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ABSTRACT 
In this paper, we have discussed the radiative heat and mass transfer on the unsteady hydromagnetic convective flow 
of a conducting visco-elastic fluid over an inclined plate embedded in a porous medium. The impulsively started plate 
with variable temperature and mass diffusion is considered .The analytical expressions for the velocity, temperature 
and species concentration fields have been obtained. The corresponding expressions for the non-dimensional rates of 
heat transfer and mass transfer have been obtained. The velocity profile and the shearing stress have been illustrated 
graphically, for various values of flow parameters involved in the solution to observe the effect of visco-elastic 
parameter. 
 
 
1. INTRODUCTION 
 
The study of convective flow with heat and mass transfer under the influence of magnetic field and chemical reactions 
with radiation has practical applications in many areas of science and engineering. This phenomenon plays an 
important role in chemical industry, petroleum industry, cooling of nuclear reactors and packed bed catalytic reactors. 
Natural convection flows frequently in nature due to temperature differences, concentration differences and also due to 
combined effects. The radiation heat transfer effects on different flows are important in space technology and high 
temperature processes. Thermal radiation effects may play an important role in controlling heat transfer in polymer 
processing industry where the quality of the final product depends on the heat controlling factors to some extent. High 
temperature plasmas, cooling of nuclear reactors, power generation systems are some important applications of 
radiatons heat transfer from a wall to conductive gray fluids. Das et al.(1) heat and mass transfer effects on unsteady 
MHD free convection flow near a moving vertical plate in porous medium. Das et al. (2) mass transfer effects on 
mhdflow and heat transfer past a vertical porous plate through a porous medium under oscillatory suction and heat 
source. Again, Das et al. (3) natural convection unsteady magneto-hydrodynamic mass transfer flow past an infinite 
vertical porous plate in presence of suction and heat sink. Das et al. (4) unsteady hydromagnetic convective flow past 
an infinite vertical porous flat plate in aporous medium. Hussanan et al. (5) an exact analysis of heat and mass transfer 
past a vertical plate with newtonian heating. Toki et al. (6) exact solutions for the unsteady free convection flows on a 
porous plate with time-dependent heating. Khan et al. (7) free convection flow past an oscillating plate embedded in a 
porous medium. Turkyilmazoglu et al. (8) soret and heat source effects on the unsteady radiative mhd free convection 
flow from an impulsively started infinite vertical plate. Ahmad (9) soret and radiation effects on transient mhd free 
convection from an impulsively started infinite vertical plate. Khan et al. (10) free convection flow past an oscillating 
plate embedded in a porous medium. Pal et al. (11) MHD non-Darcian mixed convection heat and mass transfer over a 
non-linear stretching sheet with soret-dufour effects and chemical reaction. Turkyilmazoglu (12) analytic heat and 
transfer of the mixed hydrodynamic/thermal slip mhd viscous flow over a stretching sheet. Seth et al. (13) mhd natural 
convection flow with radiative heat transfer past an impulsively moving plate with ramped wall temperature. Mishra    
et al. (14) mass and heat transfer effect on mhd flow of a visco-elastic fluid through porous medium with oscillatory 
suction and heat source. Jingchun et al. (15) coupled heat and mass transfer during moisture exchange across a 
membrane. Khan et al. (16) effects of hall current and mass transfer on the unsteady magnetohydrodynamic flow in a 
porous channel. Chandrakala(17) radiation effects on flow past an impulsively started vertical oscillating plate with 
uniform heat flux. Rajesh (18) 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. Prasad et al. (19) thermal radiation 
effects on magnetohydrodynamic free convection heat and mass transfer from a sphere in a variable porosity regime. 
Chandrakala (20) radiation effects on flow past an impulsively started vertical oscillating plate with uniform heat flux. 
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Narahari et al. (21) free convection flow past an impulsively started infinite vertical plate with newtonian heating in the 
presence of thermal radiation and mass diffusion. Seethamahalakshmi et al. (22). unsteady mhd free convection flow 
and mass transfer near a moving vertical plate in the presence of thermal radiation. Ziyauddin et al. (23) radiation effect 
on unsteady mhd heat and mass transfer flow on a moving inclined porous heated plate in the presence of chemical 
reaction. Magyari et al. (24) note on the effect of thermal radiation in the linearized rosseland approximation on the 
heat transfer characteristics of various boundary layer flows. Reddy et al. (25) radiation and mass transfer effects on 
nonlinear mhd boundary layer flow of liquid metal over a porous stretching surface embedded in porous medium with 
heat generation. Venkateswarlu et al. (26) thermal diffusion and radiation effects on unsteady mhd free convection heat 
and mass transfer flow past a linearly accelerated vertical porous plate with variable temperature and mass diffusion. 
Venkateswarlu et al. (27) radiation and chemical reaction effects on MHD flow past an oscillating vertical porous plate 
with constant heat flux. Kumar et al. (28) radiation and chemical reaction effects on mhd flow fluid over an infinite 
vertical oscillating porous plate. Reddy et al. (29) Soret Effect on MHD Mixed Convection Oscillatory Flow over a 
Vertical Surface in a Porous Medium with Chemical Reaction and Thermal Radiation. Lakshmi et al. (30) chemical 
reaction and radiation effect on the unsteady hd free convection flow past a semi infinite vertical permeable moving 
plate with heat source and suction. Ali et al. (31) unsteady magnetohydrodynamic oscillatory flow of visco-elastic 
fluids in a porous channel with heat and mass transfer. Osman et al. (32) analytical solution of thermal radiation and 
chemical reaction effects on unsteady MHD convection through porous media with heat source/sink. Sami-ul-haq et al. 
(33) radiation and porosity effects on the magnetohydrodynamic flow past an oscillating vertical plate with uniform 
heat flux. Makinde (34) chemically reacting hydromagnetic unsteady flow of a radiating fluid past a vertical plate with 
constant heat flux. Makinde et al. (35) unsteady mixed convection with soret and dufour effects past a porous plate 
moving through a binary mixture of chemically reacting fluid. Senapati et al. (36) effects of chemical reaction on free 
convection mhd flow through porous medium bounded by vertical surface with slip flow region. Narahari et al. (37) 
Radiation Effects on Free Convection Flow Near a Moving Vertical Plate with Newtonian Heating. 
 
