
Chemical and Process Engineering Research                                                                                                                                    www.iiste.org 

ISSN 2224-7467 (Paper) ISSN 2225-0913 (Online) 

Vol.46, 2016 

 

18 

MHD Free Convection Boundary Layer Flow of a Nanofluid over 

a Permeable Shrinking Sheet in the Presence of Thermal 

Radiation and Chemical Reaction 
 

S.Anuradha1      P.Priyadharshini2 

1. HOD in Department of Mathematics, Hindusthan College of Arts & Science,Tamilnadu,India 

2. AP in Department of S&H, Sri Shakthi Institute of Engineering &Technology, Tamilnadu,India  

 

Abstract 

The objective of this work is to analyze the chemical reaction and thermal radiation effects on MHD free 

convection boundary layer low of a nanofluid over a permeable shrinking sheet. The model used for the 

nanofluid incorporates with Brownian and thermophoresis effects. A mathematical formulation has designed for 

momentum, temperature and nanofluid solid volume profiles. The highly nonlinear coupled partial differential 

equations are simplified with the help of suitable similarity transformations. The reduced partial differential 

equations are solved using the Method of line. The entire computation procedure is implemented using a 

program written and carried out using Mathematica computer language. The results for the dimensionless 

velocity, temperature, and nanofluid solid volume profiles are discussed with the help of graphs and tables. We 

have examined the effects of various controlling flow parameters namely unsteadiness parameter A, magnetic 

parameter M, thermal radiation parameter R, Prandtl number Pr, Brownian motion parameter Nb, thermophoresis 

parameter Nt, Radiation parameter Nr and Lewis number Le on the dimensionless velocity, temperature and 

nanoparticle volume fraction profiles..      
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1. Introduction 

Most interesting research in the field is that MHD free convection flow due to a shrinking sheet. The shrinking 

sheet situation occurs, for example, on a rising shrinking balloon. One of the common applications of shrinking 

sheet problems in engineering and industries is shrinking film. In packaging of bulk products, shrinking film is 

very useful as it can be unwrapped easily with adequate heat. Especially, the analysis of boundary layer flow of 

an unsteady nanofluid across a stretching sheet has gained attention of many researchers. Nowadays, a large 

amount of research work has been placed to focus on this topic in view of its several applications in engineering 

and industrial processes. The cooling of electronic devices by the fan and nuclear reactor, polymer extrusion, 

wire drawing, etc are examples of such flows in engineering and industrial processes. The list of importance of 

flows in fluid mechanics has motivated researchers to continue the study in different types of fluid as well as in 

different physical aspects. The boundary layer flow of an electrically conducting fluid in the presence of 

magnetic field has wide applications in many engineering problems such as MHD generator, plasma studies, 

nuclear reactors, geothermal energy extraction, and oil exploration. The term nanofluid has been introduced by 

Choi [1].This novel fluid have been used potentially in numerous application in heat and mass transfer as well as 

micro electronics, fuel cells, Pharmaceutical sections. Sakisdis [2] was the first another to analyze the boundary 

layer flow on a continuous moving surface. Buongiorno [3] was first who formulated the nanofluid model taking 

into account the effects of Brownian motion and thermophoresis. 

The boundary layer flow over a shrinking surface is encountered in several technological processes. 

Such situations occur in polymer processing, manufacturing of glass sheets, paper production, in textile 

industries and many others. Crane [4] initiated a study on the boundary layer flow of a viscous fluid towards a 

linear stretching sheet. An exact similarity solution for the dimensionless differential system was obtained. 

Carragher and Carane [5] discussed heat transfer on a continuous stretching sheet. Afterwards, many 

investigations were made to examine flow over a stretching/shrinking sheet under different aspects of MHD, 

suction/injection, heat and mass transfer etc. [6–13]. In these attempts, the boundary layer flow, due to 

stretching/shrinking has been analyzed. Magyari and Keller [14] provided both analytical and numerical 

solutions for boundary layer flow over an exponentially stretching surface with an exponential temperature 

distribution. The combined effects of viscous dissipation and mixed convection on the flow of a viscous fluid 

over an exponentially stretching sheet were analyzed by Partha et al. [15], Elbashbeshy [16] numerically studied 

flow and heat transfer over an exponentially stretching surface with wall mass suction. Recently, the boundary 

layer flow near a shrinking sheet gets attention due to increasing engineering applications. The existence and 

uniqueness of steady viscous flow due to a shrinking sheet was established by Miklavcic and Wang [17] and 

