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ABSTRACT 

An attempt has been made to study the effect of chemical reaction and radiation absorption on MHD free convective 
heat and mass transfer flow past a semi-infinite vertical permeable moving plate with time dependent suction. The 
governing equations of motion are reduced to non-dimensional form and then exactly solved be regular perturbation 
method.  The effect of various parameters like magnetic field parameter, chemical reaction parameter, Schmidt 
number, radiation absorption coefficient, heat absorption coefficient,  porous permeability parameter, Prandtl number 
and time on the velocity, temperature and concentration profile as well as the surface skin-friction, surface heat 
transfer and surface mass transfer coefficient are obtained numerically and discussed graphically. 
 
 
INTRODUCTION 
 
The hydrodynamic rotating flow of electrically conducting viscous incompressible fluids has gained considerable 
attention because of its numerous applications in physics and engineering. In geophysics it is applied to measure and 
study the positions and velocities with respect to a fixed frame of reference on the surface of earth which rotate with 
respect to an inertial frame in the presence of its magnetic field. The subject of geophysical dynamics nowadays has 
become an important branch of fluid dynamics due to the increasing interest to study environment. In astrophysics it is 
applied to study the stellar and solar structure, inter planetary and inter stellar matter, solar storms and flares etc. In 
engineering it finds its application in MHD generators, ion propulsion, MHD bearings, MHD pumps, MHD boundary 
layer control of reentry vehicles etc.  
 
Cramer, K. R. and Pai, S. I. [1] taken transverse applied magnetic field and magnetic Reynolds number are assumed to 
be very small, so that the induced magnetic field is negligible Muthucumaraswamy et al. [2] have studied the effect of 
homogenous chemical reaction of first order and free convection on the oscillating infinite vertical plate with variable 
temperature and mass diffusion. Sharma [3] investigate the effect of periodic heat and mass transfer on the unsteady 
free convection flow past a vertical flat plate in slip flow regime when suction velocity oscillates in time. Chaudhary 
and Jha [4] studied the effects of chemical reactions on MHD micropolar fluid flow past a vertical plate in slip-flow 
regime. Anjalidevi et al. [5] have examined the effect of chemical reaction on the flow in the presence of heat transfer 
and magnetic field. Muthucumaraswamy et al. [6] have investigated the effect of thermal radiation effects on flow past 
an impulsively started infinite isothermal vertical plate in the presence of first order chemical reaction. Deka et al. [7] 
studied the effect of the first order homogeneous chemical reaction on the process of an unsteady flow past an infinite 
vertical plate with a constant heat and mass transfer. Chamkha [8] studied the MHD flow of a numerical of uniformly 
stretched vertical permeable surface in the presence of heat generation/absorption and a chemical reaction. 
Soundalgekar and Patti [9] studied the problem of the flow past an impulsively started isothermal infinite vertical plate 
with mass transfer effects. The effects of foreign mass on the free-convection flow past semi-infinite vertical plates 
were studied [10]. Chamkha [11] assumed that the plate is embedded in a uniform porous medium and moves with a 
constant velocity in the flow direction in the presence of a transverse magnetic field.  Raptis [12] investigate the steady 
flow of a viscous fluid through a very porous medium bounded by a porous plate subjected to a constant suction 
velocity by the presence of thermal radiation. Ibrahim et al [13] studied effect of The Chemical Reaction and Radiation 
Absorption on the Unsteady MHD Free Convection Flow Past a Semi Infinite Vertical Permeable Moving Plate with 
Heat Source and Suction. Mohamed [14] investigate the effect of a first-order homogeneous chemical reaction, thermal 
radiation, heat source and thermal diffusion on the unsteady MHD double-diffusive free convection fluid flow past a 
vertical porous plate in the presence of mass blowing or suction. Recently, Baker [15] investigate free convection heat 
and mass transfer adjacent to moving vertical porous infinite plate for incompressible, micropolar fluid in a rotating 
frame of reference in the presence of heat generation or absorption effects, a first-order chemical reactions. 
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Moreover, Al-Odat and Al-Azab [16] studied the influence of magnetic field on unsteady free convective heat and mass 
transfer flow along an impulsively started semi-infinite vertical plate taking into account a homogeneous chemical 
reaction of first order. The effect of radiation on the heat and fluid flow over an unsteady stretching surface has been 
analyzed by El-Aziz [17]. Singh et al. [18] studied the heat transfer over stretching surface in porous media with 
transverse magnetic field. Singh et al. [19] and [20] also investigated MHD oblique stagnation-point flow towards a 
stretching sheet with heat transfer for steady and unsteady cases. Elbashbeshy et al. [21] investigated the effects of 
thermal radiation and magnetic field on unsteady boundary layer mixed convection flow and heat transfer problem 
from a vertical porous stretching surface. Ahmed Sahin[22] studied influence of chemical reaction on transient MHD 
free Convective flow over a vertical plate. Recently, the chemical reaction, heat and mass transfer on MHD flow over a 
vertical stretching surface with heat source and thermal stratification have been presented by Kandasamy et al. [23]. 
The opposing buoyancy effects on simultaneous heat and mass transfer by natural convection in a fluid saturated 
porous medium investigated by Angirasa et al. [24]. Ahmed [25] investigates the effects of unsteady free convective 
MHD flow through a porous medium bounded by an infinite vertical porous plate. Ahmed Sahin [26] studied the 
Magneto hydrodynamic and chemical reaction effects on unsteady flow, heat and mass transfer characteristics in a 
viscous, incompressible and electrically conduction fluid over a semi-infinite vertical porous plate in a slip-flow 
regime. 
 
