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ABSTRACT

Sip effect on the peristaltic flow of a fractional second grade fluid through a cylindrical tube is analyzed. Long
wavel ength and |ow Reynolds humber assumptions are used to linearise the governing equations. The expression for
velocity is obtained. The expression for pressure rise, pressure gradient and friction force have been obtained. The
expressions for fractional parameter, material constant, time, amplitude and dip parameter on the axial pressure
gradient and friction force are discussed and illustrated graphically through a set of graphs.

Keywords: Peristalsis; Fractional second grade model; Presdtriction force; Slip effect; Caputo’s fractidna
derivative.

INTRODUCTION

Peristaltic transport is a form of material tram$poduced by a progressive wave of area contragtioexpansion
along the length of a distensible tube, mixing &adsporting the fluid in the direction of the wawepagation. It
plays an indispensable role in transporting manysihogical fluids in the body such as movementlime in the
gastrointestinal tracts, the swallowing of foodotigh esophagus and the vasomotion of small bloegel® Many
modern mechanical devices have been designed oprtheple of peristaltic pumping for transportiriyids
without internal moving parts. The idea of peristatransport in mathematical point of view wassfficoined by
Latham[1]. The initial mathematical model of peaists obtained by train of sinusoidal waves in @mitely long
symmetric channel or tube has been investigateshaypiro et.al [2] and Fung and Yah i[3] . Subbadieet.al [4]
have studied on slip effects on the peristalticiomobf a Jeffrey fluid through a porous medium masymmetric
channel under the effect magnetic field. Rathod Asba [6-9]have studied the peristaltic transpdraccouple
stress fluid in a uniform and non uniform annulaffect of couple stress fluid and an endoscopeeristaltic
motion, effect of magnetic field and an endoscopeperistaltic motion in uniform and non-uniform aturs and
peristaltic transport of a magnetic fluid in a wnih and non-uniform annulus. Hayat and Ali havedistd on
Peristaltic motion of a Jeffrey fluid under theesff of magnetic field in tube. Hayat et.al. hawedstd the slip effect
on peristalsis. Several studies [10-13]have madslipneffect on peristaltic transport. Some authdw-17]have
investigated unsteady flow of viscoelastic fluidghwfractional Maxwell model, fractional generalizélaxwell
model fractional, second grade fluid, fractionald@led-B model, fractional Burgers model and fiawdl
generalized Burgers’ model through channel/ anntube and solutions for velocity field and the assi®ed shear
stress are obtained by using Laplace transformri€otransform, Weber transform, Hankal transforisccete
Laplace transform. Reddy and Venkataramana[l8]tsudied the peristaltic transport of a conductfhgd
through a porous medium in an asymmetric vertibahoel. Ebaid[19]have studied the effects of magtieid and
wall slip conditions on the peristaltic transpdifadNewtonian fluid in an asymmetric channel
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Fractional calculus has encountered much succehg idescription of viscoelastic characteristidse $tarting point
of the fractional derivative model of non-Newtonierodel is usually a classical differential equatiwhich is
modified by replacing the time derivative of aneigér order by the so called Riemann-Liouville fi@gal calculus
operators. This generalization allows defining mely non-integer order integral or derivatives. deneral,
fractional second grade model is derived from vkelbwn second grade model by replacing the ordiriang
derivatives to fractional order time derivativesdathis plays an important role to study the valeatwol of
viscoelastic properties.

Peristaltic flow of a fractional second grade fltiWlough a cylindrical tube has been studied byathi et al.[20].
Some important works [21-26] such as; Numerical andlytical simulation of peristaltic flow of gemdized
Oldroyd-B fluids, mathematical model for the pailst flow of chyme movement in small intestine riptltic
transport of fractional Maxwell fluids in uniformubes: applications in endoscopy, peristaltic transpf a
viscoelastic fluid in a channel, numerical studypamistaltic transport of fractional biofluids mdéda mathematical
model for swallowing of food bolus through the dsagus under the influence of heat transfer have baalied.
Recently, Tripathi et al.[27-28] have studied tlegigtaltic transport of a generalized Burgers’dlubpplication to
the movement of chyme in small intestine and thesfadtic flow of fractional Maxwell fluids througl channel
under long wavelength and low Reynolds number apiprations by using homotophy perturbation method an
Adomian decomposition methods and reported theedfgrts on peristaltic transport of fractional &er's fluids
through a channel and solution is obtained by hoptot analysis method. Rathod and Pallavi [29-3{Ehstudied
the peristaltic transport of dusty fluid. Rathodlaviahadev [32-36] have studied the study of uréfgeastalsis in
cylindrical tube through porous medium, the effeicinagnetic field on ureteral peristalsis in cyticd! tube, effect
of thickness of the porous material on the petistplumping of a Jeffry fluid when the tube wallgsovided with
non- erodible porous lining, peristaltic flow offfiey fluid with slip effects in an inclined charnend a study of
ureteral peristalsis with fluid flow.

