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Abstract: A multi-scale finite element-finite element model (MSFEM-FEM) is proposed, and it can effectively simulate the
nodal Darcy velocity and ensure the velocity continuity. The MSFEM-FEM employs the multi-scale finite element method
(MSFEM) to replace the head simulation part of the Yeh's finite element model, thus to improve the efficiency and accuracy.
Then, the MSFEM-FEM transforms the multi-scale grid to the finite element one, thus, it can directly apply the Yeh's finite
element model to obtain continuous Darcy velocity. Based on the multi-scale basis function, the MSFEM-FEM can extract the
global information of the study area which allows it to obtain the accurate head solution efficiently on the coarse scale. By
transforming the coarse-scale grid into the finite element grid, the MSFEM-FEM can directly employ the Yeh's finite element
model to import the global information from the head solution into the Darcy velocity, which can also improve the accuracy of
Darcy velocity and ensure the velocity continuity. In addition, the MSFEM-FEM can apply multi-scale basis function to
reconstruct the solutions, so as to obtain the fine-scale head and velocity solutions in the study area. The simulated results of
two-dimensional groundwater problems show that the MSFEM-FEM can efficiently and accurately solve the head, Darcy
velocity and flux, which outperforms the MSFEM and the Yeh's finite element model.

Key words: groundwater numerical simulation; multiscale finite element method; Yeh's finite element model; continuous

Darcy velocity; high computation efficiency
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Yeh B8 FIHAE 1 s i) CPU i), (HHEAVIHE T 624
MR EAKRF 676 MHRE . Yeh-F kB 175
MSFEM-FEM # A% H (1, HIHFEE 253314 s 115
K3k 250780 s tFEIATEE v, o AT, El5, 61
7R MSFEM-FEM 5Z[f# (Yeh-F) ks ZFEE
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BT ERCR
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ARG [ 7K Sk RS PG At T 4R 7 AR Al e (4)
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1
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TRICT W LA 72 X VU320 R 5 — 2830 2 A e AT
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Yeh F1 MSFEM-FEM 44 7t X 431213 4 30 4>

(N=30), I Yeh ¥4 FLIX ] 7324 1800 /> = A TE I

MSFEM-FEM 48 FEIX 20 900 ANH T KH I A% 5
TG, B 20 18 N = AT RS BT . Yeh-F
WERE A X AR50 90 4y (N=90), RIFE 16200 4N H
JG, 3155 MSFEM-FEM A [A] ) B G B 4H R A

7 RNEFIFRAERRTE y=0.6 [LIALRIK L4557
#, ALLE H MSFEM-FEM A Yeh-F HIf#-+ 43450,
BAREWH SRS 1M Yeh W23 T mEIRGB1E
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MSFEM-FEM #1 Yeh-F 7E 407K Sk i 2 AT o i Ab £
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eI RN RE ST B 8 A& TNEAERIH y=0.6 [L]AL
L Ui IE v, I{E, 7T LAE H MSFEM-FEM. Yeh-F.
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Fig. 7 Absolute errors of head calculated by Yeh-F, MSFEM-FEM
and Yeh at section y=0.6 [L] in example 2.3
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Fig. 8 Analytical solution and v, calculated by Yeh-F, MSFEM-
FEM and Yeh at section y=0.6 [L] in example 2.3

A, MSFEM-FEM 3k45% [ 55 Yeh-F #& FEARIT £t
A AR, B8] MSFEM-FEM 7ERBBUK Kt B AT
BRI AR BUEIE R B EE ), (HILH) CPU I ]
A 5s, AF] Yeh-F (475s) ) 1.1%. Yeh ESAU
% 1s 1) CPU IR, {HHAHRORE AN i) B 1 5 0
M PIANTTIEZE BB K

3 & ip
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(4) MSFEM-FEM & T 2 A [ 2242 1)
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1R85 ZH R N, MSFEM-FEM RS 3 2 88
Yeh.
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