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ABSTRACT

The present paper deals with the study of the teffieslip on peristaltic flow of a Hyperbolic Tamgefluid in an
inclined asymmetric channel under long wavelengtid 0w Reynolds number assumptions. The non linear
governing equations are solved using the regulartysbation method. Analysis has been carried outthie
presence of velocity and slip conditions. Expressifor stream function, pressure gradient and pessise
coefficients are derived. The effect of variousapageters on the pumping phenomenon is discussedhithelp of
graphs.
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INTRODUCTION

Peristalsis is an important mechanism for pumpingiofgical and industrial fluids, which is generatéy
progressive wave of contraction or expansion mowimgthe wall of the tube. Due to peristaltic motidhe
movement of organ walls can propel food, liquid @ad also mix the contents within each organ. Firwshastrial
point of view the peristaltic flows play an impartaole in sanitary fluid transport, transport afftosive fluids, a
toxic liquid transport in the nuclear industry etdter the first investigation of Lathafd], the initial mathematical
models for the peristaltic flow in an infinitelyng symmetric channel or tube have been investigayeshapiro et
al. [2].Many of the contributors to the area of peristghtimping have either followed Shapiro or Fung. Mifghe
studies on peristaltic flow deal with Newtonianidls. The complex rheology of biological fluids hemtivated
investigations involving different non-Newtonianifis. There are many engineering processes asiwethich
peristaltic pumps are used to handle a wide rafdleids particularly in chemical and pharmaceuticalustries. It
is also used in sanitary fluid transport, blood psnn heart lung machine and transport of coreflvids, where
the contact of the fluid with the machinery pastpiohibited. Because most of the physiologicatiitbehave like a
non-Newtonian fluid, therefore, some interestingl&s dealing with the flows of on-Newtonian fluigie given in
[3-13].

Nadeem and Akram [14] discussed peristaltic trarispba Hyperbolic Tangent fluid in an asymmetritaonel.
Mekheimer [15] studied the peristaltic transportMHD flow in an inclined planar channel. Hayat dt [8]
extended the idea of Ealshahed et al. [f8] partial slip condition. Srinivas et al. [17]ustied the Peristaltic
transport in an asymmetric channel with heat tiemsf
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Hence, several non-Newtonian models are being gexpby various researchers to investigate the flelavior in
physiological system of a living body. Among thergpidrbolic Tangent model is expected to explain nodshe
features of a physiological fluid. The governing atipns of hyperbolic tangent fluid model for pealt fluid flow

in a two dimensional inclined asymmetric channed haen modeled in the present paper. The goveatogtions
are reduced using long wave length approximatiahtaen the reduced problem has been solved by usmgdar
perturbation method. The expression for pressgeeis computed numerically using Mathematica softwAt the
end, the graphical results are presented to digbhegshysical behavior of various parameters aragt.

HYPERBOLIC TANGENT FLUID MODEL
Consider an incompressible fluid whose balancedmass and linear momentum are given by

divw=0 )

dv _ .
p— =divS+ pf )

dt
wherep is the densityV is the velocity vector, S is the Cauchy stressdgerfgepresents the specific body force and
d/dt represents the material time derivative. The ctnste equation for hyperbolic tangent fluid is givby
S=-Pl+r 3)

_ ['( T)n -

I=— oo+(,70+,700 )tan ry VY, (4)

in which—P1 is the spherical part of the stress due to cairdtof incompressibilitys is the extra stress tensg,is
the infinite shear rate viscosity,is the zero shear rate viscosify, is the time constanh is the power law index,

and}T/ is defined as

~fzzin i

‘ 5)
n :%trac(gr<';ldv+(gradv)T )2.
Herell is the second invariant strain tensor. We congidastitution (4), the case for whigh= 0 andl" ;7< 1.
The component of extra stress tensor, thereforebeanritten as
r=-n,|r i) [r=-nola+ri-1'
= —nolL+n(ry-1))y. ©

MATHEMATICAL FORMULATION

We consider an incompressible Hyperbolic Tangarit fin an inclined asymmetric channel of width+dd.. The
angle of inclination is@ . A sinusoidal wave propagating with constant speeuh the channel walls induces the
flow. The geometry of the wall surface is definsd a

Y:H1:61+§100{27n(>7—cf)} @
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- = 2IT( -
Y:H2=—d2—blco{7(x —ct)+¢}
where @, and 51 are the amplitudes of the waved, is the wave Iengthal+a2 is the width of the channel, ¢ is

the velocity of propagation is the time, andX is the direction of wave propagation. The phaferénce ¢
varies in the rang® < ¢ < 71 in which ¢ =0 corresponds to a symmetric channel with wavésbphase and; =

