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Radiative Convection Flow with Chemical Reaction 

   

 

 

 

 

ABSTRACT 
We study radiation convective fluid flow with chemical 

reaction. The dimensionless governing equations are solved 

using perturbation technique. The effects of velocity, 

temperature and concentration are studied for different 

parameters such as Grashof number, chemical reaction number, 

Prandtl number, Mass Grashof number and Radiative parameter. 

It is observed that the velocity increases with increasing Grashof 

number Gr, Magnetohydrodynamic number M, Perturbation 

parameter  and Frequency of oscillation    while 

temperature decreases with increasing Frequency of oscillation 

 , Radiative parameter k1 and Chemical reaction number K  . 

Also the increase of Parameter F and Chemical reaction number 

K decreases the concentration. The skin friction number tends to 

increase with the increase of material parameters ,  Gc, Gr, 

and M and decreases with increasing t, k1, F, Pr and K. Similarly 

the Nusselt number decreases with increase material parameters

 ,  and Pr and increases with t, k1 and M. Sherwood number 

increases with some parameters such as  , t, and K and 

decreases on increasing dimensionless parameters   and F. 

 

Keywords: radiation, chemical reaction, convection. 

1.  INTRODUCTION 
Chemical reaction have numerous industrial applications such as 

manufacturing of ceramics, food processing and polymer 

production. It is noted that the rate of diffusion is affected by 

chemical reaction Muthucumaraswamy (2010). Radiation effect 

on free convection are  important in the context of many 

industrial applications involving high temperatures such as 

nuclear power plant, gas turbines and various propulsions 

engines for air craft technology Murti et al. (2005). More 

evidently, many researchers have shown interests in radiation 

with convection for heat and mass transfer in fluids. This is due 

to the significant role of thermal radiation in the surface heat 

transfer when convection heat transfer is small, particularly in 

free convection problems involving absorbing emitting fluids 

Mohammed (2009). 

This has led to extensive studies of unsteady MHD flow and 

improves in aerodynamics, nuclear energy system control, and 

improved designs in aerospace MHD energy systems, and 

manufacture of advanced aerospace materials.  Chambre and 

Young (1958) analysed the diffusion of chemical reactive 

species in laminar boundary. Mansour et al. (2009) studied the 

effect of chemical reactions and radiation on MHD free 

convective heat and mass transfer from a horizontal cylinder of 

elliptic cross section saturated in a porous media with 

considering suction or injection. Mututhucumarasamy (2001) 

studied a first-order chemical reaction on the flow past an 

impulsive started vertical plate with uniform heat and mass flux. 

Mututhucumarasamy (2001) study the effect of a chemical 

reaction on a moving isothermal infinite long surface with 

suction. Davi and Kandasami (2002) investigated the effects of 

chemical reaction and heat mass transfer on nonlinear MHD 

laminar boundary layer flow over a wedge with suction and 

injection. Modather et al. (2009) studies the effect of chemical 

reaction on the heat and mass transfer of micropolar fluids in a 

saturated porous medium over an infinite moving permeable 

plate. Murti et al. (2005) studied the effect of double dispersion 

on natural convection heat and mass transfer in non-Darcy, non-

Newtonian fluid with radiation and chemical reaction along the 

vertical surface. Pop (2001) considered the effect of radiation on 

free convection of an optically dense viscous incompressible 

fluid along a heated inclined flat surface maintained at uniform 

temperate placed in a saturated porous medium. Anjalidevi and 

Kandasamy (1999) studied the effect caused by chemical-

diffusion mechanisms and inclusion of a general chemical 

reaction of order n on the combined forced and natural 

convection flows over a semi-infinite vertical plate immersed in 

an ambient fluid. They point out that the presence of pure air or 

water is impossible in nature and some foreign mass may 

present either naturally or mixed with air or water. El-Amin 

(2004) studies the effect of chemical reaction and double 

dissipation on non-Darcy free convective heat and mass transfer 

in porous medium. Also the study of Chamka (2003) on MHD 

flow over a uniform stretched vertical permeable surface used 

similar assumptions for the chemical reaction. Devi and 

Kandasamy (2002) investigated the effect of chemical reaction, 

heat and mass transfer over an accelerated surface with heat 

source and thermal stratification in the presence of suction and 

injection. Seddeek and Almushigeh (2010) investigated effects 

of radiation and variable viscosity on MHD free convective flow 

and mass transfer over a stretching sheet with chemical reaction. 

