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Abstract- In this study the steady hydromagnetic flow of fluid between two porous concentric circular cylinders is 

consider. The fluid isconsider as viscous, incompressible, conducting. The equation of motion and the constitutive 

equations form a system of non-linear ODEs that is investigated analytically, and in a few cases the numerical results are 

compared with a known numerical solution. Numerical computations show the effect of the non-Newtonian quantities on 

the velocity and on the shear stress as the dimensionless parameters are varied. It is supposed that the rate of suction at the 

inner cylinder is equal to the rate of injection at the outer. 
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1. INTRODUCTION 
 

Shercliff [1,3] and Chang and Lundgren [4] considered the 

steady hydromagnetic flow through ducts of rectangular 

cross-section in presence of a transverse magnetic field 

while Edward [2, 5] considered the same problem when 

the duct section is an annulus and the impressed magnetic 

field is radial or circular.  Singh and Rizvi [6] and Singh 

[7] investigate the problems of impulsive motion of 

viscous liquid contained between two concentric circular 

cylinders in presence of magnetic field. Mahapatra [8], 

Sengupta and Ghosh [9] and Roy Choudhury [1] also 

considered same type of problems when the cylinders 

rotate with various angular velocities. 

 

Now the flow of fluid through porous media has drawn the 

attention to the research workers because of its wide 

applications in many scientific and engineering fields. 

Such type of flow can be found in petroleum engineering 

to study the movement of natural gas, oil and water 

through oil reservoirs, filtration and purification process in 

chemical engineering and so on. Ahmadi and Manvi [11] 

derived the general equations of motion for porous media 

and applied the results to some basic flow problems. 

Gulabram and Mishra [12] generalized the equations to 

consider the magnetohydrodynamic flow of conducting 

liquid through such media. 

 

In the present paper, it is proposed to study the steady 

motion of an incompressible viscous conducting infinite 

concentric circular cylinders rotating with prescribed 

uniform angular velocities in presence of a uniform radial 

magnetic field. As particular cases, solutions are obtained 

when the medium is non-porous and the cylinders are 

imperevious. The distribution of the velocity has shown in 

graphical from.  

2. FORMULATION OF THE PROBLEM 
 

Let us consider two concentric porous non-conducting 

infinite circular cylinders of radii a, b (b>a) and suppose 

that an incompressible viscous conducting liquid flows 

steadily through the porous medium between them. 

Introducting the cylindrical co-ordinates (r,𝜃,z), we take 

the velocity components to be (u,v,w) and common axis of 

the cylinders as the z-axis. Also a uniform magnetic field 

𝐻0 is applied along the radial direction. It was now assume 

that the motion is rotationally symmetric and two 

dimensional, the axial component w of velocity vanishes 

and also the derivatives of transverse velocity with respect 

to 𝜃 and z vanish. The induced electric and magnetic field 

are also neglected. Then the modified governing equations 

of steady motion and the equation of continuity are 
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where 

∇2≡
𝑑2

𝑑𝑟2 +
1

𝑟

𝑑

𝑑𝑟
 ,  𝐵0 = 𝜇𝑒𝐻0 

 

𝜇𝑒is the magnetic permeability,  the kinematic velocity, 𝜎 

is the conductivity of the medium, 𝜌 is the density, p is the 

pressure and k is the permeability of the porous medium. 

In the above equations, the rationalized M.K.S. units have 

been used. Now , let us assume that the cylinders rotate 

with uniform angular velocities 𝛺1, and 𝛺2 so that 

boundary conditions are  

𝑣 = 𝑎𝛺1 on r = a, 𝑣 = 𝑏𝛺2 on r = b                             (2.4) 
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Let us take  

  𝑣 =
𝑉

𝑟𝑚+3                              (2.5)  

 

also the equation (2.3) leads to u = − 
𝑆

𝑟2                       (2.6) 

 

where S ( > 0) is the suction parameter and is taken as  

 

 𝑆 = 2𝜈(𝑚 + 3).                                              (2.7) 

 

Then using (2.5) to (2.7), equation (2.1) and (2.2) are 

transformed to  
𝑆2
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and 
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where 
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2
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1
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The boundary conditions (2.4) reduce to  

𝑉(𝑟) = 𝛺1𝑎
𝑚+4 on r = a,   

𝑉(𝑟) = 𝛺2𝑏
𝑚+4 on r = b .                                           (2.11) 

 

3. SOLUTION OF THE PROBLEM 

 

The solution of the equation (2.9) subject to the boundary 

condition (2.11) is given by  

 𝑉(𝑟) =
1

𝛬
[
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]          (3.1) 

                                                                 

where 𝐼𝑛 and 𝐾𝑛 are modified Bessel functions of first and 

second kinds of order n and  

𝛬 = 𝐼𝑛(𝑞𝑎)𝐾𝑛(𝑞𝑏) − 𝐼𝑛(𝑞𝑏)𝐾𝑛(𝑞𝑎)                           (3.2) 

 

Putting S = 0 i.e. m = −1, the corresponding solution for 

the velocity of the fluid through impervious concentric 

circular cylinders is obtained as    

 𝑉(𝑟) =
1
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𝛺2𝑏{𝐼𝑛(𝑞𝑟)𝐾𝑛(𝑞𝑎) − 𝐼𝑛(𝑞𝑎)𝐾𝑛(𝑞𝑟)}
]                 (3.3) 

 

On the other hand, if we suppose that the medium through 

which the conducting fluid flow is non-prous i.e. 

impermeable, then K→ ∞ and the solutions of the equation 

(2.9) subject to the boundary conditions (2.11) are given 

by  
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, 

                                              for 𝑛 ≠ 0                            (3.4) 
and 

𝑉(𝑟) =
1

2(log 𝑎 − log 𝑏)
[(𝛺1𝑎

𝑚+4 − 𝛺2𝑏
𝑚+4)log  𝑟

+ 𝛺2𝑏
𝑚+4log  𝑎 − 𝛺1𝑎

𝑚+4log  𝑏],   
          for 𝑛 = 0                     (3.5) 

For impervious concentric circular cylinders, the solutions 

are obtained from the above equations by putting S = 0 i.e. 

m = −1 in the forms 

 𝑉(𝑟) =
1

𝑎2𝑛+1−𝑏2𝑛+1
[(𝛺1𝑎

𝑛+3 −    𝛺2𝑏
𝑛+3)𝑟𝑛 −

(𝛺1𝑏
3𝑛𝑎𝑛+3 −   𝛺2𝑎

2𝑛𝑏2𝑛+3)𝑟−𝑛],   
       for 𝑛 ≠ 0                       (3.6)   

                                                                                                   

 𝑉(𝑟) =
1

3(log 𝑎−log 𝑏)
[(𝛺1𝑎 − 𝛺2𝑏)log  𝑟 +

𝑏𝛺2log  𝑎 − 𝑎𝛺1log  𝑏],   
                                         for 𝑛 = 0                             (3.7)       

 

 
 

 
 

4. NUMERICAL RESULT 
 

Taking 
𝛺1

𝛺2
 = 2, 𝜔 = 2.5, m = 2, a = 1, b = 2, the distribution 

of the velocity for porous concentric circular cylinders has 

been shown in figure -1 for various values of k within the 

region a ≤ 𝑟 ≤ 𝑏. It is seen that the permeability of the 

medium increases the velocity. Figure -2 gives the nature 

of the velocity when the medium is non-porous. Here also 

the permeability increases the velocity gradually.  
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