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Abstract  In this paper, we investigated the oscillatory MHD viscoelastic flow in a porous channel with heat in the 

presence of magnetic field; the formulated equations governing the flow were solved analytically using perturbation method, 

and obtained the velocity and temperature profiles. In addition, we study the impact of the some of the pertinent parameters 

on the flow profiles in the flow profiles, that is, the way the pertinent parameters affects the velocity and temperature profiles 

in the porous channels with the oscillating in the presence of magnetic field. Finally, having carried out numerical 

computation using the pertinent parameters we observed that velocity and temperature profiles are greatly influenced by the 

following parameters , , ,Da M Pe Rd .  
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1. Introduction 

The electrically conducting fluid flow has wide 

applications in several areas of engineering science    

which includes magnetohydrodynamic (MHD) generators, 

nuclear reactor, electromagnetic propulsion, geothermal 

energy extraction, boundary layer control in the field of 

aerodynamics, and plasma studies. In line with these 

applications, MHD flow in a channel has been studied by 

several authors, some of these authors include Nigam and 

Singh [1], vairavelu [2], Attia and Kotb [3] and soundalgekar 

and Bhat [4]. A Survey of MHD studies in the technological 

fields can be seen in moreau [5]. The fluid flow via porous 

media is a vital topic due to the recovery of crude oil from the 

pores of the reservoir rocks; in this case Darcy’s law 

represents the total effect. Raptis et al. [6] have investigated 

the hydromagnetic free convection flow via a porous   

media between two parallel plates. Aldoss et al [7] have 

investigated mixed convection flow from a vertical plate 

embedded in a porous media in the presence of a magnetic 

field. Makinde and Mhone [8] studies heat transfer or MHD 

Oscillatory flow in a channel filled with porous media. In 

this current research, we investigated the Oscillatory MHD 

viscoelastic flow in a porous channel with heat in the 

presence of magnetic field by formulated the governing 

equations for the problem and solve for the exact solutions  

 

* Corresponding author: 

wilcoxbk@fuotuoke.edu.ng (KW Bunonyo) 

Published online at http://journal.sapub.org/ajms 

Copyright ©  2019 The Author(s). Published by Scientific & Academic Publishing 

This work is licensed under the Creative Commons Attribution International 

License (CC BY). http://creativecommons.org/licenses/by/4.0/ 

using perturbation technique to decouple the coupled PDE 

and study the effect of the pertinent parameters on the flow 

profiles. [9] investigated the boundary-layer flow and heat 

transfer of a magnetohydrodynamic viscous fluid over a 

nonlinear radially porous stretching sheet within a porous 

medium and solutions are obtained using homotopy  

analysis method. In [10] studied the slip effects on the 

axisymmetric flow of an electrically conducting viscous 

fluid in the presence of a magnetic field over a non-linear 

radially stretching sheet adopting homotopy method. [11] 

Investigated Soret and Dufour effects with mixed convection 

are taken into account. The governing highly non-linear 

partial differential equations are transformed into the  

system of ordinary differential equations using similarity 

transformations. The resulting problems are computed by 

homotopy analysis method (HAM). In view of the above 

literature, we shall discuss an oscillatory MHD viscoelastic 

flow in a porous channel with heat in the presence of 

magnetic field by formulating governing equations for    

the momentum and energy equations and solving using 

perturbation method. 

2. Mathematical Formulation 

Consider the flow of an electrically conducting optically 

thin fluid in an oscillatory porous channel under the 

influence of externally applied homogenous magnetic field 

and radiative heat. It is assumed that the fluid has small 

electrical conductivity and small electromagnetic force. The 

x -axis is taken along the center of the channel and the y

-axis is taken normal to it. For an incompressible fluid model, 

the equations governing the motion are as: 
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3. Method of Solutions 

In order to solve equation (5) and (6) for purely oscillatory 

flow in a channel, let  
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where 0P  is a constant and  is the frequency of 

oscillation. 
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We can now solve equation (9) and equation (10) can be 

solved and the velocity and temperature profiles are as 

follows: 
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Substitute equation (12) into momentum equation, we 

have it as follows: 
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Solving equation (14), we obtain the following: 
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Putting equation (15) and (13) into equation (8), we obtain 

our velocity and temperature profile as follows: 
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4. Graphical Results 
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Figure 1.  Influence of Pe  on velocity profile while other parameters values are 

2, 0.2, 0.5, 0.71, 10, 0.2, 3, 1, 1Rd M Da Pr Gr Re t            

 

Figure 2.  Influence of Rd on velocity profile while other parameters values are 

0.2, 0.2, 0.5, 0.71, 10, 0.2, 3, 1, 1Pe M Da Pr Gr Re t         
 

 

Figure 3.  Influence of Gr  on velocity profile while other parameters values are 

0.2, 0.2, 0.5, 0.71, 2, 0.2, 3, 1, 1Pe M Da Pr Rd Re t           
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Figure 4.  Influence of M on velocity profile while other parameters values are 

0.2, 0.2, 0.5, 0.71, 2, 10, 3, 1, 1Pe Re Da Pr Rd Gr t           

 

Figure 5.  Influence of Da on velocity profile while other parameters values are 

0.2, 0.2, 2, 0.71, 2, 10, 3, 1, 1Pe Re M Pr Rd Gr t           

 

Figure 6.  Influence of  on velocity profile while other parameters values are 

0.2, 0.2, 2, 0.71, 2, 10, 0.5, 3, 1Pe Re M Pr Rd Gr Da t          
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Figure 7.  Influence of t on velocity profile while other parameters values are 

