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ABSTRACT

A mathematical model is used to study the effect of the magnetic field on the temporary free convection flow of the
electrically conductive fluid past the vertical plate under periodic temperature. The governing momentum and energy equations
are solved analytically using the homotopy perturbation method. An approximate analytical solution using Homotopy
perturbation method and Laplace transform is carried out for temperature profile in case of constant plate temperature. The
results are obtained the analytical and limiting case results ones, and a good agreement is achieved. The effect of different
physical parameters on transient velocity and temperature, such as Grashof number, magnetic parameter, Prandtl number and
temperature frequency, is examined. Also, the local Skin-friction and local Nusselt number coefficients are obtained and
analyzed.

Keywords: Mathematical modelling; Boundary layer; Laplace transform; Homotopy perturbation method; MHD flows;
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1. Introduction

Convective flows and MHD (Magneto Hydro Dynamics) flows in porous media have been widely studied
over the past numerous decades, with many distinct physical effects. Plasmas, liquid metals, saltwater, and
electrolytes are examples of magneto fluids. These flows in many natural contexts, such as groundwater flows,
geothermal extraction, industrial and agricultural distribution of water, oil recovery systems, cooling of electronic
components, food processing, dispersion of chemical contaminants in various functions in the chemical industry
and in the environment, soil degradation, etc.

It is noted that the surface temperature depends on many fluid flow problems. A similar study too has become
presented to discuss the MHD flow with variable temperature. Proposed to examine the effects of the transverse
magnetic field on transient-free Convective nanofluid flow past and impulsively started infinite vertical porous
plate with viscous dissipation [1]. Analytical solution of unsteady flow past an accelerated vertical plate at constant
temperature has been carried out [2]. Examined the effect of the unsteady MHD mass transfer flow through a
vertical porous fixed plate in the presence of viscous dissipation and heat source [3]. Homotopy Analysis Method
is used to obtain the analytical expression of the stream function, temperature distribution and volume fraction of
nanofluid [4]. To study the transient free convection magnetohydrodynamic flow past an accelerated vertical plate
with periodic plate temperature. A numerical analysis of the dimensionless equations is performed and verified by
an analytical solution for constant plate temperature [5].

Investigate the effects of MHD as well as Soret on the unsteady free convective mass transfer flow past an
infinite vertical plate of variable suction, where the temperatures of a plates oscillate at the same frequency as the
one of variable suction velocity [6]. The examined a mathematical model to study the characteristics of heat and
mass transfer in mixed convection flow. The Linearly stretching vertical surface in a porous medium filled with
visco-elastic fluid, taking into account heat diffusion (Dufour) and temperature diffusion (Soret) effects [7].
To study the free convective flow through a porous medium past a vertical plate with a ramped wall temperature
in the presence of a magnetic field is discussed [8].

Samad and Rahman [9] investigated the relationship of thermal radiation with an unstable MHD flow past a
vertical porous plate embedded in a porous medium.

Ibrahim et al.[10] investigated the effect of thermal radiation on porous media through optically thick approximat
ion using the Newton Scheme process of the Taylor series. Biihler and Zierep[11] studied the flow of an
incompressible viscous fluid near a porous oscillating infinite plate with suction or blowing condition. Das et
al.[12] performed an analytical investigation to study the radiation effect on natural convective flow past a vertical
plate in the presence of a porous medium. Cogley et al. [13] are often used to describe the radiative heat transfer
model. Khan et al. [14] solved the long porous slider problem by a homotopy perturbation method, which is
coupled with differential equations resulting from the momentum equation. Esmaeilpour and D.D. Ganji [15] have
used the homotopy perturbation method to solve boundary layer flow and convection heat transfer over a flat plate.
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Recently, Visuvasam et al. [16] derived an analytical expression of the current generated by an electrochemical
reaction in the porous rotating disc electrode (PRDE) using the homotopy perturbation method. Kumar [17]
investigated a new approximate method, namely homotopy perturbation transform method (HPTM) which is a
combination of homotopy perturbation method (HPM) and Laplace transform method (LTM) to provide an
approximate analytical solution to time-fractional Cauchy-reaction diffusion equation.

