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WIND-TUNNEL INVESTIGATION OF NACA 66(215)-216,
66,1-212, AND 659-212 AIRFOILS WITH
O.ZO-AIRFOIL-CHORD SPLIT FLAPS

By Pelicien F. Fullmer, Jr.
SUMMARY

An investigation was carried out in the NACA two-
dimensional low-turbulence pressure tunnel of the
NACA 66(215)-216, 56,1-212, and 65,-212 airfoil sections
equipped with split flaps having chords 20 percent of
the airfoil chord. The purpose was to determine the
maxirum-1ift characteristics of these low-drag airfoil
sections with split flaps. All the present tests were
made at & Reynolds number of approximately &6 x 10° and
a lach swumber of about 0.15.

The maximum 1ift coefficients of these airfoils with-
out and with flaps are summarized as follows:

Maximum section v .
Alrfoil section 1ift coefficient  |Flap ?ggé?ctlon
Without flaps |[With flans
NACA 66(215)-216 1.56 2.61 70
MACA 65,1-212 1.1 2,17 70
VASA 65,-212 1.49 2.15 60

INTRODUCTION

Extensive tests of split flaps and other types of
high-lift device used in conjunction with the older
conventional airfolls have been conducted in wind tunnels
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and in flight., Because of the data available and
because of the simplicity of this device, the split flap
may corveniently be used as a basis for comparing the
maxirm-11ft characteristics of various airfoll sections
ejyuigsned with trailing-edge hisgh-1ift devices. The
préseznt investigation was carried out in the NACA two-
dimsnsional low-turbulence pressure tunnel to supply
inforustion on the maximum-~1ift and pitching-moment
characteristics of three low-drag alrfcil sections with
split flapa,

The MACA 66(215)-216, the NACA 66,1-212, and the
TACA 651~212 airfoils were eguipped with split flaps
i chords 20 percent of the airfoil chords {(0.20c).

Log
't and n*tchlng-momert data were obtainsd for each
rfoil for a range of flap deflection from L0° to 70°

at o Reynolds number of anproximately & x 106. Because
the tests were conducted at a Mach number of approxi-
matsly C,15, the results are believed to be free from
the elfscts of compressiblility.
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APPARATUS AND MLTHODS

The tests were made in the NACA two-dimensional
low-turbulence pressure tunnel (designated TDT) by the
methicds desceribed in refzrence 1. All data have been
corrected for btunnel-wall effect. The ordinates for
the airfolls tested are presented in tables I to III.

The Z-foot-chord models wsre constructed of
manozany with chordwise laminations, and the surfaces
were painted and sanded until aerodynamically smooth.
The split flaps were simulated by triangular blocks of
laninated mahogany attached to the lower surface of the
modsl. One face of the block was cut to the contour of
the flap portion of the airfoil lower surface., A
typical arraengement 1s shown in figure 1.
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RESULTS AND DISCUSSION

The section 1ift and pitching-moment characteristics
for the NACA 66(215)-216, 66,1-212, and 65;-212 airfoil

sections are presented in figures 2, 3%, and l., respec-
tively. The 1ift and pitching-moment characteristics

of the plain airfoil are included for comparison with

the airfoils with flaps deflected., A comparison of the
maximum 1ift coefficlents of the three sections tested
in the present investigation is given in figure 5, with
similar data for the NACA 23012 airfoil from reference 2.
Figure 6 shows the variation of the increment of maximum
section 1ift coefficient Aczmax with flap deflection

for the various airfoils.

Ar. examination of figure 5 shows that higher maximum
1ifts were obtained with the plain NACA 651-212 airfoil

than with the plain NACA 66,1-212 airfoil. Vhen the
flaps were deflected, however, the maximum 1ift coeffi-
clents for both airfolils were approximately equal. A
similar comparison between the two NACA bb-series
airfoils shows that considerably higher maximum 1ift
coefficients for all flap deflections were obtained with
the lbh-percent-thick airfoil. The increments of maximum
1ift coefficient for this airfoil section were, on the
averane, 3l percent higher than the increments obtaincd
with the NACA 66,1-212 airfoil section. (Sce fig. 6.)
The Increascd maximum 11ft coefficients for the

VACA 66(215)-216 airfoil are attributed to the greater
thickness and consequent increasc in leading-edge radius.
M™Moure 5 also shows that the maximum 1ift coefficients
obtained with the plain NACA 66(215)-216 airfoill at a

Reynolds number of 6 x 10 vere anproximately the same
as those obtained from tests of the NACA 23012 airfoil
of reference 2 at an effective Reynolds number

of 3.5 x 10% For most flap deflections tested, the
values of ¢ and Ac (figs. 5 and 6) obtained