Jhansi Rani et al. [40] have studied combined effects of radiation and chemical reaction on the magnetohydrodynamic 
free convection flow of an electrically conducting incompressible viscous fluid over an inclined plate embedded in a 
porous medium In this study, an attempt has been made to extend the problem studied by Jhansi Rani et al. [40] to the 
case of visco-elastic fluid characterized by second-order fluid. 

 
The constitutive equation for the incompressible Second-order fluid is of the form 

pIσ = − + 1 1Aµ + 2 2Aµ + 3
3 1( )Aµ                                                                                                             (1) 

Where σ is the stress tensor, ( )1, 2,3nA n = are the kinematic Rivlin-Ericksen tensors; 1 2 3, ,µ µ µ are the material 

coefficients describing the viscosity, elasticity and cross-viscosity respectively. The material coefficients 1 2 3, ,µ µ µ  
are taken constants with 1µ and 3µ  as positive and 2µ  as negative [Coleman and Markovitz (1964)] [38]. The 
equation (1) was derived by Coleman and Noll [39] from that of simple fluids by assuming that the stress is more 
sensitive to the recent deformation than to the deformation that occurred in the distant past. 
 
2. FORMULATION OF THE PROBLEM 
 
we consider the unsteady flow of an incompressible viscous fluid past an infinite inclined plate with variable heat and 
mass transfer. The x′-axis is taken along the plate with the angle of inclination α to the vertical and the y′-axis is taken 
normal to the plate. The viscous fluid is taken to be electrically conducting and fills the porous half space y′ > 0. A 
uniform magnetic field of strength B0 is applied in the y′-direction transversely to the plate. The applied magnetic field 
is assumed to be strong enough so that the induced magnetic field due to the fluid motion is weak and can be neglected. 
This assumption is physically justified for partially ionized fluids and metallic liquids because of their small magnetic 
Reynolds number. Since there is no applied or polarization voltage imposed on the flow field, the electric field due to 
polarization of charges is zero. Initially, both the fluid and the plate are at rest with constant temperature T∞ ′ and 
constant concentration C∞′. At time t′ > 0, the plate is given a sudden jerk, and the motion is induced in the direction of 
flow against the gravity with uniform velocity U0. The temperature and concentration of the plate are raised linearly 
with respect to time. Also, it is considered that the viscous dissipation is negligible and the fluid is thick gray 
absorbing-emitting radiation but non-scattering medium. Since the plate is infinite in the (x′, z′) plane, all physical 
variables are functions of y′ and t′ only. In view of the above assumptions, as well as of the usual Boussinesq’s 
approximation, the unsteady flow is governed by the following equations: 
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The initial and boundary conditions for the velocity, temperature and concentration fields are: 

0
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                    (5) 

Where  
1

2
0

ν
U

A = , u′ is the axial velocity, T′ is the temperature of the fluid, C′ is the species concentration, qr is the 

radiation heat flux, x′ and y′ are the dimensional distances along and perpendicular to the plate, t′ is the time, σ is the 

electrical conductivity, )2,1(, == ii
i ρ

µ
ν  

 K* is the permeability of the porous medium, g is the acceleration due to gravity, β is the coefficient of thermal 
expansion, β* is the coefficient of concentration expansion, Cp is the specific heat at constant pressure, k is the thermal 
diffusivity, D is the mass diffusivity and Kr

*  is the chemical reaction constant. 
 
