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ABSTRACT: The magnetohydrodynamic fluid flow through porous medium over a porous shrinking surface with radiation 

and viscous dissipation is to be investigated. The momentum and energy equations are in the form of nonlinear partial 

differential type. To obtain a numerical solution of the problem suitable similarity functions are used to convert the 

mathematical model into an ordinary differential form. The results will be obtained to observe the effects of the physical 

parameters namely Radiation parameter, Eckert number, Magnetic parameter, Shimidt number, Prandtl number and suction 

parameter on the flow, temperature and concentration distributions. 
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1. INTRODUCTION 

Thermal and solutal transport by fluid flowing through a 

porous matrix is a phenomenon of great interest from both 

the theory and application point of view.  These phenomena 

have several geophysical and technological applications such 

as drying of porous solids, geothermal reservoirs, heat 

exchanger, nuclear waste disposal, moisture migration in a 

fibrous insulation and others. Vafai and Tien [1] have 

summarized the importance of both boundary and inertia 

effects in porous media. El-Kabeir et al [2] investigated Sort 

and Dufour effects on heat and mass transfer from 

continuously moving plate embedded in porous media with 

temperature dependent viscosity and thermal conductivity. 

Nakayama and Hossain [3] and Singh and Queen [4] treated 

an integral method for combined heat and mass transfer by 

natural convection in porous medium and studied free 

convection heat and mass transfer along a vertical surface in 

a porous medium. El-Hakiem et al [5] studied the effects of 

magnetic field and double dispersion on mixed convection 

heat and mass transfer in non-Darcy porous medium. 

Convective heat transfer, mathematical and computational 

modelling of viscous fluids and porous media was 

investigated by Pop and Ingham [6]. Prasad et al [7] 

investigated thermal radiation effects on MHD free 

convection heat and mass transfer from a sphere in a variable 

porosity regime. El-Hakiem [8] studied radiative effects on 

non- Darcy natural convection from a heated vertical plate in 

saturated porous media with mass transfer for non-

Newtonian fluid. Combined effects of Joule heating and 

viscous dissipation on MHD flow past a permeable, 

stretching surface with free convection and radiative heat 

transfer was studied by Chen [9]. MHD and mass transfer 

effect on non-newtonian fluids past a vertical plate embedded 

in a porous medium studied by El-Hakiem [10]. MHD flow 

and heat transfer due to shrinking surface is a recent 

phenomenon Santosh et al, [11] considered the unsteady 

two-dimensional, laminar flow of a viscous, incompressible, 

electrically conductingfluid towards a shrinking surface in 

the presence of a uniform transverse magnetic field. Susheela 

et al, [12] Mathematical analysis is carried out to investigate 

two-dimensional flow of a viscous incompressible 

electrically conducting fluid near a stagnation point of a 

stretching or shrinking surface in a saturated porous medium. 

S, Jena, [13] deals with a steady two-dimensional laminar 

flow of a viscous incompressible electrically conducting 

fluid over a shrinking sheet in the presence of uniform 

transverse magnetic field with viscous dissipation. Babu1 

[14] et al, considered the steady 2-dimensional 

magnetohydrodynamic (MHD) boundary layer flow of heat 

and mass transfer over a shrinking surface with wall mass 

suction. Sandeep et al, [9] study we analyzed the influence of 

thermal radiation and chemical reaction on two dimensional 

steady magnetohydrodynamic flow of a nanofluid past a 

permeable stretching/shrinking sheet in the presence of 

suction/injection. Bhukta [16] analyze the effect in a 

boundary layer flow of the heat and mass transfer through 

porous medium of an electrically conducting viscoelastic 

fluid over a shrinking sheet subject to transverse magnetic 

field in the presence of heat source. Ahmed et al [17] worked 

on MHD flow and heat transfer through a porous medium 

over a shrinking surface with suction. Ahmad [18] 

investigated the incompressible steady, 2- dimensional 

stagnation point flow, electrically conducting fluid due to a 

shrinking sheet.  

This work considers MHD flow and heat transfer in porous 

medium over a porous shrinking surface with radiation and 

viscous dissipation. The effects of the governing parameters 

on the velocity, temperature and concentration are presented 

and discussed in detail. 

2. Mathematical Analysis: 

Consider a viscous and electrically conducting fluid with 

steady, incompressible and two-dimensional flow due to a 

permeable shrinking sheet which coincides with the plane 

𝑦=0 and the flow is restricted in the region𝑦>0. The fluid 

flows within a porous medium obeying Darcy law. Two 

balance forces are used along the𝑥-axis in opposite direction 

to keep the sheet boundary moving and keep its origin fix. 
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The magnetic field of strength 0B  is assumed to be uniform 

and applied normal to the sheet. Cartesian co-ordinates are 

used. The magnetic Reynolds number is small. we ignore 

induced magnetic field. All the properties of fluid are 

considered constant throughout the motion. The governing 

equations of motion are given below: 
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Where   is the coefficient of viscosity, ρ is the density of 

the fluid,   is permeability of permeable medium,   is 

magnetic field, k is thermal conductivity, wq  is the rate of 

heat transfer, 
pC  is specific heat at constant pressure,  C is 

the species concentration of the fluid, and wm is the rate of 

mass transfer. 

