
Fluid-structure interaction with
applications in human body computations

Advisors and contact

This project will be supervised by Ken Mattsson (main supervisor) and Stefan Engblom (second
supervisor) at the Department of Information Technology, Scientific Computing, Uppsala Univer-
sity. A successful candidate should have experience of high-performance computing in MATLAB,
C or Fortran, and sufficient knowledge about numerical analysis and PDE theory. For further
information contact: Ken Mattsson, email: ken.mattsson@it.uu.se.

Background

The nonlinear Navier-Stokes equations (NSE), named after Claude-Louis Navier and George
Gabriel Stokes, describe the motion of fluid substances. It is one of the most studied and applied
system of PDEs. NSE have been used to model for example the weather, ocean currents, pulsating
stars, jet engines and airflow around transport vehicles.

The numerical solution of NSE for turbulent flow is extremely difficult due to the significantly
different mixing-length scales that are involved. A stable and accurate solution of NSE requires
very high-resolution by combining high-order accurate methods on very fine computational grids.
Another difficulty is the complex geometry often encountered in realistic applications.

In this project we focus on human body systems such as the respiratory system and the cardio
vascular system (see Figure 1 for illustrations).

Figure 1: Human body systems. Left: The respiratory system. Right: The cardio vascular system.

These human body systems can be modelled by NSE, coupled with a carful modelling of the
surrounding tissue (in literature this is often referred to as a fluid-structure interaction model). In
particular we are interested in the complex interaction between the fluid (in these cases air and
blood) and the surrounding structure (in these cases blood vessels and lung-tissue). Three of the
most difficult mathematical and numerical issues are listed below:

• The mathematical modelling of the surrounding structure (body-tissue).

• The mathematical coupling between the fluid (blood and air) and the structure.

• The numerical treatment of the complex geometry and the moving interface between the
fluid and the structure.

Hence, to successfully solve these human-body systems will require a numerical method that: 1)
is very accurate, 2) can handle general boundary and interface conditions in a stable way, and 3)
can handle very complex and moving geometries.
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A well proven technique to numerically solve NSE in fairly complex geometry in an accurate
and stable way is to employ the higher-order SBP-SAT method (see for example [2]). The SBP-
SAT method combines finite difference stencils with very careful boundary closures and weak
enforcement of boundary and interface conditions. However, the traditional higher-order SBP-
SAT method can not deal with very complex and moving geometries.

A popular technique to treat very complex geometries is the immersed (or embedded) boundary
method in combination with local grid-refinement [1]. However, the traditional immersed boundary
method is fairly inaccurate and not well suited to capture turbulent flow with sufficient accuracy.
In the present project we will employ and extend a newly derived immersed boundary method
based on the higher-order accurate SBP-SAT method to accurately solve the above human-body
systems.

Numerical models of the full human-body systems will require a huge number of unknowns.
A successful implementation will require a very efficient usage of large-scale computers (high-
performance computing).

Collaborators

This project will involve contact with our international collaborators at:

• NASA Langley research center.

• Center for Turbulence Research (CTR), Stanford University.

• Department of Mathematics, University of Bergen.

• Engineering Fluid Dynamics Group, University Twente.
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