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ABSTRACT 
Here effects of variable viscosity and thermal conductivity and magnetic field effect on the free convection and 

mass transfer flow through porous medium with constant suction/heat flux is studied The boundary layer 

equations are transformed in to ordinary differential equations with similarity transformations. The effects of 

variable viscosity and thermal conductivity on velocity profile, temperature profile and concentration profiles 

are investigated by solving the governing transformed ordinary differential equations with the help of Runge-

Kutta shooting method and plotted graphically. 
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I. INTRODUCTION: 
The study of porous media is given much 

interest due to its wide use in high temperature heat 

exchangers, turbine blades, jet nozzles etc. In 

practice cooling of porous structure is achieved by 

forcing the liquid or gas through capillaries of 

solid. They are used to insulate a heated body to 

maintain its temperature.  

In order to make heat insulation of surface 

more effective, it is necessary to study the free 

convection flow through a porous medium and to 

estimate its effect in heat and mass transfer. In 

most of the investigations done earlier on the free 

convection and mass transfer flow of a viscous 

fluid through porous medium, the viscosity and the 

thermal conductivity of the fluid were assumed to 

be constant. However, it is known [1] that these 

physical properties can change significantly with 

temperature and when the variable viscosity and 

thermal conductivity are taken into account, the 

flow characteristic are substantially changed to the 

constant cases. 

Thermal conductivity is a physical 

property of a substance which accounts for the heat 

conducting ability of a substance and depends not 

only on the particular substance but also on the 

state of that substance. The value of thermal 

conductivity determines the quantity of heat 

passing per unit time per unit area at a temperature 

drop of 1
0
c per unit length. Thermal conductivity of 

a fluid   changes with temperature. Fourier’s Law 

of heat conduction states that the rate of heat 

transfer is linearly proportional to the temperature 

gradient. Viscosity is that property of fluid which 

resists relative motion of its adjacent layer. It is a 

measure of internal fluid friction due to which there 

is resistance of fluid, in general it is a function of 

temperature. 

Chawla and Singh [2] studied oscillatory 

flow past a porous bed. The steady two 

dimensional flow of viscous fluid through a porous 

medium bounded by a porous surface subject to a 

constant suction velocity by taking of free 

convection currents (both velocity and temperature 

fields are constant along x –axis) was studied by 

Raptis [3]. Yamamoto and Yoshida [4] considered 

suction and injection flow with convective 

acceleration through a plane porous wall especially 

for the flow outside a vortex layer.  

The effect of variable permeability on 

combined free and forced convection in porous 

media was studied by Chandra Sekhara and 

Namboodiri [5]. Heat and Mass transfer in a porous 

medium was discussed by Bejan and Khair [6]. The 

free convection effect on the flow on an ordinary 

viscous fluid past an infinite vertical porous plate 

with constant suction and constant heat flux was 

investigated by Sharma [7]. 

The steady two dimensional flow through 

a porous medium bounded by a vertical infinite 

surface with constant section velocity and constant 

heat flux (where both velocity and temperature 

fields are constant along x-axis) was studied by 

Sharma [8]. Hazarika [9] has studied heat transfer 
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due to flow of viscous Newtonian fluid between 

two parallel circular disks of infinite extent. Pop. 

Gorla and Rashid [10] studied the effect of variable 

viscosity on laminar boundary flow and heat 

transfer due to a continuous moving flat plate. 

The objective of the present study is to 

investigate the effects of variable viscosity & 

thermal conductivity on the free convection and 

mass transfer flow of a viscous incompressible and 

electrically conducting fluid through a porous 

medium (assumed highly porous) bounded by 

vertical infinite surface with constant suction 

velocity & constant heat flux in presence of a 

uniform magnetic field. 

 

II. MATHEMATICAL FORMULATION: 
 In the present study, we consider steady 

two dimensional motion of viscous incompressible 

electrically conducting fluid through a porous 

medium occupying semi-infinite region of space 

bounded by vertical infinite surface under the 

action of uniform magnetic field. The effect on 

induced magnetic field is neglected. Magnetic field 

is not strong enough to cause Joule heating 

(electrical dissipation). Hence, the term due to 

electrical dissipation is neglected. The x-axis is 

taken along the surface in the upward direction and 

y-axis is taken normal to it. As the bounding 

surface is infinite in length, all the variables are 

functions of y only. Hence, by the usual boundary 

layer approximation the basic equations for steady 

flow through highly porous medium are: 

 

 
 

Where u and v are the corresponding velocity 

components along and perpendicular to the surface,      

  Viscosity 

  The Kinetic viscosity at    

g  The acceleration due to gravity 

  The co-efficient of volume expansion for the 

heat transfer. 

