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ABSTRACT 
 

An analysis of unsteady, two-dimensional free convective MHD visco-elastic flow with heat and 

mass transfer past a semi-infinite moving vertical porous plate with variable suction in presence 

of homogeneous first-order chemical reaction and temperature dependent heat generation is 

presented. The equations governing the flow field are solved by perturbation technique. 

Expressions for velocity, temperature, mass concentration and skin friction coefficient are 

obtained. The velocity field and the skin friction coefficient are illustrated graphically to observe 

the visco-elastic effects in combination with other flow parameters involved in the solution. It is 

observed that the flow field is significantly affected by the visco-elastic parameter. 
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1    Introduction 

 

      The free convective flow with heat and mass transfer for an electrically conducting fluid past 

a porous plate in presence of a magnetic field has been studied in a large scale because of its 

application in plasma studies, nuclear reactors, geothermal energy extractions and the boundary 

layer control in the field of aerodynamics. The heat and mass transfer problems in combination 

with chemical reaction are of great importance in many processes and have attracted the attention 
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of a large number of scholars. A reaction is said to be of the order n, if the reaction rate is 

proportional to the n-power of concentration. In particular, a reaction is said to be first-order, if 

the rate of reaction is directly proportional to concentration itself. In well mixed system, the 

reaction is heterogeneous if it takes place at an interface and homogeneous, if it takes place in 

solution. Helmy [1] has studied the effects of magnetic field on hydrodynamic flow past plate 

without heat transfer. The MHD boundary layer flow over a semi-infinite plate with an aligned 

magnetic field in presence of a pressure gradient for large and small Prandtl numbers, using the 

method of matched asymptotic expansion has been studied by Gribben [2]. The effects of Hall 

currents on hydromagnetic free convective boundary layer flow in a porous medium past a plate, 

using harmonic analysis has been studied by Takhar and Ram [3]. The problem of an unsteady 

MHD convective heat transfer past a semi-infinite vertical porous moving plate with variable 

suction has been solved by Kim [4]. Takhar and Ram [5] also have studied the free convective 

MHD flow of water with heat transfer at 4
o
C through a porous medium. Takhar and Beg [6] have 

studied the non-Darcy mixed convective flow of an incompressible viscous fluid past a porous 

flat plate in a saturated porous medium. An approximate solution for the two-dimensional flow 

of an incompressible, viscous fluid past an infinite porous vertical plate with constant suction 

velocity normal to the plate has been obtained by Soundalgekar [7]. Raptis and Kafousias [8] 

have analyzed the effect of a magnetic field upon the steady free convective flow through a 

porous medium bounded by an infinite vertical plate at constant temperature with constant 

suction velocity. Raptis [9] has also studied the case of time-dependent two-dimensional natural 

convective flow of an incompressible, electrically-conducting viscous fluid with heat transfer in 

a highly porous medium bounded by an infinite vertical porous plate. Soundalgekar [10] has 

studied the effect of free convection on steady MHD flow past a vertical porous plate and its 

unsteady part has been studied by Gulab and Mishra [11]. Soundalgekar and Takhar [12] have 

studied the effect of the temperature of oscillating plate on combined convective flow past a 

semi-infinite vertical plate. Georgantopoulos et al. [13] have investigated the effect of free 

convective MHD oscillatory flow with mass transfer past an infinite vertical porous plate. Singh 

and his co-workers [14] have analyzed the unsteady MHD free convective flow through a porous 

medium confined between two infinite vertical parallel oscillating porous plates with different 

amplitudes. Vajravelu and Hadyinicolaou [15] have studied the convective flow of an electrically 

conducting fluid with heat transfer at stretching surface with uniform stream velocity. Chamkha 

[16] has studied the three-dimensional free convective MHD flow on a vertical stretching surface 
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with heat generation/absorption. Chambre and Young [17] have investigated a first order 

chemical reaction in the neighbourhood of a horizontal plate. Apelblat [18] has obtained an 

analytical solution for mass transfer with a chemical reaction of first order. Das et al. [19] have 

studied the effect of homogeneous first order chemical reaction on the flow past an impulsively 

started infinite vertical plate with uniform heat flux and mass transfer. Das et al. [20] have also 

obtained the mass transfer effects on moving isothermal vertical plate in the presence of a 

chemical reaction. Bala and Barma [21] have studied the unsteady MHD flow with heat and 

mass transfer past a semi-infinite moving porous plate with variable suction in presence of 

homogeneous chemical reaction. Choudhury and Das [22] have studied the MHD boundary layer 

flow of a non-Newtonian fluid past a flat plate. 

