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The present paper deals with the flow of a fluid with uniform distribution of dust particles in two parts. In part A,
the motion induced in the dusty fluid is considered in the case when the plane moves parallel to itself impulsively
from rest with uniform velocity; for this case, the velocity profiles of fluid as well as dust particles are obtained. In
part B, the flow is produced by the motion of cylinders. Two cases are taken : (§) cylinders moving exponentially
with time and, (ii) oylinders moving in simple harmonic motion. . ‘

The study of the fluid flow containing solid particles has been the subject of scientific and engineerin g
research for a long time. The interest in problems ‘of flow of a dusty fluid (s.e. & mixed system of fluid and
dust particles) has increased in recent years. Situations which occur frequently are concerned with the mo-
tion of a liquid or gas which contains a distribution. of solid particles. The mathematical description of
such diverse systems must of course vary widely. In order to formulatethe problem in a reasonably simple
manner and to bring out the essential features, we make simplifying assumptions about the motion of
fluid and dust particles. The fluid is incompressible and the particles are spheres and uniform in size. The
number of the particles is so large that system of the particles can be considered as continuous medium.
The pa.rbicle-—pa,rticlesintera,ction and the bulk concentration of the particles are negligible. The fluid
particle interaction is according to Stokes drag law. We denote B to be the radius of the particles, v
the kinematic viscosity of the fluid, p the density of the fluid and m the mass of each particle. In the case of
spherical particles K, the constant of proportionality in Stol;es law is equal to 6mpvE. In term of these
quantities the relaxation ’qime 7, Which is a measure of the time talgen by the dust particles to adjust to
changes in the fluid velociby is given = = m/K. _ '

N oo FORMULATION

The equations governing the unsteady motion of an incompressible viscous fluid with uniform distzi-
bution of dust particles are! : :
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Where*i: and?are the velocities of. fluid and dust pazticles resjpeotively, N isthe number density of dust par.
ticle each of mass m; K is the Stokes resistancg coefficient. \

"As both 7 and p are uniform N can be taken as constant and equalto N,. It can be seen from (3) that
as 7 -» 0 the particles follow the ﬂuid motion exactly. . .

Part 4 ~ . V

We assume that fluid containing a uniform distribution of dust particles occupies the semi-infinite space
above a rigid plane boundary. The motion induced in the dusty ﬂuid_ is con,sid.ex‘egi in the case when the
plane moves parallel to itself impulsively from rest with uniform velocity. Our aim is to dex"nr? the expres-
sions for the velooity of fluid as well as dust particles. We also assume that the motion is induced by a
prescribed velocity of the rigid plane boundary at y==0 parallel to itself in the a-direction.

3

For the present case, we have
uy == Uy (¥, t), e = 0, . ug = 0,
'01 = (y: t), v, = 0, vg = 0,
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where (u;, U, tg) and (vy, V2, V) are the components of the fluid and dust particles respectlvely The equa«
tions of m(ﬂ‘;lon then become ,
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Where h=md 0/ pisthe mass concentratlon of the dust particles.

Using the dimensionless time varla,ble t/rand a dimensionless length y/v . the.above equationsl
become . 2 ' :
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where t and y are now dimensionless. . ’ _ . :
The boundary conditions are - AR . .
S : t.-_-:;O,L"ﬁl——:}O,v v, =0 fory >0 ] - >
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We now deﬁnetheLaplacetransform ot u1 and 'v1 by ' o “ .
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In terms of (10) from (7) an(l 8), we have . |
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The boundary conditions on transformé.tioﬁ become ‘
/ Uy = 0 as y ->o0 . '
u1~1/s at y~0zf01'/t>0 '_ : , (13)
* Solving for u, and applymg boundary condltlons ( 13), we ﬁnd \ ’ /
ex : ,
- V ul p[ y's/ 1+s ‘ ' S ‘(14)
Substltutlng this value of u, in equatlon (12), we get- ‘ v
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Ifor small values of ¢ which correspond to large values of s, on inversion we obtain
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For large values of #i,e. s<<<<1, we obtain ‘ C , .

1 c h—1 . '

Vp== Uy — g et [ e WVh—1 erfe (‘;li/; — ) + .

= o
eivi1 erfo (——-——-——:— ) t)] . B 1
) R | | ; + T 9 ‘\/t -+ J1 s ( 9)
From the expressions (16) to (19) itis obviousthat velocity of the fluid particles is greater than that of the
dust particles, - R \

'
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Part B

Let the radii of the coaxial circular cyiinders be B,, R, (B,> Ri). We take cylindrical polar system of
coordinates (r, 0, z) with z-axis along the axis of the cylinders. ) _

‘Then for the present case, we have
=0, upg=0, U= u(r?) )

: ' 20)

o =0, tg=0, v =0,(r0), 20)

where (%, U, %) and (v;, Vg, ¥z ) are the components of the fluid and dust particles respectively. Th

. fluid motion is d@é entirely to unsteady motion of the cylinders, the pressure for upstream and for down-
stream heing kept equal thropghout the motion. Thus (1/p) @p/az = 0 for such case, and equations of
‘motion then become C ; . :
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Let ‘ o \ :
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C vy =0 (r) exp{(io-——'hz)t}, ' V,' o ‘ |  J '(24)‘

where o and A are real constantsand 0 <A <1.

Let the bo,und.éry conditioné e P
Us = 0, €Xp {(i‘a;_— A%t } rz'fnl o | (25)
v, = w2‘ exp»{(io"—— 2% ¢ },_ 7= Ry " o S ‘ L (26)
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 Substituting (23) and (24) ini equations (21) and (22), e have
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Solution of (27) is : v ‘
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From (30) and (23‘)J, we have o . , ' -
R A A T (O T A e
‘ 3 . o
Eliminating 4 and B with the help of boundaiy conditions (25) and (26) , we get
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Where o . " i e R DA . >

Cy (By, Ry B) = I, (8R) Yo (BR,) — I (BRy) Y, (BR)).
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If o0, wehave
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" These are the expressions for the velodity of fluid and dust particles when cylinders move exponentially with
time. o R ‘ R SR :
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where
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These are the expressions for the velocity of fluid and dust particles when the cylinders are in simple
harmonic motion. ' o

From (3§and‘ (34), it is clear that the velocity of the dust particles is greater than that of the fluid
when the cylinders move exponentially with time. In the case when the cylinder execute simple harmonic
motion the dust velocity is less than that of the fluid. When the dustis very fine, the relaxation time of the
dust decreases and ultimately as = — 0 the dust particles follow the fluid motion exactly i.e. if the masses
of the dust particles are small enough their influence on the fluid is reduced and in the limit as m-> 0 the
fluid becomes ordinary viscous and we get the expressions for the velocity of viscous fluid in the two above
mentioned cases, ‘ o R '
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