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Three main parts

• Computational middleware

• Robust flow solvers

• Biomedical flow applications





• Problem solving environments
for PDEs

• Old and modern libraries

• Stand-alone black-box codes

• New code (PyCC, FEniCS,
automatically generated)

• Parallel computing

• Main focus: fluid flows, but the
tools aim at ”any” PDE system

Computational middleware



PyCC





Robust flow solvers

• Implicit methods

• Block preconditioning

• Fluid-structure interaction

• Error estimation

• Adaptivity

• Turbulence modeling & DNS

• Validation by lab. experiments





Biomedical flows

• Drug inhalation

• Aerosol flow (bacteria)

• Circle of Willis

• Fluid-structure interactions

• 1D arterial network

• Multiscale 1D-3D blood flow

• Tissue deformation

• Flow around the mitral valve in the heart

• Sound waves in the lungs

• Flow, deformation and electrophysiology
in the heart

• Fundamental fluid mechanics research







Blood flow is incompressible, with Newtonian

behaviour in large vessels

Using prescribed time varying flow rates on inlets,

equal pressures on all outlets, and rigid vessel walls



Navier-Stokes equations are solved with the

Finite Element Method, using Featflow

Grids are created from a parameterization,

using custom written software



Simulation results on the full CoW geometry are

within normal values found in medical studies

Only limited boundary

data are available

The geometry is a

simplification

Even so, the results

seem realistic



Other biomedical applications;

cardiac electrophysiology
1. Complete simulator for heart electrophysiology and

mechanics

2. Automatic detection of ischemic heart disease based on ECG

recordings

Celle Komplett hjerte EKG




