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Abstract

The aim of the present paper is the investigation of the unsteady unidirectional flow of
an incompressible generalized visco-elastic Oldroyd type fluid between porous conceniric
cylindrical duct under the action of a transverse magnetic field with time dependent body
Jorce. Here we have calculated the velocity profile of a fluid element of the problem
theoretically and graphically. From the analysis of this fluid motion, the dynamics of the

ordinary viscous fluid is also discussed.
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1. Introduction:

There are fluids which exhibit the elastic property of solids and viscous
property of fluids which are adequate in nature and relevant fluids generate
visco-elastic fluid mechanics .These type of fluids are also called non-
Newtonian fluids or visco-clastic fluid,the basic development of
hydrodynamic flow has been presented in the work of Lamb (1945) and
hydromagnetic problems have been considered by Cowling (1957), Carslaw

and Jaeger (1949) studied the basic problem of viscous motion between two
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_parallel plates under the action of initially applied body force. Das (1991)

studied hydromagnetic flow of viscous conducting fluid through a circular
cylinder. Sengupta and Roymahapatra (1971) s.tudied visco-elastic Maxwell
- fluid through rectangular channel with transient pressure gradient. The
hydromagnetic flow of two immiscible visco-elastic watler liquids between
two inclined parallel plates has been investigated by Chakraborty and
Sengupta (1991), Ghose and Sengupta (1993) studied the unsteady
hydromagnetic flow of two immiscible visco-elastic oldroyd fluids between
two parallel plates. In the present paper, we have considered the unsteady
MHD flow of a generalized visco-elastic fluid of Oldroyd type through a
porous medium in concentric cylindrical duct under time dependent body

force.

2. Mathematical Analysis
We consider the cylinders x'2 + y'? =a® and x? +y'? =b* (a>b) are
“the boundary walls and z' axis is the axis of cylinders, the direction of motion.

Let us consider w'(x',y',t") be the velocity of the fluid. Assuming the motion

to be slow and neglecting pressure gradient.
The equation of motion of a visco-elastic oldroyd fluid through

concentric cylindrical duct are given by

ot Shodh gy o

where A are the stress relaxation time parameters, u. the strain rate

retardation time parameters, v the kinematic coefficient of viscosity , k is the
permeability of the medium , Bo is the magnetic field perpendicular to the
direction of flow, @ is the electrical conductivity of the fluid and w'(x,y,?) is
the velocity component of the fluid in z-direction.

We now introduce the following non-dimensional transformations:
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2 2 2
w' =2W, t =a—t, a', =a—z1,., M =£—y,. and (x',)',z")=a(x, y,z).
a v v v

Using the above transformations, the equation (2.1) reduces to following non-

dimensional form:
(AR o2
-M’(HZA,%JW—?E(HZJ, -;;.—JW

The boundary conditions of the problem in non —dimensional form are

(2.2)

W=0 on the surface x* +y? =1 and (2.3)
W=0 on the surface x*+)? = b*/q? : (2.4)
3. Solution of the problem

We solved the problem in two cases.
Case I: 'When body force is of the form of transient in nature w.r.t, time 7.

We consider a transient body forces Fye™' is applied to the fluid and assume

the velocity of visco-elastic fluid of the form

W =v(x,y)e™®"', (3.1
The equation (2.2) with the help of (3.1) becomes
Or,

V4 plv==-N 3.2)
where

a2 @(1+f) _(1+ po)
B9t k) (1+aw) anc N_(l+aw)F°'

Now the boundary conditions reduced to

v =0 on the surface x*+y* =] ' (3.3)
and

v =0 on the surface x*+y* =b*/a*. ' (3.4)
We construct a transformation of the form s = xcos8 + ysiné and using in the

equation (3.2), we get
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d!
'ﬁ* plv=-N (3.5)
The boundary conditions are

y=0,when s=1 } (3.6)

v=0,when s=b/a

Solving equation (3.5) under the boundary condition (3.6) we get

. F, [l cosp(s—(a+b)/2a)] 5.)

“TM*+d'fk-o - cosP((a-b)/Za)

Thus the velocity of the fluid particle is given by

Ee™ [I cos ps -—(a+b)/2a)}

W= .
M +dlk-o| oS p((a—b)/Za)
We now consider the case where p is very small so that we approximate p as

cosp(a_b)=1_P2 ((151"1?)/’2a)2

(3.8)

2a 2!

and

3 Rt
cosp(fﬂ—s]=l—P ((a+b2)'/2a S)

Substituting these values in (3.8), we obtain

- 4aFy (1 + fo) (1+sKas=b)  -wi
s (1+aw) —{302 —Pz(a—b)z}e (3f9)

