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Abstract-Numerical analysis is carried out for the case of thermal diffusion effect on heat generating fluid in the 

presence of exponentially varying temperature and concentration in conducting field. The presence of homogeneous 

chemical reaction is considered. A magnetic field of uniform strength is applied perpendicular to the plate. The set 

ofdimensionlessequations are solved numerically by using finite difference method. The relevant physical flow 

parameters on the flow quantities are studied through graphs. Also the variations in skin friction, Nusselt number 
and Sherwood number are presented in tables.  
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I. INTRODUCTION 

 In recent times convection flows by means of simultaneous heat and mass transfer under the impact of a 

magnetic field and chemical reaction occurs in many engineering applications. Which plays an essential role in 
many industries namely,in the chemical industry, power and cooling industry for drying,cooling of nuclear reactors 

and magneto hydrodynamic (MHD) power generators.  Many transport processes exist in industrial applications and 

in nature, in which the simultaneous heat and mass transfer occurs as a result of combined buoyancy effects of the 

diffusion of chemical species. Some fields of interest in which collective heat and mass transfer play a vital role in 

the design of chemical processes in gear, development and dispersion of fog, distribution of temperature and vapor 

over food production fields. Earlier Tripathy et al. [1] studied the effect of Chemical reaction effect on MHD free 

convective surface over a moving vertical plate through porous medium. Srinivasacharya and Swamy Reddy [2] 

analyzed the effect of free convection in a non-Newtonian power law Fluid saturated porous medium with Chemical 

reaction and radiation effects. Kandasamy et al. [3] discussed chemical reaction, heat and mass transfer on MHD 

flow over a vertical stretching surface with heat source and thermal stratification effect. Mahdy et al. [4] analyzed 

the effects of chemical reaction and heat generation or absorption on double-diffusive convection from a vertical 
truncated cone in a porous media with variable viscosity. Anjali Devi and Kandaswami [5] presented effects of a 

chemical reaction heat and mass transfer on MHD flow past a semi-infinite plate. Khan and Rashad [6] studied 

combined effects of radiation and chemical reaction on heat and mass transfer by MHD stagnation point flow of a 

micro polar fluid towards a stretching surface. Barik [7] analyzed the effect of Chemical Reaction and Radiation 

Effects of MHD Free Convective Flow past an Impulsively Moving Vertical Plate with Ramped Wall Temperature 

and Concentration. Nehad Ali shah et al. [8] investigated the general solution for MHD-free convection flow over a 

vertical plate with ramped wall temperature and chemical reaction. Chamkha et al. [9] discussed MHD flow of 

uniformly stretched vertical permeable surface in the presence of heat generation/absorption and a chemical 

reaction. Seth et al. [10] presented MHD natural convection flow with radiative heat transfer past an impulsively 

moving plate with ramped wall temperature. Sattar et al. [11] presented an analytical solution of the free convection 

and mass transfer flow with thermal diffusion. Makinde et al. [12] studied hydromagnetic heat and mass transfer 

over a vertical plate with a convective surface boundary condition. Pattnaik et al. [13] discussed effect of heat and 
mass transfer on MHD free convection flow past an impulsively moving infinite vertical plate with ramped wall 

temperature. 

 When heat and mass transfer arise simultaneously in a fluid flow, the relationships between the driving potentials 

and fluxes are of more important. It has been detected that energy flux can be produced by temperature gradients 
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and also concentration gradients. On the other hand, mass flux can also be affected by temperature gradients and this 

represents the thermal-diffusion (Soret) effect. In various studies belonging to Soret effects are neglected on the 

basis that they are of a smaller order of magnitude than the effects described by Fourier’s and Fick’s laws. But these 

effects may become essential when they are considered as second order phenomena and in the areas of petrology, 

geosciences, hydrology etc. The Soret effect has been employed for isotope separation and in mixture between gases 

with very less molecular weight and of standard molecular weight. Chandra reddyet al. [14] investigated Soret and 
Dufour effects on MHD free convection flow of Rivlin-Ericksen fluid past a semi-infinite vertical plate. Ayat et al. 

