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1. INTRODUCTION 
     The effects of pressure work and radiation on MHD 

free convection flow along various geometrical shapes 

such as vertical flat plate, cylinder, sphere etc, have been 

studied by many investigators. Radiation effects on free 

convection flow are important in the context of space 

technology and processes involving high temperatures 

but comparatively less information about the effects of 

radiation on the boundary layer flow is available than 

convection and conduction heat transfer from fluid flow 

past a body. Hossain and Takhar [1] have analyzed the 

effects of radiation using the Rosseland diffusion 

approximation. Alim et al. [2-3] consider the pressure 

work effect along a circular cone and stress work effects 

on MHD natural convection flow along a sphere and 

Akhter [4] studied the effects of pressure work on natural 

convection flow around a sphere with radiation heat loss. 

Limitations of this approximation are discussed briefly in 

Özisik [5].  Miraj et al. [6] studied the effect of radiation 

on natural convection flow on a sphere in presence of 

heat generation. Molla et al [7] have studied the problem 

of natural convection flow along a vertical wavy surface 

with uniform surface temperature in presence of heat 

generation or absorption. Hossain [8] introduced the 

viscous and Joule heating effects on MHD-free 

convection flow with variable plate temperature. In the 

present work, the effects of pressure work and radiation 

on magnetohydrodynamic free convection flow along a 

sphere with joule heating have been investigated. 

Transformed governing equations of the present problem 

with the appropriate boundary conditions have been 

solved numerically using Keller box method by Keller 

[10]. 

 

 

2. FORMULATION OF THE PROBLEM 
     It is assumed that the constant temperature at the 

surface of the sphere is Tw, where Tw > T  . Here T is the 

ambient temperature of the fluid, T is the temperature of 

the fluid in the boundary layer, g is the acceleration due 

to gravity and (U,V) are velocity components along the 

(X,Y) axes. The physical configuration considered is as 

shown in Figure 1. 
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Fig 1. Physical model and coordinate system 

 

     Under the Boussinesq and boundary layer 

approximations, the governing equations for continuity, 

momentum and energy take the following forms: 
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     where   ( ) sin ( / )r X a X a is the radial distance from 

the centre to the surface of the sphere, k is the thermal 

conductivity,  is the coefficient of thermal expansion, B0 

is the strength of magnetic field, 0  is the electrical 

conductivity,  (= /) is the kinematic viscosity,   is the 

viscosity of the fluid,  is the density and. cp is the 

specific heat due to constant pressure. The above 

equations are non-dimensionalised using the following 

new variables: 
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     where Gr is the Grashof number,   is the 

non-dimensional temperature function, w is the surface 

temperature parameter and qr is the radiation heat flux. 

The Rosseland diffusion approximation proposed by 

Siegel and Howell [9] is given by simplified radiation 

heat flux term as: 
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     where ar is the Rosseland mean absorption 

co-efficient, s is the scattering co-efficient and  is the 

Stefan-Boltzmann constant. Substituting (5) and (6) into 

Eqs. (1), (2) and (3) lead to the following 

non-dimensional equations 
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     where Ge is the pressure work parameter, J is the joule 

heating parameter, Pr is the Prandtl number and Rd is the 

radiation parameter defined  respectively as  
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     To solve Eqs. (9) and (10) with the help of following 

variables 

( ) ( , ), ( , ), ( ) sinr f r                   (12) 

where   is the stream function defined by  
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     Using the above transformed values in Eqs. (9) and 

(10) and simplifying, we have the following equation:  
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     It can be seen that near the lower stagnation point of 

the sphere, i.e., ξ  0, Eqs. (14) and (15) reduce to the 

following ordinary differential equations:  
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     The skin friction coefficient Cf and Nusselt number 

Nu, which can be written in non- dimensional form as 
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where w  is the shear stress and wq  is the  heat flux at 

the surface defined respectively as 
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     where qc is conduction heat flux and qr  is the radiation 

heat flux. Using Eqs. (5), (6), boundary condition (19) 

and putting the values of w  and wq  in Eq.(20) and 

simplifying we get the following equations  
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     We discuss the velocity profiles as well as the 

temperature profiles for a selection of parameter sets.  

