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Abstract: In this paper, a comprehensive study of hydromagnetic (MHD) axisymmetric stagnation point flow
and heat transfer characteristics of an electrically conducting viscous incompressible micropolar fluid towards
a shrinking sheet with radiation effects is investigated under the action of a transverse magnetic field. The
governing partial differential equations (PDEs) are reduced to non linear ordinary differential equations (ODEs)
in dimensionless form using suitable similarity transformations. The transformed ODEs are solved numerically
by an algorithm based on finite difference approximations. Flow and heat transfer characteristics in terms of the
velocity, microrotation and temperature fields for various values of the governing parameters are analyzed. Our
studies show that the influences of various governing parameters have contending effect on the flow and
thermal characteristics of the problem under consideration. Increase in the micropolar structure parameter and
the shrinking rate of the sheet promotes flow reversal and the boundary layer thickness and reduces heat
transfer rate from the sheet to the fluid, whereas the strength of magnetic field acts vice versa. The heat transfer
rate increases by increasing the values of the radiation parameter. 
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INTRODUCTION stretching sheet. The steady two dimensional laminar

MHD stagnation point flows with thermal effects and heat transfer over a surface was examined by
have applications in many manufacturing processes in Abdelkhalek [6] by using perturbation technique. The two
industry and engineering. These applications include the dimensional boundary layer stagnation point flow and
aerodynamic extrusion of plastic sheets, boundary layers heat transfer over a stretching sheet with
along material handling conveyers, the cooling of an injection/suction effects was considered by Layek et al.
infinite metallic plate in a cooling bath, blood flow [7]. Ishak et al. [8] studied numerically the steady
problems and textile and paper industries. stagnation point flow on a vertical surface through a

The classical two dimensional stagnation point flow porous medium. The problem of MHD steady laminar two
impinging on a flat plate, first considered by Hiemenz [1], dimensional stagnation flow of a viscous incompressible
was extended to the axisymmetric case by Homann [2]. electrically conducting fluid of variable thermal
The steady two dimensional flow over a semi infinite flat conductivity over a stretching sheet was solved by
surface with mass and heat transfer characteristics was Sharma and Gurminder [9] by using shooting method. The
considered by Chamkha and Camille [3]. Mahapatra and two dimensional and  axisymmetric  stagnation  point
Gupta [4] presented the numerical solution of the problem flows  with convective heat transfer characteristics over
of steady two dimensional stagnation point flow of an a shrinking sheet was investigated by Wang [10].
electrically conducting power law fluid over a stretched Mahapatra et al. [11] studied numerically the steady two
surface. Roslinda et al. [5] investigated numerically the dimensional stagnation point flow of an electrically
unsteady boundary layer flow of an incompressible conducting power law fluid over a stretched  surface in
viscous fluid in the stagnation point region over a the presence of  a  magnetic  field.  Kumaran et  al.  [12]

MHD mixed convection stagnation point flow with mass
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used  perturbation  technique  to  obtain  series solution 3experimentally that the fluids having polymeric additives,
of the  problem  of  two  dimensional  stagnation  point
flow  in  a  porous  medium  was   studied.   Kumaran et al.
[13] considered the hydromagnetic boundary layer flow of
an electrically conducting fluid over a stretching sheet
with injection/suction through the sheet. Hayat et al. [14]
discussed hydromagnetic stagnation point flow and heat
transfer through a porous space bounded by a permeable
surface by using homotopy analysis method (HAM). 

The influence of radiation on MHD flow and heat
transfer problems has received significant importance in
industries. Many engineering processes occur at high
temperatures and the knowledge of the radiation heat
transfer has become important for the design of pertinent
equipment. At high operating temperature, the radiation
effect can be quite significant. The radiation effects on the
flow and heat transfer over a wedge with variable
viscosity were discussed by Elbashbeshy and Dimian
[15]. The influence of thermal radiation on the natural
convection flow along a uniformly heated vertical porous
plate with variable viscosity and uniform suction velocity
was presented by Hossain et al. [16]. The effect of thermal
radiation on the laminar boundary layer about a flat plate
was investigated by Bataller [17]. Recently, Krishnendu
and Layek [18] studied the effects of suction/blowing and
thermal radiation on steady boundary layer stagnation
point flow and heat transfer towards a shrinking sheet.
The magnetohydrodynamic boundary layer flow, heat and
mass transfer characteristics on steady two dimensional
flow of an electrically conducting fluid over a stretching
sheet embedded in a non Darcy porous medium in the
presence of thermal radiation and viscous dissipation was
studied by Shateyi and Motsa [19].

