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Application of the discontinuous Galerkin method to simulate
convection-dominated soil water flow problems in one-dimension

HUANG Wen-zhu

(College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China)

Abstract Richards equation is the most common model used to describe water flow in the vadose zone, which can yield
solutions with sharp fronts in space and time under certain conditions. To effectively simulate unsaturated flow in porous
media for convection-dominated problem.discontinuous Galerkin (DG) methods with penalty was proposed. The method
was applied to simulate one-dimension unsaturated infiltration problem. Interior penalty discontinuous Galerkin (IPDG)
method and standard finite elements method (FEM) were both used to solve the Richards equation with van Genuchten-
Mualem model and Dirichlet conditions. Different soil numerical simulated results showed that DG method could
effectively simulate the unsaturated water flow in the specific soils for convection-dominated problem on several nets.
DG method solution could excellently approximate to the exact solution. The numerical experiments also demonstrated
that DG method could achieve accurate global mass balance.
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Table 1  Relative L, norms of the error of IPDG and FEM solution
[ & % N
5+ Sand ifE] /d Time
4 8 16 32

PR A 1R] T A B T 1 . 054 0.183 0. 044 0.024
IPDG 2 .093 0.061 0.041 0.013
3 074 0.031 0.043 0.010

4 000 0. 054 0.047 0.010

PR UEA BRI TT 1 . 396 0.482 0. 600 0.551
FEM 2 . 485 0. 620 0.581 0.508
3 574 0.613 0.565 0.501

4 .073 0.611 0.554 0.499

2 BIEGAPATENAHERTAEIMRERTRTAFEEANRERARIREE
Table 2 Relative maximum norms of the error of IPDG and FEM solution
s N
b+ Sand ifa] /d Time

N=1 N=38 N=16 N=32

AT A 5 ) A BR T 1 0. 065 0. 280 0. 074 0. 062
IPDG 2 . 140 0.095 0.087 0.042
3 128 0.071 0.126 0.031

4 . 000 0.128 0.161 0.045

s A BR T 5 v 1 . 498 0.577 0. 891 1. 000
FEM 2 589 0.932 0.947 0.951
3 .912 0.952 0.951 0.990

1 117 0.941 0.942 0.962
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Fig. 3 Mass balance results of DG and FEM on the case of sand,loamy sand and sandy loam example
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