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Effects of Radiation and Heat Generation on Magnetohydrodynamic 
Free Convection Flow along a Horizontal Cylinder with Conduction

In this paper, the flow characteristics and the heat transfer pro-
cess due to natural convection and conduction along a horizontal 
cylinder in presence of radiation, magnetic and heat generation 
effects are examined. The effects of radiation, magnetic and heat 
generation on electrically conducting fluid in natural convective 
flow along a non-linear system of partial differential equations is 
reduced to local non-similar horizontal cylinder with conduction 
have been studied in this paper. The governing boundary layer 
equations for this phenomenon are transformed into a non-dimen-
sional form and the resulting partial differential forms by adopting 
appropriate suitable transformations. The transformed boundary 
layer equations are then solved numerically by using the implicit 
finite difference method. Numerical results of the velocity profiles 
and temperature distribution, coefficient of local skin friction and 
local rate of heat transfer distribution for the Prandtl number, ra-
diation, magnetic and heat generation parameters are presented 
graphically. Detailed discussion is given for the effects of the 
aforementioned parameters. Significant effect is found in heat 
transfer distribution for Prandtl number and radiation parame-
ter. The thermal boundary layer thickness of Prandtl number is 
clearer than radiation parameter. Important effect is found in heat 
transfer distribution in Heat Generation effect. An excellent graph 
is found in magnetic effect for heat transfer profile, which is as 
like as a spiral situation.
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Nomenclature 

a Outer radius of the cylinder 

b Thickness of the cylinder 

Cfx Local skin friction coefficient 

Cp Specific heat at constant pressure 

F  Body force per unit volume 

f Dimensionless stream function 

g Acceleration due to gravity 

Gr Grashof number 

h Dimensionless temperature 

J  Current density vector 

Nu Nusselt Number or heat transfer 

C Conjugate conduction parameter 

Pr Prandtl number 

T Temperature of the boundary layer 

Tb Temperature at inner side of the cylinder  

Tf Temperature of the fluid  

Tw Temperature of the interface or surface 

Ts Temperature of the solid  

T Temperature of the ambient fluid 

Rd Radiation parameter  

qr Radiative heat flux 

qw Heat flux at the surface 

u  Velocity component in x- direction 

v  Velocity component in y- direction 

BV   Electrical fluid vector 

u Dimensionless velocity component in x- 

direction 

v Dimensionless velocity component in y- 

direction 

x  Cartesian coordinate along the 

circumference 

y  Cartesian coordinate normal to the 

cylinder 

x Dimensionless Cartesian coordinate in x 

direction 

y Dimensionless Cartesian coordinate in y 

direction 

Greek Symbols 

r  Rosseland mean absorption coefficient 

  Coefficient of thermal expansion 

 Vector differential operator 

 Dimensionless temperature 

w  Dimensionless temperature of the 

surface or interface  

k  Coefficient of thermal conductivity  

 Thermal conductivity of the ambient fluid 

s
  Thermal conductivity of the solid 

f
  Thermal conductivity of the fluid 

  Thermal conductivity  

 Viscosity of the fluid 

e Magnetic permeability of the fluid 

 Kinematic viscosity 

 Density of the fluid inside the boundary 

layer 

 Electrical conductivity of the fluid 

s Scattering coefficient 

w Shearing stress 

 Stream function 

1. INTRODUCTION 

The physical model of this thesis is a horizontal 

cylinder. It is placed in a fluid which is electrically 

conducting. Now a day radiation is the hot cake 

for researchers. Radiation effects on free 

convection boundary layer flow with various 

shapes such as wavy surface, vertical flat plate, 

sphere, cylinder etc. have been studied among 

researchers because it has become most 

important in recent years. The reason is the 

thermal radiation effects on free convection flow 

are important in engineering applications such 

as in advanced types of power plants for nuclear 

rockets, high-speed flights, re-entry vehicles and 

processes involving high temperature. 

The specific problem selected for the study is the 

flow and the heat transfer in an electrically 

conducting fluid around the horizontal circular 

cylinder. 
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Electrically conducting fluid flow in presence of 

the effect of magnetic and heat conduction 

problems are important from the technical point 

of view and such types of problems have 

received much attention by many researchers. 

