R e S e
- . @ @ -

- . - -
- . . @ .

Saae v m%ﬂ% it — S =

- . . - - - =

airchcisiz e ————— o e .
c..imw‘mwm o %wm% qﬁ?ﬁ\wﬁmx@%&%&%\}&@% e s cin i s : e 2 2 2 Gt

Seml S . e S e o e e Bt e s i

i

AL e e o - s
- - - = s g s = =

- - = - - -

=
seea S 7 = o e e =
@wm@%&».@@ m,«&mwxm@wmvw.» o 2 #@:M\%mew&wmﬁ&kww C e SR

e S s e e S 2 Gomaa
o . . . . i = : - - - - -

o
5

&

.

= = S - - e S
S =

i
&

i

L

i

i
et

“ STl S s
e
2 o &M @W\Aywxn&ﬁwx o
o e : o : e s

2 - wbw = o
Red e < EE = o i i > = >
S = - s . 2

.
"

. 4 o

. -

o
.

o 2
s s

i
o
S
R
e
L

.
o

o

o
.
s

A

e s
G

e s = S £ i e
it . = e e
- s - o : .
- - e -
s WW”W = S .

B
Sy
e
-

- - :

A

-

e = i e
e R R S 22 2 =
. wmmmﬁwmﬂww . - s&‘wwwwx . . . . .

= u}@wWw«% = = = e

i

e S e =

S 25 5 7 e

o
it

-

s
:
i
e

i

e = o e - ? S .

i

0

J

A

1 - =
= o e > o

S e = s -
.. = o =

, i , .n,&mh\
= - - = - = e 3 -
gSEte o e e

i

-

N

B
____ . . . : : -
- o s o = = 1 { i

s

3 S
e b - - =
SEug Rl e = S ,

- = = S ST : e
= . 5 e e - - - G

.

e e =
e o sl : - .
e e aﬁﬂ«wiﬁyb& £ Tt
e e 2

= = - = iwuuxwﬁwmihu % 5 S

i
4

v

e

G

SRS Sl s S % 2 S 2 5 . s e

S e s e , 3 SR
o e e e S i Fs 5 . = A S el

oo 2 e = o

- - ’ - -

.

o = = =
S e S : - : = oo e
. - - ; - - . .

e e ol e s oo - s
o i o : Z | i e E o ]

= 7 : a.?\ \.l
e g SR Soaay 2 : S s =
g o = : : - =
B L s % - e Sanoato See i
- . - : =

= - = o S : e -
Mwwm%? = 2 % = : i : = : 7 - s

st
o

i

=

-

S e =
e s e e e e o
S o 2 S f s G s
o = : - - 3 : e : : = o
e = T : = = -

u

i

B o Sy R R S R S = el
e S e - . s = i e & o

o
i

L

i
i

e e == 2 S S
e e s e e : - 2 s

.
.




NACA BM No. L7B1T

NATTONAL ADVISORY COMMITTEE FOR AEROANUTICS

RESEARCH MEMORANDUM

—T— ro—c——

WIND-TUNNEL DEVELOPMENY OF OPTIMUM DOUBLE-~-SLOTTED-FLAP
CONFIGURATIONS FOR SEVEN TEIN NACA ATRFOIL SECTIONS

By Jones F. Cahill and Stanley F. Racisz
SUMMARY 4

 An investigation has been made in the Langley two-dimensional
low—tnrbulence tunnels to develop optimum double-siotted—flap con=
figurations for seven thin NACA airfoil eections, The airfoils
tested were the NACA 63-210, 64208, 64-210, 64-212, 65-210, 66~210,
and 1410 airfoil sections. Fach of the alrfoll sections tested wes
equipped with a flap of 0.25 chord and a fore flap of 0.075 chord.
In addition, the NACA 66210 and the NACA 64-208 airfoil sections
were also tested with a 0.100~chord and a 0,056-chord fore flap,
respectively. Lift measu -cments were made at a Reynolds number of
2.4 % 106 to cobtain the configuration giving the highest maximum
section 1lift coefiicient for each of the airfoil sections tested.
The 1ift characteristics were measured for Reynolds numbers up
to 9.0 X 100 in order to obtain an indication of the scale effects.
The section pitching-mcment characteristics and the effect of leading-
edge roughness, on the 1ift characteristics were measured for the
best double~slotted—flap configuration fog each of the airfoil
sections at & Reynolde number of 6.0 x 10°.

- The best fore-flap locatlons were generally found to be about
l-percent chord forward and sbout 2-percent chord below the slot
lip. The best flap positiong varied considerably. The deflections
for which the highest maximum 1ift coefficients were measured were
about 50° to 55° for the flap and about 25° to 30° for the fore flap.

