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Reproducibility of Vortex Roll-up using Locally Refined Nodes
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Accuracy of advection on the sphere with refined nodes was investigated in a test case with
a known exact solution, in which two vortices at the North and South poles roll-up. Flyer and
Lehto (2010) investigated the accuracy with refined nodes and showed that the node
refinement improves accuracy in the test case. They made refined nodes from minimum
energy (ME) nodes using electrostatic repulsion, but this algorithm is not useful because
generation of refined nodes is difficult and takes long time. Thus, we use another node
refinement algorithm, the Schmidt transformation from ME nodes. We obtained more
accurate results with refined nodes than those with quasi-uniform nodes. At the number of
nodes N = 4096, the normalized mean absolute error (¢;) with refined nodes is approximately
one third of the error with quasi-uniform nodes, the normalized root mean square error (£,)
is approximately a half of the error with quasi-uniform nodes
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Fig.1: Distribution of nodes refined from
quasi—uniform ME nodes
The number of nodes A= 400
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Fig.2 Convergence ¢; in the vortex roll-up
experiment using refined nodes (orange) and
uniform nodes (blue)
NB. The horizontal axis isvVN, where N is the
number of the nodes
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Fig. 3: Convergence of ¥, in the vortex
roll-up experiment using vrefined nodes

(orange) and uniform nodes (blue)

NB. The horizontal axis isvVN, where VN is the
number of the nodes
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