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By Stanley F. Racisz

STUMMARY

An investigation has been mede in the Lengley two-dimensionel
low-turbulence tunnsls to develop the optimum configuration of
g 0. 35-chord. slotted flap on an NACA 65 (112) <111 eirfoil section

modified by removing the trailing-edge cusp. Included in the
investigation were messurements to determine the scale effects on
the section 1lift and drag characteristics of the airfoil with the
fiap retractgd for Reynolds numbers ranging from 3.0 x 10 -
. %o 25.0 x 10¥. The scale effects on the lift characteristics were

" :also determined for the same range of Reynolds numbers for the flap
deflected in the pgsition found to be the optimum at a Reynolds -

number of 9.0 x 10Y.

" The optimum flap configuration at high Reynolds numbers was
found to be & flap deflection of 35° with the flap located 1. 98-yercent
chord behind and 3.21-percent chord below the slot 1ip. The flap
deflection was lower and the flap wes located rearward and upward frog
the position found to be the optimm et a Reynolds number of 2.4 x 10
Shifts in the linear portion of the 1ift curve ceused by veriation .
of Reynolds number, which occurred only for the condition with the
flap deflected, were eilther eliminated or reduced considerably by
altering the flap position. The maximum section 1ift coefficient
of the airfoll with the flep deflected in g position found to be
the optimum at & Reynolds mumber of 9.0 x 10Y increased from 2.15
to 2.71 es the Reynolds number increased from 2.4 x 106 to 12

or 13.0 x 10~ and then decreased to 2. 62 as the Reynolds number was

increased up to 25.0 x 106. The maximum section 1ift cosfficlent
of the airfoil with the flep retrected increased fgom 1.17 to 1.35

28 the Reynolds number was increased from 3.0 x to 18.0 x 10° and
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then decmsgd to 1.30 as the Reynolds numbexr was increased _
to 24.9 x 10°. The increment of meximum section 1ift coefficient
increased from 1.24 to 1.36 es the Reynolds mumber was increased
from 3.0 X 106 to eabout 12.0 x 106 and then decreased to 1.3l as

the Reynolds number increased up to 5.0 X 100. The section drag
coafficlent at lift coefficlents beyond the low-drag range
contimied to decrease with increase in Reynolds number although the
minimumm section dreg coefficlent 'begag to increase at a Reynolds
number slightly higher than 12.0 x 10°. -

INTRODUCTION

The modern high performance airplane with its increased wing
loading requires the use of thin wing sections equipped with high-
1ift flaps. Experimental investigations, such es those reported in
reference 1, have been made to develop 0.250-chord slotted flaps
sulteble for use on thin airfoil sections. Such investigetions,
however, have beesn made for onlg & small range of Reynolds

)

numbere (2.% x 106 to 9.0 x 10Y) and & very limiited amount of dste

for Reynolds nurbers greater thean 9.0 x 10° are available for thin
airfoils equipped with slotted flaps. From data presented in
reference 1, it is seen that large chenges in the 1ift characteristics
of & thin airfoll with a slotted flap mey occur as the Reynolds number
19 increesed. Some question also eoxists as to whether or not e

flap configuration thet is the optimum for high lift at low

Reynolds numbers is still the optimum configuration at much higher
Reynolds numbers. N

_ An investigation is therefore being conducted in the Langley
two-dimensional low-turbulence tunnels in order to develop the
optimum configuration of & 0.35-chord slotted flap on a modified
NACA 65(112)-111 airfoil section and to determine whether or not

the developed optimum flap configuration is dependent upon the
Reynolds number. Measurements to determine the section pitching-.
moment cheracteristlos, the effects of leading-edge roughness on the
lift characteristics, and the 1i1ft cheracteristice for the flap
deflected through a developed flap path are also included in this
investigation. '
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The results of the first phese of this investigation which
covered the development of the optimum flap configuretion at a

Reynolds number of 2.4 x 105 have been reported in reference 2.
This paper presents the results of tesis.of the airfeill at

Reynolds numbers up to 25.0 x 106 for the condition with the flap
retracted and for the condition with the flap deflected. The .
development of the optimum flap configuration at & Reynolds number

of 9.0 x 10° was also included in this phase of the investigation.
SYMBOLS

ap section angle of attack, degrees
c airfoil chord '
. C4 section dreg coefficient
c3 minimim sectlion dreg coefflcient
c, section 11ift coefficient
ey maximum section 1ift coefficient
Acl Increment of meximum section 1ift coefficient
max : '
R Reynolds number
X,y horizontal and vertical positions, respectively, of the
flap leading-edge radius center with respect to upper
1ip of slot in percent ¢, positive forward of end.below
slot lip, respectively (fig. 1)
.61, flep deflec'bion, degrees, angle between airfoil chord line

in flap retracted position and airfoil chord line in
flap deflected position (fig. 1)

- MODEL AND TESTS

The 2-foot chord model tested in this investigation was a

modified NACA 65(112) ~111 airfoll section with & 0.35¢ slotted flap.

