
1. Blood flow and vascular deposits

Doctors are studying the different flow rates throughout the human vasculature system. 
After years of eating fries and hamburgers, four out of ten Americans are obese, and most 
Americans have a decreased vessel diameter due to fat buildup, increasing the risk of heart 
attack and stroke.

(a) Assume that the growth of fatty deposits on the inside of blood vessels will be 
limited by the shear stress imposed on the deposit by the flow of blood through the 
vessel; that is, assume that the growth of fatty deposits on the inside wall of a blood 
vessel decreases with increasing shear stress τrz.  As the deposits grow and the tube 
narrows,  will  the growth of fatty deposits  slow down over time,  or accelerate? 
Answer this question assuming: (i) constant pressure and (ii) constant flow rate.

(b) The diameter of the carotid artery, the blood vessel that supplies blood to the brain, 
is 7 mm, and the average velocity and density of blood is 0.4 m/s and 1060 kg/m3 

respectively.  Across the blood vessel length of 1m and with a blood viscosity of 
0.0027 Pa·s,  calculate:  (i)  the  Reynolds  number  of  blood  through this  healthy 
vessel; (ii) the friction factor (from the  f vs. Re graph for flow through a tube, 
assuming a smooth vessel); (iii) the pressure difference across the vessel.

(c) In one such person, fat has built up on the interior vessel wall over a period of 
years, restricting blood flow and endangering the person’s life.  If there is a 1 mm 
layer of fat on the carotid arterial wall resulting in a decreased vessel radius Rf, 
what is the new average velocity which gives the same flow rate Q as in part b?

(d) What is the blood pressure necessary to achieve the same flow rate as the fully open 
artery?  Use the new average blood velocity from part c.

(e) The buildup of fatty deposits on the arterial wall can damage the endothelial lining 
of  the  blood  vessel,  resulting  in  formation  of  a  plaque  (platelets,  abnormal 
endothelial  cells  with  further  cholesterol  buildup,  hardened  vessel  walls  and 
decreased diameter of the vessel.)  A blood clot forms, attaches to the carotid artery 
of the aforementioned individual, and can be dislodged at a shear stress τcrit  =3.3 
N/m2.  Over time, the fatty buildup becomes thicker with the dependency given in 
the table below, resulting in an increased shear stress and blood pressure as seen in 
part d.  How much time does the person have to get a doctor’s checkup before the 
shear stress becomes too great and dislodges the blood clot from the artery?  Use 
the blood pressure of 3600 Pa.

Time (months) Fat thickness (mm)
0 0
6 0.25
12 0.5
18 0.75
24 1.0
30 1.25
36 1.5
42 1.75
48 2.0


