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WIND TUNNEL TESTS ON AUTOROTATION AND THE “FLAT SPIN”

By MoxTGoMERY KNIGHT

SUMDMARY

The following report deals with the auforotational characteristics of certain differing wing
systems as determined from wind tunnel tests made at the Langley emorial Aeronautical Labora-
tory. The investigation was confined to autorotation about a fixed axis in the plane of symmetry
and parallel to the wind direction. Analysis of the tests leads to the following conclusions:

Autorotation below 30° angle of attack is governed chiefly by wing profile, and above that angle
by wing arrangement.

The strip method of autorotation analysis gives unceriain results between maximum Cy and 35°.

The polar curce of @ wing system, and to a lower degree of accuracy the polar of a complete
airplane model are sufficient for direct determination of the limiis of rotary instability, subject fo
sirip method limitations.

The results of the investigation indicate that in free flight a monoplane is incapable of flat
spinning, whereas an unstaggered biplane has inherent flat-spinning tendencies.

The difficulty of maintaining equiltbrium in stalled flight is due primarily to rotary instability,
a rapid change from stability to instability occurring as the angle of maximum Uiff is exceeded.

INTRODUCTION

Autorotation may be explained by a consideration of the torques brought into play by the
rotation of a wing or combination of wings about an axis in the plane of symmetry and parallel
to the wind direction. This phenomenon is recognized as a vital factor in the “spin’ of an
airplane. .

The so-called “flat spin”’ may be defined as a spin in which the longitudinal axis of the
airplane is more nearly horizontal than vertical in contradistinction to the “normal spin’ in
which the reverse is true. The flat spin is a characteristic of certain unstaggered biplanes,
notably the British B. A. T. Bantam and Short Springbok, and the American Boeing NB-I.
This type of spin is considered dangerous owing to the difficulty of returning to normal flight,
and means of insuring against its occurrence are being sought.

Autorotation has been studied for several years with the aid of wind tunnel rotational
experiments and mathematical analyses based on force tests. Spinning tests of airplanes in
free flight have also been made, and these have been supplemented by tests upon light models
dropped from & height.

The present investigation was instituted for a further study of autorotation with emphasis
laid upon the flat spin. Three airfoils of widely différing characteristics were tested as mono-
planes, and tests were also made on an unstaggered biplane cell.

The experiments, which consisted of both force and rotation tests from zero lift to 90°
angle of attack, were conducted in the 5-foot, circular-throat, atmospheric wind tunnel (Refer-
ence 1) of the Langley Memorial Aeronautical Liaboratory.
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In this report three terms are used with reference to rotation about a fixed axis in the plane
of symmetry and parallel to the wind direction. They are defined as follows:

1. “Stable autorotation’ signifies a state of equilibrium in autorotation to which the

. model returns whenever disturbed
therefrom.

2. “Unstable autorotation”
signifies a state of equilibrium in
autorotation such that a small
disturbance aiding the rotation
causes stable autorotation, while
an opposing disturbance brings
the model to rest.

3. “Rotary instability’ sig-
nifies a state of equilibrium in
rectilinear motion such that a
small rotary disturbance causes
stable autorotation.

APPARATUS AND TESTS

Three airfoil profiles were
used in the tests. These were
Géttingen 387-FB (flat bottom),
R.A.F.15, and N. A. C. A-M1.
Rectangular wings, 5 by 30 inches
in plan, having these profiles were
tested as monoplanes. An unstag-
gered biplane cell of Gottingen 387-FB profile was also tested. )

The autorotation apparatus, illustrated in Figures 1 and 2, consisted of & barrel containing
ball bearingssupporting a shaft _
upon which the models were
mounted as shown. A simple
screw adjustment permitted
locking of the model at any
desired angle of attack. A
reduction gear and electrical
contact at the down-wind end
of the barrel operated a light
outside the tunnel for deter- .
mining rates of rotation.

The average rates of rota-
tion in opposite directions for
a given mean angle of attack
an gave the results presented
below. Thelimits of rotary in-
stability were obtaineéd merely
by noting the angles of attack
between which stable autoro-
tation was induced when the
model was disturbed slightly
from rest. ‘

The force tests were made
on the regular wire balance of the tunnel (Reference 1). Lift and drag were measured from
approréimately zero lift to 90° angle of attack. 'The biplane drag coefficients are corrected for
strut drag. o - ) ) ’ B

TiG. 1.—Biplane mounted on autorotation apparatus

Fia. 2.—Monoplane mounted on autorotation apparatus
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All tests were run at a dynamic pressure of 20.2 kg/m? (4.13 1b./sq. ft.), representing an
average air speed of 18 m/s (40.3 M. P. H.), and an average Reynolds Number of 153,000.