In electronics in particular and in physics broadly 

used these terms. It is established that heat 

generation effects are generally rather more 

important both for gases and liquids. 

Convection is the mode of energy transfer 

between a solid surface and the adjacent liquid 

or gas that is in motion and it involves the 

combined effects of conduction and fluid motion. 

The faster the fluid motion, the greater the 

convection heat transfer. 

Convection is the transfer of heat by the actual 

movement of the warmed matter. Convection is 

the transfer of heat energy in a gas or liquid by 

movement of currents. Considerable convection 

is responsible for making macaroni rise and fall 

in a pot of heated water. The warmer portions of 

the water are less dense and therefore, they rise. 

Mean while, the cooler portions of the waterfall 

because they are denser. Conduction is most 

effective in solids but it can happen in fluids. 

Radiation is the process in which energy is 

emitted as particles or waves. It is the complete 

process in which energy is emitted by one body, 

transmitted through an intervening medium or 

space, and absorbed by another body. It is the 

energy transferred by these processes.  

It is readily recognized that a wealth of 

information is now available on convective heat 

and mass transfer for viscous (Newtonian) fluids. 

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 past a body. 

Hannes Alfven [1] was the first to introduce the 

term ‘Magnetohydrodynamics’ and received the 

Nobel Prize for his work on MHD. 

Magnetohydrodynamics (MHD; also magneto-

fluid dynamics or hydromagnetics) is the study 

of the magnetic properties of electrically 

conducting fluids. Examples of such 

magnetofluids include plasmas, liquid metals, 

salt water and electrolytes. The word 

‘Magnetohydrodynamics’ is derived from 

magneto-meaning magnetic field, hydro 

meaning water, and dynamics meaning 

movement. The fundamental concept behind 

MHD is that magnetic fields can induce currents 

in a moving conductive fluid, which in turn 

polarizes the fluid and reciprocally changes the 

magnetic field itself.   

Magneto hydrodynamics involves magnetic 

fields (Magneto) and fluids (hydro) that conduct 

electricity and interact (dynamics). MHD 

technology is based on a fundamental law of 

electromagnetism. When a magnetic field and 

an electric current intersect in a liquid, their 

repulsive intersection propels the liquid in a 

direction perpendicular to both the field and the 

current. 

Heat generation or absorption in fluid is 

important. Heat generation effects may even 

change the temperature distribution, as a result, 

the rate particle deposition in nuclear reactors, 

electronic chips and semiconductor wafers. 

Heat generation is a volumetric phenomenon. 

That is, it occurs throughout the body of a 

medium. Therefore, the rate of heat generation 

in a medium is usually specified per unit volume. 

Heat generation is the ability to emit greater-

than-normal heat from the body.  

Model studies of the free and mixed convection 

flows have earned reputations because of their 

applications in geophysical, geothermal and 

nuclear engineering problems. Also the 

problems of various types of shapes over or on 

a free convection boundary layer flow have been 

studied by many researchers. Amongst them  

Amongst them Soundalgekar et al. [2] have 

studied the combined free and forced convection 

flow past a semi-infinite vertical plate with 

variable surface temperature. Takhar et al. [3] 

examined radiation effects on MHD free 

convection flow of a gas past a semi-infinite 

vertical plate. Later Chamkha et al. [4] have 
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analyzed radiation effects on free convection 

flow past a semi-infinite vertical plate with mass 

transfer. Pattnaik et al. [5] assessed radiation 

and mass transfer effects on MHD flow through 

porous medium past an exponentially 

accelerated inclined plate with variable 

temperature. All of them did not consider 

horizontal cylinder. Merkin [6] examined free 

convection boundary layer on an isothermal 

horizontal cylinder. Again Merkin [7] has studied 

free convection boundary layers on cylinders of 

elliptic cross section. Merkin and Pop [8] 

analyzed conjugate free convection on a vertical 

surface, a note on the free convection boundary 

layer on a horizontal circular cylinder with 

constant heat flux. They did not consider 

radiation effects. Abo-eldahab and Salem [9] 

have examined radiation effects on MHD free 

convection flow of a gas past a semi- infinite 

vertical plate. Cogley et al. [10] have studied 

differential approximation for radiation transfer in 

a non gray near equilibrium. Miyamoto et al. [11] 

studied the effect of axial heat conduction in a 

vertical flat plate on free convection heat 

transfer. Pozzi and Lupo [12] investigated the 

coupling of conduction with laminar convection 

along a flat plate. Pop et al. [13] examined the 

conjugate mixed convection on a vertical surface 

in porous medium. Gebhart [14] investigated the 

effect of dissipation on natural convection. 

