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‘Introduction

There have been tested up to now in the Variable Density

Wind Tunnel of the National Advisory Committee for Aeronautics

three groups of airfoils, a total of thirty-seven sections in

all. The first group (Reference 1) contains three airfoils:

N.A.C.A. 97, 98, and 99. The first two are sections of equal .

camber and thickness, with a sharp and a rounded trailing edge

respectively, and the third is a symmetrical section of about

the same thickness. The second group is a systematic series of .=

twenty–seven airfoils: N.A.C.A. M–1 to M-27, characterized by

a small travel of the center of pressure. The third group con- —

sists of several frequently used wing sections: U.S.A.5, U.S.A.

27, U.S.A. 35A, U.S.A. 35’S,R.A.F. 15, Clark Y, and G8ttingen

387. The first and third groups were tested at five tank pres-

sures each. The second group was tested at twenty atmospheres

only.

Representation of the Results
●

The complete results of these tests will be published as

N.A.C.A. Technical Reports. The discussion in this paper is
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based on the data of these reports. The following sytiols will

be used:

a~ =

%=

c~ =

COP..=

CDi =

R.N. =

where

CL =

CD =

CM =

C.P. =

c~i =

R.N. =

L=

D =

M“=

q =

7=

P =

c =

D_
qs

& (Moments taken al’mut a point at 25% Of
the chord.)

0.25c - CM
CL cosa-i-~ sinu

Absolute lift coefficient.

Absolute drag coefficient.

Absolute moment coefficient.

Center of pressure.

Induced drag coefficient

Reynolds number.

Lift.

Drag.

Moment about a point at 2@ of the chord.

Dynamic pressure, & p v’.

Velocity

Density of air.

Chord of airfoil.
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b = Span of airfoil”

s = Area ofairfoi.1.

a = Angl~ of attack of airfoil.

2 = Arbitrary lengtin= c.
%

P = Coefficient of viscosity.

The drag coefficients and the angles of attack havb not

been corrected for the influence of tunnel walls, if any.

The characteristics of a few of these airfoils are given

as obtained from the.tests made at twenty atmospheres tank pres-

sure (See Figs. ,1-10inclusive, and Table IX)...They are plotted

—

in two different ways, as polar curves and with coefficients

against the angle of attack.
*-

Povvercoefficients versus speed range are plotted on Figs. - —
11, 12, 13 and 14, for several airfoils for comparison.

.—

The effect of change of scale or Reynolds number upon

CL (mx.), CD (min..),and maxirmm L/D ratio on ten airfoils

i’sshown in Figs.,,15to 20 inclusive. Cross sections of the .._._
.—

airfoils are shown on all charts.

Tables I to VIII ,give the “GL (max.), @ (min.), maximum

L/D ratio, and .JCL(~x.)/C~(min.) ratio values on these sec-

tians at a.low and a high ~, with the airfoils arranged in

the order of their merit.,

9.

Discussion of the Results.

The airfoils-

*.. information about

tested at five tank pressures give interesting

the influence of the scale or of the”Reynolds
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num’oer(See Figs. 15-20 inclusive). The minimum drag coeffici–

ent iS materially decreased at Reynolds numbers higher than ob-

tained in an atmospheric tunnel. This minimum drzg coefficient

possibly approaches a constant value toward the ~-.ppez entiof tine .-

range of the Variable Density Tunnel. The decrease is more

marked on thic’kersections. The scale effect on the lift/drag

ratio is erratic and is of lesser amount; in general, the lift/

drag r+tio increases in magnitude. This increase is nmre uni-
,,2:.

form for thick sections than for thin ones. The change of the
.

maximum lift coefficient with scale does not seem to follow any
*

definite law, but is uncertain, differing with each section.

The result shown by the curve Climax.) vs. R.N-. for the

.

N.A.C.A. 99 airfoil (Fig. 16), is particularly interesting in

regard to the peculiar hump. Tests in other tunnels have indi- --

cated the rise in the curve at low Reynolds number (R.& M. No.

928 - R.A.Fs 30).

From Tables I to VIII, it can be seen that an airfoil see- .

tion which is good at a low Reynolds number may be decidedly in–

ferior at a high ~ . Full scale tests have also shown this

to be true.

The power coefficient changes with scale as well as the

other characteristics. This cm be seen from the curves of pow-

er cocffici.en-tversus speed range shown in Fig. 14 for a R.A.F.