The maximum section 1ift coefficient of the airfoll sectiofi with
sither a split or double slotted flap decreased as the position of
minimum pﬁessure was moved to the rear or as the airfoil thickness
wags decreased to 0.08 chord. In all cases, the maximum sectlon 1lift
coefficient increased as the Reynoids number was increased from
2.4 x 10° to 6.0 X 106 but generally decreased or gamained constant
as the Reynolds number was increased from 6.0 X 10° to 9.0 x 10°,
Increasing the fore~fiap chord provided Iincreases in the maximum
section 1ift coefficients of both the NACA 6L4-208 and the NACA 66-210
airfoil sections with double slotted flaps, The addition of standard
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roughness to the leading edges of the airfoils equipped with double
slotted flaps generally decreased the meximum section 1ift coefficient
by amounts slightly less than those obtained with the flaps retracted,
decreased the variation of the maximum section 1lift coefficient with
position of minimum pressure and with airfoill thickness, and caused
the stall to be less abrupt than that for the smooth condition., The
ratio of increment of section pitching-moment coefficient to incre—
ment of sectlon 1lift coefficlent at a section ang*e of attack of 0°

0o
(?é?) based on the total chord of the airfoil with the double
~O
slotted flar aextended was approximately the same as that obtained for
the airfoil with the gplit flap, An unstable pitching-moment break
is encountered at the stall for each of the airfoils when equipped
with the double slotted flaps and seems to be pecullar to double
slotted flaps.

INTRODUCTION

The use of thin wing sectlons to increase the critical speeds
of high-spesd, highly loaded alrplanes has been accompanied by the
need for suitable high-lift devices to be used for take—off and
Janding, An investigation has been made in the Langley two-
dimensional low-turbulence tunnels to develop high--lift trailing-edge
flaps suitable for use on thin wing sections that are most likely to !
be used on high-speed aircraft. The first part of this investigation,
reported in refeience 1, covered the development of four types of
flap for the NACA 65-210 airfoil section. The double slotted flap,
discussed in reference 1, gave maximum lift coefficients higher than
any one of the three single slotted flaps tested. Thé second part
of this investigation, reported herein, covers the development of
similar double-slotted~flap configurations for sixz other thin
NACA airfoll sections, Data from reference 1 on the NACA 65-210
airfoil section with a doubie slotted flap have been included to
complete the comparison of the results obtained.

The seven thin NACA sirfoll sections tested with double slotted
flaps in the Langley two-dimensional low-turbulence tunnels are as
follows: NACA 63-210, 64-208, 64-210, 64;-212, 65-210, 66-210,
and 1410 airfoil sections. Profiles of the plain airfoil sections
are shown in figure 1.

The best maximum 1ift gonfigurations were developed at a
Reynolds number of 2,4 X 100 for each of the double slotted flaps
which consisted of a 0,250-chord main flap and a 0,075-chord fore flap.,
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The section 1ift and pitching-moment charscteristigs were then
measured at higher Reynolds numbers up to 9.0 X 10¥ for configura-
tions that not only approximated the best maximum 1ift configurations
but that also allowed the flap and fore flap to rstract as a unit
within the airfoil contour. The effects of leading-edge roughness
on the section 1lif} characteristics were determined at a Reynolds
number of 6.0 X 10°,

Data on the 1lift and pltching-moment characteristics of these
airfoil sections equipped with 0.20-chord split flaps deflected
60° are included to show a comparison betwean the effects of the two
types of flap. bl

-

SYMBOLS
G section angle of attack, degrees
c eirfoil chord with flap retracted
c3 section 1lift coefficlent
¢y maximm section 1ift coefficient

m /h section pitching~moment coefficient about quarter—chord.point

Bp flap deflection measured between flap chord line
and its position when retracted, degrées
T _
Opp " fore~flap deflection measured between fore~flap
chord line and airfoil chord line, degrees
z/c distance along airfoll chord line, fraction of ¢
t/c ‘eirfoll thickness, fraction of o

Xy, ¥ bhorizontal and vertical positions, respectively, of the
fore~flap reference point measured from trailing edge of
8lot lip, percent ¢, positive forward and down,
respectively, (fig. 2) ’

Xp, yo horizontal and vertical positions, respeétively, 6f flep
reference point measured from tralling edge of fore flap,
%ercent) ¢, positive forward and down, respectively,
fig. 2



L NACA RM No. L7BLT

R Reynolds number
bey increment of sectlon pitching -moment coefficient
Loy increment of section 1ift coefficient

MODELS

BEach of the models tested had a chord of 24 inches and
completely*épanned the 3-foot-wide test sections of the two tunnels.
The main part of each model ahead of the flap was constructed of
laminated mahogany, and the flaps were constructed of steel. A
typical airfoil and double slotted flap, including the essential
dimensions, ig shown in figure 2. Ordinates for the plain airfoll
sections are glven in tables 1 to T.

