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We derive a mathematical model for the steady state of a magnetic fluid seal. It is known that
ferrofluids behave as stable colloid. However the concentration of particles may become nonuniform
in presence of high gradient magnetic fields. This nonuniformity of particle concentration can be
partially relaxed by the appearing velocity field. We study the interaction between the magnetic
and centrifugal forces appearing in high-speed rotary seals based on ferrofluids.

Simplified mathematical models were considered in a series of publications. In [6] the particle
redistribution of a non-moving ferrofluid was studied. The flow field in case of uniform particle
concentration was observed in [5].

Our approach leads to a nonlinear system of two strongly coupled equations. The incompress-
ible Navier-Stokes equation describes the hydrodynamic properties of the ferrofluid. The particle
redistribution is given by the concentration-diffusion equation. The question of solvability and
implementation issues for the Navier-Stokes equations were investigated in [4]. The solvability of
convection-diffusion equation was discussed in [2], numerical methods can be found in [1; 3].
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