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SUMMARY OF AIRFOIL DATA

By Ira H. Asporr, ALBERT E. voN DoexnorF, and Loris S. Strvers, Jr.

SUMMARY

Recent airfoil date for both flight and wind-tunnel tests hare
been collected and correlated insofar as possible. The flight
data consist largely of drag measurements made by the wake-
surcey method. Most of the data on airfoil section characteris-
tics were obtained in the Langley two-dimensional lowturbulence
pressure tunnel. Detail data necessary for the application of
NACA 6-series airfoils to wing design are presented in sup-
plementary figures, together with recent data for the NACA 00-,
14-, 24-, 44-, and 280-series airfoils. The general methods
used to derire the basie thickness forms for NACA 6- and
7-sertes airfoils and their corresponding pressure distributions
are presented. Data and methods are given for rapidly obtain-
ing the approximate pressure distributions for NACA four-
digit, fire-digit, 6-, and T-series airfoils.

The report includes an analysis of the lift, drag, pitching-
moment, and critical-speed characteristics of the airfoils, to-
gether with a discussion of the effects of surface conditions.
Data on high-lift devices are presenied. Problems associated
with lateral-control derices, leading-edge air intakes, and inter-
ference are briefly discussed. The data indicate that the effects
of surface condition on the lift and drag characteristics are at
least as large as the effects of the airfoil shape and must be
considered in airfoil selection and the prediction of wing charac-
teristics. Airfoils permifting extensive laminar flow, such as
the NACA 6-series airfoils, have much lower drag coefficients
at high speed and eruising lift coefficients than earlier types of
airfoils if, and only if, the wing surfaces are sufficiently smooth
and fair. The NACA 6-series airfoils also have farorable
eritical-speed characteristics and do not appear fo present
unusual problems associated with the application of high-lift
and lateral-control derices.

INTRODUCTION

A considerable amount of airfoil data hes been accumulated

from tests in the Langley two-dimensional low-turbulence
tunnels. Data have also been obtained from tests both in
other wind tunnels and in flight and include the effects of
high-ift devices, surface irregularities, and interference.
Some data are also available on the effects of airfoil section
on aileron characteristics. Although a large amount of these
data has been published, the scattered nature of the data
and the limited objectives of the reports have prevented
adequate analysis and interpretation of the results. The
purpose of this report is to summarize these data and to
correlate and interpret them insofar as possible.

Recent information on the aerodynamic characteristics of
NACA airfoils is presented. The historical development of
NACA airfoils is briefly reviewed. New data are presented
that permit the rapid caleulation of the approximate pressure
distributions for the older NACA four-digit and five-digit
airfoils by the same methods used for the NACA 8-series
airfoils. The general methods used to derive the basie thick-
ness forms for NACA 6- and 7-series airfoils together with
their corresponding pressure distributions are presented.
Detail data necessary for the application of the airfoils to
wing design are presented in supplementary figures placed at
the end of the paper. The report includes an analysis of
the lift, drag, pitching-moment, and eritical-speed charae-
teristics of the airfoils, together with a discussion of the
effects of surface conditions. Available data on high-lift
devices are presented. Problems associated with lateral-
control devices, leading-edge air intakes, and interference
are briefly discussed, together with aerodynamic problems
of application.

Numbered figures are used to illustrate the text and to
present miscellaneous data. Supplementary figures and
tables are not numbered but are conveniently arranged at
the end of the report according to the numerical designation
of the airfoil section within the following headings:

I—Basic Thickness Forms
II—Data for Mean Lines
ITI—Airfoil Ordinates
IV—Predicted Critical Mach Numbers
V—Aerodynamic .Characteristics of Various Airfoil
Sections .
These supplementary figures and tables present the basic
data for the airfoils.

SYMBOLS

A aspect ratio

A,, B, Fourier series coefficients

a mean-line designation, fraction of chord from lead-
ing edge over which design load is uniform; in
derivation of thickness distributions, basic length
usually considered unity

b ing span

br, E;J;J)g spIa),n, inboard

bs, flap span, outboard

Y drag coefficient

Co,_, drag coefficient at zero lift

. lift coefficient

AC, increment of maximum lift esused by flap deflection
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chord

aileron chord

section drag coefficient
minimum section drag coefficient
flap chord, inboard

flap chord, outboard

flap-chord ratio

section aileron hinge-moment coefficient (q%,-)

increment of aileron hinge-moment coefficient at
constant lift

hinge-moment parameter

section lift coefficient

design section lift coefficient

moment coefficient about aerodynamic center

moment coefficient about quarter-chord point

section normal-force coefficient

drag .

loss of total pressure

free-stream total pressure

section aileron hinge moment

exit height

constant

lift

Mach number

critical Mach number o o .

typical points on upper and lower surfaces of airfoil

pressure coefficient (7}_;&)
¢

critical pressure coefficient .

resultant pressure coefficient; difference between
local upper- and lower-surface pressure coeflicients

local statie pressure; also, angular velocity in roll in
b2V '

free-stream static pressure

helix angle of wing tip

free-stream dynamic presstre

Reynolds number

critical Reynolds number

pressure coefficient (I—{z’;z)
Q

first airfoil thickness ratio

second airfoil thickness ratio

free-stream velocity

inlet velocity

local velocity

increment of local velacity .

inecrecment of local velocity caused by additional
type of load distribution

velocity ratio corresponding to thickness #;

velocity ratio corresponding to thickness &

distance along chord
mean-line abscissa

T absecissa of lower surface
z abscissa of upper surface

chordwise position of {ransition
distance perpewdicular to chord

u

4
(©).
y
v

e mean-line ordinate
YL ordinate of lower surface
Y ordinate of symmetrical thickness distribution
Yo ordinate of upper surface
z complex variable in circle plane
-4 complex variable in near-cirele plane
a angle of attack
Aay . . . ,
23 section aileron effeetiveness parameter, ratio of

change in section angle of atlack to inerement of
aileron deflection at a constant value of Iift

coefficient
ay, angle of zero lift
ay section angle of attack
Ay increment of section angle of attack
ay section angle of attack corresponding to design
lift coefficient
8 flap or aileron deflection; down deflection is positive
8, flap deflection, inboard
8, flap deflection, outboard
€ airfoil parameter (¢—86)
ére value of € at trailing cdge
¢ complex variable in airfoil plane
] angular coordinate of 2’; also, angle of which tangent
is slope of mean line
- . { Tip chord
A taper ratio R&I))Tz'h ord
Effective Reynolds number
T turbulence factor { - Host Reyﬂf)nk s mamber )
¢ angular coordinate of 2
¥ airfoil parameter determining radial coordinate of =

2y
Yo average value of ¢ (é;_ﬁ ¥ qu)

HISTORICAL DEVELOPMENT

The development of types of NACA airfoils now in com-
mon use was started in 1929 with a systematic investigation
of a family of airfoils in the Langley variable-density tunnel.
Airfoils of this family were designated by numbers having
four digits, such as the NACA 4412 airfoil. All airfoils of
this family had the same basie thickness distribution (refer-
ence 1), and the amount and type of camber was systemati-
cally varied to produce the family of related airfoils. This
investigation of the NACA airfoils of the four-digit series
produced airfoil sections having higher maximum lift
coefficients and lower minimum drag coefficients than those
of sections developed before that time. The investigation
also provided information on the changes in acrodynamic
characteristics resulting from variations of geometry of the
mesan line and thickness ratio (reference 1).
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The investigation was extended in references 2 and 3 to
include airfoils with the same thickness distribution but
with positions of the maximum camber far forward on the
girfoil. These airfoils were designated by numbers having
five digits, such as the NACA 23012 airfoil. Some airfoils
of this family showed favorable aerodynamic characteristics
except for a large sudden loss in lift at the stall.

Although these investigations were extended to include a
limited number of airfoils with vearied thickmess distribu-
tions (references 1 and 3 to 6), no extensive investigations of
thickness distribution were made. Comparison of experi-
mental drag data at low lift coefficients with the skin-
friction coefficients for flat plates indicated that nearly all
of the profile drag under such conditions was attributable
to skin friection. It was therefore apparent that any pro-
nounced reduction of the profile drag must be obtained by a
reduction of the skin friction through increasing the relative
extent of the laminar boundary layer.

Decressing pressures in the direction of flow and low air-
stream turbulence were known to be favorable for laminar
flow. An attempt was accordingly made to increase the
relative extent of laminar fow by the development of air-
foils having favorable pressure gradienfs over a greater
proportion of the chord than the airfoils developed in refer-
ences 1, 2, 3, and 6. The actual attainment of extensive
laminar boundary layers at large Reynolds numbers was a
previously unsolved experimental problem requiring the
development of new test equipment with very low air-
stream turbulence. This work was greatly encouraged by
the experiments of Jones (reference 7}, who demonstrated
the possibility of obtaining extensive laminar layers in flight
at relatively large Reynolds numbers. Uncerfainty with
regard to factors affecting separation of the turbulent
boundary layer required experiments to determine the
possibility of making the rather sharp pressure recoveries
required over the rear portion of the new type of airfoil.

New wind tunnels were designed specifically for testing
airfoils under conditions closely approaching flight condi-
tions of air-stream turbulence and Reynolds number. The
resulting wind tunnels, the Langley two-dimensional low-
turbulence tunnel (LTT) and the Langley two-dimensional
low-turbulence pressure tunnel (TDT), and the methods
used for obtaining and correcting data are briefly described
in the appendix. In these tunnels the models completely
span the comparatively narrow test sections; two-
dimensional flow is thus provided, which obviates difficulties
previously encountered in obtaining section data from
tests of finite-span wings and in eorrecting adequately for
support interference (reference 8).

Difficulty was encountered in attempting to design air-
foils having desired pressure distributions because of the lack
of adequate theory. The Theodorsen method (reference 9),
as ordinarily used for calculating the pressure distributions
about airfoils, was not sufficiently accurate near the leading
edge for prediction of the local pressure gradients. In the
absence of a& suitable theoretical method, the 9-percent-
thick symmetrieal airfoil of the NACA 16-series (reference 10)

843107—B0——18

was obtained by empirical modification of the previously
used thickness distribuiions (reference 4). These NACA
16-series sections represented the first family of the low-drag
high-critical-speed sections.

Successive attempts to design airfoils by approximate

theoretical methods led to families of airfoils designated

NACA 2-to 5-series sections (reference 11). Esperience with
these sections showed that none of the approximate methods
tried was sufficiently accurate to show correctly the effect
of changes in profile near the leading edge. Wind-tunnel

and flight tests of these airfoils showed that extensive laminar .

boundary layers could be maintained at comparatively large
values of the Reynolds number if the airfoil surfaces were
sufficiently fair and smooth. These tests also provided
qualitative information on the effects of the magnitude of
the favorable pressure gradient, leading-edge radius, and other
shape variables. The data also showed that separation of
the turbulent boundary layer over the rear of the section,
especially with rough surfaces, limited the extent of laminar
layer for which the airfoils should be designed. The air-
foils of these early families generally showed relatively low
maximum lift coefficients and, in many cases, were designed
for a greater extent of laminar flow than is practical. It was

learned that, although sections designed for an excessive
extent of laminar flow gave extremely low drag coefficients

near the design lift coefficient when smooth, the drag of such
sections became unduly large when rough, particularly at Lift
coefficients higher than the design lift. These families of
airfoils are accordingly considered obsolete.

The NACA 6-series basic thickness forms were derived by
new and improved methods deseribed herein in the section
“Methods of Derivation of Thickness Distributions,” in ac-
cordance with design eriterions established with the objective
of obtaining desirable drag, critical Mach number, and
maximum-lift characteristics. The present report dealslargely
with the characteristics of these sections. The develop-
ment of the NACA 7-series family has also been started.
This family of airfoils is characterized by a greater extent of
laminar flow on the lower than on the upper surface.
sections permit low pitching-moment coefficients with mod-
erately high design lift coefficients at the expense of some
reduetion in maximum lift and eritical Mach number.

Acknowledgement is gratefully expressed for the expert
guidance and many original contributions of Mr. Eastman
N. Jacobs, who initiated and supervised this work.

DESCRIPTION OF AIRFOILS

METHOD OF COMBINING MEAN LINES AND THICENESS DISTRIBUTIONS

The cambered airfoil sections of all NACA families con-
sidered herein are obtained by combining a mean line and a
thickness distribution. The necessary geometric data and
some theoretical aerodynamic data for the mean lines and
thickness distributions may be obtained from the supple-

mentary figures by the methods desecribed for each family of

airfoils.

These
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F1GURE 1.—Method of combining mean lines and basic thickness forms,

The process for combining a mean line and a thickness
distribution to obtain the desired cambered airfoil section is
illustrated in figure 1. The leading and trailing edges are
defined as the forward and rearward extremities, respectively,
of the mean line. The chord line is defined as the straight
line connecting the leading and trailing edges. Ordinates of
the cambered airfoil are obtained by laying off the thickness
distribution perpendicular to the mean line. The abscissas,
ordinates, and slopes of the mean line are designated as z,
Y., and tan @, respectively. If zy and yy represent, respec-
tively, the abscissa and ordinate of a typical point of the
upper surface of the airfoil and y, is the ordinate of the
symmetrical thickness distribution at chordwise position z,
the upper-surface coordinates are given by the following
relations:

YTy=Z—Y: sin 8 (1)
Yo=Y+ Y. cos 8 (2)

The corresponding expressions for the lower-surface coordi-
nates are

Zz=x+y, sin ¢ (3)
Yr="Y,—Y; cosfd (4)

The center for the leading-edge radius is found by drawing
a line through the end of the chord at the leading edge with
the slope equal to the slope of the mean line at that point
and laying off & distance from the leading edge along this line
equal to the leading-edge radius. This method of construc-
tion causes the cambered airfoils to project slightly forward

of the leading-edge point. Because the slope at the leading
edge is theoretically infinite for the mean lines having a
theoretically finite load at the leading edge, the slope of the
radius through the end of the chord for such mean lines is

usually taken as the slope of the mean line at T=0.005. This
¢

procedure is justified by the manner in which the slope
increases to the theoretically infinite value as x/e approaches
0. The slope increases slowly until very small valuos of z/e
are reached. Large values of the slope ure thus limited to
values of 2/c very close to 0 and may be neglecied in practical
airfoil design.

Tables of ordinates are included in the supplementary data
for all airfoils for which standard characteristics are presented.

NACA FOUR-DIGIT-SERIES AIRFOJLS

Numbering system.—The numbering system [or the
NACA airfoils of the four-digit series (reference 1) is based
on the airfoil geometry. The first integer indicates the
maximum value of the mean-line ordinate y, in percent of the
chord. The second integer indicates the distanes from the
leading edge to the location of the maximum eamber in
tenths of the chord. The last two integers indicate tho
airfoil thickness in percent of the chord. Thus, the NACA
2415 airfoil has 2-percent camber at 0.4 of the chord from the
leading edge and is 15 percent thick.

The first two integers taken together define the mean line,
for example, the NACA 24 mean line. The symmetrical air-
foil sections representing the thickness distribution for a
family of airfoils are designated by zeros for the first two
integers, as in the case of the NACA 0015 airfoil.



SUMMARY OF AIRFOIL DATA

Thickness distributions.—Date for the NACA 0006, 0008,
0009, 0010, 0012, 0015, 0018, 0021, and 0024 thickness
distributions are presented in the supplementary figures.
Ordinates for intermediate thicknesses may be obtained
correctly by scaling the tzbulated ordinates in proportion to
the thickness ratio (reference 1). The leading-edge radius
varies as the square of the thickness ratio. Values of
(v/17)%, which is equivalent to the low-speed pressure distri-
bution, and of »/1” are also presented, These data were
obtained by Theodorsen’s method (reference 9). Values of
the velocity increments Az,/V” induced by changing angle of
attack (see section “Rapid Estimation of Pressure Distribu-
tions”) are also presented for an additional Iift coefficient of
approximately unity. Values of the velocity ratio »/V for
intermediate thickness ratios may be obtained approxi-
mately by linear scaling of the velocity inerements obtained
from the tabulated values of /1" for the nearest thickness

ratio; thus,
2N (2 -1 fz_[_ 1 (5)
I', ty Iv 4 tl

Values of the velocity-inerement ratio Az, /V may be obtained
for intermediate thicknesses by interpolation.

Mean lines.—Data for the NACA 62, 63, 64, 65, 66, and 67
meen lines are presented in the supplementary figures.
The data presented include the mean-line ordinates y., the
slope dy./dx, the design lift coefficient ¢;; and the corre-
sponding design angle of attack «; the moment coefficient
Cmeys the resultant pressure coefficient Pg, and the velocity
ratio Ap/V. The theoretical aerodynsmic characteristics
were obtained from thin-airfoil theory. All tabulated values
for each mean line, accordingly, vary linearly with the maxi-
mum ordinate 7., and data for similar mean lines with
different amounts of camber within the usual range may be
obtained simply by scaling the tabulated values. Data
for the NACA 22 mean line may thus be obtained by multi-
plying the data for the NACA 62 mean line by the ratio 2:86,
and for the NACA 44 mean line by multiplying the data for
the NACA 64 mean line by the ratio 4:6.

NACA FIVE-DIGIT-SERIES AIRFOILS

Numbering system.—The numbering system for airfoils of
the NACA five-digit series is based on a combination of
theoretical aerodynamic characteristics and geometrie char-
acteristics (references 2 and 3). The first integer indicates
the amount of camber in terms of the relative magnitude of
the design lift coefficient; the design lift coefficient in tenths
is thus three-halves of the first integer. Thesecond and third
integers together indicate the distance from the leading edge
to the location of the maximum camber; this distance in
percent, of the chord is one-half the number represented by
these integers. The last two integers indicate the airfoil
thickness in percent of the chord. The NACA 23012 airfoil
thus has a design lift coefficient of 0.3, has its maximum
camber at 15 percent of the chord, and has a thickness ratio
of 12 percent.
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Thickness distributions.—The thickness distributions for
airfoils of the NACA five-digit series are the same as those
for airfoils of the NACA four-digit series.

Mean lines.—Data for the NACA 210, 220, 230, 240, and
250 mean lines are presented in the supplementary figures
in the same form as for the mean lines given herein for the
four-digit series. All tabulated values for each mean line
vary linearly with the maximum ordinate or with the design
lift coefficient. Thus, data for the NACA 430 mesn line
may be obtained by multiplying the data for the NACA 230
mean line by the ratio 4:2 and for the NACA 640 mean line
by multiplying the data for the NACA 240 mean line by
the ratio 6:2.

NACA 1.SERIES AIRFOILS

Numbering system.—The NACA 1-series airfoils are des-
ignated by a five-digit number—as, for example, the
NACA 16212 section. The first integer represents_the
series designation. The second integer indicates the dis-
tance in tenths of the chord from the leading edge to.the
position of minimum pressure for the symmetrical section
at zero lift. The first number following the dash indicates
the amount of camber expressed in terms of the design lift
coefficient in tenths, and the last two numbers together
indicate the thickness in percent of the chord. The com-
monly used sections of this family have minimum pressure
at 0.6 of the chord from the leading edge and are usually
referred to as the NACA 16-series sections.

Thickness distributions.—Date for the NACA 16-006,
16009, 16-012, 16-015, 16-018, and 16-021 thickness
distributions (reference 10) are presented in the supplemen-
tary figures. These date are similar in form to the data for
those airfoils of the NACA four-digit series, and data for
intermediate thickness ratios may be obtained in the same .
manner.

Mean lines.—The NACA 16-series airfoils as commonly
used are cambered with a mean line of the uniform-load
type (¢=1.0), which is described under the section for the
NACA 6-series airfoils that follows. If any other type of
mean line is used, this fact should be stated in the airfoil

_ designation.

NACA 6-SERIES AIRFOILS

Numbering system.—The NACA 6-series airfoils sre usu-

ally designated by a six-digit number together with & state-

ment showing the type of mean line used. For example,
in the designation NACA 65,3218, a=0.5, the “6” is
the series designation. The *“5"” denotes the chordwise
position of minimum pressure in tenths of the chord behind
the leading edge for the basic symmetrical section at zero
lift. The “3" following the comma gives the range of lift
coefficient in tenths above and below the design lift coefficient
in which favorable pressure gradients exist on both surfaces.

The “2" following the dash gives the design lift coefficient '

in tenths. The last two digits indicate the airfoil thickness
in percent of the chord. The designation “a=0.5" shows
the type of mean line used. Then the mean-line designa-
tion is not given, it is understood that the uniform-load
mesan line (¢=1.0} has been used.
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When the mean line used is obtained by combining more
than one mean line, the design lift coefficient used in the
designation is the algebraic sum of the design lift coefficients
of the mean lines used, and the mean lines are described in
the statement following the number asin the following case:

a=0.5, ¢;,=0.3 }
a=1.0, ¢;,=—0.1

Airfoils having a thickness distribution obtained by linearly
increasing or decreasing the ordinates of one of the originally

derived thickness distributions ave designated as in the follow-
ing example:

NACA 65,3—218§

NACA 65(318)-217, a=0.5

The significance of all of the numbers except those in the
parentheses is the same as before. The first number and the
last two numbers enclosed in the parentheses denote, respec-
tively, the low-drag range and the thickness in percent of
the chord of the originally derived thickness distribution.
The more recent NACA 6-series airfoils are derived as
members of thickness families having a simple relationship
between the conformal transformations for airfoils of different
thickness ratios but having minimum pressure at the same
chordwise position. These-airfoils are distinguished from
the earlier individually derived airfoils by writing the num-
ber indicating the low-drag range as a subseript; for example,

NACA 65,218, a=0.5

Tor NACA 6-series airfoils having a thickness ratio less
than 0.12 of the chord, the subscript number indicating the
low-drag range should be less than unity. Rather than use
a fractional number, a subscript of unity was originally em-
ployed for these airfoils. Since this usage is not consistent
with the previous definition of a number indicating the low-
drag range, the designations of airfoil sections having a thick-
ness ratio less than 0.12 of the chord are now given without
such a number. As an example, an NACA 6-series airfoil
having a thickness ratio of 0.10 of the chord would be
designated:

' NACA 65-210

Ordinates for the basic thickness distributions designated by
a subscript are slightly different from those for the corre-
sponding individually derived thickness distributions. As
before, if the ordinates of the basic thickness distribution
have been changed by a factor, the low-drag range and thick-
ness ratio of the original thickness distribution are enclosed
in parentheses as follows:

NACA 65(313)—217, a=0.5

If, however, the ordinates of a basic thickness distribution
having a thickness ratio less than 0.12 of the chord have been
changed by a factor, the number indicating the low-drag
range is eliminated and only the original thickness ratio is
enclosed in parentheses as follows:

NACA 65,0211

If the design lift cocfficient in tenths or the airfoil thickness
in percent of chord are not whole integers, the numbers
giving these quantities are usually enclosed in parentheses as
in the following designation:
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NACA 65(313)—(1.5) (165), a=0.5

Some early experimental airfoils are designated by the in-
sertion of the letter “x’" immediately preeeding the hyphen
as in the designation 66,2x~115.

Thickness distributions.~- Data for available NACA G-series
thickness forms are presented in the supplementary
figures. These data are comparable with the similar data
for airfoils of the NACA four-digit series, except that ordi-
nates for intermediate thicknesses may not be correctly ob-
tained by scaling the tabulated ordinates proportional to the
thickness ratio. This method of changing the ordinates by
a factor will, however, produce shapes satisfactorily approx-
imating members of the family if the change in thickness
retio is small. Values of »/V and A/} for intermediate
thickness ratios may be approximated as described for the
NACA four-digit series.

Mean lines.—The mean lines commonly used with the
NACA 6-series airfoils produce a uniform chordwise loading

from the leading edge to the point %=a and o linecarly de-

creasing load from this point to the trailing edge. Data
for NACA mean lines with values of a equal to 0, 0.1, 0.2,
0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, and 1.0 are presenfed in the
supplementary figures. The ordinates were computed by
the following formula, which represents a simplification of
the original expression for mean-line ordinatles given in
reference 11:

Ve Cn { 1 [l (a—£)21
¢ dxaFD (T—al?2 ¢/ 'O
1 ry z 1 FACHED N2
3 (1) oe (-5 (-8 1 (-1 ]
T x r
—5 logi T+9—k ;} (6)
where __ o

1 1 1y, 1
g=—i2g [ (3 los a—g) 4]

h':i—i_a, [é (1—a)? log. (I—a)—:i (1—a)t |+ ¢

¢
a—-
c

The ideal angle of attack «, corresponding {o the design

lift coeflicient is given by
C(‘
| =t et D

The data are presented for a design lift coefficient ¢
equal to unity. All tabulated values vary direetly with
the design lift cocfficient. Corresponding data for similar
mean lines with other design lift coefficients may accordingly
be obtained simply by multiplying the tabulated values by
the desired design lift coefficient.

In order to camber NACA 6-series airfoils, mean lines are
usually used having values of @ equal to or greater than the
distance from the leading edge to the location of minimum
pressure for the selected thickness distribution at zero lift.
For special purposes, load distributions other than those
corresponding to the simple mean lines may be obtained by
combining two or more types of mean line having posifive or
negative values of the design lift coefficient. The geometric
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and aerodynamic characteristics of such combinations may be
obtained by algebraic addition of the values for the compo-

nent mean lines.
NACA 7-SERIES AIRFOILS

Numbering system.—The NACA 7-geries airfoils are desig-
nated by a number of the following type (reference 12):

NACA 747A315

The first number “7” indicates the series number. The
second number “4" indicates the extent over the upper sur-
face, in tenths of the chord from the leading edge, of the
region of favorable pressure gradient at the design lift coeffi-
cient. The third number “7”’ indicates the extent over the
lower surface, in tenths of the chord from the leading edge,
of the region of favorable pressure gradient at the design lift
coefficient. The significance of the last group of three num-
bers is the same as for the previous NACA 6-series airfoils.
The letter “A” which follows the first three numbers is a
serial letter to distinguish different airfoils having parameters
that would correspond to the same numerical designation.
For example, a second airfoil having the same extent of
favorable pressure gradient over the upper and lower sur-
faces, the same design lift coefficient, and the same maximum
thickness as the original airfoil but having a different mean-
line combination or thickness distribution would have the
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serial letter “B.” Mlean lines used for the NACA 7-series
airfoils are obtained by combining two or more of the pre-
viously described mean lines. A list of the thickness dis-
tributions and mean lines used to form these airfoils is pre-
sented in table I. The basic thickness distribution is given
a designation similar to those of the final cambered airfoils.
For example, the basic thickness distribution for the
NACA 747A315 and 747A415 airfoils is given the designation
NACA 747A015 even though minimum pressure occurs at 0.4¢
on both upper and lower surfaces at zero lift. Combination
of this thickness distribution with the mean lines listed in
table I for the NACA 747A315 airfoil changes the pressure
distribution to the desired type as shown in figure 2.

Thickness distributions.—Data for available NACA 7-
series thickness distributions are presented in the supple-
mentary figures. These thickness distributions are indi-
vidually derived and do not form thickness families. The
thickness ratio may, however, be changed a moderate
amount—say 1 or 2 percent—by multiplying the tabulated
ordinates by a suitable factor without seriously altering their
characteristic features. Velues of(p/V%and of o1 for thinner
or thicker thickness distributions may be approximated by
the method of equation (5). ‘
is small, tabulated values of Ap,/V may be applied directly
with reasonable accuracy.

20T
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./'//\
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Fictre 2.—Theoretical pressure distribution for the NACA T47A315 airfoll section gt the design 1ift coeffiefent and the NACA T™7TA01S basic thickness distribution.

TABLE I.—ANALYSIS OF ATRFOIL  DERIVATION

Mean-line combination !
Alrfoil Basie thickness :
desfgnation form
a=0 a=0.1 am=0.2 e=0.3 a=0.4 a=0.5 a=0.6 a=0.7 a=(.8 a=0.9 e=~10
TETAZIS. . TATAQRS. . e | e 0. 763 —0. 463 _
TATALS. TATAQIS. . . 763 ] —.463 0.100

1 The numbers in the varions columns hesded “Mezn-1ine combination' Indicate the magnitude of the design 1ift coeffielent used.

If the change in thickness ratio
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THEORETICAL CONSIDERATIONS

PRESSURE DISTRIBUTIONS

A knowledge of the pressure distribution over an airfoil is
desirable for structural design and for estimation of the
critical Mach number and moment coefficient if tests are not
available. The pressure distribution also exerts a strong
or predominant influence on the boundary-layer flow and,
hence, on the airfoil characteristics. It is therefore usually
advisable to relate the airfoil characteristics to the pressure
distribution rather than directly to the airfoil geometry.

Methods of derivation of thickness distributions.—As
mentioned in the section “Historical Development,” the
basic symmetrical  thickness distributions of the NACA 6-
and 7-series airfoils, together with their corresponding pres-
sure distributions, are derived by means of conformal trans-
formations. The transformations used to relate the known
flow about a circle to that about an airfoil section were
developed by Theodorsen in reference 9. Figure 3 shows

schematically the significance of the various phases of the

process.
The circle about which the flow is originally calculated has
its center at the origin and a radius of ae®. The equation of

o Z=qe tetit

Z-plone

dh

PR

LR
u

09' Zhaer®

..

Z-plane

/1N

{mxeiy
Ficure 3.—Transformations nsed to derive alrfoils and calculate pressure distributions.
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this cirele in complex coordinates is
- Z=qedrtid n
where

z  complex variable in circle plane
¢ angular coordinate of z
a  basic length usually considered unity

¥ constant determining radius of circle

This true circle is transformed into an arbitrary, almost
circular curve by the relation

2I
- . >= e gl tie—¢) (8)

the equation of the alinost cireular curve is

_ 2 =aeHt ®
where

’

2’ complex variable in near-cirele plane

ae’ radial coordinate of 2’
6 angular coordinate of 2/

In order for the transformation (8) to be conformal, it is
necéssary that the quantity (6—¢) (given the symbol —¢)
be the conjugate function of (f—yy); that is, if ¢ is represented
by a Fourier series of the form,

e=i A, sin nqs—}:—‘_, B, cos ng
1
then (W—yy) is given by the relation
(F—d0)=3 <, cos n¢+33 By sin ng

This relationship indicates that, if the function e(g) is given,
(4—¢o) can be caleulated as a function of ¢. Means of
performing this calculation are presented in reference 13.
The transformation relating the almost circular ecurve to
the airfoil shape is

2
r=e'+5, (10)

where { is the complex variable in the airfoil plane, The
coordinates of the airfoil z and y are the real and imaginary
parts of {, respectively. These coordinates are given by the
relations _ T

o z=2a cosh ¢ cos @ (11)

y=2a sinh ¢ sin @ (12)

The velocity distribution in terms of the airfoil parameters
¥ and e is given exactly for perfeet fluid flow by the expression

5 [sin (apt¢)+sin (apt-ers)] ¥

V—\/ (sinb* +sin’) [( 1— (-‘;% '+(§,5;j

(13)
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where

o local veloeity over surface of airfoil
V" {free-stream velocity

ay - section angle of attack

(52 ), ¥e)

erg  value of e at trailing edge

Yo  average value of ¢

The basic symmetrical shapes were derived by assuming
suitable values of de/d¢ as & function of ¢. These values were
chosen on the basis of previous experience and are subject to
the conditions that

*de

0 43~ 0
and de/d¢ at ¢ is equal to de/dp at —é. These conditions
are necessary for obtaining closed symmetrical shapes.
de do.
=4 qu
Values of ¢(¢) were found by obtaining the conjugate of the
curve of e(¢) and adding a value ¢, sufficient to make the
velue of ¥ equal to zero at ¢==. This condition assures a
sharp trailing-edge shape.

Inasmuchassmall changesin the velocity distribution at any

Values of e(¢) were obtained simply by integrating

point of the surface are approximately proportional to 1 -[— qS

(see reference 14), the initially assumed values of de/d¢p were
altered by a process of successive approximations until the
desired type of velocity distribution was obtained. After the
fina] values of  and e were obtained, the ordinates of the basic
thickness- distribution were computed by equations (11)
and (12).

When these computations were made, it appeared that there
was an optimum vealue of the leading-edge radius dependent
upon the airfoil thickness and the position of minimum
pressure. If the leading-edge radius was too small, a pre-
mature peak in the pressure distribution occurred in the
immediate vicinity of the leading edge as the angle of attack
was increased. If the leading-edge radius was too large, a
premature peak occurred a few percent of the chord behind the
leading edge. With the correct leading-edge radius, the
pressure distribution became nearly flat over the forward
portion of the airfoil before the normal leading-edge peak
formed at the higher lift coefficients. Curves of the param-
eters ¥, € dyfde, de/do pIotted against ¢ for the NACA
64,018 airfoil section are given in figure 4.

Experience has shown that, when the thickness ratio of an
originally derived basic form was increased merely by multi-
plying all the ordinates by a constant factor, an unnecessarily
large decrease in the critical speed of the resulting section
occurred. Reducing the thickness ratio in a similar manner
* caused an unnecessarily large decrease in the low-drag range.
For this reason, each of the earlier NACA 6-series sections was
individually derived. It was later found that it was possible

Wiors
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FIGURE 4.—Variation of airfoll parameters ¢, «, % % with ¢ for the NACA 64-018 afrfoll
section basie thickness form.

to derive basic airfoil parameters ¢ and e that could be
multiplied by a constant factor to obtain airfoils of various
thickness ratios, without having the aforementioned limita-
tions in the resulting sections. Kach of the more recent
families of NACA 6-series airfoils, in which numerical sub-
seripts are used in the designation, having minimum pressure
at a given chordwise position was obtained by sealing up and
down the basic values of the airfoil parameters ¥ and .

2
Theoretical pressure distributions (indicated by (%))

for a family of NACA 65-series airfoils covering a range of
thickness ratios are given in figure 5 (a). This figure shows
the typical increase in the magnitude of the favorable pressure
gradient, increase in maximum veloeity over the surface, and
increase in the relative pressure recovery over the rear portion
of the airfoil with increase in thickness ratio. Figure 5 (b)
shows the pressure distribution for a series of basic thickness
forms having a thickness ratio of 0.15 and having minimum
pressure at various chordwise posmons The velue of the
minimum pressure coefficient is seen to deerease and the
magnitude of the pressure recovery over the rear portion of
the airfoil to inerease with the rearward movement of the
point of minimum pressure.
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T1GURE b.—Theoretical pressure distribntfons for some basic symmetrics]l NACA 6-series alrfolls at zero lift.

The pressure distribution for one of the basic symmetrical
thickness distributions at various lift coefficients is shown in
figure 6. At zero lift the pressure distributions over the
upper and lower surfaces are the same. "As the lift coefficient
is increased, the slope of the pressure distribution over the
forward portion of the upper surface decreases until it becomes
flat at a lift coefficient of 0.22 (the end of the low-drag range).
As the lift coefficient is increased beyond this value, the usual
peak in the pressure distribution forms at the leading edge.

Rapid estimation of pressure distributions.—In the dis-
cussion that follows, the term “pressure distribution” is used
to signify the distribution of the static pressures on the upper

FicurEe 8.—Theoretical pressure distribution for the NACA 85-015 airfoil at several Jift
coeffictents,

and Iower surfaces of the airfoil along the chord. The term
‘Joad distribution” is used to signify the distribution along
the chord of the normal foree resulting from the difference in
pressure on the upper and lower surfaces.

The pressure distribution about any airfoil in potentinl

-flow may be calculated accurately by a generalization of the

methods of the previous section. Although this method is
not-unduly laborious, the computations required aro too
long to permit quick and easy calculations for large numbers
of airfoils. The need for a simple method of quickly obtaining
pressure distributions with engineering accuracy has led to
the development of a method (reference 15) combining
features of thin- and thick-airfoil theory. This simple
method makes use of previously ecalculated characteristics
of a limited number of mean lines and thickness distributions
that may be combined to form large numbers of airfoils.

Thin-airfoil theory (references 16 to 18) shows that the
load distribution of a thin airfoil may be considered to consisi,
of: (1) a basic distribution at the ideal angle of attack and
(2) an additional distribution proportional to the angle of
attack ag measured from the ideal angle of attack.

The first load distribution is a function only of the shape of
the thin airfoil, or (if the thin airfoil is considered to be a
mean line) of the mean-line geometry. Integration of this
load distribution along the chord results in a normal-force
coefficient which, at small angles of attack, is substantially
equal to a lift coefficient ¢, which is designated the ideal
or design lift coefficient. 1f, moreover, the camber of the
mean line is changed by multiplying the mean-line ordinates
by a constant factor, the resulting load distribution, the
ideal or design angle of attack «, and the design lift coefficient
¢;, may be obtained simply by multiplying the original values
by the same factor. The characteristics of a large number of
mean lines are presented in both graphical and tabular form
in the supplementary figures. The load-distribution data
are presented both in the formof the resultant pressure
coefficient Py and in the form of the corresponding velocity-
increment ratios Ay/V. For positive design lift coeflicients,
these velocity-increment ratios are positive on the upper
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surface and negative on the lower surface; the opposite is
true for negative design lift coefficients.

The second load distribution, which results from changing
the angle of attack, is designated herein the ‘“‘additional load
distribution” and the corresponding lift coefficient is desig-
nated the “additional lift coefficient.” This additional load
distribution contributes no moment about the quarter-chord
point and, aceording to thin-airfoil theory, is independent of
the airfoil geometry except for angle of attack. The addi-
tional load distribution obtained from thin-sirfoil theory is
of limited practical application, however, because this simple
theory leads to infinite values of the velocity at the leading
edge. This difficulty is obviated by the exact thick-airfoil
theory (reference 9) which also shows that the additional load
distribution is neither completely independent of the airfoil
shape nor exactly a linear funection of the lift coefficient.
For this reason, the additional load distribution has been
calculated by the methods of reference 9 for each of the thick-
ness distributions presented in the supplementary figures.
These data are presented in the form of velocity-increment
ratios Ar,fV corresponding to an additional lift coefficient of
approximately unity. For positive additional lift coeffi-
clents, these veloeity-inerement ratios are positive on the
upper surfaces and negative on the lower surfaces; the
opposite is true for negative additional lift coefficients.

In sddition to the pressure distributions associated with
these two load distributions, another pressure distribution
exists which is associated with the basic symmetrical thick-
ness form or thickness distribution of the airfoil. This pres-
sure distribution has been celculated by the methods
described in the previous section for the condition of zero

lift and is presented in the supplementary figures as (%}):

which is equivalent at low Mach numbers to the pressure
coefficient S, and as the local velocity ratioc »/V. This
local velocity ratio is always positive and is the seme for

corresponding points on the upper and lower surfaces of the ]

thickness form.

The velocity distribution about the airfoil is thus considered
to be composed of three separate and independent com-
ponents as follows:

(1) The distribution corresponding to the velocity dis-
tribution over the basiec thickness form at zero angle of
attack

(2) The distribution corresponding to the design load
distribution of the mean line

(3) The distribution corresponding to the additional load
distribution associated with angle of attack

The velocity-inerement ratios As/1 and Ar./V” correspond-
ing to components (2) and (38) are added to the velocity
ratio corresponding to component (1) to obtain the total
velocity at one point, from which the pressure coefficient S
is obtained; thus,

(%i%;iéf;‘i (14)
When this formula is used, values of the ratios corresponding
to one value of z are added together and the resulting value
of the pressure coefficient .S is assigned to the airfoil surface
at the same value of .
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The values of #/1” and of As/V in equation (14} should,
of course, correspond to the airfoill geometry. Methods
of obtaining the proper values of these ratios from the values
tabulated in the supplementary figures are presented in the
previous section “Deseription of Airfoils.”

