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Abstract: This article discusses blood viscosity, its physical and rheological

properties, and the differences between Newtonian and non-Newtonian fluids. The
behavior of blood as a non-Newtonian fluid and its relationship with its components
- erythrocytes, leukocytes, thrombocytes, and plasma—are explained. Additionally,
pathological conditions resulting from increased or decreased blood viscosity,
including thrombosis, stroke, myocardial infarction, and hemorrhagic syndromes,
are analyzed. The main methods for determining viscosity, such as the capillary
viscometer, Hess viscometer, rotational viscometer, and Stokes method, are also
reviewed.
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Introduction.Viscosity is an important physical parameter that characterizes a
fluid’s resistance to flow. It is associated with internal friction occurring between
layers of fluid and determines the degree of fluid flow. The higher the viscosity, the
more difficult it is for the fluid to flow.

Fluids are classified into Newtonian and non-Newtonian types based on their
physical properties. In Newtonian fluids, viscosity does not depend on the velocity
gradient, whereas in non-Newtonian fluids, such dependence exists. Blood, as a non-
Newtonian fluid, performs essential biological functions in the body, and its
viscosity directly affects human health.

Literature Review. Scientific literature extensively studies the viscosity and

rheological properties of fluids. It is noted that in Newtonian fluids, viscosity
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remains constant and does not depend on external influences. Examples include
water, alcohol, and glycerin.

Non-Newtonian fluids, particularly blood, have a complex composition, and
their viscosity changes depending on flow velocity. Studies emphasize that blood
viscosity is closely related to the deformability of erythrocytes and their aggregation.
It is also highlighted that changes in blood viscosity can lead to various diseases
such as thrombosis, stroke, myocardial infarction, and hemorrhagic syndromes.

Research Methodology. Several methods are used to determine blood viscosity:

Capillary Viscometer Method. In this method, the time required for a certain
volume of liquid to pass through a thin capillary tube is measured. Based on
Poiseuille’s law, the relative viscosity of the fluid is determined. Measurements are
typically carried out at 37°C, corresponding to normal human body temperature.
While this method provides accurate results for Newtonian fluids, its application to
non-Newtonian fluids like blood is more complex due to viscosity dependence on
flow rate.

Hess Viscometer.The Hess viscometer is used to determine the relative
viscosity of biological fluids, especially blood. In this method, a constant volume of
blood is used, while the volume of water is determined based on its level in the tube.
The method is based on comparing the volume occupied by the test liquid in a
capillary tube with that of distilled water. Since water viscosity is known and stable,
blood viscosity is calculated relative to it. This method is simple and widely used in
medical practice.

Rotational Viscometer.Rotational viscometers are universal laboratory
instruments used to measure viscosity. The fluid is placed between a rotating rotor
and a stationary cylinder. As the rotor spins, shear occurs in the fluid layers,
generating torque on the stationary cylinder. Viscosity is determined based on
angular velocity and torque. This method allows analysis of non-Newtonian

behavior by varying shear rates.



Stokes Method.In this method, spherical particles of known radius are
introduced into the fluid, and their terminal settling velocity is measured. The motion
depends on viscosity, density, and particle size. For accurate results, the fluid must
be transparent, homogeneous, and well-characterized. This method is mainly
suitable for Newtonian fluids.

Analysis and Results. The analysis shows that blood viscosity directly depends
on flow velocity. At high flow rates, erythrocytes deform and align along the flow
direction, reducing viscosity. Conversely, at low flow rates, erythrocyte aggregation
increases, leading to higher viscosity.

Increased blood viscosity can cause hypercoagulation, leading to thrombosis,
stroke, myocardial infarction, and pulmonary embolism. Decreased viscosity results
in hypocoagulation, which may cause hemorrhagic syndrome, internal bleeding, and
hemorrhagic stroke. Results obtained using different viscometric methods confirm
the complex non-Newtonian nature of blood.

Conclusion.Blood viscosity is one of the key rheological properties ensuring
normal circulation in the body. Its non-Newtonian characteristics are closely related
to its structural components.

Deviations from normal viscosity levels can lead to severe pathological
conditions, making its monitoring and measurement essential. Modern viscometric
methods provide reliable results and are widely used in medical practice.
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