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Abstract

The effects of radiation and hall current on MHD convective three dimensional flow in a vertical
channel filled with a porous medium has been studied. We consider an incompressible viscous and electrically
conducting incompressible viscous fluid in a parallel plate channel bounded by a loosely packed porous
medium. The fluid is driven by a uniform pressure gradient parallel to the channel plates and the entire flow field
is subjected to a uniform inclined magnetic field of strength H, inclined at an angle of inclination o with the
normal to the boundaries in the transverse xy-plane. The temperature of one of the plates varies periodically and
the temperature difference of the plates is high enough to induce radiative heat transfer. The effects of various
parameters on the velocity profiles, the skin friction, temperature field, rate of heat transfer in terms of their
amplitude and phase angles are shown graphically.

Key words: Optically thin fluid, parallel plate channel, porous medium, radiative heat transfer, steady
hydro magnetic flows, three dimensional flows.

Subject Classification codes: 80A20, 76Sxx, 76N20, 76 A05, 76A10

1. Introduction

The study of magnetohydrodynamics (MHD) of an incompressible fluids through a porous medium
has attracted the attentions of many researchers. This is due to its engineering and industrial applications such
as food processing and polymer production®®. Hayat et al.l° has investigated the electrical conducting of
second grade fluid through a porous space. This problem has been solved analytically by using Homotopy
Analysis Method. The stretching sheet of the plate also considered in this problem which exhibit the slip
condition for boundary condition of momentum equation. The analytical solutions for MHD flows embedded in

This is an open access article under the CC BY-NC-SA license (https://creativecommons.org/licenses/by-nc-sa/4.0)



G. Padma, etal., JUSPS-A \ol. 30(6), (2018). 311

a porous medium also studied by Khan et al.!. But, in their research, the solutions of the problem have been
obtained by using method of Fourier Sine transform. Samiulhagq et al.'? has contributed a new problem of
unsteady free convection flow of second grade fluid with the effect of MHD flows and porous medium. Difference
with Hayat et al.’® and Khan et al.1!, Laplace transform method was used by these researchers. Two cases of
thermal conditions have been discussed in this problem, which are isothermal and ramped wall temperatures.
Nowadays, the study of free convection flows in rotating fluid phenomena has been studied by several authors
in their research!®!4, Recently, Krishna et al.™>® discussed the MHD flows through a porous medium. Our
present paper, the effects of radiation and hall current on MHD convective three dimensional flow in a vertical
channel filled with a porous medium has been studied. Veera Krishna et al.'® discussed heat and mass transfer
on unsteady MHD oscillatory flow of blood through porous arteriole. The effects of radiation and Hall current
on an unsteady MHD free convective flow in a vertical channel filled with a porous medium have been studied
by Veera Krishna et al.?’. The heat generation/absorption and thermo-diffusion on an unsteady free convective
MHD flow of radiating and chemically reactive second grade fluid near an infinite vertical plate through a
porous medium and taking the Hall current into account have been studied by Veera Krishna and Chamkha?.
In this paper, the effects of radiation and hall current on MHD convective three dimensional flow in a vertical
channel filled with a porous medium has been studied.

2. Formulation and Solution of the Problem :

Consider an unsteady MHD free convective flow of an electrically conducting, viscous,
incompressible fluid through a porous medium bounded between two insulated infinite vertical plates in the
presence of Hall current and thermal radiation. The plates are at a distance d apart. A Cartesian coordinate
system with x-axis oriented vertically upward along the centre line of the channel is introduced. The z-axis is
taken perpendicular to the planes of the plates as shown in Fig. 1.

