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The Controlling Mechanism of Elasticity and Shear Thinning
for Particle Focusing Patterns in Microchannels
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Abstract: To investigate the mechanical mechanisms of particle focusing in microfluidic channels, numerical
simulations were performed to analyze particle behaviors in viscoelastic fluids described by the Oldroyd-B and
Giesekus models. The “relative motion model” was employed, and the log-conformation representation method
was applied to enhance the computational stability. The effects of the fluid elasticity and the shear-thinning in-
tensity on particle forces and equilibrium positions were systematically examined. The results show that, the
particle focusing behavior exhibits multiple patterns depending on rheological parameters: the migration of par-
ticles toward the center in the absence of shear-thinning; the bistable state of particle defocusing near the cen-
ter and focusing close to the wall under weak shear-thinning; the single annular focusing band formed under
relatively strong shear-thinning, and its location first moved outward and then inward with the increasing elas-
ticity. The mechanics analysis indicates that, the inertial lift force dominates the total lift distribution but is

modulated by elastic coupling and shear-thinning effects. This study reveals the regulation of particle focusing
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by rheological parameters and provides a theoretical basis for the design of microfluidic sorting devices.

Key words: viscoelastic fluid; particle aggregation; Giesekus model; shear-thinning; OpenFOAM
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