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MHD Unsteady Flow of a Second Order Fluid Through Porous Region
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Abstract: The aim of the paper is to study non Newtonian fluid flow of second order flowing through porous medium
bounded by an impermeable infinite plate rotating with acceleration. We have studied all the special cases regarding the
effect of permeability of the medium and the micro rotation of the fluid above the infinite plate under the influence of
magnetic field. Various situations of the flow with Newtonian case are derived as special cases. Several investigations are
made at length. The effect of porous medium increase the flow of the fluid with a decrease in permeability K.

The presence of magnetic parameter decrease the flow pattern as its values increase. The effects of magnetic parameter
and permeability will decrease the boundary layer and the results of steady non Newtonian Fluid flow will also be

deduced as k — 0.
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1. INTRODUCTION

The study of flow through porous medium assumed
importance because of the interesting applications in the
diverse fields 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. The
lung alveolar is an example that finds application in an
animal body. The classical Darcy’s law Musakat [1, 2] states
that the pressure gradient pushes the fluid against the body
forces exerted by the medium which can be expressed as

3 = —(Ej V p with usual notation.
u

The classical Darcy’s law gives good result in the
situations where the flow is unidirectional or at low speed. In
general, specific discharge in the medium need not be always
low. As the specific discharge increase the convective forces
developed and the internal stress generates in the fluid due to
viscous nature and produces distortions in the velocity field.
Modifications in the classical Darcy’s law are considered by
Beavers and Joseph [3] Saffman [4] and others. A
generalized Darcy’s law is proposed by Brinkman [5].
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where S is the Stress Tensar of the fluid, p is the density,
v is velocity of the fluid, k is the permeability coefficient.

Yamamoto. and Iwamura [6], V. Narasimhacharyulu [7,
8], Narasimhacharyulu and Pattabi Ramacharyulu [9] and
Narasimhacharyulu and Sunder Ram [10, 11], and several
other investigators adopted the generalized law proposed by
Brinkman.

The visco elastic fluid of second order is one of the
popular models of non-Newtonian fluid. The Rivlin Erickson
constitutive equations for the fluid is given by

T =—PT + uA + o, A, + 0, A]

with
A = (V) +(V¥) (1.1)
4= %+(V?)T A +A (V)

A4, A; are called Rivilin Ericson tensors denoting the rate
of strain and the acceleration, p is the pressure, T is the
Cauchy stress Tensor, W, o |, 0, are the material constants

representing viscosity, lasticity, and cross viscosity, d_ are
t

the material derivatives. Fosdick and Raja Gopal [12]
discussed about the Rivlin Erickson tensors and a
comprehensive discussion of the material constants is
available in the work of Dunn and Rajagopal [13]. The signs
of the material moduli o ; and o, are the subject of
controversy. The experiments on the non-Newtonian fluids
do not confirm to the restrictions of o; and 0. Thus, it may
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be stated that the fluids that have been tested are not second
grade fluids and are characterized by different constitutive
structure. Second grade fluids are dilute polymeric solutions,
such as poly-iso-butylene, methyl-methacrylate in the n-
butyl acetate, poly ethylene oxide in water etc. Rajagopal
and Gupta [14] have studied the Thermo Dynamics in the
form of Dissipation Helmholtz Inequality, and conversely
accepted that the specific free energy should be minimum
inequilibrium. It is assumed from thermodynamic
consideration that =0, ¢, >0, ¢, + o, =0 . The Colemann

and Noll [15] derived the constitution equation (1.1) for
simple fluids assuming that the stress is more sensitive to the
recent deformation than to the deformation that occurred in
distant past.

A number of investigators Ting [16], Erdogen [17], Light
hill [18] Stuart [19] have studied the unsteady flow of second
order fluids. The behavior of visco elastic fluid in Laminar
flow through Porous Medium has been the subject of many
investigators including Pillitis and Beires [20], H. Pascal and
F. Pascal [21], Jones and Walters [22], Vafai and Kim [23]
etc. and V.A. Krysko et al. have discussed about the non
classical thermo elastic problems in non linear dynamics of
shells [24]. The published results related to the paper can be
found in their monograph.

