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DIRECT NUMERICAL SIMULATION OF MAGNETIC CHAINS IN SIMPLE SHEAR FLOW

T.G. Kang*1

When exposed to uniform magnetic fields externally applied, paramagnetic particles acquire dipole moments
and the induced moments interacting with each other lead to the formation of chainlike structures or clusters of
particles aligned with the field direction. A direct simulation method, based on the Maxwell stress tensor and a
fictitious domain method, is applied to solve flows with magnetic chains in simple shear flow. We assumed that the
particles constituting the chains are paramagnetic, and inertia of both flow and magnetic particles is negligible. The
numerical scheme enables us to take into account both hydrodynamic and magnetic interactions between particles in
a fully coupled manner, enabling us to numerically visualize breakup and reformation of the chains by the
combined effect of the external field and the shear flow. Simple shear flow with suspended magnetic chains is
solved in a periodic domain for a given magnetic field. Dynamics of interacting magnetic chains is found to be
significantly affected by a dimensionless parameter called the Mason number, the ratio of the viscous force to the
magnetic force in the shear flow. The effect of particle area fraction on the chain dynamics is investigated as well.
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Fig. 1 Definition of coordinates for a rigid magnetic particle.
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Fig. 2 Schematic representation of a magnetic chain in simple
shear flow in the presence of a uniform magnetic field.
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Fig. 3 Breakup of a magnetic chain in shear flow influenced by the
Mason number ranging from 0.0001 to 0.1.
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