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Abstract We study theoretically the boundary layer flow of an incompressible micropolar fluid
under uniform magnetic field and motion takes place due to the buoyancy force between vertical
walls. The governing unsteady boundary layer momentum, angular momentum and energy
equations of micropolar fluid are nondimensionalized and solved numerically. Analytic result for
steady state case is also discussed. The effects of magnetic parameter (M), vortex viscosity

parameter (R), Prandtl number (Pr) and material parameter (b) on velocity, micro-rotation and
Temperature profiles are discussed through several figures.

© 2015 Faculty of Engineering, Ain Shams University. Production and hosting by Elsevier B.V. Thisis an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Recently, the study of micropolar fluid has attracted many
scholars as Navier—Stokes equations of Newtonian fluids
cannot effectively describe the characteristics of fluid with
suspended particles. Erigen [1] first introduced the theory of
micropolar fluid and this theory is useful in explaining
the characteristics of certain fluids such as liquid crystals,
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suspensions and animal blood. Chamkha [2] and Abdulaziz
[3], studied the fully developed free convection of a micro-
polar fluid in vertical channel. Si [4] and Bég [5] have studied
homotopy analysis solution for micropolar fluid flow through
a porous medium. Rashidi [6], has studied Heat Convection in
Magnetized Micropolar Fluid by Using Modified Differential
Transform Method. Sadri [7] has discussed about Semi
Analytical Solution of Boundary-Layer Flow of a Micropolar
Fluid through a Porous Channel. Siddangoudaa [§] studied
Squeezing Film Characteristics for Micropolar Fluid between
Porous Parallel Stepped Plates.

Convection flow arises in many physical situations such as
in the cooling of nuclear reactors and environmental heat
transfer processes amongst others. It is of three types namely
free, mixed and force. Amongst them, the problems of
magneto hydrodynamic free convective flow in a porous med-
ium have drawn considerable attentions of several researchers
in various scientific and technological applications such as
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2
Nomenclature
b material parameter
g acceleration due to gravity
L distance between two vertical walls
m temperature ratio
M magnetic parameter
Pr Prandtl number
R vortex viscosity parameter

time in non-dimensional form

time

temperature of the wall at )/ = L
temperature of the wall at ' =0
initial temperature of the fluid

fluid velocity in non-dimensional form
velocity of fluid

ST

]

s =

y dimensionless co-ordinate perpendicular to the
walls

y' co-ordinate perpendicular of the walls

w dimensionless angular velocity

j micro-inertia density

K vortex viscosity

u dynamic viscosity

Greek symbols
0 temperature of the fluid in non-dimensional form
v kinematic viscosity of the fluid

pumps, flow meters, generators, accelerators, plasma jet
engines, and magnetic control of molten iron flow in steel
industry and industrial processes in metallurgy and material
processing, in chemical industry, industrial power engineering
and nuclear engineering. Special mention can be made, for
instance, to the experiments on liquid metal flows in MHD
channels performed by Hartmann [9]. Rashidi [10] has studied
Unsteady Two-Dimensional and Axisymmetric Squeezing
flows between Parallel Plates. Siddiqui [11] considered Homot-
opy Analysis Method to the Unsteady Squeezing Flow
between Circular Plates. Singh [12] discussed on MHD Free
Convective Flow Past a Semi-infinite Vertical Permeable wall.
Hamad [13], Uddin [14] and Khan [15] have studied MHD nat-
ural convection flow on a nanofluid in different physical con-
ditions then Khan [16] obtained the solution of unsteady
two-dimensional and axisymmetric squeezing flow between
parallel plates. Kataria [17] has studied induced magnetic field
effects on mixed convection. Narayana [18], Oahimire [19],
Olajuwon [20] and Prakash [21] have studied effect of hall
current and radiation on MHD flow of a micropolar fluid.
Mahmoud [22] has obtained the solution of MHD flow of a
micropolar fluid over a stretching surface with heat generation
and slip velocity. Bég [23] has studied nanofluid convection
boundary layers from an isothermal spherical body in a
permeable regime. Freidoonimehr [24] and Vendabai [25] have
studied free convective MHD flow past a permeable stretching
vertical surface in a nano-fluid then Borrelli [26] obtained the
solution of Magneto convection of a micropolar fluid in a
vertical channel.

In most of the research works, case of asymmetric or sym-
metric thermal condition is studied in the absence of magnetic
field. In this paper, we have analysed effect of magnetic field on
unsteady natural convective flow and micro rotation between
infinitely long vertical walls for asymmetric/symmetric wall
temperatures.

2. Basic equations and description of the problem

Consider the unsteady free-convective flow of an electric con-
ductive micro-polar fluid between two insulated vertical walls
separated by a distance L apart subjected to a uniform trans-
verse magnetic field. The coordinate system is chosen such that

x" measures the distance along the walls and )’ measures the
distance normal to it. Initially, the temperatures of walls and
the fluid are same says T/ When time ¢ > 0, the temperature
of the walls at yy =0 and ) = L is instantaneously raised
and lowered to 7}, and T, respectively such that 7}, > T'. which
is there after maintained constant. A constant uniformly dis-
tributed transverse magnetic field of strength B, is applied in
the j’-direction. Physical model and coordinate system are
shown below:

' !

——
 —

>0 T =T, T; T =T,
e

B,
v

y’ =0 T T T

 ——_—

The transversely applied magneticy field and magnetic
Reynolds number are very small and hence the induce
magnetic field is negligible. No electrical field is assumed to
exist and both viscous and magnetic dissipations are neglected.
The hall effects, the viscous dissipation and the joule heating
terms are also neglected. Under above assumptions and taking
into account the Boussinesq and boundary layer approxima-
tions, momentum, angular momentum and energy equations
of micropolar fluid can be expressed as follows:
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