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Abstract

Electromagnetic forcing is a common experimental method to produce vor-
ticity in shallow layers of electrically conducting fluids. The idea is to create a
rotational Lorentz force in a thin fluid layer by the interaction of electric cur-
rents (induced or injected) with a steady external magnetic field. This method
has been widely used with the purpose of exploring fundamental topics such
as quasi-two-dimensional turbulence [1], chaotic mixing [2] and fully controlable
multi-scale flows in laboratory [3]. Several applications involve the use of perma-
nent magnets with dimensions much smaller than the fluid container. In such a
case, both the non-uniform field produced by the magnet and the Lorentz force
resulting from the interaction with the electric currents can be visualized as
localized. In the case of an externally imposed flow passing through a localized
magnetic field, electric currents induced by the fluid motion interact with the
applied field and produce an opposing Lorentz force that acts as a magnetic
obstacle [4]. Internal shear layers created by the Lorentz force may become un-
stable and led to a vortex shedding process in a similar manner as it occurs in
the flow past a rigid obstacle. In turn, if a uniform current is injected, a typi-
cal flow structure, namely, a dipolar vortex, occurs when a permanent magnet
is placed externally but close to the fluid layer [5]. In this case, the localized
Lorentz force acts as a source of momentum creating a jet in the zone of high-
est magnetic field that eventually is spread to form a pair of counter-rotating
vortices.

An entirely new situation arises when the localized magnetic field is gener-
ated by a magnet that can move freely on the surface of the electrolyte, interact-
ing with an electrical current that is externally imposed. Under these conditions,
the pair of counter-rotating vortices are still generated, but the Lorentz force
sets both the fluid and the magnet in motion, in such a way that the travel-
ling magnet acts like a self-propelled body, grabbing the fluid with a volumetric
force that overcomes the drag force on the solid magnet. This propulsion mech-
anism is different from the conventional magnetohydrodynamic (MHD) thrust
that involves the ejection of fluid in the opposite direction to the displacement
of the object. This situation can be accomplished experimentally by suspend-
ing a small magnet on the surface of the electrolyte by buoyancy or surface
tension. Preliminary observations made using a saturated sodium bicarbonate
(NaHCO3) solution in water as the electrolyte, a neodynium-iron-boron cilyn-
drical magnet, 3 mm in diameter and maximum magnetic field of 0.27 Teslas,
indicate that the magnet moves with a velocity of 0.4 cm/s, which corresponds

1



to a Reynolds number of 12, when the injected current reaches 175 mA. If an
alternate current is injected, the magnet is set in an oscillatory motion with
constant frequency, producing a periodic wake. In this presentation, we will de-
scribe our experimental observations of the flow around the free-moving magnet
based on the physical principles of vorticity generation by Lorentz forces. The
trajectory of the magnet itself as functions of the magnetic field strength and
electric current will be presented along with numerical simulations based on the
solution of a fully MHD model.
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