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ABSTRACT

The present paper analyzed on magnetohydrodynamic peristaltic transport flow of a Newtonian fluid
through porous space in a vertical channel with compliant walls under the assumptions of long
wavelength and low Reynolds number with chemical reaction, heat and mass transfer. The
governing partial differential equations derived and solved by using perturbation method. The
physical behaviour of different parameters for velocity, temperature and concentration profiles has
been examined through graphically and the phenomenon of trapping has been discussed.
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INTRODUCTION

The study of peristalsis has received
considerable attention in the last four
decades manly because of its potential
application to the biological systems. It is a
mechanism for fluid transport which s
achieved by the passage of progressive waves
of area contraction and expansion over
flexible walls of a tube containing fluid. The
word peristalsis stems from the Greek word
‘peristaltikos’ which means clasping and
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compressing. It consisting narrowing and
transverse shortening of apportion of a tube,
which then relaxes, while a lower portion
becomes shortened and narrowed. Some
worms like earth-worm use peristalsis for
their locomotion. Form fluid mechanical point
of view peristaltic pumping is characterized by
the dynamical interaction of fluid flow with
movement of flexible boundaries. Peristalsis
appears to be the major mechanism for urine
transport of spermatozoa in the ducts
efferentes of the male reproductive organs,
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movement of egg in female fallopian tubes,
motion of spermatozoa in cervical canal and
transport of bile in bile duct. It has been
suggested that peristalsis may be associated
with the vasomotion of small blood vessels. In
view of above some of the authors carried out
their research work, (Wang et al, 2008)
studied by long wavelength approximation to
peristaltic flow of an Oldroyd 4-constant fluid
in a planar channel, (Chenna Kesavaiah et al,
2021) explained in detail of radiative MHD
Walter’s Liquid-B flow past a semi-infinite
vertical plate in the presence of viscous
dissipation with a heat source, (Ali Nasir and
Hayat Tasawar, 2007) expressed their view on
peristaltic motion of a Carreau fluid in an
asymmetric channel, (Rami Reddy et al, 2021)
has been considered Hall Effect on MHD flow
of a viscoelastic fluid through porous medium
over an infinite vertical porous plate with heat
source, (Chenna Kesavaiah and
Venkateswarlu, 2020) shows that chemical
reaction and radiation absorption effects on
convective flows past a porous vertical wavy
channel with travelling thermal waves,
(Elshehawey and Husseny, 2000) depicted the
effects of porous boundaries on peristaltic
transport through a porous medium,
(Mallikarjuna Reddy et al, 2019) observed on
radiation and diffusion thermo effects of
viscoelastic fluid past a porous surface in the
presence of magnetic field and chemical
reaction with heat source, Heat transfer to
MHD free convection flow of a viscoelastic
dusty gas through a porous medium with
chemical reaction studied by (Srinathuni
Lavanya and Chenna Kesavaiah, 2017), (Ch
Kesavaiah et al, 2013) depicted the effects of
radiation and free convection currents on
unsteady Couette flow between two vertical
parallel plates with constant heat flux and
heat source through porous medium,
(Yeddala et al, 2016) intended the finite
difference solution for an MHD Free
Convective rotating flow past an accelerated
vertical plate.
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A peristaltic pump is a device for transporting
fluids usually from a region of lower pressure
to higher pressure by means of a contraction
wave propagating along a tube like structure.
This traveling wave phenomenon is termed as
peristalsis. In fact peristalsis originated from
the pumping of physiological fluids in a living
body. Most of the physiological systems such
as ureter, bile duct, stomach and blood
vessels are reported to follow the mechanism
of peristalsis pumping fluid may be a single
fluid or a mixture of more than one fluid,
while pumping physiological fluids from one
place to another. In several physiological
functions, which contains the blood flow
through vessels are exaggerated by the
frequency of drug uses. In various serious
circumstances such as tightening by the body
muscles, excretion of many materials changes
due to diverse biochemical reactions. The
blood flow rate through vessels arteries is also
be exaggerated due to drug pedestrian. The
injured body portions can be only revamped
by using drugs, on the other hand, their
reinstatement is not possible. Many of the
clinician’s reflections show that drug have
sophisticated effectiveness may be less
operational because the drug has many side
effects. (Mallikarjuna Reddy et al, 2018)
motivated study on effects of radiation and
thermal diffusion on MHD heat transfer flow
of a dusty viscoelastic fluid between two
moving parallel plates. (Chenna Kesavaiah and
Sudhakaraiah, 2014) extended the effects of
heat and mass flux to MHD flow in vertical
surface with radiation absorption. (Maryiam
Javed et al, 2014) has been considered
peristaltic flow of Burgers fluid with compliant
wall and heat transfer, (Reese et al, 1997)
explained A model of a combined porous
peristaltic pumping system, in Physiological
fluid Dynamics 1l, Proc. 2" International
Conference on Physiological fluid dynamics,
Chenna Kesavaiah et. al. (2013) expressed on
natural convection heat transfer oscillatory

