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Abstract: Understanding the effects of blood viscosity variation plays a very crucial role in hemodynamics, thrombosis and inflammation and could provide useful information for diagnostics and therapy of (cardio) vascular disease. Blood viscosity, which arises from 
frictional interactions between all major blood constituents, i.e. plasma, plasma proteins and red blood cells, constitutes blood inherent resistance to flow in the blood vessel. Because red blood cells (RBCs) are the main constituent of the cellular phase of blood, white blood cells and 
platelets normally do not have a great influence on whole blood viscosity. When blood flows through a vessel, it tends to separate in two different phases. In direct contact with the wall a low viscosity phase exists, which is deficient in cells and rich in plasma and acts as a lubricant 
for the blood transport. In the central core region of the vessel a high viscosity phase exists, which depends on the hematocrit. In this poster, the nature and stability of blood flow in a large artery is investigated numerically using a spectral collocation technique with expansions in 
Chebyshev polynomials. The study reveals that a rise in hematocrit concentration in the central core region of a large artery has a stabilizing effect on the flow.
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Fig. 2. Red blood cells in the artery

1.1 Model Assumptions
For the development of mathematical model (as illustrated in fig. 1 below), the following assumptions are 
made:
(i) In the large artery, blood is assumed to be an incompressible Newtonian fluid.
(ii) Due to the presence of plasma layer near the vessel wall, the local viscosity in this peripheral region would 
be close to that of the plasma and it would be lower than the viscosity in the central core region which 
depends on the hematocrit.
(iii) A two-dimensional flow problem is considered.

1.2 Blood Viscosity
Blood viscosity, which arises from frictional 
interactions between all major blood constituents, i.e.  
plasma, plasma proteins and red blood cells, 
constitutes blood inherent resistance to flow in the 
blood vessel. Because red blood cells (RBCs) are 
the main constituent of the cellular phase of blood, 
white blood cells and platelets normally do not have 
a great influence on whole blood viscosity. 

Fig. 4. Arterial blood viscosity variation, _____=0.1, 
oooo=0.5, ++++=1, .….=1.5

where  is the viscosity variation hematocrit parameter. 

Fig. 3. Blood composition

Fig. 1. Geometry of the problem

1.3 Arterial Blood Viscosity Model
When blood flows through a vessel, it tends to 
separate in two different phases near the vessel wall, 
where shear rate is highest. In direct contact with the 
wall a low viscosity phase exists, which is deficient in 
cells and rich in plasma and acts as a lubricant for 
the blood transport. This effect leads to a steep rise 
in velocity near the wall. This is in contrast to the 
situation in the core region of the vessel, where shear 
rate is low, RBC aggregation is predominant and 
therefore local viscosity rises, which reduces the 
differences in velocity in adjacent central fluid layers. 
Based on the transverse variation in the hematocrit
ratio within the blood vessel, the blood viscosity 
function  is modeled as;
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1.4 Model Equations
The governing equations of continuity and 
momentum for axially symmetric flow of blood 
through an artery in dimensionless form under the 
above mentioned assumption are
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where t is the time, P is pressure, Re is the Reynolds 
number, x is the coordinate in the streamwise direction, 
y is the normal coordinate, (u, v) are the velocity 
components in the x and y directions respectively. 

1.5 Basic Flow Model
The basic steady state of the arterial blood flow system corresponds 
to a parallel flow with velocities u = U(y) and v = 0. The equation and 
the boundary conditions describing the basic state are
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1.6 Linear Stability Analysis 
In the stability analysis, two-dimensional disturbances will be 
considered which implies that Squire’s transformation is 
applicable. Introducing small disturbances to the basic flow as 
follows:

The solution is given by
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Fig. 5. Velocity profile, G=2; _____=0, ooooo=0.5, 
+++++=1, …… =1.5
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where
represent  the small disturbances.
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After substituting the small disturbances into the linearized model 
equations, we obtain  

with the boundary conditions; 

1.7 Computational Approach
The linear stability equation is solved using the Chebyshev spectral 
collocation method. Let 
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Tk is defined in terms of Chebysev polynomials. We obtain an 
(N+1)x(N+1) algebraic equations which form the generalized 
eigenvalue problem                       where,  c

and 
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on   y = 1.

on   y = -1.

with

Tab. 1.Computation showing the convergence of 
the procedure. (G =2, Re = 10000,  = 1,  = 0)

Tab. 2. Computation showing the eigenvalue of 
the most unstable mode (G =2, Re =10000, = 1)

Tab. 3.Computations showing the critical values 
at which unstable modes begin to exist (G = 2)

Fig. 6. Disturbance growth rate (ci ) for Re = 10000

Fig. 7. Marginal stability curve for G = 2.

The eigensolutions of the generalized eigenvalue
problem obtained numerically are presented as follows;

1.8 Conclusion
Linear stability analysis of variable viscosity arterial blood flow is 
presented. The resulting eigenvalue problem is solved numerically 
using Chebyshev spectral collocation method implemented in 
MATLAB. We obtained accurately the critical Reynolds number 
Rec and the critical wave number c for increasing values of 
blood viscosity variation parameter. It has been observed that an 
increase in hematocrit towards the central core region of the artery 
has a stabilizing effect on the flow. The results obtained are of 
physiological interest and clinical applications.


