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SUMMARY

An investigation of a large group of related wirfoils
was made in the N.A.C.A. variable-density wind funnel
at a large value of the Reynolds Number. The tests were
made to provide data that may be directly employed for a
rational choice of the most suitable adrfoil section for a
given application. The variation of the aerodynamic
characteristics with variations in thickness end mean-line
form were therefore systematically studied.

The related airfoil profiles for this investigation were
developed by combining certain profile thickness forms,
obtained by varying the mazimum thickness of a basic
distribution, with certain mean lines, obtained by varying
the length and the position of the mazimum mean-line
ordinate. A number of values of these shape varigbles
were used to derive a family of airfoils. For the purposes
of this investigation the construction and tests were limited
to 68 wirfoils of this family. In addition to these, several
supplementary airfoils have been, included in order fo
study the effects of certain other changes in the form of the
mean line and in the thickness distribution.

The results are presenied in the standard graphic form
representing the wirfoil charasteristics for infinite aspect
ratio and for aspect ralio 6. A iable is alsg given by
means of which the imporiant characteristics of all the
airfoils may be conveniently compored. The variation of
the aerodynamic characteristics with changes in shape is
shown by additional curves and fables. A comparisen
i made, where possible, with thin-airfoil theory, a
summary of which 18 presented in an appendiz,

INTRODUCTION

The forms of the airfoil sections that are in common
use today are, directly or indirectly, the resuit of
imvestigations made at Géttingen of a large number of
airfoils. Previously, airfoils such as the R.AF. 15
and the U.B.A. 27, developed from airfoil profiles
investigated in England, were widely used. All these
investigations, however, were made at low values of
the Reynolds Number; therefore, the airfoils developed
may not be the optimum ones for full-seale applieation.
More recently a number of airfoils have been tested in
the variable-density wind tunnel at values of the
Reynolds Number approaching those of flight (refer-

ence 1) but, with the exception of the M-series and a
series of propeller sections, the airfoils have not been
systematically derived in such a way that the results
could be satisfactorily correlated.

The design of an efficient airplane entails the careful
balancing of many conflicting requirements. This
statement is particularly true of the choice of the wing.
Without a knowledge of the variations of the aerody-
namic cheracteristics of the airfoil sections with the
variations of shape that affect the weight of the struc-
ture, the designer cennot reach a satisfactory balance
between the many conflicting requirements.

The purpose of the investigation reported herein was
to obtain the characteristics at a large valua of the
Reynolds Number of a wide variety of related airfoils.
The benefits of such a systematic investigation are
evident. The results will greatly facilitate the choice
of the mest satisfactory airfoil for a given application
and should eliminate much routine airfoil testing.
Finally, beeause the results may be correlated to
indicate the trends of the aerodynamic characteristics
with changes of shape, they may point the way to the
design of new shapes having better characteristies.

Airfoil profiles may be considered as made up of cer-
tain profile-thickness forms disposed about certain
mean lines. The major shepe variables then become
two, the thickness form and the mean-line form. The
thickness form is of particular importance from a
structural standpoint, On the other hand, the form of
the mean line determines almost independently some
of the most important aerodynamic properties of the
airfoil section, e.g., the angle of zero lift and the
pitehing-moment characteriatics.

The related sirfoil profiles for this investigation were
derived by changing systematically these shape vari-
ables. The symmetrical profiles were defined in terms
of a basic thickness variation, symmetrical airfoils of
varying thickness being obtained by the application
of faetors to the basic ordinates. The cambered pro-
files were then developed by combining these thickness
forms with various mean lines. The mean lines were
obtained by varying the camber and by varying the
shape of the mean line to alter the position of the
maximum mean-line ordinate. The mazimum ordingte
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of the mean line is referred to throughout this report as the
camber of the airfoil and the position of the mazimum
ordinate of the mean line as the position of the camber.
An airfoil, produced as deseribed above, is designated by
a number of four digits: the first indicates the camber in
percent of the chord; the second, the position of the camber
in tenths of the chord from the leading edge; and the last
two, the meximum thickness in perceni of the chord.
Thus the N.A.C,A. 2315 airfoil has a maximum camber
of 2 percent of the chord at a position 0.3 of the chord
from the leading edge, and a maximum thickness of 15
percent of the chord; the N.A.C.A. 0012 airfoil is a
symmetrical airfoil having a maximum thickness of 12
percent of the chord.

In addition to the systematic series of airfoils,
several supplementary airfoils have been included in
order to study the effects of a few changes in the form
of the mean line and in the thickness distribution.

Preliminary results which have been published in-
clude those for 12 symmetrical N.A.C.A. airfoils, the
00 series (reference 2) and other sections having differ-
ent nose shapes (reference 3); and those for 42 cam-
bered airfoils, the 43 and 63 series (reference 4), the 45
and 65 series (reference 5), the 44 and 64 series (refer-
ence 6), and the 24 series (reference 7).

COMMITTEE FOR ABRONAUTICS
If the chord is taken along the 2 axis from 0 to 1,
the ordinates ¥ are given by an equation of the form
Y= Gofz + 012+ @o2® - aar® + gz

The equation was adjusted fo give the desired shape
by imposing the following conditions to determine the
constanta:

(1) Maximum ordinate 0.1 at 0.3 chord

=03 ) dgiz % 1
(2) Ordinate at trailing edge

z=1 ¥ =0.002
(3) Treiling-edge angle
: z=1 dy/dz=—0.234
(4} Nose shape

2=10.1 y=0.078

The following equation satisfying approximately the
above-mentionsed conditions represents s profile having
a thickness of appreximately 20 percent of the chord,

+4=0.20690/z— 0.12600z—0.351602% + 0.28430z°
~0.10150z*
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Fiaure 1.-Thickness variation.

The tests were made in the variable-density wind
tunnel of the National Advisory Committee for Aero-
pautics during the period from April 1931 to February
1932.

DESCRIPTION OF AIRFOILS

Well-known airfoils of a certain elass including the
Géttingen 398 and the Clark Y, which have proved to
be efficient, are nearly alike when -their camber is
removed (mean line straightened) and they are reduced
to the same maximum thickness. A thickness variation
similar to that of these airfoils was therefore chosen for
the development of the N.A,C.A. airfoils. An equation
defining the shape was used as a method of producing
fair profiles.

This equation was taken to define the basic section,
The basic profile and a table of ordinates are given in
figure 1. Points obtained by removing the camber
from the Géttingen 398 and the Clark Y sections, and
applying & factor to the ordinates of the resulting
thickness curves to bring them to the same maximum
thickness, are plotted on the above figure for com-
parison. Sections having any desired maximum thick-
ness were obtained by multiplying the basic ordinates
by the proper fector; that is

(0.29690./7— 0.12600z— 0.351602°

Y= 020

+0,284802°— 0.10150z*)