All the researchers cited above are, however,
confined to the flow problems of classical Newtonian
fluids. The Newtonian model is inadequate to describe
completely some modern engineering, scientific and
industrial processes which are made up of materials
possessing an internal structure. The flow problems of
non-Newtonian fluids are challenging for the researchers
in view of complexity in  their  structure.  These  fluids
play an important role in theory, engineering and
industrial applications. The scope of non-Newtonian
fluids has significantly increased mainly due to their
connection with applied and physical sciences. The
equations of motion for non Newtonian fluids are highly
nonlinear and complicated as compared to those for
Newtonian   fluids.   Hoyt   and   Fabula   [20]   predicted

display  a  significant reduction of shear stress and
polymeric concentration e.g. Eringen [21]. The
deformation of such materials can be well explained by the
theory of micropolar fluids given by Eringen [22, 23].
Micropolar fluids have applications in lubricants, liquid
crystals, colloidal fluids flow, blood flows, turbulent shear
flow and flow in capillaries, heat and mass exchangers etc.
Other important applications of micropolar fluids can be
seen in Ariman et. al. [24, 25]. The boundary layer flow of
a laminar viscous incompressible micropolar fluid over a
semi infinite plate was considered by Ahmadi [26]. The
two dimensional stagnation point flow of a steady
incompressible micropolar fluid over a stretching sheet
was studied by Roslinda et al. [27]. The two dimensional
non orthogonal stagnation flow of a micropolar fluid on a
flat plate was analyzed by Lok et. al. [28]. Ishak et. al. [29]
investigated the steady stagnation flow towards a vertical
surface immersed in a micropolar fluid. Recently, the
problem of MHD stagnation point flow of a micropolar
fluid towards a heated surface was studied by Ashraf and
Ashraf [30]. Ashraf and Sumra [31] discussed numerically
the problem of MHD stagnation point flow and heat
transfer of a micropolar fluid over a heated shrinking
sheet.

The aim of the present study is to investigate the
effects of the radiation on hydromagnetic axisymmetric
stagnation point flow and heat transfer of a steady
viscous incompressible electrically conducting micropolar
fluid towards a shrinking sheet in the presence of a
transverse magnetic field. 

Problem Formulation: Consider hydromagnetic
axisymmetric stagnation point flow of an electrically
conducting micropolar fluid impinging normally on a
heated shrinking sheet as shown in Figure 1. The flow is
assumed to be laminar, steady, viscous and
incompressible. A uniform stationary magnetic field is
applied perpendicular to the velocity field and the
magnetic Reynolds number is assumed to be small
Shercliff  [32]. The induced magnetic field can be
neglected as compared to the imposed magnetic field. We
further assume that there is no applied polarization
voltage, so the electric field is zero. Following works of
Eringen [21] and Lok et. al. [28], the equations of motion
for axisymmetric steady viscous incompressible boundary
layer stagnation point flow of an electrically conducting
micropolar fluid with body couple being neglected can be
written as
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where  and  are the Stefan-Boltzmann constant and the

u = bx
Fig. 1: A sketch of the physical problem

(1)

(2)

(3)

Here N is the component of the microrotation vector
normal to the xz-plane,  is the density,  is the vortex
viscosity,  is the spin gradient viscosity, j is the
microinertia density, P is the pressure,  is the electricE

conductivity, B  is the strength of the uniform transverseo

magnetic field and U is the free stream velocity of the
fluid. All physical quantities ,µ, , ,j & B  are assumed too

be constant.
The energy equation including radiation effects but

neglecting viscous dissipation, for the problem under
consideration can be written as 

(4)

where T is the temperature,  is the constant thermalo

conductivity, C  is the specific heat capacity at constantp

pressure of the fluid and q  is the radiative heat flux . r

In view of the Rosseland approximation for radiation
Raptis  et  al.  [33],  the  radiative heat  flux  q is simplifiedr

as

(5)

mean absorption coefficient, respectively. It is assumed
that the temperature differences within the flow such that
the term T  may be linearized. Hence, expanding T  in a4 4

Taylor series about T  and neglecting higher order terms,
we get

(6)

In view of Equations (5) and (6), Equation (4) reduces to

(7)

where  is the thermal diffusivity.

