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Abstract: Influence of thermal diffusion effects on the Unsteady MHD natural convection flow past an 
exponentially conducting, chemically reacting, incompressible, viscous and heat absorbing fluid past an 
accelerated inclined plate with ramped wall temperature is studied through a porous medium in the presence of 
thermal and mass diffusions. The solutions of velocity, temperature and concentration equations are found in 
closed form by using Laplace Transform technique. The expressions for Nusselt number, Sherwood number are 
also derived. Convection Natural flow near a ramped temperature plate is also compared with the flow near an 
isothermal plate with uniform surface concentration. 
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1. INTRODUCTION 

 

 In many applications for the study of MHD with heat 
and mass transfer such as energy production, 
conversion, Refrigeration, membrane filtration, 
drying, ovens, air-conditioning, stoves, toaster 
Cooling of electronic equipment, materials processing, 
Manufacturing, welding, soldering, casting, laser 
machining Automobiles, aircraft design, weather, 
absorption, climate, evaporation, distillation  etc and 
the many engineering devices using conducting fluids 
of electrically, namely, generators in MHD, jet 
engines in plasma, accelerators in  MHD, flow-meters 
in MHD, nuclear reactors, pumps  in MHD, etc. 
  
Narahari et al. [1] discussed Ramped Temperature 
Effect on Unsteady MHD Natural   Convection Flow 
an Infinite Inclined Plate in the Presence of Chemical 
Reaction, Radiation and Heat Source. Seth et al. [2] 
studied MHD natural convection flow with heat 
transfer past a moving plate with ramped wall 
temperature. Seth et al. [3] also analyzed natural 
convection flow with heat and mass transfer of a 
chemically reacting and heat absorbing fluid past an 
accelerated moving vertical plate with ramped surface 
concentration and ramped temperature using the 
porous medium. Chandran et al. [4] discussed natural 

convection near a vertical plate with ramped wall 
temperature. Hari et al. [5] studied effect of thermo-
diffusion and MHD second grade fluid flow of a 
parabolic motion with ramped surface concentration 
and ramped wall temperature. Hussain et al. [6] have 
analyzed Hall effects on MHD natural convection 
flow with heat and mass transfer of heat absorbing and 
chemically reacting fluid past a vertical plate with 
ramped temperature and ramped surface 
concentration. Ahmed et al. [7] has performed 
Transient mass transfer flow past an infinite vertical 
plate with ramped plate velocity and ramped 
temperature. Reddy et al. [8] analyzed convective 
ramped wall temperature and concentration boundary 
layer flow of a chemically reactive heat absorbing and 
radiating fluid over a vertical plate in conducting field 
with hall current. Hazarika et al. [9] have studied 
chemical reaction on a transient MHD flow past an 
impulsively started vertical plate with ramped 
temperature and concentration with viscous 
dissipation. Seth et al. [10] have performed heat and 
mass transfer effects on unsteady MHD natural 
convection flow of a chemically reactive and radiating 
fluid through a porous medium past a moving vertical 
plate with arbitrary ramped temperature. Sinha [11] 
studied effect of chemical reaction on an unsteady 
MHD free convective flow past a porous plate with 
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ramped temperature. Das et al. [12] discussed hall 
effects on unsteady MHD natural convective flow past 
an impulsively moving plate with ramped temperature 
and concentration. Shah et al. [13] studied general 
solution for MHD free convection flow over a vertical 
plate with ramped wall temperature and chemical 
reaction. Chemical reaction and radiation effects on 
the transient MHD free convection flow of dissipative 
fluid past an infinite vertical porous plate with ramped 
wall temperature have presented by Rajesh et al. [14]. 
free convection flow of a radiating and chemically 
reacting fluid past an impulsively moving plate with 
ramped wall temperature have developed by Kalidas 
et al.[15]. Chamkha et al. [16] have presented 
similarity solutions for hydromagnetic simultaneous 
heat and mass transfer by natural convection from an 
inclined plate with heat generation or absorption. 
Unsteady MHD convective heat and mass transfer past 
a semi-infinite vertical permeable moving plate with 
heat absorption developed by Chamkha.et al. [17]. 
Seth et al. [18] investigated MHD natural convection 
flow with radiative heat transfer past an impulsively 
moving plate with wall ramped temperature. Reddy et 
al. [19] analyzed convective ramped wall temperature 
and concentration boundary layer flow of a chemically 
reactive heat absorbing and radiating fluid over a 
vertical plate in conducting field with hall current. 
Hari R. et al. [20] studied effect of thermo-diffusion 
and parabolic motion on MHD second grade fluid 
flow with ramped wall temperature and ramped 
surface concentration. Rout et al. [21] investigated 
effect of heat source and chemical reaction on MHD 
flow past a vertical plate with variable temperature. 
Reddy et al. [22] presented the viscous dissipation 
effects on MHD flow over a vertical plate with 
ramped chemical reaction and wall temperature. Veera 
Krishna, et al. [23] developed the unsteady MHD 
convective flow of a porous medium in a rotating 
parallel plate channel with temperature dependent 
source. Vijayaragavan and Bharathi [24] analyzed 
thermal Diffusion effects on unsteady MHD Free 
convection with exponentially Accelerated inclined 
plate. Mthucumaraswamy and Prema [25] discussed 
hall effects on flow past an exponentially accelerated 
infinite  vertical plate of an  mass diffusion . Rajput et 
al. [26] studied dufour effect on unsteady MHD flow 
past an inclined oscillating plate with mass diffusion 
and variable temperature. Hari et al. [27] Heat and 
mass transfer in magneto hydrodynamic(MHD) 
Casson fluid flow past over an oscillating  vertical 
plate embedded in porous medium with  ramped wall 
temperature. Ali et al. [28] investigated Natural 
convection in polyethylene glycol based molybdenum 
disulfide nanofluid with thermal radiation, chemical 
reaction and ramped wall temperature. Reddy et al. 
[29] presented unsteady MHD natural convection flow 
past an impulsively moving plate with ramped 
temperature. Garg et al. [30] analyzed effect of an 

