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ABSTRACT

Aortic dissection is a life-threatening condition of the cardiovascular system under which lay-
ers of the possibly degenerated aortic tissue separate, thereby forming a so-called false lumen
and in some cases inducing thrombus formation. Due to its complexity, the management and
prognosis of aortic dissection is a highly challenging task, demanding powerful numerical tools
and patient-specific data to assist clinical treatment. Though substantial advances were made
in computational haemodynamics, a holistic approach accounting for deformation and rupture
of tissue, as well as the pulsatile blood flow is not yet available.
Recent studies [1, 2] have shown, that blood flow and tissue deformation of the arterial wall are
significantly influencing one another. This gives rise to the interpretation of aortic dissection as
a fluid-structure interaction application in a biomedical setting. Therein, the pulsating blood
flow drives the tear, i.e. the false lumen propagation, which represents a moving and evolving
fluid-structure interface. Across the interface, solid and fluid stresses as well as cohesive forces
are in equilibrium.
Within this contribution, the finite elasticity equations governing the structure deformations
are considered in Lagrangian form. The Arbitrary Lagrangian-Eulerian framework is utilized
for posing the Navier-Stokes equations for incompressible fluids on the moving mesh, following
[3]. Cohesive effects are considered applying an extrinsic cohesive zone model with an anisotropic
linear traction-separation law [4]. The position of the crack front is part of the solution at all
times, while in this preliminary study the crack surface is restricted to a plane parallel to the
layers of the aorta starting from an initial tear. The strong coupling of all the involved physical
fields (solid displacements, fluid velocities and pressure, crack opening) is mandatory for simu-
lating the rupture process in aortic dissection. Herein, the main focus is put on the treatment
of the evolving fluid-structure interface and the fluid mesh portion in the false lumen.
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