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SUMMARY

. An investigation was made to determine optimum double—slotted—
flap configurations for seven thin NACA airfoll sections. The airfolls
tested were the NACA 63210, 64—208, 64210, 6hI-212, 65—210, 66~210,

and 1410 airfoil sections., ZEach of the airfoll sections tested was
equipped with a main flap of 0,250 chord and a fore flap of 0.075 chord.
In addition, the NACA 66~210 and the NACA 64~208 airfoil sections were

also tested with a 0,100-chord and a 0,056—chord fore flap, respectively.

Lift measurements were msde at a Reynolds number of 2.,k X 106 to obtain
the configuration giving the highest maximum section 1ift coefficlent
(i1deal position) for each of the airfoll sections tested. The 1lift
characterlistice were measured for Reynolds numbers up to 9.0 X 10° in

order to obtain an indication of the scale effects, The sectlon pitchiﬁg—

moment characteristics and the effect of leading-edge roughness on the

1ift characteristics were asured for each of the airfoil sections at a
Reynolds number of 6.0 X 10° for a double-slotted—flap position close to

the ideal which also allowed the double slotted flap to be retracted as
a unit into the wing contour (optimum).

The optimm fore~flap positions were genmerally found to be about
1 percent chord forward and about 2 percent chord below the slot 1lip.
The optimum flap positions varied considerably, The deflections for
which the highest maximum 1ift coefficlents were measured were about
50° to 55° for the flap and about 25° to 30° for the fore flap, _ __

The maximum section 1lift coefficient of the airfoll section with
either a2 split or double slotted flap decreased as the position of
mimimim oressure was moved to the rear or as the alrfoll thickness was
decreased to 0.08 chord. 1In all cases, the maximum section 1lift
coefficient increased as the Reynolds number was incressed from
2,b x 1 to 6,0 X 106 but generally decreasedogr remalned constant as
the Reynolds number wage Iincreased from 6.0 x1 to 9.0 x 10°,
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Increasing the fore—flap chord provided increases In the maximum section
1ift coefficients of both the NACA 64—208 and the NACA 66-210 airfoil
gections with double slotted flaps. The addition of standard roughness
to the leading edges of the airfolls equipped with double slotted fleps
generally decreased the maximum section 1ift coefficients by amounts
slightly less than those obtained with the flape retracted, decreased
the varistion of the maximum section 1ift coefficient with position of
minimun pressure and with airfoil thickness, and caused the stallsto be
less abrupt than those for the smooth condition. The ratio of increment
of section pitching-moment coefficient to increment of section 1irft

. Y
coefficient at a section angle of attack of O 773? based on the
« =0°
(o]

total chord of the airfoil with the double slotted flap extended was
aprroximately the same as that obtained for the alrfoil with the split
flap., An unstable pltching-moment break was encountered at the stall
for each of the airfoils when equipped with the double slotted flaps and
seemed to be pecullar to double slotted flaps.

INTRODUCTION

The use of thin wing sectlons to increase the criticel speeds of
high-speed, highly losded airplanes hae been accompanied by the need for
sultable high-1lift devices to be used for tske—off and landing. An
investigation was made in the Iangley two-dimensional low-turbulence
tumels to determine high-1ift 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 reference 1, covers
the teats of four types of flap for the NACA 65-210 airfoil section. The
double slotted flap, discussed in reference 1, gave maximum 11ft coef—
ficients higher than any one of the three single slotted flaps tested.

The second vart of this investigation, reported hereln, covers the tests
of similar docuble—slotted—flap configurations for six other thin NACA
airfoll sections. Data from reference 1 on the NACA 65-210 airfoil
section with a double slotted flap are included to complete the comperison
of the results obtalned.

The seven thin NACA airfoil sections tested with double slotted
flaps in the Lengley two—~dimensional low-turbulence tunmels are as
follows: NACA 63-210, 64-208, 64-210, 64,-212, 65-210, 66-210, and 1410
alrfoll sections, Profiles of the plaln airfoll sections are shown in
figure 1.

The ideal max 1ift configurations were determined at & Reynolds
number of 2.4 X 10° for each of the double slotted flaps which consisted
of a 0,250-chord main flap and a 0,075—chord fore flap. The section
1ift and pitching-moment characteristics were then measured at higher
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Reynolds numbers up to 9,0 X 106 for configurations that not only epproxi-—
mated the ldeal meximum 1ift configurations but that also allowed the

flap and fore flap to retract as a unlt within the airfoil contour. The
effects of leading—edge roughness on the section 1ift characteristics
wvere determined at a Reynolds number of 6,0 X 109,

Date 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 comparliscon between the effects of the two types of flap.

SYMBOLS
ag section angle of attack, degrees -
c alrfoil chord with flap retracted .
c1 gection 1ift coefficient
C1 maximum section 11ift coefficient
max . -~
Cm section pltchling-moment coefficlent about quartar-—chord
c/b point '
Gf flap deflection (see fig. 2)
5ff foré—fla.p deflection, measured between fore—flap
chord line and airfoll chord lins, degrees
x/c distence along airfoil chord line, fraction of chard
t/c airfoil thickness, fraction of chord
X1s ¥q horizontal and vertical positions, respectively, of the
fore—flap reference point measured fram trailing edge
of slot lip in percent chord (x positive forward and
¥ positive down)(fig. 2) -
x2’ o horizontal and vertical positions, respectively, of flap o

reference point measured from tralling edge of fore _
flap in percent chord (x positive forwerd end y positive
down) (fig. 2)

R Reynolds number
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Increment of section 1lift coefficilent

&

JAY . increment of section pitchi‘ng—moanent coefflcient
MODELS

Each of the models tested had e chord of 24 inches and completely
spanned 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
with double slotted flap, including the essential dimensiocus, is shown
in Tigure 2. Ordinates for the plain ailrfoil sections are given in
tables 1 to 7.

