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Abstract: The modified Allen-Cahn equation with the mean curvature source term can effectively model curva-
ture-driven physical processes. However, the nonlinear term and gradient magnitude make it difficult to design
efficient numerical schemes. An efficient numerical scheme was proposed for solving the equation. Based on the
Strang operator splitting method, the original equation was discretized in time into three subproblems: the non-
linear equation was solved analytically; the mean curvature equation was discretized using the second-order
Runge-Kutta method combined with central differences to establish a fully discrete explicit scheme, while the
heat equation was discretized with the Crank-Nicolson method and solved via the alternating direction implicit

(ADI) fast scheme. Theoretical analysis shows that, the proposed scheme achieves second order convergence
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accuracy. Finally, numerical experiments were presented to validate the convergence rate and effectiveness of
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Table 1 Spatial errors and convergence orders

N E. R,y E, R,y
40 5.02E-5 - 4.59E-5 -

80 1.32E-5 1.93 1.28E-5 1.84
160 3.33E-6 1.98 3.29E-6 1.97
320 8.36E-7 2.00 8.22E-7 2.00
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Table 2 Temporal L? norm errors, convergence orders and CPU computation times

operator splitting scheme backward Euler implict method implict method
: E, Rie tepy /' Ey Roe lepy /' E, Rie tepy /s
200 3.63E-4 - 2.35 2.25E-3 - 258.93 2.01E-4 - 359.82
400 9.35E-5 1.96 4.66 1.59E-3 0.50 429.28 5.06E-5 1.99 667.97
800 2.36E-5 1.99 9.16 9.56E-4 0.73 1482.47 1.27E-5 1.99 1 170.62
1 600 5.91E-6 2.00 18.64 5.26E-4 0.86 2 738.52 3.17E-6 2.00 2 182.16
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Fig. 1 Different spatially dependent mobilities
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Fig. 2 The numerical solution results for A = 0 and the corresponding contour plots
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Fig. 3 The numerical solution results for A = 1 and the corresponding contour plots
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Fig. 4 The numerical solution results for A = 1.5 and the corresponding contour plots
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Fig. 5 Numerical solutions and contour plots at 7 = 100 for 7 = 0.01,0.1,1
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