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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

- TECHNICAL NOTE NO, 1463

INVESTIGATION OF NACA. 65(112)1-\111 {APPROX. )
AIRFOIL WITH O,35-CHORD SLOITED FLAP AT
REYNOLDS NUMBERS UP TO 25 MILLION

By Stanley F, Raclsez
SUMMARY

An investigation has been made in the Langley two~dimensional
low-turbulence tunnel and the TLangley two~dimensional - low~turbulence
pressure tunnel to determine the highest maximum 1Ift conflguratlons
(1deal configurations) of & 0.35-chord slotted flap on an )
NACA 65'(119)Alll (epprox.) airfoil section., The scale effects on

the aerodynamic charagteristice were determined for Reynolds numbers
ranging from 2,4 X 109 so approximstely 25.0 X 10V.

Increasing the Reynolds number from 2.4 X 10% to 9.0 X 106
decveased the flap deflection for highest maxlimum 1ift from 45°
to 40° and 35° (deflections of 40° and 35° gave same maxlimum 1lift).
Increasing the Reynolds number caused the flap position for highest
maximum 1lift to move upward epproximately 1 percent of the eslrfoil
chord for flap deflections of 35° and 40° and alsgo rearward for a
flap deflection of 35°, The flap configuration with the center of the
flap leading-edge radius located 1,98 percent chord behind and
3.21 percent chord below the slot lip at a flap deflection of 35° was
- the optimum configuration., A maximum increase of only 0.1 in the value
of the maximum sec’gion 1ift coefficient was obtained at a Reynolds
number of 9,0 X 10 by shifting the flap from the position glving the
highest moximum 1ift eb a Reynolds number of 2.4 X 10°, In general,
increasing the Reynolds mumber delayed the stall to higher section
angles of abttack and alsc caused a more gradual stall for both the
flap~retracted and the flap-deflected configurations, The maximum
section 1ift coeffiolents for the flap-rehracted configuration increased
a8 Reynolds number increased to 18,0 X 10° and then decreesed slightly
with further increase in Reynolds number; the ccefficlents for the
flap~deflected configur%tion increassd ss the Reynolds numbsr increased
to a value of 13.0 X 10° and then decreassed slightly. The increment
of maximum section 1lift coefficlent due to the slotted flap
increased frog 1.24 to 1.36 as the Reynolds number was Increased
from 3,0 X 10° to about 12.0 X 106 and then decreasged to 1.31 as
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the Reynolds number increased up to about 25.0 X 106. At section
117t coefficlents outelde the low-drag range, the section drag
coefflcient decreased as the Reynolds number increased throughout
the teat range of Reynolds number,

INTRODUCTION ~

The use of thin wing sections to increase the critical speeds
of high~speed alrplanes hasg led to the need for high-lift flaps in
take~-off and landing. Large wing chords und the trend toward
higher take-off and landing speeds have increased the Reynolds
number for which the airfoil section with the flap must provide the
requlired high 1ift up to vpluss approaching 25.0 X 106. At high
Reynolds numbers, the ldeal flap configuration (flap configuration
for highest maximum 11#t) may be considersbly different from that
at low Reynolds nwmbers because of changes in the boundary-layer
cheracteristics and the flow conditions throwsh the slot. The
range of Reynolds number covered in experimental Investigations
guch ag those reported in referencs 1 has generally been limited to
about 9.0 X 106. Although a limited amount of data Tor Reynolds
numbers higher then 9.0 x 106 are availsble for thin airfolls
equipped with alotted flaps, the large scale effects on maximum
11ft coefficient at Reynolds numbers below 9,0 X 106 11lustreted 1n
réforence 1, Iindicate thet the maximwm 1ift cosfficient -may con-
tinue to vary considerably with Reynolds mmber as the Reynolds

number 1s increassed to values above G.0 X 10°

An NACA 65(112)Alll {approx.) alrfoll section equipped

with a 0.35-chord slotted flap has been tested in the Langley
twa-dimensional low-turbulence tunnels to determine whether ‘the
1deal flap configuration ig dependent upon the Reynolds number

and to deteimine the scale effects on the aerodynamic charscteristics
for Reynolds numbers up to 25.0 X 106,

