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- AERONAUTICAL SYMBOLS
1. FUNDAMENTAL AND DERIVED UNITS

Metrie English
Symbol
Unit Symbol Unit Symbol
Length_____ l INeter S oyl vt IR o S m foot(ormile)ias Lot i ¢ ft. (or mi.)
Time: & b o0 t BECOTEAS A S8 5% (et SN ] second (or hour) _______ sec. (or hr.)
Boreedy ¥ v F weight of one kilogram_____ kg weight of one pound___| 1b.
Power.__._. B keginifar yae o0 kbt Sl BEeLs s Sty horsepower. ... J.0% % hp
Jerhyibied o W el S AN o k.p.h i hnoes 2 e Sl TG m. p. h.

Speed .| {m/s ______________________ m.p.s e G SN S R L L § e oY

2. GENERAL SYMBOLS, ETC.

W, Weight, =mg
g, Standard acceleration of gravity =9.80665
m/s?=32.1740 ft./sec.?
W

m, Mass,=?

o, Density (mass per unit volume).

Standard density of dry air, 0.12497 (kg-m™*
s?) at 15° C and 760 mm=0.002378 (lb.-
ft.~* sec.?). ’

Specific weight of “standard” air, 1.2255
kg/m3=0.07651 1b./ft.?

mk?, Moment of inertia (indicate axis of the
radius of gyration, %, by proper sub-

seript).
S, Area.
Sw, Wing area, ete.
@, Gap.
b, Span.

¢, Chord length.
b/e, Aspect ratio.

f,  Distance from C. G. to elevator hinge.

u, Coefficient of viscosity.

3. AERODYNAMICAL SYMBOLS

V, True air speed.

.¢, Dynamic (or impact) pressure= ép 174

L, Lift, absolute coefficient 0L=§I§

D, Drag, absolute coefficient UD=£

«C, Cross-wind = force, absolute coefficient

4

Oczq—'S

R, Resultant force. (Note that these coeffi-
cients are twice as large as the old co-
efficients L, De.)

70, Angle of setting of wings (relative to thrust
line).

4,, Angle of stabilizer setting with reference to
thrust line.

v, Dihedral angle.

pKlyReynolds Number, where I is a linear

| dimension.

e. g., for a model airfoil 3 in. chord, 100
mi./hr. normal pressure, 0° C: 255,000
and at 15° C., 230,000;

or for a model of 10 em chord 40 m/s,
corresponding numbers are 299,000 and
270,000.

C,, Center of pressure coefficient (ratio of
distance of C. P. from leading edge to
chord length).

Angle of stabilizer setting with reference
to lower wing, = (i,— ).

a, Angle of attack.

¢, Angle of downwash.

B,
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REPORT No. 336

TESTS OF LARGE AIRFOILS IN THE PROPELLER RESEARCH TUNNEL,
INCLUDING TWO WITH CORRUGATED SURFACES

By Doxarp H. Woop

SUMMARY

This report gives the results of the tests of seven 2 by 12 foot airfoils (Clark Y, smooth and cor-
rugated, Gittingen 398, N. A. C. A. M=6,and N. A. C. A. 84). The tests were made in the Propeller
Research Tunnel of the National Advisory Committee for Aeronautics at Reynolds Numbers up
to 2,000,000. The Clark Y airfoil was tested with three degrees of surface smoothness.

The effect of small variations of smoothness of an airfoil is shown to be negligible. ~ Corrugating
the surface causes a flattening of the lift curve at the burble point and an increase in drag at small

flying angles.
INTRODUCTION

At the annual conference of the National Advisory Committee for Aeronautics with aircraft
manufacturers held at Langley Field, Va., in May, 1928, Col. V. E. Clark and others mentioned
the lack of test data on corruguated wings and suggested that tests be made in the Committee’s
Propeller Research Tunnel. Here a comparatively high Reynolds number may be secured
due to the large size of the models that can be used. It also seemed desirable to secure data on
some representative wing sections with a view to the possible comparison with existing data from
other tunnels. :

In the Propeller Research Tunnel with its 20-foot diameter throat, airfoils of 2-foot chord
and 12-foot span may be tested up to velocities of 100 M. P. H. This condition gives a Reynolds
Number of about 2,000,000, which corresponds quite closely with that attained in the Variable
Density Tunnel at 10 atmospheres pressure.

Four airfoils (Clark Y, Géttingen 398, N. A. C. A. M—6, and N. A. C. A. 84) were selected
for the present tests. The Clark Y was tested with three degrees of surface smoothness. In
addition, two corrugated metal covered Clark Y airfoils, one having Clark Y section at the top
of the corrugations and the other Clark Y section under the metal covering, were tested.

Thus, eight separate tests were made at speeds of approximately 80 and 100 M. P. H. The
average Reynolds Numbers were 1,575,000 and 1,940,000, respectively.

METHODS AND. APPARATUS
SUPPORTS

The Propeller Research Tunnel, where this investigation was conducted, has been described
in Reference 1. The regular tunnel equipment was employed so far as possible. Referring
to Figure 1, the airfoil to be tested is supported on two heavy, braced bars and fitted to pivot
about a point within the airfoil slightly above the chord at the quarter point. A “sting”
attached to the center of the airfoil is carried back to a vertical tube to which it is pivoted. A
rack and pinion operated by a crank serves to raise and lower this tube, thereby changing the
angle of attack of the airfoil. These members are bolted to the floating frame of the balance.
The lift and drag forces may then be read on the platform scales on the floor below.

