Accepted Manuscript

High order well-balanced discontinuous Galerkin methods based on
hydrostatic reconstruction for shallow water equations

Gang Li, Lina Song, Jinmei Gao

PII: S0377-0427(17)30528-9
DOI: https://doi.org/10.1016/j.cam.2017.10.027
Reference: CAM 11357

To appear in:  Journal of Computational and Applied
Mathematics

Received date: 27 April 2017
Revised date: 13 October 2017

Please cite this article as: G. Li, L. Song, J. Gao, High order well-balanced discontinuous Galerkin
methods based on hydrostatic reconstruction for shallow water equations, Journal of
Computational and Applied Mathematics (2017), https://doi.org/10.1016/j.cam.2017.10.027

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.cam.2017.10.027

Manuscript

Click here to view linked References

High order well-balanced discontinuous Galerkin methods
based on hydrostatic reconstruction for shallow water equations

Gang Li** Lina Song®, Jinmei Gao®

2School of Mathematics and Statistics, Qingdao University, Qingdao, Shandong 266071, P.R. China.

Abstract

In this paper, we introduce high order well-balanced discontinuous Galerkin methods for
shallow water equations over non-flat bottom topography, which preserve the lake at rest
steady state. To achieve the well-balanced property, we propose to construct the numerical
fluxes based on the hydrostatic reconstruction idea and to be in combination with a nov-
el source term approximation as well as a decomposition algorithm. Rigorous theoretical
analysis and extensive numerical results all verify that the current methods maintain the
well-balanced property. In addition, numerical results also indicate that the resulting meth-
ods enjoy the ability to accurately capture small perturbations of the lake at rest steady

state and keep the genuine high order accuracy for smooth solutions.
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1. Introduction

In this paper, we are interested in constructing high order discontinuous Galerkin (DG)
methods for shallow water equations. Numerically solving the shallow water equations has a
wide range of applications in hydraulic and coastal engineering [1, 2]. Under the assumption
of hydrostatic pressure distribution and the vertical acceleration of water particles neglected,
the shallow water equations over a non-flat bottom topography can be derived by depth-

integrating the Navier—Stokes equations [3] and have the following form:

(hu); + V - (hu ® u+ 3gh’I) = —ghVb,
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