Each of the maln flaps was of 0,250 chord and was obtained by
scaling the ordinates of the main flap tested on the NACA 65-210 airfoil
section (reference 1) in proportion to the airfoil thickness at each
station along the chord. Ordinates of the flaps tested are given in
tables 8 to 14, Each of the flaps was tested in combination with the
0.075¢c fore flap used in reference 1. 1In eddition, the NACA 64-208
airfoil was tested with a 0,056¢c fore flap end the NACA 66-210 airfoil
was tested with a 0.100c fore flap. Sketches of the three fore flaps
are presented as figure 3, and thelr ardinates are given in tables 15 to
17. The flaps and fore flaps were attached to the main perts of the
models at the ends in such a manner that they could be set at any desired
positions and deflections, The flap and fore—~flap positions 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 was sanded
with No., 400 carborundum paper to produce aerodynemically smooth surfaces.
For tests of the airfoll with leading-edge roughness, the surfaces were
the seme as for the smooth condition except that 0,0ll-inch carborundum
greins were applied over z swurface length of 0,16 chord centered at the
chord line, This leading-edge—roughness condition cdrresponds to the
standard roughness described in reference 2.

APPARATUS AND TESTS

The investigatlion was made in the Langley two-dimensional low—
turbulence tumnel and the lengley two-dimensicnsl low-turbulence pressure
tunnel,
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Section 1ift characteristice were obteined from static-pressure
measurements slong the floor and celling of the tunnel test section,
and section pltching—moment characteristics were determined from
deflections of a torque tube, Detalls of the test methods and the
methods used in correcting the data to free—air conditions are given
in reference 2.

Lift measurements were made at 2 Reynolds number of 2.k X ]_O6
the Langley two-dimensional low-turbulence tunnel to obtaln the ideal
configurations. The ldeal configurations (those giving the highest
maximum 1ift coefficients) were determined by first determining the
ideal position of the flap relative to the fore flap for several combi-—
nations of flap and fore~flap deflections. The configuration giving the
highest meximum 1ift was, 1f necessary, altered slightly to allow the
flap and fore flap to be retracted &s a unit within the wing contour.
With the position of the flap thus fixed relative to the fore flap, 1ift
meesurements were made to obtaln the best position of the flap and fore—
flap combinstion. This resulting position is called the optimum position.
The optimum positions developed in the Lengley two-dimensional low—
turbulence tunnel at each of several deflections were then tested in the
Langley two—dimensjonsal low-turbulence pressure tunnel at a Reynolds
mumber of 6,0 X 1 For the configuration giv the highest maximum
1ift coefficient at a Reynolds number of 6.0 X 10°, pitching—moment
cheracteristics and the effect of leading-edge roughness cn the 1lift
characteristics were also determined at a Reynolds mumber of 6,0 X 106,
and the 1lift cheracteristics were determined at Reynolds numbers of

3.0 X 100 and 9,0 X 105, The maximm free—stream Mech number attained
during any of these tests was less then 0,18,

PRESENTATION OF RESULTS

The data obtalned for the a%rfoil section with a double slotted flap
at a Reynolds number of 2.1 X 10° are presented as contours of maximum
1ift coefficient for various flap and fore—flep positions. These data
indicate the maximum section 1ift coefficient that masy be obtained for a
given flap position and deflection, or the loss in meximum sectlon 1ift
coefficient that may result if flap positions other than the ideal are
selected.

The 1ift cherscteristics at-a Reynolds number of 6.0 X 106 are
presented for several of the more promising double—slotted—flap configu—
rations for each airfoil section, The section pitching-moment charac—
teristics for the smooth condition and elso the 1ift characteristics
for the condition with leeding-edge roughness are presented for the
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configuration hav:égg the highest maximm 1ift coefficient at a Reynolds
number of 6,0 X 100, Additionsl data are presented showing the 1ift

end plitching~-moment characteristics of the plain eirfoil section at
geveral Reynolde numbers and the 1ift pltohing-moment character—
istics at & Reynolds number of 6,0 X 10° far the airfoll section with a
0.,20-chord eplit flap deflected 60°, The date for the plain alrfoil
section and the airfoll with a split flap were obtalned from reference 2,
In some cases, data far the elrfoll section with e split flap were
avellable for several additional Reynolds mumbers end are also included,

The figures in which the data are presented for each of the airfoil
sections tested are listed in the following table:

N
S |1 8|13 3 .Z-a o | &
NACA airfoil section i ; ; by N, 3| 1A
& & I <)
Datea Figure
Plain sirfoil and 4 8 13 | 19§ 20 |27 | 31
split flaps
Contours of flap 5 9 b |17 ] 21 | 28 | 32
position for ¢, b2}
max
Contours of fore—flap 6 | 10 [15 [ 18} .22 |29 | 33
position for cz b25
max
Characteristics for 7 1 {16 |19 23 |30 | 3k
optimm configura— a1 bog
tion