The aim of the present study is to investigate the effect of chemical reaction and radiation absorption on MHD free 
convection flow past a semi-infinite vertical porous medium and moves a constant velocity in the flow direction when 
the transverse magnetic field is imposed to the plate and subjected to variable suction. It is assumed that the free stream 
velocity, temperature and concentration over which are superimposed an exponentially varying with time. The effects 
of various parameters have been shown numerically and discussed graphically. 
 
Formulation of the Problem 
 
Let us consider unsteady, two-dimensional, MHD free convection with heat and mass transfer flow of a laminar, 
viscous incompressible fluid past a semi-infinite vertical porous moving plate embedded in a porous medium and 
subjected to a transverse magnetic field in the presence of radiation, thermal and concentration buoyancy effects.  In 
our problem there is no applied voltage which implies the absence of an electrical field. The magnetic Reynolds 
number of flow is taken to be sufficiently small enough, so that the induced magnetic field can be neglected. Due to the 
semi-infinite plate assumption, the physical variables are function of y′and the time t′ only, therefore, the governing 
equations here are:
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where the first and second terms on the RHS of the momentum equation (2) denote the thermal and concentration 
buoyancy effects, respectively, also the second and third terms on the RHS of the energy equation (3) represent the heat 
absorption and radiation absorption effects, respectively and the last term of the concentration equation (4) represents 
the chemical concentration buoyancy effects. It is assumed that permeable plate moves with a constant velocity in the 
direction of fluid flow, and the free stream velocity follows an exponentially increasing small perturbation method. In 
addition, it is assumed that the temperature and concentration at the wall as well as the suction velocity are 
exponentially varying with time. 
 
where ,x y′ ′  are the dimensional distance along and perpendicular to the plate, respectively. u′  and v′  are the 
velocity components in the  ,x y′ ′directions respectively, g is the gravitational acceleration, ρ is the fluid density, β  

and β ∗  are the thermal and concentration expansion coefficients respectively, K ′  is the Darcy permeability, 0B  is the  
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magnetic induction, T ′  is the thermal temperature inside the thermal boundary layer and C′  is the corresponding 
concentration, σ is the electric conductivity, pC  is the specific heat at constant pressure, D is the diffusion coefficient,  

0Q  is the dimensional heat absorption coefficient, lQ′  is the coefficient of proportionality of the radiation and rK ′  is 
the chemical reaction parameter. 
 
