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Abstract 

This paper examined the problem of MHD flow of a viscous fluid over a vertical porous plate with viscous 

dissipation in a porous medium under constant suction velocity. The fluid studied in this problem is an 

optically dense viscous incompressible fluid of temperature dependent viscosity. The governing equations 

were solved usingan asymptotic technique. Thereafter, effects of various emerging parameters on the flow 

fields were discussed and presented graphically.  
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1.0 Literature review 

Studies abound on the problem of natural convection in nature and industrial processes. Natural 

convection occurs as a result of the spatial variations in density, which is caused by the non-uniform 

distribution of temperature or/and concentration of a dissolved substance. Numerous applications of the heat 

transfer by natural convection can be found in engineering applications and chemical processes. For instance, 

in polymer production, food processing, the cooling of an infinite metallic plate in a cooling path, glass 

blowing continuous casting and spinning of fibers. 

In light of these applications, recently, Omowaye [1] studied a steady one-dimensional free 

convective flow of an incompressible electrically conducting viscous fluid on a finite plate and the 

temperature of the flow assumed Arrhenius dependence. He employed Nachtsheim-Swigert iteration 

technique along with sixth order Runge-Kutta integration scheme to solve the momentum and energy 

equations. Ibrahim and Makinde [2] investigated a two-dimensional, steady, viscous, incompressible, 
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electrically conducting and laminar free convection boundary layer flow with radiation from a flat plate in a 

chemically reactive medium in the presence of a transverse magnetic field. The problem was solved using 

shooting techniques with the fourth order Runge-Kutta integration scheme. Muhammed and Shahzard [3] 

investigated radiation effects on MHD two dimensional stagnation point flow of a steady viscous 

incompressible electrically conducting fluid towards a shrinking sheet in the presence of a transverse 

magnetic field. The governing equations together with the associated boundary conditions are first reduced to 

non-linear ordinary differential equations and then solved by a method based on finite difference 

discretization. 

All the aforementioned works on MHD flow of a viscous fluid had been confined to a case of 

constant viscosity. However, it is known that this physical property may change significantly with 

temperature, time or space variable. Gary et al [4], and Mehta and Sood [5] have established that there is wide 

disparity in flow characteristics of variable viscosity and that of constant. Based on this, Hosain  andMunir[6] 

investigated a two dimensional mixed convection flow of a viscous incompressible fluid of temperature 

dependent viscosity past a vertical plate. Fang [7] analysed the influence of fluid property variation on the 

boundary layers of a stretching surface. Hossain et al  [8] discussed the effect of radiation on free convection 

flow of fluid with variable viscosity from a porous plate. Mostafa [9] studied the effects of radiation and 

variable viscosity on hydromagnetic boundary layer flow along a continuously moving vertical plate with 

uniform suction and heat flux.Okedoye[10] extended Mostafa problem to include effect of chemical reaction 

of order one. The present study is an extension of Okedoye et al [10] to include effect of viscous dissipation 

term on the problem of variable viscosity on MHD flow past a porous domain in the presence of radiation and 

chemical reaction under suction velocity. 

 

1.1 Nomenclature 

:u Velocity along x coordinate  :'T  Non dimensional fluid temperature 

:v Velocity along y coordinate  :'C  Non dimensional species concentration  

:g  Acceleration due to gravity  :T  Fluid temperature    

:'U Non dimensional fluid velocity :*  Stefan- Boltzmann constant 

:wT  Ambient temperature   :B  Coefficient of mass expansion  

:C  Species concentration   :B  Coefficient of thermal expansion 

:wC  Ambient species concentration :0B  Transverse magnetic field   

:w  Ambient density   :  Electrical conductivity 

:  Density of the fluid   :  Skin-friction coefficient   

:tk  Thermal conductivity   :Sc  Schmidt number     

:pc  Specific heat at constant pressure :D Molar diffusivity 

:rq Radiative heat flux   :rcG  Mass grashof number   

:0v  Normal velocity at the plate  :rG  Thermal grashof number 

:*k  Mean absorption coefficient  :  Delta, 10  o   

:M  Hartmann number   :  Epsilon, 10  o    

:Nu Nuselt number   :Sh  Sherwood number   

:  Angular velocity   :t Time 

:Pr Prandtl number   :  Fluid viscosity   
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2.0 Mathematical formulation 

