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ABSTRACT 
Cardiovascular diseases, principally atherosclerosis, are responsible for 30% of world deaths. Atherosclerosis is the build-up of fatty materials in the inner wall of the arteries that prevent sufficient oxygen and nutrition to the body. The narrowing of arterial lumen is called stenosis. Major cause of the fatal event which is heart attacks and strokes are mainly caused by total fat plaque blockage of vessel lumen. It is increasingly recognised that the initiation and progression of disease and the occurrence of clinical events such as plaque rupture is a complex interplay between the local biomechanical environment and the local vascular biology. Current experimental models to unravel this interplay are based on the assumption of homogeneous uniform blood consisting of a single-phase free of particles. However the particulate nature of blood causes large effects concerned with inhomogeniety and particle paths relevant for red blood cells (RBCs), white cells and platelets. Work to investigate the relationship between local haemodynamics and local vascular biology has been undertaken using cultured endothelial cells [1] and using animal models with implanted stenoses [2]. Current experimental methods for validation of velocity fields and particle distribution also make this assumption 


[3] ADDIN EN.CITE . The multi-phase nature of blood is ignored, hence the effect of multi-phase flow on local biology is unknown, and there are no currently available systems for investigation of these effects.
 
The aim of this study is to investigate the effect of blood cells size on its overall distribution in a stenosed artery model. The particle distribution of a dilute solid-liquid suspension through a stenosed arterial geometry was investigated where the size of the particles were varied. The stenosis model with 8 mm diameter vessel seeded with 20 (m and 10 (m solid particles in a glycerol solution. The flowrate was constant at Reynolds number (Re) 310. Particle Image Velocimetry (PIV) was employed to determine the velocity as well as to acquire the flow images. The set-up is presented in Figure 1. The light intensity scattered by particles was evaluated to determine the particle distribution. The particle distribution was investigated by mean of the normalized light scattered by the solid particles. 
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 is normalized by dividing the local mean pixel values, 
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 with the mean light intensity at the inlet, 
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The region of interest was the small section at the corner of the downstream stenosis where flow separation was likely to occur. As shown in Figure 2, the object frame size was 3.5mm x 3.5mm. Figure 3 indicates flow separation exists where the flow emerges from the stenosis throat. From the PIV images, the particle density distribution exhibited differing non-uniform characteristics. The normalized mean light intensity, 
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 of images for flows having different particle diameters is compared in Figure 4. In contrast to flow with 10μm particle diameter, flow with 20μm diameter (Fig. 4b) exhibited a clear inhomogeneous 
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 distribution in the recirculation orbit that forms an elliptical shape with a vortex centre. Larger diameter particles tend to migrate to the middle of the vortex and form a stable equilibrium position in the recirculation region.  For smaller particles, they are almost homogeneously distributed. 
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Figure 1. Schematic representation of the PIV setup.

[image: image12.emf]-4

-3

-2

-1

0

1

2

3

4

-16-15-14-13-12-11-10-9-8-7-6-5-4-3-2-1012345678910111213141516171819202122232425
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Figure 2:  A schematic diagram of the stenosis geometry with 30% diameter reduction (length not to scale).
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Figure 3: Velocity vector and streamlines at the corner of post stenosis region 
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Figure 4. Normalized light intensities with particle size a. 10um, b. 20um.
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