[15] discussed heat and mass transfer for Soret and Dufour’s effect on mixed convection boundary layer flow over a 

stretching vertical surface in a porous medium filled with a viscoelastic fluid. Chandra reddy et al. [16] studied 

thermal and solutal buoyancy effect on MHD boundary layer flow of a visco-elastic fluid past a porous plate with 

varying suction and heat source in the presence of thermal diffusion. Ahammad et al. [17] analyzed Numerical study 

of MHD free convection flow and mass transfer over a stretching sheet considering Soret and Dufour effects in the 

presence of magnetic field. Siva reddy et al. [18] considered Soret effects on Unsteady MHD free convective flow 

past a semi-infinite vertical plate in the presence of viscous dissipation. Cheng [19] presented a study on Soret and 

Dufour effects on heat and mass transfer by natural convection from a vertical truncated cone in a fluid saturated 

porous medium with variable wall temperature and concentration. Srinivasacharya et al. [20] discussed the effects of 

Soret and Dufour on mixed convection along a vertical wavy surface in a porous medium with variable properties. 

Chamka et al. [21] considered Double-Diffusion MHD free convective flow along a sphere in the presence of 
homogeneous-chemical reaction and soret and dufuor effects. Shankar Goud et al. [22] analyzed finite element study 

of soret and radiation effects on mass transfer flow through a highly porous medium with heat generation and 

chemical reaction. Maleque et al. [23] studied Dufour and Soret effects on unsteady MHD convective heat and mass 

transfer flow due to a rotating disk. Recently, unsteady magnetohydrodynamic free convective double-diffusive 

viscoelastic fluid flow past an inclined permeable plate in the presence of viscous dissipation and heat absorption 

was presented by Umamaheswar et al. [24]. Dash et al. [25] addressed about free convective MHD flow through 

porous media of a rotating Visco-elastic fluid past an infinite vertical porous plate with heat and mass transfer in the 

presence of chemical reaction. Vivek et al. [26] investigated on hydrodynamic and hydromagnetic triply diffusive 

convection in a viscoelastic fluid through porous medium. Mukesh et al. [27] have considered MHD flow and heat 

transfer through non-Darcy porous medium bounded between two parallel plates with viscous and Joule dissipation. 

Choudhury et al. [28] studied effect of viscoelastic MHD boundary layer flow with heat and mass   transfer over a 
continuously moving inclined surface in presence of energy dissipation. Srinivasacharya and Reddy [29] 

investigated a numerical study on free convection in a non-Newtonian power law fluid in a saturated porous medium 

in the presence of chemical reaction and radiation. Recently, Reddy et al. [30] carried out unsteady MHD free 

convection flow of a visco-elastic fluid past a vertical porous plate in the presence of thermal radiation, radiation 

absorption, heat generation/absorption and chemical reaction. Several authors [37-45] contributed to this kind of 

studies. 

               Motivated by the above studies, in this manuscript, we have studied Soret effects on radiation absorption 

fluid past a linearly accelerated vertical porous plate in the presence of exponentially varying temperature and 

concentration in conducting field, by extending the work of Muthucumaraswamy and Velumurugan [36]. This is not 

the simple extension work, we have alsochanged the boundary conditions. The previous studies were confined to 

isothermal boundary layer and uniform mass transfer or the plate temperature as well as concentration levels near 

the plate are linear functions of time. This indicates that small changes in temperature and concentration levels were 
focused much but large variations in temperature and concentration levels were ignored. Hence in this study we 

have considered exponentially varying temperature and also exponentially varying concentration. This kind of 

applications can be found in the process of cooling the nuclear reactors where large temperatures will be reduced to 

small temperatures or vice versa. The novelty of this study is the consideration of radiation absorption effect along 

with Soret effects in the presence of chemically reacting and radiating fluid in porous medium along with the 

exponentially varying temperature and concentration boundary layers.  

 

II. MATHEMATICAL FORMULATION 

We consider a viscous incompressible, electrically conducting, heatgenerating and radiating fluid flow past 

an infinite vertical porous plate in the presence of thermo diffusion. A magnetic field of uniform strength B0 is 

applied perpendicular to the plate. Let x*-axis is taken along the plate in the vertically upward direction and the y*-

axis is taken perpendicular to the plate. At time t*≤ 0, the plate is maintained at the temperature higher than ambient 

temperature T∞ and the fluid is at rest. At time t*
> 0, the plate is linearly accelerated with increasing time in its own 
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plane and the temperature and as well as concentration are assumed to vary exponentially with respect to time. It is 

assumed that the effect of viscous dissipation and the induced magnetic field produced by fluid motion are neglected 

in comparison to applied magnetic field. This is justified because magnetic Reynolds number is very small for liquid 

metals and partially ionized fluids which are commonly used in various industrial processes (Cramer and Pai [35], 