In this study, an analytical approximation to the solution of the problem of forced convection over a
horizontal flat plate using a combination of Homotopy perturbation method and Laplace transform is presented.
The effect of different physical parameters on transient velocity and temperature, such as Grashof number,
magnetic parameter, Prandtl number and temperature frequency is analyzed. Also, the local Skin-friction and local
Nusselt number coefficients are obtained.

2.  Mathematical formulation

Consider a two-dimensional MHD flow of an incompressible electrically conducting viscous fluid past
an accelerated infinite vertical plate. A conductive liquid with a density p, a dynamic viscosity y, and an electrical
conductivity o fills the region around the plate. The coordinates x, y is aligned, respectively, along the plate axis,
and width. The plate is placed in a uniform transverse magnetic field of flux density Bo in the y-direction. When
applying the magnetic field with a presence of periodic plate temperature, the transient governing equations of the
MHD flow that present the fluid motion and temperature are as follows [5]:
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where T, T,, and T, denote the temperature, wall temperature and initial fluid temperature respectively, u is the
velocity component in the x-direction, K is the thermal conductivity, C P is the specific heat, @ is the frequency

of oscillation and ¢ is a small reference parameter. The governing equations can be written in
dimensionless form using the following non-dimensional quantities:
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where 1, ®, U, 8, M, Gr and Pr are dimensionless time, dimensionless frequency, dimensionless velocity,
dimensionless temperature, magnetic parameter, Grashof number and Prandtl number, respectively.
The dimensionless of Nonlinear partial differential equations becomes [5]:
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The corresponding boundary conditions can be specified as follows [5]:
Initially,
7<0:U=0, =0 forall Y
7>0: U=7, =1+ecoswt at Y =0 )

U—>0,60—>0 as Y o>wx

3. Approximate Analytical Expression for the Concentrations of Velocity and Temperature
Approximate analytical expressions for concentrations of VVelocity and Temperature are given by (see information
in Appendix A) as follows:
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The dimensionless local Skin friction at the plate is given by [8]
c - (@ 2 M2z +Gr JPriM -Gzt )
Loy M2zt
The dimensionless Nusselt number is given by [8]
JPr (e cos(w t) Vr Nt —2 | 7t?
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4. Steady-State Solution for the Concentrations of Velocity and Temperature
For t = 0, the exact solution of Egs. (5) -(7) is immediately obtained,
9 2
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The dimensionless local Skin friction at the plate is given by
ouU Gr (I+ €) (—M ++/Pr)
C, = — = (14)
oY M —Pr
The dimensionless rate of heat transfer coefficient in terms of the Nusselt number is given by
Reduced Nusselt number = NuRe;! = —(%} :% (1+ €) \Pr (15)
Y=0

5. Results and Discussions

In this study, Transient Free Convection MHD Flow Past a Vertical Plate with Periodic Temperature has been
investigated. The governing equation which is a pair of partial differential equations, were solved analytically by
using the homotopy perturbation method (HPM) and Laplace transform.

Figs.1(a) ad 3(a), demonstrates the dimensionless velocity profile for different values of magnetic field
parameter M for a physical situation with uniform chemical reaction and thermophoretic effects. It shows that the
velocity is considerably reduced with the increase of in the value of M because the application of transverse
magnetic field opposes the transport phenomena due to the fact that the presence of a magnetic field produces a
drag-like force called the Lorentz force in other words, any decrease in the fluid angle on the inclined plate leads
to an increase in the flow of the velocity profile.

The result illustrates that the increase in Gr increases the flow velocity. On the Grashof numbers, the increase
in the concentration leads to a rise in the concentration gradient existing between the fluids. The increase in the
gradient, the fluid particles gain enough energy to become buoyant. The energy gained tends to lose the fluid
particles from the grip of viscosity. The buoyancy force acting as lifting force for the fluid particles tends to
increase the flow velocity; see Figs. 1(b) and 3(b). This agrees with [18, 19].

Prandtl number is a dimensionless quantity that puts the viscosity of a fluid in correlation with the thermal
conductivity. Figs. 1(c) and 3(c) represented an increase in Pr results in a decrease in the velocity profile.

Figs. 2 and 4 indicates that a rise in Pr substantially reduces the temperature in the viscous fluid. It can be
found from Figs. 2 and 4 that the solute boundary layer thickness of the fluid enhances with the increase of Pr.

