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Table 1 ~ Accuracy of the Chebyshev finite spectral method (root mean square error)

method
cases
moving mesh, M = 101 uniform mesh, M = 401
Burgers Eg (v = 0.01) 4.85 x107 5.0 x107°
Burgers Eg (v = 0.1) 2.53 x107° 4.4 %107
KdV Eq (1-soliton) 1.13 x107™* 1.23 x10~*
KdV Eq (2-soliton) 2.11 x1073 8.1 x107*
0.67 1.2
0.4} 0.8
u 03 __ analytical u 0.6f ___ analytical
02l X numerical 04 x  numerical
0.1} 0.2
0 ] 0 ‘
-10 -5 0 5 10 -10 -5 0 5 10
x x
(a) « =0.2,8=0.3,A=0,» =0.01 (b)a=0.4,B=0.6,A=0.125,»v = 0.1

B1 Burgers HFAELIEM S4BT (1 = 10)
Fig.1 The numerical and analytical results for the Burgers equation at¢ = 10
RXFZENHSE . —FMRIMERREBNEIE, 28N a=0.2,8=0.3, A =0Ffv=
0.01;—F R LR RELIIHIL, Z2HN a=0.4,8=0.6,1 =0.125 Flv = 0. 1. MARECH M
= 101, MHFAEEC Ac = 0. 001 KA IXECN [ - 10,10] L BUESSRAGHERPE D % 1 Fis, /LA
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Fig.2 The numerical and analytical results for

the solitary wave solution att = 1
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Fig.3 The numerical and analytical results for the 2-solitary wave
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Chebyshev Finite Spectral Method With
Extended Moving Grids

ZHAN Jie-min', LI Yok-sheung’, DONG Zhi'
(1. Department of Applied Mechawics and Engineering,
Sun Yat-sen University, Guangzhou 510275, P. R. China;
2. Department of Civil & Structural Engineering, The Hong Kong
Polytechnic University, Hong Kong, P. R. China)

Abstract: A Chebyshev finite spectral method on non-uniform mesh was proposed. An equidis-
tribution scheme for two types of extended moving grids was proposed for grid generation. One
type of grid was designed to provide better resolution for wave surface. The other type was for
highly variable gradients. The method was of high-order accuracy because of the use of Cheby-
shev polynomial as the basis function. The polynomial was used to interpolate values between
the two non-uniform meshes from the previous time step to the current time step. To attain high
accuracy in time discretization, the fourth-order Adams-Bashforth-Moulton predictor and cor-
rector scheme was used. To avoid numerical oscillations caused by the dispersion term in the
KdV equation, a numerical technique on non-uniform mesh was introduced to improve the nu-
merical stability. The proposed numerical scheme was validated by applications to the Burgers
equation (nonlinear convection-diffusion problem) and KdV equation( single solitary and 2-soli-
tary wave problems) , where analytical solutions were available for comparison. Numerical re-

sults agree very well with the corresponding analytical solutions in all cases.

Key words: Chebyshev polynomial; finite spectral method; nonlinear wave; non-uniform

mesh; moving grids