www.neuroguantology.com

782



NEUROQUANTOLOGY | SEPTEMBER 2022 | VOLUME 20 | ISSUE 11 | PAGE 781-794| DOI: 10.14704/NQ.2022.20.11.NQ66076
D. Chenna Kesavaiah / CHEMICAL REACTION, HEAT AND MASS TRANSFER EFFECTS ON MHD PERISTALTIC TRANSPORT IN A VERTICAL

CHANNEL THROUGH SPACE POROSITY AND WALL PROPERTIES

flow of an elastico-viscous fluid from vertical
plate, (Ellahi, 2013) has been studied the
effects of MHD and temperature dependent
viscosity on the flow of non-Newtonian
nanofluid in a pipe: analytical solutions,
(Chenna Kesavaiah and Satyanarayana, 2013)
has done motivated study on MHD and
Diffusion Thermo effects on flow accelerated
vertical plate with chemical reaction, (Rajaiah
and Sudhakaraiah, 2015) carried out the
research work on unsteady MHD free
convection flow past an accelerated vertical
plate with chemical reaction and Ohmic
heating, (Haranth and Sudhakaraiah, 2015)
has been studied viscosity and Soret effects
on unsteady hydromagnetic gas flow along an
inclined plane, (Chenna Kesavaiah et al, 2013)
considered the radiation and Thermo -
Diffusion effects on mixed convective heat
and mass transfer flow of a viscous dissipated
fluid over a vertical surface in the presence of
chemical reaction with heat source,
(Karunakar Reddy et al, 2013) shows that
MHD heat and mass transfer flow of a
viscoelastic fluid past an impulsively started
infinite vertical plate with chemical reaction.

The physical mechanism of the flow induced
by the traveling wave can be well understood
and is known as the so-called peristaltic
transport mechanism. Peristaltic pumping is
also used in medical instruments such as the
heart-lung  machine. Investigation on
peristaltic transport of non-Newtonian fluid is
of utmost importance owing to its wide range
of applications in engineering and biology
which have smooth muscle tubes such as
lower intestine, gastrointestinal tract, cervical
canal, female fallopian tube, lymphatic vessels
and small blood vessels. In particular, the
study of such fluids has applications in a
number of processes that occur in industry
such as the extrusion of polymer fluids,
solidification of liquid crystals, cooling of
metallic plate in a bath, exotic lubricants,
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colloidal and suspension solutions. Further,
such analysis may serve for the intrauterine
fluid motion in a sagittal cross section of the
uterus under cancer therapy and drug
analysis. Also, peristaltic transport occurs in
many  practical applications  involving
biomechanical systems such as roller and
finger pumps. In the past, several theoretical
and experimental investigations have been
made to understand peristalsis in different
situations. (Rajaiah and Sudhakaraiah, 2015)
illustrated the radiation and Soret effect on
Unsteady MHD flow past a parabolic started
vertical plate in the presence of chemical
reaction with magnetic dissipation through a
porous medium,0 (Ch Kesavaiah et al 2012)
explained in detail on radiation and mass
transfer effects on moving vertical plate with
variable temperature and viscous dissipation,
(Satyanarayana et al, 2011) expressed the
viscous dissipation and thermal radiation
effects on an unsteady MHD convection flow
past a semi-infinite vertical permeable moving
porous plate, (Ch Kesavaiah et al, 2011)
shows that the effects of the chemical
reaction and radiation absorption on an
unsteady MHD convective heat and mass
transfer flow past a semi-infinite vertical
permeable moving plate embedded in a
porous medium with heat source and suction,
(Brasseur et al, 1987) shows that the
influence of a peripheral layer of different
viscosity on peristaltic pumping with
Newtonian fluids, (Shapiro et al, 1969)
depicted peristaltic pumping with long wave
length at low Reynolds number, (Elshehawey
et al, 2000) illustrated Peristaltic transport in a
cylindrical tube through a porous medium,
(Hayat et al, 2008) motivated study on MHD
peristaltic transport of a leffery fluid in a
channel with compliant walls and porous
space, (Hou et al, 1989) carried out their
research work on boundary conditions at the
cartilage — Synovival fluid interface for joint
lubrication and theoretical verification,
(Mittra and Prasad, 1973) On the influence
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of wall properties and Poiseuille flow in
peristalsis, (Ramachandra Rao and Usha,
1995) motivated study on peristaltic pumping
in a circular tube in the presence of an
eccentric catheter, (Shukla et al, 1980)
illustrated the effects of peripheral layer
viscosity on peristaltic transport of a bio-fluid,
(Chenna Kesavaiah et al, 2021) has been
studied MHD effect on convective flow of
dusty viscous fluid with fraction in a porous
medium and heat generation, (Hayat and
Hina, 2010) expressed their views on the
influence of wall properties on the MHD
peristaltic flow of a Maxwell fluid with heat
and mass transfer, (Radhakrishnamacharya
and Srinivasulu, 2007) considered the
influence of wall properties on peristaltic
transport with heat transfer, (Mekheimer et
al, 2009) shown that the effects of heat
transfer and space porosity on peristaltic flow
in a vertical asymmetric channel.

