International Journal of Mathematical Archive-7(2), 2016, 89-97
@IMA Available online through www.ijma.info ISSN 2229 - 5046
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ABSTRACT

In the present paper, MHD flow through porous media past an impulsively started vertical plate with variable
temperature and constant mass diffusion in the presence of Hall current is studied. The fluid considered is an
electrically conducting, absorbing-emitting radiation but a non-scattering medium. The Laplace transform technique
has been used to find the solutions for the velocity profile and Skin friction.

The velocity profile and Skin friction have been studied for different parameters like Schmidt number, Hall parameter,
magnetic parameter, mass Grashof number, thermal Grashof number, Prandtl number, and time. The effect of
parameters is shown graphically and the value of the skin-friction for different parameters has been tabulated.
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INTRODUCTION

The study of MHD flow problems has achieved remarkable interest due to its application in MHD generators, MHD
pumps, petroleum engineering, biomechanics, irrigation engineering and aerospace technology. Such problems
frequently occur in petro-chemical industry, chemical vapour deposition on surfaces, cooling of nuclear reactors, heat
exchanger design, forest fire dynamics and geophysics.

The flows of fluids through porous medium are very important particularly in the fields of agricultural engineering for
irrigation processes in petroleum technology to study petroleum transport in chemical engineering for filtration and
purification processes. Ram et al. [1] have studied Hall effects on heat and mass transfer flow through porous medium.
Raptis et.al [2] have studied flow of a viscous fluid through a porous medium bounded by a vertical surface. Raptis
along with Kafousias et al. [3] have further studied heat transfer in flow through a porous medium bounded by an
infinite vertical plate under the action of magnetic field. M. Rangamma, et al. [4] have studied Hall effect on unsteady
MHD flow past along a porous flat plate with thermal diffusion, diffusion thermo and chemical reaction. Singh [6] have
studied Heat and mass transfer in MHD boundary layer flow past an inclined plate with viscous dissipation in porous
medium. Further, Sulochana [7] have studied Hall Effects on unsteady MHD three dimensional flow through a porous
medium in a rotating parallel plate channel with effect of inclined magnetic field. Rajput and Sahu[5] effects of
chemical reactions on free convection MHD past an exponentially accelerated infinite vertical plate through a porous
medium with variable temperature and mass. We are considering MHD flow through porous media past an impulsively
started vertical plate with variable temperature and constant mass diffusion in the presence of Hall current. The effect
of Hall current on the velocity has been observed with the help of graphs, and the skin friction has been tabulated.

MATHEMATICAL FORMULATION

We consider an unsteady viscous incompressible electrically conducting fluid past an impulsively started vertical plate.
The plate is electrically non-conducting. A transverse uniform magnetic field B is assumed to be applied on the flow.

Initially, at time t< 0 the temperature of the fluid and the plates are same as T00 and the concentration of the fluid is

Coo . Attime t > 0, temperature of the plate is raised to T, and the concentration of the plate is raised to C, .
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Using the relation V @ B = 0, for the magnetic field B = (BX , By , B, ) we obtain By (say By), then B = (0, B, ,0),

where B0 is the externally applied transverse magnetic field. Due to Hall effect, there will be two components of the
momentum equation, which are as under. The usual assumptions have been taken in to consideration.
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The following boundary conditions have been assumed:
t<0: u=0,w=0,C=C_,T=T,_, forall the value of y
2
t>0:u=u,w=0,C=C,T=T,+(T,~T.)%  aty=0
L
u—->0w—-0C—>C_T—>T, asy—-w» (5)

Here u is the velocity of the fluid in x- direction, w - the velocity of the fluid in z- direction, M is the Hall parameter,
g — acceleration due to gravity, [ - volumetric coefficient of thermal expansion, s"- volumetric coefficient of

concentration expansion, t- time, C_ - the concentration in the fluid far away from the plate, C - species concentration
in the fluid , C, - species concentration at the plate, D - mass diffusion, T_- the temperature of the fluid near the plate,

T, - temperature of the plate, T - the temperature of the fluid , k - the thermal conductivity, v — the kinematic
viscosity, p - the fluid density, o - electrical conductivity, x - the magnetic permeability, K - the permeability of the

medium, and Cp - specific heat at constant pressure. Here M = @,7, with @, - cyclotron frequency of electrons and

7, - electron collision time.

To write the equations (1) - (3) in dimensionless from, we introduce the following non - dimensional quantities:

2 2
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(6)

Here the symbols used are:

U - dimensionless velocity, W - dimensionless velocity, ¢ - the dimensionless temperature, C - the dimensionless
concentration, G, - thermal Grashof number, G_ - mass Grashof number, .- the coefficient of viscosity, pr - the

Prandtl number, Sc - the Schmidt number, M - the magnetic parameter.

