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TWO-DIMENSIONAL WIND-TUNNEL INVESTIGATION OF MODIFIED 

NACA 65,  .-Ill AIRFOIL WITH 35 "EERCENT-CHORD 

SLOTTED FLAP AT REYNOLDS NUMBERS UP TO 25 MILLION 

By Stanley F. Racism 

SUMMARY 

An investigation has been made in the Langley two-dimensional 
lev -turbulence tunnels to develop the optimum, configuration of 
a 0.35-chord slotted flap on an NACA 65.  *-111 airfoil section 

modified by removing the trailing-edge cusp. Included in the 
investigation were measurements to determine the scale effects on 
the section lift and drag characteristics of the airfoil Vith the 
flap retracted for Reynolds numbers ranging from 3.0 x 10° 
to 25.O x 10 • The scale effects on the lift characteristics vere 
also determined for the same range of Reynolds numbers for the flap 
deflected in the position found to be the optimum at a Reynolds ' 
number of 9.0 x 10°. 

The optimum flap configuration at high Reynolds numbers was 
found to be a flap deflection of 35° with the flap located 1.98-percent 
chord behind and 3-21 -percent chord below the slot lip. The flap 
deflection was lower and the flap was located rearward and upward from, 
the position found to be the optimum at a Reynolds number of 2.k x 10 • 
Shifts in the linear portion of the lift curve caused by variation • 
of Reynolds number, which occurred only for the condition with the 
flap deflected, were either eliminated or reduced considerably by 
altering the flap position. The mft-irlitnm section lift coefficient 
of the airfoil with the flap deflected in the 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 increased from 2.1* x 10° to 12 
or 13.0 x 10 and then decreased to 2.62 as the Reynolds number was 

increased up to 25.0 x 10 . The maximum section lift coefficient 
of "öie airfoil with the flap retracted increased from LIT to 1*35 
as the Reynolds number was increased from 3*0 x 10° to 18.0 x 10° and 
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the** decreased to 1.30 as the Reynolds number was increased 
to 21*.9 x 10^. The increment of Maximum; section lift coefficient 
Increased from 1.2k to I.36 as the Reynolds number vas Increased 
from 3.0 x 10° to about 12.0 x 10^ and then decreased to 1.31 as 
the Reynolds number increased up to 25.0 x lO^. The section drag 
coefficient at lift coefficients beyond the low-drag range 
continued to decrease with increase In Beynolds number although the 
minimum section drag coefficient began to increase at a Reynolds 
number slightly higher than 12.0 x 10«. 

IHTROBUCTION 

The modern high performance airplane with its increased wing 
loading requires the use of thin wing sections equipped with hlgh- 
lift flaps. Experimental Investigations, such as those reported in 
reference 1, have been made to develop 0-250-chord slotted flaps 
suitable for use on thin airfoil sections. Such investigations, 
however, have been made for only a small range of Eeynolds 
numbers (2.^ x 10° to 9-0 x 10°) and a very limited amount of data 

for Reynolds numbers greater than 9.0 x 10 are available for thin 
airfoils equipped with slotted flaps. From data presented in 
reference 1, it Is seen that large changes in the lift characteristics 
of a thin airfoil with a slotted flap may occur as the Reynolds number 
is increased. Some question also exists as to whether or not a 
flap configuration that is the optimum for high lift at low 
Reynolds numbers Is still the optimum configuration at much higher 
Reynolds numbers. 

An investigation is therefore being conducted in the Langley 
two-dimensional low-turbulence tunnels in order to develop the 
optimum configuration of a 0«35-chord slotted flap on a modified 
BACA 65/i:l2\-lll 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 characteristics, the effects of leading-edge roughness on the 
lift characteristics, and the lift characteristics for the flap 
deflected through a developed flap path are also included in this 
investigation. 



HACA EM No. LJAZh 

The results of the first phase of -tiiis Investigation which 
covered the development of the optimum flap configuration at a 
Reynolds nuniber of Z.k x 10 have "been reported in reference 2. 
This paper presents the results of tests of the airfoil at 
Reynolds manners up to 25.0 x 10" for the condition vith the flap 
retracted and for the condition vith the flap deflected• The 
development of the optimum flap configuration at a Reynolds number 
of 9.0 x 10° was also included In this phase of the investigation. 

