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The general setting of the problem

QCR?

Q: bounded regular domain

Si(t): rigid or deformable solids

F(): =\ US(t) fluid

@ The fluid is viscous incompressible

@ Model of fluid part <+ Navier-Stokes equations
Model of the solids <> Newton’s laws

@ pr the density of fluid (pF = 1)
ps, the densities of solids (= constants)
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The fluid-solid system

Unknowns
@ Fluid part: the Eulerian velocity u and the pressure p
@ Solid parts: the centers of mass h; and the angular velocities w;

Equations of the fluid

ou +(u-V)u—pAu+Vp=0 inF(1),

ot
divu=0 inZF(t),
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Equations of the fluid
% +u-Vu—pAu+Vp=0 inF(1),

divu=0 inZF(t),

Equations of the solids Vi

mihi'(t) = —/BS ma(u,p)n dr,

(Jwi)'(t) =-— (x — hj) x o(u,p)n dr,
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Ri(t) = A(wi(t)) Ri(t),
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The fluid-solid system
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@ Fluid part: the Eulerian velocity u and the pressure p
@ Solid parts: the centers of mass h; and the angular velocities w;

Equations of the fluid
% +(u-V)u—pAu+Vp=0 inF(1),
divu=0 inF(t),

Equations of the solids Vi

mihi'(t) = —/88 ma(u,p)n dr,

(Jwi)'(t) =-— (x — hj) x o(u,p)n dr,

aS;(1)

Ri(t) = A(wi(t)) Ri(t),

Notations
i dynamic viscosity of
the fluid;
m;, J;  mass and the moment

of inertia of the solids;
Cauchy stress tensor:
o(u,p) = —pld +2,.D(u),
where

—

D(u) = - (Vu+ (Vu)").

2

—wiz Wiz
—Wi1

2k
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No-slip boundary condition

Dirichlet condition

c

~

o
I

hi () + wi(t) x (x — hi(t))  on 8Si(t),
ut,x) = 0 on 0R2.
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No-slip boundary condition

Dirichlet condition
u(t,x) hi(t) +wi(t) x (x — hi(t)) on dSi(1),
ut,x) = 0 on 99.

There are not collisions between solids! l z

»

®

}
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No-slip boundary condition

Dirichlet condition

u(t,x) = H(1)+wi(t) x (x— (1)) ondS(t),
ut,x) = 0 on 99.
.: '( There are not collisions between solids!
Reference

Global weak solutions for the two-dimensional motion of several rigid bodies in an incompressible viscous fluid,

J. A. SAN MARTIN, V. STAROVOITOV, AND M. TUCSNAK,
Arch. Ration. Mech. Anal., 161 (2002), pp. 113-147.

Proposition 4.1. Suppose that i, j € {1,..., NY, i # j, are such that 3S(x") N
S(x!) # 0. Then, forany u € K (x), there exists a rigid velocity field w such that
u(x) = w(x) forallx € S(x") US(x’).
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Coulomb boundary

Coulomb coupling condition

u, = 0 on 09,
—U- € aIE(O g) (( (uap)n)T) on aQy

where x|
/0 if x| <g
50.9)(X) = { +oo if|X]>g "

2t 000
condition ceo
f-g.g) = +o0 -gq = +o¢
/
/
/
— / -
T2 f-gq =0 //////
RN e ’
| / xé X € 0l_ggq
/ —8a:1
/

4

o Iy

B(0,g) IS the characteristic function of the closed ball B(0, g);

@ g > 0is a constant characterizing the roughness of boundary.

