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WIND-TUNNEL INVESTIGATION OF AN
NACA 66,2-216 LOW-DRAG WING WITH SPLIT
FLAPS OF VARIOUS SIZES

By Thomas €. Muse and Robert H, Neely
SUMMARY

An investigation was conducted in the NACA 19-foot
pressure wind tunnel of a rectangular wing having NACA
66,2«216 low-drag airfoil sections and various sizes of
simple split flaps. The purpose of the investigation was,
primarily, to determine the influence of these flap in-
stallations on the aerodynamic characteristics of the
wing. OComplete lift, drag, and pitching-moment charac-
teristics were determined for a range of test Reynolds
numbers from about 2,600,000 to 4,600,000 for each of the
installations and for the plain wing.

The results of this investigation indicate that val-
ues of maximum 1ift coefficient similar to those of wings
with conventional airfoil sections and split flaps can be
expected of wings having the NACA 66,2-216 low-drag sec-
tions. The increment of maximum 1ift due to the split
flap was found to be practically independent of the
Reynolds number over the range investigated. The optimum
split flap on the basis of maximum 1ift appears to have a
chord about 20 percent of the wing chord and a ‘deflection
of 60°. The Cp of the wing with the 0,20c¢ partial-

maXx : :

span flap deflected 60° is 2.07 at a Reynolds number of

4,800,000 while with the full-span flap it is approximate-
ly 2.,53; the increment of the maxinmum 1ift coefficient due
to the flap is approximately proportional to the flap span.

Although the addition of a split flap tends to hasten
the stall and to cause it to occur more abruptly, little
change in pattern is evidenced by observations of the be-
havior of wool tufts on the wing. :
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INTRODUCTION *

‘The present national emergency has, among other
things, given impetus to the demands for higher speed air-
craft. However, several pressing aerodynamic problems
are encountered that have an increasingly adverse effect
on performance as the aircraft speed rises. One of these
problems is presented by the compressibility burble which
has been solved to a great extent for the present needs
by the &evelopment of the NACA low-drag airfoil sections;
tive to surface irregunlarities and some doubt exists as
to the effectiveness of various high-1ift devices used in
conjunction with them.

To date very little data are available on the aero-
dynamie characteristics of low-drag wings with high-1ift
devices, altlhough some isolated tests for two-dimensional
flow have been made., These tests were not extens1ve and
only a few types of flap were tested.

‘In the NACA 19~foot pressure tunnel, some tests have ¥
been made of complete airplane models with wings having
NACA low~drag airfoil sections. In these tests a 20- -
percent~chord split flap and an extensible trailing-edge
flap were investigated. Although these tests have been
far from conelusive, the results, nevertheless, indicate !

that values of ‘CLm similar to those of conventional
ax

sections wzth split flaps can be expected from wings hav—
ing the NACA low—drag sections.

Thls paper presents the first part of an exten51ve

investigation to determine the effect of wvarious high- .

1ift devices on the agerodynamic characteristics of wings

having NACA low-drag airfoil sections. In the present 3
tests the 31mplest phase of the investigation was carried

out. That is, split flaps of various chords and spans
“were tested on a plein wing of rectangular: plan form-and

the characteristies of the combination determined. The
remaining portion of the program will be devoted to the
determination of the aerodynamic characteristics of wings

of various plan forms using NACA low-drag sections in y
combination with several different types of high-1ift

devices. '



MODELS

'Plain Wing

The plain wing or basic model (fig. 1) was comnstructed
of laminated mahogany, reinforced with steel gpars, to the
NACA 66,2~216 low-drag airfoil section (fig. 2). The model,
rectangular in plan form with elliptical tips, has no d4i-
hedral or geometric twist, The span is 15 feet, the aspect
ratio 7.0, and the area 32.14 square feet. An "aerodynam-
ically smooth" surface was obtained by spraying the wing
with a number of coats of lacquer and then rubbing until
smooth with No. 500 water ecloth.