X
0
z
—_—
B y

Porous medium

+— d—

Fig. 1 Physical Configuration of the Problem

We choose a Cartesian system O(X, y, z) such that the boundary walls are at z=0 and z=I and are
assumed to be parallel to xy-plane. The steady flow through porous medium is governed by Brinkman’s equations.
At the interface the fluid satisfies the continuity condition of velocity and stress. The boundary plates are

assumed to be parallel to xy-plane and the magnetic field of strength Hyinclined at an angle of inclinationto the
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z-axis in the transverse xz-plane. The component along z-direction induces a secondary flow in that direction
while its x-components changes perturbation to the axial flow. The steady hydro magnetic equations governing

the incompressible fluid under the influence of a uniform inclined magnetic field of strength Hy inclined at an
angle of inclination with reference to a frame are

u 10p 9% ped,HpSina v

=———+vV -—u+gpT
ot p OX oz? Jo, k 9 1)
ow  o*w  u.d, H,Sina
R (2.2)
ot oz Jol k

Where, All the physical quantities in the above equation have their usual meaning. (u, w) are the
velocity components along O(x, z) directions respectively. p is the density of the fluid, s is the magnetic
permeability, v is the coefficient of kinematic viscosity, k is the permeability of the medium, H, is the applied

magnetic field. When the strength of the magnetic field is very large, the generalized Ohm’s law is modified to
include the Hall current, so that

Lefe JxH = g (E+ e qx H) 2.3)
0
Where, q is the velocity vector, H is the magnetic field intensity vector, E is the electric field , J is the

current density vector, ax is the cyclotron frequency, 7 is the electron collision time, o is the fluid

J+

conductivity and, L is the magnetic permeability. In equation (2.3) the electron pressure gradient, the ion-

slip and thermo-electric effects are neglected. We also assume that the electric field E=0 under assumptions
reduces to

Jy—-mJ,Sina =-ou,H,wSina (2.4)
J, +mJ,Sina =—ou,HyuSina (25)

Where M = w,7, isthe hall parameter.
On solving equations (2.3) and (2.4) we obtain

oueH,Sina .
J, =—————(UmSina —w 2.6
S mZSinza( ) (26)
oueH,Sina .
=———F——(U+wmSina 2.7
o1y mZSinZa( ) @.7)

Using the equations (2.6.) and (2.7), the equations of the motion with reference to frame are given by

u_ 1ap . % op Hy Sina
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oT ok
C k- 9 (2.10)
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The boundary conditions for the problem are

pC

d
u=w=T=0, ZZ_E (211)
d
u=w=0,T =T,Cosat, Z=— (2.12)

Where T,, is the mean temperature of the plate at z=d/2 and w is the frequency of oscillations. Following

Cogley et.al.?, the last term in the energy equation (2.10),

aq 2

—=4a" (T -T 2.13

oz (T=To) (2.13)
Stands for radiative heat flux modifies to

aq 2

—=4a’T 2.14

pe (2.14)

In view of the reference temperature T0 =0, where ais mean radiation absorption co-efficient.
We introduce the following non-dimensional variables and parameters.

* * *
Z* ZE,le,u :U_,V:V_, q:q_, t*zy,
d d U U U d
a)*_ﬂp*: pz,T*_l
U pU T,

Where, U is the mean axial velocity,

Making use of non-dimensional variables, the governing equations reduces to (dropping asterisks),

2 2ain2 1

a :_@Jria ;j . Slzn -052 (u+wmSina ) - D u—-=GrT (2.15)
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Where, Re = — is the Reynolds number
14
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gpd 2T

D :L the permeability parameter (Darcy parameter), Gr = ———W the Grashoff number

d? W

pC dU 2ad
Pe = P the Peclet number , R = — theradiation parameter

W VK
The corresponding transformed boundary conditions are
1
u=w=T =0, z=—§ (2.18)
1

u=w=0,T =Cosat, z ZE (2.19)

For the oscillatory internal flow, we shall assume that the fluid flows only under the influence of a non-
dimensional pressure gradient oscillating in the in the direction of x-axis only which is of the form,

op
——=PCoswt 2.20
ox (2.20)

In order to combine equations (2.15) and (2.16) into single equation, we introduce a complex function
F =u +iw, we obtain

aq 0%q M2Sina . .
Re— =-PCoswt + - +ioRe+D -GrT
ot P % | @=imsing) ¢ | (2.21)
The boundary conditions in complex form are
1
q=T=0, z=-— (2.22)
2
i 1
q=0,T =¢'", 7= 5 (2.23)

