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Abstract — Unsteady flow of dusty viscoelastic fluid through a long uniform tube, whose cross section
curvilinear quadrilateral bounded by the areas and radii of two concentric circles under the influence of
time varying pressure gradient has been considered expressions for the velocities of liquid and dust
particles cases for different pressure gradient have also discussed.
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INTRODUCTION

Soffman (1962) has proposed simple analytical model
for the motion of a dusty fluid in term of a large density
number of very small particles (uniform in size and
shape) distributed in a fluid assuming that the bulk
concentration and also the Sedimentation are
negligible. Later a large number of dusty flow problems
have investigated in the literature and are well
documented in a review by Marble (1963), Michael
and Miller (1966), Michael and Norey (1968) have
considered the unsteady flow problem of a dusty gas
in different channels. Dutta (1985) discussed the
Temperature field in the flow over stretching surface
with uniform heat flux. Khani et al. (2009) gave the
Analytic solution for heat transfer of a third grade
viscoelastic fluid in non-Darcy porous media with
thermo physical effects. In the present paper we
consider the unsteady MHD flow of dusty elastic-
viscous liquid through a long uniform tube whose cross
section is curvilinear quadrilateral bounded by the arcs
and radii of two concentric circles r=l, r=b and 6=0,
6=a under the influence of time varying pressure
gradient. Initially the liquid particles are at rest. Some
particular cases for different pressure gradient have
also been discussed in detail.

NOMENCLATURE
P.- stress tensor

u - Velocity of liquid,
Ao - Elastic coefficient,
M - Viscosity of liquid,
P - Pressure

k - The stokes resistance coefficient,
No — number of density of the particles,
v - Kinematic coefficient of viscosity,
p - The density of the fluid,

Bo— Magnetic induction,

r, 8, z — cylindrical coordinates z-axis,

MATHEMATICAL FORMULATION

According to Kuvshiniski (1951), rheological equations
satisfied by viscoelastic liquid are

Py = Py + Py . (1)
D "
(1 + }‘“E) Py = 2ueiy - (2)
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We consider cylindrical polar coordinates (r, 8, z) with

UpUg Uz

the z-axis along the axis of tube. Let and

Vr, Vg, Vz P ;
* 7 % of the components of liquid velocity and
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dust velocity in radial, tangential and axial direction
respectively and the boundary are

u, =0,ug =0, u, =u,(rt)

v, =0, vg =0, v,=v,(rt)
The equations (1) to (4) combined with boundary
condition we get the following equation of motion of

a7 du
: o T+h—)=2=
dusty viscoelastic liquid g ( Yo ef) at

a\ap 9%uy; = 10uy 1 9%uy
“(1+hg) 5+ w(GE+I50+ %) +
KN (14205) (0, —up) - 252 (142 5) 5
av.
m—z—k(uz v,) ... (6)

Introducing the following non dimensional quantities
are

x _ ugl x _ Vgl « _ Z

u=-- v=-7 Z =7,

t*—ﬁ * T plz

_Izr _Ir p 192r

Using the boundary the equation (5) and (6) becomes

du a2y ap a%u 1dug 1 d%uy
(1+a )6t_ (l+a )az+(ar2+7ﬁ+ﬁam)
B d
+B(l+a}(u—u)—%2u(l+aa) (7)
av 1
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The initial boundary conditions are

t=0,ulr,8,t)=v(r0,t)=0
t>0,ulr0,t)=v(r0,t)=0
Forr=1,r=5,0<60 <«

u(r,6,t) =v(@,0,t) =0for8 =00 =a,
s<r<1wheres= %
Solution of the problem

=5 -
Putting 6 =rpand-3 =/

get

in equation (7) and (8) we

(1+a2)2=—(14+al)fe) + 204124 2 2

at/ at 2 rar  atr?ae?
a Byu
+8 (1+aa) (v—u)— = (1+a ) e (9)
dv 1
3 = ;w-v) . (10)

The boundary conditions are

t=0,u(r,o,t)=v(ret)=0
t>0,ulr,p,t)=v(r,et)=0

Forr=1,r=5,0 = p < a
ulr, @, t) =v(r,o,t)=0forp=0,¢ =a
s<r< 1,Wh€T'€.S‘=%

After taking finite Fourier’s the transformation equations
(9) and (10) reduce in the form