Rates of rotation were checked to within %1 per cent. Limits of rotary instability may
be relied upon to +1° and angles of attack to £0.1°. The lift and drag data are accurate to
+1.5 per cent. The dynamic pressure showed a maximum variation of £0.5 per cent.

RESULTS

TESTS

The results of the autorotation tests may be found in Tables I-IV and Figures 37, inclusive.
Rates of stable autorotation are plotted against mean angles of attack in the curves. Rates
of rotation are expressed nondimensionally in terms of the linear and angular velocities # and p,
respectively, as ’

_pb
tan @ Su
where b=gspan. This expression is merely the ratio of the wing tip speed to forward speed,
and is analogous to the tangent of the effective helix angle of & propeller tip.

Force test results are given in Tables V-VIII and Figures 8-12. Lift and drag are

plotted against one another in the polar curves, the customary absolute coefficients being used.

L
OL=Q—-
D
ODGQ—S

where L and D are the lilt and drag, respectively, § the ares, and ¢ the test dynamic pressure
(g=% pV?, where p=density, V=air speed) all in consistent units.

No corrections are made for tunnel wall effects, and hence these results are not “free air”
data for the models tested.

AUTOROTATION CALCULATIONS

The strip method as applied to the analysis of autorotation consists in tresting individual
wing elements (parallel to the plane of symmetry) separately, and computing the torque due
to each on the basis of their helical motions. Summation then gives the resultant torque for
the entire wing which must be zero for the condition of steble autorotation. Ordinary force
tests carried to high angles of attack (assuming uniform distribution of resultant force across
the span) furnish the data for these computations. In the present work no account is taken of
the modification of force distribution by the tip form of the model, by centrifugal force and
scale effect due to rotation, or by the tunnel walls. This is the usual practice, but as demon-
strated later, these factors are by no means negligible under certain conditions.

The customary analysis, first made by Glauert, utilizes the curves of lift and drag against
angle of attack. (References 2, 3, 4, and 5.) However, the work done at this laboratory has
shown that the polar eurve furnishes a simpler basis for the analysis. In addition, the polar
itself is a means for the direet determination. of the limits of rotary instability, subject to the
same limitations as the strip method.

Expressions for torque and force coeflicients in rotation and the corresponding criterion for
rotary instability are derived on the basis of resultant force in the Appendix. The criterion is

d(Cr)
de <0

where Cp is the absolute coefficient of resultant foree, and «, the angle of attack of the wing.
This criterion is an approximation buf, for all practical purposes, it gives the same resulis as
97297—28——23
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Glauert’s exact expression. (See Appendix.) Both criteria are subject to strip method
limitations. )

The new criterion makes the polar a sufficient means of determining the ranges of rotary
instability, since the relation signifies a decreasing resultant force with increasing angle of
attack. For this purpose it is essential that the true polar (equal ordinates and absecissas)
be used. The limits of instability may be found merely by noting the angles of attack at which
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F1a. 3.—Autorotation test on Gsttingen 387-FB biplane (5 by 30 inches), Gje=1, stagger=0, ¢=20.2 kg/m?, Rey-
nolds No. =155,000

the polar curve is perpendicular to a line drawn from the origin. The relative degree of stability
or instability at various angles («,) is indicsted roughly by cos am% + (See fig. 15.)

The calculated ranges of rotary instability are included in Figures 3-6 and 8-11 for com-
parison with the experimentsl] results.

