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ABSTRACT 

In this paper, we analysed convective boundary layer stagnation point flow of nanofluid influencing by suction 

and magnetic field over a porous shrinking surface is investigated numerically and simulated with Maple 18 Software. 

Thermophoresis and Brownian motion effects are included in the nanofluid model. Governing nonlinear boundary layer 

equations for momentum, energy and continuity equations are transformed into a system of nonlinear ordinary coupled 

differential equations by using similarity transformations. The effects of physical parameters on nanofluid (Liquid and 

Gaseous) are analysed. It is found that for a certain range of injection process, solutions exists for velocity flow, 

temperature flow and volume concentration. It tends to provide solutions for skin friction, rate of heat and rate of mass 

transfer of nanofluids (Liquid and Gaseous). 
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INTRODUCTION 

Heat transfer is one of the top technical 

challenges faced by high-tech industries such as 

manufacturing, metrology, microelectronics, nuclear 

reactors, domestic refrigerator, grinding, machining, ships, 

hybrid-powered engines, chillers, space technology, boiler 

flue gas temperature reduction, vehicle thermal 

management and defense. These industries facing heat 

transfer problems because of unprecedented heat loads and 

heat fluxes. To overcome the heat transfer issue, 

nanofluids are termed. 

Nanofluids attains more attention from 

researchers due to its enhanced properties. This innovative 

fluid for heat transfer was introduced (Choi, 1995). 

Suspending nanoparticles into base fluids attains unique 

physical properties as well as chemical properties 

increases the thermal conductivity and therefore 

substantially nanofluid enhances the heat transfer 

characteristics. Nanofluid consisting of metallic and non-

metalic solid nanoparticles with sizes typically on the 

order of 1–100 nm, dispersing evenly in a base fluid such 

as air, liquid, toluene and liquid nitrogen (Wang, 2008).  

The boundary layer flow of nanofluid influencing 

by magnetic field has numerous applications in 

engineering problems such as MHD generator, power 

generation in nuclear reactors, petroleum industries, power 

plants and Coal extraction. Considering the quality of 

operation process, radiative heat transfer in the boundary 

layer plays vital role in applications. Quality of process 

depends on the ambient fluid particles heat transfer rate. 

Usually nanofluid includes the effects of thermophoresis 

and Brownian motion (Buongiorno, 2006). He stated that 

nanofluids flow have affected by many physical factors 

given (Kuznetsov, 2010), (Nield, 2009), but Brownian 

motion and thermophoresis plays vital role.  

The steady flow over a porous surface is a major 

experimental research all over the industries in past recent 

years due to its numerous application behind in it. On 

another hand stagnation point flow over stretching/ 

shrinking sheet studies also going on with many 

application oriented process. Nanofluid subjected to 

stagnation point flow possesses highest pressure, highest 

heat transfer and the highest rate of mass decomposition. 

(Miklavcic and Wang, 2006) investigated stagnation point 

flow and obtained duel solution. He also obtained steady 

viscous flow in the investigation of boundary layer flow 

near a shrinking surface.  Mass transfer through shrinking 

sheet was investigated (Fang et al. 2009). Unsteady three 

dimensional boundary layer flow due to a permeable 

shrinking sheet was analysed (Bachok et al. 2010). 

Hamad and Ferdows (2011), investigated the 

boundary layer flow of electrically conducting fluid and 

heat transfer over a shrinking surface. They studied 

different types of nanoparticles and found each 

nanoparticle differs from others in physical characteristics 

each possess different character. They enclosed that 

changing the nanoparticle type changes the behaviour of 

the fluid flow. Numerous studies on nanofluids are 

undergoing (Bachok et al. 2011, 2012), (Mankinde, 2011), 

Alsaedi et al. 2012), (Ibrahim et al. 2013). Magyari and 

Keller (1999), have obtained the similarity solutions which 

describe the steady plane boundary layers on a 

shrinkinging sheet with flow of temperature distribution 

analytically. The numerical solution was obtained (Al-odat 

et al. 2006) for thermal boundary layer on shrinking sheet 

with temperature distribution due to the effect of magnetic 

field. Following them many researchers (Biliana, 2009), 

(Ishak, 2011), (Bala, 2011) investigated the numerical 

solutions for the boundary layer flow problem over 

shrinking sheet. kameswaran et al. (2012), derived an 

analytical solution for Newtonian liquid flow on 
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exponential shrinking sheet due to radiation effects and 

observed that the species boundary layer thickening with 

the increase in increase of magnetic parameter.  