71, the waves are in phase, furthay, 51 C_il, 62, andg¢ satisfies the condition

Fig.1. Physical M odel

The equations governing the flow are given by

ai_+a—\£=0, (8)
oX oY
U —0U -—oU P 0T, OT
aLf +U ali +V aLi :—a—E—T—lx—T—EYH]sina, 9)
ot oX oY oX o0X oYy
NV —oV —oV P 0T, 0T,
0 a_Y+U a—\i+va—\i :—a—E—T—lY—T—iY—ncosa, (10)
ot oX oY oY oX oY

We introduce a wave frame(i, )7) moving with velocity ¢ away from the fixed fram@_(,V) by the
transformation
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x=X-d ,y=Y ,u=U-c v=V,andp(x)=P(X t) (11)

We use the following non-dimensional quantities

X:Z, y:l, u:E, t:£t_,h1:&, hZ:&, Txxzif?x’ Txy:d_ 5
A d, C A d, d, n,C n,C
q pry q 32
rw-ifw, o0=-1, Re= ’OOdl, We:E, P= d p. y—&. (12)
14C A Mo d, A, C

Using the above non-dimensional quantities in E8)s— (10) can be written as(after dropping bars)

ow ow
= y=-— (13)
oy 0x
or
srd[O¥ 0 v oW | __OP_ 50T, Oy iy
ay X ox ay ay ox ox oy {14
or or
sRd[0¥ 0 W o aw] P _ 500y 0Ty oo
dy dx 0x dy ) ox oy 0Xx oy {15
B _ 0°W 0°W
where T, ——2[1+ n(Wey 1)]@y Ty —1[1+ n(WeV—l)]( oy -0° PV j
1
. oW 2w\ (92w 07w VAR
1, =20[1+nWey—1 .y =|20° -0° +252 —
W 6[ (wey )]a)éy 4 [amyJ [ay ox* X3y

Hered is wave number, Re is Reynolds number WAfeiswWiessenberg number.

Under the assumptions of long wavelength 1 and low Reynolds number, and neglecting the terfwsders and
higher, Egs. (14) and (15) take the form

a—P—i{h n(WDa bt 1}}% bt +nsina
y?

ox oy ay° (16)
P_o

% (17)
Elimination of pressure from Eq.(16) and Eq.(18lgi

2 2

: {1+ n(Wﬂ% bt 1]}% Lf =0

y* y* y 18)

94

Pelagia Research Library



Y.V. K. Ravi Kumar et al Adv. Appl. Sci. Res., 2014, 5(3):91-108

The dimensionless mean flawis defined as

O=F+1+d (19)
In which
h(x)
ow
F= [ = dy=®(n(9)-¥(h,()
y
R () (20)
where
h,(X) =1+acos27x and h,(x) = -d —bcod27x + ¢) (21)

The boundary conditions in terms of stream functibare defined as:

F v oy

Y=—,;, —+f—=-1 at =n,|X
W F oy ﬁazw 1 at h ( )
= ; —= = - y= X
2 oy oy’ i 22)
whereF is the flux, = % = C[:a is the permeability parameter including slip, BaHe Darcy number@ is
1

the slip parameter and k is the permeability.

NUMERICAL SOLUTION
We used the perturbation technique to find the migaksolution of Eq.(18), which is non linear.

we expand? , P and F as

Y=Y, +We¥, + 0(We?), (23)
P= P+ WeP, + O(We?), (24)

By using Egs. (23) — (25), the problem is resolwved zeoth and first order systems as mentionéaibe

Zeroth order system (System of order We®):

4
aayq:O 0
(26)
3
9% - (1- n)a q:“ +nsing
ox oy 27)
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F W, 82w,
wo=-0 ; 047 T0-_1 gt y=

By 0% g0,
2 oy oy’

W, =- =-1 at y=hy(x)

First order system (System of order Wel):

0*W, n
ay* (n 16y

P, ~@-n) atv ( ]
x
‘P1=i X ! ,3 s 1=--1 at y=hl(x)

2 oy oy’

2
LS T B L P oa y=h,(x)

W)

Y
2 oy oy’

Zeroth order solution

(28)

(29)

(30)

(31)

On solving Egs (26) with the boundary conditiongegi by Eqs (28), we get the solution to the zeootler problem

as

y’® y’
Y, :A1§+AZE+A3y+A4,

(32)

Al: _12(Fo+h1_h2)
(h,=h,)* +68(h, -h,)*’

A = 6(F, +h —hy)(h +h,
(h,—h)’ +68(h —h,)*’

a, = SFo(Blh =)=ty )= (h b ) +hi —hn)

(h,=h,)* +68(h ~h,)?

a = Fo Rty -anh, +eam(n -]« i -, )+ 3, —,)]

2 (h,—h,)’* +68(h, -h,)’

