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Abstract

Fractional conservation Swift-Hohenberg (SH) equation is a basic model for simulating solidifica-
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tion microstructure in material science. Due to the influence of fractional derivative operators and
nonlocal conservation terms, many effective numerical methods for solving classical integer order
SH equations have severe difficulties in solving such problems. In this paper, an efficient numeri-
cal approximation algorithm for fractional conservative SH equation is studied. Firstly, the explicit
and implicit Runge-Kutta method is used in the time direction and Fourier spectrum method is
used in the space direction to construct the numerical schemes of fractional order conserved SH
equation. Secondly, the theoretical analysis of mass conservation of these schemes is given. Finally,
the convergence order and energy decrease of these schemes are verified by numerical experi-
ments, and the validity of these algorithms are verified by long-term dynamic behavior simula-
tion.
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Table 1. Maximum Error and Convergence order of S1, S2and S3atT=5
1. 1% S1. S2. S37E T =5 KImKIRE RIS

a=12 a=15 a=18 a=20
At
Err, Rate Err, Rate Err, Rate Err, Rate
1
% 5.25E—-06 - 5.69E—-06 - 1.43E-06 - 1.52E-06 -
S1 ﬁ 2.63E—-06 0.99 2.85E—-06 0.99 7.14E-07 1.01 7.57TE-07 1.00
% 1.32E—-06 1.00 1.43E-06 1.00 3.56E-07 1.00 3.78E-07 1.00
i 2.11E-10 - 4.20E-10 - 3.25E-10 - 4,76E-10 -
200
S2 % 5.34E-11 1.99 1.05E-10 2.00 8.12E-11 2.00 1.19E-10 2.00
% 1.34E-11 1.99 2.61E-11 2.00 2.03E-11 2.00 2.98E-11 2.00
i 3.24E-11 - 3.43E-11 - 8.48E—-12 - 9.09E-12 -
200
S3 % 4.09E-12 2.99 4.32E-12 2.99 1.07E-12 2.99 1.14E-12 2.99
% 5.13E-13 2.99 5.43E-13 2.99 1.34E-13 3.00 1.44E-13 2.99
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Table 2. L, error and Convergence order of S1, S2 and S3atT=5
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% 1.17E-10 1.99 3.36E-10 2.00 1.88E-10 2.00 2.66E-10 2.00
i 3.89E-10 - 4.12E-10 - 9.27E-11 - 8.90E-11 -
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S3 % 4.90E-11 2.99 5.19E-11 2.99 1.17E-11 2.99 1.12E-11 2.99
% 6.15E-12 2.99 6.52E-12 2.99 1.47E-12 3.00 1.41E-12 2.99
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