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ABSTRACT 
In this paper, we discuss the effect of chemical reaction and radiation absorption on free connective heat and mass 
transfer flow of a viscous electrically conducting fluid in a non-uniformly heated vertical channel .The walls are 
maintained at non-uniform temperature and a uniform concentration is maintained on the walls. The coupled equations 
governing the flow, heat and mass transfer have been solved by using a perturbation technique with the slope of the 
boundary temperature as a perturbation parameter. The expression for the velocity, the temperature, concentration, the 
rate of heat and mass transfer are derived and are analysed for different variations of the governing parameters 
G,R,M,α, Sc,Q1, α1, N, K, P and x. 
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1. INTRODUCTION 
 
It is evident that in forced or free convection flow in a channel (pipe) a secondary flow can be created either by 
corrugating the boundaries or by maintaining non-uniform wall temperature.  Such a secondary flow can be of interest 
in a few technological processes.  For example, in drawing optic glass fibers of extremely low loss and band width the 
processes of modified chemical vapour deposition (MCVD) [4, 8] has been suggested in recent times.  Performs from 
which these fibers are drawn are made by passing a gaseous mixture into a fused-silica tube which is heated locally, by 
an oxy-hydrogen flame  particulate of So2-Geo2 composition are formed from the mixture and collect on the interior of 
the tube.  Subsequently these are fined to form a vitreous deposit as the flame traversed along the tube.  The deposition 
is carried out in the radial direction through the secondary flow created due to non–uniform wall temperature.  
 
The application of electromagnetic fields in controlling the heat transfer as in aerodynamic heating leads to the study of 
magneto hydrodynamics heat transfer. The MHD heat transfer has gained significance owing to advancement of space 
technology. The MHD heat transfer can be divided into sections. One contains problems in which the heating is an 
incidental by product of the electromagnetic fields as in the MHD generators and pumps etc. and the second contains of 
problems in which the primary use of electromagnetic fields is to control the heat transfer [11].  Ravindra Reddy [6] has 
analyzed the effects of magnetic field on the combined heat and mass transfer in channels using finite element 
techniques. 
 
Ramakrishna Reddy [5] has analyzed the Soret effect on mixed convective Heat and mass transfer flow of an 
electrically conducting fluid through a porous medium in a vertical channel. Vijayabhaskar Reddy [13] has studied   the 
heat and mass transfer in a vertical channel with non-uniform heated vertical walls. Chin Yong Cheng [1, 2] has studied 
the convective heat and mass transfer flow through a porous medium with variable wall temperature and concentration. 
Reddaiah et.al. [7] have discussed the effect of radiation on hydromagnetic convective heat transfer flow of a viscous 
electrically conducting fluid in a non-uniformly heated vertical channel. Deepthi et.al [3] have discussed the effect of 
chemical reaction on convective heat and mass transfer flow of a viscous fluid in a non-uniformly heated vertical 
channel with heat generating sources. Umadevi et.al [12] has discussed the effect of chemical reaction on double-
diffusive flow in a non-uniformly heated vertical channel. Sudhakar et.al [10] has discussed the effect of thermo-
diffusion on convective heat and mass transfer flow in a non-uniformly heated vertical channel with chemical reaction 
and heat sources. Recently Sree Ranga Vani [9] has discussed the combined influence of chemical reaction, dissipation 
and radiation absorption on convective heat and mass transfer flow in a non-uniformly heated vertical channel. 
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In this paper, we discuss the effect of chemical reaction and radiation absorption on free connective heat and mass 
transfer flow of a viscous electrically conducting fluid in a non-uniformly heated vertical channel .The walls are 
maintained at non-uniform temperature and a uniform concentration is maintained on the walls. The coupled equations 
governing the flow, heat and mass transfer have been solved by using a perturbation technique with the slope of the 
boundary temperature as a perturbation parameter. The expression for the velocity, the temperature, concentration, the 
rate of heat and mass transfer are derived and are analysed for different variations of the governing  parameters 
G,R,M,α, Sc,Q1, α1, N, K, P and x. 
 

 
2. FORMULATION OF THE PROBLEM 
 
Equation of continuity 
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Equation of linear momentum 
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Equation of Energy 
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Equation of diffusion  
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Equation of state 
 

)()( eeeee CCTT −−−−=− ∗ρββρρρ                                                                                                                  (6)      

where eρ   is the density of the fluid in the equilibrium state, Te, Ce are the temperature and concentration in the 
equilibrium state,(u, v)are the velocity components along O(x, y) directions, p is the pressure, T, C are the temperature 
and Concentration in the flow region, ρis the density of the fluid, µ is the constant coefficient of viscosity, Cp is the  
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specific heat at constant pressure, λ is the coefficient of thermal conductivity, σ is the electrically conductivity, µe is the 
magnetic permeability, β is the coefficient of thermal expansion, Q is the strength of the constant internal heat source, 

∗β  is the volume expansion with mass fraction and D1 is the molecular diffusivity, Q1 is the radiation absorption 
coefficient, σ* is the mean absorption coefficient and βR is the Stefan Boltzmann constant. 
 