        The object of the present author is to study the unsteady MHD flow of Walters liquid 

(Model B′) with heat and mass transfer past a semi infinite moving vertical porous plate with 

variable suction in presence of chemical reaction and heat generation and also to observe the 

visco-elastic effects on the momentum and thermal fields along with other flow parameters.  

        The constitutive equation for Walters liquid (Model B′) is 

    𝜎𝑖𝑘 = −𝑝𝑔𝑖𝑘 + 𝜎𝑖𝑘
′   ,  𝜎𝑖𝑘

′ = 2𝜂0𝑒
𝑖𝑘 − 2𝐾0𝑒

′𝑖𝑘                                                                           (1) 

where  𝜎𝑖𝑘   is  the stress tensor, p is isotropic pressure, 𝑔𝑖𝑘  is  the metric tensor of a fixed co-

ordinate system x
i
, v

i
 is the velocity vector, the contravariant form of e′

ik
 is given by                                                                                                                                                             

𝑒 ′𝑖𝑘 =
𝜕𝑒 𝑖𝑘

𝜕𝑡
+ 𝑣𝑚𝑒𝑖𝑘 ,𝑚− 𝑣𝑖 ,𝑚 𝑒𝑖𝑚 − 𝑣𝑖 ,𝑚 𝑒𝑚𝑘                                                                          (2) 

It is the convected derivative of the deformation rate tensor e
ik

 defined by 

2eik = vi, k +vk, i                                                                                                                          (3)   

  Here η0 is the limiting viscosity at the small rate of shear which is given by                                                                                                                                                              

𝜂0 =  𝑁 𝜏 𝑑𝜏  𝑎𝑛𝑑   𝐾0
∞

0
=  𝜏𝑁 𝜏 𝑑𝜏

∞

0
                                                                                (4) 

 

N(η) being the relaxation spectrum as introduced by Walters [23, 24]. This idealized model is a 

valid approximation of Walters liquid (Model B′) taking very short memories into account so 

that terms involving 

 

 𝜏𝑛∞

0
𝑁 𝜏 𝑑𝜏,    𝑛 ≥ 2                                                                                                                 (5)                                                                                                                                                            

have been neglected.     
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 2     Formulaion of the Problem 

        

      A two-dimensional unsteady laminar flow of a visco-elastic fluid characterized by Walters 

liquid (Model B′) with heat and mass transfer, past a semi-infinite vertical porous moving plate 

in the presence of chemical reaction is considered. A uniform transverse magnetic field is 

applied perpendicular to the plate (figure 1). The 𝑥 -axis is taken vertically upwards along the 

plate and the 𝑦 -axis is taken perpendicular to it. All the fluid properties except the density in the 

buoyancy force term are assumed to be constant. 

 

We make the following assumptions: 

(i)  The viscous dissipation is neglected. 

(ii) The induced magnetic field is negligible as the applied magnetic field and the magnetic    

     Reynolds number are very small. 

(iii)Viscous and Darcy’s resistance terms are considered with constant permeability of the     

      porous medium. 

(iii)The MHD term is derived from an order-of-magnitude analysis of the full Navier-Stokes  

      equations. 

(iv)The porous plate moves with constant velocity in the direction of fluid flow, and the free     

      stream velocity is followed by an exponentially increasing small perturbation law. 

(v) The plate temperature, concentration and free stream velocity are assumed to be  

      exponentially varying with time.            
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                                        𝑥, 𝑈𝑝                                                             𝑢 

 

 

                                                                                                                              𝑣 

 

                                                                                                                          

                                                                                                                         

                                                        

                                                                                   𝑈∞, 𝑇∞  g 

                              

                               𝑣 

                                                   

                                                                                                     𝐵0 

                                                           

                                                                            Porous 

                                                                           medium 

                                    

 

                                                                        

                                                                  𝑇𝑤  

                                     O                                                                          y  

                                     Fig-1: Physical configuration of the problem.    

