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Abstract

The purpose of this paper is to construct an efficient finite difference scheme for two-dimensional
fractional partial differential equations with variable coefficients. By analyzing the error, the con-

vergence order of the difference scheme is 0(73"“ +h + 1 ), where 7 denotes time step, #,,h,

denote space step, 1< a < 2.The convergence and stability of the proposed finite difference scheme

SCEG| 2R AR REO O  T R BV ARAD]. BB, 2023, 12(4): 1418-1428.
DOI: 10.12677/aam.2023.124145


https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2023.124145
https://doi.org/10.12677/aam.2023.124145
https://www.hanspub.org/

T

are proved by energy method. Finally, we use Gauss iterative method to solve the given numerical
example, the convergence order of the above scheme is obtained by dealing with the error, and the
effectiveness of the scheme is further illustrated by the image, that is, the numerical solution ob-
tained by the finite difference scheme can not only keep the properties of the original problem,
but also meet the needs of engineering problems within a certain error allowable range.
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Table 1. Error and convergence order of the numerical approximation in example 1

F 1. Bl 1 P REEITAIRE RS

a h Error Convergence order
1.1 1/20 1.3710e-04
1/40 3.3166e—05 2.0475
1/80 8.3605¢—06 1.9880
1/160 2.0967e—06 1.9955
1.4 1/20 2.1069¢-04
1/40 5.2013e-05 2.0182
1/80 1.3102e-05 1.9891
1/160 3.2717e-06 2.0017
1.7 1/20 2.6172e-04
1/40 6.4943e—05 2.0108
1/80 1.6238e—05 1.9998
1/160 4.0586e—06 2.0003

Table 2. Numerical solution, exact solution and the error at the last moment in example 1

2. G | PREMZIBSTTRRER. FRBURENZENIRE

(%, R Bt P B8 - (L
(1/5,1/5) 0.3894183 0.3894224 4.1e—06
(2/5,2/5) 0.7173560 0.7173642 8.2e—06
(3/5,3/5) 0.9320390 0.9320472 8.2e—06
(4/5,4/5) 0.9995736 0.9995775 3.9¢-06

B 2. 4 )2 (x,y) =7 (x,y) =X, p, (x,y) =7, (x,y) =y, q(x,y) =x+y B, HHEQO~Q)FIFEHFEAN
u(x,y)=rsin(x+y), (x,3,)€[0,1]x[0,1]x[0,1], Hrh
f(xy)= &f’“ +2(x+y)r [sin(x+y)+(x+y=2)r cos(x+y)
’ I(4-a)
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Figure 1. Error diagram at the last moment when % =#h, = %,r T
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Table 3. Error and convergence order of the numerical approximation in example 2

= 3. BlRE 2 hREEILAIRE RIS

,a=1.5 inexample 1

a h Error Convergence order
1.1 1/20 2.2758¢—04
1/40 5.5737e-05 2.0297
1/80 1.4522¢—05 1.9404
1/160 3.7257e-06 1.9627
1.4 1/20 5.2987¢-04
1/40 1.3674e—04 1.9542
1/80 3.5695e-05 1.9376
1/160 9.1295e-06 1.9671
1.7 1/20 1.2000e—03
1/40 2.9715¢—04 2.0138
1/80 7.5993e-05 1.9673
1/160 1.9249¢-05 1.9811
DOI: 10.12677/aam.2023.124145 1424 VAR ESti


https://doi.org/10.12677/aam.2023.124145

Table 4. Numerical solution, exact solution and the error at the last moment in example 2

4. Bl 2 PRENWBOTROBER. BFHEURENZERNIRE

2 (x.0)) KR AR D T i — 5 1
(1/5,1/5) 0.389418 0.389516 9.8e—04
(2/5,2/5) 0.717356 0.717453 9.7¢—04
(3/5,3/5) 0.932039 0.932106 6.7¢—04
(4/5,4/5) 0.999573 0.999600 2.7e—05
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Figure 2. Error diagram at the last moment when A =h, = %,r = ﬁ,a =1.5 inexample 2
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