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Abstract

The method of Computational Fluid Dynamics (CFD) has garnered widespread recognition due to
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its extensive application in fluid flow analysis. CFD simulations are capable of providing detailed
information about fluid flow fields, thereby facilitating enhanced material removal efficiency and
surface quality. Consequently, this chapter employs the COMSOL Multiphysics finite element soft-
ware to investigate the flow characteristics of MCF (Magnetic Compound Fluid) polishing fluid. Ma-
terial removal rate, as a pivotal performance indicator, not only influences the efficiency of the ma-
chining process but is also intrinsically linked to the surface quality of the workpiece. Based on the
theoretical foundation of material removal rate, it is evident that polishing pressure and polishing
speed are two factors that affect the material removal rate. Traditional polished workpieces, char-
acterized by relatively flat surfaces devoid of microstructural features, exhibit uniform distribu-
tions of speed and pressure during the polishing process. However, micro-textured workpieces,
which possess microstructural arrays on their surfaces, display non-uniform distributions of speed
and pressure during polishing, thereby affecting the material removal rate. Therefore, finite ele-
ment simulations are utilized to model the distributions of speed and pressure, aiding in the com-
prehension of material removal behavior in micro-textured polishing processes. Through finite el-
ement simulations, the velocity and pressure distributions of the MCF polishing fluid, as well as the
shear rate, are analyzed under different polishing gap and polishing speed conditions. This provides
guidance and a reference for subsequent MCF micro-textured polishing experiments.
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Figure 1. Micro-textured array
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Figure 2. Establishment of texture models
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Figure 4. The influence of polishing speed on velocity field distribution
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Figure 5. The influence of polishing speed on velocity magnitude
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Figure 6. Pressure field distribution at different polishing speeds
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Figure 7. The influence of polishing speed on pressure
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Figure 8. Material removal rate verification
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