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Abstract

The aim of the present paper is to investigate the flow of an
incompressible viscous fluid through a straight circular tube is
considered. The inner side of the circular cylindrical tube is
coated with porous lining of thickness & , radius of the tube is
taken to be ‘b’ and the clear region (excluding the porous
lining) will be of radius ‘a’. The problem becomes the two-
layered flow one in porous region and other in clear region.
This has analogy with blood flow, which considered to be two
layered. A Magnetic field is applied in both regions
perpendicular to the flow of the fluid. The effect of magnetic
field, porous lining on the flow of the fluid is investigated.
The results are graphically represented. Special cases are
deduced.

Keywords: Newtonian fluid, Magnetic field, Two layered,
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INTRODUCTION

The study of flow through porous medium assumed
importance because of its interesting applications in the
diverse field of science, Engineering and Technology. The
practical applications are in the percolation of water through
soil., extraction and filtration of oils from wells, the drainage
of water, irrigation and sanitary engineering and also in the
inter-disciplinary fields such as bio-medical engineering etc.
The lung alveolar is an example that finds application in an
animal body. The classical Darcy’s law Musakat [4] states
that the pressure gradient pushes the fluid against the body
forces excreted by the medium which can be expressed as
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The law gives good results in the situations when the flow is
uni-directional or the flow is at low speed. In general, the
specific discharge in the medium need not be always low. As
the specific discharge increases, the convective forces get
developed and the internal stress generates in the fluid due to
it’s viscous nature and produces distortions in the velocity
field. In the case of highly porous media such as fiber glass,
papus of dandelion the flow occurs even in the absence of the
pressure gradient.

Modifications for the classical Darcy’s law were considered
by the Beavers and Joseph [1], Saffman [9] and others. A
generalized Darcy’s law proposed by Brinkman [2] is given

by
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Where £ and K are coefficients of viscosity of the fluid

and permeability of the porous medium. The generalized
equation of momentum for the flow through the porous
medium is

Hy
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The classical Darcy’s law helps in studying flows through
porous medium. In the case of highly porous medium such as
papus of dandelion etc. The Darcy’s law fails to explain the
flow near the surface in the absence of pressure gradient. The
non-Darcian approach is employed to study the problem of
flow through highly porous medium by several investigators.
Narasimhacharyulu and Pattabhi Ramacharyulu [5, 6]
Narsimhacharyulu [7] and Singh [8] etc. Studied the flow
employing Brinkman law [2] for the flow through highly
porous medium.

Earlier the flow of Newtonian fluid between two parallel
plates with porous lining is examined by V.Narsimhacharyulu
& VenkatRaman [9]. Earlier Narasimhacharyulu et.al[12]
studied flow of an incompressible viscous fluid through
straight circular tube with porous lining.

In the present study, the flow of an incompressible viscous
fluid is considered through a straight circular tube of infinite
length. The tube is coated with porous lining of thickness O .
The flow will be two layered one region is porous region other
region is clear region. Fluid flows through the tube in two
layers. The magnetic field is applied in both regions. Such
type of flows find applications in the inter-disciplinary fields
such as bio-medical engineering etc. the flow of the blood is
one such application. The blood may be represented as a
Newtonian fluid and the flow of the blood is two layered light
foot [3] and Shukla et al [10]. The effect of the coefficient of
the porous medium and the effect of the thickness of the
porous lining on the physical quantities at the fluid flow are
discussed.
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FORMULATION OF THE PROBLEM

The velocities of the fluid in the two regions is given by

[0, 0, w, (r)] in clear region, 0 <r <a

and [0, 0, w, (I/‘):| in porous region, a <r <b

Consider the flow of an incompressible viscous fluid through
a infinite straight circular tube of radius ‘b’. The inner region

of the tube is coated with porous lining of thickness o .
There exists two regions, one clear region of radius
r=b—0 =a and porous region of radius 0 =b—a. A
magnetic field is applied in the both regions perpendicular to
the flow of the fluid.

A cylindrical polar coordinate system (7, @, z) is taken

such that z is the axis of the tube, 7 radius of the tube, @ is

azimuthal angle. The velocity is independent of z and €
because of infinite length of the tube and symmetric of the
flow. Therefore velocity depends on '7" only.

21)

(2.2)

Where w_ velocity is in clear medium, w, is velocity in the porous medium.

The equation of continuity

V.V=0

is satisfied by the choice of velocity.

The constant pressure gradient acting in the clear region is assumed

flow in porous region.

v _

In the clear region q
r

v _

In the porous region q
r

The equation of motion in the two regions

op

oz

_ 2. .
0= +uVwio<r<a

O:IUVZWP—%W[,; a<r<b
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Together with the Boundary conditions

w, = finite at r =0 (2.8)
w,=w,atr=a (2.9)
ow 8wp

£ = atr=a (2.10)
or or
w,=0atr=>0 (2.11)

The equation of motion in the two regions will be

dzyﬂj+21¢fwz _ -(;_

M?*w
dr* rdr m ‘
d’w. 1dw
L A 2.12
ar’ r dr g (212
1o’y 1
Where M?* == O ot =M*+=
Y7, k
The velocities in the two regions will be given by
w, (r)= 41, (Mr)+ BK, (Mr)- G (2.13)
¢ 4m

w, (r) =41, (ar) +B,K, (ar)
Where 4, B,, A4,, B, are constants.

