50k T moR E T Ok R Rk Vol. 50 No.7
2018471 JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Jul. 2018

DOI:10.11918/].issn.0367-6234.201705158
BEEBmtiRmAE CFD (2SN Hh
(i S
(MR Tl K2 LA TRRABE, 150001 /R )

W OE. OhR A MO E R LR, A FLUENT 3B 344 20 WA o0 fn 35 M A2 2 9 45 & mixture 89 & (GBS E 2
MAEBERDSH ST LR HEAEGEL RN HURES B EANEELERANE GEERRA . AP R
A £ B P AR T 7 B /S8 B K3, B3R Y e K, R T T DAAR R R TR R DR L e xR TR
EESH—ANAHNHAFREE AHARBKAEZEFRRERLSAEANME, XL FRD TR EE - KRELA
S ZRFAAER LB PEAT AR AR ENLE Y AR —ENTRASE A2 EAFRME S &0 A B
MR EELREREEN R ENE B FARIEREN T ER N R, BRI AR E R RR KL EE RS K
B 4 7 R BRI, R AR R T AL AR B A, R R TR A B A O R R R A B e K A B R R &R DA K M An Tk
REB R, 2R BN G AL A BT854 7 4 B3 A2 89 18 B AL &) Fn ol 2.

KGR ML CFD F & B A IR 2 R B

FESZES: THI33; TP183 XEAPREAD . A XERS: 0367-6234(2018)07-0023-07

CFD analysis of flow field of ultrasonic-assisted polishing

CHANG Jingzhong, ZHAI Wenjie

(School of Mechatronic Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract; To explore the mechanism of ultrasonic vibration assisted polishing, the effects of different ultrasonic
vibration parameters on the flow field parameters, e.g., absolute pressure, velocity and vapour volume fraction,
have been analyzed by using FLUENT unsteady dynamic grid turbulence and discrete phase model combined with
cavitation module of mixture. The inherent rules and relations of these parameters have been investigated to reveal
the phenomenon of secondary cavitation. The simulation results show that the effect of ultrasonic cavitation is mainly
concentrated on the small area just below the specimen, so there is an effective processing area in the flow field,
the minimum film thickness required for polishing effectiveness of the flow field can be determined. There are two
peaks of the absolute pressure, velocity, vapour volume fraction within a vibration cycle which is related to the
vapour bubble grow and collapse, namely, the secondary flow field cavitation phenomenon, which enhances the
erosion effect during polishing process. There are time-lags between these fluid parameters at same position and
ultrasonic vibration parameters, as well as for the same flow parameter at different position in the flow domain. The
ultrasonic vibration results in transverse wave in the fluid, after meeting the reflected one, mechanical wave
interferes and half wave loss occurs, which will affect the effective processing area. When the standing wave appears
at condition of large-enough film thickness, the vibration amplitude of the wafer surface is increased and polishing
effectiveness can be greatly improved. So the wafer processing can be optimized by determining the effective
processing area and utilizing standing wave phenomenon. The secondary cavitation and time-lag phenomena are
helpful in revealing the mechanisms of ultrasonic-assisted polishing( UAP).

Keywords : ultrasonic-assisted polishing ( UAP ) ; CFD simulation; ultrasonic vibration; cavitation; secondary
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