Rathod and Laxmi [37-40] have studied the slipaftan peristaltic transport of a conducting fluddugh a porous
medium in an asymmetric vertical channel by Adondasomposition method, peristaltic transport obaducting

fluid in an asymmetric vertical channel with heatlanass transfer, effects of heat transfer on #ristaltic MHD

flow of a Bingham fluid through a porous medium an inclined channel and effects of heat transferthan
peristaltic MHD flow of a Bingham fluid through amus medium in a channel. Rathod and Sridhar f1hdve

studied the peristaltic transport of couple stfesd in uniform and non-uniform annulus throughrpas medium,
Peristaltic pumping of couple stress fluid througim-erodible porous lining tube wall with thicknesfs porous
material, peristaltic flow of a couple stress flithrough a porous medium in an inclined channdl effects of
couple stress fluid and an endoscope on peristiatiitsport through a porous mediunRathod and Anita [45-
47]have studied the effect of magnetic field on peezistaltic flow of a fractional second grade dithrough a
cylindrical tube, peristaltic flow of a fractionabcond grade fluid through inclined cylindrical éund peristaltic
flow of a fractional second grade fluid throughyéirdrical tube with heat transfer.

In this paper, we study the slip effect on perigtdlow of a fractional second grade fluid througftylindrical tube
under the assumptions of long wavelength and loynBlels number has been investigated. Caputo’s itlefinis
used to find fractional differentiation and numaticesults of problem for different cases are dised graphically.
The effect of fractional parameter is material ¢ans and time on the pressure rise friction forceoss one
wavelength is discussed. This model is appliedttdysthe movement of chyme through small intestind also
applicable in mechanical point of view.

Caputo’s definition
Caputo’s definition [23] of the fractional —ordegrivative is defined as

D (t) =— 1) 4 (-1<Re@)<n.nON)

r(1—a) L (t _Z_)a+1—n

Where,a is the order of derivative and is allowed to bal i@ even complex, b is the initial value of fuoatf. For
the Caputo’s derivative we have
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0 (Bsa-1)

D% = I'(,6’+1) i _
mtp (IB>O' 1)

MATHEMATICAL FORMULATION
The constitutive equation for viscoelastic fluidhwiractional second grade model is given by

Szﬂ[l'i'/‘la;—aJY

1)
Where t,s,yand /]1’ is the time, shear stress, rate of shear strath material constants respectively, p is

viscosity, andu is the fractional time derivative parameters stiat O<<1. This model reduces to second grade
model witha=1, and Classical Navier Stokes model is obtainesubstituting., =0

The governing equations of motion of viscoeladtigdf with fractional second grade model for axisyairit flow
are given by

pa_l]+aa_a+\-/@ _ ap+ﬂ1+/11 0" )10 au), o ,
o odx or) ox rorl o ax @)
v -ov -ov)_ ap —ad”\[a (10 /=) v
—+tU—=+V—= |=—+ ] 1+ —|=—|1V| |[+—

p[at ox arJ ar *{ A J{a (rar( )j a;f} ©

ax ror (4)

For carrying out further analysis, we introduce filtlowing non —dimensional parameters.

X:E’r:L't:E,/]la:ﬂ,u:E’vzl

A a A A c co 5)
529 =@ p=P 5= Q po 0

AT a el m'c u

Wherep is fluid density,s is defined as wave numbaxry.t,u,ve,p and Q stand for wavelength, radial coordinate,

time, axial velocities, wave velocity, amplitudeegpsure, and volume flow rate respectively in nonesional
form.

Introducing the non-dimensional parameters andtaking wavelength and low Reynolds number appraions,
Eq. (2) reduce to

d_ ou lau

o (1 A J{arz rar} ©6)

op_

E_o (7
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ou 10(rv) _
i P S
ox r or

Boundary conditions are given by
ou
o

=0 atr=0

u:—k—u atr =h
r

Integrating Eqn (6) with respect to r and usingrimary condition of Egn (9) we get

a 2,
@: :|_+A1 0 ﬂ 1%
ox at* J|or® ror
2,
ap —Aly au au
ax ar ar
Z0p
Gorem{a S [Sae [

L JPN:
2 o o

Using boundary conditior—‘gE =0atr=0
r

We get ¢=0

Put eqn (12) in egn (11)
rop_ ,ou

20 or

Again integrating eqn (13) with respect to r wé ge
r 6p

+ Au
Gox 2

u= —ka—u atr =h
Again using boundary condition or
hap h* op

26x 4 0x

Substituting gin eqn (14) we get
r‘op_khop_h*op _
40k 20x 4K
(r?—h?—2kh) gp
4A 0x

u=

Q= .rf 2rudr

The volume flow rate is defined as © which by virtue of egn (15) reduces to
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11)

(12)

(13)

(14)

(15)
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Q=— ! ap.'f( —hzr—2khr)dr

_}ap( e 4kh3)
80X

(16)

The transformations between the wave and the ladygrirames, in the dimensionless form, are given b

X=x-LR=rU=u-14V =v,q=Q-h?