Stoble om‘or‘ofaf/'on — Stoble auz‘orofaf/'on — Stoble cutorota.
— = — Unstoble —— = Unstable — — Unstable 4
< nbom /‘?ofa/‘_y /nsfob////y/fxp} b f?or‘or'_y lnsfab///fy(’fxp} -t E“>/?ofary instob, /E/o,l
-— > {0 OC} “«—C—~> u » /C‘a
& & pey
J/"\
—/-fﬁ ) RS P ¥ T SN et
4 /q // 4 ! g A :
] - i
Ton, & ’ LA 7ns S S Tor, ® L
( Lo /f o l } o C o] i
N\ Iy ! |/
\" ’ N |
- N1 -
1 10° 20° 30° 40° 0 /0° z20° 36° 40° 0 10° 20° 30°
i Om olm
F1 : 187-FB monoplans (5 by Fic. 5.—R. A. F. 15 monoplane (5 by 30 F1a. 6~N., A, C., A. M1 monopiane
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DISCUSSION OF RESULTS

AUTOROTATION TESTS

The test results shown in Figure 7 furnish a striking demonstration of the possible variation
in autorotational characteristics of common types of airfoils and airfoil combinations. An
outstanding feature is the wide difference, both in range and in magnitude, between monoplane
and biplane results, illustrating the already recognized effect of multiplane interference.
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The differing rates and ranges of autorotation up to 45° furnish a means of comparing the
effects of different airfoil profiles upon autorotation.

Another and unanticipated feature is the well-defined autorotation of the symmetrical M1
airfoil, for which strip method calculations predicted but a slight degree of instability.

The experimental autorotation curves are merely interpolated for unstable autorotation
(shown by dotted lines in Figures 3, 4, and 5) since the apparatus did not permit of obtaining
these values experimentally. In Figure 3 is included also a calculated curve of the values
of tan ® at which unstable autorotation occurs for the biplane. These additions are intended
only as a rough indication of existing conditions.

FORCE TESTS AND AUTOROTATION CALCULATIONS

The polar diagrams in Figure 12 afford another illustration of the marked difference between
the characteristics of the monoplane and the unstaggered biplane. This difference has previ-
ously been attributed to the shielding of the upper wing of a biplane by the lower (References 6
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¥16. T.—Autorofation tests on four models

and 7), and recent biplane pressure distribution experiments carried to 90° angle of attack
{conducted st this laboratory), proved this fact conclusively. Positive stagger or upper wing
overhang may be expected to reduce biplane autorotational tendencies by reducing this
shielding, thersby approaching the monoplane condition. (Reference 8.) The same may be
said for an increase in gap, except that for practical gap-chord ratios the reduction in shielding
due to gap increase will probably be small compared with that for stagger increase, or for
overhang. However, it was not possible at the time of test to include an investigation of the
effects of stagger, overhang, and gap throughout the first quadrant, and very litile data of this
nature for angles of attack above 30° has been made available elsewhere up to this time.

In Figures 8-11 the calculated and experimentsl ranges of rotary instability are shown to
demonstrate the use of the polar as a criterion. These curves show that, with the exception of
the M1 wing, the lower limits of instability are in good agreement and for-each wing are practi-
cally at the point of maximum (. None of the monoplanes show, either by experiment or calcu-
lation, any definite tendency to rotate above 35°, while the biplane has distinet autorotational
tendencies in the region above 45°.
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Figures 10 and 11 show that the accuracy of the strip method is to be questioned between
the angles of maximum Cy and 35°, though it may be relied on reasonably well beyond these
limits. Doubtless the discrepancies may be attributed largely to the basic assumption of
uniform force distribution across the span. .

Thevery apparent similarity of the monoplane polars from 30° to 90°, and the wide differences
between monoplane and biplane in Figure 12, indicate that wing arrangement and not wing
profile is the controlling factor over this range.

The radial lines drawn in Figure 12 together with the points shown on the curves indicate
the relative positions of the normal to the chord and the resultant force vectors for 30°, 45°,
and 90° angle of attack. Figure 17

shows this relationship more completely, = l ' I

and it is evident that between 30° and ——— —G&#ingen 387-FB biplana

00° departure of the resultant force ,. ~l —— v« monoplons_ |
vector from the normsal to the chord / 2\ ::-—_-—-ﬁ-j:g;iﬁll -

is less than +3°, for any of the models / /\\

this report to demonstrate the feasi-
bility of using the first quadrant polar 7

tested. L2
Figures 13 and 14 are included in [Z
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Experimental ranges for the X0-2 are
given in Figure 14. o
The criterion for rotary instability

Cy
Fia. 12.—Force tests on four models

is developed from the strip method analysis of wing systems only. Therefore the presence .

in the complete model polars of the forces upon body, tail, and landing gear may be expected
to introduce errors in determining the limits of rotary instability. However, in spite of these
spurious effects, flat-spinning tendencies are distinctly indicated for the models in Figures 13
and 14, and in the latter figure the calculated ranges of instability are in fair agreement with
experiment. ’

