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An investigation was made tn the Langley two-d~nsional” iO~-
turlnilence~ressuzzetumel to determine the charac~ristics of leading-
edge flaps used as Mfih-lif% evices.

t
The invmtigatipn, conducted at

a ~eynolds nwnber of 6.0 x 20, included tests of two 10-psrcent-chor&
leading-edge flaps, one intmd.3iL’ to sltde forwewl along the up~er
surface end the other hinged near the leading edge on the lower
surface of an IWCA 6kl-012?airfcil, with and w?.thouta 20-percent-
chord trailing-edge split flap. Data are giv9n to show tha section

# li22tcharacteristics for a ran~e of flap deflections and the pitcMng-
mouent characteristics and lift charactsristics witihleading-edge
rou@nf3ss for the opthrrm flap arrangements.

:
The results indicate that the maximum section Uft-coeff icient

increments for th9 optimum upper- and lowmr-suzzace lea~-ed~p
flap arrangements on the plain atifoil were O .h3 and 0.12,
respectively. The correq?ondlng incrementxiin the angle of attack
for maximum section Eft co3fffcient3 w3re 4.9* end 1.4°, respectively.
When the atrfoil was fitted.tith the 20-percent-chord traili.~-edge
split flap deflected 60°, the opttiux?u~er- anillower-suzzface
leculizzg-edgeflaps yroduced ticrements of 0.81 and.0.43, respocttvely.
The corresponding incremer.ts.in&e angle of attack for the maximum
section Hft coefficients were 6.90 and 3.90. The highest meximum
section Uft coefficient, 2.$% at an angle of attack of 16.2°, was
obtained when the upper-svMacS leading-edge fla~vias used in ‘
combination with the trailing-edge sylit flap. The deflection
of either t~e leading-edge flap resulted.in a forward movement
of the aerodynamic center at ,hlghan@es of attack. The lower-
eurface leadhg-e~e-flap installation was less sensitive to
leaUn&edge roughness than the’u~per-surface Ieading=edge flap
arrangement. With the trailtig-e<~e flap, ths maximum section lift:
coefffcisnt Yor the uppw-surface leading-edge flap “inthe rough
condition, however, was about the same at the uaxhura lift coefff-

C cient obtained for the lower-surface leading-edge flap in the
smooth condition.
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INTRODUCTION
,,,

The problem of obtaining adequate maximum lift coefffciente
on highly sweyt win@ for high-speed aircraft has brought to li~t
a need fo~ a mbtiethorough investigation of auxiLiary high-lift
devices, such as leading-edge flaps, Ieadfng+dGe slots, and
drooped leading-edge airfoils. ,Recentreports of tests of con-
ventional unswept wings (references 1 and 2) which were obtained
from the D.V.L, in Germany indicated that cne of these devices,
the leading-edge flap, when used in combination with a convex
tional split flap, produced a substantial increase in the maximum
lift coefficient accompanied by an increase in t~ angle of attack
at which the maximum lift coefficient was obtained. The German
investigations,however, were carried out at very 1(YWReynolds
numbers on airfoil sections having maximum lift coefficients of
only about 0.72. The present brief investigationwas conducted
in the Langley two-dimensional low-turbulence pressure tunnel to
detemnine the characteristics of a lower-surface leading-edge flap
similar to the flap tested by the Germ s but tested.at a higher

Yvalue of the Reynolds number (6.o x 10 ) and also to investigate
am improved type (upper surface) leadin&edge flap. The investi-
gation included tests of an upper- and lower-surface lead5ng-edge

,flap on en NACA 6-series airfoil with and without a trailing+dge
split flap.
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SYMBOLS

airfoil section sn@e of attack

airfoil section lift coefficient (Z/qc)

airfoil se~tion pitching+noment coefficient about airfoil
quarter-choni point (m/qc2)

increment of section angle of attack for maximum section
lift coefficient due to leading-ed~e flap deflection

maximum section lift coefficient

increment in maximum section lift coefficient due to
leadi.ng+dge flap deflection

deflection of leading-edge flap, degrees (zero when flap
lies along surface, hinge line f.orwemiof flap trailing
edge)
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5fT.33.
deflection of trailine-edge flap, degrees

c chord of plain airl?oll
:

R Repolds number

3 lift per unit span

Bl moment per tit span’

9. a-c pressure

MODEL

The model, which was constructed of laminated mahogany, had a
chord of 24 inches and was built to correspond to the ordinates of
the .NACA64-012 airfoil section. (See table 1.) ‘The~percent-

ichord trail ng-sdge split flap, set at a deflection of 60° and
used for some of these tests,was simulated by a prismatic block
of lsadnated maho&ny attached to the lower surface of the model
as ehoh in fi~we l(a).

