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Abstract: In this paper we consider unsteady two-dimensional convective heat and mass transfer flow of a 

viscous, incompressible, electrically conducting optically thin fluid which is bounded by a vertical infinite plane 

surface. A uniform applied homogeneous magnetic field is considered in the transverse direction with first order 

chemical reaction. An analytical solution for two-dimensional oscillatory flow on unsteady mixed convection of 

an incompressible viscous fluid, through a porous medium bounded by an infinite vertical plate in presence of 

chemical reaction and  thermal radiation are presented. The surface absorbs the fluid with a constant suction and 

the free stream velocity oscillates about a constant mean value. The resulting nonlinear partial differential 

equations were transformed into a set of ordinary differential equations using two-term series. The closed form 

solutions for velocity, temperature, concentration, skin friction, Nusselt number, and Sherwood number have 

been obtained, using the regular perturbation technique. Numerical evaluation of the analytical solutions were 

performed and the results are presented in graphical and tabular form. This was done to illustrate the influence 

of the various parameters involved in the problem on the solutions.   
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1. Introduction 

The influence of magnetic field on viscous incompressible flow of electrically con-ducting fluid has its 

importance in many applications such as extrusion of plastics in the manufacture of rayon and nylon, 

purification of crude oil, pulp, paper industry, textile industry and in different geophysical cases etc. The 

application of MHD flow is found in metrology, solar physics and in motion of earth's core. Also it has 

applications in the field of stellar and planetary magnetospheres, aeronautics, chemical engineering and 

electronics [1,2]. 

Oscillatory flows has known to result in higher rates of heat and mass transfer, many studies have been 

done to understand its characteristics in different systems such as reciprocating engines, pulse combustors and 

chemical reactors. The detailed study on fluid mechanics of oscillatory and modulated flows have been made by 

Cooper et al. [3]. The numerically studied the influence of convective heat transfer from periodic open cavities 

in a channel with oscillatory flow have been studied by Fusegi [4], Gomaa and Taweel [5] and Abdelkader and 

Lounes [6] respectively. The influence of MHD oscillatory flow on free convection radiation through a porous 

medium with constant suction velocity and the effect of slip condition on unsteady MHD oscillatory flow of a 

viscous fluid in a planer channel have been studied by El-Hakiem [7], Makinde and Mhone [8] and Mehmood 

and Ali [9] respectively.  

The MHD oscillatory flow past a vertical porous plate through porous medium in the presence of 

thermal and mass diffusion with constant heat source has been studied by Gholizadeh [10]. The work of 

Makinde [11] is of particular interest since it demonstrated the possibility of achieving significant unsteady 

incompressible flow in a porous channel. The MHD mixed convection from a vertical plate embedded in porous 

medium with convective boundary condition has been analyzed by Makinde and Aziz [12]. Rabi et al [2] have 

investigated the influence of chemical reaction effect on MHD oscillatory flow through a porous medium 

bounded by two vertical porous plates with heat source Soret effect. 

Chemical reactions are classified as either heterogeneous or homogeneous processes. These processes 

take place in numerous industrial applications, e.g., polymer production, manufacturing of ceramics and food 

processing Cussler, [13]. The diffusion of chemically reactive species in a laminar boundary layer flow are 

analyzed by Chambre and Young [14]. The exact solution for hydrodynamic boundary layer flow and heat 

transfer is studied by Vajravelu [15]. Das et al. [16] , Muthucumaraswamy [17, 18] and Anjali Devi and 

Kandasamy [19] studied the effect of a first-order chemical reaction on the flow in different cases. An analytical 
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solution for heat and mass transfer by laminar flow of a Newtonian, viscous, electrically conducting fluid is 

presented  by Chamkha [20]. Kandasamy et al. [21] studied the nonlinear MHD flow, with heat and mass 

transfer characteristics, of an incompressible, viscous, electrically conducting, Boussinesq fluid with chemical 

reaction and thermal stratification effects. 

The role of thermal radiation is of major importance in engineering areas occurring at high 

temperatures and knowledge of radiative heat transfer becomes very important in nuclear power plants, gas 

turbines and the various propulsion devices for aircraft, missiles and space vehicles. Hakeem and Sathiyanathan 

[22], Srinivas and Muthuraj [23], Pal and Talukdar [24], Chamkha [25], Bakr [26] and Prakash et al. [27] have 

examined the radiation effect of an oscillatory flow under different conditions. The influence of chemical 

reaction on unsteady MHD slip flow in a Planer channel with varying concentration has been examined by 

Sivaraj et al. [28]. 