exponentially accelerated ramped vertical plate on an 
unsteady MHD free convection flow in the presence of 
magnetic field. Ali et al. [31] developed general 
solution for MHD -free convection flow over a 
vertical plate with chemical reaction and ramped wall 
temperature. 
 

 In present investigation Influence of thermal diffusion 
effects on the Unsteady MHD natural convection flow 
past an exponentially conducting, chemically reacting, 
incompressible, viscous and heat absorbing fluid past 
an accelerated inclined plate with ramped wall 
temperature is studied through a porous medium in the 
presence of thermal and mass diffusions. The solutions 
of velocity, temperature and concentration equations 
are found in closed form by using Laplace Transform 
technique. The expressions for Nusselt number, 
Sherwood number are also derived. Convection 
Natural flow near a ramped temperature plate is also 
compared with the flow near an isothermal plate with 
uniform surface concentration. 
 

2. MATHEMATICAL ANALYSIS 
 

The Unsteady MHD convection flow with heat and 
mass transfer of an chemically reacting, exponentially 
conducting, incompressible, viscous and heat 
absorbing fluid past an accelerated inclined plate with 
ramped temperature is examined through a porous 
medium in the presence of thermal and mass 
diffusions. We assume the co-ordinate system in such 

a process that *x  -axis is along the plate in upward 
direction, *y -axis normal to the plane of the plate and 

*z -axis perpendicular to * *x y -plane. The fluid is 

allowed by uniform transverse magnetic field *B

applied parallel to *y axis. Consider at time * 0t  , 

both the plate and fluid are at rest and maintained at 

uniform temperature 
*

T  and uniform surface 

concentration
*

C . At time * 0t  , plate starts moving 

in *x -direction against the gravitational field with 

time dependent velocity *u .Temperature of the plate 

is lowered or raised to 
*

* *

0

( )w

t
T T T

t
   at 

*
0 0t t 

.Also *
0t t  plate is retained at the uniform 

temperature *
wT . Here about 0t  is characteristic time. It 

is assumed that the induced magnetic field is 
negligible in comparison to the transverse magnetic 
field and the magnetic Reynolds number is very little. 
It is also assumed that the result of viscous dissipation 
is negligible in the energy equation and the level of 
concentration is low so the Dufour effects and Soret 
are negligible. As the plate is infinite in extent, so the 

derivatives of all the flow variables with respect to 
*x
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vanish and they can be assumed to be functions of *y

and *t only. Thus the motion is one dimensional with 
only non-zero vertical velocity component u , varying 

with *y and *t only. The dimensionless governing 

equations are solved using Laplace transform method 
and the solutions are expressed in terms of exponential 
and complementary error functions. In this paper talk 
about the unsteady MHD natural convection flow with 
heat and mass transfer of an electrically conducting, 
viscous, chemically reacting, incompressible and 
temperature dependent heat absorbing fluid past an 
accelerated infinite inclined plate embedded in a 
porous medium in the presence of thermal and mass 
diffusions.  
 