 

 

     With these assumptions, the equations governing the mass, momentum, energy and 

concentration are given as follows: 

Equation of continuity:                      

                             
𝜕𝑣 

𝜕𝑦 
= 0                                                                                                              (6)   

Momentum equation:  
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𝜕𝑢 

𝜕𝑡 
+ 𝑣 

𝜕𝑢 

𝜕𝑦 
= −

1

𝜌

𝜕𝑝 

𝜕𝑥 
+ 𝜈

𝜕2𝑢 

𝜕𝑦 2 −
𝐾0

𝜌
 

𝜕3𝑢 

𝜕𝑡 𝜕𝑦 2 + 𝑣 
𝜕3𝑢 

𝜕𝑦 3 + 𝑔𝛽 𝑇 − 𝑇 ∞ + 𝑔𝛽  𝐶 − 𝐶 ∞ − 𝜈
𝑢 

𝐾 
−

𝜎

𝜌
𝐵 0

2
𝑢   

                                                                                                                                                 (7)  

The fourth, sixth and seventh terms on the right hand side of equation (7) represent the buoyancy 

effects, the bulk matrix linear resistance, i.e. Darcy term, and the MHD term respectively. 

Energy equation: 

𝜕𝑇 

𝜕𝑡 
+ 𝑣 

𝜕𝑇 

𝜕𝑦 
= 𝛼

𝜕2𝑇 

𝜕𝑦 2 + 𝑄 𝑇 − 𝑇 ∞                                                                                                     (8) 

Concentration equation: 

𝜕𝐶 

𝜕𝑡 
+ 𝑣 

𝜕𝐶 

𝜕𝑦 
= 𝐷

𝜕2𝐶 

𝜕𝑦 2 − 𝐾 1 𝐶 − 𝐶 ∞                                                                                                   (9) 

 

The boundary conditions for the velocity, temperature and concentration fields are, 

𝑢 = 𝑈 𝑝 , 𝑇 = 𝑇 𝑤 + 𝜀 𝑇 𝑤 − 𝑇 ∞ 𝑒
𝑛 𝑡 , 𝐶 = 𝐶 𝑤 + 𝜀 𝐶 𝑤 − 𝐶 ∞ 𝑒

𝑛 𝑡   at 𝑦 = 0                                (10) 

𝑢 → 𝑈 ∞ = 𝑈0 1 + 𝜀𝑒𝑛 𝑡  , 𝑇 → 𝑇 ∞, 𝐶 → 𝐶 ∞  𝑎𝑠  𝑦 → ∞                                                            (11)       

where ν = 
𝜂0

𝜌
 is the kinematic viscosity, α is the thermal diffusivity, 𝐾  is the permeability of the 

porous medium, 𝛽 is the volumetric co-efficient of expansion for heat transfer, 𝛽  is the 

volumetric co-efficient of expansion for the fluid, 𝜌 is the density, ζ is the electrical conductivity 

of the fluid, g is the acceleration due to gravity, 𝑇  is the temperature, 𝑇 ∞ is the temperature of the 

fluid outside the boundary layer.        

 

From the equation (6), it is observed that the suction velocity normal to the plate is a function of 

time only and we take it as 

 𝑣 = −𝑉0 1 + 𝜀𝐴𝑒𝑛 𝑡                                                                                                                  (12) 

where A is the suction velocity parameter and is  a real positive constant, 𝜀 and A𝜀 

(less than unity) and 𝑉 0 is a scale of suction velocity and has non-zero positive constant value. 

Outside the boundary layer, equation (7) gives 

 

−
1

𝜌

𝜕𝑃 

𝜕𝑥 
=

𝑑𝑈 ∞

𝑑𝑡 
+

𝜈

𝐾 
𝑈 ∞ +

𝜎

𝜌
𝐵 0

2
𝑈 ∞                                                                                                  (13) 

 

We introduce the non-dimensional quantities, 

𝑢 =
𝑢 

𝑈0
 , 𝑣 =

𝑣 

𝑉0
 , 𝑦 =

𝑉0𝑦 

𝜈
 , 𝑈∞ =

𝑈 ∞

𝑈0
 , 𝑈𝑝 =

𝑈 𝑝

𝑈0
 , 𝑡 =

𝑡 𝑉0
2

𝜈
 , 𝜃 =

𝑇 −𝑇 ∞

𝑇 𝑤−𝑇 ∞
 , 𝐶 =

𝐶 −𝐶 ∞

𝐶 𝑤−𝐶 ∞
 , 𝑛 =

𝑛 𝜈

𝑉0
2 ,   
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𝐾 =
𝐾 𝑉0

2

𝜈2 , 𝛿 =
𝑄𝜈

𝑉0
2  , 𝑃𝑟 =

𝜈𝜌 𝐶𝑝

𝜅
=

𝜈

𝛼
 , 𝐺𝑟 =

𝜈𝑔𝛽  𝑇 𝑤−𝑇 ∞ 

𝑈0𝑉0
2  , 𝐺𝑚 =

𝜈𝑔𝛽  𝐶 𝑤−𝐶 ∞ 

𝑈0𝑉0
2 , 𝑀 =

𝜎𝐵 0
2
𝜈

𝜌𝑉0
2  ,     

  𝑆𝑐 =
𝜈

𝐷
  , 𝐾2 =

𝜈𝐾 1

𝑉0
2                                                                                                                      (14) 

