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SUMMARY

The NACA 6A-series sirfoil sections were designed to climinate
the trailing-edge cusp which is cheracteristic of the NACA 6-series
sections. Theoretical data are presented for NACA 6A-series basic
thickness forms having the position of minimum pressure at 30-,
40-, and 50-percent chord and with thickness ratios verying from
€ percent to 15 percent. Also presentel are data for a mean line
designed to meintain straight sides on the cambered sections.

The experimentel results of a two-dimensiocnal wind-tunnel
investigation of the serodynemic characteristics of five NACA 6lA-series
eirfoil sections and two NACA 63A-series airfoil sections are
precented. An znalysis of these results, which were obtained at

Reynolds numbers of 3 X 106, 6 % 106, and 9 X 106, indicates that
the section minimum drag end maximuvm 1ift characteristics of
comparable NACA 6-series and Bh-series airfoil sections are essen-
tielly the seme. The quarter-chord pitching-moment coefficients
end angles of zero lift of NACA Gi-series airfoil sections are
slightly more negative than those of corresponding NACA 6-series
eirfoil sections. The position of the aerodynamic center and the
lift-curve slope of smooth NACA BA-series airfoil sections appesar
to be essentially independent of airfoil thickness ratio in contrast
to the trends shown by NACA 6-series sections. The addition of
standard leading-edge roughness causes the lift-curve slope

of the newer sections to decresse with increasing airfoil thickness
ratio.

INTRODUCTION

Considerable interest is being shown in airfoil sections having
small thickness ratios because of their high critical Mach numbers.
The NACA 6-serics airfoil sections of small thickness have relatively
high critical Mach nuibers, but have the disadvantage of being very
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thin near t,hc trailing edge, particularly when the sections considered
Ic)

have the 1 ﬁ‘l\)’fl of minimum pressure well forward on the basic
thicknes ﬂr dge porbions lead to d ;
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In order to overcome the difficulties, the trailing-edge cusp
has been removed from a number of NACA 6-geries basic thickness
Torms and the oides of the airfoil sections made straight from
approximately G0-percent chord to the trailing edge. These
new sections ere designated NACA GA-sories airfoil sections. A
special meen line designated the a = 0.8 (-nrl_-lu) mean line
hes also been designed to maintein straight sides on the cambered

sections.

€
1

This paper presents theoretical pressure-distribution data
end ordinates for NACA 6A-series basic thickness forms oovoring a
\>.L c“i ckness “ﬁ ios extending from 6 to 15 percont and a
1t1 " minimum presswre extending from 30-percent
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COEFFICIENTS AND SYMBOLS

C14 design gection lift coefficlent
c1. maximum section 1ift coefficient
mox

Cc g

c_nla section pitching-moment cocfficient sbout aerodynamic center

C'mﬁ/l; section pitching-moment coefficient about querter-chord point
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Co section angle of attack

0 gection angle of abttack corresponding to design 1lift
coefficient

dey

do section lift-curve slops

v free-stream velocity

v local velocity

Ov increment of local velocity

Avy increment of local velocity caused by additional type of load
distribution

ER resultant pressure coefficient; difference between local
upper-surface and low-surface pressure coefficients

R Reynolds number
o} airfoil chord length
= distance along chord from the leading edge
T distance perpendicular to chord &‘ 4;
| ot 3
Yec ~ mean-line ordinate -
a mean-line designation, fraction of chord from leading edge
over which design load is uniform
s eirfoil design parameter (reference 1) \
|
THEORETICAL CHARACTERISTICS OF AIRFOILS
Designation.- The system used for designating the new airfoil
sections is the seme as that employed for the NACA 6-series sections
(reference 1) except that the cepital letter "A" is substituted for
the dash which appears between the digit denoting the position of
minimum pressure and that denoting the ideal 1lift coefficient.
For example, the NACA €4, -212 becomes the NACA 6l A212 when the
cusp is removed from ‘the tra.il-ing edge. In the abscnce of eny
further modification to the degignation, the cambered airfoils are
to be considered as having the a = 0.8 (modified) mean line.
. |
|
T
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Bagic thickness forms.- The theoretical methods by which the
basic thickess forms of the NACA 6-geries family of airfoil sections
were derived so as to have pressure distributions of a specified
type are described in reference 1. The process of removing the
trailing-edge cusp was accomplished by increasing the value of
the airioil design perameter V (reference 1) corresponding to
the rear portion of the alrfoil until the airfoil ordinates formed
a streight line from approximately 80-percent chord to the trailing
edge. Once the final form of the ¥ curves was established, the
new pressure distributions corresponding to the modified thickness
forms were calculated by the usual methods described in reference 1.

A comparison of the theoretical pressure distributions of an
TACA 641—012 airfoil section and an NACA 6A1A012 airfoil section

(fig. 1) indicates that removing the trailing-edge cusp has but
little effect vpon the velocities around the section. A slight
reduction of the pesk negative pressure and flatter pressure gradient
over the forwerd emd reer portions of the airfoil section seem to

be the principal effects. The theoretical calculations also

indicate the presenceg of a trailing-edge stagnation point caused

by the Tinite trziling-edge angle of the NACA GA-geries sections.
This stegnation point is, of course, never realized experimentally.

Ordinates and theoretical pressure-distribution data for
NACA 6A-geries basic thickness forms having the position of
minimum pressure at 30-, MO-, and 50-percent chord are presented
in figures 2 to 16 for alrfoil thickness ratios of 6, 8, 10, 12,
and 15 percent. If intermediste thickness ratios involving a
chenge in thickness of not more than 1 to 2 percent are desired,
the ordinates of the basic thickness forme may be scaled linearly
without seriously altering the gradientis of the theoretical pressure
digtribution.

Mean line.- In order that the addition of cember not
change the pressure gradients over the bagic thickness form, a mean
line should be used which causes uniform load to be carried from
the leading edge to a point at least as far back as the position
of minimum pressure on the bagic thickness form. The usuel practice
is to cember IACA 6-series alrfoll sections with the & = 1.0 type
of mean line because this mean line appears to be hest for high
maximum lift coefficients and, contrary to theoretical predictions,
does not cause excessive quarter-chord pitching-moment coefficients.

