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NATIONAL ADVISORY COMMITTEE FOE AERONAUTICS 

- I     * 

• • • WIND-TUNNEL INVESTIGATION OF CONTROL-SURFACE CHARACTERISTICS 

AN NACA OOO9 AIRFOIL WITH 0.25- AND 0.5O-AIRFOIL-CHORD 

PLAIN FLAPS TESTED INDEPENDENTLY AND IN COMBINATION 

By M. Leroy Spearman 

SUMMARY 

Wind—tunnel teste have "been made to determine the aerodynamic section 
characteristics of an NACA OOO9 airfoil with plain flaps 25 and 50 percent 
of the airfoil chord.    The flaps were tested independently and in combination. 

Results of the  investigation indicated that the larger flap would 
provide greater lift increments "but would lose lift effectiveness at the 
higher deflections and at a lower angle  of attack than would the smaller 
flap.    The hinge-moment and lift-effectiveness parameters for each flap 
indicated good agreement with curves predicting the variation of these 
parameters with flap chord. 

Although the effect of sealing the gap was small,   it generally 
increased the lift effectiveness and the lift-curve  slope. 

Theoretical calculations of aerodynamic characteristics made by the 
use of parameters measured in the present  investigation indicated close 
agreement with calculations made by the use of parameters estimated from 
pressure-distribution data for a model having similar flaps that were 
linked to give balance. 

INTRODUCTION 

An extensive  investigation of control—ourface characteristics is 
being conducted by the Langley Laboratory of the National Advisory 
Committee for Aeronautics that includes several types of flaps of various 
chords. 

Among the control surfaces included in the Investigation is a 
25—percent-airfoil-chord flap with a tab having a chord twice the flap 
chord, or a 50 percent airfoil chord, that is linked to give hinge-moment 
balance with angle of attack and flap deflection (reference l).    In 



•   ■ order to calculate the characteristics for this flap and tab arrangement, 
it was necessary to obtain the rate of change of flap hinge-moment coef- 
ficient with tab deflection and the rate of change of tab hinge-moment 
coefficient with flap deflection - as well as the lift effectiveness, 
the rate of change of hinge-moment coefficient with deflection,  and the 
rate of change of hinge-moment coefficient with angle of attack for both 
the flap and the tab independently.    These parameters were all estimated 
from pressure-distribution data of reference 2 since no data were available 
for 25—percent-airfoil-chord  and 50—percent-airfoil-chord flaps. 

The  purpose of the present  investigation is to determine the aero- 
dynamic cliaracterißtics of 25—percent-airfoil-chord .<nd 50—percent-airfoil- 
chord  plain flaps  independently and in combination and thus to provide a 
check on the parameters calculated from reference  2. 

COEFFICIENTS AND SYMBOLS 

The coefficients and symbols used are defined as follows: 

c airfoil  section lift coefficient    (l/qc) 

ch flap section hinge-moment coefficient    \/^cf / 

0.25c—flap section hinge-moment coefficient 

'h 

;hf 
5 

cu 0.50c-flap section hinge-moment coefficient 
T50 

where 

I airfoil section lift 

hj        0.25c-flap section hinge moment about 0.25c-flap hinge axis 

hp 0.50c—flap section hinge moment about 0.50c—flap hinge axis 
X50 

q dynamic pre;ssure 

c chord of basic airfoil 

cf flap chord 

C. 0.25c  flap chord 
X25 

c,. 0.50c  flap chord 
x50 



and 

a angle of attack for airfoil of infinite aspect ratio 

Sf flap deflection 

6- deflection of 0.25c flap with respect to airfoil when used 
25 independently, with respect to 0.50c flap when used in 

combination with 0.50c flap 

&^ deflection of 0.50c flap with respect to airfoil 
J50 

and 

25 

5%s  V&f 



de. 

•      • 

da da cfct      döfv«  o _        o o        ry> 

d&„      d6~ ö8f      Ö6« 
f          25 50     f25 

d&_       Ö6> \c„      /   05        \Ö6f 06, OB- I       Ö6„ &_ 
f r25 \I25/      f25 \ J50       f25 f25   / f50 f25 

The  subscripts 25 and 50 refer to the 0.25c flap and the 0.50c flap. 