The main objective of this study is to investigate the effect of periodic heat and mass transfer on 

unsteady mixed convection MHD flow past an infinite vertical porous flat plate with constant suction in 

presence of chemical reaction and  thermal radiation when the free stream velocity is oscillating with time. The 

boundary layer equations governing the problem under consideration are solved by multi-parameter perturbation 

technique and giving more importance on analytic solution. For this study, air (Pr=0.71) and water (Pr=6.2) are 

the only fluids under consideration. The closed form solutions for velocity, temperature, skin friction, 

concentration, Nusselt number, and Sherwood number are presented. The effects of pertinent parameters on 

fluid flow of heat and mass transfer characteristics are studied in detail. This work is presented as follows. First, 

the problem is formulated, and then the solution of the problem is presented. Following are results and 

discussion, and finally, conclusions are summarized.  

  

2. Formulation of  the problem 
Consider  unsteady two-dimensional convective heat and mass transfer flow of a viscous, 

incompressible, electrically conducting optically thin fluid which is bounded by a vertical infinite plane surface. 

A uniform applied homogeneous magnetic field is considered from the transverse direction with first order 

chemical reaction. We assume that the surface absorbs the fluid with a constant velocity and the fluid far away 

the surface oscillates with time and assumed to be in the form )1()( 0

tieUtU   , where 0U  is the mean 

stream velocity and )1(  the amplitude of the free stream variation. A Cartesian coordinate system 

)','( yx  is assumed, where 'x - axis lies along the plate and 'y - axis in the normal direction. Then, under the 

usual Boussinesq's approximation, the equation governing flow field under consideration are 

 

Continuity equation 

 

  00 vv
y

v





   

Momentum equation           (1)     

   



















CCgTTgu

B

y

u

x

p

y

u
v

t

u
c








2

0

2

21
                     (2)     

Energy equation                     

 
y

q

cy

T

c

k

y

T
v

t

T r

pp





















1
2

2

                                                                          (3) 

Concentration equation 
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where )','( vu are velocity components in 'x and y  directions, g is acceleration due to gravity, T  is the 

temperature of the fluid, C  is the species concentration,   is the coefficient of thermal expansion, c  is the 

volumetric expansion coefficient,  is the kinematic viscosity of the fluid, k  is effective thermal conductivity, 

  is the density of the fluid, pc  is the specific heat at constant pressure, D  is the diffusion coefficient, 0B  is 
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the electromagnetic induction,   is the conductivity of the fluid, 0v  constant suction/ injection  and p  is non 

dimensional pressure. 

The corresponding boundary conditions of the problem are: 

                                     0,,0 
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And the radiative heat flux is given by 
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Where  is the radiation absorption coefficient . 

Eliminating the modified pressure gradient under the usual boundary layer approximation (2) reduced to 
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introducing the following dimensionless quantities: 
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With the help of the  non-dimensional variables above, Eqs (1), (3), (4) and (7) reduced to 
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The reduced boundary conditions are;          

 

011,0  yateeu titi                                                               (12) 
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3. Method of Solution 
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In order to solve the differential Eqs. (9), (10)  and (11) we assume that 
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Where 00 ,u  and 0  are respectively the mean velocity, mean temperature and mean concentration. On using 

(13) into (9), (10) and (11) and neglecting the higher order of  , and simplifying we get the following set of 

equations  
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The corresponding reduced boundary conditions are  
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 yatuu 0,0,0,0,1,1 101010   

 

Solving equations (14) to (19) with the conditions in Eq. (20), we get 
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The local skin friction coefficient, local Nusselt number and local Sherwood number are important 

physical quantities for this type of heat and mass transfer problem. These are defined as follows: 

The dimensionless shearing stress on the surface of a body is written as: 

                                                 

0





y
y

u
                                                      (24) 

There, the local skin-friction factor is given by: 
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The rate of heat transfer at the surface in terms of the local Nusselt number can be written as: 

                                     

0







y
y

T

TT

x
Nu



                                                       (26) 

 

                                        

0

1Re









y

x
y

Nu


                                                        (27) 

Where 
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 is the local Reynolds number. 

The rate of heat transfer at the surface in terms of the local Sherwood number can be written as: 
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Results and Discussion 
Numerical evaluation of the analytical solutions reported in the previous section was performed and the 

results are presented in graphical and tabular form. This was done to illustrate the influence of the various 

parameters involved in the problem on the solutions. In plotting the results. 

 

The values of Grashof number rG  have been chosen as they are interesting from physical point of view. The 

free convection currents are due to temperature difference TTm   and hence 0rG  when 0 TTm  

which physically corresponding to cooling of the plate by free-convection current, 0rG  corresponds to 

heating of the boundary surface by free-convection currents as 0 TTm  and 0rG  corresponds to the 

absence of free convection currents. 

 

Figure 1. demonstrates the variation of the velocity distribution with the chemical reaction in the cases of 

cooling ( 0rG ) and heating ( 0rG ) by free convection currents. It observed that the velocity in the cases 

of cooling and heating decreases near the boundary layer with an increases in the chemical reaction parameter 

rK .Also, figure 1 shows the effects of heating of the surface leads to a fall in the velocity inside the boundary 

layer while the effect of cooling by free convection current, ( 0rG ) is to increase the velocity more than in 

the case of heating of the surface.  