20.056¢ fore flep,
90,100c fore flap.
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DISCUSSION

Mexlmum IAfE

Effect of flep and fore—flap positlon.~ The variation of the section

1ift characteristics of the flapped ailrfoil section as the flap position

varies 1s primarily e result of changes in the slot shapes. A secondary
effect, resulting from the change in airfoll chord as the flap is moved
chordwise, also exists; but within the range of positions for these tests,

this effect is small, The ideal confignrations are therefore the ones '

for which the best slot shepes are formed at the flap and fore—flap

leading edges, The data showvn on the contours of flap and fore—flap

position indicate that the ideal flasp end fore~flap conflguration for

meximum 1lift is one that forms converging nozzles and directs the air

flow downward over both the flap and fore flap, e

For most of the ideal ccnfigurations with the 0,075¢ fore flap, the
fore flap was located epproximstely 1 percent chord forward of the slot
lip aitd aspproximately 2 percent chord below the slot 1ip, TFor the _
NACA 63-210 airfoll section, however, (fig. 6) the ideal fore~flap position
was approximately 1 percent chord ferther forward than the average.
Although the best vosition of the fore flap for the NACA 6&1-212 airfoil

is actuslly behind the slot lip (fig. 33), little difference exigts between
the maximum 1ift coefficients obtalned at the ldeal position and at the
poglition ccrresponding to the average of the others. The flap positions
for the ideal configurations varied considerably for each of the airfoil
and flap combinations tested, as would protably be expected inasmuch as
each airfoll section was tested with the flep designed for that alrfoill.

An indication of the ideal double~slotted—Tlap configurations for air—
folls and flaps similar to thome tested in this investigation may be
obtained from the contours of flap position. These configurations, how—
ever, should not be applied to airfoil—flap combinations having shapes
radically different fram those tested. In additlon, an indication of the
loss in maximum section 1ift coefficient which may be caused by structural
deflections of the flap or by comstructlion errors may be obtained {rom

the contours., For example, in the case of the NACA 63~210 airfoil section
(fige. 5(a)), a departure of 0.0lc from the ideal flapr position can
decrease the maximum section 1lift coefficient by as much as 0,3, For
most of the optimum configurations, the flap deflection was 50° ar 55°

end the fore—flap deflection was 25° or 30°, although little difference
existed in the maximm 1ift coefficients measured for these deflections.
Increasing the deflection of the fore—flap aids both in forming a
converging slot and in directing the air flow dcwnward over the flar.

A 1imit is reached 1n these effects, however, when the fore—flap deflection
becomes high encugh to cause the flow over the upper surface of the fare
flap 1tself to separate., The use of the optimum flap positions rather

then the 1deal positions in the tests which followed generally resulted in a
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decrease in maximum 1lift coeffilclent of less than 0.1.

Effect of fore—flap chord .~ The data presented in figures 23
end 26 show that Incressing the fore—flap choard from 0.075¢ to 0,100c
increased the maximum section 1lift coefficient of the NACA 66-210 6
alrfoil section by approximately 0,1 at a Reynolds mumber of 6,0 X 10°,
A comparison of the date presented in flgures 11 and 12 indicates that
decreasing the fore—flep chord from 0.075¢ to 0,056¢ results in a slight
decrease in the meximm section 1ift coefficient of the NACA 6L-208 air-
foil section wlth a double glotted flap. The data presented in reference 3
also show that increasing the fore—~flap chord mey be beneficlal in
increasing the maximum sectlon 1ift coefficlent, The Iincrease in maximm
section 1ift coefficient obtained by the use of larger fore flaps may be
attributed to a combination of the increased area of the lifting surface
and better slot shapes.

Effect of position of minimum pressure.— The veriation of cl
max
with the position of minimum pressure for several NACA 6-series airfoills
of 10-percent thickness is presented in figure 35 for a Reynolde number

of 6.0 x 10°, Data presented in reference 2 indicate that for airfoil
sections of thicknesses less than about 0.12c, ths stall usually begins

at the leadling edge, Since the lsading-edge radil 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 maxinum

1ift coefficient with rearward movement of the position of minimum
pressure, shown in figure 35, is therefore probably caused principally

by the decrease in leading—edge radius, For thicker airfoil sectlons,
where the stall begina over some rear part of the alrfoll instead of near
the leading edge, the decrease In the leadlng-edge radius with rearward
movement of the position of minimum pressure 1s expected to have a

smaller effect on the maximum section 1ift coefficient., The increment in
gection 1ift coefficlent caused by the addition of the double slotved flap
to the NACA 6-gseries plaln alrfoil section having a maximum thickness of
10 percent chord remsined substantially constant (approx. l.4) over the
range of minlmum pressure positions tested.

