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ABSTRACT

The present study is carried out to examine the effects of Hall current and chemical reaction on unsteady MHD flow
through porous medium past an oscillating inclined plate with variable wall temperature and mass diffusion. The
fluid taken is electrically conducting. The Governing equations involved in the present analysis are solved by the
Laplace-transform technique. The velocity profile is discussed with the help of graphs drawn for different parame-
ters. The numerical values of skin-friction and Sherwood number have been tabulated.
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INTRODUCTION

The influence of magnetic field on viscous, incompressible and electrically conducting fluid is of great importance
in many applications such as magnetic material processing, glass manufacturing control processes and purification
of crude oil. Hall current and chemical reaction effects on MHD flow is also significant in many cases. Oscillatory
magneto hydrodynamic flow past a flat plate with Hall effect was investigated by Datta and Jana [7]. Chen [3] has
examined heat and mass transfer in MHD flow by natural convection from a permeable inclined surface with varia-
ble wall temperature and concentration. Unsteady two dimensional flow of a radiating and chemically reacting
MHD fluid with time dependent suction was discussed by Prakash and Ogulu [8]. Abdelkhalek [6] has worked on
heat and mass transfer in MHD free convection from a moving permeable vertical surface. Effect of variable fluid
properties on the natural convective boundary layer flow of a nano fluid past a vertical plate was investigated by
Afify and Bazid [1]. Dash et al. [4] have considered chemical reaction effect on MHD free convective surface over a
moving vertical plate through porous medium. Kumar et al. [5] have proposed chemical reaction effect on MHD
viscous flow past an impulsively started infinite vertical plate. Seshaiah and Verma [2] have analyzed chemical reac-
tion effect on MHD free convective flow through porous medium with constant suction and heat flux. Unsteady
MHD flow in porous media past over exponentially accelerated inclined plate with variable wall temperature and
mass transfer along with Hall current was analyzed by us [9]. In this paper we are considering effects of Hall current
and chemical reaction on unsteady MHD flow through porous medium past an oscillating inclined plate with varia-
ble temperature and mass diffusion. The results are shown with the help of graphs and table.

MATHEMATICAL ANALYSIS

MHD flow past an electrically non conducting plate inclined at an angle « from vertical is considered. The Geomet-
rical model of the flow problem is shown in Fig. 1. The x axis is taken along the plane and z normal to it. A trans-
verse magnetic field By of uniform strength is applied on the flow. Initially, it has been considered that the plate as
well as the fluid is at the same temperature T... The species concentration in the fluid is taken as C... At time t > 0,
the plate starts oscillating in its own plane with frequency » and temperature of the plate is raised to Tw. The con-

centration C near the plate is raised linearly with respect to time. The flow modal is as under:

ou ol . oBZ(U+mv) wu
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Fig. 1Physical Model
The boundary conditions for the flow are as under:

t<0:u=0,v=0,T=T_,C=C_, foreveryz,
t>0:u=u,Coswt,v=0,T=T_ +(T, -T,)A,,C=C_ +(C,-C_,)A,, atz=0 (5)
u-»>0v—->0T->T,C—>C_ asz—>0.

Here u is the primary velocity, v - the secondary velocity, g- the acceleration due to gravity, - volumetric coeffi-
cient of thermal expansion, t- time, m is the Hall parameter, K- the permeability parameter, T- temperature of the
fluid, g~ volumetric coefficient of concentration expansion, C- species concentration in the fluid, - the kinematic
viscosity, p- the density, C,- the specific heat at constant pressure, k- thermal conductivity of the fluid, D- the mass
diffusion coefficient, Ty~ temperature of the plate at z= 0,Cy - species concentration at the plate z= 0, Bo- the uni-
form magnetic field, Kc-chemical reaction, o electrical conductivity

The following non-dimensional quantities are introduced to transform equations (1), (2), (3) and (4) into dimension-
less form:

—_— 2 — —_—
z:ﬂ,gzi’v:iﬁ:u,sc :ﬁ,,tlZpU,M ZOBOZU,C _(-¢C) ’
v uO uO (TW _T oo) D puo (CW - Coo) (6)
— * — 2 _
G, =0T o _FvC=C.) ¢ Mo p M g_Usy 5 o0
Uy Uy v k v US

The symbols in dimensionless form are as under: U is the Primary velocity, V - the secondary velocity, t - time, &
the temperature, C - the concentration, K - the permeability parameter, G,- thermal Grashof number, G- mass
Grashof number, Ko -chemical reaction parameter, x - the coefficient of viscosity, P,- the Prandtl number, Sc- the
Schmidt number, M- the magnetic parameter.