they concluded that for some specific value of suction at the sheet, dual solutions exist and also in certain range 

of value of suction, no boundary layer solution exists. 
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Very recently, the unsteady flow and heat transfer over an unsteady shrinking sheet with suction in a 

nanofluid was analyzed by Rohni et al. [18] and it was found that dual solutions exist for a certain range of wall 

mass suction, unsteadiness and nanofluid parameters. Samir Kumar Nandy et al [19] discussed Unsteady MHD 

boundary-layer flow and heat transfer of nanofluid over a permeable shrinking sheet in the presence of thermal 

radiation.Srinivas et al [20] examined an unsteady MHD flow and heat transfer of nanofluid over a permeable 

shrinking sheet with thermal radiation and chemical reaction. The aim of the present paper (which is an 

extension of Srinivas et al. [20]) is to study the MHD Free convection boundary layer flow of a nanofluid over a 

permeable shrinking sheet in the presence of thermal radiation and chemical reaction. In this paper, a similarity 

analysis is performed to reduce the governing equations to ordinary differential equations which are 

subsequently solved numerically using Method of line in Mathematica tool.  The effects of governing parameters 

on fluid velocity, temperature and particle concentration have been discussed and shown graphically and tables 

as well.The present study is of immediate interest to all those which are highly affected with heat enhancement 

concept. 

 

2. Mathematical Formulation 

Consider a two dimensional unsteady magneto hydrodynamic boundary layer flow of a nanofluid which is 

electricity conducting (σ) and past a permeable shrinking sheet with the uniform velocity U in the presence of 

magnetic field of strength B0 is applied parallel to the y axis and chemical reaction with thermal radiation is 

considered in the flow region it is assumed that the induced magnetic field, the external electric field are 

negligible due to polarization of charges.  Let us consider x axis to be focused along the shrinking sheet and y 

axis normal to the surface. 

The governing equation of conservation of mass, momentum, energy and nano particle volume in the 

presence of magnetic field towards a permeable shrinking sheet can be written in Cartesian coordinates x & y. 

 

                                                                      (1) 

 

 
                             (2) 

 
                                                                                 (3) 

      (4) 

And the Boundary conditions are: 

 

                    (5)

  

The wall mass transfer velocity then becomes 

                                                 (6) 

Where s is the constant wall mass transfer parameter with s > 0 for suction and s < 0 for injection, respectively. 

Where u and v are velocity components along x and y directions, α is a thermal diffusivity, Q0 is a heat 

generation coefficient, ρ is the density of nanofluid, ρp is the nanoparticle density, ρc is specific heat of nanofluid 

at constant pressure, τ is the ratio of nanoparticle heat capacity, σe is the electrical conductivity,  Cp is the specific 

heat and constant pressure, β is volumetric thermal expansion coefficient, µ is the thermal viscosity, DB is the 

Brownian diffusion coefficient , DT is the thermophoresis diffusion coefficient and Kr is the rate of chemical 
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reaction.     

The Radiative heat flux term by using The Rosseland approximation is given by 

 

                                                          (7) 

 

 

Where σ* and k1
* are the Stefan-Boltzmann constant and the mean absorption coefficient respectively. 

We assume that the temperature difference within the flow are sufficiently small such that   may be expressed as 

a linear function of the temperature. This is accomplished by expanding in a Taylor Series about   and neglecting 

higher order terms. Thus, 

            (8) 

 

By using equation (6) and (7), into equation (3) is reduced to 

 

 

 

 

 

 

 

      

      (9) 

 

The equations (2), (4) and (9) can be transformed into the ordinary differential equation by using the following 

similarity transformations. 

 

                       (10) 

 

 

 

 

 

 

And the stream function ψ(x, y) is defined such that 

        

    (11) 

 

From the above transformations the non-dimensional, non-linear, coupled differential equations are obtained as: 

      (12) 

             

 

 

 

                         (13)  

 

 

                        (14) 

 

Where  
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The corresponding Boundary conditions are 

 
                        (15) 

The physical quantities of Skin friction Cf , the local Nusselt number Nu, and the local Sherwood number Sh are 

calculated by the following equations: 

 

 

           (16)                                   

 

 

3. Numerical Analysis  

The set of non-dimensional, non-linear couple boundary layer equations (12) – (14) subject to boundary 

conditions (15) are non-linear and possess no analytical solution and must be solved numerically. The governing 

equations are solved by using Method of line .The code of the algorithm has been executed in MATHEMATICA  

running on PC.In this study, we get   The validity of the present computations has been confirmed via 

benchmarking with several earlier studies. Excellent convergence was achieved for all the results. 