SYMBOLS -

%

c alrfoil chord (flap retracted)

section anfle of attack, degrees

cqg section drag coefflicient
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T minfmam spcﬁioﬁ dréé'coefficient

“dmin , —_ :
ey section 11ft coefficient - .- R -
c maximum section 1ift coefficient

lmax ; _

Tmax increment of meximum section 1ift coefficlent

cmc I section pitching-momsnt coefficient about air‘oil quarter-
/ ; "~ chord point

X, ¥ .. horizontal and vertical positions, respectively, of center
of flap leading-edge radius with respect to upper 1lip
of slot.in percent ¢ {x positive forward of slot ip and
.y positive below slot 1ip (fi 1))

8¢  flap deflection, degrees-‘

R Reynolds nnmher
MODEL

The 2-foot-chord model tested In the present investigation was
approximately an NACA 65&112 JA1ll airfoil section with & 0.35¢
slotted flap. The NACA bA-meries airfoils, which may be darived
by the method discussed in reference 2, were designed to eliminate .
the trailing-edge cusp of the NACA 6- series airfolls. The _

NACA-~ 65(112)A111 airfoll was derived by a different method, but

the resulting section is approximately the same Az would be obtalned
from reference 2. Ordinstes for the airfoil section and the flap
are given in tables I and II, respectively. A sketch of the model
showing the essential dimensions and the reference points Sefining
the flav posltion is presented as figure 1. The mndel, constructed
of aluminum alloy, completely spanned the 3-foot-wlde test section.”
Photographs of the model with the flap deflected are presented as -
figure 2. The method of attaching the flap to the maln part of

the model, as shown in figuve 2(&), permitted an exiensive variation
of the flap position for each flap deflection. Although the_slon
wvas closed when the flap was retracted, a plasteline sesl was
ineerted in the slot to prevent any leakege of alr which could
reault from smell changes in the model surfaces during tests with
the flap retracted. The seal was removed for tests of the model
with the flap deflected. For most of the tests the model surfaces
were aserodynamically smooth. For the condition with leading-edge
roughness the surlaces were the same as those Tor the smooth -
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condition except that 0.01l-inch cerboruhdum graine had been applied
over & surface length of 0.08¢c at the .airfoil leading edge on both
surfoces. The roughness configuration corresponded to the standard
roughnegs described in reference 2. SRR .

¢

TESTS
Tests of the model were made in the Langley two- dimensional
ow-turbulence tummel (LTT) to determine the ideal FPlap configuration

flap configuration for higheast ¢y ')‘ at a Reynolds number of

2.4 x 106 These teste coneisted of measurements of the maximum

section 1ift coefficients for an éxtensive range of flap position at
geversl flap deflections. The sectlon 1ift charecteristics for

an extensivo range of angle of attack wers determined for the ideal
flap poesitions. Similar tests were made in the Lengley two-dimenslonal
low-turbulence pressure tumnel (TDT) to find the ideal configuration
at a Reynolds number of 9.0 X 100 end to obtain an indication of _

the effects of Reynolds number on the 1dsal configuration. The
highest tunnel presswre at which alterations of the flap configura-
tion could “e made within the tumnel waas 4 atmospheres abgpolute.

The tests of the Tlap-deflected: configurations were therelore

limited to a Reynolds number of 9.0 :» 106 which was the hishest
obtainsble at that pressure wlthout exceeding s tiunnel Mach number
of approximately 0.2. The acale effects on the aero emic charnc-
teristlics for Reynolds rumbers rancing from 2.4 x 10° to approxi-
mately 25.0 X 106 were then determined far the flep conflisuration
selected as thé optimum. The sectlon 1ift characteristices for
intermediate flap deflections were detormined at a Reynolds: number-:
of 9.0 x 106. The scels sffects on the gection 1ift and drag
characteristics of the alrfoll section with the flap retracted were
determined at Reynoldsg numbers ranging from 3.0 X 106 ‘to approxl-
mately 25.0 X 105. The ‘seotion pitchina-moment characteristics end
‘the effects of lesadinn-pdge roushness on the section 1ift and drag
characteristics were determined &t Reynolds numbers ranging from .