Loredana Balilescu (UPIT) IMAR, Bucharest, Romania - December 14, 2018 8/31



Coulomb boundary condition ces

Coulomb coupling condition

li—g.9 = +00 f-gq) = +00
u, = 0 on 09, /
/
_ /
u, € 3FB(0 9) ((o(u, p)n);) on 9Q, —\ s~ 0 ////////”
where N~ 4 gxé‘ X €0k gq
|0 if x| <g / —&4u1
50.0) (%) = { +oo if[X]>g " /

4

® /g0 g) is the characteristic function of the closed ball B(0, g);
@ g > 0is a constant characterizing the roughness of boundary.
@ The subdifferential of ’E(o,g) is given by

{0} if x| <g
3%(0,g)(x) = { é{)ax; a >0} :; m ig

Loredana Balilescu (UPIT) IMAR, Bucharest, Romania - December 14, 2018 8/31



Coulomb boundary condition ces

Coulomb coupling condition

f-gq) = +00 f-g.g = +00
u, = 0 on 09, /
/
—-u, < 0k u,p)n),)onoQ,| / -
50.0)((o(U.P)N),) 2N N
where N »///// ié‘ X €0l gg
e if x| < g ST e
B(0.9) +oo ifX|>g " /

4

® /g0 g) is the characteristic function of the closed ball B(0, g);
@ g > 0is a constant characterizing the roughness of boundary.
@ The subdifferential of ’E(o,g) is given by

{0} if x| <g
3%(0,g)(x) = { é{)ax; a >0} :; m ig )

@ Recall that
yedF(x) < F(x+h)>F(Xx)+y-h VYheRC.
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Coulomb boundary condition

Using convex theory

U, € g ((o(u,pIN),) = —(o(u,pIN), € Dy o (ur),

where /2 |s the conjugate function of /5

B(0,9 (0,9)°

B0 = |sup {y X — /504 (X)}

xcRd

= sup Yy-X = sup gy-X
xeB(0,9) XxeB(0,1)

= gly] VvyeR
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Using convex theory

U, € g ((o(u,pIN),) = —(o(u,pIN), € Dy o (ur),

where /2 |s the conjugate function of /5

B(0,9 (0,9)°

B0 = |sup {y X — /504 (X)}

xcRd

= sup Yy-X = sup gy-X
xeB(0,9) XxeB(0,1)

= gly] VvyeR
Thus,

(o(u,p)n); -y > glu.| — glu, +y| onadQ,vy e R’
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On the moving interfaces: rigid case

Primal formulation on the moving interfaces 9S;(t)
(Ur)n = (uR)n 0N AS(1),
—((uP)r = (ur)~) € dlgeg)((a(ur, PAIN))  on AS((H),

where
ug,(t,x) == hi(1) + wi(t) x (x — hi(t)).
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On the moving interfaces: rigid case 33

Primal formulation on the moving interfaces 9S;(t)
(Ur)n = (uR)n 0N AS(1),
—((uP)r = (ur)~) € dlgeg)((a(ur, PAIN))  on AS((H),

where

ug (1, X) == () + wi(t) x (x — hi(1)).

Dual formulation on the moving interfaces 9S;(t)

— ((Ur)- = (UR)- ) € D5 g)((o(ur, pe)m),)

— —(o(ur,prIN); € Ak, o ((UF)- — (UR), ).
Thus,

(o(ur, PEIN)- Y = g|(Ur); — (un)e| — g|(Ur): — (uR), +y| Vy e R |

4
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@ Weak formulation
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Navier-Stokes system without solids

Complete system

%Jr(wV)u— divo(u,p) =0
divu=20
Un:O

(a(u,p)n)T Y > g‘u7'| - Q|UT +y|

u(x,0) = u’(x)

in Q,

in Q,
on 90,
on 99, vy € R?

VX € Q.

)
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Definition of weak solution

A weak solution u of the Navier—Stokes system with the Coulomb friction law is a func-
tion

uel>0,T;H)n L0, T;V)
such that

f/Qu0~v(0,~) dX7/(O,T)><Q (u-%+[(u~V)v]~u) dx dt

T T T
+/ a(u,v) dt+/ J(u+v) dt—/ J(u) dt > 0
0 0 0
holds true for all v € €. ([0, T); V).
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Definition of weak solution

A weak solution u of the Navier—Stokes system with the Coulomb friction law is a func-
tion

uel>0,T;H)n L0, T;V)
such that

f/Qu°~v(0,~) dX7/(O,T)><Q (u-%+[(u~V)v]~u) dx dt

T T T
+/ a(u,v) dt+/ J(u+v) dt—/ J(u) dt > 0
0 0 0
holds true for all v € €. ([0, T); V).

