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Introduction
Numerical studies have been key in understanding the response of biological systems 
to  mechanical  loading.  One  example  is  in  cardiovascular  application  where 
hemodynamic forces are responsible for most of the system’s behaviour. This may 
range  from  the  remodelling  of  the  vascular  wall  to  the  dysfunctioning  of  the 
endothelial  cells,  increased  vascular  muscle  cell  proliferation  and  development  of 
atherosclerotic plagues. Most important in the numerical study of these systems is the 
interaction between the  flowing blood and the  deforming arterial  wall  (FSI).  The 
Cardiovascular research group in UCD is involved with the study of blood vessel 
diseases such as atherosclerosis. The studies currently being done include; Towards 
early  diagnosis  of  atherosclerosis  by exploring  a  novel  approach  to  detecting  the 
development of atherosclerotic plagues by focusing on the artery wall rather than the 
flow through it; Looking at the role of wall shear stress in atherosclerosis while taking 
into account the effect the interaction between the flowing blood and the dynamics of 
the  flexible  arterial  wall  on  wall  shear  stress  analysis;  and  applying  FSI  to  the 
numerical study of an Abdominal Aortic Aneurysm (AAA). OpenFoam is used in 
these studies because it  offers  excellent FSI capabilities as is  demonstrated in the 
results.

Towards Early Diagnosis of Atherosclerosis
Atherosclerosis  is  a  chronic  medical  condition in  which  diseased  arteries  develop 
thickened,  stiffened lesions at  localised regions  within  the  artery wall.  This  work 
explores a novel approach to detecting this condition by focusing on the artery wall 
rather  than  the  flow through  it.  Experiments  have  been  carried  out  on  compliant 
polyurethane tubes. A healthy and a diseased artery have investigated. A straight tube 
models the healthy artery.  Another straight tube of the same geometry but with a 
thickened ring built up around its centre models an idealised unhealthy artery with a 
thickened diseased lesion present. Both tubes have been subjected to a range of static 
pressures.   The  experiments  were  simulated  using  a  finite  volume  solver, 
OpenFOAM-1.2.  The  effect  of  dynamic  pressure  profiles  has  been  investigated 
numerically.  Due to the complex interaction between the motion of the compliant 
tubing  and  the  flow  through  the  tubes  a  fluid-structure  interaction  technique  is 
employed.  A  physiologically  realistic  pressure  waveform  is  applied  as  a  time 
dependent boundary condition at the fluid inlet. Three waveforms were selected as 
they have been measured in-vivo at locations in the arterial tree that are particularly 
susceptible to this disease. For all the pressure conditions considered the thickened 
diseased  lesion  has  been  found  to  have  a  pronounced  effect  on  the  stresses  and 
displacements within the artery wall. The effect on fluid flow has been found to be 
negligible.   

Towards Early Diagnosis of Atherosclerosis – Role of Wall Shear Stress
The interaction between the flowing blood and the deforming arterial wall is critical 
in blood flow dynamics and understanding the role of hemodynamic forces such as 
wall  shear  stress  in  atherosclerosis.  Traditionally numerical  analysis  of  wall  shear 
stress is performed in rigid arterial  geometries. These geometries do not take into 
account the interaction between the flowing blood and the dynamics of the flexible 
arterial  wall.  This  work  addresses  these  irregularities  by  using  fluid-structure 
interaction (FSI) approach in wall shear stress analysis while validation the numerical 



predictions with results from flow visualization experiments. Preliminary results show 
significant  differences  between  wall  shear  stress  transients  in  rigid  and  flexible 
geometries. Numerical studies are performed using OpenFOAM-1.2.

Fluid-Structure  Interaction  Simulations  on  an  Idealised  Abdominal  Aortic 
Aneurysm Model
An  Abdominal  Aortic  Aneurysm  (AAA)  is  a  local  and  progressive  balloon-like 
dilation found on the wall of the aorta. The wall of an aneurysm is generally thinner 
than the arterial wall on either side of it. To represent this, fluid-structure interaction 
simulations using OpenFOAM-1.2 were performed on a straight tube with a localised 
reduction in wall thickness in the middle of the tube. Initially a linear elastic material 
model was employed. A non-linear elastic material model has also been developed 
and tested. A constant fluid pressure was applied to this geometry. Separate fluid and 
solid mesh motion solvers were implemented which allowed the mesh to displace as 
the simulation progressed. A bulge was formed in the middle of the tube, creating an 
aneurysm  model.  FSI  simulations  were  then  performed  on  this  geometry  using 
physiologically realistic inlet velocity and outlet pressure boundary conditions. It was 
found that the maximum stress in the arterial wall depends on the uniformity of the 
wall thickness.
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