APPARATUS AND MODEL 

The 2—foot-chord by h—foot—span model (fig.  1) was tested in the 
Langley k— by 6-^oot vertical tunnel described in reference 3.    The 
model was made of laminated mahogany to the NACA OOO9 profile and vas 
equipped with two plain flaps having chords 25 percent of the airfoil 
chord (0.25c) and 50 percent of the airfoil chord (0.50c),  respectively. 
Both flaps had nose gaps 0.005c  in width. 

Flap hinge moments were measured by electrical strain gages.     Lift, 
drag, and pitching moment were measured with a three—component balance; 
but since drag and pitching moment were not of primary importance in 
this investigation, their values are not presented. 

Test Procedure 

The tests were made at a dynamic pressure of 13 pounds per square 
foot, which corresponds to a velocity of about 71 miles per hour under 
standard  conditions.    The effective Eeynolds number for maximum lift 
coefficients for these tests was approximately 2.58 x 10^.     (Effective 
Reynolds number = test Reynolds number x turbulence factor.    The turbu- 
lence factor for the Langley h— by 6—foot vertical tunnel is 1.93.) 

The airfoil model when mounted in the tunnel completely spanned the 
test section.    With thiB type of installation, two—dimensional flow is 
approximated and section characteristics of the model can be determined. 



Tests of the 0.25c flap used independently were made with the 0.50c flap 
strapped at  zero deflection and its gap faired to the airfoil contour.    For 
the tests of the 0.50c flap used independently, the 0.25c flap was strapped 
at  zero deflection and its gap faired to the airfoil contour.    Tests of 
the 0.25c- flap and the 0.50c flap used independently were made through a 
flap-deflection range of 30° with gap sealed but unfaired and through a 
range of 10° for open gap. 

Tests of the flaps in combination were made with the 0.50c flap 
restrained by strain gages to the main airfoil and the 0.25c flap restrained 
by strain gages to the 0.50c flap.    In this manner,  simultaneous hinge- 
moment readings could be made for each flap.    The parameter    c- was 

°50 
obtained by setting the 0.25c flap to zero deflection and deflecting the 
0.50c flap through a range  of 10° with hinge-moment readings recorded for 
both flaps.    The parameter    ch was obtained in a like manner by 

?5 
deflecting the 0.25c flap through a range of 10° with the 0.50c flap set 
at  zero deflection.    These tests were made with open and with sealed gaps. 

All tests were made through the angle—of-attack range from zero to 
negative stall and from zero to positive  stall. 

Corrections 

An experimentally determined tunnel correction was applied to the 
lift.    The angle  of attack and hinge moments were corrected for the effect 
of streamline curvature  induced by the tunnel walls in accordance with a 
theoretical analysis  similar to that  presented  in reference  h for finite- 
span models. 

The tunnel-well corrections were applied in the following manner: 
for the 0.25c flap, 

a    = a      +   (0.21c,     - 0.l6c, 
O l*p V Im im 

Ch   =    \   +   0.00676c ZT 

,) 

for the  0.50c  flap, 

a~  = an„   + f0.21c.     - 0.076c, 

c,    = c^   + 0.00676c, 



and for both the 0.25c and 0.50c flaps, 

0.007 c cz  = (O.965 - 

) 

c
7 t-m 

where 

aQ measured angle of attack 
T 

C,1 measured lift coefficient 
T 

c? measured lift-coefficient increment caused by flap deflection 
T (measured  arbitrarily at    a      = -8°) 

:j, measured hinge-moment coefficient 

DISCUSSION 

The  0.25c  and 0.50c Plain Flaps Tested Independently 

Lift.- The  lift characteristics for the  0.25c  flap are  presented  in 
figure  2 for open gap and figure  3  for sealed gap.    The  lift  character- 
istics for the  0.50c  flap are presented  in figures  h and 5 for open and 
sealed  gaps,  respectively.    The  lift  parameters are presented  in'table  I. 