Heat and mass transfer on MHD flow over a stretching surface 

with chemical reaction and thermal stratification effects was 

analysed by Kandasamy and Devi (2002). How ever, Acharya et 

al. (1999) have studied heat and mass transfer on an accelerating 

surface subjected to both power law surface temperature and 

power law flux variation with a temperature dependent heat 

source in the presence of suction and blowing.  Okedoye and 

Ajala (2007) studied radiation, magnetic and mass diffusion 

effect on the free convection flow, when the plate is made to 

oscillate with specific velocity and the presence of heat 

generation /absorption and chemical reaction. 

Muthucumaraswamy (2010) examined chemical reaction effects 

on vertical oscillating plate with variable temperature. Okedoye 

and Ayeni (2009) presented the numerical solution of heat and 

mass transfer in MHD flow in the presence of chemical reaction 

and Arrhenius heat generation of a stretched vertical permeable 

membrane. 
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This paper examine the combined effects of unsteady heat, mass 

transfer and Radiative convection flow with chemical reaction , 

which is an extension work of  Beg and Ghosh (2010), where 

they obtained analytical solution of MHD radiation convection 

with surface temperature oscillation and secondary flow effects.. 

The effects of the parameters involved on the flow are 

discussed. The skin frictions at the wall, rate of heat transfer and 

the rate of mass transfer are computed.  

2. PROBLEM FORMULATION  
We consider the region of unsteady MHD flow of a viscous, 

incompressible, electrically conducting fluid over a semi-infinite 

region perpendicular to an infinite vertical plate moving with 

constant velocity, U , in the Presence of a transverse magnetic 

field. The surface temperatures of the plate 0scllates with small 

amplitude about a non-uniform mean temperature. The x-axis is 

taken along the plate ad the y-axis is normal to the plate as   Beg 

and Ghosh (2010). The equations for the fluid flow are the 

momentum, energy and concentration equation respectively.                                                                                                            
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All variables are defined in notations.                                                                                            

We added in this present work the mass transfer equation with 

chemical reaction. The radiation heat flux gradient used by Sigel 

and Howell (1993) and also Beg and Ghosh (2010) may be 

expressed as follows
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Where qr is the Radiative heat flux, a is the absorption 

coefficient of the fluid and 𝜎* Is the Stefan-Boltzmann constant.  

We assumed that the temperature differences within the flow are 

sufficiently small such that 
4T   may be expressed as a linear 

function of the temperature. Expanding 
4T   about 𝑇∞

′  in a 

Tailor’s series and neglecting higher order terms, we have 
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Introducing (5) and (6) then (2) becomes 
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The following dimensionless variables quantities and 

parameter of the problem are  
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Substituting (8) into (1), (3), and (4) and (7) give  
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Where M, Gr, Gc, K, k1, Sc, and Pr are Hartmann number, 

Grashof number, mass Grashof number, chemical reaction 

parameter radiation-conduction parameter, Schimdt number and 

Prandtl number. 

With the following boundary conditions 
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3. METHOD OF SOLUTION 
In view of the boundary condition (12), we assume the solutions 

of equation (9) to (11) as  
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Where  the frequency of the oscillation and t is is the time. 

Substituting (13) into (9) to (12) we obtain the following 

equations as 
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The boundary conditions become 
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Solving the steady and unsteady parts we obtain the solutions for 

velocity, temperature and concentration as follows
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The Skin friction coefficient at the lower wall of the channel is 

given by  
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While the Sherwood number across the channel is;    
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The Nusselt number across the channel becomes;                          
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4. RESULTS AND DISCUSSION  
The velocity, temperature and concentration are computed. The  

variation of velocity fields along the y-axis are shown in Figure 

1 to 6 respectively for  the different varying values of  Grashof 

number (Gr = 0,0.1,0.2,0.3), modify  Grashof number (Gc = 

0,0.4,0.8,1.2), Hartmann number (M = 0.1,0.2,0.3,0.4), 

Hartmann number (M = 0,0.12,0.14,0.16), Material parameter 

F i Sc K 
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epsilon  0,0.2,0.4,0.6   and frequency of oscillation 

 0,0.2,0.4,0.6   . In Figure 1, the analytic result 

shows that an increase values of modify Grashof number Gc, 

results to an increase of velocity main flow. In Figure 2 

increasing Grashof number Gr, increases the velocity as well. 

