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The Difference Method for the Initial Boundary Value Problem of

a Nonlinear Variable Coefficient Burgers Equations
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Abstract: An inquiry has been made into the difference method for the initial boundary value problem of one-
dimensional nonlinear variable coefficient Burgers equation. Firstly, by using the difference method, a two-layer
nonlinear difference scheme has been established, followed by a proof of stability and convergence under appropriate
conditions to be possessed by the proposed difference scheme. Finally, the effectiveness of the differential method
constructed in this current research can be verified through specific numerical examples. The results indicate that
the differential scheme is characterized with second-order accuracy in both space and time, thus demonstrating its
advantages in computational accuracy, stability, and other aspects.
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u,+uu, =(x+1)u,, 0Sx<I, 0<r<I;

u(x,0)=sin(zx), 0<x<1;
u(0,6)=0, u(l,1)=0, 0=r=<l,
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Table I Maximum error and convergence order of numerical

solutions for different spatial step sizes in numerical examples 1

I E_(h1) E_(2h,7)/E_(h1)
1/20 7.788 8e—04 *
1/40 1.971 4e-04 1.9822
1/80 4.949 5¢-05 1.993 8
1/160 1.239 1e-05 1.998 0
1/320 3.099 1e-06 1.999 3
1/640 7.748 7e-07 1.999 8
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Table 2 Maximum error and convergence order of

numerical solutions for different time steps in the

calculation examples 1

7 E_(h) E_(h2t)/E_(hs)
1/20 2.059 1e-03 *
1/40 5.126 6e-04 2.0059
1/80 1.444 6e-04 1.8273
1/160 4.235 2e-05 1.770 2
1/320 1.139 7e-05 1.893 8
1/640 2.900 8e-06 1.974 1
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An illustration of asynchronous long-term exact solutions
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u+uu, =(3x+2f)u,, 0sx<1, 0<r<I;
u(x,0)=sin(zx), 0<x<l;
w0,0)=0, u(l,ty=0, 0<r<I,
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Table 3 Maximum error and convergence order of
numerical solutions for different spatial step sizes in
numerical examples 2

h E_(hr) E_(2h7)/E_(h1)
1/20 6.435 6e-04 *
1/40 1.748 7e-04 1.8797
1/80 4.526 6e-05 1.949 8
1/160 1.145 9¢-05 1.9820
1/320 2.876 5¢-06 1.994 1
1/640 7.199 8e-07 1.998 3
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Table 4 Maximum error and convergence order of numerical
solutions for different time steps in the calculation examples 2

r E_(hr) E_(h,2t)/E_(h1)
1/20 3.076 4e—02 *
1/40 8.169 9¢-03 1.9129
1/80 2.018 0e-03 2.0174
1/160 4.903 3e-04 2.0411
1/320 1.186 7e—04 2.046 8
1/640 2.891 5¢-05 2.0371
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