The  lift  curves for the  0.25c  flap are  fairly linear through a flap 
d.eflection of 20°  (fig.   3).     For the  0.50c  flap the  lift  curves are  fairly 
linear through a flip deflection of  15° but become  increasingly nonlinear 
in the higher lift range  and at  greater flap deflections   (flg.\).     The 
greater nonlinearIty of the  lift  curves for the  larger flap  is  probably 
caused by air-flow separation that results from the break in the airfoil 
contour at the  0.50c  station when the flap is deflected.     For each flap 
when the  angle  of attack and flap deflection are   of opposite  sign,  a 
higher angle  of attack Is  reached before   stalling  than"when the  angle  of 
attack and flap deflection are  of the  same  sign. 

The effectiveness  of the  0.25c  flap  In producing lift begins to 
decrease throughout the  angle-of-attack range for deflections beyond 20°. 
The  0.50c  flap provides larger  increments of  lift than the  0.25c  flap 
but begins to lose effectiveness when deflected 15°, and the loss of 
effectiveness becomes more apparent  as the  flap  Is deflected  farther. 
This loss  of effectiveness for both flaps  is probably caused by a stall 
beginning at  the trailing edge  of the  airfoil and spreading forward over 
the  deflected flaps. 

The  lift-effectiveness  parameter    a^    for both flaps  shows  good 

agreement with curves predicting the  variation of    a^    with flap chord 
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as shown originally in reference 2 and in modified form in reference 5- 
(See fig.  6.)    Sealing the gaps generally increased the effectiveness    cu 
for "both flaps. 

Hinge moments.— Hinge-moment characteristics for open and sealed gaps 
are presented for the 0.25c flap in figures 2 and 3 and for the 0.50c flap 
in figures k and 5.    The hinge-moment parameters are presented in table I. 

The general trend of the hinge-moment curves is that which would he 
expected for plain flaps on an NACA 0009 airfoil.    Airfoil stall is 
accompanied by a rapid increase  in hinge-moment coefficient.    Air—flow 
separation over the flaps causes the hinge-moment curves to become non- 
linear and sometimes to reverse slope. 

Curves showing the variation of hinge—moment parameters    c^      and    c. 

with flap chord are given in references 2 and 5-    The inclusion on these 
curves of the hinge-moment parameters for the 0.25c and 0.50c flaps 
indicates that these parameters are in agreement with the general trend 
of the curves (fig.  6). 

Sealing the gap provided a negative increase In    Cu      and    c.       for 
both flaps. ^ 8 

The 0.25c and 0.50c Plain Flaps Tested in Combination 

Effect on lift.- The lift characteristics of the airfoil with the 
0.25c and  0.50c flaps used in combination are presented in figures 7 and 8 
for open gaps and in figures  9 and 10 for sealed gaps.    The lift parameters 
are presented in table II. 

The lift-curve slot»    c,       for open gaps is less than that for either 

the 0.25c flap or 0.50c flap alone with open gap.    This loss would be 
expected since there is a gap at both the 0.50c  station and the 0.75c station. 
With the gaps sealed,    c,       is the  same as for the 0.50c flap with sealed 

L<x 
gap and slightly less than the 0.25c flap with sealed gap.    This slight 
difference  is probably caused by the decreased rigidity of the model when 
both flaps are restrained by strain gages. 

The lift-effectiveness parameter cfc    for each flap was less than for 
the flaps when used independently, because of the decrease  in    c, 

resulting from the decreased rigiliu.y cf the model. 

Effect on hinge mooent.- The hinge-moment characteristics of the air- 
foil with the 0.25c and 0.50c flaps used in combination are presented in 



figures 7 and 8 for open gaps end in figures 9 and 10 for sealed gaps, 
and the hinge-moment parameters are listed in table II. 

For either flap the hinge moment caused by deflection    c,        is 
n5 

slightly le3s when the flaps are used in combination than when used 
independently.    This reduction would be expected  since  deflecting either 
flap would create  forces tending to cause  opposite  deflection of the 
other flap, which tendency would result in a balancing moment as is the 
case for a balancing tab. 