The present paper is to study the simultaneous 

effect of the thermal radiation and magnetic field on the 

heat transfer and fluid flow of boundary layer flow on 

porous surface. Results presented focus on how the 

magnetic field, porosity, Brownian motion, 

thermophoresis and thermal radiation affects the nanofluid 

characteristics. 

 

FLOW ANALYSIS 

Consider the steady two-dimensional MHD 

stagnation-point flow of an incompressible viscous 

electrically conducting nanofluid impinging normally on 

porous shrinking surface. The fluid is subjected to a 

uniform transverse magnetic field of strength B0. Figure. 1 

describes the coordinate system and physical model. The 

axis x  measured along the porous medium surface and 

axis y
 
normal to it.  

 

 
        

Figure-1. Physical model and the coordinate system. 

 

It is assumed that the velocity of the porous 

shrinking surface is cxxuw )(  and the velocity outside 

boundary layer is axxU )( , where a  and c  are 

constants with 0a . We note that 0c correspond to 

porous shrinking surface, �̅ corresponds to gravitational 

forces. Cartesian coordinates x and y  of the energy, 

momentum and continuity equations for nanofluids can be 

written as (Lok et al. 2011). 
 

        (1) 
 

     (2) 
 

    (3) 
 

     (4) 

We have analysing the flow with influencing 

magnetic field, so we have induced magnetic field in 

Equation. (2). This assumption is justified for flow of 

electrically conducting fluids such as liquid metals e.g., 

mercury, liquid sodium etc. Let the velocity components 

along the x  and y  axes are u  and v , free stream velocity 

( )(xU ), porous medium permeability � , specific heat at 

constant pressure (��), radiative heat 

flux � , nanoparticle volume fraction , Brownian 

diffusion coefficient , electrical conductivity of the 

fluid � , kinematic viscosity � , thermal 

diffusivity �� , base fluid density (� ), thermophoresis 

diffusion coefficient  and ratio of the effective heat 

capacity of the nanoparticle material to the heat capacity 

of the ordinary fluid � , fluid temperature . The 

nanoparticle volume fraction   and the wall 

temperature  are assumed to be constant at the surface 

and also when � tends to infinity, the ambient values of 

the nanoparticle volume fraction C
 
and the temperature 

T attain to be constant values respectively. The boundary 

conditions of shrinking surface: 

 

    (5) 
 

By Rosseland approximation, (Bachok et al., 

2012) the radiative heat transfer as 
 

      (6) 
 

Where, mean absorption coefficient �1  and 

Stefan–Boltzmann constant (� . Assuming within the flow 

the temperature difference is such that 
4T  in Taylor series 

it can be expanded about T and neglecting higher order 

terms, we get 
434 34   TTTT .Hence Equation. (7) 

becomes,  
 

       (7) 
 

The dimensionless variables and the stream 

function can be defined as follows: 
 

    (8) 
 

Where, � the stream function defined as  � = − �ψ�  and u = ∂ψ∂y  . Based on the above mentioned 

stream functions, Equations. (1) - (4) become  

 

    (9) 
 

  (10) 
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    (11) 

 

Where = ��� - magnetic parameter, =� ∞� � - thermal radiation parameter, � = �- Prandtl 

number, � =  �− ∞ - Grashof number and �� = ∗ �− ∞ -modified Grashof number, = � � �− ∞� - 

Brownian motion parameter, � = �-porous parameter, 

� = � � �− ∞∞ - thermophoresis parameter, = √  - 
suction parameter, � = �- Lewis number. The 

temperature really does not depend on (Pr) and )(R

independently is presented at Equation. (10), but depend 

on a combination,  � = ��1+ �  . which is the effective 

Prandtl number. Equation. (10) can be written as 
 

  (12) 
 

with boundary conditions: 
 

 
 

Where, the ratio of rates of the shrinking velocity 

and the free stream velocity is �.  

