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SUMMARY

Pressure distributions and force measurements were made in
the Langley two-dimengional low-turbulence Jresgure tunnel at
low Mach mumbers and high Reynolds numbers of an HACA 65-210 airfoil
equipoed with a 50-percent-chord plain flas. The tests were
cerried out for flap deflections of 0°, 4°, 7°, and 10°. The data
ghowed that these flep deflections provided considerebly reduced
drag coefficients at 1ift coefficiente above the deslgn range of
the plain airfoil. The variations of maximwm 1ift, minimum dreg,
and pitching moment at minimum drag with flap deflection were
nearly linear, within the range of flan deflections tested. The
nmeasured increments of the pitching moment and of the angle of zero
1ift resulting from flap deflection compered satisfactorily with
those calculated from thin-airfoil theory.

INTRCDUCTION

Force coefficients and chordwise pressure dlstributions
obtained in high Reynolde mumber and low Mach number tests of an
NACA 65-210 airfoll equipped with a 50~-percent-chord flap are
presented. The original purpose of the worl was to investigate
the following two problems:

(1) The possibility of increasing the criticel Mech numbers
of thin airfoils at 1lift coefficients above the design range by
oroviding increased camber through the deflection of a large-chord
flap.

(2) The possibility that variable camber obtained by flap
deflection would permit the attaimment of low drugs ab 1ift
coefficients above the normal eirfoll design range.
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In view of the rapid decrease of the critical Mech rumbers
of thin airfoils outside the design range, which is predicted in
the supplementary figures of reference 1, i1t appears important
to investigate the possibility of increasing the critical Mach
numbers of thin airfoils at 1lift coefficients ebove the design

Recent high-gpeed work (unpublished data from Ames

Aeronautical Leboratory) heas indicated, however, that above the
design 1ift range low-svneed data do not suffice to permit prediction
of the Mach number at which critical compressibility effects occur.

Accordingly, the significance of the first problem appears
at present to be somewhat uncertain. The measured pressure distri-
‘ butions and their correlation with thin-airfoil theory, however,
\ appear of considereble interest; the drag results are also of
l interest with regard to the attairment of low drags at lift
‘ coefficients above the design range of the plain airfoil.

The tests were made in the Langley two-dimensional low-
turbulence pressure tunnel.

SYMBOLS
airfoil chord
section drag coefficlent
section 1lift coefficlent
section pitchingfmomenf coefficlent about aerodynamic center
section pitching-moment coefficient about quarter-chord point
free-stream total pressure
critical Mach number
local static pressure
free-stream dynamic pressure

Reynolds number
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_Lo-l‘)

S pressure coefficient | ———
o kg, A

b distance along chord measured from leading edge

Yy distance perpendiculer to chord line measured from chord line

oy section angle of attack

oy angle of zero 1lift

(0]

Sf flap deflection

Subscripts:

max maximum

min minimum
MOIELS AND TESTS

The models used in the present tests were made of mahogany
leminated in the spanwise direction. Four models, each having a
chord of 24 inches, were made with Ilap deflections of 0°, MO, T
and 10°. The flap deflections were obtained by rotating the rear-
werd half of the airfoil about the point on the lower surface at
the 50-percent chordwise vosition. Ordinates Tfor the undeflected
airfoil are given in table I, and the method of deflection is showm
in the sketch, above the table. The method of testing was the same
as that described in reference 1 for 2-foot-chord models in the
Langley two-dimensional low-turbulence pressure tunnel.

Lift, drag, end pitching moment were cbtained for the flap-
neutral condition at Reynolds numbers of 3.0 X 100, 6.0 x 106,
and 9.0 X 106 and ror the various flap deflections at a Reynolds
number of 6.0 X 106- Lift and drag with standard rovghness applied
to the leading edge were obteined for flap deflections of 00, 4°,

o] P> o =l : ;
and T at a Reynolds number of 6.0 X 10°. DPressure distyibutions
were obtained for all the flap deflections at a Reynolds mumber

,
- 6 N = . o < s
of 6.0 X 10” for a range of angle of attack from moderate negative
velues to beyond the positive stall. The highest Mach number

encountered during the tests was less than 0.15.
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Correctiong for the effects cf wind-tunnel well interference
upon the angle of ettack and tle serodynamic ccelficieuts were
made by the methods described in the appendix of rererence 1. The
magnitude of the corrsctions wae of the order of only a few pasrcent.

RESULTS AND DISCUSSION

The 1lift, drag, and pitching-moment characteristics for flap
deflections of 00, 4°, 79, end 10° of the NACA &5-210 airfeil
section are presented in figures 1 to 4, respectively. The
corresponding pressure digtribubicns are shown in figures 5 %o 8.
The pressure distributions for the various flap deflections, as
expectsd, show peaks on the upuer and lover surfaces near the
50-percent chordwise position where the direction of the surface
chenges rapidly. The 1ift coefficiente at which a pressure peak
fivet avpears abt the nosge are increased by flep defliection.