Flaps

Simple 3p11t flaps of 10, 20, .and 30 percent of the
wing chord were tested. These flaps were made of 1/16—
inch galvanized sheet steel curved to approximate the con-
tour of the flap portion of the wing lower surface.
Wooden blocks, cut to the appropriate shape, were attached
to the wing lower surface and the flap to obtain each of
the degired flap deflections. TFor the partial-span con-
dition the flaps extended over 53-percent of the wing span.
{See fig. l.) This distance was determined as the dis-
tance that exists between the inboard ends of O.S?% con-
ventional ailerons, shovld they be used. The full-span
arrengemeént of the flaps extended along 90 percent of the
over—all W1ng spal.

TESTS

: The tests were conducted in the NACA 19-foot pressure
wind tunnel at.an absolute pressure of 356 pounds per square
inch with -the model mounted on the standard wing supportse.
(see fig. -3.)°

Since the plain wing is used as the basis for compar-
ing the merits of the various flap arrangements, a set of
complete polar runs was first made for this condition,

For these runs the angle of attack was varied from =5°
through the stall for dynamiec pressures of 13, 20, 40, 70,
and 100 pounds per square foot corresponding to test



Reynolds numbers of about 2,1006,000; 2,600,000; 3,600,000; ’
4,600,000; and 5,600,000. Simultaneous measurements of

1ift and drag were recorded by a six~-component electrical-
recording balance. In addition to the complete polars,
measurements of 1ift and drag were made through the low~

1ift range for dynamic pressures of 150 and 175 pounds per

sguare footi : '

In order to provide a basis for some comparison of
aerodynamic characteristics obtained in thesé tests with
section characteristics obtained in two-dimensional~flow
tests, momentum surveys were made in the wing wake at
dynamic pressures of 20 and 40 pounds per square foot.
These surveys were made with a rake composed of a number
of static and total head tubes. Measurements were made
at 1-foot intervals along the span except near the wing
tips,where intervals of about 2 inches were used. At each
of these stations the angle of attack was varied suffi-
clently to properly biracket the minimum-drag region.

For the partial-span arrangement of the lO-percent-
chord flaps, complete polar runs were made for flap de-
flections of 15°9, 30°, 45°, and 60° at dynamic pressures
of 20, 40, and 70 pounds per square foot. Complete polar
runs were made for the full-span flap arrangement but only
at the 60° deflection. Similarly, the wing was tested
with 20~ and 30~percent chord flaps at the various deflec-
tions and dynamic pressures. '

In order Yo study the wing stalling chartacteristics,
wool tufits were fastened with cellulose tape to the wing ‘
upper surface at the 20-, 30-, 40-, 50-, 60-, 70~-, 80-,
and 90-percent-chord points. These tufts were arranged
in parallel rows spaced approximately 7 inches apart along
the wing span. Slightly closer spacing was used near the
tips. Sketches were drawn from visual observations of the
behavior of the tufts at various angles of attack through
. the . stall for the plain wing, and for each of the 10-, 20-,
and 30-percent-chord flaps deflected 60° in the partial-
span arrangement only. The tuft observations were made at
a dynamic pressure of 70 pounds per square foot.



’ , ) RESULTS AND DISCUSSION

Coefficients

The data presented in this report are given in stand-
ard nondimensional coefficient form corrected for the ef-
fect of model support tare and 1nterference, and for jet-
boundary effects.

The coefficients and symbols used herein are defined
as follows:

Cp 1ift coefficient l;‘
q
Cp drag coefficient ;L
qs
Cp pitching-moment coefficient sbout the guarter-
7
chord point of the plain wing -
gSec
Cp, Wing profile-drag coefficient
’ . . o s s do
, c section profile-~drag coefficient -2
s dc

where q. dynamic pressure in the undigturbed air stream
].-.~ v'.a

g eV
$§ wing area {(32.14 -sq ft)

¢ mean wing chord (2.14 £%)

o'l

b wing span (15 ft)
p mass density of air, slugé per cubic foot
.o and 8, flap deflection méasured between the lower

‘surface of the wing and the flap



a' geometric angle between the root chord and the
horizontal axis of the tunnel

o angle of attack of root chord corrected for jet-
boundary interference

R test Reynolds number based'oﬁ mean wing chord,
pVe
I

I coefficient of viscosity

e s .

