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A NUMERICAL STUDY ON THE EFFECT OF GEOMETRIC VARIATION ON
ANEURYSM

JAYDEEP CHANDRA SAHU*' AND SOMNATH CHAKRABARTI"

ABSTRACT

An aneurysm is a localized, blood-filled balloon-like bulge in the wall of a blood vessel. It is a cardiovascular health
disease that occurs when the blood vessel becomes weak. Aneurysms can occur in any blood vessel commonly seen in artery of
circle of Willis in the brain, aortic aneurysm affecting the thoracic aorta and abdominal aortic aneurysm. Aneurysm rupture is
a complex phenomenon, depending on the maximum diameter, locally varying mechanical properties of arterial wall,
distribution of internal pressure, wall stress, asymmetry, saccular index, presence of intraluminal thrombus, and tortuosity etc.
The dilation of aneurysm and the risk of rupture depend on a complex interplay between hemodynamic stresses and
biomechanical reactions occurring inside the arterial wall, which are affected by blood flow patterns. The blood flow patterns
in aneurysm are affected by the change in geometry of aneurysm. Thus, the flow pattern related to various geometrical aspects
of aneurysm need to characterise for better understanding the cause and characteristics of the disease. This study is focusing
on abdominal aortic aneurysm. In the present work, an effort has been made to numerically predict the flow characteristics of
blood, related to risk of rupture for two dimensional, rigid aneurysm models with variation of Reynolds number ranging from
50 to 400 and Length ratio ranging from 0.5009 to 1.996. The commercial CFD (computational fluid dynamics) software
ANSYS 14.5 (FLUENT) is used to design the computation field, meshing and further post-processing. The different
hemodynamic factors like streamline contour, wall static pressure distribution and wall shear stress characteristics at the
potential locations are investigated. From the flow simulation, it is observed that the flow through an aneurismal artery
consists of two main parts, a high velocity flow in the middle of the geometry with slow recirculation bubbles in the area of the
aneurysm cavity. This condition may increase the blood residence time and so the thrombus formation. A peak wall static
pressure and peak wall shear stress gradient are found at distal end of aneurysm. The peak static pressure can be the cause of
further dilation of arterial wall. The elevated level of wall shear stress may lead to damage of endothelial wall of distal end of
aneurysm. It is found that posterior bulging, i.e. greater length ratio leads to increment in peak wall shear stress and
maximum wall static pressure at distal end. The magnitudes of peak wall shear stress and maximum wall static pressure are
having linearly varying nature with increase in Reynolds number.
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Figure 4: Stream line contours for Re of 200 and 400 %

of case 2, LR = 0.5009. e ——
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Figure 6: Variation of WSP with Re in axial
direction for case 1, LR = 1.0.
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Figure 7: Variation of WSP (Pa) with Re in axial
direction for case 2, LR = 0.5009.

Figure 5: Stream line contours with Re of 200 and
400 for case 3, LR = 1.996.
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Figure 8: Variation of WSP (Pa) with Re in axial
direction for case 3, LR = 1.996.
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Figure 9: Variation of WSS (Pa) with Re in axial
direction for case 1, LR = 1.0.

0.35

— %
030 —
025 ¥
| — #
0.20

#
0.15 —
°g — #
3 0.10
—
————
—r—
0.05
—
0.00
-0.05
09 0% 102 105 108 111 114

Fig.10: Variation of WSS (Pa) with Re in axial
direction for case 2, LR = 0.5009.
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Figure 11: Variation of WSS (Pa) with Re in axial

direction for case 3,

LR =1.996.
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Figure 12: Variation of maximum WSS (Pa) and
minimum WSS (Pa) with the variation of Re for
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