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Abstract: The effects of constant applied magnetic field have been 

brought out and discussed in viscous fluid flows through a circular 

annular porous region bounded by an inner rigid permeable  circular 

cylinder and an outer cylinder under different physical situations. The 

porous medium is extended to infinite extent and bounded by the outer 

cylinder. Computational results have been discussed for two cases: 

whether the inner cylinder is rotating with a constant velocity or at rest 

and for similar conditions for bounded outer cylinder. A clear viscous 

fluid flows through the inner cylinder whereas the porous medium is fully 

saturated with same fluid. The most general result has been observed in 

all cases that applied magnetic field retards the flow. Wall shearing stress 

has been calculated on the outer cylinder which is rotating at constant 

angular velocity while the inner cylinder kept stationary. For a fix value 

of slip parameter σ at the interface, the wall shearing stress on the outer 

cylinder decreases with increasing value of the magnetic parameter Mo 

and for a fixed value of the parameter Mo, the wall shearing stress 

decreases with increasing value of slip parameter at the interface. 
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1. Introduction 
 

The flow of a viscous fluid over and through a porous medium occurs in 

nature as well as in many engineering and medical problems. The flow of 

blood through lungs and capillaries are also examples of flow through 

porous media. The porous medium is in fact a non-homogeneous continua. 

One can approach a hypothetical homogeneous fluid under the action of 

averaged external forces
1,2

. The subject of Magnetohydrodynamic has also 
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attracted the attention of many research workers in view of its applications 

to Astrophysics, Geophysics and engineering 
3-5

.  As an external force, it 

retards the blood flow
6
. Rotational MHD Flows through porous materials 

with externally applied magnetic fields have recently been studied by 

various authors
7-10

 Srivastava et.al
11

 have developed a model for flow 

created by a rotation of circular cylinder with a constant angular velocity. 

In this paper, we have discussed the magnetohydrodynamic flows through 

an fully saturated porous annulus )( 21 ara λλ ≤≤  bounded from inside by 

another annulus )( 1ara λ≤≤ . The inner cylinder )( ar = is rigid impervious 

whereas the outer one (interface) is rigid permeable and a clear viscous fluid 

flows through this annulus and same fluid flows through the porous medium 

also .following governing equations are developed by using Brinkmen’s 

equations for porous media
12

. The rigid outer cylinder )( 2ar λ= is bounded 

or extended to infinity. Flows are assumed to be created by the rotation of 

inner or outer cylinders. The computational results for various cases are 

obtained for different physical situations subject to applied magnetic fields 

in radial direction. 
 

2. Formulations of the Problem 
 

Referring  to  the  figures -1a and 1b,  the  flow   is generated by rotating  

inner or outer rigid  cylinders with  a  constant  angular velocity  0Ω . Fluid 

flowing  in  zone-2  where the  fluid  flows  through the  pores  of  the  

porous  material  and  both  the  regions  are subject  to  a  constant  applied  

magnetic  field  in  transverse  direction. The only non-vanishing 

circumferential  velocity  is  denoted  by  v*. In  zone-1, the  flow is 

governed  by  the Navier-stokes equation , which  gives  the  following 

differential  equation  for  in non-dimensional form : 

      
                       Fig-1(a)                                                          Fig-1(b) 

 

(2.1)                   
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  where     ,      and                                           

The solution of this equation is 

(2.2)   

In  zone-2, the  flow is governed  by  the Brinkman  equation
12

 , which  

gives  the  following differential  equation  in non-dimensional form for   : 

(2.3)   

where     
 ,

  
k

a
=ϖ      and 2

0

22
MQ += σ

     

The solution of the equation is 

(2.4)   

The matching conditions at the interface  suggested by Ochoa-Tapia 

and Whitaker
13

 in the present notation, this can be written as: 

(2.5a)  
                                                         

 

(25b)  
                                                         

where α is a dimensionless constant depending on the surface of the porous 

material. The boundary conditions of the problem are 

(2.6a)                                                                          

(2.6b)  02 =v                                                                   2λ=yat  

