Characterization of Stenosed Coronary Blood Flow Using DPIV
Sam Raben
Dr. Pavlos P. Vlachos, Mechanical Engineering Department School of Biomedical Engineering and Sciences
Thousands of people every year are diagnosed with some form of heart disease, the second highest cause of death in the US
.  One common form of heart disease is a thickening of the vascular walls, known as atherosclerosis.  This constriction reduces the amount of blood flow to the heart, leading to myocardial infarction, i.e. heart attack.  Early detection of these blockages has the potential to save hundreds of lives every year.  Despite many years of research, little is known about the fluid mechanics governing the flow through these arteries.  This knowledge is critical for improving disease detection methods.  To address this need, this experiment investigated a model of pulsatile flow in simulated compliant arteries using a measurement technique called particle image velocimetry.  
The experimental setup consisted of a computer controlled gear pump connected to a compliant vessel.  The stenosis, 75% constriction by diameter, was implanted inside of the vessel.  The vessel was contained in a Plexiglas container containing a water/glycerin mix to match rheological properties of blood..  The working fluid was a water/glycerin mixture ρ=1130 kg/m3 and ν=3.77x10-6 m2/s.  To reproduce the physiological flow conditions of the human coronary circulation inside the vessel, the setup shown in Figure 1 was used.  A fluid capacitive section, constructed from a rubber bladder, was placed upstream of the stenosis.  This capacitance section, coupled with the solenoidal actuator, allowed the pressure in the vessel to be out of phase with the velocity, as is the case in coronary flow.  Two flow conditions were studied, corresponding to resting and exercise conditions.  It was necessary to match the proper dynamic scaling parameters, namely the Reynolds number and Womersley parameter, with those observed in the human body in order to give physical significance to the experiment.  The Reynolds numbers used for resting and exercise conditions were 250 and 450 respectively with Womersley parameters of 2.7 and 3.7.  Pressure and velocity data were acquired while planar flow measurements were taken using Digital Particle Image Velocimetry (DPIV).  
DPIV is a process where neutrally buoyant particles, sized appropriately for the experiment, are placed in a flow.  The particles are illuminated by a laser plane and the resulting images are captured with a high-resolution, high frame rate camera.  The experimental setup used here has the capability of capturing image pairs with as little as 100 μsec separation between exposures, allowing for high accuracy even in high speed flows such as those studied here. 
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Figure 2. Shear stress in 75% constricted (by
Figure 1. Experimental setup

diameter) vessel for Re=250 and Re=450 case
The presence of a stenosis increases shear stresses downstream in both resting and exercise cases, as seen in Figure 2.  This increase originates at the neck of the stenosis and propagates downstream.  Shear stress rose to a peak of 400 dyne/cm2 in the 75% constriction (by diameter).  This value is very high when compared to the values found in healthy vessels which are on the order of 2 to 40 dyne/cm2.  Large regions of recirculation (reversed flow on the arterial walls) were noted as far downstream of the blockage as 15 to 20 diameters.  These recirculation regions are harmful in that they can trap blood particulates in slow moving regions of flow, leading to an increased chance of clotting and thrombus formation.  The results of this study yielded valuable information for a flow that prior to this work had not been characterized experimentally due to the difficulty in measuring the flow with sufficient accuracy.  
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