EE o Ay 3 X

Precision

The accidental exzperimental errors as determined
from repeat tests are believed to De within the following

limits:e :
a £ 0.10°
Cy, £ 0.03
max
Y + 0.005
mc/4 .
C £ 0.0003 <
D( GL = 0 ) Abs ;,..3" e W
Fopders g s
¢ = 0.0006
CD + 0.002
( Cy = 2)
cg £ 00,0002 ~~

o(cl = Q) wake

- §¢ £ 0.5°

Flap position =+ 0.002¢



Mhe coefficients given are corrected for the effect
of support tare and interference as determined for the
plain wing. No additional tare tests were made for the
flap installations, as tne tare ingerement is believed to
be small.

Plain VWing

The aerodynamic characteristics of the basic model
as determined in these tests are given in figureg 4
tarough 6 as the zero flap deflection condition. By re~
ferring to the 1ift curves, it can be seen that up to a
C;, of about 0.1 the lift curve is straight, but WBetween

C;, of 0.1 and 0.5 there is a definite change. Above Cy,

of approximately 0.5 the lift-curve slope becomes progres-
sively less up te the stall. The slope of this portion

of the 1ift curve increases and the change in slope, as
mentioned above, tends to disappear as the Reynolds num=-
ber increases. Also, with increased Reynclds number the
anzie of stall is increased. : : L
, Because of the variation of the position of the aen0~ﬁg g
dynamic center with Cy, the pitching-moment coefficient

was computed about the wing quarter-chord point. Exami~
nation of these curves reveals that the pitching-moment
coefficient becomes greater positively as the angle of
attack is increased and that there ' is a slight scale ef-
fect, thé value of the pitching-moment coefficient in~
creasing positively with an increase in Reynolds number.

The section profile-drag coefficients determined by
the momentum method are shown in figure 7 for two values
of the Reynolds number. From these plots, the wing pro-
flle—drag coefflc1ent, ’cﬁo; was determined by integrat-

ing the values of. ¢a, X ¢ across the span as suggested

in reference 1. The mlnzmum wing profile—drag coefflcient
obtained from these tests at an approx1mate test Reynolds
number of 2,700,000 is 0.0038. The airfoil section pro-
file-drag coefficients shown on the figure are in good
agreement with the values obtained from wake measurements
of an airfoil with the same low~-drag section in the NACA
two-dimensional low-turbulence tunnel., It . skould Dbe
pointed out that the turdulence of the 19-foot pregsure
tunnel is almaost as low as that of free air at low test
speeds, and increases slightly with increase in tunnel
test speed.,



Values of minimum profile-drag coefficient of the
wing obtained from the force-test measurements were con-
siderably higher than those obtained from the momentunm
method, The differences are believed to be due to the
difficulties involved in accurately measuring the tare
forces due to the model supports in the case of the low-
drag wing, and to some error in the momentum measurement
due to the difficulty of correctly obtaining the tip ef-
fects of the winge.

ﬁing‘with Flaps

The 1ift, drag, and pitching-moment characteristics
for the wing with the various flap installations are pre-
‘sented in figures 4 to 6, inclusive, where the data are
plotted against angle of attack for three values of
Reysolds number, The 1ift curves, in general, are uniform
and consistent but there is some variation in the shape at
the peak. However, the change in slope that appears to
‘exist at low Reynolds numbers in the 1lift curves of the
plain wing is not evident with flaps deflected. The elim-
ination of this effect may be due to the decrease of a
cross flow at the trailing edge over the center portion of
the wing when the flaps are deflected. The slope of the

-1ift curve, iﬁL, appears to decrease wzth ‘increase ‘in
do

flap deflection, while, on the other hand, for a glven f
deflection, it tends to . 1ncrease with an 1ncrease of
Reynolds number.

Examlnation of the pitching-moment curves shows that
the pitching-moment coefficient about the guarter-chord
point varies with Reynolds number and «a but the varia-
tion is not con31stent. The pitching-moment coefficient
does, however, increase negatively as the flap deflection
and flap chord ‘are increased. A comparison of the pitch~-
ing-moment coefficients obtained with a 20-percent-chord
split flap on an NACGA 23012 airfoil (reference 2), with
the results of the present tésts, while not strictly com-
parable, does give values of the same magnitude.

