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a b s t r a c t

The object of this paper is to investigate the solution of nonstationary motion of micropolar
fluid in the half-plane when the normal stresses and tangential velocities are given on the
boundary. The Laplace–Fourier transform technique is used to point out the solution by
quadratures. Numerical results of the physical quantities such as tangential and normal
velocities, pressure, microrotation, stresses and momentums are obtained and displayed
graphically. The problem could be met in the study of the vibrations of a memberance or
a plate contacting with the fluid.

� 2011 Elsevier Inc. All rights reserved.

1. Introduction

The theory of micropolar fluid was first proposed by Eringen [1]. Extensive review of the theory and applications which
considered the boundary condition of either a constant wall temperature or constant heat flux can be found in the review
article by Ariman et al. [2], Char and Chang [3], Pop et al. [4], Kim and Korea [5], Wang and Chen [6], Nazar et al. [7],
Siddshwar and Sri Krisha [8] and Cheng [9]. The two dimensional parallel shear flow of a linear micropolar fluid is analyzed
and compared with the colloid suspensions [10]. Solution of the fundamental Oseen problem for the 2-dimensional flow of
micropolar fluid is obtained in explicit form under a certain restriction on the physical parameters of the problem [11]. Ka-
mel [12] used a perturbation series to solve and analyzed the system of partial differential equations of the flow of a creeping
polar fluid between eccentric rotating cylinders. The problem of the two-dimensional flow of a nonstationary micropolar
fluid in the half plane for which the shear stresses are given on the boundary was solved by quadratures [13]. In [14], the
constructed causal fundamental solutions for the slow 2D flow of a micropolar fluid requires the factorization of a fourth
order P.d.O. into the quadratic operators. Dong [15] is concerned with the existence and regularity of the global attractors
of 2D micropolar fluid flows in some unbounded domains. Lok et al. [16] investigated steady two-dimensional periodic mo-
tion of a micropolar fluid near an infinite array of moving walls. Chernous and El-Sirafy [17] solved the boundary value prob-
lem of slow two-dimensional nonstationary motion of viscous incompressible fluid in the half-plane for which the normal
stresses and tangential velocities are given on the boundary.

In the present paper, an attempt is made to generalize the results of Chernous and El-Sirafy to the class of the micropolar
fluids for the given normal stresses and tangential velocities on the boundary. The normal derivatives of microrotation
vanish on the boundary. Also, we consider the initial velocities and the initial microrotation are zero. The Laplace–Fourier
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transforms technique is used to point out the solution by quadratures. Numerical results of tangential and normal velocities,
pressure, microrotation, stresses and momentums are obtained and displayed graphically, This problem could be met in the
study of the vibrations of a membrance or plane contacting with the micropolar fluid.

2. Mathematical analysis

The linearized equations of motion of an incompressible micropolar fluid in the absence of both external forces and body
couples [1] are

$:~q ¼ 0;
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We consider the case of two-dimensional unsteady motion of a micropolar incompressible fluid in the half-plane
(�1 < x <1, y > 0jt > 0). In this case

~q ¼ ðu; v;0Þ; ~m ¼ ð0; 0; mÞ:

The system (1) is reduced to
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where z = x + iy and w = u + iv.
Now we need to solve the system (2) subject to the boundary conditions

uðx;0; tÞ ¼ Uðx; tÞ; ð3Þ
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wðx;1; tÞ ¼ mðx;1; tÞ ¼ 0 ð6Þ

Nomenclature

H(x, t) normal stress on the boundary
H(t) Heaviside function
Ko(z) Macdonald function of zero order of the argument z
mxx, myy, mzz, mxy, myx, mxz, mzx, myz, mzy momentums
P pressure
~q velocity vector
t time
u(x,y, t), v(x,y, t) tangential and normal components of the velocity
U(x, t) normal velocity on the boundary
x and y dimensional components,
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stresses

a, b, c, l, k, J viscosity coefficients
~m microrotation vector
q fluid density

I.H. El-Sirafy, S.M. Abo-Dahab / Applied Mathematical Modelling 36 (2012) 1034–1045 1035



Download English Version:

https://daneshyari.com/en/article/1704574

Download Persian Version:

https://daneshyari.com/article/1704574

Daneshyari.com

https://daneshyari.com/en/article/1704574
https://daneshyari.com/article/1704574
https://daneshyari.com

