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Abstract: The polishing mechanisms and rules of a gas-liquid-solid three-phase swirling flow field were
explored. A polishing flow channel with three entrances was designed and the numerical simulation for
the gas-liquid-solid three-phase swirling flow field was carried out. Then, a measuring table for the
gas-liquid-solid three-phase swirling flow field was designed. The parameters of gas-liquid-solid three-
phase swirling flow field were measured by the Particle Image Velocimetry (PIV) under the condition
of microbubble compensation and the motion images ,velocity vector images, and the vorticity graphs
of the flow field in the microbubble compensation region were obtained. The test data by the PIV
show that the speeds of abrasive particles mainly concentrate between 30 m/s and 80m/s in microbub-
ble compensation region, high speed abrasive particles in the same measurement point are signficantly

increased, and the speeds of a parts of abrasive particles can be more than 100 m/s. Furthermore, the
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average speed of abrasive particles is increased from 33.8 m/s to 44. 2 m/s and the maximum surface

roughness of a silicon wafer decreases from 10.4 pm to 1.3 pm after the 4 h polishing. The research

on theory and testing indicates that the cavitation impact effect caused by microbubble collapse in the

gas-fluid-solid three-phase swirling polishing flow field increases the kinetic energy of abrasive parti-

cles and improves the polishing efficiency, so as to achieve the homogenization polishing of the region B.

Key words: three-phase swirling polishing; cavitation impact; microbubble compensation; abrasive

particle movement; Particle Image Velocimetry(PIV)
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Fig. 1 Schematic diagram of polishing tools
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Fig. 2 Meshing figure of polishing tools
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Fig. 3 Numerical simulation results of gas-liquid-solid abrasive flow
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Fig. 14 Diagram of measuring position
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