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Abstract 
 
This paper investigates the influence of 

thermal conductivity and variable viscosity on 
the problem of micropolar fluid with suction or 
injection in presence of magnetic field. The 
fluid viscosity is assumed to vary as an 
exponential function of temperature and the 
thermal conductivity is assumed to vary as an 
exponential function of temperature. The 
governing equations are approximated by a 
system of non linear ordinary differential 
equations and are solved numerically by using 
shooting method. Numerical results are 
presented for the distribution of velocity, 
microrotation and temperature profiles within 
the boundary layer. 
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1. Introduction 
  

The theory of micropolar fluid, first 
introduced and formulated by Eringen (1966, 
1972) and derived the constitutive laws of fluid 
with micro-structure has been a field of very 
active research for the last decades. This 
theory is capable to explain the complex fluids 
behaviour such as liquid crystals, polymeric 
suspensions, animal blood etc. by taking into 
account the effect arising from local structure 
and micro-motions of the fluid elements. An 
extensive review of micropolar fluids and their 
applications has been done by Ariman et al. 
(1973). The study of the dynamics of 
micropolar fluids has received considerable 
interest, because of its wide applicability in 
energy, such as geothermal energy technology, 
petroleum recovery, glass fiber production, 
metal extrusion, hot rolling, the cooling and/or 
drying of paper and textiles and wire drawing.  

Many researchers have been studied 
the existing analytical studies for this problem 
are based on the constant physical properties of 
the ambient fluid [2,6,7]. However, it is known 
that these properties may change with 
temperature [3]. To accurately predict the flow 
and heat transfer rates it is necessary to take 
into account this variation of viscosity and 
thermal conductivity. The study of heat 
transfer and the flow field is necessary for 
determining the quality of the final products of 
these processes as explained by Karwe and 
Jaluria [4,5]. 

Hydrodynamics flows of a viscous and 
incompressible fluid have been studied under 
different physical conditions with variable 
fluid properties by Hassanien [3] and Seddek 
[8]. In many particle engineering system, both 
the plane surface and the ambient fluid are 
moving in parallel. Influence of thermal 
conductivity and variable viscosity on the flow 
of a micropolar fluid past a continuously 
moving plate with suction or injection was 
studied by Salem and Odda [1].  

Motivated by the above investigations, 
the present paper considers a steady 
incompressible, micropolar fluid to study the 
effects of variable viscosity and variable 
thermal conductivity on heat transfer from 
moving plate with suction or injection in 
presence of steady magnetic field.          
 
2. Mathematical formulation 

 
A steady, two dimensional flow of an 

incompressible electrically conducting 
micropolar fluid past a continuously moving 
plate with suction or injection in presence of a 
magnetic field is considered. The origin is 
located at the spot through which the plate is 
drawn in the fluid medium, the x-axis is 
chosen along the plate and y-axis is taken 
normal to it. We assume that the fluid 
properties are isotropic and constant, except 
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for the fluid viscosity   , which is assumed to 
vary as an exponential function of temperature 
T, in the form 

 1
0

 e    (1) 
Also assume that, the fluid thermal 

conductivity k  is assumed to vary as a linear 
function of temperature in the form [1]. 

)1( 20  kk    (2) 
where 1  and 2  are parameters 

depending on the nature of the fluid and 
00 , k  are the thermal diffusivity and 

viscosity at temperature Tw respectively. 
Under the usual boundary layer 

approximation, the governing equation for this 
problem can be written as follows. 
The equation of continuity is 

0







y
v

x
u     (3) 

The equation of momentum is  
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The equation of angular momentum is 
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The equation of energy is 
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Subject to the boundary conditions 
0,,,0  ww TTVvUu   at y=0 

