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Abstract: In the PIVIC process, aimed to package mixed technological nuclear wastes, a metal-glass
bath is melted by electromagnetic induction. The electrical conductivity of the glass being relatively
low, the Lorentz forces and the Joule heating are present only in the metal. The glass is therefore put
in motion and heated by its contact with the metallic phase, which complicates the control of the
process, especially when this material starts to freeze. The goal of this thesis is to study the magneto-
thermohydrodynamic coupling in the process to understand the freezing mechanism in order to avoid
it. To this end, several numerical modelling tools are used in order to represent the thermal,
hydrodynamic, and electromagnetic phenomena in the process. An essential point to take into account
is the deformation of the metal’s free surface by the magnetic pressure, producing a dome that can
emerge from the glass phase.

For the first stage of the numerical modelling, the heat transfers are discarded. The model developed
consists in a coupling between COMSOL Multiphysics® (EM induction) and ANSYS Fluent® (turbulent
fluid flow). In order to represent the deformation of the interfaces between the fluids, a three phase
Volume Of Fluid (VOF) model is used. The results of the numerical model are compared to the
measures performed on the prototype of the process. The study highlights the parameters having the
most impact on the process and also raises an air entrainment phenomenon between the liquids.

At the second stage, thermal phenomena are added to the numerical model. A separate model is
developed to represent radiative heat transfers at the free surface of the liquids with the VOF model.
The repartition of the cooling fluxes and the temperature inside the crucible are compared between
this numerical model and the prototype. Finally, the impact of the glass mass in the crucible on the
thermal behavior of the process is studied.