 

4. Results and Discussions 

The heat and mass transfer problem associated with MHD flow of the nanofluids over a permeable shrinking 

sheet in the presence of thermal radiation and chemical reaction has been studied. Table 1 indicates the values of 

skin friction, Nusselt Number and Sherwood Number for different values of the physical parameters. The present 
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results are compared with that of Rohni et al.[18] and Samir et al.[19] (reduced cases) and found that there is an 

excellent agreement (Table 1) 

The variations in velocity field, temperature distribution and concentration profiles with the effect of 

magnetic field parameter M is monitored in Fig.1-3 respectively. It is seen in Fig.1 that the effect of magnetic 

field M increases, the dimensionless velocity profiles increases and Fig.2 the reverse phenomenon observed in 

the temperature distribution. From Fig.3, it can be observed that increase the magnetic field M effect is to 

decreases the concentration profiles.  

Fig.4-6 have been plotted to demonstrate the effects of Suction parameter on different profiles. In Fig.4 

the velocity inside the boundary layer increases with an increase in Suction parameter for the shrinking case and 

it reveals the opposite phenomena for temperature and concentration profile. As may be expected, it is because 

of the fact that suction cause the reduction of momentum boundary layer thickness and consequently enhances 

the flow near the solid surface. 

Fig.7-9 shows the variation of different profiles for several values of the unsteadiness parameter. In 

Fig.7 It is analyzed that the velocity of the nanofluid increases when the influence of unsteadiness parameter 

increases. From Fig.8-9 reveals that the temperature and concentration at a point decreases as the magnitude of 

the unsteadiness parameter increases. This is due to the fact that the heat transfer rate increases with the increase 

in unsteadiness parameter which in turn reduces the temperature of the fluid. 

In order to understand the influence of Prandtl number on velocity, temperature and concentration 

profiles are plotted in Fig.10-12.Fig.10 demonstrates whereas the velocity profile increases with the increase in 

Prandtl number. Fig.11-12 depicts that the temperature and concentration profile decreases when the values of 

Prandtl number increases. This is due to fact that a higher Prandtl number fluid has relatively low thermal 

conductivity, which reduces conduction and thereby the thermal conductivity which reduces conduction and 

thereby the thermal boundary layer thickness and as a result temperature and concentration decreases. 

Fig13-18 shows the influence of the changes in Brownian motion and thermophoresis parameter on 

different profiles. It is noticed that as thermophoresis parameter increases and the temperature and concentration 

gradient at the surface decreases as both Brownian motion and thermophoresis parameter. We noticed that 

thermophoresis parameter, Brownian motion increases and the velocity gradient decreases at the surface.  

Table 1. Comparison of the critical values of unsteadiness parameter A for several values of suction 

parameters with M, δ, Rax = 0. 
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5.Conclusion 
In this study, a mathematical model for a two dimensional unsteady free convection MHD flow and heat transfer 

of nanofluid over a permeable shrinking sheet in the presence of thermal radiation and chemical reaction. The 

validity of the present computations has been confirmed via benchmarking based on several earlier studies. The 

present results are compared with the existing literature and found a good agreement. The entire computation 

procedure is implemented using a program written in Mathematica software. 

Ø The increase in magnetic parameter is to increase in velocity and decrease in concentration and 

temperature profiles.   

Ø The increasing values of suction parameter accelerate the velocity and decrease in 

concentration and temperature profiles. 

Ø  As Prandtl number Pr decreases the thickness of thermal boundary layer becomes thickness of 

the velocity boundary layer. So the thickness of thermal boundary layer increases as Prandtl 

number Pr decreases and hence temperature profiles decreases with the increase of Prandtl 

number Pr.   

Ø The increase of Unsteadiness parameter is to increases in velocity. the heat transfer rate 

increases with the increase of unsteadiness parameter A which in turn reduces the temperature 

of fluid. 

Ø The thermophoresis parameter Nt phenomenon describes the fact that small micron size 

particular suspended in non-isothermal fluid will acquire a velocity in the direction of 

decreases temperature.  

Ø Brownian motion parameters increase both the velocity and decrease in the concentration 

profile temperature profiles. 

 

REFERENCES 

1.Choi SUS. Enhancing thermal conducting of fluids with nanoparticles, development and applications of non-

Newtonian flows.D.A. Singer and H.P.Wang, eds., ASMEMD-vol.231 and FED- vol.231 and FED-vol. 66, 

USDOE, Washington, DC (United States). 1995; 231;99-105.  

