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Abstract- The impact of Soret and Dufour effects on unsteady MHD boundary layer flow, heat and mass transfer 

analysis over a stretching sheet embedded in porous media filled with viscous micropolar fluid is numerically 

investigated. Suitable similarity variables reduced the PDEs in to ODEs and are solved by using FEM. The sway of 

various parameters on velocity, micro-rotation, temperature and concentration profiles is portrayed graphically. 

Furthermore, the values of skin-friction coefficient, couple stress coefficient, rates of heat and mass transfer are also 

calculated.  

 

1. INTRODUCTION 

Micropolar fluid flow through porous 

media is one of leading area of research, because of 

its numerous applications in brain flow, exotic 

lubricants, liquid crystals, blood flow in animals, etc. 

keeping above applications in mind, Chamkha et al. 

[1] perceived the impact of radiation and chemical 

reaction on unsteady MHD micropolar fluid past a 

heated vertical plate. Rashidi et al. [2] have presented 

the sway of radiation on flow of micropolar fluid 

saturated in porous media and Homotopy analysis 

method (HAM) is used to obtain accurate and 

analytical solution. Shadloo et al. [3] discussed the 

heat transfer flow of micropolar fluid over stretching 

sheet embedded in porous media with thermal 

radiation. They found that as the values of 

microrotation parameter increases the velocity of the 

fluid worsens, whereas, angular velocity upsurges. 

The problem of two dimensional 

boundary layer flow, heat and mass transfer over a 

continuous stretching heated surface through porous 

medium finds numerous and wide range of 

applications in many engineering and manufacturing 

disciplines such as glass blowing, extrusion process, 

melt-spinning, food-stuff processing, design of heat 

exchangers, wire and fiber coating, glass-fiber 

production, manufacture of plastic and rubber sheets, 

cooling of a large metallic plate in a bath and 

continuous casting. Yacob et al. [4] discussed 

stagnation-point flow of micropolar fluid over a 

stretching/shrinking sheet. Mahmood et al. [5] 

studied heat transfer characteristics of stagnation 

point flow of micropolar second grade fluid over a 

stretching sheet.  Pal et al. [6] deliberated the impact 

of non – uniform heat source/sink on Darcy–

Forchheimer convective flow of micro – polar fluid 

over stretching sheet with radiation.  

Soret and Dufour effects are very 

significant for the fluids which have higher 

temperature and concentration gradients and its 

applications can be found in the area of reactor 

safety, combustion flames and solar collectors as well 

as building energy conservation. In view of above 

applications several others [7, 8, 9, 10, 11] have 

discussed the impact of magnetic field, Soret and 

Dufour effects on boundary layer heat and mass 

transfer flow over different geometries.  

  

2. MATHEMATICAL ANALYSIS 

We consider two-dimensional, 

unsteady, viscous, electrically conducting, heat and 

mass transfer of micropolar fluid over porous 

stretching sheet as shown in Fig. 1. A uniform 

transverse magnetic field (B0) is applied along the y-

axis.    and     are uniform temperature and 

concentration at surface and are assumed to be 

greater than the ambient temperature and 
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concentration    and    respectively Under the 

reference works of Mohanty et al. [12], the governing 

boundary-layer equations take the form:   

 

Fig. 1.  Physical model and coordinate system. 
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The associated boundary conditions on the vertical 

surface are defined as follows, 
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at the surface with        for suction and        

for injection.  

We now introduced similarity variables as 

  √
 

 (    )
        √

  

    
        

  

    
   

    √
  

    
      √

  

 (    ) 
       

     
  

(    ) 
  ,       

  

(    ) 
  .             (7)               
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The eqns. ( ) – (  ) are solved using 

Finite-element method [13, 14, 15, 16]. 

 

3. RESULTS AND DISCUSSION 

 The distributions of velocity, 

temperature and concentration are presented in Figs. 

2 – 16. The Comparison of present results with the 

results reported by Mohanty et al. [12] is made and 

found good agreement which is shown in Table 1. It 

is observed from Fig.2 that the velocity of the fluid 

decreases with increase in the value of the suction 

parameter (V0 >0). The micro-rotation profiles also 

decelerates with increasing values of (V0 >0) (Fig.3). 

It is seen observed from Fig.4 that temperature 

profiles decreases with increase in the values of (V0 

>0). Furthermore, the concentration profiles also 

diminishes in the boundary layer regime with 

increase in the values of (V0 >0) and is shown in 

Fig.5. It is noticed from Figs. 6 &7 that both velocity 

distributions depreciate with rising values of (M). 

