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ABSTRACT: A computational effort for understanding of electrically conducting viscous fluid buoyancy flow along a 

porous vertical plate has been made in the presence of space concentration, applied magnetic field, external heat and radiative 

heat sources. Appropriate similarity transforms are employed to get transform the governing partial differential equations into 

ordinary differential form which are then coded for numerical treatment in Mathematica. The physical aspects of the study are 

revealed through several computations for various parameters of influence. The results for non-dimensional velocity, 

concentration and temperature functions are presented and discussed. 
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1. INTRODUCTION  

The study of fluid flow and heat transfer across a porous 

medium is a subject of interest for many researchers working 

in the area of two dimensional flows. The reasons lies in the 

facts that such kinds of investigations have application in the 

manufacturing industry. The flow in the porous medium is 

use to study in the migration of underground water. The 

initial work was Madhusudhana and Viswanatha [1] thermal 

radiation and heat transfer effect on the steady MHD fluid 

flow past a vertical porous plate with injection. 

The flow and heat transfer over an accelerated sheet is 

considered an important research area because of its 

applications in hot rolling, wire drawing, glass fiber 

production, manufacturing plastic films and extrusion of a 

polymer in a melt spinning process. Sakiadis [1, 2] was the 

first to propose and analyze the moving surface problem 

based on the boundary layer approximation. Crane [3] 

investigated the flow caused by the stretching of a sheet. 

Many researchers such as Dutta et al. [4], Sajjad et al. [5], 

Chen and Char [6] extended the work of Crane [3] by 

including the effect of heat and mass transfer analysis under 

different physical situations.  Sajjad and Farooq [7] 

considered unsteady MHD flow and heat transfer for 

Newtonian fluids over an exponentially stretching sheet. 

Cortell [8-9] studied the flow and heat transfer of a fluid 

through a porous medium over a stretching surface.  Hussain 

et al. [10] examined MHD stagnation point flow of 

micropolar fluids towards a stretching sheet.  Farooq and 

Sajjad [11] considered MHD flow and heat transfer through a 

porous medium over a stretching/shrinking surface with 

suction.  Xu and Liao [12], Hayat et al. [13] presented various 

aspects of such problem. Ahmad et al. [14] obtained closed 

form solution for a viscous, incompressible, MHD flow over 

a porous stretching sheet. 

The study of magneto-hydrodynamic flow is of considerable 

interest in modern metal-working processes, fusing of metals, 

cooling of the first wall inside a nuclear reactor etc. Pavlov 

[15] studied the boundary layer flow of an electrically 

conducting fluid due to stretching of a plane elastic surface in 

the presence of a uniform transverse magnetic field. El-

Hakiem et al. [16] analyzed the effect of viscous and Joule 

heating on the flow of an electrically conducting and micro 

polar fluid past a plate whose temperature varies linearly with 

the distance from the leading edge in the presence of a 

uniform transverse magnetic field. Further, Fang and his co-

authors [17–21] discussed some other important aspects of 

shrinking flow. Arthur and Seini [22] investigated  the  

hydromagnetic  stagnation  point  flow  of  an  incompressible  

viscous  electrically conducting fluid towards a stretching 

sheet in the presence of radiation and viscous dissipation. 

Hussain et al. [23] obtained numerical solution for a similar 

flow between two disks in the presence of a magnetic field. 

Ahmad et al. [24] also obtained numerical solution for 

hydromagnatic fluid flow between two horizontal plates, both 

the plates being stretching sheets. Here, MHD buoyancy flow 

due to a vertical permeable sheet is considered to include 

thermal radiation and chemical diffusion. This work has a 

motivation to present a complete aspects of the study already 

made by Rao et al.[25] 

2. Mathematical Analysis 

Consider the mixed flow convection in a porous medium 

saturated with a Newtonian fluid on a vertical flat plate. The 

temperature of the ambient medium is    and the wall 

temperature is   . The flow along the vertical flat plate 

contains a species soluble in the fluid with concentration 

function C, The concentration at the plate surface is    and 

the solubility of species away from the plate is  ∞. An 

external heat source of strength Q0 and radiative heat source 

of strength qr are present. 