An unsteady flow of visco elastic second order fluids
under the influence of magnetic field has many applications
such as Electro Magnetic Propulsions and the flow of
nuclear fuel slurries etc.

In the present problem, the unsteady flow of a visco
elastic second order fluid through porous medium past an
infinite plate is considered under the influence of magnetic
field. The effect of magnetic permeability and the
permeability of the porous medium both are examined
through the flow of the fluid. Different situations are
considered and deduced as special cases. The graphical
representation is given to illustrate the effect of the
parameters on the flow.

2. FORMULATION AND SOLUTION OF THE
PROBLEM:

The coordinate system is taken so that y-axis is
perpendicular to the plate and x-axis in the plane along the
direction of the fluid motion. The system containing the fluid
and porous medium is put into rotation by the impermeable
boundary infinite plate.

The equation of continuity is satisfied by (u (y, t), v (y, t),
0) velocity of the fluid.

div= v=0 (2.1
The velocity components are taken so that u and v
are the functions of y, ¢ only.
2

g—j+(v.V)V+2Qk xv=%Vp—(£+0ﬁf]V+(”a%jg—y¥ (2.2)
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u

a]
where oo =—,v ="

P

Let u(t) be the free stream velocity parallel to the plate.
The velocity components should be independent of x axis as
the plate is infinite. The velocity and other physical
quantities depend on y and ¢ only.

Ju 0\ou (v
5—2QM:(V+Q§)§—[Z+G[33)M (23)
Ju 9\dv (v
§+ZQVZ(V+(X§)§—[;+O'ﬁ3jV (24)

By writing V=u+iv
Rewriting the above equations into one equation we get

_ 2—
g—‘;+i2917=(v+a%)37‘;—m2\7

where
m’ =v(%+0ﬂ§) (2.5)

With the Boundary conditions
v(y,t)=0 forall y,t<0

V() =u(t)e” 20

,u=u, for y=0,t>0

where u(t) is a constant denoting uniform velocity of the
fluid.

By using suitable non-dimensional quantities the non-
dimensional equation of motion is given by

: 1Y)
azv_l zE+E+E &_OE_&
W2 2| l+se jor 42

2.7)

By applying Laplace transform

\@ﬁ=fmew 2.8)
where s is the parameter of Laplace. Transform with

v=0 forall y,r<0
(2.9)

V= at y=0,r>0

s—io
v— 0is finite as y > eand y— 0
The solution of V is given by
v=expliot—y(A+iB)]

2.10
v=e " sin(ct—yB) (2.10)

v=e" sin(ct—yB) (2.11)
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1 [,2 2
AZE' El +«ﬂ,2 +£1€2
1
:E'\M?-l_gi_ﬁlﬁz

_ 20’ -ES(2+0)
' 2(1+0%sY)
_EQ+o0)+20%0s
2 2(1+0'2s2)
o,
2

pv
3. SPECIAL CASES

(2.12)

and o® = +
k

The solution
Aty =0,t=0uand v are assumed zero.

The flow will be exponential type for t = oo, the velocity
v is zero for both Newtonian and non Newtonian cases and if
y is oo, total velocity Q, will be zero

Case-1: At t=0 and y = 0 the real velocity u = 0
and v = 0 i.e. initial velocity of the flow of the fluid is zero

u=e"cos(ot— yB)}

v=e"sin(ct—yB)

(2.13)

u and v are velocities in Horizontal and perpendicular to
the plane yx.

Aty =0u and v will be sinusoidal.

Given by (2.14)

u=cosot
v=sinot

Case-2: The case of non Newtonian fluid through porous
medium bounded by infinite and impermeable plate rotating
with angular velocity will become

v=exp|iot—y(A+iB)] (2.15)
with g2 _ 9PV

pu’
and

u=e" cos(ot—yB)
v=e"sin(ot-yB)

Where A=L.