The lowe~surface leading-+dge flap was attached to the au’f’ace
of the model at a point 2.25 percent of the chord back of the
leadti~ edge as shown by figures l(a), l(b), and 2. The l&percent-
chord flap was shaped to conform to the contour of the airfoil
lower surface between the,2.2>snd 11.47-percent airfoil chord
stations and had a leadi~dge radius equal to 0.78 percent of the
airfoil chord.

The upper-surface flap (ffg. s(a))=was designed in an attempt
to elhinate some of the more obvious faults of the lower-surface
flap such as the serious discontinuity which occurs at the hinge,
point and the relatively smell increase in area which was obtained
with the flap in its optimum deflected posttion. For these reasons
the upper-surface flap was designed to fair smoothly into the
airfoil upper surface when the flap was fully deflected and at the
seinetime to provide a relatively large increase in the area,
Furthermozw, the curvature of the upper surface is fairly large
near the leading edge and this curvature decreases gradually with
distance j?romthe leading edge.

: The uppezwmrface flap used for these tests simulated an
extensible t~e of flap which, when retracted, was.intended to
form an integral portion of the airfoil leading edge and upper

: surface. The profile of the first 50 percent of this flap was



identioal in contour to that of the plain airfoil from the leadin~
edge to the >Tercent+hord statio~ and the remaining 50 percent
of this lo-percent chord flap was of true circular-arc contour.
The flaT could thus be extended by sliding it along a circuhr+u?c
track. The radius used to descri%e this circular arc and the
location of the center of curvature was chosen so that the arc
conformed to the contour of the airfoil upper surface between
the 1.75-and 5.00-percent-chord stations of’the airfoil. Since
the arc described by this radius formed a part of the original
atrfoi,lsurface, the flap, when extended, faired smoothly into the
airfoil up~r surface to produce a highly cmnbered airfoil as shown
infi~es s(a) and s(b). The sketches of fi@n?e 4 show the
ordinates, the relation of the flap to the model, and the method
of measuring the effective lo-percent chord of the flap.

Both leading-edge flaps were constructed of =&inch sheet

iron and were attached tc the model by six bre.cketseqwlly spaced
across the 35.>i.nch span of the model, The various deflections
of the lower-surface flap were obtained b~ the Installation of a
new set of brackets for each deflection. The deflection of the
lower-surface leadin~dge flap was measured in a counterclockwise
direction (fig. 2) from its retracted position. The 153° deflec-
tion for the upper-surface leading+dge fl&p as shown in figure 4
was given for the purpose of comparison with the flap &efiectious
indi.c:?i~-din figure 2. The retracted positions of ‘theflaps am
shown by dotted lines in ffgures 2 and b.

The leading-edge roughness used for the tests of the plain
airfoil and the airfoil leading-edge flap configurations con-
sisted of O.01-fnch Carborundum grains shellaclmd to the airfoil
upper and lower surfaces for a distance equal.to 8 percent of the
chord as measured from the intersection of the chord line and airPoil
leadin&edge radius. The roughness used for the teet of the leading-
edge flap arrangements consisted of eidlar size Carborundum grains
shellacked to the flap leading edge and to the forward 80 percent of
the flap upper surface (fig. s(b)).

TmYrs

The lift characteristicswere obtained for the model with each
of the leading-edge flaps alone and in combination with th’3trail-
edge split flap deflected 600. The pitching+mnent characteristics “.
for the model in a smooth condition and the lii’tcharacteristics
for the model in a rou~ conditton were obtained only for the more
favorable flap settings of the various airfoil flap configurations. :
All tests were made at an absolute tank pressure of 59 pounds per

w
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square inch end a
S~USd%foot which
aud a Mach number

Test

5

-c Press= of approxhately 70 pounds per
correspond to a Reynolds nuniberof 6.0 x 106
of 0.11.