where 𝑃𝑟  is the Prandtl number, 𝐺𝑟  is the Grashof number for heat transfer, Gm is the Grashof 

number for mass transfer, K is the permeability of the porous medium, K2 is the chemical 

reaction parameter, 𝛿 is the heat source parameter, Sc is the Schmidt number,  M is the magnetic 

field parameter. 

 

The non-dimensional form of the governing equations (6) to (9) are as follows: 

 
𝜕𝑣

𝜕𝑦
= 0                                                                                                                                         (15) 

𝜕𝑢

𝜕𝑡
−  1 + 𝜀𝐴𝑒𝑛𝑡  

𝜕𝑢

𝜕𝑦
=

𝑑𝑈∞

𝑑𝑡
+

𝜕2𝑢

𝜕𝑦2 − 𝐾1  
𝜕3𝑢

𝜕𝑡𝜕 𝑦2 −  1 + 𝜀𝐴𝑒𝑛𝑡  
𝜕3𝑢

𝜕𝑦3 + 𝐺𝑟𝜃 + 𝐺𝑚𝐶 + 𝑁 𝑈∞ − 𝑢   

                                                                                                                                             (16) 

where,    𝑁 = 𝑀 +
1

𝐾
 , 𝐾1 =

𝐾0𝑉0
2

𝜈2𝜌
 . 

𝜕𝜃

𝜕𝑡
−  1 + 𝜀𝐴𝑒𝑛𝑡  

𝜕𝜃

𝜕𝑦
=

1

𝑃𝑟

𝜕2𝜃

𝜕𝑦2 + 𝛿𝜃                                                                                             (17) 

𝜕𝐶

𝜕𝑡
−  1 + 𝜀𝐴𝑒𝑛𝑡  

𝜕𝐶

𝜕𝑦
=

1

𝑆𝑐

𝜕2𝐶

𝜕𝑦2 − 𝐾2𝐶                                                                                          (18) 

with modified  boundary conditions : 

𝑢 = 𝑈𝑝 ,   𝜃 = 1 + 𝜀𝑒𝑛𝑡 , 𝐶 = 1 + 𝜀𝑒𝑛𝑡      𝑎𝑡    𝑦 = 0  

𝑢 → 𝑈∞ = 1 + 𝜀𝑒𝑛𝑡  , 𝜃 → 0 ,   𝐶 → 0           𝑎𝑠 𝑦 → ∞                                                                (19) 

 

3    Method of solution 

      In order to solve the governing equations, the physical variables viz. velocity, temperature 

and concentration are expressed in the powers of 𝜀 and are presented as follows: 

𝑢 𝑦, 𝑡 = 𝑢0 𝑦 + 𝜀𝑒𝑛𝑡𝑢1 𝑦 + 𝑜 𝜀2                                                                           

𝜃 𝑦, 𝑡 = 𝜃0 𝑦 + 𝜀𝑒𝑛𝑡𝜃1 𝑦 + 𝑜 𝜀2                                                                

𝐶 𝑦, 𝑡 = 𝐶0 𝑦 + 𝜀𝑒𝑛𝑡𝐶1 𝑦 + 𝑜 𝜀2                                                                                        (20) 

Substituting (20) in the equations (16) to (18) and equating the harmonic and non-harmonic 

terms and neglecting the coefficients of powers of 𝑜 𝜀2  we get, 

𝐾1𝑢0
‴ + 𝑢0

″ + 𝑢0
′ − 𝑁𝑢0 = −𝑁 − 𝐺𝑟𝜃0 − 𝐺𝑚𝐶0                                                                      (21) 

𝐾1𝑢1
‴ +  1 − 𝑛𝐾1 𝑢1

″ + 𝑢1
′ −  𝑁 + 𝑛 𝑢1 = − 𝑁 + 𝑛 − 𝐺𝑟𝜃1 − 𝐺𝑚𝐶1 − 𝐴𝑢0

′ − 𝐾1𝐴𝑢0
‴                                                                                      
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                                                                                                                                                     (22) 