2
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pu’
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Case-3: The flow of non Newtonian fluid through porous
medium not under the influence of magnetic field which is
rotating about y axis is obtained by replacing

The velocity components are given by

v=exp [iot—y(A+iB)] with a’=— (2.17)
where
u=e " cos(ot—yB)
v=e¢""sin(ct-yB)
1 2.2
A=—cx \JlT+05+ 00
1 277172
\/5 (2.18)
2,2
E +€ A K
\/_
2. -ES(2+0)
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- 2(1+0'252)
E(2+0)+2—s
zzzik
2(1+0'252)

Case-4: The flow of the non Newtonian fluid o = 0 i.e.
the flow is independent of magnetic field and the
permeability K is infinity i.e., there is no resistance from the
medium. In this case

V:exp[iO't—y(A+iB)] (2.19)

u=e " cos(ct—yB)
v=esin(ot-yB)
2.2
—= T+
f (2.20)
SN (RN

\/_
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There results are relating to the results obtained by
Komal Kumar and Varshney [25].

Case-5 : The flow of the Newtonian fluid when the plate is
not rotating and k is o i.e. the medium is clear in this case
the flow will be non Newtonian through clear medium under
magnetic field and without rotation.

a) If s = 0 the solution will coincide with the results
given by Thornely [26], and for the case of non
rotating infinite plate with magnetic field i.e. 6 = 0, k
= oo the results agree with Gupta [27].

b) Taking k—o0 and s = 0 we can deduce all the results
of Debnath and Mukerjee [28], Kishore [29].
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CONCLUSIONS

We have discussed the flow of non Newtonian fluid
through porous medium bounded by an impermeable infinite
rotating plane with magnetic field and all the results of
Newtonian fluids are derived as s = 0. The rotations of non
Newtonian fluid through porous medium under magnetic
field are also derived. The results of the flow of fluid in
Newtonian and non Newtonian cases are graphically
represented (Figs. 1-12). The observations are that the flow
of Newtonian Fluid and non Newtonian Fluids are same with
small difference of the flow pattern.
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The effect of porous medium increase the flow of the
fluid with a decrease in permeability K (Figs. 1,37, 9).

The presence of magnetic parameter decrease the flow
pattern its values increase (Figs. 2, 4, 8, 10). The effect of
magnetic parameter and permeability will decrease the
boundary layer the results of steady non Newtonian Fluid
flow will be deduced as k—0. Figs. (5, 11) shows the
variation of velocity for different Non Newtonian parameters
as the non Newtonian parameter is increasing the velocity is
decreasing. The variation of velocity for different time
periods is illustrated in (Figs. 6, 12) as the time t is
increasing the velocity is decreasing.

1

3.5
y
Fig. (1). Variation of velocity u with different permeabilities.
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Fig. (2). Variation of velocity u with different magnetic parameters.
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Fig. (3). Variation of Newtonian Velocity u with different permiabilities.
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Fig. (4). Variation of Newtonian Velocity u with different magnetic parameters.
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Fig. (6). Variation of Velocity u for different time periods.
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Fig. (7). Variation of Velocity v for different permeabilities.

0.15

0.1
0.05

> 0
-0.05
-0.1
-0.15

Fig. (8). Variation of Velocity v for different magnetic parameters.

Fig. (9). Variation of Newtonian Velocity v for different permeabilities.
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Fig. (10). Variation of Newtonian Velocity v for different magnetic parameters.
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Fig. (11). Variation of Velocity v for different Non-Newtonian parameters.
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Fig. (12). Variation of Velocity v for different time periods.

ACKNOWLEDGEMENTS

Declared none.

REFERENCES

[10]

[11]

[12]

Musakat M. Flow of Homogeneous fluid through porous medium.
New York: Mc. Graw Hill Inc. 1937.

Musakat M. Physical principles of oil production. New York: Mc.
Graw Hill Inc. 1949.

Beavers SG, Jospeh DD. Boundary conditions at natural permeable
wall, Int J Fluid Mechan1967; 30: 197-207.

Saff Man PG. On the boundary conditions at the surface of porous
medium. Stud Appl Maths 1970; 50: 93-101.

Brinkman HC. The calculation of viscous force exerted by a
flowing fluid on a dense Swerf of particles. J Appl Sci Res 1947;
27(A1): 27-34.

