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Systems of two fluids with different densities subjected to magnetic fields are important in nature (e.g
geophysics and astrophysics phenomena) and industry (e.g fusion reactors and materials processing).
Knowledge about how magnetic fields affect the shape and evolution of the interface separating both
fluids – hence their interaction and/or mixing – is essential for better understanding the mechanism of
those natural phenomena and controlling the industrial electromagnetic processes more efficiently. We
present our work on the use of OpenFOAM for the simulations of so-called interfacial flows under the
influence of static uniform magnetic fields. The simulations are performed using a combination of the
Volume-of-Fluid-based interface capturing module interFoam and the magnetohydrodynamics module
mhdFoam which solves the magnetic induction equation. Additionally, the calculation of Lorentz force
on the basis of the electric potential formulation is included as an alternative to solving the magnetic
induction equation. Two test cases have been simulated, namely a 2-D Rayleigh - Taylor instabil-
ity of two inviscid, perfectly conducting liquids [1], and a 3-D collapse of confined conducting liquid
[2]. The first test case concerns a system of two fluids with a small density difference in a uniform
magnetic field perpendicular to the gravitational field. It is demonstrated that varying the magnetic
field strengths gives different mixing patterns at the interface as well as different instability growths.
The second test case represents a free-surface problem, given that the density ratio of the used fluids
is large. For this test case, simulations are performed for three different directions of magnetic field
at a Hartmann number of 200, resulting in different collapse behaviors of the heavy fluid. Moreover,
the use of magnetic field in the direction opposite to the gravity is found to be the most effective in
damping the free-surface oscillations.

Fig. 1: Contours of mixing parameter for a 2-D MHD Rayleigh-Taylor instability
test case. Top: Results by Stone & Gardiner (2007), mesh 256 x 512. Bottom: Present
results, mesh 62 x 128. From left to right: Pure hydrodynamics case, Bx = 0.014T ,
Bx = 0.028T , Bx = 0.084T , respectively.

Fig. 2: A collapse of conducting liquid at dimensionless time 0.002, Hartmann
number 200, and density ratio 800. Top: Results by Tagawa (2007), mesh 120 x
60 x 60. Bottom: Present results, mesh 120 x 60 x 60. From left to right: Pure
hydrodynamics case, magnetic field in longitudinal direction, magnetic field in vertical
direction, respectively.
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