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Abstract 
 

This paper presents the effect of radiation on the 
magnentohydrodynamics flow of an electrically conducting fluid inside an 
open-ended vertical channel, permeated by a uniform transverse magnetic 
field.  Of particular interest is the investigation of the behavior of velocity, 
temperature, induced magnetic field, heat transfer across the walls and flow 
rate.  The optically thick limit case is considered.  The fluid is assumed 
incompressible and viscous, while the flow is steady.  The viscous dissipation 
term is therefore considered, in the “Governing equation”.  The difference in 
temperature between the channel walls and that of the undistributed fluid is 
large enough for and is therefore physically important.  The standard 
equations of continuity, momentum and energy and assumed and non-
dismensionalised.  The non-dimensional equations feature some non-
dimensional parameters i.e. Grashof-number (Gr.), Birkman-number (Br.), 
Raynold-number (Rr.), Prandtl-number (Pm), Hartmann-number (M), etc.  
The resulting non-linear partial differential equations were solved 
analytically using successive approximation technique.  It is found that 
increase in the magnetic field, the flow rate and velocity, but a decrease in the 
heat transfer at the walls and the temperature. 

 
 
1.0 Introduction  

In the past few years, the interests of many researchers have been aroused on the motion of an 
electrically conduction liquid in a magnetic field.  The interest stems from terrestrial problems concerning 
the motion of ionized gases in nuclear reactions from astronomical problems concerning the motion of 
molten magma in the atmosphere.  Hartmann was the first to carry out laboratory experiments on the steady 
flow of a conducting liquid he used was mercury (Hg), he called the subject “Hg-dynamics”.  However, the 
term currently used is magnetohydrodynamics (MHD).  When a conducting fluid moves at right angles to 
the magnetic field, a difference of electric potential is set up in a direction perpendicular to both of these; 
thus given rise to an electric current across the fluid and the internal (thermal) energy is directly converted 
into electrical energy.  This is the basis of the (MHD) generators.  A comprehensive review of work done in 
this area was given by Rowing in [1], Siegal [2], Permultter and Siegal [3] and Alpher [4], Gersgum and 
Zhukhavitsky [5], YU [6] all the flows subjected to transverse magnetic field. Andi, E. A. 1995 [7] focused 
on the influence of viscous dissipation on the radiative hydromagnetic combined effect of radiation and 
viscous dissipation on hydromagnetic flow of a fluid in a vertical channel. 

Gupta, P. S. and Gupta, A. S. [9] studied the effect of radiation on the combined free and forced 
convection of an electrically conducting fluid flowing inside an open ended vertical channel in the presence 
of a uniform transverse magnetic field, conforming the analysis to the optically thin limits case, but 
neglected viscous and Ohmic dissipation. 
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Thus, this work is concerned with the effects of viscous dissipation of energy which plays an 

important role in natural convective flow field of extremes size or in high gravity. 
Bestman [10] studied the pulsatile flow in a heated porous channel and concluded that viscous 

dissipation heat and free convection parameter causes an increase in heat flux at the wall of the channel. 
Viscous dissipative heat effect on radioactive (MHD) channel flow has not received much 

attention.  However, the objective of this research is to investigate the viscous dissipative heat effect on 
radiative magnetic flow of an electrically conducting fluid flowing inside a vertical channel, when an 
optically thick limit case is considered. 

 
2.0 Formulation of the boundary value problem 

Considered here is the motion of an electrolyte (electrically conducting fluid) inside a vertical 
channel of two parallel walls with distance L apart.  Taking the origin at the centre point of the channel, a 
magnetic field (B0) is applied across the end of the channel (acting normal to the channel walls). 

 
 
 
 
 
 
 
 
 
 
 
 

 
These there coupled non-linear differential equation (governing equation) are solved using 

successive approximation procedure to get the velocity, temperature and magnetic induction fields subject 
to the boundary conditions. 
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3.0 Solution Procedure 

Successive Approximation Procedure shall be used to solve the non-linear coupled differential 
equations, i.e. by neglecting non-linear terms, approximating some and neglecting others to get 
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approximate value for 212121 ,,,,, bbttvv .  The iteration shall be carried out for successive value of v, t 

and b.  Then 11, ++ nn tv  and 1+nb  lead to a better approximate value for Vn, tn and bn respectively.  

