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Abstract: Hemodynamics plays an important role in genesis of 

such vascular diseases as atherosclerosis, thrombosis and aneurysm. 
The better understanding of flow conditions in the regions which 
prone to have such diseases helps a physician in clinical decision- 
making process. In this study, we present a detailed description of 
two experimental setups for evaluation of blood flow in arteries of 
cardiovascular system. The experimental fluid could be a Newtonian 
or non-Newtonian. The same dimensionless parameters – the Reynolds 
and Strouhal numbers – should be used for a comparison of 
Newtonian and non-Newtonian fluid in models. Experimental setup 
for visualization of the flow could be used as a preliminary tool for 
the fast detection of main flow features. The detected regions could 
be studied in detail by the experimental setup with a high-precision 
measuring device. The measured flow field should be analyzed to 
detect the regions prone to vascular diseases and estimate the risk of 
a disease. The described experimental setups could be used to assist 
a physician during the clinical decision marking process. 

 
 
 
 

Introduction. Hemodynamics plays an important role in genesis of such 
vascular diseases as atherosclerosis, thrombosis and aneurysm [1–3]. The better 
understanding of flow conditions in the regions which prone to have such 
diseases helps a physician in clinical decision making process [4]. Currently 
available clinical methods, such as ultrasound and MRI, have the restrictions in 
spatial and temporal resolution and could not be applied for hemodynamics 
studies in some cases. Numerical simulation of blood flow in arteries of 
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on the aim of a study. A mixture of 
glycerol and water traditionally used to 
obtain an experimental fluid with 
Newtonian behavior. Preparation of non-
Newtonian fluid requires is complicated 
and requires a lot of effort to match the 
curve for viscosity between experimental 
fluid and blood. An example of 
experimental fluid with non-Newtonian 
properties is fluid which consists of 51 % 
by weight aqueous Dimethylsulfoxide into 
which various polyacrylamides are added 
(0.0035 % Separan AP-302 and 0.0025 % 
AP-45, Dow Chemical). The rheological 
behavior of this fluid is nearly identical to 
that of blood with a hematocrit of 46 %. 
Figure 3 compares the viscosity over the shear rate of the experimental fluid at 
21 °C with the values for human blood, with hematocrits of 46 and 42 % at 
37 °C. The viscosity of the experimental fluid and the blood samples were 
measured at the respective temperatures with this rotational viscosimeter. 
The density of the mixture was equal to 1050 kg/m3 of that of blood. 

The same dimensionless parameters should be used for a comparison of 
Newtonian and non-Newtonian fluid in models. Thus the Reynolds and Strouhal 
numbers should be the same both for Newtonian and non-Newtonian fluids. 
A representative viscosity for non-Newtonian fluid should be used for 
calculation of the Reynolds number. 

rep
Re ,udρ

=
η

 

where u  – average velocity at the inlet; d – proximal diameter of artery; ρ  – fluid 
density; repη – representative viscosity. 

An average velocity could be calculated from the flow rate as 

2
4Vu
d

=
π

, 

where V – is flow rate. 
In order for two flows to be similar they must have the same geometry and 

the same dimensionless parameters. The definition says that two flows may be 
considered similar, if a stable ratio is created between geometric and 
characteristic physical parameters of the flows be compared at arbitrary 
correlated points. 

The representative shear rate for non-Newtonian fluid could be calculated 
from the known flow rate V at the inlet of an artery and the proximal radius r  
as follows: 

rep 3 .V
r

γ =  

Using this value the representative viscosity repη  could be obtained from 
the curve of shear stress-over-shear rate. If the measured data is not available, 

Fig. 3. Comparison of viscosity for blood 
and experimental fluid:  

ETA – dynamic viscosity of fluid;  
D – shear rate 
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photomultiplier (8). The measurements could be done under pulsatile or steady 
flow conditions. The overflow tank (3) ensures the steady inlet pressure for the 
model (7). Programmable piston pump (1) generates the realistic inlet flow rate, 
which is controlled by the flow-meter (4). The inlet and outlet pressures are 
measured by the pressure transducers (5) and (9). The piston pump is activated 
when the pulsatile flow conditions are required. 

Conclusion.  In this study we present a detailed description of two 
experimental setups for evaluation of blood flow in arteries of cardiovascular 
system. Experimental setup for visualization of the flow could be used as a 
preliminary tool for the fast detection of main flow features. The detected 
regions of interest then could be studied in detail by the experimental setup with 
a high-precision measuring device. The measured flow field should be analyzed 
to detect the regions prone to vascular diseases and estimate the risk of a 
disease. The described experimental setups could be used to assist a physician 
in clinical decision-making process. 
 

The work was supported by DAAD (German Academic Exchange Service) 
for the “Mikhail Lomonosov” program and within the framework of the state 
project No. 18.706.2016 / DAAD. 
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Экспериментальные установки для исследования кровотока 
в артериях сердечно-сосудистой системы 
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Ключевые слова: биомеханика; большой круг кровообращения; 

гемодинамика. 
 
Аннотация: Гемодинамика играет важную роль в генезе таких 

сосудистых заболеваний, как атеросклероз, тромбоз и аневризма.  
Понимание условий кровотока в областях, имеющих потенциал к раз-
витию таких заболеваний помогает врачу в процессе принятия клини-
ческих решений. Представлено детальное описание двух эксперимен-
тальных установок для оценки кровотока в артериях сердечно-
сосудистой системы. Экспериментальная жидкость может быть нью-
тоновской или неньютоновской. Одинаковые безразмерные пара-
метры – числа Рейнольдса и Струхаля, должны быть использованы 
для сравнения ньютоновской и неньютоновской жидкостей в моделях. 
Экспериментальную установку для визуализации потока возможно 
использовать как предварительное средство для быстрого обнару-
жения основных особенностей кровотока. Интересующие области мо-
гут быть детально изучены с использованием экспериментальной ус-
тановки, включающей высокоточное устройство измерения. Измерен-
ное поле скоростей потока необходимо проанализировать для обнару-
жения областей, где возможно сосудистое заболевание и оценки риска 
его возникновения. Представленные экспериментальные установки 
могут быть использованы для помощи врачу в процессе принятия 
клинических решений. 
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