0,,0  TTu   as y  (7) 
 where x  and y  are the coordinate 
direction, ,,vu  and T are the fluid velocity 
components in the x and y directions, the 
microrotation constant and density of the fluid, 
respectively, cp, U0, Tw, and T  are the specific 
heat of the fluid at constant pressure, the 
uniform velocity of the plate, a non-zero 
velocity component at the wall, the 
temperature of the plate and the temperature of 
the fluid far away from the plate and  is an 
external magnetic field. 
 The governing equations subject to the 
boundary conditions can be expressed in a 
simpler form by introducing the following 
transformations: 
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to obtain the ordinary differential equations for 
the function )(),(  gf and )(  
The transformed ordinary differential 
equations are: 
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     (9) 
0)2(2  fggG    (10) 
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subject to the boundary conditions (7) which 
become 
at  0,1,1,:0  gfFf w   
as 0:  gf      (12) 
 
In the above equations, a p[rime denotes 
differentiation with respect to  , and 
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as the coupling constant parameter, 
Microrotation parameter, prandtl number, 
Eckert number and mass transfer parameter, 
respectively. Here Fw is positive for suction 
and negative for injection. For micropolar 
boundary layer flow, the wall skin w  is given 
by 
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The skin friction coefficient cf can be defined 
as 
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where 
v

xU
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0Re   the local Reynolds number. 

The local heat flux coefficient (or local Nusselt 
number) may be written as 
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RESULTS AND DISCUSSION 
Equations (9), (10) and (11) with 

boundary conditions (12) can be integrated 
numerically by the shooting method with a 
systematic guessing of )0(),0( gf   and 

)0(   by the shooting technique. To study the 
behaviour of the velocity, the angular velocity 
and the temperature profiles, curves are drawn 
for various values of the parameters that 
describe the flow in the case of air (pr=0-.733) 
and water (pr=3) at 2,1.0,7  Gk  
and Ec=0.02.  

Fig. 1-3 shows the effect of variable 
viscosity parameter 1  on the velocity, the 
angular velocity and the temperature 
distribution, respectively. As shown, the 
velocity and the angular velocity are 
decreasing with increasing 1 , but the 
temperature increases as 1  increases. So, we 
conclude that for both air and water, the 
consequence of having a significant 
temperature dependent viscosity is to produce 
a marked effect on the temperature filed in 
these convection flows. The temperature 
variation for both air and water is shown in 
Fig. 4 for varius values of the thermal 
conductivity 2  parameter. Clearly the 
temperature profiles increases as the thermal 
conductivity parameter 2  increases in two 
cases. The velocity distribution for both air and 
water is shown in Fig. 5 for various values of 
the magnetic parameter M1. Clearly the 
velocity distribution decreases as the magnetic 
parameter M1 increases in two cases.  

Fig. 6-8 illustrates the velocity, 
angular velocity and temperature fields, 
respectively, for different values of porosity 
parameter Fw. These figures indicate that, all 
of these quantities decreases as Fw decreases. 
It can be seen that the velocity increases 
monotonically with injection (Fw<0) and 
decreases with increase in suction (Fw>0). 
Also, increasing values of the injection 
parameter move the location of the maximum 
value of the microrotation away from the 
surface. 
 

 

CONCLUSION 
In the present work we consider a 

steady incompressible, micropolar fluid to 
study the influence of variable viscosity and 
variable thermal conductivity heat transfer 
from moving plate with suction or injection in 
presence of steady magnetic field. The fluid 
viscosity is assumed to vary as an exponential 
function of temperature and the thermal 
conductivity is assumed to vary as an 
exponential function of temperature. The 
governing equations are approximated by a 
system of non linear ordinary differential 
equations and are solved numerically by using 
shooting method. Numerical results are 
presented for the distribution of velocity, 
microrotation and temperature profiles within 
the boundary layer.  
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Fig. 1. Variation velocity distribution f   against   for 

various values of temperature corresponding to the viscosity 

parameter 1  taking Pr=0.733, 2 =0.2, k=0.1, Ec=0.2, 
G=2, Fw=0, M1=0.1 
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Fig. 2. Variation angular velocity g against   for various values 