In Figure 15 are shown curves of the complete criterion for rotary instability, C%,

against angle of attack. (See Appendix for derivation.) This criterion indicates not only the
state of equilibrium, but also the degree of stability or instability. The points shown are values

of cos am dgi’z) and are included to show that the simpler expression may be used with good

accuracy. The following deductions may be made from these curves:
Maximum damping (stable) tendencies occur at or near zero angle of attack and are of
practically the same magnitude for all the models tested.

it l
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Maximum autorotational (unstable) tendencies occur in each case just beyond maximum
lift, and vary widely in magnitude for the different models.

Beyond 35° the characteristics of the monoplanes are practically identical, with small stable
tendencies between 45° and 75°, and practically neutral equilibrium at 45° and between 75°
and 90°. ' :
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Beyond 45° the biplane shows instability, and neutral equilibrium between 75° and 90°.

As the angle of maximum lift is exceeded, strip method and test results begin to diverge,
agreement being reached again at 35°. Due to this divergence no attempt-can safely be made
to interpret the curves between these limits. :
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By far the most important deduction to be made relates to stalled flight. The curves
show that in the vieinity of maximum lift there is for each model a rapid change from rotary
stability to instability. This means that the orthodox airplane in flicht suddenly becomes
laterally unstable as maximum lift is passed, and if small rotary disturbances are not promptly
corrected for by ailerons and rudder, the rapidly increasing autorotational forces may become
large enough to overcome the conirol forces, and a spin ensues.

For greater safety in flight every effort should be made in the direction of maintaining
rotary stability and improving lateral control above the stall. Especially should rotary
instability be an immediate object of investigation in wind tunnel and free flight research.

CONCLUSIONS

Although this investigation is far from being exhaustive, the following general conclusions
may safely be drawn from it:

1. Autorotation below 30° angle of attack is governed largely by wing profile, and above
that angle by wing arrangement.

2. T he strip method of analysis furnishes a eriterion for rotary instability which is in good
agreement with experiment above 35° and also in the vicinity of maximum (.

3. Sirip method results are to be questioned between maximum Cy and 35° and this fact
calls for further investigation of that region.

4. The polar curve of a wing system furnishes means for the direct determination of the
limits of rotary instability and, for a rough indication, the polar of a complete airplane model
may be used similarly, subject in both cases to strip method limitations.

The following statements relative to the airplane in free flight may now be made with
reasonable assurance:

1. An airplane with a monoplane wing is not capable of flat spinning.

2. An airplane with unstaggered biplane wings has inherent flat-spinning tendencies.

3. Positive stagger or upper wing overhang may be expected to reduce flat-spinning
tendencies.

4. The difficulty of maintaining equilibrium in stalled flight is due primarily to rotary
instability, a rapid change from siability to instability ocecurring as the angle of maximum
lift is exceeded.

Lianerey MzeuoRIAT. AERONAUTICAL LLABORATORY,
NationaL Apvisory COMMITTEE FOR AERONATUTICS,
Laxeuey Fiernp, Va., April 21, 1997
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APPENDIX

STRIP METHOD ANALYSIS

Following is the strip method derivation of the expressions for torque and forece coeﬁielents
in rotation, and also the development of & criterion
for rotary mstabﬂlty

The symbols used are illustrated in Figure 16. O § =
is the resultant force coefficient (absolute) for the angle %
of attack e, while Ca and 4 are iis components, re- ag Vi [z
spectively, along and normal to the axis of rotation. Q
The angle of the wing chord to this axis is an. The <
effective wind velocity Vg is the vectorsum of the veloe- e o

ity V along the axis and the tangential velocity Vaz.