The variation of C; _ with Reynolds number is
. max

given for the wing with various flaps in figures 8a, 8D,
and 8c. A marked scale effect is noticeablée both for the
plain wing and for the wing with flapse. The curve for



the plain wing appears to give an approximately linear
variation between Reynolds numbers of 2,000,000 and
6,000,000 with no indication of an immediate leveling
off. The curves for the flapped condition appear to de-
viate somewhat from a linear variation but no consistent
change can be determined, so that, in general, there is
l1ittle scale effect on the 1ncremen+ of chax' The in=-

crease of ACL obtained w1th the full-span arrangenment
max

over that obtained with the partial-span flap is approxi-
mately proportional to the increase in flap span.

The variation of ACy with flap deflection is
“max P

given in figure 9. At the deflection of about 60° the
curves are beginning to level off, indicating that very
little gain in 1ift can be expected beyond: this point. A
cross plot of these curves (fig. 10) showing the variation
of ACLmax with flap chord reveals that very little ad~

~ditional 1ift is obtained by increasing the flap chord De-
yond 20 percent of the wing chord. From a consideration

of these two sets of data, it would seem that a 20-percent-
chord split flap deflected about 60° would be about the

optimum arrangement from consideration of Oy
maxe.

Stalling Characteristics

The stall diagrams for the plain wing and for the
wing with each of the 10-, 20~, and 30-percent-chord flaps
deflected 80° are given in figures 11 to 14. These dia-
grams show that the stall begins in the rear-center por-
tion of the plain wing, moving forward and outward with
increase in angle of attack. The movement appears to be
fairly uniform and gradual, indicating desirable stalling
characteristics. With the addition of flaps the begin-
ning of the stall is somewhat delayed; once started, how-
ever, it develops much more rapidly with complete stall
occurring at a lower angle of attack than for the plain
wing. The diagrams also indicate that the pattern of the
stall is not greatly affected by increases of flap chord.
From the visual observations, however, it appeared that
the velocity of the inflow near the wing tips was sub-
stantially increased as the,flap chord was increased. The
stall diagrams give the impression that the left side of
the wing stalls earlier than the right side, but the 4if-
ference is small and may be due to a slight asymmetry of
the wing rather than to an aerodynamic effect.
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CONCLUSIONS

1., The addition of a simple split flap to a rectan~
gular wing with NACA 66,2-216 low~drag airfoil seections.
gives serodynamic characteristics that are approximately:
the same as those obtained with similar flaps on wings
having conventional airfoil sections.,.

2. The most favorable split-flap 1nstallation from

a2 standpoinmt of Oy appears to be one with a chord of
x max

ab%ut 20 percent of the wing chord and deflected adout
60~ . . . '

3. The increment of maximum 1ift due to the split
flap was found to be practically independent of the
Reynolds number over the range investigated.

4. The 0y of the wing with the 0.20c¢c partial-
max »

span flap deflected 60° is 2.07 at a Reynolds number of
4,600,000 and with the full-span flap the CLpny 1S 2.53.

The increment of the maximum 1lift coefficient due to the
flap is approximately proportional to the flap span.

5., The addition of the split flap to the rectangular
wing, in general, reduced the angle of attack at which the

stall occurred but did not appreciabdly alter the pattern
of the stall.

Langley Memorial Aeronautical Laboratory,
Nat ional Advisory Committee for Aeronautics,
Langley Field, Va.
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Figure 3.- The rectangular NACA 66,2-216 low-drag wing with split flap mounted
on the standard wing support in the 1S-foot pressure tunnel.
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(b) R = 3,600,000,
Figure 5.- Continued.

NACA Fig. 5b
Y
3
S P 76
4o | o7 & v
‘§ 00:—9-47—- ) /
E 10— 1% "L ’°\ oaf) gegP/a/h wing 72
g—/ e T F—g a /5 1
E TE I TR Yol = o 30 Pa/l-ﬁa/;-spzlyn flap / 68
N & ’SVQE g5 /4 ’
E ~.2F i ’ i\z i >\CT g gg Full-sport 7L/ap z
o -~ . — T = - 64
§‘<3 T
N - .60
-4 5
267 56
F °
2t A 52
/ Anp
o /| 71,1 .
ol ; L EVaAp
AW,
18} p /;’// b [ / 40
s A9 )3
i ¢’/; / / 6
16 H - .
gL S /3/ 2 / 7/ N
. A 1A /1o
G4 " 4 g FEQ
o /LAY A / i £
ST VS S A IR
S 12t i A va 280,
s /SR ) : ;
T - w iy
i e 1 z
.5- /V a4 // TR s ; .20
RV i) |
A A
/ )! f/ i 9// B - /
A // ’ - s A // /ﬂ/ g2
» d yd %
.2 /| o] v . 4 .08
4 = }//
0% {/ D//// // .04
c,?/ N . Lo T e / R N - nm (b) 0
- 0 4 8 12 16 20 24 0 4 8 /2 /6 20 24



