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Abstract

In this paper the viscous dissipation and Dufour effects on Unsteady MHD free convective flow through a semi-infinite Oscillatory po-
rous inclined plate of time dependent permeability with Chemical reaction and Hall and lon-Slip Current in a Rotating System was inves-
tigated. The dimensionless governing equations for this investigation are solved analytically by using multiple regular perturbation law.
The effects of different parameters on velocity, temperature and concentration fields are shown graphically.
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1. Introduction

Magneto hydrodynamic flow of heat and mass transfer processes
occur in many of the industrial applications: such as cooling of
geothermal systems, aerodynamic processes, chemical catalytic
reactors and processes, electromagnetic pumps, and Magneto Hy-
drodynamic power generators etc Viscous dissipation expects a
basic part in changing the temperature movement, much the same
as an imperativeness source, which impacts the heat transfer rates
fundamentally. Shankar Goud et al. [1] analyzed of viscous dissi-
pation and diffusion thermo on effects on unsteady Magneto hy-
drodynamic flow past an impulsively started inclined oscillating
plate with mass diffusion and variable temperature. Alivene et al.
[2] examined the viscous dissipation, radiation and Hall effects on
convective heat and mass transfer flow of a fluid past a stretching
sheet. Subhakanthi et al. [3] Analyzed the viscous dissipation and
chemical reaction effects on heat and mass transfer in Magneto
Hydrodynamic flow past an inclined porous plate. G.V. Reddy et
al. [4] reported viscous dissipation and radiation effects on un-
steady Magneto hydrodynamic free convection heat and mass
transfer flow past a semi-infinite inclined moving plate. Rajput et
al [5] considered effects of chemical reaction and Hall current on
unsteady Magneto Hydrodynamic flow past through an oscillating

inclined porous plate with mass diffusion and variable temperature.

Rajput etal [6] examined the effects of Hall current and chemi-
cal reaction on unsteady Magneto Hydrodynamic flow past an
impulsively started inclined plate with mass diffusion and varia-
ble wall temperature. The energy flux caused due to composition
gradient is known as Dufour effect. Raj put et al [7] Hall effects
on unsteady Magneto Hydrodynamic flow past over exponentially
accelerated inclined porous plate with mass transfer and variable
wall temperature was analyzed. In the investigation Dufour effect

was not consider. Jithender Reddy et al [8] considered Dufour,
thermal radiation and hall current on unsteady magneto hydrody-
namic natural convective heat and mass transfer of a fluid flow
past an impulsively moving vertical porous plate in the presence
of ramped temperature. lon-slip and Hall current are probably
going to be fundamental in flows of lab plasma when a solid mag-
netic field of a uniform quality is connected and drawn the consid-
eration of the analysts MD. Shah Alam et al [9]Magneto Hydro-
dynamic free convection heat and mass transfer of fresh as well as
salt water flow on an infinite inclined plate with Hall current and
constant heat flux. Sivaiah et al [10] studied hall current and radia-
tion effects on Magneto Hydrodynamic free convective flow past
an inclined porous plate with thermal diffusion and heat source.
Remembering every one of these realities in this work the effect
the Dufour, Radiation absorption, Chemical reaction, and viscous
dissipation on Unsteady MHD free convective flow through a
semi-infinite vertical Oscillatory inclined porous plate of time
dependent permeability with Hall and lon-Slip Current in a Rotat-
ing System was investigated. The perturbation technique is em-
ployed to solve governing coupled non-liner partial differential
equations.

2. Mathematical Formulation

The unsteady flow of a electrically conducting incompressible
viscous fluid past semi-infinite inclined porous plate y=0 has been
considered, with the x-axis chosen along the plate, when the plate
velocity U (t) oscillates in t with a frequency n and is given as
U(t)=Uq(1+cosnt).Let the x*and y* are the dimensional distance
along the perpendicular to the plate and t* is the time. The physi-
cal model of the flow problem is shown in figure A. u* is the
component of dimensional velocities along x*and y* directions.
The flow is assumed to be in x-direction and which is taken along
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the plate in upward direction and y-axis is normal to it. Initially
the fluids as well as the plate are at rest but for time t >0 the whole
system is allowed to rotate with a constant angular velocity Q
about the y-axis. Assumed transverse magnetic field of the uni-
form strength By is to be utilizable normal to the plate. Viscous
dissipation, Radiation absorption, the heat source, and Dufour
effects are considered. The physical configuration of the problem
is shown in the Figure A.