of temperature corresponding to the viscosity parameter 1  

taking Pr=0.733, 2 =0.2, k=0.1, Ec=0.2, G=2, Fw=0, 
M1=0.1 
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Fig. 3. Variation temperature distribution   against   for 
various values of temperature corresponding to the viscosity 

parameter 1  taking Pr=0.733, 2 =0.2, k=0.1, Ec=0.2, 
G=2, Fw=0, M1=0.1 
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Fig. 4. Variation temperature distribution   against   for 

various values of temperature corresponding to the conductivity 

parameter 2  taking Pr=0.733, 1 =0.2, k=0.1, Ec=0.2, 

G=2, Fw=0, M1=0.1 
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Fig. 5. Variation velocity distribution f   against   for 
various values of temperature corresponding to the magnetic 

parameter M1 taking Pr=0.733, 3.01 , 2.02  , 
k=0.1, Ec=0.2, G=2, Fw=0, M1=0.1 
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Fig. 6. Variation velocity distribution f   against   for 
various values of temperature corresponding to the porosity 

parameter wF  taking Pr=0.733, 3.01 , 2.02  , 

k=0.1, Ec=0.2, G=2, Fw=0, M1=0.1 
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Fig. 7. Variation angular velocity g against   for various values 

of temperature corresponding to the porosity parameter wF  

taking Pr=0.733, 3.01 , 2.02  , k=0.1, Ec=0.2, 
G=2, Fw=0, M1=0.1 
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Fig. 8. Variation temperature distribution   against   for 
various values of temperature corresponding to the porosity 

parameter wF  taking Pr=0.733, 3.01 , 2.02  , 

k=0.1, Ec=0.2, G=2, Fw=0, M1=0.1 
 
REFERENCES 
 
1. A. M. Salem, S. N. Odda, Influence of Thermal 

conductivity and veriable viscosity on the flow of a 
micropolar fluid past a continuously moving plate with 
suction or injection, The Korean Society for Industrial and 
Applied Mathematics (2005) 

2. El-Arabay, Hassan A. M., Effect of suction/injection on 
the flow of a micropolar fluid past a continuously moving 
plate in the presence of radiation, Int. J. of Heat and Mass 
Transfer 46, pp. 1471-1477 (2003) 

3. Hassanien, I. A., Flow and heat transfer on continuous 
stretching flat surface moving in a parallel free steam with 
variable properties, ZAAMZ, Angew Math. Mech. 79, pp. 
786-792 (1999) 

4. Karwe M. V., Y. Jaluria, Fluid flow and mixed convection 
transport from a moving plate in rolling and extrusion 
processes, J. Heat Transfer 110, 655-661 (1988) 

5. Karwe M. V., Y. Jaluria, Numerical simulation of thermal 
transport associated with a moving flat sheet in materials 
processes, J. Heat Transfer 113 (1988) 

6. Mansour, M. A., Mohammadein, A. A., El-Kabeir, S. M. 
M. and Gorila, R. S. R., Heat Transfer from moving 
surface in a micropolar fluid, Can. J. Phys. 88, pp. 463-471 
(1999) 

7. Sedeek, M. A., Flow of a magneto-micropolar lfuid past a 
continuously moving plate, Physics Letters A, 306, pp. 
255-257 (2003) 

8. Seddek M. A., Thermal radiation and buoyancy effects on 
MHD free convetion heat generation flow over an 
accelerating permeable surface with temperature-
dependent viscosity, Cand. J. Phys. 79, pp. 725-732 (2001) 

9. Slattery J. C., Momentums, energy and mass transfer in 
continua, McGraw-Hill, New York, 1972. 

10.  Soudalgekar V. M., Takhar H. S., Flow of a micropolar 
fluid on a continuous moving plate, Int. J. Eng. Sci. 21, pp. 
961 (1983) 

 
 

 

 


