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Abstract

The numerical solution of wave equation with discontinuous coefficient is widely used in practical
engineering. In this paper, an immersed finite element method based on interface unfitted meshes
is proposed for wave equations with discontinuous coefficients. This method has the advantage of
not needing to adjust penalty parameters artificially. In this paper, a series of numerical experi-
ments are given, and the experimental results verify the effectiveness of the method.

SCEF|FH: ROCER. SREEA R R BB RRANA IR ITITED]. B, 2024, 14(6): 27-35.
DOI: 10.12677/pm.2024.146224


https://www.hanspub.org/journal/pm
https://doi.org/10.12677/pm.2024.146224
https://doi.org/10.12677/pm.2024.146224
https://www.hanspub.org/

R

Keywords

Hyperbolic Interface Problem, Immersed Finite Element Method, Error Estimation

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

Beah i RERAEIR SR, RN TR A EEN . Kb, PRt
SR thVF 2 AN F RALSG A RN SR AR 3 R B, AR 0T A S 5 T 7 2 2 — € [ 5 I
SAF, XA T SR B A TRV 2R R B T R AL T AR TSI AN R 8 53 B R S L A A A
0 FEURT DAHIR AT TP A Bk BB 4E, e FBRA R S AL, MR R 2 R A SRR AL, By
151 by 28 S50 3 R T DA VR ek R s A 1 ey (AR R (1] 3T V22 I B P 22 B B Bip 3 (KB 7T
WAL AT T, LG FE AR R RS o SRR A TR T R sl i R AN B R IR 2%
PR T2, IR B2 RS S L L I BRER 2% A IXAEAS U5 R B ATT SR AR PRI M, DRIt it — MR
SRA 2 PR BB SR AR 540 T A e S o T e A EE R

SRR T ] ALY — A% S PR (022 SR P S T 5 PR B K[ 2], B 5 VR AR N ] P e 2 32 B BR
BSR4 — AN BT A R — R B, AR — AN RITAANRE A S AN I XA Z 5 VA
AL PR 2 S I 75 B 2 LR RO, XK BN 7 A S RN SR . O T e IR R L,
B T~ 5 m IR AR S M EUE TR OT %, RAA RO B R b2 —[3].

RNA IR T 0 i A8 5 i o0 AR S bk a6 1F it 70 v 20060, R AR5 oo B A8 I e
2 WA PR R R AR DA A0L A A L) ST 8o 277 ¥ COR FH 1 SR MR B 28 () R[4 [S ] Pl Y )
(4Lt R 6] [7]5%F . B TR PRICZE RIFE 5 A AR A i B ANESE, RIS E A% 2™ A A
iR, WGBS N 1 S IRIX — 6k 5, Lin 5 AFERANHRITIESR SIN 1 #2185 8 AR,
FEFHEL LA T A0, SR 0 T A STRAA RICIIVE4]. SRTHZIVEAETH S 7 2L # 2 b
KETIZHCRORE T AR E M, BP0 —okBE, Ti S5 3R T BGERI D THRANAG RIC T L(5]. %07
B IE ST ST R ORAE T IR AR E T, MM S 1 At BT 2 5 R

AR SR et 1) JE 75 11 2 B #R 0 SHRANAT IR TT AW 7E 1 BAT [ W R B e sl i Re . St 1 i )
AR e R A, B, - RAVEG], AR T2 R

2. #=EYo)Fm

B R h—ANE R, SIlA& T c QB QN Q MQ AFXEL, Wi 1 R, BEUE
LA [A] e A8 MO e Bl 5 R«

82
OT?_V.(ﬁVu):f(x,y,t), (x.y)eQ, 1e(0,7], (D
u(x,y,t)zO, (x,y)e@Q, te(O,T], 2)
u(x,,0)=uy(x,y), (x,y)eQ, (3)

DOI: 10.12677/pm.2024.146224 28 IS H 2


https://doi.org/10.12677/pm.2024.146224
http://creativecommons.org/licenses/by/4.0/

ou

E(x,y,O):ul (x,), (x,y)eQ, @)
LA 2 B ER 25 1
[u]. =0, Q)
[BVu-n]. =0. (6)
QI
r// oQ

Figure 1. Region Q=0Q uQ"UT
E1 Xgo=0 uQ ur

B n S T B QT R QT A, [ ] RORAESHE T ALRIBER, B [v]. =v"
‘:':'V+=V|Q+, v’=v|Q,, REPIEQ N SRS, B

_V_| ’ ﬁ‘\:
T T

~ B >0,(x,y)eqd,
ﬂ(x,y)— b >O,(x,y)eQ’.

3. EEMBARRTAE
BT, 2 Q El—A B i o TR K e T, & L h & K R, WIS h=max, ;. hy .
LT, ={K|K eT,, KT »@} RAMATIES, T, ={K|KeT,,KnT =@} RAFMATIHES.

P,

Figure 2. Interface element
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Figure 3. The solution u, at t=0,£=0.3,1=0.6
E3. #£:=0,:=03,=0.6 BT HIRZ u,

DOI: 10.12677/pm.2024.146224 32 FSHF


https://doi.org/10.12677/pm.2024.146224

R

Bl 3 4 L AE BT ROR L35 500 5 b T AT 0 PR, (R AR XN Q = (0,5)x(0,3) . T3
T = ()] (x=3) +(y=1.5)° =1} B Q R A T8

QO ={(n ) (x-3) +(y-1.5) <1}, @ =Q\Q".

W f=0,T =33 HBWIEME uy (x,p) 5 u (x, ) 73 HEA:
uo(x,y)=exp(—%x2), (x,y)eQ
ul(x,y)=3x-exp(—%x2j, (x,y)eQ

THHNERATTH(2) Hh 1 ZE Al AR e AR R R A u (x, y,0) = g (x, p,t) . Forp

g(x,y,t)=exp(—%(x—t)2], (x,y,t)eQx[0,3]

PGB Tk, & N=256, WE At=T/N, B T=0,T=2,T=3 =A%, 5 5i5HH
B =02,5" =1H1 g =5, =1 iRl RECRAT T AEAL RS AR b s SRS BB S5 53, Al 1k
FEX P SN B A 4%, i 40 &5 B

3
25

b §

DOI: 10.12677/pm.2024.146224 33 IS H 2


https://doi.org/10.12677/pm.2024.146224

0.8

0.6

04

0.2

(c) t=3

Figure 4. The solution u, at t=0,t=2,t=3 when g =02, =1
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Figure 5. The solution u, at t=0,t=2,=3 when g =5,8" =1
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