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HIGH CRITICAL MACH NUMBERS

By Albert E. von Doenhoff, Louis S, Stivers, Jr.,
and James M, O!'Connor

SUMMARY

The possibllity of developing an airfoil to carry
1ift without decreasing the critical Mach number below
that of the basic thickness form at zero lift has been
investigated, ILow-speed tests of five NACA 66-series
eirfoil sections having a thickness-chord ratioc of 0.16
were made in the Langley two-dimensional low-turbulence
pressure tunnel. By designing the mean line to carry
load over the portions of the airfoil section having low
induced velocities an effective design 1lift coefficient
(the 1ift coefficient corresponding to the center of
the range of high critical Mach numbers as obtained
from the experimental pressure distribution) of approxi-
mately 0.1 wes obtained for several airfoil sections
without causing the maximum predicted critical Mach
numbers to be appreciably less than the critical Mach
number for the basic thickness Fferm at zero 1lift. 'The
maximum 1ift coefficients and the drag coefficients in
the low=-drag range were approximately the same for these
airfoils as for the NACA 66+series airfoil sections
having the same thickness and approximately the same
effective design 1lift coefficient with the uniform-load
mean line, The low-drag range at a Reynolds number

of 9 x 106 decreased with increase in design 1lift coef-
ficient above a vealue of 0.2. The pitching-moment
cecfficients were larger than those of airfoils having
the same effective design 1ift coefficients with the
uniform~load mean line but were not nearly so large as
those corresponding to the design load distribution.

Recommendations concerning the use of the airfoils
at high speeds camnot be made because of the lack of

test date at high Mach numbers.
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INTRODUCTION

A large amount of work has been done on the problem
of designing airfolls thet have high critical MNach
numbers, The NAGA lb-series airfoils, presented in
reference 1, have a thickness distribution that gives
unusually high critical Mach numbers for a given
thickness~-chord ratio. This series of airfoil sections,
however, has high critical Mach numbers over only a
limited range of 1lift coefficients. Ilany of the
NACA 6-series airfoils, data for which are presented
in reference 2, have critical Mach numbers somewhat
lower than those for the corresponding airfoils of the
NACA l6é-series but have high critical Mach numbers over
a considerably larger range of 1lift coefficients. The
forward portion of the NACA 6-series sections are
designed so that the pressure distribution forward of
the point of minimum pressure becomes essentially flat
at the extremities of the range of 1lift coefficients
for low drag. For a given position of ninimum pressure
on the basic thickness form, this design condition gives
an airfoil shape that has a minimum increase in maximum-
velocity ratio throughout the range of 1ift coefficients
for low drag.

Beceuse .the mean line corresponding to a uniform
chordwise distribution of load at the design 1ift coef-
flelent .(a = 1.0) has the highest possible critical
speed for a glven 1lift coefficient, this mean line has
been most frequently used es the mean line of
NACA l6-series and NACA 6-series sections. Although the
uniform-load mean line has the optimum critical-speed
characteristics for the mean line itself, an airfoil of
finite thickness having this mean line will not necessarily
have the highest possible critical speed for a given
thickness and design 1ift coefficient. The critical
speed of an airfoil section is determined by the maximum
velocity occurring on the airfoil surface. If the mean
"line for a given thickness distribution is designed so
as to causé the airfoill to carry lift over the portions
of the chord where the velocity is less than the .
maximum, the airfoil will then be able to carry some
1lift and not have a velocity ratio greater than the
maximum for the basic thickness form. In order for the
airfoll to carry the largest amount of 1lift without
decreasing the critical Mach number below that for the
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basic thickness format zero 1ift, the pressures over
the upper surface of the alrihll mast be uniform and
the pressure coefficient must equal that of the basic
thickness form,

