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Abstract. Unsteady natural convection flow of electrically conduct-
ing fluid in the presence of magnetic field past an accelerated vertical

plate in a thermally stratified fluid is studied here. The governing
equations involved in the present analysis are solved by the Laplace-
transform technique. The velocity, skin friction, and Nusselt numbers
are studied for different parameters like Prandtl numbers, thermal
Grashof numbers, magnetic field parameters, stratification parame-
ters, and time.

1. Introduction

The study of MHD flow with heat and mass transfer plays an important
role in chemical, mechanical and biological sciences. Some important appli-
cations are cooling of nuclear reactors, liquid metal fluids, power generation
systems, and aerodynamics. Free convection effects on the flow past an ac-
celerated vertical plate in an incompressible dissipative fluid was studied
by Gupta et al. [3]. Further research in these areas were done by Agnirasa
et al. [2] and Magyari et al. [7] by taking different models. Gebhart [4]
considered the transient natural convection from vertical elements.

Radiation effects on mixed convection along a vertical plate with uni-
form surface temperature were studied by Hossain and Takhar [6]. Prandtl
number dependence of unsteady natural convection along a vertical plate
in a stably stratified fluid were obtained by Shapiro and Fedorovich [9].
On the other hand, unsteady convectively driven flow along a vertical plate
immersed in a stably stratified fluid were considered by Shapiro and Fe-
dorovich [8]. We are considering unsteady natural convection flow of elec-
trically conducting fluid in the presence of a magnetic field past an accel-
erated vertical plate in a thermally stratified fluid. The results are shown
with the help of graphs (Figure 1 to Figure 5) and Table 1.
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2. Mathematical Analysis

In this paper we have considered an unsteady natural convection flow of
viscous incompressible electrically conducting and radiating fluid. A Carte-
sian co-ordinate system is considered here. The z-axis is in vertically up-
ward direction, y-z plane coincides with vertical plate, x-axis is horizontal,
normal to the plate and fluid fills the region x ≥ 0. A transverse magnetic
field B0, of uniform strength is applied normal to the plate. The viscous
dissipation and induced magnetic field has been neglected due to its small
effect. At time t′ > 0, the plate is given an impulsive constant accelera-
tion a and the plate temperature raised from the environment temperature
T∞ to a constant wall temperature of Tw. The motion is one-dimensional
with non zero vertical velocity component u′, varying with x and t′ only.
Under the above assumptions, the flow is governed by the following set of
equations.

∂u′

∂t′
= gβ(T − T∞) + ν

∂2u′

∂x2
− σB2

0u
′

ρ
, (1)

∂T

∂t′
= −γu′ + α

∂2T

∂x2
, (2)

where γ = dT∞

dz
+ g

Cp
.

Here the symbols are Cp - specific heat at constant pressure, T - tem-
perature of the fluid, T∞ - temperature of the mainstream fluid, t′ - time,
ρ - fluid density, g - acceleration due to gravity, α - thermal diffusivity, β
- coefficient of thermal expansion, ν - kinematic viscosity, µ - coefficient of
viscosity, B0 - external magnetic field, σ - Stefan-Boltzmann constant, γ -
thermal stratification parameter, u′ - velocity of the fluid in the z- direction
and Tw - temperature of the plate.

The environmental conditions considered are: (a) stable for γ > 0, (b)
neutral for γ = 0, and (c) unstable for γ < 0. The cases of stable and
neutral conditions have been considered here.

The following boundary conditions have been assumed:










t′ ≤ 0 : u′ = 0, T = T∞ for all the values of x,

t′ > 0 : u′ = at′, T = Tw at x = 0,

and u′ → 0, T = T∞ as x = ∞,

(3)

where a(> 0) is the constant acceleration.
Introducing the following non-dimensional quantities:







u = u′

(aν)1/3
, θ = T−T∞

Tw−T∞

, t = t′a2/3

ν1/3 , Gr = gβ(Tw−T∞)
a

,

ξ = xa1/3

ν2/3 ,M =
σB2

0
ν1/3

ρa2/3 , Pr = ν
α
and S = γν2/3

a1/3(Tw−T∞)

(4)
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where u - dimensionless velocity, θ - dimensionless temperature, Gr - Grashof
number, ξ - dimensionless coordinate normal to the plate, Pr - Prandtl
number, t - dimensionless time, M - magnetic field parameter, k - thermal
conductivity of the fluid and S - non-dimensional stratification parameter.

