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Abstract: The scalar auxiliary variable ( SAV) approach combined with the barycentric interpolation colloca-
tion method was proposed to solve the 2D Allen-Cahn equation. Two unconditional energy-stable SAV schemes
were constructed based on the Crank-Nicolson scheme and the 2nd-order backward difference scheme for dis-
cretization in time, respectively, and the barycentric Lagrange interpolation collocation method for discretiza-
tion in space. Moreover, the approximation properties of the barycentric Lagrange interpolation were presented.
Numerical experiments show that the time-convergence rates of the 2 types of SAV schemes are of the 2nd order
and both schemes satisfy the energy decay law. Compared with the finite difference method in space, the bary-

centric Lagrange interpolation collocation scheme features exponential convergence.
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P SRS BE BV C Lagrange J (B AC A3 75 BT Eofg B AL 3
%1 RH CN2-BLI,BDF2-BLI #5 2OR M w 19 L2 $R2
Table 1 The L* errors of u solved by CN2-BLI and BDF2-BLI schemes

T CN2-BLI order BDF2-BLI order
1.6x1073 9.55%x107° - 1.59x107° -
8x107* 2.38x107° 2.00 3.97x107¢ 2.00
4x107* 5.96x1077 2.00 9.91x1077 2.00
2x107* 1.49x1077 2.00 2.48x1077 2.00
1x10™* 3.84x1078 1.96 6.34x107% 1.97

K2 ANz ) B BT SR B BEXT LA R

Table 2 The accuracy comparison of different discretization schemes in space

(M,N) CN2-BLI (M,N) BDF2-BLI (M,N) CN2-FD
(8,8) 3.25x1074 (8,8) 3.25x107* (40,40) 2.54x1073
(9,9) 4.43x107° (9,9) 4.43x107° (60,60) 1.13x107?
(10,10) 6.57x107° (10,10) 6.57%107° (80,80) 6.34x107*
(12,12) 1.18x1077 (12,12) 1.09x1077 (100,100) 4.06x107*
(15,15) 2.98x1078 (15,15) 4.68x1078 (120,120) 2.82x107*
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Fig. 1 Time evolution curves of the free energy of different schemes (& = 0.1)
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AR FARRS e n A Bk,
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uy(x, v) = 0.95rand(x,y) + 0.05. (35)
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Fig. 2 The convergence rates in space of different numerical schemes
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Fig. 3 Snapshots of the numerical approximation at different moments (& = 0.06)
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Fig. 4 Snapshots of the phase field u at different moments for example 3
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Fig. 5 Snapshots of the numerical approximation of u at different moments for example 4
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