Takhar and Soundalgekar [15] studied the 

dissipation effects on MHD free convection flow 

past a semi-infinite vertical plate. Khan [16] 

investigated the conjugate effect of conduction 

and convection with natural convection flow from 

a vertical flat plate and in an inclined square 

cavity. Mamun [17] studied the effects of 

conduction and convection on 

magnetohydrodynamic flow with and without 

viscous dissipation from a vertical flat plate. 

Alam et al. [18] analyzed free convection from a 

vertical permeable circular cone with pressure 

work and non-uniform surface temperature. 

Rahaman et al. [19] investigated the effects of 

temperature dependent thermal conductivity on 

MHD free convection flow along a vertical flat 

plate with heat conduction. Rahaman and Alim 

[20] analyzed numerical study of MHD free 

convective heat transfer flow along a vertical flat 

plate with temperature dependent thermal 

conductivity. Nasrin and Alim [21] studied the 

combined effects of viscous dissipation and 

temperature dependent thermal conductivity on 

MHD free convection flow with conduction and 

joule heating along a vertical flat plate. Alim et al. 

[22] analyzed the combined effect of viscous 

dissipation & joule heating on the coupling of 

conduction & free convection along a vertical flat 

plate. Alim et al. [23] investigated joule heating 

effect on the coupling of conduction with MHD 

free convection flow from a vertical flat plate. 

Merkin and Pop [24] assessed a note on the free 

convection boundary layer on a horizontal 

circular cylinder with constant heat flux. Molla et 

al. [25] examined natural convection flow from 

an isothermal sphere with temperature 

dependent thermal conductivity. Islam et al. [29] 

studied Effects of Thermal Conductivity of Fluid 

on Free Convection Flow along a Vertical Flat 

Plate with Transverse Conduction. Islam et al. 

[30] assessed Effects of Conduction Variation on 

Natural Convection Flow along a Vertical Flat 

Plate. Islam et al. [31] have studied Effects of 

Conduction Variation on MHD Natural 

Convection Flow along a Vertical Flat Plate with 

Thermal Conductivity. Hossain and Takhar [32] 

studied radiation effect on mixed convection 

along a vertical plate with uniform surface 

temperature. Deka and Das [33] assessed 

radiation effects on free convection flow near a 

vertical plate with ramped wall temperature. 

Nazar et al. [34] studied free convection 

boundary layer flow on a horizontal circular 

cylinder with constant heat flux in a micropolar 

fluid. Nazar et al. [35] again analyzed free 

convection boundary layer on an isothermal 

sphere in a micropolar fluid. Aldoss et al. [36] 

examined MHD mixed convection from a 

horizontal circular cylinder. Özisik [37] analyzed 

Radiative Transfer and Interactions with 

Conduction and Convection. Hossain et al. [38] 

assessed the effect of radiation on free 

convection from a porous vertical plate. Miraj et 

al. [39] studied effect of radiation on natural 
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convection flow on a sphere in presence of heat 

generation. Ali et al. [40] investigated Conjugate 

effects of Radiation and Joule Heating on 

Magnetohydrodynamic Free Convection Flow 

along a sphere with Heat Generation. Miraj et al. 

[41] analyzed effects of pressure work and 

radiation on natural convection flow around a 

sphere with heat generation.  

The specific problem selected for the study is the 

flow and the heat transfer in an electrically 

conducting fluid along the horizontal cylinder. 

The present study is to incorporate the idea of 

the effects of radiation, magnetohydro-

dynamic(MHD) and heat generation on natural 

convection boundary layer flow along a 

horizontal cylinder with conduction considering 

the thickness of the cylinder. 

