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Fluid force on a sphere exposed to periodic fluctuation

Masaya MUTO™®, Makoto TSUBOKURA, Marie OSHIMA
and Nobuyuki OSHIMA

*3Hokkaido University Division of Space and Mechanical Engineering
W8 N13 Kita Kita-ku, Sapporo, Hokkaido, 060-8628 Japan

Flow aspects near a particle are observed using a numerical simulation of periodically rotating spherical
particle in a uniform flow or static particle in a periodically oscillating flow, to investigate a modulation of
drag force. As a result, a reduction of drag force is found and it depends on period and amplitude of the
rotation or the oscillation. A reason of the reduction of drag force is caused by a reduction of friction force on
the particle. And the reduction of the friction force is induced by a concentration of the fluctuation energy of
the flow by the rotation or the oscillation on the vicinity of the particle in case Stokes layer thickness, which is
estimated using a frequency of the rotation or the oscillation, is comparable or smaller than the thickness of
boundary layer of the particle that is estimated in a laminar flow.

Key Words : Gas-Solid Two-Phase Flow, Turbulent Flow, Drag Reduction
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(a) Rotating oscillation (b) Longitudinal oscillation

Fig. 1 Schematic view of oscillation imposed to particle
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Fig. 3 Drag coefficient of a sphere in a uniform flow
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Table1 Physical condition

Density p [kg/m’] 1.205
Kinematic viscosity v[m?s] 15x10°
Averaged inlet velocity U [m/s] 15
Reynolds number Re, [-] 200

Table2 Calculation condition

Case 1 Case 2 Case 3
0.108/5 | 0.108(=7;) | 0.108X5
125/10, 125/5, 125 (=f),
125X5,125X10

Amplitude 5[mm]

Frequency f [Hz]
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Fig.4 A change of drag force according to frequency
(Rotating oscillation)

Fig.5 A change of drag force according to frequency
(Longitudinal oscillation)
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