3.0 x 10% o0 9.0 x 106,

A discussion of the test methods used in the LTT and tho TDT
and of the methods used .in correcting the test dats to free-air
conditlons 1s given in reference 3.. The maximum froe-gtream Mach
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numbers attained during tests in the LTT and TDT are given in the
following teble: .

Reynolds numbey Mach number
2.4 x 100 0.16
3.0 10
6.0 Ik
9.0 a6
12.0 Wb
anO .lh.
25.0 .18

RESULTS AND DISCUSSTON

The terms "i1deal deflsction" and "ideal position" are used
herein to desisnate the flap deflection and flap position, respec~
tively, for the highest value of cy &t & pariticular Reynolds

number. The term "ideal configuration® is used to designate the
flap conflguration described by the Plap deflection and position
for the highest value of ey . '

max

Flgp Configurations

Tdeal configuration at R = 2.4 % 106.- Contours for constant
values of cy for varlous positlons of the center of the flap

leading-edge radius et flap deflections of 35°, 40O, and 450 ars
presented in figure 3. The ideal poaition for each of the flap
deflections tented is also shown. The tests were limited to a
flap deflection of 45° because at that deflection the flow over the
flap was stalled throughout most of the range of angle of attack
end the increase in the value of ctmax reosulting from increasing

the deflection from 40° to 45° was only 0.05. That any significant
increase in the valus of ®lmax would have been obtained by

increasing the flap deflection beyond 45° is therefore unlikely
because more severe stalling of the flap-could be expected to occur
et higher flap deflections. The 1deal configuration &t a Reynolds
number of 2.4 x 10° as shown In figure 3 was a flap deflection of 450
with the center of the flep leading-edge radius located 0.73 percent

chord behind and 4.4 percent chord below the slot lip. The ideal
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deflection wvas the same as that found to be the 1deal for the
0.25¢ slotted flap, designated as slotted flep 1 in reforence 1,
on the NACA 65-210 alrfoll section. The ideal position veried
only about 1 percent chord as the flap deflection increased .
from 35° to L5°,

The section 1ift charscteristics.of the model with the flap
located in the poslitions found to be the ideal at a Reynolds
nunber of 2.4 x 100 for the three flap deflections tested are
presented in figure 4. At flap deflections of %00 and 459, the
slopes of the 1i1PL curves at section angles of-attack slichtl
below the gtall are considerably higher then the slopes of the
curvea at low sectlion angles of atback. Tuft studles of the air
flow over the flap at a deflection of, 40° indicated thut the flow
over the flap was stalled throughout most of the ansle-of-attack
range but unstalled et angles of attack slightly below the angle
of attack for maximum 1lift, A lees pronounced change 1n 1i1ft at
high angles of attack was obtalined at a flap deflection of LO® by
shifting the flep posltion forward of .and upward from the ideal
position with a consequent reduction in the velue of czmax'

Tdeal configuration at’ R = 9.0 x 105.- The values of czmax

measured at &8 Reynolis number of approximately 9.0 X 106

geversl Tlap configurations including those fouhd. .to be the ideal

at s Reynold number of 2.% x 10° are presented in firure 5. The

' highest meximum section 1ift coefficients meas d at flap deflections
of 35° and 40° at a Reynolds number .of 9.0 X 10° were almost the

game and therefore either one of the two flap dellections could be
selected as the ideal. A flap deflection of 35°, however, would be
more sultable than a flap deflection of 4OC inasmuch as a loweor

drag could be expected for that flap deflection. A comparison of

the date presented In.flgures.3 and 5 Indicates that Incrossing

the Reynolds mumber from 2.k x 109. to. approximately ‘9.0 X 106
decreasel the ideal deflection by at leaat 5° Incresaing the
Reynolds numher from 2.4 X 106 to 9.0 X 106 caused the 1deal position
to move uwpward for flap deflections of 35° and 40° snd also rear-
wvard for a flap deflectlion of 35°. These changes in the 1deal
vosition resulting from the increase in Reynolds number were

