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ABSTRACT-- An investigation of the effect of Hall current on an unsteady MHD mixed convective oscillatory flow
of an electrically conducting fluid through a planar channel filled with saturated porous medium is carried out in this
paper. The effect of buoyancy, heat source, thermal radiation, chemical reaction and Hall current are taken into
account with slip velocity, varying temperature and concentration at the lower boundary. A series solution is found
using perturbation techniques. The effects of various parameters on the main and cross flow velocity, temperature,
Skin friction, rate of heat and mass transfer are discussed numerically.
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1. INTRODUCTION

The significance of MHD convection flows through porous media is far reaching in heat and mass transfer
problems and has received rigorous attention in recent studies involving diverse fields like thermal generator, nuclear
reactors, geothermal energy extractions and in the field of aerodynamics. Oscillatory flows simultaneously find their use
in diverse engineering fields. In addition, Hall effects on the fluid flow with variable concentration play a major role in
the field of power generators and accelerators in geophysics, in design of underground water energy storage system, soil
sciences, astrophysics, nuclear power reactors and so on.

Ahmed et al [1] studied the unsteady MHD free convection flow past a vertical porous plate with thermal
diffusion, heat source and Hall current. They showed that the decrease in the Soret effect leads to an increase in both
main flow and cross flow velocity. Hall Effect is found to decrease the main flow velocity near the plate and increase the
cross flow velocity.

Effects of radiation and Hall current on MHD flow of a viscous, Newtonian and electrically conducting fluid
past a porous rotating infinite disk was investigated by Anjali Devi [2]. They showed that the increase in magnetic
interaction lead to decrease in radial, tangential and axial velocities but results in increased temperature distribution while
a decrease in the Hall parameter reduces the tangential velocity and temperature distribution. An investigation on Hall
Effect with a chemically reacting flow for an oscillatory MHD convective, viscous, incompressible, radiating and
electrically conducting fluid in a vertical porous rotating channel in slip flow regime was studied by Chand et al [3].

Hsiao [5] investigate the energy conversion problem for electric hydro magnetic heat and mass mixed
convection in an incompressible second grade Maxwell fluid with radiation and viscous dissipation effects. Hsiao [6]
analysed the numerical Soret- Dufour heat and mass transfer of a steady laminar boundary-layer flow with Ohmic
dissipation, electromagnetic hydrodynamic, porosity and buoyancy multimedia physical features about extrusion
processing for a stretching sheet.

Studies pertaining to oscillatory flow investigations in a planar channel with varying temperature and
concentration field have recently been looked into the context of MHD slip flows with heat source by Raja Sekhar et al
[7]. The study reveals that with an increase in magnetic field and a decrease in thermal Grashof number, a drop in
velocity field is observed. However, such studies have never been performed in presence of a magnetic field wherein the
influence of Hall effects may also come into prominence.
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Later on, Rakesh Kumar [8] studied the unsteady MHD free convection flow of viscoelastic fluid past an infinite
vertical porous plate with slip through a porous medium with oscillating temperature and Hall currents taken into
consideration. This study showed that primary velocity decreases with increase in Hall current but Grashof number has a
reverse effect for the secondary velocity profiles.

*Corresponding Author

Singh and Kumar [9] studied the periodic solution of an oscillatory MHD flow of an electrically conducting
fluid with Hall current through two horizontal porous plates subjected to a perpendicular magnetic field. They found that
the resultant velocities rapidly increase from the stationary plate and approach unity in the form of a damped oscillation
while the resultant shear stress goes on increasing with increasing rotation of the channel.

On the other hand chemically reacting unsteady MHD oscillatory slip flows in a planar channel with varying
concentration, thermal radiation, heat source and magnetic field effect was studied by Sivaraj and Rushi [10]. Velocity
profiles accelerate for increasing value of Grashof number and permeability of the porous medium whereas velocity
profiles decrease with increase in the magnetic field and frequency of oscillation parameter.

