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@ The deformation of a body 2 C R is described by the application ¢ : 2 — R? .
@ The displacement field: u = ¢(X) — X =x — X

Figure: Initial and actual configurations
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@ Balance equations:

Vo+f=0 inQ

o = Ce in Q

” 0
u=20 on I’y
on=t onI';

@ Contact conditions:
g:=(x—y)n>0 onl¢
op=(ocm).n<0 onl¢ 2)
o,.8 =0 on ¢
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@ The admissible set:

3
V= {v e (H'®@) sv=00n ro}
@ Constitutive law of linear elasticity:
1 T
o =Ce where €= 7 (V u+Vu) 3)
@ The total potential energy is defined by: £(v) = 1a(v,v) — f(v) where

a(u,v):/nCe(u):e(v)dV and f(v)=/nf.vdV+/rl t.vdA 4)



Basic Knowledge Contact algorithm Fluid-structure interaction
Signorini’s problem formulation
Linear elasticity
@ The admissible set:

V= {VE (H‘(Q))3 3 v=@am ro}

@ Constitutive law of linear elasticity:
1
o =Ce where €= 3 (VTu + Vu)
@ The total potential energy is defined by: £(v) = 1a(v,v) — f(v) where

a(u,v) = /;z Ce(u) : €(v)dV and f(v) = ./;2 f.vdv + t.vdA

Ty

@ The non-penetration set:

K={veV; x—y)n>0 Vxe o)}

@ The displacement field u is a solution of the constrained minimization problem:

u = argmin £(v)
veK

@ Variational inequality (linear elasticity):

a(u,v—u) > f(v—u) VveK

Houssein CANUM 2020

(3)

“)

)

(6)

()

3/10



@ Consider the following space

V, = {v: (vi,m) € CO(Q;,) X CO(Qh) | Vir; € Py X Py, Vi = 1,...,nTandv=00n1"0} 8)

@ Letu, € V,, the displacement vector field on the mesh €2, given by

w=3" (gy) % ©

i

@ The contact conditions:
Body
- X;
(xi—X)m; >0 Vi=1,...,nC

e e

withx; = X; + Uy and X; = X; / X; Obstacle N\

-
b — — —

@ Another contact formulations describing the non-penetration, can be found in
[Houssein et al., 2022, Houssein, 2022].




@ The contact problem becomes




@ The contact problem becomes

U= argmin(E,(U)) s.t
(X,' —)_(;).n; 20 Vi= 1,...,nC

Algorithm 2 Fixed point algorithm

while error > €, do ~
1. Taking x" = X" + U"

o — {argmin(é'p(U)) s.t

(x; —X/)nf >0 Vi=1,...,nC

Lo

2. error= =
Ul o0

end while

@ The minimization is done using the interior point method [Houssein et al., 2022, Houssein, 2022].



@ Contact between an elastic arch and a rigid one

™

@ The geometry
@ The linear elasticity law

@ The contact solver



@ The Geometry
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@ The Stokes system for the fluid (u is the velocity, p the pressure, u = 1)

pAu—V.p+prg =0 inQp
Vau=0 in Qp (10)
u=ur onl' =Tg UTlg Uk

@ Strongly partitioned coupling scheme

Solve the fluid problem Pressure at the interface FFS)
Update the fluid mesh Solve the contact problem)




@ Forcefs = ps.g = 900.g and pr = 1000Kg/m*
@ Young’s modulus on Es = 4 X 10% Pa
@ Velocity on "
0 on g U Tpg
(11)

ur = 2
R WV TG =D PRy o

0.0012

The deformations
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Figure: Actual configurations
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