A NO'IE ON
UNSTEADY FLOW OF A DUSTY VISCOUS LIQUID IN A CHANNEL AND A PIPH
S. N. Duse & L. P SRIVASTAVA

Banaras Hindy University, Varanasi

(Received 13 February 1971)

The note considers the flow of a viscous hqmd with uniform distribution of dust  particles ina channel and a circular
pipe under the influence of pressure gradient varying linearly with tlme It is found that the velocity of fluid partlcles
18 more than that of dust particles. ‘

Interest in _problems of mechanies of systems with more than one phase has developed rapidly in -
recent years, Much work has already been done on dusty gas flowt5. Recéntly, Rao® has investigated
the flow .of a dusty viscous liquid in a circular pipe under the influence of exponential pressure gradient.
The author’s interest in'this subject was aroused by Saffman’s paper? in which Orr-Sommerfeld equation
for small distarbances in plane parallel flow of a dusty gas was formulated. The laminar flow of & viscous
liguid with uniform distribution of dust partlcles in a channel hounded by two parallel flat plates and a cir-
cular pipe under the influence of linear pressure gradient has been discussed in the present noteé and it is
interesting to note that the velocity of fluid particles is more than that of dust particles.

EQUATIONS OF MOTION
The equations to represent the motion of a dusty viscous liquid, given by Saffman? are the following :
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where % and v are velocities of liquid and dust respectively, N is the number density of dust particles,
each of mass m, K is the Stokes resistance coeflicient ( = 6 = u K for spherical particles of radius E)
and p, p, u, are the pressure, densﬂ:y and viscosity of the liquid respectively. The time relaxation
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parameter 7 is given from (3) by
s FLOW IN A CHANNEL

Let us study the ﬂow ina channel bounded by two parallel flat plates. The velocities of fluid and
dust particles are ‘

Uy = ul(y,t)’ué = 0’“3 — O,
vy =0 (90,0 =0,
N = N, (a constant),
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where (ul, Ug, “3) and ('01, 'vz, 03) are veloclty eempﬁnents of fluid and dust partmles

. Then the equations govermng the motmn are . 3  » TR
o aul . ap 02u S o : »
n : >' N M—T'/‘ 3 [P el e o ’ ’
ov e e G L ]
’01) 5

- at

Whel'evl”:z/*fj‘“’;,—'l (= cqnstant) 18 the mass cor;eentra,tlon of dust partieles, -

El:mmatmg v from (5) and (6) ,weget e A ‘ : L
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Substltutmg (9) and (10) in (7) we get o 54 TN S o o
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 where dashes denote dlfferenha,tmn w.r.t, 9.
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- The expressions for ¢ and ¥ are obtamed from (11) by equatmg the coeﬂiments of ty + at a.nd ato
Zero and solvmg them with the condltlons qS (i go) =0, ¢ (+ yo) =0,
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FLOW IN A CIRCULAR PIPE

The. equatlons govermng ‘the motlon in ‘nhe present case are
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and )
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where ¢, and v, are vélocity components of fluid and dust pa,m(;leq along the axis (z-axis) of the pipe.

The boundary conditions are
t>0,u, =0 ,9 =0 whenr =r,,

4 >0, u, = finite, v, = finite atr = 0.

Eliminating v, form (14) and (15), we get
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Substituting (17) and (18) in (16) Wéget ) \
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where dashes denote differentiation w.r.t. s, . \

The éxpressions for ¢ and ¢ can be easily obtained from (19) and thus

‘ 1 . o a(l +1) oo k ’ :
=y (re® —12) (05 + at) — - (64_!;,2 ! (872 — 18) (r? — 1) . : (20)
Equation (15) then gives .
1. « al+1) . . .. 1
0y = o %) o o) — 2 )(3 nt—1) (i — %) — o (2 —)ar. @)
: CONCLUSION ‘

Since r > 0, it is clear from the expressions (12), (13) and (20), (21) that the velocity of fluid partlcles
is more than that of dust particles in the present set up, whereas Rao® has shown that the velocity of dust
particles is more than fluid particles when the pressure gradient decreases exponentially with time. When
the dust is very fine, r decreases and when = — 0 ; the velocity of dusty fluid becomes that of clean fluid
in both the cases. If the masses of the dust pa,rhcles are small, their influence on the fluid flow is reduced,
~ and in the limit as m - 0 , the fluid becomes ordinary visecous s and wo get the laminar flow of a-viscous liquid
inva channel and a oxrcular pipe under the influence of linear pressure gradient as obtained by Lals, -
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