From Equation (7), it may be noted that taking into
account thermal radiation effects result into an additional
co-efficient in the diffusion term on the right hand side
and, therefore, it may be regarded as enhancing the

thermal diffusivity. If we take  as the

radiation parameter, Equation (7) can be written as

(8)

where .

The boundary conditions for the velocity,
microrotation and temperature fields for the problem under
consideration can be written as

(9)

Here, b<0 is the shrinking rate. In order to obtain the
velocity and temperature fields and microrotation for our
problem, we have to solve, Equations (1)-(3) and Equation
(8) subject to the appropriate boundary conditions given
in (9). For this we define the following similarity
transformations

(10)
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Here  is the similarity parameter, P  is the stagnation Camille [3], Ashraf and Ashraf [30], Ashraf  and  Sumrao

pressure, a is the strength of stagnation point having
dimension of  is temperature on the surface and T is

temperature of the fluid at infinity (T >T ). Using Equationo

(10) in Equation (1), we note that equation of continuity is
identically satisfied and therefore the velocity field
represents possible fluid motion. Using Equation (10) in
Equations (2) and (3) and after a little simplification, we
get

(11)

(12)

Again using Equation (10) in Equation (8) we get

(13)

Here  and

 are the Hartmann number (or magnetic

parameter), the vortex viscosity parameter, the microinertia
density parameter, the spin gradient viscosity parameter
and the Prandtl number respectively. Further 

and Nr is the radiation parameter.
Boundary conditions given in (9) in view of Equation

(10) can be written as

(14)

We note that Equations (11) and (12) for vanishing
microrotation and  = 0 reduce to those obtained by
Wang [10] (for M=0) and Hazem [34] in case of Newtonian
fluids. This validates our model for micropolar fluid
motion.

Numerical Solution: The governing ordinary differential
Equations (11)-(13) are nonlinear. Most of the physical
systems are inherently nonlinear in nature and are of great
interest to physicists, engineers and mathematicians.
Problems involving nonlinear ordinary differential
equations are difficult to solve and give rise to interesting
phenomena such as chaos. We use a finite difference
based numerical algorithm to solve the coupled nonlinear
differential Equations (11)-(13). Following  Chamkha  and

[31], Ashraf et al. [35] and Ashraf et al. [36], we reduce
the order of Equation (11) by one with the help of the
substitution  such that the boundary value problem
comprising Equations (11)-(13) and the boundary
conditions given in (14) becomes as follows.
Solve

(15)

(16)

(17)

(18)

subject to the following boundary conditions:

(19)

The  physical  quantities  of interest are the wall
shear stress  and the surface heat flux q  and arew w

defined as

(20)

(21)

where q  and q  are conductive and radiative fluxesc r

respectively.
For   numerical  solution   of   the  present  boundary

value  problem  we  first  discretize  the  domain  (0, )
uniformly  with  step  h-We  integrate Equation (15) using
Simpson’s rule Gerald [37] with the formula given in Milne
[38]. Equations (16) - (18) are discretized at a typical grid
point  =  of the interval (0, ) by employing centraln

difference approximations for the derivatives and then are
solved iteratively by Successive over relaxation (SOR)
method, Hildebrand [39], subject to the appropriate
boundary conditions given in (19). In order to accelerate
the iterative procedure and to improve the accuracy of the
solution, we use the solution procedure which is mainly
based on the algorithm described by Syed et al. [40]. The
iterative process is stopped if the following criterion is
satisfied for the three consecutive iterations



( 1) ( ) ( 1) ( ) ( 1) ( )
2 2 2

( 1) ( )
2

( , ,

)

k k k k k k

k k
iter

q q g g f f

TOL

+ + +

+

− − −

− <

World Appl. Sci. J., 15 (6): 835-848, 2011

839

Max
(22)

Here TOL  is the prescribed error tolerance and weiter

have taken it at least 10  for our calculations during the12

execution of a computer program in FORTRAN 90. The
higher order accuracy of the approximations to the exact
solutions can be obtained by the use of Richardson’s
extrapolation. This process can be carried out using any
extrapolation scheme Deuflhard [41].