When the ratio Ar,/V" has the value of zero, the resulting
distribution of the pressure coefficient S will correspond
approximately to the pressure distribution of the airfoil
section at the design lift coefficient ¢,, of the mean line, and
the lift coefficient may be assigned this value as a first ap-
proximation. If the pressure-distribution diagram is inte-
grated, however, the value of ¢; will be found to be greater
than ¢;; by an amount dependent on the thickness ratio of
the basi¢ thickness form.

The pressure distribution will usually be desired at some
specified lift coefficient not corresponding to ¢,.
purpose the ratio Ar,/V” must be assigaed some value ob-
tained by multiplying the tabulated value of this ratio by a
factor f(a). For a first approximation this factor may be
assigned the value

fla)y=ci—ey, (15)
where ¢; is the lift coefficient for which the pressure distribu-
tion is desired. If greater accuracy is desired, the value of
f(a) may be adjusted by trial and error to produce the
actual desired Lift coefficient as determined by integration
of the pressure-distribution diagram.

Although this method of superposition of velocities has
inandequate theoretical justification, experience has shown
that the results obtained are adequate for engineering use.
In fact, the results of even the first approximations agree
well with experimental data and are adequate for at least
preliminary consideration and selection of airfoils. A com-
parison of a first-approximation theoretical pressure distri-
bution with an experimental distribution is shown in figure 7.
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Ficrre 7—Comparison of theoretical and experimental pressure distributions for the NACA
66(215)-216, ¢ = Q.6 alrfofl. cp = 0.23.
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Some discrepancy naturally occurs between the results of
experiment and of any theoretical method based on potential
flow because of the presence of the boundary layer. These
effects are small, however, over the range of lift coeflicients
for which the boundary layer is thin and the drag coefficient
is low.

Numerical examples,—The following numerical examples
are included to illustrate the method of obtaining the first-
approximation pressure distributions:

Example 1: Find the pressure coefficient S at the station
2=0.50 on the upper and lower surfaces of the NACA
65,418 airfoil at a lift coefficient of 0.27 ’

From the description of the NACA 6-series airfoils, it is
determined that this airfoil is obtained by combining the
NACA 65,018 basic thickness form with the a=1.0 type
mean line cambered to a design lift coefficient of 0.4. The
following data are obtained from the supplementary figures
far this thickness form and mean line at 2=0.50:

¢
?-1.235

Av,_

~‘_—§’=0.250

The desired value of Ap,/V is computed as follows by use of

equation (15):
AZJ,

=—0.031

The desired value of A2/V is obtained by multiplying the
tabulated value by the design lift coefficient as stated in the
description of the NACA 6-series airfoils. Thus,

=(0.250) (0.4)-
=0.100

Substituting these values in equation (14) gives the following

values of S:
For the upper surface

S=(1.2354+0.100—0.031)*
=1.700
For the lower surface
S=(1.235—0.100+0.031)2
=1.360 '

Example 2: Find the pressure coefficient S at the station

2=0.25 on the upper and lower surfaces of the NACA

6515-214, a=0.5 airfoil at a lift coefficient of 0.8.

The airfoil designation shows that this airfoil was obtained
by combining a thickness form obtained by multiplying the
ordinates of the NACA 65,015 form by the factor 14/15
with the ¢=0.5 type mean line cambered to a design lift
coefficient of 0.2.
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The supplementary figures give a value of 1.182 for o/V"
at £=0.25 for the NACA 65,015 basie thickness form. The
desired value of /17 is obtained by applying formula (5)
as follows:

v 14
T=(1.182—1) {z+1
=1.170
From the supplementary figures the following values of

Avg/V are obtained at x=0.25 for the following basic tlucknoss
forms:

Thickness form l Btat o028
NACA 855016 oo emmmaamcee 0.2%
NACABSHOI2. .o ceeraceemcmcman 982

By interpolation the value of Ar/V of 0.287 may be
assigned to the 14-percent-thick form. The desired value of
Ar,/V is then computed as follows by use of equation (15):

%425=(0.287) (0.6—0.2)

=0.115
Data presented in the supplementary figures for the a:=0.5
type mean lines give the value of 0.333 for Av/1™ al 2=0.25.
As stated in the description of the NACA G-series airfoils,

the desired value of Ay/V is obtained by multiplying the
tabulated value by the design lift coefficient. Thus,

%7"’=(o.333) (0.2)
—0.067

Substituting the foregoing valucs in equation (14) gives the

. values of S as follows:

For the upper surface

S=(1.1704-0.067 -
=1.828

0.115)*

For the lower surface

S=(1.170—0.067—0.115)*
=0.976

Example 3: Find the pressure cocfficient S at the stalion
£=0.30 oii the upper and lower surfaces of the NACA 2412
airfoil at a lift coefficient of 0.5.

The description of airfoils of the NACA four-digit scries
shows that the necessary data may be found from the NACA
0012 thickness form and 64 mean line in the supplementary
figures. From these figures the following data are obtained:

At 2=0.30"
%:1.162

At x=0.30
Ay,

7= =0.239
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For the NACA 64 mean line at x=0.30

For the NACA 64 mean line
Cgt= 0.76
Thevalues fof {As/1” and ¢, corresponding to the airfoil

geometry are obtainedby multiplying the foregoing values
by the factor 2/6 as explained in the description of these

airfoils; thus,
A 2
Tf=(o.260)(€)

The desired value of Av,f1” is obtained from equation (15)
as follows:
Arg
7= {0.239)(0.5—0.253)
=0.059
Substituting the proper values in equation (14) gives the
values of § as follows:
For the upper surface
S=(1.16240.087+0.059)2
=1.712
For the lower surface
S=(1.162—0.087—0.059)2
=1.032
Effect of camber on pressure distribution.—At zero lift the
pressure distributions over the upper and lower surfaces of

a basic:symmetrical thickness distribution are, of course,
identical. The effect of camber on the pressure distribution

28
— tigper surfoce < ——
24— —— [ ower suface
NACA 65015
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(a} Amount of camber.
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at the design lift coefficient is to separate the pressures on
the upper and lower surfaces by an amount corresponding
approximately to the design load distribution of the mean
line. When the local value of the design load distribution is
positive, the pressure coefficient S on the upper surface is
increased (decreased absolute pressure) whereas that on the
lower surface is decreased. This effect is shown in figure 8 (2}
for various amounts of camber. )

The maximum value of the pressure coefficient on the upper
surface at the design lift coefficient increases with the design
lift coefficient and for a given design lift coefficient increases
with decreasing values of . The result is to cause the critical
Mach number at the design lift coefficient to decrease with
increasing camber or with the use of types of mean line con-
centrating the load near the leading edge. Figure 8 (b)
shows that the location of minimoum pressure on both surfaces
is not affected if a type of mean line is used having a value of
a at least as large as the value of zfe at the position of
minimum pressure on the basic thickness distribution. If a
mean line with a smaller value of @ is used, the possible extent
of laminar flow along the upper surface will be reduced.

CRITICAL MACH NUMBER

The critical speed is defined as the free-stream speed at
which the velocity at any point along the surface of the air-
foil reaches the local velocity of sound. If the meximum value
of the low-speed pressure coefficient S is known either experi-
mentally or from theoretical methods, the critical Mack
number may be predicted approximately by the Von Kérmén
method (reference 19). A curve relating the eritical Mach
number and the low-speed pressure coefficient S has been
calculated from the equations of reference 19 and included in
the supplementary figures. These predicted critical Mach
numbers are useful for preliminary considerations in the
absence of test data and appear to correspond fairly well to
the Mach numbers at which the local velocity of sound is

reached in the high-critical-speed range of lift coefficient.

This criterion does not, however, appear to predict accurately
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the Mach numbers at which large changes in airfoil char-
acteristics occur, especially when sharp pressure peaks exist
at the leading edge. A discussion of the characteristics of
airfoil sections at supercritical Mach numbers is beyond the
scope of this report.

For convenience, curves of predicted eritical Mach num-
ber plotted against the low-speed section lift coefficient have
been included in the supplementary figures for & number of
airfoils. High-speed lift coefficients may be obtained by
multiplying the low-speed lift coefficient by the factor

Vifl—m' The critical Mach numbers have been predicted

from theoretical pressure distributions. For airfoils of the

NACA four- and five-digit series and for the NACA 7-series

airfoils, the theoretical pressure distributions were obtained
by Theodorsen’s method. For the other airfoils the theo-
retical pressure distributions were obtained by the approxi-
msate method described in the preceding section.

The data in the supplementary figures show that, for any
one type of airfoil, the maximum critical Mach number
decreases rapidly as the thickness is increased. The effect
of camber is to lower the maximum eritical Mach number
and to shift the range of high critical Mach numbers in the
same manner as for the low drag range. For common types
of camber the minimum reduction in eritical speed for a
given design lift coefficient is obtained with a uniform load
type of mean line. A comparison of the data presented in
the supplementary figures shows that NACA 6-series sec-
tions have considerably higher maximum critical Mach
numbers than NACA 24-, 44-, and 230-series airfoils of
corresponding thickness ratios. o

MOMENT COEFFICIENTS

Methods of calculation.—Theoretical moment coefficients
may be approximated directly from the values presented in
the supplementary figures for the various mean lines, These
values were obtained from thin-airfoil theory and may be
scaled up or down linearly with the design Lft coefficient or
with the mean-line ordinates. These theoretical values are
sufficiently accurate for preliminary considerations, but ex-
perimental values should be used for stability and control
caleulations.

Numerical examples.—The following numerical examples
illustrate the methods of calculating the moment coefficients:

Example 1: Find the theoretical moment coefficient about
the quarter-chord point for the NACA 65,215, a=0.5
airfoil.

The designation of the airfoil shows that the design lift
coefficient of this airfoil is 0.2. From the data on the
NACA ¢=0.5 type mean line included in the supplementary
figures, the value of ¢a,, is —0.139 for a design lift coefficient
of 1.0. The desired value of the moment coefficient is

accordingly
Cmg ;= (—0.139) (0.2)

=—0.028

Example 2: Find the theoretical moment coefficient about
the quarter-chord point for the NACA 4415 airfoil.

From the description of the NACA four-digit series
airfoils, the required data is found to be presented for the
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The

NACA 64 mean line in the supplementary figures.
moment coefficient for this mean line is —0.157.
required value is then

4
Emeg=(—0.157) &
=—0.105

ANGLE OF ZERO LIFT

Methods of calculation.—Values of the ideal or design -
angle of attack a; corresponding to the design lift cocflicient
¢y, are included among the data for the various mean lines
presented in the supplementary figures. The approximate
values of the angle of zero lift may be obtained from the
data by using the theoretical value of the lift-curve slope
for thin airfoils, 27 per radian. The value of ey, in degrees

is then
57.3

a;o=a¢—TT— C;t (16)

The tabulated values of a; may be scaled lincarly with
the design lift coefficient or with the mean-line ordinales.

Although these theoretical angles of zero lift may be useful
in preliminary design, they should not be used without
experimental verification for such purposcs as csiablishing
the washout of a wing.,

Numerical examples.—The method of computing «;, is
illustrated in the following examples:

Example 1: Find the theoretical angle of zerolift of the
NACA 65,-515, =0.5 airfoil.

This airfoil number indicates a design lift coeflicient of
0.5. Data for the NACA ¢=0.5 mecan line indicaic ihat
a=3.04° when c¢;=1.0. The desired value of o; is then

a=(3.04) (0.5)
_ =1.52°
Substituting in equation (16) gives

(57.3) 10.5)
2x

ap=1.52—

=—3.0°

Example 2: Find the theoretical angle of zero lift for the
NACA 2415 airfoil.

The description of the NACA four-digit-series airfoils
shows that the required values of a; and ¢;, may be obtained

by multiplying the corresponding values for the NACA 64
mean line (see supplementary figures) by a factor 2/6; then

a;={0.74) (%)

=0.25°

¢,=(0.76) (%—)
—0.253

and from equation (16)

5_(57.3) (0.253)

a,=0.2 o

=—2,0°
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DESCRIPTION OF FLOW AROUND AIRFOILS

Perfect-fluid theory postulates that the flow follow the
airfoil contour smoothly at all angles of attack with no loss
of energy. Consequently, perfect-filuid theory itself gives
no information concerning the profile drag or the maximum
lift of airfoil sections. The explanation of these phenomena
is found from a consideration of the effects of viscosity,
which are of primary importance in a thin region near the
surface of the airfoil called the boundary layer.

Boundary layers in general are of two types, namely,
laminar and turbulent. The flow in the laminar layer is
smooth and free from any eddying motion. The flow in the
turbulent layer is characterized by the presence of a large
number of relatively small eddies. Because the eddies in the
turbulent layer produce a transfer of momentum from the
relatively fast-moving outer parts of the boundary layer to
the portions closér to the surface, the distribution of average
velocity is characterized by relatively higher velocities near
the surface and & greater total boundary-layer thickness in
a turbulent boundary layer than in a laminar boundary layer
developed under otherwise identical conditions. Skin fric-
tion is therefore higher for turbulent boundary-layer flow
than for laminar flow.

When the pressures along the airfoil surface are increasing
in the direction of flow, a general deceleration takes place. At
the outer limits of the boundary layer this deceleration takes
place in accordance with Bernoulli's law. Closer to the sur-
face, no such simple law can be given because of the action
of the viscous forces within the boundary layer. In general,
however, the relative loss of speed is somewhat greater for
particles of fluid within the boundary layer than for those at
the outer limits of the layer because the reduced kinetic
energy of the boundary-layer air limits its ability to flow
ageinst the adverse pressure gradient. If the rise in pressure
is sufficiently great, portions of the fluid within the boundary
layer may actually have their direction of motion reversed
and may start moving upstream. When this reverse occurs,
the flow in the boundary layer is said to be *separated.”
Because of the increased interchange of momentum from
different parts of the leyer, turbulent boundary layers are
much more resistant to separation than are laminar layers.
Laminar boundary layers can only exist for a relatively short
distance in & region in which the pressure incresses in the
direction of flow. Formulas for calculating many of the
boundary-layer characteristics are given in references20t022.

After laminar separation occurs, the flow may either
leave the surface permanently or reattach itself in the form
of a turbulent boundary layer. Notmuch is known concern-
ing the factors controlling this phenomenon. Laminar sep-
aration on wings is usually not permanent at flight values of
the Reynolds number except when it occurs near the leading
edge under conditions corresponding to maximum lift. The
size of the locally separated region that is formed when the
laminar boundary layer separates and the flow returns to the
surface decreases with increasing Reynolds number at a
given angle of attack.

The flow over aerodynamically smooth airfoils at lIow and
moderate lift coefficients is characterized by laminar boundary
layers from the leading edge back to approximately the loca-
tion of the first minimum-pressure point on both upper and
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lower surfaces. If the region of laminar flow is extensive,
separation occurs immediately downstream from the location
of minimum pressure (reference 20) and the flow returns to
the surface almost immediately at flight Reynolds numbers
as a turbulent boundary layer. This turbulent boundary
layer extends to the trailing edge. If the surfaces are not

sufficiently smooth and fair, if the air stream is turbulent,

or perhaps if the Reynolds number is sufficiently large, tran-
sition from laminar to turbulent flow may occur anywhere
upstream of the calculated laminar separation point.

For low end modersate lift coefficients where inappreciable
separation oceurs, the airfoil profile drag is largely caused by

skin friction and the value of the drag coefficient depends

mainly on the relative amounts of laminar and turbulent
flow. If the location of transition is known or assumed, the
drag coefficient may be calculated with reasonable accuracy
from boundary-layer theory by use of the methods of
references 23 and 24.

As the lift coefficient of the airfoil is increased by changing
the angle of attack, the resulting application of the additional
type of Iift distribution moves the minimum-pressure point
upstream on the upper surface, and the possible extent of
laminar flow is thus reduced. The resulting greater propor-
tion of turbulent flow, together with the larger average veloe-
ity of flow over the surfaces, causes the drag to increase with
lift coefficient. ’

In the case of many of the older types of airfoils, this
forward movement of transition is gradual and the resulting
variation of drag with lift coefficient occurs smoothly. The
pressure distributions for NACA 6-series airfoils are such as
to cause transition to move forward suddenly at the end of
the low-drag range of lift coefficients. A sharp inerease in
drag coefficient to the value corresponding to a forward loca-

shifts in transition give the typical drag curve for these air-
foils with a “sag” or “bucket" in the low-drag range. The
same characteristic is shown to a smaller degree by some of
the earlier airfoils such as the NACA 23015 when tested in
a low-turbulence stream.

At high lift coefficients, a large part of the drag is contrib-
uted by pressure or form drag resulting from separation of
the flow from the surface. The flow over the upper surface is
characterized by a negative pressure peak near the leading
edge, which causes laminar separation. The onset of tur-
bulence causes the flow to return to the surface as a turbulent
boundary layer. High Reynolds numbers are favorable to
the development of turbulence and aid in this process. If
the lift coefficient is sufficiently high or if the reestablish-
‘ment of flow following laminar separation is unduly delayed
by low Reynolds numbers, the turbulent layer will separate
from the surface near the trailing edge and will cause large
drag increases. The eventual loss in lift with increasing
angle of attack may result either from relatively sudden
permanent separation of the laminer boundary layer near .
the leading edge or from progressive forward movement of
turbulent separation. Under the latter condition, the flow
over a relatively large portion of the surface may be separated
prior to maximum lift. A more extended discussion of the
flow conditions associated with maximum lift is given in
reference 5.
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EXPERIMENTAL CHARACTERISTICS
SOURCES OF DATA

The primary source of the wind-tunnel data presented is
from tests in the Langley two-dimensional low-turbulence
pressure tunnel (TDT). The methods used to obtain and
correct the data are summarized in the appendix. Design
data obtained from tests of 2-foot-chord models in this
tunnel are presented in the supplementary figures.

Some wind-tunnel data presented were obtained in other
NACA wind tunnels. In each case, the source of the data
is indicated and the testing techniques and corrections used
were conventional unless otherwise indicated.

Most of the flight data consist of drag measurements made
by the wake-survey method on either the airplane wing or 2

“glove’” fitted over the wing as the test specimen. When-
ever the measurements were obtained for a glove, this fact
is indicated in the presentation of the data. All data obtained
at high speeds have been reduced ta.coefficient form by
compressible-flow methods. In the case of all such
NACA flight data, precautions have been taken to ensure
that the results presented are not invalidated by cross
flows of low-energy air into or out of the survey plane.

DRAG CHARACTERISTICS OF SMOOTH AIRFOILS

Drag characteristios in low-drag range—The value of the
drag coefficient in the low-drag range for smooth airfoils is
mainly a function of the Reynolds number and the relative
extent of the laminar layer and is moderately affected by the
airfoil thickness ratio and camber. The effect on minimum
drag of the position of minimum pressure which determines
the possible extent of laminar flow is shown in figure 9 for
some NACA 6-series airfoils. The data show a regular
decrease in drag coefficient with rearward movement of
minimum pressure.
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Fiourg 9.—Variztion of minimum dreg coefficlent with posltion of minimum pressure for
some NACA 8-scrics afrfofls of the same camber and thickness. R = 6 X 100,

The variation of minimum drag coefficient with Reynolds
number for several airfoils is shown in figure 10. The drag
coefficient generally decreases with increasing Reynolds num-
ber up to Reynolds numbers of the order of 20X10°. Above
this Reynolds number the drag coefficient of the NACA
65.421y-420 airfoil remeined substantislly constant up to a
Reynolds number of nearly 40)X10%. The earlier increase in
drag coefficient shown by the NACA 66(2x15)-116 airfoil
may be caused by swrface irregularities because the specimen
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tested was a practical-construction model. It may be noted
that the drag coefficient for the NACA 655—418 airfoil at low
Reynolds numbers is substantially higher than that of the
NACA 0012, whereas at high Reynolds numbers the op pos:le
is the case. The higher drag of the NACA 65;~418 airfoil
section af low Reynolds numbers is caused by a relatively
extensive region of laminar separation downstream of the
point of minimum pressure. This region decreases in size
with increasing Reynolds number. These data illustrate the
inadequacy of low Reynolds number test data either to esti-
mate the full-scale characteristics or to determine the relative
merits of airfoil sections at flight Reynolds numbers (refer-
ences 25 and 26).

The variation of minimum drag coefficient with camber i is
shown in figure 11 for a number of smooth 18-percent-thick
NACA 6-series airfoils. These data show vary little change
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in minimum drag coefficient with increase in camber. A
large amount of systematic data is included in figure 12 fo
show the variation of minimum drag coefficient with thick-
ness ratio for a number of NACA eairfoil sections ranging in
thickness from 6 percent to 24 percent of the chord. The
minimum drag coefficient is seen to increase with increase in
thickness ratio for each airfoil series. This increase, how-
ever, is greater for the NACA four- and five-digit-series air-
foils (fig. 12 (a)) than for the NACA 6-series airfoils (figs.
12 (b) to 12 (e)).
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The data presented in the supplementary figures for the
NACA 6-series thickness forms show that the range of lift
coefficients for low drag varies markedly with airfoil thick-
ness. It has been possible to design airfoils of 12-percent

thickness with a total theoretical low-drag range of lift coeffi- .

cients of 0.2. This theoretical range increases by approx-
imately 0.2 for each 3-percent increase of airfoil thickness.
Figure 13 shows that the theoretical extent of the low-drag
range is approximately realized at a Reynolds number of
§3<10%. Figure 13 also shows a characteristic tendency for
the drag to increase to some extent toward the upper end of
the low-drag range for moderately cambered airfoils, par-
ticularly for the thicker airfoils. All data for the NACA
6-series airfoils show a decrease in the extent of the low-drag
range with increasing Reynolds number. Extrapolation of

the rate of decrease observed at Reynolds numbers below . .

93X 10° would indicate a vanishingly small low-drag range at
flight values of the Reynolds number. Tests of & carefully
constructed model of the NACA 652,420 airfoil showed,
however, that the rate of reduction of the low-drag range
with increasing Reynolds number decreased markedly at
Reynolds numbers above 93X10% (fig. 14). These data indi-
cate that the extent of the low-drag range of this airfoil is
reduced to about one-half the theoretical value at & Reynolds
number of 35X 108
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FIGTRE 13.—Drag characteristics of some NACA 6i-serles airfoil sections of varfous thick-
nesses, cambered to a design it coefficlent of 0.4. R = 9 X 108; TDT tests 682, 733, 735,
end 691.

The values of the lift coefficient for which low drag is
obtained are determined Iargely by the amount of camber.
The lift coefficient at the center of the low-drag range corre-
sponds approximately to the design lift coefficient of the
mean line. The effect on the drag characteristics of various
amounts of camber is shown in figure 15. Section data indi-
cate that the location of the low-drag range may be shifted
by even such crude camber changes as those caused by small
deflections of a plain flap. (See supplementary fig.)
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The location of the low-drag range shows some variation
from that predicted by simple thin-airfoil theory. This de-
parture appears to be a function of the type of mean line
used (reference 27) and the airfoil thickness. The effect of
airfoil thickness is shown in figure 13, from which the center
of the low-drag range is seen to shift to higher lift coefficients
with increasing airfoil thickness. This shifl is partly ex-
plained by the increase in lift coefficient above the design
Lift coefficient for the mean line obtained when the velocity
increments caused by the mean line are combined with the
velocity distribution for the basic thickness form according
to the approximate methods previously described.

Drag characteristics outside low-drag range.—At the end
of the low-drag range the drag increases rapidly with increase
in lift cocfficient. For symmetrical and low-cambered air-
foils, for which the lift coefficient at the upper end of the
low-drag range is moderate, this high rate of increase does
not confinue. (See fig. 15.) For highly cambered sections,
for which the lift at the upper end of the low-drag range is
already high, the drag coefficient shows a continued rapid
increase.

Comparison of data for airfoils cambered with a uniform-
load mean line with data for airfoils cambered to carry the
load farther forward shows that the uniform-load mean line
is favorable for obtaining low drag coefficients at high lift
coefficients (fig. 16 and refercnce 27).

Data for many of the airfoils given in the supplementary
figures show large reductions in drag with increasing Reynolds
number at high lift coefficients. This scale effect is too large
to be accounted for by the normal variation in skin friction
and appears to be associated with the cffeet of Reynolds
number on the onset of turbulent flow {ollowing Iaminar
separation near the leading edge (reference 28).

Effects of type of section on drag characteristics. --A com-
parison of the drag characteristies of the NACA 23012 and of
three NACA 6-scries ajrinils is presented in figure 17. The
drag for the NACA 6-serics sections is substantially lower
than for the NACA 23012 section in the range of lift coefli-
cients corresponding to high-speed flight, and this margin
may usually be maintained through the range of lift coefli-
cients useful for cruising by suitable choice of camber,
The NACA 6-secries sections show the higher maximum values
of the lift-drag ratio. At high valucs of the lift coeflicient,
however, the earlier NACA scctions have gencrally lower
drag coefficients than the NACA 6-scrics airfoils.
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SUMMARY OF AIRFOIL DATA

Effective aspect ratio.—The combination of high drags at
high Iift coefficients, low drags at moderate Lift coefficients,
and the nonregular varietion of drag with lift coefficient
shown by the NACA 6-series airfoils may lead to para-
doxical results when the span-efficiency concept (reference 29)
is used for the calculation of airplane performance. In the
usual application of this concept, the airplane drag charac-
teristics are approximated by a curve of the type

CD=CDL_0+k0L2 (17)

This curve is usually matched to the actual drag cheracter-
istics at & rather low and at a moderately high value of the
lift coefficient (reference 30).

The application of this concept to two hypothetical air-
planes with NACA 230- and 65-series sections, respectively,
is illustrated in figure 18 (a). The wing drags of the air-
planes have been calculated by adding the induced drags
corresponding to an aspect ratio of 10 with elliptical loading
to the profile-drag coefficients of the NACA 23018 and
65;—418 airfoils. These sections are considered representa-
tive of average wing sections for a large airplane of this
aspect ratio. Ordinate scales are given in figure 18 (a) for
the wing dreg and for the total airplane drag coefficients
obtained by adding a representative constant value of
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2, O NACA 65-4/8 wing aspect ratio I0+—
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(a) NACA 65418 and 23018 wings of aspect ratio 10.
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0.0150 to the wing drag coefficients. The resulting drag
coefficients have been approximated by two curves corre-
sponding to equation (17) and matched to the drag curves
at lift coefficients of 0.2 and 1.0. These two curves corre-
spond to effective aspect ratios of 9.29 for the airplane with
NACA 23018 sections and of 8.30 for the airplane with
NACA 65:418 sections and illustrate the typical large
reduction in the ef't‘ectlve aspect ratio obtamed with such
sections.

It should be noted however, that elthough equation (17)
provides a reasonably satisfactory approximation to the
drag of the airplane with NACA 23018 sections, such is not
the case for the airplane with the NACA 65,418 section.
The most important reason for using hlgh aspect ratios on’

large airplanes is to reduce the drag at cruising lift coefficients

and to obtain thh maumum values of the lift-drag ratlo

ratio is appreciably higher for the sirplane with NACA
65418 sections (19.8 as compared with 18.5) despite the
fact that this airplane shows the lower effective aspect ratio.
Figure 18 (b) shows a similar comparison with similar
results for two airplanes of aspect ratio 8 and NACA 2415
and 65,415 airfoils. It is accordingly concluded that the
effective aspect ratio is not a satisfactory criterion for use in
airfoil selection.
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FIGURE 18.—Comparisen of finite aspect-ratio drag characteristics for two types of alrfoils obtained by adding the Induced dreg corresponding to an eHiptieal span leading
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EFFECT OF SURFACE IRREGULARITIES ON DRAG

Permissible roughness.—Previous work has shown large
drag increments resulting from surface roughness (reference
31). Although a large part of these drag increments was
shown to result from forward movement of transition, sub-
stantial drag increments resulted from surface roughness in
the region of turbulent flow. It is accordingly important to
maintain smooth surfaces even when extensive laminar
flow cannot be expected, but the gains that may be expected
from maintaining smooth surfaces are greater for NACA 6-
or 7-series airfoils when extensive laminar flows are possible.

No accurate method of specifying the surface condition
necessary for extcnsive laminar flow at high Reynolds num-
bers has been developed, although some general conclusions
have been reached. It may be presumed that for a given
Reynolds number and chordwise position, the size of the
permissible roughness will vary directly with the chord of
the airfoil. It is known, at one extreme, that the surfaces
do not have to be polished or opticelly smooth. Such
polishing or waxing has shown no improvement in tests in
the Langley two-dimensional low-turbulence tunnels when
applied to satisfactorily sanded surfaces. Polishing or waxing
a surface that is not aerodynamically smooth will, of course,
result in improvement and such finishes may be of consider-
able practical value because deterioration of the finish may
be easily seen and possibly postponed. Large models having
chord lengths of 5 to 8 feet tested in the Langley two-
dimensional low-turbulence tunnels are usually finished by
sanding in the chordwise direction with No. 320 carborundum
paper when an serodynamically smooth surface is desired.
Experience bas shown the resulting finish to be satisfactory
at flight values of the Reynolds number. Any rougher
surface texture should be considered as a possible source of
transition, although slightly rougher surfaces have appeared
to produce satisfactory results in some cases.

Wind-tunnel experience in testing NACA 6-series sections
and data of reference 32 show that small protuberances
extending above the general surface level of an otherwise
satisfactory surface are more likely to cause transition than
small depressions. Dust particles, for example, are more
effective than small scratches in producing transition if the
material at the edges of the scratches is not forced above the
general surface level. Dust particles adhering to the oil
left on airfoil surfaces by fingerprinis may be expected to
cause transition at high Reynolds numbers.

Transition spreads from an individual disturbance with an
included angle of about 15° (references 31 and 33). A few
scattered specks, especially near the leading edge, will cause
the flow to be largely turbulent. This fact makes necessary
an extremely thorough inspection if low drags are to be
realized. Specks sufficiently large to cause premature
transition on full-size wings can be felt by hand. The in-
spection procedure used in the Langley two-dimensional
low-turbulence tunnels is to feel the entire surface by hand

after which the surface is thoroughly wiped with a dry cloth. -

It has been noticed that transition resulting from individual
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small sharp protuberances, in contrast to waves, tends Lo
occur at the protubcrance. Transition caused by surface
waviness appears to approach the wave gradually as the
Reynolds number or wave size is increased. The height
of a small eylindrical protuberance necessary to canse transi-
tion when located at 5 percent of the chord with its axis
normal to the surface is shown in figure 19. These data were
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FIGURE 19.—Variation with wing Reynolds number of the minimum height of & cylindrical
protulerauce necessary to cause premature transitlon. Protuberance bns 0.035inch df-
ameter with axis normal to wing surface aud is located at 5 percent chord of & S0-inch-chord
symn:etrical §-serles airfoll seetion of 15-percent thickness and with minimum pressure at
70 percent chord.

obtained at rather low values of the Reynolds number and
show a large decrease in allowable height with increase in
Reynolds number. This effect of Reynolds number on
permissible surface roughness is also evident in figure 20,
in which a sharp increase in drag at a Reynolds numher of
approximately 20X10° occurs for the model painted with
camouflage lacquer.

The magnitude of the favorable gradient appears to have a
small effect on the permissible surface roughness for Iaminar
flow. Figure 21 shows that the roughness beconies more
important at the extremities of the low-drag range where
the favorable pressure gradient is reduced on one surface.
The effect of increasing the Reynolds number for a surface
of marginal smoothness, which has an effeet similar to in-
creasing the surface roughness for a given Reynolds number,
is to reduce rapidly the extent of the low-drag range and
then to increase the minimum drag coeflicient (fig. 21).
The data of figure 21 were specially chosen to show this
effect. In most cases, the effect of Reynolds number pre-
dominates over the effect of deereasing the magnitude of the
favorable pressure gradient to such an extent that the only
effect is the elimination of the low-drag range (reference 34).

Permissible waviness.—More difliculty is generally cn-
countered in reducing the waviness to permissible values for
the maintenance of laminar flow than in obtaining the re-
quired surface smoothness. In addition, the specification
of the required frecedom from surface waviness is more
difficult than that of the required surface smoothness. The
problem is not limited merely to finding the minimum wave
size that will cause transition under given conditions because
the number of waves and the shape of the waves require
consideration.
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If the wave is sufficiently large to affect the pressure
distribution in such a manner that laminar separation is
encountered, there is little doubt that such a wave will cause
premature transition at all useful Reynolds numbers. A re-
lation between the dimensions of a wave and the pressure
distribution may be found by the method of reference 35.
The size of the wave required to reverse the favorable pres-
sure gradient increases with the pressure gradient. Large
negative pressure gradients would therefore appear to be
favorable for wavy surfaces. Experimental results have
shown this conclusion to be qualitatively correct.

Little information is available on waves too small to cause

laminar separation or even reversal of the pressure gradient.
Data for an airfoil section having a relatively long wave on
the upper surface are given in figure 22. Marked increases
in the drag corresponding to a rapid forward movement of
the transition point were not noticeable below a Reynolds
number of 443 10% On the other hand, transition has been
caused at comparatively low Reynolds numbers by a series
of small waves with a wave height of the order of a few ten-
thousandths of an inch and a wave length of the order of
2 inches on the same 60-inch—~chord model.

For the types of wave usually encountered on practical-
construction wings, the test of rocking a straightedge over
the surface in a chordwise direction is a fairly satisfactory
criterion. The straightedge should rock smoothly without
jarring or clicking. The straightedge test will not show the
existence of waves that leave the surface convex, such as the
wave of figure 22 and the series of small waves previously
mentioned. Tests of a large number of practical-construction
models, however, have shown that those models which
passed the straightedge test were sufficiently free of small
waves to permit low drags to be obtained at flight values of
the Reynolds number.

It is not feasible to specify construction tolerances on air-
foil ordinates with sufficient accuracy to ensure adequate
freedom from waviness. If care is taken to obtain fair
surfaces, normal tolerances may be used without causing
serious alteration of the drag characteristics.
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FIGURE 22.—Experimentsl curve showling variation of drag coefficient with Reynolds number for the NACA 65 —420 airfoil seetion with a small amount of surface waviness.

Drag with fixed transition.—If the airfoil surface is suffi-
ciently rough to cause transition near the leading edge, large
drag increases are to be expected. Figure 23 shows that,
although the degree.of roughness has some effect, the incre-
ment in minimum drag coefficient caused by the smallest
roughness capable of producing transition is nearly as great
as that caused by much larger grain roughness when the
roughness is confined to the leading edge. The degree of
roughness has a much larger effect on the drag at high lift
coefficients. If the roughness is sufficiently large to cause
transition at all Reynolds numbers congidered, the drag of
the airfoil with roughness only at the leading edge decreases
with increasing Reynolds number (fig. 10 and reference 36).

The effect of fixing transition by means of a roughness
strip of carborundum of 0.011-inch grain is shown in figure 24.
The minimum drag increases progressively with forward
movement, of the roughness strip. The effect on the drag
at high lift coefficients is not progressive; the drag increases
rapidly when the roughness is at the leading edge. Figure 25
shows that the drag coefficients for the NACA 65(223)-422
and 63(420)-422 airfoils were nearly the same throughout
most of the lift range when the extent of laminar flow was
limited to 0.30c.

All recent airfoil data obtained in the Langley two-dimen-
sional low-turbulence pressure tunnel include results with
roughened leading edge, and these data are included in the
supplementary figures. Tests with roughened leading edge
were formerly made only for a limited number of airfoil
sections, especially those having large thickness ratios
(reference 37). The standard roughness selected for 24-inch-
chord models consists of 0.011-inch carborundum grains
applied to the airfoil surface at the leading edge over a surface
length of 0.08¢ measured from the leading edge on both sur-
faces. The grains are thinly spread to cover 5 to 10 percent
of this area. This standard roughness is considerably more
severe than that caused by the usual manufacturing irregu-
larities or deterioration in service but is considerably less
severe than that likely to be encountered in service as a

result of accumulation of ice or mud or damage in military
combat.

The variation of minimum drag coeflicient with thickness
ratio for a number of NACA airfoils with standard roughness
is shown in figure 12. These data show that tho magnitudes
of the minimum drag cocflicients for the NACA G-scrics
airfoils are less than the values for the NACA four- and
five-digit-series airfoils. The rate of increase of drag with
thickness is greater for the airfoils in the rough condition
than in the smooth condition.

Drag with practical-construction methods.—The scetion
drag coefficients of several airplane wings have been measured
in flight by the wake-survey method (reference 38), and a
number of practical-construction wing scctions have been
tested in the Langley two-dimensional low-turbulence
pressure tunnel at flight values of the Reynolds number.
Flight data obtained by the NACA (reference 38) are sum-
marized in figure 26 and some data obtained by the Consoli-
dated Vultee Aircraft Corporation are presented in figure 27.
Data obtained in the Langley two-dimensional low-
turbulence pressure tunnel for typical practical-construection
sections are presented in figures 28 L0 32.  Figure 33 presents
a comparison of the drag coefficients obtained in this wind
tunnel for a model of the NACA 0012 scction and in flight
for the same model mounted on an airplane. For this ¢asc,
the wind-tunnel and flight data agree 1o within the experi-
mental error.

All wings for which flight data are presented in figure 20
were carcfully finished to produce smooth surfaces. Great
care was taken to reduce surface waviness to a minimum
for all the sections except the NACA 2414.5, the N-22, the
Republic S-3,13, and the NACA 27-212. Curvature-gage
measurcments of surface waviness for some of these airfoils
are presented in reference 38. Surface conditions correspond-
ing to the data of figure 27 are described in the figure.
These data show that the sections permitlting extensive
laminar flow had substantially lower drag coefficients when
smooth than the other sections.