Using these assumptions, the boundary conditions for the velocity, temperature and concentration fields are 
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where pu′  is the velocity, wT ′ and wC′  the temperature and concentration of the wall respectively, from the continuity 
equation (1), it is clear that the suction velocity at the plate is either a constant and or a function of time.  
 
Hence the suction velocity normal to the plate is assumed in the form  
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order to write the governing Equations and the boundary conditions in dimensional following non-dimensional 
Quantities are introduced. 
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In view of Equations (6) and (7), Equations (2)-(4) reduce to the following dimensional form. 
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where 1, , , , Pr, , , andM K Gr Gm Sc Qγ φ are the magnetic field parameter, permeability parameter, thermal 
Grashof number, Solutal Grashof number, Prandtl number, Chemical reaction number, Schmidt number, heat 
absorption parameter and absorption of radiation parameter. 
 
The corresponding boundary conditions for 0t >  are transformed to: 
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3. SOLUTION OF THE PROBLEM: 
 
Equations (8) – (10) are coupled, non – linear partial differential Equations and these cannot be solved in closed form. 
However, these Equations can be reduced to a set of ordinary differential Equations, which can be solved analytically. 
This can be done by representing the velocity, temperature and concentration of the fluid in the neighborhood of the 
fluid in the neighborhood of the plate as  
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Let us considering ( ) tf t eω=   ,Substituting (12) in Equations (8) – (10) and equating the harmonic and non  –  

harmonic terms, and neglecting the higher order terms of ( )2o ε , we obtain 
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where prime denotes ordinary differentiation with respect to y. 
 
The corresponding boundary conditions can be written as 
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Let us consider ( ) tf t eω=   then solving equations (13) – (18) under the boundary conditions (19), we obtain the 
velocity, temperature and concentration distribution in the boundary layer as  
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The skin-friction, Nusselt number and Sherwood number are important physical parameters for this type of boundary 
layer flow. 
 
Skin friction 
 
Knowing the velocity field, the skin – friction at the plate can be obtained, which in non –dimensional form is given by  
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 Nusselt number  
 
Knowing the temperature field, the rate of heat transfer coefficient   can be obtained, which in non –dimensional form 
is given, in terms of the Nusselt number, is given by 
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Sherwood number 
 
Knowing the concentration field, the rate of mass transfer coefficient   can be obtained, which in non –dimensional 
form, in terms of the Sherwood number, is given by 
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Here the constants are not given because sake of brevity. 
 
 
4. RESULTS AND DISCUSSION 
 
In order to get a physical insight in to the problem the effects of various governing parameters on the physical 
quantities are computed and represented in Figures 1-17 and discussed in detail. 
 
The formulation of the effects of chemical reaction and heat absorption on MHD convective flow and mass transfer of 
an incompressible, viscous fluid along a semi infinite vertical porous moving plate in a porous medium has been 
performed in the preceding sections. This enables us to carry out the numerical calculations for the distribution of the 
velocity, temperature and concentration across the boundary layer for various values of the parameters. 
 
The influence of Magnetic field on the velocity profiles has been studied in Fig .1. It is seen that the increase in the 
applied magnetic intensity contributes to the decrease in the velocity. Further, it is seen that the magnetic influence 
does not contribute significantly as we move away from the bounding surface. The influence of Schmidt number Sc on 
velocity profiles has been illustrated in Fig.2. It is observed that, while all other participating parameters are held 
constant and Sc is increased, it is seen that the velocity decreases in general. Further, it is noticed that as we move far 
away from the plate, the fluid velocity goes down. The effect of Prandtl number on the velocity profiles has been 
illustrated in Fig.3. It is observed that as the Prandtl number increases, the velocity decreases in general. The dispersion 
in the velocity profiles is found to be more significant for smaller values of Pr and not that significant at higher values 
of Prandtl number. 
 
