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Abstract

Ferrofluid consist of nonconducting synthetic stable colloids in which magnetic nanopar-
ticles are suspended in a liquid carrier, either water or oil (1). A ferrofluid behaves as a
paramagnetic medium and in the presence of magnetic field, its particles align with the field
leading to a finite magnetization which depends on both the temperature and the applied
magnetic field. The interaction of magnetic field with the ferrofluid is characterized by the
Kelvin force which, in the presence of temperature gradient, contains a conservative term and
a non-conservative force. The later can be assimilated to a buoyancy force with a magnetic
gravity whose magnitude depends on the magnetic field, on the magnetization and on the
geometry. This magnetic gravity can be used to model geophysical flows using central gravity
in laboratory (2, 3) or in microgravity environment to trigger convective motion (4-6).
We consider a ferrofluid of densiy, of kinematic viscosity and thermal diffusivity contained in
a cylindrical annulus of gap width with a radial magnetic field of magnitude and an outward
radial heating , the electric gravity is centripetal i.e.. The control parameters are the radius
ratio of the cylindrical annulus, the Prandtl number , the magnetic Rayleigh number to which
one can add the Coriolis number for co-rotating cylinders at the angular frequency . The
threshold of thermomagnetic convection in a stationary cylindrical annulus is independent of
, it is characterized by stationary helical modes and it increases with the radius ratio . The
solid body rotation increases the threshold of thermomagnetic convection; helical vortices
become oscillating for low values of and they become oscillatory columns for large values of
. In terrestrial condition, for small values of , thermoconvection occurs in form of thermal
modes which are oscillatory and axisymmetric while for large values of , critical modes are
oscillatory columnar vortices (thermomagnetic convective modes). Results from linear sta-
bility and direct numerical simulations will be compared with available experimental results
(2, 6).

(1) R.E. Rosensweig, Ferrohydrodynamics, Dover, New York, 1997

(2) R.E. Ronsensweig, J. Browaeys, J.-C Bacri, A. Zebib & R. Perzynski, Phys. Rev. Lett.
83 (23), 4904-4907(1999).

∗Speaker

sciencesconf.org:rbc2026:697200



(3) A. Zebib, Thermal convection in a magnetic fluid, J. Fuid Mech. 321, 121-136 (1996).

(4) R.Tagg & P.D. Weidman, Z. Angew. Math. Phys. 58, 431-456 (2007)

(5) A. Meyer, A. M. Hiremath, C. Kang & I. Mutabazi, Eur.Phys.J. Spec. 2025
(6) S. Odenbach, Adv.Space Res. 16 (7), 99-104(1995).


