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Problem Description
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Solid: Lagrangian description

e Lagrangian formulation

e 1st Piola—Kirchhoff stress tensor P

ps/ Oy - pydx = / P(u) - Vo, dx (1)
25(0) 2:(0)
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Arbitrary Lagrangian-Eulerian method

e Moving domain §2(t)
e Incompressible Navier-Stokes material

Vvv -, dx = / T(v,p) - Vo, dx

pf/ OV - oy dx + pf
0 2 (1)

Q1(t)

/ div(v)pp, =0
Q1)

T =pu(Vv+ (Va)") —pl
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Arbitrary Lagrangian-Eulerian method

uq

ug, denotes the displacement of domain £2f(0) to 2f(t)
o F:=1+Vug

do(x,t) == x4+ un(x,t)

o(5,1) 1= v(ba (i 1),%)

p(x,t) == p(Pa(x, 1), X)

o Jor Fx 1) dx = [ det(F) f(%, 1) d%
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Arbitrary Lagrangian-Eulerian method

of / det (), v - ¢, dx
0f(0)
4o / det (F)(T9F 1) (¥ — yu) - oy dk
2£(0)
A o (3)
:/ det(F)T (v, p) - Voo, 1 dx
2F(0)

/ det(F)tr(VVEFE 1), dk =0
21 (0)
o T=2u(VVE~' +F-T(V¥)T) —pl
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Arbitrary Lagrangian-Eulerian method

ug — 0

e We are looking for ug
e up =0 at 0f?

e up =uat [’

/ A(ug) - Ve di = 0
Qf(0)
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Arbitrary Lagrangian-Eulerian method

pf/ det(F)0yv - oy dx
21 (0)
+ pf/ det(F)(VVF 1) (¥ — dyugp) - . dx
21 (0)
= / det(F)T (¥, p) - Vo F 1 dx
2'(0)

/ det(F)tr(VVF ), dk = 0
02f(0)

(5)
Alug) oy dx=0
£2£(0)
ps/ Oy - pudx = / P(u) - Vo, dx
25(0) 025(0)
u=ug at I
ou=vatl
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Arbitrary Lagrangian-Eulerian method: Re-meshing

e The displacement uy, can violate the mesh regularity
e |t is possible to increase the regularity by re-meshing the process

e Additional interpolation is necessary
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u

Figure 1: Update with re-meshing.
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Arbitrary Lagrangian-Eulerian method: Local mesh operations

e We will change the mesh locally where it is needed

We need to keep the interface

The mesh can be built just ones

The number of operations is O(n), where n is number of elements

ADmesh
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Arbitrary Lagrangian-Eulerian method: Local mesh operations

Flipping of an Ege
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Arbitrary Lagrangian-Eulerian method: Local mesh operations

e Flipping of an Edge

Edge Reduction

TN
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Arbitrary Lagrangian-Eulerian method: Local mesh operations

e Flipping of an Edge

e Edge reduction

Vertex Addition

TN
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Arbitrary Lagrangian-Eulerian method: Local mesh operations

e Flipping of an Edge
e Edge reduction
e Vertex Addition

Vertex Movement

N
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Rebound: Definition

L

R ball radius 0.2 m
initial distance | 0.1 m
H | domain height | 0.8 m
L | domain length | 0.8 m

r bot .E. h

NN

Figure 2: Geometry of the problem

[1] J. Fara, S. Schwarzacher, and K. Tiima. “Geometric re-meshing
strategies to simulate contactless rebounds of elastic solids in
fluids”. In: Computer Methods in Applied Mechanics and Engineering
422 (2024), p. 116824.
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Rebound: Equations

Navier-Stokes for fluid

Neo-Hokean for solid

initial velocity v4(0,z,y) = (0,—0.5); v solution to steady Stokes
poroblem.

v(t,z,0) =0 on It

label ‘ description units value

Py fluid density kgm™3 1

Ps solid density | kgm ™3 1000

1 fluid viscosity Pas 0.1, 0.01, 0.001
G | elastic modulus kPa 50
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Rebound: Measured quantities

Ymin,c = Mmin _y
0.4)€2, "

pbe = p([0.4,0.0], 1),

Bos = / ¢ (tr(FF") —2) dx,
0. 2

Ymin = min_y
(z)eR

Ey s :/ &|V0|2 dx,
Q, 2

E; = Ek,s + Eel,s-

(7)
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Rebound: Refining strategy

e Eiconal refinement

X Axis
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Rebound: Space convergence

2 2 2 2 2
mesh ‘ mesho00 ‘ meshi" ‘ mesh3" ‘ mesh30O ‘ mesh?
#hcells | 7956 | 15165 | 25046 | 37550 | 52153
Table 1: Number of cells in the meshes.
_1 -4
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4.45 b
0.8 [
4.40 - b
EU 061 EU 435 F 3
Eoual Za30f E
4.25 bl
0.2 |-
4.20 b
0.0 ; ; ; ;
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.3055 0.3060 0.3065 0.3070 0.307
Time [s] Time [s]
—— mesh2® mesh?®® oo mesh2’®  —-— mesh2?®  —— mesh?*®

Figure 3: Time convergence. Mesh mesh?%°
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Rebound: Time convergence

x10~1
T

1.0 T T T T 7
\ /
0.8 \ A
\ /
\ /
E 00f\ S+ E
£ \ / ¢
£oaf \\ / 15
\ /
0.2+ \ / ]
\\ /
/ <
0.0 I =S I I 4.25 I I I
0 1 2 3 4 5 6 3.00 3.02 3.04 3.06 3.08
Time [s] x10~! Time [s]
—— At =0.0008s At =0.0004s - At =0.0002s —-— At =0.0001s
At[s] | 8x107* | 4x10°* 2x 1074 1x 1074
MiN¢Ymin,c [M] | 4.361 x 1074 | 4.338 x 1074 | 4.332 x 10™* | 4.330 x 10~%
max; ppe [Pa] 23068.022 23070.493 23068.551 23065.842
max; B 5 [J] 11.220 11.220 11.220 11.220

mins By s [J] | 8.966 x 1072 | 8.760 x 1072 | 8.757 x 1072 | 8.755 x 1072
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Rebound: Energy

Es[J]

0.4F E ! ]
1
02F ! ; b
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T Lels == Exs U Es

Figure 4: Energy

18/24



Rebound: Pressure

Pbe

I I Il

0.0 0.1 0.2 0.3 0.4 0.5
Time [s]
—— pn=01Pas - p=0.001Pas
n=0.01Pas

Figure 5: Pressure
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Rebound: ;. convergence
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Figure 6: Energies
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Rebound: ;1 convergence

Ymin,c [M]
Ymin,c [M]

_ ool
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.20 0.22 0.24 0.26 0.28 0.30
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Figure 7: Minimum
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Rebound: ;1 convergence
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Figure 8: Total ball energy
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Rebound
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