In this paper, the work of Raja Sekhar et al [7] has been extended to study the effect of Hall current on unsteady
MHD flow of an electrically conducting fluid through planar porous plates in the presence of a magnetic field.
Approximate solutions for the velocity, temperature and concentration field are obtained, thereby estimating the Skin
friction, Nusselt number and Sherwood number values. The influence of the fluid flow parameters on the heat and mass
transfer characteristics are studied and discussed along with graphical representation.

2. FLOW DESCRIPTION AND GOVERNING EQUATIONS

We consider the two dimensional unsteady oscillatory slip flow of an electrically conducting Newtonian fluid
confined between two vertical plates. The plates are porous in nature, wherein the left plate is associated with a slip
parameter. A magnetic field which is strong enough to produce Hall current is applied perpendicular to the fluid flow.

We have introduced a Cartesian coordinate system, x*- axis is taken along the flow and the y*- axis is taken
perpendicular to the flow starting from the left plate.

The equation of continuity V.V =0 on integration gives v* =v,, where u’, vand w" are the components of
velocity in x", y" and z directions respectively. J = (J’X",J;,J;‘) are the components of electric current density J . The
equation of conservation of electric charge, V. J=0, gives J; =constant. Since the plates are electrically non-

conducting J; =0 and is zero everywhere in the flow.

Considering Hall Effect in generalized Ohms law we get the equation as below

3+ 2% (7B)=of E+VxB+—1 v, W
BO €1

where V , O, @, To, €, n, and p, denote the velocity, electric conductivity, magnetic permeability, cyclotron
frequency of the electrons, electron collision time, electric charge,
number of density of electron and pressure electron respectively.
In the absence of an external electric field E'= 0, Ohms’ law reduces to the form
= m(: = - =1
J+—(J><B)=O{V><B+—VDGJ @)
BO €77¢
where m = @, 7, is the Hall parameter.

When the strength of the magnetic field is very large,
J; _a)e“'ej;k :OBOW* 3)

J; +a)erej: :_OBOU* (4)
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The solution of equations (3) and (4) are
. oBg(muT —w (5)

X
1+m?

. oBolut +mw’
, =~é—r) (6)
J: 1+m?

Further, taking into account Boussinesq approximation, Heat source and Radiation effects in the incompressible, viscous
flow, the governing equations for the momentum, energy and concentration are given as follows

aut L aut e o . o%u" | v . oBGluT+mw
P = 9B —To)+gp(C -Co)+v| —F |-~U - 0( > ) @)
ot oy oy K pll+m

* * 2 * 2 *_ *
aw* +V* aw* = Jow | v e 9B (mu w ) (®)
ot oy oy ) K pll+m?
orTt L oT’ 21 .

Ty = o B s ) ®
ot oy PCy \ oy PCy oy pCy
oc* ,ec” *

L o)
ot oy oy*?

where v is kinematic viscosity, & is thermal conductivity, Cj, is specific heat at constant pressure, g is acceleration

*

due to gravity, o is the electrical conductivity, B, is magnetic flux density, T" is the temperature of the fluid, Q" is

the coefficient of heat source, C* is the concentration of the fluid, K* is permeability of the porous medium, m is the
Maxwell’s reflection coefficient and D is chemical molecular diffusivity.

The corresponding boundary conditions are

u*=L*au*; W*:L*aw*; T*:TO*+5T6T—*; C*:C§+5Cg aty* =
oy oy

u*=0; w'=0; T*:Td*+5TaT—*; C*:CJ+5C£ at y* =d (11)
oy oy

_ b
where L* = (Z—mjL , L= #(Lj is the mean free path.
m 2Pp

Cogley et al [4] have shown that, for the optically thin fluid flow, radioactive heat flux is represented by the
following form:

oa; _ a1 ) (12)

s

where 1" = j Kﬁwzt_er—bfd/l (13)

is the absorption coefficient at the plate and ey is plank constant.