Hence dimensional governing equations are;

Equation of Momentum:

* 2 « . . . .
au* =3 o +9p (T —Tm)cosw+ﬁ—(c —Cw)cosw
or *2 )i

oy
) % ) ()
. v« Byoe [aeu +feW cosu/}cos v
+2Qw ——[u J—
p[af +4 cosw}
* 2 *
ow ow * 9 *
— =8 -20|u |-—|w
a * 2 k*
r «
» @)
Bj oS [/)’eu* cosx//—aew*] cos’ v
+
p[af +p2 COS!//]
Equation of Energy:
« - ) =
T K [T | DK |a°C Qor. .
= +n T ;0 [T —Tw}
* C 2 C 2 C
or P p ay S P ay P p
@)
* * 2 * 2
1| | 9| au aw -
- — | — | |*R [C—Cw}
“Colay | Sollay ) oy
Concentration species diffusion equation:
ac’ o°c” M-
-0, % foe] @
or ay*
The initial and boundary conditions are as
- & L Kok K * * .
u =U, l+—(eInt et ) W =0,
2
aty =0=1T =T, +g(T et -
C =cpte(C—C )'nt

* * * * * * *
ay »ou=0w=0T =T,C =C_

Using the relation in the radiative heat flux ( () for the optically
thin non gray gas near equilibrium is given by
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radiative heat flux, K . is the radiation absorption coefficient at
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the wall and eml is Plank’s constant. The permeability of the

porous medium is assumed to be K~ = K, [1+ ge‘”t] . here ko

is the constant permeability of the medium. Introducing the fol-
lowing non-dimensional quantities in the (1)-(4)
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Figure A: The physical model in the problem

Then the equation (1), (2), (3) and (4) reduce to the following non-
dimensional form of equations
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2 * * * The corresponding boundary conditions can be written as
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4. Results and Discussion:

In the present study we have to select t=1.0, n=0.5, €=0.03,
n=0.03 £ =0.03 while Gm, y, M, Ra, Ec, f;, B, and Dr are

varied over a range, which listed in the figure. Figure 1:, Figure 2:
and Figure 3: from this figures reflects that for different values of
inclination of magnetic field y , Dufour effect Dr and ion-slip

parameter f; increases then it lead to velocity profile increases.

Figure 4: Figure 5: Depict the effect of Dufour affect Dr and Eck-
ert number Ec on the temperature profile. It is observed that tem-
perature scores increases with the increase of Dr and Ec. Figure 9:

the velocity profile decreases with an increase in £, .
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From the figure 7: for different values of Pr increase then it leads
to decrease in temperature. From the Figure 8: For different val-
ues R increases then it lead to increases in temperature
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salt water flow on an infinite inclined plate with hall current and
1.4 T T T constant heat flux in presence of magnetic field. International Jour-
nal of Thermal Energy and Applications. Vol. 1, no. 2, pp. 12-25.
1.2p 1 [10] Sivaiah K. Jayarami Reddy. (2016) Unsteady MHD heat and mass
transfer flow of a radiating fluid past an accelerated inclined porous
1 ] plate with hall current. IOSR Journal of Mathematics. Vol. 12, no. 5,
R=2,4,6,8 pp. 24-36.
0.8
= Nomenclature:
061 u Velocity component
0.4k Y Permeability of porous medium
T Temperature at the plate
0.2
T, Temperature outside of the boundary lyre(K)
0 L L L
0 0.01 0')?2 0.03 0.04 o Concentration at the plate
-3
Fig 8: Effect of R for different values on Temperature Co Concentration outside of the plate( kg.m )
Q Rotational velocity component
5. Conclusions: u Dimensionless primary velocity
W Dimensionless secondary velocity
* . R .
The dimensionless governing equations for this investigation are T Dimensionless fluid temperature
solved analytically by using multiple regular perturbation law. The * . . . .
effects of different parameters on velocity, temperature and con- c Dimensionless fluid concentration
centration fields are discussed in detail. As temperature profile 74 Inclined angle
increases with the increase of Eckert number Ec. Velocity increas- B Magnetic field
es with increase in inclined angle ¥ .As the lon-slip parameter P B, Magnetic component(A.m-1)
increases the Velocity profiles increases and velocity decrease . .
5 U, Uniform velocity
with increases of Hall current parameter “ € .As the Dufour effect Gr Grashof number
parameter Dr Increases the velocity and temperature increases. Gr Modified Grashof number
n Mining
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Ra Thermal radiation parameter

a, _ 1+ 8,5

N, Nusselt number

t Dimensional time(S)

q: Radiation heat flux density(W.m-2)
g acceleration due to gravity(m.S-2)

X,y Cartesian co-ordinates



