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ABSTRACT

The numerical studies are performed to examine the Micropolar fluid flow past an
infinite vertical plate. Finite difference technique is used as a tool for the numerical
approach. The micropolar fluid behaviour on two- dimensional unsteady flow have been
considered and its nonsimilar solution have been obtained. Nonsimilar equations of the
corresponding momentum, angular momentum and continuity equations are derived by

employing the usual transformation. The dimensionless nonsimilar equations for
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momentum, angular momentum and continuity equations are solved numerically by finite
difference technique. The effects on the velocity, micro rotation and the spin gradient
viscosity of the various important parameters entering into the problem separately are
discussed with the help of graphs.

method, Vertical Plate.

Introduction

Because of the increasing importance of materials flow
in industrial processing and elsewhere and the fact shear
behavior cannot be characterized by Newtonian relationships,
a new stage in the evaluation of fluid dynamic theory is in the
progress. Eringen(1966) proposed a theory of molecular fluids
taking into account the internal characteristics of the
subtractive particles, which are allowed to undergo rotation.
Physically, the micropolar fluid can consists of a suspension
of small, rigid cylindrical elements such as large dumbbell-
shaped molecules. The theory of micropolar fluids is
generating a very much increased interest and many classical
flows are being re-examined to determine the effects of the
fluid microstructure. The concept of micropolar fluid deals
with a class of fluids which exhibit certain microscopic effects
arising from the local structure and micromotions of the fluids
elements. These fluid contain dilute suspension of rigid
macromolecules with individual motions that support stress
and body moments and are influenced by spin inertia.
Micropolar fluids are those which contain micro-constituents
that can undergo rotation, the presence of which can affect the
hydrodynamics of the flow so that it can be distinctly non-
Newtonian. It has many practical applications, for example
analyzing the behavior of exotic lubricants, the flow of
colloidal suspensions, polymetric fluids, liquid crystals,
additive suspensions, human and animal blood, turbulent shear
flow and so forth.

Peddision and McNitt(1970) derived boundary layer
theory for micropolar fluid which is important in a number of
technical process and applied this equations to the problems of
steady stagnation point flow, steady flow past a semi-infinite
flat plate. [1] Eringen (1972) developed the theory of thermo
micropolar fluids by extending the theory of micropolar fluids.
The above mentioned work they have extended the work of
El-Arabawy (2003) to a MHD flow taking into account the
effect of free convection and micro rotation inertia term which
has been neglected by El-Arabawy (2003) [3] . However, most
of the previous works assume that the plate is at rest.
Free-convection flow with thermal radiation and mass transfer
past a moving vertical porous plate have analyzed by
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Makinde, O. D [9]. Unsteady MHD free convection flow of a
compressible fluid past a moving vertical plate in the presence
of radioactive heat transfer have been  discussed by
Mbeledogu, I. U, Amakiri, A.R.C and Ogulu, A, [10].
Numerical Study on MHD free convection and mass transfer
flow past a vertical flat plate has been discussed by S. F.
Ahmmed [11].

In our present work, we have studied about numerical
study on Numerical study on micropolar fluid flow through
vertical plate. The governing equations for the unsteady case
are also studied. Then these governing equations are
transformed into dimensionless momentum, energy and
concentration equations are solved numerically by using
explicit finite difference technique with the help of a computer
programming language Compaq visual FORTRAN 6.6. The
obtained results of this problem have been discussed for the
different values of well-known parameters with different time
steps. The tecplot-9 is used to draw graph of the flow.
Numerical Solutions

Most of these problems can be formulated as second
order partial differential equations. A system of non-linear
coupled partial differential equations with the boundary
conditions is very difficult to solve analytically. For obtaining
the solution of such problems we adopt advanced numerical
methods. The governing equations of our problem contain a
system of partial differential equations which are transformed
by usual transformations into a non-dimensional system of
non-linear coupled partial differential equations with initial
and boundary conditions. Hence the solution of the problem
would be based on advanced numerical methods. The finite
difference Method will be used for solving our obtained non-
similar coupled partial differential equations.From the concept
of the above discussion, for simplicity the explicit finite
difference method has been used to solve from equations (5)
to (7) subject to the conditions given by (8).To obtain the
difference equations the region of the flow is divided into a
grid or mesh of lines parallel to X and Y axis is taken along
the plate and Y-axis is normal to the plate.Here the height

(=20 je. X varies from 0 to 20 and regard Y (=50) as
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corresponding to Y = je v varies from 0 to 50. There
are m=100 and n=200 grid spacing in the X and Y directions
respectively.

