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We studied convection of liquid metal under a horizontal uniform magnetic field by laboratory experiments and numerical

simulations. Styles of convection depend on the Rayleigh number (Ra) and the Chandrasekhar number (Q). At very high Q,

the pattern shows almost two-dimensional roll structure with axes parallel to the magnetic field, while we observed existence

of small velocities of flow parallel to it. With reducing the Q, this component of flow velocity is getting larger, and secondary

vortices emerge on main rolls. Time variations of the flow are closely related to migration of these secondary vortices. At

smaller value of the Q, rolls show large amplitude of oscillation and three-dimensional behavior becomes dominant.

Keywords : liquid metal, magneto-convection, roll-like structure, pattern oscillation

1. Introduction

Rayleigh-Bénard convection is an important problem in fluid
dynamics and is also a basic configuration for various issues in
geophysics, astrophysics and engineering. The relation between
magnetic field and flow field is important for considering flows
in the outer core of the Earth. We focus on a stabilizing effect of
applied magnetic field [1] for the flow pattern in Rayleigh-
Bénard convection. Behaviors of thermal convection strongly
depend on the Prandtl number (Pr) of the working fluid, and
low Pr fluids such as liquid metals tend to be turbulent just after
the onset of convection because of their low viscosity. On the
other hand, liquid metals are electrically conductive, and
applying magnetic field to the system delays the transition to
turbulence. Controlling non-dimensional parameters in the
Rayleigh-Bénard convection under an applied uniform
magnetic field are the Rayleigh number (Ra), and the
Chandrasekhar number (Q) which is equivalent to the square of
the Hartmann number (Ha) [2,3]. The regime diagram of
convection behavior on Ra-Q plane has been established in
laboratory experiments and numerical simulations conducted by
our group [4,5,6]. Here we report further investigation on the
structures and behaviors of roll-like convections at moderate to
small value of Q [7].

2. Method

Fig. 1 shows a schematic diagram of the experimental setup;
the square vessel is filled with a liquid metal and ultrasonic beam
lines are set for flow velocity measurements by the Ultrasonic
Doppler Method. The fluid layer has a square horizontal cross
section of 200 mm x 200 mm and a height of 40 mm, giving an
aspect ratio of five. It is sandwiched between the top and bottom
copper plates which ensure isothermal heating and cooling the
system. We can apply a uniform horizontal magnetic field to the

system with a set of large electromagnetic coils, whose intensity

is up to 350 mT. The details of the experiment are in references
[4.6,7].

On the other hand, Direct Numerical Simulations are
performed for the same geometry as experiments enclosed by no-
slip velocity boundaries. The temperature is fixed at the top and
bottom boundaries, while it is assumed to be adiabatic at side-
walls. A set of governing equations are solved by the finite
difference method with a uniform grid interval. The Pr is set as
0.025 to simulate a liquid metal. The detail of the simulation code

is referred in [5].
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Fig. 1 Setup for the convection of liquid metal under a

uniform magnetic field B.

3. Results

We successfully reproduced in our numerical simulations the
behaviors of convection as observed in the experiments. From
the simulations two cases are presented here. Fig. 2 represents the
case with a moderate value of Q. It shows (a) the whole flow
structure, (b) flow velocity component parallel to the magnetic
field Ux on z = 1/4, and (c) the time-space map of Ux on the line

uv4 in Fig. 1, that is directory comparable to the experiments. Fig.
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2(a) shows five-roll structure with small secondary vortices
winding around the main rolls. As shown in (b, c¢) these small
vortices migrate from the center of the vessel to the both side
walls.

Fig. 3 indicates a case with a smaller value of Q. The flow
structure is four-roll with large amplitude of oscillations. It is
characterized by a checkerboard-like pattern of Ux as in (b). With
smaller Q, the pattern changes from rolls to cellular structure.

0 thermal diffusion time 1

Fig. 2 Simulated pattern for a moderate Q case. See
the text for details.

4. Summary

By combining the results of experiments and simulations, we
elucidated flow structures under a reducing intensity of
horizontal magnetic field. It is a gradual collapse of roll-like
structure with growing three-dimensionality.
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