The a = 1.0 typec mean line wes not considered desirable,
however, for the NACA 6A-series basic thickness forms because the
surfaces of the cambered airfoil sections would be curved neeaxr
the trailing edge. The type of mean line best suited for maintaining
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straight sides on these newer sections would be one thet is perfectly
stralght from 80-percent chord to the trailing edge. Such a camber

line could be obtained by modifying an a = 0.7 mean line. Considera-

tion of the effect of mean-line loading upon the maximum 1ift
coefficient indicated, however, that a meean line having a uniform

load distribution as far back along the chord as possible was desireble.

It was found, thet the a = 0.8 type mean line could be made straight
from approximately 85-percent chord to the tralling edge without
causing a sharp breck in the mean line and with very little curvature
between 80-percent and 85-percent chord. The aerodynemic advantages
of using this meen line in preference to one having uniform load to
TO-percent chord were considered to be more important than the

glight curvaeture existing in the modified a = 0.8 mesn line. For
this reason, all cambered NACA 6A-geries eirfoil sections have
employed the & = 0.8 (modified) mean line.

The ordinates and load-distribution data corresponding to a
design 1ift coefficient of 1.0 are presented in figure 17 for the
a = 0.8 (modified) mean line. The ordinates of a rwean line having
any erbitrery design lift coefficient mey be obtained simply by
nultiplying the ordinates presented by the desired design 1ift
coefficisnt.

Cambered airfoilg.- The method used for cambering the basic
thicknees distributions of figures 2 to 16 with the mean line of
figure 17 is described and discusscd in references 1 and 2. It
consists essentially of laying out the ordinates of the basic
thickness forms normel to the mean line at corresponding stations.
A discussion of the method employed for combining the theoreticel
rressure-distribution data, presented in figures 2 to 17 for the
mean line and basgic thickness distribution, to give the approximate
theoretical pressure distribution about a cambered or symmetrical
airfoll section at any 1lift coefficient is given in reference 1.

APPARATUS AND TESTS

Wind tunnel.-~ All the tests described in this renort were
conducted in the Langley two-dimensionsl low-turbulence pressure
tumnel. The test section of this tunnel measures 3 feet by T.5 feet.
The models completely spanned the 3-foot dimension with the gaps
between the model and tunnel walls sealed to prevent air leakage.
Lift measurements were made by teking the difference between the
Pressure reaction upon the floor and ceiling of the tunnel; drag
results were obtained by the weke-survey method and pitching moments
were determined with a torque balence. A more complete description
of the tumnel and the method of obtaining and reducing the data
are contained in reference 1.
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Modelg.- The seven airfoil sectlons for which the experimental
aerodynamie chearacteristics were obtained are:

€3A010
634210

642010
64A210 &lpzlz 6 A215
ELALLO 2

The models representing the airfoil sections were of 24-inch
chord and were constructed of laminated mehogeny. The models
were painted with lacquer end then sanded with number 400
carborundum peper until aerodynamically smooth surfaces were
obtained. The ordinates of the models tested are presented in
table 1.

Tegts.- The tests of each smooth airfoil section consisted
of measurements of the 1ift, drag, and quarter-chord pitchigg-
moment coefficients at Reynolds numbers of 3, 6, and 9 X 100,
In addition, the lift and drag characterigtics of each section were
determined at a Reynolds number of 6 X 100 with standard roughness
applied to the leading edge of the model. The standard roughness
employed on these 24-inch-chord models consisted of 0.0ll-inch-

dismeter carborundum grains spread over a surface length of 8 percent

of the chord back from the leading edge on the upper and lower

surfeces. The grains were thinly spread to cover from 5 to 10 percent

of this area. In an effort to obtain some idea of the effectiveness
of the airfoil sections when equipped with trailing-edge high-1lift

devices, each section was fitted with a simuleted split flep deflected

60°. Lift measurements were made using the split flap at a Reynolds
number of 6 x 100 with the airfoil leading edge both smooth and
rough. .

RESULTS

The results obtained from tests of the seven airfoil sections
are presented in the form of gtandard aserodynemic coefficients
representing the 1lift, drag, and querter-chord pitching-moment
characteristics of the airfoll sections in figures 18 to 24. The
calculated position of the aerodynamic center and the variation of
the pitching-moment coefficient with 1ift coefficient about this
point are also included in these data. The influence of the tunnel
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boundaries has been removed from all the aerodynemic data by means
of the following equabions (developed in reference 1):

() = 0.973¢cy?!
= <95 '

CmC/)-l- O 9)lcm

(04 = 1 015e®

where the primed guantities denote the measured coefficients.
DISCUSSICON

Although the smount of systematic aerodynemic data presented
for NACA 6A-geries eirfoil sections is not large, it is enough to
indicate the relative meorits of the NACA 6A-series eirfoil sections
as compared with the NACA 6-scries sections. The variation of the
importent asecrodynamic characteristics of the five NACA 64A-geries
airfoils with the pertinent geometricel pareameters of the airfoils
is shown In figures 25 to 31, together with comparable data for
NACA 6h-series airfoils. The curves shown in figures 25 to 31 are
for the NACA 6li-series airfoil sections and are teken from the
faired data of reference 1. The experimental points which appear
on these figures represent the results obtained for the NACA 64A-
series airfoil sections in the present investigation. Since only
two NACA 63A-series sections were tested, comperativo results are
not presented for them. The efiect of removing the cusp from the
NACA 63-series sections is about the seme ag that of removing the
cusp from the NACA 6i-series sections.

The comparetive date showing the effects upon the aerodynemic
characteristics of removing the trailing-edge cusp from NACA 6-series
airfoll sections should be applied with caution if the cusp removal
is affected in some manner other than that indicated earlier in
this paper. For example, if the cusp should be removed from &
cambered eirfoil by means of a straight-line fairing of the airfoil
surfaces, the amount of camber would be decreased near the trailing
edge. Naturelly, the effect upon the aerodynamic characteristics
of removing the cusp in such a manner would not be the same as
indicated by the comparative results presented for NACA 6-series
and bA-series airfoils.
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Drag.- The variation of section minimum drag coefficient with
airfoil thickness ratio at a Reynolds number of 6 X 10° is shown
in figure 25 for NACA 6h-series and NACA 6hA-series airfoil sections
of various cambers, both smooth end with standard leading-edge
roughness. As with the NACA 6l-geries sections (reference 1),
the minimm drag coefficients of the NACA 64A-serice sections show
no congistent variation with cember. Ccmperison of the data of
Tigure 25 indicates that removing the cusp from the treailing edge
has no apnrecieble effect upon the minimum drag coefficients of
the alrfoils, either smooth or with stenderd leading-edge roughness.