NACA Fig. 5c
e
. < . 76
Q; ok o tg—i—8-T"""] p-o 1 /V
I§ ; " /(A*H&*\gw [ 72
a‘l:)"’ U ?_ l — Jﬂ’mw‘k
g F —T .l 1% F-¢ ™~
1 : . y glékgé . &, deg | | / 0
lé-. 2 - Z /g Plain wing /
é‘ E = =z d ——JL‘EE = = 3'32. Portiol-spar flap 64
S. 3t 1ol 060) ——|
E : 7T 7 v 60" Full-span flop 1
.60
-_4;
2.6} .56
: P
2.4 - .52
2.2f A 48
~ l /? [
2.0 A ///1& /74 i 44
$
1.8F / 7 I / 40§
' (P44 /
: £ ot / g
1.6F 36
, A g
&f/.‘vfE /; A 7 /‘f a
T OF T
S,z N/ A 1A / A .
SADARY/S@ARPEN y, yailil
ELO f/ // /g/ 4 = ¥ Vﬂ’ l .24
// : / A |l
L LAY \ / A4 N L,
‘ j / &\R / ,) oA 4{
i iV 4 e
E v// {// V/ /8’ =4
ViV L AL
-/ VAR
-ZF / o// /a/ / 9/ .08
E {/ L~ }/,
7 I 7T
E‘/ p//ﬂ/ .04
[ . , o L o [~ ()
~£4 g g g g e O

Angle of affack, o ,deg

(¢) R = 4,600,000.
Figure 5.- Concluded.



NACA _ Fig. 6a

3 i .76
E
(&) T
Ok =G5
I S it T /
3 72
:";\j / b B w A A | at—EB \ K{i—g_ v
R . . -
$ - i e O 68
e a
= A A\ 4 £ ] N
g “%::?: &, deg © |
o o 0 Plain wing A
8
Sl el e LA N /°
£ E M v Z 7 pmx v 45 Partial-span flap /
&t A ©60 R — .60
F v 60 Full-spon flap o
-.4f
£ L <
2.6 E / .56
2.4f A 7 52
- 2l
L
2.2¢ VA / P 48
| ’ 312V
L
2.0y 4 42
{ - i
_ . S
7 -
1.8 / A \ - 40 §
/{ M) //y 5 / 2
° o
1.6} ] 7 A 4 36 8
7 7 :
8 o 2
)/ —:f Q
G4 Wi o /! .4 il 1 [ 2 32
S V,Vé 2g/ el
S "
82 / ﬁ/ - A ﬁ 28
o
% / p.£: /8’ Iy
: S AT
3

|

b

>
NEN
~
TANaTE
AR
b

A
N

2
)’s
Y L~ al
2F !, ?//;// /5/ P 08
£ ?/ / o
I~
ok 04
"] :
:9/ "1
4 i o b o] @]
7 0 7 8 2 20 24-4 0 2 E 2 76 20 24

Angle of offack, o ,deg

(a) R = 2,600,000.
Figure 6a to c¢.- Aerodynamic characteristics of a rectangular NACA 66,2-.216 low-drag
wing wiva 0.30c split flap.



