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Abstract—Unsteady effects of MHD free convection flow past in 

an infinite vertical plate with heat source in presence of radiation 
with reference to all critical parameters that appear in field equations 
are studied in this paper. The governing equations are developed by 
usual Boussinesq’s approximation. The problem is solved by using 
perturbation technique. The results are obtained for velocity, 
temperature, Nusselt number and skin-friction. The effects of 
magnetic parameter, prandtl number, Grashof number, permeability 
parameter, heat source/sink parameter and radiation parameter are 
discussed on flow characteristics and shown by means of graphs and 
tables. 

 
Keyword—Heat transfer, radiation, MHD, free convection, 

porous medium, suction. 

NOMENCLATURE 

𝐶  Specific heat at constant pressure                                                                                                                      
g Acceleration due to gravity                                                                                                                                  
Gr Thermal Grashoff number                                                                                                                                         
k ‘ Thermal conductivity of the fluid                                                                                                                           
𝑃  Prandtl number                                                                                                                                                        
𝑞  Radiative heat flux in the y-direction.                                                                                                                      
k Thermal diffusivity                                                                                                                                                    
K Porosity                                                                                                                                                                    
M Magnetic field                                                                                                                                                          
R Radiation parameter                                                                                                                                                   
t Time                                                                                                                                                                                  
S Suction parameter                                                                                                                                                      
T‘ Temperature of the fluid near the plate                                                                                                                   
𝑇 ′  Temperature of the plate.                                                                                                                                          
𝑇 ′  Temperature of the fluid far away from the plate                                                                                                    
u‘ Velocity of the fluid in the x-direction                                                                                                                  
𝑉  Velocity of the fluid plate 
u Dimensionless velocity                                                                                                                                              
y Co-ordinate axis normal to the plate                                                                                                                          
y ‘ Dimensionless co-ordinate axis normal to the plate           
ω Frequency of oscillations                                                                                                                                             
θ Dimensionless temperature                                                                                                                                                
α Thermal conductivity                                                                                                                                                       
β Volumetric coefficient of thermal equation                                                                                                          
ρ Density                                                                                                                                                                                        
υ Kinematic viscosity                                                                                                                                                           
τ Dimensionless  skin friction                                                                                                                                            
𝛽  Volumetric coefficient of expansion with  concentration 
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I. INTRODUCTION 

HE magneto hydrodynamics flow and heat transfer over 
an infinite vertical porous plate with slip flow region has 

many applications such as metal spinning, glass fiber 
production, wire drawing, paper production and many others. 
In recent years MHD flow problems have come in view of its 
significant applications in industrial manufacturing process 
such as plasma studies, petroleum industries, power generators 
cooling of clear reactors and boundary layer control in 
aerodynamics. MHD free convection fluid flows frequently 
occur in natural world. Fluid passing through porous medium 
is of great interest now a days and many researchers are 
attracted towards the applications in the fields of science and 
technology, namely in the area of agriculture engineering to 
know about ground water resources, in technology to study the 
moment of natural gas oil and water through the oil reservoirs. 
The conventional approach in porous media transport 
modeling has been to simulate the pressure drop across the 
porous regime using the Darcy linear model. This basically 
adds an extra body force to the momentum boundary layer 
equation. Heat transfer by thermal radiation is to be more 
important and it concerned with space application, power 
engineering, nuclear power plants, gas turbines, missiles, 
satellites etc. In astrophysics and geophysics, it is mainly 
applied to study the stellar and solar structures, interstellar 
matter, radio propagation through the ionosphere etc.  

