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A method for potential flow computations in moving and breaking domains was developed
by Garzon and Sethian in a series of papers. The method uses the level set embedding
techniques to establish a complete Eulerian formulation of the classical Lagrangian equa-
tions, and was approximated using a boundary integral formulation. The model has
proved to be very robust to simulate various physical situations such as wave overturning
and breaking [1]; the Taylor-Rayleigh instability of a fluid jet, [2]; droplet and bubble
evolution in a two fluid system, [3], [4] ; and more recently electrical droplet deformation,
[5]. The algorithm was developed assuming axisymmetrical geometries and due to the
use of the boundary element method, an explicit mesh of the free boundary has to be
constructed at each time step.

In this talk we will present a method that is based on the classical Nitsche Finite Element
Method [6] which allows for unfitted meshes, i.e. the mesh does not have to fit the com-
putational domain. These methods can be of arbitrary order and have general boundary
conditions. However, very small volumes may occur at the boundary, particularly if the
boundary is moving. This leads to breakdown of the finite element method since the bi-
linear form is no longer coercive, and numerical instabilities appear in the form of singular
linear systems. To circumvent this we take use of Burman’s ghost penalty method [7].

We will present results for full 3D electrohydrodynamical problems included breaking and
pinching of droplets.
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