Increasing the Reynolds number from 3 X 106 to 9 X 106 has
about the came effect upon the minimum drag coefficient of
NACA 6hif-geries airfoils (figs. 18 to 24) as that indicated in
reference 1 for the NACA Oh-series airfoils.

Some differences exist in the drag coefficients of NACA 6k-
and. 64A-series airfoils outside the low-drag range of 1ift
coefficients but these differences ere smell and do not shov any
consistent tronds (figs. 18 to 24 and reference 1).

Lift.- The section angle of zero lift as a funcuion of
thickness ratio is shown in figure 26 for NACA 64- and 6hA-series
airfoil sections of various cambers. These results show that
the engle of zero lift is nearly independent of thickness and
is primerily dependent upon the amount of camber for a particular
type of meen line. Theoreticel calculetions using the mean line
deta of figure 17 and reference 1 indicate that the airfoils using
the a = 0.8 (modified) meen line should have angles of zero 1lift
less negative than would be obtained if an a = 1.0 type mean
line were used. Actually the reverse appears to be the case due
meinly to the fact that airfoils using the a = 1.0 type of mean
line have angles of zero lift which are only about T4 percent of
their theoretical value (reference 1), and the a = 0.8 (modified)
meen lineg have angles of zero 1ift largpr then indjcabed by theory.

The measured. lift-curve slopes corresponding to the NACA 6hi-series
and NACA 6hA-ceries airfoils of verious cembers are presented in
figmre 27 az a function of airfoil thickness ratio. No consistent
variation of lift-curve slope with camber or Reynolds number is
shovn by either type of airfoil. An increase in trailing-edge
angiv produeed by removal of the cusp tends to reduce
the lift-curve slope by an amount which increesses with
elrfoil thicknese (zee references 3 and 4), but it appears that,
for the 6A-series airfoils, this decrease in lift-cucve slope
is Just enough to equal the normel increase in lift-curve slope
caused by alrfoil thickness because the present data for the
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6A-sections show practically no variation with thickness. The value of
the lift-curve slope for smooth NACA 6LA-gseries airfoil sections is
very close to that predicted from thin airfoil theory (21 per radian

or 0.110 ver degree). With standard leading-edge roughness, removing
the trailing-edge cusp cauges the lift-curve glope to decrease

quite rapidly with increasing airfoil thickness ratio.

The variation of the section maximum lift coefficient with
airfoil thickness ratio and camber at a Reynolds mumber of 6 X lO6
is shown in figure 28 for NACA Ghi-series and NACA 6L4A-series airfoil
sections with and without standard leading-edge roughness and
simulated split flaps deflected 600. A comparison of these data
indicates that the character of the variation of meximum 1ift
coefficient with airfoil thickness ratio and camber is practically
the same for the NACA Gi-series and NACA 64A-series airfoil sections.
The magnitude of the meximum 1ift coefficient appears to be slightly
less for the plain NACA 6hA-series airfoils and slightly higher
for the NACA 6LhA-series airfoils with split flaps than corresponding
values for the NACA E4-series airfoils. These differences are small,
however, and for engineering applications, the maximum 1ift
characteristics of NACA 6h-scries and OYA-series airfoil sections
of comperable thickness and design 1lift coefficient mey be considered
as practicelly the sene.

A comparison of the maximum 1lift data for NACA 6hA-series
airfoil sections, with similar data for NACA 6h-series airfoil
sections, presented in figurcs 18 to 24, indicates that the
scalec-effect characteristics of the two types of section are
essentially the same for the range of Reynolds number from 3 X 106

to 9 x 10°.

Pitching moment.- Thin-airfoil theory provides a means for
celculating the theoreticel guarter-chord pitching-moment coefficients
of airfoil sections having various amounts and types of cember.
Calculations were made according to these methods for airfoils
employing the a = 1.0 and a = 0.8 (modified) mean lines using
the theoretical mean-line date presented in figure 17 end in
reference 1. The results of these calculations indicate that
the quarter-chord pitching-moment coefficients of the NACA 64A-series
airfoil sections, employing thé a = 0.8 (modified) mean line,
should be only about 87 percent of those for the NACA 6h-series
airfolil sections with the a = 1.0 mean line. The experimental
relationship between the quarter-chord pitching-moment coefficient
end airfoil thickness ratio and camber, shovm in figure 29, discloses
that the plain NACA 6iA-series airfoils have pitching-moment coefficilents
which are slightly more negative than those for the plain NACA 64-
series airfoils. The increase in the magnitude of the pitching-moment
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coefficient of NACA 6hA-series airfoils as compared with NACA 6k-
series airfoils becomes greater when the airfoils are equipped
with simulated split flaps deflected 60°. A comparigon of the
theoretical and measured pitching-moment coefficients is shown

in figure 30 for NACA 6L-series and 6LA-series airfoil sections.
These comparative date indicate that the HACA 6hl-series sections
much more nearly realize their theoretical moment coefficients
then do the 6h-serics airfoil sections. Similer trends have been
shown to result when meen lines such as the a = 0.5 type are
employed with NACA 6-series airfoils (reference 1).

Aerodynamic center.- From the guarter-chord pitching-moment
data, the position of the aerodynamic center, and the variation
of the moment coefficient ebout this point with 1lirt coefficient,
were calculeted for each of the seven airfoils tested. The
variation of the chordwise pogition of the acrodynamic center
with airfoil thickness ratio is shown in figure 31 for the
NACA 64-geries and 6LA-series airfoil sections. The deta presented
for the NACA 6h-series airfoils ere for all cembers and, in
accordance with these results, the position of the serodynemic
center shows no consistent variation with camber for the NACA 64A-
series alrfoils. The deta of figures 18 end 24 show that
variations in the Reynolds number have no congistent effect upon
the chordwise position of the aerodynamic center.