Effect of airfoil thickness.,~ The varletion of meximum 1ift coef-
ficent with alrfoll thickness for the three HACA 6li-series airfoils tested
ig shown in figure 35. The dabta in figure 35 show that for airfoll
thicknesses between 0,12¢ and 0,08¢ the maximum 1ift coefficients of the
plain alrfolils and the airfoils with both split and double slotted flaps
decrease as the airfoll thickness is decreased, although not all in the
seme manner. The Incvement of maximum lift coefficlent caused by the
double slotted flap decreases at a nearly constant rate as the thickness
i1s decreased, whille the Increment in meximum 11ift coefficient caused by
the split flap decreases as the thickness 1s decreased from 0.12¢ to 0,10c
and then Increases again as the thickneegs 1ls Further decreased to 0.08c.
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Data in reference 2 have shown that the maximum 1ift coefflclents
of most airfoil sections decrease as the airfoll thickness is increased
above sbout 0,12¢ although the maximm lifts of these same airfoils
vhen equipped with split flaps contimue to increase up to a thickness
as high as 0,16c or 0,18¢c. Previous scattered data have shown that the
meximm 1ift coefficients of alrfoil sections equipped with double
slotted flaps follow the &eme general tremd. The date In figure 35
extend these previous results down to a thickness of 0.08¢,

The maximum 1ift coefficlent of the NACA 1410 airfoill, also shown
in Pigure 35, ls approximately the same as the maximum 1ift coefficlent
for the NACA 6141—212 airfoll section.

Reynolds number effect.— The variation of maximum section 11ft
coefficlent with Reynolds rmumber 1s shown in6figure 36. all casges,

increasing the Reynolds number from 2.4 X 10° to 6.0 X 10° ‘resulted

in lerge increases in the maximum section 1ift coefficients. Increasing
the Reynolds number from 6,0 X 105 t0 9.0 x 106, however, caused slight
decreasea or no change in the meximum 1ift coefficients of each of the
airfoll sections with double slotted flap except the NACA 64—210 section.
Figure 11 indicates that the NACA 64—208 section followed the same trend
as the NACA 64-210 section, '

An explanation of scele effect on the maximum 1ift of alrfoil sections
is given in reference L4, and this explanstion is usually applicable to
airfoils with flaps., Verilations of the lift with Reynolds number are
generally apparent only in regions of incipient stall (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 part
of the lift curve (low engles of attack)., This decrease in 1ift coef-
ficient is probably caused by changes in the flow conditions through the
slots as the Reynolds mumber is varied. Therefore, & new ideal configu-
ration could probably be developed at higher Reynolds numbers, and
slightly higher meximum lifts might be obtained.

Effect of flap on angle of attack for meximm 1lift.- A comparison of

the data for the plain airfoil sections and that for the airfoils with
flaps deflected shows that the stall occurs at a considerably lower angle
of sttack when the Pflap is deflected. The deflection of & tralling-edge
flep causes an incremental load distribution which consists of an
incremental basic load distribution and an incremental additional load
distribution. (See reference 5.) The decrease in the angle of attack
ot which the stall occurs is attributed to the fact that the additional
loasd, which comprises & 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 =~
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at a lower angle of attack. ‘ a

Effect of leeding—edge roughness.~— The addition of standard roughness
to the leading edge of the airfoll decreased the meximum 1ift coef-—
ficients of all the airfoll configurations in such & way that only =a
slight varietion of maximum 1ift coefficient with position of minimum
pressure occurred. (See fig. 35.)

The meximum 1ift coefficients of the plein airfoil and the airfoil
with either of the flaps in the rough condition, increased as the air—
foil thickmessg was increased but not so rapidly as in the smooth con—
ditlon. For the airfoil with elther a split or a double slotted flap,
the decrement in maximum section 1ift coefficient caused by leading-
edge roughness was less than that obtained for the plain airfoil section
with the exception of the NACA 1410 and the NACA 6h1-212 alrfoils 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 indlicates that for thin
airfoll sections, leading-edge roughness tends to give a less abrupt
stall than that obtained for the smooth condition. This change in the
type of stall can be attributed to the menner in which the stall occurs,
For a smooth thin airfoll section, ihe stall first occurs Iin the vicinity
-of the leading edge; whereas with leading-edge roughness the stall occurs
over some rear part of the airfoll and progresses forward,

Pitching Moments &

Glauert has shown in reference 6 that for plain trailing-edge hinged
flaps, the incremental pitching moment caused by the deflection of a
flap is a linear function of the Incremental 1i1ft coefficient., The
rather meager data in figure 37 show that this linear relation is
probably also Q?ue for airfolls with split or double mlotted flaps, IT

c Ac L
the ratio(\EE? o is calculated on the basis of the total chord of
0o=0

the model with the double slotted flap extended, reasonably good agreement
is shown for the double slotted flap and the split flap on these alrfoil
gections. The total chord with the flap extended is equal to the sum of
the flap chord and the distance from the airfoil leading edge to the flap
leading edge.

For each of these alrfoil sectlions equipped with the double slotted
flap, an unstable break in the pitching-moment curve (decrease in
negative pitching moment) occurs at the stall. This unstable bresk seems
to be peculiar to the double slotted flaps since it occurs in no case for
the plain airfoll or for the asirfoll with the split flap. The actual
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cauge of thie phenomenon l1s not clear and an analysis of pressure—
distribution data would be required to shown what flow changes determine
the stabllity of the mection at the stall.