Cuase II: When body force is in the form of periodic in nature w.r.t. time /.
In this case, we assume that the body force F,e’is applied to the fluid and
consider the velocity of visco-elastic fluid is of the form

W =v(x,y)e’ (3.10)

where

j=-1.
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The equation (2.2) with the help of (3.10) becomes
Viv-plv=-N, (3.11)

where

2
| M2t jo |97IB2) _Re# - 44iBand N, = pi=)ee
k 1- jaw lmjaco

A solution of (3.11) with the boundary conditions (3.6) is

= £y _ cosh p, ((a+b)/2a—s) P
(M_2+a2/;'c+jw)|:| cosh p, ((a—b)/za) } | (3.12)

Hence the solution of (3.10) is

Fye™ [1 cosh p, ((a+b)/ Za-s):l

(M? +a*[k+ jo) ~ cosh p, ((a-b)/2a)

W=

=P2.ej‘“'"}[ | { mh(l"f)ACOS(s—é]Bﬂosh[s—EJAcos(l—:’?é)B }]

) [ cosh[a:b)A cos(giéJB |

siuh(l-—s)Asin(s—g]B+sinh[s—z—]Asin(l—S)Bl a(arg)

+ _
oosh[ﬁlb-]Awos(fj)B ;
a ) a J

Taking the real part only, we obtain purely viscous fluid which is given

below:
b
{ oosh(1- )Aoos[ —E)Bﬂ:sh[ —E)Accs(l—s)B } o

| I

sinh(1- s)Asm(s——)BHmh( = |Asin(1-5)
sin(w t—-¢) (3.13)

+
cosh( )A+cos( :
J
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where

R'=(M? +a’/k)2+w2and R*=4*+B?

A=(Mz-+a=/k](l+qﬁw‘)-—(a—ﬂ)a)’ , B-[I+q&o’)w+[ﬂf +a'[k)(a-p)o
' (l+q6af) | (1+df)

and ~

w

¢=tan” m

4. Numerical calculation and discussions

The numerical calculation of velocity profile W is performed for
various values of M in both the cases with taking 4, =a=0.05, 4 = £=0.025,
w=0,k=05,b=1, F,=1,a=2 and s=0.75.

In the first case i.e. when the body force is of the form transient in
nature, the velocity distribution in the equation (3.9) is solved numerically. In
Table-1 the value of Wx107 is given for several values of / and M and in
Figure-1 the values of W is plotted against ¢ for three values of M. It is seen
from both the table and the figure that velocity decreases continuously due to |

increase-of time and with increasing M the velocity decreases.
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Table-1 The values of Wx 107 for several values of ¢ and M with transient

body force.
wx107
M=0 M=5 M=10
0.0 | 0.0275 0.0163 | 0.0079
0.1 | 0.0101 0.0060 | 0.0027
0.2 | 0.0037 0.0022 | 0.0010
0.3 | 0.0014 0.0008 0.004
0.4 | 0.0005 0.0003 0.001
0.5 | 0.0002 0.0000 0.000
0.6 | 0.000 0.0000 0.000
0.7 | 0.000 0.0000 0.000
0.8 | 0.000 0.0000 0.000
0.9 { 0.000 0.0000 0.000
1.0 | 0.000 0.0000 0.000

p—y
|- 0o M=5 |

|
| —e—M=10]

A0 L
Figure-1 The velocity distribution ¥ against for several values of f and M

with transient body force.
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Now in the second case i.e. when the body force is of periodic in

nature, the velocity # in the equation (3.13) is solved numerically. In Table2
the value of Wx1072 is given for several values of + and M and in Figure2 the
values of W is presented against ¢ for two values of M. From Table2 and
Figure2 clearly shows that the velocity starts with a finite positive value and
becomes oscillatory type with increasing ¢ for both value of M. But, due to

increase in M the modulus of oscillation is reduced.

Table-2 The values of Wx 107 for several values of 7 and M with periodic

body force.
wx107
: M=0 M=4
0.0 6.044 3.547
0.1 8.095 3.210
0.2 2.710 -1.973
0.3 -5.165 -3.292
0.4 -8.209 3.841
0.5 -3.808 -0.475
0.6 4.179 2.571
0.7 8.326 3.687
0.8 4,820 1.016
0.9 -3.11Q, -2.588
1.0 -8.188 -3.815
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Figure-2 The velocity distribution W against for several values of f and M

with transient body force

5. Conclusions |
An investigation is made on unsteady unidirectional flow of an

incompressible generalized visco-elastic Oldroyd type fluid between porous
concentric cylindrical duct with transverse magnetic field and time dependent
body force. From the analysis it reveals that in case of transient body force the
velocity deceases with increasing time and magnetic field and on other hand,
in case of periodic body force though the velocity is oscillatory type, the

oscillation range decrease with increase in magnetic field.
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