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Abstract: A dual-mesh multiscale finite element method (D-MSFEM) is developed to simulate nodal Darcy velocities in
aquifers. It is a combination of the multiscale finite element method (MSFEM) and the dual-mesh finite element method
(D-FEM). D-MSFEM can obtain continuous first-order head derivatives and solve the head and nodal Darcy velocities directly
on the coarse grid without the necessity for solving Darcy equation specifically. Therefore, it breaks through the limitations of
the traditional finite element basic framework and improves the computational efficiency extremely in comparison to the
traditional methods for nodal Darcy velocities. D-MSFEM can also directly obtain the fine-scale nodal Darcy velocities by
using the coarse-scale nodal Darcy velocities and the multiscale base functions, which can save a lot of computational cost.
D-MSFEM is compared with some traditional methods for nodal Darcy velocities in the simulation of groundwater steady flow
and transient flow. The results show that D-MSFEM achieves higher simulation efficiency and accuracy. This study may
provide a new approach to simulate nodal Darcy velocities in aquifers efficiently.
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Table 1 Fine-scale nodal Darcy velocities in x direction calculated
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T AR fEpTAE  D-MSFEM  HHXJIRZE/%
(0.805,0.605) 0.149241 0.145775 2.38
(0.810,0.605) 0.149300 0.148165 0.77
(0.815,0.605) 0.149277 0.150554 0.85
(0.820,0.605) 0.149343 0.152944 2.35
(0.805,0.610) 0.148530 0.145119 2.35
(0.810,0.610) 0.148604 0.147498 0.75
(0.815,0.610) 0.148565 0.149877 0.88
(0.820,0.610) 0.148643 0.152256 2.37
(0.805,0.615) 0.147825 0.144433 2.35
(0.810,0.615) 0.147902 0.146801 0.75
(0.815,0.615) 0.147863 0.149168 0.87
(0.820,0.615) 0.147937 0.151536 2.37
(0.805,0.620) 0.147125 0.143716 2.37
(0.810,0.620) 0.147191 0.146072 0.77
(0.815,0.620) 0.147167 0.148428 0.85
(0.820,0.620) 0.147226 0.150784 2.36
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Fig. 6 Hydraulic conductivities
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Fig. 7 Absolute errors of velocities calculated by numerical
methods at section y=0.6
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Fig. 8 Absolute errors of velocities calculated by numerical methods
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