
Accepted Manuscript

A fifth-order finite difference scheme for hyperbolic equations on block-adaptive
curvilinear grids

Yuxi Chen, Gábor Tóth, Tamas I. Gombosi

PII: S0021-9991(15)00737-8
DOI: http://dx.doi.org/10.1016/j.jcp.2015.11.003
Reference: YJCPH 6220

To appear in: Journal of Computational Physics

Received date: 24 March 2015
Revised date: 25 September 2015
Accepted date: 1 November 2015

Please cite this article in press as: Y. Chen et al., A fifth-order finite difference scheme for hyperbolic equations on block-adaptive
curvilinear grids, J. Comput. Phys. (2015), http://dx.doi.org/10.1016/j.jcp.2015.11.003

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.

http://dx.doi.org/10.1016/j.jcp.2015.11.003


A fifth-order finite difference scheme for hyperbolic

equations on block-adaptive curvilinear grids
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Abstract

We present a new fifth-order accurate finite difference method for hyperbolic
equations on block-adaptive curvilinear grids. The scheme employs the 5th
order accurate monotonicity preserving limiter MP5 to construct high order
accurate face fluxes. The fifth-order accuracy of the spatial derivatives is
ensured by a flux correction step. The method is generalized to curvilin-
ear grids with a free-stream preserving discretization. It is also extended
to block-adaptive grids using carefully designed ghost cell interpolation al-
gorithms. Only three layers of ghost cells are required, and the grid blocks
can be as small as 6 × 6 × 6 cells. Dynamic grid refinement and coarsening
are also fifth-order accurate. All interpolation algorithms employ a general
limiter based on the principles of the MP5 limiter. The finite difference
scheme is fully conservative on static uniform grids. Conservation is only
maintained at the truncation error level at grid resolution changes and dur-
ing grid adaptation, but our numerical tests indicate that the results are
still very accurate. We demonstrate the capabilities of the new method on a
number of numerical tests, including smooth but non-linear problems as well
as simulations involving discontinuities.
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