Perfect fluid theory indicates thet the position of the
aerodynamic center should move rearweard with increasing airfoil
thickness and the experimental results for the NACA 6h-geries airfoil
sections follow this trend. The data of reference 5 show important
forward movements of the aerodynamic center with increasing trailing-
edge angle for & given eairfoil thickness ratio. The results obtained
for the NACA 24-, hli-, and 230-sories eirfoil sections (refersnce 1)
reveel that the effect of increasing trailing-edge angle predominates
over the effect of increasing thickness because the position of
the aerodynamic center moves forward with increasing thickness ratio
for these airfoil sections. For the NACA HihA-series airfoils
(fig. 31) the aerodynamic center is slightly behind the quarter-
chord point and does not appear to vary with increesing thickness.
These results suggest that the opposite effects of increasing
thickness and trailing-edge angle counterbalence each other for
these airfoil sections.

CONCLUESIONS
From a two-dimengionel wind-tunnel investigation of the

aerodynemic characteristics of five NACA 64A-series and two
NACA 63A-series airfoil sectiong the following conclusions based
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upon dats obtained at Reynolds mumbers of 3 x 106, 6 x 106, and
9 x 106 may be drewm:

l. The section minimum drag end maximum 1ift coefficients
of corresponding NACA 6-series and GA-geries airfoil sections
are essentially the same.

2. The lift-curve slopes of smooth NACA GA-series airfoil
sections appear to be esgentially independent of airfoil thickness
ratio, in contrast to the trends shown by NACA G6-series airfoil
sections. The addition of standard leading-edge roughness causes
the lift-curve slope to decrease with increasing asirfoil thickness
ratio for NACA bA-series airfoil sections.

3. The section angles of zero lift of NACA GA-geries airfoil
sections are slightly more negetive than those of comparable
NACA 6-gseries airfoil sections.

L. The section quarter-chord pitching-moment coefficients
of NACA GA-series airfoil sections are slightly more negetive than
those of comparable NACA 6-series airfoil sections. The position
of the aerodynemic center ig essentially independent of airfoil
thickness ratio for NACA GA-series airfoil sections.
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[Stations and ordinates
percent of airfoil

NACA 634010

ofion

TABLE I

NACA RM No. L6J01

ORDINATES OF NACA 6A-SERIES AIRFOIL SECTION

in

Upper Surface Lower Surface
Station | Ordinate Station | Ordinate
0 0, 0 0
.5 .836 .5 -.836
1:52 ¥ 5 ;:ZZ 3%
2% 3 f -1,
A AR
S e
% zﬂﬂgo 35 -al 00
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65 3.51 65 -3.51
7g g 3 72 2
] 2040 éo -2:%8
85 1.535 5 -1.535
90 1.030 90 ~1.030
95 +525 95 =525
100 .021 100 -.021

L.E. radius: O.
T.E. radius: o.Z%’

NACA 6LA010

Btations and ordinates given in
percent of airfoil chord]

| Upper Surface Lower Surface
Station | Ordinate Station | Ordinate
0 0 3 0 0
-5 .8a .5 -.80L
1;[; 1'229 1%2 ;229
Zis5 1.68 2.5 T,
5.0 2.327 5.0 | -2.327
7.5 2.805 7.5 -2.805
10 3.199 10 -3.199
15 E-Bla 15 -3.813
20 272 20 -L.272
25 ;.606 25 -1;.606
30 L.8 30 -h.ezg
2 L.9 5 -L.9
0 u.gf,az 0 -h.g93
45 L. 63 L5 -L.
50 k}eg 50 -L;.6
ég Ii.021 63 -Ij;621
2| | % | 3
gg 5 '%3 gg 2 'fgs
85 1.582 85 C10582
go 1.0615 90 -1.0%
188 | 18 e
L.E. radius: 0.687
T.E. radius: 0.023

NATIONAL ADVISORY
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NACA 634210

[Btations and ordinates given In
percent of airfoil chord]

Upper Surface Lower Surface

Station | Ordinate | Station [Ordinate

0 0 0 0
.hzi .868 STT | =756
.66 1.058 .836 -.900

1.151 4

.38l 1.
g | 48

12.863 poar | 0.3 -25723

=N

i :§32 5:;§ éé:iié :%.1;
2| 2T | S | 3eE
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A AR R EL
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60.028 245 22.972 =-2.6.

65 .0l E Z;Z .933 =2.2

70.0? L 21 69.5, -1.861
ekl 2 i W
go otk | 23T éﬁzgze 18
g0:020 | 38 | gl | 38

100.000 .021 100.000 -.021

L.E. radius; 0.742
T.E. radius: 0.023
Slope of radius through L.E.: 0.095

NACA 64A210

[Stations and ordinates given in
percent of airfoil chord]

Upper Surface Lower Surface

Station |Ordinate | Station |Ordinate

0 (o] 0 (4]
Ig%lss 1.8 3 372 =
1,155 | 1.342 12347 | -1:100
Pl | e | B | haE
712 5:283 2631 | 2 12
.86 792 10.132 -2.600
TARE AF
.900 5.636 25.100 | -3.
3| 1 | B8 o
155 6.27) fo.o8 | 3.0
ﬁggﬁ §:2% 1:5.02 -5.280
9.9k | 601k 50.006 | 3. 5ol
28:025 E;lz'lj‘ gz 72 | ~2i719
£2:9 %0 | 338 | Rt
3.702 T4.93 -1.

. . 97l
100,000 .021 100,000 | =-.021

L.E. radius: 0.687
T.E. radius: 0.023
Slope of radius through L.E.: 0.095
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[Btations and ordinates given in
percent of airfoil chord)

TABLE I.- Concluded.