Each of the main flaps was of 0.250 chord and wasg developed by
goaling the ordinates of the main flap tested on the NACA 65-210
airfoil section (referencs 1) in proportion to the airfoil thickness
at each statlon along the chord., Ordinates of the flaps tested are
given in tables 8 to 1k, Each of the flaps was bested in combination
with the 0.075¢ fore flap used in reference 1. In sddition; the
NACA 64208 airfoil was tested with a 0,056c fore flap and the
NACA 66-210 airfoil was tested with a 0.100c fore flap. Sketches
of the three fors flaps are presented ag figure 3, and their ordinates
are given in tables 1% to 17, The flaps and fore flaps were attachsd
to the main portions of the models at the ends in such a manner that
they could be set at any desired positions and defisctions, The
flap and fore~flap pogitions were measured from their reference
points, which are defined as the intersection of their chord lines
with their leading edges., (See fig. 2.)

For tests of each model in the smooth condition, the model
wag sanded with no, 40C carborundum paper to produce aerodynamically
smooth surfaces, For tests of the alrfoil with leading-edge rough~
ness, the surfaces wers the same as for the smooth condition except
that 0.01l-inch carborundum grains were applied over a surface
length of 0.16 chord centered at the chord line. This leading-
esdge-roughness condition corresponds to the standard roughness
described in reference 2.

APPARATUS AND TESTS

The investigation was made in the Langley two-dimensional
low-turbulenco tunnel (L7T) and the Langley two-dimensional low-
turbulence pressure tunnel (TDT).
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Section 1lift characteristics were obtained from statlic pressure
meagurements along the floor and ceiling of the tunnel test sectionm,
and section pitching-mnome .. characterishtice were determined from
deflections of a torque tube. Detalls of the test methods and the
methods used in correcting the data to free-alr conditions are given
in reference 2.

Lift measurements were made at a Reynolds number of 2,4 x lO6
in the TTT to cbtain the ideal confilgurations., The _jdeal configura~
tions (those giving the highest maximum 1ift coefficients) were
determined by first determining the ideal position of tise flap
relative to the fore flap for several combinations of flap and fore—
flap defiections. The configuration giving the highest maximum
1ift was, if necessary, altered slightly to allow the flap and fore
flap to be retracted as a unit within the wing contour. With the
rosition of the flap thus fixed relative to the fore flap, lift

[~ _measurements were made to obtain the best position of the flap and

i
!
é

fore~f¢ap comblnatlon. This resulting position is called the
optimun p081tlon. The optimum positions developed in the LIT at

each 6T Béveral deflections were then tested in the TDT at a Reynolds
number of 6.0 X 10°., For the configuration giving the highest
maximum 1ift coefficient at a Reynolds number of 6.0 X 10°, pitching-
moment characteristics and the effect of leading-edge roughness on
the lift charactermstics were also determined at a Reynolds number

of 6,0 x 10° s and the 1ift characteristics were determined at
Reynolde mumbers of 3.0 x 10° and 9.0 x 10°, The maximum free—
stream Mach numwber attained during any of these tesbs was less

than 0,18. 4

PRESFNTATION OF RESULTS

The data obtained for the airfoil section with a double slotted
flap at a Reynolds number of 2.4 X 10° are presented as contours of
maximum 1ift coefficient for various flap and fore-~flap positions.
These data indicate the maximum section 1ift coefficient that may be
cbtained for a given flap location and deflection,or the loss in
maximm section 1ift coefficient that may result if flap locations
other than the ideal are selected.

The lift characteristics at a Reynolds number of 6.0 X 106
are presented for several of the more promising double-slotted--
Tlap configuretions for sach airfoil section. The section pitching~
moment characteristics for the smooth condition and also the 1ift
characteristics for the condition with leading--edge roughness
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are presented for the configuration having the highest maximum 1ift

coefficient at a Reynolds number of 6.0 x 10°, Additional data are
presented showing the 1ift and pitching-moment characteristics of

the plain airfoil section at meveral Reynolds numbers and the Llift 6
and pitching-moment characteristics at a Reynolds number of 6.0 X 10
for the airfoil section with a 0.20-chord split flap deflected 60°.
The data for the plain airfoil section and the airfoil with a split
flap were obtained from reference 2. In gome cases, data for the
airfoil section with a split flap were available for several
additional Reynolds numbers and are also included.

ik
The figures in which the data are presented for each of the
airfoll seetiong tested are listed in the following table:

3
o o o '®) o q
. Alrfoil ssction '5‘} & 'E?: :(:“1 @ E—g N
: -t
\‘\\\\\\\\\N v ié 3 \O O i 3+
Data <\\\~\M\ Figure
Plain airfoil and 4 8 |13 19 20 27 31
split flaps
Contours of flap 5 9 1k 17 21 28 32
location for ¢, boy
, wax .