For the portion of an NACA 6-series airfoil for-
ward of the position of minimum pressure, the load
distribution associated with angle of attack is optirmun
at the 1lift coefficient corr: esnond1n~ to the upper
extremity of the low-drag range because at this 1lift
coefficient the »nressure dlSuPleu*Oﬂ ever the upper
surface becomes uniform from the leading edze back to
the original position of minimum pressure, In order not
to disturb the pressure distribution over the forward
portion of the airfoil, the optimuu mean line for high
critical Mach numbers should be designed to give zero
load from the leading edge to the noint of minimum
pressure on the basic thickness form and to give a load
distribution corresponding to uniform nressure over the
uppéer surface from this p01nt to the trailing edge.
Such a load distribution ordinarily corresponds to a
large finite load at the trailin¢ edge, Previous
experience with airfoils having mean lines designed to
glve finite loads at the ra111nT edge indicates that
the load distribution over most of the chord is sub-
stantial“y as specified but that the finite load at the
tralling edge 1s not realized in practice.

The nurnoses of the present investigation are (1) to
determine experimentally the extent to which the methods
Just desc Plbed are effective in increasing the design
llit coefficient of an airfoil without decreasing the
critical Mach number appreciably below that of the basic
thickness form and (2) to determine the effects of the
corresponding unusual type of load distribution on
characteristics of the airfoil section other than the
critical Mach number, such as »itching moment, maximum
1ift, and drag. The present inVGStlbathﬂ inc¢uueo low=-
speed tests in the Langley two-dimensional low-turbulence
pressure tunnel of five airfoil sections having the
NACA 66(215)-016 basic thickness form. Three of these
sections have mean lines designed to carry various
amounts of load back of the wOSltloA of minimum pressure
of the basic thiclmess form (0.5 chord) at the desizn
1ift coefficient, The other two airifoils have mean
lines designed to carry a part of the total load
uniformly over the entire chord, The tests consisted
of measurements of 1ift, drag, and pitching moment at
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Reynolds numbers of 3 X 106, 6 X 106, and -0 % 106
and at Mach numbers lsss than 0.17. Low-speed pressure
distributions for each of the airfoils were determined

at a Reynolds number of 6 X 105 through a range of
angles of attack corresponding to & range of 1ift coef-
ficients from large negative values to values beyond
the poslitive stall.

Definite recommendations concerning the use of the
airfoils at high speeds cannot be made because of the
lack of test data at high Mach numbers. Additional data
are also needed on the application of lateral-control
and high-1ift devices because of the unusual shape of
the airfoils near the trailing edge.

SYMBOLS

a8 mean--line designation, fraction of chord
from leading edge over which design load
is uniform

c chord
cq section drag coefficient
Cmin minimum section drag coefficient
cy section 1ift coefficient
Cy maximum section 1lif't coefficient
max
Cy design section 1ift coefficient
i
Coile, v s moment coefficient about aerodynamic center
Cm /1 moment coefficient about quarter-chord point
o
Hy free—stream total pressure
M critical Mach number
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9] local static pressure
Qo free-stream dynamic pressure
R Reynolds number

e Ho — P
S nressure coefficient [ —%——-

Qo
X distance along chord line measured from leading
edge

v distance perpendicular to chord line measured

from chord line

Qg section angle of attack
DE3SIGN OF THE AIRFOIIL SECTIONS

The basic thickness form for all the airfoils tested
in this investigation was the NACA 66(215)-016 airfoil
section, which has minimum pressure at 0.6c¢c from the
leading edge and a thickness-chord ratio of 0.,16. As
previously discussed, mean lines were desired that have
zera load from x/c =0 to x/ec + 0.6 and lineeprly
increasing load from this point to the trailing edge.
Because the relations obtained from the theory of thin
wing sections are linear, the theoretical mean lines
and load distributions can be obtained simply by
addition of the ordinates and the corresponding velocity
increments of component mean lines,