*  The volumetric co-efficient of expansion 

with species concentration, 

T  The temperature of the fluid, 

T  The fluid temperature at   

  The thermal conductivity, 

  The density of the fluid 

pC  Specific heat at constant pressure 

C  The specific concentration 

C   The specific concentration at   

D  The chemical molecular diffusivity 

D Molecular diffusivity at   

  The permeability of porous medium 

0V0  ,
 Corresponds to steady suction velocity 

(normal) at the surface. 

Following Lai and Kulacki [1] we assumed the 

viscosity and thermal conductivity of fluid to be an 

inverse linear function of temperature as: 

 
)64.2.(...

)](1[
11

)(1
11

1 























TT

TT







 

 Under the above assumption and considering the 

following substitutions 
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v/qvgGr  (Grashof number for 

heat transfer) 
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q  The heat flux per unit area 

m  The mass flux per unit area 

in equations (4.2.2), (4.2.3) and (4.2.4) and 

dropping asterisk we get. 
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Where Prime denotes differentiation with respect 

to . 

 The Corresponding boundary conditions become 

)10.2.4...(
0,0,0,

1,10,0









Cf

Cf





 

The skin friction co-efficient  Cf  & Nusselt number 

Nu  in this problem are given by  
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III. METHOD OF SOLUTIONS: 
 To solve the above BVP, the Range Kutta 

shooting method is applied. In this method the BVP 

is converted to an initial value problem (IVP) by 

estimating the missing initial values to a desired 

degree of accuracy by an iterative scheme. 

Hazarika [9] showed that though there is no 

guarantee of convergence of the iterative scheme, 

yet the method is convergent if the initial guesses 

for the missing initial values are on opposite sides 

of the true value. The convergence is rapid and 

agrees well with other methods.                                      

     

IV. RESULTS AND DISCUSSION: 
 We have studied the flow pattern changes 

with the viscosity parameter and conductivity 

parameter. In the previous studies the viscosity and 

thermal conductivity are assumed to be constant. 

But our result shows that the flow pattern is 

influenced by the variable viscosity and thermal 

conductivity parameter. In this paper the system of 

differential equations governed by the respective 

boundary conditions is solved numerically by 

applying an efficient numerical technique base on 

the common Runge- Kutta shooting method and an 

iterative procedure. The whole numerical scheme 

can be programmed and applied easily. It is 

experienced that the convergence of the iteration 

process is quite rapid 

 The estimated values of the missing initial 

values are arranged in different tables for various 

values of the parameters e, r ranging from -15 to -

2. The viscosity parameter e, as well as 

conductivity parameter r   are negative for liquids. 

The concept of the parameter e, was first 

introduced by Ling and Dybbs [11] in their study of 

connective flow in porous medium.  

We have obtained the velocity and temperature 

distribution for various values of e, r. The results 

of the problem are presented graphically 

 Table 4.4.1 displays the variation of 

numerical values of skin friction co-efficient Cf, 

Nusselt Number Nu and missing initial values of   

f'(o),      C'(o),      θ'(o)    for various values of Ec 

and   Pr=0.71, Gm=2.00,   Gr=10.00 , α=1.00  , 

M=1.00,    r= -10.00,   c= -10.00.  Here it is 

observed that the values of f’(o),  C'(o),   increases 

for increasing values of Ec and the values of θ'(o)  

decreases for increase of Ec The skin friction co-
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efficient  increases    and Nusselt number decreases 

for increasing values of Ec.        

 From the table 4.4.2 displays the variation 

of numerical values of skin friction co-efficient Cf, 

Nusselt Number Nu and missing initial values of   

f'(o), C’(o),  θ'(o)    for various values Pr and 

E=0.01, Gm=2.00, Gr=10.00, α=1.00 ,M=1.00, θr= 

-10.00, θe= -10.00. 

 Here it is observed that the values of f’(o), 

C'(o)  decreases for increasing values of Pr and the 

values of  θ'(o)   increases  for increase of Pr. The 

skin friction co-efficient decreases and Nusselt 

number increases for increasing values of Pr.        

