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In this paper, the effects of both rotation and magnetic field of the peristaltic transport of a second-order fluid through
a porous medium in a channel are studied analytically and computed numerically. The material is represented by the
constitutive equations for a second-order fluid. Closed-form solutions under the consideration of long wavelength and
low Reynolds number is presented. The analytical expressions for the pressure gradient, pressure rise, friction force, stream
function, shear stress, and velocity are obtained in the physical domain. The effects of the non-dimensional wave amplitude,
porosity, magnetic field, rotation, and the dimensionless time-mean flow in the wave frame are analyzed theoretically and
computed numerically. Numerical results are given and illustrated graphically in each case considered. Comparison was
made with the results obtained in the presence and absence of rotation, magnetic field, and porosity. The results indicate
that the effects of the non-dimensional wave amplitude, porosity, magnetic field, rotation, and the dimensionless time-mean

flow are very pronounced in the phenomena.
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1. Introduction

Peristalsis is defined as a wave of relaxation/contraction
imparted to the walls of a flexible conduit, thereby pumping
the enclosed material. Investigations of the peristaltic flow of
a fluid in a channel induced by a wave traveling on its wall
have many applications in various branches of science. The
physical mechanism of the flow induced by the traveling wave
can be well understood and is known as the peristaltic trans-
port mechanism. This mechanism is a natural cause of motion
of fluids in the body of living creatures, and it frequently oc-
curs in organs such as ureters, intestines, and arterioles. The
mechanism of peristaltic transport has been exploited for in-
dustrial applications like sanitary fluid transport, blood pumps
in heart lung machines, and transport of corrosive fluids where
the contact of the fluid with the machinery parts is prohib-
ited. In recent years, considerable efforts have been usefully
devoted to the study of peristaltic flow of non-Newtonian flu-
ids because a practical and fundamental constitutive relation
that can be used for all fluids and flow is not available. Hayat
et al.''l investigated the effects of different wave forms on the
peristaltic flow of micropolar fluids through a channel, and
reported that the maximum pressure against which peristal-
sis works increases with the coupling number but decreases
with the micropolar parameter. Siddiqui and Schehawey!?! an-
alyzed the mechanics of peristaltic pumping of non-Newtonian
fluid through an axisymmetric conduit. Abd-Alla et al.®! pre-
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sented the time mean axial velocity profiles in the case of
free peristaltic pumping and analyzed the influence of wall
properties, magnetic field, rotation and initial stress for vari-
ous values of micropolar fluid parameters of peristaltic flow.
Mahmoud et al.!*! discussed the effect of the rotation on the
wave motion through a cylindrical bore in a micropolar porous
medium. Tripathi et al.’! studied the peristaltic transport of a
generalized Burgers’ fluid, and discussed the applications in
the movement of chyme in small intestines. Wang et al.[% in-
vestigated the magnetohydrodynamic flow of an incompress-
ible electrically conducting micropolar fluid in a circular tube
with a sinusoidal wave of small amplitude traveling down its
wall. Akbar et al.!” discussed the influence of heat and mass
transfer on the peristaltic flow of a hyperbolic tangent fluid
in an annulus. Akbar et al.!] investigated the effects of slip
and heat transfer on the peristaltic flow of a third-order fluid in
an inclined asymmetric channel. Gad!®! studied the effect of
Hall current on the peristaltic flow of particle fluid suspension.
Nadeem and Akbar!! studied the effects of the induced mag-
netic field and heat and mass transfer on the peristaltic flow
of Johnson—Segalman fluid in a vertical asymmetric channel.
Hayat et al.!'!l discussed the effect of an induced magnetic
field on peristaltic flow of an incompressible Carreau fluid
in an asymmetric channel. Pandey er al.['?! studied the peri-
staltic transport of multilayered power-law fluids with distinct
viscosities. Pandey er al.!'3 presented a peristaltic flow of
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a Williamson model in an asymmetric channel. Pandey and
Chaube!'*! studied the peristaltic transport of a visco-elastic

fluid in a tube of non-uniform cross section. Haroun!!"!