3.6

2é

2.8

24

a0

~
o

™~
N

R

Section lift coefficient, ¢,
a ©

~1.2

=16

R: 26x/0° | | |

Afrfoil; NACA 63(420)-422
|

Chord: 36 | |
" Test: YOTr 283 and

I
268

&0

=32

-74

-/6

-8 a '8
Section engle of attack, oy, deg

/6

24

78

|
|
D32
L8
084
020 1
0
; j
Y4 ¥
\ [t
016 e .
[ \ § A -
& RN X I
£.002 A\ A ARNY
§ N Al
‘g A SR o AEET
& ol S
] ¥ 1 R el g
8 1000 \h—_"’”__"" = 1/‘9
S B — Y D/
'g e, o1
'g '004
3
o Jmoath
+ Shellac on L. F.
x 0.00&2-inch-grain reughness on L. £,
o .004-imch-grain roughness on L. £,
¢ 0/ =~inch-grain roughness on L. E.
-1& 1.2 =8 4 0 4 5 1.7 i

Section Iift coefficient, ¢,

Fiaune 23,~Lift and drag ocharsoleristies of an NACA 63(420)-422 airfoll with various degreas of roughnass at ths loadlug cdre,

ViIVaQ TIOfEIV J0 X¥UVITITAS

€8¢




284

REPORT NO. 8§24—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

['>)
¥ 1
NN N
e /X r.’../vmru b e m
NAW N
A X +..df S .
™ N AN |
I/I} AX. ¢/ [s ) - nHw
N TV Y R
5 TH [FS
My | X i At d &
S| LN I I
558 BVEYILND MO I A
223 [ -4 8
NN BN <
LHh ol 4 . .
844 A s
£15s A 3
Q \ 4 - .-
54 VL TEE T
See L b
N 0, + x 0 T ] \-\ naE ]
] \\ b T
L . T-J\\... . W (S 5 W S DN S
4 AL R e
P L X4 h\ . P SR Ay A L
). /4 ed] L
el
4 N
~FT—t- T
: ] 9
B =) ¥ S 7 Q R N T ] & X oF
§ ¥ ¥ ¥ 8§ ¥ ¥ o§ToF O3 O3 §o§ ¢
22 W3ty 962 boup UGHOIT © .
] ]
e e 4 —— 4
Q | 4> . b.;| N
1£ ’
> N
s S I
f " 1.@/,1 i .A .m.
. 1)
/O ot et %
L .
RN of m.l.mmylcf#gk)
Y TTISe O G
<L Mw,“mTI &
S 13E3elT) S
b h?Wl Q%
- A lSa S0l L1 o
N~y <EG~ ®
q - el H R
R e . w.
;qprq T 1T _ Fu.ﬂ_a m
~ +
f ettt S
NS D O U N A A
o dr mprunda g
1v} — .L?;H
. —t
L |- .
. NN ey
Q N ] ~ Q Q o G ~ Q ~ & Q b
S 0§ 3 9§ § ¥ o yoow - A .

22 QUSIDHIP00 JjIf LIS

Fouxe H.~L¥E and drag charscterialios of iin NACA 83(420)422 airfoll with 0.011-Inch-grain ronghness at verlous ehordwise locations,



SUMMARY OF ALRFULL DATA

3

g

B R

3

NACA 63(420)-422--1

Q

-

[+))
.-.--'--____w

Section drog coefficlent, oy

)
Ny
4

4

NACA 65(223)-422 froditied)

3§

g
-L& = -8 - a., 4 8. e i)
Section liff coefficient, o

FIGURE 25.—Drag characteristics of two NACA. Gserfes alrfolls with 0.011-inch-graln
roughness at 0.30c. R=26)<108.

The wind-tunnel tests of practical-construction wing sec- .

tions as delivered by the manufacturer showed minimum
drag coefficients of the order of 0.0070 to 0.0080 in nearly all
cases regardless of the airfoil section used (figs. 28 to 32).

Such values may be regarded as typical for good current

construction practice. Finishing the sections to produce
smooth surfaces always produced substantial drag reductions
although considerable waviness usually remained. None of
the sections tested had fair surfaces at the front spar. Unless
special care is taken to produce fair surfaces at the front spar,
the resulting wave may be expected to cause transition either
at the spar location or & short distance behind if. One
practical-construction specimen tested with smooth surfaces
maintained relatively low drags up to Reynolds numbers
of approximately 3010 (NACA 66(2x15)-116 airfoil of
fig. 10). This specimen had no spar forward of about 35
percent chord from the leading edge and no spanwise stiffeners
forward of the spars. This type of construction resulted in
unususally fair surfaces and is being used on some modern
high-performance airplanes.

A comparison of the effect of airfoil section on the mini-
mum drag with practical-construction surfaces is very diffi-
cult because the quality of the surface has more effect on
the drag than the type of section. Probably the best com-
parison can be obtained from pairs of models constructed at
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the same time by the same manufacturers. Data for such

pairs of models are presented in figures 30 to 32. Theresults

indicate that as long as current construction practices are
used the type of section has relatively little effect at flight
values of the Reynolds number for military airplanes.
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NACA 0012 afrfoll section at zero lift.
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FIGURE 34.—Effect of de-Icers on the drag of two practical-construction alrfoll sections with relatively smooth surfaces.

Important savings in drag may be obtained at high
Reynolds numbers by kecping the surfaces smooth even if
extensivelaminar flowisnotrealized. Drag increments result-
ing from surface roughness in turbulent flow have been shown
to beimportant (reference31). Theeffects ofsurfaceroughness
on the variation of drag with Reynolds number are shown
in figure 29, in which the favorable scale effect usually expected
at high Reynolds numbers was not realized. This type of
scale effect may be compared with that shown for the NACA
63(420)—422 airfoil with rough leading edge but otherwise
smooth surfaces (fiz. 10). Drag increments obtained in
flight resulting from roughness in the turbulent boundary
layer with fixed transition are presented in reference 39.

The effect of the application of de-icers to the leading edge
of two smooth airfoils is shown in figure 34. The de-icer
“boots’ were installed in both cases by the manufacturer to
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FiGURE 35.—The effect of propeller operation on section drag coefficient of a fighter-type alr-
plane from tests of 8 mode! in the Langley 19-foot pressure tunnel. Crm=0.10; Rw=3.72(104.

represent good typical installations. The minimum drag
coefficients for both sections with de-icers installed were of
the order of 0.0070 at high Reynolds numbers.

Effects of propeller slipstream and airplane vibration.—
Very few data are aveailable on the effect of propeller slip-
stream on trensition or airfoil drag; the data that are avail-
able do not show consistent results. This inconsistency may
result from variations in lift coefficient, surface condition,
air-stream turbulence, propeller advance-diameter ratio, and
number of blades. Tests in the Langley 8-foot high-speed
tunnel indicated transition occurring from 5 to 10 percent of
the chord from the leading edge (reference 40). Drag measure-
ments made in the Langley 19-foot pressure tunnel (fig. 35)
indicated only moderate drag increments resulting from a
windmilling propeller. Although the data of figure 35 may
not be very accurate because of the difficulty of making
wake surveys in the slipstream, these data seem to preclude
very large drag increments such as would result from move-
ment of the transition to a position close to the leading edge.
These data also seem to be confirmed by recent NACA flight
data (fig. 36), which show transition as far back as 20 percent
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FIGURE 30.—Flight measuremenis of transition on an NACA 86-serfes wing within and
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of the chord in the slipstream. Other unpublished NACA
flight data on transition on an S-3,14.6 airfoil in the slip-
stream indicated that laminar flow occurred ag far. back
as 0.2c.

Even less data are available on the effects of vibration on
transition. Tests in the Langley 8-foot high-speed tunnel
(reference 40) showed negligible effects, but the range of
frequencies tested may not have been sufficiently wide. Some
unpublished flight data showed small but consistent rear-
ward movements of transition outside the slipstream when

the propellers were feathered. This effect was noticed even .

when the propeller on the opposite side of the airplane from
the survey plane was feathered and was accordingly attrib-
uted to vibration. Recent tests in the Ames full-scale tun-
nel showed premature adverse scale effect on drag coefficients
measured by the wake-survey method when's model-support
strut vibrated.

LIFT CHARACTERISTICS OF SMOOTH AIRFOILS

Two-dimensional data.—As explained in the section “Angle
of Zero Lift,”” the angle of zero lift of an airfoil is largely
determined by the camber. Thin-airfoil theory provides a
means for computing the angle of zero lift from the mean-line
data presented in the supplementary figures. The agree-
ment between the calculated and the experimental angle of
zero lift depends on the type of mean line used. Comparison
of the experimental values of the angle of zero lift obtained
from the supplementary figures and the theoretical values
taken from the mean-line data shows that the agreement is
good except for the uniform-load type (¢=1.0) mean line.
The angles of zero lift for this type mean line generally have
values more positive than those predicted. The experi-
mental values of the angles of zero lift for a number of NACA
four- and five-digit and NACA 6-series airfoils are presented
in figure 37. The airfoil thickness appears to have little effect
on the value of the angle of zero lift regardless of the airfoil
series. For the NACA four-digit-series airfoils, the angles of
zero lift are approximately 0.93 of the value given by thin-
airfoil theory; for the NACA 230-series airfoils, this factor is
approximately 1.08; and for the NACA 6-series airfoils with
uniform-load type mean line, this factor is approximately
0.74.

The lift-curve slopes (fig. 38) for airfoils tested in the
Langley two-dimensional low-turbulence pressure tunnel are
higher than those previously obtained in the tests reported
in reference 8. It is not clear whether this difference in slope
is caused by the difference in air-stream turbulence or by
the differences in test methods, since the section data of
reference 8 were inferred from tests of models of aspect ratio 6.
The present values of the lift-curve slope were measured for
a Reynolds number of 6X10°® and at values of the lift coeffi-
cient approximately equal to the design lift coefficient of the
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airfoil section. For the NACA 6-series airfoils this lift coeffi-
cient is approximately in the center of the low-drag range.
For airfoils having thicknesses in the range from 6 to 10 per-
cent, the NACA four- and five-digit series and the NACA
64-series rirfoil sections have values of lift-curve slope very
close to the value for thin airfoils (2« per radian or 0.110 per
degree). Variation in Reynolds number between 3X10% and
9108 and variations in airfoil camber up to 4 percent cliord
appear to have no systematic cffect on values of lift-curve
slope. The airfoil thickness and the type of thickness
distribution appear to be the primary variables. TFor the
NACA. four- and five-digit-series airfoil sections, the lift-
curve slope decreases with increase in airfoil thickness.
For the NACA 6-series airfoil sections, however, the lifi-
curve slope increases with increase in thickness and forward
movement of the position of minimum pressure of the basic
thickness form at zero lift.

Some NACA 6-series airfoils show jogs in the lift curve
at the end of the low-drag range, especially at low Reynolds
numbers. This jog becomes more pronounced with increase
of camber or thickness and with rearward movement of the
position of minimum pressure on the basic thickness form.
This jog decreases rapidly in severity with increasing Rey-
nolds number, becomes merely a change in lift-curve slope,
and is practically nonexistent at a Reynolds number of
9108 for most airfoils that would be considered for practical
application. This jog may be a consideration in the selection
of airfoils for small low-speed airplanes. An analysis of
the flow conditions leading to this jog is presented in refer-
ence 28.

The variation of maximum lift coefficient with airfoil
thickness ratio at a Reynolds number of 63X 10% is shiown in
figure 39 for a number of NACA airfoil sections. The airfvils
for which data are presented in this figure have a range of
thickness ratio from 6 to 24 percent and cambers up to
4 percent chord. From the data for the NACA four- and
five-digit-series airfoil sections (fig. 39 (a)), the maximum
lift coefficients for the plain airfoils appear to be the greatest
for a thickness of 12 percent. In general, the rate of change
of maximum lift coefficient with thickness ratio appears
to be greatest for airfoils having a thickness less than 12
percent. The data for the NACA 6-serics airfoils (figs.
39 (b) to 39 (e)) also show a rapid increase in maximum Jift
coefficient with increasing thickness ratio for thickness
ratios of less than 12 percent. For NACA G-series airfoil
sections cambered to give a design lift coeflicient of not more
than 0.2, the optimum thickness ratio for maximum lift
coeflicient appears to be between 12 and 15 percent, except
for the airfoils having the position of minimum pressure at

60 percént chord. The optimum thickness ratio for the

NACA 66-series sections cambered for a design lifi cocfli-
cient of not more than 0.2 appears to be 15 percent or greater.
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The available date indicate that a thickness ratio of 12
percent or less is optimum for airfoils having a design lift

NACA 6-series scctions increase with increasing camber
(fig. 39 (b) to 39 (e)). The addition of camber to the sym-

coefficient of 0.4.

The maximum lift coefficient is least sensitive to variations
in position of minimum pressure on the basic thickness form
for airfoils having thickness ratios of 6, 18, or 21 percent.
The maximum lift coefficients corresponding to intermediate
thickness ratios increase with forward movement of the
position of minimum pressure, particularly for those an'fmls
having demgn lift coefficients of 0.2 orless.

The maximum kft coefficients of moderately cambered

meftrical airfoils causes the greatest inerements of maximum
lift coefficient for airfoil thickness ratios varying from G to
12 percent The effectivencss of camber as a means of
increasing the maximum lift coeflicient gencrally decreases
as the airfoil thickness increases beyond 12 or 15 percent.
The available data indicate that the combination of a 12-
percent-thick section and a mean line cambered for a dosign
lift coefficient of 0.4 yields the highest maximum lift
coefficient.
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The variation of maximum lift with type of mean line is
shown in figure 40 for one 6-series thickness distribution.
No systematic data are available for mean lines with values
of a less than 0.5. It should be noted, however, that airfoils
such as the NACA 230-series sections with the maximum
camber far forward show large values of maximum lift.
Airfoil sections with maximum camber far forward and with
thickness' ratios of 6 to 12 percent usually stall from the
leading edge with large sudden losses in lift. A more de-
sirable gradual stall is obtained when the location of maxi-
mum camber is farther back, as for the NACA 24-, 44-, and
6-series sections with normal types of camber.
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]
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F16URE 40.—Variation of maximum lift coefSclent with type of camber for some NACA
65418 alrfof? sections {rom teats in the Laungley two-dimensional low-turbulence pressurs
tunnel.

A comparison of the maximum lift coefficients of NACA
64-series airfoil sections cambered for a design lift coefficient
of 0.4 with those of the NACA 44- and 230-series sections
(fig. 39) shows that the maximum lift coefficients of the
NACA 64-series airfoils are as high or higher than those of
the NACA 44-series sections in all ceses. The NACA 230-
series airfoil sections have maximum lift coefficients some-
what higher than those of the NACA 64-series sections.

The scale effect on the maximum lift coefficient of a large
number of NACA airfoil sections for Reynolds numbers
from 3X10° to 9X10° is shown in figure 41. The scale
effect for the NACA 24-, 44-, and 230-series airfoils (figs.
41 (a) and 41 (b)) having thickness ratios from 12 to 24 percent
is favorable and nearly independent of the airfoil thickness.
Increasing the Reynolds number from 3X10° to 9108
results in an increase in the maximum Lft cocfficient of
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approximately 0.15 to 0.20. The scale effect on the NACA
00- and 14-series airfoils having thickness ratios less than
0.12¢ is very small.

The scale-effect; data for the NACA 6-series airfoils (figs.
41 (c) to 41 (f)) do not show an entirely systematic variation.
In general, the scale cffect is favorable for these airfoil
sections. For the NACA 63- and 64-scries airfoils with
small camber, the increase in maximum lift coefficient with
increase in Reynolds number is gencrally small for thickness
ratios of less than 12 percent but is somewhat larger for the
thicker sections. The character of the scalo effeet for the
NACA 65- and 66-series airfoil sections is similar o that for
the NACA 63- and 64-series airfoils but the trends are not
so well defined. In most cases the seale effect for NACA
6-series airfoil sections cambered for a design lift cocflicient
of 0.4 or 0.6 does not vary much with airfoil thickness ratio,
The data of figure 42 show that the maximum lift: coeflicient
for the NACA 63(420)-422 airfoil continues to increase with
Reynolds number, at least up to a Reynolds number of
26X 108,

The values of the maximum lift coefficient presented were
obtained for steady conditions. The maximum lift coeffi-
cient may be higher when the angle of sttack is increasing.
Such a condition might occur during gusts and landing
maneuvers. (See reference 41.)

The systematic investigation of NACA 6-series airfoils
included tests of the airfoils with a simulated split flap de-
flected 60°. It was believed that these tests would serve as
an indication of the effectiveness of more powerful types of
trailing-edge high-lift devices although sufficient data to verify
this assumption have not been obtained. The maximum lift
coefficients for a large number of NACA uirfoil scctions
obtained from tests with the simulated split flap are presented
in figure 39.

The data for the NACA 00- and 14-serics airfoils equipped
with split flap for thickness ratios from 6 to 12 percent show
a considerable increase in maximum lift coeflicient with in-
crease in thickness ratio. Corresponding data for the NACA
44-series airfoils with thickness ratios from 12 Lo 24 pereent
show very little variation in maximum lift coeflicient with
thickness, For NACA 6-series airfoils equipped with split
flaps the maximum lift coecfficients increase rapidly with
increasing thickness over a range of thickness ratio, the rango
beginning at thickness ratios between 6 and 9 percent, depend-
ing upon the camber. The upper limit of this range for the
symmetrical NACA 64- and 65-series airfoils appears {o be
greater than 21 percent and for the NACA 63- and GG-series
airfoils, approximately 18 percent. Between thickness ratios
of 6 and 9 percent the values of maximum lifi, coeflicient for
the symmetrical NACA G-series airfoils are cssentially the
same regardless of thickness ratio and position of minimum
pressure on the basic thickness form. The maximum lift
coefficient decreases with rearward movement of minimum
pressure for the airfoils having thickness ratios between 9 and
18 percent.



SUMMARY OF AIRFOIL DATA

293

20 20
HEEEEE 1 L[] ]
16 R NACA 24-series (4-dligil) " Fth NACA 2%0-series (5-digil)
. o 3_0,‘/0‘ N ‘Q\\ J } f %\ \A\
a 60; e~ L
< 9-0[ \“\ ™ \O\\\I
12—t a 60 Stondad o 12 =
roughness \x\ [
8 ™ .8
16 1.6] f\:
A 1o 3 =
g NACA | 4-series (4~digit] . TR o3
L2 v e ~
1.6
) NACA 44-series [4-digif)| ")
O
e V3 16 ]
NACA O0-series (4-digit) o] » l |
Ja EEEREE . i W s
’ Symbols with flags correspond fo e,=0.6
20 = il = L6 ;
" o
i H ~ ] w-02
$ 16 n\R ¥ L2 z =2
-~ ol ~o - /
§ e ;=04 and 0.6 %
& /12 S L6
L™ ~a 'S ;
8 16 = g Vz:
g N Ny Y, 4
S e =02 g =01
2 Y ARBN S 7/ 20
S séz . o~ 5
S o = L .8
a b3
. 16 16
2 i <z =0 § 7T T = -0
§ 12 )74 o] jei S 12 7 Sl o
3 Fl e 2 R
@ ]. [ ot (d) [
.8 8
1.6 e “L l | 16
¥~ S ° ;=04 ond 0.6 ol ;=04
2 | e Sl 12 4T
16 L6
10 L& 0| |ewn0Z 12 ¥ Tl |02
“ i /,/—A———A-— ' ' ¥4 /l/ | s T
L8 8
O e,.<0 £ =8
L2 Vawa o il /2 = 1
,\// D M Jy L'"'=0
T 7 ——
g€ Lt v —
o £ 8 2 16 20 24 28 32 [/ 4 8 Y /6 20 24 28 32

Airfoil thickness, percent of chord

(a) NACA four-digit serfes.
(c) NACA 63-series.
(e} NAOCA 65-series.

Airfoil thickness, percent of chord

(b) NACA four- and five-digit serfea.
(d) NACA 64-sarfes.
() NACA @6-serfes.

FIQUEE 4t.—Varistion of madmum section Hft coefBelent with airfofl thickness ratfo af several Reynolds numbers for a number of NACA alrfoll sections of different cambers.

843107—350——20



204

REPORT NO. 824—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
5 \°
~ <
Iy 20 N
LR N
) N
9
T § 3 i s
2 1 : v
D I
= S
/ SRR ¥
@ cOSXRE 98
/ oc0¢Cap a
- _
@ P - 4.,.m
/1 "§
7
71
* 7 ®
717
% 4 5
S ot ¥ S ) N ® T -9 ﬁ
ol . S S S S S S
P2 Jusripre0s bodp uoross
"
: -
i M s . .
V_ e s S E ﬁ
b)) -
& i NENEEN
4 HEb b e
2 = S
{7 © a.
T-t-i~t1 =<
. ] 3
] )
| 8%
Mol 1] iT.] L] e
Fe S
"8
1le
©
Iy - ir
,hax 4.4
& 1+ |
] BRNG
S (O e |
© N o % S G =Y T S Xt
o o N o o ~ N ot - : h.u M. o'
9 4uhsioy4 4300 [ LOYIRS !

Frauxe £2~Lift and drag charactaristios of the NACA 83(120)—422 atrioll at bigh Reynolds nomber TDT tesly 223 and %665,



SUMAMARY OF AIRFOIL DATA

Substantial increments in maximum lift coefficient with
increase in camber are shown for the NACA 6-series airfoils
of moderate thickness ratios (10 to 15 percent chord) with
split flaps. For the airfoils having thickness ratios of 6
percent and for the airfoils having thickmess ratios of 18 or 21
percent, the maximum lift coefficient is affected very little by
a change in camber. For thickness ratios greater than 15
percent, the maximum lift coefficients of the NACA. 63- and
64-series airfoils cambered for a design Lift coefficient of 0.4
equipped with split flaps are greater than the corresponding
maximum lift coefficients of the NACA 44-series airfoils.

Three-dimensional data.—No recent systematic three-
dimensional wing data obtained at high Reynolds numbers
are available, so that it is difficult to make any comparison
with the section data. When the maximum-liitt data for
three-dimensional wings are compared with section data,
account should be taken of the span Icad distribution over
the wing. The predicted maximum lift coefficient for the
wing will be somewhat lower than the meximum lift coeffi-
cients of the sections used because of the nonuniformity of
the spanwise distribution of lift coefficient. The difference
amounts to about 4 to 7 percent for & rectangular wing with
an aspect ratio of 6.

Maximum-lift data obtained from tests of a number of
wings and airplane models in the Langley 19-foot pressure
tunnel are presented in table IT. Although section data at
the Reynolds numbers necessary to permit a detailed com-
parison are not available, the maximum lift coefficient for
plain wings given in table II appears to be in general agree-
ment with values expected from section data. The data for
the airplane models are presented to indicate the maximum
lift coefficients obtained with various airfoils and
configurations.

LIFT CHARACTERISTICS OF ROUGH AIRFOILS

Two-dimensional data.—Most recent airfoil tests, espe-
cially of airfoils with the thicker sections, have included tests
with roughened leading edge (reference 37), and the available
data are included in the supplementary figures.

The effect on maximum lift coefficient of various degrees
of roughness applied to the leading edge of the NACA
63(420)—422 airfoil is shown in figure 23. The maximum lift
coefficient decreases progressively with increasing roughness
(reference 36). For a given surface condition at the leading
edge, the maximum lift coefficient increases slowly with
increasing Reynolds number (fig. 43). Figure 24 shows that
roughness strips located more than 0.20¢ from the leading
edge have little effect on the maximum lift coefficient or
lift-curve slope. The results presented in figure 38 show
that the effect of standard leading edge roughness is to de-
crease the lift-curve slope, particularly for the thicker air-
foils having the position of minimum pressure far back.
These data are for 2 Reynolds number of 63¢10%. Maximum-
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lift-coefficient data at a Reynolds number of 610" for a
large number of NACA airfoil sections with standard rough-
ness are presented in figures 39 and 41. The variation of
maximum lift coefficient with thickness for the NACA four-
and five-digit-series airfoil sections shows the same trends
for the airfoils with roughness as for the smooth airfoils
except that the values are considerably reduced for all of
these airfoils other than the NACA 00-series airfoils of
6 percent thickness. For & given thickness ratio greater than
15 percent, the values of maximum lift coefficient for the
four- and five-digit-series airfoils are substantially the same.

Much less varigtion in maximum lift coefficient with thick-
ness ratio is shown by the NACA 6-series airfoil sections in
the rough condition than with smooth leading edge. The
meximum lift coefficients of the 6-percent-thick airfoils are
essentially the same for both smooth and rough conditions.
The variation of maximum lift coefficient with camber, how-
ever, is about the same for the airfoils with standard rough-
ness as for the smooth sections. The maximum lift coeffi-
cient of airfoils with standard roughness generally decreases
somewhat with rearward movement of the position of mini-
mum pressure except for airfoils having thickness ratios
greater than 18 percent, in which case some slight gain in
maximum lift coefficient results from a rearward movement
of the position of minimum pressure.

Except for the NACA 44-series airfoils of 12 to 15 percent
thickness, the present data indicate that the rough NACA

64-series airfoil sections cambered for a design lift coefficient
of 0.4 have maximum lift coefficients consistently higher than
the rough airfoils of the NACA 24-, 44-, and 230-series air-
foils of comparable thickness. Standard roughness causes
decrements in maximum lift coefficient of the airfoils with
split flaps that are substantially the same as those observed
for the plain airfoils.
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The maximum lift coefficient may be lowered by failure to
maintain the true airfoil contour near the leading edge, but
no systematic data on this effect have been obtained. Ex-
amples of this effect that were accidentally encountered are
presented in figure 44, in which lift characteristics are given
for accurate and slightly inaccurate models. The model
inaccuracies were so small that they were not found previous
to the tests.

Three-dimensional data.—Tests of several airplanes in the
Langley full-scale tuunel (reference 42) show that many fac-
tors besides the airfoil sections affect the maximum lift co-
efficient of airplanes. Such factors as roughness, leakage,
leading-edge air intakes, armament installations, nacelles,
and fuselages make it difficult to correlate the airplane maxi-
mum lift with the airfoils used, even when the flaps are
retracted. The various flap configurations used make such
8 correlation even more difficult when the flaps are defleeted.
When the flaps were retracted, both the highest and the
lowest maximum lift coefficients obtained in recent tesis of
airplanes and completc mock-ups of conventional configura-
tions in the Langley full-scale tunnel were those obtained
with NACA 6-series airfoils.

Results obtained from fests of a model of an airplane in
the Langley 19-foot pressure tunnel and of the airplane in
the Langley full-scale tunnel are presenied in figure 45,
Both tests were made at approximately the same Reynolds
number. The results show that the airplane in the serviee
condition had a maximum lift coefficient more than 0.2
lower than that of the model, as well as a lower lift-curve
slope. Some improvement in the airplane lift characteristics
was obtained by sealing leaks. These results show that air-
plane lift characteristics are strongly affected Dy details not
reproduced on large-scale smooth models.
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Lift characteristics obtained in the Langley 19-foot pres-
sure tunnel for two airplane models in the smooth condition
and with transition fixed at the front spar are presented in
figures 46 and 47. In both cases, the lift-curve slope was de-
creased throughout most of the lift range with fixed transi-
tion. The maximum lift coefficient was decreased in one
case but was increased in the other case.

UNCONSERVATIVE ATRFOILS

The attempt to obtain low drags, especially for long-range
airplanes, leads to high wing loadings together with relatively
low span loadings. This tendency results in wings of high
aspect ratio that require large spar depths for structural
efficiency. The large spar depths require the use of thick
root sections.

This trend to thick root sections has been encouraged by
the relatively small increase in drag coefficient with thickness
retio of smooth airfoils (fig. 12). Unfortunately, airplane
wings are not usually constructed with smooth surfaces and,
in any case, the surfaces cannot be relied upon to stay smooth
under all service conditions. The effect of roughening the
leading edges of thick airfoils is to cause large increases in the
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drag coefficient at high lift coefficients. The resulting drag
coefficients may be excessive at cruising lift coefficients for
beavily loaded, high-altitude airplanes. Airfoil sections that
have spitable characteristics when smooth but have excessive
drag coefficients when rough at Iift coefficients corre-
sponding to cruising or climbing conditions are classified as

unconservative. ' N

The decision as to whether a given airfoil section is conserv-
ative will depend upon the power and the wing loading of
the airplane. The decision may be affected by expected
service and operating conditions. For example, the ability
of & multiengine airplane to fly with one or more engines in-
operative in icing conditions or after suffering damage in
combat may be a consideration.

As an aid in judging whether the sections are conservative,
the lift coefficient corresponding to a drag coefficient of 0.02
was determined from the supplementary figures for & large
number of NACA airfoil sections with roughened leading
edges. The variation of this critical lift coefficient with air-
foil thickness ratio and camber is shown in figure 48. These
data show that, in general, the lift coefficient at which the
drag coefficjent is 0.02 decreases with rearward movement of
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position of minimum pressure. The thickness ratio for
which this lift coefficient is a maximum usually lies between
12 and 15 percent; variations in thickness ratio from this
optimum range generally cause rather sharp decreases in the
critical Iift coefficient. The addition of camber to the
symmetrical airfoils usually causes an increase in the critical
lift coefficient except for the very thick sections, in which case
increasing the camber becomes relatively ineffectual and may
be actually harmful. All the data of figurc 48 correspoml to
8 Reynolds number of 6X10°% Asshown in figure 49, the
drag coefficient at flight values of the Reynolds number may
be considerably lower than the drag coeflicient at 2 Reynolds
number of 63 10°® if the roughness is confined {o the leading
edge.
PITCHING MOMENT

The variation of the quarter~chord pitching-moment coef-
ficient at zero angle of attack with airfoil thickness ratio and
camber is presented in figure 50 for several NACA airfoil
sections. The quarter-chord pitching-moment coeflicients of
the NACA four- and five-digit-series airfoils become less
negative with increasing airfoil thickness. Almost no varia-
tion in quarter-chord pitching-moment coefficient with air-
foil thickness ratio or position of minimum pressure is shown
by the NACA 6-series airfoil sections. As might be expected,
increasing the amount of camber causes an almost uniform
negative increase in the pitching-moment coeflicient.

As discussed previously, the pitching moment of an airfoil
section ig primarily a function of its camber, and thin-airfoil
theory provides & means for estimating the pitching moment
from the mean-line data presented in the supplementary
figures. A comparison of the experimental moment coefli-
cient and theorctical values for the mean lines is presented
in figure 51. The experimental values of the moment cocefli-
cients for NACA 6-series airfoils cambered with the uniform-
load type mean line are usually about three-quarters of the
theoretical values (figs. 50 and 51). Airfoils employing mean
lineg with values of ¢ less than unity, however, have moment
coefficients somewhat more negative than those indicated by
theory. The use of a mean line having a value of @ less than
unity, therefore, brings about only a slight reduction in
pitching-moment coefficient for a given design lift cocflicient
when compared with the value obtained with a uniform-
load type mean line. The cxperimental moment cocflicients
for the NACA 24-, 44-, and 230-series airfoils are also less
negative than those indicated by theory but the agreement
js closer than for airfoils having the uniform-load type mean
line.

The pitching-moment data for the airfoils equipped with
simulated split flaps deflected 60° (fig. 50) indicate that the
value of the quarter-chord pitching-moment coeflicient he-
comes more negative with increasing thickness for all the
airfoils tested. For the thicker NACA 6-series sections the
magnitude of the moment coefficient increases with rearward
movement of the position of minimum pressure.
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POSITION OF AERODYNAMIC CENTER

The variation of chordwise position. of the serodynamic
center corresponding to a Reynolds number of 6<10°® for a
large number of NACA airfoils is presented in figure 52.
From the data given in the supplementary figures there
appears to be no systematic variation of chordwise position
of aerodynamic center with Reynolds number. The data
for the NACA 00- and 14-series airfoils, presented for thick-
ness ratios less than 12 percent, show that the chordwise
position of the aerodynamic center is at the quarter-chord
point and does not vary with airfoil thickness. For the
NACA 24-, 44~ and 230-series airfoils with thickness ratios
ranging from 12 to 24 percent, the chordwise position of the
aerodynamic center is ahead of the quarter-chord point and
moves forward with increase in thickness ratio.

The chordwise position of the aerodynamic center is behind
the quarter-chord point for the NACA 6-series airfoils and
moves rearward with inecrease in sirfoil thickness, which is
in accordance with the trends indicated by perfect-fluid
theory. There appears to be no systematic variation of
¢hordwise position of the aerodynamic center with eamber or
position of minimum pressure on the basic thickness form for
these airfoils.

The data of reference 43 show important forward move-
ments of the aerodynamic center with increasing trailing-edge
angle for a given airfoil thickness. For the NACA 24-, 44-,
and 230-series airfoils (fig. §2) the effect of increasing
trailing-edge angle is apparently greater than the effect of

-
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increasing thickness. For the NACA 6-series airfoils, the
opposite appears to be the case.

HIGH-LIFT DEVICES

Lift characteristics for two NACA 6-series airfoils equipped
with plain flaps are presented in figure 53. These data

show that the maximum lift coefficient increases less rapidly

with flap deflection for the more highly cambered section.
Lift characteristics of three NACA 6-series airfoils with split
flaps are presented in reference 44 and figure 54. The maxi-
mum-lift inerements for the 12-percent-thick sections were
only about three-fourths of that increment for the 16-percent-
thick section. The maximum lift coefficient for the thicker
section with flap deflected is about the same as that obtained
for the NACA 23012 airfoil in the now obsolete Langley
variable-density tunnel (reference 45) and in the Langley
7- by 10-foot tunnel (reference 46).

Tests of a number of slotted flaps on NACA 6-series
airfoils (supplementary ficures and reference 47) indicate that
the design parameters necessary to obtain high maximum
lifts are essentially similar to those for the NACA 230-
series sections (references 48 and 49). Lift data obtained
for typical hinged single slotted 0.25¢ flaps (fig. 55 (a)) on
the NACA 63,4420 sairfoil are presented in figure 55 (b).
A maximum lift coefficient of approximately 2.95 was ob-
tained for one of the flaps. Lift characteristics for the
NACA 65;,-118 airfoil fitted with a double slotted flap
(reference 47 and fig. 56 (a)) are presented in figure 56 (b).
A maximum lift coefficient of 3.28 was obtained. It may
be concluded that no special difficulties exist in obtaining
high maximum lift coefficients withslotted flaps on moderately
thick NACA 6-series sections. _

Tests of airplanes in the Langley full-seele tunnel (reference
42) have shown that expected increments of maximum lif$

coefficient are obtained for split flaps (fig. 57) but not for

slotted flaps (fig. 58). This faflure fo obtain the expected
maximum-lift increments with slotted flaps may be attributed
to inaccuracies of flap contour and location, roughness near
the flap leading edge, leakage, interference from flap sup-
ports, and deflection of flap and lip under load.

LATERAL-CONTROL DEVICES

An adequate discussion of lateral-control devices is outside
the scope of this report.
therefore limited to considerations of effects of airfoil shape
on aileron characteristics.

The effect of airfoil shape on aileron effectiveness may be
inferred from the data of figure 59 and reference 50. The
section aileron effectiveness parameter AcyfAS is plotted
against the aileron-chord ratio e,/¢ for a number of airfoils
of different type in figure 59. Also shown in this figure
are the theoretical values of the parameter for thin airfoils.

The following brief discussion is
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The date show no large consistent trends of aileron-efiective-
ness variation with airfoil section for a wide range of thick-
ness distributions and thickness ratios. In order to evaluate
sileron characteristies from section date, a method of analysis
is necessary that will lead to results comparable to the usual
curves of stick force against helix angle pb/21 for three-
dimensional data. The analysis that follows is considered
suitable for comparing the relative merits of ailerons from
two-dimensionsal data.

Two-dimensional data are presented in the form of the
equivalent change in section angle of attack Ae«, required to
maintain a constant section lift coefficient for various de-
flections of the aileron from neutrel. This equivealent change
in angle of attack is plotted against the hinge-moment param-
efer Acgd, which is the product of the aileron deflection
from neutral and the resulting increment of hinge-moment
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coefficient based on the wing chord. This method of analysis-
takes into account the aileron effectiveness, the hinge
moments, and the possible mechanical advantage between
the controls and the silerons. The larger the value of Aey
for a given value of the hinge-moment parameter, the more
advantageous the combination should be for providing a
large value of pb/2V for a given control force. The assump-
tion that the aileron operates at & constant lift coefficient
as the airplane rolls is not entirely correct, however, and
involves an overestimation of the effect of changing angle -
of attack on the hinge-moment coefficient. In addition,
the span of the ailerons and other possible three-dimensional
effects are not considered. In spite of these inaccuracies,
the method provides 2 useful means of comparing the two-
dimensional characteristics of different ailerons.
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SUPPLEMENTARY INFORMATION REGARDING TESTS OF TWO-DIMENSIONAL MODELS

Afr-flow cbaracteristics

Symbol Basle airfofl Type of flap Refercnce
r A R
(o] NACA 0008 ..o -{ Plain 108 0.08 | ceccommmoam 51 10 86
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NACA 83(420)-821 17053 YU S . | S SR () SN S 8OXIO | cceemeoa
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N NACA 66(215)-218, =08 nn o eoomemmee——cmemcam do o { to to 00
X : .48 6.8X10¢
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Atfr-flow cheracteristies
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FiGURE 60.—Variation of the hinge-momment parameter Aeg3 with the equivalent change in
section angla of attack required to maintsin & constant sectfon 1ift coefficient for deflection
of the alleron on the NACA 0009, NACA 64,3-(1.4)(13.5), and NACA 66(215)-216, a=0.6
alrfoll sections. Qape sealed.

For the purpose of evalua.tinl= g the effect of airfoil shape on
the aileron characteristics, it is desirable to make the com-
parison with unbalanced ailerons to avoid confusion.% Plots
of the parameters for plain unbalanced flaps of true airfoil
contour on three airfoil sections are shown in figure 60.
The characteristics of the NACA 66(215)-216, a=0.6 section
are essentially the same as those for the NACA 0009 airfoil
within the range of deflection for which data are available.
The NACA 64,2-(1.4)(13.5) airfoil shows appreciably
smaller values of Acys for & given value of A, than the other
sections presented. No explanation for this difference can
be offered, although some of the difference may result from
the slightly smaller chord of the flap for this combination.

The effects of using straight-sided ailerons instead of ailer-
ons of true airfoil contour are shown in figure 61 for two
NACA 6-series airfoils. One of the two combinations for
which data are available was provided with an internal
balance whereas the other combination was without balance.
This difference prevents any comparison between the two
combinations but does not affect comparison of the two
contours for each case. For the NACA 66(215)-216, a=0.8
airfoil, the straight-sided aileron has more desirable charac-
teristies for the range of deflections for which data are avail-
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Basic airfoil a
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FIGURE 61.—Variation of the hinge-moment parameter Acgd with the equivalent change In
section engle of attack required to maintaln a eonstant section 1ift coefficient for deflection
of true-airfoll-contour and straight-sided aflerons on the NACA 63,44(17.8} (approx.)
and the NAC A 66(215)-216, c=0.8 airfoll seetlons. Gaps sealed.

able. It appears, however, that the straight-sided aileron
would be less advantageous than the aileron of true contour_
for positive deflections greater than 12°. In the case of
the NACA 63,44(17.8) (approx.) airfoil, the straight-

sided aileron appears to have no advantage over the aileron

of true airfoil contour. The advantage of using straight-
sided ailerons appears to depend markedly on the airfoil used
but sufficient data are not available to determine the signif-
icant airfoil parameters. Figure 62 shows that in one case
the effect of leading-edge roughness on the aileron character-
isties is unfavorable.

LEADING-EDGE AIR INTAEKES

The problem of designing satisfactory leading-edge air
intakes iz to maintain the lift, drag, and critical-speed
characteristics of the sections while providing low intake
losses over a wide range of lift coefficients and intake velocity
ratios. The data of reference 65 show that desirable intake
and drag characteristics can easily be maintained over a
rather small range of lift coefficients for NACA 6-series air-
foils. The data of reference 65 show that the intake losses
increase rapidly at moderately high lift coefficients for the
shapes tested. Unpublished data taken at the Langley
Laboratory indicate that shapes such as those of reference
65 have low maximum lift coefficients. Recent data show
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FiaURE 82,~—Variation of the hinge-momaent parameter Acr$ with the equivalent change in
section angle of attack required to maintain a constant section lift coefficient for deflection
of the afleron on the NACA 64,2-(1.4)(13.5) sirfoil section, smooth and with roughness at
the leading edge of the airfoll. (For description of afleron, see fig. 60.)

that air-intake shapes can be provided for such airfoil sec-
tions with desirable air-intake characteristics and without
loss in meaximum lift cocfficient (fig. 63). Some pressure-
distribution data for the air intakes shown in figure 63 in-
dicate that the critical speed of the section has been lowered
only slightly and that falling pressures in the direction of
flow were maintained for some distance from the leading
edge on both surfaces at lift cocfficients near the design lift
coefficient. for the section. Sufficient information is not
available to permit such desirable configurations to be de-
signed without experimental development.