 It is assumed:  
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Where λ>0 is used for suction at the moving boundary sheet, 

m is power-law exponent (m  ), n=2m is heat flux 

parameter, i is mass flux parameter, a,  are dimensional 

constants, 0E  is a positive constant, T is temperature at 

wall, C is the species concentration of the fluid away from 

the wall, D is the diffusivity coefficient, 1E  is a positive 

constant. 

The Equation (1) is satisfied with stream function , 
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By using relation in (7), the equations (2) to (4) respectively 

become: 
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and the associated boundary conditions (5) become: 
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Where, 

 =  is permeability parameter and   is the 
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3. RESULTS AND DISCUSSIONS 
Numerical solution of the non-linear system of equations (8) 

to (11) has been obtained with help of Mathematica 10.The 

results in form of graphs have been presented to perceive 

behaviour of physical quantities of flow and heat transfer. 

Fig.1 demonstrates the effect of the magnetic force on 

velocity .It is observed that velocity reduces in magnitude 

with increase in the values of magnetic parameter M. It is 

because of the magnetic force causes an opposing force to 

the fluid flow. When the porosity of the medium increases, 

the magnitude of the velocity  also increases. The fig.2, 

demonstrates the effect of parameter K on velocity  . The 

velocity increase with increase in K. The injection also 

causes an increase in fluid velocity for the shrinking surface 

and it reduces the boundary layer thickness as presented in 

the fig.3.  Fig.4 shows that velocity component  increases 

with increase in suction for stretching surface.  The porosity 

parameter K increases the vertical f as depicted in Fig.5 but 

Fig .6 shows that magnetic force decreases the vertical 

velocity component f. It is noted that the magnetic force 

causes an increase in the velocity  of the fluid when the 

surface is shrinking and the boundary layer thickness also 

decreases. This fact is shown in Fig.7.  

The effect of the magnetic field on temperature distribution 

is presented in Fig.8.The magnetic force causes an increase 
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the temperature function   . The increase in Prandtl 

number causes a decrease in the value of the temperature 

distribution as shown in Fig .9. It is because the Prandtl 

number is reciprocal to the thermal conductivity.Fig.10 and 

Fig.11 respectively show that increase in Eckert number and 

radiation parameter both cause the increase in value of 

function   . 

The Schmidt number cS
 causes decreases in the value of 

concentration   function as shown in fig.12. 

Fig.13 shows that the increase in magnetic field causes 

increase concentration function   .
Fig.14 shows that the 

increase in the injection parameter causes an increase in 
the concentration but increase in the suction parameter 
causes decrease in it.  
 

 

 
Fig 1:The plot of curve f’ under the effect of M. 

 
 

 

Fig 2:The plotfor curve of f’ under the effect of K.
 

 

 

 

Fig 3: The plot of curve f under the effect of fw. 

 
 

 

Fig.4: The plot for  curve of f’ under the effect of fw. 

 

 

Fig 5:The plot for curve of f under the effect of K. 
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Fig 6:The plot for curve of  f’ under the effect of M. 

 

 

Fig 7: The plot for curve of f under the effect of M. 

 

 

Fig 8:The plot for curve  under the effect of M. 

 

 

 

 

Fig.9 :The plot for curve of   under the effect of Pr. 

 

 

Fig 10:The  plot for curve of   under  the effect of M. 
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Fig.11: The plot for curves of  under the effect of . 
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Fig 12:The plot for curve of  under the effect of Sc. 
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Fig.13: The plot for curves of   under the effect of M. 
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Fig.14: The plot for curves of  under the effect of 
w

f . 

 

  CONCLUSION: 

In this work, we considered numerical solution of MHD flow 

and heat transfer in porous medium over a porous shirking 

surface with radiation and viscous dissipation. The results of 

the study have been elaborated with the various sufficient 

ranges of the parameters effecting the flow and heat transfer 

in this problem. The main outcomes of the work are 

summarized below.    

 When it is stretching sheet, the velocity  reduces in 

magnitude with increase in value of magnetic parameter 

M. It is because of the magnetic force causes an 

opposing force to the fluid flow. But the magnetic force 

causes an increase in the velocity of the fluid when the 

surface is shrinking and the boundary layer thickness 

decreases. 

 When the porosity of the medium increases, the 

magnitude of the velocity  increases.  

 The velocity component  decreases with increase in 

suction but increases with increase in injection for 

stretching case and the suction causes an increase in 

fluid velocity for the shrinking surface and it reduced the 

boundary layer thickness. 

 Magnetic force decreases the vertical velocity 

component . But the increase in porosity of the 

medium increases this velocity. 

 The magnetic force causes as increase the temperature 

function   . But increase in suction causes decrease 

in it. 

 The increase in Prandtl number also causes a decrease in 

the value of the temperature distribution. 

