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a b s t r a c t

The geometry of laminar flow of an unsteady viscous fluid with uniform distribution of
dust particles through a rectangular channel under the influence of pulsatile pressure gra-
dient has been considered. Initially the fluid and dust particles are at rest. The analytical
expressions for velocities of fluid and dust particles is obtained by solving the partial dif-
ferential equations using variable separable method and Laplace transform technique. The
skin friction at the boundary plates are also calculated. Finally the changes in the velocity
profiles with s and n are shown graphically.

� 2008 Elsevier B.V. All rights reserved.

1. Introduction

The fluid flow embedded with dust particles is encountered in a wide variety of engineering problems concerned with
atmospheric fallout, dust collection, nuclear reactor cooling, powder technology, acoustics, sedimentation, performance of
solid fuel rock nozzles, batch settling, rainerosion, guided missiles and paint spraying etc.

Saffman [14] has discussed the stability of the laminar flow of a dusty gas in which the dust particles are uniformly dis-
tributed. Liu [11] has studied the flow induced by an oscillating infinite plat plate in a dusty gas. Michael and Miller [12]
investigated the motion of dusty gas with uniform distribution of the dust particles occupied in the semi-infinite space above
a rigid plane boundary. Ghosh et al. [15] have obtained the analytical solutions for the dusty visco-elastic fluid between two
infinite parallel plates under the influence of time dependent pressure gradient, using appropriate boundary conditions.
Authors like Amos [1] and Datta [6] have studied the fluid flow due to pulsatile pressure gradient.

Some researchers like Kanwal [10], Truesdell [16], Indrasena [9], Purushotham and Indrasena [13], Bagewadi,
Shantharajappa and Gireesha [2–4] have applied differential geometry techniques. Further, the authors [3,4] have studied
two-dimensional dusty fluid flow in Frenet frame field system. Recently the authors [7,8] have studied the flow of unsteady
dusty fluid under varying different pressure gradients like constant, periodic and exponential. In the present paper laminar
flow of an unsteady viscous liquid with uniform distribution of dust particles through a rectangular channel under the
influence of pulsatile pressure gradient in Frenet frame field system is considered. Further by considering the fluid and dust
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particles to be at rest initially, the analytical expressions are obtained for velocities of fluid and dust particles also the skin
friction at the boundary is calculated. The graphical representation of the velocity profiles versus s are given.

2. Equations of motion

The equations of motion of unsteady viscous incompressible fluid with uniform distribution of dust particles are given by
[14]:

For fluid phase:

r � u!¼ 0 ðContinuityÞ ð2:1Þ
o u!

ot
þ ð u!�rÞ u!¼ �q�1rpþ mr2 u!þ kN

q
ð v!� u!Þ ðLinear momentumÞ ð2:2Þ

For dust phase:

r � v!¼ 0 ðContinuityÞ ð2:3Þ
o v!

ot
þ ð v!�rÞ v!¼ k

m
ð u!� v!Þ ðLinear momentumÞ ð2:4Þ

We have following nomenclature:
u! is the velocity of the fluid phase, v! is the velocity of dust phase, q is the density of the gas, p is the pressure of the fluid,

N is the number of density of dust particles, m is the kinematic viscosity, k ¼ 6pal is the Stoke’s resistance (drag coefficient),
a is the spherical radius of dust particle, m is the mass of the dust particle, l is the the coefficient of viscosity of fluid particles,
and t is the time.

Let s!; n!; b
!

be triply orthogonal unit vectors tangent, principal normal, binormal, respectively, to the spatial curves of
congruences formed by fluid phase velocity and dusty phase velocity lines, respectively, as shown in Fig. 1.

Geometrical relations are given by Frenet formulae [5]

ðiÞ o s!

os
¼ ks n!; o n!

os
¼ ss b
!
� ks s!; o b

!

os
¼ �ss n!

ðiiÞ o n!

on
¼ k0n s!; o b

!

on
¼ �r0n s!; o s!

on
¼ r0n b

!
� k0n n!

ðiiiÞ o b
!

ob
¼ k00b s!; o n!

ob
¼ �r00b s!; o s!

ob
¼ r00b n!� k00b b

!

ðivÞ r � s!¼ hns þ hbs; r � n!¼ hbn � ks; r � b
!
¼ hnb

ð2:5Þ

where o=os; o=on and o=ob are the intrinsic differential operators along fluid phase velocity (or dust phase velocity) lines,
principal normal and binormal. The functions ðks; k

0
n; k

00
bÞ and ðss;r0n;r00bÞ are the curvatures and torsions of the above curves

and hns and hbs are normal deformations of these spatial curves along their principal normal and binormal, respectively.

3. Formulation and solution of the problem

Consider a flow of viscous incompressible, dusty fluid through a rectangular channel. The flow is due to the influence of
pulsatile pressure gradient varying with time. 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 par-

Fig. 1. Frenet frame field system. Note: Graphs are drawn for the values of h1 ¼ �1;h2 ¼ 1; r1 ¼ 1; r2 ¼ 3;s ¼ 0:5;b ¼ 1;a ¼ 1;Cr ¼ 1;Q ¼ 1; l ¼ 1;C ¼ 1.
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