The effect of Grashof number on the velocity profiles is seen in Fig. 4. Increase in Gr contributes to an increase in 
velocity when all other parameters that appear in the velocity field are held constant. Also it is noticed that as we move 
away from the plate the influence of Gr is not that significant. The effect of modified Grashof number Gm on the 
velocity profiles is observed in Fig.5. Increase in Gm is found to influence the velocity to increase. Also, it is seen that 
as we move far away from the plate it is seen that the effect of Gm is found to be not that significant. The contribution 
of absorption heat radiation parameter on the velocity profiles is noticed in Fig.6. The increase an absorption heat 
radiation parameter contributes to the increase in the velocity field. Further, it is noticed that the velocity decreases as 
we move away from the plate which is found to be independent of absorption heat radiation parameter. The influence 
of the porosity of the boundary on the velocity of the fluid medium has been shown in Fig 7. It is seen that as the 
porosity of the fluid bed increases, the velocity also increases which is in tune with the realistic situation. Further, the 
porosity of the boundary does not influence of the fluid motion as we move far away from the bounding surface. Fig.8  
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shows that the effect of increasing the chemical reaction parameter on velocity profiles. It is noticed that velocity of 
flow field are decreasing, as the values of chemical reaction are increasing.  
 
The Effect of Prandtl number on the temperature field has been illustrated in Fig.9. It is observed that as the Prandtl 
number increases, the temperature in the fluid medium decreases. Also, as we move away from the boundary, the 
Prandtl number has not much of significant influence on the temperature. The dispersion is not found to be significant. 
The influence of Schmidt number on the temperature is illustrated in Fig. 10. It is observed that increase in Sc 
contributes to decrease of temperature of the fluid medium and trend gets reversed. Further, it is seen that Sc does not 
contributes much to the temperature field as we move far away from the bounding surface. Fig.11 illustrates the 
influence of the radiation absorption parameter on the temperature profiles in the boundary layer. As radiation 
absorption parameter increases, temperature distributions increase when the other physical parameters are fixed. Fig.12 
represents the decreasing result of temperature when heat absorption parameter is increasing.  
 
The influence of Schmidt number on the concentration is illustrated in Fig. 13. It is observed that increase in Sc 
contributes to decrease of concentration of the fluid medium. Further, it is seen that Sc does not contributes much to the 
concentration field as we move far away from the bounding surface. Fig.14 shows that the effect of increasing the 
chemical reaction parameter on concentration profiles. It is noticed that species concentration are decreasing, as the 
values of chemical reaction are increasing. The effect of chemical reaction on velocity and temperature is less dominant 
in comparison to concentration. 
 
Skin friction for various values of magnetic field strength is portrayed through Fig 15. It is seen that skin friction 
decreases, as magnetic parameter increases, whereas it is increasing when time parameter is increasing. The rate of heat 
transfer is displayed in the Fig 16. It is increasing when Prandtl number and time parameter (t) are increasing. The 
consolidated influence of Schmidt number with respect to time over rate of mass transfer is seen in Fig. 17. It is seen 
that in general, increase in Sc contributes to increase of rate of mass transfer and is found to be independent of Sc. 
Further, for a constant Sc, as t increases the rate of mass transfer remains almost constant 
 
5. REFERENCES 
 
[1]. Cramer, K. R. and Pai, S. I. Magneto fluid Dynamics for Engineering and Applied Physicists (Mc Graw Hill, 

New York), (1973). 
[2]. Muthucumaraswamy.R and Meenakshisundaram.S. Theoretical study of chemical reaction effects on vertical 

oscillating plate with variable temperature. Theoret. Appl. Mech., vol.33, No.3 (2006), pp.245-257. 
[3].  Sharma, P. K. Fluctuating thermal and mass diffusion on unsteady free convective flow past a vertical plate in 

slip-flow regime, Latin American Applied Research, 35, 313-319,(2005). 
[4]. Anjalidevi, S.P. and R. Kandasamy. Effects of a chemical reaction heat and mass transfer on MHD flow past a 

semi infinite plate. Z.Angew. Math. Mech.,(2000) 80:697-701. 
[5].  Chaudhary, R. C. and Jha, A. K.,Effects of chemical reactions on MHD micropolar fluid flow past a vertical 