Contours of fore-~flap 6 |10 | 15 18 | 22 | 29 33

ation b
location for szax 25
j " 3
Characteristics for 7111 | 16 19 23 30 3h
optimum configura— aijn 1 bog
tion

80.056c fore flap,
5G.100¢ fore flap.



NACA RM No. L7B1T 1

DISCUSSION

Maximum Lift

Effect of flap and fore-flap location.— The variation of the
section 1ift characteristics of the flapped airfoil section as the
flap location varies is primerily a result of changes in the slot
shapes. A gecondary effect, resulting from the change in airfoil
chord as the flap is moved chordwise, also exists; but within the
range of positions for these tests, this effect is small. The ideal
configurations are therefore the ones for which the bestslot shapes
are formed at the flap and fore-flap leading edges. The data shown
on the contours of flap and fore-flap location indicate that the -
ideal flap and fore-flap configuration for maximum 1ift is one that
forms converging nozzles and directs the air flow downward over
both the flap and fore flap.

For most of the ideal configurations with the 0.075¢c fore
flap, the fore flap was located approximately l-peréent ¢ for
ward of the slot 1lip and approximately 2-percent ¢ below the
slot lip. For the NACA 63-210 sirfoil section, however, (fig. 6)
the ideal fore~flap location was approximately l-persent ¢
farther forward than the :verage. Although the best position of
the fore flap for the NACA 6hl-212 airfoil is actually behind the

glot lip (fig. 33) there is little difference between the maximum
1ift ccefficlents obtained at the ideal position ard at the position
corresponding to the average of the others. The flap locations for
the ideal configurations varied considerably for each of the airfoil
and flap combinations tested, as would probably be expected inasmuch
as each airfoll section was tested with the flap designed for that
airfoil, An indication of the ideal double—-slotted—flap configu~
rations for airfolls and flaps similar to those tested in this
investigation may be obtained from the contours of flap location.
These configurations, however, should not be applied to airfoll-
flap ccmbinations having shapes radically different from those tested,
In addition, an indication of the loss 1in maximum section 1ift
coefficient which may be caused by structural deflections of the
flap or by construction errors may be obtalned from the contours,
For example, in the case of the NACA 63-210 airfoil section

(fig. 5(a)), a departure of 0,0lc from the ideal flap location can
decreasge the maximum section lift coefficient by as much as 0.3.

For most of the optimum configurations, the flap deflection was

509 or 55° and the fore-flap deflection was 25° or 30°, although
there was little difference in the maximum 1lift coefficients
measured for these deflections, Increasing the deflection of the:
Tore~flap aids both in forming a converging slot and in directing
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the air flow downward over the flap, A limit is reached in these
effects, however, when the fore~flap deflection becomes high enough
to cause the flow over the upper surface of the fore flap itself

to separate, The use of the optlmum flap positions rather than the
ideal positions in the tests which followed resulted in a maximum
decrease in the maximum 1ift coefficient of 0.07.

Effect of fore-~flap chord.— The data presented in figures 23
and 26 show that incressing the fore-flap chord from 0,075¢ to
0.100¢ incremsed the maxlmum section 11ft coefficient of the
NACA 66-210 airfoll sectica by approximately 0.1 at a Reynolds number

of 6,0 x 106, A comparison of the data presented in figures 11 and 12
indicates that decreasing the fore--flap chord from 0.075¢ to O, 056¢
results in a slight decrease in the maximum section 1ift cosfficient
of the NACA 64-208 sirfoil section with a double slotted flap.

The data presented in reference 3 also show that increasing the
fore~{lap chord may be beneficial in increasing the mexlimum section
1lift coefficient., The increase in maximum section 1ift coefficlent
obtained by the use of larger fores flaps may be attributed to a
combination of the increased area of the llftlng surface and better
slot shapes,

Effect of position of minimum pressure.— The variation of
Clmgx With the positlon of minimum pressure for several

NACA 6-series airfoils of 10-percent thickn%ss is presented in

_figure 35 for a Reynolds rumber of 6.0 x 10°, Data presented in
reference 2 indicate that for alrfoll sections of thicknesses less .
than about 0.12c, the stall usually begins at the leading edge. Since
the leading-edge radii of NACA 6-series airfoils decrease as the
position of minimum pressure moves to the rear, this type of stall
becomes more pronounced. The decrease in maximum 1ift coefficient
with rearward movement of the position of minimum pressure, shown

on figure 35, is therefore probably caused principally by the. decrease
in leading-edge radius, It is expected that for thicker airfoil
sections, where the stall begins over some rear portion of the air-
foil instead of near the leading edge, the decrease in the leading~
edge radius with rearward movement of the position of minimum pressure
would, have a smaller effect on the maximum section 1ift coefficient.
The increment in section 1ift coefficient caused by the addition

of the double slotted flap to the NACA 6-series plain airfoil section
having a meximum thickness of 10-percent ¢ remained substentially
constant (approx. l.4) over the range of minimum pressure positions
tested, . : .