To reduce the tare drag of the system all supporting members were surrounded with fairing
attached to the fixed frame of the balance. To reduce interference with the airfoil the fairings
were not carried up to the wing, the last 2 feet of the supports being streamlined instead. The
effectiveness of this arrangement is indicated by the fact that the tare drag was only 3 pounds at
100 M. P. H. at most angles of attack. This was about 50 per cent of the gross minimum drag.
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In measuring this tare drag the set-up was modified so that the wing was supported in-
dependently of the supports and sting; hence, the drag measured was that of the supports alone
in the presence of the airfoil. This was accomplished by supporting the sting from a tube
connecting the front supports within the wing, but not touching it. The wing was then sup-
ported by wires and pipes arranged at distances from the supports. This arrangement is shown
in Figure 2. The angle of attack could then be easily changed by simply moving the wing and
turning the regular crank to bring the sting parallel underneath. Readings on all the balances
were taken at several angles and air velocities so that the proper corrections could be made to
the lift and drag readings. A small correction to the balance readings was also necessary, due
to the different distribution of the weight at the several angles of attack.

CONSTRUCTION OF AIRFOILS

Since the airfoils were to be of 12-foot span and 2-foot chord, the standard ordinates of the
airfoil sections in per cent of the chord were reduced to inches on a 2-foot chord. The model

s

&k
s

2
FIGURE 1.—Arrangement for wing tests

maker was given these ordinates to the nearest hundredth of an inch and was asked to work
within %o or ¥%» inch. Tables I-VI give the standard, specified, and measured ordinates. The
measured values are the average of there measurements at the center span and halfway from
the center to each tip. It will be noted that there are differences of as much as %o inch from
the specified ordinates. They occur at the leading edge where the surface is well rounded.
There is a considerably larger deviation for the thick corruguated airfoil which is accounted for
by the difficulty of construction.

The leading and trailing edges were of laminated wood glued and formed to templates. At
about the mid-chord a 3-inch wide beam was placed. These three members were spaced by
solid ribs at 12-inch intervals along the span. The space between leading and trailing edges
on the top and bottom surfaces was originally covered with ¥¢-inch 3-ply plywood. After the
first airfoil was completed examination showed considerable bowing and buckling of this thin
covering. [t was decided, however, before discarding this construction, to make a test, thereby
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determining the effect of these small variations of surface contour. The plywood was then
removed and ¥g-inch sheet aluminum substituted and a test made. The whole airfoil was then
painted with two coats of brushing lacquer, sanding between coats. This gave a uniform smooth
surface, although not as smooth as the bright sheet metal. All screw holes and cracks were
filled with litharge and glycerin before painting. In Figure 3 are views of some of the airfoils.

The corrugated airfoils, one of which is illustrated at the bottom of Figure 3, were constructed
in the same manner as the plywood airfoil, the corrugated metal covering being screwed to its
surface. The metal sheet was of %s-inch thick aluminum with the corrugations rolled on a
grooved wood form. The dimensions of these corrugations (fig. 4) were found by scaling down
the average of several standard wings. Since it is impractical to run the corrugations com-
pletely around the leading edge, the sheet was left flat there, the corrugations starting a slight
distance back on the top and bottom surfaces. In order to bring the corrugations into a scal-
loped edge at the rear, they were displaced one-half pitch on the top and bottom surfaces. This

FIGURE 2.—Arrangement for tare drag test

and the leading edge construction necessitated slight departures from the basic Clark Y section.

These are indicated in Figure 4.
TESTS

After mounting the airfoil a cover plate was screwed over the pivot-fitting opening, leaving
only enough gap to allow the support to clear as the angle of attack was changed. Angles of
attack indicated by a pointer on the moving rear support were checked against an inclinometer
held on top of the sting just behind the airfoil.

Each test was run at tunnel air speeds of approximately 80 and 100 M. P. H. Air speeds
were computed from the readings of a manometer connected to plates set in the walls of the
tunnel passages calibrated against Pitot tubes suspended in the air stream at the position of the
airfoil. Two readings were taken of front lift, rear lift, drag, and manometer at each angle of
attack at each speed, one when the angles were successively increased from —9° to +35°, and
the second when decreased from +35° to —9°. This was done simply to secure two independent
readings at each setting. '
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RESULTS

The results are given in the form of tables and curves of the absolute nondimensional co-
efficients Cy, Op, Oy, Up,. From the observed readings these coefficients are computed in the

usual manner from the equations

Lt
0, = P
Drag
Cp =
Moment,;
Chrgy = qSe 4
Che,
O, = 2p=a

Cy

¢=Dynamic pressure.
S = Area of airfoil.

¢ =Chord of airfoil.

FIGURE 3.—Airfoils

The results have been corrected for boundary interference in accordance with the method
given in References 2 and 3. For the open jet the interference amounts to an added downwash
or an increase in the induced drag and induced angle of attack. The corrected test points as
plotted, therefore, correspond to lower drag values and lower angles of attack than were meas-
ured. Since the airfoils were rectangular, the corrected results apply to rectangular wings rather

than to elliptical.
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The results are given in the form of curves (figs. 5-12) of Cz, Cp, L/D, and O, against angle
of attack, and apply directly to rectangular wings of aspect ratio 6 in free air. Numerical values
are given in Tables VII-XIV.