The wing chord and span are represented by ¢ and b, re- 6
spectwely, and, in this derivation, ¢ is a constant. &
Therefore the torque increment due to a given wing /
element of width Ay at a distance y from the axis of | G /
rotation may be writien o
Yy
AA= Osg"ye (Ay) @ NS
where Y§
¢ =5 oV s
2 S, )
1
=3 o (V sec Aq)® Fie. 16 —Wing element in autorotation
=g (sec? Aa) @

Ac being the algebraic sum of the angle of attack of the element in question and «,. The total
torque for the wing is therefore

4]
A=gcf ) Cay (sec? Aa) dy (3)

and reduced to nondimensionsal coefficient form

A A

=5 =%

gb*c

f Oy (sec? Ac) dy (4)

where () is the coefficient of autorotational moment. The lift coefficient (force normal to
axis) is
C’L-— = OA (sec? Ae) dy ) (4a)
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The corresponding equation for moment about an axis in the plane of symmetry and
normal to that of autorotation is similarly '

cgzbl? _‘;a;y (sec? Aa) dy (4b)

while the drag coefficient-in rotation is
1 b/2
Cp= 5 Ca (sec? Ac) dy (4c)
=51

If we now consider very small angular velocities we may determine the criterion of rotary
instability for the model at rest. The angular velocity is to be taken sufficiently small that
variations in ¢, along the span may be considered linear. For this condition equation (1)
shows that, for a given wing element, the increment of torque

AA=KC,
K=q"ye (Ay).

If we consider two wing-tip elements (1, 2) such that I is on the up-going or small-angle-of-
attack tip, and 2 the down-going or large-angle tip, we have from Kigure 16

where

Cry= Cpr, cos B;=Cgr, cos (an —o;)

= (g, (C0s8 oy COS o;F8in a,, Sin o;)
Csy= Oz, c0s Be=COr, coS (&t —0s)

= Oz, (c0S @, cos ap+In o, sin o)

On the basis of linear variation of force between tips, the initial condition for rotary in-
stability is that
0Ax> OA:
or
Chy— 04, <0,
We may write 7 :
Ci,— Ou,=Cp, (cos ap cOs gs+sin ay sin ¢,) —Cr, (COS ay €OS gy —siD ay, SiN 0;)

=cos an (Cr, cos o, — Cr, cos ¢;) +sin ay (Cr, sin ¢4—Cg, sin ¢,).

Dividing both sides by 2A« we note that in the limit

G’A, - OAirg d_(g}_}.
2Aa de

Cr, cos 0o —Cr, cose; d(Cr coso)

2Aa de
Or sin 0, —Cp sin ¢;_d(Crsin o)
2Aa - de
and the criterion becomes , R
d-——gi"‘) =CO0S &y d(Ck cos 7) d(;os q)-[—s'm O —————<d(ORdim o) 0 (7Y
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Figure 17 shows the variation of ¢ with angle of attack for the models tested.

Since ¢ < 10°
the following approximations may be made, the eriterion becoming

“

d(OR) L e d(OBG')
€OS am—g =-+Si0 an—g <0
ee L
= —  G&ffingernr 387-FB monoplane
85 [)“ - b “ “ b,;c/one
TR \ === R.A.F. |5 moroplane
/s \ ———r———~ MA.C.A-M] monoplans
/aiu
<° — :
/| \
o L :
/4 Y \! e
P I Vel /2 AN O e e O PPt
RN L1
[} NI —= —
_.4a ‘r:}l;
o° e 20° 30° <0° of 50° &60° 70° 80° a0°

F1a, 17—Curvesof e vs. &

Figure 15 shows¥that with the exception of the maximum negative values of d_g_O,Q the

second term of equation (7) is negligible and since cos e, is always positive in the first quadrant,
our criterion becomes

d(OR)
Glauert’s criterion lS

d 0

—%——L) +0p <0

which is exact, but equation (8), in spite of its approximate nature, for all practical purposes,
gives the same results.

TABLE I
Autorotation Test
Gdatiingen 387—I'B biplane (5 by 30 inches)
Gfc=1, stagger=0
¢=20.2 kg/m?
Reynolds Number=155,000

aw degrees tang I am degrees tan & :

20 0. 378 F 47.5 1.125
22 L4177 L 50 1197
25 .482 I 543 1. 293
27. 5 .528 | 50.9 1. 382
30 .593 & 6L8 1373
32.5 . 696 66.7 1.333
35 . 787 69. 2 1. 322
40 . 945 74T 1. 930
45 1. 063
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TABLE II

Autorotation Test

Gottingen 387—FB monoplane (5 by 30 inches)

¢=20.2 kg/m?
Reynolds Number=153,000

i aw degrees tan ¢ am dégrees }L ta.n ¢ '
.11 ] 0319 25 ! 0.458
! 19.5 . 376 ~ 30 i . 503
| 20. 2 . 389 83.5 , . .526
| 22. 5 429 || 37 ot 2 509

TABLE IIT

Autorotation Test

R. A. F. 15 monoplane (5 by 30 inches)
¢=20.2 kg/m?

Reynolds Number=152,000

am degrees tan ¢ aw degrees tan ¢

t 15 0.152 31 0. 308
15. 4 161 35 214
17 - 998 32,5 -196
20. 2 - 307 388 | .16l
25 - 338 311 . 147
30 1341 -

t [ .

