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Abstract: In this paper we investigate the effects of magnetic field on heat
transfer in peristaltic flow of micropolar fluid in an asymmetric channel.
The expressions for velocity micro-rotation velocity volume flow rate and
temperature distribution are obtained. The effect of different values of
magnetic parameter (M;) amplitude of wave (¢;) and microrotational
parameter (n;) are discussed through graphs. These results may be useful for
diagonostic purpose.
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1. Introduction

Eringen' has introduced the theory of micropolar fluids. These fluids
possess microstructure, in particular spin inertia and have a capacity of
sustaining stress and body moments, which rapidly effect the microscopic
motions of the fluid. Here we deal with the motion of micropolar fluids
which is a subclass of microfluids. Eringen® suggested that the theory of
micro-polar fluids might serve as a satisfactory model for the description of
the flow properties of polymeric fluids, fluids containing certain additives
and in particular the animal blood. The classical Navier-Stokes theory is
inadequate, especially in predicting the behaviour of such type of suspended
particles or movement of blood cells and the boundary layer flows of such
fluids. He also works out an example for the flow of micropolar fluids in a
circular pipe. Initially Laxmana Rao® studied the general solution of field
equations of micro-polar fluids. Later on Wilson* dealt with the basic flows
of micropolar fluids. He particularly emphasized the case in which i, the
coupling constant relating to the microstructure to the microscopic flow, is
greater than L, the usual coefficient of viscosity. He analysed shearing flow
between two infinite plates in steady relative motion, rotational flow in
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circular tubes, propagation and decay of plane wave disturbances,
oscillatory flow of an infinite plate immersed in the fluid and surface flow
problems. Renuka® has studied some problems of a micro-polar fluid
between two parallel plates and in a circular cylinder. Also Renuka et al ®
studied the wave propagation of micropolar fluid in viscoelastic membrane.

The peristaltic flow of biofluids in different geometries has many
applications in mathematics, biology and engineering. The initial
mathematical models of peristalsis obtained by a train of sinusoidal waves
in an infinitely, long symmetric channel or tube have been investigated by
Shapiro et al’ and Fung and Yih®. Several studies have been made to analyse
both theoretical and experimental aspects of the peristaltic motion of non-
Newtonian fluids in different situations. Bohme and Friendrich® studied the
mechanism of peristaltic transport of an incompressible viscoelastic fluid by
means of an infinite train of sinusoidal waves travelling along the wall of
the duct in the case of plane flow. El-Shehawey et al'® studied the peristaltic
motion of an incompressible non-Newtonian fluid through a porous
medium. They showed that the pressure rise increases as the permeability
decreases and noted that both pressure rise and friction force does not
depend on permeability parameter at a certain value of flow rate. The effects
of an oldroyd-B fluid on the peristaltic mechanism are examined by Hayat et
al", under the long wave length assumption. They noticed that in the narrow
part of the channel, the behaviour of an oldroyd-B fluid is much different
from that of Newtonian fluid than in the wide part of the channel. After
these studies, many investigations were done to understand the peristaltic
action for Newtonian and non-Newtonian fluids in different situations.
Several authors Eytan and Elad", Rao and Mishra®, Hasoun' *, Hayat et
al'®, Subha Reddy et al”, Ali and Hayat®, Sobh®, have studied peristaltic
motion of Newtonian and non-Newtonian fluid flow in asymmetric channel.

Mekheimer® studied the effect of a uniform magnetic field on a
peristaltic transport of a blood in a non-uniform two dimensional channels,
when blood is represented by a couple-stress fluid.

Muthu et al* carried out a study of the peristaltic motion of an
incompressible micro-polar fluid in two dimensional channel. They
investigated the effects of viscoelastic wall properties and micropolar fluid
parameters on the flow using the equation of the fluid as well as the
deformable boundaries. In view of the above study, wide range of practical
importance of magnetic field and non-Newtonian behaviour of physiological
fluids. We have made an attempt to analyse the flow development and effect
of magnetic field on heat transfer in peristaltic flow of micro-polar fluid in
an asymmetric channel.



Effects of Magnetic Field on Heat Transfer in Peristaltic Flow 105

2. The Governing Equations
Using the assumptions made in formulating the problems are as follows:

1. The fluid simulating blood is steady and incompressible
2. The flow is asymmetric.

3. The red blood cell are neutrally buoyant, under flow condition the
settling tendency of erythrocyte is negligible.

4. Nobody forces and no body complexes are present.

5. The tube simulating the arterial wall is thin walled, stenotic,
homogeneous and isotropic.

The governing equations which describe the laminar flow of a
micropolar fluid are given by the following equations [Eringen?].
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ot
— = e pDV
(2.2) (/1v+2,u0)V(Vv)—(,u0+k)V><V><v+2kV><v—Vﬂ't+pfl.:F,
(2.3) (a‘,+ﬂv+y)?(Vv)—ﬁx(?xﬁ)+2k§x;—4k§+p1:pj%.
t