Figure 1 Proposed Physical model of the problem 

 
 
Then the flow model is defined as follows  
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 and the boundary conditions for the flow are given by 
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The local gradient for the case of an optically thin gas 

is expressed as in the following form 

             

*
* *4 *4

*
4 ( ), (5)rq
a T T

t
 


  

          
 

We assumed that the temperature differences within 
the flow are sufficiently small and that 4T may be 

expressed as a linear function of the temperature. This 
is found by expanding 4T in a Taylor series about 

T
and neglecting the higher order terms, thus, we 

have 

                       
*4 *3 * *44 3 ,T T T T                       (6) 

Substituting equations (5) and (6) in (2) we get 

* 2 *
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p
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On introducing the following non dimensional 

parameters and variables  
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We have the following governing equation which is 

dimensionless form 

 2
0
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According to above non dimensional process, 

Charteristic 
0t  time may be defined as  

0 2
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The above equation can written in the form 
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3. THE METHOD OF SOLUTION 
 

To find the exact solution for fluid velocity, fluid 

temperature and concentration by solving the 

dimensionless governing equations from (14) to (16) 

subject to the boundary conditions (17) using Laplace 

transforms method and after simplification is 

presented in the following form. Here ( , 1)H y t 
 
is 

called unit Heaviside function. 
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5. NUSSELT NUMBER 
 
The Nusselt number obtained from ramped 
temperature and is given in non-dimensional form is 
given by 
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The Nusselt number obtained from isothermal 

temperature and is given in non-dimensional form is  

given by 
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6. SHERWOOD NUMBER 
 

The Sherwood number obtained by concentration field 

and is given in non-dimensional form as 
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 The utilized constant expressions are described in the 

Appendix section. 

 

 7. NUMERICAL RESULTS AND DISCUSSION  
 
In order to analyze the influence of magnetic field, 
species buoyancy force, thermal buoyancy force, 
chemical reaction ,heat absorption, and time on flow-
field in the boundary layer region, the numerical 
values of fluid velocity, calculated from the analytical 
solutions described in Sections 2 and 3, are showed 
graphically afterwards boundary layer co-ordinate y in 
Figs. 2 to 5 for various values of  thermal Grashof 

number rG , magnetic parameter M , Solutal Grashof 

number mG , chemical reaction parameter 1k  and time 

t  taking 0.1,rP  2.01,cS  0 0.5,Q  3
.   

 

 

 

 

 

 

Figure 2 Velocity profiles for different valuesGm  with  =0.1M , 0.1Gr   , 0 0 .5K   , 4R   , 1Du   and 0.3 .t   
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Figure 3 Velocity profiles for different values Gr  with  =0.1M , 5Gm   , 0 0 .5K  , 4R   , 1Du   and 0.3.t   

 

 

 

Figure 4 Velocity profiles for different values M with  5Gm  , 0.1Gr   ,
 0 0 .5K   , 4R   ,

 1Du  and 0.3 .t 
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Figure 5 Velocity profiles for different values Du  with  5Gm  , 0.1Gr   ,
 0 0 .5K   , 4R   , =0.1M  and 0.3.t   

 
 

Figure 6 Velocity profiles for different values  t with  1,Du  5Gm  , 0.1Gr   ,
0 0 .5K   , 4R   and =0.1M   
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out of thermal buoyancy force and species buoyancy 
force on fluid velocity. The thermal Grashof number 

rG  intends the relative effect of the thermal buoyancy 

force to the viscous hydrodynamic force. The ratio of 
the viscous hydrodynamic force and species buoyancy 

force characterizes of the solutal Grashof number mG . 

We have for both ramped temperature plate and 
isothermal plate with uniform surface concentration, 

fluid velocity increases on increasing either rG  or mG . 

This implies that fluid velocity is getting accelerated 
due to improvement in either thermal buoyancy force  
 
 
 

or species buoyancy force. Figure 5 show the effects 
of Duffer effect on fluid velocity. It is mentioned that 
the velocities of fluid increasing with are increases 
values of Dufour effect. That is the Dufour effect has 
slowing influence on fluid flow for both ramped 
temperature plate and isothermal plate with uniform 
surface concentration. Figure 6 show the effects of 
time on fluid velocity. It is found that fluid velocity 
increases on increasing time t. we find that there is a 
sweetening in fluid velocity for both isothermal plate 
and ramped temperature plate with uniform surface 
concentration with the act on of time.  
 