 

 

RESULT AND DISCUSSION 

The set of equations (9), (10) and (11) is highly 

nonlinear. It can be solve analytically and numerically by 

manual, subject to the boundary conditions (13) but it is 

not easy and it take month of time to get numerical 

solutions. So in this research we use MAPLE 18 the very 

robust computational algebra software to get the analytical 

and numerical solutions. Fourth-fifth order Runge–Kutta–
Fehlberg method is used by this software as default to 

solve boundary value problems numerically. The 

transformed system represented in the form of the 

governing equations momentum, energy and continuity by 

coupled nonlinear ordinary differential equations (9), (10) 

and (11) with boundary conditions (13). Computations are 

carried out for several sets of values of the streaming 

condition parameters, namely, Lewis number ( �), thermal 

radiation parameter ( ), Brownian motion parameter ( ), 

magnetic parameter ( ), effective Prandtl number (� ), 

thermophoresis parameter ( �), shrinking sheet (� < ), 

and suction > . In order to serve the salient features of 

the model, the numerical results are presented in the 

following figures with fixed parameters, 

and shrinking parameter � = − . . 

In order to validate our results, In Table 1 we 

compared the results of  (Lok et al. 2014) and (Hamad., & 

Wang, 2008)  with our present results of  �′′ � . The 

present results shows a good agreement with (Lok et al. 

2014) and (Hamad., & Wang, 2008) results since the 

errors are found to be very minimum.  

 

Table-1. Comparison of the present results for with published works. 
 

 
 

 
(a) 

 
(b) 

 

Figure 2. (a)-2(b):  Brownian motion on and� - 

comparison with Samir Kumar Nandy and Pop (2014). 

Figures-2(a) – 2(b) depicts the precision with the 

theoretical solution of ( )and φ( ) profiles for different 
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values of Brownian motion (N_b) exactly correlates with 

the first solution of Samir Kumar Nandy and Pop  [9]. 

The effect of porosity and magnetic strength on 

velocity distribution of two different nanofluids on 

shrinking porous sheet with suction pressure are shown in 

Figure-3 and Figure-4. In Figure-3 it shown that increasing 

of kinematic viscosity and decreasing of porous surface 

permiability, the velocity of nanofluids increases with 

increase of porosity. From Figure-4 it observed that the 

velocity of nanofluids increase with increase of magnetic 

effect. The lorentz force usually acts in opposite direction 

against the nanofluid flow, opposing  the motion of the 

nanofluid but suction provides an additional effect to the 

nanofluid flow. It makes the fluid to move at a retarded 

rate.  It is interesting to note that the momentum boundary 

layer for  is equal to the momentum boundary layer of � 

. It is because of the combined effect of Brownian motion 

and thermophoresis nanoparticle deposition on shrinking 

surface. There is liquid / gaseous nanofluid 

momentum = .75 / = .95 for � and . Comparing 

the nanofluids, gaseous nanofluid has higher velocity than 

the liquid nanofluid. It is because of fluid viscosity and 

friction on porous surface. From Table-2 we can 

understand the rate of skin friction of liquid and gaseous 

nanofluids. The rate of skin friction is higher in liquid 

nanofluids during porosity effect as well as Magnetic 

effect. this is due to the viscosity of liquid nanofluids. 

 

 
 

Figure-3. Porosity effects on velocity profiles. 

 

 
 

Figure-4. Magnetic effects on velocity profiles. 

 

Table-2. Comparison of skin friction between liquid and gaseous nanofluids subjected to porosity and Magnetic field. 
 

 
 

 
 

Figure-5. Brownian motion on temperature distribution. 

 
 

Figure-6. Brownian motion on nanoparticle volume 

fraction. 
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Figures-5 and 6 presents the variation in 

temperature and nanoparticle volume concentration 

profiles of two different nanofluids subjected to Brownian 

motion with the influence of suction and magnetic effect. 