Figures 2 and 3 depict the effects of chemical reaction on the concentration profiles with two values of Grashof 

number 2rG  (cooling of the surface) and 2rG  (heating of the surface), respectively. An increase in 

the values of rK  from   1, 1.5, 2, 2.5, and 3 causes a significant decrease in concentration profiles throughout 

the concentration boundary layer in the case of cooling and heating of the surface by free convection current. 

 

Figure 4. illustrates the influence of the magnetic parameter M on the velocity profiles with two values of 

2rG  (heating of the surface) and 2rG  (cooling of the surface) . Application of a transfer magnetic 

field to an electrically conducting fluid gives rise to a resistive-type force called the Lorentz force. This force 

has the tendency to slow down the motion of the fluid in the boundary layer. This is obvious from decreases in 

the velocity profiles. Moreover, the magnetic field is found to cause an over shoot in the velocity profiles (i.e, 

the velocity profiles exceed the values at the edge of the momentum boundary layer) in the case of cooling of 

the surface. However, no overshoot is observed in the case of heating of the surface whatever the values of 

magnetic field parameter are. Also, the effect of the magnetic field is found to be more pronounced for the case 

of cooling of the surface than for the case of heating of the surface. 

Figure 5 and 6 show the effects of the Grashof number  rG  on the velocity profiles in the case of air 

( 71.0rp ) and water ( 2.6rp ). From these figures, we observe that the effects of cooling by free 

convection currents occur when 0rG . The velocity increases inside the boundary layer as rG  increases. In 

addition the curves show that the peak value of  the velocity increases rapidly near the surface as the Grashof 

number increases and then decays to the free-stream velocity in the two cases air and water. Also figures 5 and 6 

show the effect of heating by free convection currents when 0rG . An increase in greater heating of the 

surface leads to a fall in the velocity in the two cases of air and water. Also, we notice that the effects of Grashof 

number are found to be more pronounced for the fluid with small Prandtl number. 

Figures 7 -9,  respectively. It was observed that the  velocity and concentration decrease as the Schmidt number 

Sc increases, that noted in the two cases of Prandtl number Pr =0.71, 6.2 (air and water).  

Figure 10 depicts the velocity profile for different values of radiation parameter N in two  cases of 

Prandtl number Pr =0.71, 6.2. It was observed that the velocity decreases as the radiation parameter N decreases, 

velocity distribution for various values of radiation parameter N in case of the Prandtl number Pr =0.71 has a 
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clear impact but its effect hasn't a clear impact in case the Prandtl number Pr =6.2 so we zoomed in water case 

to clarify influence. 

The temporal development of temperature with different values of time t  is elucidated in fig 11. It is 

clear that the velocity of the fluid decreases as time increases. that noted in the two cases of Prandtl number Pr 

=0.71, 6.2 , this is more evident in the case of air than in water case. It illustrated that the influence of the 

various parameters involved in the problem on the velocity of the air is greater than the velocity of the water 

under the same conditions.  

Table 1 and 2 show effects of variations of  Grashof number, modified Grashof number, chemical 

reaction, Schmidt number, magnetic parameter, frequency of the fluid and radiation parameter on the 

coefficients of skin friction, heat transfer and mass transfer respectively for 2/ t , 5.0  in the two cases 

air and water respectively . It is clear that as Grashof number, modified Grashof number, Schmidt number, 

magnetic parameter and radiation parameter increase, skin friction coefficient  

increases, while decreasing by increasing  chemical reaction and frequency of the fluid. Nusselt number 

decreases as frequency of the fluid and radiation parameter increase and Sherwood number increases as the 

chemical reaction and Schmidt number increase, while decrease by increasing frequency of the fluid. On the 

other hand, the Nusselt number increases as Pr increases. 

   Finally, the effects of various values of t on the coefficients of skin friction, heat transfer and mass 

transfer across the boundary layer are presented in Table 3. It can be concluded that skin friction decreases as 

time increases. Heat transfer and mass transfer increasing with time at values 0,10, 20, while decreasing at 

values 20, 30, 40, 50.  