 

 

 

Figure 7 Temperature profiles for different values R  with  0.1Gr   , 0 0.5K   , =0.1M , 0.1,Gr  and 0.3.t   
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Figure 8 Temperature profiles for different values R  with  0.1Gr   ,
0 0 .5K   , 4R   0.1,M   and 0.3.t   

 

 

  

 

Figure 9 Concentration for different values cS
 

 

 

Figure 10 Concentration profiles for different values   t  
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Figure 11 Concentration profiles for different values k  

 

 

Figure 12  Nusselt number of different values Du  

 
 
Figure 13 Sherwood number of different values Du  
 
 

 

 
Figure 14 Sherwood number of different values cS   
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1 .k it is evident from Figure 9 those species 
concentration C decreases on increasing 1 .k  
 
7.4 Nusselt number and Shear wood number  
       profile 
 
Figure 12 and 13 for different values of Dufour effect 
number. It is observed that for both ramped 
temperature plate and isothermal plate with uniform 
surface concentration, Nusselt number decreases on 
increasing value Dufour effect. The rate at mass 
transfers and the rate at which mass transfers are 
studied through the figures 14 and 15. Figure 13 it is 
observed that the Sherwood number increased with are 
increases values of Schmidt number and figure 14 
represents that the Sherwood number decreased with 
are increasing the values thermal conductivity of the 

fluid 1 .k   
 
 

 
Figure 15 Sherwood number of different values 1k  
 
8. CONCLUSION 
  
Influence of thermal diffusion effects on the Unsteady 
MHD natural convection flow past an exponentially 
conducting, chemically reacting, incompressible, 
viscous and heat absorbing fluid past an accelerated 
inclined plate with ramped wall temperature is studied 
through a porous medium in the presence of thermal 
and mass diffusions. The solutions of velocity, 
temperature and concentration equations are found in 
closed form by using Laplace Transform technique. 
The expressions for Nusselt number, Sherwood 
number are also derived. Convection Natural flow 
near a ramped temperature plate is also compared with 
the flow near an isothermal plate with uniform surface 
concentration. The solutions of velocity, temperature 
and concentration equations are obtained in closed 
form by Laplace Transform technique. The 

expressions for Nusselt number and Sherwood number 
are also found. The effects of the flow parameters on 
the dimensionless axial and transverse velocities, 
temperature, concentration, Sherwood number and 
Nusselt number are explored through most appropriate 
graphs. In this paper we conclude that the following. 
 
 We found that for both ramped temperature plate 

and isothermal plate with uniform surface 

concentration, Magnetic field, Dufour effect, 

thermal Grashof number, solutal Grashof number 

and chemical reaction have slowing determine on 

fluid flow. Fluid velocity is getting accelerated 

with the move on of time. Chemical reaction tends 

to dilute concentration and there is improvement in 

concentration with the move on of time. 
 

 The ramped temperature plate and isothermal plate 

with uniform surface concentration, fluid velocity 

decreases on increasing magnetic parameter M. 
 

 The concentration increases with the decreasing 

values of the thermal conductivity and Schmidt 

number. 
 

 For different values of Dufour effect number both 

ramped temperature plate and isothermal plate 

with uniform surface concentration, Nusselt 

number decreases on increasing value Dufour 

effect. 
 

 The rate at mass transfers and the rate at which 

mass transfers are examined through it is observed 

that the Sherwood number increased with are 

increases. 

 

 
NOMENCLATURE 
 

0B -Uniform magnetic field  

0k - Permeability parameter 

0k  -Permeability of porous medium 

*C - Species concentration 
*

w
C  -Concentration of the plate  

*C


- Concentration of the fluid far away from the    

        plate 

C  -Dimensionless concentration 

pC -Specific heat at constant pressure 

Du - Dufour effect 
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g -Acceleration due to gravity 

rG  -Thermal Grash of number 

mG - Mass Grash of number 

M -Magnetic field parameter 

Nu- Nusselt number 

rP - Prandtl number 

rq - Radiative heat fluxes in the - *y direction 

mD -Coefficient of mass diffusivity 

R -Radiation parameter 

Sc  -Schmidt number 
 μ- Coefficient of viscosity 

1k  -Thermal conductivity of the 

T -dimensionless fluid Temperature  
*

w
T -Temperature of the plate 

*T


-Temperature of the fluid far away from the plate 

t -Time 
*u -Velocity of the fluid in the *y direction 

0u -Velocity of the plate 

u -Dimensionless velocity 
*y -Coordinate axis normal to the plate 

y -Dimensionless Coordinate axis normal to the plate   

-Thermal diffusivity 

 -Volumetric coefficient of thermal   expansion 

* -Volumetric coefficient of expansion with    

        Concentration 

 -Density of the fluid 

 - Electric conductivity 

0Q - Dimensionless heat source 
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