,— The effect of de-
flecting or removing the lower 1lip of the airfoll from
its normal position is indicated in flgures 22 and 23
for differsnt flap configurations, It 1s indicated in
figures 22 and 23 that sllizhtly more favorable sectlon
characterigtics may be obtained by removing or deflecting
the lip, The profile drag appears to be slightly less
with the 1lip off than with the 1lip deflected, Such a
result indicates that a smoother slot entry ahead of the
flaps may be desirable, Although no data were obtalned
at small flap deflections, it 1s probadble that the
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smoother slot entry would be even more favorable under
suoh conditions,

[T -
-

Bffect of fore~flap size,— The effect of fore-flap
slze on the aerodynamic section characteristics 1s shown
in figure 24, A comparlison of the section characterls-
tice of the airfoll for one configuration with fore flap
B and two roughly comparadble configurations with fore
flap A indlocates that the slze of the fore flap has no-
ticeable but small effectas, The characterlestics for
the optimum position of fore flap B indicate values of
C1, ©Cdgy 8and cm(a.c;)o 8lightly greater than those

of fore flap A at all angles of attack, With fore flap
B, a value of ®lnax of 3,35 was obtained, which is

only 0,06 greater than the il ax obtalned with fore

flap A, The configuration with the smaller fore flap
that is more.nearly gesometrically simlilar to thet of

the larger fore flap (that is,with regard to airfqll
fore—~flap gap and fore-—flap rear—flap gap) also gave
higher values of the aerodynamlc sectlon characteristics
at all angles of attack up to 6° than the optimum fore—
flap—-A conflguratlon but gave lower values than the B
configuratlion, The configuration with the smaller fore
flap stalled, however, at a lower angle cf attack and
gave a value of of eonly 3,22,

®lpax
CORCLUSICHNS

Tests to determine the effect of flap posltion aad
deflection on the aerodynamic characteristics of an NACA
23012 airfoll with a double slotted flap having a chord
30 percent of the alrfoll chord (0,30¢c) were conducted
in the LMAL %~ by 10-foot tunnel, The results of these
tests 1lndicated that:

1, The use of a 0,30c double slotted flap on the
NACA 23012 airfoll gave & maximum section 1lift coeffi-
clent of 3,30 which was larger than that of the 0,626€6¢c
and 0,40c slngle slotted flaps, equal to that of the 0,30c
Fowler flap, but less than that of the 0,40c doudle slotted
flap on the same airfoll,

2, The 0,30c double slotted flap gave proflle-drag
coefflclients that were larger than those of the 0,2566¢
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and 0,40c single slotted flaps for sectlon 1i1ft coeffi-
clents between 1,2 and 2,7 end were less than those of

the single slotted flape at values of section 1i1ft coefwi-—
ficlents greater than 2,7; however, over the entire 1ift
range, the present arrangement gave a hlgher proflle drag .
than the-0,30c¢ Fowler or 0,40c double slotted flaps,

3, The 0,30c double slotted flap gave negative
section pltching-moment coefflclents that were higher
than those of the single and double slotted flape dut
anproximately equal to those of the Fowler flap at a
given maximum sectlon 1ift coefficlent,

4, At high flap deflections and high section 1lift
coefflclents, a slight movement of the flaps from the
optimum positions sometimes resulted in relatlvely large
decreases in 11ft and increases 1in drag,

6, Removing or deflecting the airfoll lower 1lip
improved the aerodynamic charactoristice ncar maximum
11ft only slightly,

€6, The use of a fore flap that was larger 1n both
chord and thickness slightly lncreased the maximum sec—
tion 1ift coeffliclent dbut also increased the ‘section
profile-drag and section pltcking-moment coefficlents,

Langley Memorlal Aeronautical ILaboratory,
Natlonal Advisory Committee for Aeronautics,
Langley Field, Va,
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TABLE I

ORDINATES FOR ATRFOIL AND FLAPS
[;tations and ordinates in percent of airfoll choré]

7

NACA 23012 airfoll Rear flap Fore flap A & ‘Fore flap B
Station | Upper Lower |[Station | Upper Lower |Station | Upper Lower Station | Upper Lower
: surfece jsurface surface | surface surface | surface surface | surface

0 Y 0 0 -1.29 -1.29 0 0 o 0 0 0

1.25 2.67 -1.23 ©Who -.32 -2.05 .5 .81 -.gl 1.38 1.72 «1.7

2.5 3161 '1071 B 072 .0,4. -2.21 1.0 1.20 - g 2(7 2.11 ’1-9

5 .91 «2.26 | /1.36 .61 «2.36 1.5 1.%8 -9 h.lz 2.28 1.7

7.5 2. O "2061 (2 Oo 1-0,4. -20 1 200 1. 9 “098 205 2.30 -1Q
10 L3 «2.92 | 2.6 1.0 -2.41 E.o 1.97 7 b 2.1, -, 528
15 7.19 -3.50 |7 3.92 1.9} | ~==-- .0 2.10 -3 8.33 1.92 ' .222
20 7.28 -Es9 /5,20 2.30 ————— 2.0 2.12 .08 9.72 1.61 667
25 Te -h.2 2.66 ————- -2.16 .0 2.0% .%h 11.11 1.25 722

C ?.]53 ’houé .l{.s 2323 oesew gto 1.8 QBZ 12.? 0806 050

0 Zo ",4..)4.8 7&76 29 g adind g oo 1061 . 13. 9 1506 t167
28 A1 417 9.03 2. R 9.0 1,25 .80 1L.67 0 - 052

E.h -3,67 10,31 2.L6 .- 10.0 » .;%

0 03 -5.00 15.66 1-68 -1923 11.0 '3,4. . .

0 3.08 -2.16 | 20.66 .92 -.70 11,67 c—e- .09 L. E. radius: 1.58 .
90 1.68 -1.23 25.66 .13 -.13 11.70 o} -.10 Center of L. E. radius
95 .92 -.T0 located on chord line

100 .13 -.13 -
L. E. radius: 0.91 L. E. radlus: 0.75
Center of L. E. arc: Center of L. E. radius
L. E. radius; 1,58 Upper surface, 0.91 located on chord line
Slope of radius through Lower surface,-1.29
end of chord: 0.305

; LYG6R
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Figure 1.- The NACA 23012 airfsil with the 0.30 ¢ double sidths

flap.
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Pigure 2.- Sections of the two fore flape used in
the investigatlon.
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Increment of maximum section 1lift coefficient, Achax

2.4
Fore-flap (Op timum
position Rear flap pc- | 1ift
2.0 o 1 sition for Optimum _ _ _ _ _
A 2 drag
] 3
U/ o l
1.6 ; = _A
1/ 0 ":— -
3 g -
i:;’//A VA
/'L'
1.2 ° f
. L)
I —— ——
] e A
o~
8 yd
* /7
11/’
)
10 20 30 40 50 50 70

Figure 16.- Effect of rear-flap deflection on the increment of maximum section 1ift coefficient.

Rear-flap deflection, sz, deg

The 0.30c double slotted filap on an NACA 23012 airfoil; fore flap 4.
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