-- ume
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The eirfoil section had been mpdified by removing the trsiling-edge
cusp-and was therefore similisr to an NACA 65 (1 12)-111 airfoil

section: Ordinates for the plain airfoll section and the slotted
flap are given in tables ‘T and II, respectively. Figwre 1 is.&a |,
sketch of the airfoil and flap and also shows the reference points
defining the flep position.: The model was cons'lz'ucted of aluminum
alloy and completely spanned the 3-foot-wide tunnel test section.
Provisions were made for attaching the flap ‘to the main part of the
model by fittings at the endes which also permitted independent
variation of the flap position and deflection.

Tests were made in the Langley two-dimensional low-turbulence
presswre tunnel to determine the scale effects on the lif't and dreg
characteristice of the sirfoil section with the flap retracted and

slot sealed for Reynolde numbers ranging from 3.0 X l06 t0.25.0 x 106.
Lift measurements were made at & Reynolds number of 9.0 x 106 to
determine the flap position and deflection for highest maximum 1ift —
(optimm configuretion). The scale effects on the lift characteristics
of the cptimum flep configuration were then investigated for the same
range of Reynolds numbers covered in the tests of the airfoil with

the flep retracted and slot sealed. The test methods and the methods
used in correcting the test data to free-air conditions are discussed
in reference 3. The magnitude of the corrections used in correcting
the test data to free-air conditions was of the order of a few
percent. The maximum free-stream Mech nmunber atteined during any

of the tests did not exceed 0.18.

RESULTS AND DISCUSSION

Flep Retracted and Slot Sealed

The section lift characteristics of the alrfoll section with
the flap retracted and slot sealed are presented in figure 2. From
the data presented in figure 2, it is seen that increasing the
Reynolds number from 3.0 x 106’ to 18.0 % 10°© increased the maximum
section 11ft coefficlent from 1.17 to 1.35. Increasing the Reynolds

number veyohd approximately 18.0 x 108 up to 24.9 x 105, however,
resulted in a slight decrease in the maximum section 1ift coefficient.
The data presented in figure 2 Indicate that within the range of
Reynolds nunbers tested, increasing the Reynolds number had no
important effects on the section lift coefficient at low absolute
values of the section angle of attack.
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The angle of attack at which the stall occurred was incressed
by ebout 2° as the Reynolds mumber wes increased from 3.0 x 1 '

to approximately 12.0 x 196 {fig. 2). At Reynolds numbers ebove

approximately 12.0 x 10°; the.section angle of attack for maximum.
section 1lift coefficient remained nearly the same. .The increase in
the section angle of attack for maximum section 1ift coefficient .
with increase in Reynolds number wes accompanied by a more grédual
stall as indicated by the deta presented in figure 2.

The drag polers for the alrfoll section with the flap retracted
and the slot sezled are presented in figure 3. These datg indicate
that increasing the Reynolds number up to about 13.0 x 10~ decreased
the minimum section drag coefficient whereas increasing the Reynolds
nunber beyond spproximately 13.0 x 10° up to approximetely 24.7 x 10
resulted in increeses in the minimum section draeg coefficient. The
section dreg coefficient et 1ift coefficlents béyond the low-dreg
range,  however, continued to decrease with increase in Reynolds number
-within the test range of Reynolds number. The low-drag range
continuously decreased with increase in Reynolds nuiber until et a

Reynolds number somewhet below 2h.7 x 10, the low-drag region wes
no longer defined by a "bucket™ (fig. 3). _ ' '

