Abstracts of MMA2009, May 27 - 30, 2009, Daugavpils, Latvia
© 2009

NUMERICAL STUDY OF THE ROSENSWEIG
INSTABILITY IN A MAGNETIC FLUID SUBJECT TO
DIFFUSION OF MAGNETIC PARTICLES

OLGA LAVROVA, VIKTOR POLEVIKOV and LUTZ TOBISKA

Belarusian State University / Otto-von-Guericke University of Magdeburg
Independence Ave. 4, 220030, Minsk, Belarus / PF4120, D-39106, Magdeburg, Germany

E-mail: lavrovaoa@bsu.by; polevikov@bsu.by; tobiska@mathematik.uni-magdeburg.de

@page=1 Taking into account the process of diffusion of ferromagnetic particles under the action
of a nonuniform magnetic field is a distinctive feature of a contemporary mathematical modeling of
hydrostatics problems for a magnetic fluid. The steady-state distribution of the volumetric particle
concentration C' in the fluid volume V' is described by the equation V - (VC —CL(EH)VH) =0
with the Robin-type boundary condition 0C/0n — £L(H)(0H/0n)C = 0 and the condition of
particle mass conservation fV CdV = CyV where L is the Langevin function; H, the magnetic-
field intensity; & = pom/kT; po, the magnetic constant; m, the magnetic moment of a particle;
k, the Boltzmann constant; 7', the fluid temperature; Cy, a constant corresponding to a uniform
distribution of particles. The exact solution of the problem is given in [1] and is of the form
C = goC’oV/fV ¢dV , ¢ = sinh(§H)/(§H). The present study is devoted to the classical problem
on stability of a horizontal semi-infinite layer of a magnetic fluid under the influence of gravity and
a uniform magnetic field normal to the plane free surface [2]. It is well-known that development
of small perturbations leads to the formation of a periodical peak-shaped structure on the surface
when the magnetic-field intensity exceeds a critical value. The numerical modeling of the overcritical
surface shapes is based on an axisymmetric statement. The coupled problem consists of three
interconnected subproblems — on equilibrium shapes of a free surface, on a structure of magnetic
field, on diffusion of magnetic particles. The generalized Young-Laplace parametric equations are
governing equations in the first subproblem and the Maxwell equations formulated in terms of the
potential of magnetic field, in the second. For the first the finite-difference scheme [3] and for
the second, the finite-element method are used. The particle concentration C' is computed by the
formula above. Note that heretofore the problem has been solved in the uniform concentration
approximation [4]. Numerical results show a significant influence of the particle diffusion on the
overcritical shapes. Specifically, amplitude of peaks arising on the surface is appreciably higher and
corresponds to experimental data better than in the case of the uniform concentration [4; 5].

REFERENCES

[1] V.Polevikov and L.Tobiska. On the solution of the steady-state diffusion problem for ferromagnetic particles in a
magnetic fluid. Mathematical Modelling and Analysis, 13 (2), 2008, 233 — 240.

[2] R.E.Rosensweig. Ferrohydrodynamics. Dover Publ. Inc., New York, 1997.

[3] V.K.Polevikov. Methods for numerical modeling of two-dimensional capillary surfaces. Computational Methods in
Applied Mathematics, 4 (1), 2004, 66 — 93.

[4] V.G.Bashtovoi, O.A.Lavrova, V.K.Polevikov and L.Tobiska. Computer modeling of the instability of a horizontal
magnetic-fluid layer in a uniform magnetic field. J. Magnetism and Magnetic Materials, 252 , 2002, 299 — 301.

[5] C.Gollwitzer, G.Matthies, R.Richter, I.Rehberg and L.Tobiska. The surface topography of a magnetic fluid — a
quantitative comparison between experiment and numerical simulation. J. Fluid Mech., 571 , 2007, 455 — 474.



