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Abstract

MHD flow of fluids through vertical porous channel having
porous medium placed in magnetic field is of industrial
importance, therefore in this paper study has been made on the
flow of a viscous incompressible, electrically conducting fluid
through a vertical channel filled with porous channel , the
field is applied perpendicular to the direction of flow. After
forming the governing equation under suitable boundary
conditions , a solution for velocity has been derived and
taking different values of parameters , a graph has been
plotted between velocity and applied magnetic field.
Interference has been drawn to check the obtained results with
physical nature of the problem. The study is useful in applying
the result in industrial field.
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Channel, Hall Parameter.

INTRODUCTION

Earlier so many studies have been done on MHD topics. In
this paper, | have been taken a vertical porous channel having
porous medium, an inclined magnetic field of uniform
strength is applied with the parameterH,. Many researchers
did work in the field of radiactive convective flows. Radiation
has large uses in physics, industrial processing for example
heating n cooling of chambers and space vehicle re-entry.
Manglesh and Gorla discussed here MHD free convective
flow through porous medium in the presence of Hall current,
radiation and thermal diffusion; 1 am extended the work of
both above. We cannot neglect the effect of Hall current when
uniform inclined magnetic field is strong. The growing
interest in the study of hydro dynamical problems gets
modified by Hall current. Mangles discussed here about the
MHD free convective flow through porous medium in the
presence of Hall current, radiation and thermal diffusion in
this they studied here the effects of various parameters on
velocity, temperature, concentration profiles with graphical
study taking uniform magnetic field, here | extended the work
of Mangles by taking inclined magnetic field by adding
parameter HZsin?a at the place of H2. Ohm’s law here

applied. This study has been lots of industrial uses as above
described.

FORMULATION OF THE PROBLEM

Consider the MHD flow through vertical porous channel filled
with porous medium having inclined magnetic field. The
vertical porous plates placed with distance d apart. X -axis and
Y-axis taken as vertically upward and perpendicular to the
wall of the channel respectively. There are two dimensional
flow analysis occur. Injection and suction velocity assumed
here constant v, and magnetic field inclination is taken with
y-axis with angle sin? a. The permeability K, of porous
medium took constant, the intensity of magnetic field H, and
all the quantities depends upon y and t only where y is layer
distance and t is time.

The equation of continuityv.v on integration gives v* = v,

where u*,v* and w* are component of velocities in x, v,
z-directions  respectively. j,,j,andj, are component
of 7 jy = constant by equation of conservation of electric

charge so plates are electrically non-conducting j, = 0 and it
is zero throughout the flow. When the magnetic field is large,
then generalized Ohm’s law are as follows

ji — WeTejs = —opHysinaw” (2.1)
j3 + WeTeji = opHysin?au* (2.2)

Using (2.1) and (2.2) we find

.« _ OpeHosin?a(mu*-w*) 2.3)
X 1+m?2 '
.+ _ opeHgsina(u*+mo*) (2.4)
z= 1+m? '

Where m=w.t, is a hall parameter, w.: frequency,
To. electron collision time, p.: magnetic permeability,
o: electrical conductivity of the fluid.

Now Boussiqneq’s approximation taken here and the
governing equations for momentum, energy and concentration
are as follows
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au* du* 10pP* d%u* N wmx  OpZH3sin?a.(u*+mw*)  vu*
—+vVv,—=—- V—s T cr— -
at* 0 gy* p Ox* + ay*2 + gB + gB p(1+m?2) kp,

(2.5)
au* du* 10pP* 0%w*  opiHZsin?a.(mu*-w*) v.o*
UL N S o e 2.6)
at* ay* p Ox* ay*2 p(1+m?2) kp,
aT” aT” k 92T" 1 8
CLAPRNR M R | 27)
ot dy pCp ay* pCp dy
ac* ac* a%c* 92T
—+v,—= 2.
LAY Wy 8)

With boundary equations are

Y =Zuhe ' =0,T"=0,C"=0

Y= %, u,w* =0,T" =Tycosw*t*, C* = Cycosw™t* (2.9)
Where

Where

*: Represents the dimensional quantity.

v: Kinematics Viscosity of fluid.

t*: Time.

p: Density of fluid.

p*: Pressure of fluid.

T*: Temperature of fluid.

H,: Intensity of magnetic field applied over channel.
C,: Specific heat at constant pressure.

k: Thermal conductivity of fluid.

g: Acceleration due to gravity.

B: Volumetric coefficient of thermal expansion.

C*: Concentration of fluid.

B*: Volumetric coefficient of thermal expansion with
concentration.

D,,: Chemical molecular diffusivity.

