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Abstract

Polynomials are used together with polyharmonic spline (PHS) radial basis functions (RBFs)
to create local RBF-finite-difference (RBF-FD) weights on different node layouts for spatial
discretizations that can be viewed as enhancements of the classical finite differences (FD). The
presented method replicates the convergence properties of FD but for arbitrary node layouts.
It is tested on the 2D compressible Navier-Stokes equations at low Mach number, relevant to
atmospheric flows. Test cases are taken from the numerical weather prediction community and
solved on bounded domains. Thus, attention is given on how to handle boundaries with the
RBF-FD method, as well as a novel implementation for hyperviscosity. Comparisons are done
on Cartesian, hexagonal, and quasi-uniform node layouts. Consideration and guidelines are
given on PHS order, polynomial degree and stencil size. The main advantages of the present
method are: 1) capturing the basic physics of the problem surprisingly well, even at very coarse
resolutions, 2) high-order accuracy without the need of tuning a shape parameter, and 3) the
inclusion of polynomials eliminates stagnation (saturation) errors. A MATLAB code is given to
calculate the differentiation weights for this novel approach.

1 Background and Introduction

A new numerical approach, within the RBF-FD framework, is introduced with the goal being:
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