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We discuss the validation of an open source framework for the solution of problems arising
in hemodynamics. The proposed framework is assessed through validation against exper-
imental data for fluid flow in an idealized medical device with rigid boundaries and a
numerical benchmark for flow in compliant vessels. The core of the framework is an open
source parallel finite element library called LifeV (www.lifev.org) that features several
algorithms to solve both fluid and fluid-structure interaction problems.

We first consider a benchmark proposed by the U.S. Food and Drug Administration [1],
which consists in simulating the flow of an incompressible Newtonian fluid in an ideal-
ized medical device shaped like a nozzle (conical convergent, narrow throat, and sudden
expansion; see Fig. 1, left). The system is studied in a variety of conditions: laminar,
transitional, and turbulent flow regimes. The numerical results are in good quantitative
agreement with the measured axial components of the velocity and pressures for differ-
ent flow rates corresponding to the three regimes. Using validation metrics proposed in
[2], for several axial locations we evaluate the relative mismatch between computed and
measured values. We obtain very good estimates of the flow rate (errors within 1%) and
good estimates of the velocity at all axial locations, under all exercise conditions. We
emphasize the crucial role played by the accuracy in performing numerical integration,
mesh, and time step to obtain a good match between numerical results and experimental
measurements.

The second benchmark we consider was proposed in [3]. It is a numerical fluid-structure
interaction benchmark that deals with the propagation of a pressure wave in a fluid-filled
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Figure 1: Left: Computed solution of the FDA benchmark in three flow regimes: laminar (top), transi-
tional (middle), turbulent (bottom). Right: Computed solution of the fluid-structure interaction bench-
mark. The vessel wall is colored by the magnitude of the radial displacement (in cm), the fluid domain
by the pressure (in dyn/cm2).

elastic tube (see Fig. 1, right). The computed pressure wave speed and frequency of
oscillations, and the axial velocity of the fluid on the tube axis are close to the values
predicted by the analytical solution associated with the benchmark (relative errors within
1%).

An important outcome of this work is the production of a suite of scripts and codes that
are based on a completely open-source set of tools, and therefore will be readily shared
with the community through the web portal www.lifev.org.
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