Rewritten equation (2.2) in terms of V and substituting into equation (2.1) to have 
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differentiating equation (2.2) with respect to (Ψ) and substitute into equation (2.1) we have 
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Also, integrating equation (2.2) with respect to (Ψ) and substitute into equation (3.2) to yield  
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However, substituting equation (3.1) into equation (3.3) results into 
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Neglecting non-linear terms and b ′′′  in equation (3.4) gives  
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Also neglecting b ′′′  in equation (3.1) gives 
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but interpreting of equation (3.2) with respect to (Ψ) in views of (3.6) gives 
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From the equation (3.5), (3.6) and (3.7) we can get 11,tv  and 1b  i.e. first approximation, but not a better 

approximation.  The neglected term )(b ′′  and the non-linear terms in equation (2.1) are now introduced 

into equation 
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to get a better approximate value for b2., b2 in equation (3.8) is substituted into equation ( ) to get an 

approximate solution for V i.e. 2V  and  
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b ′′  is introduced to get better approximation for t i.e. t2 we shall stop at the 3rd iteration for convenience.   
Hence,  
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The solution of equation (3.10) gives t3.  Substituting t3 and )( 2b ′′  into equation (3.1) as 
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Then the solution V3 form equation (3.11) is substituted into equation (3.11) is substituted into equation  
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Hence V3 and b3 are obtained. 
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4.0 Successive approximate solution  

The solution to equations (3.2), (3.6), (3.7) gives 11,tv  and 1b  respectively, therefore 

     364 λλλ =−′′ tt     (4.1) 

Solving (4.1) completely and applying the boundary condition gives  
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Substitute (4.2) into (3.6) after manipulation we have  
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In the same vain, 
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Group by the same process, we have )(),( 33 ΨΨ VT  and )(3 ΨB  which are better and preferable 

approximations for ultimate results.  Thus: 
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Hence, the flow rate is obtained thus: 
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Finally, let H be the heat transfer at the wall due to thermal conduction.  Thus: 
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5.0 Remark on remarks 

In order to illustrate the foregoing analysis, )(),( 33 ΨΨ VT  and )(3 ΨB  are fluid variables, 

r

r

P

B (viscous dissipative heat parameters), M2 (radiation parameters) conclusions are drawn from the 

observation and suggestions are made for further research thus.  The results from our observation of the 
parameter behavior, reads that as viscous dissipative heat (Br) increases, the induced magnetic filed also 

increases, when M2 = 1, and all other dimensionless parameters 10,1,5 2 === MDGr  as shown in 

Figure 5.1.  Also as shown in Figure 5.2, increase in viscous dissipative heat causes decrease in velocity 

distribution, for different values of Hartmann number when 1,5,12 === DGM r  and M2 = 10.  While at 

point Ψ = 0, the three graphs over-lapped. 

 
 
 
 
 

 
 

����  Br = 3, + Br = 6, ◊ Br = 9 
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In figure 5.3, increase in viscous dissipative heat causes decrease in temperature distribution for 

different Hartmann number for 5,10,1,1 2
2 ==== rGMDM .  When 3=rB  to the graph overlapped 

in the a-axis and at point ψ = 0.8 then Br tends to increase with increase in temperature distributions.  

However, the flow rate increases with increase in viscous dissipative heat for constant values of 1
2
1 DM  

and 2M . 

 

 
 
 
 

����  Br = 3, + Br = 6, ◊ Br = 9 

Table 5.2:  Velocity distribution for different Hartmann Number M1 = 1 

����  Br = 3, + Br = 6, ◊ Br = 9 

Table 5.2:  Temperature distribution for different Hartmann Number M1 = 1 
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6.0 Conclusion 

A close form solution is presented for the viscous dissipative heat influences the velocity, induced 
magnetic field, temperature and flow rate of the fluid in a channel in the presence of radiation causing a 
variation in the values of these variables and reduces the radiation parameter (M2) for fixed  value of 

2, rr MG  and rB . 
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