In view of the established rules for aspect ratio correction, another type of diagram has
come into quite extensive use, especially in England. In this diagram, Figures 13-18, profile
drag C,, Owmgy, and angle of attack a, for infinite aspect ratio are plotted against lift coefficient.
By simply adding the induced drag and induced angle of attack corresponding to any given
aspect ratio to the values from the curves, the coefficients for that aspect ratio may be deter-
mined, thus eliminating the double computation required when converting from aspect ratio
6 to another aspect ratio. Only one curve is given for the Clark Y airfoils, that for the metal
covered and painted, as this is comparable with the other airfoils of the series and there were
negligible differences in the results for the several surfaces. For handy use the numerical
values taken from the faired curves are given in Tables XV-XX. T he induced drag for the
loading corresponding to the particular wing shape should, of course, be used in deriving the
coefficients for any finite aspect ratio. i

Some of the characteristics of the airfoils -——-f\)‘l’}\@(\
are quite closely related, and, accordingly, the
results for the Clark Y with various surfaces
have been replotted in Figure 19. A set of
points from a test in the old Variable Density
Tunnel corrected for tunnel wall interference —~~—=—=——==———c——cemee——— =

has been added for COII}p&I‘lSOI‘l. To compare Standard Clark-Y ordnates, also top of corrugafed
the two corrugated wings with the smooth metal on thin airfoil ‘B" and bottom of corrugoted

wing, Figure 20 is given. To aid in the selec- metal on thick arfol A

19/48" Pitch 1)96'r

tion of an airfoil for any given speed range, ] Jor Thick
: Cp : Cr o
F' 1 d :)2 o 0 oo st “max - . s 5 s
igures 21 and 22 gIve RS 01 & Section of covering double scale
max - L Inches
the speed ratio. i
Scale

DISCUSSION

The reason for testing at two speeds was
to determine the presence of scale effect. The
differences were so slight that only one curve has been drawn through the points. The scattering
of the points is, therefore, more an indication of the precision of the tests. The small forces at
low angles of attack limit the precision of the minimum drag coefficient to =10 per cent.

On examination of the curves a few striking points will be noted. Some of the curves show
breaksat the high angles (25° to 30°). It was noted during the tests that these breaks occurred
at a higher angle when the angle of attack was being increased than when it was being decreased.
The angles were not changed rapidly so the phenomena can not be charged to oscillation of the
airfoil. There is probably some effect at these high angles, producing a condition which makes
the flow tend to continue in a given way even though the new angle of attack dictates a change.
These portions of the curves are mainly useful in discussion of rotary instability.

The N. A. C. A. M—6 shows consistently higher maximum lift at 100 M. P. H. than at 80.
Experiments in the Variable Density Tunnel have shown that there is a variation of lift with
Reynolds Number which may be quite rapid at certain values. It may be that for this airfoil
the lift does increase rapidly at these Reynolds Numbers. The small center of pressure move-
ment confirms other tests on this airfoil.

The effect of the different surfaces on the characteristics of the Clark Y airfoil is shown in
Figure 19. Apparently reasonably small deviations from the true smooth surface have slight
effect on the aerodynamic characteristics of this airfoil. While the range of surface smoothness
was not large, the unpainted plywood was certainly rougher than the doped fabric of a wing
as used on airplanes.

F1GurE 4—Corrugated airfoils. Clark Y, basic section
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FIGURE 11.—N. A. C. A. M-6, metal covered, painted. Aspect ratio 6. Free air
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FIGURE 15.—Clark Y, corrugated, B. Infinite aspect ratio. Free air FIGURE 18.—N. A. C. A. 84, Infinite aspect ratio. Free air
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Fi1curE 19.—Effect of different surfaces on characteristics of Clark Y. Plywood
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TESTS OF LARGE AIRFOILS IN THE PROPELLER RESEARCH TUNNEL 11

Examination of the corrugated Clark Y airfoil in comparison with the smooth Clark Y
(fig. 20) reveals a marked flattening of the lift curve for the corrugated sections at the burble
point and a lower negative slope beyond the burble. Throughout the normal flying range the
slope of the lift curve is unaffected. At any given angle the corrugated surface airfoil shows a
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F1cUuRE 20.—Effect of corrugations in comparison with a smooth Clark Y. Corru- f
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FIGURE 21.—Comparison curves. Profile drag for constant gross load and
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stalling speed. Clark Y airfoils stalling speed. Different airfoils

slightly higher lift with considerably greater drag so that the Lift/Drag ratio is inferior to that
of a smooth airfoil, although only slightly so at 6° and above.

A general flattening of the lift curve is to be noted for all of the airfoils near the burble in
contrast to the sharp breaks often found from low-scale tests.

Ficure 22.—Comparison curves. Profile drag for constant gross load and
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The variable density tunnel test points (fig. 19) indicate a slightly greater slope and a higher
maximum lift. The minimum drag is also higher. A comparison with atmospheric tunnel
tests on the same airfoil indicates the same scale effect as that predicted by the tests in the
variable density tunnel. The agreement is quite in line with what would be expected in different
tunnels.

Figures 21 and 22 have been prepared to place the selection or comparison on a common
basis. It may be said, in general, that the best airfoil at any given speed is the one which has
the lowest profile drag. The actual total drag will be greater by the amount of the induced
drag which depends on the effective aspect ratio. It is desirable also to have a high maximum

v - s . ODO . OL 3 VvV
lift to reduce the required wing area. By plotting G, against ¢, ) =7y e secure a
max - S

max -

convenient diagram for comparing the sections on the basis of total profile drag for constant gross

C,
load and stalling speed. Since ——— = D, » the flying condition corresponding to any given
0; W J

speed ratio is indicated on the curves. The values of speed ratio for these conditions are taken
from Reference 4. TFor general use the Clark Y appears the best, while the N. A. C. A. M—6 has
the advantage at very high speeds; furthermore, the small center of pressure travel of the M—6
is also of value. The corrugated sections are inferior under all conditions. Too much depend-
ence should not be placed on these diagrams, however, because the particular application may
alter the relative position. Tests of a complete model should be the final criterion. Lacking
other data, however, the comparison on this basis will be quite useful.

CONCLUSION

In the present tests Reynolds Numbers of 2,000,000 were attained by using large models.
This is about 60 per cent of normal full scale.