The axial pressure gradient at zeroth order is

Ry - 12(n_1)(Fo+h1_h2)
ox  (h-h) +68(h —hy)

For one wavelength the integration of (33) gives

~+nsing

ABO=I2?dx

(33)

(34)

96

Pelagia Research Library



Y.V. K. Ravi Kumar et al Adv. Appl. Sci. Res., 2014, 5(3):91-108

Substituting the zeroth-order solution given by(B®) into (29),the solution of the resulting ficstder problem
satisfying the boundary conditions take the follogvform:

64‘P1:2A12L
ay" n-1 (35)
W=a L v AL s ay+A +AY
3 2 (36)
where
A= -(12F, - A,(h =h,)) A= 6F,(h +h)+ A, AizeFl(ﬁ(hl—hz)—nhnm)
(h-h)+6ph-h)" ° (h-h)+6sh-h)" (h-h,) +68(h -h)

_F Rl ann, —emn—h )+ As AR -h)+6p( +ng)
2 (hl—h2)3+61[3(hl—h2)2 T (hl—h2+2,6’) '

A&z = A[(hlz +h22)(hl +h2)_4hl3 _6:&112]_%011 _hz _213)7

A, =—6A, (1 —12)- A, (h, ~h,2(h ~h, +68),

A, = _6A12(hl _hz)(hl +2:3nl)_ A.L3(h1 +IB)_6,BAhlz(h1 — hz)(hl -h, +6,B)
) (h,—h,f’(h,—h, +6p)

As==2A,(n —h, )’ - A - A (h —h,)*(h —h, +68),

The axial pressure gradient at first order is

A

P _ (nz_nl)[—n(Fo +h—~h, )2 (h, +h,) +[12F, - A, (0, b, )][(h -1, ) +68(, ~h, )]

o [ -,y 650, -, F[ @

For one wavelength, the integration of Eq.(37)dsel

1
P
AP, = % dx

0 (38)

Summarizing the perturbation results for small peeter We the expression for stream functions and pressure
gradient can be written as:

-12F +h,-h,)
i (hl - hz)3 +6:3(h1 - hz)2
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6F (B(h, —h,) - hh,) +h —h, = (h, —h,)(h? +h,” - hh) L F
(h, —h,)* +68(h, —h,)?
(F(hf - 3h°h, +64n,(h, —h,)) + hih,((h, —h,)* +3h,(h, - h,))

(-2y° +3(h, +h,) Y ) +(

2

)+We(A5§+A6y +AY+A +AYY)

(h, ~n,)* +64(h, ~1,)’ 2
(39)
oP
= % +Weaﬂ (40)
ox  0Ox 0x
The non- dimensional pressure rise over one wagtidor the velocity is
L 9P
AP, =[——dx
5 OX
(41)
The frictional forces are given by
1 1
op op
F,=|-h(=)dx at y= F..=|-h(=)dx at y=h 42
a=[=hG) V=R P =) y=h, 2)
EXACT NUMERICAL SOLUTION FOR THE LARGE WEISSENBERG NUMBER REGIME
Let us present the solution to Eq.(18) in the Igkye > 0) regime
9’y
Let §=—7F,
From Eq.(18),we get
0° 2
— (@—-n)@+nW =0, 43
oy (g + Wep) (43)
And upon integrating twice we obtain
2
1-n)p+nWe@ = X)y+ X
(L-ng+nWe@ =k, (XY +k, (X, 44)

Where k (X) and k (x) are real valued functions of x but do not degpirg on y . Solving this algebraic equation for
¢ , we obtain

_o*y _(n-1)« J(n=1)? + anwdK, (x)y + K, (x))
ay” 2nWe

(45)
au _ (n-2)+/(n-2F + anwelk, ()y + K, (x) )
ay 2nWe
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0°u _ K, ()

9y*  J(n-1) + anwdK, (x)y + K, (x)) (a7)

2
u
Physically , we expeoﬁulay to change sign and fOF< 0. In order for this to occur, we must take tosipve

root in and consider only; (x) <O.

In order to get real valued solutions, integratitg (43) twice gives

=kl g o ool st by ) w

The explicit formulas for the kj's (j=1, 2, 3, #)ay be obtained from the four boundary conditibgs (22) and we
find ks (x) and lg (x) explicity in terms of k(x) and k (x):

5 5

F (-2 +hy), [0-27 + anwdk,h, + K )l - [(n-2) + anwek,h, + K, )]