CONCLUSIONS

Seven thin NACA airfoil sections — the NACA 63-210, 64-208, 64210,
64,~212, 65~210, 66-210, and 1L10 airfoil sections — equipped with

double slotted flaps were tested. ZEach airfoil was tested with a R
double slotted flap consisting of & 0.250-chord main flap and 0.075-
chord fore flap. In addition, the NACA 66210 airfoil wae tested with a
0.100-chord fore flap and the NACA 64—208 airfoll was tested with a
0.056—chord fore flap. The results of the tests provided the following
conclusionss$

l. The optimum fore—flap positions for these airfolls were generally
about 1 percent chord forward and 2 percent chord below the slot lip.
The optimum flap positions varied considersbly. The deflections for
which the highest maximim 1ift coefficients orere measured were about
50 to 55 Tfor the flap and about 25 to 30 for the fore flep,

2, For the airfoll section with either a spllit or double slotted
flap, the meximum section 1lift coefficient decreased as the position
of minimum pressure was moved to the resr and as the airfoll thickness
was decreased to 0,08 chord,

3. In &1l cases, the maximum section 1ift coefficient increased

apprecigbly as the Reynolds number was increased from 2.4 x 106 to
6.0 x 10° but generally decreased slightly or remained constant as the
Reynolds number was increased from 6.0 X 106 to 9,0 x 10°,

i, Increasing the fore—flap chord provided increases in the maximum
section 1ift coefficients of the NACA 64208 and the NACA 66-210 airfoil
sections with double slotted flaps.,

5. The additicn of standard roughness to the leading edges of
the airfoils equipped with double slotted flaps caused decrements in
maximim 1ift coefficlent that were generally slightly less than those
with flaps retracted, caused a decrease In the variation of maximum lift
cosfflcient with position of minimum pressure and with airfoil thickness, o
and caused the stalls to be less abrupt than those for the alrfoil in the
smooth condition.
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6, The ratio of Increment of section pitching-moment coefficlent
to Increment of section 1lift coefficlent at a section angle of attack

w!

o
of 0° (ch) based on the total chord of the airfoll with the
Ny ]

_a°
a.o-o

double slotted flap extended wes approximately the same as that obtained
for the alrfoil with the split flap.

T. An unstable pltching-moment break is encountered at the stall
for each of the airfolls when equipped with the double slotted flaps
and seeme to be. peculiar to double slotted flaps.

Tangley Memorial Aeronautical Iaboratory
National Advisory Committee for Aeronautics
Langley Field, Va. November 5, 1947,
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TABIE 1

ORDINATES FOR NACA 63-210 AIRFOIL

[Stations and ordinates glven
in percent airfoll chord]

TABLE 2
ORDINATES FOR NACA 65-210 AIRFOIL

tetions and ordinates n
& in percent alrfoll c:]:xcsgj'rij°

Upper surface Lower surface
B8tatlon | Ordinate Station | Ordinate
° 876 ° 2 s'
:228 1.107 Ll Y44
1.162 | 1.379 Jz.zgg jé}
ﬁlggg 31922 5.1l | -2.
7.382 3.372 7.61 -2.321;
882 877 10,118 | -2.843
1?;.890 3.665 15.110 | =3.31
%Z.goz g.aho 20.0 =3.6
917 647 25,083 | -3.8 z
22.935 2'810 Eo.oé? =3.9
34.951 -030 5.0L9 -3-3‘20
968 | 6.009 0.032 | -3.867
Eﬁ.gs 3.861 45.015 | =3.671
2k I I
N e
20081 So | side| miuR
43:082 | 3.4k g 96l | -.822
o) 1 g;z;g s
183:080 | 0°7%° 186389 | o
L.B. radius; 0.770
Slops of radius through L.B.s 0.08L

Upper surface Lower surface
Station | Ordinate 8tation | Ordinate
<] 3] 81 ¢ o 5
kIR
g:b‘gs ENi £:305 | T1i8ss
.391; 3.069 7.606 | -2.221
890 .55 10.106 | -2.521
12.899 %353 15,101 -2.922
%2.909 .938 20.091 | -3.3L6
921 .39; 25.32 -gggé
29.936 . 30. =3,
i) N
Talom | B g
gg:g:é% 52% glﬁ;ﬁges -i:" %
: ; : -
SR EE | 49 29
&2: 2#&’2 z 3%2 c1l19
83.0 2.02; 3 2 —.Zn
dooh | 122 9 952 gt
183 :016% o 100.000] o
L.B. radiuss 0.687
_ 8lope of radius through L.E.s 0.084

TABLE 3
OFDINATES FOR NACA 66-210 AIRFOIL

[Stations and ordinates given
in percent afirfoll chord]

Upper surface Lower surface

TABLE L

ORDINATES FOR WACA 1410 AIRPOIL

[Btations and ordinates giyen
in percent airfoil che

Station | Ordinate 8tation | Ordinate

J36 .806 .56) -.706
1'1%? 1'218;.(5) 1.32 :T.’o%g
2012 | 1.699 2:583 -1.327
L.902 | 2.401 5.098 | -1.769
7.393 2.z58 2.60L | -2.110

.89 432 210.102 | -2.

