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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 by Adomian decomposition method. 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 ctiotiaand expansion over flexible walls of a tubeteining fluid.
Various studies on peristaltic transport, experitaems well as theoretical, have been carried qutmany
researchers to explain peristaltic pumping in ptiggiical systems. The study of couple stress fisiidery useful in
understanding various physical problems becaysessesses the mechanism to describe rheologicalerriuids
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 fluidazaStava et.al., [1] peristaltic transport of a giojogical fluid:
part | flow in non- uniform geometry. Latham [2)viestigated the fluid mechanics of peristaltic pusng science.
Mekhemier [3] studied non-linear peristaltic trandpa porous medium in an inclined planar chan8elvastava
and Srivastava [4] studied peristaltic transpora afon-newtonian fluid: applications to the vasedefis and small
intestine. El-dabe and El-Mohandis [5] have studiganeto hydrodynamic flow of second order fluicbtigh a
porous medium on an inclined porous plane. Rathmutl Asha [6] effects of magnetic field and an endpgcon
peristaltic motion. Rathod and Mahadev [7] studédict of magnetic field on ureteral peristalsisciylindrical
tube. Rathod and Pallavi [8] studied the influen€avall properties on MHD peristaltic transport adisty fluid.
Rathod and Pallavi [9] studied the effect of slgndition and heat transfer on MHD peristaltic trzors through a
porous medium with complaint wall. Rathod and Mahagtl0] studied slip effects and heat transfer oHDM
peristaltic flow of Jeffrey fluid in an inclined ahnel. Rathod and Laxmi [11] investigated effedtkeat transfer on
the peristaltic MHD flow of a Bingham fluid throughporous medium in an inclined channel. Rathod lamani
[12] studied effects of heat transfer on the paltist MHD flow of a Bingham fluid through a porounsedium in a
channel. Jayarami Reddy et.al., [13] studied patistflow of a Williamson fluid in an inclined ptear channel
under the effect of a magnetic field. Ramana Kunaad Radhakrishnamacharya [14] studied effect ipf h
peristaltic transport in an inclined channel withleffects. Reddappa et al., [15] studied thegpaltic transport of
a Jeffrey fluid in an inclined planar channel witiriable viscosity under the effect of a magnettdf
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The advantage of the decomposition method is thatn provide analytical approximation to a rativete class of
nonlinear (and stochastic) equations without liizedion, perturbation, closure approximations, @crktization
methods which can result in massive numerical cdatimn. The usually desired closed-form analytgmdltions of

a nonlinear problem necessitate making some siynpdifand restrictive assumptions in order to malseivable.

The present research aim is to investigate thedatien of peristalsis for the flow of a coupleess fluid in a two
dimensional inclined channel with the effect of metic field by Adomian decomposition method. The
computational analysis has been carried out fowithg velocity profiles, pressure gradient and faotl force.

2. Formulation of the problem:
We consider a peristaltic flow of a Couple stréggl§ through two-dimensional channel of width 2a &nclined at

an angleu to the horizontal symmetric with respect to itssaXhe walls of the channel are assumed to bébfiex
The wall deformation is

2r
H (X,t) =a+ bCOS(7 (X _Ct)) 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.

The governing equations are

ou ov
—+—=0 (2)
ox oy
p(u@ +v@) :—@+'UD2U -’ 0*u+ pgsina —oB2u ®3)
ox oy 0x
p(u@W@) __% + 10%v -1’0 - pgcosa —oBXv (4)
ox oy oy
2 2
Where, [ = 6—2 +0_2
ox- oy

u and v are velocity components, ‘p’ is the fluigssure, 0 ' is the density of the fluid, 4/ " is the coefficient of

viscosity, ‘/7* " is the coefficient of couple stress, ‘g’ is theagity due to acceleration, @' angle of inclination,

g’ is electric conductivity andB. * is applied magnetic field.