By introducing the following non-dimensional parameters

y' . " Uot” " u v
== 1=—; t=——; = : U=—: Ve
Y= q q p=puyp m 0
* 5* 5* T*_T* C*_C*
w=""; dy=—; dy=—=; o=—7>%; Cc=——2,; (14)
Uo d d T, -To Ci-Cq
uqd . v . )
Re = ——, Reynolds number; SC=B , Schmidt number;
Vv
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Q= Qv , Heat Source; Pr= HCo
pCpUO K
oB,d? .
M=—2 , Hartmann Number; Gr = w , Grashof Number;
PV ug

szw, Modified Grashof Number; F = > » Radiation Parameter;
us PCpUg

. . . V .
h = i Slip parameter due to main flow velocity; S = % Suction Parameter;
Up

The governing equations (7) - (10) can be written in non-dimensional form as

Re 1 Res M - GrRe? 6+GmRe? C+a u iu—M(“TW) (15)
ot oy K 1+m
2
Re  Res M - ow_ 1., Mmu-w) (16)
oy oy? K L+ m?)
00 a0 1 a pa)
+S— = +R F 17
o oy PrRe py? eQ-F)p an
2
o o _ 1 a°C (18)
ot oy ScRe py?
The corresponding boundary conditions in non-dimensional form are
u_hau, W=h%; 6= dlag C= dzac at y=0
oy oy oy oy
00 oC
u=0; w=0; 6=1+d;,—; C=1+d at y=1 19
1 oy 2 5 Y y (19)
Here Pr, S, Re denote Prandtl number, Suction parameter and Reynolds number respectively.
3. SOLUTION OF THE PROBLEM
Introducing g = u(y,t) +iw(y,t)and i = J-1 , the equations (15) and (16) transform to
2 -
Red s Res M - GrRe? 9+ GmRe?C 3 , 2°4_M{i-im) (20)
ot oy K oay?2  [t+m?
subject to the boundary conditions
g=h— aq. 9=d1%; C=d2§ at y=0
oy’ oy oy
00 oC
q=0; 6=1+d ; C=1+d,— aty=1 (21)
Yoy 2 oy
In order to solve equations (17), (18) and (20) with respect to boundary condition (21), we assume
aly.t)=ao(y)e'
oy.t)=6p(y)e"
C(y,t)=Col(y)e'* 22)
Now using (22) in equations (17), (18) and (20) we get
g4 —S Re gj — Na, = —~GrRe?9-GmRe?C (23)
0; -SPrRed) +PrRe(Re(Q-F)—is)9 = 0 (24)
Cs—SReScCy—id&C = 0 (25)
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. 1 .
where N = 1-im)+—+Reid
l+m2( ) k

Boundary conditions are

6% 06, Co .

0
JQo=0; 0y =1+d, % Co=1+d, =2 8C° ; at y=1 (26)
oy o
The solutions of the equations (23)-(25) under the boundary conditions (26) are
Q(y,t) = (A5em5y + Aeemey + A7em1y + Asemzy + Ageme,y + Aloem4Y)ei¢i (27)
6(y,t) = (Ae™ + A e™)e'd (28)
C(y,t) = (Ae™ + Aje™)eld (29)
SPrRe+S?Pr2 Re2—4PrRe(Re(Q—F)-is) SPrRe—+/S? Pr2 Re2—4PrRe(Re(Q—F)-is)
where m, = my =
2 2
ScRe S + (S (Sc) Re? +4is ScRe S — (S (Sc) Re? +4is
3 = 2 m, = 2
SRe+vVS?Re2+4N SRe—vS?Re?+4N
rﬂ5 = ’ m6 = X
2 2
A = dym, -1 . A = 1-dm, :
(L— dymy Y1—dym, ™ —e™ ) (L—dym, )L —dym, Je™ —e™ )
A = dym, — . A - 1-d,m, _
(L—dymg )L —d,m, Je™ —e™ )’ (L—dymg L —d,m, Je™ —e™ )’
_ Ape™ —(L-hmg)A, A - Ap(l—hms)-Ae™
(1—hm5)e'"5 _(1_hm6)em5 ’ (1—hm5)em6 —(1—hm6)e’"5 )
A __ “CrR*A A = ~GrRe? A,
" mZ-SRem,-N' mZ-SRem, N
-GmRe? A, —GmRe? A,
Ag =" ) Aio = )
m; —SRem;—N m; —-SRem, —N