Figure-5 shows that, increase in Brownian motion 

parameter increases thermal boundary layer and decreases 

nanoparticle volume concentration for both gaseous and 

liquid nanofluids respectively. The physics behind this is, 

increased Brownian motion increases the thermal 

boundary layer thickness and then decreases the diffusion 

boundary layer thickness, which ultimately decelerates 

nanoparticle volume fraction and enhances the 

temperature. It is noted that on nanoparticle volume 

fraction, strength of the magnetic field plays an important 

factor, Figure-2(b) ≠  and Figure-5 =  whereas 

there is no significant change in temperature profile, as 

well as Figure-2(a) =  and Figure-6  = . Thermal 

and diffusion behaviours of nanoparticles at nanoscale 

level are governed by various parameters. It is noted that 

Brownian motion on nanoparticles plays a vital role in 

governing these behaviour of nanoparticles. Due to the 

size of particles in nanofluids system Brownian motion 

occurs, which could affect heat transfer properties. As the 

size of the particle reaches to the nano-meter scale, the 

Brownian motion of the particles and its effects on the 

neighbouring liquids play a vital role in heat transfer. This 

is because the Brownian motion enhances thermal 

conduction due either to nanoparticles transporting heat or 

the micro convection of the fluid surrounding individual 

nanoparticles. From Table-3 we can understand the rate of 

heat and mass transfer of liquid and gaseous nanofluids. 

As subjected to Brownian motion both the rate of heat 

transfer and mass transfer is higher in Gaseous nanofluids 

than the liquid nanofluids, it is because of suction pressure 

which liquid from high pressure area to low pressure area. 

 

 

Table-3. Comparison of rate of heat and mass transfer between liquid and gaseous nanofluids subjected to Brownian 

motion. 
 

 
 

 
 

Figure-7. Thermophoresis on temperature distribution. 

 

Figures-7 and 8 depict the variation in 

temperature and nanoparticle volume concentration 

profiles of two different nanofluids subjected to 

thermophoresis with the influence of suction and magnetic 

effect. Figure-7 shows that, increase in thermophoresis 

parameter decreases thermal boundary layer and increases 

nanoparticle volume concentration for both liquid and 

gaseous nanofluids respectively. It is observed that the 

thermal boundary layer thickness of gaseous nanofluid is 

slightly decreased than liquid nanofluid. 

 

 
 

Figure-8.  Thermophoresis on nanoparticle volume 

fraction. 

 

While diffusion boundary layer strongly increases 

with increase in thermophoresis parameter ( �) for both 

nanofluids. The thermophoresis states that the fact, 

increasing the temperature of nanoscale sized particle in 

base fluid will acquire momentum from heated surface and 

moves on. Gaseous nanofluid acquires momentum from 

heated surface and spreads throughout the boundary where 

http://www.arpnjournals.com/
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liquid nanofluid moves near the surface. We perceive that, 

negative � point out a hot surface and positive � to a 

cold surface. For hot surfaces, the nanoparticle volume 

fraction boundary layer is blow away from the surface by 

the high strength of thermophoresis, since a hot surface 

drives the Nano sized particles from it, thereby forming a 

relatively particle-free layer near the surface. On cold 

surface for higher values of thermophoretic parameter � 

that distinctive peaks in the profiles occur in region 

adjacent to the wall. This means that the nanoparticle 

volume fraction near the surface is higher than the 

nanoparticle volume fraction at the surface and 

consequently, due to the thermophoretic effect the 

nanoparticles are expected to transfer to the surface.  As a 

result, the diffusion boundary layer is formed just outside. 

In particular, increasing the thermophoresis �, slightly 

increases thermal boundary layer but strongly increases 

the nanoparticle diffusion boundary layer. From Table-4 

we can understand the rate of heat and mass transfer of 

liquid and gaseous nanofluids. As subjected to 

thermophoresis the rate of heat transfer and mass transfer 

is higher in Gaseous nanofluids than the liquid nanofluids, 

it is because of suction pressure which liquid from high 

pressure area to low pressure area. 

Variation in temperature and nanoparticle volume 

concentration profiles of two different nanofluids in the 

presence of suction and magnetic effect is figured in 

Figures-9 and 10. According to equations (1.2) and (1.3), 

the divergence of the radiative heat flux decreases as 

thermal conductivity of the nanofluid raises which in turn 

decreases the rate of radiative heat transfer to the 

nanofluid and hence the nanofluid temperature accelerates 

whereas from Figure-10 the profile of nanoparticle volume 

fraction of on shrinking porous surface firstly decreases .75  / ( .5) and then increases 

( .75) / .5 .From here we observed that, the 

thermal radiation effect becomes more significant as → ≠  and when → ∞ it can be neglected. It is 

perceive that the nanofluid temperature enhances with 

increase of the thermal radiation parameter . Porosity and 

absorption of shrinking surface induces combined effect 

on radiation parameter, tends to enhance the temperature 

significantly in flow region. The total amount of radiation 

of all frequencies increases steeply as the temperature rises 

and accelerates the nanoparticle volume fraction; it grows 

as , where  is the absolute temperature of the 

nanoparticle. This is the fact that the thermal radiation is 

one of the principal mechanisms of heat transfer. The 

velocity of liquid and gaseous nanofluid increases as the 

radiation increases on shrinking surface. The Figure-9 

depict temperature profile for gaseous nanofluid is more 

than the temperature profile of liquid nanofluid. This is 

due to the fact that thermal boundary layer thickness 

changes with change in the thermal radiation strength of 

nanofluid. From Table-5 we can understand the rate of 

heat and mass transfer of liquid and gaseous nanofluids. 