The temperature and concentration of the fluid 

elevates with higher values of M and is shown in 

Figs. 8 & 9. The profiles of velocity are the 

decreasing functions of unsteadiness parameter (τ) in 

the boundary layer regime (Fig. 10).  It can be seen 

that temperature profiles decelerates with increase in 

the values of unsteadiness parameter (α) as shown in 

Fig. 11. Furthermore, the concentration profiles also 

decreases in the flow region and is shown in Fig. 12. 

Figure 13 depicts the effect of Eckert number (Ec) on 

temperature profiles in the boundary layer regime. 

The thickness of thermal boundary layer is boosted in 

the flow region as the values of Eckert number (Ec) 

rises. The impact of Soret effect (Sr) on concentration 

profiles is portrayed in Figs. 14. It is clearly observed 

that concentration profiles increases at all points in 

the flow field with the increasing values of Soret 

number (Sr). The impact of Dufour number (Du) on 

temperature profiles is portrayed in Fig. 15. The 

temperature of the fluid raises in the boundary layer 

regime as the (Du) increases. It is worth to mention 

that velocity profiles (Figs. 16) heighten in the fluid 

regime with the increasing values of (A1).  

  

 

It is seen from Table 2 that the values 

of local skin-friction co-efficient, Nusselt number and 

sherwood numbers are depreciates, whereas, the 

values of couple stress coefficient elevates with 

increase in the values of (M). It is clear from this 

table that the values of skin-friction coefficient 

worsens, however, the couple stress coefficient, 

dimensionless heat and mass transfer rates are 

boosted with the higher values of suction parameter 

(V0 > 0). It is clear from this table that the values of 

skin-friction coefficient, Nusselt and Sherwood 

number are increased, whereas, the values of micro-

rotation diminishes with the higher values of (τ). It is 

noticed that the values of (   ( )), (   ( )) and 

(   ( )) decreases, whereas, (    ( )) values 

hightens as the values of (Sr) rises. The 

dimensionless velocity, micro-rotation and heat 

transfer rates are decreased, whereas, the 

dimensionless mass transfer rates increases with the 

increasing values of (Du). The values of all non-

dimensional parameters, skin-friction co-efficient, 

couple stress coefficient, local Nusselt number and 

Sherwood number upsurges as the values of micro-

rotation parameter (A1) increases.  

 

4. CONCLUSION 

 The combined influence of Thermo – 

diffusion and Diffusion – thermo effect on unsteady 

MHD boundary layer flow, heat and mass transfer 

characteristics of viscous micropolar fluid over a 

stretching sheet by taking suction/injection into the 

account is studied numerically in this paper. Suction 

parameter (V0 > 0) deteriorates the velocity, angular 

velocity, temperature and  concentration of the fluid 

in the boundary layer regime. The velocity of the 

fluid diminishes, whereas, temperature of the fluid 

heightens with rising values of (M). Soret effect 

enhances the concentration profiles, whereas, 

depreciates the temperature profiles. However, exact 

reverse trend is noticed in the profiles with higher 

values of (Du). 
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GRAPHS 

 

Fig. 2. Effect of (V0) on Velocity profiles. 

 

Fig. 3. Effect of (V0) on angular velocity profiles. 

 

Fig. 4. Effect of (V0) on Temperature profiles. 

 

Fig. 5. Effect of (V0) on Concentration profiles. 
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Fig. 6. Effect of (M) on Velocity profiles. 

 

Fig. 7. Effect of (M) on angular velocity profiles. 

 

Fig. 8. Effect of (M) on Temperature profiles. 

 

Fig. 9. Effect of (M) on Concentration profiles. 
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Fig. 10. Effect of (τ) on Velocity profiles. Fig. 11. Effect of (τ) on Temperature profiles. 

 

Fig. 12. Effect of (τ) on Concentration profiles. 

 

Fig. 13. Effect of (Ec) on Temperature profiles. 

 

Fig. 14. Effect of (Sr) on Temperature profiles. 
 

Fig. 15. Effect of (Sr) on Concentration profiles. 
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Fig. 16. Effect of (Du) on Temperature profiles. 

 

Fig. 17. Effect of (Du) on Concentration profiles. 

 

Fig. 18. Effect of (A1) on Velocity profiles. 

 

Fig. 19. Effect of (A1) on angular velocity profiles. 
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Table 2: Influence of various parameters on Skin-friction co-efficient (   ( )), Couple stress coefficient (  ( )), 

local Nusselt number (   ( )) and local Sherwood number (   ( )). 

M V0 τ Sr Du A1 Cfx Csx Nux Shx 
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