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Abstract

Objectives: The study intends to investigate the problem of peristalsis
transport of hyperbolic tangent fluid in a tapered asymmetric channel.
Methods: The two-dimensional equations of a hyperbolic tangent fluid
have been simplified under the suspicions of low Reynolds number and
long wavelength approximations. The reduced equations are solved by
using standard perturbation technique. The numerical results obtained are
presented in the graphical form for various values of physical parameters and
are discussed. Findings: It is showing that for the larger values of non-uniform
parameter, pressure rise diminishes and the axial velocity diminishes at the
core part of the channel and increases at the right and left side of the channel
for the increasing values of non-uniform parameter. Applications: Hyperbolic
tangent fluid model anticipate the shear thinning phenomenon very accurately
and are being used mostly in laboratory experiments and industries.
Keywords: Reynolds number; Hyperbolic tangent fluid; peristaltic transport;
tapered asymmetric channel

1 Introduction

The system of peristaltic transport has been coined by Latham. Now a day’s many
researchers are fascinated towards tapered asymmetric channel of non-Newtonian fluid
with peristalsis because of its widespread applications in medical, physiological and
industrial processes. Peristalsis can be found in many physiological processes such as in
the chyme movement in gastrointestinal tract, blood circulation in small blood vessels
and also in food digestion. In biomedical field the dialysis and heart lung machines
worked on the peristaltic principle.

Nadeem and Akram® have analyzed the hyperbolic tangent fluid under long
wavelength and low Reynolds number approximations in an asymmetric channel with
peristalsis via regular perturbation method. Also they have extended their work for the
same fluid under the influence of MHD with heat transfer in a vertical asymmetric
channel . Many experiments ®-1) have been made for hyperbolic tangent fluid for
different types of channels.

Kothandapani et al.('") have studied the peristaltic transport in the presence of
tapered asymmetric channel for Johnson-Segalman fluid. From their study it is revealed
that as the values of amplitude increases the pressure rise increases also in the

https://www.indjst.org/

1677


https://doi.org/10.17485/IJST/v14i20.480
https://doi.org/10.17485/IJST/v14i20.480
https://doi.org/10.17485/IJST/v14i20.480
naduvinamaninb@yahoo.co.in
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
www.iseeadyar.org.
https://www.indjst.org/

Naduvinamani et al. / Indian Journal of Science and Technology 2021;14(20):1677-1688

increment of non-dimensionless parameter and Weissenberg number the pressure rise decreases. Hayat et al.(!? have
scrutinized the effect of magnetic field and nonlinear radiation of peristaltic motion of Sisko fluid in an inclined tapered
asymmetric channel. Kothandapani and Prakash (13) have analyses the peristaltic transport of Williamson nanofluids under the
influence of magnetic field and thermal radiation parameter in a tapered asymmetric channel. Prakash et al. ') have studied
the peristaltic motion in a tapered asymmetric channel for a third grade fluid. From their study it is noticed that as the non-
uniform parameter (m) increases the pressure rise decreases and axial velocity enhances at the boundaries by increasing in
non-uniform parameter (m). The peristaltic phenomena in the presence of tapered asymmetric channel has discussed in the
literatures 1°~19), Kothandapani et al.®”) have observed the peristaltic flow of an incompressible non-Newtonian fourth grade
fluid with the influence of uniform magnetic field in a tapered asymmetric channel. Further similar studies can be found in
relevant literature ?1-30),

To the best of our knowledge, no attempt has been made to analyses the peristaltic transport of the hyperbolic tangent fluid
in a tapered asymmetric channel. The governing equations are simplified under the assumptions of long wavelength and low
Reynolds number approximations. The stream function and pressure gradient have calculated by adopting regular perturbation
method. The effect of various physical parameters on pressure rise and axial velocity are discussed and explained graphically.