Seth et al. [10]. By usual Boussineq’s and boundary layer approximations followed by Mahdy [4] Sattar and Alam 

[11] and Umamaheswar [24] and based on the above considerations the unsteady flow is governed by the following 
equations: 
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The local radiant absorption for the case of an optically thin gray gas, followed by Ahmed et al. [33] and Raptis and 

Perdikis [32] is expressed as 
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Where σ* and a* are the Stefan- Boltzmann constant and the mean absorption coefficient, respectively. It is assumed 

that the temperature difference with in the flow are so small so that 
*4T can be expressed as linear function of 

T*after using Taylor’s series to expand 
*4T about the free stream temperature 

*T  and neglecting higher order terms. 

This approximation results as follows: 
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By introducing the above non-dimensional quantities, the equations (1), (3) and (6) reduce to following forms. 
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By introducing the non-dimensional quantities, the boundary conditions reduce to the following forms.  
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III. SOLUTION OF THE PROBLEM 

Equations (9), (10) and (11) are coupled partial differential equations for which the exact solutions are not possible. 

Hence these equations along with the set of boundary conditions (12)  are solved by semi-implicit finite difference 
method. The corresponding finite difference schemes of equations (9) - (11) are as follows: 
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Equations (9) – (11) can be written as follows: 
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Here, the suffix i relates to y and j to time. The mesh system is divided by taking ∆y = 0.1. From the initial condition 

in (8), we have the following equivalent: 
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The boundary conditions from (8) are expressed in finite-difference form as follows  

(0, ) , (0, ) , (0, )

( , ) 0, ( , ) 0, ( , ) 0max max max

t tU j t j e C j e j

U i j i j C i j j





   

   
                   (20) 

(Here imax was taken as 200) 

The velocity at the end of time step viz., u (i, j+1)(i=1,200) is computed from (16) in terms of velocity, temperature 

and concentration at points on the earlier time-step. After that θ (i, j +1) is computed from (17) and then C (i, j +1) is 
computed from (18). The procedure is repeated until t = 0.5 (i.e. j = 500). During computation ∆t was chosen as 

0.001. 

Skin-friction: 

The skin-friction in non-dimensional form is given by the relation 

.

1
, where

2
0

0

U

Y UY


 



 
   

  
 

 Rate of heat transfer: 

The dimensionless rate of heat transfer in terms of Nusselt number is given by 
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Rate of mass transfer: 

The dimensionless rate of mass transfer in terms of Sherwood number is given by 
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IV. RESULTS AND DISCUSSION 

To get a clear idea of the physics of the flow field, a numerical study has been carried out through the finite 

difference scheme and the influence of various  physical  parameters  on concentration, temperature, velocity are 
discussed with the help of Figs. 1-11. Apart, variations in skin friction coefficient, rate of heat transfer in the form of 

Nusselt number and the rate of mass transfer in the form of Sherwood number are also presented in tables 1-3. Figs. 

1-3 show the variations in the fluid concentration under the influence of Soret number, Schmidt number and 

chemical reaction parameter. Fig.1 exhibits that the concentration of the fluid decreases for an increase in chemical 

reaction parameter values.  
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 Fig. 1: Effect of Kr on Concentration profiles.     

 

                                               Fig. 2: Effect of Sc on Concentration profiles.  
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                                     Fig. 3: Effect of S0 on Concentration profiles.          

Fig.2 illustrates that the concentration of the fluid decreases for ascending values of Schmidt number. Physically it is 

true since the increase in Sc means decrease of molecular diffusivity and therefore decrease in concentration 

boundary layer. Hence the concentration of species is higher for smaller values of Sc and lower for larger values. 
When heat and mass transfer occur simultaneously in a moving fluid, the mass flux generated by temperature 

gradients is termed as thermal-diffusion (Soret effect). The velocity of the fluid as well as species concentration 

increases for ascending values of Soret number. This is noticed from Fig.3 that the concentration of the fluid 

increases with an increase in Soret number. The variations in temperature field are shown in Figs. 4-6. It is evident 

from Fig.4 that temperature of the fluid falls down with an increase in the values of Prandtl number. Physically this 

is true because thermal conductivity of the fluid decreases with increasing values of Prandtl number, resulting 

decrease in thermal boundary layer thickness.  
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        Fig. 4: Effect of Pr on Temperature. 

