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Abstract

In this paper, we investigate the peristaltievo-phase fluid flow
consisting of couple stress fluid and dusty fluid & flexible channel. The
dusty flow equations are based on Saffmen modeleTdoverning non-
linear equations are solved under the wusual long wetength
approximation. The fluid and dust velocity comporisn the flux of the
fluid across the channel are calculated for diffane values of the
parameters RGaand r.

Keywords. Couple stress fluids, Peristaltic two-phase flflmv, Dusty
fluid flow, Time average fluxes, Reynolds numbeg)d&Xation time.
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1. Introduction

Saffmen [5]has discussed the stability of the laminar flovaafusty gas in
which the dust particles are uniformly distributéte made the following
assumptions:

i) The dust particles are uniform in size and shapaotheir number
density and velocity are given as v (X, Yy, z, tixNy, z, t). Further fro
particular situations, the number density can disoassumed to be a
constant = R\

R The volume concentration of the dust is assumdzkteo small that
the net effect of the dust on the gas is KN- (W) per unit volume.

i) The Reynold’s Number of the relative motion of dasid gas is
supposed to be very small compared to unity sottteaforce between the
dust and gas is proportional to the relative véjoci

V) If the dust particles are assumed to be spheramdifis ‘a’ the
Stoke’s drag formula holds good, so that KH § a,u being the viscosity.

In order to develop a mathematical theory of bldloav in arteries.The
studied the oscillatory two-phase flow through@dicircular pipe and his
model differs from Saffaman’s model [5] in the oduction of a quantity
denoting the volume occupied by the solid partiges unit volume of the
mixture. Nag, S.K. [3] studied the two-dimensioril@w of unbounded
dusty fluid induced by the sinusoidal transversdiomoof an infinite wall.
He observed that the amplitudes of the oscillatoption of the fluid and
dust particles are large near the wall and damgdasurom the wall. Later
Nag and Jana [4], observed that both the wave iglaod its damping
factor decreased with increase in the mass coratemtrof the particulate
phase. The two-phase flow in a flexible channelvdmich a traveling
sinusoidal wave is imposed on the boundary reguitina peristaltic flow
has been studied by Mallikarja Goud [2]. Dusty \@asty coquette and
poiseuille of couple stress fluid through media heen discussed by
Goudru [1]. Exact solutions for the velocities bétfluid and dust particles
are obtained by using Laplace transform technidugst velocity shear
driven rotational waves and associated vertices inonuniform dusty
plasma has been discussed by P.K.Shukla et al [6].

2. Formulation of the problem

Consider a two-dimensional flow of a dusty viscowmpressible couple
stress fluid through a channel bounded by flexif@endaries. The flow is
due to the peristaltic action of the boundariesanrgdconstant axial pressure
gradient. The governing equations of motion in getrm are

PG =-[0P]+u0*q-n0‘G+KN[G° -q] (2.1)
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k a—-aP
qp +|:qu} qp - ! I:qmqt jq 22)
0§ =0 (2.3)
N +O[NG] =0 (2.4)

Whereq [u,v], G°[uP \’ldenote the velocities of the fluid and dust

particles respectively, ‘p’ is the fluid pressutey’ is the density of the
fluid, ‘w is the coefficient of viscosity, ‘m’ is the mas$ the dust particle,
‘N’ is the number density of the particles, 'k’ the stokes resistance
coefficient. The particles are assumed to be umfor size and uniformly
distributed in the fluid so that ‘N’ remains a ctarg.
Choosing the cartesian coordinate system suchthbawalls of the channel
are

y ==+ a,s[x—ct/A]
Where ‘a,’ is the mean depth, ‘c’ is the wave speedl; is the wavelength

and’'s’ is an arbitrary function twice differentiable yarg along channel.
The equations (2.1)-(2.4) in the component are
U au Vau} __o, [du azu} {a‘u o, ot

KN

a><ax20y2

o, v N, [ov av] oy av , o

a o Vay} o af} L»é % Zax%ﬁ} [Vp ~] @
u® +uPu? +vPuf = %[u—up} (2.7)
vtp+upvf(’+vpv§,’ 2% v—vp} (2.8)
u ov_g (2.9)
ox oy

N +N[uf+vP] =0 (2.10)

Suffices t, x, y denote differentiation with resptcthe respective variable.
The boundary conditions are

=0 on ya,s[X| (2.11)
v= % on y#=a,s[ X] (2.12)

2 2
3—; ; g—y\;: ony = ays[x] (2.13)

(2.11) corresponds to no slip on the boundary w(2il&¢2) indicate the
relative normal velocity is zero on the flexibleumalary. (2.13) corresponds
to the boundary condition related to couple stfiesds.