1. The effect of small variations in the surface of an airfoil on the aerodynamic characteristics
is shown to be negligible.

2. Corrugating the surface of an airfoil flattens out the lift curve at the burble point with a
small increase of lift; but causes a reduction in effectiveness (L/D) throughout the normal flying
range due to the increase of drag. Pressure distribution tests would probably indicate the
nature of the holding off of the drop of the lift curve at the burble.

3. A general flattening of the lift curve at the burble is noted for all the airfoils tested rather
than the sudden break found in low-scale tests.

4. The results appear to be in good agreement with those from other tests at the same
Reynolds Numbers.

LANGLEY MEMORIAL AERONAUTICAL LABorATORY,
NarioNaL Apvisory COMMITTEE FOR AERONAUTICS,
Lancrey Frewo, Va., May 2/, 1929.
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TESTS OF LARGE AIRFOILS IN THE PROPELLER RESEARCH TUNNEL

TABLE I

Ordinates of Clark Y airfoil metal covered and painted

2-FOOT CHORD, 12-FOOT SPAN

Upper surface l Lower surface
])istzlan(i;a ‘
from lead- : :
ingodgo | Standard | Specified | Messured | suangana | SPectied | Mgt
in per cent | ordinate in for 2-foot | for 2-foot ordinate in| g5 foot | for 2-foot
of chord p?‘;ﬁmr’é chordin | chordin | PPTERe | chordin | chord in
Ok CHC! inches inches oL ‘ inches inches
|
0 3.50 (17 1 sl eSS SRl 3.50 ‘ 0:84= = atas A Eie
1.25 5.45 1.31 1.37 1.93 | .46 0. 52
2.5 6. 50 1. 56 1. 62 1.47 .35 .37
5 7.90 1.90 1.94 .93 .22 .23
7.5 8.85 2.12 2.16 .63 .15 .15
10 9. 60 2.30 2.33 .42 <10 .10
15 10. 69 2. 57 2. 58 .15 .04 .02
20 11. 36 2.73 2.71 | .03 | .01 .00
30 11.70 2.81 2.80 .00 [ .00 .00
40 11.40 2.74 2.73 .00 [ .00 .00
50 10, 52 2. 52 2. 50 . 00 | .00 .00
60 * 9.15 2.20 2.16 . 00 .00 .01
70 7.35 1.76 1.73 . 00 .00 —.01
80 5.22 1.25 1.23 .00 .00 .00
90 2.80 .67 .65 .00 .00 .00
95 1.49 .36 .33 .00 .00 .01
100 .12 .03 .03 .00 . 00 .01
I
TABLE II

Ordinates of Clark Y airfoil corrugated metal

Crarx Y, CORRUGATED, A

2-FOOT CHORD, 12 FOOT SPAN

Upper surface Lower surface
[Distflmce Top of corrugations ‘ Bottom of corrugations | Top of corrugations | Bottom of corrugations
rom lead- |
_ing edge i
in per cent | Specified | Measured | Specified | Measured | Specified | Measured | Specified | Measured
of chord | ordinate | ordinate ‘ ordinate | ordinate | ordinate | ordinate | ordinate | ordinate
for 2-foot | for 2-foot | for 2-foot | for 2-foot | for 2-foot | for 2-foot | for 2-foot | for 2-foot
chordin | chordin | chord in chord in chord in chord in chord in chord in
inches inches | inches inches inches inches inches inches
0 0384, l=Eoe Tl el 0iBd" 1| st A (17 B e 0084 S e
1.25 1. 58 1.59 | 1.47 1. 51 .49 0.57 .87 0 66
2.5 184 184 | 17 174 .35 .40 46 .49
5 2.16 2180|2104 2.08 .22 .25 .33 .34
7.5 2.39 2.41 2.27 2.32 .14 .18 .26 .27
10 2. 57 2.60 2.45 2. 50 .09 .13 .21 .23
15 2.82 2.85 2.71 2.74 .03 .07 .14 .16
20 2.98 3.01 2.87 2.92 .01 .04 11 .14
30 3.07 3.11 | 2.96 3.01 .00 .05 11 .14
40 3.00 3.02 [ 2.89 2.92 .00 .04 11 .13
| 50 2.78 2.83 | 2.67 2,73 .00 .01 11 .10
| 60 2.46 2.49 2.35 2.40 .00 .00 11 .10
| 70 2.02 2.06 1.91 1. 96 .00 .00 11 .09
80 1.51 1.53 1.40 1.43 .00 .02 11 <11
| 90 .90 .92 .79 .83 .00 .05 11 .14
95 .54 .59 | .43 .49 .00 .07 11 .16
| 100 .13 Jo0 [ By .20 .00 A1 1 .20
: 1

13
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TABLE III
Ordinates of Clark Y airfoil corrugated metal
Crark Y, CORRUGATED, B