. 8lightly less then } percent chord as, indicated . by the data pressnted
in figure 5 The largest increase 1n the value of cz at a

Reynolds number of 9.0 X 106 obtained by ‘shifting the Plap position
from that found to be the idesml at & Reynolds nunber of 2.4 x 10
was only 0.1,

The section lift.characteristics at 8 Reynolds number of
9.0 x_106 for several positions of the flap including those found
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- to be the ideal at-a Reynolds number of 2.L X :LO6 are presented in
figure 6. A comparison of the 1ift . curves obteined for flap deflec—
tions of 35° and 40° indicates that varietions in flap position have
less effect on the section 1lift coefficlent at low angles of attack
for a flap deflection of 35° -than for a flap deflection of -4O°, For
example, at a flap deflection of 40°, shifting the.position changed
the section 1ift coefficient at en angle of attack of 0° by 0.5; ;
whereas, for a flep deflection of 35°, the change in the.section 1lift
coofficlent at low engles of attack was about 0.1, '

: imum configuration.— The idsal configurstion at high Reynolds
- numbers would probebly be mors closely aspproximated by that found to
be the ideal at a Reynolds number of 9.0 X 10° than the ideal con—

figuration determined at a Reynolds number of 2.4 X 166, An estimate
of an optimm configuration at high Reynoldsnumbers was therefore
mede from the results obtained at a Reynolds number of 9.0 X 105.
Although the highest maximum section lift coefficients for flap
deflections_of 35° and 40° were elmogt the seme at & Reynolds number
of 9.0 X 105, the flap deflection of 35° would probably be more
sultable because of lower drag, smeller change in 11ft at low angles
of attack with flap position, and less complicated siructbure
resulting from the smaller flaep deflectlon along with the smaller
variation of 1lift coefficient with Reynolds number at low angles of
atteck (fig. 6). For a flap deflection of 40O, increasing the
Reynolds number frem 2.4 X 10° to 9.0 X 106 caused a changs of 0.25
in the section lift coefficient at a section angle of attack of 0°;
wheresas, for a flap deflection of 35°, the change was only 0.05,

The flap deflection of 35° was therefore selected as the optimum
deflection. Inasmuch as increasing the Reynolds number caused a
rearward and upward shift In the ideal position of the flap for a
deflection of 35° (Pig. 5), the position with the center of the flap
leading~edge radius located 1.98 percent ¢ behind and 3.21 percent c
below the slot 1lip would probably be a sufficlently accurate
gpproximation of the 1deal position at high Reynolds numbers. The
resulting flap configuration &g = 35°, x = — 1.98 percent ¢, and

. ¥.= 3.21 percent c, which will hereinafter be referred to as the

" "optimum configurstion,” was the configuration tested at Reynolds
nwmbers up to 25.0 X 106,

Lift Charescteristice

.. Scale effects on maximum lift.—~ The sectian 1ift characteristics
of .the alrfoll with the flap~retracted configuration amd with the
optimum configuration are presented in flgures T and 8 for several

Reynolds numbers vanging from 3.0 X 106 to 25.3 X 107, The variation
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of maximum section lift coefficiont and increment of maximum sectien
11ft ccefficlent dus to the 0.35¢ slotted flap with Reynolds number
are pregented 1n figure 9.. The maximum sectlon 11ift coefficient of
the model with the.flap retracted increessed from 1.17 to 1.35 aas

the Reynolds number increased from 3.0 X 10° to 18.0 X 100 and theg
docreased to .30 as the Reynolds number increased up to 2h,0 x 100,
The maximm section ¥1ift coefficlent of the model with the optimum
canfiguration increased from 2.15 to 2.71 as the Reynolds number
increased from 2.k x 108 ta 13.0 x 106 and then decreased to 2.62
.88 the Reynolds number increased up to 25.3.X 10b The increment

of maxlmm section lift coefficient, shown in ficure 9, increased
frem 1.25 to 1.35 as the Reynolds number was -Increased from 3.0 X 105
o about 12.0 X lO6 apd then decreaged ?o 1.31 as the Reynoldsa
numbsr was 1ncreased to. about 25,0 X 109