plate in slip-flow regime, Applied Mathematics and Mechanics, 29 (9), 1179-1194, (2008). 
[6]. R. Deka, U. N. Das, V. M. Soundalgekar. Effects of mass transfer on flow past an impulsively started infinite 

vertical plate with constant heat flux and chemical reaction,  Forschung im Ingenieurwesen, 60 (1994) 28-47. 
[7]. B. Gebhart, L. Pera. The nature of vertical natural convection flow resulting from the combined buoyancy 

effects of thermal and mass diffusion, J Heat Mass Transfer , 14 (1971) 2025-50. 
[8].  J. Chamkha. Unsteady MHD convective heat and mass transfer past a semi-infinite vertical permeable moving 

plate with heat absorption, Int J Eng Sci, 42 (2004) 217-30. 
[9]. Raptis. Radiation and free convection flow through a porous medium, Int Comm Heat Mass Transfer, 

25(1998) 289-95. 
[10]. F. S. Ibrahim , A. M. Elaiw and A. A. Bakr, Effect of the chemical reaction and radiation absorption on the 

unsteady MHD free convection flow past a semi infinite vertical permeable moving plate with heat source and 
suction, Communications in Nonliner Sci. and Numerical Simulation, 13 (2008) 1056- 66. 

[11]. R. A. Mohamed, Double-Diffusive Convection-Radiation Interaction on Unsteady MHD Flow over a Vertical 
Moving Porous Plate with Heat Generation and Soret E_ects , Applied Mathematical Sciences,, 3(2009) 629 - 
651. 

[12]. Bakr, Effects of chemical reaction on MHD free convection and mass transfer flow of a micropolar  fluid with 
oscillatory plate velocity and constant heat source in a rotating frame of reference , Commun Nonlinear Sci 
Numer Simulat, 16 (2011) 698-710. 

[13]. E. M. Sparrow, R. D. Cess, Hemisphere Publ. Stuart. J. T. , Proc. Soc. London, A231 (1955) 116-121. 
[14]. T. G. Cowling, Magnetohydrodynamics , Interscience Publishers, New York, (1957). 
[15]. K. Yamamoto, N. Iwamura, Flow with convective acceleration through a porous medium , J. Eng.Math,10 

(1976) 41- 54. 
[16]. Muthucumaraswamy, R. and Chandrakala, P. Radiation heat and mass transfer effects on moving isothermal 

vertical plate in the presence of chemical reaction. J. of Applied Mechanics and Engineering, vol. 11, No.3, 
(2006), pp 639-646. 



1G. Sudershan Reddy, 2G. V. Ramana Reddy* and 3K. Jayarami Reddy/ CHEMICAL AND RADIATION ABSORPTION EFFECTS ON 
MHD CONVECTIVE … / IJMA- 3(8), August-2012. 

© 2012, IJMA. All Rights Reserved                                                                                                                                                                    2960 

 
[17].  Al-Odat, M. Q. and Al-Azab. Influence of chemical reaction on transient MHD free convection over a moving 

vertical plate, Emirates J. Engg. Res., 12 (3), 15-21. (2007). 
[18]. M.A. El-Aziz, “Radiation effect on the flow and heat transfer over an unsteady stretching sheet”, International 

Communications in Heat and Mass Transfer, Vol. 36, pp 521-524, (2009). 
[19].  P. Singh, N.S. Tomer and D. Sinha, “Numerical study of heat transfer over stretching surface in porous media 

with transverse magnetic field”, Proceeding of International Conference on Challenges and application of 
Mathematics in Sciences and Technology (2010), ISBN 023- 032-875-X, pp 422-430. 

[20]. P. Singh, N.S. Tomer, S. Kumar and D. Sinha, “MHD oblique stagnation-point flow towards a stretching sheet 
with heat transfer”, International Journal of Applied Mathematics and Mechanics, Vol. 6, no.13, pp 94-111, 
(2010). 

[21]. P. Singh, A. Jangid, N.S. Tomer, S. Kumar and D. Sinha, “Effects of Thermal Radiation and Magnetic Field 
on Unsteady Stretching Permeable Sheet in Presence of Free Stream Velocity”, International Journal of 
Information and Mathematical Sciences, Vol.6, no.3, pp-63-69, (2010). 