 

Fig. 5: Effect of Q on Temperature. 
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Fig. 6: Effect of Ra on Temperature. 
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Fig.7: Effect of K on Velocity. 

 

Fig.8: Effect of M on Velocity. 
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Fig.9: Effect of Pr on Velocity. 

 

Fig.10: Effect of Soret number on Velocity. 

 

 

The influence of heat absorption parameter on temperature is conferred in Fig.5. It is examined that the temperature 

increases for increasing values of heat absorption parameter. This is due to the fact that the heat absorption causes an 
increase in kinetic energy as well as thermal energy of the fluid. As a result, the temperature of the thermal boundary 

layer increases in the case of heat generating fluids. Fig.6 depicts the variations in temperature in the presence of 

radiation parameter. Decrease in temperature is detected under the influence of radiation parameter. This is in 

conformity with the results of Raptis and Perdikis [32]. 

 Figs. 7-11 shows  the variations in the velocity distribution  under the influence of  several  parameters 

involved in this study. From Fig.7 velocity profiles are displayed with the variations in permeability of the porous 

medium parameter K. From this figure, it is noticed that the velocity of the fluid increases from the moving plate to 

free surface with the increase in the values of the permeability of the porous medium. Physically, an increase in the 

permeability of porous medium leads the rise in the flow of fluid through it. When the holes of the porous medium 

become large, the resistance of the medium may be neglected. So that velocity at the plate is observed to be 

maximum and step by step it reaches the free surface. This result is in good concordance the result of Raju et al. 

[34]. Fig.8 represents the effect of magnetic parameter on fluid velocity. The velocity decreases with increasing 
values of magnetic parameter. The central reason behind this effect is that the application of transverse magnetic 

field perpendicular to the flow causes a flow-resistive force called the Lorentz force which deeds in the opposite 

direction of the fluid flow. This force results in slowing the motion of the fluid. Fig.9 illustrates the effect of Prandtl 

number on velocity of the fluid. It is identified that the velocity of the fluid decreases as the values of Prandtl 

number increases. The fluid of low Prandtl number has high thermal diffusivity and hence it gains higher 

temperature in steady state, which in turn means more buoyancy force i.e. high fluid velocity with respect to 

reasonably high Prandtl fluid. The variation of the velocity boundary-layer under the effect of Soret number is 

shown in Fig.10. An increase in velocity boundary layer is examined with ascending values of Soret number.  Fig. 

11 depict the variations in velocity with the effect of Grashof number and modified Grashof number. It is shown that 
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the velocity increases under the influence of both the numbers.  It can be identified from table 1 that the Nusselt 

number increases with rising value of Prandtl number. Increasing values of Schmidt number (Sc), heat absorption 

parameter (Q), heat generation parameter results in declining the Nusselt number. Table 2 displays the variations in 

Sherwood number. Sherwood number value increases for increasing values of Schmidt number (Sc), chemical 

reaction parameter (Kr) and it decreases for ascending value of Soret number (S0). Table 3 displays the variations in 

skin friction. The skin friction increases with an increase in magnetic parameter (M) and Prandtl number (Pr) 
whereas it declines under the effect of porosity parameter (K), Grashof number (Gr) and modified Grashof number 

(Gc), heat absorption parameter (Q), Soret number (S0) .  

Table.1: Variations in Nusselt Number 

 
Pr Q Sc Nu 

1 0.1 0.22 7.3245 

3 0.1 0.22 13.5343 

7 0.1 0.22 21.3434 

0.71 0.1 0.66 5.0871 

0.71 0.3 0.66 5.0450 

0.71 0.5 0.66 5.0239 

1 0.5 0.22 7.5541 

1 0.5 0.66 6.6454 

1 0.5 0.78 5.9654 

Table. 2: Variations in Sherwood Number 

Sc Kr S0 Sh 

0.22 0.1 0.5 3.2348 

0.66 0.1 0.5 4.9452 

0.78 0.1 0.5 5.5328 

0.66 0.2 0.5 3.2312 

0.66 0.4 0.5 3.2398 

0.66 0.6 0.5 3.2421 

0.66 0.1 1 3.4578 

0.66 0.1 1.5 2.7542 

0.66 0.1 2 1.9648 
 

 

 
 

