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Table 1  The effect of mesh size on the convergence rate fora = 0.1

u(x,t) /m n(x,t) /m B(x,t) /Pa
Ax/m  (125m, (125m, (12.5m, (25 m, (25 m, (25 m, (25 m, (25 m, (25 m,
15s) 2s) 5s) 1s) 2s) 55s) 1s) 2s) 5s)

2.5 0.267 54  0.208 17 -0.120 84 0.04029 0.02365 -0.018442 10395.98 10235.75 9 818.10
1.25 0.266 81 0.207 21 -0.122 32 0.040 71 0.023 43 -0.018 537 10 400.03 10233.92 9 817.08
0.625 0.266 63  0.206 96  -0.122 67 0.040 81 0.023 37 -0.018 560 10 401.02 10233.45 9 816.83
0.3125 0.266 59  0.206 90  -0.122 76 0.040 83  0.02336 -0.018 566  10401.26 10 233.33 9 816.77
0.156 25 0.266 58  0.206 89  -0.122 78 0.040 84  0.02335 -0.018 567 10401.32 10 233.30 9 816.76

S

2.13 2.13 2.16 2.14 2.11 2.15 2.14 2.11 2.15
K2 HOLKEXEERNEN, o = 0.3

Table 2 The effect of mesh size on the convergence rate fora = 0.3

u(x,t) /m n(x,t) /m B(x,t) /Pa
Ax/m  (125m, (12.5m, (12.5m, (25 m, (25 m, (25 m, (25 m, (25 m, (25 m,
15s) 2s) 55s) 15s) 2s) 5s) 1s) 2s) 55s)

2.5 0.406 64 037905 -0.3259 0.090 7  -0.010 64 -0.031 940 10 923.6 9 952.6 9 681.97
1.25 0.408 36 0.38288  -0.3255 0.0826 -0.013 16 -0.031 901 10 887.0 9921.4 9 680.83
0.625 0.40879 0.38394 -0.3224 0.0803  -0.013 30 -0.031 937 10 877.6 9 916.7 9 680.75
0.3125 0.40890 0.384 21 -0.3215 0.0797  -0.013 31 -0.031 948 10 875.2 9915.6 9 680.70
0.156 25 0.40892  0.38428 -0.3213 0.0796  -0.013 32 -0.031 950 10 874.6 9915.3 9 680.69

S

2.14 2.08 1.50 2.08 3.77 0.84 2.12 2.37 2.16
P E P B2 T K B I B2 T DLt e = CAY 30 € 5 A &
Ko, LSRRG FE IR, At S I PRSP AN [6] (1 FROTHC BE Ay AT Ay 3 5162 PR S
[F] PR 158 2%
e, = CAt', e, = CAL,, (46)
SRR B AT LSRN
In(e,) — In(e,)
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(47)
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Table 3 The effect of time step length on the convergence rate fora = 0.1

u(x,t) /m n(x,t) /m B(x,t) /Pa
At /s (125 m, (125m, (12.5m, (25 m, (25 m, (25 m, (25 m, (25 m, (25 m,
ls) 2s) 5s) ls) 2s) 5s) ls) 2s) 5s)

0.2 0.266 610 158 0.206 911 4  -0.122 868 0.040 805 3 0.023 3382 -0.018 550 5 10 400.990 10 233.128 9 816.921
0.1  0.266 609 944 0.206 929 4  -0.122 750 0.040 817 3 0.023 358 4 -0.018 559 8 10 401.099 10 233.325 9 816.831
0.05  0.266 609 903 0.206 934 0 -0.122 720 0.040 820 3 0.023 3634 -0.018 562 2 10 401.126 10 233.374 9 816.809
0.025 0.266 609 893 0.206 9351 -0.122 713 0.040 821 0 0.023 364 6 -0.018 562 8 10 401.133 10 233.386 9 816.804
0.001  0.266 609 890 0.206 9355 -0.122 710 0.040 821 3 0.023 3651 -0.018 562 9 10 401.135  10233.390 9 816.802
l
2.13 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
T4 KA, o = 0.3

Table 4 The effect of time step length on the convergence rate fora = 0.3

u(x,t) /m n(x,t) /m B(x,t) /Pa
At /s (125 m, (125m, (12.5m, (25 m, (25 m, (25 m, (25 m, (25 m, (25 m,
1s) 2s) 55s) 1s) 2s) 55s) 1s) 2s) 55s)

0.2 0.408 890 0.384 49 -0.320 42 0.079 414  -0.01279 -0.031943 6 10 870.5 9919.9 9 680.746
0.1 0.408 853 0.384 17 -0.321 61 0.079 857  -0.013 18 -0.031 943 3 10 875.0 9917.1 9 680.731
0.05 0.408 844 0.384 09 -0.321 89 0.079 968  -0.01328 -0.0319427 10 876.1 9916.4 9 680.727
0.025 0.408 842 0.384 07 -0.321 95 0.07999  -0.01330 -0.0319426 10 876.4 9916.2 9 680.726
0.001 0.408 841 0.384 06 -0.321 98 0.080 006 -0.013 31 -0.0319425 10 876.5 9916.1 9 680.726
l
1.99 2.01 2.04 2.00 2.00 1.46 2.00 2.01 1.93
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Fig. 7 Conservation of energy over time
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The Constrained Hamilton Variational Principle
for Shallow Water Problems and the
Zu-Type Symplectic Algorithm

WU Feng, ZHONG Wan-xie
(State Key Laboratory of Structural Analysis for Industrial Equipment
(Dalian University of Technology) , Dalian, Liaoning 116023, P.R.China,)
( Contributed by ZHONG Wan-xie, M. AMM Editorial Board)

Abstract: The shallow water problems were addressed. With the incompressible condition as
the constraint, a constrained Hamilton variational principle was proposed for the shallow water
problems. Based on the constrained Hamilton variational principle, the corresponding shallow
water equations based on the displacement and pressure ( SWE-DP) were developed. A hybrid
numerical method combining the finite element method for the spatial discretization and the Zu-
type symplectic method for the time integration was proposed to solve the SWE-DP. The cor-
rectness of the proposed SWE-DP is verified through the numerical comparisons of the present
results with those from 2 sets of existing shallow water equations. The feasibility of the hybrid
numerical method proposed for the SWE-DP is also proved through the numerical experiments.
Moreover, the numerical experiments demonstrate the excellent performance of the Zu-type

method for the simulation of the long time evolution of the shallow water motion.

Key words: shallow water equation; constrained Hamilton variational principle;
Zu-type method
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