2. MATHEMATICAL FORMULATION OF THE 

PROBLEM 

We consider a steady two-dimensional laminar 

natural convection flow of an electrically 

conducting, viscous and incompressible fluid 

along a horizontal cylinder of radius a and 

thickness b (Fig.-1). It is assumed that the 

temperature at the outer surface of the plate is 

maintained at a constant temperature Tb, where 

Tb > T  (the ambient temperature of the fluid). 

The y - axis i.e. normal direction to the surface 

and x - axis is taken along the circumference of 

the cylinder. The coordinate system and the 

configuration are shown in Figure - 1. 

 

 

Figure - 1: Physical model and coordinate system 

 

The governing equations of such laminar flow 

with radiation along a horizontal cylinder under 

the Boussinesq approximations 

)](1[  −−= TTb , where   and T  are the 

density and temperature respectively outside the 

boundary layer. For the present problem for 

continuity, momentum and energy equation take 

the following form 

0
u v

x y

 
+ =

 
 (1) 

2 2
0

2
( )sinf

u u u x B u
u v g T T

x y ay


 




    
+ = + − − 
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Here   is coefficient of volume expansion. The temperature dependent thermal conductivity, which 

is used by Rahaman [19] as follows 

)](1[  −+= TT ff    (4) 

Where   is the thermal conductivity of the ambient fluid and  is a constant, defined as

1

f fT






 
=  

 
. The appropriate boundary condition is to be satisfied by the above equations are  

0, 0

0, 0
( ,0), ( )

0, , 0

f s
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u v
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T T x T T
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  (5) 

The non-dimensional governing equations and boundary conditions can be obtained from equations 

(1)- (3) using the following dimensionless quantities 

1 1 1

4 2 4

3

2

, , , , ,

( )
, , 1,

f w b
w w

b

x y ua va
x y Gr u Gr v Gr

a a

T T T g a T T
Gr

T T T




  


  



− −

 

 

= = = = =

− −
= =  = − =

−

  (6) 

Where Gr is the Grashof number,  is the dimensionless temperature. The radiation heat flux is the 

following form  

( )

4
4

3
r

r s

T
q

y



 


= −

+ 
 (7) 

Now from equations (1)-(3), we get equations by using the following dimensionless quantities. 

0
u u

x y

 
+ =

 
  (8) 

2

2
sin

u u u
u v Mu x

x y y


  
+ + = +

  
  (9) 

( )( )
2

3

2

1 1 4
1 1

Pr Pr 3
wu v Rd Q

x y y yy

   
  

      
+ = + + − +  

      
  (10) 

Where Pr
pC


=  is the Prandtl number and 

( )

3
4

r s

T
Rd



  
=
+

 is the dimensionless radiation 

parameter. The corresponding boundary conditions (5) then take the following form 

0, 0, 1 0, 0

0, 0 , 0

u v C on y x
y

u as y x







= = − = = 



→ → → 

  (11) 
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Here 1 4f

s

C Gr
b





 
=  
 

 is the conjugate conduction 

parameter. The described problem is governed 

by the coupling parameter C. In actual fact, 

magnitude of O(C) depends on the ratio b/a , 

f

s




and Grashof number.Gr. The ratio b/a and 

f

s




 are less than unity where as Gr is large for 

free convection. Therefore the value of C is 

greater than zero. Since a is small, the term b/a 

becomes greater than one. For air, 
f

s




 attains 

very small values if the cylinder is highly 

conductive and reaches the order 0.1 for 

materials such as glass. Therefore in different 

cases C. is different but not always a small 

number. In the present investigation we have 

considered C = 0 which is accepted for free 

convection problem without conduction. 

