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Exercise 3 - Numerical methods for fluid-structure interaction
(Winter term 2015)

Exercise 3.1: Show that the do-nothing condition
pvOyv —pn =0 on 'y, (0.0.1)

implicitly contains the pressure normalization

/ pds=0 (0.0.2)
Cout

for a straight channel and Poiseuille flow.

Exercise 3.2: Let the following linear boundary value problem be given:

V- S =f inQ, (0.0.3)
@=0 ondp, (0.0.4)
S =g on 0Qy. (0.0.5)

Show that finding a solution @ of this strong form is formally equivalent to finding a
solution of the corresponding weak formulation where we seek 4@ € VP = {4 € H'|i =
0 on 0Q2p} such that

(il”"w@@) - /A i\Jlin . n(ibds - (fa @) v@ € ‘2907
0QN

where R R o
Elin = QMElzn + /\trElan

Exercise 3.3:
Given
poBit, — Aiv(FE(@y)) + vy — 3 div(é(d,)) =0 in Qy, t € 1,
ps(Bity — ) =0 in Q, t €, (0.0.6)
where €(05) is defined by

1

2(%5 + Vo),

€(0s)
and the damping parameters v,, > 0 and ~, > 0.
Show that



1. For a stress-free state ﬁiﬁs = 0 on éﬁs and (if 75 > 0) é(v5)ns = 0 on 8623, the
following a priori energy estimate holds true:
L1bs 12 W (E) di is |2 (0s)|[3 = 0
10sllg, + [ WIE) di| + yullbsll3, + vsllé(0s)[[z = 0.
dt 2 S Qs s
That implies the following energy decay property:

E(t) = E(0) - / Pl BT, + 74l [E8) () 12] i,

where R
(é(0s), Vba)g, =t [&(0)Il%-
and || - ||g, is the standard L? norm. Moroever, W is the hyperelastic energy with

the property
e W~
Y(F)=——=(F).
(E) 6)E( )

2. What happens with the solid system for ~,,,7s — 0 or 7, vs — 007

3. What are physical and mathematical consequences when dealing with non-negative
damping parameters 7, and 7,7
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