K =
0 (h,-hy,) 4nWe 120V€en?K 2(x)
(49)
5 5
_1 (n-2)0 +12) , [n-2)° + anwdiin, + K, ) ~[(0-1) + anwidi,n, + K, )]
Ka)= 2 Ko +he)+ awe 120Ven?K 2(x)
(50)
The relations for k(x) and k (x) are given in implicit form by substituting tladove into
5 5
F (=2l +hy), [(0-1 + anwek,h, + k)] ~[(n-1)° + anwekn, + K, )7
(h, -h,) 4nWe 120NV€e’n®K ?
3 1
|-+ anwek,n, + k) Bln -1 + anwek,n, + K )} _ @-n)n + ) _
12WenK, 2We 2nWe (51)
5 5
F (n-2)(h+h,) .\ [(n—1)2 +4nWdK ,h, + KZ)]E - [(n -1)? +4nWdK h, + KZ)]E
(h, -h,) 4nWe 120NV’ n?K 2
3 1
=27 + anwdich, + k) _ Aln-2)? + anwdich, + K, ) _ @-n)n, - ) .
12V’ nK, 2We 2nWe (52)

And these may be solved numerically for the kjs ¢, 2, 3, 4) given specific;i{x), h (X) and F . Thus, we have an
exact relation () for the stream functi®h and we may determine y, independent coefficigjiss( j= 1, 2, 3, 4)

numerically from the relations . the velocity ulien given by
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0= e Dy [(n-2)” + anweli, (x)y + K, ()

dy 2nWe 12Wén K, (x) (53)
The axial pressure gradient is given by
P k,(x)<0
—_= X
1 1
0x (54)
The non-dimensional pressure rise over one wavilgagjiven by
1
AP, =_[kl(x)dx< 0,
0 (55)
10C -
Po
150 -
1100 -
®
Fig.2. Variation of AP, with @ for different values of We
0c 0E 1C 1t 2(
Q)
Fig.3. Variation of AP, with @ for different values of ¢
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LPr (50}

(1100 -

[1150 -

0¢ 0f 1C 1f 2( 2f 3¢
®

Fig4. Variation of AP, with @ for different valuesof a

— bro1

50 ¢

0.c

®

Fig55. Variation of AP, with @ for different valuesof b
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Fig.6. Variatior‘l of AP, with 9 for different Yaluesof d
i iu .....
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50t
00 05 10 15 20

®

Fig.7. Variation of AB with @ for different valuesof n
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Fig.8. Variation of AP, with @ for different valuesof p
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0.5
| m /
0.0 02 0.4 0.6 0.8 1.0
(o)

Fig. 9. Stream linesfor threedifferent valuesof Q. (a) for Q =0.25, (b) for Q =0.27, (c) for Q =0.29
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L5

Fig. 10. Stream linesfor three different values of We. (a) for We=0.04, (b) for We=0.06, (c) for We=0.08
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©

Fig. 11. Stream linesfor three different valuesof a. (a) for a=0.42, (b) for a=0.46, (c) for a=0.48
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Fig. 12. Stream linesfor threedifferent valuesof b. (a) for b =0.52, (b) for b = 0.54, (c) for b = 0.56
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Fig. 13. Stream linesfor three different values of g. (a) for p = 0.04, (b) for g = 0.06, (c) for p =0.08

RESULTSAND DISCUSSION

The effect of Weissenberg parameter on the on thespre rise is observed from Fig.2. It is observed the

Co-

pumping regio(ﬂP/‘ < 0).

pressure rise decreases with increasing valueseigssenberg number in the pumping regﬁAﬂPA > 0) and in the

From the Fig.3, the effect of amplitude ragicon pumping phenomena can studied. It is obseivadfor a given

mean flow rate, the pressure rise decreases withcagases ip.
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From Figs. 4 and 5, the effect of wave amplitudesié bon the pumping phenomena is studied. For a givetie
pressure rise decreases with the increaaeaimdb in all the pumping regior(aAPA >0,AP, =0,AP, < O).

From Fig.6, the effect ofl as pumping phenomena is observed. It is noticed tessure rise decreases with the
increase ird.

The effect of permeability parameter on pressuse i observed from Fig.8. For a fix€d the pressure rise
decreases with increasing permeability parameter.

TRAPPING PHENOM ENA

A very interesting phenomenon in the peristaltamgport is trapping. In the wave frame, streamlimeder certain
circumstances swell to trap a bolus which travelarainlet with the wave speed. Figures 9 — 13tilate the stream
lines for different values dD, We a, b ang. The stream lines for different values of volurtenfrateQ are shown

in Figure 9. It is found that with the increasevislume flow rateQ, the size and the number of trapping bolus
increases. In Figure 10 the stream lines are peepfar different value of Weissenberg numbiée It is depicted
that the size of the trapped bolus increases \ithiricrease iWe It is observed from Figure 11 that the size and
the number of the trapping bolus increases withntheeases in amplitude of the waadt is observed from Figure
12 that the size and the number of the trappingswicreases with the increases in amplitude ofuireeb. It is
observed from Figure 13 that the size and the numibihe trapping bolus increases with the increaseamplitude

of the wavep.
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