JKU Linz Nov 16, 2015
Thomas Wick

Exercise 5 - Numerical methods for fluid-structure interaction
(Winter term 2015)

Exercise 5.1: Proof the following theorem: Let Q be a bounded domain with cbl
boundary. Furthermore, let A be invertible in the closure of 2 and there holds for each
t € I the two conditions

- 0= .,Zl(ﬁ) is bounded and 02 is Lipschitz-continuous.
— Let A € W'=(Q) and A~1 € Wi=(Q).

Then, v € H'(Q) if and only if & = v o A € H*(Q). Moreover, the corresponding norms
are equivalent.

Exercise 5.2: This exercise is the extension of Exercise 3.3 including notation and defi-
nitions made therein. Given the fluid problem
prows + prloy —w) -Vup = V-, =0 inQt), tel,
V-v=0 iIle(Zf),tEI,
and the solid problem

—~ A

ps0is — AV(ES (@) + Yubs — 7sdiv(é(ds)) =0 in Q,, t € I,
ps(Byity — ) =0 inQ,, tel, (0.0.1)
where
o = —ppl +2p;vpD(vs) = —psl + pyvs (Vg + Vo).
Proof the following theorem: Let the coupled fluid-structure problem be isolated, i.e.,
vy = 00on 0Q,\T; and a stress-free state F'Xns = 0 on 0Q,\I'; and (if 5 > 0) é(05)ns =0
on 09 \ I';. Then, the following a priori energy estimate holds true:

d

Pr Ps | ™\ a4 - 205
(b, + 20z, + [ WE:] + 20 DI, + ulll, + @I = o

That implies the following energy decay property:

E(t) = E(0) - /0 [llos (DI, + vsllé@) (PI[E + 20504 || D(vs) (7)1, ] dr.
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