The main goal of the present study is to
investigate the heat and mass transfer effects
on MHD peristaltic flow in a vertical porous
space with compliant walls in the presence of
chemical reaction taking into an account. The
features of flow characteristics are analyzed
by plotting graphs. The organization of the
paper is as follows. The problem is formulated
includes the solution of the problem under
the long wavelength and low-Reynolds
number assumptions. Numerical results and
discussions are presented with help of graphs.
Also the conclusions have been summarized in
detailed.

FORMULATION OF THE PROBLEM

We consider the motion of an incompressible
viscous fluid through a porous medium in a
vertical two-dimensional symmetric channel
induced by sinusoidal wave trains propagating
with constant speed c along the walls. A

constant magnetic field of strength B, is

applied across the channel. A coordinate
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system is chosen such that the x-axis is
parallel to the gravitational acceleration
vector g, but in the opposite direction. The y-
axis is orthogonal to the channel walls, and
the origin of the axes is such that the
positions of the channel walls are Yy =—77 and

Yy =7, respectively. The wall y=-7at is at
the given uniform temperature T =T, while

the wall at Yy =mnis subjected to a uniform

temperatureT,’, where T, >T," . In addition,

the concentration of a certain constituent in

. . ! .
the solution varies from C, on the inner

surface of the left wall toCz' on the inner

surface of the right wall. The geometry of the
channel wall is given by

y=n(xt)=d +asin27ﬂ(x—ct) (1)

and the equations governing the motion for
the present problem are

8_u+@20 (2)
ox oy
ou ou ou op
—+U—FV— |=——
ot ox oy oX

+p0, B(T -T,))+ pgB.(C-C))
N N v op
pl —+U—+V— |=——
ot ox oy oy

2 2
oxX~ oy k

(4)
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or or o7
pC | —+U—+V— =
ot OX oy

K(o°T o ou Y’
[8x +@2J+“{2(&j )
(avjz (au avﬂ
H| = | 4| —+—
oy ox oy

oc oC oC o°C o°C
—+tU—+V— |=D,| 5 +—
ot ox oy ox™  oy” )(6)

-Ki(C-C))

The boundary conditions

Radhakrishnamacharya and Srinivasulu [35]

u=0 at yzi{d +asin27ﬁ(x—ct)}

(7)
at y=+n

0 op o’u o«
—L [ _—
OX () OX ﬂ[axz 8y2j

_p(au au +V6uj ,L:((o

~oBju+pgp(T -T))+pgf,(C-C))

u (8)

T=T/ C=C' on y=-n (9)
T=T, C=C, on y=7n (10)

B, is transverse magnetic field, D, is

coefficient of mass diffusivity, p is pressure, T
is temperature, k is permeability of the

. . . . . !
medium, kT is thermal-diffusion ratio T, and
r o, ’ ’
T, is wall temperatures, C, and C, are wall
. - . '
concentrations, T is mean value of T, and

! . . .
T,, A is non-dimensional wave number, @
is frequency parameter, p is density, ,Bt is

coefficient of thermal expansion, ,BC is

coefficient of expansion with concentration,
@ is the porosity of the medium,  is stream

function, v is kinematic viscosity, and o is
coefficient of electric conductivity.
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0 .
L=—7—+mM—+C"—. Here 7 is the
OX

elastic tension in the membrane, m is the

mass per unit area and C” is the coefficient of
viscous damping.