INTERFERENCE

The main problem of interference at low Mach numbers is
considered to be that of avoiding boundary-layer separation
resulting from rapid flow expansions caused by the addition
of induced velocities about bodies and the houndary-layer
accumulations near intersections. No recent systematic
investigations of interference such as the investigation of
reference 66 have been made.

Some tests have been made of airfoil scetions with in-
tersecting flat plates (reference 67). These configurations
may be considered to represent approximately the condition
of a wing intersection with a large flai-sided fusclage. In

L&

%\
\\

B,
oy

7

N

Section lift coefficient e,

Y

Configuration R
o Flain airfoif — 3.0%x 104
/ a Ducted model/
flow flow) | 24
© Ducted mode!
(pigh flow) | 24

+6 -8 /6 24

a 8 :
Section angle of attack, a,, deg

s L0
£ 2. -
fue
g
Y
¥ L8y 20186 |
~ - Go
3y O —
g § \ _
- ,"-h,'ﬂ.:’ad
g 4 \ '..V
5 e O4=0=0-00y
! A
A LA I
o ) 1
i R ] -M,h,=l.l35 j
\ I
o -k* (D N
=4 o L2 L6

4 g A
Section lift coeffident ¢

FIGURE 63.—Lift und flow characteristics of an NACA 7-series type airfoll scetlon with leading-cdge lr intake,



SUMMARY OF AIRFOIL DATA

this case, the interference may be considered to result from
the effect on the wing of the fully developed turbulent bound-
ary layer on the fuselage or flat plate and the accumulation of
boundary layer in the intersection. These tests showed
little interference except in cases for which the boundery
layer on the airfoil alone was approaching conditions of
separation such as were noted with the less conservative
airfoils at moderately high lift coefficients.

Some scattered data on the characteristics of nacelles
mounted on airfoils permitfing extensive laminar flow are
presented in references 68 to 70. The data appear to in-
dicate that the interference problems for conservative NACA
6-series sections are similar to those encountered with other
types of airfoil. The detail shapes for optimum inferfering
bodies and fillets may, however, be different for various
sections if local excessive expansions in the flow are to be
avoided.

Some lift and drag data for an airfoil with pusher-propeller-
shaft housings are presented in reference 71. These results
indicate that protuberances near the trailing edge of wings
should be carefully designed to avoid unnecessary drag
inerements.

Another type of interference of particular importance for
high-speed airplanes results in the reduction of the critical
Mach number of the combination because of the addition of
the induced velocities associated with each body (reference
72). This effect may be kept to & minimum by the use of
bodies with low induced velocities, by separation of inter-
fering bodies to the greatest possible extent, and by such
selection and arrangement of combinations that the points
of maximum induced velocity for each body do not coincide.

APPLICATION TO WING DESIGN

Detail consideration of the various factors affecting wing
design lies outside the scope of this report. The following
discussion is therefore limited to some important aerodyna-
mic features that must be considered in the application of
the data presented.

APPLICATION OF SECTION DATA

Wing characteristics are usuelly predicted from airfoil-
section data by use of methods based on simple lifting-line
theory (references 73 to 76). Application of such methods
to wings of conventiona! plan form without spanwise discon-
tinuities yields results of reasonable engineering accuracy
(reference 77), especially with regard to such important
characteristics as the angle of zero lift, the lift-curve slope,
the pitching moment, and the drag. Basicelly similar
methods not requiring the assumption of linear section lift
characteristics (references 78 and 79) appear cepable of
yielding results of greater accuracy, especially at high lift
coefficients. Further refinement may be made by consider-
ation of the chordwise distribution of lift (reference 80).
Wings with large amounts of sweep require special consider-
ation (reference 81).
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The usual wing theory assumes that the resultant air force
and moment on any wing section are functions of only the

gection lift coefficient (or angle of attack) and the section

shape. According to this assumption, the air forces and
moments on any section are not affected by adjacent sections
or other features of the wing except as such sections or
features affect the lift distribution and thus the local lift of
the section under consideration. These assumptions ob-
viously are not valid near wing tips, near discontinuities in
deflected flaps or ailerons, near disturbing bodies, or for
wings with pronounced sweep or sudden changes in plan
form, section, or twist. Under such circumstances, cross flows
result in a breakdown of the concept of two-dimensional
flow over the airfoll sections. In addition to these
cross flows, induced effects exist that are equivalent to a
change in camber. Such effects are particularly marked
near the wing tips for wings of normal plaen form and for
wings of low aspect ratio or unusual plan form. Lifting-
surface theory (see, for example, reference 81) provides a

means for calculating wing characteristics more accurately

than the simple lifting-line theory.

Although span load distributions caleulated for wings with
discontinuities such as are found with partial-span flaps
(references 82 and 83) may be sufficiently accurate for
structural design, such distributions are not suitable for
predicting maximum-lift and stalling characteristies. Until
sufficient data are obtained to permit the prediction of the
meximum-lift and stalling characteristics of wings with
discontinuities, these characteristics may best be estimated
from previous results with similer wings or, in the case of
unusugl configurations, should be obtained by test.

The characteristics of intermediate wing sections must be
known for the application of wing theory, but data for such
sections are seldom availeble. Tests of a number of such
intermediate sections obtained by several manufacturers for
wings formed by straight-line fairing have indicated that the
characteristics of such sections may be obtained with reason-
able accuracy by interpolation of the root and tip character-
istics according to the thickness variation.

SELECTION OF ROOT SECTION

The cheracteristics'of 8 wing are affected to a large extent

by the root section. In the case of tapered wings formed by _—

straight-line fairing, the resulting nonlinear variation of sec-
tion along the span causes the shapes of the sections to be
predominantly affected by the root section over g large part
of the wing area.
that provides space for housing fuel and equipment and re-
duces structural weight or permits large spans usually leads
to the selection of the thickest root section that is serody-
na.mica]ly feasible. The comparatively small varietion of
minimum drag coefficient with thickness ratio for smooth
airfoils in the normasl range of thickness ratios and the main-
tenance of high Lift coefficient for thick sections with flaps
deflected ususally result in limijtation of thickness ratio by
characteristics other than maximum lift and minimum drag.

The desirability of having a thick wing
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The critical Mach number of the section is the most serious
limitation of thickness ratio for high-speed airplanes. It is
desirable to select a root section with a critical Mach number
sufficiently high to avoid serious drag increases resulting from
compressibility effects at the highest level-flight speed of the
airplane, allowance being made for the increased velocity of
flow over the wing resulting from interference of bodies and
slipstream. Available data indicate that a small margin
exists between the critical Mach number and the Mach num-
ber at which the drag increases sharply. As airplane speeds
increase, it becomes increasingly difficult and finally impos-
sible to avoid the drag increases resulting from compressibil-
ity effects by reduction of the airfoil thickness ratio.

In the cases of airplanes of such low speeds that compressi-
bility considerations do not limit the thickness ratio to values
less than about 0.20, the maximum thickness ratio is limited
by excessive drag coefficients at moderate and high lift
coefficients with the surfaces rough. In these cases, the
actual surface conditions expected for the airplane should be
considered in selecting the section. Consideration should
also be given to unusual conditions such as ice, mud, and
damage caused in military combat, especially in the case of
multiengine airplanes for which ability to fly under such
conditions is desired with one or more engines inoperative.
In cases for which root sections having large thickness ratios
are under consideration to permit the use of high aspect ratios,
a realistic appraisal of the drag cocfficients of such sections
with the expected surface conditions at moderately high lift
cocfficients will indicate an optimum aspect ratio beyond
which corresponding increases in aspect ratio and root thick-
ness ratio will result in reduced performance.

Inboard sections of wings on conventional airplanes are
subject to interference effects and may be in the propeller
slipstream. The wing surfaces are likely to be roughened by
access doors, landing-gear retraction wells, and armament
installations. Attainment of extensive laminar flows is,
therefore, less likely on the inboard wing panels than on the
outboard panels. Unless such effects are minimized, little

- drag reduction. is to be expected from the use of sections
permitting extensive laminar flow. Under these conditions,
the use of sections such as the NACA 63-series will provide
advantages if the sections are thick, because such sections are

more conservative than those permitting more extensive .

laminar flow.
SELECTION OF TIP SECTION

In order to promote desirable stalling characteristics, the
tip section should have & high maximum lift coefficient and
a large range of angle of attack between zero and maxi-
mum lift as compared with the root section. It is also
desirable that the tip section stall without a large sudden loss
in lift. The attainment of a high maximum lift coefficient is
often more difficult at the tip section than at the root section
for tapered wings because of the lower Reynolds number of
the tip section. For wings with small camber, the most
effective way of increasing the section maximum lift coeffi-
cient is to increase the camber. The amount of camber used
will be limited in most cases by either the critical-speed
requirements or by the requirement that the section have
low drag at the high-speed lift coefficient. -
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The selection of the optimum type of camber for the tip
section presents problems for which no eategoricel answers
can be given on the basis of existing data. The use of a Lypo
of cambher that imposes heavy loads on the ailerons compli-
cates the design of the lateral-control system and inercases
its weight. The use of & type of camber that carries the lift
farther forward on the section and thus rclieves the ailerons
will, however, have little effect on the maximum lift coelli-
cient of the section unless the maximum-camber position is
well forward, as for the NACA 230-scries scetions. In this
case & sudden loss of lift at the stall may be expecied. The
effects on the camber of modifications to the airfoil contour
near the trailing edge, which may be made in designing the
ailerons, should not be overlooked in estimating the charac-
teristies of the wing.

If the root sections are at least modcrately thick, it is

usually desirable to select a tip section with a somewhat
reduced thickness ratio. This reduction in thickness ratio,
together with the absence of induced velocities from inter-
fering bodies, gives a margin in critical speed that permits the
camber of the tip section to be increased. This reduction in
thickness ratio will probably be limited by the loss in maxi-
mum lift coefficient resulting from too thin a section.
. A small amount of aerodynamic washout may also be
useful as an aid in the avoidance of tip stalling. The per-
missible amount of washout may not be limited by the in-
crease in"induced drag, which is small for 1° or 2° of washout
(reference 73). The limiting washout may be that which
causes the tip section to operate outside the low-drag range
at the high-speed lift coefficient. This limitation may be
s0 severe a3 to require some adjustinent of the camber to
permit the use of any washout.

A change in airfoil section between the root and tip may
be desirable to obtain favorable stalling characteristics or
to take advantage of the greater extent of laminar flow that
may be possible on the outboard sections. Thus, such com-
binations as an NACA 230-series root section with an NACA
44-series tip section or an NACA 63-serics root seetion with
an NACA 65-series tip section may be desirable.

It should be noted that the tip sections may casily be so
heavily loaded by the use of an unfavorable plan form as to
cause tip stalling with any reasonable choice of seetiou and
washout. Both high taper ratios and large amounis of
sweepback are unfavorable in this respeet and are particu-
larly bad when used together, because the resulting tip stall
promotes longitudinal instability at the stall in addition lo
the usual lateral instability.

CONCLUSIONS

The following conclusions may be drawn from the data
presented. Mlost of the data, particularly for the lift, drag,
and pitching-moment characteristics, were obtained at
Reynolds numbers from 3 to 93108,

1. Airfoil sections permitting extensive laminar flow, such
as the NACA 6- and 7-series sections, resull in substantial
reductions in drag at high-speed and cruising lift coeflicients
as compared with other sections if, and only if, the wing
surfaces are fair and smooth.



2. Experience with full-size wings has shown that extensive
{aminar flows are obtainable if the surface finish is as smooth
as that provided by sanding in the chordwise direction with
No. 320 carborundum paper and if the surface is free from
small scattered defects and specks. Satisfactory results
are usually obtained if the surface is sufficiently fair to permit
a straightedge to be rocked smoothly in the chordwise direc-
tion without jarring or clicking.

3. For wings of moderate thickness ratios with surface
conditions corresponding to those obtained with current
construction methods, minimum drag coefficients of the
order of 0.0080 may be expected. The values of the mini-
mum drag coefficient for such wings depend primarily on
the surface condition rather than on the airfoil section.

4. Substantial reductions in drag coefficient at high
Reynolds numbers may be obtained by smoothing the
wing surfaces, even if extensive laminar flow is not obtained.

5. The maximum lift coefficients for moderately cambered
smooth NACA 6-series airfoils with the uniform-load type
of mean line are as high as those for NACA 24- and 44-series
airfoils. The NACA 230-series airfoils have somewhat
higher meaximum lift coefficients for thickness ratios less
than 0.20.

6. The maximum lift coefficients of airfoils with flaps are
about the same for moderately thick NACA 6-series sections
as for the NACA 23012 section but appear to be considerably
lower for thinner NACA 6-series sections.

7. The lift-curve slopes for smooth NACA. 6-series airfoils
are slightly higher than for NACA 24-, 44-, and 230-series
airfoils and usually exceed the theoretical value for thin
airfoils.

S. Leading-edge roughness. causes large reductions in
maximum lift coefficient for both plain airfoils and airfoils
equipped with split flaps deflected 60°. The decrement in
maximum lift coefficient resulting from standard roughness
is essentially the same for the plain airfoils as for the airfoils
equipped with the 60° split flaps.
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9. The effect of leading-edge roughness is to decrease tke
lift-curve slope, particularly for the thicker sections having
the position of minimum pressure far back.

. 10. Characteristics of airfoil sections with the expected
surface conditions must be known or estimated to provide a
satisfactory basis for the prediction of the characteristics of

practical-construction wings and the selection of airfoils

for such wings. _

11. The NACA 6-series airfoils provide higher critical
Mach numbers for high-speed and eruising lift coefficients
than earlier types of sections and have a reasonable range
of lift coefficients within which high critical Mach numbers
may be obtained.

12. The NACA 6-series sections provide lower predicted
critical Mach numbers at moderately high lift coefficients
than the earlier types of sections. The limited data avail-
able suggest, however, that the NACA 6-series sections retain
satisfactory lift characteristics up to higher Mach numbers
than the earlier sections.

13. The NACA 6-series airfoils do not appear to present
unususl problems with regard to the application of ailerons.

14. Problems associated with the avoidance of boundary-
layer separation caused by interference are expected to be
similar for conservaiive NACA 6-series sections and other
good airfoils. Detail shapes for optimum interfering bodies
and fillets may be different for various sections if local exces-
sive expansions In the flow are to be avoided.

15. Satisfactory leading-edge air intakes may be provided
for NACA 6-series sections, but insufficient information exists
to allow such intakes to be designed without experimental
development.

LaNGLEY MEMORIAL AERONAUTICAL LLABORATORTY,
Natronat Apvisory COMMITTEE FOR AERONAUTICS,
LanerLey F1ELp, VA., Aarch 5, 1945.



APPENDIX

METHODS OF OBTAINING DATA IN THE LANGLEY TWO-DIMENSIONAL LOW-TURBULENCE TUNNELS

By Mmuron M. Kremw

DESCRIPTION OF TUNNELS

The Langley two-dimensional low-turbulence tunnels are
closed-throat wind tunnels having rectangular test sections
3 feet wide and 7% feet high and are designed to test models
completely spanning the width of the tunmel in two-
dimensional flow. The low-turbulence level of these tunnels,
amounting to only a few hundredths of 1 percent, is achieved
by the large contraction ratio in the entrance cone (approx.
20:1) and by the introduction of a number of fine-
wire small-mesh turbulence-reducing screens in the widest
part of the entrance cone.” The chord of models tested mn
these tunnels is usually about 2 feet, although the characteris-
tics at low lift coefficients of models having chords as large
as 8 feet may be determined.

The Langley two-dimensional low-turbulence tunnel oper-
ates at atmospheric pressure and has & maximum speed of
approximately 155 miles per hour. The Langley two-
dimensional low-turbulence pressure tunnel operates at pres-
sures up to 10 atmospheres absolute and has a maximum
speed of approximately 300 miles per hour at atmospheric
pressure. Standard airfoil tests in this tunnel are made of
2-foot-chord wooden models up to Reynolds numbers of
approximately 93 10° at a pressure of 4 atmospheres absolute.

The lift and drag characteristics of airfoils tested in these
tunnels are usually measured by methods other than the use
of balances. The lift is evaluated from measurements of the
pressure reactions on the floor and ceiling of the tunnel. The
drag is obtained from measurements of static and total
pressures in the wake. Moments are usually measured by a

balance.
SYMBOLS

A, 4y, . .. Ay coefficients of potential function for a
symmetrical body

a fraction of chord from leading edge over
which design load is uniform

B dimensionless constant determining width
of wake

c chord

Cs drag coefficient corrected for tunnel-wall
cffects

¢d’ drag coefficient uncorrected for tunnel-wall
effects

Cap drag coefficient measured in tunnel

¢ section lift coefficient corrected for tunnel-
wall effects
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section lift coeflicient uncorrected for tunnel-
wall effects

design lift cocflicient

lift coefficient measured in tunnel

moment cocfficient about quarter-chord
point corrected for tunnel-wall effcets

moment coefficient about quarter-chord
point measured in tunnel

average of vclocity readings of orifices on
floor and ceiling used to measure blocking
at high lifts

average value of F in low-lift range

potential function used to obtiain p-fuctor

‘total pressure in front of atrfoil '

total pressure in wake of airfoil _

coefficient of loss of total pressure in the

(P

maximum value of I,
tunnel height

true lift resulting from a point vortex

lift associated with a point vortex as
measured by integrating manometers

upstream limit of integration of floor and
ceiling pressures _

downstream limit of integration of floor
and ceiling pressures

resultant pressure coeflicient; differenceo
between loeal upper- and lower-surface
pressure coefficients

static pressure in the wake

free-stream dynamic pressure

static-pressure coefficient (Eﬁtﬂ

o
static-pressure coefficient in the wake
(5
Ul

distance along airfoil surface

velocity, due to row of vortices, al any
point along tunnel walls

free-stream velocity

increment in free-stream veloecity due to
blocking
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v’ corrected indieated tunnel velocity

v tunnel velocity measured by static-pressure
orifices .

9 local velocity at any point on airfoil surface

w potential function for flow past & symmetri-
cal body

z distance along chord or ecenter line of
tunnel

. . . {By,

Y variable of integration T)

Y distance perpendicular to stream direction

Ye ordinate of symmetrical thickness distri-
bution

Y * distance perpendicular to stream direetion
from position of H,,,,

f{—g’: slope of surface of symmetrical thickness
distribution

z complex variable (x+1y)

oy angle of zero lift

a section angle of attack corrected for tunnel-
wall effects

ay’ section angle of atteck messured in tunnel

T strength of a single vortex

7 ratio of measured lift to actual lift for any
type of lift distribution

e n-factor for additional-type loading

R n-factor for basic mean-line loading

7z y-factor applying to 2 point vortex

A component of blocking factor dependent on
shape of body

£ quantity used for correcting effect of body
upon velocity measured by static-pressure
orifices

o component of blocking factor dependent on
size of body

¢ potentia] funetion

¥ stream function

MEASUREMENT OF LIFT

The lift carried by the airfoil induces an equal and opposite
reaction upon the floor and ceiling of the tunnel. The lift
may therefore be obtained by integrating the pressure dis-
tribution along the floor and ceiling of the tunnel, the inte-
gration being accomplished with an integrating manometer.
Because the pressure field theoretically extends to infinity in
both the upstream and the downstream directions, not all the
lift is included in the length over which the integration is
performed. It is therefore necessary to apply a correction
factor n that gives the ratio of the measured lift to the actual
lift for any lift distribution. The calculation was performed
by first finding the correction factor 5. applying to & point
vortex and then determining the weighted average of this
factor over the chord of the model.
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The factor %, was obtained as follows: The imege system
which gives only a tangential component of velocity along the
tunnel walls is made up of an infinite vertical row of vortices
of alternating sign as shown in figure 64. If the sign of the
vortex at the origin is assumed to be positive, the complex
potential function f for this image system is

ir - ;T . —1ih .
=;—r log sinh %—;—T log sinh ~ (Eﬁ' (18)
where

T strength of a single vortex
2z complex variable (z+1y)

kg tunnel height
y
+ [+ "+
- -
m > lYpewall, 5
o . .
hI.. v p ~Pasitiont of point voriex,,

l' —Fe— h}/z

L awer wall-"

F16TRE 64 —Image system for calculation of p-factor in the Langley two-dimensional
low-turbulence tunnels,

The velocity u, due to the row of vortices, at any point
along the tunnel walls where

is then obtained as

T T
u=5r sech . (19)
where z is the horizontal distance from the point on the wall
to the origin. The resultant pressure coefficient Pg is then
given by

PR=%
2r Tz
='hT—-V sech h_:e; (20)

where V is the free-stream velocity.

The lift manometers integrate the pressure distribution
along the floor and ceiling from the downstream position n
to the upstream position m (fig. 64). For a point vortex
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located a distance z from the origin along the center line of
the tunnel, the limits of integration become n—z and m—=z.
The lLift L’ associated with a point vortex, as measured by
the integrating manometers, is given by

—-x
L= f 0P dz 21)
m—-z

s

where g, is the free-stream dynamic pressure.
The true lift L resulting from the point vortex is given by

The correction factor 1, is then
LI
77:="E'
1 = T
= h
Efm-z sec I dz
which yields

_2 t -1 e—::/hr(ern/hT_em/hT)
=7 an 1} ¢ 2rsliggrmimny

(22)

In the Langley two-dimensional low-turbulence tunnels,
the orifices in the floor and ceiling of the tunnel used to
measure the lift extend over a length of approximately 13
feet. A plot of », against 2 for the Langley two-dimensional
low-turbulence pressure tunnel is shown in figure 65. The
n-factor for a given lift distributien is obtained from the

expression
T
_J_;mrd 19&7: d (—E) (93)

— = &

= z
chord Hz d (E)

Lo

g

-2 - g / g 73 4 5
Distance downsfreom fram refererice point in furrel, z, ff

FraurE 65.—Lift eficiency factor n« for & point vortex situated et varlous positions along the
center line of the tunnel,
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The values of 5, and g, for the Langley two-dimensional
low-turbulence pressure tunnel are given in the following
table for a model having a chord length of 2 feet, where 1, is
the y-factor corresponding to the basic mean-line loading
(indicated by the value of a) and 7, is the g-factor for {he
additional type of loading as given by thin-airfoil theory:

a 1
1.0 0.9347
g L9342
" . 0330
ot ~9325
0 .
1a=0.9200

In order to check the variation of », with variations in the
additional type of lift distribution, the value of 7, was re-
calculated for the class C additional lift distribution given in
figure 6 of reference 74. The value of 5, for this case was
0.9304, as compared with 0.9296 for a thin airfoil. Because
of the small variation of 5, with the type of additional lift,
the value for thin-airfoil additional lift was used for all cal-
culations. The lift coefficient of the model in the tunnel
uncorrected for blocking ¢ is given in terms of the lift co-
efficient measured in the tunnel ¢;p and the design lift coeffi-
cient of the airfoil ¢;, by the following expression:

c
G;’='I—T— T 1 Ciy

e Ya (24)
Because 3, does not differ much from 7, it is not necessary
that the basic loading or the design lift coefficient be known
with great accuracy.

Because of tunnel-wall and other effects, the Iift distribu-
tion over the airfoil in the tunnel does not agree exactly with
the assumed lift distribution. Because of the small varia-
tions of y with lift distribution, errors caused by this effcel are
considered negligible. It can also beshown that errors eaused
by neglecting the effect of airfoil thickness on the disiri-
bution of the lift reaction along the tunnel walls are small,

MEASUREMENT OF DRAG

The drag of an airfoil may be obtained from observations
of the pressures in the wake (reference 84). An approxi-
mation to the drag is given by the loss in total pressure of the
air in the wake of the airfoil. The loss of total pressure is
measured by a rake of tolal-pressure tubes in the wake.
When the total pressures in front of the airfoil and in the
wake are represented by H, and I, respectively, the drag
coefficient obtained from loss of total pressure cq,. is

Hﬁgt“ (25)

Cq,, =
T wake

where

H. coefficient of loss of total pressure in the wake (H—";'fi)
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Yo distance perpendicular to stream direction from position

ofH.

If the statie pressure in the wake is represented by p:,

the true drag coefficient uncorrected for blocking ¢,/ may be
shown to be (reference 84)

o= 2NSHG—TH) % (p)

Ho—Pl_
Qo
The assumption is made that the variation of total pressure
across the wake can be represented by a normsl probability

curve. The drag coefficient ¢,’ is then easily obtainable from
measurements of ¢4, by means of a factor K, the ratio of ¢,/

to ez,, which depends only on §; and the maximum value of
H,. If the maximum value of H, is represented by H,

the equation of the normal probability curve is
(2

where B is a dimensionless constant that determines the
width of the wake. If a convenient variable of integration

Y= Bg ® is used, the ratio K is

where S, is the static-pressure coefficient in the wake

max’

H.,=Hcme

_¢d
Cq P

@7

2
V= H

and is independent of the width of the wake. The quantity
K has been evaluated for various values of H, __and S; by

assuming S; to be constant across the wake. The drag
coefficient ¢, may thus be obtained from tunnel measure-
ments of ¢, Hc . ,8nd S;. A plot of K asa function of H,.
with S; as parameter is given in figure 66. A parallel treat-
ment of this problem is given in reference 85.

TUNNEL-WALL CORRECTIONS

In two-dimensional flow, the tunnel walls may be conven-
iently considered as having two distinct effects upon the flow
over a model in a tunnel: (1) an increase in the free-stream
velocity in the neighborhood of the model because of 2
constriction of the flow and (2) a distortion of the lift
distribution from the induced curvature of the flow.

The increase in free-stream velocity caused by the tunnel
walls (blocking effect) is obtained from consideration of an
infinite vertical row of images of a symmetrical body as
given in reference 86; the images represent the effect of the
tunnel walls.
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FIGURE 66.—Plot of K as a function of H,,_ . with St as a parameter.

The potential function w for a symmetrical body is
given by

> Ag

w=T/z+—+ =+ - - (28)

where 17 is the free-stream velocity and the coefficients A;,

Ay, . . . are complex. If the tunnel height is large com-

pared to the size of the body, powers of 1/z greater than 1

may be neglected and

o=Vt 29)
This operation is equivalent to replacing the body by a circle
of which the doublet strength is 2x,; the term .1,/z repre-
sents the disturbance to the free-stream flow. The total
induced velocity at the center of the body due to all the
images is expressed In reference 86 as

A w2

AT=2

23 (30)

where the term A; is the same as the term % MV of

reference 86.
For convenience in tunnel calculations, the expression of
AT may be writien

AV
where = .
=1 <ﬁ) (32)
164
A== c’VI (33)

The factor ¢ depends only on the size of the body and is
easily calculated. The factor A depends on the shape of the
body and is more difficult to ealeculate. For bodies such as
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Rankine ovals and ellipses, simple formulas may be obtained

for calculating A. In the general case, the value of A may

be obtained from the velocity distribution over the body by
A___.

the expression
R TRerc FOR

where » is the velocity at any point on. the airfoil surface and
dy Jdz is the slope of the airfoil surface at any paint of which
the ordinate is ;.

Yy

v .ds _———FPoth of infegratior

v = | z

Figune 67.—Sketch for derlvation of A-factor.

In order to obtain this expression, consider the flow past a
symmetrical body as shown in figure 67. The potential

function for this flow is given by equation (28). Differen-
tiating and multiplying equation (28) by 2z gives
d-i-u=v é—.% . _nAn
d 22 « » . zn
The line integral about a closed curve fc z %’ dz will

depend only on the term —A4,/z and, from the theory of
residues, is given by

dw .
fo 2 dz=—2x14,
but

2 %%7 dz=2 dw
= (z-+y) (do+1 dy)

where ¢ is the potential function and ¢ is the stream func-
tion. On the surface of the body dy=0, so that

dw ]
fo 2 @dz=fc mdda—l—zfc v dé (35)

Since the body is symmetrical, the term z d¢ will have
equal numerical values but opposite signs at corresponding

z d¢ will

vanish. The term y d¢ will have equal values at corre-

points of the upper and lower surfaces, and fc
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sponding points of the upper and lower surfaces, and
fc y d¢ may be replaced by an integration over the uppor

surface; therefore,

fc z %L: dz=2i fy d¢ (counterclockwise direction)

or
dy=—= f‘.’/ d¢

Reversing the path of integration, replacing d¢ by vds, replac-
ing ds by \/ 1 +% dz, and solving for A=1—G;T17 gives

r,ocv\/”( ) (%)

where the integration. is taken from the leading edge to the
trailing edge over the upper surface.

In addition to the error caused by blocking, an error axists
in the measured tunnel velocity because of the interference
effects of the model upon the velocity indicated by the static-
pressure orifices located a few feet upstream of the model
and halfway between floor and ceiling. In order to correct
for this error, an analysis was made of the velocity distribu-
tion along the streamline halfway between the upper and the
lower tunnel walls for Rankine ovals of various sizes and thick-
ness ratios. The analysis showed that the correction could
be expressed, within the range of conventional-airfoil
thickness ratios, as & product of a thickness factor given
by the blocking factor A and a factor £ which depended upon
the size of the model and the distance from the static-pressure
orifices to the midchord point of the model. The correeted
indicated tunnel velocity 177 could then be written

V'=V"(1+A8 (36)
where 177/ is the velocity measured by the static-pressure
orifices. In the Langley two-dimensional low-turbulence
tunnels, the distance from the static-pressure orifices {o the
midchord point of the model is approximately 5.5 feet; the
corresponding value of £ for a 2-foot-chord model is approxi-
mately 0.002.

In order to calculate the effect of the tunnel walls upon the
lift-distribution, a comparison is made of the lift distribution
of a given airfoil in & tunnel and in free air on the basis of
thin-sirfoil theory. It is assumed that the flow conditions
in the tunnel correspond most closely to thosé in free air when
the additional lift in the tunnel and in free air are the same
(reference 87). On this basis the following corrections are
derived (reference 87), in which the primed quantitics refer
to the coefficients measured in the tunnel:

e=[1—2A(c+£&) —dle/ @7
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, . 4ota,,’ '
a=(1+a)a’+ 7777, 7= oa (38)
=128 (e Dlom, (39)

4
In the foregoing equations, the terms (%Zfi,y ooy, and o¢;'f4
are usually negligible for 2-foot-chord models in the Langley
two-dimensional low-turbulence tunnels.

When the effect of the tunnel walls on the pressure distri-
bution over the model is smsll, the wall effect on the dreg is
merely that corresponding to an increase in the tunnel speed.
The correction to the drag coefficient is therefore given by the
following relation:

ca=[1—24(c+5)]e (40)

Similar considerations have been applied to the development
of corrections for the pressure distribution in reference 87.

Equation (40} neglects the blocking due to the wake, such
blocking being small at low to moderate drags. The effect
of a pressure gradient in the tunnel upon loss of total pressure
in the wake is not casily analyzed but is estimated to be smell.
The effect of the pressure gradient upon the drag has there-
fore been disregarded. Yhen the drag is measured by a
balance, the effect of the pressure gradient upon the drag is
directly additive and & correction should be applied. For
large models, especially at high lift coefficients, the effect of
the tunnel walls is to distort the pressure distribution appre-
ciably. Such distortions of the pressure distribution may
cause large changes in the boundery flow end no adequate
corrections to any of the coefficients, particularly the drag,
can be found.

CORRECTION FOR BLOCKING AT HIGH LIFTS

So long as the fiow follows the airfoil surface, the foregoing
relations account for the effects of the tunnel walls with suffi-
cient accuracy. ¥When the flow leaves the surface, the block-
ing increases because of the predominant effect of the wake
upon the free-stream velocity. Since the wake effect. shows
up primarily in the drag, the incresse in blocking would
logically be expressed in terms of the drag. The accurate
measurement of drag under these conditions by means of &
reke is impractical because of spanwise movements of low-
energy air. A method of correcting for increased blocking
at high angles of attack without drag measurements has
therefore been devised for use in the Langley two-dimensional
low-turbulence tunnels.

Readings of the floor and ceiling velocities are taken a few
inches ahead of the quarter-chord point and averaged to
remove the effect of Iift. This average F, which is a measure
of the effective tunnel velocity, is essentially constant in the
low-lift range. The quantity F/F,, where F; is the average
value of F in the low-lift range, however, shows a variation

848107—50——21
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from unity in the high-lift range for any airfoil tested in the
tunnel; this variation indicates a change in blocking at high
lifts. A plot of F/F, against angle of attack «," for a 2-foot-
chord model of the NACA 64,418 airfoil is given in figure 68.
The quantity F/F, is nearly constant for values of & up to
12°; but for values of &, greater than 12°, F/F; increases and
the increase is particularly noticeable at and over the stall.

Lzg

<6 42 -8 -4 a 4 8 2 18 20. 24
Geomefric angle of offack, af, deg

FIGTRE 68.—Addittonal blocking factor af the tunnel walls plotted against angle of attack
for the NACA 64,-418 afrfeil.

A theoretical comparison was made of the blocking factor
Ac and the velocity measured by the floor and ceiling orifices
for a series of Rankine ovals of various sizes and thickness
ratios. The quarter-chord point of each oval was located at
the pivot point, the usual position of an airfoil in the tunnel.
The analysis showed the relation between the blocking factor
Acg and the change in F to be unique for chord lengths up
to 50 inches in that different bodies having the same blecking
factor Ac gave approximately the same value of F. For
chords up to 50-inches, the relationship is

AV F
?=0.45 (F—fo—'1>

where AV/V is the true increment in tunnel velocity due to
blocking. The foregoing relation was adopted to obtain the

correction to the blocking in the range of lifts where % >l1.
: ]

Considerable uncertainty exists regarding the correct
numerical value of the coefficient occurring in equation (41).
If & row of sources, rather than the Rankine ovals used in
the present analysis, is considered to represent the effect of
the wake, the value of the coefficient in equation (41) would
be approximately twice the value used. Fortunately, the
correction amounts to only about 2 percent at maximum lift
for an exireme condition with & 2-foot-chord model. Further
refinement of this correction has thereforenot been attempted.

(41)

COMPARISON WITH EXPERIMENT

A check of the validity of the tunnel-wall corrections has
been made in reference 87, which gives lift and moment
curves for models having various ratios of chord to tunnel
height, uncorrected and corrected for tunmnel-wall effects.
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The general agreement of the corrected curves shows that
the method of correcting the lifts and moments is valid.

A comparison is made in reference 87 between the theoreti-
cal correction factor (equation (40)) and the experimentally
derived corrections of reference 88. The theoretical cor-
rection factors were found to be in good agreement with those
obtained experimentally.

In order to check the validity of the y-factor, a comparison
has been made of lift values obtained from pressure dis-
tributions with those obtained from thé integration of the
floor and ceiling pressures in the tunnel. A comparison for
two airfoils given in figure 69 shows that the two methods of
measuring lift give results that are in good agreement. The
y-factor has also been checked by comparison of the lift
obtained from balance measurements with the integrating-
manometer velues in figure 70.