Upper Surface

Lower Surface

Station | Ordinate Station | Ordinate
0 0 0 0
350 .902 .650 -.678
.582 1.112 .918 ~-.796
1.05 1.451 1. -.969
2.2 2.093 2,72l | -1.251
L7k 3.03 5.251 | -1,592
7.230 3.865 7.770 | -1.91
o7 .380 10.263 | -1.9
Xl 2.566 15.252 | -2..
12.370 126 20.230 | =-2.40
2];.800 6.705 25.200 | -2.499
29.83) 7.131 30.166 | -2.53
34.871 | 7.4k 5.129 | -2.51
zz.mo 7.552 .090 | -2.436
.950 7.522 L5.050 | -2.266
49.989 7.3l 50.011 -2.02)2
25.025 Z.oho 54.975 | -1.73
0.057 .6[2)2 2 S43 | -1.138
65. 03 6.1 312 -1.086
70.1 Z.ugo 69.89 -.760
g.ﬁg }.;(gz g .g 19; -.l60
n % o -.229
85. 3.0 .852 -.132
90.10L 2.038 82.856 -.036
95.053 1.028 9li.9k7 -.0]
100.000 .021 100.000 -.021
L.E. radiuss 0.687
T.E. radius: 0.023
Slope or radius through L.E.: 0.190

NACA RM

N.@&: 1.6 O

NACA 674212

[Stations and ordinates given in
percent of airfoil chord]

Upper Surface Lower Surface
Station |Ordinate Station | Ordinate
0 0 0 0
gﬁg 1.013 .591 -.901
3 1.233 852 -1.0;3
1.135 1.580 1,365 | -1.3
b8 | 3iie | 5aa | 203
.8L9 5 . -2.
7.3L3 z.ahz 7.65 -2'§ZE
el | s | 192 | 35
1 :822 2:5% 20.128 | -L.200
22.880 6.58)2 25,120 -L.zﬂz
29.900 6.93 30.100 | =L.660
| 1 | pem | 33
EZ:B% gil}{'{ giggg -532%9
22:823 6:2;3 2&.'98 -3.91
G| toi | pa) 2
70:02h 21905 69.936 | -2.537
5.079 L.197 Th.925 | -2.037
o.ggg 5.253 gz.gm -1.563
sag | T | dhms) iy
352032 483 968 | 1398
100.000 .025 100.000 -.025
L.E. radius: 0.994
T.E. radius: 0.028
S8lope of radius through L.E.: 0.095

NACA 645A215

[Stations and ordinates given in
percent of airfoll chord

Upper Surgace

Lower Surface

Station [ Ordinate Station | Ordinate
0 0 (¢} 0
.388 1.243 612 [ -1.131
.62l 1.509 .876 -1.23{:3.
12l 1.530 1.393 | -1.
2.33 2.215 2.667 | -2.291
4.811 E 3 5.13 -3.111
L] %30 | 3% 4
.811 2:210 15:133 . ZB
19.827 7.351 20.173 -5.591
.8L9 g 75 25.151 -2. 73
ZE.ng éz 0,12 -5.121
ook | Bk | paroyt| X
G AR EAED
5§:§ia 7:§u5 58 -2:291
25:05 22522 337 :ﬁ:ogc”f
70.079 2.782 69.921 | -3.l16
5.093 .926 7 .307 -2.766
0.111 L.017 gﬁ 89 | -2.147
85.102 3.0 891 | -1.5
90.07 2.046 89.92 | -1.06
95.039 1.039 9L.961 =.549
100.000 .032 100.000 -.032

L.E. radiuss 1.561

T.E. radius: 0.037
| Slope of radius through L.E.: 0.095

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



Pressure coefficient, (%)2
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Chordwise position, x/¢

Figure l.- Comparison of theoretical pressure distribution at zero
1ift of the NACA 6}4,-012 and the NACA 647A012 airfoil sections.
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NACA RM No. L6J01
1=6
¢; = .01 Upper surface
1.2—0 -
e e \
\
\\\\\.Ol Lower surface g e
2
@ -8
8
= 4—_7—_‘——-———q:: }
0
0 2 A b .6 ! 1.0
s 7 (v/v)2 /V | dva/V
ercent c)|(percent c) | \V v ¥
0 0 0 0 L .560
5 -195 .900 949 | 2.07
.75 .59 1.063 | 1.031 |1.79
1.25 .722 1.086 1.022 1.370
2.5 1.0L5 3 3 1512 1.025 .976
5.0 1,447 1.134 | 1.065 | .693
T+5 WSTUT 1.1h2 | 1.069 .265
10 1.989 aaso-trsog2 | a8y
15 2.%62 1.129 1.077 | .383
20 2.631 1.1 1.0&9 .321
25 2.820 135 1081 |5.278
30 2.942 1. 170" 1. 1:082 2
5 2.936 W ALY T SOBT 10231
0 2.9 Z LSTEARIS I 078 | g5
Ls 2.91 12151 1.0Z§ il
50 2.188 Jestalwl’s 150 g ol
55 2.613 MER20e ] 1.0 .130
60 2.526 1.100 1.039 .126
65 2.143 I SOT9 1 03 i B
70 1.859 V057 | 21,02 .098
5 1.556 1.035 | 1.017 .085
8? 1.;58 1.8é2 1.802 .8 g
90 .630 296l :932 -ol7
95 .322 <939 .969 | .033
100 .013 0 0 0
L.E. radius: 0.265 percent ¢
T.E. radius; 0.01l; percent c

Figure 2.- NACA 63A006 basic thickness form.
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dea

NACA RM No.

//<:‘~.05 Lower surface S

.\—"\g
Rt [ S T s
0 e o S .6 .8 1.0
(percent c)|(perednt o) | (W/V)2 | w/V  |ava/V
0 0 0 0 3.0165
5 .658 .850 922 |1.961
5 .791 1.ogu T017 1567k
1.25 1.003 1.080 1.033 1.3
2.5 1.391 1.132 |21.06 967
5.0 1.9%0 1.168 |1.081 .689
7.5 2.332 1.18 1.089 .Zgz
10 2.656 1.19 1.095 n
15 3,155 o ] B (on 383
20 3,515 1220 150 322
25 3,766 1200 :110 279
30 3,926 1. 2505 [ 1330 21,6
5 5.993 L«228 lnsa0 218
0 3.37 ALt 1.104 .19
L5 3.878 1.20 1'085 17
50 3.303 1.18% " | 1.0 .15
5 3,16 1.159 1.0ZZ .138
0 3,176 p B U - Lo o .123
65 2.837 1,104 |1.051 .109
70 2.457 1.073 |1.036 096
55 2.055 1.042 |1.021 083
0 1.6L7 ¥.020. | 1005 070
88 1.guo 980 .990 058
9 .83%3 951 <979 <045
95 -hgs .919 .959 .050
100 .018 0 0 0
L.E. radius: O0.473 percent c
T.E. radius: 0.020 percent c

