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1. Introduction

With aging of the global population, the number of
aortic flow related cardiovascular diseases (CVD) as
aneurysm, dissection and atherosclerosis are increas-
ing (Craiem et al. 2017). In such pathologies the part
of the flow in the physio-pathological mechanism has
still to be described and proven. In aneurysm, wall
shear stress changes have been shown to be related to
occurrence of burst (Vorp 2007). Additionally, wall
shear stress has also been proven to be correlated
with the changes in aortic tissue in ascending aorta
(van Ooij et al. 2015; Lantz et al. 2011). In dissection,
a study has revealed that the increase in WSS was
related to alterations of the aortic morphology (Chi
et al. 2017). The morphology of aorta as well as
material properties of the wall changes with gender,
age and body Surface Area (Biaggi et al. 2009).
However the current aortic flow simulations rarely
take into account the changes in the morphology (van
Ooij et al. 2016). Additionally in vascular and thoracic
surgery, description of the aortic morphology through
a centreline has enable to describe a normal morph-
ology according with the patient data. Aortic shapes
description has also involved architectural concept as
Gothic arch (Ou et al. 2006).

Thus the aim of this work is to 1) develop a simpli-
fied model of the aorta flow, 2) to parametrised the
geometry of the aorta based on clinical description, 3)
to assess the influence of the aortic morphology on the
aortic flow and on the physio-pathological mechanism.

2. Methods

2.1. Simulations

The blood flow behaviour is analysed by Radioss CFD
solver Acusolve. The surfaces were meshed using a

2D automatic meshing method with 1mm element
size and trias as mesh type. The 3D CFD tetramesh vol-
ume of the blood flow was generated with 5 boundary
layers of 0.1 thicknesses in the wall and a growth rate of
1.2. This resulted in models of 149889 nodes and 471947
elements. The meshing sensitivity analysis was performed
varying the mesh size of 0.5, 1 and 2mm.

As a first step, one systolic cardiac cycle was ana-
lysed by setting the velocity of the inlet at systolic
peak velocity of 1.2m/s.

The first range of simulations was performed a
transient analysis. For the boundary conditions, the
inlet was defined as a peak initial velocity of 1.2m/s
distributed as an average velocity on the surface. The
outlets were set as outflow, the wall was considered as
rigid. The blood flow is governed by the Navier-
stokes equations. The fluid was set to resemble to the
blood (Newtonian fluid) with constant viscosity of
0.0045 Pa/s and a density of 1050 kg/m3 (Wei et al.
2019; Tokuda et al. 2008).

2.2. Morphology of the aorta and parametrization

Three simplified 3D models of the aorta were created
using FreeCAD using dimensions based on articles of
the literature. Identical diameters were fixed in all
aortas’ segments: Ascending Aorta, Descending Aorta
and the Aortic Arch (25 and 18.3mm, Figure 1). In
the first geometry, the 50 percentile of the range of
geometry data was used from literature, in the second,
the minimal values of the geometry data were used.
In the third model, the different curvature differ as
simulated by an ellipsoid as described in the article
(Huetter et al. 2015).

2.3. Data analysis and statistics

The description of the flow pattern is performed as
peak systole describing the flow in the different caro-
tids as well as in the descending aorta is developing.
Wilcoxon test is used to compare velocity distribu-
tions between simulations.

3. Results and discussion

The sensitivity analysis performed on the mesh size
resulted in similar results when focusing on the peak
velocity between mesh size of 0.5 and 1mm whereas
the 2mm mesh size simulation differ from those two.
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Figure 1. A) Model of the Aorta with the 50 percentile dimensions of geometry data. B) Model of the Aorta with the minimal
dimensions of geometry data and ellipsoidal curvature of the aortic Arch.

Figure 2. Velocity pattern. A) 50th per centile, B) minimal and C) ellipsoidal anatomy.
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Peak velocity occurs at the maximum curvature of
the aorta and developed more or less quickly on the
descending aorta depending of its orientation (Figure
2). Thus, a zone of lower velocities could be seen at
the inner curvature of the aorta. Additionally, the
flow pattern changed with the orientation of the
carotid when compared to the center line of
the aorta.

Results should be analysed carefully as pulsatile
inlet condition and simulation of several cardiac cycle
will change the flow organisation in both ascending
and descending aorta. Additionally, pressure level and
boundary conditions set as pressure profiles will
change the depicted results.

Cardiac cycle sensitivity analysis should be per-
formed together with fluid structure interaction simu-
lations, patient specific anatomy taking into account
the curvature in the sagittal plane and
non–Newtonian study should be done in the future.

4. Conclusions

While highly preliminary, this work highlights the
feasibility to simulate aortic flow depending of the
aortic flow anatomy. Indeed pulsatile blood flow in
developing in a detailed realistic geometry could
result in a more complex flow pattern.
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