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a b s t r a c t

An exact solution for the three-dimensional flow due to non-coaxial rotation of a porous disk and a

second grade fluid at infinity is obtained. It is shown that for uniform suction or uniform blowing at the

disk, an asymptotic profile exists for the velocity distribution. The velocity depends on two parameters:

one of them is the suction parameter or blowing parameter and the other is the visco-elastic parameter.

Furthermore, it is found that when the value of the visco-elastic parameter is fixed, the velocity

decreases with an increase in the value of the suction parameter and when the value of the suction

parameter is fixed, the velocity increases with an increase in the value of the visco-elastic parameter.

& 2011 Elsevier Ltd. All rights reserved.

1. Introduction

An exact solution for the flow of an incompressible second
grade fluid due to non-coaxial rotation of a porous disk in an
infinite region is obtained. Obtaining an exact solution for a flow
of a second grade fluid is very important, because the governing
equation of a second grade fluid has two non-linear terms: one of
them is due to the inertia term and the other is due to visco-
elastic term. Exact solutions provide a standard for checking the
accuracies of many approximate methods such as numerical or
empirical. The accuracy of the results can be established by a
comparison with an exact solution. The flow over boundaries of
porous materials has many applications in practice such as
boundary layer control.

The problem considered in this paper is an extension of the
flow of a viscous fluid due to non-coaxial rotation of a porous disk
and a fluid at infinity to that of a second grade fluid. It is well
known that the governing equation of a second grade fluid is a
third order partial differential equation. The no-slip condition
provides two conditions, then, one needs an additional condition.
It is shown that in the problem considered in this paper due to the
extension of the flow region to infinity, no-slip condition is
sufficient.

The steady flow in an infinite region due to non-coaxial
rotation of a porous disk has been investigated by many authors.
Flow due to eccentrically rotating porous disk and a fluid at

infinity was studied in [1], assuming that the porous disk and the
fluid at infinity are rotating with the same angular velocity. Flow
due to eccentric rotation of a porous disk and a fluid at infinity,
but with different angular velocity, has been investigated in [2].
The MHD flow and heat transfer due to eccentric rotation of a
porous disk and a fluid at infinity was studied in [3]. An unsteady
flow due to eccentrically rotating porous disk and a fluid at
infinity in the case of the porous disk executing non-torsional
oscillations in its own plane was studied in [4]. The MHD flow due
to non-coaxial rotation of a porous disk and a fourth grade fluid at
infinity has been investigated in [5]. The flow induced by non-
coaxial rotation of a porous disk executing non-torsional oscilla-
tions and a fluid of second grade at infinity was studied in [6].

In this paper, the three-dimensional flow of a second grade
fluid is studied. It is shown that for uniform suction or uniform
blowing at the disk, an asymptotic profile exists for the velocity
distribution. The velocity depends on two parameters; one of
them is the suction or blowing parameter and the other is the
visco-elastic parameter. For the large values of the suction
parameter, the velocity changes appreciably near the porous
plate. However, the velocity increases with increase in the value
of the visco-elastic parameter.

2. Basic equations

The equation of motion for a fluid in the absence of the body
forces is

rDu

Dt
¼rUr ð1Þ

Contents lists available at ScienceDirect

journal homepage: www.elsevier.com/locate/nlm

International Journal of Non-Linear Mechanics

0020-7462/$ - see front matter & 2011 Elsevier Ltd. All rights reserved.

doi:10.1016/j.ijnonlinmec.2011.04.013

n Corresponding author. Tel.: þ90 212 243 47 71; fax: þ90 212 245 07 95.

E-mail address: imrak@itu.edu.tr (C.E. _Imrak).

International Journal of Non-Linear Mechanics 46 (2011) 986–989

www.elsevier.com/locate/nlm
dx.doi.org/10.1016/j.ijnonlinmec.2011.04.013
mailto:imrak@itu.edu.tr
mailto:imrak@itu.edu.tr
dx.doi.org/10.1016/j.ijnonlinmec.2011.04.013



