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Superconvergence analysis of nonlinear Sobolev—Galpern equations

LI Suli, XIE Huazhao "

(School of Mathematics and Information Science, Henan University of Economics and Law, Zhengzhou 450046, Henan, China)

Abstract: The nonlinear Sobolev—Galpern equations are studied with low order mixed finite element (Q,,+Q, XQ,,). By utilizing
the high precision results of the finite element Q,, +Q, XQ,,, and mean-value technique, the superconvergence results of order
O(h*)are obtained for the semi-discrete scheme of the equations. For the linearized fully discrete scheme, the superconvergence
results of order O( h*+7°) are also derived, here h is the subdivision parameter, 7 is the time step. Finally, a numerical example is
provided to confirm our theoretical analysis.
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)7, e(n)=(1,1) FFRE (D) BN u=e'(x—22) (y=y*) o WIS KRS BUGA T 1) A A
] AN — BRI 7= 1=0.25.0.5 075 1 I EOECMLE BT 1—2, TTLF % Ao B,

Sm
| u"=U" ||, F0 || p"=P" || , BICSERHERSE O(h) 5 || u"=5,U" ||, B || p" =115, P" || o WOHCSRINERSZ O(R*) ,3X I
ARICHIFRIS T R — U

T OBUESRAR (H u)

Table 1 Numerical results ( exact solution u)

, o n | u-U" |, | Lu"-U"|I | w"-5,U" ||,

A e S By A hesidiny BUE ek By

4x4 0.047 7 0.004 5 0.105 4
0.5 8x8 0.023 8 1.0105 0.001 3 1.925 1 0.028 4 1.896 2
16x16 0.012 0 1.0029 0.000 3 1.918 8 0.007 4 1.9777
32x32 0.005 9 1.0007 0.000 1 1.857°5 0.001 7 1.994 9

4x4 0.061 9 0.009 2 0.1389
0.50 8x8 0.030 9 1.008 1 0.002 5 1.9149 0.037 1 1.909 6
16x16 0.0155 1.002 2 0.0007 1.908 6 0.009 4 1.9812
32x32 0.007 7 1.000 5 0.000 2 1.851'5 0.002 3 1.995 6

4x4 0.079 5 0.0147 0.1802
8x8 0.039'5 1.006 5 0.003 9 1.904 3 0.047 6 1.9202
0.75 16x16 0.019 6 1.001 7 0.001 1 1.897 4 0.0120 1.983 8
32x32 0.009 9 1.000 4 0.000 3 1.8236 0.002 9 1.995 9

4x4 0.1019 0.021 0 0.2328
] 8x8 0.050 6 1.006 2 0.005 6 1.8927 0.061 2 1.926 5
16%16 0.0253 1.001'5 0.001 5 1.884 3 0.0155 1.985 5
32x32 0.0127 1.000 4 0.000 4 1.8037 0.003 9 1.996 0

=2 BETLIER (A E p)
Table 2 Numerical results (auxiliary variable p)
. s p"=P" |l o | 11,p"-P" |, | p"~IL,P" || ,

A hesidiny A lrgs gy BUE ek iy

4x4 0.0109 4.9843x10™ 0.0147
0.5 8x8 0.005 7 0.979 2 0.623 0x10™ 2.106 1 0.004 7 1.806 8
16x16 0.002 9 0.994 5 0.148 7107 2.078 8 0.001 2 1.9572
32x32 0.001 6 0.998 5 0.107 0x10™ 1.820 6 0.000 3 1.993 7

4x4 0.0153 0.686 6x10° 0.0213
05 8x8 0.007 9 0.962 9 0.161 2x10™ 2.090 3 0.006 3 1.787 3
16x16 0.003 9 0.989 9 0.038 3x10° 2.0727 0.001 7 1.9376
32x32 0.002 1 0.997 5 0.010 010 1.943 6 0.000 4 1.988 0

4x4 0.021 6 1.150 6x10°° 0.029 1
075 8x8 0.0113 0.952 3 0.294 710 2.0802 0.008 9 17171
16x16 0.005 6 0.984 9 0.070 5x10 2.065 2 0.002 3 1.917 0
32x32 0.002 9 0.9962 0.017 2x10 2.021 6 0.000 6 1.9822

4x4 0.0313 2.028 1x10° 0.038 7
1 8x8 0.016 5 0.9202 0.480 1107 2.0782 0.013 1 1.570'5
16%16 0.008 5 0.979 6 0.1155%10 2.055 6 0.003 5 1.894 9
32x32 0.004 2 0.994 9 0.028 2x10° 2.0316 0.000 9 1.976 2
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