In order to solve the equations (2.17) and (2.21) making use of boundary conditions (2.22) and (2.23), we assume
in the complex form the solution of the problem as

q(z,t) = gy (2)e'™, T(z,t) = 6, (2)e'”, _a_p: pe' (2.24)
X
Substituting equations (2.24) in equations (2.16) and (2.21), we get
d 2
- 20 - 2%q, =-PRe-Gré, (2.24)
z
and
d 2
T £%0,=0 (2.25)

dz?
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2Qin2
Where, 22 - m +ioRe+ D'*and &2 =iwPe+R?
(1-imSina)
The boundary conditions given in equations (2.22) and (2.23) become
1
1
4, =0,6, =1, z:E (2.27)

The ordinary differential equations (2.24) and (2.25) are solved under the boundary conditions
given in equations (2.26) and (2.27) for the velocity and temperature fields. The solution of the problem is

obtained as
SinhA z+E Sinh¢& z+E
P Re _Coshlz Gr 2 B 2 glot

t) = 1
Az0=9" con - | 2_g2|  sinna Sinhé (2.28)
2
Sinhg(z+lJ
Tt = _ 2 glot (2.29)
Sinh¢&

Now from the velocity field, we can obtain the skin-friction at the left plate in terms of itsamplitude
and phase angle as

aq .
aq 0 1ot
= — =| — e™ =|q|Cos(awt +
TL (az jz =-1/2 [ az J |q| (a) ¢)
z=-1/2

_1( Re
Where|q|=\/(Req)2+(Imq)2 and ¢ =Tan 1(ﬁj
. PRe A, Gr A ¢
Req+ilmqg= e Tanh(2j+/12_§2[8inh/l Sinhf} (2.30)

From the temperature field, the rate of heat transfer Nu (Nusselt number) at the left plate in terms of its
amplitude and phase angle is obtained

Nu:[a—Tj = 690 e“"‘=|H|Cos(a)t+z//)
oz),_ ., | (2:31)
z=-1/2
Where |H|=\/(ReH)2+(ImH)2 ,z//zTan’l(M) and ReH +ilmH = _5
ImH Sinh &
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3. Results and Discussion

We consider an incompressible viscous and electrically conducting fluid in a parallel plate channel
bounded by a loosely packed porous medium. The fluid is driven by a uniform pressure gradient parallel to the

channel plates and the entire flow field is subjected to a uniform inclined magnetic field of strength H, inclined

atan angle of inclination o with the normal to the boundaries in the transverse xy-plane. The temperature of
one of the plates varies periodically and the temperature difference of the plates is high enough to induce
radiative heat transfer. The complete expressions for the velocity, g(z) and temperature, T(z) profiles as well as
the skin friction, Tand the heat transfer rate, Nu are given in equations (2.28)-(2.31). In order to understand the
physical situation of the problem and hence the manifestations of the effects of the material parameters entering
into the solution of problem, To study the effects of these different parameters appearing in the governing
flow problem, we have carried out computational and numerical calculations for the velocity field, skin-
friction, temperature field and temperature in terms of its amplitude and the phase. The computational results are