Thus the model becomes
ou_ o ~ M@U+mv) 1

=~ +G,Cosa0+ G, CosaC ———— > — = (7)
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The boundary conditions (5) become:
t<0:0=0,v=0,6=0,C =0, forevery z
t>0:0=Coswt,v=0,0=t,C =t,atZ =0, (11)
T —0,V—>0,0—0,C —0as z—>oo.
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Dropping bars in the above equations, we get

u_du . Cosaf+G,CosgC-MUrM) 1,

ot a? 1+m?) K
N _ o%v M(mu v) 1

oA ar @+m?) K

€ 18°C
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ot P oaz?

The boundary conditions become:
t<0:u=0,v=0,0=0,C =0, foreveryz,
t>0:u=Cosat,v=0,0=t,C=t, at z=0, }
u—0,v—06—>0C—0, as Z— 0.

Writing the equations (15) and (16) in combined form (using g=u + i v)

2
aq o9 +G,Cosaf + G,,CosaC —qga.
ot ozt
o _1 o (23 _K,C.
ot S 0z
00 1 a 6
at P a2

The boundary conditions (16) are reduced to
t<0:9=0,=0,C =0, foreveryz,
t>0:9=Cosat,8=t,C=t, atz=0
q—0,—->0,C—0,a Z—>0

(12)

(13)

(14)

(15)

(16)

(A7)

(18)

(19)

(20)

The dimensionless governing equations (17) to (19), subject to the boundary conditions (20), are solved by the usual

Laplace - transform technique.

The solution obtained is as under: @ = t{(1+

-z /SCKO

‘/_ ‘ re‘“P}
2 ek

Se -2 S +2
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The expressions for the constants involved in the above equations are given in the appendix.

+2e‘*/EZAZSC(1—tK0)—

J7 A, (az?P, —2+2at +2P.)]+ (ScKo—az) + Agr Ay,

Skin Friction
The dimensionless skin friction at the plate z=0 is obtained by

(%j =7, +ir,-
dZ z=0 Y

The numerical values of Tty and Ty, for different parameters are given in table-1.
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Table -1 Skin Friction for Different Parameters (aand wt are in degrees)

A M m Pr Sc Gm Gr Ko t K wt [54 %
15 2 0.5 0.71 2.01 100 10 1 0.2 0.2 30 07.30783 03.37140
30 2 0.5 0.71 2.01 100 10 1 0.2 0.2 30 06.08396 03.05818
45 2 0.5 0.71 2.01 100 10 1 0.2 0.2 30 04.13708 02.55991
60 2 0.5 0.71 2.01 100 10 1 0.2 0.2 30 01.59984 01.91056
30 1 0.5 0.71 2.01 100 10 1 0.2 0.2 30 08.48051 02.16472
30 3 0.5 0.71 2.01 100 10 1 0.2 0.2 30 04.28780 03.39279
30 2 2.0 0.71 2.01 100 10 1 0.2 0.2 30 08.33943 03.53606
30 2 3.0 0.71 2.01 100 10 1 0.2 0.2 30 09.62902 03.12749
30 2 0.5 7.00 2.01 100 10 1 0.2 0.2 30 05.95327 03.05462
30 2 0.5 0.71 3.00 100 10 1 0.2 0.2 30 13.53750 08.41395
30 2 0.5 0.71 4.00 100 10 1 0.2 0.2 30 27.47610 28.45430
30 2 0.5 0.71 2.01 010 10 1 0.2 0.2 30 -03.21156 00.61885
30 2 0.5 0.71 2.01 050 10 1 0.2 0.2 30 00.91978 01.70300
30 2 0.5 0.71 2.01 100 50 1 0.2 0.2 30 07.20873 03.07788
30 2 0.5 0.71 2.01 100 10 2 0.2 0.2 30 28.15360 29.23390
30 2 0.5 0.71 2.01 100 10 1 0.3 0.2 30 12.03590 04.46902
30 2 0.5 0.71 2.01 100 10 1 0.4 0.2 30 18.12800 05.88362
30 2 0.5 0.71 2.01 100 10 1 0.2 1.0 30 -40.28400 29.14080
30 2 0.5 0.71 2.01 100 10 1 0.2 0.2 45 06.72416 03.03956
30 2 0.5 0.71 2.01 100 10 1 0.2 0.2 90 09.41131 02.95329
Table -2 Sherwood Number for Different Parameters

