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Abstract  

The object of the present paper is to study of Hall currents on magneto-hydrodynamic unsteady flow of visco-elastic first 

order Oldroyd
 
model fluid with transient pressure gradient through porous media in a long rectangular channel. The 

expression for velocity of the fluid is obtained in elegant form. Some deductions have been discussed in detail. 

 
Keywords: MHD flow, visco-elastic fluid, transient pressure gradient, porous media and hall current. msc 2000: 76a05, 

76s05, 76w05  
 

Introduction 

The fluids which exhibit the elasticity property of solids and viscous property of liquids are called visco-elastic fluids or non-

Newtonian fluids. In hydromagnetic flow we study of the flow of electrically conducting fluid in presence of Maxwell 

electromagnetic field. The flow of the conducting fluid is effectively changed by the presence of the magnetic field and the 

magnetic field is also perturbed due to the motion of the conducting fluid. This phenomena is therefore interlocking in character 

and the discipline of this branch of science is called Magnetohydrodynamics (MHD). It is equally rich and admits wider 

applications in engineering, technology, cusmology, Astrophysics and other applied sciences. It has tremendously developed in 

last forty years and some of the monographs in this field are due to Oldroyd
1
, Ferraro and Plumton

2
, Pai

3
, Shercliff

4
, Sutton and 

Shermann5, Jefferey6 and Cowling7. 

 

Flow behaviour of visco-elastic fluids through channels of different cross-section have been studied by a number of authors Ghosh 

and Sengupta
8
, Kundu and Sengupta

9
, Abdul Hadi and Sharma

10
 and Mishra and Panda

11
. Many research workers have paid their 

attention towards the application of visco-elastic fluid flow through various types of channel under the influence of magnetic field 

such as Sengupta and Basak
12

, Kundu and Sengupta
13

, Sengupta and Paul
14

, Rehman and Alam Sarkar
15

, Krishna and Rao
16

, 

Ghosh and Ghosh
17

, Radhakrishnamacharya and Rao
18

 and Kumar, Singh and Sharma
19

. 

 

The study of physics of flow through porous medium has become the basis of many scientific and engineering applications. This 

type of flow is of great importance in the petroleum engineering concerned with the movement of oil, gas and water through 

reservoir of oil or gas field to the hydrologist in the study of the migration of underground water and to the chemical engineer in 

the filtration process. Many research workers have paid their attention towards the application of visco-elastic fluid flow of 

different category through porous medium in chemicals of various cross-section such as Sudhakar and Venkataramana
20

, Kumar 

and Singh
21

,Gupta and Gupta
22

, Hassanien
23

, Agarwal and Agarwal
24

, Sharma and Pareek
25

, Ahmed
26

, Thakur and Kumar
27

, Singh, 

Kumar and Sharma
28

, Singh, Mishra and Sharma
29

, Das and Haque
30

, Kumar, Sharma and Singh
31

 and Kumar, Mishra and Singh
32

 

etc.  

 

The object of the present paper is to study of Hall currents on magneto-hydrodynamic unsteady flow of visco-elastic first order 

Oldroyd
1
 model fluid with transient pressure gradient through porous media in a long rectangular channel. The expression for 

velocity of the fluid is obtained in elegant form. Some deductions have been discussed in detail. In this paper we have considered 

the problem of Singh, Verma and Varshney
33

 with porous media. 

 

Basic Theory 

For slow motion, the Rheological equations for Oldroyd visco-elastic liquid are: 
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where  =ijτ  The stress tensor, ='

ijτ  The deviatoric stress tensor, =ije The rate of strain tensor, =p The pressure, =1λ The 

stress relaxation time parameter, =1µ The strain rate retardation time, =ijδ The metric tensor, =µ The coefficient of viscosity, 

=iv The velocity components 

 

Formulation of the Problem 

Using a rectangular Cartesian coordinate system ( )zyx ,,  such that the z- axis is along the axis of the channel and the walls of the 

channel are taken to be planes ax ±=  and  by ±= . Let us consider the flow of visco-elastic Oldroyd liquid along the axis of 

rectangular channel i.e. along z-axis only, therefore ( )zyxw ,,,0,0  are the velocity components along zyx ,,   directions 

respectively. A transient pressure gradient 
t

Pe
ω−

−  varying with time t is applied to the liquid. 

 

Following the stress-strain relations (1)-(4), the equation for unsteady motion through porous medium in a rectangular channel 

under the influence of an uniform magnetic field 
0

B  applied perpendicular to flow of the conducting visco-elastic Oldroyd liquid 

when induced magnetic field be neglected is given by 
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Where 0B  is an uniform magnetic field, σ  the electrical conductivity, υ  the kinematic coefficient of viscosity, ρ  the density, 

µ  the coefficient of viscosity, 
1m Hall parameter and k is the permeability of porous medium. 

 

Introducing the following non-dimensional quantities: 
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in equation (1), we get (after dropping the stars) 
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where 
µ

σ
0

aBM =  (Hartmann number) 

We have considered those types of situations of the flow which is transient in nature with respect to time and periodic in nature 

with respect to y. From the nature of the boundary conditions it is reasonable to choose the solution of (6) as 
t

emyxWw
ω−

= cos)(                                                                                   (7) 

The boundary conditions are: 

(i)  W=0  when   
a

b
y

a

b
x ≤≤−±= ,1                                                                          (8) 
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(ii)  W=0     when   11, ≤≤−±= x
a

b
y                                                           (9) 

Boundary condition (9) will be satisfied if 0cos =
a

b
m  

or   
2

)12(
π

+= n
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or   ,
2

)12(
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nm
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+=   ..,.........3,2,1,0=n            (10) 

We construct the solution as the sum of all possible solutions for each value of n: 
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Now from (12) equating the coefficient of cos my equal to zero, the value of W(x) can be determined from        
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Solving (13) subject to boundary condition (8), we get 
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Putting the value of W(x) in (11), we get the velocity of visco-elastic Oldroyd liquid under the influence of uniform transverse 

magnetic field. 
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Deductions 

(i) Taking limit ,01 →µ the visco-elastic liquid becomes Maxwell liquid, the velocity is given by the expression: 
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(ii) Taking limit 01 →λ , the visco-elastic liquid becomes Kuvshinisky liquid, the velocity is given by the expression: 
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(iii) Taking limits 01 →µ and 01 →λ , the visco-elastic liquid becomes purely viscous liquid, the velocity is given by the 

expression: 
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Particular cases 

Case I: Taking limit 0→M  i.e. if uniform magnetic field is withdrawn, the velocity of visco-elastic Oldroyd liquid through 

porous medium is given by the expression: 
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Case II:  Taking limit ∞→k  i.e. porous medium is withdrawn, velocity of visco-elastic Oldroyd liquid under the influence of 

magnetic field is given by  
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Case III: Taking limit 0→M  and ∞→k  i.e. uniform magnetic field and porous media both are withdrawn, the velocity of 

visco-elastic Oldroyd liquid is given by      
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All the expressions of Kundu and Sengupta
9
 are obtained. 

Case IV: Putting 0
1

=m , we shall get the same result as Singh, Verma and Varshney
33

. 

 

Conclusion 

The nature of the Magneto-hydrodynamics and porous medium is to reduce the velocity of the fluid therefore the presence of the 

porous medium in the rectangular channel under the influence of uniform magnetic field will definitely reduced the velocity of 

visco-elastic fluid and evidently velocity of the fluid in deductions case I, case II and case III will be slower than the velocity of 

the fluid obtained by Kundu and Sengupta
9
. 
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