NACA . Fig. 6b
.
s [ .76
S 05 | o—1%1 )
I S N G A L
I N = .72
L ): B e e S { T 8
- N e S S I 2 e, 68
E E 1% Tv 2 1 B\\; &, deg -
E".ZZ 3. X o 0 Plain wing
E k ° d v INVES
g\ : S Ny . - ;,}vg Sig Par‘f/o/-span‘ flap 64
5-.3_ z RECA © 60
= E 7ol v 60 Full-span flop
Sk .60
—.4f 54
: ;
2.6F 56
- 1z
2.4 '{P f f/ j 52
7 ,
2.2; // /v/ 5 48
F } L/
2.0 Va / / 44
: ) v /1 A /L
/. 8f // //'é/ B P A }3( / '40§
(4 i I
: £ /); / o z iy 'faag
CF L1 I
E f/ r/ W / E
St ‘// A// 4 AN { }{ .32Q
e AL ;
P 2LV A A A
3 Avaw. / / |
S F /‘ 2 =Y %
E/.oz /é‘/ MhaSmwy & / -24
/S armyARER =, EaRy AN
A / A
; j Al |/ S Y 1 B I /) ¥
p / /A, AL 1A
f . yd S
A EduRy.anpAny.any
.4: / A// .// .
{ J ./’C/ e //
2 08 ..
4 ] A
: L
o) // A// // .04
e 3
°\°‘?-o—4 ‘ o/c"/ ®)
S a— P E G 20 ea-4 o 4 g 2 16 202 Y

Angle of attack, o, deg

(b) R = 3,600,000.
Figure 6.- Continued.



NACA Fig. 6¢c

N
4 | -
© 1 o '
Yoo g Jlo ot i
o ; .
N e Sy, de .
& N et %o * 0 gP/a/n wing f
g-/ = S| DUV_%"]-" . 5 i i i [
: ] 12 o | B —gr—ord j L° 3 30 Par;ﬁa/l-sp' 7 Flap 68
3 e o+ 8o o o 60 |
E o Frien v 60 Full-spar flgp
E =4
>k 4 64
>
S £ z | 2BfT o -
N F I 4 (4
::9 —~3f = - g e r s 7
N i’ 60
L v
-4
2
2.6} .56
E //g ' }3/ ]
C v A = £
‘ 4 A L/
2.2} 48
4 Y. A v

: , . ,, .
2.0F /él? ] /*r 44
;‘ 7

ol /!

20

S
™~
~5

Drog coefficient. Cp

/ ; ! / 17
d/ﬁ P /8’ ) }/A il /-vv// 36
1P AV A R b 7 : 52
§ f /? /3}5{ L V JT 28
AR VVE / i’% \ A AT L,
R scerian T P AR
( g | 20
A e e S
z yd A £
.s;w_ﬁ// T N 2 P R/ﬁ 5 16
4 g v A | | A P 2
' |V ;// i N
Pl f/ = A LA 06
7 aRmre
O - e o4
/ i 0\0‘?**1*01”4Y0// Jos () 0
B e, e Y S S R ¥ R A 8 2 e zo 24

Annle of oftfock, «, deg

(¢) R = 4,600,000,
Figure 6.- Concluded,



.008

Q
Q
N

.002

[~

.006

.004

Section profife-drag coefficrent, Ca,

Q
N

Figure 7.- The variation of section profile-drag coefficient along the span of a rectangular

S o
o5 ‘ o o
;'/ o} < 5 P~ . ! /—0""\0
/?\\0____ ————— - o‘i'_
D
\
] \
(@
. -
{ T WEEE
i B T I e e e i e e A
l : c : 1
S 2 \
= 3 3
7 5 4 3 2 / / 2 3 4 5 & 7

Distarice from center line of span, 1t

(a) R = 2,600,000.

NACA 66,2-.216 low-drag wing.

-

-

(b) R = 3,600,000,

YOVN

L *31d



Maximum Iift coefficient

. - ‘ v »
T T T TTTTIT T
2.6 S,= Q°ploinwing T
e — = /5°par-f/a/—s,oa/7 , LAT ¥ ; ]
- —— — - h ggo o /{;/ . - —
[ e # = b4 o " e . =
2.45 e = 80° 0 “
I "= 60°fu//—5pan
3 -
E o
W2.2E
- T //’/"” , T
2.0F : e : =
E fad {7 ! 4// /"/ 3!)' "’ ;} ' ? :
- L~f" /‘ 5 /"/
/.8 = A A A 2
E /.."/// ) P L ) ’/
/.6 : i //"f»" 11 V1A 4T
. - o B ’/
o ,455 //// N B ’ e
- .~ T A -
- Lt Lt A
/ 4 - _ L L1 b1 '1/
: E /,x”'l / / L~
P i o P
3 /
/.25 // y A
@) (b) 1@
/.0 I I gt e leabepaabisiatisniiing FURMNARERAN RTINS TEIT] SO0 1 Lt e v il pbesaatiteiiingig [ERRRNERNRITITICNCT | | [N RN AE NN ST NIRETINN] INEWARERRI ITITHIT]
/ 2 3 4 5 6,789/ Z2 3 4 5 6788/ 2 3 4 5573.9/0
_ Test Reynolds number, R x 10¢
(a) With 0.10c split flap. (b) ¥ith 0.80c eplit flap. ’ (e) With 0,.30c split flap.

