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Balanced-Viscosity solutions for a Penrose-Fife model
with rate-independent friction

We study a non-autonomous system of two evolutionary PDEs, an enhanced version of the
Penrose-Fife model introduce in 1990, which first in the history coupled the Allen-Cahn phase-
field equation with thermal effects in a thermodynamically consistent way. In our work we
consider an activated phase transformation which makes the phase-field equation non-linear
in time derivative; it contains an additional term, analogical to the Coulomb dry friction and
appearing also in rate-independent models of plasticity or damage.

Apart from proving the existence of solutions of the system, we investigate its effective behavior
for the so-called slow-loading regimes. There the internal time-scale introduced by phase-field
viscosity and thermal conductivity is much smaller than the time-scale of the loading, an
external force acting on the system. Hence the system stays almost in its equilibrium described
by the static solution. However, the limit of solutions (as the ratio of the time scales tends to
zero) may not be characterized by the corresponding fully rate-independent model, where the
viscous-like terms has been dropped. The reason is that the phase transformation is driven
by a non-convex thermodynamic potential and hence the solutions may develop jumps in the
limit. In order to resolve the jump’s detailed trajectory, along which the viscous effects play
a crucial role, we use the so-called Balanced-Viscosity (BV) solutions introduced by Efendiev
and Mielke in 2006.
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