Dr: Thermal diffusivity

3 . iy .
0—5*= 4a’T* where ‘a’ is mean radiation absorption

coefficient.
u* T* (D* X* y*
u=—,0=—,0=—,x=—,y ==,
Vo TO Vo d d
t'y P*d w*d? vod ud C
t=—,P=—,0= A== Re=—,C==—, Gr=
d2 Vol v \% v Co
Tod *Cod? oH3sinapZd? 2ad C
gBTo .G 8B"Co M = o He , ——,PI‘ZH,
VVo Vo n VK K
v KU DrTo
Sc=—, Ko =—=>,S, =
Dy’ 0 dv *°0 vCo
Where

w: Freguency parameter.

A:suction parameter.

G,.: Grashoff number.

G,,,: Modified Grashoff number.

M: Hartman number.

P,: Prandlt number.

N: Radiation Parameter.

S, Soret number.

S.: Schmidt number.

Using above non-dimensional parameters we get-

Velocity equations are

du ou _ _ @ Eiz_u _ M(u+mw) _u

A T T n T T Ty + G0 + G,,C g (2.8)
and

dw 400 _ 0P 0w  Mmu-w)

at dy  dy ay? (1+m2)  kp (2.9)
Temperature equation

90 a0 N2 420

E+)‘a_y__ﬁe+Pfa_y2 (2.10)
Concentration equation

ac |, ac 8%0 , 1 9%C

wt =St oy @11)
With Boundary condition

u=w=0 = C=0 aty= —%

u:oo=0,9=C=cosa)taty:l (2.12)

2

SOLUTION

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

a 2 )
- a—z =Acoswt, i =0, where A is constant.

Where the complex velocity F = u + iw, we find that equation
(2.9) and (2.10) can be ombined in to a single form
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oF
ot

0%F M(1-iw)F
dy? (1+m?2)

+21Z = Acoswt + + G0+ GpC— (2.13)
ay kp

With transformed boundary conditions
U=w=0 = C=0 at y= —%

u=w=0,0 = C=1, at y:% (2.14)

To solve the equations (2.13), (2.11), (2.10) under the
boundary condition (2.14) assume the solution is of the form

U(y, ) = Ug(y)e™®"
o(y, 1) =0, (Y)eiwt
C(y, 1) = Co(y)e'" (2.15)

Substituting equations (2.15) in equation (2.13), (2.10), (2.11)
we get

Uy — AU, — 12U, = —A — G,0, — G, C, (2.16)
C/ —ACh — iwS.Co = —SS,0 (2.17)
0y — AP0, — (iwP, + N)8, =0 (2.18)
Now the solutions of above equations are

Bo(y) = (Aoe®Y + B,ePoY).elt (2.19)
Co(y) = (A3 + ByeP1¥+A eV + B ePo¥)el®t  (2.20)

Fo(y) = (Ase?? + B5e'°23’+lé2 — Aze?Y — BgePoy — A ety —
B4eb1y).eimt
(2.21)

Avrbitrary parameters values are chosen here to draw graph.

Table 1. Velocity profile for different angle of inclination
(Pr=0.75, A=2.2, S0=2,4=0.5, Cp=1.5, d=1,Ho=12, u=0.1, p,=0.5, Gm=3, Gr=2.2, K,=1, w=3)

Sr. | Layer Velocity of fluid (u)
distance
No. Hartman no. Hartman no. | Hartman no. Hartman no. | Hartman no.
) (M=1.03) (M=1.73) (M=1.87) (M=1.41) (M=1.49)
Angle Angle Angle Angle Angle
(a=10) (a=20) (a=30) (a=40) (a=50)
1 0.000 0.2347 0.2346 0.2346 0.2346 0.2348
2 0.175 0.3685 0.3738 0.3748 0.3714 0.3645
3 0.350 0.5759 0.5929 0.5964 0.5852 0.5629
4 0.525 0.8967 0.9376 0.9460 0.9190 0.8658
5 0.700 1.3857 1.4723 1.4902 1.4327 1.3210
«10° Velocity Profile For Different Angle Of Inclination

16 T

Velocity (u)
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data2
data3

Layer Distance (y)
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RESULT AND DISCUSSION

In order to get physical understanding of the problem we
draw a graph here between layer distance (y) and velocity of
fluid (u) for different angle of inclination with the plate
associated with magnetic field. Here we find the result
which shows in graph when the angles of inclination with
plate are increases; velocity also increases with the increase
of Layer distance (y). The curvatures of the graph are started
with the same (approximately) initial values after that they
scatter for more values of ‘y’. Both the intensity of magnetic
field and inclination of field control the fluid velocity. This
is concluded that this study has been used for industrial
applications and it is highly significant for the effects of
different parameters on velocity profile. This study can be
further extended for other parameters and various shaped
channels.
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