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Introduction
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Cut elements - Immersed method
Domain Q2

Uniform background mesh

Application: Interface moving with time

» Distorted mesh
» Remeshing expensive
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Material 2
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Main Goal
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Immersed method for Wave Propagation

v

Focus: Scalar wave eq

v

Future: Elastic wave eq

v

High order more effective
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Problem

» Wave equation

@ =VZu+f(x,t) x€Q
U‘FD :gD(X7 t)
du

Ty = gN(Xa t)'

> FEM, Based on Burman and Hansbo [2012]
» Solve for dofs of Q2
» Weak boundary conditions by Nitsche

(i, v)o + a(u,v) = L(v) Yv € V,
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Nitsche penalty terms
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Nitsche penalty terms
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lll-conditioning

» Want to calculate quantities of type
(0i #5)a, (Voi, Vj)a, lll-conditioned

» Stabilization, j, Burman and Hansbo [2012],
Massing et al. [2014]

Weak fom: (@, v)q + a(u,v) = L(v) Yv € V,
FEM: M(ﬂh, ’l}h) + A(uh, vh) = L(’Uh) Yop, € Vp,

M (i, v) = (i, vn)a + yarh®i (i, vn)
A(up,vn) = alun, vp) + va7(un, vg)

lonlle, < CrM(vn,vn) < Carllowlldy,

A(up, vp) — coercive
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Small Cut
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Stabilization

UPPSALA

» Estimate, by Taylor expansion
UNIVERSITET
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Stabilization
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» Stabilization term j on faces Fg UNIVERSITET

jlu,v) = Y h*77([0u], [040])

FeFg q=1

forp=1: j(u,v) = Z (h[n - Vug], [n- Vo)) p
FeFg




Symmetry
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M (@, vp) + A(up, vp) = L(vp) Yo, € Vy,

» Discretizes to

ME+ A = L(1)
» M sym pos def = M3 well defined
i+ Bn = F(1)

where

n=M3¢ B=M3AM 3

» Real wave-numbers!



Quadrature

> Levelset

» 0f) def by zero contour
» Quadrature
Use algorithm from Saye [2015]
Hyperrectangels
Build Quadrature from levelset
Implicit function theorem
1D-rootfinding

vV vy vV VvVyYy

poo
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Membrane

» Circular domain > uf—g = Jo(an”%”) UPPSALA
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> u|aQ=0 > il,|t:0:0
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Convergence Q1-Q3 elements

4 R UPPSALA
8 PP UNIVERSITET
S| e RO e
= .
] 0 -7 p=32757 .-"
3 12 o .-
o -e” 4
o 14 .-°" p=4.3687
. _ o
16 - - 6 p=27011 ___--7
8 et
_18 g _"b ‘f‘
45 4 35 3 25 :: 8 B AP s
log(h) ST o __,—' p=2.9324
| o
0 =12 et
------- ° o0 .o’
2f  e--mtTT $=1.0106 < s =" p=4.0632
= 4 T 16 o’ , . )
3 PP - p:2.2086 -4.5 -4 -3.5 -3 -2.5
I log(h)
N
w 8 -
2 -7 p=3.355
-10 o
-12
45 4 35 3 25

11/16



Condition Numbers Q1-Q3 elements
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Future Application
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» Elastic wave equation

» Unknown interface geometry

» Find shape by optimization D Q

/we

13 /16



Summary
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v

Cut elements for wave propagation

v

Weak boundary condition by Nitsche

v

Stabilizing terms

v

Tested up to 4th order convergence

v

Plans for elastic wave equation
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Thank you!
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