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Abstract

A study on Magnetohydrodynamic (MHD) flow past an accelerated vertical plate with the effects of thermal radiation
and chemical reaction has been carried out. The dimensionless governing equations are solved using Laplace transform
technique. The solution for the velocity, temperature and concentration field are obtained and analyzed for the different
physical parameters like thermal Grashof Number, Modified Grashof Number, permeability parameter, Prandtl Number,
Radiation parameter, Schmidt Number, chemical reaction parameter and time. It is observed that the velocity profile
increases with increasing parameters like, Sc, Gc, M, R and t and also decrease with the decreases Pr and Gr. the
temperature profile shows the decrease with the decreasing in Pr and t. and increase in R. While the concentration
profile shows the increase in alpha and decrease in Sc and t.
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1. Introduction

MHD plays an important role in agriculture, petroleum industries, geophysics and in astrophysics. MHD flow has
application 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. In the field of power generation, MHD
is receiving considerable attention due to the possibilities it offers for much higher thermal efficiencies in power plants.
Thermal radiation is an important factor in the thermodynamic analysis of many high temperature systems like solar
collectors, boilers and furnaces. The simultaneous effect of heat and mass transfer in the presence of thermal radiation
plays an important role in manufacturing industries for the design of fins, steel rolling, nuclear power plants, cooling of
towers, gas turbines and various propulsion device for aircraft, materials processing, energy utilization, temperature
measurements, remote sensing for astronomy and space exploration, food processing and cryogenic engineering, as
well as numerous agricultural, health and military applications.

Muthucumaraswamy et al. [6] analyzed theoretical solution of flow past an impulsively started vertical plate with
variable temperature and mass diffusion. Jaiswal and Soundalgekar [2] have considered the oscillating plate
temperature effects on a flow past an infinite porous plate with constant suction and embedded in a porous medium.
Unsteady convection flow of micropolar fluids past a vertical porous plate embedded in a porous medium has been
considered [3]. Kumar [4] studied radiative heat transfer with hydro magnetic flow and viscous dissipation over a
stretching surface in the presence of variable heat flux. Samad and Rahman [11] studied thermal radiation interaction
with unsteady MHD flow past a vertical porous plate immersed in a porous medium. Some effects like radiation and
mass transfer on MHD flow were studied [5]. Unsteady MHD flow past a vertical oscillating plate with thermal radiation
and variable mass diffusion was investigated [1]. Muthucumaraswamy and Vijayalakshmi [8] studied effects of heat and
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mass transfer on flow past an oscillating vertical plate with variable temperature. Muthucumaraswamy et al. [7] studied
unsteady flow past an accelerated infinite vertical plate with variable temperature and uniform mass diffusion.
Radiation and mass transfer effects on MHD free convection flow past an exponentially accelerated vertical plate with
variable temperature was studied [9]. Radiation effects on MHD flow through a porous medium with variable
temperature or variable mass diffusion was studied by Rajesh and Verma [9]. The present study considered an unsteady
MHD flow past an accelerated vertical plate with the effects of thermal radiation and chemical reaction.

2. Formulation of the problem

The unsteady flow of an incompressible viscous fluid which is initially at rest past an infinite vertical plate with variable
temperature in the presence of MHD and thermal Radiation is considered. The flow is assumed to be in x-direction which
takes vertical plate in the upward direction.The y-axis is taken to be normal to the plate. Initially the plate and the fluid

are in same temperature } with the same concentration level C atall points. At time t >0 the plate accelerated with

velocity | _tu? in its own plane. The plate temperature is raised to TW and the level of concentration near the plate is
Vv

raised to ¢ linearly with the time t. By Boussinesq's approximation the unsteady flow is governed by the following

equation.
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Where (1) is the momentum equation, (2) is the energy equation and (3) is the mass concentration equation.

Where U is the velocity of the fluid, T is the fluid temperature, C’ is the concentration g is gravitational constant, // and

ﬂ* are the thermal expansions of fluid and concentration, t’ is the time, 0 is the fluid density, C p is the specific heat
capacity v is the viscosity of the fluid, k is the thermal conductivity of the fluid.