Notations Functional spaces

auv) = 2u [ DW): DM |1y 2@)7: divv =0, vo— 0 onoR},

J(v) /m glv| dr, V={ve H'(Q)": divv=0, v, =0 ondQ}.
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@ Main result
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Navier-Stokes system without solids 8300
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THEOREM (Existence and Uniqueness)

Ifu® ¢ H, then there exists at least one weak solution of the Navier—Stokes
system with the Coulomb friction law. Moreover, we have

. L2(0, T; V) ifd=2,

ot

ou

= € L*30,T; V)  ifd=3,

and for almost every t € [0, T], we have
t

1 t 1
SO By + [ atuu) ds-+ [ uw) ds < 5 1u(O) ey

Additionally, if d = 2, we have that the solution is unique and that
uc %°([0, T]; H).
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00000000

THEOREM (Existence and Uniqueness)

Ifu® ¢ H, then there exists at least one weak solution of the Navier—Stokes
system with the Coulomb friction law. Moreover, we have

% e L?(0,T;V") ifd=2,

M 1430, T: vy ifd =3,

ot
and for almost every t € [0, T], we have
t

1 t 1
SO By + [ atuu) ds-+ [ uw) ds < 5 1u(O) ey

Additionally, if d = 2, we have that the solution is unique and that
uc %°([0, T]; H).

Complete proof

On the Navier-Stokes system with the Coulomb friction law boundary condition,
Z. Angew. Math. Phys., 68, (2017), pp. Art.3, 25.

Loredana Balilescu (UPIT) IMAR, Bucharest, Romania - December 14, 2018 13/31
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e Navier-Stokes system without solids

@ Sketch of the proof
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Sketch of the proof [1] Se00

00000000

For any ¢ > 0 and m € N*, we introduce a (e, m)—-regularized problem:

o We first define )
)= [ gitvyar.

with j.(x) a ¢ -convex regularized version of [x| such that: j.(0) = 0,

Vj.(x) - x >0, |Vj.(x)| <1, Je(x) — x||<e  v¥xeRY
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Sketch of the proof [1] 2800

00000000

For any ¢ > 0 and m € N*, we introduce a (e, m)—-regularized problem:
o We first define )
)= [ gitvyar.
with j.(x) a ¢ -convex regularized version of [x| such that: j.(0) = 0,

Vj.(x) - x >0, |Vj.(x)| <1, Je(x) — x||<e  v¥xeRY

e We then use the Galerkin method: given an orthonormal basis {v;} of
H, we find the approximate solution of our problem as the function u. n(t,-) €
Vmn = Span{vy,...,vn,}, satisfying the equation:
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00000000

For any ¢ > 0 and m € N*, we introduce a (e, m)—-regularized problem:

o We first define )
)= [ gitvyar.

with j.(x) a ¢ -convex regularized version of [x| such that: j.(0) = 0,
Vi(x)-x>0, [VE®)|<1, i)~ [x[<e  vxeR%
e We then use the Galerkin method: given an orthonormal basis {v;} of

H, we find the approximate solution of our problem as the function u. n(t,-) €
Vmn = Span{vy,...,vn,}, satisfying the equation:

OUe m

v adx — / [(Ue,m - VIV] - Ue,m dX + a(Ue,m, V) + gVj-(Ue,m)-vdr=0,
Q o

forall v € Vp,, with the initial condition u. »(0, -) being the orthogonal projection
of u® onto V.
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Sketch of the proof [2] 3500

00000000

One can easily deduce that

1g”u
2dt" "

\fz(md + a(ue,m, Uz m) + / gVj-(usm) - ue mdl = 0.
o0
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Sketch of the proof [2]

One can easily deduce that

1d
2dt 00
Then, taking e = L and passing to the limit as m — oo, we get

U.m—u  weakly*in L~(0,T; H)nL%(0, T; V),

Mem M oakly in (20, T: V') ifd =2,

ot at
Moy O o 1B T ) =
ot T weakly in L**(0,T; V') ifd = 3.

