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Abstract

Chemical reaction plays an important role in MHD flow. It has industrial applications, such as design of chemical processing
equipments, food processing and cooling towers etc. In the present paper, chemical reaction effect on a viscous, incompressible
and electrically conducting fluid with unsteady MHD flow past an impulsively started oscillating vertical plate with variable
mass diffusion and constant wall temperature is studied. The solution of the model is obtained by Laplace transform method.
The effect of parameters is shown with the help of graphs. The skin-friction and Sherwood number have been tabulated. It has
been observed that chemical reaction has decreasing effect on fluid velocity. Our study gets motivation from the study of
Narayanan et al. (2016), which has similar findings on chemical reaction with a slightly different fluid model.
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1. Introduction

The problems related to chemical reaction, Hall current, heat transfer and mass diffusion are of great interest due to their
applications in many processes. From the industrial point of view, oscillatory flow is always important, for it has many practical
applications. Energy (heat and mass) transfer is used in various engineering and science problems. Chemical reactions are used
in the field of Psychrometer to measure humidity, paper production, glass blowing, metal spinning, food processing, and polymer
solution, and also in various fluid flows related to engineering problems. These processes abound in metallurgical engineering as
well as chemical engineering. They could also be found in solar collectors, nuclear reactor safety as well as combustion systems.
The Magneto hydro dynamic power generation is one of the examples of new and unique method of electricity generation. The
MHD generators are useful to power submarines aircraft and electrical power production for domestic applications. They can
also be used as power plants in industry and uninterrupted power supply system and power generation in space craft. Defense
applications, experiments in hypersonic wind tunnels, MHD-oriented power generation are in superior phase these days and near
commercialization.

Some related research works are mentioned here. Beg and Ghosh (2010) investigated magneto hydrodynamic flow with
oscillatory surface temperature. Datta et al. (1976) have studied oscillatory MHD over a plate. Sato (1961) analyzed the Hall
effect on ionized gas between parallel plates. Kumar et al. (2016) have studied effect of viscous dissipation on mixed convection
flow in a vertical double passage channel using Robin boundary conditions. Yamanishi (1962) has studied MHD flow between
two parallel plates. Ibrahim (2014) and Ibrahim et al. (2010) have studied effects of chemical reaction on two different models.
Chambre et al. (1958) have studied the diffusion of a chemically reactive species in a laminar boundary layer flow. Dash et al.
(2012) have analyzed heat transfer in viscous free convective fluctuating MHD flow through porous media past a vertical porous
plate with variable temperature. Rajput and Kumar (2016) have studied magneto hydrodynamic flow over exponentially
accelerated plate. Earlier, we (2016) have studied MHD flow past over a vertical plate with mass diffusion. In the present model,
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we are considering chemical reaction effect on MHD flow over an impulsively started oscillating vertical plate with variable
mass diffusion and constant wall temperature with Hall current.

2. Mathematical analysis

The physical model is given in Figure 1.

Figure 1 – Physical model

The flow is unsteady and incompressible. The x axis is considered along the fluid motion. Magnetic field B0 of uniform strength
is taken perpendicular to x axis. Initially it has been considered that the fluid and the plate are at the same temperature (T∞). C∞ is
the species concentration within the fluid. The plate starts oscillating after t = 0 with frequency  . The species concentration

and temperature of the plate are raised to
wC  and Tw, respectively. The force due to inertia is neglected. It is also relevant to

mention the studies of Nguyen et al. (2016) and Takabi et al. (2014). The fluid model with Boussinesq approximations is as
under:
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The boundary conditions are as under.
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The symbols used are as under
u - fluid velocity along x- direction, w - fluid velocity along z - direction, m - the Hall parameter, g -  gravity, β - vol. coeff. of
thermal expansion, β* - vol. coeff. of concentration expansion, t - time, C - species concentration in the fluid ,

wC - species
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concentration at the plate, D - diffusion coeff. ,
wT - temperature of the plate, T - the temperature of the fluid , k - the thermal

conductivity, υ - the kinematic viscosity, ρ - the fluid density, Kc -chemical reaction parameter,  σ - electrical conductivity, μ -
the magnetic permeability, and CP is specific heat at constant pressure. Here eem   with e - cyclotron frequency of

electrons and e - electron collision time.

To write the equations (1) - (4) in non- dimensional from, we introduce the following quantities:
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Here the dimensionless symbols used are as under

͞͞u - the dimensionless velocity, ͞w - dimensionless velocity, θ - temperature, C - concentration, Gr- thermal Grashof number, Gm
- mass Grashof number,  - the coefficient of viscosity, Pr - the Prandtl number, Sc - the Schmidt number, M - the magnetic

parameter K0 - the chemical reaction parameter.

The dimensionless forms of equations (1), (2), (3) and (4) are as follows
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Dropping the bars and combining the equations (7) and (8), we get
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Here iw,uq   and the corresponding boundary conditions are,
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The solution of the above equations, obtained by the Laplace transformed method, is an under
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More details of the notations are described in the appendix.

Skin-friction

The dimensionless skin-friction at the plate y = 0 is computed by
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Sherwood Number

The dimensionless Sherwood number at the plate y = 0 is computed by
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3. Interpretation of results

For computation, the values of parameters taken are:

  Gr = 10, 20, 30; M = 1, 3, 5; m = 1, 1.5, 2;

                                 Pr = 2, 3, 4; Sc = 2, 3, 5; t =  90,45,30

                                K0 = 1, 10, 20; Gm = 10, 20, 30; t = 0.1, 0.2, 0.3.