Airfoil with Flap Deflected

. X% conf ation at hi eynol -~ The results of
teste made to develop the optimum flap configuration at a Reynolds

number of 9.0 x 10~ are presented in figures I end 5. These data
indicate that at a Reynolds mumber of 9.0 x 10° the optimm fiap

deflection 15 35° or 10° less than that indiceted by the date

obtained for e Reynolds number of 2.4 x 108 (reference 2). : Tests of
the positions found to be the optimum at & Reynolds number

of 2.4 x 107 indicated downward shifts of the 1ift curve with
increasing Reynolds number similiar to that shown for a flap deflection
of 4%0° (fig. 5). Although the gain in maximum section 1ift coefficient
obtained by altering the flap configuration was generally less than 0.1,
the increase in the section 1ift coefficlent at low engles of attack
was 4 or 5°'times as much as the increase in maximum-section 1ift
coefficient.. The original optimum configurations (those optimum

at R = _2.11- g 106) were therefore less suiteble at a Reynolds nunber

of 9.0 x 10V than some of the other configurations tested. - The datas
presented in figure 4(a) indicate that the optimum position of the

flap leeding-edge radius center moves rearward and upward s the
Reynolds number is increased. Tests to develop the optimum
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-configuration for Reynolds numbers higher than 9.0. X lC)6 are. not
feasable inesmmch as the alr pressure within the tunnel prohibits
personnel from entering the tunnel to alter the flap configuration.
It was thersfore estimated from the date presented in figure %(a)
that the optimnm position of the flap leading-edge radius -cemieér -

8t Reynolds numbers of 18.0 x 10° and 25. 0 x 10° would be approxi-
mately 1.98 percent c behind and.3.21 percent ¢ below the slot 1ip.
The use of this optimum flap position gave aliocet as high a value 6

of ¢, as the highest obtained at e Reynolds number of 9.0 x 10,
"énd ‘would also permit.the use of a simp’er flap path. The 1ift
* characteristica at Reynolds numbeXrs up to 25.0 x 10~ were therefore
d.etermined for this optimm configuretion. .

Bl Ef:ﬂec§ of Bemglds number on 1ift.- The section 1ift character~
istics of the configuration found to be the optimum at & Reynolds
“Tnimbér of . 9.0 X lo6 are presagted. in figure 6. Increasing the . .

Reynolds number from 3.0 x 10° to approximately 12.1 x 108 increased
the maximm section 1ift coefficient from 2.41 to-2.71; increa.sed the
anglo of attack for maximum section lift coafficient from 2° to 7°,
and caused the stall to be more gradugl. Tncreasipg the Reynolds
nuber beyond approximately 12.1 x 10¥ up to 25.3 x 10”7, however,
resulted in a slight decrease in the maximum section 1ift
coefficient accompanied by only small changss in the type of stall
and the angle of attack at which the stall osgan. {See fig. 6.) The
variation of maximm sectlon 1ift coefficien’t with Reynolds number
is shown in figure 7. This curve 18 extended to a Reynolds number

of 2.k.x .106 where the value of c, (2.1)5) was obtained from
reference 2. The highest maximum section 1lift coefficient cbtained
for the flap deflected condition, as shown in fégure T, waes 2.7
at & Reynolds mzmbgr of approximetely 12.1 x 1C At a Reynolds*®

number of 9.0 x 10° the maximum secticn lift cosfficient (2.69) is
approximately 0.2k higher and the increment of meximum section lift
coefficient (1.36) is approximately 0.30 higher than the values :
obtained for the NACA 65-210 airfoil section with the 0.25: slottod
Tlap designated as slotted flap 1 in reference 1.

The ihorement of maximum section 1ift coefficient increased
from 1.24 to 1.36 as the Reynolds number wes incregsed from
approximately 3.0 x 1O¥ to espproximately 11.0 x 10- as shown in
figure 7. The variation of lncrement of meximum section 117t
coefficient with Reynolds number, however, was less than the varlation
of maximum section lift coefficient with Reynolds number. The
increment of meximum gection 1lift coefficilent for Reynolds mumbers

ranging from 3.0 x 105 to 25.0 x lo6 was approximately 1.3.
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4 gttack.~ From the data presented in figure 6
1t is seen that throughout the range of Reynolds number at which the
model was tested, the change in secticn 1ift coefficient at low
angles of a.ttack with variation of Reynolds number was smell. The
veriation of section 1lift coefficient at & constant section a.ngle of
attack within the linear portion of the lift curve is shown in
figure 8. It is seen from figure 8 that only slight downward shifte
of the lift curves for the flap deflected condition were obtalned as
the Reynolds mumber was increased beyond approximstely 12.0 x '106
vhereas for the flap retracted condition the section 1ift coefficient
at an angle of attack of 0° remained substentially independent of
the Reynolds number. In no case, however, wes the downward shift
in the 1ift curve with increase in Reynolds number as much &s that
obtained for cne of the configurations included in tests of the LOC 6
flap deflection when the Reynolds number was increased from 2.4 x 10
o 9.0 x 105 (fig. 5(b)), even though that flep position was found
toc be the optimum for that flap deflection at the lower Reynolds
number. It therefore appears thet a dowaward shift in the 1lift
curves at low anglés of attack with increesing Reynolds number may
be causel by changes in the flow through the slot which alter the
optimm oonfiguration as the Reynolds number is varied.