To solve the equations (9) and (10) subject to the 

boundary conditions (11) the following 

transformations are proposed  

( , ), ( , )xf x y x y  = =   (12) 

Here  is the non-dimensional stream function which satisfies the continuity equation and is related 

to the velocity components in the usual way as 

1
u

r y


=


 And 

1
v

r x


= −


  (13) 

Substituting (12) - (13) into the equation (9) - (10) the momentum and energy equations are 

transformed for the new co-ordinate system. Thus the following equations 

 

2 sin
2

x f f
f ff f Mf x f f

x x x


  
     + − − + = − 

  
  (14) 

 

( )( )
31 1 4

1 1 2
Pr Pr 3

wRd Q f

f
x f

x x

     




  
  + + − + +  

  

  
 = − 
  

  (15) 

 

Where prime denote partial differentiation with respect to y. The boundary conditions as mentioned 

in equation (11) then take the following form 

( ,0) ( ,0) 0, 1

( , ) 0, ( , ) 0 , 0

f x f x C
y

f x x asy x







= = − =



  →  → → 

At 0, 0y x=    (16) 

 

The set of equations (14) and (15) together with the boundary conditions (16) are solved by applying 

implicit finite difference method with Keller-box elimination technique [26] scheme. 

In practical point of view, it is important to calculate the values of the velocity and temperature 

distributions. These can written in the non-dimensional forms as 

( ), , ( , )u f x y x y = =   (17) 
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From the process of numerical computation, in practical point of view, it is important to calculate the 

principle physical quantities, the values of the surface shear stress (shearing stress) and the rate of 

heat transfer in terms of the skin friction coefficient and Nusselt number respectively. 

2

w
fxC

u



 

=  And 
( )

w

w

aq
Nu

T T 

=
−

  (18) 

Where 0[ ( ) ]w yu y  ==    is the shearing stress and
0

0

( )w r y

y

T
q q

y
 =

=

 
= − + 

 

. 

Using the new variables described in (6) and the boundary conditions (16) into (18), the local skin 

friction co-efficient and Nusselt number can be written as  

1

4 ( ,0)fxC Gr xf x=  And 
1

34

0

4
1

3
w

y

NuGr Rd
y




−

=

  
= − +  

  

  (19)  

3. NUMERICAL METHOD OF SOLUTION  

In this chapter reports the effects of radiation and 

heat generation on MHD free convection flow on 

electrically conducting fluid along a horizontal 

cylinder with conduction. Along with the 

boundary conditions (16), the solution of the 

parabolic non-linear ordinary differential 

equations (14) and (15) will be found by using 

the implicit finite difference method together with 

Keller-box elimination technique or scheme [26] 

which is well documented by Cebeci and 

Bradshaw [27] and widely used by Hossain et al. 

[28]. 

4. RESULTS AND DISCUSSION 

The objective of this present simulation is to 

assess the conjugate effect of radiation and heat 

generation on MHD natural convective flow on 

electrically conducting fluid along a horizontal 

cylinder. In this simulation the values of the 

Prandtl number Pr are considered to be 0.733, 

1.000, 2.000, 3.000 and 4.000 that corresponds 

to Hydrogen, Steam, Sulfur dioxide, Ammonia 

and Methyl Chloride respectively. Detailed 

numerical results of the velocity, temperature, 

skin friction coefficient and heat transfer profiles 

obtained for different values of Prandtl number, 

Radiation parameter, Magnetic parameter and 

Heat Generation parameter are presented 

graphically. Numerical computations are carried 

out from a range of Radiation variation 

parameter Rd = 0.01, 0.20, 0.40, 0.60, 0.80, 

Magnetic parameter M = 0.10, 0.22, 0.32, 0.42, 

0.52 and Heat Generation parameter Q = 0.01, 

0.20, 0.40, 0.60, 0.80. Solutions are obtained 

from some of these test values of Prandtl 

number Pr, Radiation parameter Rd, Magnetic 

parameter M and Heat Generation parameter Q. 

The velocity and the temperature fields obtained 

from the solutions of the equations (17) and the 

local skin friction coefficient and heat transfer 

distribution fields obtained from the solutions of 

the equations (19) are depicted in figures 2 to 9. 

The effect of Prandtl number Pr on the velocity 

and temperature profiles against y within the 

boundary layer with Rd = 0.80, M = 0.10 and Q 

= 0.01 is shown in figures 2(a) and 2(b), 

respectively. It is seen from figures 2(a) and 2(b) 

that the velocity and temperature decrease 

within the boundary layer for the upper values of 

Pr. It means that the velocity boundary layer and 

the thermal boundary layer thickness expand for 

large values of Pr. It is observed that the 

significant effect is found in both of these cases. 