2 Mathematical Modelling and Methods

Fig 1. Schematic diagram of a tapered asymmetric

Let us consider the peristalsis of two-dimensional hyperbolic tangent fluid through the channel of width 2d. Here the medium
is considered to the tangent hyperbolic fluid flow is produced by the propagation of sinusoidal wave trains with constant speed
¢ along the walls of the tapered asymmetric channel, such that

H, ()_(,t> =d+ m/)_(—|—a2sin [2)? <)_( —ctﬂ (Upper wall 1(a))
- - 'z C2m = -
H, (X, t) =—d—mX —aysin [A (X —ct) —i—@] (Lower wall 1(b))
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Where,a; and a; are the amplitudes of the wave, A is the wave length, width of the channel is 2d, phase speed of the wave is

depicted with ¢, 7 be the time, and X is the sinusoidal wave propagation direction, the non uniform parameter is denoted by

m (m/ < 1) . The phase difference ¢ € [0, =] and the quantity ¢ = 0 imply the symmetric channel with waves out of phase i.e.

both walls move towards the outward or inward simultaneously. And the physical variables a;, a», d and ¢ obey the following

required relation.

a% + a% +2a1arcosD < (2d)2

)

Thus, based on the above considered geometry and assumptions, in the fixed frame of reference the governing equations for

unsteady two-dimensional tangent hyperbolic fluid 1->% are as follows:

U v
—+—==0
dX Y
e » 0T OT__
P RN R L - i
at X aY dX dX Y
v -3V - v 5 0T JT__
g A A A P S i
dt 2.4 aY Y IJX Y

3)

(4)

(5)

Following transformations indicate the moment of a considered wave frame (}7 ;) travelling with velocity ¢ away from the

immovable frame ()_( , Y > as follows.

x=X—ct, §=)7,ﬁ:l7—c,17:‘7, andﬁ(x)zi’(X,t)

The dimensionless variables for the purpose of non-dimensionalization are

x 7 i . v h hy A
—y==u=—t=—t,v=—,h=—=,h .7 T
.x_ Aay dl’u_ C’ 2' iv C57 l_ d17 2 d17 XX g XX )
1 — d1 _ d1 pcd1 IT'c dl . ’)7d1
T T Tyy = —T57,0 = —,Re = We=—,P= =—
Xy Xy vy Noc AAR) 2{; € o ) e d]v CAT' p,Y c
m_m’l
- d

By utilizing the above non-dimensional parameters in the Eqs (1-7) and in view of stream function y (u =

the resultant equations are as follows:

(6)

(7)

dy d  Jdy d\Jdy|  IP 0T, Iy
ORe Kayax‘axay) ay} ~ % % ®
dy d Jdy d\]|dy JaP Ty aTyy
3 oyo oYyo |y odF o0hy Oy
o°Re {( dy dx Ox 8y>} ox dy J ox J dy ©)
. 9’y
Toe = —2[14+n(Wey—1)] %9y
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, 2’y 2%y
Txy = — [1 +n(We 'y— 1 )} (8)}2 _628){2>
o’y
dxdy

P2y \> [y 2y’ 2y \’
Py _s2 152

Y [ (5ag) (5 -58) 2 (5m)
In above equations of Ty, Ty, and Ty, 8 is wave number, Re is Reynolds number and We be the Weissenberg number respectively.

According to the assumptions of low Reynolds number and long wave length approximation (6 < 1) , as well as ignoring the
terms of higher order 8, we can reduce the Egs. (8) and (9) to the following form.