The desired type of load distribution is obtained
by a combination of a uniform-load mean line (a = 1.0)
with a mean line having uniform load from the leading
edge to 0.6¢c and linearly decreasing load from 0.6c to
the trailing edge (a = 0.56), In order for the load
to be zero over the forward portion of the airfoil, the
design 1ift coefficient for the mean line of the type
a = 0.6 must be -0.8 times the design 1ift coefficient
for the mean line of the type a = 1,0; in order for an
airfoil to have a design 1ift coefficient of 0.2, the
sum of the design 1ift coefficients of the component
mean lines must equal this value, These conditions
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are satisfied by a mean line having the following
components: (1% a mean line of the type a = 0.6 with
8 design 1ift coefficient of 0.8 and (2) a mean line
of the type a = 1.0 with a design 1ift coefficlent

of 1.0. 'The designation of the airfoil having the
chosen basic thickness form and the aforementioned mean
line is as follows:

o~

’ 0.6, Cz,' = _0.8 L
NACA 66(215)—216 < i
' a = ]..O, C-L = l.O i

L, 1 J

Further details of the numbering system for this type
of designation are discussed in reference 2, In order
to determine the effects of varistion in camber, two
additional airfoil sections having thecretical design
1ift ccefficients of 0.3 and 0.4 were derived. These
alefollNsectilonsiares

o
il

& = 0By e Eer Ve }
NACA 66(215)—316 « 4 -
L a'="1.0, e4; =''1.5}
' g = 08, ey = =1,6 |
NACA 66(215)—416 4 1 >
; &= 1.0, C'L = 250 !
L i |

For the three airfoils the theoretical pressure
distributions at the design 1ift coefficient, presented
in figure 1, indicate that even the airfoil designed for
a 1lift coefficient of 0.2 has theoretically a slightly
higher maximum value of the pressure coefficient 3,
and hence a lower value of the critical Mach number, than
that for the basic thickness form. The experimental
pressure distributions, however, were not expected to
show this decrease in critical Mach number because of
failure to realize fully the theoretical load dis—
tribution.

Two more airfoils were investigeted for the purpose
of determining the extent to which the critical Mach
number characteristics of airfoils cambered with a
uniform—load mean line could be improved by increasing
the portion of the load carried by the rearward part of

ol .
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the airfoll while holding uniform the load carried by
the forward part. The two airfoils are:

fa= 0.6, og, = <0s5]
NACA 66(215)=-216 < _ ~ >
L2 = 1.0, Cli B 0.7)
P - I{a = O-é’ C—l.‘ = —OQBL
NACA 66(215)-216 < “3 >
e N, R SRR 0.5 |

&

The contours and corresponding theoreticel load
distributions for the five airfoil sections considered
in this investigation are given in figure 2. Ordinates
are given in tableg I to V.

MCDELS AND TESTS

built jof

Models of the five airfoil sections re
Ny ' Beaeh

wey
mahogany leminated in the chordwise directio

model had a chord of 2l inches and a span of 35= inches.

Mo fi=

The models were prepared for standard tests in the
Langley two-dimensional low~turbulence pressure tunnel
(TDT) in the manner described in reference 2.

Lift data were obtained from measurements of the
pressure reactions on the floor and ceiling of the
tunnel, drag data were obtained from measurements by
the wake-survey method, and pitching-moment data were
measured with a torque balance. Details of the methods
of obtaining the data are given in the appsndix of
reference 2.

Lift, drag, and pltching-moment data were cobtained

7
at Reynolds numbers of 3 x 106, 6.% 10" ¢l Bnd G & 106
for models in a smooth condition., Pressure-~distribution
data for each model were obtained at a number of angles
of attack corresponding tc a range of 1lift coefficients
from large negative values to values beyond maximum 1ift;
these data were cbtalned for the smooth models at a

Reynolds number of 6 x 106. With a standard roughness
gpplied to the leading edges of the models, 1ift and
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drag data were obtained at a Reynolds number of 6 X 106.
This roughness .consisted of approximately 0.0ll-inch
grains of carborundum applied to the airfoll surface
over a surface lenzth of 0,08c measured from the leading
edge on both upper and lower surfaces, The grains were
thinly spread:- to cover 5 to 10 percent of this arsa,

RESULTS

The experimental pressure distributions are

egsented in figures 3 to 7+  Lift, 'drag, and pitching-
momenu data for the five alrfoll sections are preasented
i flaures 8 be 12, rne force data have been corrected
for the constricting effects of the tumel walls by
equations (37) to (EO) iu the appendixz of reference 2,
For the present airfolls these equations are reduced to
the following simnlified forms, where the primed wvalues
represent the values measured in the tunnel:
¢ = 0.97heyt

v

0o = 1.0150,"

c = 0,989¢ !
me /), : mg ),

C.j_ =0 .989 Cd'

Corresponding corrections have been applied to the
pressure=distribution data.