However Hartmann numbers M, exert a marked influence on the 

velocity mean flow as shown in Figures 3 and 4 which is 

increasing slowly with increasing values of  M. Increasing  

material parameter epsilon   also gave a remarkable influence 

as indicated in Figure 5 which shows that increasing    results 

to an increase in velocity. Equally the influence of increase of 

frequency of oscillation    on Figure 6 results to drastic 

decrease of velocity with wider gap from zero to 0.02 levels. 

The variation of temperature field along the y-axis is shown in 

Figures 7 to10 with the effects of some selected material 

parameters, epsilon  0,0.2,0.4,0.6   , frequency of 

oscillation  0,0.2,0.4,0.8   , time (t = 0,5,10,15) and 

thermal Radiative parameter (k1 = 0,0.2,0.4,0.8) . It is observed 

that the increase of the material parameter epsilon decreases the 

temperature in Figure 7. The increase of frequency values 

decreases the temperature in Figure 8. The increase in time has a 

significant influence in decreasing the temperature as seen in 

Figure 9. Increasing the chemical reaction parameter decreases 

the temperature as shown in Figure 10.           

The variation of the mass concentration along y-axis is 

presented in Figures 11 to 13. The analytical solution show that 

an increase in chemical reaction parameter (K = 0.1, 0.2, 0.3, 

0.4), material parameter (F = 0, 0.2, 0.4, 0.8), epsilon 

influences the concentration. It is found 

that for the increase of chemical reaction K, the velocity 

deceases in Figure 11. However with increase in material 

parameter F, the concentration increases in Figure 12 as well. 

The result of Figure 13 shows that the increase of perturbation 

parameter   decreases the rate of concentration. 

The numerical values of skin friction coefficient for different 

values of frequency of oscillation , modify Grashof number 

Gc, Grashof number Gr, time t, epsilon parameter , thermal 

radiation-conduction number 1k , Prandtl number Pr, chemical 

reaction parameter K, dimensionless parameter F, and 

magnetohydrodynamic number M are given in Table 1. It is 

noted from this table that an increase in 

, , , ,Gr Gc and M  leads to an increasing values of the 

skin friction coefficients. However, the skin friction coefficient 

decreases as 1, , , ,t k F Pr and K increases. 

It is observed from Table 2 that the effects of frequency of 

oscillation , dimensionless perturbation parameter , time t, 

thermal radiation-conduction number 1k , Prandtl number Pr

and magnetohydrodynamic number M are display. The 

increasing effects of 1, ,t k and M increases the Nusselt 

numbers. Similarly as , ,and Pr  increases the Nusselt 

number decreases. 

Further more the deficit effects of dimensionless parameter such 

as frequency of oscillation parameter , perturbation parameter

 , time t, dimensionless parameter F  and chemical reaction 

parameter K  on Sherwood number are discussed in Table 3. 

The increase effects of ,t and K causes the increase of 

Sherwood number conversely increase on material parameter 

,and F  decreases the Sherwood number. 

 

Figure 1; Variation of velocity against y for different values 

of modify Grashof number Gc. 

 

Figure 2; Variation of velocity against y for different values 

of Grashof number Gr.  

 

 0.1,0.5,1,1.5 
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Figure 3; Variation of velocity against y for different values 

of Magnetohydrodynamic number M. 

 

Figure 4; Variation of velocity against y for different values 

of Magnetohydrodynamic number M. 

 

Figure 5; Variation of velocity against y for different values 

of  Perturbation  parameter  . 

 

Figure 6; Variation of velocity against y for different values 

of frequency of oscillation .  

 

Figure  7; Variation of temperature against y for different 

values of epsilon . 

 

Figure 8; Variation of temperature against y for different 

values of frequency of oscillation    

 

Figure 9; Variation of temperature against y for different 

values of time t. 
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Figure 10; Variation of temperature against y for different 

values of thermal radiation-conduction number . 

 

Figure 11; Variation of mass concentration against y for 

different values of chemical reaction parameter K. 