15 airfoil, tcstod at one and-twenty atmospheres. A big de-

crease in power per unit weight is seen to occur at the higher

speed ranges. .
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No. i319 5

series of frequently used sections,

there are several good sections in the group of the 27 wing sec-

tions. The most notable of these are: the N.A,G.A. N-4, M-6,

and H-12. The M–4 airfoil \s of the thin type having a slight

amount of S–shape. It compares favorably with the R.A.F. 15 as

a high speed section (Fig. 11). The drag is very low and the

lift/drag ratio is high. Its pitching moment about the quarter

chord point is constant and small. The center of pressure

el is consequently small. The M–6 airfoil is a moderately

section with both upper and lower surfaces convex, having i

t rav-

thick

ts

mean camber line slightly S-shaped. The drag is low, the lift,

good, and the lift/drag ratio, high; the moment is constant

and small. The center of pressure travel is likewise small.

Both this section and the l&4 are stable in pitch. It compares.

very favorably with the R.A.F. 15 and because of its greater

thickness is better adapted to internal bracing. M-6 is appar-

ently better than the U.S.A. 35B, Clark Y, and the U.S.A. 27 .

wing sections of &bout the same thickness.(See Figs. 12 and 13).

The M-12 airfoil is also a moderately thick section, but with

a slight mean camber and no S-shape. Its characteristics are

good though slightly poorer than the M-6 and about the same as

the U.S.A. 35B and Clark Y. Its moment about the quaficz chord“

point is practically zero, making the center of pressure travel

very small.
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Conclusion

The few tests made up to now in

6

the Variable Density Wind

Tunnel with

wind tunnel

ble for use

wing sections show the great value of this type of --

for gaining information about wing sections valua-

in aeronautical practice. Several”new and good

wing sections have been found. It has further been dennstrated

that similar research work in ordinary atmospheric wind tunnels

gives results le8s reliable. The results on scale effect show

the need of extensive systematic research along thatline.,
●
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Table I.

Maximm Lift Coefficient.

Order

1

2

3

4

5

6

7

8

9

10

200,000

U.S.A. 35A

Cott. 387

N.A.C.A. 98

N.A.C.A. 97

U.S.A. 27

U..S.A. 353

Clark Y

U.S.A.. 5

R.A.F. 15

N.A.C.A...99

u~ (lMLA.j

1.57

1.42

1.40

1.36

1.31

1.24

1.21

1.12

1.07

0.75

Order

1

2

3

4

5

6

7

8

9

10

R.Nu - 3,600,000

w ““”
N.A.C.A. 97 1.38+

Clark Y 1.38

N.A.C.A. 98 I 1.38-

U.S..A*35B 1*37

Gott. 387 1.33

RoA,F 15 I 1.24

U.S.A. 35A ‘ 1.21

U.S.A. 5 I 1.19

N.A.C-A. 99 0-98 ‘

Table II-

Name R.N. CL

N.A.C?.A.M-4 3,680,000 0.98

N.A.C.Aa M-6 3,660,000 1.22

N.A..CSAeM-12 ,3,800,000 1.30

.

s-
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.
Kini&um Drag Coefficient.

Order

*

1

2

3

4

,5

6

7

8

9’

10

it. N. - 200,000

Name
I
CD (~tn.)

R.A.Fi 15 0;010

Clark Y od012

U.S.A. 5 0 ● 014

N.A.C.A* 99 0.017

U.S;A. 27 0.018

U.S.A. 35B 0.019

N.A.C.A. 97 0 ● 022

U;S.A~ 35A 0.022

Gott. 387 0.024

N;A.C.A: 98 0.027

Order

1

2

3

4

5

6

7

8

9

10

R.N. - 3,600,000

Name
I

R.A.F. 15 i

U.S.A. 35B

N.A.C!.A6 99

GIark Y

u.S.A6 5

N.AoC.A c 97

U.S.A. 27

Gott. 387

U.S.A. 35A,

N.A.CCA* 98

CD {~n>)

o*009

0.009,

0d010

0.010

0 ● 011

0 ● 011

040)-2

0A012

o ● 014

0.015

Table IV.

Name R.N. CD(min~)

N.A.~*A. M-4 3,680,000 oioo75

N.A.c.A. M-6 3,660;000 0.0085

N.A.c.A. M-12 3,800,000 0’90090

.
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Table V.

Maximum L/D Ratio.

Order

.

1

2

3

4

5

6

7

8

9

10

R.N..- 200,000

Name

U.S.A. 5

Clark Y

R.A.F. 15

U.S.A. 27

U.S.A. 35A

N.A.C.A. 97

u.S.A. 35B

Gott. 387

N.AaC:A. 98

N.A.C.A. 99

Max. L/D

26.0

25.2

25.0

21.6

18.9

17.7

17.0

15.4

15.1

13.4

9

R.’l?.- 3,600,000

Ordc

1

2

3

4

5

6

7

8

9

10

1

Name

R*A.F. 15

U.S.A..5

Clark Y

U.S.A. 35B

U.S.A. 27

N.A.C!.A.97

N.A.C.A...99

U.S.A. 35A

Gott. 387

N.A.C.A. 98

—

Max. L/D

26.3

25.0

23.0

22.0

21.9

21.4

19.8

19.6

19.2

18.4

Table VI.