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)
We introduce the non-dimensional variables:

2 2
vl 12 =P g PR g |2 =P ®)
co A LA MC La a

Equation of motion and boundary conditions in disienless form becomes

)5

*

X =

y =

o <
.
olc

X
A 1
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ou ov
3, =0 ()
ox oy
2 2 2
resu 1 Q)= B U, 0 S + 2 2t 01,
oy 0x ox? ay ox< oy
-M%u+Gsina (8)
2
Red® (X +v Y y=-P 4 52 (526 Y+ 02‘2’) i 52¢° 2, 5+ 2)(5262" a—?")
ox oy oy ox° oy ox° oy x> dy?
-M?0% - pgd cosa )
Where, j* = n —Bzi Hartmann n
Vo= =B,—— umber.
a
The dimensionless boundary conditions are:
a_u =0; a_u =0 aa y=0
oy oy
_ .0u o
u= _1’F finite at y ==xh=21+¢gCos[277X]
(10)
Using long wavelength approximation and neglectirgwave numbed , one can reduce governing equations:
@ =0 11
oy
2
op_0u_10° Li M?u+Gsina 12)
ox oy Yoy
Solving the Eq.(12) by using Adomian decompositiethod and the boundary conditions (10), we get
1 1 .
= + —-G3na
2432902008176640000 3) 243290200817664((0%0( dx [ ]D (13)

Where

A =-20274183401472000 1013709170073¢09°+  1B6Z'y°+M By 1oy

A, =93024M * y? y°(M ?- /%) + 24135932620800 y*(M * - y*)- 3047466349 *

A, =(M*-3M?2+y")+335221286409°( B >y -y~ 195350409 MBYy - MY )

A, =-20274183401472000 1013709170073600%+ 18681 °)°+
h'®M®y°+9302 "M “y (M *- ¢/

A, =24135932620800" y*(M >~ )= 3047466240y (M “~ M3y *+y )

A, =335221286400°( B17y"-y°)- 19535040°( MB'y°- M1y 9

A, =20922789888000 10461394944060°-  860y* y8+ M 8y 1) ¢
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A, =43680M * y2y°(M = &%)+ 871782912000°y {-M *+y 7
+518918409° y* (M “~ 81 %2+ ")
A, =29059430409°( M2 y*-y°)+ 5765760°( MY °- MY )
A, =20922789888000 10461394944060°—  860h**y°+M 2ho)
A, = 43680M *h'2y°(M ?- &%)+ 871782912000'y *(-M *+y?)
A, =518918400° y*(M*~ B1 %%+ y*) - 29059430406 My *-y 9
+5765760°( 3 y°— M ")
A, =101370917007360000 337903056691260F —  M620B™ )+ M °h )
A, =116280M “h'?y°(M 2~ 6/%)+ 60339831552000°(-M *+ y?)
A; =5079110408° y* (M~ BI %%+ %)~ 670442572808 M3y “-y 9
+279072001°( 1% °- M %)
A, =-20274183401472000 1013709170073¢0F% +  MBB Y+ M By oy ¢
A, =93024V* y*?y°(M ?- 6y?) + 24135932620800 y*(M >~ y?)
A, =3047466249° y* (M~ BI 32+ y )+ 33522128649€
(2M? y* - y°) -19535049™( B1 % °- W ¥9)
A, = -20274183401472000 101370917007360F +  MB6B™y°+M °h 1y
Ay, =93024M * h'2y*(M 2- 6/7) + 24135932620800 *(M - y?)
A, =3047466248° ' (M~ B1 3+ %)+ 335221286400
(2M? - y®) -19535040"( 81 Yy~ W 39
A, =101370917007360000 3379030566912000F —  M2§™*y°+M By %) °—
116280M* y*? y°(M 2~ &%)+ 60339831552090y (-M *+y I+ 5079110409 *
(M*-3M2y2+y*) - 670442572809°( & 2y “-y )+ 27907298 M3y - M4 )

(46225138155356392560( A + AA,))

(P (A+A+A))

_(48658040163533032568, - A, - A,))
(¥ (Ao AL+ A)

As=Vy| -
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(hym A+ Als)J
(Ales + A, A18)
2027418340147200@y, + A, - A,))