Finally, a check has been made of the method of correcting
pressure distributions (reference 87) for NACA 6-series air-
foils of two chord lengths at zero angle of attack in figure 71,
in which the pressure coefficients are plotted against chord-
wise position zfe. The agreement between the corrected
pressure distributions for both meodels verifies the method of
making the tunnel-wall corrections.
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Configuration chord Flap span
) ant c) (percent b) .
Model [e] ic cheracteristics R CLpes| Btalling characteristics
Plan view Front view Inboard Outbeard ar, 31, [N or, by, by,
None None [ ....... --=--- | None| None | None | None g.gxlot } g
4.6 L4t
Split 60 10 83 2.6 L72
« 3.6 1.78
4.6 ) L#
2 2.6 194 )
Sections; i: g ;. %
Root: NACA 66(218)-216 - A?r?gummnt il wgrdmmﬂp ses
I ( ‘) - Tip: NACA 66(218)-216 ! 4 3 ¢ + | 26 L97|  fapgnentralend partial-
cemammsmcac s i A= $8 | 35| span flans defecied; no
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. 8plit 60 10 10 87 2.6 2,04
3.8 211
4,5 [} 215 |
20 20 2.6 24
3.6 2, 50
4.6 2.51
v 4 i A © 80 30 - + 2,8 2,43
3.6 .49
4.8 2,52
Fowler Fowler 0 80 30 53 37 21X100 | 1,15
' 2.8 1.29
8.8 - 1,27
" 30 21 ‘229
Seotions:
Root: WACA 68(215)-136 29 2.44 | With flaps nentral, satis
x : TP NACK togho o RE | 2] i i fabs 2
xA:g'so 85 d %‘1’ %28 stall envelops entire
Geametric washout, 1,5° 34 | 2u wing
+ & B0 30 4 + 31 3.13 |
2.9 8,31
3.4 3.29
Seadmu&' I ’ R o . . )
.. Root; NACA 8s(315)-D10 Nong' . Nano q ............ AUON [ I N 3.0100 | 1.18
- Tip: NACA 85(315)-015 5.1 1,57 { ADrupt stall with satls-
m <> AS73 7.4 L4g| Molery Drogresian to-
A=0,25 P8
Geametrie waghout; 3.6°
Beotions:
Root; NACA 65(319)-019 - None b - I POV NS AN SRR IR RN 8.8X10¢ [ L17
s Tip: NACA 85(318)-015 [ Y 1.31 Unsatistacto stall; a
v ;‘:67,%6 7.3 L34 strong outflow resulted
Geometrig washout, 4,0° in sovere wp stall
Swee‘%“back of 0.25 chord lins
21
- —
Bactlons; Plain None 0 {oeeee. % |onennes 0 |- 3.2%108 | 1.40
Root:oNACAM(ﬁﬂ-(l 8)(15.5), [ J J' P] g } :g
aw=|). . .
Tip: NACA 08(ZB)-(18)12, Abrupt atall with satls-
v @ S S —— S a=0.8 0 |....... : 3.3 2.10 | [fatory progremslon to
Am552 5.3 219 L
Am=(.48 5.8 221
Geometric washont, 2.5° 7.0 2.3
0 Ll
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Baotions;
GR‘?Ot N'Ii%cAA&g‘ 2(:}21;418 Nans Nana 4,0%108 | 1,47
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slotted 4.1 o], 42
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gm0 -1 T [OuStN D N NN R R e 8.1 3,19
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Am0,50 ' )
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4,1 a2,06
4,8 2,08
» Propallers windmilling,
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Tasre IL—MAXIMUM LIFT AND STALLING CHARACTERISTICS OF MODELS TESTED 1 J_THE CA 19-FOOT PRESSURE TUNNEL~—Concluded

yce

Configuration » chord Flap span
e deg) | (percent percent b
Model a rie characteristics (deg 2| ¢ ) R Cr...| Stulling characteristioy
Plan view Front view Inboard Qutboard 3, 3, o3 e, by, by,
Nona Nons [EPORRVINII FENUVRPIVIION (RSN N AN g éxm- }g}_
53 L8
8plit 60 20 a5 2.4 1.76
3.8 1.80
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= Roots: NAOA 63(315)-016 | Extensible & j 25 72
xIo ~——— il —== | Tip: NACA 68(215)-016 tralling edge v O I I mntnay IR I et Fe] L &8
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A=0, 68 R . e
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! | o 68 ' | am
Exst];ea:able None 0 |oeemnn- - J [T P 3,610 123 '
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" A i 2. 1
! 8ol : I U R 3 3s | 21"(1)%
: : . 5.9 2.17
. !
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! . Roat: NAOA 2%15.6 : 56 1.60 | Very abruptstall,leftwing
XV %:Z@:V :1}25 NACA 23009 Db stall otk wink
Am=0.52 &% : 84 248 . all couditions
: t -} Geometric washout, 0,0 _ i ' TR oo - 5.6 | '
Extenslble None 0 heemnan 2 [+ I P 8,0X410% } 1,84
slotted z (1’ } g
Seotioms: . * Extremely abrupt stdll,
VI Root: NACA 68,2-118 . 38 2.9 2.01 left wl.nyg atalls firat for
}‘im& ZSTACA 66(2x15)-116 manisiaiel B N el I T R 20 2,15 ‘t‘l:e extonsible tglrostﬁ?&
Qeome’rio washout, 2.0° :' g . g" % ﬂag' P
split 45 : - 4.9 »1,08
Sections: : '
Rc:n.'nt:J s NAGCA 65 (218)-214, .
G| .
xv e | TEgCAmmom | g | peme | 309 e e e e
- aw(}, L) slof g
Py ! ol A - A A A A I R O+
A=0.45 . . , d
. Geometrle washont, 1.0° '
0.2 chord Hne stralght
3 ! . 1 i I l
n Bections: .
Rnoto " NACA 88 (218)-215, :
[-4.]
Tip: NACA 68(218)-215, Dionhle Donble 0 0 2% 25 63 31 3,6X108 | 1,37
Xyl A am05 slotted 56 1 i 31 2,44 | Batisteotory
© A=a0 S i A F - I , I 27
Geometric washoot, 1.0° : i
N —0.10 chord line straight | K
i i | i A
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Bectlons: I
Rmtb! NACA 85(216
A=),
Tip: N A B5(216) 25 8. 6104 Unutlsfnol:ar{ ere Lip
I s =0, tted 3.1 atal for s’ conditiona
XX #%0:%& NO.L moiwq T ;'& .I, l 2.8 except (oll-span flap
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1.1 chord line utralgi:t
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Root: NAOCA 85(210)-2L5,
ami),
Tip: NACA 65(316)-215, Double Doubla 0 0 25 28 a5 5. 5108
XX ey -, slotted slotted B | L l l l 4] Satismolory
A-OOiOB 3 4 4 b 5.5
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9 18
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XXI Tlg' .NAOA.M 15)"116 :-:g }.:N Satlafastory
w0, 85
Geo strio washout, 3, 8° (RPN I IR S 8,0 1,00
e e striight 43 3:81
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Bt Root; NACA 06,3118
None NONE  |ccccnce]|-rcemen]|enmmme]|omeens J S 4,1%10¢
’I‘lp NACA bachait)-118 reeman e
XXII . Batiafmotory
)\-0 8
Geometrlo washont, 2, 5° Bplie |+ | 40 e L -] b0 4.1
0.875 chord line atraight
Bections: Naone NG |occecec|omarmec]|earmarefrmaaaan]racanns 2,8%10¢ |° 1,88
Root; NAQA 64,2-118 1 1.87
- alp' AOA. 68(3x14)-116 4.9 Ll
XX Py split B T - 50 2,9 153 | BatisfRotory
Geometric washont, 2 4,1 1,00
0,376 chord line uwept for- 6,0 2,02
ward 8, 5°
Beo
Root. NAC!A 2-118 Nona DL B N e ot REELE (Iehen n:gxmu i%
XXIV A% B8 5.0 1,88 | gatiatmatory
7
Geomatrlo washont, 3, §° L2 O S B e 2 bo 2'2 } g
0.375 chord line straight B: 1 20
Beotlons;
ROOK. NACA 5(228)-221, Fowler None 18 58 l 5)(10' {:%;
W 1.3
'I‘lp Xaca g(a1n)~318, 2 7| Poor, Initinl stall ecours
Xxv =0,8 1,4 2,91 tips
AriLs Ly | 2%
Geametria washont, 0,0° a7 .30
*» Pillets removed,
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K 2k A



2.0

SUMAIARY OF AIRFOIL DATA

1.6

\
1.2
v \
#)
8 \
NACA 0010
4
-——’-——)
]
a
/.6
'\
1.2 \\
\
vy -
?’) ~J
8
NACA 00/2 J _
4
T — | -
] ——

1.

NACA

o0a/5

1.a

NACA 0010 BASIC THICKNESS FORM

£ ¥ 1
(pereent ¢) (parcent c} V) v AnlV
0 0 4] [} 13732
. N S _— T2 8t 1618
125 1. 578 1.041 1.030 1.255
2.5 1178 1237 L112 . 955
5.0 2.962 1.325 1151 .690
7.5 3.500 1341 1158 .559
10 3.902 1.341 1.168 479
15 4_455 L.341 L 158 .380
20 4.'782 1.329 L1538 .318
25 4,952 L3089 LI 273
30 5.002 1.234 1.133 .39
40 4.837 1.7 1Lil12 . 188
L) 4.4123 1.100 1,001 .150
60 8.803 1.138 1087 119
70 3.053 1.094 L0466 (04
80 2.187 1040 L020 080
] 1.207 .960 . %80 046
95 .672 925 .962 030
100 .105 [
L. E. radius: 1.10 percent ¢
NACA 0012 BASIC THICENESS FORM
z ¥ - .
(percentc) | (percent c} @ o1 ard1
1] 1] a 0 1.988
- S U — -640 . 800 1. 475
1.25 1.894 L@ 1. 005 1199
25 2 615 L.241 L1114 834
5.0 3. 555 L8i8 1174 .685
7.5 4.200 L402 LIS .558
10 4683 1411 1188 &0
15 5345 L 411 L IS8 . 381
20 5.733 1.3% 1183 .319
25 5.941 138 1.174 .73
30 6. 002 1.350 11682 ?
40 5. 803 1.288 1.135 187
50 5.294 1228 1.108 .149
60 4,563 1.186 1.0%0 -118
0 3.664 L1099 L053 002
80 2628 L1044 Lg22 . 068
90 L 448 958 .F8 044
95 .807 . 906 .952 .029
100 .126 a a []
L. E. radius: 1.58 percent ¢
NACA 0015 BASIC THICKNESS FORM
z ¥ - »
(percent c) (percent ¢) LA L ardV
¢ [} ¢
2 T S — 546 .70 1.312
1.25 2 387 033 . 068 112
2.5 3.20% 1.237 1.112 . 900
5.0 4,443 L4350 1.204 . 675
7.8 5.250 1. 468 L22¢ .&857
10 5853 1820 L233 478
15 6. 682 1520 1233 .38t
2 7.172 1510 1L.229 320
25 7.427 L 484 1.218 274
30 7.502 L 450 1204 .19
40 7.254 1.369 L1170 .185
&5 6.617 L3729 1.131 146
60 5704 1. 206 1038 115
0 4 580 1182 1.068¢ . 090
a0 3279 Lo49 1024 .085
] L.810 . G435 22 041
95 L 008 B ] .934 027
100 .18 0 0

L. E. madius: 2.48 percents

3

9
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NACA 0018 BASIC THICENESS FORM

Ard1”

1342

o

HYBRRRRYZREE38ES

LR B I R I B e s I -

(/12

CPEREEERRERS

ex
2588
0 P I (VL N L P I O T

o

(perognt ¢)

S88832238235¥85R]
o tdvddrduddogrd el *

z
{percent ¢)

5%505

° HedENgRess8REess

L. E. radins: 3.58 percent ¢

NAQA 0021 BASIC TEICKNESS FORM

Argf V"

1. 167

1005
30
818
648
850
478
8L
320
Fi]
38
183
142
1i1
084
61
w7
on

B4BIRCANARINARSRE

oV

BRUZEEBNBERAZRREZ
R e L L T T 1o P I PR P =Y

vy

¥
(percent ¢)
0

3.315
4,576
2
350
106
. 354
10. 040
10.397
10. 504
10. 158
$. 285
086
412
591
534
412
221

z
(percent ¢)

6%6 L]

o Hlers9RR8ksBRERSS

L. E. radius: 4.85 percent ¢

NACA 0024 BABIC THICKNESS FORM

ArsfV

L4

7

8

1 et v vt vt o] o v v o et el

CA

EEEFEEEER IR

=~ vl el v vt e el v ] ke et

mmmm

[
(percent ¢)

BYB832RE25EE

o lddrdag

el =t md

EEEER

LS Gt

z

(percent ¢)

5%506

e Heidr gegreasseRss

L. E. radlus: 6.38 percent ¢

A A \\\\ )

[ [ /[ / i I\,

I/ J1 / / / |

/ [ i / .

/ S0 / W

A g | 4

/ i / |

/ /

A | ( |
~—l N N P

N 2 Yy o« o ] ¥ ® A ] Y @ ¥ N
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STMMARY OF ATRFOIL DATA

NACA 16-006 BASIC THICKNESS FORM

Ardf V"

SRERaCaRAnERIR

(=]

L

REEREE R

[~ T PO PAPEPT-PL P P P P PR PR P I

=172

B2E3ETORANIRIRG

oA - ‘o

¥
(percent c}

_38goREgRksnegEE

mirdrlcdeleiodeedcdad = °

x

{percent c}

”505

ordEr o RRIRSRBRRS

L. E.radfus: 0.176 percent ¢

NACA 16000 BASIC THICENESS FORM

s | FmsevsEzanaes
s SBSEEE2R85E8EN2
Ol ddndddddiddg ‘e
N BRERRLSRANRELR
B | odddddAdadddddd ‘e

4

'(pereent e}

ERPREERR R

S "rinciticde At

I
(percent ¢)

%505

oHddrgnRRRBERIRSE

L. E. radius: 0.396 percent ¢

NACA 16-012 BASIC THICEKNESS FORM

Arg! V"

o

@y

¥
(percent c}

RERE5825884R3a38
el *

EREL UL RN 2

z
(percent c}

ﬁl-o:u

orddrgnIRIRBRBSRS

L. E.radlus: 0.703 pereent ¢

LO

a0

L1711 T 11
/ / / il
[ 1
! | ]
M : |
/ |
\ , |
\ \_|
2 i R * 2 Y R N R N % %

x/c
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120 - a
NACA 16-015 BABIC THICKNESS FORM
16 F3 s N v
(percent c) (percent c} V) oV ard
— I 0 0 a .041
— 1.26 1.615 . 956 .78 1209
1 N a5 2,287 L105 1,05 Xit]
12 ] 4 N 5.8 8,137 1.200 1,005 . 603
- 7.5 3.700 123§ 1113 5T
10 4,322 1.256 1121 L7l
e \ 15 5.168 1778 1130 3w
V) - 3 2 550 1207 L130 1318
30 &772 1.327 Lis2 t245
ip 7.318 L340 1161 17
50 7. 500 1,364 1163 L161
8 60 7.903 1.37% 1172 131
70 6. 587 1.348 L16t .103
g |-gE | im | ik | o=
NACA 16-015 = 95 1763 875 . 635 028
10 .50 0
-4 L. E. radius: 1,100 percent ¢
—~— | —"1
o :
NACA 16-018 BASIC THICKNESS FORA{
16 z ’
(péardent ¢} (percent ¢} Choy " Ardv
0 0 o 0 1704
el AN AN B - R
L€ -y 8764 La7 1108 .88y
\ 7.5 4,548 1471 1.128 541
10 5188 1.302 111 168
e —N 15 8.202 1.332 L5t -378
(—} 20 8. 900 1.357 1,165 .318
17 % a128 1.300 1183 248
o 8782 1.42% L1894 108
8 50 9. 000 1447 1.208 162
. ) 8762 1452 {208 18
~70 7.904 1,421 1102 ]
. - . 80 6.298 1.300 1. 143 o2
NACA 16-018 90 8. 776 1.051 1.02% 042
: o 2122 . 837 .015 T}
. 100 .180 ) 0
4 —
/r/""" : \\ L. E. radius: 1.584 percent ¢
\\ //
17 ,
NACA 10-021 BASIC THICKNESS FORM
X -
x ¥ »
4// ) \ . (percent ¢) | (percent ¢) /vy oV argV
B \ -
\ ¢ 0 0 o 1,574
L2 2 261 .826 . 909 1. 069
12 - 2.5 3159 1,062 1081 LE28
" 5.0 4301 L2 1. 105 L6510
. 7.5 5.300 1,205 1,138 B
L h 10 6.030 1.342 L1509 463
V) 15 7.236 1.301 1179 g
- 20 816 L 419 1,181 a7
3 9. 450 1.474 1214 L2145
8 -40 10.246 1.£08 1,227 .108
5 10, 500 1.538 1,239 L1602
% E¥ L o i
NACA 16-02t 8 7,348 L 361 1,166 N
. 20 4405 1639 1.019 .04l
. 95 2,476 .80l .505 -]
4 100 .210 0
/ L. E. radius: 2.1568 percent ¢
\ %/ - i
17 v A4 & 8 L0 -

xfe
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SUMMARY OF AIRFOIL DATA

S | 2%aLaE9GARARREATANAERTEY S | 92naesRIRNRRARESAgRRERY 3 | eesneendnianRsnesaaannzy
o | & _ERRESER IR REEEEE R | & | Z8BARSCLEUEEREELZBRSEREIY o BN =t 3: 3 R RE LR EE PR R R
m ~ R e e e P e . e m o HedAAAd R A H o ‘Hudeidd A e it
m E | 3888:9%e32aaRsoRANELERY B & | £8BI8Y3RBRIRISEASLI88855 Bl & | pusessqussRsnansasensusgy
m E B R e e T e e L T F B m B | o 'WAARAAHARAAAARAAdAA m B | o 'ddAAdAARAdAdAd S
W.. RE: .| @ .
| B! zessuzsssssressunisssysy | M 3 _§BRNgRSRESISELRERIEILAnY g m 3 | es=@sesssnvesssensusseEs | &
M_ ,W oAnddsVddddodadodurdddedadd ‘o m. w v .LLL&ZlZl&zzzzzLLLL t e M nAu_" o g "HedddEd i il dd ‘o m
3 _ o 3| i = S
| 7l b 2 R e ) 4
] ulffwcn M | a.n% n .m B wR8n = M
48 | o ‘HediigngraReYR BB BRRRASEE | M 88 | o' HduNg I3RS RYRRB2RRERERE | M HE | © " HciergaRARSSYREBBRERRERE | M
& L & d : 4
A / / )
B \\\ / / .
G T i I
o/ g 1l Vi a il
T \ /= 3 ST 8 M m Q
VAT R R _ /
A/ s TR T W\m N ¥
Ly \ § 3 M.: ,.W 3 g M 3 ¥
/- H il L
NN e I
LY \ [/ | A ,,_
NS\ u\\ IS
S ¢ ¥ = v v oUwooyow o T Y v Y e
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L0~ = : : s= . NACA 8010 BASIC TIICENESS FORM
. : s ¥ (el gy
I S —WL — {percent ¢) {percent ¢)
0 0 0 0
e - o i T %5 1. Ood g 5
,-1-6 =10 fper surface) .| L 1.%75 1.037 1018
g || i
- 75 2960 Lom 1.108
o. C/r" '\Jl\ 10 2,362 1.245 1118
1.24—22 a 15 2.004 L270 1%
f S P g 1 i3
" /‘*---*’0 fower surface] - k7 4938 1.302 LUl
i “F—F g | ik | B | ik
I . .
N % L L3 ity
8 5 4,140 1.108 1.002
] 3716 1154 1,074
» - 3T 1ot 1080
NACA 63-010 76 2168 - 1.025 1.012
80 1.818 o 930
85 1088 85 L0487
4 @ . 604 .58 Loi8
: 10 e ] R
o T t— .. .
] P—
T L. E. radlus: 0.770 percont ¢
g
NACA 63012 BASIC THICENESS FORM
. .
: - B ] v . -
(percent c} {pereent ¢) vy Hv
1.6 ) 0 0
g <, =./4 (upper surface) A 1 985 T80 . 866
|| & B
P e B SN 28 2102 1120 1.063
o T gy 5 2025 127 113
vl ™~ A5 3542 L 281 1123
74 3 19 4,030 L2t 1138
[ e N : B | fm oo | In
(2 . / .14 flower surface) §\ . g ﬂ:‘,g i:% %: i%
" TN & | iE | g | M
8 I 45 5704 1. 817 Ll
: 50 K3 L8 1.130
55 4, 1.29 1. 109
2 | @ || i
NACA 63,~012 -m 3.210 1.078 L0%7
75 2. 556 1023 Lot
S0 1902 L969 L054
A 85 Lo Lo %
- i B OB | B
| 100 0 el .8%9
/ .
D ’ﬁ L. E. radfus: 1.087 percent ¢
o L
NACA 63:-0156 BASIC THICKNESS FORM
1 . T - :
=22 surface, . - % ¥ -
/6 ety lupper ) (percent ¢) (pereent c) @y ot
/ o ) 0
/V—_\\\J\ - .8 1.20¢ . 800 178
e <] N 1462 .822 07
a T~ \ :L25 188 -638 969
\ <Al 2610 1. 105 1.031
12 pd N 5 3618 1.244 1.116
2z RS go | ot | ME | b
o / “~22 (lower surfoce \\ 1 6.0t i. s }. ;gg
(V) ~ o5 7.158 1. 187 L211
‘ 30 7.421 1.481 1.217
35 7,500 1.476 1.214
8 40 7,39 1.416 1.202
45 7.000 L.401 1184
% & 108 138 I 139
NACA B3,-0/5 80 5.458 1920 L.108
: 65 72 1. 155 1078 n
70 8,934 1.08 L.02 .05
4 . 75 3.119 1019 1,000 078
. 80 2310 .053 o] -063
Lt — | 85 1541 L8014 916 . .051
—_— % .52 839 914 0]
B ;0 78 X .028
b~ L
L. E. radlus: 1.504 percent ¢
o 4 4 B & g
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NACA 63,018 BASIC THICENESS FORM

3 | ERAZseIRARRNEnYanEananey s | sesEausunRaRRanentEaeulsy 7 | EEgesEes e
. | EESENERNRLRALNAA02IREEAS = & | FEg8N=IRASIkARERaEESEsY o | & | 3gegdascasssneeciadnisag
IR N R S N R EC SR L PR B PR m L = LLL1111L11L111L1 H ANCICHE (A TN N K S P L IO B e [
a G
E 2
Ny gmmmmmummnmmmmummmwmmmman o £ mmmmwmmmmmmmmnwmmmmm gREE s & mmmmmmmmmmummmmmm SBEEIER
m.\ LI U N P PO il R R R PR P P = E [ PR TP R PR TR P D P R ' 4 8 [P PP PO U P P B PO O B
L1} m— © m
3 g 8 < Bl 3l =
-j | grszEsEssszeiasnesiaskay m ¢| 5| gyhbmssIsuggmgmesgssguns R | 2| WF | S964S99EYNa0RGACINNsNSs
oddddddruudsdd R rdddrdd T o | g by ,W oridadisdi &1mmmooo&7&5¢_& ~ g | 3 0L11za4_4_.m&¢7177&&¢4_4&1.._ o
a0 g p 2
o] en | 3l e ]| 3] enge
m o' 'HuwrgugaRBQYRREBRRFREES u_ :m AelergngaReaYBBEBRIEERSRS m sm o' 'HddrougapuaIlRRBRRRRRRS

L. E. radius: 1.86 percent ¢

L8

|
T

SUMAMARY OF AIRFOIL DATA

N
N\

\\

.//

\&
N
——

/ .

28 {u:oper surface)
N\

20 fupper swrface)

)

D\
N
N
N\

T

N

.4

\\
N
N
N

MNACA 64,2-0/5

NACA 63,-021
"\\
=

NACA 63,-0/8

|

T

Le, =.32 fupper surfacs)

20 flower surface) \
N

[

/

\\\\
32 fower surioce)

~

-

™N
LN
N
~N
~1~.38 fower surface)

| o~
/
75
/
/
7
N

2.0

:
//

/
N

of
/f
[
/

/
”ﬁ
B
[
/

|

!.6
1.2
8
4
0

%
z

ale
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NACA 84-006 BASIC THICENESS FORM

20

&e

3 HERILERY33RREERIIR28AES: S | SR2ERBRRSARRERIT8SRREREE % | BBECREERYRRERURRIRRAURETE
~oi U M QXLI...... ey ML Wkl * et e e RN R ey
(=} o]
3 EREEE SRS RIR R R E R ol IS R P e R R R ol I~ umwmmmm:am BRZEEC28S8EHES
PN or i i e S e e | a a PR o B e JR MO R B e B ot B SRS R 4 T et T o ot o o o ot ] 2 2 ol .
b &
4 bef
9 : 1<
- =g = =~ ] 3 & - L]
g g2282R33833-FINBRINBESE =1 g EECEREREE R ERERREE R HIS] B2 BEEZE2RARTRR]ISUIICRERREY
Ele A I S M I i ] = 6 "l A i el et ad - Q Ky P YRRt 1 B B M DR
< <
© m w 2] i
= 8 = ] . ’ b1
3| 2833a3WseRemgcessseueRes |k i _sRgasezEaages E 3| 3| ensamsssmencesas :
-5 | ZERIFBNRERSHIILEARRIRETE G| -3 | CERS8CRCBUSGEERIESRNCRER (x| 3| .f | RENESIUINRCCERERSEEEREAR | g
5 | = “rledeldoioicleladedcicieicted nid s - ) o /W ‘N E kel dmedela Al T e ﬂ M o' Lilll&‘.l.l_l.l_t:o-o&z&l_l e m
5 al P ] < & 3
w o -4 o
< = < 2 o] 2
JE| _R8ace E WP | _eRRace g % | _oBfnae 2
g | o H<rangRlnevsaseResesss | W NE | o HedrgaRIaRIYREASBRRRESS | M | me < RSEoRRRRSYSENBBRRREESE | o
_. ) . . g LM : ; N A . et _L. | @ 5
. I
_ !
/ / / ;
I /I | _ )
\q —
S g w g
5 _ g 5
; _ a 3
4 ' Q ' 2] o
RS 1 R gL ]S |
SIS —3 S 5 ) S S 3
Y ¢ 3 SN E 3 | /| 3
i S S > L ¢ 3 s
bl ;
il LS NS
T o ! N + Q
MRS , i b g
/ .- /
? gr‘ R
% Y E K ° N Q N 3 Y ® X °
~ - ..\-...}l
& HE =
e
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NACA 64010 BASIC THICENESS FORM

x ¥ 4
(percent ¢) {percent ¢) @y ¥ anv
0 0 0 o 2.815
.5 820 N 918 L817
15 1989 Zga2 ~081 1.585
oy .05 (ppar s AN SN SR
» Lol | iE | m | o8
[ 10 3221 L2271 1106 1180
2, N 15 3842 L 245 L 116 ]
S N N N N
/ ~~08 flower surfoceg 20 4,884 1236 1134 Eﬂ
35 €980 L.295 L138 t220
0 £g3g 1.300 L1 1m0
15 L84 Lo LI31 1
50 4530 L241 L1l s
85 4288 1.201 L0 139
80 3,890 1181 Lo 2
s | pe | B | B | =
NACA 64-0/0 75 2.281 L 038 Lais “081
80 722 R -9%5 ~060
85 LI t94t o L057
%0 ~671 2900 L940 :
% 1218 1850 822 .
10 0 2505 “aer 0
1]
S —— sy L. E. radius: 0.720 percent ¢
NACA 64,012 BASIO THICKNESS FORM
z Y -
(percent ¢) (percent ¢) @/vy &V anfV
%5 % o8 ® 70 ® se I
. - . - L
|| T feper surficd Bl | & | o | i
1
B AN N A B B
— SN G| | | oo B
- \ N -
Z 15 £620 1296 1139 ~358
Y2 flowsr surface) N 20 5173 13X L143 3z
25 556 L33 115 (281
30 5844 L35 L1682 247
35 5978 L3 1167 w1
10 5081 L372 L7 1%
a 4 5.79% 1.335 L158 arr
50 5.450 L20 1136 158
55 5. 056 1243 L1 1128
80 458 L1c5 Lo T3
NACA G4,-0I2 = 85 8.974 L1 1.070 .103
0 3.350 1091 L0t :
75 2,695 L8 o8 “o7s
0 2029 “gs1 ~900 ‘o83
85 1.362 o L0638 L082
[ —— - - - -
\> 100 0 . .80 0
k]
]
| L. E. radius: 1.040 percent ¢
NACA 64015 BASIO THICKNESS FORM
z ¥ r
(percent, ¢) (percent ¢) V) oY ArfvY
| .-€ =E2 fupper surfacs} 0 0 ) 0 1639
— TS s Lo | m | ow | oim
- - « O
4 RN N 125 1.813 : e 1.188
/ ] NN 25 2,528 118 1055 -916
N 5.0 3.504 L2l L 109 L670
/< \\ 7.5 4240 1284 LIsE -559
22 flower surfoce} N 10 482 L L150 m
/] N 15 5785 L3 L1172 2380
N 20 5.480 L41g L 187 1326
25 5.985 1434 L1 “om5
AN 30 7.219 Lasd L6 ‘250
N 35 7 L470 213 ‘=5
N 10 7.473 1438 L218 ‘202
- 7.2 1428 L 1% i
% §3% L3% Li% i3
NACA 64,-015 60 5620 1233 L 110 1
6 €505 L1687 1.030 1105
70 £133 101 1019 -080
N B S B
{ » 307 . -
— | 85 1617 o -850 ‘g5t
] 0 .50 B4 017 L041
] g5 ‘a8 s ‘836 Lot
| 100 0 “730 -85
]
2 £ = 6 8 1.0 L. E. radius: 1.590 percent ¢
e
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NACA 61-0t8 BASIC THICKNESS FORM

s | senssessnmRNeustusanny | | | | Susdnavensnauniazaaceses T | 2E35RzTanRaRAnEasanaEsy
< i o < 11.1_1 "
2
2 3 .
-3 .D w5 - Y -~ Oy e 1~ 3 0 i of » ne u.un.ul.
L | _BESBAASRRRARIRE=NaEIRasaE o | & | BREEIZSRRERELRNGIEICERASE w | 5 | EBSEBEEENSRSRARADSSERZERS
o et et v v et vt ol vd vt g vl ] vy v ] i %] v yod e vt ol vt el ot 94 v vl vl il d o (3] e T T e e e e e e T e P T
zZ Z
[Z]
6 2
a2 5 & v " L i OO WD Omer
& | ssgezsgessugsssanasugnyss AR — S| & | sasEzemnsssesssesazscasme
W = T LLILLII[ILLLLLLLL ..... ﬂ w F— SRS [P0 Y. RS- UG- . . R . P A - R O m ) AT O FEE-JNL. (N R R PN R OO .
< . 4
m i u
N = g™ — |3
m w m M m Qb “ [ ot ...7 D= I m M“- m Ht:a.(.o [=] m
~f | SSERECRIRERCAZNIRRIEEEA] | g =% | SBEIESR8ERRYYBSERARIRRRS | g | 8| -5 | RIRREILTPRIIRABEISICERGYR | &
« g ] S I S T e an s
] orridevdddrdddddd S dmed-ia ‘o m 3] 5 011234.&6&99NNMN9&7564311 = - -t 5 Ol IFdSN NN RS S~ © ‘o m
3 8151 8 g1 gl ¢ 5
- .m _ m 4 '!.ll\.w,l. m
:m 57%505 .m zm wR8wawn M Im OEHWMM” cegnees M
' HedrasRRgsesBesrRRRRERyg | 5| o dedrgugrsnsasssseesgasy | M £ ARRARRIRIBIZIRRBRNEG A
) - 5y i & - . L. % . Ca e . e
N
7 TTT T
7 | imlE I
i L
,m \\ \% o 1 7 2 . .
IS 4 :
X ¢
; / [\ 1 / [\
@ 7 \ / 8 N | & 7
S < § %
Y7 \ | LA TRy ¢ 11\
< 4 s © n, ;\ & ; o 7 ﬂ L)
A7 IER-N iz EREENENMY/Z4) IR
i |/ m N -/ S by A ! /| 3 %
4 \ © \ /Y ..M S m -
‘ : 3 AN/ } S
{—+ ¢ 3 - b 3 — y g v
\ 4 |3 N A W\ | “
/ M./.u i i < =
NN NHEERENERE
i _ - .._r &
// N/ "/ //P/ / N i / / \
N | /m//
nn./_u. m M_.. % X m w ) A Q m .nM_ X \ QO
RS R N




SUMMARY OF AIRFOIL DATA

NACA 653-018

zo
RN :'—‘k ;=2 kpper surface)
1 N
(o %/ \
8 \
J[ NACA 65.2-023 S~
| T
V/ - — // —
L6 \‘—-—“‘z=-32 f’u;per' Swfal'-e)
|EBE SR\
A A AT NN
vie / --232 flower surface] \x
¥ \
A/

4
/ \\
’\\\
[
\‘ ://
a
L&
j_,.-e,:.ﬂl {upper surfoce)
e = 4}\
ot F | =0/ fower sur-face)\\
® <~
8
NACA 65-006
4 2
a 2 £ .5 8 127

NACA 652-023 BASIC THICENESS FORM

x r " r
(percent c) (percent c) @ L andf¥
0 Q a Q 1,414
.5 1664 . 400 .632 - L1481
75 1040 .500 LT07 - 1.084
L25 2.628 .682 .826 967
265 3715 3 Rt .81
&0 5.300 1232 L110 .833
7.5 6. 478 L 375 LI 530
10 7.433 L 467 L.211 479
15 8.889 1.5:7 1.256 .380
x Q.917 1. 628 1.2:8 .324
25 10. 648 1. 6556 1 286 . 281
0 IL 142 1677 L2905 . 247
35 11. 423 1.604 1.302 .220
40 11. 499 L8 137 . 198
45 1L. 361 L716 1310 .178
50 10. 949 L712 L.308 161
55 10.179 1606 1.267 . 147
60 - 4.108 1428 1.195 .110
85 7.848 LI 1.129 -030
7 6. 481 1.135 1.068 .053
75 5.015 1008 1.001 .0%0
80 3.818 833 045 .03
85 2345 .88 .896 035
20 1.258 732 358 .
a5 . 430 .682 .828 .018
100 a .631 807 Q
L. E. radius: 2.055 percent ¢
NACA 65 3-018 BASIC THICENESS FORM
z ¥
{percent ¢) (percent ¢} @ v ArddV
1] [\ a ¢ 1. 760
.5 L3224 . 650 -808 L3387
.75 L 599 750 .385 1.288
L25 2004 872 034 L1068
2.5 5.7 1.020 1.210 .80
5.0 3.831 1.179 L 086 677
7.5 4. 701 283 LE2¢ 568
1¢ 5.42¢ 1.330 L 149 489
15 6568 1.393 1.180 305
0 7.434 1. 43¢ L 200 334
F-3 8.083 1.473 L 214 .292
30 8.588 1502 1.226 <260
35 8.868 1526 1238 -232
40 8.990 L6 1243 209
45 8.918 1. 562 1250 156
& & 53 L1513 1.230 . 165
3 8.045 1.433 L 197 . 142
€0 7317 L3S 1161 18
65 6.450 1.258 1122 107
0 5.456 1.189 1081 .03
75 4. 156 LO79 1. 039 .080
&0 3.390 .932 . 908 .068
5 2.325 - 905 .951 .054
00 1324 .818 04 .00
o 482 . 738 R ] .02¢
100 0 .658 811 Q
L. E. radius: 1.92 percent ¢
NACA 650068 BASIC THICENESS FORM
ol 4 @ L'l argv
(percent c) (percent ¢}
a 2] 0 a 4.815
.5 .478 Lo 1022 2.110
-7 874 1055 L027 1780
L25 L7 1.063 L8l L3%
25 - 955 1. G31 L (40 -005
5.0 L3l 1L 100 L9 .695
7.5 1.589 L1I2 1. 055 .50
10 1.824 1120 1.0%8 474
15 2.197 1134 1085 .38L
20 2.482 1143 L 049 .32
25 2.897 1140 1072 .281
30 2.852 L1 156 L0735 247
35 2 952 1159 LG <220
40 2.908 1.163 Lo 188
45 2083 1.168 L1080 138
50 2.000 1165 L0 . 160
5 2.741 L 145 L0 .14
60 2.518 L1124 1.0¢0 .18
- 68 2248 L 100 1.040 114
0 1. 935 L0738 1136 ]
75 L.504 LOoH 1022 .086
80 L.233 1.013 1006 0rs
85 . 865 .981 .00 .060
0 .510 044 o2 .06
o5 . 185 02 . 950 031
100 .858 928

L. E. radius: 0.240 percent ¢
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SUMMARY OF AIRFOIL DATA

NACA 85012 BASIC THICENESS FORM

5 | 3R9RURETRINANANRNFATHINY m mmmmmmwﬁ%mﬂmm InBgceags 5 L ELEERCEEER REEEELE LA
. | _HEEsesssauzansasigeRsndag % | . | GemEgiEsnassaskcesngEssGd | | o) o | RESSERNIRNARRGRANASNaNEC
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NACA 65021 BASIC THICENESS FORM

20
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SUMMARY OF AIRFOIL DATA

20 NACA 86,2-018 BASIC THICEKNESS FORM
- T -
(percent ¢} (percent ¢} e L ArdV
_.-Gn-22 fpper surface) 0 0 0 0 1659
18 z .5 L438 . 590 768 1.317
.5 1.730 JTH0 - 860 1.209
s b .25 2.1%0 T -958 1.001
| \\ 5 2.038 1.084 1.041 .987
N 5.0 3.084 L217 1.103 .66y
— \ 7.5 L8 1.985 L134 5
| \ 10 5.436 1.325 1181 -460
12 -~ N 15 6. 841 L3738 L172 370
7T \ . 2 | ome | e | G| =
~ - -
vt / 2 ﬂower ﬂﬂ'foce) 80 8.410 1.440 1.200 951
A 3% 8.7l 1.456 1.207 224
V) 40 8.3 1.468 L2 .01
45 8.998 1.478 1216 181
&0 2934 1.488 1.220 162
8 55 8719 1497 1224 146
€0 8.316 Lxa 1226 134
% 6657 T3 i o5
NACA 66,2-018 5 585 . 1185 L0853 o8
0 4,296 1050 L0629 .06t
35 3.027 .36 L0867 052
— —— 100 o md m o
/ \
\ /: L. E. radlus: 2.30 percent ¢
, \\L | .
NACA 66-008 BASIC THICKNESS FORM
z y 1y st
(percent c) (percent ¢}
L6 0 0 0 0
.5 461 1.052 1.026
.75 554 1.057 L.(028
1.25 .63 1.062 1031
Lo g oqmo | imo| e
- - 25%
.- fepper ace] 7.5 L2 Log8 Lo8
L2 7 i i 10 1.752 LI07 1052
22 A 2| i | o | om
( l)z 01 flower surface) \\ 25 2.618 1133 1084
v ~J 30 2% 1138 1.067
35 2.80¢ 1142 1060
\ s 2o 1145 1.070
8 45 3.000 1148 1.0711
50 2 985 1. 13 LO73
55 3025 1.183 1.074
g | i | i | pm
- &
NACA 66-006 70 2216 1.118 1.057
75 1083 1081 1.4
80 1.583 1040 1.020
4 85 1107 - 006 .908
20 ~665 .048 o
o5 -262 .80 943
= 100 &2 807
L. E.radlus: 0.223 percent ¢
a
NACA 66008 BASIC TEICKNESS FORM
z g @) yy
z (percent ¢) {percent c)
¢ 0 o
.5 .610 . 968 .13
L o1 1 0% 1%
g .&=.03 fupper surf ace) 25 L 1.03 I G
12— z 50 L&3 1107 1052
= S 7.5 2031 1.128 L 062
: “03 ff F 10 2.335 114t 1.088
v . ower surface) 15 2 %28 L1858 1.076
(‘P‘ 20 201 11 T.o82
{ ~N 25 210 LI78 1085
30 3.702 1136 1.080
3% 3.365 110 LooL
8 < i 2.982 1.196 1004
45 4000 1.201 1.006
g | fm o ommo) obm
YACA 66-008 80 3740 1.218 1101
65 3459 1202 1.096
70 3.062 _ 1158 1.078
4 75 2.574 1108 1.050
80 2027 I.048 1.024
85 L 47 989 L904
I S . % 864 926 062
= 35 : 858 -o25
— 1 0 768 .878
J > = Y > 70 L. E.radlus: 0.411 percent ¢
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SUMMIARY OF AIRFOIL DATA

NACA 660015 BASIC THICKNESS FORM
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NACA 07,1-015 BABIC TIICKNESS FORM
(pereent ¢)

mw 2EXBURIIRIINEYRBSYRRER

mmmmmwmmmmmmm ZERRESRERNE

¥

NACA 747A015 BABIC THICKNESS FORM
(pereent ¢)

x

{percent. ¢)

I EEEEEE SR LSS

LR EEEREE PR RE R PR R
PSRl PRI RN I i f

T

(percent c)

L. E.radlus: 1.523 parcent e.
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1.6
1.2
o

[

1.6

1.2
(v

.8

4

L. E. radiua: 1.544 percent ¢
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SUMMARY OF AIRFOIL DATA

II—DATA FOR MEAN LINES

Page
NACA mean line 62. . _____________ e 348
NACA mean line 68 __ . _____ __ . . 348
NACAmean line 84 __________ ___________ o _____ 348
NACA mean line 65.._ o ____ 349
NACA mean line 66.______ ________ o ___ 349
NACA mean line 67 _ e 349
NACA meanlire 210, _ ______ __ o 350
NACAmean line 220 __________________ o ____ 350
NACA mean line 230 _____ . 350
NACA mean kine 240__________________ . 351
NACA mean line 250 ___ ______ . 351

NACA mean linea=0_.________ e e
NACA mean linea=0.1_ _______________ ..
NACAmeanlinea=0.2_________ __ o ____
NACA mean linea=0.3__________________ e
NACA mean linea=0.4_ . ____ . ___ . ___
NACA mean linea=0.5__ . ________ o ____
NACA mean linea=0.6_ . __________ __ o _______
NACA mean linea=0.7. . . e
NACA mesan linea=0.8_ _ ________ __ .
NACA mean Hne a=0.9. - __ .
NACAmeanlinea=1.0_________________ ________________