 

Figure 12; Variation of mass concentration against y for 

different values of variable parameter F    

 

 

 

Figure 13; Variation of mass concentration against y for 

different value of variable parameter  

 

 

 

 

 

 

 

 

 

Table 1; Values of skin friction   

S/

N

O 

Pr 
 

K 
 

F 

1k
 

Gr Gc M   

1 0.71 

0.71 

0.71 

0.2 

0.4 

0.6 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.7422 

0.7566 

0.7600 

2 0.71 

0.71 

0.71 

0.2 

0.2 

0.2 

0.1 

0.1 

0.1 

0.2 

0.3 

0.4 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.7959 

0.8495 

0.9032 

3 0.71 

0.71 

0.71 

0.2 

0.2 

0.2 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.7417 

0.6923 

0.6394 

4 0.71 

0.71 

0.71 

0.2 

0.2 

0.2 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.4 

0.6 

0.8 

0.3 

0.3 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.6035 

0.5370 

0.4956 

5 0.71 

0.71 

0.71 

0.2 

0.2 

0.2 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.4 

0.6 

0.8 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.7410 

0.7389 

0.7382 

6 0.60 

0.85 

1.00 

0.2 

0.2 

0.2 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.7407 

0..7435 

0.7394 

7 0.71 

0.71 

0.71 

0.2 

0.2 

0.2 

0.4 

0.8 

1.2 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.6384 

0.6025 

0.5856 

8 0.71 

0.71 

0.71 

0.2 

0.2 

0.2 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.6 

0.9 

1.2 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

1.3259 

1.9095 

2.4932 

9 0.71 

0.71 

0.71 

0.2 

0.2 

0.2 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.4 

0.7 

1.0 

0.1 

0.1 

0.1 

1.4923 

2.2425 

2.9926 

10 0.71 

0.71 

0.2 

0.2 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.2 

0.3 

0.3 

0.1 

0.1 

0.5 

1.1 

0.0381 

0.8681 

1k


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0.71 0.2 0.1 0.1 0.2 0.2 0.3 0.1 1.5 1.3520 
 

Table 2; Values of Nusselt number Nu  

S/

N

O 

Pr 
 

K 
 

F 

1k
 

Gr Gc M 

Nu
 

1 0.71 

0.71 

0.71 

0.2 

0.4 

0.6 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.4392 

0.3973 

0.3950 

2 0.71 

0.71 

0.71 

0.2 

0.2 

0.2 

0.1 

0.1 

0.1 

0.2 

0.3 

0.4 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.4312 

0.4231 

0.4151 

3 0.71 

0.71 

0.71 

0.2 

0.2 

0.2 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.4119 

0.4171 

0.4500 

4 0.71 

0.71 

0.71 

0.2 

0.2 

0.2 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.4 

0.6 

0.8 

0.3 

0.3 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.6244 

0.7666 

0.8864 

5 0.60 

0.85 

1.00 

0.2 

0.2 

0.2 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.4840 

0.4398 

0.4377 

6 0.71 

0.71 

0.71 

0.2 

0.2 

0.2 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.1 

0.1 

0.1 

0.5 

1.1 

1.5 

0.0381 

0.8681 

1.3520 

Table 3; Values of Sherwood number Sh  

S/

N0 

Pr 
 

K   
F 

1k
 

Gr Gc M 
Sh  

1 0.71 

0.71 

0.71 

0.2 

0.4 

0.6 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2921 

0.3348 

0.3605 

2 0.71 

0.71 

0.71 

0.2 

0.2 

0.2 

0.1 

0.1 

0.1 

0.2 

0.3 

0.4 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2679 

0.2437 

0.2196 

3 0.71 

0.71 

0.71 

0.2 

0.2 

0.2 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

02 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.3348 

0.3605 

0.3455 

4 0.71 

0.71 

0.71 

0.2 

0.2 

0.2 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.4 

0.6 

0.8 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2821 

0.2744 

0.2679 

5 0.71 

0.71 

0.71 

0.2 

0.2 

0.2 

0.4 

0.8 

1.2 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.6083 

0.8703 

1.0713 

 

 

5. CONCLUSIONS 
In this paper we studied the radiative convection fluid flow with 

chemical reaction. The dimensionless governing equations are 

solved using perturbation technique. The effect of different 

parameters such as the thermal Grashof  number, chemical 

reaction parameter and frequency of oscillation number are 

studied. The conclusions of the study are as follows. 

1. The velocity increases with the increase of 

material parameter.  

2. Temperature decreases with the increase of 

material parameters. 

3. The concentration deceases with increase of 

material parameters. 

4. On table 1 the skin friction coefficient increases 

with the material parameters

. While decreases with
 

.  

5. Similarly on table 2 Nusselt number decreases 

with increase of dimensionless parameter 

 with increasing effects on

. 

6. Sherwood number increases with increase on 

 and decreases increase on 

dimensionless parameters. 
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