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Fig. 1. Schematic diagram of ultrasonic processing for
AZ91D melt.
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Table 1. Nomenclature for numerical simulation.
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Table 2. Some parameters for numerical simulation.
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Fig. 2. The relationship between ultrasonic power Wy

and acoustic source amplitude As.
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Fig. 3. The finite element computing model (a)
for sound field of AZ91D melt and its mesh gener-
ation (b).
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Abstract

The sound field in the melt processed by 20 kHz ultrasonic to fabricate CNT-AZ91D is investigated by numerical
simulation. Firstly, the distribution of sound pressure in the AZ91D melt is calculated by the finite element method
after the model of the sound filed of the ultrasonic processing has been built. The simulation results show that a radial
sound field forms under the ultrasonic probe, which means that the sound pressure decreases with increasing distance
from the sound source. After the sound field is revealed, we study the ultrasonic cavitation in the AZ91D melt with a
single-bubbly-change model and examine the bubble change rule under different sound pressures by solving the Rayleigh-
Plesset equation. The relationship between sound pressure amplitude and the ultrasonic cavitation in the melt is also
discovered. The higher the sound pressure amplitude, the smaller the threshold radius for the bubble collapse is, and thus
the ultrasonic cavitation in AZ91 melt happens more easily. Secondly, the sound fields of the melt with different immersed
depths of the ultrasonic probe are calculated. The results show the optimal immersed depth is about 30 mm for the same
crucible size used in the present study. Furthermore, the corresponding optimal immersed depth can be calculated for
different crucible sizes or different melts by the present numerical method, which is important for the practical ultrasonic
processing. After analyzing the calculated results for sound field and the cavitation rule of in the AZ91D synthetically,
we find that the volume of the effective cavitation zone rapidly increases with the smaller ultrasonic power and then
rises almost linearly with the ultrasonic power larger than 500 W. Finally, to verify the simulation method of the sound
field, the contrast study between the simulation and experiment of ultrasonic processing using glycerol-water solution
is performed. The simulation result of the sound field in glycerol-water solution is similar to that in AZ91D melt. The
highest sound pressure occurs near the end face of ultrasonic probe, while the experimental observation shows that the
strongest cavitation also happens near the end face of ultrasonic probe, which indicates that the highest sound pressure

occurs in the zone.

Keywords: ultrasonic processing, sound field, cavitation, numerical simulation
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