The first equation is the principle of conservation of mass and the others
are the conservation of linear and angular momentum, p is the mass density,
v 1is the velocity vector, v is micro-rotational velocity vector, 7z, is the

thermodynamic pressure, f; is the body force per unit mass, I body couple, j
is the micro-inertia constant, A, x4, are the viscosity coefficients of

classical fluid mechanics and &, &,, 3, ¥ are the new viscosity coefficients
for micropolar fluid. We get the field equations approximate to
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Energy equation is given by

o°T o ) 19v ? v Y
2.6 K—+((2u. + — | 2| ==+ + | =0,
( ) 1 ay/z ( Itls #R)( ay/] ILlR (2 ay; VXJ y( ay/J



106 T. S. Pal and D. K. Singh

where u , u,and ¥ are the shear viscosity, rational viscosity and rotational

gradient coefficient respectively. u,, v,, and p, are axial velocity, rotational
velocity and pressure respectively. o is the electrical conductivity, £ is an
external magnetic field, p is the fluid density, x' and y' are the axial and
vertical co-ordinates along the length and thickness of the channel
respectively. K; is the thermal conductivity and T is temperature distribution
in the channel.

3. Formulation of the Problem
Let the vertical displacement of the upper and lower walls be 77 and -7
respectively, where (X ,1) = acos%(X —ct)= acos%x' =acos2mwx .

Take X —ct=x" where a is the amplitude of the wave, ¢ is the phase
speed of the wave, A is the wave length and ¢ is time.

Boundary Conditions:
u=0,y'=xh =%(d +n(X,t)) =xd (1+ ¢ cos27zx)
(3.1) —=0, y=1%h

r=T, y=ti

By using the non-dimensional equations

xzi’y,_l’u;:Za ;_ - aazi
A d ' ¢ co A
2 2 2 _
(3.2) nzz,usd ,ngzﬂRd ’pszd ,ng TO,h:ﬁ,(,jlzﬁ
y o ucd  L-T, d d
Gy P8ad (1~ T))
CU,

where d is the width of the channel, ¢ is the ratio between width of the
channel and wave length, G, is free convention parameter and 7, Ty are the
constant temperatures.

The governing equations take the form after, using (3.2)

2
%ud&%@ P Mg,
y

(3.3) (n, +n,) ay=n2g ”
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v 2n, du
34 Ly Zmou o,
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2 2 2 g ?
(3.5) Gr4Kln2 a_tz9+( ”2';”3) du +2 L%_,_gv +2 [l =0,
cd*pga dy d dy 2d dy dy
where
2
=
P

The Boundary conditions (3.1) become

(3.6) —=0, atr y=th,

4. Solutions

The velocity profiles are obtained from the equations (3.3), (3.4) by
using boundary conditions (3.6) and are as follows
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where
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_ 4
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The volumetric flow rate is given by Q=2 joh udy .

'
4.3) 0= 2yn, (ap) M, - (n2 iy )?AZ —tanh A h +2CothAh
' - ox 2C, (n, +n,)yA, |\ —2cosechAh

Ml_(n2+n3)l4A12 h
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2C, (n2+n3)}/A2 d

5. Heat Transfer
. ou dv . . . . .
Putting the value of >3 and v in equation (3.5) and integrating twice
y gy

and using boundary conditions (3.6), we get

6
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X(Ml—(nz-;:l3)}/A22J+K1A3A4 }_’_ . 1. HMI_(’%""%)?/A;J
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6. Results and Discussion

To give a good insight of the physical problem addressed in this paper,
we discuss the effect of the various parameters [i.e. Magnetic parameter
(M;) amplitude of the wave (¢;), free convection parameter (G,) and micro-
rotation parameter (n3)] of the problem on the axial velocity, micro-
rotational velocity and temperature distributions.

Fig. 1 depicts the variation of axial velocity with y for different values of
¢; and M, and fixed value of G, = 4.0. It is clear from the figure that the
velocity increases with ¢ and decreases with M;. Therefore we can
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conclude that there is considerable reduction in axial velocity with
increasing M;. So the magnetic field can be effectively utilized to
deaccelerate the blood flow in accelerated flow problems like stenotic
condition of the artery.

Fig. 2 Shows the variation of micro-rotational velocity with y for
different value of ¢ and M; and fixed value of G, = 4.0. We can conclude
from the figure that the microrotational velocity decreases with increasing
the magnetic parameter. But it increases with the increase of the amplitude
of the wave (¢).

Fig. 3 Shows the variation of temperature with y for different values of
¢, M; and n; and fixed value of G, = 4.0. It is clear from that the
temperature increases with ¢ and M;. It is also observed from the figure
that the temperature is higher in the case of micropolar fluid in comparison
with Newtonian fluid. Application of a transverse magnetic field normal to
the flow direction gives rise to a resistive drag like a force acting in a
direction opposite to that of flow. This has a tendency to reduce both the
fluid velocity and angular velocity and increase in the fluid temperature.

1
0.9

0.8

Figurel: Velocity profiles when G, = 4.0
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Figure 2: Micro rotation velocity profiles when G, = 4.0
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Figure 3: Temperature profiles when G, = 4.0
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