As subjected to thermal radiation the rate of heat transfer 

and mass transfer is higher in Gaseous nanofluids than the 

liquid nanofluids, it is because of suction pressure which 

liquid from high pressure area to low pressure area. 

 

 

Table-4. Comparison of rate of heat and mass transfer between liquid and gaseous nanofluids subjected to 

therrmophoresis. 
 

 

Table-5. Comparison of rate of heat and mass transfer between liquid and gaseous nanofluids subjected to thermal 

radiation. 
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Figure-9. Thermal radiation on temperature distribution. 

 

 
 

Figure-10. Thermal radiation on nanoparticle volume 

fraction. 

 

CONCLUSIONS 

Thermal response of convective boundary layer 

stagnation point flow of two nanofluids (liquid and 

gaseous) over porous shrinking surface influencing suction 

pressure with various stream condition parameters like 

magnetic, porosity, Brownian motion, thermophoresis, 

thermal radiation parameters on flow field velocity, heat 

transfer characteristics and nanoparticle volume 

concentration is investigated. The results obtained are in 

excellent agreement with the previously published data 

available in the literature in limiting condition for some 

particular cases of the present study. The effects of these 

parameters on the velocity distribution, temperature 

distribution and nanoparticle volume fraction can be 

summarized as follows: 

 It is interesting that the momentum of the nanofluid 

increases with increase of the magnetic strength for 

both liquid and gas nanofluid over porous shrinking 

surfaccet. The lorentz force usually acts in opposite 

direction against the nanofluid flow, opposing  the 

motion of the nanofluid but suction provides an 

additional effect to the nanofluid flow. Comparing the 

nanofluids, gaseous nanofluid has higher velocity than 

the liquid nanofluid. It is because of fluid viscosity 

and friction on porous surface. 

 It is noticed that the Brownian and thermophoresis 

motion of the nanoparticles provides an alternative 

force in the flow region and its effect on surrounding 

liquids, plays a major role in heat and mass transfer 

characteristics whereas thermal and diffusion 

behaviours of nanoparticles at nanoscale level is 

governed by various parameters. It is noted that 

nanoparticles Brownian motion is important factor in 

governing these behaviour of nanoparticles. Due to 

size of nanoparticles Brownian motion takes place in 

nanofluids system which has a chance of affecting 

heat transfer properties.. 

 The effect of thermal radiation on nanofluids 

influenced by magnetic effect and suction pressure is 

to enhance the temperature. The temperature of the 

nanofluid enhances with increase of the thermal 

radiation parameter . Porosity and absorption of 

shrinking surface induces combined effect on 

radiation parameter, tends to enhance the temperature 

significantly in flow region. Due to the effect of 

suction, shrinking surface exerts a force in flow 

region over diffusion boundary layer hence the 

nanofluid temperature accelerates whereas the 

nanoparticle volume fraction of liquid/ gaseous 

nanofluid on shrinking porous surface firstly 

decreases and then increases ( .75) / .5 . 
 As subjected to stream conditions the skin friction, 

rate of heat transfer and rate of mass transfer is higher 

in Gaseous nanofluids as compared to liquid 

nanofluids. It is because of suction pressure which 

liquid from high pressure area to low pressure area. 

 

We may conclude the flow and heat transfer 

properties of convection boundary layer flow in the 

stagnation-point region influencing suction and magnetic 

field on nanoparticles in liquid and gaseous base fluid can 

be controlled by changing the quantity of the 

thermophoresis and Brownian motion. The problem of 

nanofluid flow and heat transfer at a stagnation-point 

region has important applications in many fields such as 

the power generation in nuclear reactors,nuclear reactor 

coolant, the aerodynamic of plastic sheet, the centralized 

cooling system of high grade machinaries, and so forth.  
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