Methods and -1 co1’V8CtiOIM

The lift characteristics of airfoils teste~ in the Langley
two-dimensional low-turbtiemce preseure tunnel are obtained by inte-
grating, over a finite &istance, the pressure distribution imposed
by the model on the floor and ceiH.ng of the tunnel. 3ecause only
about 93 percent of the actual lift is transferred to the floor
end.ceiling of the tunnel in the finite distance covered by the
lift orifices, correction factors,,obtainedtheoretically, were
applied to the intewated pressure-distribution date to obtain
th; total lift. - -

Corrections for the wind-tunnel-well
the following equations, where the primed
quantities measured in the tunnel:

Uo = 1.ol~ol
. .

CT = o.978czf

effects were made by
symbols represent the

%pk .= ‘*993c%/4r

A cormciion has also been applted to the data @esented herein
for the blocking effect at angles of attack nesr maximum Lift.
This correction for the blocking effect reduces the maximum lift
coefficient masured in the tunnel by approximately 1.5 percent.
Previous comparisons .ofthe lift coefficients bbtained from the
measurement of the pressure reaction on the floor and ceilhg of
the”tunnel .were”inclose agreen!!ntwith those obtained from airfoil
pressure distributions-and force teats. The probable error in
individual test points as determined from check tests, considera-
tion of the sensitivity,of the measuring instruments, and the
departure of points from the faired curves is estimated to be
within the following limits:

Over the iinea,r
,C1 . . . . .

.ck/4 “ ‘“” ●

%. . . . .

portion of the lift curve:
. . . . . . . . . . . . ● . . :0.005

. ..0.. . . . . . . . . . *6*(X)2

~ 0.10● ..*,. . ..*.. . . .
Near maximum lift coefficient:

. *0.020
%,;::.=:::::::::::,:. * 0.’010

#
1

0

,

.% ’**V**=***.*.*.. •*9***o*~0
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RESULTS AND DX3CWSSION

The lift characteristics obtained from tests of the various
airfoil flap configurations are presented in figures 5 to 7.
The pitching+noment characteristics of the plain airfoil, of the
airfoil-trailing-edgeflap model, and of’the optimum airfoil-
leading-edge-flap arrangements tested are presented In figure 8.
The effect of leading-+dge rou@ness on the lift characteristics of
both the plain airfoil and the airfoil with the trailing-edge flap
is shown in figure 9; similar data for the best airPoil-leading-
ed~e-flap arrangements tested are presented in figure 10. The
variation of the increments of maximum section lift coefficient

h 2- and of section angle of attack for maximvm section lift.

coefficient ~ with leading-edge flap deflection is presented
in figure 1.1.

Lift Characteristics

The data presented in figures 5 to 7 show that the best
arrangements of leading+dge flaps of the type tested increaaed
the maximum section lift coefficient end also the section angle of
attack at which the maximum lift coefficient occurs. The n&&mum
section lift coefficients, the angles of attack at which the
maxir,’:msection lift coefficient occrire~and the increments
which were obtained for the various optf& configurations are
summarized in the following table: -
.—

Icz= 4%2 5fL,E, 5fT,E,Model configuration i % kz
I (deg) - ‘deg) (deg) (deg)

Airfoil alone 1.42 14.3 - -. -. . ,------ -------- -._.-..

Lirfoil and lower-surface
leading-edge flap 1.54 15.7 O*12 1.4 120 ------

Airfoil and upper-surface
Ieading+dge flap 1.85 18.3 .43 4,0 153 ------

Airfoil and trailing-edge ‘
flap alone 2.17 9.3 - . --” - ----- - --- - . 60

Airfoil trailing-edge flap
and lower-stiace
leadi~dge flap 2.60 13.2 ,43 3.9 112 60

Kfrfofl trailing-edge flap
and upper-surface
leadlng~dge flap 2.98 16,2 .8I. 6.9 153 60

m
.,
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The leading-edge flap is believed to produce these increases in

cz= and in the angle of attack for ,Ct- by reducing the

magnitude of the pressure peaks and the magnitude of the
dverse pressure gradient usually associated with the flow
conditions near maxhum lift of the plain airfoil section. At
the optimum deflection, the flap is so alined with the flow
approaching the Iea&ing edge that a substantial.amount of lift is
csrried by the flap without the presence of excessive pressure
peaks. Some increase in lift is, cf course, also associated with
the effective increase in area caused by flap deflection. At
flap deflections less than the optimum, the flow over the rear
portion of the airfoil becomes separated before the angle of
attack is high enough for the load on the flap to contribute
substantially to the lift. At flap deflections @eater than the
optimmn, large pressure peaks form at the leading edge of the flap
at low anjles of attack.