347

Page
351
352
352
352
353

..8563._

353
354
.354
354
355
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30 - — -
% NACA MEAN LINE 82
20 ' - =000  ai=2.81° Cmgpm=0.113
A . ] _
A 74 \ - i : (percent ¢) | (percent ¢) drdiz Pr A/ V=Drid
10 / 0 0 0. 6000¢ 0 0
: ] - L.25 726 . .6§2 7
— 5 1.408 . 1,081 ‘258
T 50 2625 ~45000 1.314 .28
7.6 3,656 27500 1503 .78
s 1 4.500 . 30000 1.63L 413
15 5. 625 ~ 15000 1.8 L1451
2 6.000 a 1. 830 o333
o 25 5. 977 —. 00938 Lo .318
| 5. 008 —. 01875 L3 ‘N
0. 5. 625 —. 04750 - 5L
naca 62 1 i i - K171 18
mean ling | 1 70 3,656 —. 08375 038 W
0 3,625 — 11250 L5368 R
¥ , 9 1.406 —. 13125 3 .
= 95 727 —. 14063 2261 .
- 100 ) —. 15000 0 0
A .
ol — )
i " NACA MEAN LINE 63
=2 E ' . : =080 amlB0°  cmm—0.034
) . - g ¥ {7 p
& L . : (percent &) | (pereent o) iz P A¥V=Prt
A s . =
10 el I S P o 8. 40000 ) o
\\k 12 L 489 . 38333 .38 007
. a5 s 36067 (BB 138
N D 50 1.883 . 83333 .788 J67
—~ 7.6 2425 - 30000 940 238
© 2333 28667 1.068 .87
1. 15 4500 < 20000 1,220 ~308
P e N 5.333 113333 1259 -318
% 583 - 00807 1273 38
' b £ 55 2 oo 56 %1
k. | NACA 63 ] 5510 — 04858 -850 213
- | meon line & 4.808 —. 07347 762 .19
70 4041 —. 00798 .63 168
; 2 039 —. 12245 +500 140
% €0 L2 — 11604 ~408 T
c % .827 —. 15018 91 .07
100 0 — 17143 0
| o] \»\\
0 -
_ NACA MEAN LINE 6t
20 - o
_ : cym0T6 =0T emym—0.187
B - z
¥ 1.
(percent ¢) (percent ¢) dydix Pz axf 1= Deid
10 '
- 1 ) 0. 30000 ) 6
L] I 1.25 .300 . 20062 257 064
A T~ 25 126 ~38125 -301 .08
- B0 1,406 - 26250 548 137
7.5 2039 - 24375 L6608 a7
10 2.625 + 32500 o8 187
15 3,658 (18780 .87 1218
- 0 20 £ 500 +15000 1968 242
NACA 64 490 8.000 ) 000 28
mean line 50 5.833 —. 03333 .910 28
60 3.333 —. 06087 8 -207
T 4. 500 —. 10000 750 .188
¥ » & 8.233 ~. 1338 . .15
- - - 1.833 —. 16607 +406 7
95 L9058 —. 18333 :
100 0 —. 20000 0
// \\\
o 2 4 .6 8 VX

xfe



SUMMARY OF AUl USsLA

ao
24
Py
1. ——
L R—
L \
0 A
NACA 65
mear lie
Y 2
[
- ——1_|
a
20
5
{.g
n-/
P \
&g
NACA 66
mean line
¥
o
/———”\/ [
a
2.
By
L]
1.0 .//',/ "\
//
L1
T
a
MACA 67
meart lina
Yo
c -
l_—T1T1 M
a 2 R4 b & La
ZfC

8§43107—50——28

NACA MEAN LINE 8

349

cr;=0.75 ;=0 c_‘ﬂ=—ﬂ.187
x ¥e 2 T
(pevcent ¢) | (percent ) dyddx Pr asfV=Prid
0 0 0. 24000 1] 0
1.25 206 L2840 . 205 .051
2.5 .585 . 2800 S04 .04
8.0 1.140 . 21600 413 .103
1.8 1.665 < 20400 502 .128
i1} 2. 160 - 16200 871 143
16 3.060 - 16800 07 .170
20 3.840 . 14400 760 190
5 4. 500 . 12000 L8324 .208
a0 5.040 . 09600 .82 .8
£ 5.780 . .32 .13
50 6.000 .51 .88
60 5.760 —. 04300 .32 .233
0 5.040 —. (09600 872 .38
80 3.810 —. 14100 . 780 190
0 2160 —. 19200 .51 .143
a3 1.140 —. 21620 -413 .103
100 1] —. 24000 0
NACA MEAN LINE 66
€1=0.76 ar=—0.74" Cun gy =—0.22
r ¥e e Pt
(percent ¢} | (percent ¢} dydds Pr Apf V= Pajt
0 L] 0. 20000 a Q
126 <247 . 10583 .135 034
5 A% . 19167 a4 .081
8.0 . 958 - 18333 <Y 084
7.5 L {06 L1750 408 102
10 1833 . 16687 . 406 JIIT
15§ 2.6825 - 15000 567 130
20 3.3 .13333 .635 . 150
285 3.958 .116867 .70 175
3 4 500 - 10000 T30 .188
40 5333 . 06687 .87 2T
5 5.833 .03333 910 .28
60 6. 000 993 . 250
70 5. 825 —. 07 L040 . 260
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HI—ATRFOIL ORDINATES

Page Page
NACA 0006 o --— 358 NACA 64,218 e 363
NACA 0009 ___ o e 358 NACA 645418 e 364
NACA 1408 . meeeeem 358 NACA 64618 - 364
NACA 1410 .. 358 NACA 64,021 . e . 364
NACA MI12. 358 NACA 64221 _ e 364
NACA 2412 358 NACA 64421 e 364
NACA 2415 _____ e 358 NACA 65,3018 . 36+
NACA 2418 . 358 NACA 65,8418, a=0.8_ ______ o mes .. 364
NACA 2421 e 358 NACA 65,3618 . 364
NACA 2424 368 NACA 65(216)—415, a=0.5— . oo 364
NACA M2 359 NACA 65006 ____* _ e 364
NACA 4415 . 359 NACA 65009 e 365
NACA 4418 e 359 NACA 65206 - oo 365
NACA #4821 . 359 NACA 65209 e 363
NACA &4 e 359 NACA 65210 o 365
NACA 23012, 359 NACAG5410 365
NACA 23015, o . 359 NACA 85012 . eeimmen 365
NACA 23018 . 359 NACA B5-212_ e 365
NACA 23021 - oo - 3592 NACA 65212, a=06_____ el 365
NACA 23024 e 359 NACA 65412 e 365
NACA 63,4420 .. 360 NACA 85,015 e e 365
NACA 63, 4+420,e=03___________ . __ . 360 NACA 65215 o 366
NACA 63(420)—22_ ... 360 NACA 65,416 e - .366
NACA 63(4200—517 . _____ S SR 360 NACA 65415, a=0.5_ el 366
NACA 63-006. - . 360 NACA 65018 e 366
NACA 63-009. - . 360 NACA 65218 e 366
NACA 63-206. .o o e - 360 NACA 65,418 e 366
NACA 63-209_ - oo e 360 NACA 65418, a=0.6- - e . 366G
NACA 63-210. . 360 NACA 65,-618 . e e—emem 366
NACA 63012 o e 360 NACA 65,618, a=0.5__ - __ o 366
NACA 63212, .= 361 NACAB5:02) - i 366
NACA 63412 oo 361 NACA B5-22Y e 367
NACA 63015, .o e - 361 NACA G421 e . 367
NACA 63215, e 361 |- NACA 65,421, a=0.5 o m 367
NACA 63415 Sl 361 NACA 6baw-114 o 367 .
NACA 68,615, - - 361 NACA 65u0-420_ o e 367
NACA 683018 o 361 NACA66,1-212_ __ e 367
NACA 68,218, - 361 NACA 66(215)—016_ - e 367
NACA 63418 o e 361 NACA 66(215)-216_ - - e 367 _
NACA 68,618 - 361 NACA 66(215)-216, a=06_________ L 367
NACA 6302 e 362 NACA 66(215)416___ ______ e 367
NACA 63,221 e 362 NACA 66-006._ s 3638
NACA 63121 e 362 NACAS6-009__ e e 368
NACA 64-006_ - oo 362 NACAGB6-206__ e 368
NACA 64-009. - o o 362 NACA 66209 - 368
NACA 64108 362 NACA 66-210___ e 368
NACA 64110 _ . - 362 NACA 66,012 e 368
NACA 64206 .- - 362 NACA 66,212 _ _ e 3638
NACA 64208 o 362 NACA 66016 __ o 368
NACA 64200 e eeame- 362 NACA 665215 o 368
NACA 64-210_ e 363 NACA 66415 _ 368
NACA 64,012 e 363 NACA 686,018 . e — 369
NACAGBL-112 . _—- 363 NACA 66,218 _ 369
NACA 64212 _ e 363 NACA 66;—418_ _ _ 369
NACA 64412 e 363 NACA 66021 _ _ e 369
NACA 649015 oo oo 368 | NACA 66221 . oo-o- 369
NACA 64215 e 363 NACA 67,1215 e 369
NACA 64,415, oo 363 NACA T47A315 e - 360
NACA 64,018 e 363 NACA T47A416 e 369

§43107—50——214



358

NACA 1412
[Stations and ordinates given in percent of

\ 1410

N

aYel:

NAC!

NACA 0009
[Stations and ordinates given In per

NACA 0006

|Stations and ordinates given in

airfoil chord]

glven in percent of
ordi O

ates
il eh

airfoll chord]

percent of

airfoll chord]

REPORT NO. 824—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

Lower surface

T)pper sarface

ERBENCERIRRRINREE

orcdddddSSSSudwicdrs © °

Station |Ordinate| Station | Ordinate

BE335853N882E0588
orddridds{gdddsngss

Slope of radins throngh L. E.: 0.05

Y.. E. radlus; 1.58

Lower surface

Upper surface

EECEERERRER IR

o ddd dudidd Fodait 7

Station [Ordinate| Station | Ordimate

EERE2883588323388
oriddrddddesdLgsss

L. B. radlus: 1.10
Blope of radjus throagh L, B.: 0.06

Upper surface Lower surface

EEEREESEE RIS

ori-cddddd vt weidoln *

Btation. [Ordinate| Station | Ordinate

22534855388338528
ML R EEE

L. E, radius: 0.70
. Slope of radius through L. B.: 0.0

Lower surface

%505

o RSB BRBRZSS

Upper surface

QE52TSReBBEIes88T

orrdddddddvddcdant Do

Station |Ordinate] Btation | Ordinate

”505

oredngoRRRR28RRRESS

NACA 2415

L. E. radios: 089

Lower surface

Upper sarface

SRRIILEESRINIZRS
o "Hrdddddadda- - Yo

Statlon |Ordinate| Station | Ordinate

uﬂoﬁ

ol R RIRIRBILIS

-

L. E. radius: 0.40

NACA 2424
[Statipns and ordinates given in percent of

NACA 2421

[émum and ordinates given in percent of

NACA 2418
[Stations and ordinates given in percant of

NACA 2412
[énﬂom and ordinates given In porcent of

[Statlons and ordinates givan in percent br

airfoll chord]

alrfoll chord]

airfoil chord]

airfoil chord]

airfoil chord]

Lower surface

_

oLam&mamumwamwmmum

Upper surface

538854895 208a088
0&&ZEML1&E&Z&&&&1

]

" Station [Ordinate| Station | Ordinate

339833528328 30=48
S AYSa I ARIREREREE

Blope of rad{us throngh L, E.: 0.10

L, E. radinz: 6,38

%505

orideN g 2RI R2RRERES

Upper surfaos Lawer surface

.mzwnmowawsmnuumw)

Btation |Ordinate| Statian | Ordinate

Ruaw

oSN QR3YRSRBSRSS

0.10

Slope of radius throngh 1. B,

L. E. radlus: 4,86

Lower surface

..... NBRNTaIERBRT
023%86&444%% %Zl__o

|wow

oSN IR RS BRIRESE

Upper surface

IRSBNSXR8ERR838%22
.8407&Emmmm1&7511(

Station |Ordinate| Station | Ordinate

Swaw

e e EEEE R S EE T

Slope of rading through L., X,: 0.10

L. B, radlus: 3.58

YLower surface

Nmﬂkummmﬁﬁwmw m

”506

oSN RRIYRIBRISRES

- Upper sorface

IFREERERNERERe e’
i ddd i A AR AN S Fei i

Statlon |Ordinate| Station | Ordinate

MKUDB

orueN 2R3 PRRRRRE8S

Slope of radfus through L. E.: 0.10

L. E. radlus: 248

Lower surface

13)

a&
11
[l

—3m

o
b~
Sod ol
(]

—4,10
it
~1.50

SEREIRNEA
TEETAT 0

8
17

(...

%505

SO EESESE RS F L

Upper surface

B

SEERBSRGEINBR

Statien |Ordinate] Station | Ordinate

%506

0125706%%&&&& BX232

Blope of radfus through L. B.: 0,10

L, E, radins: 1.58




NACA 4412 NACA 4415 NACA A4 § NACA 4421 NACA 4424

Srations and ordinaies given In pereeni- of*  [Statfons and ordinafea glven In pereont of  [Siatic 0 BEfervort BF O Ffhters J4ad of ven in pereent of  [Stutlons and ordinufos given In perecnt of
( airfoll oho wirfoll chord) Shargpn e pe sirfoll cha
Upper surfaco Lower aurface ‘Upper surfaoe Lower surface Upper surface Lower surfaco Uppor surfaco Tower surfaoe ~ Upper surface Lower surfaco
Station |Ordinats| Station | Ordinate Hintion [Ordinate| Station | Ordinato Station |OrdInate} Station | Ordinate Biation |Ordinate| Station | Ordinato Station |Ordinate| Station | Ordinate
0 0 0 0 [ R 0 0 [ R R 0 0 [ . 0 0 0 0 0 0
1,25 2.4 1,26 | —1.48. 1,256 8,07 1.2 | ~-179 1.25 8,76 1,25 =211 1.25 4,48 1.35 —~2,42 » 530 3,004 1,970 | —8,473
2.6 3,30 2.5 -1, 2,5 4,17 2.5 —3,48 . 2.5 5,00 2,6 —2.90 2.5 5,84 2.5 —38.48 1, 538 5,624 8,464 | —4.050
5,0 4,78 850 —2.40 50 5,74 5.0 —3.27 5,0 4,758 5,0 —4,08 50 7.42 5,0 ~d4, T8 8. 778 7.2 6,225 | —6,088
7.5 5,76 7.8 —3.74 7.8 6,91 7.5 —38,71 7.5 8,06 8 —4, 87 7.8 0. 24 7.5 -5, 02 6, 158 . 851 R 847 | —6, 081
10 8, 59 10 —2,86 10 7.84 10 -3, 08 10 9,11 10 —b5, 08 10 10, 35 10 —8.15 8,611 | 11,012 11,889 | —7,612
16 7,80 15 -2, 88 16 9.27 16 —4.18 15 10,68 16 —B5.49 18 13,04 15 —68,75 13,674 | 18,048 16,828 | —8,1
20 8,80 20 —2.74 20 10,25 20 —4,158 20 11,72 a0 —h, 56 bui} 18,17 20 —6, 0% 8 14,418 21,142 | —8,418
a8 9,41 25 -2, 26 10,92 25 —3,08 25 12,40 ap —h.49 25 18. 25 —06. 92 24,111 15, 287 s —8& 411
30 9,70 30 —3,20 30 11,26 30 —-3,76 30 12,78 3a —5,26 33 14,27 30 —a,70 29,401 | 15,738 30,509 | —8, 238
40 9, 80 40 —1.80 40 11,25 40 ~3.25 40 13,70 40 ~4,70 A4 1418 40 —a,18 0, 000 | 18, 000 | —7. 6068
50 .19 ) ~1,40 50 10,53 50 -2, 72 K. 11,85 50 —4,02 i 18,18 50 ~5, 84 285 | 14,474 49,786 | —0, 608
60 8,14 80 -1,00 80 9, 80 60 —~2,14 60 10,44 60 —3.24 60 11,80 a0 —4,40 12,874 -5, 562
70 6,060 70 ~.85 70 7.68 | 70 —1. 88 70 . B ] —2,45 70 0.8 | 70 ~3, 88 70.487 | 10,812 | 60,518 | —4,812
80 4,89 80 —, 89 #0 5, b5 80 -1,03 80 8,22 80 -1.0 69 80 —3.8} 80,464 7.447 534 | —3,008
0 | 2,71 00 -2 80 3,08 ] - 87 90 8,40 00 -, 08 o0 8.85 00 ~1.97 , 320 4,080 §9, 880 { —1, 646
'] 1,47 05 - 16 ] 1,07 5 —.B6 ] 1,89 o8 ~, ) ] 21 "] -7 085, 160 3,240 804 | —,
100 (.18) | 100 (=, 18) 100 (.16) | 100 (~.16) 100 (19) | 100 (—=,19) 100 (.22) | 100 (—.23) 100,000 1 wren- 100, 000
100 | ceaveee 100 0 100 | comearn 100 0 100 | adeeendd 100 0 : 100 | -eae- 100
- L, I, radlus: 6.33
L. E, radins; 1,68 L, E, radlus: 32,48 L, B, radius: 3,58 L, B, radius; 4,85 Slope of radiug through L, E,: 0,20
8lopa of radins through L, K.: 0.20 Blopa of radins through L, I.t 0,20 Blops of radius throogh L, E.1 0,20 Slops of rading throngh L. B.; 0.0
NACA 23012 NACA 23015 NACA 23018 NACA 23021 NACA 23024
[Btations and ordinates glven in percont of  [Stations snd ordinates given in percent of Stationg and ordinates riven In percent of 8tations nnd ordlnates given in porcent of  [Statlons and ordinafes givon in peroant of
alrfoil chord; alrfoll uhgrd] b : a!rrolﬁhord] ! ! alrfoll chord a.lrtol.ltﬁxord] pe
Upper surface Lowaer aurface ‘Uppar surfacs Lower surface Upper surface Lower surfros Upper surface Lower surface Upper surface Yower aurface
Station |Ordinate| Station | Ordinate 8tation |Ordinate| Station | Ordinate Station |Ordinate| Station | Ordinate Atation |[Ordinate| Station | Ordinate fiatlon |Ordinate| Station | Ordinate
[ S [ 0 [ S [— 0 0 B T 0 0 [ . 0 0 0 0 0
1,25 267 1,28 —1.28 1.25 8,84 1,25 —1.54 1,28 4,00 1,25 —1.88 125 4,87 1,258 —2.08 AT 4017 2,223 | —3,308
2.8 8. 61 2.5 -1,71 2.5 4,44 25 —2.28 2.5 8,29 2.5 —~3,71 26 8,14 2.5 —3.14 1,381 | 5.784 3.660 | —4,482
5.0 4,91 5.0 —32.20 8.0 b, 89 50 -3, 4 5.0 4,92 5.0 —3.80 50 7.08 5.0 —4,.52 3.858 | 8,172 6,147 | —5, 863
7.5 5.80 7.5 —~3,061 7.5 6,90 7.5 ~3, 61 7.8 8,01 7.5 —4,60 7.5 9.13 75 —B8. 585 6.601 | 9.884 8,880 | —8.860
10 8.43 10 -2, 92 10 7.0 10 -4,00 10 8,83 10 —b. a2 10 10.08 10 —6,82 9,423 | 11.049 10,577 | ~7, 6847
15 7.19 15 —3.50 15 8,523 15 ~—4, 84 18 9, 86 16 -0, 18 15 11,19 15 —~7. 51 15, 001 14,000 | =8,
20 7.50 20 —3,07 20 8.02 20 ~5. 4l 20 10, 86 20 —(, 86 20 11,80 20 —&. 80 20, 258 | 18.287 19,747 | -0, 703
a6 7.00 a5 .3 25 f, 08 28 -5, 78 25 10, 88 28 -7.27 2% 12,08 25 ~8,78 25, 262 | 13. 835 10,
40 7,85 80 —d, 40 30 0,08 80 ] 80 10, 58 30 -7.47 80 - 12,06 80 —8. 45 80,235 | 13. M6 29, 786 |~10,454
40 7.14 40 —4, 48 4} 8,50 40 —b,93 40 10,4 40 ~7.87 40 11,49 40 ~8, 88 40,258 | 12,928 a9, 744 |-10. 278
50 8,41 50 —4,17 50 7.74 50 -5, 80 50 9, 08 M -}, 81 50 10, 40 50 —8.14 50,235 | 11,600 49,766 | —0,4832
60 5.47 60 -3, 67 40 a.681 60 ~4,8] 80 7.7 60 ~h, M (L] 8,90 680 -7.07 60,202 | 10,008 50,708 | —8, M2
70 4,38 70 —8,00 70 5, 25 70 -=3.01 70 6,18 70 -4, 82 70 . 7.09 70 ~573 70,162 | 7.988 09, 838 | —8, 664
80 8.08 80 ~2,16 80 8.78 40 ~a &3 H0 4,4 H0 -3.48 80 5,08 80 —4.13 80,118 | &, 70,884 | —4,
80 1,68 90 -1, 23 00 M o0 =1,50 00 2,30 4] -1,04 20 2,78 90 -2.80 00,084 | 8.115 80, 940 | —42. 873
96 .92 ] - 70 08 1,13 ah ~. 90 5 1,82 95 -1,09 '] 1,53 05 -1.80 05,030 | 1,74 o, —1, 804
100 (.18) | 100 (—, 13) 100 (.16) | 100 (—.16) 100 (19 | 100 (=.19) 100 (.22) | 100 (—.23) 100 | ....- 100 0 -
100 | creee 100 100 | eeee- 100 0 100 | wrmes ~| 100 0 100 weres | 100
; L. B, radius: 6.38
1,, I, radlus; 1,58 L, B, radius: 2.48 L, E, radius: 8.58 L, K, radlus: 4.8 Blope of radlus through L. B,: 0,304
Blopo of rad(ns throngh L, B.: 0,808 Hlope of radius through L. E,: 0,805 8lops of radius thropgh L. .1 0,508 8lope of radins through L, E.: 0,308
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YR o oy L el A <
NACA 631-212 NACA 631-412 N - NACA 32-215 NACA 632-415
[Stativns and ordinates given in perant of  [Stutfons and ordinates glyen in pereent 1tiong given In percent of Stations and ordinatey given in pereent. of
alrfoll uhordf ’ airfol] chord] ord] alrfail chord]
Uppeor surfuoe Lower surfacn Opper surfaco Lower surfaoe Upper surface Laowor surface Upnper surfaco Lowor surface Unpar surlface Lowor surfaoc
fitatlon |Ordinate| Statjon | Ordinate Statlon |Ordinats] Statlon | Ordinato Statlon |Ordinate| Alation | Ordinate Atation |Ordinate| Station | Ordinate Station [Ordinate| Station | Ordinate
0 0 0 0 0 0 0 0 1] 0 0 1] 0 0 0 V]
417 1,082 . 588 —, 032 . 3368 1.071 . 604 -, 871 A 1. 204 ] ~1. 204 . 399 1, 260 L0 | ~1.180 . 800 1,287 700 | —1, 087
. 887 1. 380 S8 [ 1,130 07 1,820 ,088 | —1.(40 I8 1,463 W0 | 1,462 . 687 1,828 L8688 | —1.888 . 538 1, 588 878 | —1,808
1,145 1.032 1,368 | —1.408 1.041 1.719 1,450 | —1,201 1.25 1. 878 1.28 | ~1.878 1,120 1. 980 1,880 | —1,760 . 801 2,07 1.500 | —1,048
2,378 2,284 622 | ~1.912 2. 207 2, 460 2,748 | —1.718 2.5 2. 610 25 -~2,810 2,348 2,702 2,662 | ~2.420 2,198 0 2802 | ~2.230
4, 868 8. 238 5,147 | ~2,608 4,727 8. 54 8,2 ~2,280 50 8. 648 50 ~3, 048 4,820 3. 4680 5171 | -8,828 , 680 4, 564 5340 | =3, 000
7,388 8,993 7.62 | —8. 118 7.218 4,878 7,782 | =3, 0684 75 4,427 7.8 -4,427 7.823 4, 847 7,077 | =3. 009 7. 147 5. 201 7,858 | ~38, K0
. 9,860 4,58 10,141 | —8,520 0,718 5. 008 , 262 | —3, 008 10 5,086 10 b, OBl 0, 828 5. h80 10,177 | ~—4, K3h , 847 ", 077 10,853 | ~4. 000
14,868 8,470 | 15,182 | —=4,124 14,738 6,138 | 15,288 | —3,446 15 8,011 15 =@, 011 14,434 6. 082 15,168 | —&, 330 14, 600 7.048 15,331 | —4, 080
19, RA2 6,137 | 20,118 | ~d, M8 19, 785 6,920 | 20,285 | —38,748 1] , 493 20 — (. 068 10, 863 7,487 20,148 | —b& 8656 10, 706 8. 979 20, 206 | —K 00K
24,900 6,000 | 26,100 | —4.810 24, 800 7,400 | 28,200 | —8,910 24 7,186 25 —7. 158 24, 878 8,049 25, 148 | -0, 260 24, 750 8,41 260 | —8, 8061
, 920 6. 801 ) 080 | —4.047 0. 840 7,873 | 30,100 | —8,084 80 7,431 3n —7.42L 20, 900 8.392 80,100 | —6. 448 . KOO 9,402 80,200 | —B8,474
84. 941 7.080 | 85,088 | —4,070 34, B82 8,059 | 36,118 | —8,048 85 7,50 38 —7, 500 84,028 8. 530 88,074 | —0.470 34, 852 9, 54D 85,148 | —h, 439
39, 063 8,081 | 40,038 | —4,B849 39, 44 8,002 | 40,076 | —8,778 40 7,388 40 —7,888 , 89, an2 R, 487 40,048 | —6,815 39,808 0,837 40, —~8, U3
44, /.70 | 48018 | —4, 600 4, 904 7,804 | 45,088 | ~8,. 814 45 7,000 44 —7.008 44,977 R 1M 45,023 | —6,004 41, 855 9. M9 45,048 | —4.900
3 6.478 { £0,000 | —4, 2687 10, 000 7.074 ,000 | —3, 104 50 0, 666 0 ~f, 6% 50, 000 7,768 | 50,000 | ~5 582 , 000 8,871 50,000 | —4.450
86,014 | 6,080 | B4,08d | -840 B85, 031 7,125 | 54,060 | —2.748 B - 6,108 | B4 -0, 108 55,019 7. M3 54,981 | —5,018 &6, 039 8 208 .81 | —3,018
(120 6,491 | §9,971 | —3,349 &), 087 6, 53 , 948 | —2,978 (0 5483 [; 1] -f, 453 60, 038 6, 824 50, 966 | —4, B2 (0, 070 7, Q8 1,980 | —3,311
65, 048 4,870 [ 64.003 | 2,810 05,070 5800 | 04,80 1 —1.770 a5 . 4,7 ()] —4,731 8, 047 8,751 058 | —8, 68l 35, 083 4, 780 , 807 | ~3,080
, 43 4.182 967 | —2,288 70,087 5,183 | 69,018 | —1.208 il 3,984 70 -8, 884 70, 053 4, 008 09, 047 | —32 062 70,100 &, 77 ~1,080
76,045 3481 | 74,088 | ~1,001 70,089 344 4,911 — 704 76 3,118 (] —~8,119 765, 085 4,014 74,045 | —2.24 78,100 4, 807 74,801 | ~1.827
, 042 2, 488 5 -1.100 80, 084 3.462 9, 91 —. 308 € 2,810 80 —2,810 80, 081 3,108 79,040 | —1,518 50,102 8. 900 9, 8 -, 718
85,035 1. 847 . -, 801 146070 2,818 074 .85 1,41 88 ~L M1 B8, 043 2,218 84,087 | ~,807 85, 2, 888 84,015 -.108
Ni 1,224 | 89,076 | —.190 . 049 1,739 | 80.951 829 ] . 83 00 —, Bb2 00, 030 1368 80, 9 -, 534 10, 0h9 1,884 W, 041 . 184
95,012 560 | 94,688 008 05, 028 .881 017 1383 o8 ,800 | 96 —,800 96, 014 618 | 04, 016 96, 048 .81 [ 833
, 0 100, 000 , 000 (V] 100. 000 100 1} 100 100. 000 0 100, 000 100, 000 0 100. 000
L, E. radlus: 1.087 L. B, radius: 1.087 L, &, radjus: L&M L. K, radips: 1,504 L., E. radins: 1.5M
8lope of radius through L, B.; 0.0842 flops of radiua throogh L, B, 0.168% : flape of radius throngh L, .t 00842 fAlope of radlus Lhrough L., E.: 01684

NACA 632-615

Biationa and ordinates wiven in percont of

NACA 633-018

[8tatjons und ort’ﬂm!uos gl:ﬁ-n in peroont vl

NACA 633-218

[Btations and ordinaica given In peroant of

NACA 633-418

[Btatlons und ordinates given in peroont of

NACA 633-618

[8iations and ordinales glven In pergen( of

airfofl chord] ufrfol| chor alrfoll chord) uirfoll chord] airfall hord]
Upper surface Towaer surface Unpper surfaos Lowor surfuoo Upper surface Lower surface Upper gurface Lowor surfaco Upper surfaca Lower surface
8tation |Ordinate| Statlon | Ordinate Statlon (Qrdinate| Btatlon | Ordinate Btatlon |Ordinato| Station | Ordinste Station |Ordinsto| Btatlon | Ordinate Btatlon |Ordinate| Station | Ordinata
0 0 0 0 0 o | o 0 0 0 0 0 0 0 0 0
205 | 1817 798 | 1,007 N 1. 404 | 1404 . 882 1,440 ,B18 | —1,849 , 287 144 L7838 | —1, 284 188 | 1,611 LB —?. Nl
418 | .64 1,089 | —1.914 RN 6| =1,718 .67 1,778 .88 | —1,688 V487 1,%8 | 1018 [ —1.568 a0l | .88 | 1,180 | —1.458
. BAG 2189 1634 | —1, 817 1,28 2,217 L2y | —~2.217 1.086 2 819 1404 | —~2, 108 , Mb 2.410 1,685 | —1, .T7 2, 491 1,708 | —1, 840
2, (50 3,129 2,060 | —2.018 2.5 3,104 2,6 -3, 1d 2,819 8, 288 2,681 | —<2,013 2,140 3. 4568 2,%0 | —2,711 1, 906 &g!ﬂg 8,085 | ~2. 500
4,402 4, 560 5. 508 | —~3, 064 80 4, 342 5.0 —4, 342 4,768 4,678 5304 | —4.041 4, 503 4. 078 5407 | ~8. 711 4. 898 5, 5007 | —3,872
6,073 b, 607 8.027 | —3.18 7.5 5 808 7.8 -5, 308 7,288 5, 728 7.712 | 4,880 7.077 f, 130 798 | =L 448 6, 868 6 643 8,182 | —8.003
@473 6, 578 10,527 | ~8,478 10 6. 068 10 ~f, 068 , 788 6580 | 10.213 | =8 5647 9. 677 7.087 | 10,428 | ~4.019 0, 867 7.580 | 10,083 | ~d. 484
14, 504 8010 15 468 | —3, 072 15 7.2256 18 ~-7,225 14, 801 7.8%95 | 15100 | —0. 540 14, 603 8,500 | 15,308 | ~0, 14, 404 9, 219 5, 408 | —5. 181
19,658 | 9,088 | 20,442 | —4,2% € 8048 | 22 —8.048 10, 832 8842 [ 20178 | —7. 260 19, 8 0,682 | 20,855 | —8.448 19,469 | 10,418 , 581 | —f, 42
24,426 | 9.830 | 28875 | —4,460 25 8.600 | 28 ~8, 800 850 0.404 | 26,150 | —7.704 24,000 | 10,885 | 25,301 | —0. 804 24,549 | 10,278 | 25461 | —4. 903
20,500 | 10.831 | 30,800 | —d,499 30 8018 | 30 —8,013 20, 830 0,884 80,120 | ~7,140 20,760 | 10,88 | 30,240 | —6.066 20,040 | 10,223 | 80, —0, 960
34,778 | 10,587 | 35223 | —4. 407 a5 9.000 | 35 ~9,000 M0 | 10 35,089 | —7.970 ad.s28 | 1L088 | 88177 | —6.038 34,734 | 12,080 [ 35, —b. 206
30,887 | 10,508 | 40,148 | —4, 172 40 8845 | 40 —8 848 80, 048 0,018 | 40,067 | ~7,774 30,888 | 10,088 | 40,114 [ —6,702 0,820 | 12,088 | 40,171 | —5, 680
44,932 | 10.884 | 45.008 | -3, 814 48 8,483 | 4 ~8, 482 44,073 0,577 | 48.027 | —7,887 44,940 | lo.a73 | 45,054 | —0.292 44,919 [ 11,707 o] | ~h 107
50,000 | 9.974 | 50.000 | ~8,850 B) 7.M2 | o0 —7.043 X0, 000 0.045 | 50,000 | —0 B3Y 50,000 | 10.148 [ 50, m —~A.786 50,000 | 11,241 ] &0, ~d, 813
&6, 068 0, 808 4,942 | —2,8%3 56 7. 284 56 ~7. 384 48,028 R 851 | 84077 | —6 161 58, 048 9,440 | B4, -4 0686 4 10, 541 | 54,981 | 3,071
00, 105 8,688 50,8056 | —3, 239 [14] {1, 168 1] —6, 458 40, 043 7. 520 , QA8 | —5. 884 60, 083 2,800 | 9,017 | —4.813 ), 128 9,047 | 59,878 | —8, 241
189 | 7.800 | 64.86] | —1.6%0 a5 5007 | o8 =5, 867 a5, 055 6, 507 Mh | —4. 837 05,110 7.628 | 04,800 | —3.508 65,164 | 8,685 | 04,836 | ~2478
70,150 6. 847 69,841 | ~1,015 70 4,623 70 -4, (22 70,002 504 , 938 | —3, 650 70,1258 6508 | 60,878 | ~2 670 70,187 7,58 | 60,818 | —1,703
75,168 | 5800 | 74.887 | —. 480 75 3,65 | 78 —8. (160 75, 084 4,544 | 74080 | —2,70d 75 128 5.438 | 74.873 | —1.88 10l | g3 | 74 -, 980
0, 158 4,603 70, 847 . 083 &) 2 601 0 -2, 091 80, 03 S.4x8 | 70,041 | —1.804 80, 119 4,380 | 79,841 | ~1,080 80, 178 50781 0 - 207
85,127 | 8,086 | 84878 453 86 1787 | 88 —1,787 85, 049 2,460 | 84981 | —L.118 85,009 3,130 801 | —,488 85,147 | B.800 [ 84 .33
90,089 | 2308 | 80.911 704 0 685 | %0 . 688 00,084 | 1,601 | s9.088 | —, 407 00,089 | 2017 sa.@aL| .05l 00,103 | 2,831 | A 871
05,043 | 1,245 | o4.988 , 651 06 848 |08 — B8 94,018 064 | od084 | —,082 05, 033 078 968 ' 95,048 | 1.208 | 94,082 . 608
100,000 | 0 100, 000 100 0 100 0 100. 000 0 100, 000 100, 000 0 100, 000 100,000 ( . 0 100, 00
L, B. radius; 1,560 L, B, radlus; 2120 L. T, rad 120 I, ¥, radius: 2,120 L. F. radlns: 2,120
8lone of radins through L, E.; 0,3827 flopa of r:u.dilula'throuuh L. 0. 00842 Slope of radius theongh L, B.; 0,185 Hlope of radius through T, K.: 0.2027
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NACA 64-009

[Stations and ordinates given in percent of

4-006

N B¢
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L B

TI.lf A

NACA 634-221

NACA 634-021

[Stations and ordinates given in percent of

alrfoil chord]

glven In percent of

1ord]

[Statlon

[Btations and ordinales given in percont of
airioll chord]

airfoll chord]
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l»?z'tauons and ordinates given in percent of

NACA 64-206
[Stations and ordinates given In purcent of
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[Btations and ordinstes given in xwruént of

[Stations and ordinates glven in percont of
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NACA 64-210 NACA 641-012 12 NACA 641-212
[Stations and ordinates given in percen( of  [Silations and ordipsles glven in pereent ¢ | ites glven In pereent of
airfoll chord] airfoll ehord P | el
Upper surfaca Lawer surface Upper surface Lower surfaoa Upper surface Lowar surface Upper surface Lowar surface
Statlon |Ordinate| Statlon | Ordinate Station [Ordinate| ftation | Ordinate Btation |Ordinate) Station | Ordinate ftation |Ordinata| Station | Ordinate
Q 0 0 0 0 0 ] 0 0 0 0 0 Q 0 0
. 481 . 887 580 | -, 7687 .0 , 978 B -, 978 A8 1.002 M1 | —, 063 418 L0256 L5823 | —. 9%
078 1, 056 827 | -, 010 .75 L1 78 | —L170 o T4 1218 .706 | —L 143 . 650 1. 45 LML | —L 108
1,168 LA 1,887 | ~1,140 1,26 L4680 1,25 | —1.4%0 1,198 1, M3 1.802 | —1,435 L 147 1. 598 1,388 | —1,370
2 401 1,884 2500 | —1,.812 2.5 2 085 2.5 —2.086 2,441 2.127 2,550 | —1,041 2,382 2,218 2.618 | ~L 848
4, 890 2,858 5110 | —3,024 50 2.8‘152 50 —2,810 4,684 2,987 5,086 | ~2, 651 4,868 8,128 5,183 | —2,401
7.887 3. 248 7.018 | —2,400 7.5 3.8 7.5 —38, 84 7.432 8,805 7.568 | —3,18L 7.3684 3 g}&g 7,638 | —2, p87
9,887 | 8.780 10,118 | —32.702 10 3,871 10 —3.871 , 982 4,128 10,088 | ~8, 812 9. 865 4, 10, 185 | —3,842
14, 504 4, 514 15,108 | —&,168 16 4, 620 15 —d4, 620 14,080 4, 950 15,084 | ~4. 24 14. 872 5, 201 15,128 | ~38, 4B
10, 06 &, 087 20,005 | —8, 605 20 5,178 20 -5, 178 19,043 5,571 0,087 | —4.778 10, B30 5,068 [ 20,114 | -4, 876
M, 18 4, 538 25,081 | —8, 74 26 5 878 25 —B8, 878 24, 851 0,024 26,040 | —5,128 24. 003 8,470 25,007  ~4, 680
20,084 | 5.836 | 380,060 | —8,892 ] 584 | 80 —~5,844 2,91 | 680 | 80,080 | —5,388 29,021 6,815 30,079 | ~4,871
34, 051 8,010 36,049 | —3,960 35 5678 34 —8, 978 84,971 6,408 | 38,020 | —5.468 34, 1M1 7,008 85,000 | —4,048
39, 008 6,089 40,032 | —8,917 40 5, 881 40 -5, 981, 30, 981 6, 817 40,018 | ~B5,445 80, g6l 7,062 40,080 | —4,010
44, 935 5.638 | 48,015 | —3, 748 48 8,788 45 —8, 708 44, 091 6, 346 45,008 | —b,280 44, 982 6. 863 45,018 + 708
50, 000 5, 689 50,000  ~8, 483 50 8. 480 80 -8, 480 B0, 000 4,032 50,000 | 4,02 50,000 | 0,888 50,000 | —4.877
55,014 5,888 54,087 | —8, 148 -5 4, 088 58 -5, 068 56, 008 & 604 54,902 | —4, 508 55,016 6, 151 54,084 ( —3,061
80, 025 4,80 80,978 | —2,749 [V ] 4, 848 60 —~d, 48 60,018 5,084 59,085 | —4,012 00, 029 5, 610 50.&7’1. —8, 477
A8, (38 4,878 64,007 | —2.815 a8 8,974 a5 -3, 874 15, 020 4,480 (4, 080 | —3, 4569 08, 089 8,004 04,941 | -2, 044
70,038 3,789 69,063 | ~1.8558 70 8,850 70, ~38, 850 023 3,838 69,077 | —2.804 70, 48 4,322 64, 955 | —2, B7Y
75,040 3,178 74 980 | —1,380 1 2, 695 78 -2 605 75,024 8,143 74,970 | —2, 247 75, 047 8, 800 74,968 | ~1, 800
80, 038 2,618 79,002  --,028 80 2,029 20 ~2,020 40, 022 2.427 70.078 | =1,063) 80, 048 2,826 ™, 985 | —1,288
85, 038 1.849 84,088 [ —, 503 85 1833 85 -1,882 85, 01¢ L 718 84,9810 | 1,048 85,038 2,054 84,082 | ~.708
00, 034 1,188 8,077 | — 18 90 . 780 [ 4] —, 780 90,014 1,044 , 088 | —, &M €, 027 1,808 80,073 | —. 240
05, 012 , 664 04, 88 , 088 o o 288 05 -, 28y 98, 007 . 444 03| 130 95,018 , 804 o, o857 , O
100,000 | 0 1), 000 100 0 100 100,000 | 0 100,000 | 0 100,000 | 0 100, 000
L, Tt. radius; 0,720 L, K. radlua: 1.040 L, . radius: 1,040 L. K. ug: 1,040
Slopa of radfus through L. B.: 0.084 Slope of rading through L, 1.: 0.042 Hlops of radiux through L. E.: 0,084