𝜃0
″ + 𝑃𝑟𝜃0

′ + 𝑃𝑟𝛿𝜃0 = 0                                                                                                             (23) 

𝜃1
″ + 𝑃𝑟𝜃1

′ + 𝑃𝑟𝐿𝜃1 = −𝐴𝑃𝑟𝜃0
′
                                                                                                  (24) 

𝐶0
″ + 𝑆𝑐𝐶0

′ − 𝐾2𝑆𝑐𝐶0 = 0                                                                                                          (25) 

𝐶1
″ + 𝑆𝑐𝐶1

′ − 𝑆𝑐𝐿1𝐶1 = −𝐴𝑆𝑐𝐶0
′
                                                                                              (26) 

where L= 𝛿-n   , L1=K2 -n. 

 

The corresponding boundary conditions are: 

𝑢0 = 𝑈𝑝 , 𝑢1 = 0, 𝜃0 = 1, 𝜃1 = 1, 𝐶0 = 1, 𝐶1 = 1      𝑎𝑡 𝑦 = 0                                 

𝑢0 → 1, 𝑢1 → 1, 𝜃0 → 0, 𝜃1 → 0, 𝐶0 → 0, 𝐶1 → 0      𝑎𝑠 𝑦 → ∞                                                 (27) 

 

To solve the equations (22) to (26), we use the multi- parameter perturbation scheme and the 

velocity components are expanded in the power of visco-elastic parameter K1 as K1≪1for small 

shear rate. Thus the expressions for velocity components are considered as follows: 

𝑢0 = 𝑢00 + 𝐾1𝑢01 + 𝑜 𝐾1
2     

𝑢1 = 𝑢10 + 𝐾1𝑢11 + 𝑜 𝐾1
2                                                                                                        (28) 

 

Using (28) in (21) and (22) and equating coefficients of K1, neglecting terms involving 𝑜 𝐾1
2 , 

we get,  

𝑢00
″ + 𝑢00

′ − 𝑁𝑢00 = −𝑁 − 𝐺𝑟𝜃0 − 𝐺𝑚𝐶0                                                                             (29) 

𝑢01
″ + 𝑢01

′ − 𝑁𝑢01 = −𝑢00
‴                                                                                                    (30) 

𝑢10
″ + 𝑢10

′ −  𝑁 + 𝑛 𝑢10 = − 𝑁 + 𝑛 − 𝐺𝑟𝜃1 − 𝐺𝑚𝐶1 − 𝐴𝑢00
′                                            (31) 

𝑢11
″ + 𝑢11

′ −  𝑁 + 𝑛 𝑢11 = −𝐴𝑢01
′ − 𝑢10

‴ + 𝑛𝑢10
″ − 𝐴𝑢01

‴                                                (32) 

with relevant boundary conditions  

𝑢00 = 𝑈𝑝  , 𝑢01 = 0,    at 𝑦 = 0  

𝑢00 → 1 , 𝑢01 → 0,   as 𝑦 → ∞  

𝑢10 = 0 , 𝑢11 = 0,       at 𝑦 = 0  

𝑢10 → 1 , 𝑢11 → 0,      as 𝑦 → ∞                                                                                                  (33) 

 

The solutions of the equations (23) to (26) and (29) to (32) subject to boundary conditions (27) 

and (33) are attained as follows: 
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𝜃0 = 𝑒−𝐺2𝑦                                                                                                                           