5973



E. Arul Vijayalakshmi2, M. Kannan?, J. Visuvasam®

(2)

0.8}

0.6

M=1,254,7

0.4

0.2F

Dimensionless Velocity U
Dimensionless Velocity U

0 2 4 6 8 10 6 8
Dimensionless Coordinate ¥ Dimensionless Coordinate ¥

0.8F

0.6
Pr=04,05,0.7, 0.9

0.4f

0.2F

Dimensionless Velocity U

0 2 4 6 8 10
Dimensionless Coordinate ¥

Fig.1. Dimensionless concentration of velocity profile (U) for againstY for
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Fig.2. Dimensionless concentration of temperature profile (&) for againstY for e=0.1, ® =30 and t =1

5974

10



Mathematical modelling of Transient Free Convection MHD Flow Past a Vertical Plate with Periodic Temperature Using Homotopy
Perturbation Method

() (b)
0.4 . . . . 1 . .

0.35F

0.8F
0.3F

0.6

M=15,2,3,4 Gr=1,2,3,4

Dimensionless Velocity U
Dimensionless Velocity U

015 049
0.1 b
02 .:' d

0.05

0 . Ml ok . L

0 2 4 6 3 10 0 2 4 6 8

Dimensionless Coordinate ¥ Dimensionless Coordinate ¥
(©

0.5f

04 |

 [Pr=05,0.7,0.9,12

0.3} 4

02H

Dimensionless Velocity U

0.1

0 2 4 6 8 10
Dimensionless Coordinate ¥

Fig.3. Dimensionless concentration of velocity profile (U) for againstY for
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Fig.4. Dimensionless concentration of temperature profile (&) for againstY for e= 0.1, ® =30 andt =0

6. Conclusion

An analytical method is performed to predict the velocity and temperature distribution in a free convection
flow past a vertical plate with periodic temperature. The effect of Grashof number, magnetic parameter, Prandtl
number, and temperature frequency on the transient velocity and temperature profiles is studied. Also, the local
Skin-friction and local Nusselt number coefficients are obtained. The velocity is shown to decrease as the magnetic
parameter (M) increases, which means that a somewhat conductive fluid is not disturbed by the influence of a
magnetic field. The increase in the Grashof number is shown to produce an increase in the velocity across the plate.
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It is seen that the velocity and temperature will be decreased by the (Pr) Prandtl number. In the transient
temperature profile, the periodic behaviour of the plate temperature is expressed, while in the velocity profile, this
behaviour is not measurable.

Appendix - A
Analytical solution of equations (5) - (7) using the Homotopy perturbation method as follows:
Equations (5) — (7) can be written as follows:

2
Y _ero+?Y mu (A1)
or oY 2
20 _1+ 00, 82)
or ProY?
The corresponding boundary conditions can be specified as follows:
Initially,
r<0:U=0, =0 forall Y
7>0: U=7, d=1l+ecoswt at Y =0 (A4)

U—>0,6—-0 asYow

To find the solution of Equation (A1) and (A2) take Laplace transformation.
U

oY?

%—Pr(s(x s)+0(x, O)) (AB)

~MU +Gré-sU(x,s)+U(x,0)=0 (A5)

under the boundary conditions are:

r<0:U=0, =0 forall Y (A7)
1 S
s St
U—0 650 as Y > (A9)
Using the boundary condition (A7) in equation (A5) and (A6) we write

U
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~MU +Gré—-sU =0 (A10)

(Al1)
Homotopy for the above equations (A10) and (Al11) can be constructed as follows:
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The apprOX|mate solution of the equations (A12) and (A13) are
U= Uo+pU1+pUz+ (Al4)

0=00+ p01+ p 20, +.... (A15)

Substituting Equations (Al14) and (A15) into Equations (A12) and (A13) and comparing the coefficients of like
powers p

2
p°: aa\tjz -MU, =0 (A16)
2
p1:58¢J2 ~MU, +Grg,—sU, =0 (A17)
p°: gf —Prsg,=0 (A18)

The initial conditions are
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Solving Equations (A16) - (A18) with initial condition (A19) and (A20), yields
U,(Y, s)=0 (A21)
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S
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Taking Inverse Laplace transform in equation (A21) — (A24)
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