NACA 642-015

[Stationz and ordinstes given in poreent of

NACA 642-215

NACA 641-412

[#tatlonx nnd ordinates given In pereent. of
glrfoll chmd]

Upper sur{ace Lowor surface
Statlon [Ordinate| Statlon | Ordinate| .
0 0 0 0
.888 | 1,084 .60z | 884
. 5 1. 805 L8 [ —1,028
1.045 1,600 1486 | —1,262
2,24 2. 808 2,730 | ~1,840
4,738 3,430 5202 | ~2, 164
7.320 4281 7711 | =2, 538
9. 730 4,408 10,270 | ~—3, 828
14, 748 5. 050 15,256 | —3, 247
19,772 4, 760 20,228 | ~3, 576
24, 805 7. 863 28,195 | —3,788
2,842 7,788 30,158 | —3, 808
34, 882 8,087 35,118 | ~3,017
26,9233 8,128 40,077 | ~3, 830
44, 668 7,988 45,087 | ~8, 008
50, 000 7,638 50,000 | —38,274
568,082 | 7.246 54,008 | —2, 860
60,060 | @, 000 59,941 | -2, 400
68, 078 @, 088 64,522 | -1.913
70, 080 5,293 | 69,910 [ —1.408
75,004 | 4,483 74,000 | —, 008
40, 080 8,019 70,011 [ ~, 438
85,076 | 2723 | 84.9M | —.088
00, 055 1,818 80, 945 )]
0F 027 010 4,878 . 348
100, 000 0 100, 000 X
L, B. radjus; 1.040
Slope of radius through L, E.: 0,168

[Statlona end ordinsles giv

NACA 642.415

NACA 643-018

NACA 643-218

[Stations and ardinaics ulvi\n fn porosnt of

Atatlons and ordinafvd given in peroant of on jn perosnt of Stations and ordinaies glven in pereant of
airfail ohord [ . alrfoil chgrd P airfall uhordi P L alrfoil ohord] airfoil ehord
TUpper surfaca Lower surface Upper surface Lowaor sur(sce Upper surface Lowor surface Upper surface Lower surfape Upper snrface Lower surfaca
Station |Ordinate| Statlon | Ordinate Station |Ordinate| Atation | Ordinate Station |Ordinate| Statlon | Ordinate Statlon |Ordinate| Station | Ordinate Station |[Ordinate] Btation | Ordinate
(1] 0 1} 0 0 0 0 0 0 0 0 0 0 0 1] 0 [1] 0
.50 1,208 .80 | —1,208 . 800 1,254 601 | —1,154 00 L2091 701 | —1.001 .50 1,428 .50 | —1.428 . 880 1.478 .020 | —1.878
.78 1.458 W78 | ~1.480 687 1,623 , 808 | —1.883 . 528 1,578 074 | -1, 200 18 1.720 L8 | ~1.720 817 1.788 L8838 | —1,845
125 1,843 1.25 | ~1,842 1.123 1,048 1,878 | -~1.781 . 008 2,088 1. ~1.810 1.25 2,177 1.25 | ~2177 1,089 2.279 1.401 | —2. 008
28 2.5628 25 - | -5 2,383 2,710 2,047 | —2.388 207 2,843 2,798 | —2,189 2.5 38,0056 2.5 —3. 008 2,825 38,186 2.676 | —2.814
5.0 3, 504, 5.0 -3, M. 4,838 3.818 | 8,164 | —3. 184 4,073 4.121 8,827 | —3.857 5.0 1864 8.0 —4, 180 4.804 4,497 4,106 | —3.888
7.5 | #30 | 7.5 |—1240 7.88L | 4.681 7.060 | —8.818 7.162 | 5076 | 7.838 | ~3,874 7.5 5076 | 7.5 | —5.078 7.207 | 5498 | 7.708 | —4.848
10 483 | 107 | -2 0.831 | 5.856 | 10.169 | —4.822 9.663 | 5.864 | 10,338 | —3.780 10 5808 | 10 —5, 808 9.797 | 6.816 | 10.208 | —5.283
15 6,785 | 18- —8.785 14,840 | 6,456 | 15160 | —8110 , 7.122 | 15.819 | ~4.480 16 6.042 | 15 —6,94% M.b08 | 7.812 | 15192 | -8,
2 6. 480 20 —6.480 10, 847 7. 214 148 | —A. 682 19,714 8, 040 286 | —4, 883 20 7.782 b4 ~7.783 19,828 8,876 20.172 | —~6.
28 0. 085 28 —68 985 4,878 7.879 25,123 | —4,089 24,750 8771 5, 244 | —~5,10] 25 8,801 b -8, 891 4, 863 0, W5 26, 147 | ~7.404
30 7.819 30 - -7.819 20, 901 8, 200 0o | —6,348 . 08 9, 200 30,197 | —8.872 80 8,789 30 —8, 780 20, 881 , 760 80.119 | —7. 810
1 7.483 | a8 —7.483 84,028 | w512 | 85074 | —6.462 88 | 0.541 | 36147 | —A43L 35 8970 | 36 —8, 34.012 {10,009 | 85088 [ —7.949
40 7.473 40 —~7.473 39,952 8, 544 M8 | —6, 30,004 0. 614 40,008 | -5, 330 40 8,052 40 -8, 89,942 | 10,028 40,068 | —7.88!
48 7. 24 45 —~7.24 44,077 8 819 44,023 | —46.120 , Q54 0.414 45,046 | —~5,084 46 8,030 44 =4, 630 44,072 , 726 45,028 | —7. 58A
50 4, 810 50 ~i 810 50, 000 7.013 50,000 | —&, 7 000 9,010 - | £0,000 | —4. 004 50 8,114 50 8,114 50, 000 0.7 50,000 | —7.011
B85 0, 206 58 —8, 280 45, 020 7,861 54,080 | —5,171 56, 040 8,488 54,9680 | —4.076 4] 7,448 5 —7.448 85,024 540 5. 076 | —6.350
60 5,620 60 —5, 820 60, 034 6. 801 b9, 084 | —4, 840 60,073 7.782 59,928 | ~—i.478 80 on8 [} -(}, (58 00,043 7.729 50,957 | —8.
)] 4,808 68 —~4. 805 68, 048 5036 64, 962 | —8, 86 @b, 6, 954 64,001 | ~2 884 68 5. 782 ] -8, 783 88, 087 6.512 84,943 | —4. 762
70 4,113 70 —4,118 70, 055 & 085 00,045 | —8,141 70,111 8. 088 0. 889 | ~2 187 i} 4,842 70 —d, 842 70, 5,814 69,0638 | —8.870
75 3. 208 ki) —3. 2006 78, 038 4,101 74,42 | ~—3, 401 76,118 5,084 74,885 | —1.504 75 8,806 75 -8, 864 75,008 4,760 74,983 | —2,970
B0 2,472 By —2.473 80, 054 8,267 70,045 | —1,678 80,109 4,083 70,80t | —,R78 80 9,888 80 —1, 888 0, 064 3,083 79.936 | -2 001
] Lerr | 88 ~1.877 5,048 | 32,840 | #d, ~1,008 #5009 | 3.020 008 | —.3%8 85 1.951 | &A —1.081 85,064 | 2628 | 84,046 | —1,277
90 2 Q50 1] -, 950 00, 033 1. 468 9,007 | —, 482 ), 066 1,082 80, 34 L H0 1] 1.101 00 ~—l, 10t 90, 034 1,87 80,042 | —.A88
o5 ,848 | 98 -, 84 95,018 | 662 | 4984 —,030 95,032 { .078 | oLess| 288 95 400 | 85 —.400 95,019 | 716 | od.e8L [ —.08¢
100 0 100 0 100, 000 ] 100,000 | O 100, 000 (1] 100, 000 100 100 0 h 0 100. 0
L. B, radius: 1,500 L, ®. radius; 1,500 L, E, rading: 1.000 L. B, radius: 2.208 L. E, radlus: 2,308
Slopa of radios throogh L, B.: 0084 Siop of radiu through T, B.1 0,168 Hilops af radius through T, E.{ 0,084
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NACA 643-418

[Stations and ordinates given in percent of
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NACA 65-009 NACA 65-206 NAC >~203 NAGA 65-210 NACA 65-410

Blations and ondinates given in pereent of Rtetions and ordinates glven In poreent of  [Siati -3 given In peront of  [Siations and ondinajes given in peroont
l alrfoil churg’] s : alrfoil ohordf ! airfoll chard) alrfoil chord airfoil chord]
Upper surface Lower surfaco r\'Jl:n)er surfaoe Lower surface Uppar surfaca Lower surfaco Uppar surfaos Lowor surface UUppoer surface Lower surfaco
Statlon |Qrdinate| Htatlon | Ordinate Btation |Ordinate) Statlon | Ordinate Btatlon |Ordinate| Station | Ordinate Biation (Ordinate| Station | Ordinale fitation |Ordinate| Statlon | Ordinate
0 0 0 0 0 Q 0 0 1] 0 0 ¢ 0 0 0 0 0 1 0
.0 . 700 N -, 700 . 480 B4 . 40 —4H +441 748 . 589 —, 848 488 819 L8688 | —. 718 872 . 881 68| ~—.001
W78 . 845 .78 -, 845 . 708 842 . 704 -, 602 . L9123 . 818 —. 772 878 ] JB22 | -, 450 . 607 Lom JB08 | —.T8L
1.45 1088 L2585 | —1,088 1. 200 . 822 1,800 —, 008 L1777 1,182 1,328 —, 48 1,160 1,278 1331 | —1,050 1,080 872 L4t | — 44
2.5 1.421 2.5 —1,491 2. 444 1,140 2. 588 -, 768 2,417 1. 606 2,548 | ~1.233 2,408 1. 767 502 | —1,888 3,818 1, 936 2,682 | ~L181
5.0 1, 961 &0 -1, 9061 4,980 1,828 5,081 -, 4. 908 2, 276 5,002 | L, 643 4, 868 9. 481 5,102 | 1,880 4,797 2. 800 5208 [ —1.638
7.0 2,883 7.5 —2, 888 7.487 2.012 7,688 | —1,184 7. 405 2, 806 7,008 | —1,987 7.3 2. 060 7.606 | —2.221 7,280 3. 487 7.711 | ~L701
10 2. 736 10 —2,736 0. 980 2.840 | 10,064 | —1,808 0, 004 8,261 | 10,006 | —~2,217 8. 504 8. 554 10, 106 | —3, 821 0. 788 4,087 10,202 | —L1, 999
15 8, 209 15 —3. 200 14, 489 2,860 15,0681 | —1,828 14,000 8.07] | 15001 | —2,435 14,809 4,338 15,101 | —2.902 14, 788 5, 004 15 ~2.814
20 3,737 20 ~3. 737 10, 45 3277 (20,068 | —1.68% 19,918 4,432 | 20,082 | —2,030 19, 909 4, 988 20,001 | —38, 844 19,817 8, 731 20, 183 | —2. 47
25 4, (080 8 —4, 0580 24, 958 3,592 | 25,047 | —1, 803 24, 020 4,044 | 2,071 | -8, 184 24, 931 5, 897 079 | —3, 2, 848 6, 200 25,1487 | —2.710
30 4, 2832 30 —4 282 49, 9A3 8,84 0,048 | —1,880) 29, 842 5,254 | 80,068 | —8,310 20, 988 5,782 ) —3,788 , 872 8,702 30, 128 | —2.814
35 4,441 14 ~4,431 34,971 3, 082 020 —{. 923 34,958 5.481 | 85,044 | —8.401 34. 961 5, 964 35,49 | —B8,804 84, W3 8, 043. 36,007 | —3. 863
40 . 406 40 —4, 408 39, 081 4,089 | 40,019 [ ~1.827 89,971 5,087 | 40,020 | —3,428 39,968 4, 067 , (032 | —8.928 89, 686 7.138 40,084 | —2,88
460 L1 —4,460 44, 900 4.078 | 45,010 | —~1,888 44, 088 5,564 | 45,014 | —8,874 44, B34 4, 058 445,016 | —8, 868 44,868 7,153 48,083 | —2,778
50 4,338 " —4, 338 B C0Q 4,008 | BO,000 | —1,707 50, 000 5,439 | 50,000 | —8, 283 180, 000 5,915 L 000 1 —8, 700 50, 000 7,018 50, 000) | ~2, 60
L] 4,086 54 —4,0868 58, 009 3,486 | 54,901 | —L.6G44 : 56,018 fi.181 | 84,087 | —3,p01 . 58,014 5, 625 —3. 435 56,020 8, 54,971 | —2.340
80 3. 743 [\ 4] -3, 743 60,014 3,849 | hR. 684 | —1.447 60, 024 4,814 | 89,976 | —2,472 60, 037 4,317 5,973 | —8,078 a0, 053 50,947 | —2
45 3.8 G —8,328 s 3,270 | 4,978 —I.&g 65, 033 4,858 | 64,947 | —2.208 64, 036 4,713 44,904 | —32.642 a8, 073 8, 741 04,027 | —1.631
il 2, 8804 70 -3, 880 70,020 2,007" | 00,974 —, O 70, (030 3, 828 Q8L | —T1,884 70,043 4,128 A0, 987 | —32.184 70, 085 68,915 | —1,21]
75 2,843 k(] ~%h 342 78, 028 2,489 | 74,972 —. 000 75, (41 3.7 | 74,950 | —~1,447 78,046 3.479 74,966 | —1. 78,000 4,872 "o} —.
i) L, 808 8 -1, 808 80, 2,020 | 79,073 —, 487 80, 040 2,601 | 79,060 | —1,008 80, 044 , 088 | —1,1N D, 088 3, 877 N2 | —, 803
oA 1. 460 85 -l v 1,538 | 84,970 —, 103 88, 036 1,038 | 84,908 -, 887 88, 088 2. 087 He, 002 | ~.711 - 818,070 729 84,024 | ~—.087
2 N ] -, 738 a0, 018 1,037 | 80,082 007 0,026 .| 1,285 | 80.074 -2 80, 028 1,827 80.672 | —, 208 00, 087 1,842 , 943 f
o5 . 280 o -, 280 of, 009 511 | 84,801 A3 95,013 80 | 04,087 . (036 05,014 . 622 04, 988 , 010 + 9, 020 . (187 o, 971 327
100 0 100 0 100,000 | 0 100, 000 ] 100,000 | 0 100, 000 0 100,000 | 0 100,000 | 0 100. 000 100, 000
L. . radiua: 0,553 L., B, radlus: 0,240 L, T, radiug; 0.56% L. B, radius: 0,887 L, E. radiua: 0,087
Blope of radins through L, B.: 0,084 Blone of radius through L. B.: 0,084 .Blope of radins through L. B.: 0,084 Slope of redius throngh L. E.: 0,108
NACA 651-012 NACA 651-212 NACA 651-212 NACA 651-412 NACA 652-015
[Htations and erdinales gvpn in percgnt of  [Statlons and ordinaies glven {n pereent of a=— 0.6 [Stations and ordinates glvem in percant of Btations and ordinales glyen In peroent ol
airfoi] ohordf airfol] uhordf alrtoil ohord) P L nirfoll ehord]
[8tations nnd ordinaley given in percant of
Upper aurfaco Lower surfaca Uphior surfaos Tawer surfaoe . irfoll chord] Uhper surfaca T.ower surface 'Upper surfaeo Lawer surface
Btatlon |Ordinaie| Station | Ordinate Blation |Qrdinate| Station ] Ordinate Ubper murface Lawor surfaco ftatlon (Ordinate| Station | Ordinate Station |Ordinate| Siatlon | Ordinate
0 0 0 0 0 0 0 0 ftation |Ordinate| Station | Ordinata 0 0 0 0 0 0 0 9
B 928 ] -, A28 070 AT - 847 1,010 .80 | ~.810 ] 1,134 B =11
78 1,100 78 ] 1,100 4 1,176 L8348 | —1.088 0 0 JB80 1 1,238 . ~. .78 1, 850 .78 [ —1.856
1.36 1,887 1,28 | —1.887 1154 1481 1.846 | =1, 277 088 a0l | —.862 1,080 | 1,588 1,441 | —1,1680 1,2 1,702 1.95 | —1,702
2.5 | L8t | ab | -LErs 2.801 | 2 2,609 | —1.080 0 R ‘sag | —1 012 @8 [ 224 | 2717 | ~1.480 20 | 28U 2.5 | —3.8%
RO | 2,600 | Bo | -2 g8 | ae9 | B2 | -7 U134 | 1880 | 87| —1 242 4787 | 3.2; | K8 | —1,088 500 | 8248 5,00 | —3, 8
7.6 | 8172 | 76 | —8173 7.4 | 8, 7,637 | 3,745 2, 2118 844 | —1, 62 7.7 | 4010 | 7.788] ~2.81 7.50 | 880 7,50 | 8,050
10 3.647 | 10 —3, 847 ) 4162 | 10.1%7 | -3 g7 | 3oy | Bisa| =2 sk .74 | 4.672 | 10,264 | ~2.604 10 4085 | 10 | —4, 568
I8 44m | 15 —6402 14,870 | 8073 | 18121 | ~3,727 7,820 | 8728 | 76N | —2.600 14,7687 | 5,741 | 16,48 | ~8.049 18 5504 [ 16 | —BNM
2 4075 | 20 ~4,975 19,80 | 8770 | 20,110 | —4, 178 082 | 1830 | 10178 | —a 056 10.781 | 6.562 | 20,219 | —8.878 20 623 | 2 | -423
24 5406 | 25 ~B. 40§ 908 | 6,800 L0084 | —4. 510 " B8 | 16107 | —3, 500 2481 | 7.163 | 26189 | —3.618 2 a7 | 2 | —67M
a0 5,716 a0 —hH, 718 . 028 8, 887 , 077 | ~4. 748 19, 848 6, (42 20.152 | ~8 29, 840 7,088 30,154 | —~38,770 40 7,182 30 -7, 152
85 5912 | 88 ~8,912 84.942 | 6,043 | 35,088 | —4 833 X aa1 | 2518l | —4197 alasd | 7011 | 85118 | —8 Kbl 35 7,890 | 38 | —7,800
40 ) 40 -8, a0.p61 | 7.068 089 | ~d4.028 7,020 108 | =4.401 30,028 | 8180 | 40,077 | —8.858 40 7408 | 40 | -1
48 8. 49 45 -8, 849 44, §81 7. 044 45.010 | —4, 864 34, 021 7' 804 35: o9 __,4' 518 44, 962 8,139 458,088 | ~8,750 15 7.4%7 48 — 7,427
1 5767 | 80 ~B. 787 .000 | 6,880 | 50, —~4, 30,081 | 7444 | 40.040 | =4 50,000 | 7.908 | 50,000 | —8 5Ol 50 768 | m | -7108
85 5413 | 85 ~B, 412 85017 | 6.507 ~4.817 W88 | 7493 | 45017 | —4 478 55,086 | 7,802 | 4,065 —8,22% b5 672 | & | -8
a0 4, ] —4, .083 | 6,1 ~3.8 20017 | 7381 | 49688 | —4 00,084 | 7,088 | bo,gA6 | —2.801 60 6118 | 00 |—618
as 1| o ~4,881 048 | B4l | 64,907 | —3,861 B5.080 | GBS | 54948 | —3 oo 65,086 | G.44p | 64,014 | ~2.830 a8 5403 | 68 | —5
70 3,743 70 —38,748 70, 060 4,718 , 980 | —2. 771 0. 04 a 318 59' 008 _3' 560 70,191 8. 688 69,800 | —~1,708 70 4. 600 70 —4,
75 78 ~38, 75, 088 3. 954 74.947 | —2,104 85,128 | 684 o, 81U 76,107 | 4,847 74,808 | —~1, 287 V(] 3, T44 78 —8, 744
80 2,845 | 80 —3, 848 80,052 | 8,140 | 70,048 | —1. 0124 | 42432 | eosm | —2 80,108 | 8.038 | 70,887 | --,781 80 32,808 80 ~2,
88 1,680 | 88 -1, 680 8n048 | 2,803 | 84,985 | —. 056 75112 | 3988 ' ~2181 85,000 | 2974 | 84,010 | —~ 2 85 Lo | 88 |-l
90 L7 —, M7 ), 1. 408 80, ~. 429 ¥0, 090 3:033 79,010 | —1,804 90, 084 . 89, 934 . 0 1,144 Q0 ], 144
o LB8G | OF -, 856 96,017 672 | o4, —. 040 85084 | 2178 | 84038 | —1. 085 08, 033 . 04, 087 . 96 AR of — 438
100 0 100 [ 3 0 100, 000 90,080 | 1207 89, 04 _..: 05 100, 000 100, 000 100 0
L. E. radlus: 1,000 L, E, radiug: 1,000 ' ' L. B, radlus; 1.000 L, E, radius: 1505
. Slope of radius through L, E.; 0.084 Hlope of radivs through L. B.: 0.168
L, B, radius; 1,000 -
Hlope of radjus through L, B, 0,110 !
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NACA 654-221

{8tationa and ordinates given In pereont of

NACA 654-421

[tations and ordinafea given In pere

[3tations and ordingles ulvim in pereent of

airfoil ehord] alrfoil chord)
Uppar surface Lowor surface Unper surface Lawer surfaco
Atatlon |Ordinate] Station | Ordinale Station [Ordinate| Station | Ordinate
Q 0 1] 1] 0 0 0
.872 1, 867 L0698 | —1.447 247 1, 601 L7588 | —1.401
, 608 1, 003 892 | —1,762 . 468 1. 968 1082 —1.474
1. 0RO 2,402 1.410 | —3,188 083 | 2.448 1. 887 [ —2.068
2,814 | 3,888 2,684 | —2, 2.186 | "3.608 2,865 | —2.7G1
4,791 4,788 5,200 | ~4,181 4, 582 5,088 5417 | —3.821
7,380 5,018 7.7%0 | —5,070 7.082 A. 820 .088 | —4.688
8,778 4, 885 10,222 | —6, 881 9, 887 T.871 10,448 | —5.308
14,787 8,870 15,218 | —7.024 14, 875 Q.034 , 425 | —0,343
19, 808 9,514 20,192 | —~7.922 10,416 | 10,804 L 884 | ~7,120
24,884 | 10,881 25,164 | —8, b1 608 | 11,271 28.383 | -7, 6801,
20,8685 | 11,007 80,186 | —0, 008 , 729 | 1L.978 80,271 | ~8.088
888 7 11,404 85.102 | —9,841 34,7068 | 12,448 38,204 | —8, 818
, 982 | 11,870 40,088 | —0,428 0, 888 | 12,6840 40, 186 | ~8.8
44,987 | 11,481 45,083 | —8,271 a4 | 12,860 45,086 | —8.174
50, 000 . ONS 50,000 | —8.849 60,000 | 12,158 50.000 | —7.748
54,080 | 10.872 54,970 | —8.1493 Ogg 11. 487 54,841 | —7.087
00, 054 0.461 50,946 ) ~7.810 . 1 10 nss B9, 8 ), U7
08, 072 , 300 04,928 | —6, 830 a5, 145 | 9,41 04,868 | —6.200
70,084 7.108 69,014 | —b, 251 70, 168 8,166 69,832 | —4.278
75,088 5 M8 74,012 | —4,128 78,178 8,811 74,824 | —3.281
BO, 0R4 4, 88 79,9106 | —8,008 50, 187 5. 888 79,888 1 —2,204
88,072 3, %70 84,028 | 1,024 86, 143 3. 040 84,867 | ~1,248
00, 082 2,000 80,948 [ —, 046 00, 104 2,514 80,808 [ -, 446
88, 028 o H1 M0 | - 20 05, 041 1,178 949 088
100, 000 100. 000 100, 000 0 100, 000
T, B, radl 1 L, E. radl 1
Hlope of radlus through T, I.: 0,084 Hlope of rading thmuxh L, B,: 0,168

NACA 66,1-212

[ﬂl.atlnnu antd urdlnutva v fu in peroent o

NACA 66(215)-016

Binifons nnd ordinaies glven in porcent. of
[ alrfoil hmrd po

airfoil chord
Upper surface Lower surface
Station |Ordinate| Station | Ordinate
0 0 0
. 168 1.620 848 | —1.844
308 1,991 1.187 | —~1.603
. 813 2. 558 1.087 | —1.085
1,062 8,681 3.008 | -3, 506
4. 114 58148 B.548 | —3, 55)
6. 880 , AL 8,120 | —4.%758
9. R71 73 10,820 | —4, 800
14. 305 0. h72 18,808 | —5,780
19,455 | 10.961 20, 545 | -6, 458
24. 588 | 12,000 25,462 | —6,952
29,6839 | 12,785 30,38 ; —7,208
.75 | 13,988 385,246 | —7.4808
80,882 | 13,470 40.118 | —7, 538
45, 18,803 | 44,074 | ~7,870
50,211 | 13,890 49,780 | —7.010
55,862 [ 13,080 54,888 | ~6,484
00,431 | 10,43 50,579 | ~5,818
428 | 0,687 | o4.h72 | —B,057
70,398 8. 168 69,002 | —4.220
75, H0 0, ho4 74,080 | —3,800
, 264 5007 79,780 | —2,488
88, 181 3, 580 84,819 | —1.604
00, 100 2.005 80,900 | ~, 867
05, 084, 883 | 04,066 -, 247
100, 000 0 100, 000 0
L B, rading: 2,50
Blope of radivs through L, E,: 0,288

NACA 66(215)-216

[Bintlons and ordinates given in pereent of
trfoll chard]

airfoll chord, rfoll ohaol atefoll cha
Upper surface Lower surface Upper surfaos Lower sur{ace Upber surface Lower surface
Btatlon |Ordinate] Station | Ordinate Station |Ordingte| Btation | Ordinate Station |Ordinate| Station | Ordinate
0 0 0 0 0 0 0 0 0 0 0
24 M7 L BT8 | —. 847 ] 1.184 ] —1.184 . 401 1,280 899 | ~1.180
. 866 1,150 834 [ =~1,010 W78 1.418 .78 | =1L 418 .40 1,484 860 [ —1.844
1,157 1,447 1,843 1,238 1,28 1. 785 125 | 1,785 1,128 1. 458 1.872 | —1,644
2.8056 - 1.080 2 -1L614 26 2878 3.5 ~2, 878 2, 962 2, 560 2,648 | —2. 184
4, 884 2,707 5,110 | ~32,1685 8,0 202 5.0 -3, 202 4,846 3,604 5. 164 | —2,972
7.879 B, 441 7.631 | ~2,508 7.5 4,007 7.8 —4,(07 . 840 4,428 7.600 | -8, 580
0,878 8,997 10,123 | 2,963 10 4,020 10 —4, (128 , B38 5,140 10,162 | —4.100
4, B84 4,845 18,116 | ~3, 530 15 5. 605 15 —0, 604 14, 845 6,278 15,185 | —4,080
19, 808 5,674 108 | -8, 982 20 6, 362 20 -6, 362 9, 880 7,158 20, 140 | —5, 564
80y | 6,113 25,001 | ~4, 822 25 [ a5 —6, 950 . 879 7.844 25.121 | —~6,084 .
20, 928 8, 522 30,078 | ~4, 578 80 7, 808 30 —7.805 L D00 8, 866 80,100 | —8,423
34,943 4,816 087 | ~4,760 35 7,708 35 —7, 70 4,024 R, 788 85,078 | —~6,078
30,962 7,005 , 088 | ~—4, 863 4 7. 909 40 —7. 908 30, 640 B, g0 40, 051 | —@, 838
44,981 . 098 45,019 | ~4, 008 43 7.897 48 -7,087 974 0.002 45,024 | —6.002
, 000 7,078 , 000 | —4, 869 7. 987 80 ~7. 987 9,060 50,000 | —8, 8564
58,019 880 .| 84,081 | ~4, 740 58 7,780 b5 ~7, T80 8,875 54,075 | —4. 683
60, 038 6. 085 50,084 | ~4.51 [C1] 7,425 80 —T.428 80, 048 8,446 50,052 | —4,354
68, 0451 6, 194 40 | ~4, 185 842 a8 -0, 832 685, 087 7,483 64,083 | —5.802
70, 081 &, 030 | -8, 603 70 270 70 -5, 970 7, 031 6, M1 60,019 | —4,4907
75. 066 74,984 | ~2, 888 7w 4, 908 75 ~4, 060 . 087 5. 860 49018 | ~4, 070
085 3. 789 79,088 | —2,107 80 8.840 80 —3. 849 , Q45 4.644 7,915 | —8.082
48, 058 84,42 | ~1, 4% 88 2,728 86 -2, 728 a8, 076 8,806 84,925 [ —2 040
043 1,760 80,957 | -, 738 90 1. 887 90 —1, 887 60, 085 2,108 89, 48 | ~I1,089
5022 [ 04,978 [ —,160 08 897 | 95 - 57 028 V918 | 94,973 | -~ 281
104, 000 100, 000 100 0 100 100, 000 0 100: 000 0
L, B, radlu, g& L. B. radios; 1,578 L. I, radiug: 1
ﬂlope of rodhu rengh L, .7 0,084 - Slops of radius tbrough L, B.; 0,084

NACA 65215-114 NACA 65421420
o9 givon in poreent of  [Btations and ordinafes uian In pereent of
alfall ehord] airfoil chord
Uppar surfuce Lowar surfaoe ( Uppeor surfaco Lower surface
Station |Ordinate| Btation | Ordinate Btation |Ordinate| Station | Ordinale
0 a 0 0 Q 0 ¢ Q
458 1,078 044 | 1,028 . 258 1,887 742 | —1.887
701 1. 800 L9 | —1,280 482 1,864 1.018 | —1,584
1.195 1,842 1,805 | —1.884 + 960 2,874 1880 | —1,040
2,487 2,281 2,588 | —2,078 2. 163 3. 358 2,848 | —2,6814
4,929 3,186 5,071 | —2,870 4, 603 4, §66 5,807 | —8.002
7.428 8. 906 7.574 | ~8.442 7.088 6. 086 7.017 | —14 370
9.938 4, 508 10,074 | —3.002 0, 579 7.080 10,421 | —4,002
14,929 5,472 15,071 | —4,800 4, 506 8, 686 5,404 | ~5,078
19,034 6, 204 20,084 | —5.410 19, 034 9,885 20, 368 | -6, 701
\ 945 6. 761 0Bh | —B, 860 24,684 | 10,818 25,318 | ~7,285
, 955 7.161 a0, 046 | —6,189 20,743 | 11,404 L 258 | —7, 608
34, 068 7.418 36,084 | —6.388 808 1,930 85,105 | —7.819
39, 077 7.534 40,023 |- —6,463 89,871 |13 140 , 120 | —7,888
44, 089 7.480 45,011 | —8,884 44, 987 2. 066 46,088 [ —7,078
50, 000 7. 242 . 000 | —86,]138 ,000 | 11,672 ,000 | —7,300
55,010 6, 820 54,000 | —=5.TH ,008 | 1L018 84,044 | —0, (085
60,018 6, 246 50,883 | —6.174 60.108 | 10,124 L 807 | —8, 843
, 035 5, 558 64,970 | —4, 628 as, 188 9, 060 2683 | —4,940
70,029 4,779 69,971 | —8,807 70,100 7,861 69,840 | —8.9078
76, 081 3. 4% 74, %) | —3,048 78,167 6, 868 74.838 | —3, 688
, 020 8, 064 79,871 | —% 909 80, 150 5, 300 79,841 | —12,010
88, 035 2,181 84,078 | —1,500 85, 186 3,813 84,804 | —1,121
00,019 1,828 @81 | —,810 ), 048 2,441 ,902 [ ~.878
98, . 567 0L | — 241 08, 049 1,150 04, 81 114
100, 100, 000 . 000
L, I, rediug; 1,811 L. B. radiua: 3,27
8lope of redlus through L. E.: 0.043 8lope of ra<ius through L, E.: 0,168

NACA 66(215)-216

a=0.6
[Btntiona and ordinates glven In paroent of
airfol] chordjl
Upper surfnos Tawer surface
Btatlon jOrdinata) Btation | Ordinate.
0 0
.71 1, 342 .00 | =L 112
. 807 1 501 808 | ~1.810
1,081 1,888 1400 | —L. 608
2,817 2.0158 2.683 | —2,127
4,74 8, 701 5,206 | —2 860
7,384 4, 568 7.76 | —3,441
9, 781 5,808 10.219 1 —3.934
14, 788 8. 600 15,212 | —4,702
19, 8068 7,428 . 104 | —5, 200
. 832 8, 166 28,168 | —§5, 741
863 8. 708 30, 188.| —6, 080
24, 897 g: 008 a5, 108 | —6.312
, 986 3488 40,084 | ~6,463
44,078 0,471 45,023 | —6, 523
023 9. 431 49,977 | -8, 488
56,073 0. 224 927 | —6.338
80, 141 8, 800 50,850 | 6,048
65,101 | 8,084 800 | —& 874
L 1 7. 048 69,802 | ~4, 806
76,181 +| &, 889 74,810 | —4,087
148 4, 586 79,852 | ~38,107
85, 108 3. 208 84 | -2 177
00, 001 1,987 80,980 | —1,238
05, 031 , 762 04,970 | --,482
100,000 [ O
! L. B, radlus: 1,876
8lapa of radius through L, K,: 0,110

NACA 66(215)-416

[Statlons nnd onllmt.es gl!(\{en in percent of

airfoll ch
Upper surface Lower surface
Station |Ordinata| Station | Ordinate
(4 0 0 0
. 808 1. 268 , 087 { —1,088
. 833 1, 841 . 088 | ~1,261
1.008 1,042 1,492 | —1,5M4
2, 228 2,734 2,776 | —1.990
4, 608 a.010° 5,807 | —2.646
7.180 4,843 7.820 | —8,147
Q.877 5, 049 10,823 | —8. 681
14, 601 6,942 , 808 | ~4,280
10,720 7,948 , 380 | —d, 764
4, 767 8,738 ab, 248 | —~5,156
29, 801 0. 838 , 100 | —5,448
ad, 448 0. 768 85, 153 | —b. (M8
80,848 | 10050 40,102 { —4, 780
44,049 | 10,187 45,081 | —~b, 807
80,000 | 10,183 000 | —3, 761
&8, 080 8 970 54,980 | -5, 500
60, 098 9, 508 59,004 | —5. M3
@5, 180 8, 891 (4, 805 | —4,771
70, 181 7.M113 69,830 | ~4.0M
75,174 , 763 74,838 | —3,178
1 5,437 70,830 | ~2.258
85, 150 4, 085 8560 | ~1,878
20, 111 2 017 v - 540
96, S L2 | M, . 038
100, 0 100,
L, 8. radlu1
dlope of radius throuuh Y. B, 0,168
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NACA 663-018

{8lafions and ordinates given in pereent of

afrfoil chard]

NACA 6

[Btations wiul ordinat

alrioil chord)

Unpar surfoeo
Htation (Ordinate
0
8 1.828
J7h 1,871
1,28 1,003
25 2 640
6.0 8,610
7.8 4,513
w 5 210
.18 6, 338
1] 7.188
25 7,848
a0 8,38
34 8,701
40 8, 018
45 8, ge8
80 - 8§, (43
3 8,733
] 8. 823
85 7, 850
70 8. 807
7% 5481
80 4. 308
R 2,634
L] 1L.714
oh L (40
100 0

Lower surfacoe
Btatlon | Ordinate
0 0
N —1.898
8| ~1.871
12§ | —1.662
25 ~3, 841}
50 —3. 860
7.5 —4, 818
1) =5, 310
14 ~=(l,
-7.1
28 =7, 848
30 —38. 340
an ~8. 701
L1] =8, 018
45 ~H, 008
50 =8, 42
Bb --g. 783
a5 —7ﬂ, 580
78 —~5, 481
80 —4, 200
4B —~2, 6
- 90 =174
0 ~, tHf}
100

Uppor aurfaco
ftatlon |Ordinata
0 0
.389 1,808
028 1,038
L 118 2.084
2,846 3, 823
4,827 4,002
7,320 4,083
0,818 B, 724
14,825 | 7.004
10, 841 7.982
24,808 | 8,742
2,87 1 9.817
34. 014 8. 781
80, M3 . 989
44,971 | 10,088
50,000 | 10.045
02 | 9,828
60,084 | 9,
05,076 | 8,010
70,080 | 7.508
75008 | (.846
80, 098 5,001
88, 081 8, 606
00.080 | 2
95, 030 , 981
. 000

O 3-
Towor surfnon
Stalion | Ordinato
0 0
@11 | ~1,268
872 | —1.490
1,888 { —L.840
2,664 | —2.404
5,178 [ —8,870
7.680 | —4.0808
10,182 | —4,400
15, 178 —35, 658
20, 159 | —~G, 840
an, 1837 | —6, 052
80,118 | ~7.873
85,080 [ —7.071
40,088 | ~7.847
45,020 | —7,008
50,000 | —7.889
64,972 | —7,438
5, 6 | —7.282
04,920 | —0, 860
49,011 [ —5.024
74,905 | —4. 868
70,907 | ~8.400
84,010 | —2, 2080
89,040 | —1. 108
94,070 | ~.320
100, 000 0

L. B, radina: 1,988

NACA 664-221

18tationy and ordinal
alrfoll

os given In pevosnt of
hor]

