5y e i e s 7
G /W LA Wﬁ/ |
Aabiztis ,@/ b, &Z%/%///é@ L

&

| «.,f(.f// 2
//ét,é(’/ 2 /?CJ?

: nery 4@%/& -
| X NATIONAL ADVISORY COMMITTEE FOR AFZRONAUTICS .
?

{

3

< <\’ ADVANCE CONFIDENTIAL REPORT 72 3%

v i‘j .
L

. _ B ‘n:

' VOUGHT- SIKORSKY AEGCRARI Lihal

o

? TESTS OF AN YACA 66,2-420 7 &4/ jogze

AIRFOIL OF 5-F00T CHORD AT HIGH SPEED
By Manley J,., Hood and Joseph L. Anderson

Ames Aeronautical Laboratory
. Moffett Field, Calif.

" Unclassified - Notice
.remarked 4/17/09

September 1942




NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE CONFIDENTIAL REPORT

TESTS OF AN NACA 66,2-420
AIRFOIL OF 5-FOCOT CHORD AT HIGE SPEED

By Manley J. Hood and Joseph L. Anderson
SUMMARY

This report covers tests of a 5~-foot model of the
NACA 66,2-420 low-drag airfoil at high speeds including
the crltlcal compressibility speed. Section coefficients
of lift, drag, and pitching moment, and extensive pres-
sure—-distribution data are presented.

The section drag coefficient at the design 1ift
~coefficient of 0.4 increased from 0,0042 at low speeds
to 0,0052 at a Mach number of 0,56 (390 mph at 25,000
ft altitude). The critical Mach number was about 0.60.
The results cover a Reynolds number range from 4 millions
to 17 millions.

IXTRODUCTION

Tests have been made of an ¥ACA 66,2-420 airfoil in
order to provide data on the cnaracterlstlcs of a thick
low-drag airfoil at high speeds. Tho NACA 66,2-420 air-
foil was chosen as belng representative of 1ow -drag air-~
foils of rather high camber (0.40 design 1ift coefficient)
and thickness (20 percont of the chord). The airfoil was
tested at speeds. up to and slightly above the critical
speed, - ‘

APPARATUS AND METHOD

The tests were conducted in the NACA 16-foot wind
tunnel at the Ames Aeronautical Laboratory, Moffett Pield,
California. This wind tunnel has s closed circular test
sectlon 16 feet in diameter.



The airfoil was of the NACA 66,2-420, a = 1 section.
In the usual manner this airfoil designation signifies
that the alrf01l is a low~drag airfoil of the 6 family,
that falling pressures extend from the leading edge to
a point 60 percent of the chord from the leading edge
over a working ¢ range of approximately 0.2 from
the design 1ift coefficient, that the design 1lift coef=
ficient is 0.4, that the airfoil thickness is 20 percent
0of the chord, and that the 1ift at the design 1lift coef-
ficient is uniformly distributed across the chord. The
coordinates of the airfoil scection are shown in figurc 1,
These coordinates were derived from the coordinates of the
NACA 66,2-018 airfoil as given in reference 1, by the
method explalned there, The airfoil had a constant chord
of 5 feet and completely spanned the test section as shown
in figure 2. 3Between the ends of the airfoil and the tun-
nel walls the clearance was approximately 3/16 inch. The
airfoil spar extended through openings in the tunnel walls
to trunnions which supported the airfoil and permitted
changing the angle of attack. Except for the steel spar,
the airfoil was of wood., The surface was painted, sand-
papcered smooth, and polished., A smooth, accurate surface
was maintained throughout the tests, The angle of attack
was checked during the tests by means of a torque tube
extending through the alrfoil to the center of the span
where it was anchored. By this means the true angle
at the center of the span was always determined and errors
due to elastic twisting of the airfoil were eliminated.

All drag coefficients were computed from measurements
of the momentum loss in the wake of the airfoil. The meas—
urements were made 3 feet behind the trailing edge at the
center of the span by means of a rake of total-pressure
and static~pressure tubes connected to a multiple manometer.
The pressures were recorded by photographing the manometer.
The drag coefficients were computed by Jones! method mod-
ified to include compressibility effects.

, The static-pressure distribution was measured with
flush orifices built into the airfoil 2,5 feet to the right
of the center of the span., The pressures were recorded by
photographing a multiple manometer to which the orifice

were connected.

The 1ift coefficients were derived by integrating
plots of the prossure distribution to obtain the coefficient
of normal force, and then resolving the normal force coef~
ficient and the drag coefficient in accordance with the
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angle of attack to obtain the 1ift coefficient. Coeffi-
cients of pitching moment were computed from integrated
moments of chordwise and spanwise pressure-distribution
plots. ' .

For o few of the tests the transitinn point was
* . arbitrarily fixed at 10 or 60 percent chordwise positions
sn both upper and lower surfaces by spanwise bands >f
carborundun grains. The bands of carborundum were approx-
imately 1/2 - inch wide and the grain size was number 60.

RESULTS AND DISCUSSION

ALl results are shown as section properties of the
airfoil in terms of the usual non-dimensional coefficients.
No corrections have been made for the constricting effect
of the wind-tunnel walls, It is estimated that the errors
due to the omission of these corrections do not exceed 2
percent at low speeds and 4 percent at the highest speeds.
These errors tend to indicate the coecfficients as too large
nunerically, thus giving conservative values for mos?% uses.

