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Abstract:
An estimate of the difference between the Poiseuillian viscosity and the apparent viscosity at a given
shear rate was made for blood under steady flow conditions. Shear stress-shear rate (viscometric) data
for blood under steady flow conditions were used along with some numerical methods to obtain the
difference between these two viscosities. The difference is significant at low flow rates and high values
of the apparent viscosity.

Experimental work was done on oscillatory flow of blood at different frequencies of oscillation in rigid
circular tubes. An apparatus was built so that oscillatory pressure and flow could be measured. The
apparatus was tested with Newtonian fluids, such as glycerol solution, water, saline and plasma
because the theory of oscillatory flow for a Newtonian fluid is understood very well.

Different red cell suspensions such as red blood cells in plasma, red blood cells in Dextran solutions,
red blood cells in albumin-saline and hardened red blood cells in 0.5% Dextran 40 solution were used
for the experimental work. Flow in two rigid circular glass tubes 400 and 776 microns in diameter was
investigated. The experimental suspension hematocrit was usually about 45%, although 36%
hematocrit was also used.

Experimental results showed that all pressure-time curves were sinusoidal for frequencies of oscillation
of 0.5 hertz through 3 hertz. (The flow-time curves were always sinusoidal because of the inherent
nature of the apparatus.) The pressure-flow data are summarized in this thesis and they are explained in
terms of the known properties of blood and other red cell suspensions. These properties are the
rheological data of blood, the visco-elasticity of blood, the aggregation of red blood cells and the
deformation of red cells.

Red blood cells in high molecular weight Dextran solutions aggregate more strongly than they do in
plasma. Hence, suspensions consisting of red blood cells in such Dextran solutions need higher
pressure gradients to maintain the same flow compared to pressure gradients needed by red cells in
plasma. From the experimental work with red cells in saline solution and hardened red cells in saline, it
was concluded that red blood cell aggregation is significant process in oscillatory blood flow when the
tube diameter is 400 microns. 
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