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High precise nonlinear CN difference scheme for BBM equation
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Abstract: In this paper, numerical solution for the initial-boundary value problem of BBM equation with
homogeneous boundary is considered. A two-level nonlinear Crank-Nicolson difference scheme with sec-
ond order in time and fourth order in space is proposed. The difference scheme simulates the conserva-
tion property of the problem. The existence and uniqueness of the difference solutions are proved. Using
the discrete energy method, the stability and convergence are proved. Numerical experiments confirm
the theoretical results.
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Tab. 1 The error of the scheme at various time
r=0.4,h=0.2 =0.1,h=0.1 t=0.025,h=0. 05
e e 1l o e I e Il o e e 1w
t=2 4. 86340e—3 2.51329¢—3 3.04539e—4 1. 57245e—4 1. 79266e—5 9. 25328e—6
=4 6. 18643e—3 2.98140e—3 3. 85959e—4 1. 85613e—4 2.27087e—5 1.09193e—5
t=>6 6.35287¢—3 2.87435e—3 3.95572¢e—4 1. 78572e—4 2.32690e—5 1. 05060e—5
t=8 6.13166e—3 2.63135e—3 3. 81366e—4 1. 63454e—4 2.24294e—5 9.61353e—6
t=10 5. 78752¢—3 2.63135¢e—3 3.59701e—4 1. 47580e—4 2.11539e¢—5 8.68019¢—6
F2 XEMEBRBE O +1' ) MEEKIE
Tab. 2 The numerical example of the scheme on theoretical precision O(z? +h*)
h ¢ T
n dn (2 £ N dn (2 &
lerchve> 1/ et (o) | ler Choe> /Lo () 1
t=0.4 h=0.2 r=0.11=0.1 =0, 025 h=0. 05 =0.4 h=0.2 t=0.1h=0.1 =0. ()25 h=0.05
=2 — 15. 9697 16. 9881 — 15. 9833 16. 9935
t=14 — 16. 0287 16. 9961 — 16. 0624 16. 9986
t=6 16. 0599 17. 0000 16. 0963 16. 9971
t=8 — 16. 0781 17. 0030 — 16. 0984 17. 0025
t=10 — 16. 0898 17. 0040 — 16. 1140 17. 0020
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Tab. 3 Numerial simulations on the conservation invariant (4) of the scheme

t=0.4, h=0.2 t=0.1, h=0.1 £=0. 025, h=0.05
=0 7.9996546571 7.9996458044 7.9996413214
=2 7.9994786108 7.9994501907 7.9994433030
=4 7. 9994775052 7.9994490928 7.9994422018
=6 7.9994688421 7.9994409614 7.9994341161
=8 7.9994151067 7.9993903805 7.9993838140
=10 7.9991353239 7.9991242579 7.9991189636
MEE T BT LA i A% SO0 321 {8 i) 28 (1) 2010, 32: 1.
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