Fig.11: Effect of Gr and Gc on Velocity 

Table 3: Variations in Skin-friction 
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S0 M K Q Pr Gr Gc   

0.5 3 0.5 0.5 0.71 10 10 -0.4602 

1 3 0.5 0.5 0.71 10 10 -0.4854 

1.5 3 0.5 0.5 0.71 10 10 -0.4965 
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NOMENCLATURE 

 
A, a     Constants 
Cp       Specific heat at constant  

pressure [J.kg-1 K-1] 

DmThermal diffusivity 

Gr       Thermal Grashof number 

Gcmodified Grashof number 

gAcceleration due to gravity [m.s-2] 

Pr        Prandtl number 

K         porosity parameter 

Q         heat absorption parameter 

Ra      radiation parameter 

M        magnetic parameter 

Kr       chemical reaction parameter  
S0        Soret number 

Sc        Schmidt number 

Nu       Nusselt number 

Sh        Sherwood number  

өTemperature [K] 

tTime [s] 

u         Velocity of the plate [m.s-1] 

C        Concentration [g/ml] 

 

Greek symbols 
βVolumetric coefficient of  

thermal expansion [K-1]   

β*             Volumetric coefficient of expansion  

for mass transfer 

kThermal conductivity [W.m-1.K-1]           

μCoefficient of viscosity [Pa.s] 

ᴦ          Heat generation parameter. 

 

 

νKinematic viscosity [m2.s-1] 

ρDensity of the fluid [kg.m-3] 

τ          skin friction 
σ          Electrical conductivity [ohm-1 s-1]  

 

Subscripts 

s          surface of the plate 

∞         Conditions in the free stream 

Superscript 

* Dimensional

yCoordinate axis normal to the plate [m] 

 

 

V. CONCLUSIONS 

0.5 1 0.5 0.5 0.71 10 10 -0.4786 

0.5 2 0.5 0.5 0.71 10 10 -0.4627 

0.5 3 0.5 0.5 0.71 10 10 -0.4532 

0.5 3 0.1 0.5 0.71 10 10 -0.4567 

0.5 3 0.3 0.5 0.71 10 10 -0.4754 

0.5 3 0.5 0.5 0.71 10 10 -0.4857 

0.5 3 0.5 1 0.71 10 10 -0.3637 

0.5 3 0.5 1.5 0.71 10 10 -0.3639 

0.5 3 0.5 2 0.71 10 10 -0.3641 

0.5 3 0.5 0.5 0.71 10 10 -0.5546 

0.5 3 0.5 0.5 1 10 10 -0.4546 

0.5 3 0.5 0.5 3 10 10 -0.3765 

0.5 3 0.5 0.5 0.71 5 10 -0.2736 

0.5 3 0.5 0.5 0.71 10 10 -0.6490 

0.5 3 0.5 0.5 0.71 15 10 -0.9544 

0.5 3 0.5 0.5 0.71 10 5 -0.4546 

0.5 3 0.5 0.5 0.71 10 10 -0.7446 

0.5 3 0.5 0.5 0.71 10 15 -0.9656 
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The dimensionless governing equationsare solved with the help of semi implicit finite difference method. 

Influence of several parameters on velocity, temperature and concentration are discussed with the help of graphs. 

Also the effect of some parameters on skin friction, Nusselt number and Sherwood number is also discussed 

thoroughly. The main conclusions of the present study are stated below: 

1. Fluid velocity increases for increasing values of  Thermal Grashof number, modified Grashof number, 

Porosity parameter, Soret number and but it shows reverse trend in the case of  magnetic parameter, 
chemical reaction parameter and Prandtl number. 

2. Fluidtemperaturereduces for increasing values of Prandtl number, whereas it enhances in the case of heat 

absorption parameter and radiation parameter. 

3. Cconcentration of the fluid increases when soret number increases but it falls down under the influence of 

Schmidt number and chemical reaction parameter. 

4. Skin friction increases when magnetic parameter and Prandtl number increase whereas it decreases for 

increasing values of Thermal Grashof number, modified Grashof number, Porosity parameter, heat 

absorption parameter, Soret number.  

5. Nusselt number increases with increasing values of Prandtl number, but an opposite behavior is noticed in 

the case ofheat absorption parameter and Schmidt number.  

6. Sherwood number is enhanced for increasing values of Schmidt number and chemical reaction parameter 

but it shows reverse trend in the presence of Soret number. 
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