The hinge moment of the 0.50c flap caused by a deflection of the 
0.25c  flap is fairly large  since  the  deflection of the  0.25c  flap 
produces an increase  in the resultant  pressure  coefficient  over the 
rear of the  airfoil.    This  increase  results  in a large moment when 
referred to the hinge  line  of the  0.50c  flap.    The hinge  moment  of the 
0.25c  flap resulting from a deflection of the  0.50c flap is comparatively 
small since  the resultant pressure coefficient caused by deflecting the 
0.50c flap is quite  small over the 0.25c flap.    This hinge moment  is 
approximately the  same aa that caused by a change  in the angle of attack. 

Comparison of Experimentally Determined Data with 

Theoretically Calculated Data 

Data are presented in reference 1 for a 0.25c plain flap linked with 
a tab having a chord twice the  flap chord or 0.50c.    Theoretical calcu- 
lations  of the  aerodynamic  characteristics of this type  flap and tab as 
determined fron pressure—distribution data are  also presented   in 
reference 1. 

By the  use  of the  parameters    ch ,     c. ,    a^,     c     ,     and    c. 
50- ^?5e " - 5 " a 

ö25 h50 
obtained experimentally in the present   paper,   it is possible to compute 
the  characteristics of a 0.25c  flap with a 0.50c tab for any linkage  ratio 
and thus to provide a check for the data of references 1 and 2.    The 
results of this comparison are  shown in figure 11 and indicate that the 
values obtained by the use  of parameters from force-test data are  in close 
agreement with the  values  obtained by the  use  of parameters from the 
pressure-distribution data of reference 2. 



• ••• • •   • • •   • CONCLUSIONS 

From tests made of an NACA OOO9 airfoil with 0.25- and 0.50-airfoil- 
.**. I chord plain flaps operated independently and in combination, the following 
*•    *• conclusions were indicated: 

■1.  Larger increments of lift were provided by the larger flap although 
it began to lose lift effectiveness at the higher deflections and at lower 
angles of attack than did the smaller flap. 

2. The effect of. sealing the gap was small but generally increased 
the lift effectiveness and the lift-curve  slope. 

3. The hinge-moment and lift-effectiveness parameters for each flap 
indicated close agreement with curves predicting the variation of these 
parameters with flap chord for plain flaps. 

k. Theoretical calculations of the aerodynamic characteristics of 
a 0.25-chord plain flap with a 0.50-chord tab made by the use of hinge- 
moment parameters measured in the present investigation are  in close 
agreement with results calculated by the use of parameters obtained from 
pressure—distribution data. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va., November 3,  I9V7 

^H\ , cfasl-O-L^   J2PJ3. 

M.  Leroy Spearman 
Aeronautical Engineer 

Approved: ^C^^<_  £ &L>vx^ . 

Thomas A.  Harris 
Chief of Stability Research Division 
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Figure 3- Aerodynamic section  characteristics 
of an NACA 0009 airfoil with a 0.25c plain flap 
and seated gap. 



• •   •• • •     « • « 

-12    -S     -4      0       4.     ö      12 
Angle of attack, cx0, deg 

Figure 3. - ConcludQd. 

16 



• ••• 
• ••• 

• ••• • •   • • •  • 

• •     • • •   • • •• 

• •     • • •  • • •• 

o 

c 
•9? 
o 
£ 
O 
O 

t. 
e o 

0) 

1.2 

1.0 

.8 

.6 

A 

0 

-2 

-.4 

-6 

-a 

-1.0 

1 

b-^ „ 
/ 

Sfso 
(deg) 

o    0 
o    5 
v   10 

< 
I / 

< 
J 

r 

&fso 
(deg, ho 

5 
,6 
/ 

s—s v~~* —^ 

<i > 

1 ̂
^ IACA 

1 
■^ 

i i 1 

-20   -16    -12    -8-4     0      4     S 
Angle ofaftacK t cx0 , deg 

12     16 

Figure 4- Aerodynamic section characteristics 
of an NACA 0009 airfoil with a 0.50c plain flap 
and 0.005c  gap. 



• • • •• 

\'\                      .16 
••  • • • • • •• 

o .12 

o    .08 

+- 
c    .04 
0) 

C      0 
0) 

8   -04 

1 -os 
c 
o 

Q) 

§   -20 

U 
S   ,24 

€ -a? 