TABLE IV

Autorotation Test
N. A. C. A~M1 monoplane (5 by 30 inches)
¢=20.2 kg/m?

Reynolds Number=

153,000

R

[ am degrees tan ¢

[ . .

| 16 0. 078

| 185 . 093
18. 1 . 152

| 20 . 208

b

S RPN of
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TABLE V
Force Test
Gottingen 387-FB biplane (5 by 30 inches)
Gle=1, stagger=0
¢=20.2 kg/m? - ,
Reynolds Number=156,000 ‘ . -

e degrees Cr Co « degeees Cr " Cp
-8 —0. 006 0. 046 30 0. 784 0. 509 o
—6 +. 100 . 030 35 .766 . . 598 R
-3 U262 . 028 49 _734 | .676 =
0 . 438 . 037 45 . 669 E ; B =
+3 . 620 . 051 50 . 596 . 769 7
6 . 798 . 072 55 .505 ) . 788
9 . 958 . 098 60 . 415 L7176 :
12 1,104 . 126 65 .312 . 728 *
15 1. 236 . 160 70 .226 . 634 ) , -
18 1. 324 . 198 <75 L1704 . 633 ) o
21 1. 385 . 244 80 .128 . 656 B
24 1. 052 . 344 85 .072 . 676
27 . 842 . 450 a0 . 014 . 682 ’ o
_ | -
TABLE VI T
Force Test
Gottingen 387-FB monoplane (5 by 30 inches)
g=20.2 kg/m? .
Reynolds Numhber=155,000
e degrees Cr Cp a degrees Cr Cp
—8 —Q. 005 0. 052 30 Q. 840 0. 538
—6 +.127 . 030 32 . 876 . 602
—3 .323 - .029 35 . 892 . 680
0 . 534 | . 036 40 . 851 . 776
+3 . 744 . 050 45 . 811 . 854
6 . 948 . 070 50 . 751 . 941
9 1.136 . 095 55 . 700 1. 028
12 1. 285 . 124 60 . 631 1.124
15 1. 377 . 162 65 . 544 1. 195 -
18 1. 418 . 217 70 . 452 1. 270
21 1. 878 . 283 - .75 . 847 1.328
24 1.260 . 331 80 . 232 1. 356
25 1.075 . 395 85 +.113 1. 380 CT
27 . 836 | . 461 | 90 —. 009 1. 389
i . N .
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TABLE VII
Force Test
R. A. F. 15 monoplane (5 by 30 inches)
¢=20.2 kg/m?
Reynolds Number=155,000

a degrees [9/ 7 Cop ad Cp
—2 | —0,015 0. 016 0. 523
0 +. 163 015 i l . 679
+3 . 383 021 | . 786
6 597 035 . . 854
9 810 055 | . 929
12 .981 081 [ 1.016
13 1. 011 094 7 . L 111
15 1. 025 138 8 . 1205
18 907 279 ke | 1. 276
21 804 324 1 1.3835
23 . 78¢ . 355 | 1. 382
25 . 789 . 391 1. 420
27 . 804 . 438 l 1. 409
| - - - - =
TABLE VIII
Force Test
N. A. C. A~M1 monoplane (5 by 30 inches)
‘¢=20.2 kg/m?

Reynolds Number=155,000

o degrees CL Cp Cr Cp
0 -—0. 006 0.011 40 0. 863 0. 746
3 +. 216 . 015 45 . 802 . 816
6 . 422 . 032 50 . 725 . 881
9 . 619 . 081 55.. . 680 . 970
12 . 717 . 159 60 _ . 619 1. 066
15 . 694 . 207 65 . 546 1 153
18 . . 680 . 248 70 . 463 1. 233
21 . 695 . 298 75 . . 369 1. 296
25 . 735 . 874 80 . 266 1. 345
30 . 837 . . 508 85 . . 155 ; 1. 375
35 . 883 . 648 90 . 031 ‘ 1. 377

i

o