000

[e]e]

ooeo
00000000

”ue,mHEZ(Q)d + a(ue,mv us,m) =+ gvjs(uc‘,m) : ue,mdr =0.
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Sketch of the proof [2] 2982 o

One can easily deduce that

1d

5 gpUeml faye + aUm Uem) + [ GV)(Uem) - Uzl = 0.

o0

Then, taking e = 1m and passing to the limit as m — oo, we get
U.pm—u weakly* in L>=(0, T; H) N L2(0, T; V),
Mem M oakly in (20, T: V') ifd =2,

ot at
Moy O o 1B T ) =
ot T weakly in L**(0,T; V') ifd = 3.

Using compactness results, one can deduce

U.n»—u stronglyin L2(0, T; L2(0Q)).
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Sketch of the proof [3] 3500

00000000

Integrating over [0, T] the equation satisfied by u. , and using
Vjc(Ue,m) - (V4 Uem — Uem) < jo(V+ Uem) — Jo(Ue,m),

forany v € €}([0, T); Vi), we get
- / ul (x) - v(0,x) dx —/ (ua,m- v + [(Ue,m - V)V] - ug,m) dx at
Q 0,T)xQ ot

T T T
+/ a(Ue.m, V) dt+/ Jo(V + o) dt—/ Jo(Uem) dt > 0.
0 0 0
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Sketch of the proof [3] 3500

00000000

Integrating over [0, T] the equation satisfied by u. , and using
vjs(us,m) : (V + uE,m - us,m) S jE(V + UE,m) 7j€(u5,m)7

forany v € €}([0, T); Vi), we get
- / ul (x) - v(0,x) dx —/ (ua,m- v + [(Ue,m - V)V] - ug,m) dx at
Q 0,T)xQ ot

T T T
+/ a(Ue.m, V) dt+/ Jo(V + o) dt—/ Jo(Uem) dt > 0.
0 0 0

Fixing v € €} ([0, T); Vi), we pass to the limit in all terms, we obtain

ov
f/ﬂuo(x) -v(0,x) dx — /(O’T)XQ (u~ 5 +[(u-V)v]- u) dx dt

+/0Ta(u,v) dt+/OTJ(v+u) dt—/O.TJ(u) at>0.
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Sketch of the proof [3] 3500

Fixing v € €} ([0, T); Vi), we pass to the limit in all terms, we obtain

ov
—/Quo(x) -v(0,x) dx — /(O,T)XQ (u~ 3 +[(u-V)v]- u) dx dt

+/0Ta(u7v) dt+/0TJ(v+u) dt—/OTJ(u) dt > 0.
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Sketch of the proof [3] 3500

00000000

Fixing v € €} ([0, T); Vi), we pass to the limit in all terms, we obtain

ov
—/Quo(x) -v(0,x) dx — /(O,T)XQ (u~ 3 +[(u-V)v]- u) dx dt

+/0Ta(u,v) dt+/0TJ(v+u) dt—/OTJ(u) dt > 0.

Then, for any v € €}([0, T); V), using the orthogonal projection of v on V,p,
as test function, and due to its strong convergence to v in €} ([0, T); V), we
conclude the existence of a weak solution.

