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Abstract
This paper is concerned with the steady flow of a micropolar fluid past an infinite flat

plate subjected to uniform suction.
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1. Introduction

Theory of micropolar fluids was introduced by Eringen[1] in order to
explain the properties of polymeric fluids, fluids with certain additives and
animal bloods, milk etc. for which the classical Navier-Stokes’ theory seems to
be inadequate. In addition to their usual motion, fluid particles of these type of

fluids possess the ability to rotate about the centroid of the volume element in

an average sense described by the skew-symmetric gyration tensor o .

Hoyl and Fabula {2] investigated the flow of fluids containing extremely
gmall amount of polymeric additives and found that the skin-friction near a
rigid body in such fluids are lower than the same without the additive. Several
basic flows such as plane shear flow, flow between two rotating cylinders anc
surface waves in a micropolar liquid was studied by Wilison [3]. He [4] furthe:
studied the stability of a layer of micropolar liquid flowing down an inclinex

plane. Again, boundary layer flows in micropolar liquids was discussed by the
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same author [5] with special reference to flow near a stagnation point.
Sengupta and Ghosh [6] investigated asymptotic suction problem in unsteady
flow of micropolar liquids. Gupta and Gupta [7] discussed the problem of
steady flow of micropolar liquids. In the present paper an attempt has been
made to study the problem of steady flow of micripolar fluid past an infinite
flat plate subjected to uniform suction. In solving the problem the physical
quantities have been made non-dimensional. Solutions for velocity field and
micro-rotation field are found out both analytically and numerically. Numerical

results are presented by means of graphs.

2. Field Equations of a Micropolar Fluid
In the absence of external body forces and body couples the equations for

steady motion of a micropolar fluid can be written as '

(/’L+2y+z)VV-I_;—(y+z)VxVxI—/’-i-x(Vx;)-Vp:p[-;-V(Vz)—-;x (VxF)J (1)

@+ B+7IVV.G- W xVxa+ g (VxP)-275 = pitF Vo '0)

=
where V,o respectively are velocity and micro-rotation vectors and D is the

scalar pressure. The constant ; is the gyration parameter, p is the density while

a, B, ¥, 1, %, A are material constants.

Assuming that the fluid is incompressible and homogeneous with constant

V-V=0 )
Considering the velocity field as '
Vi [u(x’y)’ V(x, y)’O]’ g [0505 O'(x, y)]
and introducing from [5]
Etx=pp, p‘-“pP, z:kp’ 7___Gz

the equations of motion (1) and (2) and the equation of continuity (3) become
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WDy, 2 OF GO0, By, B0 @)
& oy o e o) oy
2 2
S o _oP .?_; o _, 00 (5)
o oy oy \ax? ot  ox
do dc d’c dc ov ou
J{u—éx—ﬁ-v-é-y——Jz k[G[—a;i—+ % J—20'+5x———a;] (6)
ou Ov
e —p .
6x+6y (7)

3. Formulation of the Problem

Let us consider that a micropolar fluid is flowing, with a uniform velocity
up parallel to x-axis, along an infinite flat plate at zero incidence. We assume
that the plate coincides with y=0 where y-axis
is taken perpendicular to the plate.

For a fluid flowing with uniform velocity w#, parallel to x-axis we have
u=u(y) and therefore equation of continuity (7) gives v = constant = -V,(say)
where V,(>0) is the uniform suction velocity.

Then equations (4) and (6) give

Ou ’u |, o
v, 2 PR 8
5 yay2+ 5 3
do 8o du
12 ol L 2t 9
4 oy dy ? BJ’] ©

whereas equation (5) shows that P = constant everywhere in the flow.
Introducing non-dimensional variables

W ymp=29,  am=29%

) Uy
we get from (8) and (9)
o'U eU (10)
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2
R,gQ—-+R2-Z—?-—2sR3Q-—s—gg-= - (11)
n op 7
where
2 2
_Mh R =Y. =B R =
o ¥ ¥ Vs

The boundary conditions are

U=0, Q=0 when 7=0(12)
U=1, Q=90 when  7—ec (13)

