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Abstract

A four-order difference type lattice Boltzmann model is employed to investigate the Poisson equa-
tion in this paper. By using the steady lattice Boltzmann equation and the multi-spatial scale ex-
pansion, the Poisson equation with four-order accuracy is obtained. Examples show that the nu-
merical results agree well with exact solutions.
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Figure 1. Comparison between the numerical results and the exact solution of Laplace equation: (a) 5-bit FDLBM mod-
el; (b) 9-bit FDLBM model; (c¢) Exact solution
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Figure 2. (a) Comparison between numerical results and analytical solution at x =0.3;
(b) The absolute errors of the two FDLBM models for Laplace equation at x = 0.3
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Table 1. The comparison between exact solution and LBM results and the absolute errors of the two models at x = 0.3 for
Laplace equation
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y b b gt Tk A JLE Y E (TL5 M) E,(JU45 AT
0.2 4.696902E-02 4.601930E-02 4.616745E-02 9.497181E-04 8.015707E-04
0.4 1.130988E-01 1.115642E-01 1.118012E-01 1.534604E-03 1.297601E-03
0.6 2.253665E-01 2.238407E-01 2.240709E-01 1.525804E-03 1.295596E-03
0.8 4.295711E-01 4.286378E-01 4.287722E-01 9.332895E-04 7.988811E-04
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Figure 3. Comparison between the numerical results and the exact solution of Poisson equation: (a) 5-bit FDLBM mod-
el; (b) 9-bit FDLBM model; (c¢) Exact solution
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Figure 4. (a) Comparison between numerical results and analytical solution at x = 0.3;
(b) The absolute errors of the two FDLBM models for Laplace equation at x = 0.3
[& 4. (a) Laplace HFIZEEMFNFRITRELE x = 0.3 &LHIELES; (b) Laplace 75
2 FDLBM SRR HERRTE x = 0.3 BB IRErZ

@



SEERE

Table 2. The comparison between exact solution and LBM results and the absolute errors of the two models at x = 0.3 for
Poisson equation

5% 2. Poisson 7712 x = 0.3 LA ERA AN LBM SR AR B MERI B IHRE
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0.4 1.310715E-01 1.303903E-01 1.305002E-01 6.811917E-04 5.712956E-04
0.6 5.975582E-02 5.910169E-02 5.920795E-02 6.541312E-04 5.478710E-04
0.8 2.315299E-02 2.276313E-02 2.282591E-02 3.898609E-04 3.270805E-04
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