𝜃1 = 𝐷6𝑒
−𝐺4𝑦 + 𝑑2𝑒

−𝐺2𝑦                                                                                                    

𝐶0 = 𝑒−𝑚2𝑦                                                                                                                         

𝐶1 = 𝐷8𝑒
−𝑚4𝑦 + 𝑑4𝑒

−𝑚2𝑦                                                                                                 

𝑢00 = 𝐷10𝑒
−𝐹2𝑦 + 𝑑6𝑒

−𝐺2𝑦 + 𝑑8𝑒
−𝑚2𝑦 + 1                                                                    

𝑢01 = 𝐷12𝑒
−𝐹2𝑦 + 𝑑10𝑒

−𝐺2𝑦 + 𝑑12𝑒
−𝑚2𝑦 + 𝑑14𝑒

−𝐹2𝑦                                                     

𝑢10 = 𝐷14𝑒
−𝐹4𝑦 + 𝑑16𝑒

−𝐺2𝑦 + 𝑑18𝑒
−𝐺4𝑦 + 𝑑20𝑒

−𝐹2𝑦 + 𝑑22𝑒
−𝑚2𝑦 + 𝑑24𝑒

−𝑚4𝑦 + 1    

𝑢11 = 𝐷16𝑒
−𝐹4𝑦 + 𝑑26𝑒

−𝐹2𝑦 + 𝑑28𝑒
−𝐹4𝑦+𝑑30𝑒

−𝐺2𝑦 + 𝑑32𝑒
−𝐺4𝑦 + 𝑑34𝑒

−𝑚2𝑦 + 𝑑36𝑒
−𝑚4𝑦     

                                                                                                                                                     (34) 

4   Results and Discussion 

 

The expressions for velocity, temperature and concentration for the flow field are given by  

𝑢 = 𝑢00 + 𝐾1𝑢01 + 𝜀𝑒𝑛𝑡  𝑢10 + 𝐾1𝑢11                                                                                     (35) 

𝜃 = 𝜃0 + 𝜀𝑒𝑛𝑡𝜃1                                                                                                                        (36) 

𝐶 = 𝐶0 + 𝜀𝑒𝑛𝑡𝐶1                                                                                                                        (37) 

 

The non-dimensional skin friction at the plate y=0 is given by   

𝜎𝑤 =  𝑢00
′ + 𝐾1𝑢01

′ + 𝐾1 1 + 𝜀𝐴𝑒𝑛𝑡   𝑢00
″ + 𝐾1𝑢01

″ + 𝜀𝑒𝑛𝑡  𝑢10
′ + 𝐾1𝑢11

′ − 𝐾1 𝑛 𝑢10
′ +

           𝐾1𝑢11′−1+𝜀𝐴𝑒𝑛𝑡𝑢10″+𝐾1𝑢11″𝑦=0                                                                (38) 

 

The non-dimensional rate of heat transfer in the form of Nusselt number Nu is given by, 

𝑁𝑢 =  
𝜕𝜃

𝜕𝑦
 
𝑦=0

=  𝜃0
′ + 𝜀𝑒𝑛𝑡𝜃1

′ 
𝑦=0

                                                                                        (39) 

 

The non-dimensional rate of mass transfer in the form of Sherwood number Sh is given by, 

𝑆ℎ =  
𝜕𝐶

𝜕𝑦
 
𝑦=0

=  𝐶0
′ + 𝜀𝑒𝑛𝑡𝐶1

′ 
𝑦=0

                                                                                          (40) 

where dash denotes differentiation with respect to y. 

 

The constants are obtained but not given here due to brevity. 
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        The purpose of this study is to bring out the effects of visco-elastic parameter on unsteady 

MHD flow with heat and mass transfer past a semi infinite moving vertical porous plate with 

variable suction in presence of chemical reaction and heat generation as the effects of other flow 

parameters have been discussed by Bala and Barma [21]. The visco-elastic effect is exhibited 

through the non zero values of the non-dimensional parameter K1. The corresponding results for 

Newtonian fluid are obtained by setting K1=0 and it is worth mentioning that these results show 

conformity with that of Bala and Barma [21]. The expressions for the velocity, the temperature 

and the concentration fields may be obtained from (36), (37) and (38) respectively. The profiles 

of u against y are depicted in the figures 2 to 5 and the skin friction coefficient at the plate y=0 

against the flow parameter K2 (chemical reaction parameter), Sc (Schmidt number) and A 

(suction velocity parameter) are shown in the figures 6 to 8 to observe the effects of visco-

elasticity with other flow parameters involved in the solution. The numerical calculations are to 

be carried out for Up=.5, t=1, M=1, Pr=3, K=.5, δ=.1, ε=.01, n=1.5 in all the cases.  

       Figures 2 to 5 reveal that the growth of visco-elasticity diminish the velocity in comparison 

with the Newtonian fluid (K1=0) at every point of the fluid flow region. Also, the velocity profile 

u diminishes with the rising effect of the chemical reaction parameter K2. Again, the velocity 

profile u has an accelerating trend with the growth of the Grashof number for heat transfer Gr 

and Grashof number for mass transfer Gm for 𝐺𝑟 = 𝐺𝑚  (figure 4). 

