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Regime diagram of thermal convection pattern under horizontal magnetic field in liquid

metal
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The study on the nature of thermal convection in liquid metals under a magnetic field is important for the dynamics of planetary
metallic cores. Electric current is induced when a flow of liquid metal crosses a magnetic field, and it generates Lorentz force
The Lorentz force changes the force balance, making the flow behavior different from no-magnetic field situations. In general
viscosity of liquid metals is very low and their flow easily becomes turbulent, but when a magnetic field is applied on liquid
metals, it makes anisotropic flow structure with suppression of turbulence depending on its direction and intensity. To quantify
the effect of magnetic field on flow patterns, we performed laboratory experiments of Rayleigh-Benard convection by using liquid
gallium, with various intensities of a uniform horizontal magnetic field B. The vessel we used has a square geometry with aspec
ratio five. Flow patterns with their time variation were visualized by ultrasonic velocity profiling method. The range of Rayleigh
number (Ra) is from critical value to 100 times above it. The range of Chandrasekhar number (Q), which is proportional to the
square of the intensity of B, is from 0 to 1000.

We recognized five flow regimes depending on Ra and Q, that is, (1) isotropic large-scale cell pattern, (2) anisotropic cell with
larger flow velocity perpendicular to B, (3) short-period oscillatory behavior of rolls aligned in the direction of B, (4) continuous
transitions between roll numbers in the vessel, and (5) steady 2-D rolls. In (4), reversals of the flow direction in rolls were
observed several times. These behaviors are summarized as a regime diagram of convection patterns in relation to Raand Q. T
key mechanisms for the variation are the enhancement of two-dimensionality and increase of roll number for larger Q situations
These flow regimes can be classified by Ra/Q, that is the ratio of buoyancy force to the Lorentz force. If buoyancy force is muct
larger than Lorentz force, the flow is turbulent and isotropic structure is dominant. Short-period of oscillation (3) is observed
where the ratio Ra/Q is lower than 100. Continuous transitions of roll numbers (4) are observed at Ra/Q between 10 and 30, ar
convection pattern keeps steady roll (5) at Ra/Q smaller than 10. We also performed numerical simulations of thermal convectio
with imposed horizontal magnetic field. Both the PrandIlt number and magnetic Prandtl number of the working fluid are set small
to simulate liquid metals. Our numerical result successfully reproduced all regimes that observed in the experiments.
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Periodic flow reversals in a MHD Rayleigh-Benard convection
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A spontaneous reversal of flow direction in Rayleigh-Benard convection is an active topic to help our understanding of natural
flow motions in the Earth. In a previous study, our group has investigated Rayleigh-Benard convection in a shallow liquid metal
layer with relatively large aspect ratio under horizontal magnetic field. The dimension of the fluid layes20200 mm giving
an aspect ratio of 5. Applying the horizontal magnetic field suppresses isotropic turbulent fluctuation of the flow and thus quasi-
two dimensional convection rolls appear. These rolls aligned with the direction of applied magnetic field. In the experiments with
modifying both Rayleigh number, Ra and Chandrasekhar number, Q, various convection states were observed on the diagra
with Ra and Q. Spatio-temporal velocity profile measurements by Ultrasonic Velocity Profiling indicate 3, 4, or 5 steady rolls
regimes and also transitional states between each steady state. We reported that flow reversals occur spontaneously in th
transitional states and it is a random event regarding time (Yanagisawa, et al., PRE, 2011).

In this paper, we have reported a new regime and also mentioned that a certain inertial factor of the system can regularize tt
flow reversals into a very periodic event. We have conducted the Rayleigh-Benard experiments in the same vessel as previo
one but using other magnetic generator at Helmholtz-Zentrum Dresden-Rossendorf (HZDR). This system can generate muc
larger magnetic field than the previous employed system. Thus, we could extend a regime diagram (in Ra-Q parameter spac
to higher region regarding Chandrasekhar number, Q. In large Q-space, a new flow regime, six rolls, could be observed. Th
higher magnetic field also strongly suppressed the onset of convection and fluctuation of the convection rolls. These results a
well supportable for our previous results and understanding. On the other hand, there is also remarkable difference from oL
prediction. The flow reversals occurred as very periodic events in this new system. Additionally, we found that the rolls are
not always parallel to the magnetic field, but they are with an angle to the magnetic field direction. The most different point
between the old and new system is magnitude of non-uniformity of the magnetic field. The new one has a little larger difference
of intensity of the magnetic field in the test section. Therefore, one of the possible reasons of the inclination and periodic flow
reversals is the non-uniformity of the applied magnetic field. Also, other factors are possible reasons such as small tilting of the
fluid vessel to the magnetic field lines and higher values of the Chandrasekhar number Q. From detailed analysis of the velocit
information, it will be discussed how the inertial factor of the system like non-uniformity of the magnetic field works on the
regularization of the originally random event.
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Influence of rotating field on the cell pattern formation of internal heating convection
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Influence of a background rotation on the transition of flows is one of the interesting topics in fluid mechanics. The influence
in thermal convections also has great importance not only for fluid mechanics but also for geophysics to understand large sca
phenomena in the planets. Many studies about influence of rotation on Rayleigh-Benard convection have been carried out. F
example, formation of the spiral flow in convection cells is theoretically predicted by Chandrasekhar(1961). On the other hand
only a few research of the effect of rotation on the internally heating convection has investigated. In generally, convection cells
occurring in the internally heating convection expand as increasing Rayleigh number. Conversely, convection cells shrunk a
the effect of background rotation. As described above, the increasing rotation speed and increasing Rayleigh number provic
the opposite effect on the size of convection cells. The aim of this study is to clarify how the convection pattern changes with
changing balance of these opposite effect.

This experimental study deals in the response of thin horizontal fluid layer with background rotation. The bottom boundary of
the layer is composed by an insulating glass plate. And the top boundary is contact with copper plate where the temperature
kept constant by circulating water from a thermo-static bath. Internally heat generation is induced by Joule heating due to passir
electric current in the ionic fluid. After electrifying to fluid layer, rotation immediately is begun.

Four characteristic flow patterns were observed with modifying the rotation speed and power of the heat generation. First on
is that there are stable, polygonal convection cells. Second, flow pattern is irregular without forming any cell structure. Third is
the unsteady cell pattern formation: roll or polygonal cells form but immediately change into different form with combining and
dividing. The fourth one is conduction state without convection.

We have organized the results by Rossby number showing the relationship between the Rayleigh number and Taylor numbe
The convection cell is stable when Rossby number is greater than 3 or less than 0.7. But the cell pattern formation become
unstable and repeats split and join when the Rossby number is around zero. In addition, when Taylor number is greater the
1000, convection does not form cell structure even if Rossby number is greater than 3.

When we focus on the parameter region of stable convectional cell, flow structure and cell size differ between Rossby numbe
is less than 0.7 and greater than 3. The shape of convectional cell is regular hexagon and the flow inside the cell takes larg
distortion due to Coriolis force when Rossby number is less than 0.7, in other word the effect of rotation is relatively stronger
than the effect of convection. On the other hand, when Rossby number is greater than 3, the shape of cell is irregular polygon ar
the flow inside the cell has little distortion as the effect of rotation.
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The effect of wind waves on the upper ocean circulation
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Consideration of latent heat transport processes in the Penman-Monteith equation
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