It is assumed that AX and AY are constant mesh sizes along X
and Y directions respectively and taken as follows,

AX =0.20(0< x < 20)

AY =0.25(0<x< 50)

with the smaller time-step, At=0.005.
Mathematical Formulation

Let us consider the micropolar fluid flow through vertical
plate. We also consider the x-axis be directed upward along
the plate and y-axis normal to the plate. Again let u and v be
the velocity components along the x-axis and y -axis
respectively
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The boundary conditions for the problem are:

7<0, u=0, V:VO, I'=0 at every where

u=0, v=0, T=0 4y=0 (4)
T2 ’ uzou V:01 onatyzo
u=0, v=0, T'=0,4Y—>®

It is required to make the given equations dimensionless.
For this intention we introduce the following dimensionless
quantities

Finally, we obtain

ML N (5)
oX oY

2
YooY s A)aU s (6)
o X oY ov: oY
L. S A R T
or X oY A\ oY

The corresponding boundary conditions for the problem
are reduced in the following from

TSO, U=0, V=0 F‘—O, every where
U=0, V=0, I'=0 4x=0

120 qU=0 V=0 F=0 4y @ (8)
U=0, V=0 T=0

R. Ahmed et al./ Elixir Mech. Engg. 92 (2016) 39065-39069

Now using the finite difference method we convert our
governing equations in the following form

Uij — l:Ti—L]' N Vij ~ Vij-s _ 0 ©)
AX AT
Ui_j - Ui_]' Ui_j - LTi—Lj "'Fi_j - vi.]'—i _ (10)
At T AY WAy T
1) Uijes — 2Ui_j"+ ui.]'—1+ ﬂl‘ i+~ Ui
(aY)? AY
G-y U i =Ty o D =Ty (1)
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And the initial and boundary conditions with the finite
difference scheme are
LT|] = L'I,‘.F,] = U, ].T;] = U (12)
Upj = 0.V = D’rb.j =0

Here the subscripts I and ! designate the grid points

with X and y coordinates respectively.
Results and Discussion

The effects of unsteady micropolar fluid behavior on
vertical plate have been investigated using the finite difference
technique. To study the physical situation of this problem, we
have computed the numerical values by finite different
technique of velocity and micrirotation at the plate. It can be
seen that the solutions are affected by the parameters, namely
Microrotation parameterA, Spin gradient viscosity parameter
A and the vortex viscosity parameter A. The main goal of the
computation is to obtain the steady state solutions for the non-
dimensional velocity U and microrotation I' for different
values of Microrotation parameter A, Spin gradient viscosity
parameter A and the vortex viscosity parameter A. For this
computations the results have been calculated and presented
graphically up to dimensionless time t = 80. the results of the
computations show little changes for t = 10 to t = 60. But
while arising at t = 70 and 80 the results remain
approximately same. Thus the solution for © = 80 are
essentially steady-state solutions. Along with the steady state
solutions for transient values of U and I' are shown in
Figures(figs. 41-fig.16), for time t = 10, 20, 30, 40, 50, 60, 70,
80 respectively. The values of parameter Vortex Viscosity (A
= 0.01) is fixed. Figures (Figs.1-.8) show the velocity profile
for different values of Microrotation parameter A at time t =
10, 20, 30, 40, 50, 60, 70, 80 respectively. From this figures it
is observed that the wvelocity profile decreases with the
increase of microrotation parameter A in all time intervals.
Another important effects of micro rotations are shown in
Figures (Figs.9-16) for different values of Spin Gradient
parameter A at time t = 10, 20, 30, 40, 50, 60, 70, 80
respectively. It is seen from this figures that the microrotaion
decreases with the increase of Spin Gradient parameter A and
is closes to the vertical wall with the increase of time.
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Fig 1. Velocity Profile for different values of
Microrotation parameter and A=0.01 at time 7 =10
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Fig 10. Microrotation Profile for different values of Spin
Gradient parameter and A=0.01 at time 7 = 20
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Fig 11. Microrotation Profile for different values of Spin
Gradient parameter and A=0.01 at time 7 = 30.
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Fig 12. Microrotation Profile for different values of Spin

Gradient parameter and A=0.01 at time 7 = 40
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Fig 13. Microrotation Profile for different values of Spin
Gradient parameter and A=0.01 at time 7 = 50
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Fig 14. Microrotation Profile for different values of Spin
Gradient parameter and A=0.01 at time =60
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Fig 15. Microrotation Profile for different values of Spin
Gradient parameter and A=0.01 at time 7 = 70
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Fig 16. Microrotation Profile for different values of Spin

Gradient parameter and A=0.01 at time =80
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