2-FOOT CHORD, 12-FOOT SPAN

Upper surface ' Lower surface
| ‘ G TR
Distance Top of corrugations | Bottom of corrugations J Top of corrugations Bottom of corrugations
from lead- | !
ing edge |— A o I 1 Wi
in per cent | Specified ‘ Measured | Specified | Measured | Specified | Measured | Specified | Measured
of chord' | ordinate ordinate | ordinate ordinate ordinate | ordinate | ordinate | ordinate
for 2-foot | for 2-foot | for 2-foot | for 2-foot | for 2-foot | for 2-foot | for 2-foot | for 2-foot
chord in | chord in chord in chord in ] chord in chord in chord in chord in
inches inches | inches inches inches inches inches inches
AR S — ] ‘ |- e B
0 O 840 Lah ISem b1 00 1y (17 Sl st R 0 R 7 e IR e e ] QIRLH SIAb s R
1.25 1.31 1.37 1.22 1.32 | .46 | 0. 50 . 56 0.57
2. 50 1. 56 1. 62 1.46 1.54 .35 | .39 .48 .46
5 1. 90 1.92 1.76 1.83 .22 .28 .35 .36
7.5 2.12 2.16 1.99 2.07 | .15 .21 .28 .29
| 10 2.30 2.33 2.17 2.24 .10 .15 .22 .24
| 15 2.57 | 2.58 2.43 2.49 .04 .09 .16 .18 |
‘ 20 2.73 2.74 2. 60 2. 66 .01 .05 .13 .14
30 2.81 2.83 2. 68 2.76 .00 .03 o1l .13
40 2.74 2.74 2.63 2. 66 | .00 | .03 e .13
50 2. 62 2.54 2.41 2.46 | .00 | .03 + L1 .13
60 2,20 2.23 2.09 2.15 .00 .04 oLl 14
70 1.76 1.81 ‘ 1.65 1.73 .00 .05 b 15
[ RO 1.25 THa ST 4 1502 .00 .06 .11 .16
90 .67 .75 . 56 ol ol G .07 -1t ST
95 36 47 .25 .37 .00 .08 bl .17
100 13 J .22 .02 .12 | .00 .05 330 .13 |
| ‘ ’
TABLE IV

Ordinates of Gottingen 398 airfoil metal, covered and painted

2-FOOT CHORD, 12-FOOT .SPAN

|
Upper surface Lower surface ’
DISiancelEsss = T T e *" X I
r{rqlgn é?iﬂg(; | Stavaara | Specified | Measured | o oo o | Specified | Measured
in per cent | ordinate in | Ordinate ordinate ofaintedn ’ ordinate | ordinate
i ”r‘ Totd 5 Fcent, for 2-foot | for 2-foot A rGeRt for 2-foot 1 for 2-foot
‘ s I)?clmn] chord in | chord in K[ chord | chordin | chord in
‘ inches inches | inches | inches
| i il S et
| [
a0 R T R G SR 3.7 000 ST i
| 1.25 6.19 1.49 1. 54 1.89 | .45 0.48
2.5 7.40 1.78 1.83 1.28 | .31 .34
5 8.86 2.13 2.20 69 oIT 18
7.5 10.25 | 2.48 2.49 35 .08 10
10 11.25 2.70 2.71 27 .06 06
15 12. 54 3.01 3.02 05 .01 02
20 13. 34 3.20 3.19 00 .00 00
30 13.77 3.30 3.30 05 .01 01
40 13. 34 3.20 3.19 25 .06 05
| 50 12,32 2. 96 2.96 27 .06 07
60 10. 56 2. 53 2. 55 29 .07 09
70 8.45 2. 06 2.06 28 .07 09
80 6. 08 1.46 1.45 27 .06 06
90 3.32 .80 .78 13 .03 02
| 95 1.87 .45 43 05 .01 00
‘ 100 0.43 .10 ‘ 09 I 00 .00 00
i )




TABLE V

Ordinates of N. A. C. A. M—6 airfoil metal, covered and painted

2-FOOT CHORD, 12-FOOT SPAN

Distance

from lead-

| ing edge

| in per cent
of chord ‘

|

(= 1
OU\U‘

Ordinates of N. A. C

4.58

.26

ordinate in
per cent

Upper surface Lower surface
| e T 1 = N
Specified | Measured | o . Specified | Measured
Standard | 5 qinate ordinate o%é?;]g{:ar?n ordinate ‘ ordinate
for 2-foot | for 2-foot er cent for 2-foot | for 2-foot
of chord chord in chord in gf chord | chord in | chord in
inches inches inches | inches
= — - —_ | —
0 2 0 0 | i o
.47 i —1.76 —.42 | —0.38
.67 3 —2.20 —. 53 —. 51
.97 1. 00 —2.73 —. 65 —. 65
1.19 1.23 —3.03 —. 73 ‘ —. 74
| 1.37 1.41 —3.24 —. 78 —-.79
1. 64 1. 65 —3.47 —.83 —. 84
1.81 1.81 —3. 62 —. 87 —. 87
1.97 1.96 —3.79 —.9] —. 92
1.93 1. 90 —3.90 —. 94 —.95
| 1.74 1.70 —3.94 —. 95 —. 95
| 1.45 1.43 —3.82 —. 92 —. 91
[ 1.10 1. 11 —3.48 —. 84 —.82
73 .75 —2.83 —. 68 —.65
.37 42 —1.77 —.42 —. 38
<21 .24 —1.08 —. 26 —.20
. 06 .09 —.26 —..06 —.01
TABLE VI

. A. 84 airfoil metal, covered and painted

2-FOOT CHORD, 12-FOOT SPAN

TESTS OF LARGE AIRFOILS IN THE PROPELLER RESEARCH TUNNEL

Distalmctia
from lead- e
ing edge | Standard %{,’3&;‘;%3
‘ in per cent | ordinate in| ¢ "o ¢
of chord per cent chordoin
‘ | of chord hahes
0 2.50
1.25 4.85 1.16
2.5 6. 05 1.45
5 ‘ 7.78 1.87
7.5 9.03 2,17
10 10.0 2.40
15 11.5 | 2.76
20 12.71. 3.05
30 14.0 [ 543538
40 14.11 3.38
50 | 13.50 3.24
| 60 12.31 2.95
(a0 10. 32 2.47
| 80 RS 1.85
90 | 489 | 105
95 gy .58
100 | .30 .07 l