Mansour [1] investigated the thermal radiation and free 
convection effects in the oscillatory flow past a vertical plate. 
Vajravelu and Hadjinicolaou [2] studied heat transfer 
characteristics in the laminar boundary layer of a viscous fluid 
over a linearity stretching, continuous surface with variable 
wall temperature on effects of frictional heating and internal 
heat generation. Soundalgekar [3] worked in hydro-magnetic 
natural convection flow past a vertical surface. Helmy [4] 
investigated MHD unsteady free convective flow past a 
vertical porous plate. Hossain et al. [5] investigated heat 
transfer response of MHD free convective flow along a 
vertical plate to surface temperature oscillation. Kim [6] 
founded an unsteady MHD convective heat transfer past a 
semi-infinite vertical porous moving plate with variable 
suction. El-Naby et al. [7] have numerically investigated 
radiation effects on magnetohydrodynamic (MHD) unsteady 
free-convection flow past a semi-infinite vertical plate with 
variable surface temperature in the presence of transversal 
uniform magnetic field. Zhang et al. [8] have studied the free 
convection effects on a heated vertical plate subjected to a 
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periodic oscillation. The radiation effects on an unsteady free 
convective flow through a porous medium bounded by an 
oscillating plate with a variable wall temperature have been 
studied by [9]. Chandrakala et al. [10] have studied the 
radiation effects on the flow of a semi-infinite vertical plate 
with uniform heat flux in the presence of transversel magnetic 
field. Chandrakala et al. [11] have studied the thermal 
radiation effects of an MHD flow past an infinite vertical 
oscillating plate in the presence of transverse magnetic field. 
Kumar [12] have considered the boundary layer steady flow 
and heat transfer of a viscous incompressible fluid due to a 
stretching plate with viscous dissipation effect in presence of 
transfer magnetic field. The unsteady free convection flow on 
a vertical oscillating porous plate with constant heating has 
been studied by [13]. The problem of dissipation effects on 
MHD nonlinear flow and heat transfer past a porous surface 
with prescribed heat flux has been studied by [14]. The free 
convective flow past an impulsively started infinite vertical 
plate with uniform heat flux in the presence of thermal 
radiation and magnetic effects by considering the porosity of 
the fluid bed has been investigated by [15]. Effects of 
radiation on unsteady MHD free embedded in a porous 
medium with oscillatory heat flux have been studied by [16]. 
Senapati et al. [17] have analyzed radiation effects of MHD 
free convective heat transfer past an oscillating hot vertical 
surface in porous medium. Ahmad et al. [18] have studied 
MHD flow over stretching porous sheet and for magneto 
hydrodynamic stagnation point flow over a stretching sheet. 
Ahmad et al. [19] have considered MHD flow and heat 
transfer through a porous medium over a stretching/shrinking 
surface with suction. Sai et al. [20] have studied unsteady 
MHD free convective flow past an infinite vertical porous 
plate with uniform heat flux in the presence of thermal 
radiation. 

In the present analysis, it is proposed to study the unsteady 
effects of MHD free convection flow past in an infinite 
vertical plate with heat source in presence of radiation. The 
dimensionless governing equations are solved using 
perturbation technique. Results are presented graphically and 
discussed quantitatively for parameter values of practical 
interest from physical point of view. 

II. PROBLEM FORMULATION 

Let us consider the unsteady laminar two-dimensional free 
convection boundary layer flow of a viscous incompressible 
electrically conducting fluid past in an infinite vertical plate 
with heat source in presence of radiation * kept at constant 
temperature 𝑇 ′  and the fluid has internal volumetric rate of 
heat generation θ .   The x-axis is taken along the plate in the 
vertical direction and y-axis is normal to the plate. Magnetic 
field of intensity 𝐵  is applied in y-direction. It is assumed that 
the external field is zero, also electrical field due to 
polarization of charges and Hall effects are neglected. 
Incorporating the Boussinesq’s approximation within the 
boundary layer, the governing equations of continuity, 
momentum and energy [21]-[25] respectively are given by 

 

′

′ 0 ⇒ 𝑣 ′ 𝑣  𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡    (1) 
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The appropriate boundary conditions are given by 
 

𝑦 ′ 0 ∶ 𝑢′ 𝑉 1 𝜀𝑒
′ ′

, 𝑇 ′ 𝑇 ′ 𝜀 𝑇 ′ 𝑇 ′ 𝑒
′ ′

𝑦 ′ ∞ ∶ 𝑢′ 0, 𝑇 ′ 𝑇 ′
(4) 

 
In the optically thick limit, the fluid does not absorb its own 

emitted radiation in which there is no self-absorption, but it 
does absorb radiation emitted by the boundaries. Cogley et al. 
[8] showed that in the optically thick limit for a non-gray gas 
near equilibrium given as 
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  (6) 

 
where Gr is Grashof number, M is magnetic field strength, Pr 
is Prandtl number, R is radiation parameter, K is permeability 
parameter of the porous medium and 𝑆 is Source/sink 
parameter.  

