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Abstract 
The hypothetical solution of unsteady flow past a parabolic isothermal infinite vertical plate , under the 

action of transversely applied magnetic field has been presented. The plate temperature is raised to T∞ and the 
concentration level near the plate is also raised to C’∞. The dimensionless governing equations are solved using 
Laplace‐transform technique. The velocity profiles, temperature and concentration are studied for different physical 
parameters like thermal Grashof number, mass Grashof number, Schmidt number, Prandtl number and time. It is 
observed that the velocity increases with increasing values of thermal Grashof number or mass Grashof number. It is 
also observed that the velocity increases with decreasing magnetic field parameter. Results obtained are presented 
with the help of graphs. 
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Introduction 
Magnetohydrodynamic is the physical-

mathematical framework that concerns the dynamics of 
magnetic fields in electrically conducting concerns fluid 
in plasmas and liquid metals. The first patents for use of 
the MHD method for heat convection. The high-
temperature of heat process succeeded of rocketry and 
the production of new heat-resistant materials. The 
distinguish feature of an MHD is the fact that the 
working fluid itself is the conductor. When it moves 
across magnetic field, streams of charge carriers of 
opposite direction and polarity arise in it. Jet engines, 
nuclear reactors, or heat-exchange devices may be used 
as heat sources.  The working fluid for MHD may be 
products of combustion of fossil fuels, inert gases with 
additives of alkali metals or their salts, vapors of alkali 
metals, and two-phase mixtures of liquid alkali metals 
and their vapors or liquid metals and electrolytes. MHD 
method may be generated in a scheme, which depending 
on the variation of the magnetic field or the velocity of 
the fluid. 

MHD may have a wide range of flow velocities 
from subsonic to supersonic. The induction of the 
magnetic field is determined by the design of the 
magnets and the value is limited for magnets containing 
steel. This makes possible a substantial increase in the 
initial temperature of the working fluid and thus, an 

improvement in the efficiency of the magnetic 
diffusivity. 

The parameters such as the magnetic field 
parameter, thermal grashof number, mass grashof 
number,  prandtl number, Schmidt number and time are 
functions of thermo-physical properties of fluids and 
these numbers strongly influence the convective heat 
transfer coefficient pressure loss and the required 
pumping power for a given amount of heat transfer 
depends on the number of flow.  The physical-
mathematical framework properties vary with 
temperature and volumetric concentration on fluids.  
Therefore, a comprehensive analysis has been performed 
to evaluate the effects on the performance of fluids due 
to variations of density, specific heat, thermal 
conductivity and viscosity are functions of parabolic 
infinite vertical plate volume concentration and 
temperature. 

MHD effects on flow past an infinite vertical 
plate for both the classes of impulse as well as parabolic 
motion of the plate was studied by Raptis and Singh [12]. 
Mass transfer effects on flow past a  parabolic vertical 
plate was studied by Soundalgekar [15]. Again, mass 
transfer effects on flow past a parabolic vertical plate 
with heat flux was analyzed by Singh and Singh [13]. 
Basant Kumar Jha and Ravindra Prasad[4] analyzed 
mass transfer effects on the flow past a parabolic infinite 
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vertical plate with heat sources. Gupta et al [6] studied 
free convection on flow past a parabolic vertical plate in 
the presence of viscous dissipative heat using 
perturbation method. Kafousias and Raptis[8] extended 
the above problem to include mass transfer effects 
subjected to variable suction or injection. Free 
convection effects on flow past a parabolic vertical plate 
with variable suction and heat flux in the presence of 
magnetic field was studied by Raptis al[11].  
Hence, it is proposed to study hydromagnetic effects on 
flow past a parabolic isothermal infinite vertical plate in 

the presence of heat and mass transfer. The 
dimensionless governing equations are solved using the 
Laplace‐transform technique. The solutions are in terms 
of exponential and complementary error function. Such a 
study found useful in magnetic control of molten iron 
flow in the steel industry, liquid metal cooling in nuclear 
reactors and magnetic suppression of molten semi‐ 
conducting materials. 
 

 
Mathematical Formulation 

The unsteady flow of a viscous incompressible fluid past a parabolic isothermal infinite vertical plate in the 
presence of magnetic field has been considered. Here the unsteady flow of a viscous incompressible fluid which is initially 
at rest and surrounds an infinite vertical plate with temperature T∞ and concentration C’∞. The x‐axis is taken along the 
plate in the vertically upward direction and the y ‐axis is taken normal to the plate. At time t’ ≤ 0, the plate and fluid are at 

the same temperature T∞. At time t’ > 0, the plate is parabolic with a velocity u = u0 ( )2't in its own plane and the 

temperature from the plate is raised to T∞ and the concentration level near the plate are also raised to C’∞.   A transverse 
magnetic field of strength B0 is assumed to be applied normal to the plate.  

