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Abstract

This article mainly studies effective numerical algorithms for two-dimensional nonlinear fourth-
order fractional wave equations. We combine the second-order BDF2-WSGI time discretization
scheme with the finite element method to solve two-dimensional nonlinear fourth-order fraction-
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al equations. Firstly, introducing auxiliary variables transforms the fractional fourth-order wave
problem into a low-order coupled equation. Then, the Riemann-Liouville fractional integration is
used to integrate the resulting equation. Finally, the WSGI approximation formula approximates
the fractional integration, forming a second-order BDF2 finite element scheme. This article pro-
vides a detailed numerical algorithm and conducts numerical experiments on a two-dimensional
example to verify the effectiveness and convergence of the algorithm.
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Table 1. Fixed time step = =i
200

, Spatial convergence result

ﬁL@EN@i&h7%,§@WW%%

j[i4—10j U5 R IWSGIA B JLT S 4 28 AR —

« . UL R e 5L 5k e
10 1.1782E-01 -- 4.6178E+00 --
0.1 20 3.1516E-02 1.9025 1.1933E+00 1.9522
40 7.9151E-03 1.9934 2.9339E-01 2.0241
10 1.1776E-01 -- 4.6180E+00 --
0.3 20 3.1502E-02 1.9024 1.1932E+00 1.9521
40 7.9129E-03 1.9932 2.9350E-01 2.0234
10 1.1769E-01 -- 4.6178E+00 --
0.5 20 3.1492E-02 1.9019 1.1933E+00 1.9512
40 7.9213E-03 1.9912 2.9339E-01 2.0189
10 1.1761E-01 -- 4.6168E+00 --
0.7 20 3.1493E-02 1.9010 1.1956E+00 1.9491
40 7.9437E-03 1.9871 2.9692E-01 2.0096
10 1.1752E-01 -- 4.6162E+00 --
0.9 20 3.1505E-02 1.8992 1.1986E+00 1.9453
40 7.9828E-03 1.9806 3.0071E-01 1.9949
Table 2. When h =7, the convergence result of spatiotemporal error
F 2. Hh=r K, FTREWHLE
« . . u-UwE M s-UwmE de
10 10 1.1796E-01 - 4.6155E+00 -
0.1 20 20 3.1692E-02 1.8961 1.1909E+00 1.9545
40 40 7.9704E-03 1.9914 2.9183E-01 2.0288
10 10 1.1789E-01 -- 4.6148E+00 --
0.3 20 20 3.1678E-02 1.8960 1.1908E+00 1.9543
40 40 7.9687E-03 1.9911 2.9197E-01 2.0280
10 10 1.1782E-01 -- 4.6147E+00 --
0.5 20 20 3.1671E-02 1.8953 1.1919E+00 1.9530
40 40 7.8901E-03 1.9887 2.9333E-01 2.0226
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10 10 1.1774E-01 - 4.6156E+00 --
0.7 20 20 3.1676E-02 1.8941 1.1942E+00 1.9504
40 40 8.0008E-03 1.9840 2.9613E-01 2.0118
10 10 1.1766E-01 - 4.6176E+00 -
0.9 20 20 3.1696E-02 1.8992 1.1981E+00 1.9464
40 40 8.0523E-03 1.9768 3.0043E-01 1.9956
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