Name R.N. Max. L/D

N.A.C.A..M-4 3,680,000 25.8

N.A.C*A. M–6 3,660,000 23.6

N.A*C.A.M-12 3,800,000 22.0

.

0-
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Table VII.
●

Order

lath - Maximum Lift Coefficient
Minimum Drag Coefficient

.

1

2

3

‘4

5

6

7

8

9

10

R.N. - 200’,000

Name

R.A.F. 15

Clark Y

U.S.A. 5

U.S.A. 27

U.S.A..35A

U.S.A. 35B

N.A*C.A. 97

@tt. 387

N.A.C.A. 98

N.A.C.A. 99

107 ● o

100.8

80.0

72.7

71.3

65.2

62.7

59.1

51.8

44*1

10

.

R.N. - 3,600,000

Orde:

1

2

3

4

5

6

7

8

9

10

Table VIII,

U.S.A. 35 B
t

152.1

Clark Y 138.0

R.A.F. 15 I 137 ● 9

N. AsCoA. 97 125.6

U.S.A. 27 11599

Gott, 387 111.0

U.S.A.*5 108.1

N.A.C,AO 98 91*8

U.S.A. 35A 86.4

N.A.C.A..99 65.4

Name I R.N. I CL(max.)/CD(min.)

N.A.C.A. M-4 I 3,680,000 “ 130.8

1$.A.C.A.M-6
I

3,660,000 143.7

N.A.C.A. M-12 3,800,000 144.4



Table IX.
.
. Table of Pzincipal ““:A~~fOi% Characteristics.

9-

Name

M-4

M-6

M-12

U.S.A. 5

U.S.A. 27
.

u.S*A. 35A

U.S.A. 35B

R.A.F. 15

G6tti.ngen387

Glazk Y

R.N.
x 10=

36.8

36.6

38,0

36.3

35.7

35*2

34* 7

35.8

34.7

36.1

11

$Jax.

6,16

11.94”

11.94

6.28

10.98

18.18

11 ● 58

6-38

15.14

11.7

Note: All airfoils - 5 in. X 30 in.

(12.7 cm x 75.2 cm)

lo% c

4.68

8.94

8*94

5*63

9.17

14.7

9.40

6o05

12.27

9s2

4.64

8.86

8.86

4.84

8.59

11.94

7*56

4*45

9.83

8.3

Tested at twenty atmospheres tank preswre.

.,

I

I

. .
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Table IX (Cont.)

Table of Principal ..Qrfzil,..,.Characteristics.

Name

X-4

W 6

M-12

U.S.A. 5

U.S.A. 27

U.S.A. 35A

U.S.A. 3!5B

R.”A.F. 15

G8ttingen 387

Clark Y

R.1?.:,:
Xlos

36.8

36a6

38.0

36.3

35.7

35-2

34.7

35e8

34.7

36.1

1

0.94

1.22

1.29

1.19

1.39

1.21

1.37

1.21

1.33

1=38

I

13°

18°

18°

11°

16°

14°

15P

15°

lEP

16°

.0066

.0080

● 0090

,0116

a0120

.0140

.0088

.0083

.0125

● 0107

12

Angle
..q*ns

CD

0°

(P

-1.9

-1.5P

-4.00

-7 ● 0°

-5.0°

_~ ● 00

-7 ● 0°

-4.5°
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Table IX (Cont.)

Table of Principal .A-irf&X----Characteristics

R.N.
Name x 10=

M-4

M-6

M-12

U.S.A. 5

U.S.A. 27

U.S.A. 35A

U.S.A. 358

R.A.F. 15

C#ttingen 387

Clark Y

36.8

36.6

38s0

36.3

35.7

35c2

34.7

i35.8

34.7

36.1

I&x.
L/D

25.8

23.0

21.4

25.2

21.8

19.4

22.4

25.2

19.2

22.4

Angle
Max.
L/D

40

4.+

‘4.9

10

1.50

-1 ● 5~

0°

30

_~ ● 50

0°

gL

.073

● 073

● 073

.075

● 070

.071

.073

.07’5

.075

● 074

Angle
zero
lift

0°

00

-1°

-40

-4.9

_80

-9

-20,

-7°

-P

13

Average

%(:)

+.020.

+.020

-.002

-.090

-*070

–.120

-,060

-.050

-.080

-.070 ‘
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