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ABSTRACT 

An analysis is presented to analyze the momentum and heat transfer behaviour of the laminar wall jet flow of a hydromagnetic flow due to plate with 

nonlinear thermal radiation and convective boundary condition. The governing Partial differential equations are converted as ordinary differential 

equations with the aid of similarity transformation. Further, the transformed equation is resolved using the bvc5c Matlab package. The effect of various 

pertinent parameters on momentum and temperature fields along with the local Nusselt number is discussed with the help of numerical and graphical 

illustrations. It is found that the Biotnumbereffectively enhances the heat transfer rate. 
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1. INTRODUCTION 

Amid the previous couple of decades, the MHD convective heat transfer 

flow play an important role in mechanical and engineering fields. For 

example, expulsion of plastic, paper drying, hot rolling, welding and so 

on. It gives the idea that Sakiadis (1961) initially examined the flow due 

to a semi-boundless evenly moving in an ambient fluid. The impact of 

heat transfer on steady 2-D stagnation point of Newtonian fluid were 

discussed by Mahapatra and Gupta (2002, 2004). The thermal radiation 

also play an important role in the heat transfer, when the coefficient of 

heat transfer are small, it is considered by natural convection. The impact 

of thermal radiation on heat transfer MHD flow past a vertical surface in 

dripping porous media was discussed by Bakier (2001). Mahapatra et al. 

(2012) studied the influence of heat generation and thermal radiation on 

free convection with Darcy- Forchheimer soaked porous medium and 

found that raising the value of thermal radiation enhance the velocity 

profile.  

      Heat transfer analysis, influenced by thermal radiation has  has 

applications in several technological processes, including gas turbines, 

nuclear power plants, and the various propulsion devices for missiles 

aircraft, space vehicles and satellites.In radiation handle the 

electromagnetic waves are in charge of exchange of vitality which divert 

vitality from the discharging object. Pal (2013) examined the radiative 

stream and heat exchange over a porous extending sheet with hall current. 

The flow of nanofluid with blended convection and nonlinear thermal 

radiation were studied by Hayat et al. (2016).  Rashidi et al. (2014) 

worked on the flow due to permeable wedge in the presence of thermal 

radiation and mixed convection. The effect of magnetic field and 

radiation on unsteady MHD flow over a vertical plate was analysed by 

Sandeep et al. (2014). Raju et al. (2015) worked on the MHD flow of 

ferrofluids past a flat plate in the presence of thermal radiation and 

magnetic field and found that increasing values of inclined angle 

increases the skin friction coefficient. 

      The effect of thermophoresis and Brownian motion on free 

convective nanofluid flow between parallel plates were investigated by 

Sheikholeslami and Ganji (2016, 2015, 2014) and Sheikholeslami et al. 

(2016, 2016, 2015). Vajravelu et al. (2013) discussed the unsteady MHD 
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flow on convective heat transfer past a vertical surface with properties of 

variable fluid and concluded that raising value of unsteady parameter 

depreciate the velocity profile. The analytical solution of unsteady MHD 

flow caused by an incautious extending sheet was presented by Kousar 

and Liao (2011). Shaw et al. (2016) presented the thermal radiation effect 

on convection flow in the Casson fluid past a parallel plate with Soret 

and Dufour. They found that increasing value of velocity ratio depreciate 

the velocity profile. The MHD heat and mass transfer on nanofluids 

towards a stretching flat plate with viscous dissipation and thermal 

radiation was analysed by Motsumi and Makinde (2012). 

      Malvandi (2016) studied the magnetic field can tune the physical 

properties of attractive nanofluids on heat transfer past a permeable plate. 

The MHD convective heat transfer flow over vertical plate in the 

presence of thermophoresis and thermal conductivity were discussed by 

Animasaum (2015). Animasaum et al. (2016) studied the MHD heat and 

mass transfer flow on viscoelastic fluid over a stretching surface with 

magnetic field. The comparative study of heat and mass transfer flow 

past a stretching surface with nonlinear thermal radiation were 

investigated by researcher (2015, 2016, 2016, 2017). The steady MHD 

mixed convection flow past a horizontal stretching sheet with thermal 

conductivity was analysed by Animasaun (2017) and concluded that 

temperature profile depreciate with enhancing the melting parameter. 

The numerical study of MHD heat transfer flow towards a stretching 

surface with nonlinear thermal radiation was explained by Sathish Kumar 

(2017, 2017).On the nonlinear thermal radiation in the flow of 47nm 

alumina-water nanofluid upper horizontal surface of paraboloid of 

revolution in the presence of quartic autocatalysis chemical reaction was 

investigated by Animasaun (2016). Abegunrin et al. (2016) discussed the 

effectof nonlinear thermal radiation of the flow of two non-Newtonian 

fluids over an upper horizontal surface of paraboloid of revolution: 

Boundary layer analysis. On the nonlinear thermal radiation in the flow 

of a nanofluid in the presence of random movement of microscopic 

nanoparticles waw discussed by Makinde and Animasaun (2016). 
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      In the present study, the flow and heat transfer characteristic of the 

laminar wall jet flow of a MHD nanofluid in the presence of the effect of 

magnetic field, thermal radiation and Biotnmber is investigated. 