Upper surface

Lower surface

| 0 B | e

Measured
ordinate
for 2-foot
chord in

inches

o TSR 00 GO e OO DI IS B

Standard

ordinate in |

per cent
of chord

|
Specified | Measured
ordinate ordinate
| for 2-foot for 2-foot

chord in | chord in
inches ‘ inches
|
0360 =it
.23 0.28
+ 10 .14
.02 .05
.01 ‘ .03
.00 .01
.00 .01
.00 .01
.00 .01
F00% 5} .00
.00 | .01
.00 .01
.00 ‘ .01
.00 .01
.00 03
.00 | 04
.00 05

15




TABLE VII
Crarg Y, Prnywoopn CovERED

Span, 12 feet. Chord, 2 feet.
Reynolds No. 1,940,000

ASPECT RATIO 6, FREE AIR

a | o L/D Cr 5 Catels
|

5

—9 | —o0.245 | —0.050
—8 —.184 | [ =051
—6 —.060 | [ —.052
—4 .270 ; ; —.823
— .209 I i -

0 .350 i ] [ —.052
2 -493 ; : [ —.051
4 .637 ; : | —.050
6 .72141 [ : : ‘ _'8§§
8 -917 ; 3 -
10 Lod1 | ) ) ‘ —.g;g
12 1.148 | 2 . 5 = H
14 1.215 .1295 9.39 .275 —. 031
16 1.214 | 1690 7.19 .26 —. 032
18 1.161 | .2120 5.48 JoR10| S=088
20 1.078 . 2585 4.17 291 | —.044
22 1.005 3072 3.27 -303 —. 053
2¢ | Tlosm | 3500 ‘ 2. 66 317 | —.o64
26 [ .951 | 4115 2.31 . 330 —. 076
28 |  .9067 - 4630 2.09 340 | —.087
30 | . 959 . 5090 1.88 \ .343 —. 089
32 890 | .55 62| S a3y | -0

TABLE VIII

CrLark Y, METAL COVERED, UNPAINTED

Chord, 2 feet.
Reynolds No. 1,940,000

ASPECT RATIO 6, FREE AIR

Span 12 feet.

[ —9 | —o0.264 —0.070
| =8 | —.204 —. 069
=T = —. 068
—4 .063 —. 067
(s . 207 : —. 065
0 .353 . —.065
g .496 ; —. 064
4 . 632 o —. 063
[ie .767 ; —.059
8 - 902 i —. 048

10 1.035 L —. 035
12 1.152 i —. 028
14 1.220 ! —.032

\ 16 1,241 : —. 038
18 1.164 i —.048

| 20 1.070 ! —. 060
22 1.003 3. —.072
2 .978 ! —. 080

| 2 . 964 ; —. 085
[ Sog Sl Siigeo i —. 086
I { —. 086
32 .889 | 1. 63 —. 084
Tl R e 1.4 : —. 075
‘\ 35 | .825 . 589 1.40 .32 —. 063

Area, 24 square feet.

Area, 24 square feet.

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TABLE IX

CrLARK Y, METAL COVERED AND PAINTED

Span, 12 feet.

Chord, 2 feet. Area, 24 square feet.
Reynolds No. 1,940,000

ASPECT RATIO 6, FREE AIR

Span, 12 feet.

@ } CL Cp L/D Cp Chefs
o | ‘
—g |*—0.255 : —0.081 |
Ig | ig) : —. 082
B = A —. 082
= 1076 ; ; —. 00
—2 S214 f J —.078
0 1356 y : —. 075
2 - 501 . : — 072
1 .643 i : —. 069
6 -783 : : —. 066
8 1920 ; : —. 063
10 1.050 7 : —. 053
12 1.175 X ‘ X —. 046
14 1. 268 o S —. 046
16 1. 260 The0 e —. 050
3all|E g0 el | gel | —. 058
20 | 1138 | o257 1,43 311 | —.069
22 | vosl | .303 3.51 .32 | —.081
24 19718 | 358 2.73 3y | =il
2 | .90 422 215 1358 | —.098
28 -877 467 1.88 366 | —. 102
30 860 | 505 1.70 S 907 0 | BT
32 842 | 540 156 | 0363 | —l095
34 828 | 573 1,44 2350 | —.083
% | 822 | 590 SEET N B T [ s
| |

TABLE X
CrArRk Y, CORRUGATED METAL, A

Chord, 2 feet. Area, 24 square feet.
Reynolds No. 1,940000

ASPECT RATIO 6, FREE AIR

o
-9
—8
—6
—4
-2

—0.246 i —0.074
= s —. 074
—. 087 ) e —.073
.062 ; . —. 072
197 3 A —. 070
-338 ; ; —. 069
1480 ST —. 065
-620 : ‘ y —. 062
.761 ogiliE o —.058
896 | . Rl I —.052
1,024 ] ; ; —. 044
1.143 X : . —.032
1. 233 ~1261 9.7 . 268 —.022
1.250 | .1610 7.75 . 274 —.030
LAT | 12010 6. 20 . 288 —. 047
1.239 | 2545 4.85 . 299 —. 060
1.217 | 3190 3.80 .310 =070
1.163 | .3750 3.10 .322 —.084
1.083 -4200 2.58 339 —.096
. 996 - 4630 2.15 J . 356 —.105
934 | 5030 1.86 2369 =911
. 900 . 539 1.67 ' 374 —.112
879 | .571 1. 54 .375 —.110
L871 .583 1.50 .372 —.106
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TABLE XI
Crark Y, CorrUGATED METAL, B