2.Sakiadis B.C. Boundary layer behavior on a continuous solid surface.AICHE.J,vol.7.1961;7;221-225. 

 

 η) 



Chemical and Process Engineering Research                                                                                                                                    www.iiste.org 

ISSN 2224-7467 (Paper) ISSN 2225-0913 (Online) 

Vol.46, 2016 

 

26 

3. Buongiorno.J. Convective transport in nanofluids, ASME Journal of Heat Transfer, 2006;18;240-250. 

4.Crane, L.J. ‘‘Flow past a stretching plate’’, ZAMP, 21, pp. 645–655 (1970). 

5.Carragher, P. and Carane, L.J. ‘‘Heat transfer on a continuous stretching sheet’’, Z.Angew. Math. Mech., 62, 

pp. 564–565 (1982). 

6.Ariel, P.D., Hayat, T. and Ashgar, S. ‘‘The flow of a elasto-viscous fluid past a stretching sheet with partial 

slip’’, Acta Mech., 187, pp. 29–35 (2006). 

7.Nadeem, S., Hussain, A., Malik, M.Y. and Hayat, T. ‘‘Series solutions for the stagnation flow of a second-

grade fluid over a shrinking sheet’’, Appl. Math.Mech., 30(10), pp. 1255–1262 (2009). 

8.Nadeem, S., Hussain, A. and Khan, M. ‘‘Stagnation flow of a Jeffrey fluid over a shrinking sheet’’, Z. 

Naturforsch., 65a, pp. 540–548 (2010). 

9.Hayat, T. and Qasim, M. ‘‘Radiation and magnetic field effects on the unsteady mixed convection flow of a 

second grade fluid over a vertical stretching sheet’’, Int. J. Numer. Methods Fluids, 66(7), pp. 820–832 (2010). 

10.Nadeem, S. and Faraz, N. ‘‘Thin film flow of a second grade fluid over a stretching/shrinking sheet with 

variable temperature-dependent viscosity’’, Chin. Phys. Lett., 27(3), p. 034704 (2010). 

11.Ishak, A., Nazar, R. and Pop, I. ‘‘Heat transfer over an unsteady stretching permeable surface with 

prescribed wall temperature’’, Nonlinear Anal.RWA, 10, pp. 2909–2913 (2009). 

12.Hayat, T., Shehzad, S.A., Qasim, M. and Obaidat, S. ‘‘Steady flow of Maxwell fluid with convective 

boundary conditions’’, Z. Naturforsch., 66a,pp. 417–422 (2011). 

13.Wang, C. and Pop, I. ‘‘Analysis of the flow of a power-law fluid film on an unsteady stretching surface by 

means of homotopy analysis method’’,J. Non-Newtonian Fluid Mech., 138, pp. 161–172 (2006). 

14.Magyari, E. and Keller, B. ‘‘Heat and mass transfer in the boundary layers on an exponentially stretching 

continuous surface’’, J. Phys. Appl. Phys., 32,pp. 577–585 (1999). 

15.Partha, M.K., Murthy, P.V. and Rajasekhar, G.P. ‘‘Effect of viscous dissipation on the mixed convection 

heat transfer from an exponentially stretching surface’’, Heat Mass Transf., 41, pp. 360–366 (2005). 

16.Elbashbeshy, E.M.A. ‘‘Heat transfer over an exponentially stretching continuous surface with suction’’, 

Arch. Mech., 53, pp. 643–651 (2001) 

17. M. Miklavcic, C.Y. Wang. Viscous flow due to a shrinking sheet, Quart. Appl. Math. 2006, 64, 283–290. 

18.A.M. Rohni, S. Ahmad, A.I. Ismail, I. Pop, Flow and heat transfer over an unsteady shrinking sheet with 

suction in a nanofluid using Buongiorno’s model, Int. Commun. Heat Mass 

Transfer 43 (2013) 75–80. 

19.Samir kumarNandy,Sumanta Sidui,Tapas Ray Mahapatra: “Unsteady MHD boundary layer flow and 

heat transfer of nanofluid over a permeable shrinking sheet in the presence of thermal radiation.” Alxendria 

eng.journal(2014) 53,929-937. 

20.Srinivas Maripala,Kishan.N,"Unsteady MHD flow and heat transfer of nanofluid over a permeable 

shrinking sheet with thermal radiation and chemical reaction".AJER,6, pp-68-79 (2015). 


