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Abstract

In the cardiovascular system, valves play a key role in regulating blood
flows. Opening and closing in sequence with each heartbeat, they let the
blood flowing in one specific direction, preventing at the same time its
back flow. Important cardiovascular diseases, like subvalvular stenosis or
valvular regurgitation, are associated to complex interaction between the
blood and the leaflets of valves. From a medical point of view, it is there-
fore extremely important to understand the fluid-mechanical phenomena
that happen in the neighborhood of real valves. Since numerical simula-
tions can give an insight into blood flows, they could be used in the case
of valves to improve clinical decisions. To simulate numerically the move-
ments of a thin valve immersed in an incompressible viscous fluid, two
main aspects have to be considered: the fluid-structure interaction (FSI)
between the fluid and the solids and the contact that could happen among
the leaflets of the valve during its closure. Here we present a numerical
method that handles both of the problem, preserving at the same time
the modularity of the fluid and structure solvers. The whole numerical
procedure is based on a partitioned scheme where a master program ex-
changes the information between fluid and structure. The FSI problem is
discretized using a finite element approach and solved with a “Fictitious
Domain” method implemented in the partitioned scheme. At the closure
of the valve, the contact among leaflets is handled with a contact algo-
rithm. The hypothesis of non-penetration among solid objects defines a
non-convex optimization problem. Among the different strategies to solve
the latter, here we use the internal approximation algorithm, proposed by
O. Pantz, that is able to directly manage the cases of thin structures and



self-contact. Moreover, the dual approach used in this algorithm allows
to add the contact problem in the partitioned scheme without modifying
any part of the structure solver.
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