Some~ of the data obtalned at the 1ower Reynolds numbers way
be comparsd with data given for the NACA 65-210 airfoil with the
- 0.25¢ slottod flap desiimated as slotted flap 1 in reference 1 and
data obtained for the NACA 23012 asirfoil secticn with the 0.40c
slotted Tlap designated as Flap l-a in reference 4. The data for
the NACA 65-210 and NACA 23012 airfoll sections with elotted flaps
have been included with the data prefernted in Pisure 9. The
differences in the valusg of Acz nex for the three sirfoill sections

.can ba ascribed to differences in the flap chord,

ngle of abtack for maximum 1ift.- The date presented in
Plaures 7 and O indicate that for the flap-rgtractod configuvration
increasing the Reynolds number from 3.0 X 10V to epproximately
12.0 X 10° inoreased the ssection angle of attack for Clmax by
about 2°; whervas for the optimm configuration with the flap
deflected, the angle of attack for czmax was Increased by as

much as 50 The increase in the angle of attack for maximmr smesctlion
117t coefflcient with increase in Reynolds number was accompanied by
o. mere sradual stall. Increasing {the Reynolds number boyond
approximatelr 12.0 X 100 had emaller effects on the angle of attack
for meximum 1ift end on the stall than those obtained at low
Reynolds numbers.

Lift at low angles of attack.- The variation of section 1ift
coefficient with Reynolds nmumber at a constent section angle of
attack 18 shown in figure 1l0. Slight reductions in the section
1ift coefficlent at.a section angle ‘of-eattack of ~&.1°, or vositive
increaseg in the angle of attack for zero 1lift, were obtained for
the optimum flap.conflguration as the Reynolds number was increasod
beyond approximately 12.0 X 106, The variation of the angle of
attack for zerc 1ift with Reynolds number mey be ascribed to changes
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in the flow through the slot. These flow changes probebly result

in a variation of the idsal configuration with Reynolds number., For
‘the f]ap-retracted condition, however, the section 1ift cuvefficient
at a gection angle of attack of- '0° remained sﬁbstantially 1ndependent
of the Reynolds number .

R Intermediate flap deflections.~ The flap was deflected along a
eircular-arc path so that the configuration resulting &t a flap
deflection of 359 corresponded to the optimum conflguratien. A
line comnecting the pivat point and gtation 0.,780¢c on the airfoil
chord line was always perpendicular to the airfoil chord line and
.- therefore the flap position was determined by the flap deflection.
The location of the pivot point about which the flap was deflected
and sketches of the flap confisurations for several flag deflections
are shown in figure 1. -

Ths section 1ift characteristics at a Reynolds numbelr of

9.0 X 106 for flap deflections up_to_a deflection of 35° are
presented in figurs 12. At a flap deflection of 20° and at section
angles of attack higher than ebout -40, two values of the section
1ift coefficient were obtained at each angle of attack although the
maximum section 1ift, coefflclient remained nearly the same. Repeat
tests indicated that the condition giving the lower 1ift coeffi-
cients was the more stable of the two. Tuft studles at a fiap
deflection of 20° indicated that the irvegular behavior of the 1ift
coefficiente was assoclated with partial eballing of the flap
ceused.by the relatively poor slot shaps for this flap deflection.
Increasing the flap deflection to 30° unstalled  the flow over the
flep and the Flow remained mmstalled throughout most of the angle-
of-attack renge although wnsteady flow conditions existed near the
tralling edge at low angles of attack. The data presented in
figure 12 indicahte that the increase in maximum section 1ift
coefficlent and the decrease in the angle of attack for meximm
1ift caused by deflecting the flap was approximately a linear
function of the flap deflection within the range of flap deflsciion
Invostigated. Althouzh tests were not made for the configuration
corresponding to g flap deflection of 40° with the flap position as
determined by the flap peth, the maximun sectlon 1ift coefficient -
would probably not be so high as that obtained for a flap deflection
of 35° because the flap would be an appreciable distance behind

the slot lip. . .. :