The dimensionless forms of Equations (1), (2), (3) and (4) are as follows
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with the corresponding boundary conditions:

T<0,0=0,C=0,60=0,w=0, for all value of y

T>00=1WwW=00=t,C=1aty=0

T—0C—>06—->0W—>0ay—>w 1)

Dropping the bars and combining the Equations (7) and (8), we get
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where = U + iw, with corresponding boundary conditions

t<0:q=0,0=0,C =0,for all value of y

t>0:q=1 6=t,C=laty=0 : (15)
g—>0,C—>060—->0,ay—>x®
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The expressions for the constants involved in the above equations are given in the appendix.
Skin friction

The dimensionless skin friction at the plate y = 0 is given by

5
dy y0
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d du
Separating (d_qj into real and imaginary parts, the dimensionless skin — friction component 7, = d— and
y y=0 y y=0

dw
7,=|—— | canbe computed.
dy y0

RESULTS AND DISCUSSION

The numerical values of velocity and skin friction are computed for different parameters like, thermal Grashof number
Gr, mass Grashof number Gm, magnetic field parameter M, Hall parameter m, Prandtl number Pr, Schmidt number Sc,
permeability of the medium K, and time t. The values of the main parameters considered are Gr=10, 20, 30, M= 2, 3, 4,
m= 1, 5, Gm= 10, 20, 30, Pr=0.71, 7, Sc= 2.01, 5, 10 ,K =0.2, 0.5, 1and t=0.15, 0.2, 0.25.Figures (1), (2), (6), (7) and
(8) show that primary velocity is increased when m, Gm, Gr, t and K is increased. Figures (3), (4) and (5) show that
primary velocity is decreased when M, Sc and Pr are increased. And figure (10), (11), (12), (14) and (15) show that the
secondary velocity is increased when Gm, M,Sc, Gr, t and K are increased. Figure (9), and (13) show that secondary
velocity is decreased when m, and Pr are increased.
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Figure-1: Velocity profile u for different values of m.
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Figure-2: Velocity profile for different values of Gm
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Figure-3 Velocity profile u for different values of M.
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Figure-4: Velocity profile for different values of Sc.
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Figure-5: Velocity profile for different values of Pr.
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Figure-6: Velocity profile u for different values of Gr.
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Figure-7: Velocity profile u for different values of t.
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Figure-8: Velocity profile u for different values of K.
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Figure-9: Velocity profile w for different values of m.
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Figure-10: Velocity profile w for different values of Gm.
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Figure-10:Velocity profile w for different values of M.
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Figure-11: Velocity profile w for different values of Sc.
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Figure-12: Velocity profile w for different values of Gr.
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Figure-13: Velocity profile w for different values of Pr.
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Figure-14: Velocity profile w for different values of t
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Figure-15: Velocity profile w for different values of K.

Table — 1: skin friction

m |Gr|{Gm | M| K Sc Pr t 7, 7,

05|10| 10 | 2 |0.2]201|0.71| 0.2 |-0.5383 | 0.1734
05|10| 10 | 2 |0.2]| 201 7 0.2 | -0.6869 | 0.1703
05|20 10 | 2 102|201 |0.71| 0.2 |-0.2169 | 0.1778
05|30| 10 | 202|201 |0.71| 0.2 | 0.1043 | 0.1823
1 10| 10 | 2 |02|201|0.71| 0.2 | -0.4084 | 0.2233
5 (10| 10 | 2 {0.2]201]0.71| 0.2 | -0.1924 | 0.0901
05|10 20 | 2 |0.2]201|0.71| 0.2 | 1.2427 | 0.2031
05|10 30 | 2 |02|201|0.71| 0.2 | 3.0239 | 0.2328
05(10| 10 | 3 |0.2|201|0.71| 0.2 |-0.7123 | 0.2502
05|10| 10 | 4 |10.2|201|0.71| 0.2 | -0.8808 | 0.3213
05|10 10 | 2 |0.2 5 0.71| 0.2 | -0.9352 | 0.1612
05|10 10 | 2 |0.2| 10 |0.71| 0.2 | -1.2147 | 0.1547
05|10| 10 | 2 |0.2|2.01|0.71 | 0.15 | -0.8893 | 0.1545
05|10| 10 | 2 |0.2|2.01|0.71 | 0.25 | -0.2480 | 0.1895
05|10| 10 | 2 |05|201|0.71| 0.2 | 0.1642 | 0.2031
05|10 10 | 2 1 ]1201]071| 0.2 | 04253 | 0.2153

CONCLUSION

Some conclusions of the study are as under:

1. Primary Velocity increases with the increase in thermal Grashof number, Hall parameter, mass Grashof
number, permeability of the medium, and time.

2. Primary Velocity decreases with the increase in magnetic field parameter and Prandtl number, and, Schmidt
number.

3. Secondary velocity increases with increase in thermal Grashof number, mass Grashof number, time,
permeability of the medium, and magnetic field parameter.

4. Secondary Velocity decreases with the increase in Hall parameter, Prandtl number, and Schmidt number.

T, decreases with increase in Schmidt number, magnetic field parameter, and it increases when thermal
Grashof number, mass Grashof number, Hall parameter, permeability of the medium, Prandtl number, and

time are increased. 7, increases with increase in thermal Grashof number, mass Grashof number, time,

permeability of the medium, and magnetic field parameter, and it decreases when Prandtl number, Hall
parameter, Schmidt number are increased.

Appendix
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