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Introduction 
Computational fluid dynamics (CFD) allows to 
study the complex aortic hemodynamics 
[Morbiducci, 2013], but it requires 
experimental cross-validation. Among 
experimental techniques, very recently 3D 
Particle Tracking Velocimetry (PTV) has been 
applied to characterize fluid structures in the 
ascending aorta (AAo) [Gülan, 2012]. Here, 
the pulsatile flow in a realistic rigid phantom 
of human AAo is investigated in vitro and in 
silico. In vitro measured data are used as 
boundary condition (BC) in high-resolution 
CFD simulations. The numerical solution is 
then cross-validated by PTV experiments.  
 
Methods 
PTV is a flexible non-intrusive image-based 
flow measurement technique which allows to 
measure the velocity field from Lagrangian 
particle trajectories. The experimental setup is 
detailed in [Gülan, 2012]. Briefly, it comprises 
the aortic phantom, a ventricular assist device 
(VAD) to mimic the function of the heart, a 
pump system driving the VAD and the optical 
part performing the PTV measurements. An 
anatomically realistic, rigid, silicon-made 
aortic phantom was reconstructed from 
magnetic resonance scans of a healthy human 
aorta. Fluorescent rhodamine particles were 
used as tracers. Eleven cycles were measured 
and the phase-averaged results were analysed. 
The peak Reynolds number in the AAo is of 
3584 (mean value: 406). As for CFD, a 
tetrahedral mesh of cardinality 2·107 assured a 
discretization of the same order of magnitude 
as the theoretical Kolmogorov scale of the 
investigated flow field. The fluid was modelled 
as having the same properties as the 
experimental working fluid. As inlet BC, PTV 
phase-averaged instantaneous velocity profiles 
were imposed at the AAo inlet section. Details 
on CFD simulation setup and BC imposition 
are provided in [Morbiducci, 2013]. 
 
Results & Discussion 
The experimental and computational velocity 
magnitude contour maps at the systolic peak 
over a selected cross section show a 
satisfactory qualitative agreement (Fig. 1). A 

quantitative comparison is performed in terms 
of mean kinetic energy (MKE) and density of 
kinetic helicity (H) integrated over the 
representative cross-section. Both MKE and H 
are lower when derived experimentally (0.052 
m2/s2 vs. 0.099 m2/s2 and 3.75 m/s2 vs. 8.93 
m/s2, respectively). These discrepancies may 
be due to, among others, (1) a misalignment 
between the experimental and numerical 
coordinate system and (2) the insufficiency of 
PTV to resolve the near-wall regions. At this 
stage of the investigation, the experimental 
data do not take into account the contribution 
of turbulent velocity fluctuations to MKE, 
since data are phase-averaged. On the other 
hand, assuming that the numerical solution is 
sufficiently accurate to solve the flow field at 
the dissipative scale, this contribution is 
present in CFD data (but it cannot be 
distinguished, at this stage). This combined 
experimental-computational analysis: (1) 
enriches the investigation of aortic 
hemodynamics: CFD integrates PTV results 
with reliable information (e.g. wall shear stress 
distribution, Fig. 1, cannot be obtained in vitro 
with sufficient accuracy); (2) allows to validate 
CFD results and to explore the impact of 
modelling assumptions. In the future it could 
be relevant to validate the CFD prediction of 
turbulence generation and its spatial/temporal 
evolution, allowing to assess the performance 
of turbulence models on realistic flows. 

  
Figure 1. Left: WSS maps and cross-section used 
for comparisons. Right: experimental (PTV) and 
computational (CFD) velocity magnitude 
distributions at the systolic peak. 
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