O
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e Navier-Stokes system without solids

@ Numerical tests
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Mixed formulation

Spaces:

voz{veH1(Q)d; Vv, =0 on aQ}, M:{q€L2(Q):/qu

Q

000

[e]e]
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Mixed formulation -

Spaces:

VO:{veH1(Q)d:vn:0 on 89}, M:{qeL2(Q):/qu:O}
Q

We introduce the mixed formulation: Find (u, p) € Vo x M such that
dt‘l v dx + a(u,v) + b(v,p) > J(u) — J(u+v) v e V,

b(u,q) =0 vYq e M,
fora.e. t € (0, T), where

b(u,q) = /dlvu g dx Yue Vy, ge M.
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Mixed formulation -

Spaces:

VO:{veH1(Q)d:vn:0 on 89}, M:{qeL2(Q):/qu:O}
Q

We introduce the mixed formulation: Find (u, p) € Vo x M such that
QC:;:-V dx+ a(u,v) + b(v,p) > J(u) — J(u+v) v e V,

b(u,q) =0 Vg € M,
fora.e. t € (0, T), where

b(u,q):—/ﬂdivu g dx Yue Vy, ge M.

Notation
d 0 : o . .
v + (u- V) +— material derivative associated with u.
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The characteristic function

OO@00000

The material derivative is given by
du d
E(Xv tO) - E{u(tvw(tv tO’X))j||l‘:t07
where the characteristic function 1 : [0, T]? x Q — Q is defined as solution of
{ %w(t to,X) = u(t7¢(t; to,X)) vt e [07 T]v
¥(lo; fo, X)

X.
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The characteristic function
The material derivative is given by

du d
E(Xv tO) = E{u(tv'l;b(tv tO’X)):||t:t07

000

[e]e]

0000
OO@00000

where the characteristic function 1 : [0, T]? x Q — Q is defined as solution of

at

{dw(t;to,x) — u(ty(tt.x) Ve[, T],
P(lo;to,X) = X

(t; b, X): the trajectory of a particle which at time # will be in x.

Pt x)| j Ik ;

e
L

\ [
N N A :
\ % L W e W
S u(x, fo) -
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Fully discrete formulation

00080000

Let h > 0 and 7, a quasi-uniform triangulation of Q. For N € N*, we denote
At=T/N and t*=kAt forke{0,---,N}.
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Fully discrete formulation

00080000

Let h > 0 and 7, a quasi-uniform triangulation of Q. For N € N*, we denote
At=T/N and t*=kAt forke{0,---,N}.

For any k € {1,..., N}, we construct the following approximations:

@ spaces: (W, My) = Taylor-Hood finite element, V;, = W, N Vo
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Fully discrete formulation

Let h > 0 and 7, a quasi-uniform triangulation of Q. For N € N*, we denote

000
[e]e]
0000

00080000

At=T/N and t*=kAt forke{0,---,N}.
For any k € {1,..., N}, we construct the following approximations:
@ spaces: (W, My) = Taylor-Hood finite element, V;, = W, N Vo
e velocity: u(,t*) ~ ufkeV,
e pressure: p(-,t) ~ pkeM,

At time t, we know the approximation uf € Vj,, pk € My, and let us compute

the solution at time t“+1 as the solution of

k1 _ gk o X6
/ (M) -vax + a(ugtt,v) + b(v, pit)
A At

g k+1
+ —F U -vdr
/@9 max{2h, |uﬁ+1 [} h
b(upt', q)
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Fully discrete formulation

At time tk, we know the approximation uf € Vj,, pk € My, and let us compute
the solution at time t+' as the solution of

000

[e]e]

0000
00080000

/S;<2+1

oK
—ufoX,

At

)-vdx+a(u’,‘,+1,v)+b(v,p’,‘,

g9 k-1
v ——2 ——ultly
f

b(uﬁ“

+1)
ar

,q)

0 VYvelV,

0 Vge M,
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Fully discrete formulation

At time tk, we know the approximation uf € Vj,, pk € My, and let us compute
the solution at time t+' as the solution of

AAAMY

000

[e]e]

0000
00080000

/S;(zﬂ

<k
— uflo X,
At

+/ g
o max{2h, [uf [} "