L, I, radiys: 1,088

Alopeof radiusthrongh L. I,: 0.084

PR CAS E

62-418

NACA 67,1-215

Stations and ordingtes glven In peroant of
l airfoll chgrd]

pereent. of
AL ML i)
Tppor surfupoe Towoer aurfaoe
Btatlon [Ordinate| 8tation | Ordinato
0 0 0 0

,280 | 1.408 L7390 | —1,208

. 509 1.602 0] | ~1.413

, 981 2.147 1,819 | =1,719

2,184 3,000 , 808 | —2,
4, 650 4,808 b 844 | —3,042
7. 140 5,847 7,860 | —8, 681
g, 6, 31 10, B34 163
14, 461 7,809 . 840 | —4,
10, 688 8,778 20,817 | =&, B89
24,726 9,038 5,274 | —0,068
20,778 | 10,287 ,225 | —0, 3!
820 | 10,759 35,171 | —6,089
39, 11,059 | 40,1158 | —6.7758
44,843 | 11.188 3 ~4,
,000 | 11,148 50,4600 | —~6, 784
e 110, 8, M4 | —8, 543
60,107 [ 10,404 59,893 | —6,180
a5, 149 9. , 881 | —B, 819
70,178 8, 539 69,822 | ~4.061
75,191 7.488 74,800 | —8,
, 146 5. 784 70,815 | —2.610
885,102 4, 888 | =1,
90,120 | 2,744 | 8O.480 | ~.078
* 95,000 1,278 M 840 | -0
100,000 0 100, 000 0

L, B, radfus: 1,988

Slope of radius through L, B,¢ 0,168

[Stations and ordl;mtos gl

NACA 747A315

In percent of

chory
Upper surface Lawer surfaco
Station |Ordinata) Btation ) Qrdingto
0 0 0 0
472 1.870 828 1 —1.470
L6010 1.800 800 [ —1.320
1,008 2,842 1,406 | —2,728
2,89 3,220 2.077 | —2.
4,800 4, 580 £.200 | —3,848
7,301 5, 853 7,700 | —4,805
0, 7848 0, 885 0.212 | —4, 881
14, 707 8,089 15,408 | —6,088
18,818 | 9,170 186 [ —7,878
24,840 | 10,47 25,160 | —8.257
20,889 | 10,700 | 380.181 | —8,708
84,900 | 11,188 3 -9, 124
30.633 | 11,478 ~9, 830
44,907 | 11,505 45, 9,408
. 004 | 11,587 —4, 331
58,082 | 11,281 . —~8, 001
00,068 | 10,768 | 59,087 [ ~8.631
65,087 , 828 a4 018 | ~7,703
70,103 8, 8l , 897 | -0, 087
, 108 7.14h 74.801 | —8,385
80, 106 . Bl 9, 804 | —3a. 600
85,002 | 8,996 808 | ~~3, 660
$0, 087 2,440 89,083 | —1,406
, 034 1,082 | M,0868 | ~,400 -
100,000 100,000 0

Upper surfnoa
Atation {Ordinate
0 0
403 1.218
o 04 1,460
1,128 1,867
2,301 2,877
4, 848 3, 587
7.844 ) 4,831.
9, 848 4, M7
14,854 5084
19, 869 0. 736
2, 887 7,848
28. )08 7,820
i, 980 8,188
30, 083 8, 45
44,978 8,670
50,000 | 8.600
58,024 8. 516
, M7 8,802
5, 088 7, 488
, 086 7.878
75, 008 8, 614
#0), 100 4,485
85,002 3,009
10,071 9, 837
08,087 1,108
100, 000 0

Lowar surface
Atatlon | Ordlinato
0 0
.08 | ~1.118
,808 | —1,320
LA | ~1.
886 | —2. 208
6,102 | —2. 928
7,650 | =3,473
10,1585 | —8.918
15. 146 | —4.
20,181 | —& 143
a8, 118 | —5. 858
. 082 | —5 841
85,070 | —0.126
047 | —8.288
, 024 | —6. 880
50,000 | —6.304
L9768 | —6.520
, 983 | ~6, 100
-0, 878
10,014 | —~8,420
74.902 | —4,726
, 900 |- -3, 748
§4, 008 | —2,068
9,020 | —1. 508
903 [~ 471
100, 000

alrfol} chord
Upper surfnoe Lower aurface
ftatlon |Ordinaie| Station | Ordinate

Q [ 0 Q
220 1,808 2771 | —~L081
A49 1, 50 1,080 | ~1.207
M1 2.088 1,889 | ~1,478
2,109 2.988 2.801 | ~1,027
4, 54 4,28 5,436 | —2.518
7.088 | 5288 7.7 | —2:082
9, s 6, 140 10,442 | —3.804
14, 60 7. 497 158,401 | —8.843
9, 88 8, 603 20,382 | —4, 247
. 0,242 265,42 | —4, 50
28 9, 731 80.183 | —4,773
35, 001 9,983 84,000 | —4,928
X 0.662 . 800 | —& (20
45,878 9. 672 44,028 | —5.040
10, 447 8,004 19,883 | ~B.014
. 168 8,200 0,587 | —4. 030
(0,485 7.8 80,860 | —4,7T73

66,380 | 6,308 . 08¢ | =4,
241 384 69,780 | ~4.110
75,180 4. 880 74,870 | -3, 802
073 | 3.208 , 927 | 2,74
18] 2,267 84,003 | ~1, M58
€0, 018 1.289 , 984 | —1,087
66,004 480 96 | —, 408

100, 100. 000 1}

L, &, radius

. T, radius: 2.560
Hlops of radius through L, B.: 0,084

L, E, radlug: 1.5

8lops of radius through L, E.: 0,232

NACA 664-021

[Hations und omlinates given in pereent. of
Irfail ohord]

alrfoil aho!
Upper surfaco Iawor sarfaee
Btation lOrdl.nate Htatlon l Ordinata
0 0 0
N 1,528 B —1.528
.78 1.804 .78 -1, 804
1.28 2,240 1.25 —2,240
2.8 3.048 2.8 —38.(45
8,0 4,280 5.0 —4,200
7.8 5,433 7.4 ~b, 248
10 6,062 10 —a,082
15 7,860 16 ~7, 364
2 8,876 | 20 -8, 870
5 0,183 24 —~{), 153
30 9,788 | 80 -0
35 10,164 86 ~10. 1M
40 10,407 | 40 ~10,407
48 10, 500 48 ~10, 500
50 10, 50 10,484
54 10,186 | 85 ~10, 186
9 a0 ~0.092
i 768 | 08 -8, 798
70 7,610 70 ~7,610
78 0, 281 (] —6, 251
Ho 4,796 | 80 —4,
us 8,324 85 ~3,8M4
1,024 o) —1. 924
1] , N7 ~, 77
100 ' 100 0
L, E, radius: 3,850

NACA 747A415

|Btations and uwill;mtes given in pereant of

alrfoil chord)
‘Unpper surfacs Lower surface
Station |Ordinate| Btation | Ordinate
0 0 0 0
. 188 1.818 BI7 | ~ 00
808 5622 1,102 | —1.160
. A2 . 100 1.848 | —1.408
2,41 3,018 2,900 | —1,
4, 487 4,41 5,813 | ~2, 340
6,972 5,488 |. B.028 | =2,
9,476 6. 390 10,824 | —3.
14, 821 7,827 15,479 | --8. 801
, 868 8,807 20,402 | —3,848
’ 9. 887 26,802 | —4.004
20,818 [ 10,316 30,182 ( —~4.
34,684 | 10,4 35,080 | —4,411
40,176 | 10.490 30,8 | —4,
48,364 | 10,1321 44,8456 | —4,408
44771 9,518 44, 543 | —4.462
A5, 474 8,788 54,520 | —4,381
00,404 7,480 W, 846 | —d, 235
05, 393 6,878 64,607 | =3, 992
70,273 8, 838 680,727 | —3.032
T8, 164 4,783 74, 886 | 8,083
80, 107 3,002 70,808 | =234
H5, 088 2. 502 4,084 | —1.878
00, 087 1,46 89,060 | —.8R
M.gsg 2 iR M, —, A7
100, 0 100,

L, E. radius: 1,64
Blope of radiua through L, E.: 0,874
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SUMMARY OF AIRFOIL DATA

IV—PREDICTED CRITICAL MACH NUMBERS

Page Puge
Critical Mach number chart_ . ______ 372 Variation of eritical Mach number with low-speed section Iift
Variation of critical Mach number vnth low-speed section lift coefficient—Continued
coefficient: For several NACA 65-series symmetrical airfoil sections of )
For the NACA 0006, 0009, and 0012 airfoil sections_ ..___ 373 various thicknesses_ . . _ oo o 380
For several NACA Id-series airfoil sections of various For several NACA. 65-series airfoil seetions with a thickness
thicknesses__ . ______ o ____ 378 ratio of 0.18 and cambered for various design lift
For several NACA 2t-series airfoil sections of various eoefficients_ . _ e 381
thicknesses_ _______________ 374 For several NACA 65-series airfoil sections of various thick-
For several NACA d4i-series airfoil sections of various nesses, cambered for a design Iift coefficient of 0.2______ 381
thicknesses. ______ . 374 Forseveral NACA 65-series airfoil sections of various thick-
For several NACA 230-series airfoil sections of various nesses, cambered for a design lift coefficlent of 0.4._____ 382
thicknesses__ . 375 For several NACA 65-series airfoil seetions with mean line
For several NACA 63-series airfoil sections of various of the type a=0.5 and cambered for & design lift coeffi-
thicknesses, eambered for various design lift coefficients__ 375 elent of 0.4 .. oo 382
For several NACA 63-series symmetrical sirfoil sections of For two NACA 65-series airfoil sections of different thick-
various thieknesses.________________________________ 376 nesses, cambered for a design lift coefficient of 0.6__..___ 383
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NACA 653-418, a=0.5
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NACA 653-618, a=0.5
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NACA 654-421, a =0.5 ’
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NACA 65@21)-420
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NACA 66,1-212 with flap

o
L]
N
I
N
N AT
D Q
N L
s -
_m;g\/ N A i <
e T e
-jn ﬂ - %
.
al\ _ Owo QY L
< LS R
X \ 155 SonoOdb T h .....llu
\ il NEN m
&P %
1 ] N : _w
i
_ j B RN NN EREN
!
f N
[ J
] o
o B S O
| D
33 " N ~ N ¥ N " N3 Q s ) oY
o, r ¥ [
“o Yuepry 900 Auswoyy
-] H
J
L]
o 3
1 ©
V7 ~
. -+ §
L [~ ﬁ'
SN N ] AN
S So= HHE §
qu, N ST . . 5
N ﬂ © N %
SSSRS ) 1§
~
: WQWVA g « ' - @ W
) Won/muV - W
= °
T
© 0y Al S - : - “
7 o Y N N 2 N ? . N Q N ] w \

4 .
"2 erony 1902 Ly Uolase

Laft and mament ciarsetesistios of the NACA 08,1-212 alroll section with 0200 splll flap, R=8X P



.lq‘
R

Momeriit coefficient, cn
EX W

)
8,

3.2

&8

4

20

-~
o

~
M

%

PR

EN

Sectior /ift coefficieni ¢

~J
B

L]

g
™

-6

~&0

-32

-24

-/6 -8 o 8 6
Section angle of attack, e, dsg

24

32

0%
1
S0 =
---_ _______—“‘__
-2 08
0 2 4 3 .8 7.0
/e
.024
f
020 ] !
8 /
S
&.0/6 Vi
@ A A
> VA4
S .2 . v
8 171/
'1% UAN »c/,
8 008 X 4
M) {
LV L4
004 -
0 = o e e P an e
-/
g
'J§ £ a.c, posifion
& J; sle' | Ye
G 2/ X0 | 0263 “0.045
§ 0 60 26/ 1-033
o 7 o Q0 260 - 027
8
$
4
4
16 72 -8 .8 L2 16

=4 0 A
Section lift coefficlent, ¢,

Aerodynamic charncteriatics of tho NAQA 06(215)-016 airfoll section, 24-Ineh shor.

910-(512)99 VOVN

VIVA TI0I¥IV 0 IYVITINAOS

g6¥




494

REPORT NO. 824—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

NACA 66(215)-216
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Acrodynamie characteristics of the NACA. 06(215)-210 airfoll 2octlon with 1.202 sealed plain flap, R=0X108.
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NACA 66(215)-216 with flap
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NACA 66(215)-216, a = 0.6 with flap
. 0 - =N
J A
_A S .r...:LL
+ B e
b Aoty bbby 1]
B U TR O N U [ ) ) -t-+F —f--f — ;Om Ny AL A I (i — .
R + b TH
\ . p visl T d e s 1]
IR EEEA A G T
M/_ 4 ﬂ rN ] ] ..J«HLI.
> 3A,\ T ANEARN] ﬁ LR
0 i ARt THT v
, Re AT y ) %! “Sek
Z 111 i ! LR 5] ¢
“ T / ) iy a3
SR R N A SRR088S [y §
M\ IENERNS T 1TL_\. /] =00 §q GAVUU/M
] HETHHE 8
\ hE HNERERN / / I A1 ..iaw
! . li:uﬂ._: [ / y 7Y _ RN
EaE AmEmammi -
4 T ﬂ\ \ \ N !rr.Llnlla
ERNE
N - 1 EEESY: T -
\ | JENBEEERS - o
i T
Q 2.0 N ~ - Q ~ ¥ %) <+ 9 © N T
M LY wm oo wmow o h
9 U500 JLSOW
- lllrl — =
i a1 - - 3
L~
mmzoaZcaves pEn
P> = Ll . B
34 roll Y N .Ml
ki <3 ~ $
H = NYvA N T 8%.-
R MN I~ S AN .m
M g S A a9 \m Iy T 5
3 Wﬂv . . 1< ] £ Nl Q
SSSNauSuRSasSERERS h
TN Rl N AT ~q b .m
/Vm I~ A TN i 9
RS T = s
mmm LC, ™~ % - ~ Il.l n
U_Nmmj/ ,w“
) ST TS ] - $
2 gy g
s
§ % 8§ § § & vy oW Yooy o§ o

~
13 Yool pe00 1111 Lo OBS

{0 LUt snd moment charastacisiics, Slotted fop daflectod 32%; R=0X 100
NAQA 88(205)-210, am0,8 alrfoll metion with 0.30¢ alottod and 0.10¢ platn flap.



-3.6 . .A PN ==Y m e e W = =T T =3 = P =TS T = N1 .5
32 E ﬂk ::‘\ =1 4
= | T .
> <~ — 37"
e L TN/
7 2 4 -3 8 10 2 1.4 :
. H =l XL
iR
a4 AYAVAVANE 2
SHE N
PIVAVANY, ‘ﬂ‘{
20 mﬁ! 4 -\'/ | J
& V1/ !
Al 5 %.‘l f
L6 //g/ I{ / \.‘ 0
{RTAVANANIN
[ ; T / / p w
YT A =/ 2
8 YY) i E
g AT X X 8 i 3
Q w
kN JAVAVAVS G 1 R >
= (w1, (ﬂ,— + \ - A > b
8 4 7 g _, N ~ el o &
3 rorAvAAVA § AN L i N > 3
iV N =~ o Y (o))
1/ h R — A - o) ;U,
o Ly N -4 N i ~ Tt 4 '—';; H
JAT/1/ AN = % N
HV N T~ Ul
-4 g4 <o m -5 ANRN - \ =4 —s ~
‘ / ' Kb I s s N
- / ™ _— il -
) 5 ~ = __-:)q ne N - o
-2 5/ -6 ] T ; %o- Ot ,
T — A ! _E- N |
dr 1 ]
~/2 =7 (da% N - = .o
o /0
O 20 o
A -/35 =
- a - =
1.6 -8 2—% 2
v 0 Siotted flap re racte ';’._“
-20 -9 Tttt =)
-24 -6 -8 o /6 24 = 4 a 4 8 L2 L6 20 24 28 32

&8 .
Section angle of attack, e, deg Sectfon i1 coelficient, ¢

(®) T.ft and moment charasteriatica, Slotted fap daflected 37°; R=0X10%,
NACA 08(315)-216, a==0.6 airfoll section with 0.30¢ slotted and 0,100 plain flap.

€09




504

REPORT NO. 824—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

NACA 66(215)-416
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NACA 66-209
O
~
= " y
T I/(/[.r
N R
N | !
N Y % ) Q
~ “THA _ r
I, 0 Lol
k 3 J
A NEECE 5 Tl
.9 f— o
T e o et i
S 3 - o BOL P
r T] 3 mﬂmmmwﬁ-
\ ’ Q NW.A #ﬁ Ml ﬂ+.|__|.m J&.II A
o
| 5 CRRVN ST
» \w 1§ g #W&ﬁ @ B
7 RN N
© L] / 2 A
. ﬁﬂ\ N . r!l.m.. - -
% . g
® 2099 9N QN+
- 1 "R GS EQ
: 0004 B 1R
uuE
M)
NG T W .
o L _ 9
ST Y )3 & ¥ 8 ¥ S oW o mow W
A S Q Q Q S 2 B TG Qusior 500 xtﬁt.ﬁs_
Py YNy 1800 boup woroses . - . i . .
9
S
. 1
b . 1 ©
\kL ¥ | -
N .
& om o 225, 2 Ao
x\M‘.v HH/.._H Q e i
g It
N [> T
Y P 3
g - P s
N w
- r’
B 3 A i
Y C . | ) .
vf/ & = D \ h
] |
R..
@
¥
© Q < ] < Q AN < M
= b ¥ N N 2 3 \ N . 3 3 o
‘0 QSPIF0D Lyt LONSSS '
~ N\ ~ Y " A 9

' 1"

_.
"Puy 915144800 JUBLIOW

Secthon liff cosfficient, c,

Sectiont ongle o cttoch, o, deg

Asrodynamin charactaristics of tha NAC A 68200 afrioll sselion, H-Inch phord.



83—00—LOT8F8

f
.1 .1 ? '—‘:-..c” q
EN (4] h\) o

Moment coefficken

K]
O

a6 T 1 256
[ ] [ 1 3 {
1 T
aad 0 — 032
\\ I’
_ <7
28 - Y gen
S/ — 4 6 & 70
afe o
24 084
|
20 J.020 \\ ;
v 2 | T
/i 3 . I
16 4 l'~§.0/¢5‘ /
' \ T
di‘/2 . ‘E \ , 7
/. A A
. E . N H{/
£ . 5 NER A Z°
g .8 ﬂ 8.008 3 N
< <]
ES )
:§ 14 X’ ,W ]
8 g ’
)
0 / I A 12! 0
J >, TR DT
g
-4 o
MY/ g‘i L
I [ B s
-8 (.;, §-2 - :
= ] a c. position
A EN R 1| e yle
) o Soxi0*"|_0.260 1-00/1 _|_.
"y 0.3 o 60 26071 =012
3 © 8.0 26171 ~0/8
é A 60 Standard roughness
5 v ggOc szmu/afed splif (’/a'o daf/ecfea- 60°
w2 2 -4 v 60 Standar r*arur;hrlieésl
~20 =5
-32 24 ~/6 /16 a4 32 -6 ~e _ -8 8 12 L6

-8 o 8
Section angle of alfock, &, deg

-4 o 4
Sectian lift ceefflcient; ¢

Aerodynamie charapleristics of the NACA 6210 miefoll soation, 24-Inoh ehord.

012-99 VOVN

VIVA TIOIHIV 40 ZTVINAS

609




510

NACA 661-012

REPORT NO. 824—NATIONAL ADVISORY COMMITTEE FOR AERON AUTICS

©
~
o Y
o//n_//
N DA g
» Al BR 3 N
= NA\ 3 Q
b k= s.m -
) Y s S N\ 7 <
Y A} Y ,{ Y. M i~ -
N J-m N
s Y i S¢83 mw,- ™1 %
\\‘ # ....m ywwo 3T _M
T i e Lo o
] | CRRRRSET 1 =
\ 2 <HgRRa LS 5
7 /5 13
< S I PR3
. a o 5 ,..q.m
5 el \bxn« i 2 OQ QNI
Ny yAW.Vi GRS NN
" i d d onod DA 9
7 | A I
\ oA
S N Ty N S ~ N w L
ofn v § m S 3 M § - Vom o " g ¥ a
) %y wt&u.tu.,mou Eop vorgoec i 7 AUBRYS0D pudion
N
- R
=t 7lIT.. b -}
. - RENNAENNNAN
_,., S BT S AENENRNAEE
113 |
i Rai [ 3 T A “1 m.
Mk n 1VI| — Uk.l N GO S . ~
[ NN ¥
P U ) T i A I
N T 8
Mg
N T N
N fﬁ e B
D
R N2 A ]
ol T 4 e
/y L\ S m
B i ®
N NuEARENEE
T~ O L]} .
)| e o L R Vu RO iy e l.%
Jou I Ay A ) N B ~1-
S W O R p X
[ L L
© N Q X Q © o Q ¥ R} X L] Ny . .J!y_ .
" o3 o N N = 3 . . . b ¥ 3 o
9 GUSNO4O0D 1 LoIISS T '
~ N ~ Y ™ ~+ Y]

1 N -

Moy TN x..wo.u SO

Asrodynamie characteristics of the NACA 86-012 akfoll seetlon, -inoh chord,



2 cl‘lc”
.1 3
N -~

.1
W

Moment coerfick
.
N

34 j{ T o3
""" [——
[
az S0 092
—T !
\\ql
&8 25 z P 6 8 20
x/c
24 024
M .
4l
|
a0 ‘-[ T g’"'azo r %
NP o I
JATH & A ]
o 2 50 i
g § TS 7r
¢ % P \ y 17
_S..Az \ Y §.012 A AT TA
N - § N \\»-.. Pal i
R i/ i 3 Nk
‘N
ki 2
5 4 04 O30
49 . | X
n . [+
‘ﬁ‘ £
o a
(?- HR"'C TH D St { ]
I8 ¥
-4 | J ! </
' s
o] Hi W J
A L
-8 i =2
! E 7 a /i paslﬂ;zn
1 () ) yjle
~ 5 g o 30| 0,255 10057
) VR b 60 257 1016
~he .’ > 9.0 2597 T=015
A 6.0 Standard roughness
O20c simulated split Tlap defiectad 60°
v 6.0 =ttt
-6 \'» -4 ~ 6, Standard rougtness
20 1 1| Y.}
=32 24 ) -8 /2R 8 16 o4 32 a1 =& ~8 -4 174 R g L& L6
Section S{-Ag/e of attack, «,, dag Sectidn lift coefficlent, ¢,

Asrodynamia characteriatics of the NACA 66:-212 airfoll ssotion, 24-Inch chord,

212-199 VOVN

VIVd 1I0IWIV J0 I¥VIRWAS

118




512
NACA 662-015

REPORT NO. 824——NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

A
] ~
St o .
o : 3
S TR .
- // ‘
- N ke w. 1 o
ns N m :
k] N b N, R % IIWI g
< < Q N M — s
Q R y Po = m._l % m
. ~u T i
— ; seess iy 2
A EIRUISTNING T
\ SaEE) SR,
T : i Lon ERmepl
¢ g8 ST 5
\ P 8 ,_wmzzyw 5 §
3 &
Q ; £ b
1 ST '3
¥ ] % ) A
B J: Q9N QY
N = dEw pad [ RNCRES G ©
: ~ P P o 000d b 2
A i
| SRAREE:: ;
14
U ENaEa : ¥
o 3 X ) S " Y. g
g - b § § § § § 8§ S N d . Q3
? 3 2 3 2 ] . ¢ LIS LU
Fo Yuaropy4509 bodp uoltzes = |9 #BI9L4800 {uswoy
N
&
I g -
=== ] -{e
oI & + &
K_,.VA X ¥
a _ INEED Y : |
S 2 3
i 5
" o 4
b ALl m,
©
k| [T *§
l.l[ -
= A g 3
P ©
il b
N
|1
0y
Q oy o T S ) N 9 < ) N Q N Q okt]
= o N N N = o : ' ) 5 3 N
b Gusipte05 il Lot oeS ! ! !
~

< ~ N " ¥, @
1 ]
Poug GLIS1014 4900 JURLOW

Asrodynemio characterfsties of tha NACA 00¢-015 afrfull seation, M4-inch chord.



A oM
h

Morngnt coafficlent, ¢y
La

R
LY

\’5 = = .08
§ "7 --..__\
22 0 : 022
_--""(/ ]
AY
- :
VL
28 -2 N 008
’ ‘0 2 4 . .6 8 /
b &,
o
24 % 084 ]
] iy
20 7 020 AT
A 5 NEmL
> 9
16 .06 SR H-1/ :
o / /
/A 3. AN IANEN LN P A
al ST N y
»/ 2 ‘g.(?/&? - y A7
9 /) 8 AN " - Wy
5 amunas 5 RE g
8.8 on .008 QE"
S 7 i
OO0
:§ 4 4 004 [Sreter
. A rd
0 [ 174
-~ 4 =
&3
8 ¥ -2
’ W 3 ! a. ¢, posiiion
forad L R /e _i ye
] o na § 0 2.0x0 o.ggg o.ggg
] 2] . o 6, . -
2 v . A w3 599 260 1-.020
9 A 6.0 Standard rouginess
v 0.20c simulated sphit flap deflected 60°
. 3 v 6.0 1t
) -4 v 6o Standard roughness
~aa - =5
-32 -2 ~/6 -8 Q 8 /6 24 J2 ~L6 74 =8 .8 re L6

Section angle of offack, o, deg
Agrodynamis charactoristion of the NACA 66215 alrfoll sectlon, 24-Ineh chord,

~4 0 4
Section lif} coefficlert, ¢

S12-299 VOVN

YLVQ II0I49IV 40 AGVINIAS

g1¢g




514

NACA 662-415

REPORT NO. 824—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

Q
~
In 9[
b I I ~
A TG IR b N
<~ -]
_y/ » o —]
ML 3 >
M & a8t3
3 N -~
2 | Ju [0
§ : mm , : & W&-Lw o
\-u--uuv » omcnm m
— % SR 2
x ] YD LD %
al 4 §315 ]
Q m % Qv
A\ , e
e VW ~
7 .ﬁm- BT m
™ ) =~
8- AN
@ A1 : “ i
) A L & 9
i 7 PP
\\ i
* A 4. bW ®
ravd h
T ¥
Y e Y R © N ¥ ) ~ v ™ Ty 72
o N & S S S m 8 Vo, Yelsioyy 4500 JUBUON. .
F9 Yuz10144209 boup uoioss U130 4 "
P &
~ .
l /
| i ©
I\ Ml A ®
| LA NRANY: Y ,m.
| L bet™ o 3
N - N © «a
By
a 5 .M.
) orl % { ulm
d [ o6
N N o
N TN 0y
-~
N A m.
= «Q
I H v, ] m
™ Hﬁw =
> %
o e
] )
Jrf
&
)
P
Q 0y Q ~ S 9 N © : ) X ) o o o“_x
o as oY N N ~ 1w y : v 1 ~ ~ LY
0 JUBINLIa02 [ty LOIDEG 1 b 1
~ Q ~ N ™ ~ ')
D

o) " [
Yo Yuap1900 Juswow

Asrodynamic sharscteristion of the NACA 06415 afriyl] seation, 24-Inoh chad,



s
o

Moment coefficient,

N
&}

36

32

&8

24

20

/J

S
Y

TS

=~
Ny

«\K

o1

o

EN

Section fiff coefficient, ¢

&

)J

~hé

~20

~32

24

i)

-8 0 a 16 -2
Section angle of attack, &, deg

32

TRy
e —
KJ] | \""'--.
5 0 - =
i 1| l
: W
“0 Z 4 5 p: 0™ .
ajc ' U
II
a4 — A
A [ 10
/ /I
o0 \ ]
¥ & A
¢ TRy A -
=
77° VAV Aaw
3 \ al Al {7
2 (\ \\ 4 / d’ /}5
N P,
3.0/ A A\ rh Predn:{Vayy
5 3o L V]&
¥ Y 3F
& 008 A3 IERS
ol
004 AN
o £ =Ry f
o >
)
d
£
§ -2
:g a ¢ position
= Il e | yfe
x> G 3.0%0¢ T 0268 T0112
9 059 11 TT1.266 “[-058
w 3 80 264 1027
S A 60 Stardard roughness
g gé‘D f'/mulafed .spllr f/ap abﬂecfed 60*
8 v 60
24 v 60 Stareard 'r&éu-'més
=5
~L6 ~{& =8 -4 0 A ¥ Lé 16

Aerodynamio characteristics of tho NACA MH!IB alrfoll section, 34-Inch chord,

Section lift coerficient, ¢,

810-£99 VOVN

VIVA TI049IV 40 XUYVWIAOS

g18




516

NACA 663-218

REPORT NO. 824—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

= <
lllu
£
oy
S Y4 =
= o] o N
A ~ o S |
et /r ‘¢
= X T8 ®
ENGie 2 5
< N < /tl o) . M“. -
T 1§ 2 T ¢
~ B b - dll 4&!
1 : el T
e clii [§¢R8RL~LE &
\/\.. J 3 ST PsED P
/ S8l s 8
% ! > R - o 4§ SRY
Vi ~k SL¥SRI TS S
T o ¥NAN G §T@ ©
W 21 RN $
] O 4 R @ ,wa
@ LA 1. 4 Q P w
¥ 1 RIS
= A Rao.oozoa
~ P e 1A 1A \ MUBGIGE
, — =0 coog DDA ?
.\
Lo
Q\
/ \ N .k
S Q
> ¢ § 8§ & ¥ § § S oW o wmow ey
af Q Q Q Q S < PRy Guspy 1002 puowe,
Py Quamiy 1903 bodp uorosg * # W
> - &
2N .
w. 1O .r
p £
... ~ i \ .ﬂ i._... | Mv
| L ‘, T g
iERIEEN.
< -
3 , A
Q
\.m, Q4
- Q
3 4 - '
£ iR
1, = d
> HE k]
S -1 |1 F
LT &
| .. _W [ S O Ty I.M
o, N U N L
I 3
© [ © + Q © * Q X .n.x
o Q
5§ § % N ¥ yoe S~ S T % oy ¥y
WIP0L4202 J 1) LD D8S
~ Q = N 0 hA ht!
¥ l_o_ . [ 1 [}
o Qs 1000 [USUWOW

Awodynamic charsobeciaties of the NACA 66218 airfall ssotion, 24-Inch chord.



Fe—08—L0IZFB

Moment coeftider, Cn,y
i A

2
53

36 g 036
LT | _\\
)
iz e o= |
- N J
28 ~25 2 4 o 6 48 0™
o£Xy
yi] v
.02
24 R ox4 /e
i 1
J./4 A n AW
a0 7 a FOEO \\ f
+§" |
. 1
N 1 A 1
7 ) 8 VAV I8
::/2 Vi KA k .g 012 \ . N )4 L
E 2 \ \ . ‘b\\\ \\ al o { p[r,{
:U , K b, n\ .
E i/ A "§- N AN &
88 X & o0 NS /
o /! ’ ) T
% /A 7/ 1
"é A C o -
=4 y & 04 2 g @
$ i y
. /i
0 hs o
O]
T S o=
-4 .SE “ ./ o *Q ‘E
3 .
- ¢
o
=g &
s W4 :é a ¢, posifion.
ALY = R o | e
T 8 S el
12 N ..E =3 ¢ 90 268 T-0890
A 6.0 Standard roughness
e Q200 simu 'a{ed spilf f/aP deffecied 60"
v 60 e
-6 -4 veo Standard roughnsss
20 =5
32 24 -6 -8 0 a 16 24 32 -L0 ~& -8 -4 0 4 & Le 46

Section angle of atiach, e, deg

Aerodynamin sharacteristios of the NAQA 68;-418 airfol) sectlon, 24-inch chord.

Section lift coefficlant, ¢,

811¥-€99 VOVN

VIVa TIOXYIV 0 ZUVININAS

L18




518
NACA 664-021

REFORT NO, 824—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

©
~
N
-~
N
N Q
Ol m S .
_l/l I ” C.l“
3 8 ~L & SR ¢
' = N " .m.,mv-l R o
i TS i 3 S0y 80 4
S LU 0 N
7 5 ) 3483855 S
. AU 2 s E3TR ¥
ARV e 4B EEEA
-l g w_A—/u—/ elnl =
=l B ammzﬁwwiy /m
s ] N +E
Q *2 t_ ‘& - O
& HO | > Q [ nM
T L P xS by oo
1 = HEARESEC
¥ 000g, bA ® m
0\ N ¥ o N N 3 S o ) % B m
0§ 8§ '3 0§ 8 8 L
o/ ) 9 ) > 3 2 Mo Yuapors900 JuswON
Pa “wiarorjja00 boup LoILOBS
A
89
F4
4
Lt I »“ k-]
\\ r N, -3 i N
& . \\Av
5 Yal
1 }
oo R N ©
7 2
i i o 2 .. .m,
{1l < et T L - 5
X A .
S Wr ) 13
N D I R
t# .\W Q
N w\ oy
R
RS RIS FTT. lm;
. N L
s % p_u,m
<] [N =
T C/:I nm
rr/ ©
N T
e q
4 Ll
%
'
N
< 3 Q ¥ S S N % ~ S 5 Q & Q ST
o~ o3 o o o ~N 3 * o 1 I ¥ ~N N
o Yuapii4e0d fiy Lotposg ! 1
~ S > N - ™ X

#o 1 (. "
Yo Guaro a0 JUSWON

‘9
!



t

Moment coefficient e
EN

W1
TN

YILVd TI0J9IvV I0 X¥YYWNAS

122-¥99 VOVN

36 S 036
T o
32 % T~
: = et 032
| — T
\ L
Iy
28 8y 2 4 v 8 707"
x/e
24 ' B 024
A A A
Vi \ I
20 J/ c 020 \ 4 /
% ¥ \\\
4 -8 \Y
& \ /
16 / "G 016
A 5 ] YN 7
< f a v Q ' 1\\ /P
\ ”
"E"/.? A" A % .0/2 )‘ ‘
_§ /4 2 1 1V Ph & A\l N
% / 3 {
) Il
8 .8 .008 Ne -
FEEE | '
LOHOY
B Y/ /T ' T
B /i
° &/
0 Renipvene 0 7 _
& 5 P S o i
imEEay.
- 1 4 3'./
J: 74 d
1 7°) .
".3 h 9 ".2 _’
1 3] a ¢ position
L g % -r/ep yfe
AL Fria A 3 o ggxo d200 a0
n o6, B .
-l.2 i > ! -%'-3 o 90 257 -t 068
v/ (47 Standard roughness
SR S G20e simled 3ol flop deltecya 00"
v fd— b+
-6 2.y v 60 1 Stemotore roughness
29 =5 -
-32 -24. -/6 -8 o 8 /6 24 32 -6 1.2 -8 -4 a 4
Section ongle of affack, o, deg Section lift coefficient, ¢,

Asrodynamie aharacteristios of the N'ACA 08,-231 airfoll seotion, 24-inoh chord.

619




520

REPORT NO. 824—NATIONAL ADVISORY COMAITTEE FOR AERONAUTICS

NACA 67,1-215

a .4 /e 173
Sectian lift coefficiern, ¢,

-4

-8

~L2

-L&

-/6 -8 g 8 6 o4 J2
Section awge of attock, e, deg

-24

—
O ]
e =g
K — h < 3
- I Yo
~J 0; -
8 ] ~ = a
S 11 L.
: 8 'S SuN % m.
\ : HEs :
\ / 2 ww.uod
% - LIRS
AN pamERZY; s man
=
4 7 - PR
aO. L]
8 )
d. x
“ RO
’ o004
\ \ "
VAR
) N 3 ) © N x ¥ ) ~ Y 5 = q
7 _ % W w W w W .d.e...u y _G\ mo.u. (77777, - ,
%o Quory 503 boyp uoyoas HRPI S £ W
's
C Lm
i W °
i~ B,
7
T o
o
X
D
N -
! N
/! ;
\r r
-
NS
$ 8 § % 8§ §  yoowo N TS oy % ¥ ¢
® N 9 Yusizito00 f1 LOiEIS8S : I 1
~ Q = ' ~ % 9

S 1 i}
Mo 4IsIolf 1900 LUS

_.
LOW

Aeorodymamie charastarixtios of the NACA 67,1215 akfoll section, ¢-Ingh chord,



Momeni coefficient, Crm
. Al g0
A to Y <

]
n

36 T - “J0
"1 F——
3.2 . % /) [
] | ‘ (280
\\ L
N
_ N
28 40 Z 4 r; y; 70"
’ x/e
&
24 “ 024
& Ll\ ]
20 / ' 020 \ /
/ ¥ \ T
7 g AT
16 .06
/ § N X i
/ & V) \ ») \ r]
& % RIS \ I
5 v AR S NS A
3 , u § RN g y, A
ES -[ h éx o -1], (
8 8 n & o0n AN NER-SN
-2 ’ ' = G 2
] I) = A
8, 7 a0 SAF
-‘g ! r ﬁ ’ d
A ! y ”
1 é! I
0 X :
s . g b T B A o 1
/‘I /1 =L
7 e .
4 q| /) - § !
Ja ‘r-& 4 &
-8 " |l7 - ;" E -2 ¢
H S aQ ¢ pagihon
\ e y < R z/e vie
A Ya Vi ey 3 0 20xQ* 0259 10066
12 G .3 8 60 267 .04
, - o 90 262 1 .02
$ » 60 Standord roughness
g a20e SImulafEd .i‘p//f f/ap a(eﬂecf'd 60°
. 3 v 60 t -t
-6 -4 v 60 Sfandard roughness
~a0 =5
-32 -4 <16 <4 a 4 .8 L2 7

~G a 8 /6 = 32 ) ~L.2 -8
Section anglé of attack, o, deg :

Asrodynamio charaotaristios of the NACA 74I7A8'15 alrfoll section, M—!noti .ohord.

Secton liff caemcmr, ¢

S1EVLYL VOVN

VIVQ TI0IYIV 10 XUVININNS

128




522

NACA 747A415

REPORT NO. 824—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

N e
I~ - u)
N % 3 N
= = RN o . ~
i P Y, =
= N 2
~ AN <
e i m ©
SIS X \ I g 3T -
] < v 3 ] 9 m A3
==t-» VS LK4-K
i 7 $80885 5T $
2 2 SRS T 8
[0 T AT h SpzesiRfAiiH g
R awmﬁﬁﬂ 575 n W
L Vil i INEENE
@ g N m k3
3 4 3h1g
N Q )
/ i BRI O D -+
N, " e i 0o¢4q_ b N ®
i *
Ny SR S N S S 3 » W R S @y
Pa QGuarorfie00 boap LOHOSS o
&
[ L
|
= e
b= N i ~
il R KT g
1T D Sy A
t N
3 .
- : m
7 Qb
IJ_—/) “ <
P m,
™~ B g
B u&”ﬂw; — <[ B @ “m
A X
L.\Vu) i > 4 Q
-\1 uJ 4
< N ) - Q © oy © + Q ) [ N % ] Mw
o o N n o ~ - y . - " p N 3 o
. BI04 J802 [Hf UOHLOBS !
~ °© b ¥ Q e f
o,
o Wepyrec puswcyy

Aerodynemic charaoterintios of the NACA T{7AK15 atrfall seation, M-fnch chord,



