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Abstract 
 
   The purpose of the present paper is to study an unsteady laminar flow of an incompressible conducting viscous dusty fluid 
between two infinitely non-conducting parallel plates, where above plate is bounded by porous medium. The flow is influenced 
by pulsatile pressure gradient, uniform magnetic field which is applied perpendicular to the plates and due to oscillations of the 
plates under the effect of porosity of porous medium. The governing systems of partial differential equations are solved using 
finite difference scheme. The effect of permeability of porous medium on the motion in the fluid phase and in the dust phase has 
been discussed. The effect of magnetic field on the velocity profiles of both fluid and dust phase have been investigated.  
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1. Introduction 
 
   The unsteady flow and heat transfer of a dusty fluid has a wide range of applications in air conditioning, refrigeration, chemical 
processing, pumps and nuclear reactors. Datta et al. (1993) obtained the solution of unsteady heat transfer to pulsatile flow of a 
dusty viscous incompressible fluid in a channel. Attia (2006) investigated an unsteady MHD Coutte flow and heat transfer of dusty 
fluid. Gireesha  et al. (2009) obtained the analytical solutions for velocity field using variable separable method for an unsteady 
flow of dusty fluid through rectangular channel under the influence of pulsatile pressure gradient. Chen (2004) investigated the 
effect of combined heat and mass transfer on MHD free convection from a vertical surface with the ohmic heating and viscous 
dissipation. Unsteady hydromagnetic flow and heat transfer from a non-isothermal streching sheet immersed in porous medium 
was discussed by Chamka (1998). The MHD flow of a dusty viscous conducting fluid between two parallel plates has been 
investigated by Sreeharireddy et al. (2009). MHD flow and heat transfer of dusty fluid between two parallel plates with variable 
physical properties have been studied by Attia and Kotb (1996).  The results are investigated by varying the parameters linked to 
the magnetic field and heat transfer and plotting them graphically. 
   Prasad and Ramacharyulu (1979) initiated the solution of an unsteady flow of a dusty incompressible fluid between two parallel 
plates under varying impulsive pressure gradient. Unsteady hydromagnetic flow of a dusty viscous fluid between two oscillating 
plates were investigated by Debnath and Ghosh (1989). Elbashbeshy and Bazid (2004) investigated the heat transfer in a porous 
medium over a stretching sheet with internal generation and suction or injection. Ezzat et al. (2010) investigated the 
hydromagnetic flow of a dusty fluid through a porous medium using space approach. 
   The present investigation deals with the study of an unsteady flow of viscous dusty fluid between two oscillating plates bounded 
above by porous medium. The flow is due to pulsatile pressure gradient and the uniform magnetic field. The shape of dust particles 
are spherical in nature and uniformly distributed throughout the fluid. The numerical investigation for the velocities profiles have 
been done using finite difference method. The effect of porous parameter, magnetic parameter on the fluid and dust particles is 
discussed. 
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2.  Formulation of the Problem 
 
An unsteady laminar flow of an incompressible, viscous dusty fluid between two plates separated by a distance h is considered. 
Throughout the flow analysis the following assumptions are made, 

• The flow is due to the influence of the pulsatile pressure gradient and uniform magnetic field. 
• A pressure gradient is applied in the x- direction and a uniform magnetic field is applied in positive y-direction. 
• The dust particles are assumed to be spherical in shape and uniformly distributed throughout the fluid. 
• Initially the conducting and non-conducting dust particles are assumed to be at rest. 
• The number density of the dust particles is taken as a constant. 

Under these assumptions the geometry of the flow configuration is shown as in Fig.1                                                           
                                                           y          
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                                           Fig. 1: Geometry of the flow configuration 
 
 3. Equations of Motion 
 
The governing equations of motion for two phases are given by: 
 
For fluid phase 
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For dust phase  
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 u, νρ ,, p are respectively velocity vector, density, pressure and kinematic viscosity. v, N, m are respectively velocity vector, 
number density and mass concentration of dust particles. 
 
4. Solution of the Problem 
 
The governing equations from (1) to (4) in the direction(x) of fluid flow are, 
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Porous medium 
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For dust phase 
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Where u(y,t) and v(y,t) denote the velocity of the fluid and of dust phase respectively. The initial and boundary conditions on the 
velocity field are taken as: 
 
Case (i) 
 
Initial conditions: u = 0, v = 0 at t 0≤  for all y, 

Boundary conditions:  
ti
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+= at y = h. where a1, a2,b1,b2 are  
complex constants such that u becomes real on plates.  
 
Case (ii) 
 
Initial conditions: u = 0, v = 0 at t 0≤  for all y. 
Boundary conditions:  u = U1 at y = 0 for t > 0, u = V1  at y = h.  
Here the lower and upper plates start moving with uniform velocities U1 and V1 respectively. 
 
