Folt 1M bR EAAl (ASRBARRD) (Fh3e30) Vol. 61 No. 1
20224 1 H ACTA SCIENTIARUM NATURALIUM UNIVERSITATIS SUNYATSENI Jan. 2022

YD 1 S RS AR 2 S BN T TR

FRA ', R4

1. P EAFRARKF sk fow B A F F R, 28 A HE 230026
2. BF AR K PRI T IRZHEHAMIRBEAREELE LT, ] & KI| 518055
3. G AR K F R 5 EEAFZ, 7 R EH 518055

W OE B T T T IR S AR RO G o ARG ST RS A B 22 3 75 ¥ 9 R /N i 42 2
A R e IMERR R P, SEGRE X ANBER RS R A AR, HIiEN M (AMR, adaptive
mesh refinement) 7 {7 [ 45 #4) (i 0] {0 DX A A B0 DX (R 4ef FH 4% DA%, BRI T SR ASCR AR A BB . AR SOF A 38
N S A BR 2200 E 45, B T8 T2 2R i — Ak st ol o SR RS DL A v o sk D B o — [ o 8 - 13 H
AR Eb AN O L oy e RS o S A =Y 1 K VA S RPN v S W 1 T 5 W87 = R e = N [ 1520 9
VOB Runge-Kutta s o 3&TF BUA 14 [ 15 0 PA% T2 73l FHAESL , S8l [ 3 N A AR S5 44 . A% A2 ORI 113
RIS, BUE BRI, AR SCHE 00 7 330 T 52 2 i B AR 1) M R AR 110, TS R 51E 55
DA% s SR — B, AR 25 TR IR 2576 10% 247 o AR SCHR I i A PRAS i 2 i T M ER0R . — 2l M
oS B, R e A X AR /N e i R R MR AL

R PRPEORUEA A RENE s FLERL RS R

FE4SES: P35 XEMRESE: A XEHS: 2097-0137 (2022) 01 -0125 -14

Two-dimensional elastic wave finite-difference simulation
with adaptive mesh refinement

ZHANG Chunli', ZHANG Wei**

1. School of Earth and Space Sciences, University of Science and Technology of China,
Hefei 230026, China

2. Key Laboratory of Deep Offshore Oil and Gas Exploration Technology, Southern University of
Science and Technology, Shenzhen 518055, China

3. Department of Earth and Space Sciences, Southern University of Science and Technology ,
Shenzhen 518055, China

Abstract: The computation resources required by elastic wave simulations are related to the number of
grid points. The grid spacing for the conventional uniform grid is determined by the lowest velocity in
the complex model, and thus the high-velocity zones are unnecessarily discretized to a too-small grid
spacing. Adaptive Mesh Refinement(AMR) can flexibly deal with different irregular structures, using
fine grids only for lower velocity zones, thus with high efficiency. We combine AMR with the finite-
difference method to simulate the two-dimensional elastic wave for models with complex structures.

The governing equation is the velocity-stress elastic wave equation in the first-order partial differential
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equation form. We calculate the spatial derivatives using high-order collocated-grid central difference

schemes with an explicit filtering operator and implement the time integration with the Runge-Kutta

method. We build up our implementation on an existing AMR framework to fulfill the data structure

management, mesh generation, and load balance of the AMR. The results of the numerical experi-

ments reveal that our scheme can be used for seismic wave simulations in complex velocity models.

The results obtained by the proposed scheme fit well with those obtained by using a uniform grid with

both phase and amplitude errors of ~10%. The proposed AMR scheme increases the computational effi-

ciency by two folds: reducing the number of grid points and enlarging the time step as the grid spacing

is increased in high-velocity regions.

Key words: elastic wave numerical simulation; finite-difference method; adaptive mesh refinement;
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Fig. 1

Different grids and corresponding numbers of grid points (The gray values indicate the velocities

of geological bodies, and the yellow lines represent the boundary between patches of different grid spacings. )
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