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ABSTRACT 
The flow of an incompressible and electrically conducting polar fluid in the presence of a magnetic field is considered. 
The polar fluid is moving over a porous moving plate and the magnetic Reynolds number is not small enough so that 
the induced magnetic field is not negligible. The numerical calculations are given for various values of the material 
parameters characterizing the polarity of the fluid and the magnetic parameter.  
 
Keywords: Magnetohydrodynamics, polar fluids. 
 
 
INTRODUCTION 

 
Polar fluids are defined as fluids that sustain couple stresses. Examples of fluids that can be modeled as polar fluids are 
mud, crude oil, body fluids and lubricants with polymer additives. The study of the magnetohydrodynamics flow for a 
polar fluid past a plate has attracted the interest in view of its applications in many engineering problems. Soundalgekar 
and Aranake [1] have studied the effects of the polar fluids on the oscillatory flow past a plate with constant suction. 
Hiremath and Patil [2], Patil [3] and Chamkha and Aly [4] have examined the effects of a polar fluid through a porous 
medium. Magnetohydrodynamic flow of a incompressible and electrically conducting polar fluid past a plate has been 
studied by Helmy [6], Kim [7], Ogulu [8] and Mohamed at al. [9] when the magnetic Reynolds number is small so that 
the induced magnetic field is negligible.….] 
 
The object of the present paper is the study of the steady two dimensional magnetohydrodynamics flow of an 
incompressible polar fluid. The polar fluid is moving over a moving porous plate and the magnetic Reynolds number is 
not small enough so that the induced magnetic field is not negligible. 

 
ANALYSIS 
 
Consider the steady two dimensional flow of an electrically conducting polar fluid past an infinite moving porous plate. 
The fluid is viscous and incompressible and the plate absorbs the fluid with a constant velocity. The ′ −x axis is taken 
along the plate and the ′ −y axis normal to it. The plate is electrically non-conducting and the applied magnetic field is 

such that in the region of the plate *
0( , ,0)′′ ′=



xH H H , where ′′xH  is the induced magnetic field and *
0H  is the 

constant component of the magnetic field perpendicular to the plate.  
 
The equations governing the problem are [3], [7], [9]  
 
Continuity equation 
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Momentum equation 
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Angular momentum equation 
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Equation of induced magnetic field 
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where ,υ′ ′u  are the velocity components along of the velocity along the ′x  and ′y  directions respectively, ρ′  is the 

density of the fluid, ′P  is the pressure, ν  is the kinematic viscosity, ν r  is the rotational kinematic viscosity, ω′  is the 

angular velocity component of rotation of the particles, 0µ  is the magnetic permeability, I  is a scalar constant of 

dimension to that of the moment of inertia per unit mass, γ +
= a dc c

I
, where ac  and dc  are coefficients of the 

couple stress viscosities and σ  is the electrical conductivity.  
 
The boundary conditions are  
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where U  is the velocity of the plate. 
 
From equation (1) we have  

0υ υ′ = −                                         (6) 

where 0υ  is the constant suction velocity and the negative sign indicates that the suction velocity is directed towards 
the plate. 
 
Far away of the plate we have from equation (2)  
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                                                                                                                                                  (7) 

 
On taking into account equations (6) and (7), equations (2), (3) and (4) become  
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On introducing the following non-dimensional quantities   

0yy υ
ν
′

=  

uu
U
′

=  

a rν
ν

=                        (material parameter characterizing the polarity of the fluid) 

Iνβ
γ

=                       (material parameter characterizing the polarity of the fluid)                                                     (11) 

0U
ω νω
υ
′

=                    (dimensionless angular velocity) 
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0mP νσµ=                 (magnetic Prandtl number) 
1/2 *
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    (magnetic parameter) 

 
into equations (8), (9) and (10) we get 
 
(1 a) 2a 0u u MHω′′ ′ ′ ′+ + + + =                                                                           (12) 

 
0ω βω′′ ′+ =                                                                (13) 

 
0m mH P H MP u′′ ′ ′+ + =                                                 (14) 

 
The boundary conditions (5) now become 

1, , 0, 0
0, 0, 0,

u u H at y
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ω
ω
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                                                          (15) 

 
In the above equations the primes denote the differentiation with respect to y . 
 
