B X
Original Paper

J. Soc. Powder Technol., Japan, 62, 446453 (2025)
doi: 10.4164/sptj.62.446

BREAERZSICE T 2NFEEY=-_Ea2L—2 3>
—BAZEIC AR ZERL -156—

W A, W AT

Manipulation of Particle Behavior in Ultrasonic Standing Wave Field
—Case of Application of Flexural Vibration Plate for Closed Space—
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The purpose of this study is to investigate the effects of acoustic streaming and acoustic radiation force on
particles motion in an ultrasonic standing wave. A flexural vibration plate with 4 nodes was designed, and it was shown
that the amplitude at the antinode is proportional to the voltage. This means it is possible to conduct experiments with
any amplitude. After confirming that a standing wave field was generated in closed space, an experiment was carried
out to visualize acoustic streaming. Eight vortices were observed in the horizontal direction, indicating a Rayleigh
acoustic flow. In addition, a vortex in perpendicular direction against the plate was generated when the height between
vibration plate and acrylic surface was set at half wavelength. Then two vortexes were obtained at a wave length for the
height. Simulations for acoustic pressure and streaming agreed with this experimental result. Finally, simulations on
particle motion showed that acoustic flow dominates when particle diameter is less than 20 pm. On the other hand, the
motion of over 20 um particle is influenced by acoustic radiation force.
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Fig. 1 Experimental apparatus (Vibration mode)
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Fig. 4 Experimental apparatus (Sound pressure distribution)
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Fig. 5 Experimental apparatus (Visualizing acoustic streaming)
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Fig. 10 Sound pressure distribution (2 wavelength)
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Nomenclature
f : frequency [Hz] ¢ : sound speed [m/s]
@ : angular frequency [rad/s] p : density [kg/m?]
A,, : amplitude of vibration plate [m] / . laser interaction length [m]
p  : sound pressure [Pa] d, : particle diameter [m]
Vipy: effective voltage [V] a : particle radius [m]
R py: speed range [(m/s)/V] u : velocity [m/s]
n  : refractive index [-]
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