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In this talk, we present explicit solvers for time-dependent hyperbolic problems on curved
geometries using isogeometric analysis and spline-based finite element methods. Explicit
finite element solvers require mass matrix inversions at each time-step. For affine ge-
ometries in two and three dimensions, isogeometric mass matrices possess a Kronecker
product structure, which can be exploited to reduce the application of the inverse mass
matrix to the application of one-dimensional inverse mass matrices. However, this Kro-
necker structure is lost for curved domains due to the introduction of a spatially varying
weight into the isogeometric mass matrix. The inversion of a large dense mass matrix
can be avoided by approximating the inverse mass matrix using techniques such as mass
lumping; however, it can be difficult to maintain both energy stability and high order
accuracy under such approaches.

We present a simple “weight-adjusted” approximation for the inverse of isogeometric mass
matrices on a single curved patch. This approximation can be applied in a Kronecker-like
manner using one-dimensional spline matrices, while maintaining provable energy stability
and high order accuracy. We extend this approach to multiple geometric patches using a
multi-patch discontinuous Galerkin isogeometric analysis (DG-IGA) approach. We also
describe advantages offered by isogeometric methods over C0 and discontinuous high order
finite element discretizations when paired with explicit time integration on curvilinear
geometries. Numerical results in one, two, and three dimensions confirm theoretical results
and illustrate the advantages of the proposed methods.
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