Because only low-sae data were obtained, com=-
paflsoas of the varidus Ci foil sections are made on
the baslis orf )redlcteu'cr1tlcﬂl Mach numbers, In

general, critical lach numbers (the eritical Mach number
is defined as that free-stream }Nach number at which the
local velocity of sound i1s first attained) predicted
from lowespeed experimental pressure distributions are
in good agreement with high-sneed-test results, This
critical Mach number is sonowhat lower than and is to

be distinguished from the Mach number corresponding to
the force breaks,
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\O

The ‘eritical Mach numbers presented in figure 13
were obtained from the theoretical and experimental low-
speed pressure-distribution data by the von Kerman
method by use of the curve presented on page S83 of
supplement IV, reference 2. The curves of the critical
Mach numbers corresponding to the theoretical and
experimental low-speed pressure distributions of the
present airfoil sections sare compared with similar data
for airfoil sections having the same basic thickness
form and the same effective design 1lift coefficient (the
11ft coefficient corresponding to the center of the
range of high critical Mach numbers ss obtained from the
experimental pressure distribution), but having a uniform-
load mean line (a = 1.0). Although the theoretical and
effective design 1lift coefficients may be seen to differ
considerably for the newer airfoils, the dsta of refer-
ence 2 show that the effective and theoretical design
1ift coefficients are substantially equal for the air-
foll sections cambered with the uniform-load mean line
for moderate design 1lift coefficients. Numerous pressure-
distribution measurements have also shown that the theo-
retical and experimental low-speed pressure distributions
for the latter airfoils are in good agreenent st low and
moderate 1ift coefficlients,

The data of figures 13(a) to (c) show that, for the
airfoils having zero load from the leading edge to the
position of minimum pressure, the effective design 1ift
coefficients are less than the theoretical coefficients
and this discrepancy increases with increase in camber,
For these airfoils the maximum critical Mach numbers
obtained from the experimental pressure distributions
are equal to or greater than the maximum critical Mach
numbers obtained from the theoretical pressure dis-
tributions. The critical Mach numbers obtained from
the experimental pressure distributions increase with
increasing 1ift coefficient in most of the range of
high critical Mach numbers and are a maximum between
1ift ccefficients of 0.2 and 0.3. These maximum
critical Mach numbers are aspproximetely 0.025 greater
at these 1lift coefficients than the critical Mach
numbers for the airfoils having the uniform-load mean
1ine. The results presented in figures 13(a} to (¢)
indicate thet the airfoils heve an effective design 1lift
coefficient of approximately 0.1 and have maximum
eritical Mach numbers at normal 1lift coefficients for
high speed that approach the maximum criticel Mach
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number for the basic thickness form at zero 1lift. The
difference between .the critical Mach number of the basic
thickness form and of the cambered asirfoil sections
increases with increasing camber.

For the two airfoil sections carrying a portion of
the load from the leading edge to the position of minimum
pressure (figs. 13(d) and (e)), the predicted critical
Mach numbers obtained from the experimental and theo-
retical low-speed pressure distributions are much closer
in sgreement than for the other three airfoils. These
two airfoil sections show small gains in critical Mach
numbers as compared with the airfoil sections having the
uniform-load mean line.

A comparison of the theoretical pr
tributions at the design 1lift coefficien
experimental pressure distributions having a losd dis-
tribution over the forward portion most nearly like the
design load distribution is given in figure lE
Figures 1i(a) to (c), which present data for the three
airfoils with zero loasd from x/c¢c = 0 to x/c = 0.6, show
successively greater discrepancies between the experi-
mental and the theoretical pressure distributions with
increase in design 1lift coefficient. At the design
1ift coefficient, theoretically, no load should be
observed over the forward portion of these airfoil
sections. This condition is not fulfilled because of
the failure to realize the design loed over the rearward
portion .of the eirfolle . In figures 1i(a) and (b) the
values of maximum pressure coefficient for the experi-
mental pressure distributions are in good agreement with
the theoretical values. The data presented in
figures 14(d) and (e) indicate that the agreement between
the experimental and theoretical pressure distributions
becomes progressively better as the load on the rearward
portion of the airfoils is decreased.