Ko Sc T Sh

1 2.01 0.2 -0.762200

5 2.01 0.2 -0.933049

10 2.01 0.2 -1.118240

1 3.00 0.2 -0.931175

1 4,00 0.2 -1.075230

1 2.01 0.3 -0.961323

1 2.01 0.4 -1.141570

Sherwood Number
The dimensionless Sherwood number at the plate z=0 is given by

() et i1 5, Ko L) K,
Sh—(azlo—erfc[\/K]( 4\/?0\@ , )+J§erfdﬂ](4m+tm) e

The numerical values of Sherwood number for different parameters are given in table-2.
RESULT AND DISCUSSIONS

The velocity profile for different parameters like, thermal Grashof number (Gr), magnetic field parameter (M), Hall
parameter (m), Prandtl number (Pr), chemical reaction parameter(Ko), acceleration parameter (b) and time (t) is
shown in Figs. 2 to 23. It is observed from Figs. 2 and 13 that the primary and secondary velocities of fluid decrease
when the angle of inclination («) is increased. It is observed from Fig. 3 and 14, when the mass Grashof number Gm
is increased then the velocities are increased. From Figs. 4 and 15 it is deduced that velocities increases with thermal
Grashof number Gr. If Hall current parameter m is increased then u increases, while v gets decreased (Figs. 5 and
16). Also, it is observed from Figs. 6 and 17 that the effect of increasing values of the parameter M results in de-
creasing u and increasing v. It is deduced that when chemical reaction parameter Ko is increased then the velocities
are decreased (Figs. 7 and 18). It is deduced that when permeability parameter is increased then the velocities are
increased (Figs. 8 and 19). It is observed from Figs. 9 and 20 that phase angle wt is increases then the velocities are
decreased. It is noticed that velocities decrease when Prandtl number and Schmidt number are increased (Figs. 10,
11, 21 and 22). Further, from Figs. 12 and 23, it is observed that velocities increase with time.

Skin friction is given in table -1. The value of 7, increases with the thermal Grashof Number, the mass Grashof
number, Hall current parameter, chemical reaction parameter, phase angle, Schmidt number and time, and it de-
creases with increase in the angle of inclination of plate, permeability parameter, the magnetic field parameter and
Prandtl number, and Similar effect is observed with 7, except permeability parameter, Hall parameter, the magnetic
field parameter and phase angle, in which case 7y increases with permeability parameter, the magnetic field parame-
ter, and decreases with Hall parameter and phase angle.
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Fig. 2 Velocity u for different values of &

Fig. 3 Velocity u for different values of Gm
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Fig. 5 Velocity u for different values of m

Fig. 6 Velocity u for different values of M
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Fig. 8 Velocity u for different values of K
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Fig. 10 Velocity u for different values of Pr Fig. 11 Velocity u for different values of Sc
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Fig. 12 Velocity u for different values of t Fig. 13 Velocity v for different values of &
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Fig. 14 Velocity v for different values of Gm Fig. 15 velocity v for different values of Gr
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Fig. 16 Velocity v for different values of m
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Fig. 18 Velocity v for different values of Ko Fig. 19 Velocity v for different values of K
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Fig. 20 Velocity v for different values of wt Fig. 21 Velocity v for different values of Pr
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Fig. 22 Velocity v for different values of Sc Fig. 23 Velocity v for different values of t
CONCLUSION

The conclusions of the study are as follows:

Primary velocity increases with the increase in Gr, Gm, K, Pr, m and t.

Primary velocity decreases with «, M, Ko, «t, Prand Sc.

Secondary velocity increases with the increase in Gr, Gm, K, M and t.

Secondary velocity decreases with o, m, Ko, «t, Pr and Sc.

Ty increases with the increase in Gr, Gm, Ko, m, Sc, «t and t, and it decreases with «, b, M, K and Pr.
Ty increases with the increase in Gr, Gm, b, K, Ko, M, Sc and t, and it decreases with &, m, «t and Pr.
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