We adopt the Rosseland approximation for radiative heat flux qr, namely  

*4
0
* *

4
3r

Tq
k y
σ ∂

= −
∂

                                                                                                                                            (6) 

where σ0 is the Stefan-Boltzmann constant and k* the mean absorption coefficient. 
 
Assuming the temperature differences within the flow tube sufficiently small, we can expand T’4 in a Taylor series 
about T∞ and neglecting higher order terms we have,  

4 3 44 3T T T T∞ ∞′ ′ ′≅ −                                                                                                                                         (7) 
 
From equation  (6) and (7), equation (3) reduces to 

32 2
0

2 * 2

16
3

TT T TC
y y k y

σρ ρ κ ∞′′ ′ ′∂ ∂ ∂
= +

′ ′ ′∂ ∂ ∂                                                                                                           (8) 

 
We introduce the following non-dimensional quantities 

2
0 0

0 1 1

, , , ,
w w
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The following governing equations which are dimensionless 

2 2
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2

2

1
t Sc y
ϕ ϕ γϕ∂ ∂
= −

∂ ∂
                                                                                                                                       (12) 

 
The initial and boundary conditions in dimensionless form are as follows: 
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1Pr , PrPC andtl number
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3. METHOD OF SOLUTION 
 
In order to reduce the above system of partial differential equations to a system of ordinary equations in dimensionless 
form, we may represent the velocity, temperature and concentration as:  

0( , ) ( ) tu y t u y eω=                                                                                                                                          (14) 

0( , ) ( ) ty t y eωθ θ=                                                                                                                                          (15) 

0( , ) ( ) ty t y eωϕ ϕ=                                                                                                                                         (16) 

 
Using (14)-(16) in the equations (10)-(12), we obtain 
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0 0

0 0 0 02
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y t y k
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∂
                                                                                                                                   (19) 

We choose 0 00 0 11u u D u= +   then from the equation (17), we have  
 
The purpose of this study is to bring out the effects of visco-elastic parameter on hydro-magnetic, heat and mass 
transfer characteristics as the effects of other parameter have been discussed by Das et al. [17]. The non-Newtonian 
effect is exhibited through the parameter α. The corresponding results for Newtonian fluid is obtained by setting α=0 
and it is worth mentioning that these results show conformity with earlier results. 
 
In order to understand the physics of the problem, analytical results are discussed with the help of graphical 
illustrations. The parameters S=.05, n=.7, k=1.5, A=.3, α=-.03, ε=.02 are kept fixed throughout the discussions.  
 
Figure 1 illustrates the effect of velocity profile for different values of visco-elastic parameter α. It is observed that the 
velocity decreases with an increasing absolute values of the visco-elastic parameter α. 
 
Figure 2 reveals the effects of Magnetic parameter (M) on velocity profile. It is observed from the figure that the 
velocity decreases with the increase of the magnetic parameter (M). Physically, it is justified because the application of 
transverse magnetic field always results in a resistive type of force called Lorentz force and tends to resist the fluid 
motion, finally reducing the velocity. 
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Figure 3, shows that the effect of velocity profile for different values of thermal Grashof number (Gr). It is observed 
that an increasing in thermal Grashof number(Gr) leads to an increase in the velocity due to the enhancement in 
buoyancy forces. Actually, the thermal Grashof number signifies the relative importance of buoyancy force to the 
viscous hydrodynamic force. Increase of Grashof number (Gr) indicates small viscous effects in the momentum 
equation and consequently causes increase in the velocity profiles. 
 
Figure 4, shows the variation of velocity distribution with different values of Grashof number for mass transfer (Gm). It 
is observed from the figure that the velocity increases with an increasing the Grashof number for mass transfer. 
 
Figure 5, illustrate the effect of velocity profile for different values of Prandtl number (Pr). It is observed that the 
velocity decreases with an increasing the Prandtl number (Pr). 
 
Figure 6, shows the variation of velocity distribution with different values of Schmid number (Sc). It is observed that 
the velocity decreases with an increasing the Schmid number (Sc). 
 
Figure 7 reveals the effect of permeability parameter (k) on velocity profile. It is evident that from the figure that the 
velocity increases with the increasing of porosity parameter. 
 
Figure 8, shows the variation of velocity distribution with different values of thermal radiation parameter (N). It is 
observed that the velocity increases with an increasing the thermal radiation parameter. 
 
Figure 9, shows the variation of velocity distribution with different values of chemical reaction parameter (γ). It is 
observed that the velocity decreases with an increasing the thermal radiation parameter. 
 
The study of skin friction experienced by the governing fluid flow gives the significance of the concerned problem. So, 
knowing the velocity field, the shearing stress at the plate is obtained for various values of visco- elastic parameter. 
Figures 10-13 portray the nature of viscous drag formed during the motion of Newtonian and non-Newtonian fluids. 
 
