Image-based isogeometric finite cell analysis of fluid flow through
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ABSTRACT

The finite cell method can be used in combination with isogeometric analysis to enable the higher-
order discretization of problems on complex volumetric domains, e.g. [1]. A particularly interesting
application of this immersed simulation technique is image-based analysis, where the geometry is
smoothly approximated by segmentation of a B-spline level set approximation of scan data. In this
contribution we extend this image-based analysis technique — which we recently successfully applied
to the mechanical analysis of miro-CT based trabecular bone models [2] — for the simulation of
fluid flows through scan-based porous medium models.

The versatility of isogeometric finite cell simulations for scan-based fluid domains hinges on the ro-
bust numerical treatment of various computational aspects. An important aspect is the imposition
of no-slip conditions on the interior boundaries. In this contribution we discuss how the geometry
tessellation scheme proposed in [2] can be used to construct a parametrization for these boundaries.
Since these boundaries are not conforming to the computational grid, the no-slip conditions are
imposed weakly by means of Nitsche’s method. Ghost-penalty stabilization is employed to avoid
the occurrence of spurious pressure oscillations in the vicinity of the interior boundaries [3].

We demonstrate the applicability of the image-based isogeometric finite cell method for the sim-
ulation of Stokes flow through a scan-based porous medium. We study the performance of the
method in terms of stability, conditioning and accuracy for various velocity-pressure discretization
pairs, including Ghost-penalty stabilized equal-order discretizations. We validate our results by
comparison with established voxel-based simulation tools for fluid-flows through porous media, and
discuss the advantages and disadvantages of the isogeometric finite cell method in the context of
scan-based porous media flows.
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