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ABSTRACT  

A parametric study to investigate the effect of hall current and chemical reaction on an 

unsteady MHD free convection flow past a vertical porous plate with heat absorption or 

generation in presence of uniform transverse magnetic field is presented. The equations 

governing the flow are solved analytically using a regular perturbation technique. The 

expressions of velocity, temperature and concentration fields are obtained. With the aid of these 

expressions for the shearing stress and the rate of heat transfer in the form of Nusselt number are 

derived. Finally the effects of various physical parameters of the flow quantities are studied with 

the help of graphs. The investigation reveals the fact that the heat absorption / generation has 

significant effect controlling the flow. 

Key words: Heat and mass transfer, Free convection, MHD, Porous medium, Vertical plate, Skin 

friction, Hall Currents,Chemical reaction 

 

 

 

Corresponding Author:  M.JannathBegam 

  

 

 

 

 

 

 

 

 

 

 

                                        



International Journal of Advanced Scientific and Technical Research                                       Issue 7 volume 2 March-April 2017  

Available online on   http://www.rspublication.com/ijst/index.html                                                                         ISSN 2249-9954 

©2017 RS Publication, rspublicationhouse@gmail.com Page 180 
 

1. INTRODUCTION 

 

                The study of heat generation or absorption in moving fluids is important in problems 

dealing with chemical reaction and those concerned with dissociating fluids. Possible heat 

generation effects may alter the temperature distribution. Consequently, the particle 

decomposition rate in nuclear reactor, electronic chips and semiconductor wafers. In addition, 

natural convection with heat generation can be applied to combustion modelling. Heat 

generation or absorption may be constant, space dependent or temperature dependent. Also, the 

effects of heat generation / absorption has significant contribution in the heat transfer 

characteristics of several physical problems of practical interest viz. Convection in Earth’s 

mantle, past accident heat removal, fire and combustion modelling, fluids undergoing 

exothermic and/or endothermic chemical reaction , development of metal wast from spent 

nuclear fuel, applications in the field of nuclear energy etc. taking into consideration of this fact, 

Seth and Ansari (2010) studied the MHD natural convection flow past an impulsively moving 

vertical plate with ramped wall temperature in the presence of thermal diffusion with heat 

absorption. Suneetha and Reddy (2011) also investigated Radiation and Darcy effect on 

unsteady MHD heat and mass transfer flow of a chemically reacting fluid past a impulsively 

started vertical plate with heat generation. Rao and Sivaiah (2012) have studied the chemical 

reaction effect on an unsteady MHD free convection fluid flow past a semi infinite vertical plate 

embedded in a porous medium with heat absorption. Abdul and Rezaul (2012) analysed Heat 

generation effect on MHD natural convection flow along a vertical wavy surface with variable 

thermal conductivity. Alam and Haque (2014) have studied unsteady MHD free convective heat 

transfer flow along a vertical porous flat plate with internal heat generation. Seth and Singha 

(2015) investigated MHD natural convection flow with Hall effect, Radiation and heat 

absorption over an exponentially accelerated vertical plate with ramped temperature.  

               Combined heat and mass transfer problems with chemical reaction are of importance in 

many processes and have, therefore, received a considerable amount of attention in recent years. 

In processes such as drying, evaporation at the surface of a water body, energy transfer in a set 

cooling tower and the flow in a desert cooler, heat and mass transfer occur simultaneously. 

Possible applications of this type of flow can be found in many industries. For eg., in the power 

industry, among the methods of generating electric power is one in which electrical energy is 

extracted directly from a moving conducting fluid. Many practical diffusive operations involve 

the molecular diffusion of a species in the presence of chemical reaction within or at the 

boundary. A reaction is said to be of the order n, if the reaction rate is  proportional to the n-

power of concentration. In particular, a reaction is said to be first order, if the rate of reaction is 

directly proportional to concentration itself. In well mixed system, the reaction is heterogeneous 

if it takes place at an interface and homogeneous, if it takes place in solution. It can be therefore 

be treated as a boundary condition similar to the constant flux condition in heat transfer. Sothe 

study of heat and mass transfer with chemical reaction is of great practical importance to 

engineers and scientists because of its almost universal occurrence in many branches of science 

and engineering. Chemical reaction effects on an unsteady MHD free convection flow past an 

infinite vertical porous plate with constant suction and heat source has been studied by 

