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Reproducibility of Vortex Roll-up using Locally Refined Nodes
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Synopsis

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 may not be useful because generation of refined
nodes can be slow and inaccurate. Thus, we adopt an alternative node refinement algorithm, the
Schmidt transformation of quasi-uniform nodes. We obtained more accurate results with refined
nodes than those with quasi-uniform nodes. To achieve normalized root mean square error (£2)
of about 1.0 X 107>, 4096 node are needed in the quasi-uniform case compared to 1849 nodes

with refined nodes.
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2. Radial Basis Functions (RBF)
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Table 1 Commonly used RBFs.
Radial Cubic r3
Thin Plate Spine r2log|r|
Gaussian e—&r?
Inverse Multi Quadric 1
Jitenr?

— 205 —



o

momomomom
L | A T
H W o~

00 05 10 15 20 25 30
distance between nodes
Fig.1 Shapes of IMQ RBF for various «¢ .

The vertical and horizontal axes represent the value of
RBF and distance between nodes, respectively.
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3.1 Schmidt Z#

AHFTETH W RPTM % (L Tk Schmidt 2 #ft
(Fig. 2) [3]1 & 4B+ %. Schmidt ZBHUIHATH TH
D, HROBERRN T A ENERRE B D S 2RV
BHDHHY, MEOITEERL, RETERLZ2N
BHCTHD. FHGEOBELRZO T L BRBEOKE
i

, ) (1 - cz) + (1 + CZ) sin (9)
9=““m(@+a)+@_&)mqm > @)

THD. clIHOEDTHTERDODLEHTHY, 0<c<
1 TEDTZWVHLENBRIZR YD, 1<cTHEALTW I
RICHEED.

Fig.2 Distribution of nodes near the (a) South and (b)
North poles after Schmidt transformation for 400
nodes.
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Fig.3 Refined nodes sets near the (a)South and (b)
North poles after revised Schmidt transformation for
400 nodes.
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Fig.4 Vortex in the Arctic region at t=3.

4.2 FEIE T E DRRINS A — A —DRTEE

RBF % VW72 BT OO FHRE TRk & & (i fg
WE72 D55 3G 2 A8 T RBF Ok EE (L&
BARTFNIZEONMNEZ B, T 2 CEKREEZ IR
RG A=K — T -7 (Fig. b). fRABERE VT L
e DREL, MEENMEVNTY ¢ SR L)
Wb, w7777 X — (JERFE) F &

’
4e 4 4@ DG

1ty u(l—c'?) (12)
LT EXIIE®TD ¢ &
€o
=L 13
e= (13)

g0 TEEERK
s L.

JRFTHIEB L &R T L I E T2 ¢ A/
HTHWD &L ElETE L LRI 2]
THEIN TS, ZZTRMEICB N THHE—HEZ
Bim EBIR LI FEE AW SE ORNEITS A O g
EITo72.¢co=05,60=48& L7z & &R
L DOEMHOHR % Fig. 5 IR LT, 20 & ERATH
M E S 2 AW FEOeDR/IMEIZB L% 3.3 &
R HEARRE S E WS A D L IFIER CEIC A
STW5.

101 - -

-15 -10 -05 00 05 10 15
e

Fig.5 Variation of ¢ as a function of latitude.
Vertical and horizontal axis represents ¢ and
latitude(rad), respectively.€y = 5, ¢, = 0.5.
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Fig.6 Comparison of condition number of the RBF
interpolation matrix A as a function of the total
number of nodes N. Blue and red line represents quasi
uniform’s condition number and refined node’s
condition number, respectively. Vertical axis is
condition number, horizontal axis is number of nodes
N.g =4.8,c=0.5.
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Fig.7 Comparison of #, error convergence as a
function of the total number of nodes. Vertical and
horizontal axis represents normalized ¢, error and
number of nodes. ¢, = 0.5 g5 = 3.5.
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