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The two dimensional steady, laminar, incompressible boundary layer flow
and heat transfer of a micropolar fluid in the viscinity of a stagnation point
on a porous stationary wall has been studied, The heat transfer characteri-
stics of the micropolar fluid with viscous dissipation effects have been
discussed. The numerical results for the velocity, microrotation and tem-
perature distributions are obtained for different values of suction/injection
and micropolar parameters. The wall shear stress, couple stress and the
rate of heat transfer from the wall are plotted.

INTRODUCTION

To cater the needs of industry about the dynamical characteristics of various
fluids, a great many theoretical and experimental investigations have been carried out.
Many theories have been progressed to account for the distinct behaviour of several
fluids of chemicatl and industrial use. Among them the concept of microcontinuum
is of recent origin. The micropolar fluid%, a sub-class of simple microfluidsl, is one
of the current popular areas of research. In the micropolar fluid theory, apart from
the classical velocity field, the microrotation wvector v and the gyration parameter j are
introduced to investigate the kincmatics of microrotations and provides a good mathe-
matical model for the non-Newtonin behaviour observed in certain man-made liquids
such as polymeric fluids and in naturally occurring liguids such as animal blood.

Wilson3 studied the micropolar boundary layer flow near a stagnation point with
the aid of Karman-Polhausen approximate integral method. Peddieson and McNitt4
have derived the boundary layer equatijons for two dimensional flow of an incompres-
sible micropolar fluid at the stagnation point of a plane stationary wall. Gorla5,
Ramachandran and Mathur®, Bhargava and Rani? have discussed the thermal boun-
dary layer of micropolar fluids in the viscinity of a stagnation point. Gorla® hns also
the stagnation point flow problem on a moving wall and discussed the dependence of
the important flow characteristics on the material parameters.

In the present study, the effects of suction and injection on the flow of a micro-
polar fluid at a stangation point has been discussed. The heat transfer aspect of such
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a flow has also been studied by considering the isothermal and adiabatic wall boun-
dary conditions including viscous dissipation effects.

MATHEMATIAL FORMULATION

Consider a stream of micropolar fluid ccming along the y-axis, and impin-
ging on a porous flat wall coinciding with the x-axis, thus creating a stagna-
tion point at the origin. A constant velocity Vo (Vo < 0 for suction and Vo > 0
for injection) normal to the ptate is applied. It is assumed that the wall temperature
remains steady at Tw ard the free streem temperatare at Too. Then the gbvering boun-
dary layer equations for a 2-dimensional steady, laminar, incompressible micropolar
fluid flow including the visccus dissipation term can be expressed as
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In the above equations, the following non-dimensional variables have been used
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where u*, v* are velocity ccmpcrents’, 1 ard k tke viscosity coefficients, v*is com-
ponent of microrotation, P the dcnsity, v the micropolar material constant, j the
microinertia, c» the specific heat of the fluid, U the velccity at the boundary layer
edge, Pr the Prandtl numter, R the micropolar parameter, and 4, B, 41 and o1
are the material constants.

The appropriate boundary conditions for the velocity field are

y=0; u=0;9="Vole; v=10 ...(6)
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y—>ooiy={U;v—>0
and for the temperature field are
y=0,T—> Tw
y=>eoo T T

} (isothermal wall)

and
ET
Y y

y-)oo;T—->T°°

} (adiabatic wall).

SoLuTION
Using the following transformation

u=xF(y
v — F(y
v=xG(y

= )

eqns. (2) — (4) become
(1+ R F'+FF —F24+RG +1=0
AG"+ FG' — FFG—B(F" —2G) =0
6"+ PrFo' — « PrG8 + Prx2[(1 + R) F*2 + A1 G"?
+ 2RG (G - F)) =0

where

a3 ¢p
U2

The transformed boundary conditions for the velocity field are

FO) ==Y = A (say)y; FF(0) = 0; G(©0) = 0

€
F (e0) = 1; G(oo)=()
and the temperature field-are

Tw - Too
(U?/cp)

6’ (0)=0; §(e0) =0 (adiabatic wall).

0(0) = = N (say); 8 (e2) = O (isothermal wall)
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Also A = — Vo/a represents the suction for Vo < 0 and injection for Vo > 0.

Equations (10)-(12) with the boundary conditions (13)-(15) have been solved
using Gauss-Seidal iteractive procedure and Simpson’s rule®. Double precision
arithmetic is used in all the computations.

The local shear stress and the couple stress at the wall are defined as

2
1w-c(1+R)-3—‘;vo

=«¢(14+ R) X F"(0) ...(16)
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The local wall heat flux may be written as

oT

qw=—k—a—)-)7
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Fic. 1. Temperature distribution for different R and » (isothermal wall).
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The local heat transfer coefficient is given by
== _._L —, i. ’
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Thus the local Nusselt number becomes

h(x) x

X
Ny = T B—TO(O).
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RESULTS AND DISSCUSSION

The numerical results for the velocity, microrotation and temperature distribu-
tions are obtained correct to six decimal places for different values of the parameters
A and R. In all the cases, the micropolar coefficients 4, B and 43 are taken as 1.5,
0.5 and 1.5 respectively, whereas Pr, x and N have been fixed as 1.0, 0.1 and 1.0
respectively. Also « has been fixed as 1.0 throughout.

It has been observed that an increase in suction leads to a decrease and an increase
in injection leads to an increase in the boundary layer thickness as well as the gyration
boundary layer thickness. The large values and suction result in more uniform or box
type velocity profiles where as large values of injection tend to change the velocity to a
linear form. Since the box type profiles are characteristic of turbulent flows, so the
large values of suction may be thought of simulating the case of turbulent flow8. Also
the large values of injection (>3.0) disturbs the boundary layer, so does the stagna-
tion poini. Further, the velocity reduces on increasing microplar effects for both

suction and injection in the boundary layer. The angular velocity is found to increases
with R for any A,
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Fic. 3. Variation of shear stress, couple stress and rate of heat transfer coefficients from the
wall (R = 10),
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It is apparent fiom Fig. 1 that the thermal boundary layer but the thickness on
isothermal surface decreases for suction and increases rapidly for injection. Also it
has been observed that the thermal boundary layer is disturbed foi the injection
values A > 2. For both suction and injection, an increase in R leads to an increase
in the temperature of the fluid in the boundary layer but the difference is less signifi-
cant in the case of suction. Figure 2 depicts the temperature distribution for adiabatic
wall case. The boundary layer thickness is very less as compared to isothermal case
for same A and R. However, the characteristics of the profiles follow the same type
of trend as in the case of isothermal wall.

Figure 3 shows that the wall shear stress, the wall couple stress and the rate of
heat transfer from the wall increase with an increasing suction rate and the opposite
happens in the case of injection. Also it has been noticed that F’ (0), — G' (0) and
— ¢’ (0) decrease with increase in R for both suction and injection.
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