In the equilibrium state 
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where DDe pppp ,+=  being the hydrodynamic pressure. 
 
The flow is maintained by a constant volume flux for which a characteristic velocity is defined as 
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The boundary conditions for the velocity and temperature fields are  
u = 0, v = 0,  )/( LxTT e δγ=− , C=C1          on y = -L 

2),/(,0,0 CCLxTTvu e ==−== δγ      on y = L                                                                                          (9) 
 
In view of the continuity equation we define the stream function ψ as 
u = -ψ y, v = ψ x                                                                                                                                                               (10) 
 
Eliminating pressure p from equations (2) & (3) and using Rosseland approximation the equations governing the flow 
in terms of ψ are 
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Introducing the non-dimensional variables in (9) & (10) as   

 
21

2,,/,/,/
cC

CCC
T
TT

LyyLxx e

−
−

=′
∆
−

=Ψ=Ψ′=′=′ θν                                                                           (14)   

the governing equations in the non-dimensional form (after dropping the dashes) are  
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The corresponding boundary conditions are  
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The value of ψ on the boundary assumes the constant volumetric flow in consistent with the hypothesis (8). Also the 
wall temperature varies in the axial direction in accordance with the prescribed arbitrary function t. 
 
3. ANALYSIS OF THE FLOW 
 
The main aim of the analysis is to discuss the perturbations created over a combined free and forced convection flow 
due to non-uniform boundary temperature imposed on the boundaries. Introduce the transformation such that  
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x
≈

∂
∂

 

 
Using the above transformation the equations (15-17) reduce to 
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We adopt the perturbation scheme and write  
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On substituting (23) in (20) - (22) and separating the like powers of δ the equations and respective conditions to the 
zeroth order are 
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The first order are 
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        ψ 1(+1) - ψ 1(-1) = 0  
        ψ 1, y = 0, ψ 1, x = 0 at y = ±1                                                                                                          (32) 
        θ1(±1) = 0 C1 (±1) = 0  at y = ± 1      
  
The equations to the second order are 
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4. SOLUTION OF THE PROBLEM 
 
Solving the equations (24) - (35) subject to the relevant boundary conditions we obtain 
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5. NUSSELT NUMBER AND SHERWOOD NUMBER 
 
The local rate of heat transfer coefficient (Nusselt number Nu) on the walls has been calculated using the formula  
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The local rate of mass transfer coefficient (Sherwood Number Sh) on the walls has been calculated using the formula  
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6. DISCUSSION OF THE RESULTS 
 
In this analysis we discuss effect of chemical reaction and radiation absorption on the heat and mass transfer flow of 
viscous, electrically conducting fluid in a non-uniformly heated vertical channel in the presence of heat generating 
sources. We take the Prandtl number P = 0.71 and δ = 0.01. 
 
The axial velocity (u) is shown in figs. 1-3 for different values of Q1, α1 and K. The variation of u with radiation 
absorption parameter Q1 shows that higher the radiation absorption larger |u| in the flow region [fig.1]. An increase in 
the amplitude α1 of the boundary temperature results in an enhancement in |u| [fig.2]. The variation of u with chemical 
reaction parameter K shows that higher the chemical reaction parameter larger |u| in the entire flow region [fig.3].  
 
The secondary velocity (v) which is due to the non-uniform boundary temperature is shown in figs.4-6 for different 
parametric values. An increase in Q1≤4 results in an enhancement in |v| and for higher Q1≥6, we notice a depreciation in 
|u| in the left half and enhancement in the right half of the channel [fig.4]. An increase in the amplitude α1 of the 
boundary temperature enhances |v| in the left half and depreciates in the right half of the channel [fig.5]. From fig.6 we 
find that an increase in the chemical reaction parameter K≤2.5 enhances |v| in the left half and depreciates in the right 
half for higher K≥3.5 we notice depreciation in |v| in the entire flow region. 
 
The non-dimensional temperature (θ) is shown in figs.7-9 for different parametric values. Actual temperature enhances 
with increase in the radiation absorption parameter Q1 [fig.7]. The variation of θ with the amplitude α1 shows that the 
actual temperature enhances with increase in α1≤0.5 for higher α1=0.7, it enhances in the left half and reduces in the 
right half and for still higher α1=0.9, it reduces in the left half and enhances in the right half of the channel [fig.8]. With 
respect to the chemical reaction parameter K we find that higher K results in a depreciation of the actual temperature 
[fig. 9].  
 
The non-dimensional concentration (C) is shows in figs.10-12 for different parametric values. An increase in Q1 results 
in an enhancement in C [fig.10]. The variation of C with α1 shows that the actual concentration reduces with increase in 
the amplitude α1 of the boundary temperature in the entire flow region [fig.11]. From fig.12 we find a depreciation in 
the concentration with chemical reaction parameter K.  
 
