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Abstract

The convection in a stratified flow in an inclined porous channel bounded by two permeable layers under the influence of
uniform magnetic field perpendicular to the channel is investigated. Here, we have assumed that the permeability of the fluid
medium and the pressure gradient of the fluid flow are varying point to point. The flow between the permeable layers is
governed by Navier—Stoke’s equations, while the flow in the porous medium is governed by Darcy’s law. The velocity field
and temperature distribution are obtained and results are discussed with the help of various graphs.
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1. Introduction

Convective flow problems of an inclined fluid layer involving porous media in the presence of a magnetic field have important
applications in various branches of science and technology such as petroleum engineering, agricultural engineering,
geophysics and bio-mathematics etc.

Flow in a porous medium is governed by either Darcy's law or its modified forms. Beavers and Joseph ™ investigated a slip
boundary condition at the nominal surface of the porous bed and discussed the poiseuille flow over a permeable bed.
Channabasappa and Ranganna @ investigated the effect of stratification and slip velocity on the flow of viscous stratified fluid
over a permeable bed Ramakrishna et al. Recently, MHD effects have been extensively investigated by Kumar et al. Bl
Ramakrishna et al. ™! have studied the convection in a stratified fluid of variable viscosity in an inclined porous channel.
Rudraiah and Wilfred B! investigated the natural convection in an inclined channel bounded by porous media. Ball et al. [
studied the MHD flow of a free convection heat transfer in an inclined square cavity field in a porous medium. The object of
the present paper is to investigate the convection in a stratified flow in an inclined porous channel bounded by two permeable
beds under the influence of a uniform transverse magnetic field perpendicular to the channel and an exact solution for the
velocity profile has been obtained. The temperature distribution, the mass flow rate and its fractional increase are also obtained
and discussed in detail with the help of various graphs.

2. Mathematical formulation of the problem

Let us Consider the flow of a stratified fluid of variable viscosity between two inclined porous permeable beds. A transverse
magnetic field of constant strength is applied in the normal direction to the channel. The flow is Possible because of the
imbalance between pressure and buoyancy force when the Grash off number is non-zero. The induced magnetic field has been
neglected. Suppose that the channel is inclined at an angle ¢ with the horizontal. The upper and lower beds are kept at
temperature To - %2 A T and To + %2 A T respectively, where Ty is the ambient temperature of the fluid. The flow is in the x-
direction and z-axis is normal to the beds. The physical model is shown in Fig. 2.1.

Log b pdd Wb s 500 Upper permeable
2 A3 Bed

w u > X

Flow Region

Lower permeable
0.4 Bed
AA AP

A A AA

~ A
,.VA“)»A"“

PR okt

Fig 1: "Schematic Diagram"

95



International Journal of Multidisciplinary Research and Development

In order to derive the basic equations of motion, we use the following assumptions

The velocity component ‘u’ in the x-direction is a function of ¢ and z only.

The flow is steady.

The pressure 'p' is a function of x and z only.

The magnetic field is constant.

The dissipation function @ is neglected and the transfer takes place by conduction only so that temperature distribution is

linear in z.

The Grashoff number 'Gr' is small.

7. The permeability factor 'K', the pressure gradient '8 /8x", the coefficient of viscosity 'u" and the density 'g" all vary from
point to point and decay exponentially with z; that is, 8p /8x = e 5%, K = Kye 5%y = uye "%and p = p,e~ 5%, where g
> 0 is the stratification factor, 4. K,u,and @, are respectively the values of pressure gradient, permeability of the porous
medium, coefficient of viscosity and density at z = 0.

grwdpE

e

Thus, if h be the distance between the upper and lower permeable beds and axis of the channel is chosen from the origin, then
under these assumptions the flow is governed by the following system of equations:

:;: —_E:—:—Z—B'%u=i{ie'33+pg sin  @)ef, - (1)
z—§+pg cosg =10 )
j_i -0 .. (3)
:; - .. ()
and p=p 1l —p(T —T} .. (5)

where Bo = 1B/ s the magnitude of the magnetic induction E; u is the velocity component of the fluid in the x-direction; T is
the temperature of the fluid; o is the electrical conductivity of the fluid; g is the acceleration due to gravity; v is the kinematic
viscosity of the fluid and ¢ is the angle inclination of the channel to the horizontal.

The Darcy velocity of the fluid is given as
q = qoe™* .. (6)

where g, = £ e B2 (e X% L pgsin @) .. (7

]

The boundary conditions are given as

N
h di o
Z = —U=Uyi—=—— Uy — I'=T, —%AT
- Bl.d__ _\/E(Bl gBl): 0 /2
_ T du )
Z = -—ZHZHB:.—:(HB —gB}._T:TUHszT
2 *d- 2 2
x = 0,z=0:p=0.
/ .. (8)

Here, a is the slip parameter and K is the permeability coefficient of porous medium.

3. Solution of the problem
Now in order to non-dimensionalize equations (1) to (8), we make use of following transformation:

T=x/h,z=2hT=T/AT,a=uhl,
7 =ah/v, 5 =plpy gh, 1= Mpy g,
y=ghn=hiE,§=gh¥v2 M =M7us, M=Boh+/a/u, Gr=F35AT.. .. (9)
Using the above non-dimensional quantities and after removing bars over the variables for convenience, equations (1) to (7) in
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the non-dimensional form become:

e }*ﬁ—ﬂ’f' u+ Pe"® + (T —T,)Grsin e =10,
3 _ &
Zifi-r-1)%}eosp =0,
du
=0
dir _
i a,
p=poil —B(T —T,)4T}
and q:—ni:[—P + zGr sin @],
where  P=38(1e " +sin @),
The boundary conditions (8) now reduces to
au ' ) h
— . — . yid, _ /
z =%1u=uy; == —an (HB] _9'31)9 I =T1,-"%
d ' ”
z =-Y2ru=u, ?f: —an (HB] —gBJ)e"'4;T:]‘“U+L/’z
X =0,z=0:p=0.

