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Abstract

This paper proposes two efficient numerical algorithms for solving the time fractional convec-
tion-diffusion equation. First, the original problem is transformed into an integer-order diffusion
problem based on Laplace transform and exponential transform. Then, using Crank-Nicolson for-
mat and combining second order central difference and fourth order compact difference respec-
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tively, two kinds of high precision difference formats for solving time fractional order convec-
tion-diffusion equations are designed, and both schemes are proved to be stable by using Fourier
method. Numerical experiments verify the effectiveness of the two formats.
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Table 1. Example 1: Maximum relative error of the second-order central difference scheme

F 1 BHl—: ZNhOESBARKENIRE

o 0.01 0.1 0.5 0.9 0.99
MRE (5, 20) 5.9054E-02 4.7225E-02 2.9890E—02 2.9486E—02 3.0911E-02
MRE (10, 40) 1.4945E-02 1.0539E-02 8.2560E-03 6.9845E-03 7.8191E-03
MRE (15, 60) 6.5824E-03 4.2147E-03 1.1091E-02 3.1522E-03 3.4248E-03
MRE (20, 80) 3.6489E-03 3.1885E-03 1.2078E-02 4.0981E—-03 1.8808E—-03
MRE (25, 100) 2.2969E-03 3.6130E-03 1.2542E-02 4.5335E-03 1.1709E-03
MRE (30, 120) 1.5678E-03 3.8446E-03 1.2799E-02 4.7698E—-03 7.8987E-04

Table 2. Example 1: Maximum relative error of the fourth-order central difference scheme

2. Hl—: EMOESRREAENRE

o 0.01 0.1 0.5 0.9 0.99
MRE (5, 20) 1.1954E-03 4.7797E-03 1.3067E-02 5.5494E-03 1.2055E-03
MRE (10, 40) 6.9254E-04 4.4286E—-03 1.3100E-02 5.3116E-03 7.8200E—-04
MRE (15, 60) 5.6618E-04 4.3644E—-03 1.3170E-02 5.2717E-03 6.7685E—04
MRE (20, 80) 5.2280E-04 4.3515E-03 1.3227E-02 5.2706E-03 6.3990E-04
MRE (25, 100) 5.0288E-04 4.3501E—-03 1.3269E—-02 5.2752E-03 6.2321E-04
MRE (30, 120) 4.9240E-04 4.3519E-03 1.3300E—-02 5.2813E-03 6.1444E-04
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Figure 1. When alpha is 0.3 and 0.8, the numerical solution image of the first equation and the error image of the two formats
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Table 3. Example 2: Maximum relative error of the second-order central difference scheme

=3 HAIZ: ZMPOESRRERAENRE

o 0.01 0.1 0.5 0.9 0.99
MRE (5, 20) 1.4175E-03 4.9297E-03 1.3711E-02 5.8107E-03 1.2201E-03
MRE (10, 40) 6.3650E-04 4.4470E-03 1.3326E-02 5.3751E-03 7.3623E-04
MRE (15, 60) 5.3306E-04 4.3856E—03 1.3356E-02 5.3299E-03 6.5342E-04
MRE (20, 80) 5.0152E-04 4.3744E-03 1.3369E—-02 5.3219E-03 6.2528E-04
MRE (25, 100) 4.8919E-04 4.3641E-03 1.3361E-02 5.3129E-03 6.1504E-04
MRE (30, 120) 4.8241E-04 4.3558E—-03 1.3349E-02 5.3045E-03 6.0884E—04

DOI: 10.12677/aam.2020.910197 1707 IR Esid


https://doi.org/10.12677/aam.2020.910197

W 2

Table 4. Example 2: Maximum relative error of the fourth-order central difference scheme

4. HOZ: TP OESRREAEINIRE

o 0.01 0.1 0.5 0.9 0.99
MRE (5, 20) 5.3816E-04 4.3622E-03 1.3260E-02 5.2631E-03 6.0867E—04
MRE (10, 40) 4.6863E—04 4.3050E-03 1.3212E-02 5.2373E-03 5.8355E-04
MRE (15, 60) 4.6831E-04 4.3374E-03 1.3320E-02 5.2835E-03 5.9080E—-04
MRE (20, 80) 4.6800E—04 4.3449E-03 1.3347E-02 5.2934E-03 5.9297E-04
MRE (25, 100) 4.6753E-04 4.3443E-03 1.3346E—02 5.2939E-03 5.9349E-04
MRE (30, 120) 4.6705E-04 4.3417E-03 1.3338E—02 5.2908E-03 5.9350E-04
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Figure 2. When alpha is 0.3 and 0.8, the numerical solution image of the second equation and the error image of the two formats
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