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INTRODUCTION
To date, several researches have been done on arterial blood 
flow at critical sites like junctions, bifurcations, and grafts; 
and because of the correlation between hemodynamics and 
atherosclerosis citation, it can be well studied [1]. Due to the 
experimental limitations, many studies have used 
computational modeling to simulate blood. A number of 
experimental setups have been developed during the past 
recent years. Most of experiments have studied velocity 
profiles. In continuing efforts to develop the realism of these 
simulations, new agents have been made including non-
Newtonian properties of blood and arterial wall compliance 
has been introduced. Each agent is added to indicate one 
more step toward a realistic prognosis of wall shear stress, 
the oscillatory shear index (OSI) and velocity field. Many 
studies shows that mean WSS and OSI parameters are so 
correlated to atherosclerosis. A novel experimental setup 
utilized in present study. The prime characteristic of this 
setup is production of original physiological blood flow and 
imposing the real pressure pulse due to relevant flow. There 
is also three pressure transducer to measure the CCA, ICE, 
and ECA blood pressure. Pressure pulse, physiological flow, 
mechanical properties, and geometrical parameters of carotid 
bifurcation artery have been chosen wisely for experimental 
setup [2, 3]. Some most important parameters studied at 
critical regions of carotid artery bifurcation, considering 
Newtonian and Non-Newtonian blood flow.

METHODS
The experimental setup (Figure 1) comprise of three major 
parts: Arterial bifurcation tube and adjuncts; pulsatile pump; 
and processing and recording data. 

Figure 1: Schematic of the experimental setup

An elastic silicon tube (Figure 2) has been used as an 
analogy of carotid bifurcation artery. The mechanical 
properties and geometries are based on the characteristics of 
realistic arterial carotid bifurcation. Due to very small 
deformation of wall arterial of carotid artery compare to its 

mean diameter, a linear elastic model almost can present the 
wall mechanical properties. The two elasticity parameters 
extracted from universal testing machine (E = 553, υ = 0.43). 

Figure 2: the carotid artery bifurcation models: geometrical 
model (left), and experimental model (right)

Three pressure transducers used for measuring the pressure 
waves at the ends of the CCA (for verifying with the 
previous study [3]), ICA, and ECA (for the boundary 
conditions). The other boundary condition is the flow wave 
at the entrance of CCA. Due to arterial shrink when removed 
from in vivo condition, the silicon tube in experimental setup 
has stretched 36.5% axially as an initial condition both in 
experiment and computation. In order to establish realistic 
human pressure pulse, a resistance subjected to downstream 
(after elastic tube) has been used. And also an elastic 
element used to control the amplitude of pressure pulse 
(adjusted to 76 mmHg to 110 mmHg at the entrance of 
CCA). 

Table 1: Comparing Carreau model coefficients of real 
blood with experimented fluid.

Carreau 
model 

coefficients

Present experimental 
blood analog fluid

Blood (45% 
Ht) [4]

Difference
%

μ0 (cP) 55.57 56 0.77

λ 3.56 3.313 6.9

μ∞ (cP) 3.39 3.45 1.8
n 0.33 0.3568 7.5

Similar blood analog fluid was prepared in the 
Cardiovascular Lab with 65% water + 35% glycerin + 0.02% 
Xanthum gum (by weight). For non-Newtonian effects, the 
Carreau model is used. The parameters of both real blood 
and utilized fluid are summarized (Table 1). Also, density of 
the fluid is 1050 kg/m3.
One of the most important parameters which can reveal the 
critical regions in arterial sites is oscillatory shear index 
(OSI). This dimensionless factor demonstrates which 
segments of wall region expose to reverse flows. The 
definition of OSI is as follow:
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Where the component of τw
* describes WSS in an opposite 

direction of its mean value. Based on this definition, OSI 
varies between 0 and 0.5 (totally oscillatory flow).

RESULTS AND DISCUSSION
The velocity Contour plots and its magnitude (in the plane of 
symmetry), is shown in Figure 3 at the time of peak systole 
(t/T = 0.15) for both Newtonian and non-Newtonian Fluid.
As demonstrated in many previous researches, the stagnated 
flow along the outer wall of the ICA sinus with strongly 
skewed axial velocity profiles observable in the both
daughter tubes with Steep flow rate divided. 

Figure 3: Contour plots of the velocity magnitude for 
Newtonian (left) and non-Newtonian fluid (right) at t/T=0.15

The area of reversed flow region is obviously detectable 
from the picture that has more restrict magnitude at the non-
Newtonian fluid flow. Also the magnitude of maximum 
velocity at Newtonian fluid is less than non-Newtonian one. 

Figure 4: mean WSS (top), and OSI (bottom) along
normalized distance, S (Figure 2); the horizontal axis

indicates the outer wall of CCA-ICA

Mean WSS and OSI parameters studied at outer wall of 
CCA-ICA (Figure 4) and internal wall of Sinus (Figure 5). 
The results show that the sinus region of carotid bifurcation 
is more in danger of arterial diseases (low WSS and high 
OSI); but, it seems considering the non-Newtonian
properties for blood flow reduces the probability of this 
danger. 

Figure 5: mean WSS (top), and OSI (bottom) along
normalized distance, S* (Figure 2); the horizontal axis

indicates the internal wall of Sinus

CONCLUSIONS
Blood flow through bifurcated arterial models was studied 
experimentally and numerically due to two different fluids: 
Newtonian and non-Newtonian fluid. Since the sinus of 
human carotid bifurcation is so vulnerable due to arterial 
diseases like atherosclerosis, the velocity profiles at this area 
observed. It revealed that at the high flow rate (systolic peak) 
this area experiences the most recirculation and reversed 
flow region and consequently to be exposed to a plaque 
foundation. Also, the amount of mean WSS and OSI at these 
regions proofed this phenomenon. At the end, it discovered 
that Newtonian consideration of blood flow is not a proper 
simplification, because it yields conservative results. 
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