RESULTS AND DISCUSSION

In this section we present our findings in tabular and
graphical form. In order to develop better understanding
of various phenomena underlying the problem under
consideration, we will investigate the effect of shrinking
of the heated sheet, applied magnetic field, the radiation
and the Prandtl number on various flow and heat transfer
characteristics represented by the primary as well as
secondary field variables. First of all we validate our
numerical computations. In order to ensure grid
independent numerical solutions and to improve their
order of accuracy by Richardson’s extrapolation
procedure, we have computed our results for three grid
sizes. For correct application of the asymptotic boundary
conditions at =0, we need to explore the value of  at
which asymptotic behaviour of the field variables is
attained. Such value of  denoted by  strongly depends
on the parameters of the problem Pantokratoras [42].
Therefore in all our results we have searched and stated
the value of  for a particular choice of the problem
parameters. A comparison of the numerical values of
temperature field  for three grid sizes ( ) and their
extrapolated values is shown in Table 1. Excellent
comparison validates our numerical computations.
Another source of validity of  the  present  results is
Table 2 in which our results compare well with the
literature results of Wang [10]. The four sets of values of
the micropolar parameters C ,C  & C  used in the present1 2 3

work are given in Table 3. These have been selected
arbitrarily as is customarily done in the literature
[30,31,35,36,43,44].

Now we study the influence of the shrinking
parameter B, the magnetic parameter M, the micropolar
parameters C ,C  & C  the radiation parameter Nr and the1 2 3

Prandtl number Pr on the primary field variables namely 

Table 1: Dimensionless Temperature ( ) on the three grid levels and
extrapolated values for B = -0.5, M=1.5, C =1.0, C  = 0.31 3

C =0.6, Nr = 4.0 & Pr = 0.7 and  = 63

( )
--------------------------------------------------------------------------------

Extrapolated
h = 0.01 h = 0.005 h = 0.0025 values

0 1 1 1 1
0.6 0.719187 0.719182 0.719172 0.719168
1.2 0.439864 0.439858 0.439843 0.439837
1.8 0.21297 0.212967 0.212955 0.21295
2.4 0.077565 0.077565 0.077559 0.077556
3 0.020589 0.02059 0.020588 0.020587
3.6 0.003909 0.003909 0.003909 0.003909
4.2 0.000525 0.000525 0.000525 0.000525
4.8 0.000049 0.000049 0.000049 0.000049
5.4 0.000003 0.000003 0.000003 0.000003
6 0 0 0 0

Table 2: Comparison of the present results with the literature results given
by Wang [10] with M = 0, C  = C  = C  =0, Nr = 0, Pr = 0.7 &1 2 3

 = 6
f (0)
---------------------------------------------------

-B Present Wang [10]
0.25 1.4566401 1.45664
0.50 1.4900110 1.49001
0.75 1.3528382 1.35284
0.95 0.9469038 0.94690

Table 3: Values of C ,C  & C  for the four cases1 2 3

Case No. C C C1 2 3

1 (Newtonian) 0.0 0.0 0.0
2 1.0 0.3 0.6
3 2.0 0.5 0.8
4 3.0 0.7 1.0

This flow reversal has a disadvantage of deteriorating
the heat, mass and momentum transfer rates from the
sheet to the fluid Wang [10] and in turn, raises the fluid
temperature in the boundary layer and increases the
thermal boundary layer  thickness  as  shown  in Figure 5.
However, as the transverse magnetic field is applied on
the impinging flow, Figures 6 and 7 and, Figure 9 show
that it reduces the flow reversal because of which
horizontal and vertical velocity components increase
while temperature decreases. In this way the magnetic
field reduces thickness of hydrodynamic and thermal
boundary layers and promotes heat convection rate.
Therefore the presence of transverse magnetic field may
be regarded as a remedy for the disadvantage of flow
reversal due to the shrinking of the sheet as it assists the
impinging flow and improves the convection rate in the
boundary layer. 
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Fig.  2: Normal velocity profiles for M=1.5, C =1.0, C  = 0.3 C =0.6, Nr = 4.0 & Pr = 0.7 and various values of B1 3 3

Fig.  3: Horizontal velocity profiles for M=1.5, C =1.0, C  = 0.3 C =0.6, Nr = 4.0 & Pr = 0.7 and various values of B1 3 3