       It is observed from figure 5 that the velocity profile u decelerates with the decrease of 

Grashof number for heat transfer Gr and Grashof number for mass transfer Gm for  𝐺𝑟 ≠ 𝐺𝑚  in 

comparison with the case of 𝐺𝑟 = 𝐺𝑚with a higher variation for 𝐺𝑟 > 𝐺𝑚   than for 𝐺𝑟 < 𝐺𝑚  .  

        Figures 6 and 7 illustrate that the growth of the chemical reaction parameter K2 and Schmidt 

number Sc diminish the viscous drag or the skin friction coefficient in both Newtonian and non 

Newtonian cases. Also, the skin friction experiences a decelerating trend during the rising effect 

of visco elastic parameter in comparison with Newtonian fluid flow phenomenon. 

       Again, the increases of the suction parameter A, with that of visco elastic parameter 

diminish the viscous drag in comparison with the Newtonian case (figure 8).  

      The Nusselt number which characterizes the rate of heat transfer and the Sherwood number 

which characterizes the rate of mass transfer of the fluid flow are not significantly affected by the 

variation of visco-elastic parameter.  
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Fig-2: Velocity profile u against y for Gr=10, Gm=10, A=.5, K2=.1. 

 

 

 

 

Figure 3: Velocity profile u against y for Gr=10, Gm=10, A=.5, K2=.1, .2. 
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Figure 4: Velocity profile u against y for Gr=10, 9, Gm=10, 9, A=.5, K2=.1 

 

 

Figure 5: Velocity profile u against y for Gr=8, 9, 10, Gm=8, 9, 10, A=.5, K2=.1. 
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Figure 6: Skin friction coefficient ζw at the plate y=0 against K2 for Gr=10, Gm=10, A=.5, Sc=.1.  

 

Figure 7: Skin friction coefficient ζw at the plate y=0 against Sc for Gr=10, Gm=10, A=.5, K2=.1. 

 

 

Figure 8: Skin friction coefficient ζw at the plate y=0 against A for Gr=10, Gm=10, Sc=.1, K2=.1. 

 

 

Conclusion 

 

       The effects of visco-elastic parameter on the unsteady MHD flow with heat and mass 

transfer past a semi infinite moving vertical porous plate with variable suction in presence of 

chemical reaction and heat generation have been studied in this problem. Some significant points 

of the present study are listed as below:  

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
6.5

7

7.5

8

8.5

9

9.5

10

10.5

11

11.5

S
c


w

x
1
0

7

K
1
=0

K
1
=.01

K
1
=.02

0 0.5 1 1.5 2 2.5 3
5

6

7

8

9

10

11

12

13

14

15

A


w

x
1
0

7

K
1
=0

K
1
=.01

K
1
=.02



 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories. 

International Research Journal of Mathematics, Engineering and IT (IRJMEIT) 

41 | P a g e  

 The velocity profile accelerates and then diminishes in both Newtonian and non-

Newtonian cases. 

 The growth of visco-elastic parameter declines the velocity at every point of the fluid 

flow region. 

 The magnitude of the velocity profile enhances with the simultaneous rise of the Grashof  

     numbers for heat and mass transfer. 

 The magnitudes of the velocity profile diminish with the decrease of Grashof numbers for 

heat and mass transfer for unequal values in comparison with those for equal values.  

 The skin friction coefficient at the plate against chemical reaction parameter, Schmidt 

number and suction parameter decreases along with the increasing values of visco-elastic 

parameter in compared to Newtonian fluid. 

 The Nusselt number and the Sherwood number are not significantly affected by the 

visco-elastic parameter. 

 

5    References 

 

  [1] K. A. Helmy, MHD unsteady free convection flow past a vertical porous plate, ZAMM, 

78(1998)(4): 255-270.  

  [2] R. J. Gribben, The magneto hydrodynamic boundary Layer in the presence of a pressure 

gradient,  Proc. Royal. Soc, London, A287 (1965): 123-141.  

  [3] H. S. Takhar and P. C. Ram, Free convection in hydromagnetic flow of a viscous heat 

generating fluid with wall temperature oscillation and Hall currents, J. of Astrophys. and Space 

Sci., 183  (1991):193-198.  

  [4] Y. J. Kim, Unsteady MHD convective heat transfer past a semi-infinite vertical porous 

moving plate with variable suction,   Int. J. of Engg. Sci., 38(2000): 833-845. 

  [5] H. S. Takhar and P. C. Ram, Magneto hydrodynamic free convection flow of water at 4
o
C 

through a porous medium, Int. Comm. Heat and Mass Transfer, 21(1994): 371-376.  