Applying boundary conditions we obtain velocity field,

in the clear zone w,

v, (7) G (@) aG {Ko(aa)lo (ba)-1I,(act) K, (ba)}

:E 201| K, (ba )1, (acr)+ K, (aa) 1, (bar)

N GaM | K (aM)1,(bM)- I (aM)K, (bM)J

(2.14)
2m | K,(bM)I(aM)+K (aM)I,(bM)
Velocity in the porous region w,
w, (r) =A4,1, (ra) +B,K, (ra)
w (r)= 2(;;: Ilio(ra)lo (ba)—1,(ra)K,(ba) 215
1| K, (aa)l,(ba)+ K, (ba)1,(acr)
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Flow rate in clear zone

0 = 27r]€ rw, dr
0

0 _ Grad' +G7ra3 K( a)l,(ba)-1I,(ac)K, (ba)}
© 8u  2ua| Ky(ba)l(aa)+ K, (ac)l,(ba)

L Gpa*M | K (aM)1,(bM)- I,(aM)K, (bM)J
2m LK (bM) 1, (aM) + K (aM)I,(bM)

Flow rate in porous region

b
0,= ZEIVWP dr

0 :G7Z'a2 1_é K, (ba)I (ba)+1
Powet | a|K(ba)(a )+K
Gra
- 1—
= e | aa{Ky (ber) Iy () + Ko (a J
(from Watson [11] page 80, we have IO(Z)k( )+1( ) z 25)
Deductions:

Case — i : Flow of the fluid in the absence of magnetic field is given by :
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Flow rate in clear zone

0 = 27[]1. rw, dr
0

QC:

(2.21)

T

Flow rate in porous region

b
o, =27z_[rwp dr
Jk 1

)y k([ ()l )]

(from Watson [11] page 80, we have 1, (Z)k1 (Z) + [1(Z)k0 (Z) = %)

(2.22)

Case — a : If the permeability is large.

Gla® -2 2 2
w,(r)= (a i )+ Ga’fy, a” Iog(éj
4u 2u 2k a

2 2 2
-4 G 1—(% 201+ L Iog(1+éj (2.23)
4u a 2k a

log (1+ éj (2.24)
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4 2
=G7m 142/ 2+ % Iog[1+éj (2.25)
8u k a
7G5 3 b zG 5 s 5 b
Qp —g|:(b —d )—361 Iog(;j}‘i‘soyk{(b —d )—5a |Og(;j}
B wha®

A R R A B

Case — b : If the permeability is very small.

(o))

€l 26

(2.27)
4u o7 cosh(a_ j
k

sinh (b ~ rj
3/2
w,(r)= 326a”*\k Jk (2.28)
r 67 u [a —bj
cosh
Jk
0. = Gra’ +£G7r k (2.29)
8u 67
3/2
0, =M ktanh( j bs ech(b a) (2.30)
67 Jk Jk
Case — ii : When Magnetic field is applied only on clear region

S

e e L Ll

=L

. GaM | K, (aM)1,(bM)- I,(aM)K, (bM)J
2m LK (bM) 1 (aM )+ K (aM)I,(bM)

(2.31)

Velocity in the porous region w,
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PEECTERENE

2 b b (232
U a a
K|—=|I,| =|+K,| = |I,| =
(el ol )
Flow rate in clear zone
0. = 27[_[er dr
0
b a b
K |21 I LK |~
e o] "L L) )
" 8m  2m bj[aJ [aJLbJ
K| =I|[| =||tK| = |[| =
"[JZ Wi W) "W).
L Gpa*NM | K, (@M1, (bM)- I,(aM)K, (bM) .
2m | K, (bM)I(aM)+K,(aM)1,(bM) |
Flow rate in porous region
b
0,= 27[Irwp dr
2
0, - Grak|, Jk 1 (2.34)
L )
"Wk )W) Wk )P\
(from Watson [11] page 80, we have /, (Z)kl(Z) +Il(z)k0 (Z) = %)
Case —iii : When magnetic field is applied only on porous region
wc(r):g(az—r2)+ aG | Ky(aa)ly(ba)—1I,(ac) K, (bex) 235
Au 20ut| Ky (b))l (aa)+ K, (ac)1,(ba)
W,,(’”)ZZGa K, (ra)l,(ba)-1,(ra)K,(ba) 23
au| K, (aa)l,(ba)+K,(ba)l,(ac)
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Flow rate in clear zone