Figures 3(a) and 3(b) illustrate the velocity and 

temperature profiles against y for different 

values of Radiation parameter Rd with Pr = 

0.733, M = 0.10 and Q = 0.01. From figure 3(a), 

it is observed that the velocity increases as well 

as its position moves towards the interface with 

the increasing values of Rd. From figure 3(b), it 

is seen that the temperature profiles shift upward 

with the increasing values of Rd.  

Figures 4(a) and 4(b) deal with the effect of 

different values of the Magnetic parameter M in 
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the velocity and temperature profiles against y 

with Pr = 0.733, Rd = 0.80 and Q = 0.01. From 

figure 4(a), it is observed that the velocity 

decreases with the increasing values of M. From 

figure 4(b), it is seen that the temperature 

profiles shift upward with the increasing values 

of M. Opposite situation exists in velocity and 

temperature profiles for Magnetic parameter. 

Figures 5(a) and 5(b) describe the behavior of 

the velocity and temperature profiles against y 

for different values of the Heat Generation 

parameter Q with Pr = 0.733, Rd = 0.80 and M = 

0.10. From figure 5(a), it is observed that the 

velocity increases with the increasing values of 

Q. From figure 5(b), it is seen that the 

temperature profiles shift upward with the 

increasing Q. Same situation exists in velocity 

and temperature profiles for Heat Generation 

parameter. 

Figures 6(a) and 6(b) illustrate the effect of the 

Prandtl number Pr on the skin friction coefficient 

( ) ( )1 4 34
3

1 ,0fx wC Gr Rd x − = − +  and heat transfer 

( )1 4 ,0NuGr xf x=  against x with Rd = 0.80, M = 

0.10 and Q = 0.01.  It is seen that the skin friction 

decreases for the increasing values of Pr. It is 

found that the heat transfer increases for 

increasing values of Pr and increases along the 

positive y direction for a particular value of Pr. 

But the converse result is observed for the local 

rate of heat transfer distribution from figure 6(b) 

with skin friction coefficient. This is expected 

because the higher values for the Prandtl 

number accelerate the fluid flow and decreases 

the velocity and temperature as mentioned in 

figure 2(a) and 2(b) respectively. 

Figures 7(a) and 7(b) deal with the effect of 

Radiation parameter Rd on the local skin friction 

and local rate of heat transfer distribution against 

x with Pr = 0.733, M = 0.10 and Q = 0.01. It is 

observed from figure 7(a) that the skin friction 

increases for increasing values of Rd. From 

figure 7(b), it is seen that the heat transfer 

decreases when the values of Rd increases. 

Significant effect is found in heat transfer 

distribution in radiation effects. 

Figures 8(a) and 8(b) show the effect of the 

Magnetic parameter M in the skin friction 

distribution and rate of heat transfer distribution 

against x with Pr = 0.733, Rd = 0.80 and Q = 

0.01. It is observed from figure 8(a) that the skin 

friction coefficient decreases for the upper 

values of M. From figure 8(b), it is seen that the 

heat transfer distribution increases and 

decreases for the increasing values of M. It is 

observed that a remarkable graph is found for 

heat transfer profile, which is as like as a spiral 

situation.  

Figures 9(a) and 9(b) deal with the effect of Heat 

Generation parameter Q in the skin friction and 

heat transfer against x with Pr = 0.733, Rd = 0.80 

and M = 0.10. It is observed from figure 9(a) that 

the skin friction increases for upper values of Q. 

From figure 9(b), it is seen that the heat transfer 

decreases when the values of Q is higher. Here 

the heat transfer distribution profile has an 

excellent shape. Important effect is found in heat 

transfer distribution in Heat Generation effect. 

 

     

Figure 2(a) Velocity and (b) Temperature profiles against y for different values of Pr with Rd = 

0.80, M = 0.10 and Q = 0.01. 
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Figure 3(a) Velocity and (b) Temperature profiles against y for different values of Rd with Pr = 

0.733, M = 0.10 and Q = 0.01. 