.,

The effect of the leading-edge flapat angles “ofattack well
below those fer msxfmmn lift is to act as a spoiler on the lower
surface of the air~cil - thus to cause large re.ductionein lift.
As the singleof attack is increased and the flow becomes better
al.inedwith the flap, the syoiler action of the flap decreases
and the lift becomes equal to that of’the plain airfoil at some
moderate angle of attack. The “slopeof the lift,curve is there-
fore much higher at low angles of”attack.for the flapped ~ction
than foi)the plain airfoil.

.. ,,.

The preceding discussion is also applicable ,tothe case of
the airfoil leading-e&ge flap.co@binationwhen fitted with a ‘
trailin~dge hi@-lift,dev+ce. For this condition, the optimum
leading-edge flap deflection is expected to be somewhat less
than for the @sin airfoil, because Of the,greater inclination
of the flow to the.airfoil chord at the leadingedge. :

Lower-surface flap.- +n exednati”m of the sectinn lift
characteristics presented in figure:5 shows that the lower-surface ,
leading+dge flap, when used. in con~unction with tineplain airfoil,
produced a maximum section lift coefficient of 1.54 at an angle

(
of attack of 15.7° 8 .

‘L.E. )
= 1200 , “which correspond, as shown

in ’ftgure11, to increments ACZ =0.12 end ho= 1.4° above
max

ths values obtainable with the plain airfoil. When this lead-
.. edge flap was used in combination with the airfoil and split

. trafling-ed~ flap (fig. 6) the maximumsection lift coefficient

\

was increased o a value of 2.60 at an angle of attack of 13.2°
.. (5fLEm =112° which corresponded to increments AC-L~ = 0.43

—.—.
andko= 3.9° over end above that obtained with the conventional
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flap arrangement. German data (refer-
Increment in maximum lift coefficient
a similar arrangement of Ieading-+dge

and trailing+dge flaps on an airfoil of t~ WUM thic~ss, lt
is apparent; ho~ever,-from figures 5 and 6 that a leading-edge
flap of this type is somewhat sensitive to changes in flap deflec-
tion for the reasons given inthe previous general discussion of
both types of leadin~dge flaps. A comparison of the data
presented in figures 5 and 6 and the increments obtained indicates
that the presence of the split trailing-edge flap altered the flow
characteristics in such a mmner as to increase the effectiveness
of the leading-edge flap at deflections as low as 103°. The
cross plot (fig. 10) shows that the presence of the tra?li~dge
flap, as previouslymentioned, had a pronounced effect on the
deflection at which the best Himum lift coefficient increment
was obtained. For example, the optimum deflection for the leading-
edge flap when used clone was 120°, but when used in conjunction
with the trailing-edge flap, the optimum deflection was 112°.

UppeHurface flap.- An examination of the section lift
characteristics preeenved in figrcre7 shows that this uppe~
surface leadin~dge flap, when used in conjunction with the plain
airfoil, produced a maximum section lift coefllcient of 1.85 at
an angle of attack of 18.3°. These values corresponded to an

‘ncreffient%- = 0.43 and an increment ~= 4.0° above the

valuea obtainable with the plain airfoil. The same figure showe
that the use of this leadi~+dge flap in conjunction with the
airfoil antisplit trailing-edge flap produced a maximum lift
coefficient of 2.98 at an angle of attack of 16.2°, which corre-
sponded to Increments Act = 0.81 and ho = 6.9° above that

max
obtained for the airfoil and split trailing-edge flap arrangement.
The data presented in figure ~ show that at low angles of attack
this flap also produces decrements in the section lift coefficients.
The rapid decrease in the magnitude of this decremmt in lift
coefficient shows, however, that the spoiler action is somewhat
less severe for this flap than it is for the lower-surface
leading+.dge type of flap.

