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ABSTRACT

Ultrasonic Vibrator is designed to achieve the maximum vibration amplitude at 30 kHz by in-
cluding a horn (diameter, 40 mm), mechanical vibration amplifier at the top of the ultrasonic vibrator
in the system and making the complete system resonate. In addition, it is experimentally visualized
by particle imaging velocimetry (PIV) that the acoustic streaming velocity in the gap is at maximum
when the gap between the ultrasonic vibrator and stationary plate agrees with the multiples of
half-wavelength of the ultrasonic wave. This fact results from the resonance of the sound wave and
the theoretical analysis of that is also accomplished and verified by experiment. It is observed that
the magnitude of the acoustic streaming dependent upon the gap between the ultrasonic vibrator and
stationary plate possibly changes due to the measurement of the average velocity fields of the
acoustic streaming induced by the ultrasonic vibration at resonance and non-resonance. There exists
extremely small average velocity at non-resonant gaps while the relalively large average velocity
exists at resonant gaps compared with non-resonant gaps. It also reveals that there should be larger
axial turbulent intensity at the hub region of the vibrator and at the edge of it in the resonant gap
where the air streaming velocity is maximized and the flow phenomena is conspicuous than that at
the other region. Because the wvariation of the acoustic streaming velocity at resonant gap is more
distinctive than that at non-resonant gap, shear stress increases more in the resonant gap and is also
maximized at the center region of the vibrator except the local position of center (r=0). At the
non-resonant gap there should be low values of vorticity distribution, but in contrast to the
non-resonant gap, high and negative values of it exist at the center region of the vibrator with
respect to the radial direction and in the vicinity of the middle region with respect to the axial
direction. Acoustic streaming is noise-free due to the ultrasonic vibration and maintenance-free
because of the absence of moving parts. Moreover, the proposed method by acoustic streaming can
be utilized to the nano and micro-electro mechanical systems as a driving mechanism in addition to
the augmentation of the streaming velocity.
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