The rate of heat transfer for (Nusselt number) at y = ±1 is shown in tables 1&2 for different values of Q1, α1 and K. An 
increase in Q1 enhances |Nu| at y = ±1. The Nusselt number reduces at y=+1 and enhances at y=-1 in the degenerating 
chemical reaction case. The variation of Nu with amplitude α1 shows that |Nu| depreciates with α1 ≤ 0.5, and for α1 ≥ 
0.7, we notice a depreciation in |Nu| for G>0 and enhancement for G<0 [tables 1&2].  
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The rate of mass transfer Sherwood number (Sh) at y = ±1 is shown in tables 3&4 for different parametric values. |Sh| 
experiences an enhancement with increase in Q1 at y = ±1. |Sh| enhances at y=±1 in the degenerating chemical reaction 
case. An increase in the amplitude α1 of the boundary temperature reduces |Sh| at y = 1 for G>0 and enhances for G<0. 
At y = -1[tables 3&4].  
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Table-1: Nusselt Number (Nu) at y = 1 
G I II III IV V VI VII VIII 

10 3 -4.06419 -4.46413 -4.70162 -3.8791 -3.0675 -2.1391 -1.412 -1.02293 
3 × 10 3 -4.02763 -4.10306 -3.98812 -4.0176 -3.8576 -2.1959 -1.477 -1.09265 

-10 3 -4.20274 -4.96067 -5.62024 -4.1022 -4.0007 -2.2267 -1.447 -1.0303 
-3 × 10 3 -4.16249 -5.27105 -6.31906 -4.1025 -3.8625 -2.1699 -1.382 -0.96033 
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Annexure-I 

Q1 2 4 6 2 2 2 2 2 
K 0.5 0.5 0.5 1.5 2.5 0.5 0.5 0.5 
α1 0.3 0.3 0.3 0.3 0.3 0.5 0.7 0.9 

                                                               
Table-2: Nusselt Number (Nu) at y = -1 

G I II III IV V VI VII VIII 

10 3 0.37615 0.81601 1.1675 0.56125 0.65282 0.12517 -0.0038 -0.0727 

3 × 10 3 0.45602 1.22009 1.92107 0.50602 0.55602 0.12902 0.0006 -0.06794 
-10 3 0.19441 0.27635 0.20861 0.22441 0.29441 -0.02306 -0.1088 -0.15473 

-3 × 10 3 0.19157 -0.07724 -0.53065 0.25157 0.39157 -0.02696 -0.1133 -0.15961 
                                                         

Annexure-II 
Q1 2 4 6 2 2 2 2 2 
K 0.5 0.5 0.5 1.5 2.5 0.5 0.5 0.5 
α1 0.3 0.3 0.3 0.3 0.3 0.5 0.7 0.9 

 
Table-3: Sherwood Number (Sh) at y = 1 

G I II III IV V VI VII VIII 
10 3 -0.76622 -1.231 -1.7417 -0.8622 -0.96622 -0.71233 -0.65881 -0.60594 

3 × 10 3 -1.53198 -3.34605 -5.906 -1.63198 -1.73198 -1.34623 -1.16662 -0.99284 
-10 3 -0.10614 0.26399 0.60553 -0.12614 -0.16614 -0.15366 -0.20165 -0.25012 

-3 × 10 3 0.46873 1.37673 2.11199 0.56873 0.66873 0.3422 0.21208 0.07823 
                                                          

Annexure-III 
Q1 2 4 6 2 2 2 2 2 
K 0.5 0.5 0.5 1.5 2.5 0.5 0.5 0.5 
α1 0.3 0.3 0.3 0.3 0.3 0.5 0.7 0.9 

                                                                  
Table-4: Sherwood Number (Sh) at y = -1 

G I II III IV V VI VII VIII 

10 3 1.8274 -1.29367 -3.46119 1.8674 1.9274 2.27405 2.74498 3.24222 

3 × 10 3 -2.86054 -6.97884 -9.07085 -2.89054 -2.96054 -2.12691 -1.29935 -0.35859 
-10 3 11.84909 26.25149 72.74061 11.94909 12.04909 10.80342 9.836 8.93836 

-3 × 10 3 48.31897 -61.009 -32.25996 48.61897 49.11897 34.40192 25.49673 19.30916 
                                                           

Annexure-IV 
Q1 2 4 6 2 2 2 2 2 
K 0.5 0.5 0.5 1.5 2.5 0.5 0.5 0.5 
α1 0.3 0.3 0.3 0.3 0.3 0.5 0.7 0.9 

 
7. CONCLUSION 
 
The following conclusions are made in this analysis: 

• Higher the radiation absorption enhances the axial velocity in the flow region. 
• Axial velocity increases when the vertical channel heated non-uniformly. 
• Higher the chemical reaction parameter larger is the velocity in the entire flow region. 
• Actual temperature enhances with increase in the radiation absorption parameter. 
• Higher the chemical reaction parameter lower is the actual temperature. 
• The actual concentration reduces with increase in the boundary temperature. 
• The concentration reduces with the chemical reaction parameter.               
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