SYMBOLS 

OQ section angle of attack, degrees 

c airfoil chord 

c« section drag coefficient 

Ca minimum section drag coefficient 

c^ section lift coefficient 

Cj   maximum section lift coefficient 
max 

Ac,   increment of maximum section lift coefficient 
max ' 

R    Reynolds number 

x,y   horizontal and vertical positions, respectively, of the 
flap leading-edge radius center with respect to Upper 
lip of slot in percent c, positive forward of and .below 
slot lip, respectively (fig. 1) 

5f   flap deflection, 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,-j^-111 airfoil section with a O.350 slotted flap. 
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The airfoil section had been modified by removing the trailing-edge 
.cusp and was therefore similiar to an NACA 65.   -Ill airfoil 

section." Oirdinates for the plain airfoil section and the Slotted 
flap are given in tables I and U, respectively. Figure 1 is .a ,, 
slieteh of the airfoil and flap and also shove the reference points 
defining the flap position. The model was constructed 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 ends vhioh also permitted independent 
variation of the flap position and deflection. 

Tests were made in the Langley two-dimensional low-turbulence 
pressure tunnel to determine the scale effects on the lift and drag 
characteristics of the airfoil section with the flap retracted and 
slot sealed for Eeynolds numbers ranging from 3.0 x 10° to.£5.0 x 10°. 
Lift measurements were made at a Eeynolds number of 9.0 x 10" to 
determine the flap position and deflection for highest maximum lift  •—. 
(optimum configuration). The scale effects on the lift characteristics 
of the optimum flap configuration were then investigated for. the same 
range of Eeynolds numbers covered in -the tests of the airfoil with 
the flap 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 Mach number attained during any 
of the tests did not exceed 0.18. 

BE5ULTS AND DISCUSSIÖH 

Flap Eetracted and Slot Sealed 

The section lift characteristics of the airfoil 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 
Eeynoids number from 3.0 x 10^ to 18.0 x 10» increased the maximum 
section lift coefficient from I.17 to 1*35« Increasing the Eeynolds 
number, beyond approximately l8«0 x 10^ up to 2k.9 x 10^, however, 
resulted in a slight decrease in the maTlmuTn section lift coefficient. 
The data presented in figure 2 indicate that within the range of 
Eeynolds nurribers tested, increasing the Eeynolds 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 increased 
"by about 2° as the Eeynolds number was increased from 3*0 x 10° 

to approximately 12.0 x 10° (fig. 2). At Reynolds numbers above 

approximately 12.0 x 10 > the section angle of attack for maximum, 
section lift coefficient remained nearly the same.. The increase in 
the section angle of attack for maximum section lift coefficient 
with increase in Eeynolds number was accompanied by a more gradual 
stall as indicated by the data presented in figure 2. 

The drag polars for the airfoil section with the flap retracted 
and the slot sealed are presented in figure 3- These data indicate 

that increasing the Eeynolds number up to about 13-0 x 10 decreased 
the minimum section drag coefficient whereas increasing the Reynolds 
number "beyond approximately 13.0 x 10 up to approximately 24-7 x 10" 
resulted in increases in the minimum section drag coefficient. The 
section drag coefficient at lift coefficients "beyond the low-drag 
range, however, continued to decrease with increase in Eeynolds number 
within the test range of Eeynolds number. The low-drag range 
continuously decreased with increase in Reynolds number until at a 

Eeynolds number somewhat below 24.7 x'10 , the low-drag region was 
no longer defined "by a "bucket" (fig. 3). 

Airfoil with Flap Deflected 

Optimum configuration at high Eeynolds rtucibeEg. - The results of 
tests made to develop the optimum flap configuration at a Eeynolds 

