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Embedded boundary methods for flow in complex geometries
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We consider embedded boundary methods in the context of developing finite volume
schemes for solving time-dependent, hyperbolic partial differential equations. During
mesh generation, an embedded object is ‘cut’ out of a Cartesian background grid, resulting
in so called ‘cut cells’ along the embedded boundary. As a consequence, most of the grid is
regular but special methods must be developed for cut cells. Cut cells can have irregular
shape and may be very small. Probably the biggest issue is the so called ‘small cell
problem’ – that explicit time stepping schemes are not stable on the arbitrarily small cut
cells.

We present a mixed explicit implicit time stepping scheme for solving the advection equa-
tion on a cut cell mesh. We use an implicit scheme near the embedded boundary, and
couple it to a standard explicit scheme used over most of the mesh. This way, we over-
come the small cell problem while keeping the overall cost low by using an explicit scheme
on the majority of the cells. We combine the explicit and implicit scheme by means of
‘flux bounding’ – this way of coupling preserves mass conservation and ensures stability
in form of a TVD result [1].

In this talk, we discuss the latest developments of our scheme; this includes in particular
a discussion of which explicit and implicit combinations are most suitable in terms of
accuracy and the presentation of numerical results in two and three dimensions.
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