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ABSTRACT

The present paper investigates the peristaltic motion of a couple stress fluid in a two dimensional inclined channel
with the effect of magnetic field. The effects of various physical parameters on velocity, pressure gradient and
friction force have been discussed & computed numerically. The effects of various key parameters are discussed
with the help of graphs.
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INTRODUCTION

Peristalsis is known to be one of the main mechasisf transport for many physiological fluids, whis achieved
by the passage of progressive waves of area ctiotieand expansion over flexible walls of a tubateining fluid.
Various studies on peristaltic transport, experitakeras well as theoretical, have been carried gutmany
researchers to explain peristaltic pumping in pbiggjical systems. The study of couple stress fisiidery useful in
understanding various physical problems becaysesgesses the mechanism to describe rheologicalerrtuids
such as liquid crystals and human blood. By cospiess fluid, we mean a fluid whose particles saestaken into
account, a special case of non-Newtonian fluidsn&®a Kumari and Radhakrishnamacharya [1] studifsttedf
slip on peristaltic transport in an inclined chanmith wall effects. Jayarami Reddy et.al, [2] sediperistaltic flow
of a Williamson fluid in an inclined planar channglder the effect of a magnetic field. Reddappa,g8] studied
the peristaltic transport of a Jeffrey fluid in ixclined planar channel with variable viscosity anthe effect of a
magnetic field. El-dabe and El-Mohandas [4] havedi®d magneto hydrodynamic flow of second ordeidflu
through a porous medium on an inclined porous plafekhemier [5] studied non-linear peristaltic sport a
porous medium in an inclined planar channel. Staxaset.al, [6] peristaltic transport of a physgtal fluid: part |
flow in non- uniform geometry. Srivastava and Ssteaa [7] studied peristaltic transport of a nomfémian fluid:
applications to the vas deferens and small intestiatham [8] investigated the fluid mechanics efigtaltic pump
and science. Rathod and Laxmi [9] investigatedcésfef heat transfer on the peristaltic MHD flowaBingham
fluid through a porous medium in an inclined chanRathod and Sridhar [10] studied peristaltic flofva couple
stress fluid in an inclined chann®athod and Laxmi [11] studied effects of heat tf@ansn the peristaltic MHD
flow of a Bingham fluid through a porous mediumairthannel. Rathod and Mahadev [12] studied slipcesfand
heat transfer on MHD peristaltic flow of Jeffrewifi in an inclined channel. Rathod and Mahadev Kt8Hied
effect of magnetic field on ureteral peristalsis aglindrical tube. Rathod and Sridhar [14] studieeristaltic
transport of a couple stress fluid in uniform amh+uniform annulus through porous medium. Rathadl @ridhar
[15] studied effects of Couple Stress fluid andEoscope on peristaltic transport through a PoMadium.
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Rathod and Pallavi [16] studied the effect of simdition and heat transfer on MHD peristaltic s@ort through a
porous medium with complaint wall. Rathod and Ra&l[d7] studied the influence of wall properties MHD
peristaltic transport of dusty fluid. Rathod andhAq18] effects of magnetic field and an endoscopeeristaltic
motion. [19] Rathod and Sridhar studied peristdloe of a couple stress fluid in an inclined chahn

The present research aim is to investigate thedatien of peristalsis for the flow of a coupleests fluid in a two
dimensional inclined channel with the effect of meiic field. The computational analysis has beerezhout for
drawing velocity profiles, pressure gradient anctifsnal force.

FORMULATION OF THE PROBLEM
We consider a peristaltic flow of a Couple strégil§ through two-dimensional channel of width 2a énclined at
an anglex to the horizontal Symmetric with respect to itssaXhe walls of the channel are assumed to bébflex

Fig.1.Schematic diagram of the inclined channel
The wall deformation is
21T
H(x,t)=a+ bCos(7(X -ct)) (2.1)

Where ‘b’ is the amplitude of the peristaltic wate is the wave velocity, A ’ is the wave length, t is the time and
X is the direction of wave propagation.

Neglecting the body force and the body couplesctminuity equation and equations of motion (Mekier 2002)
through a porous medium are

%+@ =0 (2.2)

ox oy

Navier Stokes equations are:

,o(u@ +v@) = —@ﬂﬂzu -’ 0'u+ pgsina - oBlu (2.3)
ox oy 0X
ov ov ap 2 *—4 2
pPU—+v—)=——+1v—-n I'v- pgcosa —oB.v (2.4)
ox oy oy
62 2
Where, [ :—2+—2,D4 =002
ox~ oy

u and v are velocity components, ‘p’ is the flui@gsure, p ' is the density of the fluid, L/ " is the coefficient of
viscosity, ‘I7* " is the coefficient of couple stress, ‘g’ is theagity due to acceleration@ ' angle of inclination,
O is electric conductivity andB. * is applied magnetic field.
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Introducing a wave frame (X, y) moving with velgoit away from the fixed frame (X, Y) by the transfation
x=X-ct,y=Y,u=U,v=V,p=P(X t)

(2.5)
We introduce the non-dimensional variables:
X y v tc n . pa
X =—, y:— :—1V :—,t:—1@) =—,p =—,
A co A
a ¢ 2 Hed (2.6)
G= pga ’M—B iz’qozg,h:ﬂ
ua a a
Equation of motion and boundary conditions in disienless form becomes
au ov
—+—=0 (2.7)
ox oy
2 2 2
Rea(uﬂ+v—)_—@+ @2, 0 1 0" 050U, 0l
0x ox~ oy ox“ oy ox- oy
-M2u- Gsma (2.8)
ov 0 62v azv 1 62 0v 0¥
Red" 1 +ve)=-Rs 57 22 o) 700 )(2 +0)
y oy ox* ax x> oy?
-M 252\/—,095(:050' (2.9)
2=B? 02 Hartmann number.
The dimensionless boundary conditions are:
ou . 0du B
— =0, —=0 aa y=0
oy oy
_ L0u o
u=-1L— finite at y=zxh=1+¢Cos[277X]
oy (2.10)