 
The increase in Eckert number and radiation parameter 

both cause the increase in value of function  
. 

 
 The increase in magnetic field causes increase 

concentration function but
 Schmidt number causes 

decreases in it. 

 The increase in the injection parameter causes an 

increase in the concentration but increase in the suction 

parameter causes decrease in concentration.  

 

REFERENCES 

[1] Vafai, K., Tien, C. L. Boundary and inertia effects on 

convective mass transfer in porous media, vol. 25, pp. 

1183-1190, 1982. 

[2] El-Kabeir, S. M. M., Modather, M. and Rashad, A. M., 

"Sort and Dufour effects on heat and mass transfer from 

continuously moving plate embedded in porous media 

with temperature dependent viscosity and thermal 

conductivity", Journal of Modern Methods in Numerical 

Mathematics, vol. 4, no. 2, pp. 10-22, 2013. 

 [3] Nakayama, A. and Hossain, An integral treatment for 

combined heat and mass transfer by natural convection 

in porous medium, Int. J. Heat Mass Transfer 38, pp. 

761-765, 1995.  

[4]  Singh, P. and Queen, P. Free convection heat and mass 



4302 ISSN 1013-5316;CODEN: SINTE 8 Sci.Int.(Lahore),28(5),4297-4302,2016 

Septmber-October 

transfer along a vertical surface in a porous medium, 

Acta Mech. 123, pp. 69-73, 1997. 

[5] El-Hakiem, M. A. Ahmad, F., and Hussain, S. " Effect of 

magnetic field and double dispersion on mixed 

convection heat and mass transfer in non-Darcy porous 

medium" Sci. Int. (Lahore), 27 (2), 845-852, 2014. 

[6] Pop, I. Ingham, D. B. Convective heat transfer: 

mathematical and computational modelling of viscous 

fluids and porous media, Pergamon, Oxford, 2001. 

 [7] Prasad, V. R., Vasu, B., Anwar, B. O., and Parshad, D. 

R. "Thermal radiation effects on MHD free convection 

heat and mass transfer from a sphere in a variable 

porosity regime", Comm. Nonlinear Science Numerical 

Simulation, 17, 654-671, 2012. 

[8] El-Hakiem, M. A. Radiative effects on non-Darcy natural 

convection from a heated vertical plate in saturated 

porous media with mass transfer for non-Newtonian 

fluid",Journal of Porous Media, vol. 12, no. 1, pp. 89-99, 

2009.  

[9] Chen, C. H., Combined effects of joule heating and 

viscous dissipation on MHD flow past a permeable, 

stretching surface with free convection and radiative 

heat transfer, ASME Journal of Heat Transfer, vol. 132, 

pp. 1-3, 2010. 

[10] El-Hakiem, M. A. MHD and mass transfer effect on 

non-newtonian fluids past a vertical plate embedded in a 

porous medium, J. Engineering and Applied Science, 

vol. 1, no. 2, pp. 1-8, 2014.   

[11] Santosh, C. Pradeep, K. unsteady 

magnetohydrodynamic boundarylayer  flow near the 

stagnation point towards a shrinking surface. Journal of 

Applied Mathematics and Physics, 2015, 3, 921-930. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[12] Susheela, C., Singh S., Santosh, C. Numerical solution 

for magnetohydrodynamic stagnation point flow towards 

a stretching or shrinking surface in a saturated porous 

medium. International Journal of Pure and Applied 

Mathematics Volume 106, No. 1, 141-155 (2016). 

 [13] Jena, S. Numerical solution of boundary layer MHD 

flow with viscous dissipation. international journal of 

science and technology. The Experiment, 2014, Vol. 

18(2), 1235-1244. 

[14] Babu, P. R. Rao, J. A and Sheri, S. Radiation effect on 

MHD heat and mass transfer flow over a shrinking sheet 

with mass suction. journal of Applied Fluid Mechanics, 

Vol. 7, No. 4, pp. 641-650 (2014). 

[15] Sandeep, N. Sulochana, C. MHD flow over a permeable 

stretching/shrinking sheet of a nanofluid with 

suction/injection. Alexandria Engineering Journal (2016) 

55, 819–827. 

[16] Bhukta, D. G. Dash, C. and Mishra, S. R. Heat and 

Mass Transfer on MHD Flow of a Viscoelastic Fluid 

through Porous Media over a Shrinking Sheet. Hindawi 

Publishing Corporation International Scholarly Research 

Notices Volume 2014, Article ID 572162, 11 pages1-11 

(2014). http://dx.doi.org/10.1155/2014/572162. 

[17] Ahmad, F. Hussain, S. Alanbari, A. M and Alharbi, R. 

S. MHD flow and heat transfer through a porous 

medium over a stretching/shrinking surface with suction. 

Sci. Int.(Lahore),27(2),931-935 (2015). 

[18] Ahmad, F. Numerical solution for MHD stagnation 

point flow toward a shrinking sheet. Sci.  

Int.(Lahore),27(4),3045-3049. (2015). 

 

http://dx.doi.org/10.1155/2014/572162