'Pitching—Mbment Characterisﬁics

The section pitching-momﬂnt Qharacteristics of tho airfoil _
-section with the flap retracted Ffor Reynolds numhers rhnging frdm
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3.0 % 106 to 7.1 % 106 are presented in figure 13. Increasing the

Reynolds number from 3.0 X 106 t0o 9.1 X 10 caused only small

changpee -in the section pltching-moment coefficient. at section

angles of attaok below the -stall. .
The gection pltching-moment characteristics at a Reynolds

nupber of 6.0 X 10° for the aixfoll section with the optimum con-

 Piruration are presented in figure 1k, The slope of the pltching-~

moment curve was positive at angles of attack from ebout 2° to

glightly above the stell, From this point, Increases in the section

angle of attack caused the elope of the piliching-noment curve to -

become negatlive, The value of the section pitching-moment coeffi-

cient throughout moset of the range of angle of attack was epproxi-

metely 0,). more negative than that messured for the NACA 65-210 airfoll

section with the 0.25c slotted flap designated as slotted Tlap 1

in reference 1 snd apprrorimately 0.04% or 0.05 less negative than .

that obtained for the NACA 65-210 alrfoil segtion with & 0.31c

double slotted flap (reference 1).

Drag Charactsristice

~ The section drag characteristics of the alrfoll section th
the flap retracted for Reynolds numbers renzing from 3.0 X 10
4o 2h.7 %106 are presented in figure 15. The minimum seotion
drag ccefficient decreased as the Reynolds number inoreased
between Reynolds numbers of 3.0 X 106 and 13.0 > 10@. and increased
between Reynolis numbers of 13.0 x 106 and 2.7 X 106 At section
1ift coefficients outelde the low-drag range, however, the section
drag coefficient decreased as the Reynolds number increased
throughout the test range of Reynnlds number. The range of sectlon
1ift coefficlent for low drag continuously decreased with increase
in Reynolds number wmtil at a Reynolds nuvmber betwesn 18.0 X 106 and
2L ,7 x 10° the ranme of mection 1lift cosefficient for low drag was
no longer defined by a "bucket."

Bffects of Leading-Edge Roughness

.The sectlon 1ift and drag characteristics of the airfoll
for the smooth condition and for.the condition with standard
leading-edre roughness ars presented for a Reynolds number of

6.0 x 105 in flgure 16, The decrecse in the maximun section 11ft
coefficlent for the optimm confliguration caussed by the addition of
roughnasgs to the leeding edge of the alrfoll was approximetely the
same as that obtalned for the alrfoll with the flap retracted.
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Approximgtely the szame decrement in the maximm ssction Lift
cosfficient was -obtained for the NACA 65-210 sirfoil with slotted
flap 1 at deflections of 30° and 40° (reference 1). The minimum
secticn drag cosefficlent for the condition with leading-edge
roughness. 1g approximately the same as that sstimated from data
presented in reference 3 for airfoll sections sinmllar o ’che
NACA 65(112)Alll airfoil .