Figure 3.- NACA 63A008 basic thickness form.
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NACA RM No. L6J01
'. "5 1.6
LA, I —c1 = .09 Upper surface
.... L ] /
‘ 2 7A
o:oo.: 0\:}/_..———————\_
Yu2 //T:: ::::q~\\:q
—— .09 Lower surface \
2 \
(1) .8
v
A
| S S
0
0 2 A aio .6 .8 1.0
(perc;tnt c) (percgnt c) (V/v)2 v/V Avg/V
0 0 0 0 2.805
.5 .816 Ttk | .880 | 1.83
<15 .983 <985 991159
1.25 1.250 1.043 {1.021 |1.307
2.5 1.737 1.140 | 1.068 .287
5.0 2.1a2 1.200 | 1.095 .68l
7.5 2.91 1.225 | 1.10 .Ego
10 3,32 l°228 3.2 .83
15 .950 (A X126 .38
20 ﬁ.ﬁoo 1.282 |1.132 .32
25 L.71L 1.290 | 1,136 .280
30 L.913 1.294 | 1.138 .zug
5 u.928 1.291 | 1.13%6 22
0 h.g 1.279 | 1.131 19
L5 L.837 1.258 | 1.122 g
50 L,.613 1.230 | 1.10 .155
55 L.311 1.196 1.09§ 137
60 3.9,3 1.162 1.02 122
65 3,517 1.125 [ 1.061 .108
70 3,0l 1.086 [1.042 .ogh
5 2.545 1.048 {1.02L .081
0 2.040 1.009 1.00% .068
85 1.535 972 [ .98 <057
90 1.030 .938 | .969 .0l
95 .525 .900 | .949 .030
100 .021 0 0 0
L.E. radiuss 0.7L2 percent c
T.E. radius: 0.023 percent c

Figure lj.- NACA 63A010 basic thickness form.
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e00e 080

NACA RM No.

1«6

|_-c1 = .12 Upper surface

A e

ST N

1.2

.8
o
/’/ \‘”\.\_
P | _‘~_—___,,,~—~ﬂ~’“*
0
0 2 L s 6 .8 1ol
(::r§§n§ ¢) (nar:{ut &y (v/V)2 v/V Avg/V
0 0 0 2.361
.5 973 686 | .828 |1.701
<75 1.173 92l | «961 | 1.51
1.25 1.492 985 | .992 |[1.25
LS 2.078 1.136 | 1.066 .935
5.0 2.893 1,229+ 1.109 .679
745 3.50 1.265 | 1.125 .339
10 3.99h 1.291 |1.136 182
15 .737 1.32) (1.151 .38
20 5.2 Z 1.34] [1.15 .325
25 5.66 1.355 1.16% .281
30 5.901 1.360 [ 1.16 .2L8
zs 5.995 1.337 1.163 .219
0 5.957 1.3[0 |1.1 .196
45 5.792 Y312 01.1k5 A7hL
50 5.515 1.275 |1.129 .15
5 Z.lu 1.23[ |1.111 13
0 .700 1S 1o 09 120
65 L.186 Jiad 3 1.070 106
0 3,621 1.098 |1.048 092
gs 3,026 1.051 |1.025 079
0 2.326 1.00Z 1.002 .066
85 1.826 .96 .98 .055
90 1522 .gag .962 .oga
95 .62 .88 .938 .029
100 .025 0 0 0
L.E. radius: 1.071 percent c
T.E. radiuss 0.028 percent ¢

Figure 5.- NACA 63,4012 basic thickness form,
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NACA RM No. L6J01

= ,18 Upper surface
106 IJ‘/GL p
o>./"'—L\
L e
/F’_-\\
] // \k
//// \\.18 Lower surface \<§SS
X
2
Fiing
4
////’P”" _ﬁ“~~\~\~h“‘*--\
—
0
0 %) L e le 6 .8 1.0
(percgnt c) (percxnt c) (v/v)? v/V__|ava/V
o} 0 0 0 1.930
.5 1.§E§ .550 .7h§ 1.504L
1232 i: "853 . 29 %Z?%g
2.5 2.57 1.120 | 1.058 | .905
50 .61 L 25T e | lelals [ 669
7.5 .382 1.3%23 1.120 .Egs
10 h.9zz 1.361 1167 =li82
15 5.9 1408 142,187 || .38
20 6.61? 8 i B B L .32
25 7.03 1.L45 1.20 .282
30 7.3 % 1.h6§ 1e2100( v 250
5 7.49 1.L5 1.20 .220
Is S
50 2:838 12529 1.161 :1%2
25 6.3 7 1296 |1.138 |F .13
0 5.820 L2377 a2 L1
65 Z.lzg 1.175 | 1.08 .10L
70 ol 1.115 | 1.05 .090
55 3,731 L2055 [T 027 .OZZ
0 2.991 1,000 | 1.000 | .0
85 2,252 .950 2975 1. 5052
90 Tae 2 .900 949 | .olo
95 772 .850 .922 | .028
100 j .032 0 0 0
L.E. radius: 1.630 percent c
T.E. radius: 0.037 percent c

