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-- 
SUMMARY 

An investigation was conducted to determine the boundary-lsyer 
characteristics of an NACA 0009 airfoil equipped with 0.25 and 0.5O-airfoil 
chord plain sealed flaps. The tests were made to define as thoroughly 
as possible the characteristics of two of the configurations used in a 
comprehensive investigation of control-surface chsracteristics and also 
to provide additional data for comparison with previous boundary-layer 
analyses. 

The measured velocity profiles and the boundary-layer parsmeters 
determined from them are presented. 

INTRODUCTION 

An extensive investigation of control-surface characteristics has 
been conducted in the Langley b-by &foot vertical tunnel.. The greater 
pert of the investigation consisted of twoilimensional tests of an 
NACA 0009 alrfoil with various flap arrangements. Pressure-distributions 
of some of the models are presented in references 1 to 3. Most of the 
force and moment measurements have been summsr ized in reference 4. 

In the present investigation measurements were made of the boundary- 
layer characteristics of an NACA 0009 airfoil having 0.25 and 0.5C-airfoil 
chord plain sealed flaps. Results of force snd moment tests of the same 
model are reported in reference 5. The tests were made to define as 
completely as pOSSibh3 the characteristics of two representative airfoil- 
flap configurations under the specific test conditions of the general 
control-surface investigation. 

. A previous boundary-layer investigation (reference 6) indicated that 
measured boundsry-layer parameters did not agree with calculated boundary 
layer parameters behind the control-surface hinge line. The boundary-layer 
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measurement8 of this investigation are intended foruse in obtaining a 
more accurate method for predicting the boundary layer in the regior.of 
the trailing edge from which prediction a correlatia of measured hinge 
moments and calculated boundsry-layer parameters might then be developed. 

SYMBOIS 
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airfoil chord 

flap chord 

distance along chord 

distance perpendicular to surface 

free-stream dynamic pressure outside boundary layer 

free-stream velocity 

velocity at outer edge of boundary layer 

velocity within boundary layer 

boundary-layer displacement thickness 

boundary-layer momentum thickness [cf$J- +&V-j 

boundary-layer Shape parameter (6*/e) 

ratio of velocity at edge of boundary layer to free-stream 
velocity (U/U,) 

flap deflection 

angle of attack for airfoil of infinite aspect ratio with 
subscript u for uncorrected value - 

APPARATUS ANDMODEL 

The present investigation wa8 conducted in the Langley k- by &foot 
vertical.tunnel (described in reference 7 and modified as related in 
reference 2). The model, constructed of laminated mahogany to the 
NACA 0009 profile, had a chord of 2 feet-and completely spanned the 
test section. It was equipped with plain sealed flaps having chords 
of 25 percent and 50 percent of the airfoil chord. 
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c Ordinates for the airfoil are given in table I. Dimensions of the 
model 8re given in figure 1. 

Boundary-layer profiles were measured by means of two pressure "mice," 
one mounted on the upper and one on the lower surface of the model. Each 
"mouse" consisted of 14 total-pressure tubes and 2 static+pressure tubes. 
Each of the mice tubes WBB calibrated against a standard tube. 

TEST PROCEDURE 

The tests were made at an average dynamic pressure of 16.2 pound8 per 
square foot, which, for stsndarrd atmospheric conditions, corresponds to 
an airspeed of approximately 79.6 miles per hour and to a test Reynolds 
number of approximately 1.49 x 106, based on the 2-foot chord. The 
turbulence factor for the Langley 4-by 6-foot vertical tunnel is 1.93. 

For the present investigation the model was tested as though only 
one fl&p existed at a time. (See fig. 1.) The nose gap of the flap not 
in me was completely filled with plasticine and faired to the airfoil 
contour. The gap of the flap being investigated WBB sealed by a small 
amount of plasticine placed only at'the nose of the flap. Measurem3ntB 
were made for positive deflections only but, because mice were located 
on both the upper and lower surfaces and because the model was symmetrical, 
values for equivalent negative flap deflections can be obtained. 

. The total pressure and static pressure were measured relative to the 
total pressure in the free stream. Positions of the tubes above the 
surface were measured to the nearest i/128 inch. 

CORRECTIONS 

Tunnel corrections were applied to the angle of attack by an extension 
of the method presented in reference 8. The equations used were as follows: 
For the 0.25~ flap,'- 

=oU = 1.023aou + 0.0031&f 

'For the 0.50~ flap, 

=0 = 1.023~~~~ + o.olios, 
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A correction for the effective center location, given in reference 9, 
was applied to the mice-tube heights. 

