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The Effects of Perturbations on Flow Model Stenotic Arteries

Flow in the human body is designed to be laminar and regular. A few exceptions where turbulence plays a
role are speech production and pathological flow in the circulatory system. Speech production involves
unsteady pulsatile flow and turbulent structures that affect the aeroacoustics. Examples of pathological
blood flow in which unsteadiness, separation and turbulence are important include regurgitant heart valves,
stenoses or blockages, and branches and bifurcations. Pulsatile unsteady phenomena, coherent vortical
structures and transitional flow or turbulence occurring at low Reynolds numbers are common to these
biological flows. An overarching motivation for studying hemodynamics and speech production is to
facilitate surgical planning, i.e. to enable physicians to assess the outcomes of surgical procedures by using
faithful computer simulations. Such simulations are on the horizon with the advent of increasingly more
powerful high performance computing and cyberinfrastructure, but they still lack all the appropriate
models. This seminar will emphasize our cardiovascular-flow-related research program, where the goal is
to investigate the fluid dynamics stimuli of pathological flows on the endothelial cells lining the intima of
the arteries. The motivation is to understand the cycle of plaque formation that occurs in the disease
atherosclerosis. A multidisciplinary effort with colleagues in Biomedical Engineering enables study of the
fluid dynamics in the presence of live cells. Because actual cells are subjected to the flow and then
analyzed for biochemical and genetic response, the facility cannot be scaled-up. Thus, techniques such as
micro-PIV and MEMS-based wall shear stress sensors are required to characterize the flow. Another
important objective is to enable computations with realistic inlet and boundary conditions. Our work on
perturbations addresses the sensitivity of pulsatile flow in arteries to changes in inlet conditions such as
curvature and velocity profile distortion.
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