5 O

ssure dis-
t with the

a5 ]
e

The low-speed aerodynemic data for the airfoils con-
sidered in this investigation are given in figures 8 to 12
and are summarized in table VI. A comparison of these
data with those for the NACA ob-series airfoll sections
(reference 2) having the same thickness and approximately
the same effective design 1ift cosfficient with the
uniform-load mean line indicates no large difference in
the meximum 1lift coefficients or in the drag coefficilents

6

in the low-drag range. At a Reynolds number of § x 10
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the newer. airfoils having theoretical design 1ift coefl-
ficients greater then 0.2 show a progressive decrease

of the low=drag range with increase in camber and show

a somewhat larger initial increase in drag coefficients
at the upper end of the range of low drag coefficients
than the corresponding NACA 66-series airfoils with the
uniform-load mean line. -The test data for the newer
alrfolls show  'aijegr-in the lift carves et thesupper- end
of the low-drag range. The magnitude of the jog
decreases as the Reynolds number 1s increassd from

9 s 10° to 9 x 10°., For the airfoils with a theoretical
design 1ift coefficient of 0.2 the jog in the 1lift curve

at a Reynolds number of 9 x lO6 is very small and hes
approximetely the same magnitude as the jogs found for the
NACA b6b6-series airfoils (reference 2) having aepproxi-
mately the same effective design 1lift coefficient and the
uniform~load mean line. The Jjog, however, for the newer
airfolls with & thecretical design lift coefficient 6
of 0.3 and 0.l is greater at a Reynolds number of 9 x 10
than the jogs for the corresponding NACA 66-series air-
foils (referenice 2) with the uniform-load mean line or
for the other airfolls of the present psper. The magnie
tude of the jog eppears to increase with increase in
theoretical design 1ift coefficient. ¢

The pitching-moment coefficients of the newer air-
foil sections are larger than those for the NACA 66-series
airfoils (reference 2) having the same effective design
1ift coefficient with the uniform-load mean line but
are not nearly so large as the pitching-moment coefl-
ficients corresponding to the theoretical load dis-
tribution.

CONCLUSIONS

Although recommendations concerning.the use of the
airfoils at high speeds cannot be made- because of the
lack of test data at high Mach numbers, low-speed tests
of five NACA 6b6-series airfoil sections having mean
lines designed to give high critical Mach numbers indi-
cated the following conclusions;

1. An effective design 1ift coefficient (the 1ift
coefficlient corresponding to the center of the range of
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high eritical Mach numbers as obtained from the experi-
mentel pressure distribution) of approximately 0.1l weas
obtained for several airfoil sections without causing
the meximum predicted critical Mach numbers to be
appreeiably less than the critical Mach number for the
basic thickness form at zero 1lift.

2, The meximum lift coefficients and the dreg
coefficients in the low-drag range were epproximately
the same for these airfoils as for the NACA 66-series
ajirfoil sections having the same thickness and approxi-
mately the same effective design lift coefficient with
the uniform=load mean line.

%2, The low-drag range at a Reynolds number of
5
9 x 10° decreased with increase in design 1ift coef-

A

fictent Zbove.8 value of 0.2,

. The pitching-moment coefficients were larger
then those of airfoils having the same effective design
1ift coefficients with the uniform-load mean line but
were not nearly so large as these corresponding to the
theoretical load distribution,

Langley Memorial Aeronautical Laboratdry
National Advisory Committee for Aeronautics
Langley Field, Va., November 19, 1945
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TABLE I

ORDINATES OF THE

. g [2 =06 C1y= -0.8}
A SIS Loy o, g, = 10
AIRFOIL SECTION

(Stations and ordinates given in
percent of airfoll chord)

