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Abstract
In this seminar we plan to study some problems of partial differential equations that arise in fluid mechanics.
In particular, we are interested in models which involve the interaction between two incompressible fluids,
or a fluid in vacuum. A big challenge in these settings is to describe the evolution of the interface between
the different fluids considered or the fluid and vacuum.
We will mostly focus on [0.1, 0.2]:

(i) Water waves: The description of water waves in a dry region (vacuum), as described by a
free-boundary problem for incompressible Euler;

(ii) Muskat problem: The interaction between two fluids of different density in a porous medium
(e.g. water and oil in sand), described by means of Darcy’s law.

One part of this seminar will be devoted to the derivation of the previous models: In the case of Darcy’s
law, for instance, this is obtained by means of homogenization for the Stokes equations in a perforated
domain [1].
The second part of the seminar will focus on the study of the two types of singularities that the interfaces
in (i)-(ii) may develop at a finite time t > 0: The splash and splat singularities. The splash-type
singularity (Figure (a)) corresponds to the case where the fluid interface self-intersects at a single point.
The splat-type singularity (Figure (b)), is a variation of the splash one in which the fluid interface
self-intersects along an arc. The formation of these singularities will depend on the model and on the
characteristics of the fluids considered [2,3,4].

(a) Splash singularity (b) Splat singularity
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