Effect of airfoil thickness.-~ The variation of maximum 1ift .
coefficient with airfoil thickness for the three NACA 6h-series
airfoils tested is shown in figure 35. The date in figure 35 show.
that for alrfoll thicknesses between 0.12¢ and 0.,08¢c the maximum
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Lift coefficients of the plain airfoils and the airfoils with both
gplit and double slotbed flaps decrezse as the airfoil thickness. is
decrcased, although not all in the same manner. The increment of
maximum 1ift coefficient caused by the double slotted flap decreases
at a nearly constant rate ag the thickness is decreassd, while the
incroment in maximum 1ift coefficient caused by the sulit flap
decreases as the tkickness is decrsased from 0.12¢ to 0.10c¢c and
thon increases again as t3 thickness is further decreased to 0.08c.

, Data in referencc 2 have shown that the maximum 1ift coefficients
of most eirfoil sections decrease as the alrfoil thickness is
incrcased above about 0.12¢c alfhough the maximum lifte of these
same airfoils when equipped with split flaps continue to Increase up
to & thickness ashigh as 0.16¢c or 0.18c. Previous scattered data

have ghown that the moximum 1ift coefficients of airfoil sections
eguippod with doudle slotted flaps follow the sams general trend.

The data in figure 35 extsnd thase previous results down to a
thickness of 0.08c. .

The maximum lift'ooefflcient of the NACA 1410 airfoil, also
shewn in figure 35, is approximately the same as the maximum 1ift
coeffic;ent for the NAGA 6hl~21? airfoél section.

Reynolds number effect.—~ The variation of maximum section
lift coefficient with Reynolds number is shown in flgur%
all cases, increasing the Reynolds number from 2.4 X 10
6.0 X 10° resulted in large increases in the maximum sectﬂon 1ife 6
coefficients, However, increasing the Reynolds number from 6.0 X 10
0 9.0 X 106 caused slight decreases or no change in the maximum
1ift coefficients of each of the airfoil sections except the
NACA 64210 spction, Figure 11 indicvates that the NACA 64-208
section followed the same trend as the NACA 6&—210 section.:

-An explanatlon of scale effect oh the maximum lift of airfoil
sections is given in reference U,- and this explanation is usually
applicdble to airfolls wiih flaps, Generally, variations of the.
1ift with Beynolds number are apparent only in regions of incipient
gtall (high angles of attack), but for these thin airfoil sections
with double slotted flaps the 1lift decreases with increase in
Reynolds number in the linear portion of the 1ift curve (low angles
of attack). This deorease in lift coefficient is probably caused
by changes in the flow conditions through the slots as the Reynolds
number is varied. It is, therefore, probable that a new ideal
configuration. could be devéloped at higher Reynolds numbers, and
slightly hlgher max1mumvlift5'm1ght be obtained.

_._4EffectAof flap on anglekof attack for maximum lift;;'A éoﬁyari—
son of the data for the plain airfoil sections and that for the.
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airfolls with flaps deflected shows that the stall occurs at a
considerably lower angle of attack when the flap is deflected. The
deflection of a trailing-edge flap causes an incremental load
digtribution which consists of an incremental Yasic load distribution
and an incremental additional load distribution. (See reference 5.)
The decrease in the angle cf attack at which the stall occurs is
attributed to the fact that the additional load, which comprises a
large part of the incremental load distribution, increases the
adverse pressure gradient in the vicinity of the airfoil leading
edge; and, therefore, the critical pressure gradient is attained at
-8 lower angle of attack.

Effect of leading-edge roughness.— The addition of standard
roughness to the leading edge of the airfoil decreased the maximum
Lift coefficients of all the airfoil configurations in such a way
that there was only a slight variation of maximum 1ift coefficient
with position of minimum pressure (fig. 35).

The maximum lift coefTicients of the plain airfoil and the
airfoil with either of the flaps in the rough condition, increased
ag the airfoll thickness was increased but not so rapidly as in the
smooth condition, For the airfoll with either a split or a double
slotted flap, the decrement in maximum section 1ift coefficient
cauged by leading-edge roughness was lesg than that obtained for the
plain airfoll section with the exception of the NACA 1410 and the
NACA 6l,-212 airfoils which gave slightly higher decrements with

the double slotted flap deflected.

A comparison of the 1ift curves for the smooth condition with
those for the condition with leading—edge roughness indicates that
for thin airfoil sections, leading-edge roughness tends to give a
less abrupt stall than that obtalned for the smooth condition., This
can be attributed to the manner in which the stall occurs. For a
emooth thin airfoil section, the stall first occurs in the vicinity
of the leading sdge, whereas with leading-edge roughness the stall
occurg over gome rear portion-of the airfoll and progresses forward.