Ay = Az (mh=1)+ Ag(myh—1)+ Ag(mgh—1)+ Ay (msh—1); A, = —('Avem1 + Age™ + Age™ + Aioem">;

4. SKIN FRICTION, HEAT AND MASS FLUX

The Skin friction at the wall is given by

r= (?j = (Mg As + Mg Ag + My A; +m, Ag + Mg Ag + M, Ay )

Y )yeo
(dq] msAge™ +mgAge™ +m, Ae™

T =|—2 =

dy ), +m,Age™ +myAse™ +m,Ae™
The heat flux in terms of Nusselt Number is given by

Nu = (d@j = (my A +m, A, )

dy y=0

Nu = [ 99 (mlAleml +m2A2em2)
dy y<1

The mass flux in terms of Sherwood Number is given by
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(Mm3A; +myA,)

Sh = (m3A3em3 +m4A4em4)

wn
=
1
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28
<
g
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y=1
5. NUMERICAL RESULTS

In this paper, effect of Hall current on unsteady, MHD mixed convective oscillatory flow of an electrically
conducting optically thin fluid flow through a planar channel filled with saturated porous medium was investigated.
Analytical expressions obtained for velocity, temperature and concentration were evaluated numerically and the results
are illustrated graphically in figures (1) - (27).

Figures (1) - (6) show that there is a drop in the velocity field due to increase in Prandtl number, Heat source
parameter, Hartmann number, Slip parameter and Reynolds number. The velocity field is found to increase due to
increase in Hall parameter. Increase in Permeability parameter accelerates the flow velocity due to increase in pore space.

From Figures (7) and (8), the magnitude of the cross flow velocity is found to be increasing due to increase in
Reynolds number. When the Hall parameter is small, the cross flow velocity increases with increase in Hall parameter.
When the Hall parameter is large, increase in Hall parameter tend to decelerate the cross flow velocity.

Variations in the temperature profile due to various parameters are plotted through figures (9) - (12). From these
figures it may be inferred that temperature profile gets decreased due to increase in Heat source parameter. Increasing
Prandtl number decreases the temperature distribution which is in agreement with the behaviour observed by RajaSekhar
et al [5]. Temperature distribution is enhanced due to increase in Suction parameter and volumetric temperature
expansion.

Figures (13) - (15) portray that the concentration profile increase due to increase in Hall parameter, Suction
parameter, Schmidt number and volumetric concentration expansion. Figures (16) - (19) illustrate that Skin friction
increases with increase in Hall parameter and Heat source parameter decreases the wall shear stress at y = 0. Skin friction
decreases with increasing Hall parameter and increases with increasing heat source parameter.

The dimensionless rate of heat transfer is shown in Figures (20) - (23). At both the plates due to increase in Heat
source parameter, the heat flux is found to be decreasing and the increase in Suction parameter increase the heat flux at
both the plates.

It is evident from figures (24) - (27), the mass flux enhances due to increase in Schmidt number and Suction
parameter at the left plate. The rate of mass transfer decreases due to increase in Schmidt number and Suction parameter
aty = 1.

6. CONCLUSION

In this paper, we have extended the work of RajaSekhar et al [7] to study the effect of Hall current on unsteady,
MHD mixed convective oscillatory flow of an electrically conducting optically thin fluid flow through a planar channel
filled with saturated porous medium. Analytical expressions obtained for velocity, temperature and concentration were
evaluated numerically.
The main findings of this study are

» There is a drop in the velocity field due to increase in Prandtl number, Heat source parameter, Hartmann
number, slip parameter and Reynolds number. The velocity field is found to increase due to increase in Hall
parameter.

» Increase in Permeability parameter accelerates the flow velocity due to increase in pore space.

» When the Hall parameter is small, the cross flow velocity increases with increase in Hall parameter. When the
Hall parameter is large, increase in Hall parameter tend to decelerate the cross flow velocity.

