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An exact solution of unsteady flow past an exponentially accelerated infinite isothermal
vertical plate with variable temperature and uniform mass diffusion in the presence of
chemical reaction of first order has been studied. The plate temperature is raised linearly
with respect to time and concentration level near the plate is raised uniformly. The
dimensionless governing equations are solved using the Laplace-transform technique. The
temperature and concentration profiles are studied for different physical
parameters like magnetic field parameter, chemical reaction parameter, thermal Grashof
number, mass Grashof number, Schmidt number, time and a. It is observed that the velocity
decreases with increasing magnetic field parameter.
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Introduction

Magnetoconvection plays an important role in agriculture,
petroleum industries, geophysics and in astrophysics. Important
applications in the study of geological formations, in exploration
and thermal recovery of oiland in the assessment of
aquifers,geothermal reservoirs and underground nuclear waste
storage sites. MHD flow has application in metrology, solar
physics and in motion of earths core. Also it has applications in
the field of stellar and planetary magnetospheres, aeronautics,
chemical engineering and electronics. The effects of transversely
applied magnetic field, on the flow of an electrically conduction
fluid past an impulsively started infinite isothermal vertical plate
was studied by Soundalgekar et al [1]. MHD effects on
impulsively started vertical infinite plate with variable
temperature in the presence of transverse magnetic field were
studied by Soundalgekar et al [2]. MHD effects on flow past an
infinite vertical plate for both the classes of impulse as well as
accelerated motion of the plate was studied by Raptis and Singh
[3]. The dimensionless governing equations were solved using
Laplace transform technique.

Free convection effects on flow past an exponentially
accelerated vertical plate was studied by Singh and Naveen
Kumar [4]. The skin friction for accelerated vertical plate has
been studied analytically by Hossain and Shayo [5]. Gupta [6]
studied flow of an electrically conducting fluid near an
uniformly accelerated vertical plate in the presence of uniform
magnetic field. Raptis et al [7] discussed MHD flow past an
accelerated vertical plate with variable suction and heat flux.
Singh [8] analyzed MHD flow past an exponentially accelerated
vertical plate with uniform temperature.
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The Effect of a chemical reaction depend whether the
reaction is homogeneous or heterogeneous. This depends on
whether they occur at an interface or as a single phase volume
reaction. In well-mixed systems, the reaction is heterogeneous,
if it takes place at an interface and homogeneous, if it takes
place in solution. Chambre and Young [9] analyzed a first order
chemical reaction in the neighbourhood of a horizontal plate.
Das et al. [10] 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.
Again, mass transfer effects on moving isothermal vertical plate
in the presence of chemical reaction studied by Das et al. [11].
The dimensionless governing equations were solved by the
usual Laplace-transform technique and the solutions are valid
only at lower time level.

Hence it is proposed to study the effects on unsteady MHD
flow past an exponentially accelerated infinite isothermal
vertical plate with variable temperature and uniform mass
difusion, in the presence of homogeneous chemical reaction of
first order. 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

Here the unsteady flow of a viscous incompressible fluid
past an infinite isothermal vertical plate with uniform mass
diffusion in the presence of magnetic field has been considered.
The x’-axis is taken along the plate in the vertically upward
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direction and the y’-axis taken normal to the plate. A transverse
magnetic field of uniform strength B, is assumed to be applied
normal to the plate. The induced magnetic field and viscous
dissipation is assumed to be negligible. At time t' < 0 the plate
and fluid are at the same temperature T_. At time t' > O, the plate
is exponentially accelerated with a velocity u = up exp(a’t’) in its
own plane and the temperature from the plate is raised linearly
with respect to time and the concentration level near the plate is
raised to C’,, and the mass is diffused from the plate to the fluid
uniformly. A transverse magnetic field of uniform strength B,

is assumed to be applied normal to the plate. It is assumed that
the effect of viscous dissipation is negligible in the energy
equation and there is a first order chemical reaction between the
diffusing species and the fluid. Then under usual Boussinesq’s
approximation the unsteady flow is governed by the following
equations:

au ?u oB2 D
—=gB(T-T,)+gp*(C'-C.)+v— ——2u
8t, gB( oo) gB ( oo) Vayz
2 2
pcpﬂ:kg
ot’ oy
' 21 (3)

In most cases of chemical reactions, the rate of reaction depends
on the concentration of the species itself. A reaction is said to be
of the order N, if the reaction rate if proportional to the th

power of the concentration. In particular, a reaction is said to be
first order, if the rate of reaction is directly proportional to
concentration itself.

with the following initial and boundary conditions:

u=0, T=T, C'=C, forall yt'<0
t'>0:u=upep@t), T=T +(T,-T,)At, C=C, at y=0
u—0, T-T, C—>C, a Yy
(4)
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The negative sign of K in the last term of the equation (8)
indicates that the chemical reaction takes place from higher level
of concentration to lower level of concentration.