AnandRao and Shivaiah(2011). Vijayasekhar and Viswanadh Reddy(2012) have analyzed the 

effects of chemical reaction on MHD free convective oscillatory flow past a porous plate with 
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viscous dissipation and heat sink.Mohammed Ibrahim(2013) have investigated the chemical 

reaction and radiation effects on MHD free convective flow along a stretching surface with 

viscous dissipation and heat generation. MohanaRamana and Girish Kumar(2014) have found 

out the chemical reaction effects on MHD free convective flow past an inclined plate. 

Sinha(2015) have studied the effect of chemical reaction on an unsteady MHD free convective 

flow past a porous plate with ramped temperature. 

                When the strength of the applied magnetic field is sufficiently large, Ohm’s law needs 

to be modified to induce hall current. The Hall effect is due merely to the side ways magnetic 

force on the drafting free charges. The electric field has to have a component transverse to the 

direction of the current density to balance this force. In many works of plasma physics, it is not 

paid much attention to the effect caused due to Hall current. However, the Hall effects cannot be 

completely ignored if the strength of the magnetic field is high and number of density of 

electrons is small as it is responsible for the change of the floe pattern of an ionized gas. Hall 

effect results in a development of an additional potential difference between opposite surfaces of 

a conductor for which a current is induced perpendicular to both the electric and magnetic field. 

This current is termed as Hall current. It was discovered in 1979 by Edwin Herbert Hall while 

working on his doctoral degree at the Johns Hopkins University in Baltimore, Maryland, USA. 

Effect of Hall current and rotational parameter on dissipative fluid flow past a vertical semi 

infinite plate has been studied by Abuga, Kinyanjui and Sigey (2011). Musundi, Kirimi and 

Muthondu(2012) have analysed the magnetic field and Hall current effect a MHD free 

convection flow past a vertical rotating flat plate.  Maguna and Mutua(2013) have studied the 

Hall current effect on free convection flow   and mass transfer past semi-infinite vertical flat 

plate.Harisingh Naik,RamanaMurthy and Rama Rao(2014) investigated the effect of hall current 

on an unsteady MHD free convective coquette flow between two permeable plates in the 

presence of thermal radiation. Hannington Situma, JohanaK.Sigey, Jeconiah A. Okello, James 

M. Okwoyo and David Theuri(2015) have analysed the effect of hall current and rotation on 

MHD free convection flow past a vertical infinite plate under a veriable transverse magnetic 

field, M.Jannath Begam and R.Praveen Kumar(2015) have investigated the numerical study of 

three dimensional partial differential equations with variable coefficients by RDTM and 

comparison with DTM. Recently, J.Kowsalya and M.Jannath Begam(2016) have studied  the 

MHD mass transfer flow past a vertical porous plate embedded in a porous medium in a slip 

flow regime with the influence of hall current and thermal diffusion 

 

               In view of the significance of the Hall current as well as chemical reaction, the present 

work is concerned with the study of hall current and chemical reaction effects on free convection 

MHD free convection flow past a vertical porous plate with heat absorption / generation. 

 

2.MATHEMATICAL FORMULATION  

We study the two-dimensional free convection and mass transfer flow of an incompressible 

viscous fluid past an infinite vertical porous plate under the following assumptions: 

 The plate temperature is constant. 
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 Viscous and Darcy’s resistance terms are taken into account with constant permeability 

ofthe medium. 

 Boussinesq’s approximation is valid. 

 The suction velocity normal to the plate is a constant and can be written as, 

       

          A system of rectangular co-ordinate              is taken, such that       on the plate 

and    axis is along its leading edges. All the fluid properties considered constant except that the 

influence of the density variation with temperature is considered. The influence of the density 

variation in other terms of the momentum and energy equation and the variation of the 

expansion coefficient with temperature is considered negligible. This is the well-known 

Boussinesq approximation. 