» Temperature profile gets decreased due to increase in Heat source parameter. Increasing Prandtl number
decreases the temperature distribution.

» Temperature distribution is enhanced due to increase in Suction parameter and volumetric temperature
expansion.

» At both the plates due to increase in Heat source parameter, the heat flux is found to be decreasing and the

increase in Suction parameter increase the heat flux at both the plate.
» The rate of mass transfer decreases due to increase in Schmidt number and Suction parameter aty = 1.
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» Mass flux enhances due to increase in Schmidt number and Suction parameter at the left plate.
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Figure 1: Main Velocity u versus y for Re=1,Sc =022 ,S =1,
Pr=071,t=1,6=05 M =10,Gr=2,Gm=1,Q=1,F =1
d1=05,d,=05,h=1,K =2 m=1357,9

Figure 2: Main Velocity u versus y for Re=1,Sc =0.22 ,S =1,
Pr=071,t=1,6=05 M =10,Gr=2,Gm=1,Q=1, F =1,
d1=05,d,=05,m=10 ,K=2.,h=13579
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Figure 3: Main Velocity u versus y for Re =1, Sc =0.22 ,S =1,
Pr=071,t=1,6=05 M=10,Gr=2,Gm=1,Q=1, F =1,

dy=05,dy =05, h=1, m=10. K =0.1,0.2,0.30.4,0.5

Figure 4: Main Velocity u versus y for Re=1,5c=0.22 ,S=1,
Pr=071,t=1,6=05m=10,Gr=2,Gm=1,Q=1, F =1,

d1=05,dy=05,h=1,K=2.,M=13579
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Figure 5: Main Velocity u versus y forRe=1,Sc=0.22 S=1,
Pr=071,t=1,5§=05 M =10,Gr=2,Gm=1,m=10,

F=1,d;=05,dp=05h=1,K=2.,0=13579
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Figure 6: Main Velocity u versusy form=10,Sc=0.22 ,S =1,
Pr=071,t=1,5=05 M =10,Gr=2,Gm=1,Q=1, F =1

d;=05,dp =05 h=1,K=2. Re=12345
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Figure 7: Cross Velocity w versus y form =10, Sc =0.22 ,S =1,
Pr=071,t=1,5=05,M=10,Gr=2,Gm=1,Q=1,F =1

d1=05,dy =05 h=1,K =2. ,Re=12345

Figure 8: Cross Velocity w versus m forRe =1,S¢ =0.22 ,S=1,
Pr=071,t=1,6§=05,M=10,Gr=2 ,Gm=1,Q=1,F =1

d1=05,dy=05,h=1,K =2., y=0,0.20.4,0.6,0.8
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Figure 9: Temperature & versusy forRe=1,Sc=0.22 ,S=1,
Pr=071,t=1,6=05M=10,Gr=2,Gm=1,m=10,
F=1,d{=05,dy=05 h=1,K=2.,Q=0510152.0,2.5

Figure 10: Temperature @ versusy forRe=1,Sc=0.22,S=1,
m=10,t=1,6§=05,M=10,Gr=2 ,Gm=1,Q=1,F =1

d;=05,dp=05,h=1,K=2.,Pr=0.711.01520,25
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Figure 11: Temperature 6 versusy forRe=1,Sc=0.22, m=10,
Pr=0.71,t=1,6§=05,M=10,Gr=2,Gm=1,Q=1,F =1

d;=05,dy=05,h=1,K =2.,5=101520.25
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Figure 12: Temperature 6 versusy forRe=1,Sc=0.22,S=1,
Pr=071,t=1,6=05,M=10,6r=2,Gm=1,Q=1,F=1
m=10,dy =05, h=1,K =2.,d1=0,0.1,0.2,0.30.4
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Figure 13: Concentration C versus y for Re =1, Sc =0.22 ,m=10
,Pr=071,t=1,6=05,M=10,Gr=2,Gm=1,Q=1,F =1
dy=05,dp=05,h=1,K=2.5=12345