.903 .202 15, -2, 52
19.912 h.zss 20. -3.204
2L.92L | 5. gg 25.076 | - .éls

2 .93; 5.6 30. -3.66
3.9 862 5.0l -3.802
zz.ga .831; g.g g -;.832
- 82000 | £:075 “000 | 3:828
5.016 | 5.960 984 | =5.770
0.030 [ 5.736 2 970 | -3.594
gg.g 2 Z.;sz é .938 -g.gzz
- o) bl dk) e
85.009 | 2.445 329 1 -1.0%
90,037 | 1.570 89.963 =55
95.019 .24 94.981 -.092
100.000| © 100.000 0

Upper surface Lower surface
Station | Ordinate S8tation |Ordinate
0 [ 0 0
1,17 1.639 1.326 { =1.51
2.3 2.2§ 2. og -_g.o
158 | 2 142 | S5
.821; .3 10.146 -3.%62
881 | 5.062 15.139 | =3.84}
%Z.Bso 5.351 20.120 | -4.031
.907 | 5.809 25.02'5 -4.091
29.937 5.gh0 .063 | -4.0
40,600 | 5. gé 0.000 | =3.83
20-025 -3 2 k9.97 =3.L3
0,042 .69 9.4 -2.91
0.05L | 3.80L 69.9. g -2.3504
0.0 2 2.741 39.9 =1.629
90.03, 1.313 3.9 3 -.901
95.021 832 94.979 -.512
100.000 .105 100.000 -.105

L.E., radilus: 1.10
Slope of radius through L.B.: 0.05

L.E. radius: 0.662
Slope of radius through L.E.: 0.084

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTKS
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TABLE 7

BABLE &

TAELB 5

ORDINATES ¥OR NAOA &4-210 ATRFOIL ORDINATRS FOR HACA 6h;-212 ATRFOIL

ORDINATES FOR Ni0OA £h-208 AIRPOIL

in poroent airfoll chord)

Upper surface

Btations and ordimates given
in pervent airfoll chord]|

[Btetions end ordinates glven

pesroent alrfoil ehord]

Etﬁiuna and ordinates glyen

NACA TN No. 1545

Lower surfaos

Station | Grdiomte

S e R e R

© fainddlq g ddddfgggLd o1 ‘o

.......................
o " TrAdnrgnongnd o datadadoda

Station | Ordinate

° Addscdadtiaiingdesdsass

LuEs redius: 1.0,

ho
Blopa of radiue through L.X.: 0.08L

Lowsr aurfacs
Statlon | Ordinate

------------------------

RO B A A R sk Lrd

-----------------------

SR TE g SR RS Ras
° Adiegiddinsdddfdedideds

Tpper surface
Station | Ordinate

-----------------------

SRR R L NS R

--------------------

o ' lAddeotadtdndnidsens g

Eo@ LBz 0,08}

0

L.E. radiusg
8lops of radius

Lower surface

3tation | Ordinate

LA AR R R R

319

R e AR R R A SRR IrE 28

------------------------

Upper surface

Ordinate

B
:
o
z

8tatian

-------------------------

° ' Addr o iadtRnIR R S fens gg

0
alope of radlum "gnsz?alya L.E.y 0.08)

T.E. radina-

NATIONAL ADVISORY
COMMITTEE FOR AEROMAUTICS
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NACA TN No. 1545

Alrfoll chord line —\

Flap chord line —/ &

TABLE 8
FLAP ORDINATES FOR 63-210 AIRFOIL

Etntiona and ordinates glven from flap
chord line in percent airfoll chor

TABLE 9
FLAP ORDINATES FOR £5-210 AIRFOIL

[Btsations snd ordinates given from flsp
chord line in percent airfoil cho

Upper surface Lower surface

Statlon | Ordinate 8tation | Ordinste
[} - o] " 0
1. 3 56 ok
1. 1.%2 -.88
1.8% % -%.oo
E:.s uigg st
538 L i
g‘.go ]1_zh g :'ﬂ
£3 388 ol
1.9 19.39 .10
1.;0 2219 22
1.10 25.00
711

22.50 341

25.00 0

Upper surface Iower surface
Statlion | Ordinsate Statlion | Ordinate
0 o] 0 o
.25 < .23 --32
180 | 120 R
2.00 1.60 2.00 -83
. 00 1.28 2.50 -.8%
.00 1.88 2.00 -;g
00 1.95 .00 -
<00 1.99 00 - X
3.00 1. g 12.00 -.1%
.00 1. . B.OO .
g.oo 1. % .00 .11
10.00 1. &.00 .1
12.00 1.62 .00 +Q
15.00 1.21 25.00 [+]
.00 82
21.00 17
.00 .12
25,00 o]
L.E. radiuass 0.562
L.E. radius center: 0,201 sbove flap
chord line
Dimension &3 0.200

L.E. radiuss 0.800

L.E. radius center: 0.240 above flup
chord line

Dimension a: 0.400

TABIE 10

FLAP ORDINATES FOR 66-210 AIRFOIL

[Stationa and ordinates given from flep
chord line in percent airfoll chord

TABLE 11
FLAP ORDINATES FOR 1410 AIRFOIL

[Stations and ordinates given from flsp
chord line in percent airfoll ¢

Tpper surface Lower surface
8tation | Ordinate 8tation | Ordinate
v} Q o o
.2 . . -.28
5 1. . -.62
1.00 1. 1. -.22
2,00 1.93 2.00 =1.14
.00 2.22 z.gg «l.1
.00 2. 2. =l.1
2.00 g 6.88 -1.0,
.00 «55 . -
3.00 2..5)_3 1?..00 -.z’{
.00 2. ig.oo =063
9.00 2.56 <00 =07
10.00 2.20 21.00 -,iﬁ
12.00 2.27 zlg.oo -
13.00 1.8 25.00 =11
18.00 1.3‘5
21.00 «80
2l,.00 .28
25.00 .11

Upper aurface Iower surface
Station| Ordinate 8tation | Ordinate
0 0 [°]

2 i.o% .25 ~-.50
1.00 l.; 1.38 -1.32
2.00 2.20 2.00 =1.2'

.00 2. Z 2.80 -1.3

«00 2.8 z 0 -1.26

.00 2,95 .00 -.98

.00 3.00 12.00 -.EZ
3.00 3.02 .00 =146

.00 3.00 15.00 -.21
9.00 2.314. 138.00 -.02
10.00 2.85 21.00 .06

12.00 2. 2,.00 .

