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Abstract

This paper investigates the efficient numerical solution of the two-dimensional nonlinear modified
Burgers equation. A spatial two-grid mixed finite element method combined with the Crank-Nicol-
son time discretization is developed. Numerical experiments are further conducted to verify the

XESG|H: BilEE. ARLMEEIE Burgers J5FE 2 18] P E R IR A G BR T TIEN]. N TS EBERE, 2026, 15(8): 445-458.
DOI: 10.12677/aam.2026.158366


https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2026.158366
https://doi.org/10.12677/aam.2026.158366
https://www.hanspub.org/

effectiveness of the proposed method. The computational results demonstrate that the I’ -norm
error of u achieves an approximately second-order convergence rate. Moreover, compared with
the standard single-grid method, the proposed two-grid method significantly reduces the computa-
tional time while maintaining comparable numerical accuracy.
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Table 1. Error and convergence analysis of the one-grid method for Example 1 (m=2, v=1)

F 1B BRE G ARIREMBSEME ST (m=2, v=1)

H h le=wlp  le-wl, lp-pl, wp ratew, e p,orate cpy(s
1/8 1/32 2.307x107° 5.325x107° 5.324x107° - - - 1.1908 s
1/16 1/64 5.784x107° 2.663x107° 2.663x107 2.00 1.00 1.00 4.2081 s
1/32 17128 1.458x10° 1.331x107 1.331x107 1.99 1.00 1.00 17.2942 s
1/64 1/256  3.763x107 6.657x10™* 6.657x107* 1.95 1.00 1.00 73.0718 s

Table 2. Error and convergence analysis of the two-grid method for Example 1 (m=2, v=1)

2. 61 MEMA T ANREMBEME D (m=2, v=1)

H h le—wlp  le-wl, lp-pl, up ratew, ratep,oratecpu(s)
1/8 1/32 2.307x107° 5.325x107 5.324x107 - - - 0.6869 s
1/16 1/64 5.785x10° 2.663x107° 2.663x107° 2.00 1.00 1.00 2.6599 s
1/32 1/128 1.458x107° 1.331x107 1.331x107° 1.99 1.00 1.00 10.8705 s
1/64 1/256  3.763x107 6.657x107* 6.657x107* 1.95 1.00 1.00 45.4290 s
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Table 3. Error and convergence analysis of the one-grid method for Example 2 (m=5, v=0.1)

%= 3. 62 BT ARIREMBSME S (m=5, v=0.1)

H h o=l -l lp-pils  wp rate w, rate p, mte Py
1/8 1/32 1.280x10™* 8.545x107% 8.544x107 - - - 1.5216 s
1/16 1/64 3.256x10° 4.272x107 4.272x107 1.97 1.00 1.00 6.1062 s
1/32 1/128 8.251x107° 2.136x1072 2.136x107 1.98 1.00 1.00 24.9884 s
1/64 1/256 2.167x107° 1.068x1072 1.068x107> 1.93 1.00 1.00 107.7472 s

Table 4. Error and convergence analysis of the two-grid method for Example 2 (m=5, v=0.1)

F 4. 2 FAEMEFARIREMBEME ST (m=5, v=0.1)

H h le=wlp  le-wl,  lp-pl, o ratew, ratep,omate cpugs)

1/8 1/32 1.552x107 8.704x107 8.702x107 - - - 0.7448 s

1/16 1/64 4.103x10™ 4.294x1072 4.294x107 1.92 1.02 1.02 2.8663 s

1/32 1/128  1.038x10™ 2.139x1072 2.139x107 1.98 1.01 1.01 11.7186 s

1/64 1/256  2.576x107° 1.068x1072 1.068x107 2.01 1.00 1.00 47.1918 s
6. &g
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