[22]. E. M. A. Elbashbeshy, D. M. Yassmin and A. A. Dalia, “Heat Transfer Over an Unsteady Porous Stretching 
Surface Embedded in a Porous Medium with Variable Heat Flux in the Presence of Heat Source or Sink”, 
African Journal of Mathematics and Computer Science Research Vol. 3, no.5, pp 68-73, (2010). 

[23]. Kandasamy, R., Periasamy, K. and Sivagnana Prabhu, K.K. Chemical reaction, heat and mass transfer on 
MHD flow over a vertical stretching surface with heat source and thermal stratification effects, Int. J. Heat and 
Mass Transfer, 48 (21-22), 4557-4561,(2005). 

[24].  Angirasa, D., Peterson, G. P. and Pop, I. Combined heat and mass transfer by natural convection with 
opposing buoyancy effects in a fluid saturated porous medium, Int. J. Heat Mass Trans., 40(12), 2755-
2773,(1997). 

[25].  Ahmed, S. Effects of unsteady free convective MHD flow through a porous medium bounded by an infinite 
vertical porous plate, Bull. Cal. Math. Soc., 99 (5), 511-522, (2007). 

[26]. Ahmed Sahin. Influence of chemical reaction on transient MHD free Convective flow over a vertical plate in 
slip-flow Regime. Emirates Journal for Engineering Research, 15 (1), 25-34 (2010) 

 

0 1 2 3 4 5 6
0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

y

V
el

oc
ity

M = 2, 3, 4, 5

Pr=0.71;Sc=0.60;Gr=2;Gm=2;Q1=1;γ=0.2;
φ=1;K=2;ω=1;t=0.2;up=0.5;ε=0.001;

 
Fig.1. Effect of magnetic field on velocity profiles. 

 

0 1 2 3 4 5 6
0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

y

V
el

oc
ity

Sc = 0.22, 0.30, 0.60, 0.78

Pr=0.71;M=2;Gr=2;Gm=2;Q1=1;γ=0.2;
φ=1;K=2;ω=1;t=0.2;up=0.5;ε=0.001;

 
Fig.2. Effect of Schmidt number on velocity 

profiles. 
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Fig.3. Effect of Prandtl number on velocity profiles. 
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Fig.4. Effect of Grashof number on velocity 

profiles. 
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Fig.5. Effect of mass Grashof number on velocity  

profiles. 
 

0 1 2 3 4 5 6
0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

y

V
el

oc
ity Q1=1, 2, 3, 4

Sc=0.60;M=2;Gr=2;Gm=2;Pr=0.71;γ=0.2;
φ=1;K=2;ω=1;t=0.2;up=0.5;ε=0.001;

 
Fig.6. Effect of radiation absorption parameter on 

velocity profiles. 
 

0 1 2 3 4 5 6
0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

y

V
el

oc
ity

K=0.3, 0.5, 0.7, 1.0

Sc=0.60;M=2;Gr=2;Gm=2;Pr=0.71;γ=0.2;
φ=1;Q1=2;ω=1;t=0.2;up=0.5;ε=0.001;

 
Fig.7. Effect of permeability parameter on velocity 

profiles. 
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Fig.8. Effect of chemical reaction parameter on 

velocity profiles. 
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Fig.9. Effect of Prandtl number on temperature 

profiles. 
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Fig.10. Effect of Schmidt number on temperature 

profiles. 
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Fig.11. Effect of radiation absorption parameter on 

temperature profiles. 
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Fig.12. Effect of radiation heat source parameter on 

temperature profiles. 
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Fig.13. Effect of Schmidt number on concentration 

profiles. 
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Fig.14. Effect of chemical reaction parameter on 

concentration profiles. 
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Fig.15. Effect of magnetic field on skin-friction. 
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Fig.16. Effect of Prandtl number on Nusselt 
number. 
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Fig.17. Effect of Schmidt number on Sherwood 
number. 

 


