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UNSTEADY FLOW OF A CONDUCTING DUSTY FLUID
BETWEEN TWO PARALLEL PLATES STARTED
IMPULSIVELY FROM REST
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Abstract. The unsteady laminar flow of an electrically conducting viscous incom-
pressible fluid between two infinitely extended non-conducting parallel plates under the
influence of a uniform magnetic field has been considered. The lower and upper plates are
started impulsively from rest and thereafter move with different but uniform velocities.
The velocity profiles for conducting fluid and non-conducting dust particles have been
determined. The expression for discharge per unit breadth of the plate and skin-friction
at lower plate are obtained. Finally the effect of strength of magnetic field on velocity
profiles at fixed time has been discussed.
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1. Introduction. The influence of dust particles on viscous flows
has great importance in petroleum industry and in the purification of crude
oil. Other important applications of dust particles in boundary layer, in-
clude soil erosion by natural winds and dust entrainment in a cloud during
nuclear explosion. Also such flows occur in a wide range of areas of tech-
nical importance like fluidization, flow in rocket tubes, combustion, paint
spraying and more recently blood flows in capillaries.

The flow of a viscous, incompressible and electrically conducting fluid
in presence of an external magnetic field due to the impulsive motion of an
infinite flate plate has been discussed by Rossow [13]. ONG and NICHOLLS
[10] have extend the problem to cover the case of flow near an infinite wall
which executes simple harmonic motion parallel to itself. SAFFMAN [14]
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formulated the basic equations for the flow of dusty fluid. Regarding the
plate problems, Liu [9] have studied the flow produced by the motion of an
infinite plane in a steady fluid occupying the semi-infinite space above it.
Later, BARAL [5] has discussed the plane parallel flow of conducting dusty
gas.

To investigate the kinematical properties of fluid flows in the field of fluid
mechanics some researchers like KANWAL [8], TRUESDELL [15], INDRASENA
[7], PURUSHOTHAM [11], BAGEWADI, SHANTHARAJAPPA and GIREESHA
[1, 2, 3] have applied differential geometry techniques. Further, recently the
authors [2, 3] have studied two-dimensional dusty fluid flow in Frenet frame
field system. In the present study, the flow of an electrically conducting vis-
cous incompressible fluid which suspended non-conducting small spherical
dust particles due to the impulsive motion of two infinitely extended non-
conducting parallel plates in the presence of a uniform transverse magnetic
field fixed relative to the fluid is discussed. The lower and upper plates start
moving with uniform velocities ug and vy respectively in the same direction.
Initially both the conducting fluid and the dust particles are assumed to be
at rest. Applying Laplace transform technique, the velocity fields for fluid
and dust particles have been obtained. Also the drag on lower the plate
and total volume flow in between the plates have been calculated. Finally
results have been represented graphically for different values of ug and vy.

2. Equations of motion. The modified Saffman’s [14] equations for
the conducting dusty gas and non-conducting dust particle are:
For fluid phase

(2.1) V.4 =0

(2.2) @ + (W)U = —p 'Vp+vV2TU + — E
ot ' P p

For dust phase

(2.3) V.7 =0

ov

e

We have following nomenclature:

(2.4)
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2 —velocity of the fluid phase, v —velocity of dust phase, p—density
of the gas, p—pressure of the fluid, N—number density of dust particles,
v—kinematic viscosity, k = 6mau—Stoke’s resistance (drag coefficient ),
a—spherical radius of dust particle, m—mass of the dust particle, u—the
co-efficient of viscosity of fluid particles, t—time and J and B given by
Maxwell’s equations and Ohm'’s law, namely,

— — — — — - ., =
(25) VxH=4nJ,VxB=0,VxE=0, J=0[FE+u x B]

— — — —
Here H —magnetic field, J —current density, B —magnetic Flux, F-electric
field and o— the electrical conductivity of the fluid.

It is assumed that the effect of induced magnetic fields produced by
the motion of the electrically conducting gas is negligible and no eﬁcerni}
electric field is applied. With those assumptions the magnetic field J x B
of the body force in (2.2) reduces simply to —0337, where By-the intensity
of the imposed transverse magnetic field.

Let 5,7, ? be triply orthogonal unit vectors tangent, principal nor-
mal, binormal respectively to the spatial curves of congruences formed by
fluid phase velocity and dusty phase velocity lines respectively, Geometrical
relations are given by Frenet formulae [4]

(26) Z) 7:]{57177:7_8()_]{95) = —Ts N,
R S
i) gm0 g 0T
n n n
N
b W R r
I A
i’U) V? = 0715 + ebs; VW = ebn - ks; v? = enba

where 0/0s, 0/0n and 0/0b are the intrinsic differential operators along
fluid phase velocity (or dust phase velocity ) lines, principal normal and
binormal. The functions (ks, kj,, k}) and (7s, 0,07 ) are the curvatures and
torsion of the above curves and 6,,5 and 6, are normal deformations of these
spatial curves along their principal normal and binormal respectively.

3. Formulation and solution of the problem. The present discus-
sion considers a viscous incompressible, dusty fluid bounded by two infinite
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flat plates seperated by a distance h. The upper and lower plates are mov-
ing with the constant speeds ug and vy respectively. Both the fluid and the
dust particle clouds are supposed to be static at the beginning. The dust
particles are assumed to be spherical in shape and uniform in size. The
number density of the dust particles is taken as a constant throughout the
flow. It is assumed that the dust particles are electrically nonconducting
and neutral. The motion of the dusty fluid is due to magnetic field of uni-
form strength By. Under these assumptions the flow will be a parallel flow
in which the streamlines are along the tangential direction and the veloci-
ties are varies along binormal direction and with time ¢, since we extended
the fluid to infinity in the principal normal direction.