The initial and boundary condition are;
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Itis assumed that the temperature differences within the flow are sufficiently small such that T “ may be expressed as
a linear function of the temperature. This is accomplished by expanding T “in a Taylor series about T 'Oo and

neglecting higher order terms, thus;
TH24T3T-3T% 6)
By using equations (5) and (6), equation (2) reduces to

1 2T
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The non-dimensional quantities are:
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The non-dimensional quantities of equation (9) which analyzed (1) to (4) and they lead to the dimensionless equations
are as follows;
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Where Sc is the Schmidt number, Pr is the Prandtl number and Gr and Gc are the Grashof numbers.

The initial and boundary conditions in dimensionless form are:

U=0606=0,C=0, forallY,t<0
t>0:U=16=1¢=1aty =0

U—->06—->0C—0,as,Y > (12)
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3. Method of solution

Equation (9) to (11) are solved subject to the boundary conditions of (12) and the solutions are obtained for velocity,
temperature and concentration field in terms of exponential and complementary error function using Laplace transform
technique as follows;

¢:%{ez”merfc(n\/§+\/a)+e’2"merfc(ﬂ\/§—\/a)} ..................... (13)
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Where a=(Pr-1), h=(Sc-1), b=(Sca-M), f =S - Y_

4. Results and discussion

The results are discussed graphically and qualitatively. The numerical computations are carried out for different
physical parameters like Gr, Gc, Sc, alpha, R, M and t upon the nature of the flow and transport. The value of the Schmidt
number Sc is taken to be 0.57, which corresponds to water-vapor. The value of the Prandtl number Pr is chosen such
that it represents air (Pr = 0.71). The numerical values of the velocity, temperature and concentration are computed for
the above mentioned parameters. The numerical results reveal that the radiation induces a rise in both the velocity and
temperature, and a decrease in the concentration.

The effects of velocity profiles for different values of time tis presented in figure 1. It shows that the velocity is increases
with the increasing values of t. The effects of velocity profiles for different values of Schmidt number Sc. is presented in
figure 2. It shows that the velocity is increases with the increasing values of Sc. The effects of velocity profiles for
different values of mass Grashof number Gc is presented in figure 3. It shows that the velocity is increases with the
increasing values of Gc. The effects of velocity profiles for different values of magnetic field parameter M is presented
in figure 4. It shows that the velocity is increases with the increasing values of M. The effects of velocity profiles for
different values of radiation parameter R is presented in figure 5. It shows that the velocity is increases with the
increasing values of R. The effects of velocity profiles for different values of Prandtl number Pr is presented in figure 6.
It shows that the velocity is increases with the increasing values of Pr. The effects of velocity profiles for different values
of thermal Grashof number Gr is presented in figure 7. It shows that the velocity is increases with the increasing values
of Gr.
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The effects of temperature profiles for different values of radiation parameter R is presented in figure 8. It shows that
the temperature is increases with the increasing values of R. The effects of temperature profiles for different values of
time t is presented in figure 9. It shows that the temperature is increases with the increasing values of t. The effects of
temperature profiles for different values of Prandtl number Pr is presented in figure 10. It shows that the temperature
is decreases with the decreasing values of Pr.

The effects of concentration field profiles for different values of alpha is presented in figure 11. It shows that the
concentration field is increases with the increasing values of alpha. The effects of concentration field profiles for
different values of time t is presented in figure 12. It shows that the concentration field is increases with the increasing
values of t. The effects of concentration field profiles for different values of Schmidt number Sc is presented in figure 13.
It shows that the concentration field is decreases with the decreasing values of Sc.

Velocity.

Figure 1 Velocity profile for different values of t.
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Figure 3 Velocity profile for different values of Gc
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Figure 5 Velocity profile for different values of R
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Figure 4 Velocity profile for different values of M
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Figure 6 Velocity profile for different values of Pr
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Figure 7 Velocity profile for different values of Gr. Figure 8 Temperature profile for different values of R
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Figure 9 Temperature profile for different values of't. Figure 10 Temperature profile for different values of
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Figure 11 Concentration profile for different values of  Figure 12 Concentration profile for different values of
alpha. t.