-vadx+ a(uf’

V) + b(

k
v7ph

+1)

uttt v ar

b(

K41
uy

,q)

0 WeV,

0 Vge M,
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Fully discrete formulation

00080000

At time tk, we know the approximation uf € Vj,, pk € My, and let us compute
the solution at time t+' as the solution of

AL

k1 K vk
ur™ —ugto X
/( h Atho wf - v dx 4 a(uftt v) + b(v, pktT)
Q

' g9 k+1 _
+/{mmx{2nuz+1|}uh vdl = 0 VYveV,,

b(uft,q) = 0 Vge M,

Xl,(, is an approximation of the exact characteristic function «(t*; tx*1,.):
Xi(x) = Kt test, X) WX EQ,
where v is defined as the solution of
Q Ot b1,0) = W@t b1,X0) VEE T tr]
Wit t; byt X) = X.
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Numerical simulations s

We consider the fluid flow after a cylindrical obstacle in a horizontal channel:

[y

H - = ’r“ Fa

I Iy

4

1 Homogeneous Dirichlet boundary condition, modelling the contact with an
infinitely adherent wall.

> Inlet Dirichlet boundary condition, where the inlet velocity field is given by
a parabolic profile.

I's Outlet boundary condition.
4 Special wall where we study the Coulomb law effect..
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Numerical simulations o

00000800

Horizontal channel with a cylindrical obstacle

a) Zero Dirichlet boundary condition

Velocity field at t = 2s, obtained as the solution of Navier—Stokes equation with the four boundary conditions
on the ball boundary (with Re = 100).
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Numerical simulations

00000800

Horizontal channel with a cylindrical obstacle

a) Zero Dirichlet boundary condition ¢) Coulomb boundary condition with g = 0.07

Velocity field at t = 2s, obtained as the solution of Navier—Stokes equation with the four boundary conditions
on the ball boundary (with Re = 100).
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Dirichlet vs Coulomb (g=0.20) -

Hertzontal velocty and fangebia stiess on boundary | (T=0.000s)
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Media File (video/avi)


Tangential velocity and stress

000

[e]e]

0000
OO000000e

Tangential velocity u. and tangential stress (on), on the boundary of the ob-

stacle.

~

Tangencial velocity and stress on boundary . (T=2.000s)

[N}
T

——Dirichlet

—— Coulomb(g=0.20)
—+—Coulomb(g=0.07)
——Neumann

tangential velocity
(=}

_2 -
4 I I I
0 w2 s 3m2 2n
Angle [rad]
03 —— Dirchlet
g — Coulomb(g=0.20)
2 —— Coulomb(g=0.07)
72} ——
3 g > Neumann
g E— ﬁw/
[}
o
=
8
05 I I I
0 w2 m 3m2 2n
Angle [rad]
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Outline

e Fluid-rigid structure interaction
@ Weak formulation
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Fluid-rigid structure interaction

Equation of the fluid F(t)

ou :
a—f + (ug - VIug — div o(ur, pr) 0,

div ug

I
L
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Fluid-rigid structure interaction

Equation of the fluid F(t)

ou :
a—f + (ug - VIug — div o(ur, pr) 0,

div ug

I
L

Equation of the rigid

mh'(t) = —/ o(ug,pe)ndl, t>0,
aS(t)

(Jw)'(t) 7/ (x—h) xo(u,p)ndl, t>0,
aS(1)
R() = A(w(t)R(), t>0,
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Fluid-rigid structure interaction

Equation of the fluid F(t)

ou .
67;:+(UF-V)UF—dIVO’(UF7pF) = 0,

dvur = 0,

Equation of the rigid

mh'(t) = —/ o(ug,pe)ndl, t>0,
aS(t)

(Jw)'(t) 7/ (x—h) xo(u,p)ndl, t>0,
aS(1)
R() = A(w(t)R(), t>0,

Boundary condition on 902
(UF)n = 07
(o(ur, pFIN) - ¥ > gl(uF),| — gI(UF)- +yl,  Vy R,
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Fluid-rigid structure interaction