The pulsatile pressure gradient influenced the flow of fluid and it is of the form, 
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where ε is a small quantity, A and α are constants. 
Let us consider the following non-dimensional flow variables 
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Using the above non-dimensional variables in the equations (1) – (4), then one can get the following non-dimensionalzed form of 
the equations (on dropping the bars as follows): 
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Where 
ρ

Nm
f = the mass concentration of dust particles, 2Kh

m
v

ν
τ = the relaxation time of dust particles, 

μ

σ
hBM 0= Hartmann 

number.  is the porous parameter. The non dimensional form of the initial and boundary conditions on the velocity fields are: 
 
For case (i) 

Initial conditions: u = 0, v = 0 for ,0≤t  Boundary conditions: 
tis

ea
tis

eau 1211 += at y = 0 

tis
eb

tis
ebu 2221

−
+=  at y = 1. Where )2,1(

2
)2,1( ωω

υ

h
ss =  and )2,1,2,1(

2
)2,1,2,1( bbaa

h
bbaa

υ
=  

are non-dimensional flow parameters. 
 
For  case (ii) 
 
Initial conditions: u = 0, v = 0 for ,0≤t Boundary conditions: u = U2  at y = 0, u = V2 at y = 1. 
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The non-dimensional pressure gradient as given by 
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5.  Numerical Solution 
 
   The system of partial differential equations (5) and (6) under initial and boundary conditions for case (i) and case (ii) are solved 
numerically using finite difference scheme with the help of Matlab software. The purpose of the study is to investigate the effect of 
porous medium on the unsteady fluid motion within the framework of dusty phase and fluid phase. The unsteady flow within 
parallel plates under uniform magnetic field has been investigated analytically by Debnath and Ghosh, Mitra and Bhattacharya. 
The effect of magnetic field on the fluid flow have also been investigated. 
 
6. Results and Discussion 
 
   In this investigation an unsteady laminar flow of an incompressible viscous fluid with uniform distribution of dust particles 
between two parallel plates with a uniform magnetic field is considered. Here the flow is studied in the following two cases. (i) 
Between two parallel plates (ii) impulsive motion of two parallel plates. In both cases the effect of pulsatile pressure gradient is 
considered. The governing equation for this investigation was non-dimensionalzed and solved numerically using finite difference 
scheme. In Fig.2 the effect of magnetic parameter on the velocity distributions have been shown for fluid phase. For the purpose 
choose t = 0.2, dt = 0.5,f = 1.2,S = 5.0, a1 = 2,a2= 3,b1= 10,b2 = 20,dy = 0.2, the given system of differential equations is simplified 
and solved using Matlab software. The magnetic parameter varies from 2.0 to 8.0. It is observed that the velocity for the fluid 
phase firstly increases then decreases with the distance. With the increase of magnetic parameter the velocity decreases under the 
influence of porous media. 

 
 

Fig.2 : Influence of magnetic parameter on the velocity distributions for fluid  phase 
 
The effect of porous medium on the fluid motion in fluid phase has been shown in Fig. 3. The graph has been plotted using finite 
difference scheme. For the purpose choose t = 0.2, dt = 0.5,f = 1.2,M = 5.0, a1 = 2,a2= 3,b1= 10,b2 = 20,dy = 0.2, the given system 
of differential equations is simplified and solved using Matlab software. The porous parameter varies from S = 2.0 to 8.0. 
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 The results reveal that velocity decreases with the increase of porous parameter. It is also observed that velocity increases very 
slowly from S = 2.0 to S = 4.0 as distance increases but when the porous parameter increases from S = 5.0 to S = 8.0 the velocity 
firstly increases sharply then decreases. 

 
Fig. 3: The effect of porous parameter on the velocity distributions in fluid phase. 

 
The effect of porous medium on the fluid motion in dust phase has been shown in Fig. 4. The graph has been plotted using finite 
difference scheme. For the purpose choose t = 0.2, dt = 0.5,f = 1.2,M = 5.0, a1 = 2,a2= 3,b1= 10,b2 = 20,dy = 0.2, the given system 
of differential equations is simplified and solved using Matlab software. The porous parameter varies from S = 2.0 to 9.0. 
 The graph reveals that velocity firstly increases in the half way of porous medium and then decreases. For small values of the 
porous parameter the effect on the fluid motion remains negligible.  

 
Fig.4  The effect of porous parameter on the velocity of fluid in dust phase 

 
In Fig. 5 the effect of magnetic parameter on the fluid motion has been analyzed. The graph has been plotted using finite difference 
scheme. For the purpose choose t = 0.2, dt = 0.5,f = 1.2,S = 5.0, a1 = 2,a2= 3,b1= 10,b2 = 20,dy = 0.2, the given system of 
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differential equations has been solved by appropriate program and results are deducted through graph. The values of magnetic 
parameter has been choosed from M = 2.0 to M = 9.0. For small values of the magnetic parameter the motion of the fluid remains 
almost same. But as the value increases the velocity of fluid in dust phase increases sharply. For high values of magnetic parameter 
there is a point of saturation where the fluid takes almost same affect of magnetic parameter. 

 
Fig.5: The effect of magnetic parameter on the motion of fluid in dust phase 
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