Figure 6.- NACA 63,A015 basic thickness form.
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NACA RM No.
L
#o <c = .02 Upper surface
- — D
b \\\
~—.02 Lower surface ‘\\1
@
\7
b
R ’__’—:#
0
0 o2 S .6 .8 10
(perc:nt c) (percgnt c) (v/V)2 v/V bvg/V
0 0 0 0 L .688
<5 185 1,019 | 15009 | 2.101
.75 .585 1.046 | 1.023 | 1.798
1.25 .739 15076 |° 1037 1= 1 22
2.5 1.016 1.106 | 1.052 .980
5.0 1.332 12118 | “15:05% .69l
7.5 L6 1,126 | 1061 .56l
10 1.919 1.132 1.06 .382
15 2.283% 1,141 [ .06 .382
20 2.557 1.1l 1.072 221
25 2.552 1.15§ 1.07 278
30 2.89 1.12 1.07 2L6
35 2.977 Tl b2 o078 .219
0 2.929 1.165 | 1.079 197
L5 2.8 5 1.156 | 1.075 Takidrs
50 2.825 T 1.069 .159
25 2.65g 1.1225 |:1.063 143
0 2.&3 107 | 4052 .126
65 2,138 1.08 1.043 12
70 1.907 1.06 1.0%2 .099
gs 1.602 1.0&8 1.021 .0 Z
Bg 1.22; 1.812 1.002 '821
90 :2h9 f92h :332 -oL7
95 <331 <935 967 .033
100 .013% 0 0 Y
L.E. radius: 0.2,6 percent ¢
T.E. radius: 0.0ll; percent ¢

NACA 6L,A006 basic thickness form.
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1.6

1.2
W8
b

0

NACA RM No.

L —C1

s e e

= ,046 Upper surface

\\\\‘:ohé

Lower surface

\

r"”d—f .\"\_‘
il I x/c 6 .8 1.0
X
(percent ¢) (percgnt c) (v/v)2 v/V bva/V
0 0 0 3,546
5 646 94T 913 1.3%2
<75 ST 100 1,002 | 1.697
%.25 .98% 1.0 1.033% [ 1.352
5 1.353 1.122 | 1.059 971
5.0 1.863 1.121 1.073 .692
Te5 2.245 A 2 1.og .56l
10 2.52 1.1%7 1.0 ﬁ .281
15 3.0 1.191 | 1.091 .382
20 3.%1 1.201 | 1.096 323
25 3,681 1.20 1.100 .
30 3,866 121 1.103 .ZZ?
5 3,972 1.221 | 1.105 .221
0 3,998 1.225 | 1.107 .198
L5 3.921 1211 | 141060 .1%
50 3.7ZZ 1.191 1.081 ol g
25 2.5 1.167 | 1.080 s
6o 3,23 1.1 | 1,068 .125
5 2.897 131 1.055 111
70 2.521 1.08 1.041 098
gs 2.115 1.053 | 1.026 L
8o 1.69 1.020 | 1.010 .072
5 1.278 987 +993 059
2 AN
. - - .O 2
100 .018 0 0 & 0 :
L.E. radius: 0.,39 percent c
T.E. radius: 0.020 percent c
Figure 8,- NACA 64A008 basic thickness form.
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NACA RM No.

1.6

cl

.08 Upper

surface

1.2

.08 Lower surface

=

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

A _~—_#
il o o
—
T )/—/"’J’/
0
0 22 L P .6 .8 1.0
X
(percent c) (perqgnt e) | (wv)2| vV ava/V
0 0 0 2.868
5 .80L .868 .932 [ 1.845
<T5 .969 .952 976 | 1.603
1.25 1.22 130 1.021 | 1.300
2.5 1,68 1.130 | 1.063 .%ga
5.0 12327 1.178 |1.085 .
7.5 7 2.905 1.201 | 1.096 .Egz
= 10 3,19 1,21 1.103 .80
15 813 1.23 1.113 .382
re 20 272 1.22% 1.120 320
25 L .606 1ee 1.125 .280
30 h.825 1.235 1,129 .218
5 L.9 1.282 , [1.132 221
0 h.g9 1.288 |[1.135 .199
L5 h.ég 12268 31126 .175
50 L. g 1.2,0 |1.114 ok
5 L.38 1.208 1'83 .140
0 L.021 - by ) P .12
65 3,597 1.139 | 1067 .109
70 3,127 1.102 |[1.050 .096
5 2.623 1.063 |1.031 .083
0 2.103 1.02; 1.011 .0 g
5 1.582 .98 .990 .0
90 1.062 .358 .969 .0
95 511 093 945 .031
100 .021 0 0 0
L.E. radiuss 0.687 percent c
T.E. radius: 0.023 percent ¢
Figure 9,.,- NACA 64A010 basic thickness form,

L6J01



.::::: NACA RM No. L6JO1
R 1.6
LTI | -c1 = .13 Upper surface
° \
] o:ooo: 0~ /—-“f"———\
122 /V//\\\\
//’\\\\~.13 Lower surface \\\\\m\
ol
B
o
] r___/"/‘/
0
0 2 L 2/ 6 .8 AL,
(percent ¢)| (perednt ¢) | (V/VI2| v/V avg/V
0 0 0 2.408
5 .961 .792 .Bzo 1.720
<75 1.158 93 945 1.512
1525 1.46 1.006 | 1. 003 | 1.2
2.5 2,01 ¥ A7 1062 .951
5.0 2.788 1,201 1.096 .681
T+5 3,36l 1 2%5:1 Lot .Zéo
10 z. 9 gg 1028 478
15 .580 128 «383
20 5.132 1 308 h S .325
25 5.85h 1.522 1.153 .281
30 5.809 1% 1.156 249
5 5.965 1.346 | 1.160 .221
0 5.893 1.354 | 1.16L .199
L5 5.863 1.326| 1.152 il
50 5.62& 1.289 | 1.13 157
5 2.2 1250 [ 1.1 .139
0 .801 1,207 | 1.099 7]
65 L.289 1.16§ 1.079 .10
70 3,721 11184 Ta57 .ogh
5 3,118 1.071 | 1.035 .080
0 2.500 1.023 | 1.011 .068
85 1.882 .97 .987 .056
90 1.26 .925 | .962 .02
95 .6l 873 .934 .029
100 .025 0 0 0
L.E. radius: 0.99L percent ¢
T.E. radius: 0,028 percent c

Figure 10.- NACA 6l4,A012 basic thickness form.
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L

;

NACA RM No.