The results given in figure 11 indicate that the increments

h 1- and Am. were considerably greater for the upper-surface

leadin~dge flap. This canbe attributed to the slightly greater
proflectedarea and smooth contour of the uppev-surface leadin~dge
flap.

..
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Pttching40ment Characteristics

9

:

:

A comparison of the pitchin~oment data obtained for the
plafn alrfofl and the airfoil trailtng-edge flap arrangement with
data obtained for the seam arrangements equipped with the lower-
or upper-surface leading-edge flaps (fig. 8) shows that the
addition of either flap caused the moment coefficients to increase
negatively with increasing lift coefficients until the angle of
attack was approximately high enough for the flap to cease acting
as a spoiler. As the lift coefficient is increased beyond this
point, the moment coefficients increase positively in a manner
corresponding to a forward position of aerodynamic center with
respect to the qusrter+hord poirrtof the original model. Such
a forward position of the aerodynamic center is consistent with
the fact that area has been added shead of the leading edge of
the plain airfoil. The forward shift in the position of the
aerodpamic center was slightly greater for the uppe~urface
flap installation than for the lower-surface flap installation.
The results show that increments In pttching+oment coefficient
which were obtained from the addition of either of the leading-
edge flaps are
resulting from
flap ●

relatively small in comparison with the increment
deflection of the conventional split trailing-edge

Effects of Leadi.n&Edge Roughness

The decrements in the maximum section lift coefficient caused
by the addition of leading-edge roughness were about 0.4 for the
upper-surface leadin~dge flap when used alone or when used in
conibinationwith the trailin~dge split flap. (See fig. 10(b).)
These decrements are of the samB order of magnitude as those
obtained for the plain airfoil end the airfoil trailin~dge split-
flap model as shown in figure 9, The corresponding decrements in
the maximum section lift coefficients for the lower-surface
leadin&-edge flap (fig. 10(a)), with leading+dge roughness, was
approximately 0.1 without the trailing+dge flap, and approximately
0.2 with the 2C-percent-chord trailing-edge split flap. The
decrements caused by the addition of roughness to the leading
edge of the lower-surface lead~dge flap are relatively low
because the flow over the airfoil upper surface for this COLplga-
ration is already seriously disturbed by the projecting leading
edge of the normal airfoil. A comparison of the lift characteristics
of both leading-edge flap arrangements (without traili~dge flap)
in a rough condition with those for the plain airfoil in a smooth
condition shows that the maximum section lift coefficients are
approximately of the same order of magnitude. With the trailing-
edge split flap deflected 60°, huwever, the maximum section lift
coefficient for the uppeewrface leading+dge flap with roughness
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at the leading edge is about the same as that for the lower-surface
leadin~-edge flap configuration in the smooth condttion and con-
siderably higher than that for the conventional airfoil-trailing-
ed.gaflap in the same smooth cond.iticm.

CONCZUEKEONS

This investigation, conducted at a Reynolds number of 6.o x 106,
was made to detemnine the lifftand pitch@-moment characteristics
of two 10-percent-chord loading-edge flaps used.as high-lift devices
on an NAC.46~-01.2 airfoil with and without a 20-percent-chord
trailing-edge s~lit flap deflected 600. The upper-su~face leadi~-
edge flap was designed to Elide forward and b fair soothly into
the airfoilcontourj whereas the lower-sm*face leading-edge flap
was hinged.at the 2.27-perceat-choi-dstation. The results indicate
the following conclusions:

1. The maximum section lift coefficient increments for the
optimum rrpper-and lower-surface Ieading-e@e flap arrangements on
the platn airfoil were 0,43 and 0.12, i*espectivel.y.The corre-
sponding increments in the angle of attack for maxtmum secticm
lift coefficients were 4.0° and.1.4°, respectively.

2. When the airfoil was fitted with the ‘20-percent-chard
trailing-edge Uplit flap, theoptimum upper-,md lower-eurface
leading-edge flap deflections produced incremats Qf 0.81 and
0.43, respectively. The corresponding increments in the angle
of attack for the ma-ximumsection lift coefficients were 6.9°
end 3.9°. ~

3. The highest meximum section lift coefficient, 2.98 at an
‘&’@.eof attack of 16.2°, was obtained when the upper-cnurf&ce
leading-edf$eflap vas used ,ticombination with the trailin~-~dge
split f,lap.