Equations (1) and (2) lead to

∂u

∂t
= Grθ −Mu+

∂2u

∂ξ2
(5)

and

∂θ

∂t
= −Su+

1

Pr

∂2θ

∂ξ2
. (6)

Also, the boundary conditions (3) are reduced to:











t ≤ 0 : u = 0, θ = 0 for all the values of ξ,

t > 0 : u = t, θ = 1 at ξ = 0,

and u → 0, θ → 0 as ξ = ∞.

(7)

Using the Laplace transform technique, equation (5) and (6) subject to
(7) are transformed to:

V =
1

2

[

e−ξ
√

(s+A) + e−ξ
√

(s+B)

s2

]

+
iH

2S

[

e−ξ
√

(s+A) − e−ξ
√

(s+B)

s

]

(8)

and

φ =
1

2

[

e−ξ
√

(s+A) + e−ξ
√

(s+B)

s

]

+
iS

2H

[

e−ξ
√

(s+B) − e−ξ
√

(s+A)

s2

]

, (9)

where Pr = 1, M∗ = M
2 , H2 = SGr − M∗2, A = M∗ + iH , and B =

M∗−iH . Here V and φ are the Laplace transforms of u and θ, respectively.
Taking the inverse Laplace transform of equations (8) and (9) with the

help of [1] and [5], the solutions obtained are as follows:

u = u1 + u2, (10)

θ = θ1 + θ2, (11)
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where

u1 =
1

4

[

e−ξ
√
Aerfc

(

ξ

2
√
t
−
√
At

)

{t+ iH

S
− ξ

2
√
A
}
]

+
1

4

[

eξ
√
Aerfc

(

ξ

2
√
t
+
√
At

)

{t− iH

S
+

ξ

2
√
A
}
]

,

u2 = complex conjugate of u1,

θ1 =
1

4

[

e−ξ
√
Aerfc

(

ξ

2
√
t
−
√
At

)

{1− iSt

H
− iSξ

2H
√
A
}
]

+
1

4

[

eξ
√
Aerfc

(

ξ

2
√
t
+
√
At

)

{1− iSt

H
+

iSξ

2H
√
A
}
]

,

and θ2 = complex conjugate of θ1.

3. Skin friction

Skin friction is given by:

τ = −
(

∂u

∂ξ

)

ξ=0

= τ1 + τ2, (12)

where

τ1 =
e−M∗t

√
πt

(

t cos(Ht) +
H

S
sin(Ht)

)

+
1

2

√
A

(

t+
iH

S
+

1

2A

)

erf
(√

At
)

and τ2 = complex conjugate of τ1.

4. Nusselt Number

The Nusselt number is given by

Nu = −
(

∂θ

∂ξ

)

ξ=0

= Nu1 +Nu2, (13)

where

Nu1 =
e−M∗t

√
πt

(

cos(Ht)− St

H
sin(Ht)

)

+
1

2

√
A

(

1− iSt

H
+

iS

2HA

)

erf
(√

At
)

and Nu2 = complex conjugate of Nu1.
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Figure 1. Velocity profile at t = 0.4

Figure 2. Velocity profile at t = 0.4

5. Results and Discussion

The velocity profile for different parameters like the magnetic field pa-
rameter, thermal Grashof number, Prandtl number, thermal stratification
parameter, and time are shown in Figures 1 to 5. In Figure 1, when the
values of Gr and S are increased independently the velocity increases (keep-
ing the magnetic field constant). But it is shown in Figure 2 that velocity
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Figure 3. Velocity profile for values of t

Figure 4. Temperature Profile at t = 0.4

Figure 5. Temperature Profile at t = 0.4
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decreases when magnetic field parameter M is increased at t = 0.4 (keeping
the values of Gr and S constant). In Figure 3, it is observed that when
time t is increased the velocity increases.

Figures 4 and 5 represent the temperature profile at time t = 0.4. Figure
4 shows that when the value of S is increased the temperature decreases.
Similarly in Figure 5, it is observed that when the value of magnetic field
M increases the temperature of the plate decreases. Other parameters are
kept constant in both figures.

Table 1. Skin friction and Nusselt number for different parameters

M Gr S t τ Nu

0 10 0.5 0.4 -2.74 1.10
1 10 0.5 0.4 -2.33 1.25
1 10 1 0.4 -2.32 1.43
2 10 1 0.4 -1.88 1.54
2 5 1 0.4 -0.42 1.46
2 5 0.5 0.4 -0.13 1.34
1 5 0.5 0.4 -0.72 1.98
1 5 0.5 0.8 -0.74 1.20

The values of skin friction and the Nusselt number are tabulated in Table
1. When the values of M and S are increased (keeping other parameters
constant) the values of skin friction and the Nusselt number are also in-
creased. But if values of Gr and t are increased the values of skin friction
and Nusselt number get decreased (keeping other parameters constant).
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