Ty =26[1+n(Wey—1)]

1/2

oP 9 o’y I’y
P _d oV oV 10
dx  dy [1+n<We 9y 1)] dy* (1)
JdP
- — 11
Iy 0 (11)
After removal of pressure gradient from Eqs. (10-11)
92 %y 2’y
_ R — = 12
97 [1 +n (We P 1 )] 57 0 (12)
The boundary conditions are
=LY o y=m
2 dy (13)
_Eoov 0 f =h
V=5 Fr or y=h(x)

Where
hy (x) = 14+ mx+bsin(2m (x—1))
h(x)=—1—mx—asin(2x (x—1)+ )
Also, the quantities a, b, ¢ and d satisfy the following inequality:
a* +b* +2ab cos 0 <4

2.1 Method of Solution

Here the flow quantities W, F and P are expanded in terms of power series as follows to get the simplified form of Eqn (12) by
utilising boundary conditions :

v =y + We y; +0(We?) (14)
F =Fy+We F +0(We?) (15)
P = Py+We P+ O(We?) (16)

Replacing Egs. (14)-(16) in the above Eqs. (10), (12) and (13) and rearranging the coefficients of powers of We gives the following
system of equations.
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2.2 System of order We°

*wo
5 =" (17)
OP 23
2= (1-n) 8;’;0 (18)
F 9
Vo= =0 for y=h() (19)
F 0
Vo= -7, 8—";":0 for y=hi(x) (20)
2.3 System of order We'
Py _ n P (Pw) (21)
oy* _n—lay2 0y?
or Py 9 [Py .
= e 2 (58 e
0
l//1=71, TV)/)]:O for y=hy(x) (23)
F 0
Vi= g =0 for y=hi() (24)

2.4 Solution for Zeroth order (We?)

Solution of the Eq. (17) satisfying the required boundary conditions defined in Eqs. (19-20) are written as

Vo = C1 +Coy+C3y* +Cyy? (25)
0P
=0 -1 26
e 6Cy4 (—1+n) (26)

2.5 Solution for First order (We')

Substituting Eq. (25) and satisfying the boundary conditions (23-24) into the Eq. (21), we get the solution of first order as
follows

W1 =Cs+Cesy+Cr y> +Cg y> +72C4% y* (27)

% = —6Cs (—1+n) +24C4(C3 n+3 C4(24— 23 n)y) (28)
X
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1 2h2(=3h +h
C=-FK <1+2(1+2)>

2 (h1 — )’
6Fohihy
2= - 73
(h1 —ha)’
3F (h] —|—h2)
G=——"—""-3"
(h1 —ha)
2K
Co=—"2—
(hy —ha)

Fi(hy + hy)(h} — 4hihy + h3)
2(hy —hy)?

Cs = 72C4*h3h3 +

Com 6h1hy(F1 —24C42 (hy — hy)* (h1 + hy))
(hy —hp)?

 3(Fi(h1 +h) =24 Cy*(hy — )’ (W3 + 4y + 1))
(hy —hp)?

Cr =

F] 2
Cg=2| ——=5—-T72C4" (I +h2)
((hl —h)?

By invoking
F=F+WekF (29)

By gathering all perturbation solutions of the considered problem for small parameter We, up to v, ‘é—‘; and Ap as

v =1yp+Wey (30)
dP dPy dPy

dx dx We dx (31)

Ap=Apo +We Ap; (32)

UtilizingFy = F — We F| and then ignoring the terms higher than O(We)the results given by Eq. (30-32) can be explicitly
calculated.

The axial velocity obtained from the equation u = %’.

The non-dimensional term for the average rise in pressure /Ap is over one period of wavelength is given as follows

0
Ap:fo1 fOI ((ﬁ) dxdt (33)

y=0
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3 Results and discussion

This category of the paper is to illustrate the outcomes of our problem graphically,. MATHEMATICA software has been utilized
to calculate pressure rise. The influences of various physical parameters like wave amplitude parameters a and b, width of the
channel d, non uniform parameter m, Weissenberg number We, phase difference ¢ and power law index n for hyperbolic tangent
fluid in a tapered asymmetric channel are discussed. Figures 2, 3, 4, 5, 6, 7 and 8 shows the average rise in pressure /AP against
time average flux Q. Figure 2. reveals that the pressure rise for the values of wave amplitude a. It is noticed that, pressure rise
increases in pumping section and co-pumping section. Figure 3. elucidate that behavior of wave amplitude b in pressure rise. It
is interesting to note down that an increase in b values results the increment in pressure rise. From Figure 4. it is observed that
pressure rise enhances as channel width increases. From Figure 5. it is interesting to note that as the non uniform parameter m,
increases the pressure rise decreases in the pumping section and opposite behavior occurred in co-pumping region. Figure 6.
shows that pressure rise decreases for the larger values of power law index in pumping region and increases in co-pumping
region. Similar behavior exposed in Figure 7. for the values of phase difference ¢. It is noticed that from Figure 8. that as the
Weissenberg number increases (We) the pressure rise increases.