number of 9.0 x 10 are presented in figures 4 and 5« These data 
indicate that at a Eeynolds number of 9-Dx 10°  the optimum flap 
deflection is 350 or 10° lese than that indicated by the data 
obtained for a Eeynolds number of 2.4 x 10° (reference 2). Tests of 
the positions found to be the optimum at a Eeynolds number 
of 2.4 x 10° indicated downward shifts of the lift curve with 
increasing Eeynolds number simiiiar to that shown for a flap deflection 
of 40° (fig. 5) • Although the gain in mq.TrlTnvnn section lift coefficient 
obtained by altering the flap configuration was generally less than 0.1, 
the increase in the section lift coefficient at low angles of attack 
was »f or 5'times as much as the increase in maximum-section lift 
coefficient.. The original optimum configurations (those optimum 
at E = 2.4 x 10°) were therefore less suitable at a Reynolds number 
of 9.0 x 10° than some of the other configurations tested. The data 
presented in figure 4(a) indicate that the optimum position of the 
flap leading-edge radius center moves rearward and upward as the 
Eeynolds number is increased. Tests to develop the optimum 
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configuration for Reynolds numbers higher than 9-0-x 10" are-not 
feaeahle inasmuch as the air pressure within the tunnel prohibits 
personnel from entering the tunnel to alter the flap configuration. 
It.-«as therefore estimated from the data presented in figure'"^(a) 
thab the optimum position of the flap leading-edge radius center-. 
at Reynolds numbers of 1Ö.0 x 10° and 25.0 x 10° would he approxi- 
mately I.98 percent c behind and.3-21 percent c "below the slot lip. 
The use of this optimum flap position gave ali&öst as high a Value 

of c,    as the highest obtained at a Reynolds number of 9-0 x 10 , 
max 

and would also permit the use of a simp:er flap path. The lift 

characteristics at Reynolds numbers up to 25.0 x 10 were therefore 
determined for this optimum configuration. 

Effect of Reynolds number on, lift.- The section lift character- 
istics of the configuration found to be the optimum at a Reynolds 

^number of-9*0 x 10" are presented in figure 6.. Increasing the .. . 
Reynolds number from 3-0 x 10° to approximately 12.1 x 106•increased 
the maximum section lift coefficient from id.kl  to-.2-71, increased the 
anglo of attack for maximum section lift coefficient from 2° to 7°, 
and caused the stall to be more gradual. Increasing the Reynolds 
number beyond approximately 12.1 x 10° up to 25.3 x 10 , however, 
resulted in a slight decrease in the maximum section lift 
coefficient accompanied by only small changes in the type of stall 
and the angle of attack at which the stall began. (See fig. 6.) The 
variation of maximum section lift coefficient with Reynolds number 
is shown in.figure J,    This curve is extended to a Reynolds'number 
of Z.k x  10 where the value of c     (2.15) was ohxained from 

max 
reference 2. The highest maximum section lift coefficient obtained 
for the flap deflected condition, as shown in figure 7, was 2.71 
at a Reynolds number of approximately 12.1 x 10 . At a Reynolds- 
number of 9.0 x 10° the maximum section lift coefficient (2.69) is 
approximately 0.2lj- higher and the increment of maximum section lift 
coefficient (I.36) is approximately 0-30 higher than the values 
obtained for the NACA 65-210 airfoil section with the 0.25c elottod 
flap designated as slotted flap 1 in reference 1. 

The increment of maximum section lift coefficient increased 
from-1.2t to I.36 as the Reynolds number was increased from 
approximately 3-0 x 10° to approximately 11.0 x 10° as- shown in 
figure 7. The variation of increment of maximum section lift 
coefficient with Reynolds number, however, was less than the variation 
of maximum section lift coefficient with Reynolds number. The 
increment of maximum section lift coefficient for Reynolds numbers 
ranging from 3-0 x 10° to 25.0 x 10^ was approximately 1.3. 
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Lift et lov anclea of attack. - From the data presented In figure 
it is seen that throughout the range of Reynolds number at which the 
model ves tested, the change in section lift coefficient at low 
angles of attack with variation of Reynolds number was small. The 
variation of section lift coefficient at a constant section angle 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 shifts 
of the lift curves for the flap deflected condition were obtained as 
the Reynolds number was increased "beyond approximately 12.0 x 10° 
whereas for the flap retracted condition the section lift coefficient 
at an angle of attack of 0° remained substantially independent of 
the Reynolds number. In no case, however, was the downward shift 
in the lift curve with increase in Reynolds number as much as that 
obtained for one of the configurations included in tests of the k0°  - 
flap deflection when the Reynolds number was increased from 2.4 x 10° 
to 9-0 x 10^ (fig. 5(h)), even though that flap position was found 
to he the optimum for that flap deflection at the lower Reynolds 
number. It therefore appears that a downward shift in the lift 
curves at low angles of attack with increasing Reynolds number may 
he caused hy changes in the flow through the slot which alter the 
optimum configuration as the Reynolds number is varied. 