L max bax
with the l6-percent-thick low-drag airfoil were higher
than those obtained with the l2-percent-thick conventional
airfoil,
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RESULTS AND DISCUSSION

The section 1ift and pitching-moment chsracteristics
for the FACA 66(215)-216, 66,1-212, and 654-212 airfoil

scctlong are presented in figures 2, 3, and L, respec-
tivelwv, The 1ift and pitching-moment characteristics

of the plain airfoil are included for comparison with

the alrfoils with flaps deflected. A comparison of the
waximum 1ift coefficients of the three sections ftested
in the present investigation is given in figure 5, with
similar data for the NACA 23012 airfoil from reference 2.
Pigure 6 shows the variation of the increment of maximum
gecthion 1lift coefficient Aczm . with flap deflection

ax

for the various airfoils.

Ar examination of figure 5 shows that higher maximum
lifts vere obtained with the plain NACA 651—212 airfoil

than with the plain NACA 66,1-212 airfoil. Vhen the
flaps were deflected, however, the maximum 1ift coeffi-
cients for both airfoils were approximately equal. A
gimilar comparison between the two HWACA 6b6-series
airfoils shows that considerably higher maximum 1ift
coefficients for all flap deflections were obtained with
the lb-percent-thick airfoil. The increments of maximum
Lift coefficient for this airfoil section were, on the
averagze, 3l percent higher than the increments obtained
vith the MACA 66,1-212 airfoil section. (Sce fig. 6.)
The increascd maximum 1ift coefficients for the

WACA $6(215)-216 airfoil are attributed to the greater
thickness and consequent increase in leading-edge radius.
Timare 5 2lso shows that the maximum 1ift coefficients
obtained with the plain NACA 66(215)-216 airfoil at a
Ntevnolds number of 6 x 10 vere approximately the same
28 those obbained from tests of the WACA 23012 airfoil
of rererence 2 at an effective Reynolds number

of 3.5 X 106. For most flap deflections tested, the

valuozs of ¢ and c (figs. 5 and 6) obtained
bax brax

with the lé-percent-thick low-drag airfoil were higher

than those obtained with the l2-vercent-~thick conventional

airfoil,
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SUMMARY OF RESTLTS

The maximum 1ift coefficients of three low-drag
airfoils without eand with 0.20-~airfoil-chord split flaps
obtained from tests at a Reynolds number of approxi-

mately € x 10° arve as follows:

Maximum section
Airfoil section 1ift coefficient Flap %S£I?Ction
Without Fflaps|With flaps &
NAGA 36(215) -216 1.56 2.6 70°
WAGA 66,1-212 1,u1 2 L 70
NAGA os1-212 ; 1.9 2,15 60

Tangley Memorial Aeronautical Laboratory
Mational Advisory Comaittee for Aeronautics
Langley Field, Va.

l. Jacobs, Eastman N., Abbott, Ira H., and Davidson,
Milton: Preliminary Low-Drag-Airfoil and Flap
Tata from Tests at Large Reynolds Numbers and
Low Turbulence, and Supplement. NACA ACR,
Warck 1942,

nger, Carl J., and Harris, Thomas 4.3
nd-Tunnel Investigation of W.A.C.A. 23012,
021 and 23030 Alr;01ls with Verious Sizos of
Spl*t Flap. NACA Rep. No. 668, 1939.
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TABLE I.- NACA 66(215)-216 ATRFOIL

[Stations and ordinates are given
in percent of airfoil chord]

Upper surface Lower surface
Sbacion Ordinate Station Oordinate
0 l 0 0 0
Lot 1,230 .599 -1.130
. 640 1.48k .820 -1.33&
1.128 1.85 1.372 ~1.6
2,262 2,560 2,638 -2.1
i 6l6 .60% 5.150 -2.,972
7.3L0 42 7.660 -3,580
0.8&8 5.10 10,162 -L.106
1. el 6.276 15.155 -1.930
19,860 7.156 20,140 -5.56l;
2l . 879 E'S 25,121 ~-6.054
29,900 | .566 30,100 -6.122
3,92l ' 8.736 5,076 -6.676
’?-9h ! 3.980 10,051 -5.838
ﬁ;.97 ‘ 9.092 L5.026 -6.902
50,000 i 9.060 50.000 ~6.85l
55,023 ! 8.875 5L..975 -6,68
60, oL ! 8.L96 59.952 ~-6.3%5
65.067 | 7.662 6l..933 -5.802
70,081 i 6.9L1 63.919 -11.997
5. 087 i 2.860 70..91% -1, 070
80.085 | I g .915 -3.052
85,075 3.395 L1, 925 -2.049
90.055 | 2,103 89.,9l5 -1.0
a5,023 1 .913 9&.972 -.281
1.00, 000 . 0 100. 000 0
L.E. radius: 1.57
Slope of radius through L.E 0. 08

