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Abstract:

Mathematical modelling and simulation of fluid-structure interaction problems are in the focus
of research already for a longer period. However, taking into account also chemical reactions,
leading to structural changes, including changes of mechanical properties of the solid phase
is a rather new, but for many applications highly important area. This lecture is dealing in
particular with flow and transport in blood vessels and their biomechanical and biochemical
interactions with the vessel walls leading to plaque formation. A corresponding specific model
system will be derived and discussed in the lecture presented by Maria Neuss-Radu. This
problem as prototype for reactive flow and transport in a vessel system, where chemically
active substances, penetrating into the solid wall and interactions inside the wall, lead to
changes of volume and of the mechanical properties of the wall. The following topics will be
covered in this talk:

e Numerical algorithms developed and used to simulate the dynamics of such a
mechano-chemical fluid-structure interaction problem:
The arbitrary Lagrangian Eulerian method (ALE) is chosen to solve the systems
numerically. Temporal discretization of the fully coupled monolithic model is
accomplished by time-stepping schemes, spatial discretization by stabilized finite
elements. The numerical approach is verified by numerical tests.

e Results of simulations of the plaque formation for realistic systems parameters:
The evolving structures are matching clinical observations. The time scale of the
formation is in the simulation of comparable order as in reality.

¢ Necessary improvements in mathematical modelling and in simulation of plaque
formation.

e [nflammation and the role of hypoxia.
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