The variations with flep deflection of section maximum 1ift
coeflicient, section minimm drag coefficlent, and section pitching-
momentv coefficient at minimum dreg are shown in figvre 9 lor a
Reynolds mumber of 6.0 X 100. The veristions of these coecificients
with flap deflection are nearly lineer. A flap deflection of 10°
increases the meximum 1ift coefficient from 1.33 to 1.59, increases
the minimum drag coefficient from 0-0038 to 0.0056, end negatively
increeses the pitching-moment coeflicient from ~-0.025 to -0.122.

Ag has alveady been implied, the critical Mach number that is
obtained from low-speed pregoure disbtribvutions does not define tae
break in the curve of lift coefficient egaingt Mach number for a
given angle of attack. Actually, outslde the design range the
break may occur ab Mach nmumbers considerably higher tham the
predicted critical Mech number (os shovn by unpublished deta from

ies Aeronauticael Leboratory). Ior the salke of cumpletenesa, however,
curves of predicted critical Mech number ageinst low-speed gection
1lift coef'ficient (computed bty meeas of the critical Mach number
chart oif reference 1, p. £83) are preseuted in figure 10. The
envelope curve, also drawn in figure 10, shows that the small flap
deflections provide lerge increages in the predicted critical

ot

Mech numbers ab moderately high 1ift coefficients.

The drag curves of figures 1 to I Tfor & Reynolde mmber of
6.0 X 106 are plotted together in figure 11 along with their envelope.
Figure 11 shows the lowest drag coefficients obtainable for the
flepped airfoil as a function of 117t coefficient. The highest 11ft
coefficient for which a low drag coefficient was obtained wasg 0.76
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at &p = 10°. The correcnonding dreg coefficient, 0.0059, was much

less than that of the »lain airfoil at the same 1ift coefficient but
was aporeciably highocr then the drag coefficlents measured on
airfoils desgigned for the higher 1ift range.

In order to check the validity of thin~airfoil theory for large-
chord flaps, a comparison is presented in the following table of the
experimentol and calculated Increments, due to flan deflection; of
tlie angle of zero 1lift and the pitching moment about the gquarter
cliord noint:

' Sf Calculated % Ixverimental|Calculated|Pxperimental
(deg) L@ZO | .ﬁalo A.,.cmcﬂJr [cmc/ZF
(deg) | (c»ee:)
I I 3.28 1 2.90 -0.035 | -0.040
i v
/s 5. 73 | 5.90 ~. 061 -. 067
|
10 8.17 i 7.90 | -.087 -.087

The calcvlated valves in this table weirre obtained by the method of
reference 2. The table indicates that for e laige-chord flap
Teasonabiy accurate values of the angle of zero lift and of the
pitching-moment coefficient may be obtalned ifrom thin-airfoil theory.

CONCLUEIONDS

Pregsurs distributions and force measurements at low Mach numbers
and high Reynolde numbers on an NACA 65-210 airfoil with a 50-percent=-
chord fiap deilscted 09, 4°, 7°, and 10° indicated the following
conclusions:

(1) Congiderable reduction of the drag ccef{icients above the
low~drag renge of the phain airfoil may be effected by use of small
deliections of a large-chord flap.

(2) The verietions of maximum 1ift, minimm drag, and pitching
moment at minimwum drag with flap deflection were nearly linear within
the range of flap deflecticns tested.
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(3) Reaccnably acenrate valves of the angle of zero 1lift and
the pitching-moment coeZficient for airfoils with large-chord
flaps may be obtained from thin-airioil tleory.

Langley Memoriel Aeronautical ILaboratory
Nationel Advisory Committee ror Aeionavtics
Langley Field, Va., July 8, 1946
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TABLE I.- ORDINATES FOR THE 5
NACA 65-210 AIRFOIL SECTION, ©6p =0
[Stations and ordinates given in
percent of airfoil chord

Upper Surface Lower Surface
Station (Ordinate |Station ([Ordinate
0 0 0 0
.% .819 «565 =719
s <999 322 =-859
1.103 1.273 1.331 -1.039
2.5 1.757 2,592 | -1.385
4.898 2.491 5.102 | -1.859
7‘89h 3,069 7.606 | =2.221
12' ol 3'558 10.106 | =2.521
.899 .33 15.101 | =2.992
19,.90% L.938 20.091 | =3.3L6
2,921 5.397 25.02& -3,60
§3.936 5.73%2 30.0 -3.78
.951 2-95h 5.049 | -3.89L
.968 .065 0.032 -5.823
.98l 6.05 L45.016 | -3.86
50,000 5.915 50.000 | =3.709
Go | i | Wy | g
65.0 : 3:712 Zﬁ:gzﬁ 2.6
70.0L3 L.128 69.957 | -2.1
gS-OAS 3-&59 T4..95 -1.689
o.o%g 2,783 gﬁ.92 -1.191
Bon | u | e | ol
35 0ah S 9ZI8 & | 53
100.000 0 100,000 0
L.E. radiuss 0.687
Slope of radius through L.E.: 0,08l
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