 

 

3. RESULTS AND DISCUSSION  
     Numerical values of the present problem are obtained 

in terms of velocity profiles, temperature profiles, skin 

friction coefficient and the rate of heat transfer. The 

effects for different values of radiation parameter Rd the 

velocity profiles and temperature profiles in case of Pr = 

0.72, M = 0.50, J = 0.50 and Ge = 1.00 are shown in 

Figures 2(a) and 2(b) respectively. It is observed from 

Figure 2(a) that the velocity as well as the boundary layer 

thickness increase with increasing radiation parameter 

Rd. Figure 2(b) displays the results for the higher values 

of radiation parameter Rd, the peak value of temperature 

is less and the thermal boundary layer thickness increases 

due to the lower temperature gradient. In Figure 3(a) it is 

shown that when the Prandtl number Pr increases the 

velocity and the boundary layer thickness decrease. It is 

observed from Figure 3(b) that for higher values of 

Prandtl number Pr, the maximum value of temperature is 

higher and the thermal boundary layer thickness 

decreases due to the higher temperature gradient. It has 

been seen from Figure 4(a) that the velocities rise up to 

the position of  = 1.23788, 1.30254, 1.36929, 1.43822 

and 1.50946 for M = 0.10, 0.50, 1.00, 1.50 and 2.25 

respectively and from those position of  velocities fall 

down. Figure 4(b) display results for the temperature 

profiles, for different values of magnetic parameter M 

with pertinent parameters. It has been seen from Figures 

5(a) and 5(b) that as the joule heating parameter J 

increases, both the velocity  and temperature profiles 

increase up to the certain position of  and from those 

position of  the velocity and temperature profiles 

changes and cross the sides and then decrease little bit 

slowly. The variation of pressure work parameter Ge on 

velocity profiles and temperature profiles while Rd =1.00, 

Pr = 0.72, M=0.50 and J = 0.50 are shown in Figures 6(a) 

and 6(b). We observed that due to the change of Ge from 

0.10 to 2.00 the velocity rises up 106.13%. Again in 

Figure 6(b) small value of Ge (= 0.10) gives the typical 

temperature profiles which is maximum temperature at 

the wall then it gradually decrease along -direction.  

     Figures 7(a) and 7(b) display results of the skin 

friction coefficient and the rate of heat transfer for 

different values of radiation parameter Rd with Pr = 0.72, 

M = 0.50, J = 0.50 and Ge = 1.00. From Figure 7(a) has 

been that as the radiation parameter Rd increases, the 

skin friction coefficient decreases. It has been seen from 

Figure 7(b) that as the radiation parameter Rd increases, 

the rate of heat transfer increases up to the some position 

of  and from that position the rate of heat transfer 

decreases. Figures 8(a) and 8(b) display results of the 

skin friction coefficient and  the rate of heat transfer for 

different values of Prandtl number Pr with Rd = 1.00, M 

= 0.50, J = 0.50 and Ge= 1.00. The skin friction 

coefficient increases for increasing values of Prandtl 

number Pr. Again Prandtl number Pr  increases the rate 

of heat transfer increases up to the some position of  and 

from that position of   the rate of heat transfer decreases.  
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Fig 2. (a) Velocity profiles and (b) Temperature 

profiles for different values of Rd when  Pr = 0.72,  M 

= 0.50, J = 0.50 and Ge = 1.00 
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Fig 3. (a) Velocity profiles and (b) Temperature 

profiles for different values of Pr when  Rd = 1.00, M 

= 0.50, J = 0.50 and Ge = 1.00 
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Fig 4. (a) Velocity profiles and (b) Temperature profiles 

for different values of M when Rd = 1.00, Pr = 0.72, J = 

0.50 and Ge = 1.00 

 

