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ABSTRACT

The laminar flow of an unsteady viscous liquid withiform distribution of dust particles
through a circular cylinder under the influence exponential pressure gradient has been
investigated. The governing equations are reducedecond order differential equation with
suitable substation and Finite difference technigeeapplied to discritize the governing
equations. The system of difference equationsteme $olved by MATLAB. Velocity distribution
is shown graphically and it is also observed thalbeity decreases with the decrease of ‘n’. The
velocity profiles shrink with respect to time t.eTtust particle velocities slightly more than
clean dust particles for all value of ‘n’ and tirhe

Key words: Laminar Flow, Numerical Techniques, Viscous Fluixponential Pressure
Gradient.

INTRODUCTION

In the recent years, the attention of researcimefiiid dynamics has been diverted towards the
study of the influence of dust particles in the imotof fluids. The study of flow of dusty fluids
has important applications in the fields of flumlibn, use of dust in gas cooling systems,
centrifugal separation of matter from fluid, pe&whn industry, and purification of crude oil,
electrostatic precipitation polymer technology &ndl droplets sprays.

Using the formulation of Saffman [6], who gave #guations governing the dusty viscous fluid,
several authors exact solution for various problemighael [2] has considered the Kelvin —
Helmothz instability of the dusty gas. Michael &Mil [3] have investigated the motion of dusty
gas with uniform distribution of the dust particledich occupied in the semi-infinite space
above a rigid plane boundary. Two cases, when lweepmoves parallel to itself, (i) Simple
Harmonic Motion and (ii) impulsively from rest withniform velocity, have been discussed.
Latter Michal and Norey [4] , Verm and Mathur [9¢Wari and Batta charjee [8] , and Kishore
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and Pandey [1] , studied the problems of circuldinders under various conditions . Unsteady
flow flow of dusty conducting incompressible fluickough a rectangular tube was considered by
Sanyal D.C and Gupta [7]

In view of such interest in this aspect of studytloé subject, we have applied numerical
techniques to study the laminar flow of an unste@dgous liquid with uniform distribution of
dust particles through circular cylinder, under ithfftuence of exponential pressure gradient. The
motion is assumed to be symmetrical about axis.gwerning equations are reduced to second
order differential equation with suitable substatiddlere, Finite difference technique [3] is
applied. In the Process, it is observed that inédocity profile is parabolic obtaining maximum
at the center of cylinder and gradually decreasind finally taking zero at boundary, the
parameter ‘n’ plays the role of focal length, witspect to velocity distribution in the cylinder.
The graphs are drawn for n=1, 0.8, 0.6, 0.4, Osdmown in figures.

Mathematical Formulation and Solution of Problem:
The Equations of motion of a dusty, unsteady, wiscand incompressible fluid are

O CRT B P O @
ool
divu = 0 ®)

"a_':‘ +div(NV) =0 @)

Where u , v denote the velocity vectors of fluid and dust ijobes respectively,p the fluid

pressure, m the mass of dust particulars, N thebeundensity, K the Stokes resistance
coefficient (for spherical particles of radiusis cnue), u the viscosity of fluid, p the

density and v the kinematics coefficient of viscosity.

We shall investigate the laminar flow of an unsteaidcous liquid with uniform distribution of
dust particles, through a circular cylinder of redi'a’, under the influence of exponential
pressure gradient. Since both the dust and flurdgbes move along the length of the cylinder,
the motion is symmetrical along the axis and tisérithution of dust particles is uniform.

The velocity distributions of fluid and dust paléis are defined respectively as

4=0, u=0 u=w(ry ®)
V=0, v=0, v = wrg) (6)
N=N, a consa (7)

Where (u, u,, u;)and\,,V,, V,) are velocity components of fluid and dust particles.
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Using ((r, 8, z) coordinates, the equations (3) and (5), (6) ap@uid equations (1) and (2) can
be expressed as

_19p_, 8)
p or
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ow
2 =K - Oj1
S =K (W - w) i

Taking R = % and eliminate g, w from (9) And(10),we get

0%w, 190 (dp v o0 , ., KN, a w,
= T = 57 | a2 +__(D1W1)_ v
0 t? p 0t (0z a’ ot p ot
(11)
_ﬁ M+l ﬂ—l Dlzwl
m{odt poz al
,_ 0" 10 - . ,
wherel]; = + — — and 'a'is radius of thecylinder.
0R* ROR
From (8) and (9) we have
10
-=2P=p
p 0z
Since we have assumed pressure gradient to be exfoinve can take
@)= ae™ 2
w, (R t)=f (R)e” a3
w, (Rt) =g(R) e 14

Where a and A are real constants. Since both the fluid and Hage no slip at the wall of the

cylinder and their velocities are finite on thesawi cylinder, we have the following boundary
conditions:

f@M)=0 @5
g =0 16)

and both f and g are finite on the axis of cylindertroducing following dimensionless
parameters,
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2 2
nzza)l 1+ 1
U 1-72°
_ )2
Q:i 1-7/
A +1-7A4°

. . . : N,m . :
Where 1 =%|s the relaxation time of dust particldss —2— is the mass concentration of the
P

dust particles.

Using relations (12) to (14), equations (10) ant) @re simplified to
g (1-74) = f )

d*f 1 df
—+=—+n*(f+Q)=0 8
dfR* R dR ( ) @8

Applying finite difference technique [4] to the edion (18) we get

f £1+%j + f (-2+n°h?)+f (_Zi +1j +n°h* Q=0
| |

With h= 0.1, fp =0, f;; = fg and substituting i =10, 9, 8, ...... 1 which leads @libear non-
homogeneous equations. Equations are solved witternical values for n=1, 0.8, 0.6, 0.4, 0.2
andQ =0.8, h = 0.1and presented graphically in ther&du

flow through circuler cylinder

f-values

t-vales

Fig 1: Velocity of clean dust particle for differert values of ‘n’
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CONCLUSION

Graphs are drawn with above values for f which @spnts velocity of clean dust particle. They
decreases exponentially with time t. Equation §hiws that dust particles velocities are slightly
more than clean dust patrticles.

From fig it is observed that at n = 1 velocity isximum at the center obtaining maximum
velocity 1.49 and then gradually decreases obtgifinat boundary. At n = 0.8, maximum

velocity is obtained at the center and is equél.99. At n = 0.6 maximum velocity is obtained at
the center and is equal to 0.57. At n = Oak welocity is obtained at the center is equal to
0.26 finally at n = 0.2 maximum velocity is obtaihat the center and is equal to 0.066

It is also observed that velocity decreases withdbcrease of n. The velocity profiles shrink
with respect to time t. The dust particle velogtsightly more than clean dust particles for all
value of n and time t.

If the masses of the dust particles are smalir thBuence on the fluid flow is reduced, and in
the limit as m~0 the fluid becomes ordinary viscous, and we gestilution of the laminar flow
of a viscous liquid through circular cylinder undlee influence of exponential pressure gradient.
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