Span, 12 feet. Chord, 2 feet. Area, 24 square feet.
Reynolds No. 1,940,000

ASPECT RATIO 6. FREE AIR

@ Cr Cp /D ] Cp Cate/t
ZH 2 | £ AT at
o
-9 —0. 261 —0. 065
—8 —. 199 —. 065
—6 —. 068 —. 065
—4 . 070 —. 065
—2 . 212 —. 066
0 . 354 3 —. 065
2 . 495 . —. 0656
4 . 636 5 —. 064
6 L7718 ; —. 061
8 . 910 : —. 056
10 1. 040 A 5 —. 049
12 1. 166 5 o —. 045
14 1. 257 A 5 —. 043
16.%} 1. 263 . 1635 7.73 . 285 —. 044
18 1. 258 . 2090 6. 00 . 204 —. 055
20 1.247 | .2682 4. 65 . 309 —. 073
22 1. 215 [ . 3326 3.65 . 326 —. 092
24 1. 163 3860 3.02 . 341 —. 106
26 1. 088 4302 2. 52 . 350 —. 109
28 1. 017 4735 2.15 . 3568 —. 110
30 960 | 5140 1.87 . 365 —. 110
32 910 | .5515 1.65 .370 —. 109
34 871 | 5838 1. 49 . 374 —. 108
35 868 l 5980 145 | .373 —. 107
|

TABLE XII
GorTINGEN 398, METAL COVERED AND PAINTED

Span, 12 feet. Chord, 2 feet. Area, 24 square feet.
Reynolds No. 1,940,000

ASPECT RATIO 6, FREE AIR

) a \ CL I Ch L|D Cy } Ce/s
o il
—9 .
-8 | A G :
—6 g 5 -
—4 | . ‘. -
-2 | 5 . . —.
0 i . . . -
201 . 3 . —
4 | B 3 5 -
2 [ 2 5 - -
10 1. 127 . 0944 11. 92 .301 ‘ —. 057
12 1. 234 . 1153 10. 69 . 295 —. 055
14 | 1.325 . 1400 9.47 .203 | —.057
16 | 1. 347 L1725 7.82 . 296 —. 062
18 | 1.323 . 2119 6.25 .302 —. 069
20 1. 281 . 2481 5. 16 . 310 —. 077
22 1.233 . 2860 4.32 . 320 —. 086
24 1.190 . 3270 3.64 . 331 ‘ —. 096
26 1. 149 .370 3.10 . 342 —. 105
28 1.100 419 2.62 . 353 —. 113
30 1.038 469 2.21 . 364 —. 118
32 979 520 1.88 .375 ‘ —. 122
34 928 570 163 .385 | —.125
35 .909 | .595 1.53 388 | —.125
|

TABLE XIII
N. A. C. A. M-6, METAL COVERED AND PAINTED

Span, 12 feet. Chord, 2 feet. Area, 24 square feet.
Reynolds No. 1,940,000

ASPECT RATIO 6. FREE AIR

‘\ - Ce Co /D c Catent
‘ o
i —9 | —0.540 | 0.0330 0. 254 0. 002
(s —. 471 0277 . 256 .003
| —8 — 837 0182 . 262 - 004
= —. 202 L0115 .215 - 005
o —. 087 - 0079 .340 . 006
| 0| .08 - 0070 . 147 .007
RED . 203 . 0094 - 206 . 009
4 .338 L0142 . 220 .010
[5558 476 . 0221 . 225 .012
8 618 . 0336 .226 .015
10 755 L0475 .226 L018
12 893 . 0638 221 .026
| 14 1.023 . 0824 .223 .028
| 16 1.113 11082 - 228 - 024
[ 1. 094 - 1441 . 238 . 013
20 1. 054 11912 . 250 - 000
| 22 . 995 . 262 . 261 —. 011
2 948 314 . 270 —. 019
2 .791 361 .218 —. 022
28 .770 405 217 —. 021
30 . 760 448 212 —. 017
32 .756 489 . 263 —. 010
| 34 .737 .518 . 253 —. 002
| 35 .720 . 530 . 244 004
| 1
TABLE XIV

N. A. C. A. 84, METAL COVERED AND PAINTED

Span, 12 feet. Chord, 2 feet. Area, 42 square feet.
Reynolds No. 1,940,000

ASPECT RATIO 6, FREE AIR

| CL Cp L/D ‘ Cp Chefs
°
—9 | =0:135 —0.125
= —. 070 —.126
= - 054 —. 128
iRy .187 =103
=9 .324 =R
0 . 461 =110
2 . 598 —.105
1 7% —. 007
6 .849 —. 089
8 . 968 —. 080
10 1.080 —. 072
12 1.186 —. 063
14 1.278 —. 055
16 1.323 —. 051
| 1.333 —. 050
20 1,328 —. 055
[ 22 1.291 —. 065
| 24 1.233 —. 077
2 1.161 —. 087
28 1. 079 —. 093
| 30 1. 000 —.099
| 32 . 043 —.104
34 017 : —.109
8 915 | .59 1.54 .371 i
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TABLE XV
CrLARk Y, METAL COVERED AND PAINTED

Infinite aspect ratio characteristics. Computed from
A. R.=6 tests rectangular loading

Cp;=0. 0563 C12
«;=3.601 Cr
PLOTTED AS FIGURE 13

l CL Cpo o Cue/s
|
—0. 061 ‘ 0. 0091 —0. 082
076 . 0086 -
214 . 0087 =
| 356 . 0091 -
501 | .0101 I
643 | . 0121 s
783 . 0146 —
920 . 0179 —
1. 050 . 0207 -
1. 1756 . 0249 —
1. 268 . 0361 | =

TABLE XVI

TABLE XVII
Crark Y, CorrRUGATED MgeTAL, B

Infinite aspect ratio characteristics. Computed from
A. R.=6 tests rectangular loading
Cp;i=0.0562 C2
a;j=3.5% Cy
PLOTTED AS FIGURE 15