presented in Figures (2-9) for the velocity profiles (fixing & =7/ 3), Figures (10-11) for temperature profiles and
also tables (1) for shear stresses at z = -1/2. We noticed that, from Figures (2 & 3) shows the variation of
velocity profiles under the influence of the Reynolds parameter Re. The magnitude of the velocity u increases
and w decreases with increase in Raynolds number R. Itis evident from that increasing value of Re leads to the
increase of resultant velocity. It is interesting to note that from figures (4 & 5) both the magnitude of velocity
components u and w decreases with the increase of intensity of the magnetic field (Hartmann number M).
This is because of the reason that effect of a inclined magnetic field on an electrically conducting fluid gives
rise to a resistive type force (called Lorentz force) similar to drag force and upon increasing the values of M
increases the drag force which has tendency to slow down the motion of the fluid. The resultant velocity also
reduces with increase in the intensity of the magnetic field. The magnitudes of the velocity components u and
w increase with the increase in permeability of the porous medium (D) is observed from Figures (6 & 7).
Lower the permeability of the porous medium lesser the fluid speed is in the entire fluid region. Itis
expected physically also because the resistance posed by the porous medium to the decelerated flow due to
inclined magnetic field reduces with decreasing permeability D which leads to decrease in the velocity. The
resultant velocity also increases with increase in D. The variation of the velocity profiles with hall parameter m
is shown in Figures (8 & 9). The magnitudes of the velocity components u, w and the resultant velocity
increases with the increase of hall parameter m throughout the channel and there is no significant effect of hall
parameter m on both the velocity components with the effect of inclined magnetic field.

The temperature profiles are shown in Figure (10-11). The temperature decreases with the increase
of radiation parameter R, the Peclet number Pe (Figures 10-11).
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The skin-friction at the plate z=—1/2 is obtained in terms of its amplitude |g| and the phase angle ¢.

The amplitude |q] is presented in Table 1. The amplitude |g| increases with increase in Reynolds number Re,
pressure gradient P, Grashof number Gr and the Hall parameter m. The amplitude |q| increases with increase of
permesability of the porous medium D for small values of o (w<5) but decreases for large values of o (@>5).
However, the effect of D is insignificant for large values of frequency of oscillations «. The amplitude |q|
decreases with increase in the intensity of the magnetic field (Hartmann number M). The amplitude |q|
increases with increase in Peclet number Pe or Radiation parameter R for the values of ©<15 but decreases for
large values of w<15. A decrease in |q| is noticed with increasing frequency of oscillations w.

Table 1: Amplitude (|qg[) of Skin friction ( 7, ) at lower plate

Re M m D Gr Pe R P 0=5 =10 =15
1 2 1 1 1 0.7 1 10 0.74175 | 0.799029 0.622992

15 2 1 1 1 0.7 1 10 159843 | 0.879376 0.643293
2 2 1 1 1 0.7 1 10 1.75104 0.90803 0.645668
1 5 1 1 1 0.7 1 10 045904 | 0.356544 0.339405
1 8 1 1 1 0.7 1 10 0.19977 | 0.173817 0.179968
1 2 2 1 1 0.7 1 10 150641 | 0.859331 0.651048
1 2 3 1 1 0.7 1 10 161843 | 0.900872 0.671557
1 2 1 2 1 0.7 1 10 123184 | 0.770207 0.611035
1 2 1 3 1 0.7 1 10 113851 | 0.739593 0.597566
1 2 1 1 3 0.7 1 10 140054 | 0.863886 0.633323
1 2 1 1 5 0.7 1 10 149245 | 0.930019 0.65862
1 2 1 1 1 0.9 1 10 131844 | 0.803141 0.631482
1 2 1 1 1 1.2 1 10 133554 | 0.812094 0.638265
1 2 1 1 1 0.7 5 10 1.30839 | 0.850364 0.638895
1 2 1 1 1 0.7 10 10 135168 | 0.862647 0.642625
1 2 1 1 1 0.7 1 1 0.17854 | 0.021697 0.077568
1 2 1 1 1 0.7 1 5 0.68079 | 0.365671 0.313108

4. Conclusions
1 The velocity component for primary flow enhances with increasing in Re, D, m, Gr, Pe and P; and reduces

2

3

4,

Refe

1

2

with increasing in the intensity of the magnetic field M (Hartmann number) and Radiation parameter.
The velocity component for secondary flow enhances with increasing in D and m; and reduces with
increasing in Re, M, Gr, Pe, P and Radiation parameter R.

The resultant velocity enhances with increasing in Re, D, mand P; and reduces with increasing in M, Gr,
Pe, R and the frequency of oscillation w.

Temperature reduces with increase in R or Pe while it enhances initially and then gradually reduces with
increase in frequency of oscillation w.
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