Pitching Mcments

Glavert has shown in reference 5 that for plein trailing-edge
hinged flaps, the incremental pitching moment caused by the deflec—
tion of a flap is a linear function of the incremental 1ift
coefficient. The rather weager data in figure 37 show that this
1s probably also true for airfoils with split or double slotted flaps.

; Ac _
If the ratio <Z{é‘?> o 18 caloulated on the basis of the total
. G’;oao



NACA RM No, LTBL7 11

chord of the model with the double slotted flap extended, reasonably
good agreemsnt 1s shown f: the double slotted flap and the split
flap on these airfoil sections. The total chord with the flap
extended is equal to the sum of the flep chord and the distance
from the airfoll leading edge to the flap leading edge.

For each of these airfoll sections equipped with the double
slotted flap, an unstable break in the pitching-moment curve
(decrease in negative pitching moment) occurs at the stall. This
uvnstable break seems to be peculiar to the double slotted flaps
since it occurs in no case for the plain airfoil or for. the airfoil
with the split flan, The actual cause of this phenomenon is not
clear and an analysis of pressure-distribution data would be required
1o shown what flow changes detexrmine the stabllity of the section
at the stall.

CONCLUSIONS

Seven thin NACA airfoil sections equipped with double slotted
flaps were tested in the Langley two-dlmensional low-—-turbulence
tunnels, The airfoils tested were the NACA 63-210, 64-208, 64210,
641~212, 65210, 66-210, and 1410 airfoil sections, Each airfoil
wvas tested with a double slotted flap consisting of a 0,25-chord
main flap and a 0.075-chord fore flap, In addition, the NACA 66-210
alrfoil was tested with a 0,100-chord fore flap and the NACA 64-208
airfoil was tested with a 0,056-chord fore flap. The results of
the tests provided the following conclusions:

1. The best fore-flap positions for these airfoils were
generally about l-percent chord forward and 2-percent chord below
the slot lip. * The best flap positions varied considerably. The
deflections for which the highest maximum 1ift coefficients were
measured were about 50° to 559 for the flap and about 25° to 30°
for the fore flap.

2« For the airfoil section with either a split or double slotted
flap, the maximm section 1ift coefficient decreased as the position
of minimum pressure was moved to the rear and as the alrfoil thickness
wag decreased to 0.08 chord,

3. In all cases, the maximum section lift coefficient increased
appreciably as the Reynolds number was increased from 2.4 X 106

to 6.0 x 10° but generally decreased or remained constant as the
Reynolds number was increased from 6.0 X 106 to 9.0 x 106.
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4, Increasing the fore-flap chord provided increases in the
maximum section 11ft coefficients of the NACA 64-208 and the
NACA 66-210 airfoil sections with double slotted flaps. -

5. The addition of. standard roughness to the leading edge of
the airfoils equipped with double slotted flaps (a) caused decrements
in maximum 1ift coefficient that were generally slightly less than
those with flaps retracted, (b) caused a decrease-in the variation
of maximum 1ift cosfficient with position of minimum pressure or
with airfoil thickness, and (¢) caused the stalls to be less abrupt
than those for the airfoil in the smooth condition. :

6. The ratio of increment of section pitchingémoment coefficient
to increment of secitlon llft coafflcient at a sectlon angle of

_&cm
attack of 0° ( > based on the total chord of the airfoil
..00

with the double slotted flap extended was approximately the same
as that obtained for the airfoil with the split flap.

T. An unstable pltching»moment break is encountered at the
stall for each of the airfoils when equipped with the double slotted
flaps and secms,to be peculiar to donble slotted flaps.

Langley Memorlal Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley FLeld, Na. v T
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TABLE 1

ORDINATES FOR NACA 63-210 AIRFOIL

[Stations and ordinates glven
in percent airfoil chord]

NACA RM No. L7B17

TABLE 2
ORDINATES FOR NACA 65-210 AIRFOIL

(Stations and ordinates glven
in percent airfoll chord]

Upper surface Lower surface
Station | Ordinate Statlion | Ordinate
0 0 [ 0
.250 .876 .570 -.776
669 1 1.107 .831 -.967
1.162 | 1.379 1.238 | -1.16
2.338 1.93%9 2.602 | ~1.56
L.886 2.%53 5.11 2,121
7.382 ) 3,372 7 .61 =2.52l
.882 877 10.118 | . -2.8L3
14.890 665 15.110 -3.313,
12.902 5.250 20.098 | =3.64
2h.917 1 5.6L7 25.083 | ~3.897
29.93% 1 5,910 30.067 | -3.966
34,951 1 6.0%0 5.0L9 | ~3.970
.968 1 6.009 0,032 | =-3.867
9851 5.861 L5.015 | 3,671
50.000 | 5.599 50.000 -5.533
55.01 .235 5&.982 -3.0
60.02 .786 59.97 2.6
65.032 | L.26l gli.968 + -2.20l
70.0%6 | 3.68) 69.96L | ~1.7L40
55.038 2,061 73.962 -1.271
0.0%6 |, 2.1k gz.%h ~.822
85.0%0 | 1.761 .970 -l
90.021 | 1.121 ] 82.979 ~.08
95,010 .530 94.990 .102
100.000 100.000
L.E. radiuss 0.770
Slope of radius through L.E.: 0.084

