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Convection pattern in liquid metal under external magnetic field
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The convective flow in the outer core of the Earth is supposed to be extremely turbulent, because molten iron has very lov
viscosity and the spatial scale is large. It is important for the outer core dynamics that the flow behaves turbulently under the
influence of rotation and magnetic field. In many numerical dynamo simulations, the values of Prandtl number (Pr) and magnetic
Prandtl number (Pm) are set around one, but these values for liquid metals are actually much smaller than one. Laboratol
experiment using liquid metal is a helpful method to clarify turbulent flow system with such low Pr and Pm, though it is difficult
to realize self-sustained dynamo action.

We focused on Rayleigh-Benard convection with liquid metal under external magnetic field. The system is not rotating. Liquid
metals are opaque fluids, so optical methods for the flow visualization cannot be applied. We improved the Ultrasonic Velocity
Profiler method to be applied for the fine-scale velocity field of the flow occurring in liquid metals. In this study, we aim to
directly measure the velocity field in convection with liquid metal and to clarify the characteristic flow structure reorganized by
external uniform magnetic field.

Without magnetic field, large-scale flow pattern is clearly observed, which is interpreted as a kind of organized structure of
turbulence. The remarkable feature of this large-scale flow is its fluctuation. It shows clearly regular periodic behavior, whose
typical timescale is comparable to the circulation time of the mean flow. When we apply horizontal magnetic field, the large-scale
flow is reorganized as two-dimensional roll with its axis to become parallel to the direction of the magnetic field. As the intensity
of the applying magnetic field increases, the periodic components of the flow weaken and the mean velocity of the roll-like flow
pattern increases. At the same time, fluctuation with much longer timescale is observed, which is characterized by the reversal
the flow direction of the two-dimensional roll. The reversal occurs randomly, which enables us to gain an insight to the outer core
dynamics. Under much stronger magnetic field, the flow pattern becomes steady two-dimensional roll without any fluctuation.
These results are interpreted as the anisotropy of the effective diffusivity depending on the intensity of the magnetic field.
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