    Under these conditions, the problem is governed by the following system of equation: 

Equation of continuity: 

   

                                                                                                                                (1) 

Equation of Momentum: 

   

   
      

            
            

    
    

     
   

 

       
 

 

    
       (2) 

Equation of Energy: 

   

   
      

       
    

    
          

                                                                     (3) 

Equation of Concentration : 

   

   
      

       
    

    
           

                                                                  (4) 

  Where       are the velocity components.     are the temperature and concentration 

components and  α  is the thermal conductivity, D is the concentration diffusivity, m is the hall 

currents parameter, Kc is the chemical reaction parameter and    is the dimensional heat 

absorption coefficient. 

   The boundary conditions for the velocity and temperature and concentration fields are: 

          
       

          

                                                                                            (5) 

 

Consider the following non dimensional parameters 
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Where    is the Prandtl number,    is the Grashof number, N is the buoyancy ratio,     is the 

Schmidt number ,M is the magnetic parameter , K is the permeability parameter,   is the thermal 

expansion coefficients ,    is the concentration expanstion coefficient , m is the hall current 

parameter,Kc is the chemical reaction parameter and Q is the dimensional heat absorption 

coefficient.  

By introducing the non-dimensional parameters into  Eqs. (2) (4) it reduces to  

  

  
 

  

  
          

   

         
 

 
                                                          (7) 

  

  
 

  

  
 

 

  

   

                                                                                                       (8) 

  

  
 

  

  
 

 

  

   

                                                                                                      (9) 

 

and the corresponding boundary conditions are 

                    

                                                                                          (10) 

To solve Eqs.(7), (8) and (9) we assume from V.M.Soundalgekar, J.P.Bhat (1984) that 

                                                                                                                      (11) 

                                                                                                                       (12) 

                                                                                                           (13) 

Substituting Eqs.(11) - (13) in Eqs.(7) - (9), equating the harmonic and non harmonic terms and 

neglecting the co-efficient of higher powers of   we get 

       
      

 

 
                                                                                        (14) 

        
                                                                                                 (15) 

        
                                                                                                (16) 

The corresponding boundary conditions can be written as 

                       

                                                                                                       (17) 
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The solutions of Equations (14) to (16) which satisfy the boundary conditions (17) are given by 

           
        

        
                                                              (18) 

                                                                                                                                  (19) 

                                                                                                                                  (20) 

where the constants                used above are functions of the physical parameters 

involved in the problem. 

Substituting equations (18) to (20) in equations (11) to (13), we obtain the velocity, temperature 

and concentration distributions in the boundary layer as follows:  

           
        

        
          

            

            

3.RESULT AND DISCUSSION  

The effects of various physical parameters such as Grashof number for heat transfer (Gr), 

Magnetic Parameter (M), Hall parameter (m), Heat Source Parameter (Q), Permeability 

parameter (K), Chemical reaction Parameter (Kc), Schmidt number (Sc) on the velocity profile, 

temperature profile and concentration profile have been studied analytically. Throughout our 

investigation the value of Prandtl number Pr is kept constant at 0.71 which corresponding to air 

at     . The computed results of the analytical solutions are presented in Figs 1- 12. 

       Fig 1 Depicts the effect of the Magnetic parameter M on the Velocity profiles. It is 

observed that increase in the magnetic parameter (M) decreases the velocity 

                Fig 2 Exhibits  the effect of the Grashoff number Gr on the Velocity profiles. It is 

indicated  that increase in the Grashoff number (Gr) increases the velocity 

                Fig 3 Illustrates the effect of the Hall current parameter m on the Velocity profiles. It  

shows that increase in the Hall current parameter (m) increases the velocity  

               Fig 4 Shows the effect of the Permeability parameter K on the Velocity profiles. It 

reveals that the increase in the permeability parameter (K) increases the velocity  

                Fig 5 Depicts the effect of the chemical reaction parameter Kc on the Velocity 

profiles. It is observed that the increase in the Chemical reaction parameter(Kc) decreases  the 

velocity  

              Fig 6 Exhibits the effect of the Prandlt number Pr on the Velocity profiles. It is 

indicated that the increase in the Prandlt number (Pr) increases the velocity near to the origin and 

decreases the velocity away from the origin                 
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            Fig 7 Clearly shows that the effect of the Schmidt number Sc on the Velocity profiles. It 

illustrates that the increase in the Schmidt number (Sc) decreases the velocity  

           Fig 8 Shows the effect of the Heat absorption coefficient Q on the Velocity profiles. It is 

evident that the increase in the heat absorption coefficient (Q) decreases the velocity                      

           Fig 9 Illustrates the  effect of the Prandlt number Pr on the Temperature profiles. It is 

indicated that increase in the Prandlt number (Pr) decreases the temperature in the fluid medium. 

