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Free-Fall Experiments on a Tumbling Plate

Daisuke Kawaguchi, Kazuki Ymauchi , Jiro Funaki and Katsuya Hirata

ABSTRACT
In this study, we deal with the tumbling, which is a rotating motion with the axis perpendicular to the falling direction. Our

purpose is to reveal the fundamental aerodynamic characteristics of the tumbling, experimentally. As the test plate, we consider

a prism with a rectangular cross section with a depth-to-width ratio 4 of 0.3. As a result, the reduced terminal rotating rate (2",

the lift coefficient C, the drag coefficient Cp and the lift-to-drag ratio C /Cp are independent of the aspect ratio AR, when AR is

greater than 10. As the inertia moment ratio I” increases from zero to 50, (', C, and Cp increase. However, (', C_ and Cp

become almost constant, if I” is greater than 50. We propose the empirical formulae to predict them.
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Fig.5 Reduced rotating rate £2° of a tumbling plate versus
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Fig. 6 Reynolds number Re versus Reynolds number Re(V)
based on a theoretical descent velocity V, for several values
of inertia-moment ratio 1" at depth-to-width ratio 4 = 0.3,
aspect ratio AR = 10, C = 3.86 x 10%
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Fig. 9 Drag coefficient Cp versus Reynolds number Re(V)
based on a theoretical descent velocity V, for several values
of inertia-moment ratio 1" at depth-to-width ratio 4 = 0.3,
aspect ratio AR = 10, C = 3.86 x 10%
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Fig. 10 Lift-to-drag ratio C_/Cp versus Reynolds number

Re(V) based on a theoretical descent velocity V, for several

values of inertia-moment ratio I” at depth-to-width ratio A =
0.3, aspect ratio AR = 10, C = 3.86 x 10%
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Fig. 11 Reduced rotating rate £2° of a tumbling plate versus
Reynolds number Re, for several values of inertia-moment
ratio |” at depth-to-width ratio 4 = 0.3, aspect ratio AR = 10.

16
1.4
12| _ " . v
. 1‘0 Y d 5 ¥ J ¥
0.8

0.6
0.4

0.2

CU/ a)ave

tn

Fig. 12 Dimensionless angular velocity af @y, of
rectangular plate versus reduced time tn for inertia-moment
ratio 1" = 2.5, Re(V) = 3.54 x 10* (Re = 1.4 x 10> — 1.6 x 10%),
at depth-to-width ratio | = 0.3, aspect ratio AR = 10.
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Fig. 13 Dimensionless angular velocity af s, of
rectangular plate versus reduced time tn for inertia-moment
ratio I" = 0.75, Re(V) = 1.63 x 10* (Re = 7.1 x 10° - 7.7 x
10%), at depth-to-width ratio | = 0.3, aspect ratio AR = 10.
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Fig. 14 Locus of a falling plate (1= 0.3, AR = 10, I" = 0.75,
Re(V) = 1.63 x 10%, (Re = 7.1 x 10° - 7.7 x 10%).
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