     In Figure 9(a), the increasing values of magnetic 

parameter M while Rd =1.00, Pr = 0.72, J = 0.50 and Ge 

= 1.00, skin friction coefficient Cf  decreases. The effects 

of rate of heat transfer for different values of magnetic 

parameter M with Rd =1.00, Pr = 0.72, J = 0.50 and Ge = 

1.00 are shown in Figure 9(b). Here, it observed that at ξ 

= 0.03491, the rate of heat transfer decreases by 15.47% 

and at ξ = 1.03900, the rate of heat transfer increases by 

16.53%  for increasing of  the magnetic parameter. From 

figures 10(a)-10(b) we observed that the skin friction 

coefficient Cf increases significantly and heat transfer 

coefficient Nu decreases for increasing values of joule 

heating parameter. Figure 11(a) shows the skin friction 

coefficient increases for different increasing values of 

pressure work parameter and in 11(b) gradually 

decreases for higher values of pressure work parameter 
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Fig 5. (a) Velocity profiles and (b) Temperature profiles 

for different values of  J when Rd = 1.00, Pr = 0.72,  M = 

0.50 and Ge = 1.00 
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Fig 6. (a) Velocity profiles and (b) Temperature profiles 

for different values of  J when Rd = 1.00, Pr = 0.72,  M = 

0.50 and J = 0.50 
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Fig 7. (a) Skin friction coefficient and (b) Rate of heat 

transfer for different values of Rd when  Pr = 0.72, M 

= 0.50, J = 0.50 and Ge = 1.00 
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Fig 8. (a) Skin friction coefficient and (b) Rate of heat 

transfer for different values of Pr when  Rd = 1.00, M 

= 0.50, J = 0.50 and Ge = 1.00 
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Fig 9. (a) Skin friction coefficient and (b) Rate of heat 

transfer for different values of M when Rd = 1.00, Pr 

= 0.72 , J = 0.50 and Ge = 1.00 
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Fig 10. (a) Skin friction coefficient and (b) Rate of 

heat transfer for different values of  J when Rd = 1.00, 

Pr = 0.72, M = 0.50 and Ge = 1.00 
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Fig 11. (a) Skin friction coefficient and (b) Rate of 

heat transfer for different values of  J when Rd = 1.00, 

Pr = 0.72,  M = 0.50 and J = 0.50 
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4. CONCLUSION  
     From the present investigation the following 

conclusions may be drawn: 

     The velocity profiles increases for increasing values 

of radiation parameter Rd , pressure work parameter Ge 

and the velocity profiles decreases for increasing values 

of Prandtl number Pr. Also the velocity profiles cross the 

sides  for the values of magnetic parameter M and joule 

heating parameter J. The temperature profiles increases 

for increasing values of pressure work parameter Ge. But 

the temperature profiles cross the sides for the values of 

radiation parameter Rd , Prandtl number Pr,  magnetic 

parameter M and joule heating parameter J. For 

increasing values of Prandtl number Pr, joule heating 

parameter J and pressure work parameter Ge the skin 

friction coefficient increases and for increasing values of 

radiation parameter Rd and magnetic parameter M and 

joule heating parameter J the skin friction coefficient 

decreases. The rate of heat transfer decreases 

significantly when the values of joule heating parameter 

J and pressure work parameter Ge increases.  
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6. NOMENCLATURE 
 

Symbol Meaning Unit 

 a Radius of the sphere (m) 

ar Rosseland mean absorption 

coefficient 

(m
3
/s) 

Cf Skin-friction coefficient – 

Ge Pressure work parameter – 

J Joule heating parameter – 

M Magnetic parameter – 

Nu Nusselt number  

Pr Prandtl number – 

T Temperature of the fluid in 

the boundary layer 

(K) 

U Velocity component along 

the surface  

(ms
-1

) 

V Velocity component 

normal to the surface 

(ms
-1

) 

u Dimensionless velocity 

along the surface 

–  

v Dimensionless velocity 

normal to the surface 

– 

X Coordinate along the 

surface   

(m) 

Y Coordinate normal to the 

surface   

(m) 

 Dimensionless coordinate 

along the surface  

– 

 Dimensionless coordinate 

normal to the surface 

– 

 Stream function (m
2
s

-1
) 
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