RESULTS AND DISCUSSION 
 
Equations (12)-(14) with boundary conditions (15) have been solved numerically using Runge- Kutta and shooting 
technique and the results are the following: 
 

 
 

Fig.1: Velocity profiles for various values of the parameter a 
 

In Fig. 1 we have plotted the velocity profiles showing the effect of the parameter a , when 3.0, 0.2, 0.3mM Pβ = = = .  
 
We see that the velocity decreases when the parameter a increases. 
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Fig.2: Velocity profiles for various values of the parameter β  

  
In Fig. 2 we have plotted the velocity profiles showing the effect of the parameter β , when a 0.4, 0.2, 0.3.mM P= = =  

We see that the velocity increases when the parameter β  increases. 
 

 
Fig.3: Velocity profiles for various values of the parameter M  

 
In Fig. 3 we have plotted the velocity profiles showing the effect of the parameter ,M when a 0.4, 3.0, 0.3mPβ= = = . 

We see that the velocity increases when the parameter M  increases. 
 

 
Fig.4: Induced magnetic field for various values of the parameter M  
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In Fig. 4 we have plotted the induced magnetic field showing the effect of the parameter ,M when 

a 0.4, 3.0, 0.3mPβ= = = . We see that the induced magnetic field decreases when the parameter K  increases. 
 

REFERENCES 
 
[1] Soundalgekar, V. M., Aranake, R. N.: Effects of couple stresses on the oscillatory flow past an infinite plate with 

constant suction. Meccanica 194-198 (1974). 
[2] Hiremath, P. S., Patil, P. M.: Free convection effects on the oscillatory flow of a couple stress fluid through a 

porous medium. Acta Mechanica 98, 143-158 (1993). 
[3] Patil, P. M.: Effects of free convection on the oscillatory flow of a polar fluid through a porous medium in the 

presence of variable wall heat flux. Journal of Engineering Physics and Thermophysics 81, 905-922 (2008). 
[4] Chamkha, A. J., Aly, A. M.: Heat and mass transfer in stagnation–point flow of a polar fluid towards a stretching 

surface in porous media in the presence of Soret, Dufour and chemical reactions effects. Chem. Eng. Comm., 198, 
214-234 (2011). 

[5] Helmy, K. A.: MHD unsteady free convection flow past a vertical porous plate. ZAMM, 78, 255-270 (1998). 
[6] Kim, Y. J.: Unsteady MHD convection flow of polar fluids past a vertical moving porous plate in a porous 

medium. International Journal of Heat and Mass Transfer, 44, 2791-2799 (2001). 
[7] Ogulu, A.: On the oscillating plate-temperature flow of a polar fluid past a vertical porous plate in the presence of 

couple stresses and radiation, International Communications in Heat and Mass Transfer, 32, 1231-1243 (2005). 
[8] Mohamed, R. A., Abo-Dahab, S. M. , Nofal, T.A.: Thermal radiation and MHD effects on free convective flow of 

a polar fluid through a porous medium in the presence of internal heat generation and chemical reaction, 
Mathematical Problems in Engineering, Volume 2010, Article ID 804719, 27 pages, doi: 10.1155/2010/804719 
(2010). 

[9] Raptis, A., Perdikis, C., Leontitsis, A.: Effects of radiation in an optically thin gray gas flowing past a vertical 
infinite plate in the presence of a magnetic field, Heat and Mass Transfer, 39, 771-773 (2003). 

 
Source of support: Nil, Conflict of interest: None Declared

 
 


	RESULTS AND DISCUSSION