Where the left side parameters are in wave frantleeSright side parameters are in the laboratoméra

We further assume that the wall undergoes contmadirelaxation is mathematically formulated as

h=1-¢ cog ¢7x)

(17)

(18)

The following are the existing relation between &veraged flow rate, the flow rate in the wave feagnthat in the

laboratory frame.

Y oqitrrepr ¥

Q=q+l-p+=T =Q-I +1-p+=7

Eqn(16) in view of eqn(19) becomes

o)

»__ (Q+h2 1+p- %/@[1 o J

ox H (1+ 4kJ
h

Using Caputo’s definition in egn (20) we get

o 8(Q+r(];4j:.hfk_)3m[ X

The pressure difference and friction force acraosswavelength are given by

_op
Ap—!adx

1
F :j(—hZ@jdX
5 ox

The above integrals numerically evaluated usingdd HEMATICA software.
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(20)

(21)

j22

(23)
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RESULTS AND DISCUSSION

In order to study the effect of various paraméaé), material constant)(),time(t), amplitude((a) and slip

parameter(k),on pressure rit(eﬂp) and friction force per Wavelengﬁlh_-) the integrals Eqs(22) and (23) are
solved numerically. Numerical simulation here isfpened using the computational software Mathenaatic

400
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Figure.2.Pressure verses averaged flow rate for viaus values oid at X =0.2,0 = 0.2@2 0.4 = 0.8ndk= 0.

Fig.1-5depict the variation of pressnﬂl&p) with averaged flow ratef_g for various values otr, ), ,t,pandk . It is

observed that there is a linear relation betweesqure and averaged flow rate, also increase® iavraged flow
rate reduces the pressure and thus maximum avefiyedate is achieved at zero pressure and ocauzero
averaged flow rate.
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Figure.5.Pressure verses averaged flow rate for viaus values of k atX = 0.1, = O.2g0= 0.4t = O.Eand A=
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Figure.7.Friction force verses averaged flow rateor various values of/]lat X= 0.25,(0: 0.40’ = 0.271 = 0.@ =m /

75 AF
&0

ZE

Figure.8.Friction force verses averaged flow rated various values of t at X = 0.25,(0: 0.60’ = 0.271 = 0.@ =m /

Fig.1 shows that the pressure risApwith averaged flow rate 6 for various values ofa
atx=0.2,p= 0.4t = 0.50 = andk = O.. It is observed that, pressure decreases withreases ofx for
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pumping regior(Ap>O),and as well as free- pumpi(@p=0)and co-pumpinéAp<O) regions with an
increase in .Also it can be noted that the fractional behawibsecond grade fluid increases, the pressurddor f
diminishes. The variation of pressure d§ewith Q for various values of A at

x=0.2,0=0.2p= 0.4= 0.8ndk = 0. is presented in Fig.2. It is revealed that thespuee increases
with increasingl . This means that viscoelastic behavior of fluidsréases, the pressure for flow of fluids

decreases, i.e. the flow for second grade fluideguired more pressure than that for the flow ofvidaian
fluids (1 - 0).
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Fig.10.Friction force vs. averaged flow rate for veious values of k atX = 0.25,/] = 10’ = 0.201 - 0.50: 0.

Figs.3 depicts the variation of pressure rigdgpwith averaged flow ratea for various values of t

atx=0.2,a0 = 0.2p= 0.40 = landk = O0..it is found that pressure increases with an irsgem the
magnitude of the parameter t.

Figs.4 depicts the variation of pressure ridgwith averaged flow rateé for various values of@
atx=0.1,a=0.2f= 050 = Bndk = O..It is observed that, the pressure increase wittreasing
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amplitude ratiap.

Fig. 5 shows the relation between pressure #§eand time averaged flu>(_2 for different values of k
withx=0.1,a = 0.2@p= 0.4t= 0.Bnd A = 1In the pumping region Ap>0), the time averaged flow

rate(_g Decreases by decreasing the k. Whereas in theptreping (Ap=0) and co-pumpingp <0), region6
increases by decreasing the k.

Figs.6-10 shows the variations of fractional fo(E¢ with the averaged flow ratéa) under the influences of all

emerging parameters suchaas,t,pand k . From figures, It is observed that the effectalbparameters on friction
force are opposite behavior as compared to thespresise.

CONCLUSION

In this article, we have presented a mathematicalehthat describes a Slip effect on peristaltievflof a fractional
second grade fluid through a cylindrical tube. Towverning equations of the problem were solved yaically
under the assumption of long wavelength and low nRkls number. The Caputo’s definition is used for
differentiating the fractional derivatives. Clostam solutions are derived for velocity and sliprgraeter. We
conclude with following observations:

» Pressure rise decreases with an increase in fnattiarameted.

* The quantitative behavior of,t,pon the pressure are similar.

» Itis observed that friction forces have an opmobihavior to that of pressure rise.

» The pressure rise first decreases and then inaeaseincrease in k.
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