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THE CHARACTERISTICS OF THE N.A.CiA. 97, CLARK Y, AND
N.A.C.A:-M6 AIRFOILS WITH PARTICULAR REFERENCE
TO THE ANGLE OF ATTACK.

By George J. Higgins.

Summary

This note gives the aerodynamic characteristics of the
N.A.C.a. 97, Clark Y, and N.A.C.A.-¥6 airfoil sections as de—
termined in the variable density wind tumnel at Langley Field,
Virginia. Particular attention is called to the relation of
the characteristics to the angle of attack in their use in

alrplane design.

In the adaptation of a certain airfoil section to an air-
plane design, it is necessary to make a careful study of the
airfoil characteristics in order that the best performance may
be attained on the completed alrplane. Speed range and pay
load are the important factors which are dependent direstly on
a caréful selection and use of the wing section. The angle of
wing setting or incidence on an airplane should be known in

terms of the absolute angle of attack.
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The angle between any reference line on an airfoil sec-
tion at any time and that line when the direction of motion is
such that the 1ift is zero, is called the absolute angle of
attack (sece Figure 1). It is this angle that is used in theo-
retical formulas for determining air?oil characteristics. One
finds from experimental tests that the 1ift of an airfoill is
directly proportional to the aﬂsolute angle of attack, being
approximately the same for all sections. The minimum drag
coefficient occurs at about zero 1ift or at about zero absolute
angle of attack. The value of the minimum drag is, however,
dependent on the choice of the section. Likewise, the maximum
1ift is determined by the burbling characteristics of the in-
dividual airfoil.

The ordinary or geometric angle of attack measurgd from
the chord line is, with most airfoils, different from the abso-
lute angle of attack. For checking rigging and angle of lnci-
dence 1t is most convenient to use the geometric angle as it
can readlily be measured. The designer, however, should be care-
ful that he does not confuse the two, particularly if employing
empirical formulas.

To illustrate the above points, suppose that the following
three airfoil sections are chosen as suitable for use in design:

N.A.C.A. 87 - Thigh camber,
Clark Y — medium camber,

N.A.C.A.-M6 - 1low camber.
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These sections are all medium thick and the structural details
of the wings would be very similar.

A medium sized airplane (say, a braced monoplane) carrying
a gross load of about 5000 pounds with suitable ﬁing area and
powered with a 400 HP. engine will bave, say, a landing speed
of betweén 50 and 60 M.P.H. and a speed range pf about 3.5.

The high speed condition will make it necessary, therefore,
that fhe airplane fly with the wings set to give a 1ift corre-
sponding to a coefficient C; of about 0.233. Should the
Clark Y section be adopted, the geometric angle of attack fér
level flight at high speed would be -—3.2° (see Figure 2).

Had the M6 or 97 section been chosen, the respective angles
would be +2.3° and -5.7°. However, on the basis of absolute
angle.of attack, the correct angle would be +3.1° for ali
three sections (Figure 3). The three airfoil sections are shown
in Figures 32 and 3 in the above attitude for high-speed flight.
The appearance of the sections is very misleading. It would
scarcely be suspected that the 87 or Clark Y would give the
same 1ift as the M6 in the at%itude shown.

Referring to Figures 4 and 5, it may be seen that the drag
coefficient curves as well as the 1ift curves based on absolute
angle of attack are similar. Polar curves and curves of pro—
file drag coefficient Cpp plotted against Cp are given in
Figures 6 and 7, respectively. The use of either of these lat—

ter curves for design eliminates possible errors due to the
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wrong use of the angle of attack. Figﬁ;e 7 includes curves of
induced drag coefficient GDi, for convenience in obtaining
the correct Op for a wing of any aspect ratio. Cp ocurves
are given (Figure 8) for the Clark Y and H6 to complete the
data. Similar information for the 97 is not available; how-
ever, for a section with a high camber like the 87, the Op

travel is more than for a section like the Clark Y.
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$Direotion of flight when the 1ift is zero.
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AiTfoil Attitude At High Speed

same 1ift on each Airfoil, GL=O.22
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Fig.4.
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Fig.6.
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