13.00 1. g 25.00

18.00 1.2

21.00 <7

2},.00 .18

25.00 0

L.B. radiuss 1.207

L.E. radius center: 0.295 about flap
chord llne

Dimension a3 0.752

L.B. radiuss 0.831 :

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

Dimension as 0,700

" NATIONAL ADVISORY'
COMMITTEE FOR AERONAUTICS
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Airtoilohurﬁlino——\
- _{E; ______
© Flap nhordlj.no—]:j

8T

TABLE 12 ’ MBLE 13 mBLE 1h
FLAP (RDINAYES POR 64-208 AIRPOIL PLAP ORDIKATES FOR 64210 ATRFOIL FLAP ORDINATES FOR Gy -212 AIRPOIL
1
Btations sud ordinates glven from flap taticns snd ordinates glven from £ tations and ordlnates glvan from flap
chord lime in percecnt sirfoll cho ! Echprgni:_ue 1: paruu:t ﬂmu aho thom 1line in percent airfoil qho%
[ Uppar anrface Lower surfage ' Upper surface Lowar surfece Tpper surfoace Lowsr surface
Stetlon| Ormdinete Station | Ordinate| : Station | Ordinate Statlon | Ordinate Btation| Ordinate 8tatlon | (rdinate
0 0 9 Q 0 1] [ 0 0 0
o2 N 2 - 2 . .2 - 2 . 2 -
-5 .73 . -.ﬂ R 1.3‘5. 2 -.5& g§ 1.% .53 -:2‘?:
1.06 1.00 ~.58 1. 1, 1. 88 -,-?3 1. 1. % 1.00 -85 |
2.00 L. 2.00 - 2.00 1_%3 2.00 ) 2.00 1. 2,00 -1.0
i.m 1. 2.50 - .00 1_% 2, =80 00 2. 2.% ~1,0
.00 1.67 2.00 - 00 2,01 s ] .00 2. 2. =l.
E-m 1.;3 .00 e .00 2. - .00 2. .00 "
a0 | 1t g0 | Il ol gD L A w0 | 2.0y g-0g | -
E-m 1. 12.00 - 00 | 2. 19, R E] E.DO Z.t 12.00 -.(3
.00 1. 13.00 o 00 2. zg, 0 .00 E. ig.oo -
g.oo. 1.2& 18.00 W11 B N 18.00 a.gl 00 .
o0 | 3l 21.00 BT it w00 | 2 ~00 ,
A S A ERC g |k zw ) ta | ) o
. . . 0 N 15. . .
doo | T 5. | B0 | I
- . L. !. rediva: 0.620 21,00 .
2k.00 13 L.E, madius osnter: 0.170 aboyve flap .00 -ﬂ
25.00 | @ : chord 2ine : 25.00 | 0
: 0.28
L.E. redivay 0,330 Dimecaton a: 0.23 L.E. Tedlos: 0,870 .
L.E, redins oenter: 0,171 shove flap 1.B, radiua centers 0.250 shove flap
ohon] 1linas . ehord 1
Dimeuslon &5 0,080 ' Dimenslon a3 0.500
NATIONAL ADvisony
COMKITTEE FOR AERORMITICS
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TAEIT 1

i

OL214ATES FOR 0.056-CHORD FORE FIAP

{Stations und ordinates glven from
Lore-flap akor) line_in perocent
alrfoll chord

Tpper Lower

Etution ordinate ordlnate
4] Q 2 [4]

# 5 —
i% iei‘. :.85
5 3 o3
?:%? %:f% i
ﬁ:j :§1 R
5.00 4o 13
5_.&2 15 .05
{.825 Q 0
L.E. radius: 0.90

{on chord 1line

TABIR 16

OFDTAATES FOR 0.075-CHORD FORE FLAP

E‘bltions and ordinases given from
fore-rlup ohord lina _in percent
airfoil chord]

Lowe
Suatlon ogﬁite o;ndln:'te

0 0 0
o2 93 -3
.83 1.31 -1,k
1.2 1.25 -1,20
1.33 1. 2 -l.é.z.
2a 1. -
2.82 1. -
# | vp | o
E.é 1.h3 .18
2.2 1.13 .2
7.8 : Ki
7.50 0 0
L.E. radivs: 1.20

{on chord line)

TABLE 17
ORDINATES FOR 0.100-0HOED FORE FLAP
Etationa and ordinates glvan froa

Tore-flap chord line in psroent
airfoll chor

Upper Lower
Station ordlinate ordinate
0 0 0
.50 1.12 ————
1.00 1.35 e
1.50 1,81 -
£2.00 2,01 ———
2.50 2.1 -1.10
.00 2.21 -.71
00 2.2 —.g
.00 2.1l .
.00 1.9k Ll
.00 1. »5L
.00 1.16 .EE
.00 .62 27
10.00 0 4]
L.E. radius: 1.50
(on ohord 1ipe)