Boundarplayer velocity profiles for various stations along the 
airfoil chord are presented in figures 2 to 8 for given flap conditions. 
The velocity profiles shown are based on the velocity at the outer edge 
of the boundary layer U. Conversion to profiles based on the free- 
stream velocity can be obtained by multiplying the given velocity ratios 
by the factor K presented on the figures. The factor (K=e> is 

related to the pressure coefficient approxImatsly by the equati&: 

K= (l-&2 

where 

p=p-PO 
Q, 

and 

p = static pressure at a pointon airfoil 

PO = static pressure in free air stream 

Some of the test points have been omitted from the figures in order to 
make the curves more legible. 

In figures 9 to 15, the boundary-layer displacement-thiclmess 
parameter W/c, the momentum-thickness parameter G/c, and the shape 
parameter H are plotted against corrected angle of attack for various 
stations along the airfoil. Consistent scales could not be used 
throughout the figures because of the wide variations in the values of 
the parameters. The values of H on the upper surface at the 
0.25~ station are fairly large at mostnegative angles of attack. 
This condition indicates a laminar boundary layer as far back as that 
station at those angles.of attack. Fmer (referenoes 10 and 11) 
indicates that values of H for a laminar boundary layer should be 
substantially higher than those shown in these figures (at the higher 
negative angles of attack), but-as yet no explanation of-the discrepancy 
has been folind. The sudden break in the curve (at approximately 0' 
for O" flap deflection S, and at more negative angles of attack as 
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the flap is deflected) and the comparatively low values of H in the 
positive range of angle of attack indicate transition to turbulent 
flow. At the 0.46~ station and at stations further aft, transition 
has already occurred throughout the angle-of-attack range. These 
observations are substantiated by the velocity profiles. As the angle 
of attack is increased, the rapid increase in the value of H near 
the trailing edge on the upper surface indicates an approach to 
separation. The shape parameter increases to over 2.4 at the trailing 
edge with the 0.25~ flap deflected loo (fig. E?(c)) and becomes even 
larger with the O.wc flap deflection. (See fig. 15(c)-) Reference 12 
predicts turbulent separation at values of H between 1.8 and 2.6 but 
in no case is final separation shown by the present velocity--profile 
results l It is possible, therefore, that the mouse tubes-near the 
surface, which measure an average flow, till not always indicate when 
separation occurs. 

An indication of the variation of V/c, 8/c, and H with 8f 
can be obtained from-figure 16. The data are presented for various 
angles of attack, for the upper surface, and for only one station 
(x = 0.95c). Values for negative flap deflection6 are actually values 
for conditions on the lower surface at positive flap deflections. The 
discrepancies at zero angle of attack are probably caused by construction 
irregularities, nonuniform surface conditions, or misalinement of the 
air stream. Similar plots for the other stations can be obtained from 
the data of figure8 9 to 15. 

Figures 17 and 18 present plots of u/C against H for the two 
flaps tested, for various angle-&attack and f&q-deflection conditions, 
and for two values of y/Q. Curves from figure 9 of reference l2, 
obtained from a large amount of turbulent boundary layer data on various 
plain airfoils, are presented for coqarison with the data of the present 
paper - 'The present data for an airfoil with sealed flaps deflected up 
to 10' substantiate the conclusion of reference 12 that, for turbulent 
boundary layers, up is a function of H alone for a given value 
of y/e - 

CONCLUDING REMARES 

A boundary-layer investigation has been conducted in the Langley 4- 
by 6-foot vertical tunnel on an NACA 0009 airfoil having 0.25- and 
O.~-airfoil-chord plain sealed flaps. The purpose of the tests was to 
determine the characteristics of two of the configurations used in a 
comprehensive control-surface investigation a8 completely as possible 
and also to provide data for comparison with previous boundary-layer 
results. The data my be useful for various analyses, especially for 
a possible hingewent correlation. Because of the high turbulence 
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level of the Langley & by &foot- tunnel, however, it-is suwested that 
only data obtained in the same tuncel at .the same Reynolds number be 
used in any analysis involving these results. 

The measured velocfty profiles and the boundary-layer parameters 
determined fEcun them are presented. -- 

Langley Memorial Aeronautical Laborat-ory 
National Advisory Committee for Aeronautics 

Langley Field, Va., December 23, 1947 

Y 
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TABLE I 

ORDINATES FOR NACA 0009 AIRFOIL 

,Etations and ordinates in percent of airfoil chord 

Station Ordinate 

0 0 

1.25 1.42 

2.50 1.96 

5.0 2.67 

7.5 3.15 

10 3.51 

15 4.01 

20 4.30 

25 4.47 

30 4.50 

40 4.35 

50 3*97 

60 3.42 

70 2.75 

80 1.97 

90 1.09 

95 .61 

100 .lO 

I,. E. kdius: 0.89 
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