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Introduction
In healthy vessels, flow is in general laminar and standard compu-
tational methods, like finite element or finite volume methods,
can be used to analyze the flow field. However, transitional
(transition to turbulence) flows with small scale local velocity
fluctuations can be found in diseased vessels (e.g. stenoses or
aneurysms), medical devices or in arteriovenous grafts. High or-
der spectral element methods have shown to be more suitable
than standard finite element methods to describe unsteady tran-
sitional flow phenomena (see Figure 1)[1].

Fig. 1 The flow in an arteriovenous graft with Re=1200. The bottom figure

shows the vortices of the computed transitional flow and the corresponding

pressure map. The upper figure shows the average velocity [m/s] at sev-

eral cross sections, obtained numerically (CFD) and experimentally (Laser

Doppler Anemometry (LDA)) [2].

Objective
The objective of this project is to investigate the influence of
flow transition on physiological processes related to blood flow
in large arteries with complex geometries.

Approach
The use of spectral elements for computation of transitional
flows will be investigated in a physiologically relevant geometry.
The simulations will be compared with experimentally obtained
flow data from Particle Imaging Velocimetry (PIV) on the same
geometry.
Spectral Element Method
The spectral element method is a high-order method, which
combines the geometrical flexibility of the finite element method
with the high accuracy of spectral methods. The shape functions
of a spectral element are described by higher order polynomials
(e.g. Legendre or Chebyshev Polynomials), instead of linear or
quadratic shape functions as used for finite elements. Tradition-
ally, spectral element meshes are constructed of quadrilateral

(2D) or hexahedral (3D) elements. However, for efficient com-
putation of complex geometries the use of triangular or tetrahe-
dral elements is necessary. The optimal distribution of the nodal
points are given by the Fekete points (see Figure 2).

Fig. 2 The Fekete points distributed over a standard triangle (9thorder) and

examples of a vertex, edge and interior shape function [3].

PIV measurements
PIV can be used to visualize transitional flow in an experimental
set-up, see Figure 3 for an explanation.

Fig. 3 To measure the flow field with PIV, the fluid is seeded with particles,

which scatter the light of the pulsed laser. This scattering is measured with

a high speed camera. From the successive images, the direction and velocity

of the particles can determined by cross-correlation [4].

First Steps
• Implementation of spectral elements in the finite element

package tfem.
• Design of a simple experimental set-up to measure transi-

tional flow.
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