785
Introducing such that u= _8_(// and
oy . . .
VZ& and the following non-dimensional
quantities
! X ’ y ! lr//
X = -, ==, = —
a YTd VT
p=c 0= T,_T{ (11)
d T, -T
c-c' . pd?
¢ = ' - ! m= Q’ p = F;
C, -C, d C Au

in equations (1)-(10) , we finally get (after
dropping primes)

RS oy Lo oy 81//81/
ot oy oxoy oOx oy?
3 3
_P | LY +6w _H Y (12)
ox Xy | oy oy
—Gt(9+N¢)

R53{ Sy ovdy oy 82'/'}:

ox’ot oy ox*  Ox Oyox
3 3
P 5] 520V, OV (13)
OX ox’®  oxoy
252 5_!//
oy

Rprg{%_a_w%_@_w%}
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SRR

g a 2 ayZ
52 —a3w +63_(// —
oxtoy  oy®

ro| Sv_ v Oy oy oy
ox*ot oy oxoy  ox oy’ (16)

_HZ%’_Gt(mw)

& & &
=|E,—+E +E
[ ox7 2 ot 3atax}7
8_!//20 at y==n§
oy

(17)
= i[1+ gsin%(x—ct)}

0=0 =0 on y=-n (18)

0=1 =1 on y=n (29)
where

H? ¢,8,R,M,c% Pr,Ec,B,,G,, N, Sc,Kr

geometric parameters, Reynolds number,
Hartmann number, porosity parameter are
E ,E, E;are the non-dimensional elasticity
parameters, Prandtl number, Eckert number,
Brinkmann number, Grashof number and
chemical reaction
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Hi—o?eM2 g2 520 gp_Ctdp
d A U
2
M?=ZBd, 02_(/’s . Br=EcPr
7
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Ec=—— : ,Pr='qu,Sc=—g
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Be=——"7 N=——"7+
Cp (Tzr_Tl) :Bt (Tz _Tl)
2 093 (T'—T’)d2
Kr:Krd | G, = t{'27 1
c LC
METHOD OF SOLUTION

Using the long wavelength approximation and
neglecting the wave number along with low-
Reynolds number, one can find from
Equations (12) to (16) that

2
0= P OV _ |,.0¥

ox oyt oy (20)
+G,(0+Ng)
0=_P (21)
oy

Equation (21) shows that p is not function of
y.

70 [azer )
N

2
02%%‘“’5 (23)
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It is not possible to get closed form solutions First order:
for Equations (20) and (22)-(23) for arbitrary
| f all th ters. W k 6
values o‘ a ‘e ?arame ers e see 0= Y (000 + N¢oo) (33)
perturbation solutions in terms of the Grashof ay

numberGt, porosity parameterO'2 and

2 2
Hartmann number M ?as follows Mekheimer 0= o (oY +2B Lﬁ Vo O l//m] (34)
et al. [36] 8y 6‘y 6’y
f=(fo+G,foy+ e ) o_ 1L Oy _Krg (35)
2 (25) Sc oy b
+H?(fo+G f+.n. )+
. . o and
where f is any flow variable, substituting
(25) in the equations (18)-(20) and (22)-(24), 0 531/,10 ~ OV (36)
and collecting the coefficients of various - 8y3 oy
powers of G, and H?, we get the following
sets of equations: 0=2%0 826’10 +2B [82'//00 azl//lo J (37)
oy* oy
Zeroth order:
1 0%,
Py, O =——3"—Krg (38)

0 — 00 —~ 700 26 2 10

, , ) with conditions:
0= i) 020 +B, (—a ‘/lz‘)oj (27) ov

oy oy P91 -0,0,=0,¢,=0 at y==+7 (39)

1 ¢°

T ¢go —Kry, (28) oy,
Sc oy —==0,6,=0,¢,=0 at y==n (40)

with boundary conditions:
Solving the above sets of equations, we get

Wy
Ww _ at y=+p

(29) W =8er’ {E—;Sin 27 (x—t)
Op=0,4,=0  on =— 30 5 op?
b0 =940 y=-n_ &0 —(E1+E2)00527z(x—t)}£y——77—yj
G =1 .dp=1 oOn y=n (31) 6 2
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RESULTS AND DISCUSSIONS

To study the behaviour of solutions, numerical
calculations for several values of porosity

parameter ((72), Hartmann number (M),
Brinkman number (Br), Grashof number
(Gt), buoyancy ratio parameter (N)
Schmidt number(SC), Chemical reaction

parameter (Kr) , occlusion parameter, the

elastic tension i.e., the rigidity of the wall

(El), the mass characterizing parameter i.e.,
the stiffness of the wall (Ez) and damping
nature of the wall (E3) have been carried
out. Figure (1) shows the influence of M, o2,