Figures 2, 3, 5, and 8 show that primary velocity (u) increases when Gm, Gr, m, and t are increased.  In this case primary velocity
increases with m, it means Hall current has increasing effect on the flow of the fluid along the plate. Figures 4, 6, 7, 9, and 10
show that primary velocity decreases when M, Pr, Sc, t   and K0 are increased. And figures 11, 12, 13, and 17 show that the
secondary velocity increases when Gm, Gr,  M, and t are increased. Figures 14, 15, 16, 18 and 19 show that secondary velocity
(w) decreases when m, Pr, Sc, t and K0 are increased. Here secondary velocity decreases when m is increased; this implies
that the Hall parameter slows down the transverse velocity. Figures 20 and 21 show that concentration decreases with increase

in K0 and Sc, and figure 22 shows that  it increases with increase in t. From table – 1 it is observed that x decreases with increase

in Pr, M, Sc, K0, and it increases with increase in m, Gm, Gr, t and t. z  increases with increase in Gr, t, Gm, and M,  and it

decreases when Sc,  Pr, K0 , t and m  are increased. From table – 2 it is observed that Sherwood number decreases with
increase in Sc, K0, and t.
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Table 1. Skin friction
m Gr Gm M      Sc Pr t    t K0

x z
  1.0 10    100    2.0    2.01    2.00 30 0.2 1.0 3.6594 0.3144

1.0 10 100 2.0    2.01    3.00 30 0.2 1.0 3.4289 0.3028

  1.0  10 100    2.0    2.01    4.00 30 0.2 1.0 3.2716 0.2957

  1.0 10 100 2.0    2.01   0.71 30 0.2 1.0 4.2666 0.3519

   1.0 20 100    2.0   2.01   0.71 30 0.2 1.0 6.9065 0.4430

   1.0 30 100 2.0   2.01   0.71 30 0.2 1.0 9.5463 0.5341

   2.0 10 100 2.0   2.01   0.71 30 0.2 1.0 4.4861 0.2935

   3.0 10 100 2.0   2.01   0.71 30 0.2 1.0 4.5437 0.2233

   1.0 10 10.0 2.0   2.01   0.71 30 0.2 1.0 1.8590 0.3138

   1.0 10 20.0 2.0   2.01  0.71 30 0.2 1.0 2.1265 0.3181

   1.0 10 30.0 2.0   2.01  0.71 30 0.2 1.0 2.3941 0.3223

   1.0 10 100    1.0   2.01  0.71 30 0.2 1.0 4.4547 0.1823

   1.0 10 100    3.0    2.01  0.71 30 0.2 1.0 4.0799 0.5096

1.0 10  100    5.0    2.01  0.71 30 0.2 1.0 3.7125 0.7923

   1.0 10 100 2.0    2.00  0.71 30 0.2 1.0 4.2705 0.3520

  1.0 10 100 2.0    5.00 0.71 30 0.2 1.0 3.5904 0.3332

  1.0 10 100    2.0    7.00 0.71 30 0.2 1.0 3.3659 0.3282

  1.0 10 100  2.0 2.01 0.71 30 0.1 1.0 1.5484 0.2013

  1.0 10 100    2.0 2.01 0.71 30 0.3 1.0 7.0431 0.5308

1.0 10 100    2.0 2.01 0.71 30 0.2 10 3.8433 0.3422

1.0 10 100    2.0 2.01 0.71 30 0.2 20 3.5459 0.3355

  1.0 10 100 2.0 2.01 0.71 45 0.2 1.0 4.8078 0.3307

  1.0 10 100 2.0 2.01 0.71 90 0.2 1.0 7.0341 0.2320

Table - 2 Sherwood number
Sc K0 t Sh

0.16 1.0 0.2 -0.2150
0.3 1.0 0.2 -0.2944
0.6 1.0 0.2 -0.4164

2.01 1.0 0.2 -0.7621
2.01 10 0.2 -1.1182
2.01 20 0.2 -1.4264
2.01 1.0 0.1 -0.5225
2.01 1.0 0.2 -0.7621
2.01 1.0 0.3 -0.9613

4. Conclusion

The conclusion is as under:
 u increases with the increase in thermal Grashof number, Hall parameter, mass Grashof number and time (Figures 3, 5, 2,

and 8).
 u decreases with the increase in Prandtl number, magnetic field, Schmidt number, chemical reaction and phase angle.

(Figures 6, 4, 7, 10, and 9).
 w increases with increase in thermal Grashof number, mass Grashof number, time, and magnetic field parameter. (Figures

12, 11, 17, and 13).
 w decreases with the increase in Hall parameter, Prandtl number, Schmidt number, chemical reaction and phase angle.

(14, 15, 16, 19, and 18).

 Skin-fraction (Table -1) x  decreases with increase in Schmidt number, Prandtl number, magnetic field parameter,

chemical reaction. It increases with thermal Grashof number, mass Grashof number, Hall parameter, time, phase angle.
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z  increases with increase  thermal Grashof number, mass Grashof number, time, and magnetic field. And it decreases

with Prandtl number, Hall parameter, Schmidt number, chemical reaction, and phase angle.
 Concentration decreases with increase in Sc and K0, and it increases with increase in t. (Figures 21, 20, and 22).
 Sherwood number (Table - 2) decreases with increase in Sc, K0 and t.
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