 

     

Figure 4(a) Velocity and (b) Temperature profiles against y for different values of M with Pr = 

0.733, Rd = 0.80 and Q = 0.01. 

 

     

Figure 5(a) Velocity and (b) Temperature profiles against y for different values of Q with Pr = 

0.733, Rd = 0.80 and M = 0.10. 

 

     

Figure 6(a) Skin friction coefficient and (b) Heat transfer distribution against x for different 

values of Pr with Rd = 0.80, M = 0.10 and Q = 0.01 
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Figure 7(a) Skin friction coefficient and (b) Heat transfer distribution against x for different 

values of Rd with Pr = 0.733, M = 0.10 and Q = 0.01. 

 

 

     

Figure 8(a) Skin friction coefficient and (b) Heat transfer distribution against x for different 

values of M with Pr = 0.733, Rd = 0.80 and Q = 0.01. 

 

 

     

Figure 9(a) Skin friction coefficient and (b) Heat transfer distribution against x for different 

values of Q with Pr = 0.733, Rd = 0.80 and M = 0.10. 
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Table A: Comparison of the present numerical results of skin friction coefficient with Prandtl number 

Pr = 1.00, Rd = 0, M = 0 and Q = 0 against x. 

( )1 4 ,0fxC Gr xf x=
 

x  Merkin (1976) Nazar et al. (2002) Present work 

0.0 0.0000 0.0000 0.0000 

/6 0.4151 0.4148 0.4149 

/3 0.7558 0.7542 0.7549 

/2 0.9579 0.9545 0.9558 

2/3 0.9756 0.9698 0.9654 

5/6 0.7822 0.7740 0.7746 

 0.3391 0.3265 0.3264 

Table B: Comparison of the present numerical results of heat transfer 

( )1 4 34
3

1 ( ,0)wNuGr Rd x − = − + )0,(x  with Prandtl number Pr = 1.00, Rd = 0, M = 0 and Q = 0 against 

x. 

( )1 4 34
3

1 ( ,0)wNuGr Rd x − = − +
 

x  Merkin (1976) Nazar et al. (2002) Present work 

0.0 0.4214 0.4214 0.4214 

/6 0.4161 0.4161 0.4164 

/3 0.4007 0.4005 0.4008 

/2 0.3745 0.3741 0.3745 

2/3 0.3364 0.3355 0.3363 

5/6 0.2825 0.2811 0.2823 

 0.1945 0.1916 0.1941 

6. CONCLUSION 

The effects of radiation and heat generation on 

MHD free convection flow on electrically 

conducting fluid along a horizontal cylinder have 

been presented graphically. From this 

investigation the following conclusions may be 

drawn 

• The velocity within the boundary layer 

increases for decreasing values of Pr, M 

and for increasing values of Rd, Q. 

• The temperature within the boundary layer 

increases for increasing values of Rd, M, 

Q and for decreasing values of Pr. 

• The local skin friction coefficient 

decreases for the increasing values of Pr, 

M and increases for increasing values of 

Rd, Q. 

• An increase in the values of Pr leads to an 

increase in heat transfer. On the other 

hand, it decreases for increasing values of 
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Rd, Q. But the heat transfer distribution 

both increases and decreases when 

increasing the values of M. It is important 

that an excellent graph is found for heat 

transfer profile, which is as like as a spiral 

situation. 

• The presence of a magnetic field normal 

to the flow in an electrically conducting 

fluid introduces a Lorenz force, which acts 

against the flow. This resistive force tends 

to slow down the flow and hence the fluid 

velocity decreases with the increase of the 

Magnetic parameter. Since there is a 

friction between magnetic field and fluid 

flow that produces heat, as a result the 

temperature profiles increase with the 

increasing values of the Magnetic 

parameter and the heat transfer rate in 

spiral situation exist for increasing of the 

Magnetic parameter. Since the velocity 

decreases for the increasing values of 

Magnetic parameter, so skin friction both 

reduce and increase for increasing values 

of Magnetic parameter. 
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