The table 4.4.3 shows  the variation of numerical 

values of skin friction co-efficient Cf, Nusselt 

Number Nu and  missing initial values of   f'(o),    

C'(o),   θ'(o)   for various values c  and  Pr=0.71,   

E=0.01, Gm=2.00,  Gr=10.00,  α=1.00,  M=1.00,   

θr= -10.00 . 

 Here it is observed that the values of f’(o),  

C'(o)  decrease for increasing values of c  and the 

values of  θ'(o)    increases    for increase of θe. The 

skin friction co-efficient decreases and Nusselt 

number Nu increases for increasing values of c  .  

Table 4.4.4 displays the numerical values of skin 

friction co-efficient Cf, Nusselt Number Nu and 

missing initial values of   f'(o),  C'(o),   θ'(o) for 

various values of r  and Pr=0.71, E=0.01, 

Gm=2.00, Gr=10.00, α=1.00 M=1.00, e= -10.00. 

 The table shows that values of   f'(o), C'(o) 

increases for increasing values of   thermal 

conductivity parameter θr.. The values of θ'(o)   

increases for increase of the values of the 

parameter. The values of skin friction co-efficient 

and Nusselt number increases for increasing values 

of thermal conductivity parameter.
          

 

Our observations are as below:- 

 From the fig. 4.4.1a, we have seen that 

velocity profile decreases as viscosity Parameter 

increases, in case of Gr>0 (externally cooled 

plate.)Fig. 4.4.1b shows that the velocity profile 

increases with increase of viscosity parameter in 

case of externally heated plate (Gr<0). Fig. 4.4.2 

exhibits the variation of temperature profile for 

various values of viscosity parameter; It is seen that 

this temperature profile decreases when viscosity 

parameter increases. Again from the fig. 4.4.3, it is 

observed that temperature profile decreases as 

thermal conductivity parameter increases. 

 From fig.4.4.4, it is found that 

concentration profile decreases when viscosity 

parameter increases. 

Fig. 4.4.5.  shows the variation of concentration 

profile for various values of Schmidt number. 

Concentration profile increases as Schmidt Number 

increases  

Fig 4.4.6.  represents that the  velocity  decreases 

for increasing values of magnetic field parameter 

  

V. CONCLUSIONS: 
We now summarize some important observations:- 

The presented analysis has shown that the fluid 

flow field is influenced by the variable viscosity & 

thermal conductivity within the boundary layer. 

(1)The fluid velocity decreases (for externally 

cooled plate) and    increases (for externally heated 

plate) as viscosity parameter increases. 

(2) Temperature decreases for increase of both 

viscosity & thermal conductivity parameter. 

(3) The Species concentration layer thickness 

decreases with viscosity Parameter. 

(4) The concentration profile increases as Schmidt 

Number increases. 

Therefore, we can conclude that to predict more 

accurate results, the variable viscosity and thermal 

conductivity effects have to be taken into 

consideration on the problem. 

The results discussed above can be applied to 

engineering & industrial problems for desired final 

product. 

  Table 4.4.1. estimated numerical values of 

skin friction co-efficient Cf, Nusselt Number Nu 

and missing initial values of   f'(o), C'(o),  '(o)  for 

various values of Ec and Pr=0.71,   Gm=2.00,  

Gr=10.00  ,  α=1.00,   M=1.00 ,   θr= -10.00,   θe= -

10.00 
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 Table 4.4.2. estimated numerical values of 

skin friction co-efficient Cf  , Nusselt Number Nu 

and  missing initial values of   f'(o), C'(o),  '(o)   

for various values of Pr and  E=0.01, Gm=2.00, 

Gr=10.00, α=1.00 M=1.00,  r= -10.00,  e= -10.00 

 

 
 

 Table 4.4.3. estimated numerical values of 

skin friction co-efficient Cf , Nusselt Number Nu 

and  missing initial values of   f'(o),  C'(o),  θ'(o)     

for various values of c  and   Pr=0.71 ,  E=0.01, 

Gm=2.00 ,Gr=10.00, α=1.00, M=1.00 , r= -10.00  

 

 
 

 Table 4.4.4. estimated numerical values of 

skin friction co-efficient Cf  , Nusselt Number Nu 

and  missing initial values of f'(o),  C'(o),   θ'(o)   

for various values of r  and  Pr=0.71 ,  E=0.01, 

Gm=2.00 ,Gr=10.00, α=1.00 M=1.00 , θe = -10.00 
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