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Abstract. In this paper, a DG (Discontinuous Galerkin) method which has been wide-
ly employed in CFD (Computational Fluid Dynamics) is used to solve the two-
dimensional time-domain Maxwell’s equations for complex geometries on unstruc-
tured mesh. The element interfaces on solid boundary are treated in both curved way
and straight way. Numerical tests are performed for both benchmark problems and
complex cases with varying orders on a series of grids, where the high-order conver-
gence in accuracy can be observed. Both the curved and the straight solid boundary
implementation can give accurate RCS (Radar Cross-Section) results with sufficient-
ly small mesh size, but the curved solid boundary implementation can significantly
improve the accuracy when using relatively large mesh size. More importantly, this
CFD-based high-order DG method for the Maxwell’s equations is very suitable for
complex geometries.
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1 Introduction

In the last few decades, the finite difference time domain (FDTD) method has been widely
used to solve the Maxwell’s Equations in the time domain [1, 2], where the stair-stepped
approximation of the curved boundary is usually employed which can affect the accura-
cy [3], particularly for complex geometries.

Finite element methods [4] have also been tried for solving the Maxwell’s equations.
Some bottlenecks such as the high cost due to large matrix inversion and the continuity
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requirement over element interfaces limited its applications in high-order cases. The Fi-
nite Volume (FV) methods [5, 6], which have been widely used in Computational Fluid
Dynamics (CFD), are also suitable for solving the Maxwell’s equations. However, the
main disadvantage of the FV methods is their low order property, which makes it neces-
sary to increase the number of grid elements to ensure the numerical accuracy.

Over the past decade, Discontinuous Galerkin methods [7] have received growing
interests in solving time-domain Maxwell’s equations because of their advantages in
implementing upwinding, hp-adaptivity and parallelization. In [8], DG was used to
solve the dispersive lossy Maxwell’s equations in PML (Perfectly Matched Layer) re-
gions. A spatial high-order hexahedral DG was introduced in [9], where comparisons
against the FDTD and the FVTD are given. The efficiency improvement of DG by using
hybrid meshes is displayed in [10]. [11] discussed Petrov-Galerkin and DG methods for
both time-domain and frequency-domain electromagnetic calculations. [12] introduced
a non-conforming multi-element DG for irregular geometries, where unstructured trian-
gulation is used near objects and structured quadrangulation for the rest. [13] developed
two hybridizable DG methods for time-harmonic Maxwell’s equations. The convergence
and superconvergence of staggered DG for Maxwell’s equations on Cartesian mesh were
analyzed in [14]. [15,16] and [17] developed DG methods for Maxwell’s equations in
meta-materials and anisotropic materials. [18] discussed a Schwarz-type domain decom-
position method when solving the 3D Maxwell’s equations with DG. A hp-adaptivity DG
was employed to perform large scale electromagnetic simulations in [19].

In this paper, we aim to apply the CFD-based high-order DG to solve the Maxwell’s
equations in very complex geometry cases. The paper is organized as follows. In Section
2, the CFD-based high-order DG discretization is described, where the quadrature-free
implementation and parallel computing are employed to save the CPU time. In Sec-
tion 3, a high-order approximation of solid boundary is introduced to approach the real
geometries. Numerical results are displayed in Section 4 and the paper ends with the
conclusions in Section 5.

2 High-order DG discretization of the time-domain Maxwell’s
equations

In the case of Transverse Magnetic (TM) wave, the 2D Maxwell’s equations in the conser-
vation form can be written as:
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