CONCLUSIONS

The resulte of tests of an NACA 655 % lll (approx, } atrfoil
section with a 0.35-chord slotted flap n the Langley two-dimensgional
low-turbulence tunnels at Reynolds numbers ranging from 2.k x 1

to approximately 25.0 X 10° indtoated the following conclusions:

1. Tncreasing the Reynolds mumbor from 2.b X 108 to 9.0 x 10°
decréasged the fla:o deflection for hi.g,hest maximun 11ft from ks !
" %o 40° and 35° (deflections of 4O® and 35° gave sems maxinvm 11ft).
Increasing the Reynolds number caused the flap position for highest
meximum 1ift to move upward approximately 1 percent of the airfoil
chord for flap deflections of 35° and 40° and also resrward for a
flap deflection of 35°: The flap configsuratlon with the center of
the flap leading-edge radius located 1. 28 percent chord 'beh:ind and
3.21 percent chord below the slot lip at a ﬂap deflection of 35°
was.the optimum confisuration.

2. A maximm increase of only 0.1 in the value of the meximum
‘section 1ift coefficient was obtained at a Reynclds number of. 2.0 X 106
by ehifting the flap from the position giving the highest maxinmm

1ift at a Reynolds number of 2.4 X 106, B | -

3. In general, incrsasing the Reynolds number delayel the stall
to higher sectlon angles of etteck and aslso caunsed a more gradual
stall for both the flap-retracted and the flap-deflected configurations.

L, The maximum section 1lift cosfiiclents for the flap-
retracted conflguration increased as Reynolds number lncreassd to
18.0 x 10 and then decreased. slightly with further incroese in
Reynolds number; the coefficlents for the fTlap-deflected configurestion
Increased as the Reynolds mumber incressed to s valus of 13.0 X 1
and then decyreased slightly.
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5. The increment of maximun section 1ift coefficient dve to-the
slotted flap increased from 1.2k tq 1.36 as the Reynolds number .was
increaped from 3 0 % 10% to.about 12.0 X 106 and then ecreased to 1.31
g8 the Beynolds number increased up to about 25. 0 X 10

6. At section lift coefficients outsids the low-drag range, _tha
section drag coefficient decreased as the Reynolds number increased
throughout the.test range of Reynolds number.

Langley Memorial Aeronauticel Laboratory
Netional Advisory Committee for Aercmsutics
Langley Field, Va, , Abgust b, 1911-7
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TABILE I
ORDINATES FOR THE
NACA 65(775)A111 (APPROX.) AIRFOIL SEGTION

Etationu and ordinates_in
percent airfoll cho?d]

Upper surfsace Lower surface
Staslon [Ordinafe tatlon [ Ordinate
O.hé 871 538 9.821
B i | LB D
Bea22 2ok ?:Zgg 5iEas
FE| i | fe e
1 2350 h:371 2.0 ZE:Ze
. 2&.928 5. gﬁ 23. =l
SEr alE | g 3
34. g g. 3 Se .
.985 033 0.01 =4.96
Ez.992 6.000 5.0 < .90
50.000 5'853 50:000 | =.725
25-008 5.5 54.992 | -k.la3
€051 Ziggg 2.3 :%:8&
0.025 L.029 69.975 | " -5.0
g5-025 3.4429 TE-S 5 -2-5§§
0.025 a.z 2 g .97 -1,
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TABLE IT

ORDINATES FOR 0.35-CEORD FLAP

[Btatione and ordinates in percent
alrfoil ohord; lower surfage of flap
formadify lower surfaoce of plain

airfoi,

Station Ordinate
65.50 -0.863
62.00 -.36
£7.00 3
68.00 .T92

0.00 1.
2.00 1.846
T4 .00 2.104
00 2.26Z
8,00 2.3
0.00 2,354
82,00 2.300
8L.00 2.183
86.00 2.000
Upper surfece falrs into
plain alirfoll section
at station 88.00C
L.E. radiuss 1.40L4
L.E, radius center at
station 66.50 and
ordlnate -1.971 "
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0.839¢ |

Airfoil chord line-——\\

\\hﬁﬁh“‘ﬁ““““-—-—__~__

0.665¢

(a) Alrfoil with 0.35c slotted flap.

-

Airfoll chord line —\ 57

ih~_ |

—_—

| Center of flap leading-edge radius NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

(p) Varisbles used to define flap conflguration.
\ Figure l.- Profile of the NACA 65(112)A111 {spprox.) airfoil ssotion with a 0.350 slotted flap,
: s
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(a) Side view.