Boundary condition on 95(t)

(UF)n = (UR)n,

~9|(ur); — (uR)- +y|  VyeR?,

(o(ur.pEIN); -y > g|(UF). — (up),
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[e]e]

Fluid-rigid structure interaction

Boundary condition on 95(t)

(UF)n = (UR)n,

~9|(ur); — (uR)- +y|  VyeR?,

(o(ur.pEIN); -y > g|(UF). — (up),

Initial conditions

h(0) =0, R(0) = k,
h(0) = £°, w(0) = P,

us(0,x) = u¥(x) xe F°
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Weak formulation

Definition of weak solution
A weak solution is a triplet (h, R, u) with the following properties:

(h,R) € W">=(0, T;R® x SO(3)), S()eQ (te(0,T)),
uel>®0,T;V2Q), u(t-)e Ha(S(t) ae in(0,T),

ur € 20, T; H'(Q)), ug(t,x) = h'(t) + w(t) x (x — h(t)),
such that R’ (t) = A(w(t))R(t), t > 0, h(0) = 0, R(0) = s hold true, and for any v € T7:

7/0u2-vF(0 )dxf/ psuH vg(0, ) dx
F

T ov,
/ / [7 + [(uF - V)vp]] dx dt — / / psUR - —2 dx dt
F(t) o Jsi ot

+2u|/0 ‘/F(t)mup):D(vF)dxdtf/o [, [oltur +ve)-1 = gl(ur). ] ot

T T
+ [ glwe—untve—va)larat— [ [ gl ~un)| drat>0
o Jas() 0 Jas(1)
and for almost every t € (0, T)

1 t
5 [ turt ) ox+ 2 [ ua(t ) axv2u [C [ Dwe) oxat
2/F 2 Js o JF@

. Y
+// g\u;\drdﬂr// glurp —ug| dr dt
o Jaa o Jas(
1 02
< X = X.
S
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Weak formulation

Functional spaces
Ha(S) = {v € VO(Q): g e R, Ive € H'(Q), v=Vrin Q\S, v=vgin s},
77 = {v € C2([0, T): V(%)) : 3va € C'([0, T R), 3ve € C'([0, T H' ()

and Vv = Vgin F(t), v=vgin S(t)},

where . .
VO(A) = {v € [2(A): divv =0inA, v, =0on aA}

and R is the space of rigid velocities:
R = {£+w><x:£,w€R3}.
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e Fluid-rigid structure interaction

@ Main result
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Main result ce "

THEOREM (EXISTENCE)

Assume S° € Q, 9S° and 9Q are of class C'*', ul € V2(Q), u} € R with

(ud), = (u%), onos°.
Then, there exist T € (0, co] and a weak solution in (0, T).

Moreover, we can choose T such that one of the following alternatives holds true:

Q 7T=c;
Q lim dist(S(t),09) = 0.
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Main result ce "

THEOREM (EXISTENCE)

Assume S° € Q, 9S° and 9Q are of class C'*', ul € V2(Q), u} € R with

(ud), = (u%), onos°.
Then, there exist T € (0, co] and a weak solution in (0, T).

Moreover, we can choose T such that one of the following alternatives holds true:

Q 7T=c;

Q lim dist(S(t),09) = 0.

Complete proof

L. BALILESCU, J. SAN MARTIN, AND T. TAKAHASHI,
Fluid-rigid structure interaction system with Coulomb’s law,
SIAM J. Math. Anal., 49 (2017), no. 6, pp. 4625-4657.
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Perspectives e

@ Existence of collisions with the Coulomb friction law.
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Perspectives e

@ Existence of collisions with the Coulomb friction law.
@ Multiples rigid solids.

© Deformable solid.

© Multiple deformable body.

@ Navier-Stokes + elastic or viscoelastic body.
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Thank you!
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