Figure 14: Concentration C versus y forRe=1,m=10,S =1,
Pr=071,t=1,6§=05,M=10,Gr=2 ,Gm=1,Q=1,F =1

dp=05,dy=05,h=1,K=2,5c=0.22,0.30.6,0.78,0.81
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Figure 15: Concentration C versus y for Re=1,Sc =0.22 ,S =1,
Pr=071,t=1,6=05,M=10,6r=2,Gm=1,Q=1,F =1
dy=05,m=10,h=1,K =2.,d2=0,0.1,0.2,0.30.4

Figure 16: Skin friction z versus Re for Sc =0.22 ,S=1,
Pr=071,t=1,5=05,M=10,Gr=2,Gm=1,Q=1, F =1,

d;=05,dp=05,h=1,K=2 m=135,7,9 at y=0.
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Figure 17: Skin friction z versus Re form=10,Sc=0.22 ,S=1,
Pr=071,t=1,5§=05,M=10,Gr=2,Gm=1 F =1,
d;=05,d=05h=1,K=2,Q=1,2345aty=0
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Figure 18: Skin friction r versus Re for Sc =0.22 ,S =1,
Pr=071,t=1,6=05,M=10,6r=2,Gm=1,Q=1,F =1,

d;=05,dy=05,h=1,K=2,m=13579aty=1
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Figure 19: Skin friction 7 versus Re form=10, Sc =0.22,S =1,
Pr=071,t=1,5=05,M=10,Gr=2,Gm=1,F =1,

dy=05,d,=05,h=1,K=2,Q=12345aty=1.

Figure 20: Nusselt Number Nu versus Re form=10, Sc = 0.22 ,
S=1,Pr=071,t=1,§=05,M=10,6r=2,Gm=1,F =1
d;=05,d,=05,h=1,K=2 Q=12345aty=0.
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Figure 21: Nusselt Number Nu versus Re form=10, Sc = 0.22 ,
Q=1Pr=071,t=1,6=05,M=10,Gr=2,Gm=1,F =1,
d;=05,dy=05,h=1,K=2 S=0.1,0.50.91.31.7 at y=0.

Figure 22: Nusselt Number Nu versus Re for m=10,Sc =0.22 ,
S=1Pr=071,t=1,6=05,M=10,Gr=2 ,Gm=1,F =1,
d;=05,dp=05,h=1,K=2,Q=12345aty=1.
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Figure 23: Nusselt Number Nu versus Re form=10, Sc = 0.22 ,
Q=1Pr=071,t=1,5§=05,M=10,Gr=2,Gm=1,F =1,
d;=05,dp=05h=1,K=2,5=0.1050.91.31.7at y=1
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Figure 24: Sherwood Number Sh versus Re for m=10, Sc = 0.22
,Q=1Pr=071,t=1,6=05,M=10,Gr=2 ,Gm=1,F =1

dp=05,d,=05,h=1,K=2,5=0.1050.91.31.7aty=0.

300


http://www.ajouronline.com/

Asian Journal of Applied Sciences (ISSN: 2321 — 0893)
Volume 05 — Issue 02, April 2017

0.88 1
0.6
Sh 0.86 Sh
0.4
0.85 0.2
e —
0.84 0
0 0.5 1 1.5 0 0.5 1 1.5
Re Re

Figure 26: Sherwood Number Sh versus Re form=10, Sc =0.22 ,
Q=1,Pr=071,t=1,6=05,M=10,Gr=2 ,Gm=1,F =1
d;=05,d, =05, h=1,K=2,5=0105091.317aty=1.

Figure 25: Sherwood Number Sh versus Re for m=10 , Q=1
Pr=0.71,t=1,6=05,M =10,Gr=2 ,Gm=1,S=1,F =1
d;=05,dp=05,h=1,K=2,5¢=0.22,0.3,0.68,0.78,0.81 at
y=0.
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Figure 27: Sherwood Number Sh versus Re form=10 , Q=1
Pr=0.71, t=1,6=05,M=10,Gr=2,Gm=1,S=1, F=1
dy=05,dp=05,h=1,K=2,Sc=0.22,0.3,0.68,0.78,0.81 at
y=1.
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