  [6] H. S. Takhar and O. A. Beg, Effect of transverse magnetic field, Prandtl number and 

Reynolds number on non Darcy mixed convective flow of an incompressible viscous fluid past a 

porous flat plate in a saturated porous medium, Int. J. Energy Res. 21(1997)(1): 87-100.  

  [7] V. M. Soundalgekar, Free convection effects on the oscillatory flow past an infinite, 

vertical,  porous plate with constant suction, Proc. Roy. Soc. London A 333(1973): 25-36.  



 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories. 

International Research Journal of Mathematics, Engineering and IT (IRJMEIT) 

42 | P a g e  

  [8] A. A. Raptis and N. Kafousias, Heat transfer in flow through a porous medium bounded by 

an  infinite vertical plate under action of a magnetic field,  Int. J. Energy Res. 6(1982): 241-245.  

  [9] A. A. Raptis, Flow through a porous medium in the presence of Magnetic field, Int. J. 

Energy. Res. 10(1986): 97-101.  

  [10] V. M. Soundalgekar, Free convection effects on steady MHD flow past a vertical porous 

plate,          J. fluid Mech., 66(1974): 541-551.  

  [11] R. Gulab and R. Mishra, Unsteady flow through magneto hydrodynamic porous media, 

Ind. J.   Pure Appl. Math., 8(1977): 637-642. 

  [12] V. M. Soundalgekar and H. S. Takhar, Oscillating plate temperature effects on combined  

         convection flow past a semi-infinite vertical plate, Int. J. Heat and Tech.,15(1977): 23-28.  

  [13] G. A. Georgantopoulos, J. Koullias, C. L. Goudas and C. Courogenis, Free convection and 

mass transfer effects on the hydromagnetic oscillatory flow past an infinite vertical porous plate, 

J.  Asrophys. Space Sci., 74(1981)(2): 357-389.  

  [14] T. P. Singh, A. K. Agarwal and H. L. Agarwal, Unsteady MHD free convective flow 

through a porous medium between two infinite vertical parallel oscillating porous plates with 

different amplitudes, Proc. Nat. Acad. Sci., India, 64a(1994): 81-93. 

  [15] K. Vajravelu  and A. Hadyinicolaou, Convective heat transfer in an electrical conducting 

fluid at stretching surface with uniform stream velocity, Int. J. Engng. Sci., 35(1997): 1273-1284. 

  [16] A. J. Chamkha, Hydromagnetic three-dimensional free convection on vertical       

stretching surface  with heat generation or absorption, Int. J. Heat Fluid flow,  20(1999): 84- 92,        

  [17] P. L. Chambre and J. D. Young, On the diffusion of a Chemically reactive species in a 

laminar boundary layer flow, The Physics of Fluids, 1(1958): 48-54.  

  [18] A. Apelblat, Mass Transfer with a chemical reaction of The First Order, The Chem. Engng. 

J.,  :19(1980), 19-37.  

  [19] U. N. Das, R. K. Deka and V. M. Soundalgekar, Effects of Mass Transfer on Flow Past an  

         Impulsively Started Infinite Vertical Plate with Constant Heat Flux and Chemical Reaction,  

         Forschung im Ingenieurwsen, 60(1994)(10): 284-287.  

  [20] U. N. Das, R. K. Deka and V. M. Soundalgekar, Effects of mass transfer on flow past an  

          impulsively started infinite vertical plate with chemical reaction, The Bulletin, GUMA, 

5(1999)(1): 13-20.  

  [21] A. J.  Bala, and S. V. K. Varma, Unsteady mhd heat and mass transfer flow past a semi 

infinite  vertical porous moving plate with variable suction in the presence of heat generation and     



 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories. 

International Research Journal of Mathematics, Engineering and IT (IRJMEIT) 

43 | P a g e  

        homogenious chemical reaction, Int. J. of Appl. Math and Mech. 7(2011)(7): 20-44. 

  [22] R. Choudhury and A. Das, Magneto hydrodynamic boundary layer flows of non-

Newtonian fluid  past a flat plate, Ind. J. Pure Appl. Math., 3111(2000): 1429-1441. 

  [23] K. Walters, The motion of an elastico-viscous liquid contained between co-axial cylinders 

(II),   Quart. J. Mech. Appl. Math., 13(1960): 444-461. 

  [24] K. Walters, The solution of flow problems in the case of materials with memories, J.              

         Mecanique, 1(1962): 473-478.     

 


