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NATIONAL ADVISORY OCMMITTEE FOR ATRONAUTIOS.

TECHNICAL NOTE NC. 370.

THE GEARACTERISTIOS OF THE N.A.C.A. 97, OLARK Y, AXD
KA. G. As_i6 ATRFOILS WITH PARTICULAR REFERENOE
70 TZE ANGLE OF ATTACK.
By George J. Higgins.

Sunmazry

- This note gives the éerodynamio characteristices of the

A :»A C.a, 97, Clark Y, and Ned.C.A.-%6 alvrfoil sections as de-
'_,; prmined in the variable density wind tunnel at Langley Fleld,
1'irginia. Particular attention is called to the relation of
'he oharaoterietica to the angle of attaok in Ebg}:‘psp in

~

rpla.ne design.
:‘ ﬂ ———ur - e
, - In the ad.aptation. of & certain airfoll section to an alr-
:-1ane design, it is necessary to make a ocareful study of the
uéairfoil characteristigsvin order thet the best performance may
::Ee attained on the completed airplane. Bpeed range and pay
E IOad are the important factors which are dependent dire~tly on
g,& careful selection and use of the wing seotion. The angle of
wing setting or incidence on &n airplane should be known in

ﬁ,terma of the absolute angle of attaok.
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A.0.A. Technical Note Mo. 270

: The anzle between any reference line on an alrfoll aeb—
o gion at any time and that line when the direction of motion 18
uch that the 1ift is zero, is called the absolute angle of
3 tack (sce Figure 1). It is tuis angle that is used in theo-
iﬂtical formulas for determining elrfoll ohnracteriatics One
&}nds from experimentel toste that the 1ift of an airfoil is
g 1reot1y proportional to the absolute angle of attack, being
L -“roximately the same for all sections. The minimw drag
'ioefficient occurs &t apout zero 1ift or at about zero absolute
5jog1e of attack. The value of the minimum drag ia, however,
.qpendant on the choice of the section. Likewise, the max imum
. £4 ie determined by the burbling characteristioa of the in- .
,k 1dua1 airfoil.
' Jhe ordinary ‘or geometric angle of attack, measured from
: ;hozd 1ine is, with most airfoils, different from the abso- .
fte angle of attack., For checklng rigging and angla of inci—
noe 11 ig most convernient to use the geometrioc anale ap it
{ readily be measured. The designer, however, should be care-
A N} that he does not confuse the two, perticularly if employing

-mpirical formulas.

To illustrate the above points, suppose that the following

ftbree airfoil sections are chosen as suitable for use in deslgni

N«A.C.A. 87 =~ high ocamber,
Olark Y - medium camber,

NA.C.Ae=¥E -~ 1low camber.




i'fixeee gections are all medium thick and the structural details

A medium gized airplane (say, a braced monoplane) carrying

. 'groes load of about 5000 pounds with suitable wing area and
_powered with & 400 HP. engine will bave, say, 8 landing speed

‘f petween 50 and 60 K.P.H. and & gpeed range of about 3.5.
Pe’high gpeed condition will make it necessary, therefore,
\hat the mirplane £1y with the wings set to glve a 1if% corre-
ponding to 5 coefficient Op of sbout 0.22. Should the
Olark Y section be adopted, the geometrie engle of attack for
'evel filight at high speed would be ~2.8° (see Figure 2)

Friad the M6 or 97 section been chosen, the respective anglea

'f"ould ve +3.3° and —-5.79. FHowever, on the vagis of ebeolute

! ngle of attack, the correct angle would be +3.1° for all

ﬁ”'
ee sections (Figure 3). The three airfoil sections aTe shown

Tigures 3 and 3 in the above aititude for high—speed flightv'

-he appearance of the sections i very misleading. It would

’foarcely be suspected that the 97 or Clazk Y would give the

”iiame 1ift a8 the M6 in the sttitude shown.

‘)

Referring to Figures 4 and 5, it may be esén that the drag

coefficient curves as well ag the 1ift curves based on abesolute

.angle of attack are shnilar Polar curves and curves of pro-

_‘

file drag coefficient COpp plotted egainst Of are given in
Figuree & and 7, respectively. The uee of either of these lat-

ter curves for design eliminates poseible errors due to the’




4

7"nduced dreg coefficient Opy, . for convenience in obtaining
gie correct Op for a wing of any'aspeot ratio. Cp ourves
:::;re given (Figure 8) for the Olark Y and M6 to complete the
:%%ata. Similar information for the 97 is not available; how-
"é"‘ver, for a seotion with a high camber like the 87, the Op

1.
v@‘ravel ie more than for a section like the Clazk Y.
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Fig. 1

o
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e

{rection of flight when the 11ft 1s zero.

i

Clark Y.

N.A.0.A,-MB

97 C-Y,
~5.7° -3.3

Geometrical Angle of Attook dg

Absolute Angle of Attaok g +3,1° 43,19

Figure 1.
Airfoil Attitude At High Speed

anme 1ift on each Airfoll, CL=0.28
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Geometrical Angle of attack,




N.A.C.A. Technioal Note No,270

80 130 16° 20° 240
Absolute angle of attack, «

Fig.3.
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