Yamamoto K, Iwamura N. Flow with convective acceleration
through a porous medium. J Eng Maths 1976; 10(1): 41-54.
Narasimhacharyulu V. Magneto Hydrodynamic flow through a
straight porous tube of arbitrary cross section. Ind J Math 1997; 39:
267-74.

Narasimhacharyulu V. Oscillatory flow of Newtonian fluid through
porous medium under magnetic field. Int J Eng Math Theor Appl
2007; 1: 1.

Narasimhacharyulu V, Pattabhi Ramacharyulu N Ch. Steady flow
through a porous region between two cylinders. J IISC 1978; 60(2):
37-42.

Narasimhacharyulu 'V, Sunder RM. Laminar flow of an
incompressible micro polar fluid between two parallel plates with
porous lining. Int J Appl Math Mech 2010; 6(14): 81-92.
Narasimhacharyulu V, Sunder RM. Steady flow of micro polar
fluid with heat transfer through porous medium. Int J Comput Appl
Math 2011; 6(1): 71-80.

Fosdick RL, Rajagopal KR. Anomalous features in the model of
second order fluid. Arch Rational Mech Anal 1979; 70: 145.

[16]

[17]

[18]

[19]

[20]

Dunn JE, Rajagopal KR. Fluids of differential type critical review
and dynamical analysis. Int J Eng Sci 1995; 33(5): 689-729.
Rajagopal KS, Gupta AS. An exact solution for the flow of a non-
Newtonian Fluid past an infinite porous plate. Mechanica 1984; 2:
58-60.

Coleman BD, Noll W. An approximation theorem for functionals
with applications in continuum mechanics. Arch Ration Mech
1960; 6(1): 355-70.

Ting TW. Certain non steady flows of second order fluids. Arch
Ration Mech 1963; 14: 1-26.

Erdogen ME. On un-steady motion of second order fluid over a
plane wall. Int J Nonlin Mech 2003; 38(7): 1045-51.

Light Hill MJ. The response of Laminar skin friction and heat
transfer to fluctuations in the stream velocity. Proc R Soc Lond Sr
A 1954;224: 1-23.

Stuart JT. Double boundary layers in oscillatory viscous flow.
Fluid Mech 1966; 24: 673-87.

Pillitis S, Beires AN. Calculations of steady state visco elastic flow
in a undulating tube. J Non-Newtonian Fluid Mech 1939; 31: 231-
7.

Pascal JP, Pascal H. Free convection in a non-Newtonian fluid
saturated porous medium with lateral mass flux. Int J Nonlin Mech
1997;32(3): 471-82.

Jones A, Walters K. Relation between coleman-No.11 Rivilin
Ericksen, Green-Rivlin and oldroyd Fluids. Zeitschrift fur
Angewandte Mathematic und onysik 1970; 21(404): 592-600.
Vafai A, Kim S. Boundary transfer for non Newtonian power law
fluids over two a imensional or axis symmetrical bodies. Ph.D.
dissertation, Univ. Teledo 1980.

Krysko VA, Krysko AV, Awrejcewicz J. Thermo dynamics of
plates and shells. Berlin: Springer Verlag, 2003.

Kumar K, Varshney CL. Viscous flow through a porous medium
past an oscillating plate in a rotating system. Ind J Pure Appl Math
1984; 15(9): 1014-9.

Thornely C. On strokes and Rayleign layers in a rotating system Q.
J Appl Math 1968; 21: 451.



38 The Open Applied Mathematics Journal, 2012, Volume 6 Charyulu and Ram

[27] Gupta AS. Ekmab layer on a porous plate. Phys Fluids 1972; 15(5): [29] Kishore N, Tejpal S, Tiwari S. Hydro dynamic flow pass an
930. accelerated porous plate in rotating system. Ind J Pure Appl Math
[28] Debnath L, Mukerjee S. Unsteady multiple boundary layers in a 1981; 12(1): I11.

porous plane in a rotating system. Phys Fluids 1973; 16(9): 1418.

Received: April 2,2012 Revised: June 25,2012 Accepted: July 11,2012

© Charyulu and Ram; Licensee Bentham Open.

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http: //creativecommons.org/licenses/by-
nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited.