Using (5)-(6) in (1)-(3) and in boundary conditions (4) we 
get 

 

𝐺𝑟𝜃 𝑀 𝑢   (7) 

 

𝑆 𝜃   (8) 

 
 The corresponding boundary conditions are 
 

𝑦 0 ∶  𝑢 1 𝜀𝑒 , 𝜃 1 𝜀𝑒
𝑦 → ∞ ∶  𝑢 → 0, 𝜃 → 0

      (9) 

III. METHOD OF SOLUTION 

In view of boundary condition (9),we assume the solutions 
of coupled nonlinear equations (7)-(8) as 

 

𝑢 𝑦, 𝑡 𝑢 𝑦 𝑒
𝜃 𝑦, 𝑡 𝜃 𝑦 𝑒

           (10) 
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Under the modified initial and boundary conditions: 
 

𝑢 1 𝜀𝑒 𝑒 , 𝜃 1 𝜀𝑒 𝑒 𝑎𝑡𝑦 0
𝑢 → 0, 𝜃 → 0  𝑎𝑠𝑦 → ∞

 (11) 

 
Using (10) & (11) in (7) & (8), we obtain the mean velocity 

U and mean temperature θ as follows 
 

𝑈 𝑏 𝑒 𝐴 𝑒 𝑒 1       (12) 
 

𝜃 𝑏 𝑒                                (13) 
 

where 𝑎 𝑀 𝑖𝜔, 𝑎 𝑃 4 𝑅 𝑆 𝑖𝜔 P , a 1

4a  , a √ , a , A , b 1 𝜀𝑒  

The mean skin friction/shearing stress at the plate in 
dimensional form is given by 

 

𝑢′ 𝑦 𝑏 𝑎 𝐴 𝑎                  (14) 
 
The mean rate of heat transfer at the plate/Nusselt number is 

given by  
 

𝜃 ′ 𝑦 𝑏 𝑎                            (15) 

IV. DISCUSSION AND RESULTS 

The system of ordinary differential equations (12)-(13) with 
boundary conditions (11) are solved analytically by employing 
the perturbation technique. In order to get a physical view of 
the problem, numerical calculations are carried out for 
different value of oscillating frequency, Prandtl number, 
Grashof number, magnetic parameter, source/sink parameter, 
time, radiation parameter and permeability parameter for 
velocity profile, temperature profile. The effect of parameters 
Gr, Pr, M, R, S, K, ω, t, on flow characteristics have been 
presented in Figs. 1-10 and Tables I and II. 

Fig. 1 shows the effect of the parameter 𝜔 on velocity at 
any point of fluid, when Pr = 0.71, R = 1, S = 1, M = 0.1, K = 
1, Gr = 4, t = 2. It is observed that the velocity decreases with 
the increase of oscillating frequency at any point of fluid. 

 

 

Fig. 1 Effect of 𝜔 on velocity profile, when Pr = 0.71, R = 1, S = 1, 
M = 0.1, K =1, Gr = 4, 𝜀 = 0.001, t = 2 

 

 

Fig. 2 Effect of K on velocity profile, when 𝜔 = 0.5, Pr = 0.71, R = 1, 
S = 1, M = 0.1, Gr = 4, 𝜀 = 0.00, t = 2 

 

 

Fig. 3 Effect of S on velocity profile, when 𝜔 = 0.5, Pr = 0.71, R = 1, 
K = 1, M = 0.1, Gr = 4, 𝜀 = 0.001, t = 2 

 

 

Fig. 4 Effect of R on velocity profile, when 𝜔 = 0.5, Pr = 0.71, S = 1, 
K = 1, M = 0.1, Gr = 4, 𝜀 = 0.001, t = 2 

Fig. 2 shows the effect of the parameter K on velocity at 
any point of fluid, when Pr = 0.71, R = 1, S = 1, M = 0.1, 𝜔 = 
0.5, Gr = 4, t = 2. It is observed that the velocity increases 
with the increase of porous parameter at any point fluid. 

Fig. 3 shows the effect of the parameter S on velocity at any 
point of fluid, when Pr = 0.71, R = 1, K = 1, M = 0.1, 𝜔 = 0.5, 
Gr = 4, t = 2. It is observed that the velocity decreases with the 
increase of suction parameter at any point fluid. 

Fig. 4 shows the effect of the parameter R on velocity at 
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any point of fluid, when Pr = 0.71, S = 1, K = 1, M = 0.1, 𝜔 = 
0.5, Gr = 4, t = 2. It is observed that the velocity decreases 
with the increase of radiation parameter at any point fluid. 