Using long wavelength approximation and neglectirgwave numbe®, one can reduce governing equations:

% _

(2.11)
oy

2 4
?:%—%%—Mzu—esina (2.12)
X oy y oy

Solving the Eq.(12) with the boundary condition@)(lNe get
h>.y> h* 1 y* Gsma -h?) 1
B T Py 1+ C ey Yo en
The volumetrlc flow rate in the wave frame is deﬁrby
dp h X h
udy =—(Gsing-—)+h(=-1)—-— +—
qjy( yz)(yz)xegla/zw

(2.14)

103
Pelagia Research Library



V. P. Rathod et al Adv. Appl. Sci. Res,, 2015, 6(9):101-109

The expression for pressure gradient from Eq.(@4jven by
h? . 1 1
—(Gsina--—=)+h(~-1)—-q

op_3 y_ v

3 5
0x i+ 2h +L
3 15y2 M 2

The instantaneous flux Q (x, t) in the laboratognie is

h
Q) =[(u+Ddy=g+h

0
The average flux over one period of peristaltic wim(_Q

_ 1T
==|Qdt=q+1
Q T!Q q

From equations (15) and (17), the pressure gradietitained as

h? . 1 1 —
—(Gsina-=)+h(=-1)- Q-1
%:3( yz) (y2 - Q-1
3 5
0X £+ 2h + h
3 15 M?

The pressure rise (drop) over one cycle of the veavebe obtained as

AP

i (%)dx

The dimensionless frictional force F at the wallcss one wavelength is given by

F = | h(-=-)dx
! dx

RESULTSAND DISCUSSION

(2.15)

(2.16)

(2.17)

(2.18)

(2.19)

(2.20)

In this section we have presented the graphicaillteesf the solutions axial velocity u, pressugeAAP | friction

force F for the different values of couple stregg,(magnetic field (M), angle of inclinationd) and gravitational

parameter (G). The axial velocity is shown in Fi@sto 5).

The variation of u witly’, we find that u depreciates with increaseyin(Fig. 2). The variation of u with magnetic

field M shows that for u decreases with increasing in Bl @).The variation of u with angle of inclinatidif shows

that for u increases with increasing @ (Fig 4). The variation of u with gravitational parater G shows that for u

increases with increasing in G (Fig 5).
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Fig. 2. Effect of }/onu,when @ =02x=01,p=-25, G=6,M =1& a =14
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Fig. 3: Effect of M onu,when )/ =2, =03 x=0.1, p=-25, G=15 & a =14
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Fig. 4 Effect of & onuwhen ) =5, =02x=0.1,p =-25, M8 & G=12
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Fig. 5: Effect of G onu, when )/ =5,¢=1x=0.1, p=- 25, M =2 & o = T4
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The variation of pressure rig&dP is shown in Figs (6 to 9) for different valuesyafM, & & G. We find thatAP
depreciates with increase in (Fig. 6). The Variation oAP with M shows that foAP increases with increasing

in M (Fig 7).The Variation ofAP with angle of inclination& shows that forAP increases with increasing
(Fig 8). The Variation ofAP with gravitational parameter G shows that 8P increases with increasing in G

(Fig 9).

Il
P = —
L L

Ap

=13
=20
=235
7
EF
a=m/ b
5 _ ‘-_-:_:.'-‘T_.'r'ﬂ
"\‘P o —— EZ=m/3

Fig. 8: Effect of & on Ap when }/=3,@=05M =3,Q=0& G=5
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15}

Fig. 9: Effect of Gon AP, when )/=15@=05M =6,Q=0& o =174

The variation of friction force F is shown in Figl) to 13) for a different values pf, M, & & G.

Here, it is observed that the effect of all thegpagters on friction force are opposite behaviorathe effects on
pressure with time average mean flow rate is oleskrv
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Fig. 10: Effect of }/onF,when G=2,=04,a=14,Q=0& M =25
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Fig. 11 Effect of M on F,when J}/ =1, =03,a=14,Q=0& G=2

107
Pelagia Research Library



V. P. Rathod et al Adv. Appl. Sci. Res., 2015, 6(9):101-109

-1.5
a=m/6

.

:F -z ___,53_.'-"[_.'4
—_—— x=n/3

s
-3l . o . .
o] 0.2 0.4 x 0.6 0.8 1
Fig. 12: Effect of & onF,when }/=1,0=03,G=2,Q=0& M =25

Fig. 13: Effect of Gon F,when )/ =3,¢=3,a=14,Q=0& M =1
CONCLUSION

In this paper we presented a theoretical approactudy the peristaltic flow of a couple stressdflin an inclined
channel with the effect of a magnetic field. Thegming Equations of motion are solved analyticafyrthermore,
the effect of various values of parameters on Mglpdressure rise and Friction force have been prded
numerically and explained graphically.

We conclude the following observations:
1.The velocity u increases with increasing in grdioraal parameter G, angle of inclinatidif but, decreases with
increasing in couple stress paramgte® magnetic field M.

2.The pressurdlP increases with increasing in gravitational paran&, angle of inclinatio® & magnetic field
M but, decreases with increasing in couple strasametey .

3.The friction force F increases with decreasing liavgational parameter G, angle of inclinatiéhi& magnetic
field M but, increases with increasing in coupless parametgr.
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