_y4(A22)

A24:y2 (

The volumetric flow rate in the wave frame is defirby
h
1 dp .
= |udy = B,.+B,| —-GSn[a 14
g { y 24329020081766400(£0 % Zs(dx [ ]D 1)

B, =355687428096000 296406190080¢- 26 M ?)
B, =980179200"( 3024 144M*+h'M *)y*-
571200° (- 1235528 51480M 2~ 4B& ‘+hM °)y ¢
B, =h?(980179200- 35642886M 2+ 34278M ‘- 10881 °+hM °)y°
B, = 2092278988800 87178291200¢- ABM ?)y?
+518918400°( 1686 118M2+hM )y
B, = 4368(° (- 665288 35640M *~ 386M *+hM °)y°
B, = h* (518918400 23063040M *+ 26208M ‘- 96 °+hM 9y
B, =101370917007360000 60339831552@7(((} +56M 2) 1%
+5079110408°( 11880 26AM *+h‘M *)y*
B, =11628(0° (- 5765766 131040M - 7BtM “+hM )y °
B, = h°(-5079110406- 111628806M >~ 69768 *+ 1590 *+hM )y °
B,, = -20274183401472000 2413593262080~ +48M ?) -
3047466240'( 7926 220M ?+h'M ) y*
B,, =93024° (- 3603608 98286M - 680M ‘+hM °)y
B,, =h°(-3047466246- 78140160M *- 55814 ‘+ 13681 °*+h™M %)y °

B, =-20274183401472000- 482718652416006 +
6704425728006°M 22— 6704425728009 *
B, =121898649600"M *y*- 3907008H6M % “-
6094324808"y°% + 1172102486M % °— 55814dM §
B,, =684M"'M °y° - 390700800y °+ 74419R06M ¥

Where

~41040M *y%+ 8B1'M GyB—Zilh M § 8
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B,, =101370917007360000 60339831552600- +56M )y +
5079110408°( 11880 26AM *+h'M *)y*

B, =116280° (- 5765766 131040M °— 780M *+hM )y °

By, = h° (5079110406 111628806M >+ 6976801 ‘- 1550 °*+h™M °)y°

B,, =—101370917007360000 60339831552006- +56M ?)

-5079110408° ( 11886 26AM 2+hM *)y*
B,, =116280° (- 5765760 131040M - 7BM “+hM °)y°
B,, = h°(~5079110406 1116288060M °- 69768M *+ 1500 °+hM 9y
B,, =—-20274183401472000 24135932620800
(-42+h°M?) y? - 3047466240°( 7920 28OM *+h'M )y
B,; =930241° (- 3603608 98286M *- 680M ‘+hM °)y
B,, =h®(-3047466246- 78140160M - 55814 *+ 13681 *+hM 9)y°

(418455797760004®, + B, + B,))
337903056691201B, - B, - B,))

(BlO + Bll+ BlZ)

(h5 (B — By, + Bls)J

(Bl9 + BZO+ BZI)

Bzz + st
405483668029440000
+ Bz4

B,, =648 - (
(B4_Bs+Be)+

By = VZ Bis+ Byt Byt

The expression for pressure gradient from Eq.(@4)ven by

dp _ 924329020081766400608,

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

> +GSn[a] (15)

h
Qxt)=[(u+Ddy=q+h (16)
0
The average flux over one period of peristaltic wim(_g

_ 1T
Q=?det=q+1 (17)
0

The pressure rise (drop) over one cycle of the veavebe obtained as
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1

| Byx 18)
0

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

AP

_[p_dp
F= { (=) (19)

RESULTSAND DISCUSSION

In this section we have presented the graphicallteesf the solutions axial velocity u, pressumeAP, friction
force F for the different values of couple streg9,(magnetic field (M), angle of inclinationX), gravitational
parameter (G). The axial velocity is showrFigs. (1 to 5).