Numerical results are determined by employing Runge-Kutta based 

shooting techniques. Graphs are exhibited and explained for different 

parameters of interest. The effect of apropos parameter on local Nusselt 

number, momentum and heat transfer is talked with the help table and 

graphs. 

2. MATHEMATICAL FORMULATION 

We consider two dimensional fully developed incompressible laminar 

wall jet flow of a Casson fluid at temperature Tfthrough a vertical thin 

slit with convective flow over a plate at temperature Tw parallel to x-axis. 

The spread of fluid over the plate forms a boundary layer and at far field 

the temperature is represented by T∞
. A transversely applied variable 

magnetic field ( )B x  is also present as shown in a Fig.1 

 
 

Fig. 1 Physical geometry of the problem 

 

The equation governing the flow under the aforesaid assumption can be 

written as: 
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To get inside analysis of the problem, we use following similarity 

transformation. 
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We define stream function ψ as 

u
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By applying eq. (6), the Eq. (1) is identically satisfied and a system of 

differential equations is obtained from (2)-(4) as follows. 
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We get the reduced boundary condition by utilizing Eq. (6), 
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Where, the primes denotes the differentiation with respect toη, and Bi  

represent the reduced heat transfer parameter (Biot number). 
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The quantities of engineering interest are friction factor and local Nusselt 

number
xN u are given by 
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3. RESULTS AND DISSCUSION 

The set of ODE’s Eqs. (7) and (8), with the boundary condition Eq. 9 are 

numerically solved by using Runge- Kutta with shooting technique. The 

effect of various pertinent parameters viz., Magnetic field parameter, 

temperature ratio parameter, Biot number, radiation parameter and 

Prandtl number on the flow and heat transfer. Figs. 2-3 shows the 

graphical representation on temperature and velocity distribution for 

various values of the magnetic field parameter. Raising values of 

magnetic field parameter enhances the temperature profiles but the 

velocity profile showing the mixed behaviour. Generally, introducing the 

magnetic field create a drag force due to the Lorentz force and hence the 

result retarding the velocity field. 

      The influence of temperature ratio parameter on temperature profile 

is displayed in Fig. 4. It can be observed that enhancement in temperature 

profile when there is an enhances in the temperature ratio parameters. 

Physically, raising value of temperature ratio parameter to give 

additional heat energy to the flow filed. The effect of radiation parameter 
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temperature profile is display in Fig. 5. It is noticed that increasing values 

of radiation parameter enhance the temperature profiles. It is due that 

raising value of radiation parameter release more heat energy to the flow 

fluid that shows an increasing behaviour of temperature profile. Fig. 6 

reveal the domination Biot number on temperature fields. This is due that 

Biot number is the convective parameter for that it enhances the heat 

close to the surface. 

      Fig. 7 expose the nature of temperature field for various values of 

Prandtl number. The thermal diffusivity is conversely corresponding to 

Prandtlnumber, the ability of exchange the heat will be additionally 

limited. So we observed a fall in temperature field.Table 1 display 

validation for the local Nusselt number. It is noticed from the table, 

raising values of magnetic field parameter depreciate the heat transfer 

rates. Nusselt number increases for higher values of radiation parameter.

  

 

Fig. 2 Effects of M  on temperature profile 

 

Fig. 3 Effects of M  on velocity profile 

 
Fig. 4 Effects of 

w
θ  on temperature profile 

 

Fig. 5 Effects of R  on temperature profile 

 

Fig. 6 Effects of Bi  on temperature profile 
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Fig. 7 Effects of P r on temperature profiles 

 

Table 1 Physical parameter values of '(0)θ− for general fluid 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. CONCLUSION 
This study presents the flow and heat transfer characteristic of the 

laminar wall jet flow of a MHD flow due to plate by considering 

magnetic field with thermal radiation and Biot number. Numerical results 

are determined by employing bvp5c Matlab package. Graphs are 

exhibited and explained for different parameters of interest. The 

conclusions of the present study are as follows: 

• Increasing in Prandtl number enhances the Nusselt number. 

• Radiation parameter have tendency to reduce localNusselt 

number. 

• Rise in the Biot number enhances the heat transfer rate. 

• An increase in temperature ratio parameter depreciate the 

reducedNusselt number. 

• Higher value of magnetic field parameter depreciate the 

reduced Nusselt number 

NOMENCLATURE 

,u v     
-  velocity components along the x and y axes ( /m s ) 

,x y     
- Cartesian coordinates ( m) 

( )B x   
-  magnetic field 

f
ρ        -  density of the fluid (

3
kgm

−
) 

fv      -   kinematic viscosity ( 2 /m s ) 

P        -  Pressure  

fα
       

-  thermal diffusivity 

T        -  temperature of the fluid (k) 

*σ     -  Stefan- Boltzmann constant ( 2 4/W m k ) 

k         -  thermal conductivity ( /W mK ) 

( )p f
cρ - specific heat capacity fluid 

m        -  magnetic field parameter 

wθ
      

-  temperature ratio parameter 

R        -  radiation parameter 

B        - Biot number 

Pr        - Prandtl number 

η
        

-  similarity variable 
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