Figure 8.~ iariation of maximum 1ift coefficient with Reynolds number of a rectangular HACA 66, 3-816 low-drag wing.

VOVE

8 "Bt4



)

he}

3
.9
~
Q

Q

o

1%

W

Incremernt of maximurm liff coefficient, AC, ..
N N -

[T SN N edaaas

20 . 40 — 60
Flop deflection, &, deg

0....

Figure 9.- Effect of flap deflection on incre-
“ment of maximum 1ift coefficient

for various sizes of partial-span split flap

on a rectangular NACA 66,2- 216 low-drag wing.

.8
&= 15°

7» o e 30— P S pm—
u r =2gd5% e -——— ’,//

- =60°——-———- B
NS I ol
q.6 " —
E b =
3 N I
t§‘5 r/ b -
& [ 1 | —
= , . —/"
€ 4 /1. -~
N VAD;
E S
g A
w3 Lt =
[o] 7

I

Y,
o f / L—
Lot AL —
L 1
O /’/ 1
~ 7

A4

//
o 5 I/O. ‘./5“ 20 25 “‘30

Flap chord, percent c

Figure 10.- Effect of flap chord on incre-

ment of maximum lift coef-
ficient for various deflections of a
partial-span split flap on a rectangular
NACA 66,2-.216 low-drag wing.

YOVN

01°6 °s91d



272/7 770 7T T
AN %
1 . . : .
l cqé/d' :
V a5 T Laxi 6o 75
1

x00

SE2SS S S AN . .

75 " g0
N ]
Tt

{
N
S AL LI A7 T 7Y 77277 477
INSTEADY FLOW l %TEADY FLOW L
o=/ : <= R0°
160 7 50 r-"2 o 28 50 7 1700 ) . " 00 75 50 25 0 25 s0 77 0
1 1 \ L 1 ‘ | l
| T T ‘ p g
o : b P IS LSO S L 2L L [
! . . Yy GIII TN 0000707707 /77 "
W : ) ' J. ' /) : : . /7//4/-/?’//////7///5/{”{ e,
A /'—*77 - 5 77777777 /777/7/7/777‘17/7/7-6 / / 4
Y &x{%ﬁgfﬁ}{a{éf/_{/ﬁﬂn 71r00248, ////}, N\ LEGEND
: . ' | CROSS FLOW. [ ANTERMIT TENT LY
STEADY" . wsTEADY |\ N\ IV THE DIREC S ALLED ekt
Y - . | oF ARROWS . B K=/I2
A7, COMALETELY :
D UNSTALLED %/ STALLED
: A
no 20 7 . 80 5 0 25 s0 xS w0
| ! |
.

s ALY
;//,1;/ ol ile Ty 7777,

|

285 T
| -
- ! - |
, B . Y W/

UNSTEADY FLOW i TEADY FLOW , ,
b =0 o =/F

v FIGURE M~ STALL. DIAGRANS OF THE RECTANGULAR

' LOW=DRAG WING. R=4,600,000.

NACA 66,2 —216 AIRTIL SECTIONS.