4. Solution of the Problem
Integrating (10) with respect to 1| and using the boundary condition (13) we

get
19U U 1 g
o T 1
s0n s +s (4
With the help of (14) equation (11) becomes
3
&oU (flqu +3J99—2R U+2R,=0  (15)
s on® on

Assuming a solution U( 7) proportional to e™” of the homogeneous part
of (15) we observe that

m has to satisfy the cubic equation

i m® o+~ (R +R, )m* + [—S——ZR +s)m 2R, =0 (16)

By Decartes’ rule of sign it follows that ( 16) has atmost one positive root,
since Ry, Rs, Rs, s
are all real and positive ( considering %—ZR3 +5> 0 ). Again, since all the
coefficients of (16) are real, it has at least one real root, Now if my, my, m; be

il 0. Therefore, taking m; - o there

2

the roots of (16), then m oy my=

arises two possibilities : either (i) m<o, mecg or (i1) my, m; are complex.
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But the second possibility leads to the conclusion that the velocity U(7) is
periodic which contradicts the assumption of this problem. Therefore we reject
the second possibility. On the other hand the first possibility is reasonable from
the physical point of view and in this case (i.c., when m <0, ma<Q ,m3>0 )
the solution of (15) becomes

Uinm=C,e™ + C,e™" a7
Here we have rejected the root m3 since it leads to infinite value of velocity
when 77—, _
Now, using the boundary condition (12) (i.e., U(0) = 0) we get

C=-C)-1.

Then equation (17) reduces to
Um=Cy(e™ —e™")— ™ +1 ' (18)
Substituting (18) in (14) we obtain

Q) = l[(1 +m,)e™ — Cy(me™ +e™ —m,e™" —e™" )] (19
s

Now, using the boundary condition (12) ( i.e., {2(0) = 0 ) we calculate C; from
(19) as

1+m,

C =

ny - m,

Therefore from (18) and (19) the velocity U(77) and the micro-rotation Q(7;) are

respectively obtained as
U®m) = 32 (emn 4 gmn ) gmin 41 - @0)
I T
and
Q) = (1+m,)(1+m2)(e,,,2,, —e"'"’) @1)
s{m, —m,)

The solutions (20) and (21) are valid when all the roots of (16) are real, which
is possible only when A< 0 where A is the discriminent of the cubic equation

(16).
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We now calculate U(7) and Q(r;)_numcrically for different values of 7

when the parameters R, R», R; and s satisfy the condition A< 0.

5. Numerical Results

The numerical results of U and ( are exhibited in the following table

s=2,00 m;=-1.55 m=-2.55
i U Q
0.4 0.36451 -0.7559x 10"
0.8 0.62297 -0.6792x 107!
1.2 0.78449 -0.4637x 10
1.6 0.87950 -0.2849x 10!
2.0 0.93353 -0.1660x 10"
2.4 0.96365 -0.0939x 107!
2.8 0.98023 -0.0522x 10~
3.2 0.98929 -0.0287x 107!
3.6 0.99421 -0.0154% 107!
4.0 0.99687 -0,0085x 107!
4.4 0.99831 -0.0046 x 10~
48 0.99909 -0.0025x 1071
52 0.99951 : -0.0013x 10"
so}
o 4

! jos

PRl

L oss o ‘

) 0.0 Ty 2 2o 28 @ e e vz

“‘-—-h-—-—_”-—
.3, BraPu DF ERUATION (20D,

¥

00T EF 5F " _zo 28 36 a4 T B=2

© FIE.2. BraPs oF cavaTion (21),
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6. Discussion

Tt is clear from the table and the grapbs that U( 77) increases as 77 increases
and tends to unity and the micro-rotation vector Q7)) are negative everywhere
which implies that the sense of rotation of Q(7) is opposite to that of the
vorticity of the basic flow. It is also found from the figure 2 that |©(7)|

decreases as 7) increases. Therefore we may conclude that the micro-structure
of the fluid exerts a significant influence on the steady flow.
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