We define the non-dimensional variables as
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Substituting these non-dimensional variables iB){g2.8), these equations
reduces to (after dropping the asterisks)

RS[U u, +vVv Uy} = I:_Rp + gzuxx + uyy _RS£4UXXXX - SRUyyyy} +
[-2sre%u,,, | +[a—;}[u" -u] (2.14)
REZ[Uv, +vv, |=[ €%, +ev, —SREN,,  ~SREV,, . |+
[—25R53vxxyy]+£|:a7R:|[Vp —V} (2.15)
—P
gluPuf+viul| = {u ru } (2.16)

sz[up vP+yP vf}]

=

Where
R= PC% ; Reynolds number
U
S= d 3 ; Couple stress parameter
P,
a= Nm ; Dust concentration pagesen
yo,
T = % ; Relaxation time
9
p=c¢ % ; is the imposed non-dimenaicaxial pressure
X
gradient

The boundary conditions related to non-dimensiemal velocity relative
to the moving frame and transverse velocities after dropping the
asterisks)

u=-1 TV = -S, on y=S[x] (2.18)
du _

2
& ° ;%:o ony =0 (2.19)
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3. Method of solution

Under the long wave length approximatian<1), we make use of the
regular perturbation scheme to expandPy,v and V in powers of and
consider zeroth order approximations are

Equating the terms independentothe zeroth order equations are

Upyy ~RSUgyyyy = RP (3.1)
Voyy TRVgyyyy =0 (3.2)
Uy =Uq 3B
vl =v, 4B

Under the above approximation the velocity of tlwedfand the dust
particles coincide.
The relative boundary conditions (3.1) and (3.2) ar

Uy =- Vg =—S . 0n y=%*s (3.5)
2 2
dtio =0 ;OI VZO =0 ony=%s (3.6)
dy dy
The equations to the first order énare
R —
Upyy ~RSUpyyyy +[a7} [uf _ul] = R[uou atVH Oy] (3.7)
R —
Viyy TRSViyyyy +[a7} [Vf _Vl] = R[U o TV w} (3.8)
u-uf =7/ uf ug, +viup, | (3.9)
V=Vl = [ uf VB, +VE VY | (3.10)
The boundary conditions relevant to (3.7) and (ar@)
uy =0 v, =0 on y=4%s (3.11)
2 2
oY S=0 ;6V21=0 on y=%s
oy ay
(3.12)

Solving the above equations subject to the appaisgpbioundary conditions,
we obtain the expressions for zeroth and first ovééocity components are

u, =B +B,Ch[ty]+B,y*+B, (3.13)

v, =B, (314
u =E +E,y+E,S[ty] + E,Ch[ty] + E, (3.15)
v, = B+ E,y+ E;Sh[ty] - ECh[ty] + E,, (3.16)

The solutions foiu” andv) are given by
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u’ =u, - m[a39+ a,,Chlty]+a,Ch[ty]+ aM{Ch[ty]]2 +a,y’ +a ,yChlty]+a 4;

f a,,Ch[ty] +a,, Sh[ty]+a,y] (3.17)
Vi =v,—m [849 + asoCh[t y] +agy +as, (3.18)

4. Shear stress and flux

The shear stress at the upper wall y x¥ {n the dimensional form is given
by
1[ou  av (dsjz [ov _du [ds}
) i 1_ _— +| ——-—— || =
= 2|0y O0Xx dx | 0y Ox || dX

()

and is given by

1
_ 5[A+ B][1-n" |+[C~D]m
g
The volume flux of the fluid Q is given by the fouta

S
Q= judy and is given by
0

Q:
fo X + F o {tg ] + P x°+ f.Bk+f,Bk+
_[fso]
fzgS[x]2+ f CHtg Al + f,tBR +f Bk

5. Discussion of the Problem and Numerical results

The axial and the transverse velocity offtbel u,v as well as the dust

particlesu®,vP p are evaluated analytically to the first order ragpmation
under the long wave length assumption. Their behavihas been
computationally evaluated for variation in the gaweg parameters R, §,

& 1. In general, U attains maximum on the mid-axistted channel and
gradually reduces to its prescribed value on theilfle boundary.