 

 

Fig. 5 Effect of M on velocity profile, when 𝜔 = 0.5, Pr = 0.71, S = 1, 
K = 1, R = 1, Gr = 4, 𝜀 = 0.001, t = 2 

 

 

Fig. 6 Effect of Pr on velocity profile, when 𝜔 = 0.5, M = 0.1, S = 1, 
K = 1, R = 1, Gr = 4, 𝜀 = 0.001, t = 2 

 

 

Fig. 7 Effect of on𝜔 temperature profile when, Pr = 0.71, R = 0.05, S 
= 1, 𝜀 = 0.001, t = 2 

 
Fig. 5 shows the effect of the parameter M on velocity at 

any point of fluid, when Pr = 0.71, R = 1, K = 1, S = 1, 𝜔 = 
0.5, Gr = 4, t = 2. It is observed that the velocity decreases 
near to the plate and then increases away from the plate with 

the increase of magnetic parameter at any point fluid. 
 

 

Fig. 8 Effect of S on temperature profile when, Pr = 0.71, R = 0.05, 𝜔 
= 0.5, 𝜀 = 0.001, t = 2 

 

 

Fig. 9 Effect of Pr on temperature profile when, S = 1, R = 0.05, 𝜔 = 
0.5, 𝜀 = 0.001, t = 2 

 

 

Fig. 10 Effect of R on temperature profile when, S = 1, Pr = 0.71, 𝜔 
= 0.5, 𝜀 = 0.001, t = 2 

 
Fig. 6 shows the effect of the parameter Pr on velocity at 

any point of fluid, when M = 0.1, R = 1, K = 1, S = 1, 𝜔 = 0.5, 
Gr = 4, t = 2. It is observed that the velocity decreases with the 
increase of Prandtl number at any point fluid. 

Table I shows the effect of skin friction. It is noticed that 
the skin friction increases with the increase of suction 
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parameter (S), Prandtl number (Pr), radiation parameter (R), 
magnetic parameter (M), porous parameter (K), thermal 
Grashof number (Gr) and decreases with the increase 
oscillating frequency. 

Figs. 7-10 show the effects of the temperature profile. It is 
observed that the temperature falls with increases of the 
suction parameter (S), Prandtl number (Pr), oscillating 
parameter (𝜔) and radiation parameter (R). 

Table II shows the effect of Nusselt number. It is noticed 
that the Nusselt number increases with the increase of 
radiation parameter (R), oscillating parameter (𝜔) and 
decreases with the increase of suction parameter (S), Prandtl 
number (Pr). 

 
TABLE I 

EFFECT OF 𝜔, S, PR, R, M, K, AND GR ON SKIN FRICTION 

Ω S Pr R M K GR Skin friction 

0.5 1 0.71 1 0.1 1 4 4.5949 

1.5 1 0.71 1 0.1 1 4 1.7346 

0.5 1.2 0.71 1 0.1 1 4 4.7417 

0.5 1 0.85 1 0.1 1 4 5.0461 

0.5 1 0.71 2 0.1 1 4 5.5440 

0.5 1 0.71 1 0.5 1 4 3.5077 

0.5 1 0.71 1 0.1 3 4 6.4834 

0.5 1 0.71 1 0.1 1 3 3.2561 

 
TABLE II 

EFFECT OF S, PR, R AND 𝜔 ON NUSSELT NUMBER 

Pr S Ω R Nu 

0.71 1 0.5 0.05 -1.3149 

0.75 1 0.5 0.05 -1.3638 

0.71 1.2 0.5 0.05 -1.3841 

0.71 1 0.7 0.05 -1.3301 

0.71 1 0.5 0.07 -1.3249 

V. CONCLUSION 

In this paper, we discussed the radiation effects on the 
unsteady MHD free convection flow past in an infinite vertical 
plate with heat source has been studied. The governing 
equations are solved for the velocity field & temperature by 
using perturbation technique in terms of dimensionless 
parameters. In this analysis, the following conclusions set out: 
i. The velocity increases with an increase the porous 

parameter (K). 
ii. The velocity decreases with an increase the oscillating 

frequency (𝜔), suction parameter (S), radiation parameter 
(R) & Prandtl number (Pr). 

iii. The velocity decreases near to the plate & then increases 
away from the plate with an increase the magnetic 
parameter (M). 

iv. The temperature falls with increases of the suction 
parameter (S), Prandtl number (Pr), oscillating parameter 
(𝜔) & radiation parameter (R). 

v. The skin friction increases with the increase of suction 
parameter (S) & Prandtl number (Pr), radiation parameter 
(R), magnetic parameter (M), porous parameter (K) & 
thermal Grashof number (Gr). 

vi. The skin friction decreases with the increase of oscillating 

frequency (𝜔). 
vii. The Nusselt number increases with the increase of 

radiation parameter (R) & oscillating parameter (𝜔). 
viii. The Nusselt number decreases with the increase of 

suction parameter (S) & Prandtl number (Pr). 
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