-
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TABLE II.- NACA 66,1-212 ATRFOIL

[Stations and ordinates are given

in percent of alrfoil bhord]

Upper surface

Lower swurface

Slope of radius Lhrough L.E.:

0.08l

Station Ordinate Station Ordinsate

o 0 0 0

L2l Lol 576 ~.8l7
. 666 1.150 .83l -1,010

1.157 1.4L7 1.3L3 -1.25%

24395 1.986 2,605 | -1.61l

L. B3 2.797 5.116 2,165

7.379 3.401 7.621 ~2.59% |

9.379 3.997 10.122 -2.90% |
1l. 88 b.885 15.116 -%.539 |
10,395 55744 20.105 -3.,982 !
2,909 £.112 25.001 -3.522 !
29.925 6.522 50.075 -L.578
2l ol 6£.816 5505 -u.gsé i
FQ.962 7.005 #0.03 ~l1. 863 ‘
Ll .981 7.003% 115,019 . -11..903%
50,000 7.075 ;o 000 | -l1.369
55.019 6.9%9 081 =l 7h9
50.0%6 6,665 E oeu -11.52%
65,051 6.19 6 -l .135
70.001 f'507 69. 95 | -3.563 |
75. 056 L. 683 7. 9)+ -2.89%

6C. 005 2,759 Z? -2,1h7 |
85,058 2.770 -1.u2g

Oo ol 3 1.760 0 95 i -.726

5. 022 .792 9%. 37 i -.160
10u,ooo 0 100, 600 3 0

L.E, radius: 0,893

NATIONAL ADVISORY
COMMITTEE FOR AZRONAUTICS
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TARBLE IIT.- NACA 651-212 ATRFOIL

[Stations and ordinates are given
'~ in percent of airfoil .chord]

! L.E. radius: 0;932
Slope of radius through L.E.: 0,08l

Upper surface Lower surface
|
Station [ Ordinate Station L, Ordinate ;
s 0 s l 0 0 ; 0 g !
¥ .970 57 ; -. 070
.663 E 1.176 ,é ; -1.036 i
1,150 1.491 1.336 L -1.277
2.%91 ! 2.058 2.609 -1.686 |
: 1. 876 2.919 5.122 : -2.287 '
! 7373 ?.593 T.027 ~2.7h5
' 9.937% L.162 10,127 | -3,128
1. 879 5.073 15,121 —3-72
19.890 5.770 20,110 ; -1, 17
2l 906 6.200 25,094 i -L.510
29.923 ‘ 6.687 30. 077 -k 73
zl . ol2 6,942 35.05 -1, 882 ,
;?.951 7.063 [;0.039 -h.%aé ;
Ll 981 yenn 45,019 -l 85l
50,000 6.860 50,000 -1, 65l
50.017 6.507 5h. 083 -l 317
€0, n%2 6,01l 59,968 -z, 872
65,003 | = 011 6L.o57 | ~3,351
70.050 L.71 69.950 ~2.771
15053 5950 7£.9ﬁg 216l |
80,052 2,10 gq.9u -1.5L8 !
5. 045 2.302 [,.955 -.?5 f
i 95.017 672 9i1.983% -. 00 ;
| 100,000 0 100.000 0 e
! |
!
l |

NATIONAL ADVISORY
COMMITT LT FOR AEROVAUTICS
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Figure 1.~ View showing the NACA 66(215)-216 airfoil
with 0,20c¢ split flap deflected 6009,
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Flgure 2 .- Section 1ift and pltching-moment characteristics for an NACA 66(215)-216 airfoll
with a 0.20c split flap; Reynolds number, R, 6 x 106. Tests, TT 2417, 568, 571.
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Flgure 7 .- Sectlon 1ift and pltching-moment characteristics for an NACA 66,1.212 airfoil
with a 0.20c eplit flap; R, 6 x 10°. Tests, TDT L24, 570, 576, 602.
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Plgure 4 ,- Sectlon 1ift and pltching-moment characteristics for an NACA 651-212 alrfoll

with a 0.20c split flap; R, 6 x 10°.

Tests, TDT 356, 569, 599.
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Figure 5,- Effect of flap deflectior on maximum section 1lift
coefficient for the various airfoil sections.
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Figure 6,- Effect of flap deflection on the increment
of meximum sectilon 1lift coefficient for the various
airfoil-flap arrangements,



