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The fluid mechanical and biomechanical processes which occur during
the movement of an erythrocyte through the human capillary are very
complex. Most of the rheological properties of blood depend on RBCs
which in normal condition constitute about 95% number of total cells
in the blood. Caro[4], Chien[8], Dintenfass [9], Kline[11], Woodcock
[14] and many other researchers have shown that the knowledge of
fluid mechanical and rheological properties of the flow of blood, like
velocity profiles, velocity gradients and shear stress at the wall.
Apparent viscosity of blood, deformability of red cells and spin
boundary conditions could play a vital role in the diagnosis and
treatment of many diseases.

The viscosity of blood varies greatly in different areas of circulation
and depends on such factors as internal viscosity of red cells as well as
on the lumen of the blood vessels, its diameter and on the flow velocity.
When the diameter of blood vessel is less than 500 um the circulation is
called microcirculatory. This is responsible for 80 percent pressure
drop in circulatory system. In capillary bed the transfer of nutrients to
and removal of wastes from the living cells of the body is a part of
microcirculation.

The constitutive equations for micro polar fluid [1,2] are
tij=(-p+u'dkk ) 8ij+2udij+2ul €ijk (Wk-ck).... (1)
Mij=ac(p,p) 8ij+Po(ij) Y5 (si)..cmrm... )

tij-Stress tensor; Mij- couple tensor, €ijk -alternating tensor, k- micro
rotation,

Wk- vorticity, p- thermodynamic pressure,; = & [V 1 Vil We = S sV
time differential of micro polar rotation vector.

We assume RBC a rigid particle of finite dimension suspended in
aqueous phase plasma. In tube of radius 20-500umwe can well use the
micro polar fluid model to explain the flow parameters characterizing
the blood behavior. Several authors like Brunn [3], Chaturani [7],
Chaturani and Biswas [5, 6], Oka Singh[12] and Shraokov [13]have
used slip at the wall as a mechanism in explaining the blood flow.

In this paper, it is assumed that the blood flow does not obey the slip
condition; the presence of red cell moving close to wall may be thought
to be equivalent to a continuum which is slipping at the wall. The
mutual inter actions of the particle give rise to spin at the boundary. It
is assumed that shear viscosity of blood is different to that of solvent
viscosity [5]. The study may be helpful in understanding the
pathological conditions arising from the flow abnormality of blood.

The Mathematical Model-

APoiseuille flow of incompressible micro polar fluid in a rigid circular
tube is considered. It is assumed that radius of the tube is constant and
blood is slipping at the vessel's wall.

The Governing Equations-

The equations of motion for the Poiseuille flow of micro polar fluid
through a rigid tube of uniform circular cross section whose origin lies
on the axis of the tube are

18 dr a
(g, + ) el U ( ) + Jlr.rn - (r’m] a_: .............................. (1.1
| ldw L &
( m+;ﬁ—j—;w) —2.u2£—=1p{2w S3 | D .(1.2)

where v,0 are axial and angular velocities of the particles, z,r are the

axial and radial coordinates, p the pressure, 1 the shear viscosity, p2
the rotational viscosity and p3 the angular viscosity.

The boundary conditions-

The appropriate boundary conditions are given by

vand o remainfiniteatr=0....................cociiiiiiienL. (1.3)
v=-m dv/dr atr=R..........

®=-n/2 dv/dr atr=R..

Where R is the radius of the tube, m the slip parameter and n is the wall
effect parameter.

The mathematical analysis-
Integrating equation (1.1) , we get
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Where C is constant of integration.
Putting value of Ov in equation (1.2), we get
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Solving equation (1.7) , we get

1
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Where I1 (hr) and K1 (hr) are solutions of modified Bessel's equation
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Applying boundary condition (1.3), B=0

Alsol rCis particular integral of differential equation (1.7).
(4pl)
Solution of differential equation (1.7) is given by
o=All (hr)+1 TC i (1.8)
(4p_1 )
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Putting value of 4 in equation (1.8), we get
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Now using equation (1.8) in equation (1.6) with boundary conditions,
we obtain
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Where b — — and 1y ~ o

Velocity at the axis (r = 0} is
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Volume Flow Rate-

The volume flow rate Q of the fluid flowing per unit time across the
cross section of tube is given by
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RESULTSAND DISCUSSION-

When H=40%, , where solvent viscosity p s=1.2 ,p 2=0.98 and
u3=1.2x10" gmcm/sec,b=0.02 ,R=40 um & pl=ps+p2
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From equation (1.9) and (1.10), we see that particles rotational velocity
is unaffected with slip at the wall. When we plot graph between(-:] s
for different values of n', we see that rotational velocity increases with
respect to r for n' lies in the range 0 to 0.85. When values of n' lies
between 0.95 to 1.0, the rotational velocity first increases and then
decreases slowly as - approaches to 1. Clearly particle rotational
velocity decreases as n' increases. ax & — 1.4 «. at the wall, the
rotational velocity reduces to its minimum value whenn'=1.

From equation (1.12), we observe that the axial velocity increase with
slip at the wall. Equation (1.16) shows the variation of particle's axial
velocity 17 with respect to radial coordinate r for different values of n',
we see that axial velocity decreases as n' increases.

Equation (1.17) ketween Ty and n"is linear relation, so represent line, This shows
the variation of velocity at the axis v, for different values of n'. It is clear that
velocity ¥ decreases as n' increases. We also observe that velocity is maximum

Also Equation (1.18) between  and n” is lincar relation, so represent line. This
shows the variation of volume Flow Rate (J with respect to n'. Clearly
decreases as n’ increases from 0 te 1. Velume Flow Rate § is maximum when
n'=0.
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