Fig.  4: Microrotation profiles for M=1.5, C =1.0, C  = 0.3 C =0.6, Nr = 4.0 & Pr = 0.7 and various values of B1 3 3
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Fig.  5: Temperature profiles for M=1.5, C =1.0, C  = 0.3 C =0.6, Nr = 4.0 & Pr = 0.7 and various values of B1 3 3

Fig.  6: Normal velocity profiles for M=1.5, C =1.0, C  = 0.3 C =0.6, Nr = 4.0 & Pr = 0.7 and various values of M1 3 3

Fig.  7: Horizontal velocity profiles for M=1.5, C =1.0, C  = 0.3 C =0.6, Nr = 4.0 & Pr = 0.7 and various values of M1 3 3
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Fig.  8: Microrotation profiles for   and various M=1.5, C =1.0, C  = 0.3 C =0.6, Nr = 4.0 & Pr = 0.7 and various values1 3 3

of M

Fig.  9: Temperature  profiles  for    and  various  M=1.5,  C =1.0,  C   =  0.3 C =0.6, Nr = 4.0 & Pr = 0.7 and various1 3 3

values of M

Fig. 10: Normal velocity profiles for B = -0.5, M=1.5, Nr = 0.4, Pr = 0.7 and the four cases of values of C ,C  & C1 2 3
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Fig.  11: Horizontal velocity profiles for B = -0.5, M=1.5, Nr = 0.4, Pr = 0.7 and the four cases of values of C ,C  & C1 2 3

Fig.  12: Microrotation profiles for B = -0.5, M=1.5, Nr = 0.4, Pr = 0.7 and the four cases of values of C ,C  & C1 2 3

Fig. 13: Temperature profiles for B = -0.5, M=1.5, Nr = 0.4, Pr = 0.7 and the four cases of values of C ,C  & C1 2 3
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Fig.  14: Temperature profiles for M=1.5, C =1.0, C  = 0.3 C =0.6, Pr = 0.7 and various values of Nr1 3 3

Fig.  15: Temperature profiles for M=1.5, C =1.0, C  = 0.3 C =0.6, Pr = 0.7 and various values of Pr1 3 3

Figures 4 and 8 demonstrate that, for specific values Figures 2-5 illustrate the effect of the shrinking
of B & M, microrotation increases quite rapidly from its
zero value at the sheet to its maximum value a little bit
away from the surface and then decreases asymptotically
to zero towards the free impinging flow. With increase in
B, microrotation increases with the extents of significant
microrotation region expanding vertically upward as well
as downward. On the other hand with increase in M it
decreases with its significant region decreasing
considerably from upward and increasing less noticeably
towards  the sheet. This reflects the contending influence
the normal velocity f( ), the horizontal velocity ,           the
microrotation g( ) and the temperature field ( ).
Afterwards the effect of these parameters on the
secondary variables namely the shear stress,       the
couple stress  and the heat transfer rate  at

the heated shrinking sheet is investigated.

parameter on                    and  r espectively

for M=1.5, C =0.3, C =0.6, Nr = 4.0 & Pr = 0.7. Figures 6-91 3

show the influence of the magnetic strength parameter M
on these profiles for B = -0.5, C =1.5, C =0.6, Nr = 4.0 & Pr1 3

= 0.7.  We note from Figures 2-3 that flow reversal occurs
in both the horizontal and vertical directions in the
vicinity of the stagnation point against the impinging flow
due to the shrinking of the sheet and the boundary layer
thickness and the extents of the reversal region increase
as the shrinking rate is increased. Moreover, the shrinking
parameter B decreases the horizontal and normal
velocities relatively more significantly for its larger values.
of B & M on microrotation as was observed previously on
the velocity profiles. We may note from Figures 2-4 and
Figures 6-8 that microrotation is significant within only
the boundary layer and much more pronounced in the
reversal regime.
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Figures 10-13 predict the effect of micropolar
parameters C ,C  & C  on the flow and thermal fields for1 2 3

fixed values of the shrinking parameter B, the magnetic
parameter M, the radiation parameter Nr and the Prandtl
number Pr. The normal and horizontal velocity profiles fall
with rising values of C ,C  & C . The hydrodynamic1 2 3

boundary layer becomes thicker by increasing the values
of micropolar parameters Nr as shown in Figure 11. The
microrotation profiles rise with increasing values of C ,C1 2