The characteristics of the airfoil at 0 degree angle
» of attack are shown in figures 3 and 4 as they vary with
' Mach number and Revynclds number, respectively. The section

drag coefficient for the smooth airfoil was only 0.0042
at low speeds and increased gradually to 0.0062 as the
Mach number and Reynolds number were incrcased to 0,56
and 16,500,000, respectively. The ninimum pressure
coefficients plotted in figure 5 indicate that the crit-
ical Mach number was 0.6, and this value is confirmed
by the break in the curve showing 1ift coefficient on
figure 3. The drag started increasing raplidly at Mach
aumbers above 0.56, however, and at a Mach number of
0.60 the drag coefficient was double its low-speed valus.
At a Mach number of 0,633 the drag coefficient had in-
crcased to six times its low-speed value. The major por-
tion of this large drag increase is believed to be the
result of compressibility shock. At the high Mech numbers
the adverse pressurec gradients over the after 40 percent
of the chord become very large and may have caused sep-

W " aration which would contribute to the increase in drag.

As compnred to the smooth wing, roughness at the
60~percant chord station couscd an nlmost constant in-
crease in the drag coefficient, about 00,0009, at all
Mach numbers up to 0,56, "This comparison indicates thot
the natural transition point was aft of the 60-percent



station (the minimum pressure point) at least until the
eritical Mach number was approached. The results do not
show how far the Reynolds number can be increased before
the transition point moves forward and the dreg increascs
due t7 scale effect. Tests of a larger chord airfoil of
the same secction are to be made in order to eovaluate the
copabilities of this airfoil at higher Reynolds numbers.,

With the smooth airfoil at O degrec angle of attack
- the pitching-moment coefficient remained within 0.02 of the
theoretical value of ~0.10 throughout the range of the tests,

Only a small change in cmc 4 oceurred at the critical speed.

The 1ift coefficient, theoreticglly 0,40, increased from ap-
proximately 0.38 at low speeds to 0.48 at the critical speed
and then decreased rapidly above the critical speed. Com-
pared to the experimental increase from 0.38 to 0.48, the
theory of Prandtl and Glauert that the 1ift increases with
Mach number as l/./l--M3 would predict an incrcase %o

0.465.

Fixing the transition point at 60-percent chord had
unimportant effects on the 1ift and pitching moment. Fix-
ing the transition point at 10-percent chord increased the
minimum drag coefficient to 0,0106, decrcascd the 1ift eoef-
ficient by 0.1 or more, and increased the pitching moment
coefficient by 0.025 or more. These changes are indicative
of what might occur if the transition takes place prema-
turely due to faulty wing construction, deterioration of
the wing contour or smoothness in service, interfercnce,
or other causes. ' : o

The characteristics of the smooth airfoil at various
angles of attack are shown in figure 6 in terms of Mach
number and in figure 7 in terms of Reynolds number. Fig-
ure 8 presents cross-plots taken from figure 6 and shows,
for a Mach number of 0.4, the variation of 1ift with angle
of attack and the variation of drag and pitching moment
with l1ift. These figures show that the drag remains low
for 1ift coefficients from approximately 0.35 to 0.55 and
increases to higher values for 1ift coefficients outside
of this range., ©For the conditions of these tests the air-
foil did not retain its low-drag characteristics over
quite as wide a range of 1ift coefficients as is indicated
by the airfoil designation (£0,2). 1In practice the range
of 1ift coefficients over which the low-drag persists can
be cxtended by the use of flaps with small deflecction.
From figures 6 2nd 9 it is evident that the critical Mach
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number increases slightly as the angle of attack is de-
creased to ~20, and decreases as the angle of attack is '
increased above +2°, The reason for the change in critical
speed with angle of attack is ev1dent from the plots of
pressure distribution,.

The variation of the minimum pressure coefficient
S with Mach number for different airfoil conditions is
shown in figures 5 and 9, There are 2lso shown curves
of critical pressure coefficients S,y the values at
which the speed of sound-is reached locally. The inter-
sections of the pressure-~cosfficient curves with the
critical curve indicate the critical Mach numbers at
which sonic velocity is reached locally. In figure 5
there are also shown two curves of von Kérmédnts theo-
retical equation for the rate of increase of pressurc
cocfficient with Mach number (referecnce 2). With the
smooth airfoil the pressures increased more rapidly with
Mach number than would heve been predicted from the theory;
consequently, predictions based upon the results of low-
speed tests would overestimate the critical speed. With
the transition fixed by roughness at 10-percent chord,
the pressures were less throughout the speed range and
increased less rapidly as the speed was increased. These
differences probably resulted from changes in the effective
shape of the airfoil caused by the thicker boundary layver
"with the forward transition.

Pigure 10 shows the scction normal force and pitching
moment coefficients for angles of attack from below the '
negative stall to above the positive stall for the smooth
airfoil and also with roughness fixing thce transition at
the 10-percent chord position. The maximum positive and
negative normal force cocfficients were 41,50 and ~1.35,
respoectively, and werc unaffected by the roughness.,

Figures 11 to 17, inclusive, present pressure-dis-
tribution data for various Mach numbers, angles of attack,
and transition locations. These data are useful for com—
puting structural loads, and for estimating inducsd veloc~-
ities, pressurc gradients, and critical speeds when the
airfoil is combined with other bodies.

CONCLUSIONS

The section drag coefficient of the airfoil at the
design 1ift coefficient of 0.4 intreased from 0.0042 at



low speeds to 0.0052 at a Mach number of 0,56, above
which the drag increased rapidly.

Ames Aeronautical Laboratory,

1,

National Advisory Committee for Aeronautics,
Moffett Field, Calif, 4
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