0.2, 0.2, 2, 0.71, 2, 10, 0.5, 3, 1Pe Re M Pr Rd Gr Da            

 

Figure 8.  Influence of Pe on temperature profile while other parameters values are 0.71, 2, 3, 1Pr Rd t   
 

 

 

Figure 9.  Influence of Rd on temperature profile while other parameters values are 0.71, 2, 3, 1Pr Pe t     
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Figure 10.  Influence of  on temperature profile while other parameters values are 0.71, 2, 2, 1Pr Pe Rd t     

 

Figure 11.  Effect of Pe on skin friction coefficient while other parameters values remain 

0.5, 2, 0.71, 10, 0.2, 3, 1, 1Da M Pr Gr Re t          

 

Figure 12.  Effect of  on skin friction coefficient with other parameters values

0.5, 2, 2, 10, 0.2, 1, 1, 0.2Da M Rd Gr Re t Pe         

    

 y   

 1,2,3,5    

 Cf   

 Rd   

 0.1,0.2,0.3,0.5Pe    

 Cf   

 Pr   

 1,2,3,5    



106 KW Bunonyo and IC Eli:  Oscillatory MHD Viscoelastic Flow in a  

Porous Channel with Heat in the Presence of Magnetic Field 

 

 

Figure 13.  Effect of Re on Skin friction coefficient with other parameters values 

0.5, 3, 0.71, 10, 2, 1, 1, 0.2Da Pr Gr Rd t Pe          

 

Figure 14.  Effect of M on Skin friction coefficient with other parameters values 

0.2, 3, 0.71, 10, 2, 1, 1, 0.2Re Pr Gr Rd t Pe          

 

Figure 15.  Effect of Pe on Rate of heat transfer with other parameters 3, 2, 1Rd t     
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Figure 16.  Effect of Rd  on Rate of heat transfer with other parameters 0.71, 1, 2Pr t Pe  
 

 
5. Discussion 

The investigation of the oscillatory MHD viscoelastic 

flow in a porous channel with heat in the presence of 

magnetic field has been carried out in the preceding sections. 

This has enabled us to carry out numerical computations  

for the velocity, temperature. However, this section provides 

the evidences, how the embedded parameters show their 

influence on velocity and temperature profiles. Several 

graphical results have been plotted and presented for the 

purpose of discussion. These graphs show the impact      

of magnetic parameter M , permeability parameter Da , 

Peclete number Pe , Radiation parameter Rd , Reynolds 

number Re , Grashof number Gr  and viscolelastic 

parameter  . Fig (1-8) are plotted to show the effects of 

these parameters on velocity profile ( )u y  and Fig (9-11) 

show the influence of the parameters on temperature profiles 

( )y . 

The effect of Pe  on the velocity profile indicated in Fig 1 

that the profile decreases due to the increase in the parameter. 

Increasing values of M  reduces the velocity, this 

physically indicates that the increasing values of magnetic 

parameter M  generate the resistive force also called the 

Lorentz force, which acts in the opposite direction to the 

fluid motion and resists the flow. Furthermore, it is clear in 

Fig 6 that increase Da  which has to do with the porous of 

medium, it reduces the drag force and increases the velocity.  

Fig. 3 is depicted to show the influence of Gr  on the 

fluid velocity. It is observed that an increase in Gr , leads to 

increase velocity due to enhancement in buoyancy force. 

Physically, Gr  signifies the relative effect of the thermal 

buoyancy force to the viscous hydrodynamic force. 

Increasing values of Gr means an increase of temperature 

gradients due to which the contribution from the buoyancy 

near the boundary becomes significant and hence a short rise 

in the velocity near the boundary is observed. 

The effect of radiation parameter Rd  on the velocity is 

displayed in Figs. 2. It is observed that an increase in Rd

contributes to the decrease in the velocity profile. It means 

that the velocity decreases in the presence of low thermal 

radiation. Finally we can see that in Fig 3 that increase in 

Reynolds number leads to decrease in the velocity profile for 

the given values of the other pertinent parameters values. 

6. Conclusions 

MHD oscillatory viscoelastic flow in a porous channel 

with heat in the presence of magnetic field was studied. 

Closed form solutions for velocity and temperature are 

obtained by solving the ODE directly haven converted the 

PDE using oscillatory perturbation technique. Thereafter, we 

did numerical computation to study the effect of the pertinent 

parameters with the following conclusions: 

(1)  The velocity profile decreases with increasing values 

of the , , ,Pe Rd Re t  and M . 

(2)  Increase in Da  enable the velocity of the fluid to 

increase due to greater permeability of the porous 

medium. 

(3)  The velocity profile is influenced to increase due to 

the increase in Grashof number Gr . 

(4)  The velocity profiles increases due to an increase   

in viscoelastic parameter   but start to decrease at

0.5y   which produced a temperature value of 

about 0.437761 throughout. 

(5)  In Fig (9-12) it is shown that increase in pertinent 

parameters lead to a corresponding decrease in 

temperature profile. 
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Nomenclature 

*x   Dimensional position variable 

*y   Dimensional position variable 

*u   Dimensional velocity profile 

u   Dimensionless velocity profile 

t    Dimensionless time 

*T   Dimensional temperature profile 

*
wT   Dimensional temperature profile at the wall 

*T   Dimensional far field temperature 

Gr   Grashof number 

M   Magnetic field parameter 

Rd   Radiation parameter 

Pr   Prantl number 

Pe   Peclete number 

Re   Reynold number 

Da   Darcy parameter 

   Oscillatory frequency 
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