IR:E



-~ o . A
¥ -
100 7;15- ; .fla ' zl5 T zl:- ,Tz 75 ) 200 75 50 2‘5 ? 25
B 1
. 1
ST T »
S 2L % ”/9/;’// T 750
e A A S i T KA /
UNSTEADY, FLOW ZLunsreapy FLow ‘
| ocrs: . » ~ o2t
0o Tr 5‘0 3‘5 0 100 7|5 ’a'la z|5 T 315 T) 'rls 100
) - - = y -
o - Y00 L,
Ly % N f
— 7777757 Z . / VD%
\KS‘A P, 72 . Y
UNSTERDY FLOW I _
w20’
w00 75 50 25 25 80 7 s00

LEGEND

i < cross FLow BT INTERMIT TENTLY “SUNSTEADY FLOW — TR TEADY FLOW
UNSTEADY FLOW NSTEADY. FLOW NN i R WTERMT , ,
o'/l WM oF armows ) o' /8 .
7 COMPLETELY.
UNSTALLED / STALLED
74
’ /00 7:{5‘ - a’lo zla' |o el.s 5|a 7[5' 20
. ,
. |
N o= /
7 7 22 ¢
\ N A e
: . 4;5/102)/ UNSTEADY FLOW
’
! <l L =/7’

FIGURE 12-STALL DIAGRANMS OF THE RECTANGULAR
S LOW=-DIRAG WING WITH O./0c. PARTIAL~ SAN

SPLIT FLAPS DEFLECTED 60°. R =4,600, 0Q0.
NACA 66,2-2/6 AIRFOIL SECT/ON. ‘

RGP



w0 75 5a 25 z.s- 100 75 50 25 s 50 75 w0

25 g a5 80 75 700 /ao 75 50 25 g z:,- 7 /oo

LV S |

: //// / / /,/// //>
\ Y A, { %/ / //////// N
\ == j e / %4 "

/////////////////// 7/ /// ¥
LUNSTEADY I--UNJ TEADY
o<’z /6" <= 2/°
760" 7l'5 gla 215 T z|5 5]0 rr. 100 /ao V.fr 50 25 0 25
] i .,
H . 14770 X/ 7" 7,
by - \ 77
Y
N e a———f{tid/ \Z i
> el | 7 LEGEND ’?rf/
y N1 cAOSS TERMITTENTLY
UVSTEADY | UNSTEADY N 3 B e rion % LA .
. oc'= 15" OF ARROWS <hr9 "

‘ // COMALETELY
WNSTALLED / STALLED

©o '7IJ T 25 ' T 25 Jla 7‘5 /0‘0 ; 75 sa 25 a ‘ e5 a-o 7‘5 w0
i !
i \‘ : A / O \\!
' | W /y N !
\ . J / ; ,I// 7 ’//, } 2
N et v — = = | N7 A
T
i R .
f o= 6° o= /70

FIGURE 13-STALL DIAGRAMS OF THE REC TANGULA,
LOW-DRAG WING WITH O&0e  FARTIAL- JB!)/V
SELIT FLARS DEFLECTEL 6C°. R =4600,000.
NACA 66,8 —2l6 AIRFCIL SECTIONS.

gl By



f/’J7//// ' i

” //é/‘ bS5,
\“ > “'-!/ /yf//f////// ///5/

NN
AN
Q\
N
N
W
N
\A \
|
N

UNSTEADY FLOW . UNSTEADY FLOW
. l D<’=/4'Zé =2/
o 7Tf 510 elé' '0 2}5 Jio 75 /g0 /00 7:7 a’a : 25 |o ;:5
;
i
) 1
]
M N/ 7, /
hy jlﬁ //4 >/\
i = FAFATAT 7"
N P e N, 2777 ;//z;;//, ////////3/4’7\// 7 /
UNSTEADY FLOW I UNSTEADY FLOW
o' = 14° <=/9°
25 ;:l-o 7z sa0 700 7 .'ro 55 0 a.f w 75 wo
R | 4
' |
“~
. 100 D)
Jr / /(/ 4 0,7, S/ /) 3
to—— = Ve ¥ ////,>/
. o = LEGEND z
57
o S| Pt [ S5 ,
< =/0 GF ARROWS s <= /6"
COMPLETELY
UNSTALLED 57'44450
25 50 75 wo lo
S R
S0
/ { { // 7y
———————— , /4 %//ﬁ 7
h ek W/ /
'elS

FIGURE 14~STALL. DIAGRANMS OF THE RECTANGULAR
LOW-DRAG WING WITH Q30c PARTIAL~ SFAN
SPLIT FLARPS DEFLLECTEL 60° R= 4,600,000.
NACA 68,2-216 AIRFOIL SECTIONS

VIUN

P16