Upper surface Iower surface
Station | Ordinate Station | Ordinate
0 [+} 0 0o

253 819 .365 - 719
. Z 999 Ba2 | -.859
1.1 1.27% 1.331 | -1.059
2.0 1.757 2.592 | =-1.385
1.898 | 2.491 5.102 | =~1.859
7.39L | 3.069 7.606 | -2.221
.85 .ssg 10.106 | ~2.521
1ﬁ.899 3.33 15.101 | ~2.992
19.909 | L.938 20,091 | ~3.3
2,921 | 5.397 25.023 -3 og
29.9%6 | 5.7%2 30.0 ~3,78
34,951 | 5.954 5.049 | -3.89L
968 6.065 0.032 -5.3%3
0'92% §'°55 %g’gég -2'709
50.0 .91 . ER
55.0LL | 5.625 5,.986 | -32.135
80.02 .21 2 .92 =3.075
65.0 Nt .9 2. 632
70,003 | L.128 63.957 -2.184
g5.0h 3.4&9 7 .952 -1.689
0.0 2,783 2.95 ~1.191
85.0 2.02; .862 -.711
90.028 | 1.3 9.972 -.29%
95,01 622 9l;.986 .010
100.000] © 100.000 o .
L.E. radiuss 0.687
Slope of rsdius through L.E.: 0.08L

TABIE 3

ORDINATES FOR NACA 66-210 AIRFOIL

[Stations and ordinates given
in percent airfoil chord]

TABLE L

ORDINATES FOR NACA 1410 AIRFOIL

@tations and ordinates giyven
in percent airfoll chord)

Upper surface Lower surface
Station | Ordinate Station | Ordinate
0 0 0 0
1.173 1.639 1.326 | =1.515
2. 90 2.29; 2.603 -g.gg
. .1 1 -
$38 | 38 s | 55
.821; L.338 10,146 | -3.462
12.8 1l 5.062 15,139 -E.
19.880 5.831 20,120 | -L.031
2l.907 | 5.809 25,093 | -L.091
29.937 5.3&0 0.06% | -4.06
0.000 ] §. gé 0.000 | -3.83
50.025 <385 h9-97§ =3.43
60.042 692 59.9 -2,91L
0.051 1} 3.80L 69.959 1 -2.304
0.0 2.741 59.051 -1.629
90.03 1.51% ﬁ’%é -.901
95.021 832 9L.979 -.512
100.000 .105 100.000 -.105
L.E, redius; 1.10
Slope of radlus through L.E.: 0.05

Upper surface Lower surface
Station |OQrdinate Station { Ordinate
° 36 806 0 6L o 6
. .80 . -.70
679 .980 821 -.guo
1.171{ 1.245 1. 323 ~1,031
2412 ] 1.699 2.58 «1.3%27
Lh.g902 | 2.),01 5.008 | -1.769
7.393 2.?58 7.601 ) -2.110
.89 132 10.102 -2.389
11.903 202 15.09g -2.856
19.912 | L.796 20,08 ~3.20)
2l.92) 5.255 25,076 | - 267
: 22.957 5.60 30. O g ~2.66l;
31,952 2.862 5.0l =3.802
Zz.968 .02l 0.0%2 | -3.882
98L | 6.09 15.016 | 3 .go
50.000 6.02 50,000 | -3.B6
95.016 | 5.960 54984 | -3.770
60.030 | 5.7%6 59.970 | =3.59L
"}3'851 2.352 2 .958 -3.37_2
. N . -2.81
75.056 h.07§ 7231& -2.28%
80,055 1 3.289 g Oh5 1 -1,697
85.0049 | 2,445 9511 -1,099
90.037 | 1,570 82.963 =536
1 95.019 el 91,981 -.092
100.000} 0O 100.000 0
L.E. radius: 0.662
Slope of radius through L.E.: 0.084

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Airfoll chord line -

M

NACA RM No. L7B17

Flap chord line -/ a

TABLE 8
FLAP ORDINATES FOR 63-210 AIRFOIL

Etations and ordinates glven from flap
chord 1line in percent airfoll chord]

TABIE 9

FLAP ORDINATES FOR 65-210 ATRFOIL

{Stations and ordinates glven from flap
chord line in percent airfoil chord)