            Fig10 Depicts the effect of the Heat absorption parameter Q on the Temperature profiles. 

It is observed that,  increase in the Heat absorption parameter (Q) fixed the constant temperature 

in the fluid medium.  

             Fig 11 Exhibits the effect of the Schmidt number Sc on the Concentration profiles. It 

shows that increase in the Schmidt number (Sc) decreases the concentration in the fluid medium                   

            Fig 12 Clearly shows that effect of chemical reaction parameter Kc on the Concentration 

profiles. It illustrates that increase in the Chemical reaction parameter (Kc) fixed the constant 

concentration in the fluid medium.  

 
 

 

Fig 1.Velocity u versus y, under the effect M, for Pr = 0.71, 

Sc = 0.22, m = 0.5, Gr = 1, Q = 1, Kc = 0.02, K = 100. 

 

 

 

Fig 3.Velocity u versus y, under the effect m , for Pr=0.71, 

Sc = 0.22, Gr = 1, M = 2, Q = 1, Kc = 0.02, K=100.  

 

 

 

Fig 2.Velocity u versus y, under the effect Gr, for Pr =0.71, 

Sc = 0.22, m = 0.5, M = 2, Q = 1, Kc = 0.02, K = 100. 

 

 

 

Fig 4.Velocity u versus y, under the effect K, for Pr = 0.71, 

Sc = 0.22, m = 0.5, Gr = 1, Q = 1, Kc = 0.02, M = 2. 
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Fig 5.Velocity u versus y, under the effect Kc, for Pr = 

0.71, Sc = 0.22, m = 0.5, Gr = 1, Q=1, K=100, M = 2. 

 

 

 

 

Fig 7.Velocity u versus y, under the effect Sc, for Pr = 

0.71, M = 2, m = 0.5, Gr = 1, Q = 1, Kc = 0.02, K = 100. 

 

 

Fig 9.Temperature for different Pr with Sc = 0.22, m = 0.5, 

Gr = 1, Q = 1, Kc = 0.02, M = 2 and K = 100 

 

 

 

 

 

 

 

 

Fig 6.Velocity u versus y, under the effect Pr, for  

Sc=0.22, m = 0.5, Gr = 1, Q = 1, Kc = 0.02, M = 2, K=100. 

 

 

 

Fig 8.Velocity u versus y, under the effect Q, for Pr = 0.71, 

Sc = 0.22, m = 0.5, Gr = 1, M = 2, Kc = 0.02,K = 100 

 

 

Fig 10.Temperature for different Q with Pr = 0.71, Sc = 

0.22, m = 0.5, Gr = 1, M = 2, Kc = 0.02, and K = 100 
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Fig 11.Concentration profile for different Sc with Pr = 

0.71, M = 2, m = 0.5, Gr = 1, Q = 1, Kc = 0.02, K = 100 

 

 

 

 

Fig 12.Concentration profile for different Kc with Pr = 

0.71, Sc = 0.22, m = 0.5, Gr = 1, Q = 1, M = 2, K = 100 

4. CONCLUSION 

                 In this paper , we have investigated the hall current and chemical reaction effects on 

MHD free convection flow past a vertical porous plate with heat absorption or generation. The 

non- dimensional governing equations were solved by perturbation method. Conclusions of the 

study can be given as follows: 

1. Velocity decreased with increased values of magnetic parameter M, Schmidt number Sc, 

Heat absorption coefficient Q, Chemical reaction parameter Kc and Prandlt number Pr. 

2. Velocity increased as parameter of Grashof number Gr, Hall current parameter m, 

permeability parameter K and Prandltnumber Pr increased. 

3. Temperature decreased as Prandlt number Pr increased and fixed as constant with the 

increase of Heat absorption coefficient Q. 

4. Concentration decreased as Schmidt number Sc increased and fixed as constant with the 

increase of Chemical reaction parameter Kc. 
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