;i

. (10)
. (12)
. (12)
. (13)

. (14)

.. (15)

.. (16)

- (17)

The temperature distribution can be obtained by solving equation (13) and using the fact that T =Ty - “2atz=%and T = To +
Yo at z = Y4, we get

The velocity component 'u’ can be obtained by solving equation (10) and using the boundary conditions (17). It gives:

T-To=-2z

L
M

u=Ce 24 C,eM2 —

= (¥ /M + z)Gr sin

wey® + P/M"a?*,

where C; and C; are constants to be determined by the equations.

and

Here,

a11C1 + a12Cor = a3

a21Cy + a2Cy = ass...

Gyy = {mi"??"li + NL}EN“:
Gy = {”?1'9;{."'4 + N:}E?N:"I:

1 i L
Oz = _M_:{m?g;'_t +y)P e =

X {”ng}:l‘l-‘ + }’} (y /M* + 22)Gr sin

+ ﬁﬂr sin  gct't +an e""""qﬁl — AGy M=,

a., = (ane?/® — N1)e—V4/2,

0y, = (ane’™ — N2)e~"*/2, anda,, = —%{nne""’"‘ —y)PeV? ¢ $

® {m?g_‘l'u - }’}':1’.-’*“: — %)Grsin ¢ g~Fit

1 -
-—Grsin
M_

pe V2 4 nqe'?""'tqﬁz + A8y /M=,

pell®

.. (18)

. (19)

. (20)

. (21)
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where, P, = —&(ie™"? +sin o).
P = —5(1e"? +sin o).
Ny =3/2— (¥4 + M%), and N, = /2 — (2% + M),

The slip velocities at the upper and lower beds, B; and B; are given as:

ug, = €,V + €,V — ::: (y /M* + %)Grsin  @e?® + ;—':e'f"": .. (22)
And ug, = C,e™ V42 4+ e VE/2 — ,:: (y/M* + 3)Gr xsin e V" + %9'?’"":.... .. (23)

The pressure distribution is obtained by solving equation (11) with the help of boundary conditions (17) and is given as:
p=—{z+f—;z:)cﬂs p+ixe ... (24)

The average Darcy velocities G, and Te, in the upper and lower beds can be obtained by solving equations (15) and (16).
Thus,

45, = —qi:{—f]_ + %Grsin @) ... (25)
and Qaz = —qi:{—P': — %Grsin @) ... (26)

4. Results and Discussions

We now discuss the important flow characteristics of the problem.

(i) Mass Flow Rate

The dimensionless mass flow rate 'M™ per unit width of the channel bounded by two inclined permeable porous beds is
defined as:

M* = f_ e Wudz, .. (27)

Therefore, on substituting for u and on evaluating the definite integral, we get

L pMe , 26 . PN ME ot FETY s
M*= v sin h- +N| sin h— - sinhy/2 o (.5+M::|s.n @. ... (28)

Now, taken i — == in equation (28), the mass flow rate per unit width of the channel bounded by rigid walls is given as:

—ﬂ; '.N_: ﬁ; N_|_'_; '.E_J' 2z ..-E_i’ 5.
M, = v S + v, S T oEsinhy— e X (J -I—M:)sln @, .. (29)

where, A, = {Gr sin @ cos F.‘MT'-I— 2 {.5 + ij—:) sin @sin *'-"NTI —2454 sin NT:},-’{EM: sin h(y®/4+ M* i 3

v

D)sin @xsin b= —264sinh ™} f2M* sin hy* /4 + M*)"),

and A = {Gr sin  @cos erT:-I— 2(5 + .i:

(ii) Fractional Increase in Mass Flow Rate
The fractional increase 'F' in mass flow rate through the inclined porous channel over the inclined flow with rigid wall is given
as:

F_I_ 1. ... (30)

On substituting the values of M" and M=z in equation (30), we get
F= {E}a"-.flﬂa‘*{cl — A, )sin Jl + 2y N.M*(C, — A, )

x sin R} {2y A, N, M sin - R4 2y 4,N, M
% sin b — 2N, N, AGM*sin Iy /2 — N, N.y

* (EM* + yGr) sin @b .. (31)
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(iii) The velocity distribution (19) and the fractional increase (31) in mass flow rate are numerically evaluated for different
values of 5,1, 5 and M with ¢ = 0.1, y =1, Grsin ¢ = 25and §sin ¢ = 0.3. The velocity profiles are shown in Fig. 2 and
Fig. 3.

It is observed that the velocity profiles between -0.5 and 0.5 are in the shape of a wave for fixed M,  and 1 S. These resemble
the velocity profiles of Rudraiah and Wilfred B! and Ramakrishna et al. [ for a fixed y. For fixed M and #, the velocity
deceases with increase in the values of i4.

For the fixed value of M and 14, the velocity decreases in the lower half of the channel with the increase in  whereas the
velocity increases in the upper half of the channel with the increase in 5. From the Fig. 3, we observe that for the fixed values
of  and A4, the velocity decreases in the lower half of the channel with increase in M whereas the velocity increases in the
upper half of the channel with the increase in M.
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