5. Conclusion

The unsteady magnetohydrodynamic flow past an accelerated vertical plate with the effects of thermal radiation and
chemical reaction have been studied, the dimensional governing equations are solved by Laplace-transform technique
and computed for different parameters using MATLAB. The effect of different parameters such as Schmidt number,
Prandtl number, thermal Grashof number, mass Grashof number, chemical reaction parameter, radiation parameter,
magnetic field parameter, alpha and t are studied graphically. It was observed that the velocity profiles increases with
the increasing parameters like t, Sc, Gc, M, R, Pr, and Gr. It also observed that the temperature increases with the
increasing in R and t, while decreases with the decreasing value of Pr. The concentration field increases with the
increasing in alpha and t, while decreases with the decreasing value of Sc.

86



World Journal of Advanced Engineering Technology and Sciences, 2022, 06(02), 081-087

Compliance with ethical standards

Acknowledgments

This article was an output from a research conducted during a study in the department of mathematics, Kebbi state
university of science and technology, Aliero, Kebbi state Nigeria, as such a many appreciation to the postgraduate units
of the department and the team of fluid dynamics of the department.

Disclosure of conflict of interest

The authors have contributed in the preparation of this manuscript and declared no conflict of interest in preparing this
article.

References

[1]

Deka RK, Neog BC. Unsteady MHD flow past a vertical oscillating plate with thermal radiation and variable mass
diffusion. Chamchuri Journal of Mathematics. 2009; 1(2): 79-92.

Jaiswal BS, Soundalgekar VM. Oscillating plate temperature effects on a flow past an infinite porous plate with
constant suction and embedded in a porous medium. Heat and Mass Transfer. 2001; 37: 125 - 131.

Kim Y], Suwon. Unsteady convection flow of micropolar fluids past a vertical porous plate embedded in a porous
medium. Acta Mechanica. 2001; 148: 105 - 116.

Kumar H. Radiative heat transfer with hydro magnetic flow and viscous dissipation over a stretching surface in
the presence of variable heat flux. Thermal Science. 2009; 13(2): 163-169.

Muthucumaraswamy R, Janakiraman. MHD and Radiation effects on moving isothermal vertical plate with
variable mass diffusion. Theoretical Applied Mechanics. 2006; 33(1): 17-29.

Muthucumaraswamy R, Ganesan P, Soundalgekar VM. Theoretical solution of flow past an impulsively started
vertical plate with variable temperature and mass diffusion. Forschung im Ingenieurwesen. 2000; 66: 147 - 151.

Muthucumaraswamy R, Raj M Sundar, Subramanian VSA. Unsteady flow past an accelerated infinite vertical plate
with variable temperature and uniform mass diffusion. International Journal of Apply Mathematics and Mechanics.
2009; 5(6): 51 - 56.

Muthucumaraswamy R, Vijayalakshmi A. Effects of heat and mass transfer on flow past an oscillating vertical
plate with variable temperature. International Journal of Apply Mathematics and Mechanics. 2008; 4(1): 59 - 65.

Rajesh V, Vijaya Kumar Verma S. Radiation and mass transfer effects on MHD free convection flow past an
exponentially accelerated vertical plate with variable temperature. ARPN jJournal of Engineering and Apply
Science. 2009; 4(6): 20 - 26.

Rajesh V, Vijaya Kumar Verma S. Radiation effects on MHD flow through a porous medium with variable
temperature or variable mass diffusion. International Journal of Apply Mathematics and Mechanics. 2010; 6 (1):
39-57.

Samad Md Abdus, Rahman Mohammad Mansur. Thermal radiation interaction with unsteady MHD flow past a
vertical porous plate immersed in a porous medium. Journal of Naval Architecture and Marine Engineering. 2006;
3:7-14.

87