The solutions of the equations satisfying the boundary and matching 

conditions at the interface is given by     
     

(2.7)   
and 

(2.8)          
,
 

where  

(2.9a)  

and 
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(2.9b)    

Now we present the results for different cases 
 

2.1. Bounded Porous Medium 
 

(2.1) case-1 Inner cylinder is rotating with constant angular velocity 

and  the outermost is stationary 

 When inner cylinder is rotating and the outer most bounding impervious 

cylinder 2λ=r  is stationary. The boundary conditions of the problem are 

(2.1.1)                                           at  1λ=y , 

(2..1.2)  02 =v                                         
,
 

The solutions of the equations satisfying the boundary conditions are 
 

 (2.1.3)         , 

and 

(2.1.4)    . 
 

where A and F are constants  determined using the matching conditions at 

the interface and boundary conditions as given above 

 

(2.1. 6)       

and 

(2.1.6)  . 
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The results for this case are presented in figures 2 to 5. 
 

2.2. Case-2 When the porous medium is extended to infinity 

These results may be obtained from above by taking ∝→2λ  from 

above equations in case 1. Results are presented in figures 5 to 7. 
 

(2.3.1)  Case -3: Inner Cylinder is stationary and outer one rotating 

with constant angular velocity 

We consider the case when an impervious solid infinite circular cylinder 

1λ=r  is surrounded by a porous medium 21 λλ ≤≤ r  fills the space which is 

zone-2. The viscous fluid fills the space 11 λ≤≤ r which is zone 1. We 

assume that the outer cylinder 2λ=r  is rotating and the inner one is 

stationary. A constant applied magnetic field in transverse direction is 

applied to both the zones. In this case, the boundary conditions of the 

problem are 

(2.3.1)           12 =v                          at   2λ=y  ,                   

((2.3.2)          01 =v                                  at  1λ=y
,
     

The matching conditions at the interface remain the same and the slip 

coefficient  can be positive or negative. The velocities  and  

satisfying the boundary conditions are given by 

(2.3.3)           

(2.3.4)            

where 

(2.3.5)                   

 
and 

(2.3.6) 
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In this case, the results are presented through figures 8 to 10. 
 

2. Results and Discussions 
 

In figures 2 -5,  the graphs of the velocities against the distance from the 

inner cylinder )1( =r have been plotted for various values of magnetic field 

Mo and slip parameter when inner cylinder rotates and outer is stationary.  

 
Fig-2 variation of velocities with magnetic field 

 

From figure -2, it is seen that in both the regions, the velocities decrease 

with increases of the magnetic field Mo. 

 

..    
Fig-3Variation of velocities with slip parameter    Fig-4Variation of velocity profile with α 
 

The velocities for both the cases are shown in figures 3 and 4 

respectively for various values of σ and α. These figures show that the 

velocities decrease in both regions with the increase of the slip parameter σ 

as well as with the increase of the α.  
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Fig-5Variation of velocities with magnetic field 

 

 
Fig-6Variation of velocity profile with α                  Fig-7Variation of velocities with                              

slip parameter 
 

In figures 5-7, the results are presented to the case when porous region is 

extended to infinity ( )( 2 →∝λ . The effects of applied magnetic field are 

presented in figure-5. The effects of slip parameter σ and α respectively on 

velocity profile of fluid in both regions decrease sharply and in porous 

region to zero for a particular value of Mo. 

 
Fig-8Variation of velocities with magnetic field 
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Figures 8 - 10 show the graphs of the velocities against the distance 

from the inner cylinder for the case when the outer cylinder rotates and the 

inner one )1( =r  is stationary. In this case also, the velocity of the fluid, in 

both the regions, decreases with the increase of the magnetic field parameter 

Mo. The velocity is maximum in the porous medium due to the prescribed 

boundary condition.                                                                                                          

 
  Fig-9Variation of velocities with slip parameter         Fig-10Varitation of velocities with      

slip parameter 
 

The velocities for various values of α and σ for fixed value of Mo. are 

shown to decrease in the figures 9 and 10. These figures show that the 

velocity at the interface depicts a maxima. 
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