CONGEUSIONS

" The results of tests of & modified NACA 65 (112) -111 airfoil

section with & 0.35-chord slotied flap indicate the follcwing
conclusions.

1. The optimum flap configuration at high Reynolds numbers
wee found to be & flap deflection of 35° with the flap leading-
edge radius center located 1.98-percent chord behind and 3.21-percent
chord below the slot 1lip. The flap deflection was lower and the
flap was located reerward and upward from the position found to be

the optimum at & Reynolds number of 2.4 x 108.

2. Shifts in the lineer portion of the 1lift curve caused by
veriation in Reynolds number,which occurred only for the condition
with the flap deflected, were sither eliminated oy reduced considerebly
by altering the flap position.

3. The maximum section lift coefficient of the 'airfoil with the
flap deflected in ghe position found to be the optimum at a Reynolds
number of 9.0 x 10° increased from 2.15 to 2.71 as the Reynolds number
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increased from 2.4 x 106 to 12 or 13.0 X 1.06 and ‘ohen decrea ed
tc 2.62 as the Reynolds number wes increased up to 25.3 x 10

- L. The maximum section 1ift coefficient of the airfoil with
'hhe £lap retracted increased from 1.l7 to 1.35 ag the Reynolds ’
number wes increesed from 3.0 % 106 to 18.0 x 10° and then decrease&
to 1. 30 as the Reynolds number wes increaged 2k. 9 x 10

: 5; The increment of msximum section 1ift coefficient increased 4
from 1.24 to 1.36 as the Reynolds nwmber was increased from 3.0 x 10

to about 12.0 x 10~ and then decressed to 1. 31 as the Reynolds number
increaeed. up to 25.0 x 10%.

6 The section drag coefficient at 1iPt coefficients beyond
. the low-drag range continually decressed with increase in Reynolds
purber although the minimum séction drag coefficient 'began to increase

at a Remolds number slightly higher then 12.0 x 10°.
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TABIE I
. ORDINATES FOR TEE WODIFIED
NACA 65(112)-111 AIRFOIL SECTION

Etations and ordinates given
in percent airfoil ch.or:g

FotEes onstatre | oot Toataae ]
] 0 o
zihse | 183 2550 | 1l
h.% 2.51 E% 3%2
é:gls% g:é'gl zg'.g%\ N :'{23
N
GE| 2 | BE I
25:008 22508 51;:932 N AT
9.017 3.087 23.9 g -1;.%
63'821 h.gzs g .97 =3

. . 029 3.975 =-5.054
5.02 2.36 339;; ~l.
90.3?. 1. Bz. 3 -+967
108:004 | 82L | 3d:3s2 ilkﬁ

L.E. radiuss 0.842

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

TABLE IT

ORDINATES FOR 0.35-CHORD FLAP

Emmr surface of flap formed by lower
surface of plain airfoll,
Stationas eand ordinates in

percent eirfoll cho

Station Ordinate
65.50 -0.863
g |

.0 6
Gg.oo .géz
70.00 1.
72.00 1.

2.00 2,
.00 2.26
8.00 2.3
0.00 2.354
82.00 2.300
gg.oo 2,183
.00 2.000

Upper surface fairs into
plain asirfoll sectlon
at stetion 88,00

L.E. radluss

L.E. radius center at
statlion 66.50 end
ordinate -1.971

1.koly

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



0.839¢

Alrfoll chord line-—--ﬁk

0.665¢

{a) Alrfoll with 0.35¢ slotted flap.
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(b) Variables used Lo define flap configuration,
Figure 1,- Profile of the modlified NACA 65(112)-111 airfoil section with 0.35c slotted flap.
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Plgurs 3 .~ 8Ssction drag charrotoristios of a modified HACA 65(112)-!.].1 airfoll pection
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Seotlon

with flap retracted apd elot mealed.
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Figure 4 .- Valees of maximuu sectlon lift acefflolent for yerious positions of the flep leading-edge radius oentor with respeat

to alot 1ip of a modified WAGA 65(112)-111 airfoll ssctlon.

0.350 slotted lep; R =19,0 x 106 (approx. ).
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Figure 8 .~ Varlation of section 1lift coefflclent at a constsnt angle of attack
wlth Reynolds number for a modified NACA 65(112)-111 alrfoll section with a

0.%35¢ slotted flap.
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