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Numerical Simulation of Non-Steady-State Particle Filtration Process and
Performance of Elliptical Fibers Using Lattice Boltzmann Model
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(State Key Laboratory of Coal Combustion, School of Energy and Power Engineering, Huazhong University of Science and
Technology, Wuhan, 430074 China)

Abstract In this article, we use a lattice Boltzmann-cellular automata (LB-CA) probabilistic model
to simulate the non-steady-state particle filtration process of elliptical fibers for the diffusion dominant
regime including the growth process of the clusters and the cluster structures. The dynamic changes
of pressure drop and collection efficiency for the diffusion dominant regime are investigated. When
the diffusion mechanism dominated, particles deposit on the elliptical fiber surface uniformly at the
initial stage, followed by the clusters grow up, which change the flow field and captlire area, and more
particles will deposit on the windward side later. Dynamic changes of the standardized pressure drop
is exponential to the particle deposition quality at different operation conditions. When the growth
rate stabilized, dynamic changes of the standardized capture efficiency is proportional to the particle
deposition quality at different operation conditions.
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Fig. 1 The growth process of the clusters (dp=0.3 um)
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Fig. 2 The complete cluster structures of different particle
diameters
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Fig. 4 Dynamic changes of the standardized pressure drop of
different particle diameters
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