 
Then under usual Boussinesq's approximation the unsteady flow is governed by the following equations: 
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With the following initial and boundary conditions :    
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The initial and boundary conditions in non-dimensional quantities are 
                             0=U ,      θ 0= ,      0=C      for all 0, ≤tY  

          2:0 tUt => ,     θ = 1 ,       C t=       at    0=Y                                                                       (9) 

                           0→U ,    θ 0→ ,      0→C   as   ∞→Y  

       The dimensionless governing equations (6) to (8), subject to  the corresponding initial and boundary conditions (9) are 
tackled using Laplace transform technique and the solutions are derived as follows:                  

 ( )θ = erfc η Pr                                                                                                                       (10)                                
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Results and Discussion 

For physical understanding of the problem, 
numerical computations are carried out for different 
physical parameters Gr, Gc, Sc, Pr, M and t upon the 
nature of the flow and transport. The value of the 
Schmidt number Sc is taken to be 2.01 which correspond 
to water-vapor. The numerical values of the velocity, 
temperature and concentration are computed for different 
physical parameters like Prandtl number, thermal 
Grashof number, mass Grashof number, Schmidt number 
and time. 

Figure 1. Illustrates the effects of the Magnetic 
field parameter on the velocity when (M = 5,8,10),   
Gr=Gc=5,Pr=7 and t = 0.3.  It is observed that the 
velocity increases with decreasing values of the magnetic 
field parameter.  This shows that the increase in the 
magnetic field parameter leads to a fall in the velocity.  
This agrees with the expectations, since the magnetic 
field exerts a retarding force on the free convective flow. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
Figure 1. Velocity profiles for different M 

 
 Figure 2. shows that the velocity profiles for 
different (t=0.3,0.4,0.6,0.8), M = 4, Gr=Gc=5,Pr=7 are 
studied and presented.  It is observed that the velocity 
increases with increasing values of t. 
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Figure 2. Velocity profiles for different t 

        
 Figure 3. demonstrates the effects of different 
thermal Grashof number (Gr = 2,5), mass Grashof 
number(Gc = 5,10) and M=4 on the velocity at time t = 
0.3.  It is observed that the velocity increases with 
increasing values of the thermal Grashof number or mass 
Grashof number. 

 
Figure 3. Velocity profiles for different Gr & Gc 

 
Conclusion  
 The hypothetical solution of flow past an 
parabolic isothermal infinite vertical plate in the presence 
of variable mass diffusion have been studied.  The 
dimensionless governing equations are solved by the 
usual Laplace-transform technique.  The effect of 
different parameters like thermal Grashof number, mass 
Grashof number and t are studied graphically.  It is 
observed that the velocity increases with increasing 
values of Gr,Gc and t.  But the trend is just reversed with 
respect to the magnetic field parameter.                                             
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Nomenclature 
 A       Constants 

 0B     external magnetic field 

 C       dimensionless concentration 

 pC     specific heat at constant pressure kkgJ .. 1−  

C ′      species concentration in the fluid mkg 3−  

 wC′     wall concentration in the fluid  

 C∞′    concentration in the fluid far away from the plate 

D      mass diffusion coefficient 12. −sm  

 Gc    mass Grashof number 

 Gr    thermal Grashof number 

 g      acceleration due to gravity 2. −sm  

 k       thermal conductivity 11.. −− KmW  

 P r    Prandtl number 

 Sc     Schmidt number 
  T      temperature of the fluid near the plate  

 wT      temperature of the plate 

 T∞      temperature of the fluid far away from the plate 

 t        dimensionless time 

 t ′      time  s 

  u     velocity of the fluid in  the x′ -direction 1. −sm  

 0u     velocity of the plate 1. −sm  

 U       dimensionless velocity  
 y       coordinate axis normal to the plate  m  

 Y       dimensionless coordinate axis normal to the plate 
  M      Magnetic field parameter 
 
Greek  symbols      
                                                                        

 β      volumetric coefficient of thermal expansion 1−K  

 ∗β     volumetric coefficient of expansion with 

concentration 1−K  
 µ       coefficient of viscosity sRa.  

 ν       kinematic viscosity 12. −sm  
σ       electrical conductivity 

ρ       density of the fluid 3. −mkg  

 τ       dimensionless  skin-friction 1 2. .kg m s−  

 θ        dimensionless temperature 
 η        similarity  parameter 

 erfc    complementary error function 

 
Subscripts 
 w        conditions at the wall 
 ∞        free stream conditions 