8   -32 
03 

-^ 
\ 

\ < 

M 
\ 

\ 
\ p . 

\ t 
\ > 

\ 
< k \. 

N \ k 
Sfso 

(deg) 
o    0 
o    5 
v    /0 

(dog) 
\Q\ 

< K K 
^ 

r N k 

f/o ? 

k D 

\ 

1 
< 

^ 
\ 

\ ^ NArA  ^ 

1 1 "1 I 
\ 

V 

-20    -/6    -/2    -S     -4      0      4      8      12 
Angle of attack , cx0, atec? 

Figure A-.- Concluded. 

16 



• •• 

• •   • • •  • 

• •     • • •  • • •• 

1.4 

1.2 

to 

3 
r-» 
o 

~ .6 
-K 
c 
CO 

o .4 
±- 
<+- 
o .2 
<j 

t 0 
— 
c 
o -2 

■+- 
CJ 
0) 
<o -.4 
o 

«+- 
^ -.6 

-3 

-1.0 

-12 

16 -20   -16   -12   -8    -4      O      4     3      12 
Angle of attack , c*0 , deg 

Figure 5 .- Aerodynamic section characteristics 
of an NACk 0009 airfoil with a 0.50c plain flap 
and sealed gap. 



• •• • •      • • •     < • ••   • 

• ••• > •   • > •   • 

• •   • • •• 

• •     • • •  • • •• 

c 
Q) 

Q) 
O 
<J 

•+- 
C 

O 

i 

en 

c 
o 

u 

a 

<3 

-20   -16    -12   -8    -4      0      4      8      12 
Angle of aitack , cx0, deg 

Figure 5.- Concluded. 

16 



• •    • • •    • • ••• 

• ••• • • • • • • 
• •     • • •  • • •• 
• •     • • • • • •• 

CO 

8 

o 

-A 

.8 

-12 

O 

"  -.009 
c 
a 

i -.016 

V 

-.024 

^ 

■^ 

:> 

\ 

\ 
\ 

=^ 

^ 

v 
6 

■-&-*= 

<      ,0.005c gap 

$* 

Sealed gap 

A Present tests, 0.005c gaps 
O Present tests, sealed gaps 
 Reference 5, both gaps 

Ch ex 

<V->C 
:^\ 

x 

0 Z .4 
Cf/C 

.6 8 1.0 

Figure 6r Variation of lift-effectiveness and 
flap section hinge-moment parameters with 
ratio of flap chord to airfoil chord. Curves 
from reference 5 for plain flaps on MAC A 0009 
airfoil. 



• •  • • •   • 
• • 

• •     • • •  • • •• 

1.0 

.8 

.6 

.4 

2 

0 

-.2 

-.4 

-.6 
ft 

-8 

-1.0    - 

*—' 

k: T / rfJ 
-  (dec y > ^^J; U'       7 

it? (0 
a 

4- 
C 

/ 

O 

fc 
%T 

c 
'2.5 

(dog) 
>     0 

5        - 
10 

.0 

1 G 

E 

cP £ 

"^ 
\ 

1 1 1__ 
-/6    -12    -8-4      0      4     8      12 

Angle of attack, c*.0, deg 
/6 

F/gt/re 7.-  Effect of deflecting the 0.25c flap 
on the aerodynamic section characteristics 
of an NACA 0009 airfoil having a 0.25c and 
a 0.50c plain flap .   <5p   - 0°; gaps, 0.005 c . 



