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Abstract

Based on the idea of operator splitting, this paper proposes two efficient operator splitting
schemes for the Allen-Cahn equation. The original equation is divided into linear and nonlinear
parts. The linear part is approximated numerically by two different schemes: the second-order
center difference scheme and the fourth-order compact difference scheme. The stability analysis
of both schemes is discussed according to a Fourier stability analysis. The nonlinear part is solved
accurately. Numerical comparisons are carried out to verify the accuracy and efficiency of the
proposed methods, and to verify the given schemes satisfied the law of decreasing energy.
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Table 1. Calculation results of the CI-ABA scheme
3= 1. 8K CI-ABA it EER

Rl N =100, M =20 N =200, M =40 N =400, M = 80 N =800, M = 160 N =1600, M =320
Err, 1.0106e—-02 2.5469e—03 6.3967e—04 1.5999e-04 4.0003e—05
Err, 2.5724e—03 6.4747e—04 1.6215e-04 4.0554e-05 1.0140e-05
Rate - 2.014 1.9665 1.9993 1.9998
CPU 2.2932 2.6052 5.1168 23.7122 145.1277

Table 2. Calculation results of the CI-BAB scheme
# 2. 18R CI-BAB Bt ELER

#a 1 N =100, M =20 N =200, M =40 N =400, M =80 N =800, M = 160 N =1600, M = 320
Err, 1.4514e-02 3.6814e-03 9.2341e-04 2.3110e-04 5.7784e-05
Err, 3.5482e—-03 8.9491e-04 2.2423e-04 5.6088e—05 1.4024e—-05
Rate - 1.9705 2.002 1.9985 1.9998
CPU 4.6488 4.9296 6.3804 13.5720 87.1578
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Table 3. Calculation results of the CII-ABA scheme
< 3. 1R CI-ABA Bt ELR

e N =20, M =100 N =40, M = 400 N =80, M = 1600 N =160, M = 6400 N =320, M = 25600
Err, 4.4632e—02 2.7318e—03 1.8605e-04 1.1590e-05 7.3054e—07
Err, 1.0947e-02 6.2072e—04 3.8951e—05 2.4378e—06 1.5242e-07
Rate - 4.0460 3.8592 4.0047 3.9878
CPU 2.1528 4.4928 6.7704 22.7605 200.2429

Table 4. Calculation results of the CII-BAB scheme
5% 4. 13 CII-BAB HUiHE 4R

R N =20, M = 100 N=40,M=400 N=80,M=1600  N=160,M=6400 N =320, M = 25600
Err, 4.4465¢-02 2.7189¢-03 1.8537¢-04 1.1547e-05 7.2762e-07
Err, 1.0907e-02 6.18226-04 3.8795¢-05 2.4281e-06 1.5181e-07
Rate - 4.0428 3.8645 4.0048 3.9882
CPU 3.8220 4.0248 6.4116 17.8465 120.6512
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Figure 2. Curve: Energy variation with time in the second-order center difference scheme
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Figure 3. Numerical solution of the second-order center difference scheme
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Figure 4. Curve: Energy variation with time in the second-order center difference scheme

4.5 =0.075. =L E S sE 2 RERTE) 1L

Figure 5. Numerical solution of the second-order center difference scheme
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Figure 6. Curve: Energy variation with time in the second-order center difference scheme
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Figure 7. Numerical solution of the second-order center difference scheme
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Figure 8. Curve: Energy variation with time in the fourth-order compact difference scheme

8. &= 0.1.MUM BB E D&\ e ERERT E T

Figure 9. Numerical solution of the fourth —order compact difference scheme
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Figure 10. Curve: Energy variation with time in the fourth-order compact difference scheme
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Figure 11. Numerical solution of the fourth —order compact difference scheme
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Figure 12. Curve: Energy variation with time in the fourth-order compact difference scheme
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Figure 13. Numerical solution of the fourth —order compact difference scheme
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