(1+ E)ﬂ: —1(1+ai)f(t)+ﬂ+£a—ﬁ—+ﬁ (1+cx%)(?—ﬁ)

at) ot Un at or? ar
BT 0
- (1eg)
(D
¥ o_ g v
5 = =9 ... (12)
Where

= [ u(r, ¢, ) sin(q, @)de

2, 2
T-Qp
2

a = (2n+1), m* =

Taking finite Hankel transformation of (11) and (12) and
applying boundary conditions

U, =0, ¥, =0,att=0,

We get

(1 + a%) = (1 +a )f(t)f er(fLT) dr — §L Uy
+B(1+a’ )(VH—UH) —(1"'07 )Bo Uy .. (13)
av 1,_ _

% = ;(UH —Vu) o (14)

Where

Jm(&) _ Bessels function of first kind,

Satish Kumar™* Bhagwat Swarup®

N ‘ www.ignited.in



Journal of Advances in Science and Technology
Vol. 14, Issue No. 1, June-2017, ISSN 2230-9659
Y (§iT) - Bessels function of second kind, Some special cases:

Case |: flow under constant pressure gradient, let us
Bm (f;r) = jm (f;?") Ym (5[) - )rm (gi)ym (étr) consider f (t) = p g

s)Y. - Y (65)=0 c Where c is the positive constant now substituting f (t)
}7}1({1, ) TJ‘I({L) jﬂl({[) TJ‘I({L ) (13) =c |n equat|on (18) and (19) get we

gi is the ratios of the equation j

o 3
8c szfil(gis)Bm(gzr) j ePnf — 1
W= Y S g, )]
. . n=0i=0 j=1 n m m n
Taking Laplace transform of the equations (13) and
(14) we get .. (20
- o o 3 ]
a -2 (1 + ep)(1 + )f (0) _8¢ 5642 (&;5) B (&) i\ [erhr—1
fm{mp3+(a+r+af+arB§)p2+[1 +f+r£?+(a+f)35}p+(85+65)} - ;;;q" [ - 12&s)] sin(dn (P)R(Pn)[ o }
.. (16)
.. (2D
And
Case II: flow under exponentially pressure gradient, let
5. = _tH consider f(t) = ce™
" prea (17
o o 3 j
8c & Zjil(E!S)Bm(ELT’) i gPfnf — g™Wt
5o - ;ZZZ, G- rEm] ‘”)Q(p“)[ -
Where “H» YH and are /() the Laplace transform of =0 =0 =
and respectively and ... (22)
6 = fs er. (éi‘r)dr 8C o< - 5{] (faSJBm(fﬁ") i Epl}t— e_wt
0 _ m R ]
™ ZZZ{ 20— iG] O R [T

Now we obtain u and v from the equation (16) and
(17), first invert the Laplace transform by inversion
theorem, then applying version formulation for Hankel
and sine transformation we get

W)

n=0i=0 j

...(23)
Substitute in (18) and (19), we get

CONCLUSION:
66% (&s)Bm(flr)

M

sin(q, ¢)Q(p)) Ut ePRA(t — ?\)dh]

1

If the mass of the dust particles are small then there
influence and the fluid flow is reduced as m — 0 then
fluid becomes ordinary viscous. If we put a=0, By=0
then all the results are in agreement with these of

8 N 55],,1(& VB (§i1) £ .
v=> ) ol m&as AT r)] sin(dn @)R(pr) U emAtCe = ”dh] cupta (1979)

n=01i=0 j=

.. (18)

.. (19)
Corresponding Author

i
Where Pn the root of the cubic education .
Satish Kumar*

at(ph)” + o+ v+ af +axB3)(p)) +[1 4 + 167 + (a + DB3IpL+(83 + &) = Department of Mathematics, Government P.G. College,
Lalitpur (UP)
(1 + ap )(l + rp;)

Q(py) = : : ;
( ) 3ar(pn) +2(a + 1+ af + atBHp, + [1+f+r$ +(a+ 1B} ] E-Mail - satishgdc@qgmail.com

(1 +apy,)
SaT(pL)z +2(a+ 1+ af +arBHp), + [1 +f + &2 + (a + 1)BY]

R(p)) =

Satish Kumar™* Bhagwat Swarup?

w ‘ www.ignited.in


mailto:satishgdc@gmail.com