•     ••• 

• ••• 

• •     • 

• •     • 
o 
-k 
Q) 

o 

^) 
O 
<J 

-K 
C 
Q) 

i 

o> - 

-c 
c 
o 

U 
Q) 
«0 

■16    -12    -8     -4      O      4     8      IZ     16 
Angle of attack,cx0ideg 

Figure  7 - Continued 



•    ••• 

• ••• • • • • • • 
• •     • • •  • • •• 
• •     • • •  • • •• 

.20 

.16  q 

<£ IP 
-L: 
ü 

+- .08 
e 
^ 

u .04 
^ 

0 
O 
U 

4~ -04 
e 
Q) 
£ -0P> 
O 

8 
d> -.12 
tr> 
C 

~Q -.16 
C 
o 

,20 
o 
Q) 
<0 ,24 
& 
<3 

,28 

a 
O -32 

-36 

,40 

4 

1 Sfz5 

(dog) 
o    0 
□    5 
A   10 

^A. '2t ) 

1 ^ \wg) 
\ IJ: 

L lo 
\ 

-i K 
\ 

!■ Y 
\ 

1 \ y. k V Y 4 Kl 
K k 

A 
Ü0 \ I 
\ \ L i\ ( [ 1 

\ 

\ 
\ 

< 3 - 
"^ D 

* 
LJ 

\ \ ^ 

* 

\ 
^ 

1      1      1 

-16    -12    -8     -4048      12 
Angle of attack, ocQ, dog 

IG 

Figure 7 .- Concluded . 



• •• • •     • • •     • • •• 

»•      • •   • 

12 

ID 

3 

.6 

.4 

.2 

0 

-.2 

-.4 

~'6 

,8   < 

-1.0 

(deg) 
o   0 
o   5 

\ V 

< 
J 

r r 
J—i n 

r«o / 
0 J 

er 
•5? 

CO 
&fso 
(dm) O 

£; A 
10 
/ 

j 

c 
o 5 

> 0 
<o 

<£ 
k. 

^ / 
-A > 

> 

\> 
r i A ) v -.NÄCÄ^^ 

N x 
-16    -12    -8-4      0      4     8      12 

Angle of attack, cx0,deg 
16 

Figure 8.-   Effect of deflecting the 0.50c flap 
on the aerodynamic section characteristics 
of an NACA 0009 airfoil having a 0.25c and 
a 0.50c plain flap.  8f?r^0°\ gaps,0.005c . 



• •• • •    • • •     • • •• 

LO 
• ••• • • • • • • • • -c 
• •     • o •     •  • •       •• ** •       • -f~ 
• •     • c • •  • • •• •       • ■9? .16 

o .12 
~f- c 
Q) 

E .00 
o 
E 
0) 04 o> 
c 

• ■-—» 

~c 0 
c 

N o 

-04 
CO 

§--•08 

^   -12 
C5 

-.16 

,20 

-16    -12-8-4      0      4     8     12 
Angle of attack, &0,deg 

16 

Figure S .-Continued 



•   •• 
•  •     • 
•   •     • 
•   •• 

*   » 

• 
•        • 

• ••• 20 •     •   • 
•      •   • • • 
• •    • 

•    •  • 
•       •• 
•        • .16 
• •     • •    •  • cj 

•       •• 
•        • -C o .12 

-f- 
c 
Q) 

o .00 
C 
^ 
0) o .04 
Ü 

-f~. 

0 
£ 
o 
5 -.04 
<D 

V CD 

-.08 
• 

-K -.12 
<o 
Q) 
<o 

a -.16 
-^ C: 
^ - -.20 

-.24 

-28 

( 

A— 
.      ^50 

.    (deg) 
o     0 
0    5 
v    IQ 

K o 

\j    S > t J 

K(dog) 
\ i 

(. to 
I k * K \ K \ 

^ s r 
\ k 

X 
toj \ 

\ 

\ 
I N > 

■-N 

\ 

i k 
< 

h ) 
H 

| 7 

  i  i  i 

-16    -12    -8     -4      0      4      8      12 
Angle ofaiiack, cx0ideg 

16 

Figure 8 .- Concluded . 



»   • 

-16    -12    -8    -4      O      4      8      12 
Angle of attack, o0, deg 

Figure 9.- Effect of deflecting the 0.25c flap 
on ihe aQrodynamic section characteristics 
of an NACA 0009 airfoil having a 0.25c and 
a 0.50c plain flap .    Sf5Q- 0°; gaps,SQa\Qd. 