Fig 1 to 3. We observe thati* increases with R for fixed values of S and
others parameters etc and its enhancement in constricted and dilptets
of the channel is rapid in the entire flow fieldcept in the vicinity of the
boundary (fig 1). Fig 2 corresponding to the bebaviof u with S, the
couple stress parameters for fixedoRetc .We find that the magnitude of
the axial velocity undergoes a slight depreciatiath increase in S in the
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entire flow field both in constricted & dilated psrof the channel. It is
interesting to note that in contrast to the earti@ses, the behaviour of u
with increase i, the dust concentration parameter in the consttipart is
different from its behaviour in the dilated pahetother parameters R, S etc
being fixed. Fig 3 to 4 depicts the transverse cigjdfor variations in the
governing parameters R, 8,& t. From these profiles we notice that this
transverse velocity is upwards in the constrictad pushing the flexible
upwards while in the dilated part is downwards Witid drawn away from
the boundary. For higher values of R this changdirgfiction of transverse
velocity takes place in the vicinity of the boungarhe magnitude ofv’ in
general, increases with R in both constricted &tedl parts fixing the other
parameters (Fig 3). Fig 5 to 6 corresponds thel axist velocities profiles
at the first order approximation. This first ordedal dust velocity attains
maximum in the mid-axis & gradually reduces to zenathe boundary. It is

Interesting to observe that for any fixed So& The magnitude ofu/
enhances rapidly with in an increase in R (Fig&)fixed value of R &, a
similar enhancement idul”‘ may be noticed for an increase in S, this

enhancement is moderate when R=5 but sufficiertpidr when R takes
higher valuesR =10. From fig 7 the magnitude of*venhances with ‘R’,
fixing a &other parameters in both constricted& dilated roted likewise
the magnitude of i/ with ‘S’ fixing other parameters. The stress oe th
upper wall enhances with R for fixed So&The stress slightly reduces with
increase in S while with increase in alpha & sligleinhances for fixed R &
S .Like wise the fluid flux enhances with R andgitly reduces with
increase in S fixed alpha & R. For a given R & 8 fluid flux enhances
with o to a slight extent.
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Fig.1.u with R when S=0.2,=10,€=0.01, P=1, x =6

I I 1l v Vv VI v VIII
R 5 10 15 20 5 10 15 20
B 0.005 0.005 0.005 0.0050.005 -0.005 -0.005 -0.00



S. Ravi Kumar et al. 122

—
—=—
—a— 1l
—e— IV
——
—— VI

—— VI

— Vi

T
Fig.2.u with S when R =1@,=10,€=0.01, P=1, x =6

I I I A Vv VI Vil VIII
S 02 0.3 0.4 50 0.2 0.3 0.4 0.5
B 0.005 0.005 0.005 0.0050.005 -0.005 -0.005 -0.005

0.03

0.02

—a
0.01

—-

—a— 1l

—_— I/

——
—— VI
-0.01

— VI

—— Vi

-0.02

-0.03

T
Fig.3.v with R when S=0.2, =10,€=0.01, P=1, x =

I I 1l v \Y, Vi Vi VIII
R 5 10 15 20 5 10 15 20
B 0.005 0.005 0.005 0.0050.005 -0.005 -0.005 -0.005

0.006

0.004

1
0.002 —-— |l
—a— 1l
v o

N
——
-0.002 —e— Vi
—_— 1

—— Vi

-0.004 -

-0.006

T
Fig.4.v with R when R =1@ =10,€=0.01, P =1, x :E

I Il I A \% Vi v VIII
S 02 0.3 0.4 50 0.2 0.3 0.4 0.5
B 0.005 0.005 0.005 0.005-0.005 -0.005 -0.005 -0.005



Peristaltic Flow of a Dusty Couple Stress 123
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Fig.5. u” with R when S=0.2¢ =10,€=0.01, P=1, x =—, 1t =1
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Fig.6. u” with S when R =10y =10,€=0.01, P=1, x =—, 1t =1
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STRESS AT THE UPPER WALLz]
y =1.0043301, t = IN\2, x =2.355, $=0.005
S | 1 1 v V VI

0.2 1.488 2.844 4.348 6.132 6.878 7.624

0.3 1.431 2.788 4.324 6.165 7.023 7.881

0.4 1.398 2.759 4.314 6.187 7.107 8.028

0.5 1.376 2.741 4.309 6.202 7.162 8.123
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Table.1
FLUID FLUX (Q)
t = I\2, x =2.355, f=0.005
S [ [l 11l v \Y VI

0.2 -2.379 -3.714 -5.175 -6.865 -7.466 -8.066

0.3 -2.353 -3.695 -5.186 -6.923 -7.615 -8.30]

0.4 -2.339 -3.686 -5.193 -6.957 -7.700 -8.44]

0.5 -2.329 -3.681 -5.199 -6.979 -7.759 -8.53]

o N 0O

I I [l v \% VI
o 10 10 10 10 20 20
R 5 10 15 20 20 20

Table.2
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6. Open Problem

In this paper we have studied the peristaltic flofna dusty couple stress
fluid a flexible channel by perturbation methodstead of perturbation
method, one can adopt some other techniques tstigaée the behavior the
peristaltic flow of a dusty couple stress fluidexfble channel.
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