& C . and there is no microrotation for case 1 (C  = 0,C  =3 1 2

0 & C  = 0) because this case corresponds to Newtonian3

fluids as  shown  in  Figure  12.  Increasing   the   values
of the micropolar parameters has the effect of enhancing
the temperature profiles and increasing the thermal
boundary layer thickness in the flow field as shown in
Figure 13. Figures 14-15 respectively exhibit the influence
of the radiation parameter Nr and the Prandtl number Pr
on the temperature field for B = -0.5, M=1.5, C =0.3,1

C =0.6, Nr = 4.0 & Pr = 0.7. The temperature profiles fall as3

Nr is increased. Further the thinning of the thermal
boundary layer occurs by increasing the values of Nr.
Finally, Figure 15 displays the influence of the Prandtl
number  Pr on  the  fluid  temperature.  From  this  figure
it  can be  concluded  that  the  temperature  at   a  point
in the boundary layer decreases with an increase in Pr.
The thermal boundary layer becomes thinner by
increasing Pr.

Table 4 presents the influence of shrinking parameter
B on the shear stress , the couple stress   and

the heat transfer rate  at the shrinking sheet. The

shear and couple stresses increase with increasing the
magnitude of B, attain their respective peak values and
then start decreasing. These peak values of the shear and
couple stresses occur at B = -1.5 & B = -1.7 respectively.
This non-monotonic dependence of the shear stress on B
has also been reported by Wang [10] for Newtonian fluids
in the absence of magnetic field and radiation effects. On
the other hand heat loss from the sheet continuously
decreases with the magnitude of shrinking parameterB.

The effect of applied magnetic field on the shear, the
couple  stresses and the heat transfer rate is given in
Table 5. It can be noted from the table that all the three
flow & thermal characteristics increase with the magnetic
parameter M.

From Table 6, it may be noted that an increase in the
values of the micropolar parameters C ,C  & C  renhances1 2 3

the couple stress while it reduces the shear stresses and
the heat transfer rate. This behaviour owes to the increase
in the  viscosity  coefficients  of   the   micropolar   fluid

Table 1: Dimensionless Temperature ( ) on the three grid levels and
extrapolated values for B = -0.5, M=1.5, C =1.0, C  = 0.31 3

C =0.6, Nr = 4.0 & Pr = 0.7 and  = 63

( )
--------------------------------------------------------------------------------

Extrapolated
h = 0.01 h = 0.005 h = 0.0025 values

0 1 1 1 1
0.6 0.719187 0.719182 0.719172 0.719168
1.2 0.439864 0.439858 0.439843 0.439837
1.8 0.21297 0.212967 0.212955 0.21295
2.4 0.077565 0.077565 0.077559 0.077556
3 0.020589 0.02059 0.020588 0.020587
3.6 0.003909 0.003909 0.003909 0.003909
4.2 0.000525 0.000525 0.000525 0.000525
4.8 0.000049 0.000049 0.000049 0.000049
5.4 0.000003 0.000003 0.000003 0.000003
6 0 0 0 0

Table 2: Comparison of the present results with the literature results given
by Wang [10] with M = 0, C  = C  = C  =0, Nr = 0, Pr = 0.7 &1 2 3

 = 6

f (0)
---------------------------------------------------

-B Present Wang [10]

0.25 1.4566401 1.45664
0.50 1.4900110 1.49001
0.75 1.3528382 1.35284
0.95 0.9469038 0.94690

Table 3: Values of C ,C  & C  for the four cases1 2 3

Case No. C C C1 2 3

1 (Newtonian) 0.0 0.0 0.0
2 1.0 0.3 0.6
3 2.0 0.5 0.8
4 3.0 0.7 1.0

Table 4: Shear and couple stresses and heat transfer rate for B = -0.5,
C =1.0, C  = 0.3, Nr = 4.0 & Pr = 0.7 and  = 6 and various1 3

values of B

M f (0) g´(0) - ´(0)

0.1 1.498555 0.272058 0.567398
0.3 1.702409 0.320257 0.515316
0.5 1.881648 0.367330 0.460738
0.7 2.034321 0.412592 0.403494
0.9 2.158099 0.454960 0.343502
1.1 2.250197 0.492765 0.280889
1.3 2.307322 0.523551 0.216286
1.5 2.325672 0.544073 0.151546
1.7 2.300961 0.550881 0.090046
1.9 2.228280 0.541527 0.039708
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Table 5: Shear and couple stresses and heat transfer rate for B = -0.5, C1