CONCLUSIONS 

The results of tests of a modified NACA 65,  . -Ill airfoil 
(112) 

section with a 0-35-chord slotted flap indicate the following 
conclusions. 

1. The optimum flap configuration at high Reynolds numbers 
was found to he a 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 lip. The flap deflection was lower and the 
flap was located rearward and upward from the position found to "be 
the optimum at a Reynolds number of 2.4 x 10°. 

2. Shifts in the linear portion of the lift curve caused hy 
variation in Reynolds number, which occurred only for the condition 
with the flap deflected, were either eliminated or reduced considerably 
by altering the flap position. 

3. The maximum section lift coefficient of the airfoil with the 
flap deflected in the 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 10* to 12 or 13>0 x 1Ü and then decreased 
to 2.62 as the Reynolds number was increased .up to 25.3 x 10°. 

k.    The maximum section lift coefficient of the airfoil with 
the flap retracted increased from 1.17 to jU35 as the Reynolds ' 
number was increased from 3-0 x 10" to 1Ö.0 x 10° and then decreased 
to I.30 ae the Reynolds, number vas increased 24.9 x'10°. 

5. The increment of maximum section lift coefficient increased^ 
from 1.24 to I.36 as the Reynolds number was increased from-3.0 x 10° 
to about 12.0 x 10° and then decreased to I.31 as the Reynolds, number 
increased up to 25.0 x 10°. 

6. The section drag coefficient at lift coefficients beyond 
the low-drag range continually decreased with increase in Reynolds 
aumber although the minimum section drag coefficient began to increase 
at a Reynolds number slightly higher than 12.0 X.10°. 

Langley Manorial Aeronautical Laboratory 
Rational Advisory Committee for Aeronautics 

Langley Field, Va« 

Stasjiey F. Racisz 
Aeronautical Engineer 

Approved:  /--^ ^_   •  ., 

Clinton H. Dearborn 
Chief of Full -Scale Research Division 

tape 
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TABIE I 

OEDIHATES FOR THE MODIFIED 

NACA 65(112)-111 AIRPOIL SECTION 

[stations and ordinates given 
In peccant airfoil ohor3[ 

"Sial atlon 
surface 
ordlnaf»- 

&] 
t&.'.'992 
50.000 
55.008 
60.017 
65.021 
70.025 
75.025 
80.025 
85.025 
90.021 

100! 00!+ 

r57s 
S-'&oE 

l.L 

lower aurfaoe 
Station I Ordinate 

1(5. 
50.000 
54.992 
59-983 
64.979 
69.975 
74-975 mm 
89.979 

99^996 

0 
-.821 

-i-m 
-1.625 
-2.229 
-2.696 
-5.065 

±9% 

L.E.  radius <     0.81^ 
NATIONAL ADVISORY 

COMMITTEE FOB AERONAUTICS 

TABLE n 

ORDHäTES FOR 0.55-CHORD PULP 

[lower aurfaoe of flap f onned by lower 
aurfaoe of plain airfoil. 

Stations  and ordlnates  given In 
percent airfoil anorj£j 

Station Ordinate 

65.50 
66.00 

-O.865 

-ja 67.OO 
68.00 .792 
70.00 2.mhhZ 
72.00 1.846 
7L.OO 2.IOL 
76.00 2.267 
73.00 2.54S 
80.00 2.554 
82.00 2.500 
8k. 00 
86.00' 

2.1fl5 
2.000 

Upper surface fairs  into 
plain airfoil section 
at station 88.00 

I>.E.  radius:    I.lt0l4. 
L.E.  radius center at 

station 66.50 and 
ordlnate  -I.971 

NATIONAL ADVISORY 
COMMITTEE FM «KHUUTKS 
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(b)   Variables used to define flap configuration. 

Figure 1,-   Profile of the modified NACA 65(TIP)"
111

 
alr;fo11 section with O.350 slotted flap. 
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section lift coefficient with. Reynolds number for a modified KACA 65(112)-H1 
airfoil section with, a O.350 slotted flap. 
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