Upper surface Lower surface
Station [Ordinate Station | Ordinate
0 0 0
.521 Lo 479 -1.194
?gs 1%& 725 | -1.L32
1.280 1.734 1.220| =-1.776
2.540 2,332 2.460| -2.L
5.02& 3.208 h.Zhé -3,37
T7.563 5-883 7437 - .131
10,069 462 : .921 4;.5 8
égiéﬁ g:éZZ 1 :32 :g{:ggé
e .597 .9 -T.
| o | o I
0.002 | 7.476 39:99 -8.32
Lli.962 T7.574 5.038| -8.416
g i | 2 au
53:677 2:229 60.323 -7:5Z7
L. 571 -311&9 65.029 | -6.689
63. él 6. zﬁ 70.28g :Egg%
Té: 32 3:377 82:3% -2.829
53.951 2.;0% 85.0139 -1.526
90.035 .76 83.9 5 -.[L06
ke | o | B
L.E. radius: 1.575
Slope of radius through L.E.: =0.017

TABLE III
ORDINATES OF THE
= 0.6, %1, = -1.6}

a

1

NACA 66(215)-1;16 {a =1.0, °1, = 2.0
ATRFOIL SECTION

{Stations and ordinates given in
percent of airfoil chord)

Upper surface Lower surface

Station [Ordinate Station | Ordinate

0 ) 0 oh 0
. 1 59 | -1.20
495 | 138 | 3| hf
1.310 1,712 1.190 | =-1.796

2.580 2.285 2,420 | -2.16
5.107 5.122 4.893 -ﬁ.hs

7.625 3-75 7-325 -4.253

10.139 .29 861 -L.950

15,151 5.1%1 849 | -6.065

20.1/9 2.7 8 éz.s 1| =6.952

25.13 243 .8 Z -g. 32

30.10 6.602 29.89 -8.1
5.062 6.868 3[.928 | -8.556
0.00L 7.043 9.996 | <8.775

Ly .925 7.153 5.075 | =8.837

49.817 7.193 50.183 | =8.717
663 T.171 95.337 | =8.375
.;26 | 7.099 60.6 -z. 95
A48 | 2.059 65.852 | =6.51!

69.227 | 6.8%2 | 70.773| -5.00

Th.y21 | 6.%70 | 55.579 -3.3%86

gz 66 | 5.890 | 0.33%; -1.794
2902 | 5,092 85.098 | -.335

90.070 3,947 83.350 077

95.108 | 2.[27 9.892 | 1.253

100.000 | O 100.000

I BT W= Ko g

L.E. radius: 1.575
Slope of radius through L.E.: =0.035

13

TABLE II
ORDINATES OF THE
a=0.6, %y =-1.2
a = 1.0, °11 = 1.5}
ATRFOIL SECTION

NACA 66(215)-316 {

(Stations and ordinates given in
percent of airfoil chord)

Upper surface Lower surface

Station [Ordinate Station | Ordinate

0 0 z 0 e 0
531 1.169 L69 | -1.199
737 1.397 «713| =1L

1.295 1722 1.205| =1.7

2.560 2.308 2.440| -2.446

5.080 3,165 L.920 | =3.l17

T.594 820 7.406 .192

10,104 81 .896 | =L.869

15.113 5.258 .8 -2. 50

20.112 2 17 19.88 -6.805

25.100 .§19 22.900 -7.1;59

30.078 6.801 29.922 -5.9 9

5.047 T7.079 2953 =8.34

0.00 7.229 39.99 -8.559

hh.g 7.3 5.05 -8.62

49.863 T3 50.137 | =8.52

5 .7b,z .32 5.223 -8.228

g3 | L | B L&

69.41 6.222 70.582 -s.zog

7 %6:5 6.0?39 g.zg; -Z.gl'g

52.922 2393 85.07L -.93%0

90.053 5.5?8 89.9L o1

95.082 1.971 9L.. 91 789

100.000 0 100.000 0

L.E. radius: 1.575
Slope of radius through L.E.: =0.026

NATIONAL ADVISORY
TABIE IV COMMITTEE FOR AERONAUTICS

ORDINATES OF THE

a=0.6, ®y = -0,5}
e=1.0, o = o7

NACA 66(215)-216 {

AIRFOIL SECTION

(Stations and ordinates given in
percent of airfoil chord)