0 = 27[]1. rw, dr
0

0 - Gra* Grd®| K,(aa)l,(ba)—1,(ax)K,(bx) a7
© 8u  2ua| K,(ba)l(aa)+K, (ac)l,(ba) '
Flow rate in porous region
b
Q,= 27Z'IFWP dr
Gra®|, b|K,(ba)l(ba)+1,(ba)K,(ba)
0 =274 112 (2.38)
" o a | K,(ba)l, (ac)+K, (ac)l,(ba)
0 = Gra® 1- 1 (2:39)
P ua® aa{K,(ba)l,(acr)+ K, (aa)1,(ba)} '
(from Watson [11] page 80, we have 1, (Z)k1 (Z) +1 (Z)ko (Z) = %)

RESULTS AND DISCUSSIONS

The flow of Newtonian fluid through a straight circular tube,
the inner side of which is having porous lining of the
thickness & is examined. The fluid flow becomes two layered
flow one in porous region and other in clear region. The
magnetic field is applied in both regions. Such type of flows
find applications in the inter-disciplinary fields such as bio-
medical engineering etc. This has analogy with blood flow
which is considered to be two layered.

From Fig.1 it is observed that as thickness of the porous lining
(8) increases the velocity (Wc) in the clear region is
increasing. Therefore the effect of the porous lining is to
increase the velocity of the fluid in clear region. The velocity

profile of (VI{) becomes more parabolic with increasing d.

From Fig.2, it is observed that as thickness of the porous
lining (8) increases the velocity (Wp) in the porous region is

increasing.

4210

From Fig.3, it is observed that as thickness of the porous
lining (8) increases, the flow rate in the clear region (Qc)is
increasing. Further it is observed that as permeability of the
porous lining increases flow rate in the clear region (QC) is
decreasing.

From Fig.4, it is observed that as thickness of the porous
lining (8) increases, the flow rate in the porous region Qp is
decreasing. Further it is observed that as permeability of the
porous lining increases flow rate in the porous region Qp is
decreasing. When the fluid is in clear region, and flows
towards porous region then velocity profile of (Wc)is

decreasing. Further it is observed that when the fluid is in
porous region and flows towards clear region then velocity

profile of Wp is increasing. Increase in magnetic parameter

effects the velocity in two regions. As magnetic parameter
increases the velocity of the fluid in both regions is increasing.
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Velocity Profile of w_ for different o

Figure 1

Velocity Profile of w, for different &
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Figure 2

Flow rate QC against thickness of porous lining &
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Flow rate Qp against thickness of porous lining &
2.0
1.8 A
1.6 A 5=0.05
- - ——-=-5=0.1
144 N e 5=0.2
1.2 —_
Q, 0T~
0.8 - e
0.6 - T -
0.4 3 i . o P -
0.2 - T e ¢ ecnn ¢ g s T
0.0 & T ! T & ) d 1 ¥ T T — —— —
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
= ;
Figure 4
REFERENCES [3] Light foot, E.N. 1974. Transport Phenomena in
[1] Beavers, S.G. and Joseph, D.D. 1967. Boundary living System, John-Wiley and Sons, New York,
i . 1974,
conditions at natural permeable wall, Jr. of fluid
mechanics, 30 : 197 - 207 [4] Musakat, M.1937, Flow of Homogeneous Fluid
[2] Brinkman, H.C.1947. The calculation of Viscons through Porou: medium Mc.Graw Hill, ‘Inc., New

force exerted by a flowing fluid on a dense swerf of
particles, Jr. of Applied Science Research, 27, Al : [5]
27 - 34.

4212

York, 1937.

Narasimhacharyulu, V and Pattabhi Ramacharyulu,
N.Ch., 1978, Steady flow through a porous region
contained between two cylinders, Journal of the
Indian Institute of Sciences, 60, No.2, 37 —42.



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 6 (2018) pp. 4203-4213
© Research India Publications. http://www.ripublication.com

[6] Narasimhacharyulu, V and Pattabhi Ramacharyulu,
N.Ch. 1978, Flow of a Viscous liquid in a porous
elliptic tube, Proc. Indian Acad, Sci, 87A, No.2, 79 —
83.

[7] Narasimhacharyulu, V. 1997, magneto Hydro flow
through a straight porous tube of an arbitary cross-
section, Indian Journal at Mathematics, 1997, Vol.39,
No.3, pp.267 — 274.

[8] Sing, AK, 2002, MHD Free Convective flow
through a porous medium between two vertical
parallel plates, Indian Journal of Pure and Applied
Physics, Vol 40 : 709 — 713.

[9] Saffman, P.G. 1971, On the boundary condition at
the surface of a porous medium, studies of Applied
Math. 50, 93 — 101.

[10] Shukla, J.B., Parihar, R.S. and Gupta, S.P. 1980,
Effects of Peripheral layer Viscosity on blood flow
through the artery with mild stenosis, Bulletin of
Mathematical Biology, 42 : 797 — 805.

[11] Watson, G.N. A Treatise on the Theory of Bessel
functions, Cambridge University Press, 1966.

[12] Narasimhacharyulu, V, Shivashanker, K, Flow of an
incompressible viscous fluid through straight circular
tube with porous lining, International Journal of
Mathematical Sciences, Technology and Humanities,
45(2012) 453-465.

4213