A magnetohydrodynamic flow of viscous, incompressible, electrically conducting fluid past an 

infinite vertical plate in a porous medium under suction velocity is considered. The x- axis is taken along the 

plate in the direction of the flow and y- axis normal to it. A uniform magnetic field is applied normal to the 

direction of the flow. It is assumed that the magnetic Reynold number is less than unity so that the induced 

magnetic field is neglected in comparison to the applied magnetic field. We further assumed that all the fluid 

properties are constant except that of the influence of density variation with temperature. Thus, the basic flow 

in the medium is entirely due to buoyancy force caused by temperature difference between the wall and the 

medium. Initially at 0t , the plate as well as fluid is assumed to be at the same temperature and the 

concentration of species is very low so that the Soret and Dofour effect are neglected [11]. When 0t , the 

temperature of the plate is instantaneously raised (or lowered) to 
'

wT  and the concentration of species is raised 

(or lowered) to
'

wC . Under the above assumptions and taking the usual Boussinesq’s approximation into 

account, the governing equations for momentum, energy and concentration are presented below: 

0
'

'


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          (2.1)
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The boundary conditions: 

0

' vU   
k

q

y

T





'

'

  wCC '
   at 0' y  (2.5) 

0' U , TT '
  CC '

   as 'y
 

From equation (2.1), we take    0

'' vyv 
 

Introducing the following non dimensional quantities: 
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Below are the non-dimensional governing equations for momentum, energy and concentration of the unsteady 

state and their boundary conditions: 

0
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The relevant boundary conditions in dimensionless form are: 

  1yU     1yC   1
0


y

dy

d
 at 0y   (2.9) 

  0yU     0yC     0y  as y     

The fluid viscosity   was assumed to obey the Reynolds model [12] 





 
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 e           (2.10) 

Where , is a parameter depending on the nature of the fluid. Using equation (2.10) in equation (2.8), we 

obtain 
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3.0 Method of solution 

Solving equation (2.6), we have 

  myeyC   where   ScScScm 4
2

1 2 
    (3.1) 

To solve equations (2.7) and (2.11), we employ asymptotic technique of the form: 

      tohyUyUyU ......10  
       (3.2a)
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Substituting equations (3.2) into (2.7) and (2.11) and collect order of , we have the following: 
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Corresponding to the momentum equation we have 
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0)(1 yU  at 0y   0)(1 yU  as y  

In order to solve equations (3.3) - (3.6), we set up asymptotic expansion of the form: 

  00 yU
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Let  oEc   where 1  

      tohyyy ......01000          (3.7a) 

      tohyyy ......11101          (3.7b) 

      tohyUyUyU ......01000          (3.7c) 

      tohyUyUyU ......11101          (3.7d) 

Substituting equations (3.7) into (3.3)-(3.6) and collect order of , we have the following: 
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Corresponding to the momentum equation we have 
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Solving equations (3.8) –(3.15) and substitute the results into (3.7) and (3.2), we have:  
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The physical quantity of most interest in such problem is the skin-friction coefficient which is defined by
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4.0 Discussion of Results 

Some numerical calculations were carried out for the non-dimensional velocityU , temperature  , 

concentration C and skin friction  based on various values of the varying parameters

,,,,,,,, nRGGM rcr  and t with fixed values for and  These parameters were assigned the 

following values 5.0,1.0,1.0,5.0,1.0,0.1,0.5,0.1  nRGGM rcr   

and 0.1t except where stated otherwise while the values of and  were taken to be 0.71 and 0.6 

respectively for plasma. Also,  and indicate generative, no reaction and destructive 

chemical reaction respectively.  Equation (2.13) shows that increase in  viscosity parameter leads to 

decrease in viscosity.  

Figures 4.1 - 4.2 depict the velocity distribution, highlighting the effect of delta and xi. It could be 

seen that increase in delta or xi increases velocity. In figure 4.3, we observe that generative chemical reaction 

leads to increase in fluid velocity while increase in destructive chemical reaction lowers the velocity. Figures 

4.4 - 4.7 display the effects of rrc GGR ,, and M  on the of velocity distribution. It is observed that an 
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increase in radiation parameter R , mass Grashof number rcG , thermal Grashof number or rG increases the 

velocity whereas an increase in magnetic number M leads to a decrease in velocity distribution. Figure 4.8 

shows the temperature  profile for various values of radiation parameter. It could be seen that increase 

radiation parameter  reduces temperature of the fluid. Also it is noticed that a decrease in the fluid 

temperature with maximum value at the plate and minimum at a distance away from the plate. The effect of 

reaction parameter   on the concentration of chemical species is shown in figure 4.9. We noticed that 

increase in reaction parameter reduces the concentration of the chemical specie.  

 

 

 

 

 

 

 

 

 

Fig 4.1: velocity  distribution for various values of  Fig 4.2: velocity  distribution for various values of  

 

 

 

 

 

 

 

Fig 4.3: velocity  distribution for various values of   Fig 4.4: velocity  distribution for various values of R  
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Fig 4.5: velocity  distribution for various values of Grt   Fig 4.6: velocity  distribution for various values of Grc  

 

 

 

 

 

 

 

 

Fig 4.7: velocity  distribution for various values of M  Fig 4.8: temperature  y  distribution for various values of R  

 

Fig 4.9: concentration  yC  distribution for various values of   
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