The fluid and the porous medium are in local thermodynamic 

equilibrium, The flow is laminar, steady-state and two-

dimensional. The velocity components along x-axis and y-

axis are respectively denoted by u and v. A magnetic field of 

strength B is applied normally to the sheet.  The governing 

equations describing the conservation of mass, momentum, 

energy and concentration can be written as follows: 
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where k1 is thermal conductivity, D is mass diffusivity, Cp is 

specific heat at constant pressure,    is porosity of medium, 

   is heat source strength. 

 The boundary conditions of the problem are 

u=bx,       =   ,   =   , C =   ,   at y=0 

 𝑢→0,      → ∞,   C →C∞      as 𝑦→∞,       (5)  

where  ,  ,    and    are constant,    is suction velocity. 

Now using non dimensional functions:  

𝜓= √       ,  𝜂 = √
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Where   is the Stefan Boltzmann constant and   is the 

Rosseland mean absorption coefficient. Temperature 

differences in the flow are assumed to be sufficiently small 

such that    may be expressed as a linear function of 

temperature. Expanding   about   in Taylor’s series and 

neglecting higher order yield  

      
      

   

The stream function 𝜓 satisfies continuity equation (1) and 

the Eq (2) to Eq (4) and the governing equations becomes: 

2                                   (7)  
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 The boundary conditions becomes 

                      at     

                   as             (10) 

 Where    
 

 
 is Schmidt number, M = 

     

  
  is magnetic 

parameter,    
   

     is porosity parameter    
 

  
    Prandtl 

number 

 Q 
    

           
   is heat source parameter, Rn is radiation 

parameter and fa =     √
  

  
  is suction parameter. 

 

3. RESULTS AND DISCUSSIONS 

The influence of emerging parameters namely magnetic 

parameter m, porosity parameter K, Grasnof number, 

radiation parameter Rn , Parandtl number  Pr, heat source 

parameter Q, schmit number  Sc, wall suction parameter fa, is 

observed on physical quantities namely. Velocity, heat and 

specie concentration functions. The graphs of these quantities 

are presented and discussed.  

The set of  coupled ordinary differential equations namely Eq 

(5) to Eq (8) is sought to be solved numerically as analytical 

solution seems vary difficultion the presence of non linear 

terms. Hence, these equations have been solved by the 

command ND solve of Mathematica 

The increase in the parameter associated with magnetic field 

strength and porosity of medium namely M and K 

respectively demonstrated decreasing effects on    𝜂  as 

presented respectively in Fig.1 and Fig.2. Fig.3 shows that 

suction at wall represented by    also causes decrease 

in    𝜂 . Fig.4 is mapped to show the increasing effect of 

Garshof number Gr on    𝜂 .     Fig.5 and Fig.6, shows that 

specie concentration   𝜂  reduces with increase in    and  , 

respectively.  

The temperature function 𝜃 𝜂  is decreasing with increasing 

strength of parameters M and    as shown respectively in 

Fig.7 and Fig.8. But Fig.9 and Fig.10 depict that 𝜃 𝜂  is 

increasing when    and Q are increased respectively. 

The increment in     demonstrates decrease in 𝜃 𝜂  as 

presented in Fig.11. The increases in the values of Garshof 

number Gr maps the decreasing effect on 𝜃 𝜂  as depicted in 

Fig.12  

 

 
Fig 1: Graph of       under the effect of M 
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Fig 2: Graph of       under the effect of K 

 
Fig 3: Graph of       under the effect of fa 

 
Fig 4: Graph of       under the effect of Gr 

 
Fig 5: Graph of      under the effect of Sc 

 
Fig 6: Graph of      under the effect of fa 

 
Fig 7: Graph of      under the effect of M 

 
Fig 8: Graph of      under the effect of Pr 

 
Fig 9: Graph of      under the effect of Q 
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Fig 10: Graph of      under the effect of Rn 

 
Fig 11: Graph of      under the effect of fa 

 
Fig 12 Graph of      under the effect of Gr 
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