G, Sc, N, E,E, and E; on velocity

t7
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distribution with fixed values of
E =1.0,E,=05E; =0.5Kr=1.0,

Br=10,N=10, &£=0.2,t=0.1,x=0.2.
The effect of different values of M on velocity
is graphed in Figure 1(a). It is interesting to
note that the effect of increasing Hartmann
number leads to a decrease in the velocity
throughout the channel. This is because of the
presence of the transverse magnetic field
which creates a resistive force similar to the
drag force that acts in the opposite direction
of the fluid motion, thus causing the velocity
of the fluid to decrease. Figure 1(b) has been
plotted to depict the variation of velocity for
different values of porosity parameter. From
this graph we observe that velocity decreases
with an increase of porosity parameter. Figure
1(c) illustrates the effect of the Grashof
number on the velocity field. It is found that
the effect of increasing Grashof number is to
increase the velocity as expected. An increase
in the Grashof number physically means an
increase of the buoyancy force, which
supports the flow. Figure 1 (d) depicts the
graph of velocity profiles for various values of
SC. We observe from this graph that
increasing SC leads to a decrease in the
velocity. Figure 1(e) represents graph of
velocity distribution for different values of
buoyancy ratio parameter N. It is observed
that increasing N suppresses the velocity. The
influence of wall membrane parameters

(E, E,) on the velocity field is presented in

Figure 1(f). It shows that velocity enhances
with increasing E, E, . Figure 1(g) show that
effect of E,. It is observed that the velocity
decreases with an increase of E,. To see the
effects of Br,e,G,N,S,E,E, and E; on
temperature distribution, we have plotted
Figure (2). The effect of increasing r B on the
temperature distribution is plotted in Figure 2
(a). One can observe that the temperature

increases with increasing Br. Further, it is
observed that that the temperature profiles
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are almost parabolic except when Br=0. A
similar result can be noticed in Figure 2 (b) if
Br is replaced by &. Figure 2 (c) has been
plotted to see the variation of temperature
profiles against y for different values of G, . By
analyzing the graphs it reveals that

temperature increases with an increase of Gt .

The effect of changing N on @ is presented in
Figure 2 (d). It can easily be seen that Kr is
increased by increasing N but there is no
appreciable difference. Figure 2 (e) is the
graph of @ for different values of Kr. It is
observed that increasing Kr leads to
decreases in the fluid temperature. Figure 2
(f) is a plot of temperature profile for
changing E;, E, with constant values of other
parameters. It displays that temperature

enhances as E, E,increases. Figure 2(g) is
plot of temperature profiles for changing E,
it decreases with an increase of E, . The

influence of the parameters of Sc,Kr on
concentration distribution is graphed in Figure
(3). Figure 3 (a) is plotted for
Kr=1.0,2.0,3.0,4.0. It is observed that
with increasing in Kr the concentration
decreases. Figure 3 (b) is plotted for Sc = 0.5,
0.6, 0.78, 1, 2 (which corresponds to
Hydrogen gas, water vapour, ammonia,
carbon dioxide at 25°C, Ethyl benzene in air)
on concentration. It shows that increasing Sc
reduces the fluid concentration.

CONCLUSION

The following results observed after the study
of this paper:

e The effects of various emerging
parameters on flow, heat and mass
transfer characteristic have been
studied. It is observed that increasing

G,,E,,E, leads to increasing fluid

velocity whereas a reverse trend is
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seen with increasing M,GZ,SC and
E,.
e The temperature profiles are almost
parabolic and the temperature
increases with an increase of 789
G.E.E,,& N while it decreases

with increasing Kr and E3 . Further,

the trapped bolus decreases in size
with increasing Hartmann number.
Also, we can note that the trapped
bolus have mixed behaviour (i.e. it
decreases for X <0.2 and increases
for X > 0.2) with increasing N.

e The results of hydrodynamics case for
non-porous space can be captured as
a limiting case of our analysis by

taking M and o2 —0.

APPENDIX

Esin27z(x—t)

L=8er’| 27
—(E,+E,)cos2z(x—t)
2 4
A:%(l—N)+ BrLT (1 Nsekr)
2
Azzzi(l—N), A, =2 (1- Nsekr)
7

B, = Bf3A2 ,B,=—2B AL

B,=-2B.AL,B, = %
L2 L2772

65"

B, = +2B,

—-m,

e
' 2sinh(m,—m,)

) =

- 2sinh(m, —m, )
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