0

Fig 3. Variation of Ap versus Q for different values of bn=0.3,d =0.2,¢ = %”,we =0.03,a=0.3and m=0.3
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0.0 a5 1.0 15 20
g

Fig 5. Variation of Ap versus Q for different values of mn =0.3,b=0.4,¢ = 27”, we =0.03,a=0.3andd =0.2

Fig 6. Variation of Ap versus Q for different values of nm =0.3,b=0.4,¢ = 2?”7 we =0.03,a=0.3andd =0.2
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—s— HIOH
—— 7H0

1 .I'

2
Fig 8. Variation of Ap versus Q for different values of wem =0.3,b=0.4,n=0.2,¢ = %’Ha =03andd =0.2

Figures 9, 10, 11 and 12 illustrate distribution of axial velocity (u) is plotted against y. Figure 9 shows that axial velocity

decreases right and left side of the channel for the escalating values of wave amplitude a and situation revered in the core part
of the channel. It is clear from the Figure 10.

06

—a— 0.5
— =
—l— 0.8

Fig 9. Axial velocity for different values of am = 0.5,0 =0.4,n =0.2,¢ = %”,d =0.02,t =0.6,we = 0.01
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Fig 11. Axial velocity for different values of mb =0.4,n=0.2,¢ = %”ﬂ =0.5,d =0.02,t =0.6,we = 0.01

That axial velocity increases in the region (-0.875, 0.125) for the increasing values of wave amplitude b and the opposite
behavior is observed in the region (0.125, 1). It is interesting to note that from Figure 11. An increase in non-uniform parameter
m the axial velocity increases at the right and left side of the channel and at the core part of the channel of u gets decreased. In
Figure 12. The impact of Weissenberg number on axial velocity is observed. It increases in the region (-0.75, 0) with an enhance
in Weissenberg number and converse in behaviour is noticed in the region (0, 0.75) of the channel.

—=— We=0.01]]
—— We=0.02
—+— We=0.03 [

Fig 12. Axial velocity for different values of web = 0.5,n =0.6,¢ = %”,a =0.6,d =0.01,t =0.6,m=0.5
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4 Conclusion

In this study, we have considered the peristaltic motion of hyperbolic tangent fluid in the presence of tapered asymmetric
channel. This representation is one of the most important fluid models in the group of non-Newtonian fluids. From laboratory
experiments, it is found that this model anticipates the shear thinning phenomenon very accurately and are being used mostly
in laboratory experiments and industries. The exact solutions of governing equations are difficult due to highly non-linear
system of partial differential equations. A standard perturbation method is used to produce semi analytic results. The impact
of different physical parameters like wave amplitude parameters a and b, width of the channel d, non-uniform parameter m,
Weissenberg number We, phase difference ¢ and power law index n are discussed. The following observations have been made.
The average rise in pressure increases with the increase in Weissenberg number and amplitude parameter a and b. For the larger
values of non-uniform parameter (m) pressure rise diminishes. The axial velocity decreases at the central part of the channel
and increases at the right and left side of the channel for the increasing values of non-uniform parameter (m).

Nomenclature

ayay Amplitudes of the wave
A Wave length
2d Width of the channel
Tyo> Try and T, Components of extra stress tensor
6 Wave number
Re Reynolds number
We Weissenberg number
m Non uniform parameter
¢ Phase difference
n Power law index
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