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Abstract: A numerical study for unsteady MHD  flow in a channel having insulating slip walls moving in 

opposite direction under the action of  intense inclined external magnetic field has been carried out.  The 

numerical solutions for velocity, induced magnetic field and temperature distribution profile  have been 

obtained by using a central difference scheme and are presented graphically for various parametric conditions 

using MATLAB software. 
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1. INTRODUCTION 

During last few decades emphasis has been given by the research on the MHD coutte flow due to its 

application arises in the field of engineering and technology, chemical engineering and different 

branches of engineering. Takahasi et al.[1] made an experiment to investigate the pressure drop and 

heat transfer for single phase flow of lithium in a horizontal channel with uniformly heated bottom 

under the action of horizontal magnetic field. Umavathi and Malashetty [2] analytically studied the 

combined free and forced convective MHD flow in a vertical channel. By employing Mathematica, 

Singha and Deka [3] analytically studied the two phase MHD flow problem and heat transfer issue in 

a parallel plate channel. In subsequent period,  Singha [4] , Joseph et al. [5] , Chutia and Deka [6]  

studied the unsteady flow of an electrically conducting fluid under different flow environment. 

In this paper, by employing central difference scheme we numerically studied the unsteady MHD 

couette flow of an electrically conducting fluid between two horizontal and parallel insulated slip 

plates which are moving in opposite directions under the action of an uniform inclined transverse 

magnetic field. Under various parametric conditions, we have obtained numerical solutions for 

velocity, induced magnetic field and temperature distributions. 

2. FORMULATION OF THE PROBLEM  

In this problem, an unsteady motion of electrically conducting fluid is considered between two 

horizontal parallel insulated slip plates separated by a distance of 2a  under the action of an uniform 

external magnetic field of strength 0B  which is inclined at an angle   with the positive direction of 

horizontal ( X axis). The walls of the channel are at y a   and are moving with same velocity U  but 

in opposite direction. The upper and lower wall of the channel are kept at temperature 1T  and 0T , 

where 1 0T T  .  

Following assumptions are made in this study to solve the governing equations of the flow problem. 

 Flow is fully developed and  

 Viscous dissipation and Joule heat are neglected. 

The fluid velocity and magnetic field distribution for the present channel flow problem are 

 , ,0,0xV V y t     and 2
0 0, 1 ,0xB B B B    

  
 , where cos  . 

The governing equations for present channel flow study are  
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and 

p

T d dT
C k

t dy dy


 
  

  
                                                                                                                   (1.3) 

Where  0Z g T T   is the force due to buoyancy. 

Using fluid velocity and magnetic field distribution as stated, Eqs. (1.1)-(1.3) becomes 
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where, 1 pk C   . 

The boundary condition for the present channel flow problem are (when 0t   ) 
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After introducing following non-dimensional quantities 

0

0 1 0

, ,

,

xV y tU
V y t

U a a

T TB
B

B T T


  



  


 



  

and following non dimensional parameters 
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 We get following non-dimensionalized system of equations 
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and the boundary condition (1.7) becomes 
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We use separation of variable technique to solve Eqs. (1.8)-(1.10) and finally employed central 

difference scheme to solve the system of equations.  

3. RESULT AND DISCUSSIONS 

In this study, a numerical investigation on the fully developed unsteady MHD couette flow of 

conducting fluid between two horizontal parallel slip wall which are moving with same velocity but in 

opposite direction is presented.  
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In our numerical investigations, computation is carried out for different angle of inclination of 

imposed external magnetic field to the flow direction and we have considered 

7, 0.5, 0.2, 1.5, 2.0, 1.0m e rM R R G n       [7] unless otherwise stated in computation. 

In figure 1, velocity profile for different angle of inclination of imposed magnetic field to the flow 

direction is shown. It is observed that with the increasing value of   , fluid velocity decreases. Again 

from figure 2, we can conclude that velocity increases whenever Grashof number is increases.  

 

Fig1. Variation of velocity profile for different values of   

 

Fig2: Variation of velocity profile for different values of rG   

In figure 3, induced magnetic field profile for different values of   is shown. It is observed that 

magnetic field increases whenever   increases. Again from figure 4, we conclude that along with the 

increasing values of Grashof number magnetic field increases. 

 

Fig3. Variation of magnetic induced magnetic field profile for different values of    

In figure 5, temperature distribution is plotted against rP  , where it is observed that temperature 

distribution between the walls gradually increases along with the increasing values of rP  . 

The results reflected from these plots are in good agreement with the earlier analytical results obtained 

by Singha [7] for the channel flow study with lower wall at rest and upper wall is moving. 
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Fig4. Variation of magnetic induced magnetic field profile for different values of rG  

 
Fig5. Variation of temperature field profile for different values of rP  
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