Upper surface Lower surface

Station |Ordinate Station | Ordinate

0 ) 0 0 0
L7 1.197 .52 -1.171
-7212 1.435 <776 -1.401

1.223 1.781 1.277| -1.729

2 h72 2.hlg 2.527| 2,33

i 37 5-3 5.02l; -3.222

T-479 .0 3 7.521 .3 92

Z L.71 10.017 _ﬁ. 52

1/.98 Z.le 15,0111 .
19.99 . Zé 20.006 _2 225
2L.99 7.064 25.00L|  _6.836
29.995 [ 7.512 30.005| .7.278
-991 g- 35 5.009| _7.589
32.982 .039 10.01 =1.77
967 8.142 45.033| _7°
49.5l 8.13%2 50.05 -7.782
5 .30 8.001 55.0 =7.557
Zﬁ' 1 7.731 50.1 -7.115
<157 2.292 65.2l43 _Z 361
ol | o | B R
19921 pi & e
2997 | 3.711 85.003| 3,71
edn | b | S i
100.000 | o ¢ 180.833 0'099

L.E. radius: 1.575
Slope of radius through L.E.: 0.021 ‘
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TABLE V
ORDINATES OF THE

Ri= 068 1,1=-0.3
NACA 66(215)-216
a = 1.0, °iy 0.5

n

AIRFOIL SECTION

(Stations and ordinates given in
percent of airfoll chord)

Upper surface Lower surface
Station [Ordinate |Station Ordinate
¢ ? 21 ¢ -g 6
. 1.210 . -1.1
.%gg 1.556 .323 -1.2%8
Lol 3 ik 1% 1.315| =-1.69
2.42 2.47 2.572 | =2.27
h-EZh Z-hﬁ? 5.076 -5-123
T.423 .22 T+517 :E-78
£ | w8 | o008 Thia
13:9Eo 2.8 20.060| -5-976
2[.949 7.378 25'831 -6.522
§Z-957 g 5l 30. 2 -6.936
.96l .197 5.03 =7.227
.969 8.417 0.0%1| =7.401
ﬁﬁ.g 0 8.522 L5.030 | =7.L468
%3.9 6 8.504 5o.gi% =7.410
.952 8.352 55. -Z 208
23.309 8.038 60.091| =-6.810
.881 Z.szu 65.119 | =-6.138
69.90l -gh? 70.096 23.191
P08 | Bz | G3iodd| 2igrd
ggigﬁg 2:2§% %h:g72 -123[3
5.0%8 | 1.138 92:925 -.05l
100.000 0 100.000 0
L.E. radius: 1.575
Slope of radius through L.E.: 0.046

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS




TABLE VI

SUMMARY OF AERODYNAMIC DATA >
6 H
[ﬁ = O % 10.] =
NACA airfoil secti °a “max . &
airrivi sSsectlon min SmOOth ROL],}%}')_ ma.c. 3
= 0.6,¢c, = -0.8 :
66 016 i 0.003l L) 0.99 -0.050
= 1.0, C?’i = l-O
(a:'O.é, cy, = -l.2 :
6(215)-316 * 0.00%1 1.51 0.96 -0.075 :
a = 1.0, o 1.5
a = 0.6, ¢y, = -1.6 -
66 (215)-416 ¥ 0.0027 1.55 1.01 -0.100
a =10, ¢; = 2.0
i
a = 0.6, ¢ = —0.51
66(215)-216 < by 0.0
S, g o.7j’ 0%5 1.55 1.05 -0.052
a= 0.6, c = -0051 ‘
66 (215)-216 hy
(215)-2 {; = 1.0, cli . o.5j 0.003L 1.43 1.00 -0.050

1

=6 x 106.
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Figure 1l.- Continued.
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Figure 1lh.- Concluded.




