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An Active Flux Cut Cell Methods with SIAC Filter
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The Active Flux Method, originally proposed by Eymann and Roe [5], is a finite volume method for hyperbolic partial differential
equations, which uses cell average values and point values of the conserved quantities as degrees of freedom. The point values
are updated in time using exact or approximative evolution formulas. They are used as nodes of a quadrature formula for the
flux computation. Furthermore, they are used together with the cell average values to define a continuous, piecewise quadratic
reconstruction. The resulting method is third order accurate, truly multidimensional and has a compact stencil in space and time.

Here we explore the use of Active Flux methods for the construction of Cartesian grid cut cell methods. Cartesian grid cut cell
methods allow an easy grid generation for complex geometries [1]. Away from the boundary a regular Cartesian grid can be
used, which allows the use of simple and accurate numerical methods. The update of the conserved quantities in and near cut
cells however is more difficult both for stability as well as accuracy reasons. Existing Cartesian grid cut cell methods use some
form of stabilisation such as flux redistribution [2], state redistribution [3], implicit-explicit time stepping [7], h-boxes [6] or
penalty terms in DG methods[4]. For advective transport, we found that a straight forward extension of the Active Flux method
to Cartesian grids with cut cells is stable without additional stabilisation [8] under a CFL condition for the regular Cartesian grid.
However, we also observed that the accuracy at cut cells is reduced.

To overcome this loss of accuracy we enhance the Active Flux method with a SIAC filter [9]. We start by considering a one-
dimensional test situation with an almost equidistant mesh but with one grid cells that may be orders of magnitude smaller than
the other grid cells. The goal is to construct an explicit method which is again stable under the CFL condition for the regular grid
cells. Away from the small cell we use the Active Flux method in its usual form. The point values at the grid cell interface of
the small cell are updated by allowing the characteristics to go through the small cell into the neighbouring regular cell. While
this leads to a stable method, the accuracy is locally reduced to second order. We show that third order accuracy can be retained
if a SIAC filter is applied to the update of the point values that belong to the small cell. A similar procedure can be used for the
update of the point values near the embedded boundary in the two-dimensional case.

We illustrate the performance of this new approach for one- and two-dimensional test situations. In two-dimensions, we are able
to achieve this improvement using the one dimensional line filter (LSIAC),[10].
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