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Abstract: The effects of constant applied magnetic field have been
brought out and discussed in viscous fluid flows through a circular
annular porous region bounded by an inner rigid permeable circular
cylinder and an outer cylinder under different physical situations. The
porous medium is extended to infinite extent and bounded by the outer
cylinder. Computational results have been discussed for two cases:
whether the inner cylinder is rotating with a constant velocity or at rest
and for similar conditions for bounded outer cylinder. A clear viscous
fluid flows through the inner cylinder whereas the porous medium is fully
saturated with same fluid. The most general result has been observed in
all cases that applied magnetic field retards the flow. Wall shearing stress
has been calculated on the outer cylinder which is rotating at constant
angular velocity while the inner cylinder kept stationary. For a fix value
of slip parameter ¢ at the interface, the wall shearing stress on the outer
cylinder decreases with increasing value of the magnetic parameter Mo
and for a fixed value of the parameter Mo, the wall shearing stress
decreases with increasing value of slip parameter at the interface.
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1. Introduction

The flow of a viscous fluid over and through a porous medium occurs in
nature as well as in many engineering and medical problems. The flow of
blood through lungs and capillaries are also examples of flow through
porous media. The porous medium is in fact a non-homogeneous continua.
One can approach a hypothetical homogeneous fluid under the action of
averaged external forces'. The subject of Magnetohydrodynamic has also
*Presented at CONIAPS XI, University of Allahabad, Feb. 20-22, 2010.
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attracted the attention of many research workers in view of its applications
to Astrophysics, Geophysics and engineering 35 As an external force, it
retards the blood flow®. Rotational MHD Flows through porous materials
with externally applied magnetic fields have recently been studied by
various authors’ '’ Srivastava et.al' have developed a model for flow
created by a rotation of circular cylinder with a constant angular velocity.

In this paper, we have discussed the magnetohydrodynamic flows through
an fully saturated porous annulus(4,a <r</4,a) bounded from inside by
another annulus (¢ < r <A,a). The inner cylinder (r = a) is rigid impervious
whereas the outer one (interface) is rigid permeable and a clear viscous fluid
flows through this annulus and same fluid flows through the porous medium
also .following governing equations are developed by using Brinkmen’s
equations for porous media'®. The rigid outer cylinder (r = A,a) is bounded
or extended to infinity. Flows are assumed to be created by the rotation of
inner or outer cylinders. The computational results for various cases are
obtained for different physical situations subject to applied magnetic fields
in radial direction.

2. Formulations of the Problem

Referring to the figures -1a and 1b, the flow is generated by rotating
inner or outer rigid cylinders with a constant angular velocity €. Fluid
flowing in zone-2 where the fluid flows through the pores of the
porous material and both the regions are subject to a constant applied
magnetic  field in transverse direction. The only non-vanishing
circumferential velocity is denoted by v*. In zone-1, the flow is
governed by the Navier-stokes equation , which gives the following
differential equation for 4 in non-dimensional form :
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v r 2 2,,2772,,2
where w=—_, ¥ =c and M7 = o uzHyy
The solution of this equation is

2.2) vy = Al (Mpy) + By (Mpy)

In zone-2, the flow is governed by the Brinkman equation'” , which
gives the following differential equation in non-dimensional form for ¥; :
" ﬂtzt’z df—":
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The solution of the equation is

(2.4) v, = CL(QY) + Dk1(Qy)

The matching conditions at the interface v = 4, suggested by Ochoa-Tapia
and Whitaker'® in the present notation, this can be written as:

@25 ) =72l —

dvy _ Bvs _ 7 i
(25b) T 2. = @0ty at v =4,

where o is a dimensionless constant depending on the surface of the porous
material. The boundary conditions of the problem are

(2.62) v =1 aty=1
(2.6b) v, =0 at y=4,

The solutions of the equations satisfying the boundary and matching
conditions at the interface is given by

- :ArﬂMuJ’]f{i(Mu]— I (Mg)E1(Mgy)|  Ey(Mpy)

2.7) K1(Mo) Ky (M)
and

(2.8) v = DKl(QY},

where
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(2.9b) D= =M [I; (MgA ko(Mg A )+Io(MgA )y (MgA,)]
Iy (Mg)kq(MgAq)—I; (Mgdq)kq (My)]=
[Qk:}(‘?ﬁ1}_550'-!{1(@-‘1{1}]—“:}3{1(@31}*
Ho{MgAq )k (Mp)+11(Mplkg(MgA4)]

Now we present the results for different cases

2.1. Bounded Porous Medium

(2.1) case-1 Inner cylinder is rotating with constant angular velocity
and the outermost is stationary
When inner cylinder is rotating and the outer most bounding impervious

cylinder r = A, is stationary. The boundary conditions of the problem are
211 wn=1 at y=4,
@.12) =0 at y =1y
The solutions of the equations satisfying the boundary conditions are
o = AL (Myy)key (Mg ) — I (Mg )icy (Mgy)] + kg (Mpy)

