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I Introduction

Aim of our work ?
— to develop a Trefftz method in time domain with the
Tent-Pitcher algorithm, for wave problems.
Why ?
— gain precision,
— reduce computational time.
What kind of problems 7
— acoustic,
< elastodynamic,
— elasto-acoustic wave propagation systems.
What kind of methods ?
— Trefftz-Discontinuous Galerkin methods with Tent-Pitching.
What kind of basis ?

< polynomial basis functions,
— Green’s functions.
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I Acoustic Wave equation

First order acoustic wave equation :

1
= (Zv]z YVov=f in Q,
ov )
8t-i-Vp 0 in Q, Q=DxT
= [07T]
V(',O) = Vo, p(vo) =Po in D’
v-ng =0 indD xT.
with
= (z,9), f = f(x,t), source term,
p = p(x,t), pressure, ¢ = c(x), wave speed,

v =v(x,t) = (u,v), velocity, p = p(x), density.
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I Trefftz approach

Basis functions are local solutions of the initial PDEs
We work on the skeleton of the mesh only
Requires lower number of degrees of freedom

Physical characteristics of the solution are included in the
discrete solution

Basis functions are discontinuous — Discontinuous Galerkin
discretization

Flexibility in choice of basis functions (plane waves, Green’s
function...)

[J Implicit scheme
11y
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I Tent Pitcher algorithm

How to reduce computational costs 7
computations on time slabs
approximate inverse matrix

solve element-by-element if mesh respects constraints
— Tent-Pitcher algorithm

= introduced for hyperbolic problems in spacetime
domain,

= consists in building a causal mesh, which respects the
wave propagation speed,

® no approximation of the inverse matrix,

= conducive to parallel computing. ,
Z



nt-pitching process 1d-+t
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ial spatial mesh
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iteration
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iteration

5th

re

Figu

)
l_l
ji®)
(@]
n
n
(<D)
(W)
@)
—~
o
=Y0)
=
=
(&)
5=
o
&
z
=




50" iteratio

)
o’

o
éi,«

o
Ko
{7 <><>4><0
» w 04”

Figure: 4

o
W' ,o
N
o
v

)
l_l
ji®)
(@]
n
n
(<D)
(W)
@)
~
o
=Y0)
=
=
(&)
5=
o
&
z
=




Tent-pitching process 2d-+t
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Results

1 Neumann boundary

condition

10 20 30 40 50 60 70 80

Figure: Pressure at time t=0.308
with Trefftz-DG+Tent-Pitching
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[l polynomial basis functions

10 20 30 40 50 60 70 80

Figure: Pressure at time t=0.616
with Trefftz-DG+Tent-Pitching
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CPU time

CPUeczact = 20 X CPUqpprog.

L

400

900 1600 3100
Number of cells in space mesh

Thesis of E. Shishenina [2018]

W rpezp.

I 70620y,

CPUapprox =10 x CPUtent—pitch.



I Green’

s function as basis

State of the art :

not much work on absorbing boundary conditions with
polynomials on spacetime Trefftz,

no Perfectly Matched Layers for spacetime Trefftz.

Green’s functions :
are exact local solutions,
have interesting behaviour at infinity,

can be computed analytically inside the PML.

\



I Source Points
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I Green’

s function as basis

Notations: X =x—xg,7r=VvVX.X

Xi=x—x5, o=y—ys, T =1t—tg
Cagniard-De Hoop method :

1
Gp(x7taxsats) = >
21/ T? — =

TX
Gu(x7 t7 Xs, tS) = pTQle<x7 ta Xs, ts) )

X
Gv<x7 t, Xs, tS) = %Gp(x, t, Xs, tS)
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I Variational Formulation
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I Variational Formulation

/outC
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Figure: Pressure at time t=0.308
with Green’s functions
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Figure: Pressure at time t=0.616
with Green’s functions
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I Perfectly Matched Layers
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e J.-P. Bérenger [1994]
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I Variational Formulation
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I Variational Formulation
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| PML - Variational Formulation

/ . CTphq + pupw + pvpz)ne + (upg + prw)ng + (Vaq + pp2)ny
+(u1q1 + prwi)ng — o2 (uqr + pwi)ng

1
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PML - Basis functions

° Ggml (X, t, Xs, ts, O'x) = ewp_A COS(B)GP(X7 t,Xs, ts)

m —A
armd(x exp” “Gp(x,t, x4,
© z l( ,tyxs,ts,ox) = p( S5 s)

5 (TXl cos(B) + hX, sin(B))
pr

AG,(x,t, x5,
° G?Zml (X, t, %, ts, 0'9:) _ erp 1;)(;; y X s) <TX2 COS(B) + hX, Sin(B))

with
X,
A= A(x,t,xs,t5) = T—;E(:C,xs)T,
X
B = B(Xa t, X-S,ts) = T—222(.'E,173)h,

X1
Y(z,xs) = / o(x,x5)dX
0

r2
h:h(x,t,xs,ts): T2_6_2



I PML - Test functions

ow  Jq o

Por Tow % on
0z 0Oq

Gog ou 0x 0w
cpot  dx Oy T Oz

(% - Uz)Ql =9,

(% — Uz)wl = —w.

i

b quml (X7 ta X87 t87 0) = Gppml (X7 ta XS7 tSy _U)
L4 Gwpml (X, ta XS; ts; 0) = Gupml (Xa ty X87 t87 _U)

[ ] Gmez (xy t’ Xsy tS; 0) = vaml (X, t’ Xs; ts’ _0)
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PML - Results

pressure at t=0.017678 pressure at t=0.17678
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Figure: Pressure at different time steps with PML



I Prospects

Coupling PML with computational
domain

Parallelization
Extend to unstructured meshes

Extend 2D to 3D
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Thank you for your attention !



