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ABSTRACT

Electromagnetic stirring is nowadays widely applied in the continuous casting of metals to achieve higher
quality and better mechanical properties of the final product. The investigation of the EM stirring process can
be highly computational demanding, because it is necessary to simulate both electromagnetic (EM) and fluid
dynamic (FD) problems to analyse the fluid’s motion. Numerical simulation of the electromagnetic stirring
processes can be of great interest to precisely control the motion of liquid metals, in order to influence and
increase the quality of the cast. This paper presents some numerical results of electromagnetic and fluid
dynamic simulations of a laboratory scale EM stirrer. The system comprises a cylindrical crucible containing
GalInStan eutectic alloy and a solenoidal inductor of the same length of the crucible. A 2D axisymmetric
model is developed, under the hypothesis of steady-state sinusoidal EM field. Both magnitude and frequency
of the current feeding the inductor are set as variables: the former covers a range from 50 to 800 [A], while the
latter ranged from 10 up to 1500 [Hz]. The distribution of the average induced EM forces within the volume
of metal is calculated and applied as the input for the fluid dynamic simulation. k — ¢ turbulence model is
applied to calculate the velocity field in the liquid metal (Fig. 1), because it is expected that fluid motion to be
turbulent. Both absolute and average of axial velocity are calculated along the axis, where the highest
turbulence is noticed. Simulation results show that the EM force peak does not occur at the same frequency
where the maximum velocity occurs. In this specific experimental set-up, the former has a monotonic
behaviour with the variation of frequency while the latter shows a maximum value at 900 [Hz]. The mechanical
power induced within the melt is compared with the total power supplied to the inductor, with the aim of
minimizing the power heating the melt. The stirring efficiency is calculated as the ratio between the induced
mechanical power and global absorbed power from the inductor: its curve shows a peak at the frequency of
800 [Hz], then decreases the same way of mechanical power, as shown in Fig. 2. Simulation results were
validated through previous, detailed experimental activities at the frequency of f = 150 [Hz] and the current of
l,rms = 200 [A]. In these experiments, the vertical velocity along the axis of the crucible was measured thanks
to an UDV system. This investigation shows that the full control of melt’s motion can be achieved thanks to
an optimization of the EM force not in terms of amplitude only, but in its distribution as well.
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Fig.1: steady state velocity distribution in the melt Fig.2: mechanical power curves vs frequency and current
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