By virtue of system of equations (2.6) the intrinsic decomposition of
equations (2.2) and (2.4) give the following forms

(3.2) 22k, = v [Qag 38223 o kﬂ
(33) 0=v [uk " @aﬂ
34 e Xy )
(3.5) 202k, =0

where D = 728 and C, = (o + K2 + k2 + 07?) is called curvature number
[3].

From equation (3.5) we see that v2ks = 0 which implies either vs = 0
or ks = 0. The choice vy = 0 is impossible, since if it happens then ug; = 0,
which shows that the flow doesn’t exist. Hence ks = 0, it suggests that
the curvature of the streamline along tangential direction is zero. Thus no
radial flow exists.
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Equation (3.1) and (3.4) are to be solved subject to the initial and
boundary conditions;

Initial condition; att =0; us =0,vs, =0
(3.6) Boundary condition; for ¢ > 0; us = ug, at b =10

and us =vgpatb=~h

We define Laplace transformations of us and v, as
o oo
(3.7) U= / e "ugdt and V = / e Tyt
0 0

Applying the Laplace transform to equations (3.1), (3.4) and to boundary
conditions, then by using initial conditions one obtains

0*U l
1

(3.9) xV = ;(U -V)
(3.10) U="2 atb=0and U="2 at b=h

x x
where [ = % and 7 = 7*. Equation (3.9) implies

U

3.11 V= .
( ) 1+ar

Eliminating V' from (3.8) and (3.11) we obtain the following equation

d*U

1 —
(3.12) 102

~QU=0

where Q% = (G, + 2 + 2 4+ )
The velocities of fluid and dust particle are obtained by solving the

equation (3.12) subjected to the boundary conditions (3.10) as follows

_ 1 fugsinh(Qb) — ugsin h(Q(b — h))
U= { sin h(Qh) } '
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Using U in (3.11) we obtain V as

B 1 vo sin h(Qb) — ug sin h(Q(b — h))
V= (1 + 1) { sin h(Qh) } '

By taking inverse Laplace transform to U and V, one can obtain

vo sin h(yb) — ugsin h(y(b — h))

s = sin h(yh)
UMY n . o/nT . o/nT
+T nzon(—l) {uo sin <T(b - h)) — vp sin <Tb>]
[ et (1 + z17)? et (1 + z97)? ]
1 [(L+x7)2+1 2o [(14 227)2 + 1]
_wosinh(yb) — ugsin h(y(b— h)) _t
(R S0 h(yh) + (up — vo)e
IV n . o/nm . o/nm
+T nzon(—l) [uo sin (7(b - h)) — vp sin (76>]
[ e (1 + 217) e®2t(1 + xo7) ]
1 [(L4+217)2 41 @2 [(14 227)2 +1]
where
1 n?m?
Ty = — 5 <1+Z+DT+VCTT+VT 2 )
1 n2n2\ 2 n2m2
+2T\/(1+Z+D7'—|—1/CTT+1/7'hQ> —47 <CT1/ +D+v 2 >
1 n?m?
Ty = =5 (1+Z+DT+I/C7«T+VT 2 >
1 272\ 2 2.2
—5 <1+Z+DT+Z/CTT+I/Tnh72T ) —47 <C’TI/ + D+ I/nh;T >
Civ+ D
y = ———.
v

Fluz and the shearing stress: The discharge of the conducting dusty fluid
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per unit breadth of the plate is

h
q = /usdb
0

(0 = 40) foogn(yh) — cosech(yh)

+20 ) (=1)"u((=1)" — 1) = vo((~1)" — 1)]
n=0

[ ;xlt(l +x17) e”2t(1 4 mo7)
T [(1+.Z'1T)2+l] T2 [(1+.%'27’>2+l] '

The shearing stress at the lower plate is given by

ou
oo = #(5),.

Yy
_— — h(yh
S h(h) (vo — up cos h(yh))
22y [ e (14 o17) e”2t(1 + xo7) }Oo 9
n* (up — vp) .
[1’1 EO (uo — o)

* h?2 [(1+z17)2 41 2o [(1 4 x27)2+1]

Conclusion. The velocity profiles for the fluid and dust particles are
drawn as in figure 1, which are parabolic. According Frenet approxima-
tion of a curve in the osculating plane the path of the curve near origin
is parabolic. Hence the results obtained here are analogous to the above
[4]. It is concluded that velocity of fluid particles is parallel to velocity of
dust particles. Also it is evident from the graphs that, as we increase the
strength of the magnetic field, it has an appreciable effect on the velocities
of fluid and dust particles. Further one can observe that if the magnetic
field is zero then results are in agreement with the plane Couette flow. Also
one can find that the drag on the lower plate and the total volume flow in
between the plates decreases as magnetic field increases.

If By = 0, and the plates are vibrating then the results analogous to
[12]. Also if we consider the fluid in absence of pressure gradient and in the
presence of magnetic field in [6] the results satisfied with this paper.
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Figure-1: Variation of fluid and dust phase velocity.
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