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In this work, a coupled finite element method based on porous media theory (TPM), see e.g. [1] [2], for
direct modeling of the phase transition of ice and water is presented. In detail, the presented model investigates
ice deformation, temperature evolution, and the evolution of energy, enthalpy, and mass exchanges between its
constituents. The main idea is based on a theoretically motivated evolution equation for the phase transition of
ice and water, which guarantees thermodynamic consistency and is mainly determined by the local temperature
rate, see e.g. [3], where it is assumed that the local temperatures of the phases are equal. The resulting finite
element is a four-field formulation in terms of ice displacements, fluid pressure, volume fraction of ice, and tem-
perature. Here, we use quadratic interpolation of the ice displacements and linear interpolation for the other
degrees of freedom. The model is investigated in the context of first academic simulations of freezing processes
of ice floes.
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