
High order path-conservative ADER discontinuous Galerkin schemes for the
GRMHD equations

Francesco Fambri†, Michael Dumbser†, Olindo Zanotti†, Luciano Rezzolla‡§, Sven Köppel‡§
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In this talk we present a new class of high-order accurate numerical algorithms for solving the equations of
general-relativistic ideal magnetohydrodynamics (GRMHD) in curved spacetimes.

The GRMHD governing partial differential equations are solved via a new family of fully-discrete and
arbitrary high-order accurate path-conservative discontinuous Galerkin (DG) finite-element methods com-
bined with adaptive mesh refinement (AMR) and time accurate local timestepping (LTS). An important
and novel aspect of our approach is the interpretation of the source terms in the GRMHD equations that
account for the gravitational field in curved spacetimes as nonconservative products, instead of the usually
employed algebraic source terms. In this work we assume the background spacetime to be given and static,
i.e., we make use of the Cowling approximation.

In order to deal with shock waves and other discontinuities or singularities, the high-order DG schemes
are supplemented with a novel a-posteriori subcell finite-volume limiter, which makes the new algorithms
as robust as classical finite-volume methods at shocks and discontinuities, but also as accurate as unlimited
high-order DG schemes in smooth regions of the flow.

We validate the correctness of the formulation and the corresponding discretization through a series of
numerical tests in one, two and three spatial dimensions.

In this talk, a novel approach for the treatment of general equations of states will be also briefly discussed.
In particular, this new numerical algorithm allows to represent general tabulated EOS at the aid of piecewise
polynomials in phase space in order to produce an approximation to the relation p = p(ρ, e), where p is the
fluid pressure, ρ its density and e the specific internal energy. The new approach for general EOS has been
validated with available reference solutions for the ideal gas, but represented in the general form p = p(ρ, e).
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[1] F. Fambri, M. Dumbser, S. Köppel, L. Rezzolla, O. Zanotti, ADER discontinuous Galerkin schemes for
general-relativistic ideal magnetohydrodynamics, Mon. Not. R. Astron. Soc., 10.1093/mnras/sty734,
(2018).

[2] F. Fambri. Discontinuous Galerkin Methods for Compressible and Incompressible Flows on Space-
Time Adaptive Meshes: Toward a Novel Family of Efficient Numerical Methods for Fluid Dynamics.
Arch. Computat. Methods Eng., https://doi.org/10.1007/s11831-018-09308-6, (2019).

[3] M. Dumbser, F. Fambri, M. Tavelli, M. Bader, T. Weinzierl. Efficient Implementation of ADER
Discontinuous Galerkin Schemes for a Scalable Hyperbolic PDE Engine. Axioms, 7, 63, (2018).

[4] F. Fambri, M. Dumbser, and O. Zanotti, Space-time adaptive ADER-DG schemes for dissipative
flows: compressible Navier-Stokes and resistive MHD equations, Computer Physics Communications ,
220:297–318, (2017).

[5] O. Zanotti, F. Fambri, M. Dumbser, and A. Hidalgo. Space-time adaptive ADER discontinuous
Galerkin finite element schemes with a posteriori sub-cell finite volume limiting. Computers & Fluids,
118:204–224, (2015).

[6] O. Zanotti, F. Fambri, and M. Dumbser. Solving the relativistic magneto-hydrodynamics equations
with ADER discontinuous Galerkin methods, a posteriori subcell limiting and adaptive mesh refine-
ment. Mon. Not. R. Astron. Soc., 452:3010–3029, (2015).

1