0 1 2 3 4 5 6 7 8 9 10
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

u

y

 

 

   kr=1,1.5,2,2.5,3

Gr= 2   

Gr= -2   - - - - -

 
Figure 1. Velocity distribution for various values of Grashof number Gr and 

chemical reaction parameter rk for  10 , 2/ t , ε = 0.5, N = 0.2, M= 5, 

cG = 5, Pr = 0.71, Sc = 0.22. 
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Figure 2. Concentration distribution for various values  and chemical reaction 

 parameter rk for  10 , 2/ t ,ε = 0.5, N = 0.2, M= 5,  

cG = 5, Pr = 0.71, Sc = 0.22. 
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Figure 3. Concentration distribution for various values chemical reaction parameter rk  

for  10 , 2/ t , ε = 0.5, N = 0.2, M= 5, 
cG = 5, 

Pr = 0.71,  Sc = 0.22. 
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Figure 4. Velocity distribution for various values of  Grashof number Gr and  magnetic field  

parameter M for  10 , 2/ t ,ε = 0.5, N = 0.2, kr = 2, 
cG =5, 

pr=0.71,  Sc = 0.22 
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Figure 5. Velocity distribution for various values of  Grashof number Gr 

for  10 , 2/ t , ε = 0.5, N = 0.2, M= 10, 
cG = 5, 

kr = 3, Sc = 0.22. 
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Figure6. Velocity distribution for various values of  Grashof number Gr 

for  10 , 2/ t , ε = 0.5, N = 0.2, M= 10, 
cG = 5, 

kr = 3, pr=6.2,  Sc = 0.22. 
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Figure 7. Velocity distribution for various values of Prandtl number Pr 

         and the Schmidt number Sc  for  10 , 2/ t , ε = 0.5, 

 N = 0.2,  M=5, kr = 3, 
cr GG  =2, 
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Figure 8. Concentration distribution for various values of the Schmidt number  

Sc  for  10 , 2/ t ,ε = 0.5,  N = 0.2,   

M=5, kr = 3, 
cr GG  =2 
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Figure 9. Concentration distribution for various values of the Schmidt number  

Sc  for  10 , 2/ t , ε = 0.5,  N = 0.2,   

M=5, kr = 3, 
cr GG  =3, pr=6.2 
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Figure 10. Velocity distribution for various values of  radiation parameter 

       N  for  10 , 2/ t , ε = 0.5, 

 Sc = 0.66,  M=5, kr = 3, 
cr GG  =5, 



International Journal of Latest Research in Engineering and Technology (IJLRET) 

ISSN: 2454-5031  

www.ijlret.com || Volume 04 - Issue 01 || January 2018 || PP. 84-96 

www.ijlret.com                                                       94 | Page 

u u

Pr=0.71

0 1 2 3 4 5 6 7 8 9 10
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6



y

pr=0.71 

pr=6.2    - - - - -

                    t=10,15,20,25,30

 
Figure 11. temperature distribution for various values of Prandtl number Pr 

         and the time t  for  5 , 2/ t , ε = 0.5, 

 N = 0.2,  M=5, kr = 6, 
cr GG  =5, 22.0Sc   

 

Table 1. Effects of variations of  Grashof number, modified Grashof number, chemical reaction, Schmidt 

number, magnetic parameter, frequency of the fluid and radiation parameter on the coefficients of skin friction, 

heat transfer and mass transfer respectively for 71.0rp , 2/ t  and 5.0 . 

Pr Gr Gc kr Sc M   N 
fC  1Re

xNu  1Re

xSh  
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Table 2. Effects of variations of  Grashof number, modified Grashof number, chemical reaction, Schmidt 

number, magnetic parameter, frequency of the fluid and radiation parameter on the coefficients of skin friction, 

heat transfer and mass transfer respectively for 2.6rp , 2/ t  and 5.0 .  

Pr Gr Gc kr Sc M w N 
fC  1Re

xNu  1Re

xSh  
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Table 3. Effects of various values of time on the coefficients of skin friction, heat transfer and mass    transfer 

respectively for  5 , ε = 0.5, N = 0.2, M= 10,
cr GG  = 2, 3rk , Sc = 0.22. 

 

 

 

 

 

 

 

              

 

 

 

 

 

 

 

 

 

Conclusion 
An analytical solution for two-dimensional oscillatory flow on unsteady mixed convection of an 

incompressible viscous fluid, through a porous medium bounded by an infinite vertical plate in presence of 

chemical reaction and  thermal radiation are presented. The governing boundary layer equations for the velocity, 

temperature, and concentration fields were solved using the method of small perturbation approximation. 

Numerical evaluation of the analytical solutions were performed and the results were presented in graphical and 

tabular form. This was done to illustrate the influence of the various parameters involved in the problem on the 

solutions. Two cases be considered air( 71.0rP ) and water ( 2.6rP ). It can concluded that the velocity 

in the case of cooling and heating decreases near the boundary with an increases in the chemical reaction. Also, 

increasing the chemical reaction is to decreases the concentration profile throughout the boundary layer. We  

found also that for two values of prendtl number, under study, the concentration distribution decreases as the 

Schmidit number increases. Moreover, the Nusselt number decreases as the Prandtl number increases. It is 

interesting to note that the rate of heat mass transfer increase with increasing time for both air and water when 

20t , while the reverse behavior is observed when 20t .  
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