4. The deflection of either tyQe leading-edge flap resulted
in a forward movement of the aerodynamic center at high angles
of attack, .

5. The lower-sucface leading-edge flap installation was
less sensitive to leading-ed~o roughness than the t~peiq-s~rface

leading-edge flap erraryyment. ?liththe traiXz&e@e flap, the
maximum section lift coefficient for the upiier-surfaceleedi~-

PI
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# edge flap in the rougZZcondition, however, was about the same as tie
maximum lift coefficient obtained for the lower-surface flap +- the
smooth condition.

,, Lsn@.ey Memorial.Aeronautical Laboratory
National Adviso~ Committee for Aeronautics

Langley Field, ‘la.,Jan& 21, 1947

1. Koster, H.: Messungenem Profil NAC~ O 00 12 - 0,55 45mit

Sprsiz- und Nasenspreiz.1.d.ap__e.l_TJlIi’r. 13172 Deutsche
Luftfa”hrtiorschung(Berlin-Adlersho~),1944.
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TABLE I

. .

0RD13WiTESFOR NACA 641-012 AWOXL”

EStatIons and ordinates given in
yercent of airfoil chofi]

Upper surface
I

Lower surface

Station Ordinate Station
I

Ordinate

o 0 0 0
.7 .978 5●. -.9’78
*75 1.179 .75 -1.179

1.25 1.490 1.’2~ -1.490
1.75 1.730 1.75 -1.730
2.5 ?.o~~ 2.5 -2.035
5.0 2.810 5,0 -2.8~o
7.5 3.394 7.5 --;● &3;

10.0 3.871 30.0
1~.o 4.620 3.5.0 -4:620
20.0 5.173 20.0 +.i73
25.0 5.576 25.0 +. 576
30.0 5.844 30.0 -5 ●eb4
35*O 5.978 35.0 -5.978
40.0 5.981 40.0 -5.981
45.0 5.79$ 45.0 -5,798
!jO.o 5.480 ~.o -5.480
55.0 5.056 55e(l “ -5.056
60.0 4.548 60.0 -4. P48
67.0 : .;;: 65.0 -3.974
70.0 70.0 -3.350
75,0 2:695 75.0
80,0

-~. 695
2.029 80.0 -2.029

85.0 1.382 , 87.0 -1.382
90,0 .786 go.o -.786
97.0 .288 95.0 _,cJ38

100 0 10CJ o

L. E. radtue: 1.040

IiATZONALADTIXqORY
COMMITTEE FOR KEROHAU’lVC!S
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(a) Z%ree-quarterr earviewo fmodels howingt heinstallationof
theleading- andtrailing-edge flaps. ~

Figure l.- Photographs of the NACA 641-012 airfoil section and the O.10c lower-surface

leading-edge flap alone and in combination with the 0.20c trailing-edge split flap.
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(b)”Three-quarter frontview of the model showing the contour of the

lower-surface leading-edgeflap.

Figure 1.- Concluded.
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Figure 2.- Sketch showing the lower-surface leading-edge flap arrangement on the .M
NACA 641-012 airfoil section.
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(a) Sideview ofmodel showtig installationofupper-surface leadbg-edge

flapand lower-surface trailing-edgeflap.

Figure %- Photographs ofthe NACA 64,-012 airfoilsectionand the O.1OC upper-surface

leading-edgeflapfione and in comb~tion with the O.Z)C tmiling-edge spiltflap.
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(b) Three-quatier frontview of model showing the leading-edgeroughness

appliedto upper-surface leading-edgeflap.

Figure 3.- Conchded.
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Fig. 5 NACA TN No.
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Fig. 7 NACA TN
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Fig. 9 NACA TN No. 12’77
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Fig. 11 ?NACATN No. 1277
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Figure 11.- Varlation of the increment of maximum section lift
coefficient and the incrament or section angle of attack for
maximum section llft coefficient with leading-edge flap
deflection. NACA 641-012 alrfotl aectlon with leading- and

tra~llng-edge split flaps. R = 6.0 x 106.
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