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On a Rotating Hollow Cylinder in Flight
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This study deals with a flying hollow cylinder, or a flying pipe, in rotation. The authors conduct field observations of the

flying hollow cyilinder using a pair of high-speed video cameras, and analyse its three-dimensional motion based on their recorded

images. As a result, the statics of flying-hollow-cyilinder aecrodynamics is revealed for both commercial and simplified-laboratory

models. The observed orbit is approximated to be not an obvious parabolic curve but rather a straight line, after an initial instable

and complicated curve. The stable flight with this approximately-straight-line orbit suggests the importance of aerodynamics in

flying mechanism.
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Fig. 1. Model: a rotating pipe flying in stationary fluid.
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Fig. 2. Experimental apparatus for field observation.
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Fig. 3. Experimental model for field observation.
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Table 1. Model’s dimensions and mass, together with geometric parameters in non-dimensional forms.

Commercial model (X-zyLo™) Model (simplified)
Diameter d 0.096 m 0.1m
Thickness ¢ 0.001 m 0.001 m
Length / 0.061 m (max.), 0.048 m (min.) 0.06 m
Mass m 0.023 kg 0.017 kg
Reduced diameter d/t 96 100
Reduced length //¢ 61 (max.), 48 (min.) 60
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Fig. 4. Euler angles ¥, ® and @ for motion analysis. The origin O of coordinates is located at a models mass centre G. A
coordinate system (Xg, Vg, Zg) is comparative to the earth surface. Another (X, Y1, Z1) is a rotated (Xg, Y&, Zg) by ¥ about the Zg
axis. Another (X3, Y2, Z») is arotated (X, Y1, Z) by © about theY) axis. The other (X, Y, Z) is arotated (X2, Y2, Z2) by @ about the X;

axis.
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(c) Analysed orbit in 3D space

(a) Side view (b) Front view
Fig. 5. An example of field observation; instantaneous images by a pair of high-speed video cameras, and the orbit by

three-dimensional motion analysis. A model flies in the direction of an red arrow in each figure.
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Fig. 6. Observed orbit of a model, together with a parabolic one without fluid force and a non - parabolic one with such a
constant fluid force as C; = 0.105. 7 denotes the time which has zero at xg =5 m.
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Fig. 7. Time series of flight velocity at =0 — 0.3 s, which corresponds to a horizontal flight distance of xg =~ 5 — 10 m with

about 3 model’s rotations.
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Fig. 8. Translation speed U (= (U*+V?)'?), angular velocity £2and rotation parameter £2° versus horizontal flight distance xg.

Subscripts “1RA” and “3RA” denote the average over one rotation and three rotations, respectively.

Table 2. Summary of field observation.

Commercial model (X-zyLo™) Model (simplified)
Translation speed Ux 16.9 m/s 14.8 m/s
Angular velocity 22 60.3 rad/s 55.7 rad/s
Reynolds number Re (= Re(?)) 1100 970
(Reynolds number Re(d) based on d) (110000) (97000)
Rotation parameter (2* 0.17 0.18
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Fig. 9. Time series of model’s flight attitude. A model flies in the direction of an arrow.
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Fig. 11. Time series of lift coefficient C;, and drag coefficient Cp at xg = 10 m (for Re = 1,020, £2°=0.19 and o = 2°).
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