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Introduction

Suppose an unknown body S is immersed in a fluid, and the body and the
fluid are contained in a fixed domain Q. Assume I is a non empty open
subset of 92 where we can measure o (u, p) njr, at some time ty > 0.
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Is it possible to recover S7.



Formulation of the problem

We assume that the structure is a rigid body so that it can be described
by its center of mass a(t) € R and by its orientation Q(t) € SO;(R):
S(t) == S(a(t), Q(1)),
with
S(a,Q) := QS + a.

and

F(a,Q) =2\ S(a,Q) = F(a(t), Q(1))

is a smooth non empty domain.
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Formulation of the problem

We assume
u=u, ondf

where u, is a given velocity satisfying the compatibility condition

/ u,-ndy,=0.
ly)

Now, we can introduce the following operator called Poincaré-Steklov op-
erator
As(uy) :=o(u,p)n onT.

Our goal is to prove the injectivity of this operator, in the sense,

o (u<1>7 p(1>> nr=o (u(z),p(z)) e = SW =850,



Main results

Theorem (well-posedness)

Assume u,, € H3/2(8Q), So is a smooth non empty domain and assume
(a0, Qo) € R® x SO3(R) is such that S(ag, Qo) C Q and F(ap, Q) is a
smooth non empty domain. Then there exist a maximal time T, > 0 and
a unique solution

(a,Q) € C}([0, T.); R® x SO3(R)), (£,w) € C([0, T,); R® x R3),

(u,p) € C ([0, T.); H*(F(a(t), Q(1))) x H'(F(a(t), Q(t)))/R)

satisfying the previous system. Moreover one of the following alternatives
holds:

m T, =+4o0;
m lim;_ 7,_dist(S(a(t), Q(t)),092) = 0.



Main results

Let us take two smooth non empty domains Sél), 852) and we consider
(agl)7le)), (agz),ng)) € R3 x SO3(R) such that

50 (af), Q") c o and 5@ (af.qf) c o

Applying the previous theorem, we deduce that for any u, € H3/2(6Q),
there exist T(l) > 0 (respectively T>.S2) > O) and a unique solution

(a(l) QW, ¢M_ () (1) p(l)) (respective|y (a() Q@ 6@, Y@ e >)>

of our system in [O7 Til)) (respectively in {07 T£2)>>.



Main results

Theorem (identifiability)

Assume that u, € H/2(9Q) and that u, is not the trace of a rigid
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velocity on I'. Assume also that S((,l), S(g are convex. If there exists

0 < tp < min (T,fl)7 Tiz)) such that

o (uD(t0), PV (1)) mr = o (uP (1), PP(t0)) e
then there exists R € SO3(R) such that
Rs{" = s
and
ay) =a’, Q) =QR.

In particular, TS = T and sW(t) = sA(e) (te [0, TV)).



Main results

Idea of proof.
In order to prove Theorem of identifiability, we reason by contradiction and

we assume that there exists 0 < ty < min (Til), Tg)), such that

o (U(l)(to)ap(l)(to)) Nir=0 (u(z)(to)ap(2)(t°)) nir

and S(l)(fo) 75 8(2)(t0).
In that case, since SM)(ty) and SP@(ty) are convex sets, we have

1 0SW (1)) N dS@(1y) is included in a line

This case can be split into the 3 following subcases
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Main results

m OSW (1) N dSP) (1) contains 3 noncollinear points.
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By using the unique continuation result for the Stokes equations due to
Fabre and Lebeau, we prove that neither of the above case may be possi-
ble. O



Thanks for your attention !
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