= 1.5, C  = 0.3, Nr = 4.0 & Pr = 0.7 and  = 6 and various3

values of B
M f (0) g´(0) - ´(0)
0.0 1.020130 0.289404 0.360397
0.4 1.104170 0.298880 0.373030
0.8 1.323931 0.321318 0.402490
1.2 1.625048 0.347768 0.436338
1.6 1.971110 0.373624 0.468475
2.0 2.342729 0.397355 0.497209
2.4 2.729717 0.418678 0.522574

Table 6: Shear and couple stresses and heat transfer rate B = -0.5, C  = 1.5,1

C = 0.3, Nr = 4.0 & Pr = 0.7 and  = 6 and for four cases of3

values of C ,C  & C1 2 3

Case No. f (0) g´(0) - ´(0)
1 (Newtonian) 2.703875 0.000000 0.527843
2 1.881648 0.367330 0.460738
3 1.477304 0.728649 0.421400
4 1.228468 0.973959 0.394203

Table 7: Heat transfer rate for B = -0.5, C  = 1, C  = 0.3, Nr = 4.0 & Pr =1 3

0.7 and  = 6 and various Nr.
Nr - ´(0)
0.4 0.20474
0.8 0.32287
1.6 0.37400
2.6 0.42000
4.6 0.44400
6.6 0.46502
8.6 0.47400
10.6 0.47930
100.6 0.48300
200.6 0.49600
800.6 0.49800
1000.0 0.49800

Table 8: Heat transfer rate for B = -0.5, M = 1.5, C  = 0.3, C  = 0.6, Nr =1 3

4.0 & Pr = 0.7 and  = 6 and various values of Pr
Pr - ´(0)
0.1 0.26543
0.2 0.31600
0.3 0.35700
0.4 0.39000
0.5 0.41800
0.6 0.44100
0.7 0.46100
0.8 0.47800
0.9 0.49300
1.0 0.50700

represented by C ,C  & C  especially C  which indicates1 2 3 1

the ratio of the vortex viscosity and the dynamic
viscosity. In the cases given in Table 6, the values of the
parameter C  has been significantly increased as1

compared to C ,C  & C . In view of its definition an1 2 3

increase  in  C   results  into  increase  in  the  couple1

stress and decrease in the shear stress. Our results of
Table 6 are consistent with this effect of C . Moreover,1

increasing the values of C ,C  & C  results into greater1 2 3

flow resistance in the boundary layer thus reducing the
rate at which heat is convected by the fluid. This, in turn,
increases the fluid temperature in the vicinity of the wall
causing the heat transfer rate at the wall to deteriorate.
This influence of the micropolar structure of the fluid may
be beneficial in the flow and temperature control of
polymeric processing. 

Table 7 predicts the effect of the radiation parameter
Nr on heat transfer rate . The rate at which heat

transfer occurs from the heated sheet to the fluid
increases with Nr. However, the effect of Nr is less
significant for its larger values as compared to its smaller
values. From Table 8 it may be noted that the loss of heat
transfer increases for all values of Prandtl number Pr in
the given range.

CONCLUSIONS

The present study considered the influence of the
shrinking parameter, the magnetic parameter, the
micropolar parameters and the Prandtl number in the
presence of thermal radiation on the axisymmetric
stagnation point flow and heat transfer of an electrically
conducting laminar steady viscous incompressible
micropolar fluid towards a shrinking sheet. A similarity
transformation was used to convert the governing partial
differential equations to ordinary ones. The transformed
equations with associated boundary conditions were then
solved numerically by an algorithm based on finite
differences.

The investigations predict that the flow reversal near
the surface of the sheet due to its shrinking may be
stopped by applying a strong magnetic field. 
The hydrodynamic and thermal boundary layers
become thicker with an increase in the magnitude of
shrinking and/or micropolar parameters and become
thinner by increasing the strength of the applied
magnetic field. 
The heat loss per unit area from the sheet decreases
by increasing the magnitude of shrinking parameter
and/or micropolar parameters. 
Thermal radiation promotes heat transfer rate from
the sheet to the fluid as temperature at any point in
the thermal boundary layer and its thickness
decreases by increasing the radiation parameter.
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