T.E. radiuss

0.037 percent c

Figure 11.- NACA 64,A015 basic thickness form.
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COMMITTEE FOR AERONAUTICS

T >3 T T Wi &
¢y = .21 Upper surface
////’
wne
/"\
\\\ual Lower surface
x;\
////~”’"“~—'—A—_——d__*_—~_~_“L““**--
\\“~\-_~_\__q ____4_,,,,,_-—A~”"
0 A7 i x/c .6 8 150
X
percent c) (pecmnt c) (v/v)? v/V_ |ava/V
0 0 0 0 1.956
5 1.193 .678 823 [1.552
<75 1.856 . 789 .8 1.L0oL
1.25 1.1 .936 967 [1.189
2.5 2.20 > 0P o R 5o .912
5.0 z. 77 15226+ 71107 671
7.5 .202 1.280 | 1.131 .552
10 L.799 1.31) 1.1%6 de
15 Z.Zga 1.360 | 1.166 N 2
20 123 1.320 1.179 .32
25 6.926 1.413 | 1.189 .283
30 7.270 1.430 | 1.196 | .2L49
5 7.463 1, 8 1,202 222
0 7.487 1.45 1:207 | 201
L5 Z.}lg Lahde ¥ =328 o7
50 .97 1560 I 116 .15
5 6.512 8 5 e [ T 1 T w1357
0 5.95 1.258 11205 |22l
65 2.211 1.19 1.095 | .106
70 .600 1159 - 1.067 | .092
5 3,847 1.079 | 1.039 .078
0 3,084 1.020 | 1.010 | .065
85 2.321 .961 .980 | .053
90 1.558 .301 .9&3 001
95 «795 8L3 .91 .027
100 .0%2 (0] 0
L.E. radius: 1.561 percent c

L6J01



(X}
°
e%e o000

1'ee

NACA RM No. L6JO1

c; = .01 Upper surface
/// 7] DI
o S 2 —
'\‘
:>‘.Ol Lower surface h\\\ﬁ\\‘
per- Loxse 6 .8 1.0
X
(percent c) (perézgt c) (v/V)2 v/V bva/V
0 0 o5
.? L6l ah 1017 3.1%?
«15 .ség L0210 | 15765
1.25 o7 1 05 1.029 | 1.3%65
2.5 .981 1.080 1.0%9 .966
5.0 1.313 1101 1 039 .688
T+5 1'891 1112 1.05 «562
10 1.82 1 E20 kel 2 180
15 2.194 1.131 1.063 . 582
20 2'%§b 1.139 1L .gzg
25 2.687 1.1[5 107 2T
30 2.8L42 1.149 1.072 26
5 2.9&2 1.153 1.07 21
0 2.99 1157 1.07 .19
L5 2.992 1.159 LeOT .178
50 2.925 1257 16 Gl
55 2.793 1oLl 1.068 143
60 2.602 ikl 1.060 2T
65 2.36l 1.10 1.052 112
70 2.087 1.083 1.0l1 . g
gs 1.775 1.059 1.029 .0 Z
0 1.137 1.0%2 1.016 . Z
85 1.08% 1.003 1.001 A
90 . 727 <973 .986 .0L7
95 370 .936 .967 .033
100 .013% 0 0 0
L.E. radius: 0,229 percent c
T.E. radius:; 0.0l1L percent c
Pigure 12.- NACA 654006 basic thickness form,
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NACA RM No.

1.6
0 | ¢ = .05 Upper surface
12 5 —
oy R e s %
///’\“305 Lower surface
—~
oy
"4
_it
—— =
e e R __'___._r———’_‘
0
0 02 oh x/c 6 08 lno
X 2 2
(percent c)| (percent c¢) | (V/V) v/V_|ava/V
0 0 0 0 3.698
5 .615 973 .986 [2.010
75 746 1.001 | 1.000 [1.693
1.25 .951 1.038 | 1.019 1.332
2.5 1.303 1.088 1.0%3 .Zg
5.0 1.749 1187 | X062 Y «.685
T+5 2.120 1.145 | 1.070 .261
10 2.4432 1.157 1.056 479
15 2.926 1.152 1,08l [0 .382
20 3,301 Tl 1.089 | .322
25 3,585 1.195 { 1.093 | .279
30 3,791 1.202 | 1.096 | .2L7
5 3,928 1.207: | 1,099 | .21
e 2:388 | 1217 | 103 | 1%
58 2:39 15| 1102 | a2k
5 5.K1§ TeSo 1| 20D+ a5l
0 3.L45 AL 167 1 .08050 . 12
65 3.125 1.13 1,067 " a112
70 27 g L7 10 1.053% '088
5 2.gh 1.076 | 1.037 | .086
0 1.898 1.0k |- 1,020 .oz5
85 1.430 1.002 | 1.001 | .060
90 .960 .961 .980 | .0L6
95 189 .916 <957 031
100 018 0 0 0
L.E. radius: 0.408 percent c
T.E. radius: 0.020 percent ¢

Figure 13,.-

NACA 65A008 basic thickness form.
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NACA RM No. L6J01

Figure 1l.-

NACA 65A010 basic thickness form,
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¢y = .10 Upper surface
/
//////<<::L.10 Lower surface
e -\4-\__\
——l 4‘/4/—/
0 -pl o x/c .6 8 1.0
p
(percent c) (percgnt c) | (v/v)2 v/V |ava/V
0 0 0 0 2'385
.5 '768 .Bzg 947 [1.87
15 .92 .9 97L [1.619
1225 1.183% 1.010 | 1.005 (1.303
2.5 1.623 1.083 1.0 .936
5.0 2.182 1.1h 1.0&1 679
7.5 2.650 147601 308l .25
10 3.040 1.19 1.09 R g
15 . 658 Re2d 1.10 .382
20 127 Q2% [T .323
25 L.L483 e e ) R 281
30 L.742 1257 4°1.,123 2Li9
5 L.912 TR T 222
0 u.985 1527 1422 198
L5 h.g 3 1.277 | 1.13%0 178
50 L,.863 ey ] 88 B 2 161
5 L.632 <4 T 0 Wl S i 1,
0 u.gou 1.208 | 1.099 127
65 3.399 L3172 .4.0% +JL2
70 3,432 1.133 | 1.06 .ogz
5 2.912 1.091 | 1.045 | .O
0 2.352 2.0kt '] 1023 | L071
85 Y. T .999 .992 .058
90 1.188 .g 9 .9 .05
95 .60, .893 9Ls | .029
100 .021 0
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