Figure 2.- Photographs of model with 0.35c slotted flap.
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(b) Rear view.

Figure 2.- Concluded.
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Pigurs 3.~ OContours of wvalues of mexipium sectlon 1if% coafficlient for positions of ihe center of the f£lap lalding
redius with respect to slot lip fo» NACA 65(]_12).\111 (approx.) airfoll with a 0,35¢ slotted fiap. E = 2 x

{approx, ).
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Section lift coefficient,

NACA TN No. 1463

8¢ x ¥
(deg) (percent o) (percent c)
o 25 0.10 .87
=2 Lo =73 3.29 Ideal flap positions
A L5 -.73 Lé
O )-I- -.32 )-l-lLI-6

2.8

2.4

[\M)
o

1.6 /G
7

b NATIONAL ADVISORY
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-16 -8 0 8 - 16
Sectlon angle of attack, a,, deg

Figure Li,- Section 1lift characteristics of the
NACA 65(112)A111 (approx.} airfoil section

with a 0.35c slotted flap. R = 2.4 x 106.
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{v) &, = Lo°.

Figurs 5.- Values of maxluwm seotlon 1ift ocefficlent for warious poaltlons of the center of tho flap lnding—ed.sa radius with

Trespeot to slot 1ip of the NAOA 55(u_2,AJ.11 {approx.) airfoil soctlon with a 0.350 slotted flap.

B = 9.0 x 10° (apprax.).
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o 1.35 .0l . g "2:';2_ a.a} R = 9,0
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A 40 L.67} R = 2.4 x 10°
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; e
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Sectlon angle of atteck, o, deg Sectlon angle of attack, a.,
(n) 8 =35°, () 3 = Le®.

16
dex

Plgure 6.~ Variation’of seotdon 1ift coeffliclent with mestion sngle of attask for saversl positions of the csnter of the flap
lesding-edge radiue with respect to slot lp of the WACA 65(112)0111 (spprox.) elrfoll ssotion with & 0.35c slofted flap.

R = 9.0 x 105 (apprax.) aad 2.4 x 105,
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Figure T.- BSeotlon 1ifH oharasteristios of the NAGA 65(;,_12,1.1.1.1 (approx.} airfoll aseosion with flap retracted end slob asslsd
for several Reynolds numbary,
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NACA TN No. 1463
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NACA TN No. 1463
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Figure 9.,= Variation of maximum sectlion 1ift coefficlent &nd increment of maximum section

o

S8eotion 1lift coefficient,

1ift coefficient with Reynolda number for the NACA 65(112)3111 (approx.) airfoll section
with & 0.35¢ slotted filap.
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¥ = 3.21 percent ¢
.8
H— e, = o: (Slot sealed) NATIONAL ADVISORY
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Reynolds number, R
Figure 10,- Variation of sectlon 1lift coefficlent with Reynolds number for the

NACA 65(112)A111 (approx.) airfoll sectlion with a 0.35¢ slotted flap.
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Slotted flap oconfigurations for intermsdimbts flap deflsctions.

Perpsndlioular distsnos from statdion 0.7800 on
airfoil ohord lins toc plvot polnt Is 0.320c for all flap defleotlcns.
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Pigure 12.- Sectlon 1ift characteristics of the NAGA £5(y1)4111 (approx.)
airfoll section &t several flap deflections with the 0.35¢ slotted flap

following & circular-asrc path.

R = 9.0 x 106,
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NACA TN No. 1463
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Pigure ;.- Section lift and pitching-moment charsoteristics

of the NACA 65(375)4111 (epprox.) airfoll section with a
0.35¢c slotted flap. 8p = 35°; x = -1.98 percent cj
¥ = 3.21 percent o; R = 6,0 x 10°.
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Figure 15.~ Section drag oharacterishics of the NACA 65(112 )Alll (approx.) sirfoil section with flap retraoted and slot sealed.
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