The initial and boundary conditions in non-dimensional
quantities are
u=0, 0=0, C=0 forall Y, t<0 (9)
t>0: U=exp(at), 0=t, c=1 a Y=0
U —0, 06—>0, C—>0 a VY-oow
Solution Procedure
The solutions are in terms of exponential and

complementary error function. The relation connecting error
function and its complementary error function is as follows:
erfc(x) = 1- erf(x)
The dimensionless governing equations (6)-(8), subject to
the boundary conditions (9), are solved by the usual
Laplace-transform technique and the solutions are derived .
The solutions are in terms of exponential and complementary
error function. The relation connecting error function and its
complementary error function is as follows:
erfc(x) = 1- erf(x)

{ Pr } (10)
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T
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and Y
"o
Discussion of Results

For physical understanding of the problem numerical
computations are carried out for different physical parameters
M, a, Gr, Gc, K, Sc and t upon the nature of the flow and
transport. The value of Prandtl number Pr is chosen such that
they represent water (Pr = 7.0). The numerical values of the
velocity are computed for different physical parameters like
magnetic filed parameter, chemical reaction parameter, a,
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Prandtl number, thermal Grashof number, mass Grashof
number, Schmidt number and time.

The velocity profile for different values of time t = {0.2,
0.4,0.6,0.8}, Sc=0.6,Gr= Gc=5,M=0.2, K=5anda=1
are shown in Figure 1. It is observed that velocity increases with
increasing values of the time.
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Figure :1 Velocity profiles for different values of t n

The velocity profile for different values a = {0.2, 0. 5, 1}, Sc =
0.6, Gr =Gc =5, M =0.2,t=0.2 and K =5 are studied and
presented in Figure 2. It is observed that the velocity increases
with increasing values of a.
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Figure: 2 Velocity profiles for different values of a n

Figure 3 demonstrates effects of the magnetic field parameter on
the velocity when M =0.2,2,5, Sc = 0.6, Gr = Gc = 5,1t =0.2,
K =5 and a = 0.2. It is observed that velocity increases with
decreasing magnetic field parameter.
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Figure 4 represents the effect of temperature profiles for
different values of (t = 0.2, 0.4, 0.6, 1), Pr = 7. It is observed
that the temperature increases with increasing values of time ‘t’.
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Figure .4 Temperature profiles for different values of t
Figure 5 represents the effect of velocity profiles for different
value of the chemical reaction parmater (K = 2, 5, 10), Gr = Gc
=5,a=1Sc=06, M=04andt=04. Itis observed that
velocity increases with decreasing values of chemical reaction
parameter.
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Figure:5 Velocity profiles for different values of K

Figure 6 represents the effect of concentration profiles for
different values of the Schmidt number (Sc = 0.3, 0.6, 2.01), t =
1 and K = 0.2. It is observed that the concentration increases
with decreasing Schmidt number
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Figure:B Concentration profiles for different values of Sc ™
Conclusions
An exact analysis of hydromagnetic flow past an
exponentially accelerated infinite vertical plate with variable
temperature and uniform mass diffusion in the presence of

a
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chemical reaction of first order has been studied. The
dimensionless governing equations are solved by the usual
Laplace-transform technique. The effect of different parameters
like magnetic field parameter, chemical reaction parameter,
thermal Grashof number, mass Grashof number and time(t) are
studied graphically. The conclusions of the study are as follows:
(i) The velocity decreases with increasing magnetic field
parameter M (or) chemical reaction parameter.

(if) The velocity increases with increasing values time t in the
presence of magnetic field parameter.

(iif) The wall concentration increases with decreasing chemical
reaction parameter or Sc.

(iv) The temperature increases with increasing values of time
‘¢
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