(2.1.3) T K1 (Mo) ;
and

= F[klfQY}ﬁ(‘Qiz} - kl(Q*‘lz:}h(Q}"}]
2.1.4) o L(Q42) :

where A and F are constants determined using the matching conditions at
the interface and boundary conditions as given above

|Moko{MpAy) + acky (Mpdy )]
[(QA )k (QA2) — L (QA; )k, (QA4) +
Qi (Mo A1) o (QA1 ) k1 (QA2) + 11 (Q A7)k (Q44)]
B Q[Fn (QA—:L}-EH(QA:} + 11'1 (Qiz}ku (Q';l’l}] *
[1; (Mg) kg (Mpds) — Iy (MgAg kg (M )] ¢
+[1 (QA )k (QA7) — 1 (QAz)ky (QA)] +
[Mo{lo(Mgay) by (Mg) + Iy (Mg )k g (Mp A1)} —
2.1.6) aa{ly (MoAy Dy (M) + I (Mg)key (Mp21)}]

and

A

_ Moly(QAg) [Ig(MgAy kg (Mgay) + I3 (Mgdy Mg (MpAy)]
B QU QA )k (Q22) + 1 (QA2 )k (QA1)]
[ (M )y (Mg dy) — Iy (Mpdy )iy (Mg)] +
+[1 QA1 )k (QA5) — 1 (QA2)kq (QA4)] =
[Mo{ly (Mg Ay )hey (Mg) + Iy (Mg ) kg {Mpdy)} —
(2.1.6) ao{ly (MoAy) ks (My) + Iy (Mg)hy (M A1)}]
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The results for this case are presented in figures 2 to 5.

2.2. Case-2 When the porous medium is extended to infinity

These results may be obtained from above by taking 4, — o from
above equations in case 1. Results are presented in figures 5 to 7.
(2.3.1) Case -3: Inner Cylinder is stationary and outer one rotating
with constant angular velocity

We consider the case when an impervious solid infinite circular cylinder
r = A, is surrounded by a porous medium 4, < r < A, fills the space which is
zone-2. The viscous fluid fills the space 1<r <A which is zone 1. We
assume that the outer cylinder r=A, is rotating and the inner one is

stationary. A constant applied magnetic field in transverse direction is
applied to both the zones. In this case, the boundary conditions of the
problem are

(231) V, =1 at y= /12 ,

(2.3.2) v =0 at y=4,

The matching conditions at the interface remain the same and the slip
coefficient @ can be positive or negative. The velocities 1y and v,
satisfying the boundary conditions are given by

L Q)i (Q) — L(Q)k,(Qy)

(2.3.3) ol k1(Q) ]
o — Agdy (Mgy) — S (Moy )iy (Mg Az) — I (Mg Az )iy (Mpy)]
(2.3.4) L(Mo22)
where
(2.3.5)
G — MoAzky (@)1 (Mo Ay Jieg (Mg Ay ) + I(Mg Ay )key (Mp 2, )]

Mol (MyAdy ks (Mp o) + I (M Aok (Mg Ay )] =
[ (Q A1 )Ry (Q) — I3 (@) k1 (QA )] +
(1 (Mg Aq )k (Mg Az ) — I3 (Mg A Dky (M A4 )] +
[eor {1y (QA k1 (Q) — I (Q) Ry (QA3 )} — QUIp( QA )1 (@) + ko (QA1 01 (Q)]]
and
(2.3.6)
Az [Moly (My Ay ) + aaly (Mg Ay )] *
[ QALK (Q) — L (Q) ey (QA4)] — QAaly (Mpdy) #
[[a(GA1 k1 (@) + 14 (@) kg (QA1)]
M [Ta(Madq )iy (M3 A5 ) + I (MaA- D Ea{Ma Ay )]
[f._{@,:,l_'],ik._{g} - {Q}k:[":f?ﬁl}] +
L (Mpaq )k (Mgdg) — I (M Ag )iy (Mgdy )] +
leafl (QA )k (Q) — 1 (Q) ke (QA4)} — QL1 (204 k- (Q) + ko QA1) 1, (Q)Y]

Ly
1]
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In this case, the results are presented through figures 8 to 10.

2. Results and Discussions

In figures 2 -5, the graphs of the velocities against the distance from the
inner cylinder (r =1)have been plotted for various values of magnetic field

Mo and slip parameter when inner cylinder rotates and outer is stationary.

Fig-2 variation of velocities with magnetic field

From figure -2, it is seen that in both the regions, the velocities decrease
with increases of the magnetic field Mo.

Fig-3Variation of velocities with slip parameter Fig-4Variation of velocity profile with a

The velocities for both the cases are shown in figures 3 and 4
respectively for various values of ¢ and a. These figures show that the
velocities decrease in both regions with the increase of the slip parameter ¢
as well as with the increase of the a.
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Fig-5Variation of velocities with magnetic field

Fig-6Variation of velocity profile with a Fig-7Variation of velocities with
slip parameter

In figures 5-7, the results are presented to the case when porous region is
extended to infinity ((4, —o<). The effects of applied magnetic field are
presented in figure-5. The effects of slip parameter ¢ and o respectively on
velocity profile of fluid in both regions decrease sharply and in porous
region to zero for a particular value of Mo.

Fig-8Variation of velocities with magnetic field
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Figures 8 - 10 show the graphs of the velocities against the distance
from the inner cylinder for the case when the outer cylinder rotates and the
inner one (r =1) is stationary. In this case also, the velocity of the fluid, in
both the regions, decreases with the increase of the magnetic field parameter
Mo. The velocity is maximum in the porous medium due to the prescribed

boundary condition.

S

Fig-9Variation of velocities with slip parameter

The velocities for various values of a and o for fixed value of Mo. are
shown to decrease in the figures 9 and 10. These figures show that the
velocity at the interface depicts a maxima.

Fig-10Varitation of velocities with

slip parameter
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