• ••• >     •   • »     •   • 

• ••« 
If) 

Ü 

c 

Cj 

H- 
Q) 
O 
U 

4- 
C 
00 

O 
5 
0) 
CD 
C 
x: 
c 
o 
4- 
o 
cu 
to 

O 
i 

>-n 
CM 

.16 

.12 

.08 

.04 

0 

-.04 

-.08 

-.12 

-.16 

■16    -12-3-4      0      4     8      12 
Anglo ofattack, cx0, deg 

Figure  9 .-Continued . 



• ••• • •   • • •   • 

••• ' 
.20 

Q 
,**) ^ 

.12 

c 08 
Q) 

O 

<±~ .04 
H- 
^) 
O 
<J 0 

+- 
c 

E 
-04 

o 
E 

i -.08 
Q) 
O-) 

-.12 
c 
o -.16 

+- 
u 
0) 
<o -20 
,CL 
<3 c -24 
<o 

^> 

S -.28 

-16   -12    -8     -4       0       4      8      12 
Angle of attack, cx0,d6g 

Figure 9  - Concluded. 



•     • * 

• ••• • • • • • • 
• •     • • •   • • •• 
• •     • • •  • • •• 

o 

c 

O 

c 
o 
o 

O 

<0 

1.2 

10 

.8 

.6 

.4 

.2 

0 

-.2 

-.4 

-.6 

-.8 

-/.tf 

<fo, \ >x 
fdeg) 

o    0 
o    5 

/ 
• 
/ 
Y ' ^ 

r p • 
/ 

i k 

ofxJ 
w eg> / 

in) 

I \ 
5 

7 ^ 
\ 

/ 
> 

0 
J \ > 

<^ r ^ > 

<\ i 

vJ >■—i 1    1    1 
-20    -16    -12    -8-4048      \2 

Angle ofattdck, o0, deg 

Figure 10 .- Effect   of deflecting the 0.50c flap 
on the aerodynamic SQction characteristics 
of an NACA  0009 airfoil having a 0.25c and 
a 0.50c plain flap.   Sf25*0° '■> gaps,sealed. 



• ••• 
• ••• 

• ••• • •   • • •  • 

• •     • 

• •     • • •  • • •• in 

o 

£ o 
I 

c: o 
4— 

CO 
Qi 
<0 

Q_ _o 

.12 

.08 

04 

0 

-04 

-03 

-.12 

T/6 

1 
Q r« 

f / , 50 

(deg) 
o     0 
o    5 
v    10 

dec 
<■ k^ 0 

N~ 
'^e k <' 

l) 
] c N k \ *ox 

X r> x5~ 'H 
\ M 7 K \ K 

N k n 
fS, 

K 
^ ̂>   N 

\ 

N ̂  7 

-20    -16     -12    -8-4048 
Angle of attack , o0 , deg 

12 

Figure 10 - Continued . 



'. * 

• ••• 
»    • • • « 

»     •   • • •• 
• •     • • •   • • •• 

24- 

20 

.16 
<J 

c .12 
CO 
o 
^ 
^ .08 

Q) 
o 

.04 
£ 
Q) 

0 
5 

-.04 
C 

-C 

c -OH o 
~K o 

-.12 
Q. 
o 

^u :I6 
^j 

Q> 
LO 
O -on 

-24 

-20   -16    -12-8-4      0       4      8 
Angle of attack, cx0 , deg 

12 

Figure 10.   - Concluded 



•      • .008 

•     • • • • .004 
• •    • • •   • • •• • • 
• •      • • •  • 

dch 
do<.0 0 

-.004 

-.008 

^^ \« \ 

^^ 

■^^ 

■^^L ~v^ 
~$> 

^ -^~; 
^ 

dcxp 

dßf 

o 

-.2 

-A 

.008 

.004 

0 

-.004 

-.008 

-012 

o 
Test points from reference 1 

Sealed gaps 
Open gaps 

Calculated characteristics 
Sealed gap, reference 2 
Sealed gap,present tests 
Open gap .present tests 

-28   r24    T20   -16   -12 
Linkage ratio ,$§£ 

-08 -.04     0 

Figure 11.-Comparison of the aerodynamic character/sties 
of an NAC h 0009 airfoil with a 0.25c flap and a 0.50 c 
tab obtained from experiment and from theory. 