Ct ’ Cbo o ‘ Cume/s |
S 5] e Tl o
\ o ‘

—0. 068 0.0115 | —576 | —0.065
: . 0104 —4.25 —. 065
| 3 0109 —2.76 —. 066
‘ o 0116 —1.27 —. 065
‘ : 0132 .22 —. 065
; 0152 1.72 ‘ —. 064
| ) 0174 3.20 | —.061
‘ 1910 | o208 £73 | —. 056
L. | .06 6.26 | —.049
L 0295 7.81 —. 045

‘ 1. | o414 9. 49 —.043 |
\ 1. ' 0736 11. 46 —. 044

TABLE XVIII

CLARK Y, CORRUGATED METAL, A. CLARK Y, INSIDE |

OF METAL

Infinite aspect ratio characteristics. Computed from

A. R.=6 tests rectangular loading
Cp;=0.0564 C1?
@;=3.612 CL,
PLOTTED AS FIGURE 14

CyL Cpol %} a, CMe/s
[P
—0.067 | 00121 | —576 | —0.073
. 062 . 0118 —4,22 —. 072
. 197 . 0120 —-2.71 —. 070
. 338 . 0131 —1.22 —. 069
. 480 . 0144 .27 —. 065
. 620 . 0158 1.76 —. 062
. 761 . 0171 3. 26 —. 058
. 896 . 0190 4.76 —. 052
1. 024 . 0220 6.30 —. 044
1. 143 . 0284 7.87 —. 032 |
1. 233 0405 9. 55 —. 022
1 11. 49 —. 030

1250 -0729 |

‘ GOTTINGEN 398, METAL COVERED AND PAINTED

Infinite aspect ratio characteristics. Computed from
r A. R.=6 tests rectangular loading

Cp;=0.0559 Cr?
a;=3.575 CL

PLOTTED AS FIGURE 16

c; Cpo o Cueps |
o
—0. 003 0.0103 —5.99 —0. 094
.131 . 0103 —4,47 —. 093
. 272 . 0110 —2.97 —. 090
\ . 422 . 0120 —1.51 —. 088
. 578 L0127 —. 06 —. 085
[ .728 . 0139 1.40 —. 082
87 . 0158 2.88 —. 078
1. 005 . 0191 4.41 —. 068
10197 . 0235 5.98 —. 057 |
1.234 . 0302 7.59 —.055 |
1.325 . 0419 9. 26 —. 057
1. 347 . 0713 11.19 —. 002 |
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TABLE XIX
N. A. C. A. M-6, MeTAL COVERED AND PAINTED
Infinite aspect ratio characteristics. Computed from
A. R.=6 tests rectangular loading
Cpj=0.0564 CL?
aj=3.605 CL
PLOTTED AS FIGURE 17

— A -
Crrgs | Cpo. | scte Chre/s ‘

0.0076 | 0. 006

| . 0067 . 007
. 0071 . 009

. 0078 . 010

. 0093 .012

. 0120 ! .015

[ 0153 . 018
0188 026

0233 . 028

0382 . 024

TABLE XX
N. A. C. A. 84, MeTaL COVERED AND PAINTED

Infinite aspect ratio characteristics. Computed from
A. R.=6 tests rectangular loading

Cpi=0.0566 CL?
@;j=3.600 CL
PLOTTED AS FIGURE 18

CL (6557 5 ao | CMe/ ‘
‘ o
—0.070 0.0128 | =775 —0.126
. 050 L0114 | —6.19 126
. 187 R e =Y, — 128
.324 L0112 =317 — 118
461 20122 | —1.66 L 550)
598 . 0137 =18 —.105
724 L0152 { 1.40 —. 097
849 - 0166 2.94 —. 089
968 . 0188 4. 52 —. 080
1. 030 0236 | 6.11 —. 072
1. 186 .0307 | 7.73 —. 063
1.278 . 0417 9.40 . 055
1.323 . 0618 \ 11. 23 —. 051
1.333 . 0920 13. 20 050
\
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Positive directions of axes and angles (forces and moments) are shown by arrows

Axis Moment about axis Angle Velocities
Force
(parallel Al
Dadisaats Sym- toy a.\k:)isi Designa- | Sym- Positive Designa- | Sym- | (compo- | A o1
Seenaon bol [ R tion bol direction tion bol |nent along | APEWAT
axis)
Longitudinal .__| X Xi rolling. hou L Y—— Z | roll______ P u v
Lateral ... ____ 14 & piteching____| M Z— X | piteh_____ (5] v q
Normal iti ) Z Z yawing____. N X——Y | yaw_____ W w r
Absolute coefficients of moment Angle of set of control surface (relative to neu-
i L v i M i A tral position), 8. (Indicate surface by proper
L™ gbS EERICS, NS S subscript.)
4. PROPELLER SYMBOLS
D, Diameter. T, Thrust.
Pe, Effective pitch. Q, Torque.
Py, Mean geometric pitch. P, Power.
Ps, Standard pitch. (If “coefficients” are introduced all
Py, Zero thrust. units used must be consistent.)
Pa, Zero torque. n, BEfficiency =17 V/P.
p/D, Piteh ratio. n, Revolutions per sec., I. p. s.
V’, Inflow velocity. N, Revolutions per minute, r. p. m.
Vs, Slip stream velocity. ®, Effective helix angle=tan™ (—V )
27rn
5. NUMERICAL RELATIONS
1 hp=176.04 kg/m/s= 550 1b./ft./sec. 1 1b.=0.4535924277 kg
1 kg/m/s=0.01315 hp 1 kg=2.2046224 1b.
1 mi./hr.=0.44704 m/s 1 mi.=1609.35 m=5280 ft
1 m/s=2.23693 mi./hr. 1 m=3.2808333 ft.