Figures10,11 and 12 depict that the magnitude of skin-friction improved along with the amplified values of Prandtl 
number (Pr) and Grashof number for heat and mass transfer (Gr and Gm) for Newtonian and non-Newtonian cases. 
 
But a complete reverse trend is observed in Figure 13. Figure 13 represent the viscous drag against various values of 
magnetic parameter (M). It is observed that skin-friction profile follow a diminishing trend with the increasing values 
of magnetic parameter (M) 
 
8. CONCLUSION 
 
The influence of visco-elastic effects on Unsteady MHD free convection and mass transfer for boundary layer flow 
along with radiation and transpiration is studied analytically. Computed results are presented to exhibit their 
dependence on the important physical parameters. Some of the important conclusions this paper are as follows: 

i) The velocity profile shows an enhancement trnd in the neighbourhood of the plate and then follow a 
decreasing path. 

ii) The fluid is decelerated with increasing absolute values of visco-elastic parameter. 
iii) The skin-friction increases with increase in Prandtl number (Pr), Grashof number for heat transfer (Gr) and 

Grashof number number for mass transfer (Gm). 
iv) The skin-friction decreases with increasein magnetic parameter (M). 
v) The rate of heat and mass transfer are not significantly affected by visco-elastic parameters. 
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Figure-1: The velocity profile u against the displacement variable y for   

M=5, Pr=.71, Gr=5, Gm=2, Sc=.3, Kr=.5, Nr=.5, S=.05, n=.7, k=1.5, A=.3, α=-.03, ε=.02 
 

 
Figure-2: The velocity profile u against the displacement variable y for   

M=5, 0Pr=.71, Gr=5, Gm=2, Sc=.3, Kr=.5, Nr=.5, S=.05, n=.7, k=1.5, A=.3, α=-.03, ε=.02 
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Figure-3: The velocity profile u against the displacement variable y for  

 M=5, Pr=.71, Gr=5, Gm=2, Sc=.3, Kr=.5, Nr=.5, S=.05, n=.7, k=1.5, A=.3, α=-.03, ε=.02 
 

 
Figure-4: The velocity profile u against the displacement variable y for   

M=5, Pr=.71, Gr=5, Gm=2, Sc=.3, Kr=.5, Nr=.5, S=.05, n=.7, k=1.5, A=.3, α=-.03, ε=.02 
 

 
Figure-5: The velocity profile u against the displacement variable y for  

 M=5, Pr=.71, Gr=5, Gm=2, Sc=.3, Kr=.5, Nr=.5, S=.05, n=.7, k=1.5, A=.3, α=-.03, ε=.02 
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Figure-6: The velocity profile u against the displacement variable y for 

  M=5, Pr=.71, Gr=5, Gm=2, Sc=.3, Kr=.5, Nr=.5, S=.05, n=.7, k=1.5, A=.3, α=-.03, ε=.02 
 

 
Figure-7: The velocity profile u against the displacement variable y for  

 M=5, Pr=.71, Gr=5, Gm=2, Sc=.3, Kr=.5, Nr=.5, S=.05, n=.7, k=1.5, A=.3, α=-.03, ε=.02 
 

 
Figure-8: The velocity profile u against the displacement variable y for   

M=5, Pr=.71, Gr=5, Gm=2, Sc=.3, Kr=.5, Nr=.5, S=.05, n=.7, k=1.5, A=.3, α=-.03, ε=.02 
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Figure-9: The velocity profile u against the displacement variable y for   

M=5, Pr=.71, Gr=5, Gm=2, Sc=.3, Kr=.5, Nr=.5, S=.05, n=.7, k=1.5, A=.3, α=-.03, ε=.02 
 

 
Figure-10: Variation of shearing stress (Cf) against M for  

Pr=.71, Gr=5, Gm=2, Sc=.3, Kr=.5, Nr=.5, S=.05, n=.7, k=1.5, A=.3, α=-.03, ε=.02 
 

 
Figure-11: Variation of shearing stress (Cf) against Pr for  

M=5, Gr=5, Gm=2, Sc=.3, Kr=.5, Nr=.5, S=.05, n=.7, k=1.5, A=.3, α=-.03, ε=.02 
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Figure-12: Variation of shearing stress (Cf) against Gr for  

M=5, Pr=.71, Gm=2, Sc=.3, Kr=.5, Nr=.5, S=.05, n=.7, k=1.5, A=.3, α=-.03, ε=.02 

 
Figure-13: Variation of shearing stress (Cf) against Gm for  

M=5, Pr=.71, Gr=5, Sc=.3, Kr=.5, Nr=.5, S=.05, n=.7, k=1.5, A=.3, α=-.03, ε=.02 
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