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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NACA TN No. 1545

19

Flap
- " chord 1line
Alrfoll chord line __—::3___ B
\ .250¢
- 775
(a) Alrfoill with flap.
~ = I_
Fore flap _ S~ e
chord line ~ 71 Flep chord line (retracted)
”"_ﬁ\\§>( ] / I
- = < . -
Airfoll chord line qﬁt

—

(b) Variables used to define flap configurations._

Figure .2 .-

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Typical airfoil and flap conflguratlon.
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NACA TN No. 1545

.056(: ‘|

L] l'OOG kil

NATIONAL ADVISORY
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Figure 3 .- Proflles of the three fore flaps tested
in combination with 0.250c slotted flaps.
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Moment coesffleient,

2.
g g
2.0
Iy
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L]
2
~ 1.6 T l.
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] o 3.0 x 106 L - ,
g 1.2 gé:g P Y 1.2
E A Standard rouphness " a i
4 i 6.0 x 106 : &
o 3'— 5 £ 8
2 N 3
E | Fi.
:-E, Ay A
Q
8 1
' \
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o T 'y
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: 03 o 2.0 x 106
o 3.0
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«
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Sectlon angle of astack, g, deg :
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{a) Plaln airfoll, 3
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-16 -8 0 8 16
Bection angle of attask, do, dag

I Gl
(b)' Alrfoll with splis flsp. By = 60,

|
Pigure .~ Seotlon Lift and pltching-monent charsateristlon of the NACA 63-210 airfoll sectlon with and without a Q.20e mplit
Llep.
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0.07% fore {lap; 0.250c flap, R = 2.4 x 106,

(44

012-€9 VOVN
gpGT oN NI VOVN


http://www.abbottaerospace.com/technical-library

;

.
7y
> |
\\)
N

N
N

/

%

:

® Optimmw position

Xp, percent o

.30
h ] \
5
6 5 -4 3 2 1 0 -
Yoo parcent ¢ \ \

(b} 8 =50% 0pp =307
Flgure ¥ ,. Continued.

. . | i Y i | 1 1
TR . L 4 A I TR il [ . i i .

GPST "ON NI VOVN

Olg-€9 VOVN

£3



http://www.abbottaerospace.com/technical-library

24

NATIGNAL ADVISORY
COHMITTEE POR ADRORATICS

F—

o,
L,
N

v
7
|12
=L ]

340 \‘ﬁf/

i
\

o - ~N o
° auadied 3L

® Optimua position

NACA TN No. is45

NACA 63-210 ’

o
- 3
r ¥
g
Pl
-4
-
o
LY o
u
n
.orm
~ kK p)
s &
&


http://www.abbottaerospace.com/technical-library

,1, percent ¢

X), percant o

. . _ |
Plgure 6.- Contowrs of flap and fore-flap position for suximum Lift af the NAGCA 63-210 airfoll sectlon with & doubls slotted
flap; 0.075¢ fare flap; 0.2500 flap. Bp = 50% Oy, = 30° R = 2.l x 106,
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2.8 -

2.4

el

2,0

1.6

1.2

geation lift ccefficient,
e

¢ Y S 0 8 16 -
-Z!f

Saatlon apgle of attaak, a,, 49§

(a) 8pp =25% Op =50°, x =2.30; ¥ = LT8;
xp = 2171 y2 = 1.23.

3.2

2.8

2k

o3

2.0

Seotlon lift oceffiolsnt,
[
-

o]

.8
2
0 9 :
s L. Br 8 X W\ X Yy
& , (dsg) (deg)
. R 2,30 178 217 1.23 |
2 Eljg 5532.5’2 1.92.71.23_
> - ©% 55 2.36 1.69 2.18 1.5
o
g b
o @
L]
g -6 t
g -0~
-
.
-2 -16 -8 a ] 16
Sectlon angle of attask, a,, deg "
() B = 6.0 x 106, COMMITTEE f0R AERORAUTICS

Flgurs T.- Saotlon 1ift and pltahing-mocment charaateriztios of the BACA §3.210 airfoil section with a double zlotted flsp.

0.0T5¢ fore flap; 0.250c flap.
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°3
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-4 -8 [} 8 16
ssctlon angle of atback, «,, deg

(b) Alrfold wish split flap; 8 = 60°,

Pigure 8 .~ Sectlon 1iry and pltching-moment ohanscteristlos of the NACA G4=208 sirfoil peotion with and without n

0.200 split
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NACA TN No. 1545 71

NACA 64,-212
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Pigure 33.- Gontours of flap and fore~flap position for maxlmua 1ift of the NADA E4y-212 airfoll seotlon with a double slobted

flap; 0.0750 fors flap; 0.250c flap.

br = 5‘003 urr = ZS“; R = E.h x 106.
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Plgure 3L,- Seotion 1ift and pitohing-moment characteristica of the NACA 61;1-3.2 alrfoil ssction with a double slotted flap; (V]

0,075a fore flap; 0.2500 flap.
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Figars 95.= Yariation of maximos asstion 1ift coeffiolent with position of minimum pressure and maximwm thickmess for aame

MACA S-saries alrfoll sections cambered for ideal 11t sceffiolents of 0.2.
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