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Abstract

This paper proposes a new operator splitting finite element method for two-dimensional Burgers
equation. The new method is used to decompose the Burgers equation into pure convection and
diffusion part: the time discretization of the convection equation solved by the central difference
scheme, and the space discretization by the standard Galerkin finite element method; the time
discretization of the diffusion equation solved by the backward difference scheme, and the space
discretization still using the standard Galerkin finite element method. The characteristic of this
method is that the convection part is specially processed, using multi-step technology to expand
the stability of the region and selecting the appropriate number of steps, the multi-step scheme
can present unconditionally stable. The stability and convergence of the algorithm are verified by
numerical experiments.
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Table 1. Error estimation and convergence order of single method with h =1/128

&= 1 Bh=1128, BEEHERNREMTTREWSM

At
0.1
0.1/2
0.1/2
0.1/2°
0.1/2*
0.1/2°
0.1/2°

Jo-ul.
0.318725
0.147547
0.070784
0.034646
0.017137
0.0085221
0.00424952

order
1.1112
1.0597
1.0308
1.0156
1.0078
1.0039

Table 2. Error estimation and convergence order of single method with At =1/216

F 2 BWAt=1/2°, BEETERIRERTTREBEM

h Ju—u,|, order
1/4 0.041588 -
1/8 0.00897586 2.2120
1/16 0.00203951 2.1378
1/32 0.000483367 2.0770
1/64 0.000123786 1.9652

Table 3. Error estimation and convergence order of single method with At =1/216

3 B At=1/2°, BEETERIRERTTREBEM

h Ju-u,], order
1/4 0.362638 -
1/8 0.0817792 2.1487
1/16 0.0196814 2.0549
1/32 0.00493634 1.9953
1/64 0.00123852 1.9948

1/128 0.000312747 1.9855

Table 4. Error estimation and convergence order of single method with h =1/128

4. B h=1128, BEEHERNREMTTREWSM

At
0.1
0.1/2
0.1/2
0.1/2°
0.1/2*
0.1/2°

Ju—u,l,
1.11024¢+35
0.121862
0.0455624
0.0223644
0.0111191
0.00556048

order

1.4193
1.0267
1.0081
0.9998
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Table 5. Numerical results of multistep method with h=1/128
5 Hh=1/128, ZLEMHENBESER

At m u=u,], order
0.1/2° 2 0.00557061
0.1/2* 4 0.0111357 0.9993
0.1/2° 8 0.022311 1.0026
0.1/2? 16 0.044746 1.0040
0.1/2 32 0.0897277 1.0038
0.1 64 0.179769 1.0025
0.2 128 0.361168 1.0065
Table 6. Numerical results of multistep method with h=1/128 and m =64
#z6. Bh=1128, m=64, SLHENHELER
At u=u,], order
0.1 0.179769 -
0.1/2 0.0897229 1.0026
0.1/2 0.0447486 1.0036
0.1/2° 0.0223207 1.0035
0.1/2* 0.0111494 1.0014
0.1/2° 0.00558507 0.9973

-1
-1 -0.5

0 0.5
X

Figure 3. The left m=1, the right m=64 with fixed h=1128and At=0.1/2°
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B 3. Bh=1/128, At=0.1/2*, AiAm=1%KiAm=64
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