The Variation of u withy/, we find that u depreciates with increase)ir(Fig. 1). The Variation of u with magnetic
field M shows that for u decreases with increasing infig. ).The Variation of u with angle of inclinatioar
shows that for u increases with increasingdrfFig 3). The Variation of u with gravitational parametershows
that for u increases with increasing infag 4).

S5

S0

a5t

a0

asr

o 0.2 0.4 0.& 0.8 1

o 0.2 0.4 O.& 0.8 1
W

Fig. 2: Effect of M on u, when J/ =1, 9=0.2, x=0.1, p=-25, G=4, a = W4, ¢=0.2
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Fig. 3: Effect of & onu,when )/ =3, ¢=02x=0.1,p=-.25, M5, G=6
e
o1 —G=38
——-G=10
g ——G=12
u
a2k

] 0.2 0.4 o.€ 0.8 1
v
Fig. 4: Effect of Gonu,when }/=1,¢=2,x=0.1,p=-.25, M =1,& o =14

The variation of pressure ridd is shown inFigs (5 to 8) for different values of/, M, @, G . We find thatAP
increases with increasing iff (Fig. 5). The Variation ofAP with M shows that forAP increases with increasing

in M (Fig.6).The Variation of AP with angle of inclination@ shows that forAP increases with increasing i

(Fig.7). The Variation of AP with gravitational parameter G shows that AP increases with increasing in G
(Fig 8).

— ¥=03
1.5 . ¥ =05
—— ¥ =
Ap 1 0.7
a.5
a L
a 0.2 0.4 0.€ o.8 1

Fig. 5: Effect of )/ on Ap when @=06,G=4,a=14,Q=0& M=1
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2.3
— M=15
_ --- M=20
- —— M=25
Ap M=2135
1.5
1 1
] 0.2 0.4 xﬂ.f 0.8 1
Fig. 6: Effect of M on AP when )/=7,=02, G=2,a=14, & Q=0
7 T T
N
[
f’/,\ 5
5 ,K’ £ K a=m/6
R
4 - ,5;:.'-"[_."'4
Ap s *
AP 4 P —— @=mJi3
3
o 0.2 0.4 0.€ 0.8 1
X
Fig. 7: Effect of @ on AP when )/ =15, ¢=0.6,M =1, Q=0, G =20
1€
14
1z —G=28
—--G=10
10 —— G=12
Ap
j B
€
4

Fig. 8: Effect of Gon AP when J/=15,=0.6M =10,Q=0,B =1 & a =14

The variation of friction force F is shown Higs. (9 to 12) for a different values d¥, M, @', G.

Here, it is observed that the effect of all thegpaeters on friction force are opposite behaviotoahe effects on
pressure with time average mean flow rate is oleskrv
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—— =05
F ¥ =07
—— ¥ =09

B —— M=15
o —-- M=20
F M=25

,J..
I

Fig. 10: Effect of M on F,when J/ =1, =02,a=14,Q=0 & G=2

ax=m/6
-2 ;
- ,5;:]"[_.'4
F i
—_— F=m/S3
—al

Fig. 11: Effect of & onF,when }/=1,=06,G=6,Q=0,M =1
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o 0.2 0.4 0.& 0.8 1

Fig. 12: Effect of Gon F,when }/=15,¢=6,a=14,Q=0 & M =10

CONCLUSION

In this paper we presented a theoretical approachudy the peristaltic flow of a couple stressdflin an inclined
channel with the effect of a magnetic field by Adamdecomposition method. The governing Equatidmaation
are solved analytically. Furthermore, the effectvafious values of parameters on Velocity, Pressise and
Friction force have been computed numerically axglagned graphically.

We conclude the following observations:
1.The velocity u increases with increasing in graiot@al parameter G, angle of inclinati@h but, decreases with
increasing in couple stress paramgte& magnetic field M.

2.The pressuréAP increases with increasing in gravitational par&n&, angle of inclinatio@’  couple stress
parametey/& magnetic field M
3.The friction force F decreases with increasingiavgational parameter G, angle of inclinat@n couple stress
parametey/ & magnetic field M
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