Upper surface Lower surface
Station | Ordinate Station | Ordihate
0 0 0 ¢}
.25 Py .25 =35
.50 .9 .50 -.20
1.00 1. 1.00 -.68
2.00 1.60 2.00 ~-.83
.00 1.58 2.50 -.83
.00 1.88 3.00 -.79
5.00 1.95 6.00 =.56
6.00 1.99 9.00 -.35
.00 1.93 12.00 -
.00 1.9 15.00 .01
9.00 132 18.00 W11
10.00 1. 21.00 .16
12.00 1.62 2l.00 .06
15.00 1.21 25.00
18.00 .82
21.00 A7
2,00 .12
25.00

Upper surface Lower surface
Station | Ordinate Station | Ordinate
.28 .92 .28 =1
.56 1.19 .56 b2
1.12 1.36 1.2 -.88
1.69 1.83 1.63 -1.00
2.22 122 2.l -1.0
2.58 2. 598 -.8
+50 2,33 7.8 -.6%
5.61 2.38 9.98 -
7.00 2.0 12.48 -27
9.00 2.35 14.98 -.12
11.00 2.16 17. 01
12,51 1.91 19.99 .10
15.01 1.50 22,59 a2
17.51 1.10 25.00 0
20.00 .71
22.50 .
25.00

L.E. radius: 0.562

L.EJ radius center: 0.201 above flap
chord line

Dimension a: 0,200

L.E. radiuss 0.800

L.E, radius center: 0.240 above flap
chord 1line

Dimension &z 0.400

TABLE 10

FLAP ORDINATES FOR 66-210 AIRFOIL

[Stations and ordinates given fraom flap
chord line in percent airfoil chord]

TABLE 11
FLAP ORDINATES FOR 1410 AIRFOIL

[Stations and ordinates given from flap
chord line in percent airfoll chorg

Upper surface Lower surface
Station { Ordinate Station | Ordinate
[¢] ¢} 3} 0
+25 1.09 25 -.50
.50 1. .50 -
1.30 1%2 1.80 -1.32
2,00 2.30 2.00 -1,27
.00 2.6 2.50 -1.30
.00 2.8)3 3,00 -1.26
.00 2.95 6.00 -.9
.00 3.00 9.00 72
.00 2,02 12.00 -
.00 2.00 15,00 -.21
9.00 2.32; 18,00 -.02
10,00 2.85 21.00 .06
12.00 2.go 2,00 .0
13.00 1.85 25,00 0
18,00 1.25
21.00 71
2,00 .18
25.00

Upper surface Lower surface
Station | Ordinate Station | Ordinate
o] [¢] 0
.25 .8 .25 -.38
50 l.é 50 -.02
1.00 Lokt 1.00 -.92
2.00 1.93 2.00 ~1.1l
.00 2.20 2.50 -1.15
.00 2.3%6 3.00 -1.1%
.00 2.8 .00 -1.01
.00 2.55 9.00 -
.00 2.58 12.00 -.Z’{
.00 2.5 15.00 -ob3%
9.00 2.56 18.00 -7
10.00 2,50 21.00 -.30
12.00 2.27 21,00 -4l
15.00 1.81 25.00 -.11
18.00 l.g}
21.00 .80
24.00 .28
25.00 11

L.E. radius: 1.207

L.E. radlus center: 0.295 about flep
chord line

Dimension as 0.752

L.E. raediuss ~0.831

L.E. radius center: 0.249 above flap
chord line

Dimension a: G,T700

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Fig. 2 NACA RM No. L7B17

.8110c l
Flap
chord 1ine

Alrfolil chord line —\

\ - TN
.250::-———**

TT5¢

(a) Airfoil with flap.
e

Fore flap ¥
chord lineh>\\ . '/\ Y1 Flap chord line {retracted)

Airfoil chord line —
%’

(b) Varisbles used to define flap configuratlons.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure .2 .- Typical airfoll and flap configuration.



NACA RM No. L7B17 Fig. 3
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Flgure 3 .~ Profiles of the three fore flaps tésted'
- in combination with 0.250c slotted flaps.
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Fig. ba

NACA RM No. L7B17

NACA ©3-210
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Fig. 5b NACA RM No. L7B17

NACA 63-210

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Continued.

~
AN
TN B
1]
AN, 2
° (\: T N
. 1 i /'/ i ;é -
/ u,'/,«%r g/o / 3 IM 0
as = > S8
= = Y
o - ol F12Y .::f U\\o
1 rad <2

&) Optimun position




NACA RM No. L7B17 Fig. 6¢

NACA 63-210
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Fig. 6

NACA 63-2I10
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NACA 63-2I10

NACA RM No. L7B17
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Fig. 9a

NACA RM No. L7B17
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Fig. 9b NACA RM No. L7B17
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Fig. 9d NACA RM No. L7B17
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NACA RM No. L7B17 Fig. 9e
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Fig. 10
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NACA RM No. L7B17 . Fig. 12
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Fig. 14b NACA RM No. L7B17
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Fig. 24c NACA RM No. L7B17
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Fig. 28c NACA RM No. L7B17
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