con-
sidered the effects of Deborah number and phase difference
on the peristaltic transport of third-order fluid in an asymmet-
ric channel. Kothandapani and Srinivas!'®! investigated the
peristaltic transport of an incompressible viscous fluid in an
inclined asymmetric channel through a porous medium un-
der assumptions of long wavelength and low Reynolds num-
ber. Hayat et al.l'”l also examined the peristaltic transport
of a third-order fluid under the effects of transverse magnetic
field. Ali er al.!'® also examined the peristaltic flow of third
grade fluid in a curved channel. Hayat and Alil'”) investigated
the effect of magnetic field on peristaltic transport of a Jef-
frey fluid through a tube. They concluded that the pressure
rise per wavelength and friction force per wavelength increase
with the Hatman number. Kothandapani and Srinivas!?! dis-
cussed the magnetohydrodynamic (MHD) peristaltic flow of
Jeffrey fluid in an asymmetric channel. Haroun?!! studied
the non-linear peristaltic flow of a fourth grade fluid in an in-
clined asymmetric channel. Hayat et al.[*?! investigated the
peristaltic motion of an MHD non-Newtonian fluid in an in-
clined asymmetric channel in the presence of a constant in-
clined magnetic field making an angle with the vertical axis
with assumptions of long wavelength and low Reynolds num-
ber. The influence of inclined magnetic field on the peri-
staltic flow of a Williamson fluid in an inclined symmetric
or asymmetric channel has been investigated initially in the
wave frame of reference by Nadeem and Akram.[?3] Srinivas
and Gayathri!>*! discussed the problem of the peristaltic flow
of a Newtonian fluid with heat transfer in a vertical asym-
metric channel through porous medium under assumptions
of long wavelength and low Reynolds number. Srinivas and
Pushparaj!>! have investigated the peristaltic pumping of the
MHD gravity flow of a viscous incompressible fluid in a two-
dimensional asymmetric inclined channel having electrically
insulated walls. An infinite train of peristaltic waves under
conditions for which the relevant Reynolds number is small
enough for inertial effects to be negligible and the wavelength
to diameter ratio is large enough for the pressure to be consid-
ered uniform over the cross-section is investigated by Shapiro
et al.'*®! Shukla et al.””") studied the effects of peripheral layer
viscosity on physiological characteristics of a bio-fluid due
to peristaltic transport through the artery with mild stenosis.
It is shown that, for a given pressure drop, the flow flux in-
creases and the frictional force decreases as the viscosity of
the peripheral-layer fluid decreases.

The aim of the present paper is to discuss the peristaltic
flow of a second-order fluid through a porous medium in a
two-dimensional channel. The fluid is electrically conducted
in the presence of a magnetic field with rotation. The govern-

ing equation is modeled and then solved analytically within
the long wavelength approximation. The pressure gradient,
pressure rise, friction force, stream function, shear stress, and
velocity are derived and discussed. Numerical calculations are
carried out and illustrated graphically in each case considered.
The magnetic field and rotation may be utilized as transport
of bio-fluid in ureters, intestines and arterioles. Comparison is
made with existing results.

2. Basic equations

The basic vector equations governing the flow of a
second-order fluid through a porous medium in a rotating

frame are
V.-V =0, (1)
DV — - 0V
pF Pl (.Q><V)+2h(2><W
- V. T— i +pf—eP2U )

where p is the density, §2 = QEk, k is the unit vector parallel
to the z axis, Q is the rotation, V is the velocity vector, K is
the permeability of the porous medium, f is the body force,
e is the coefficient of electrical conductivity, Py is the mag-
netic field, D/Dr denotes the material derivative, and T is the
Cauchy stress tensor. The constitutive equation for an incom-

pressible fluid of second order can be expressed as!*!]
— 2 J—
T=-pI+) S, 3)
i=1
S] :uAl P (4)
S, = o1 A+ Ay, )

where D is the pressure, I is an identity tensor, U is the co-
efficient of viscosity, S is the extra stress, o and @ are the
material constants, and A; and A, are the Rivlin-Ericksen
tensors and given by

M M

=(VV)+(VV),
A +V-.VA+A - VV+(A -V (6)

3. Formulation of the problem

Let us consider the peristaltic transport of a second-order
fluid through a porous medium. In the laboratory, we chose the
Cartesian coordinates system (X, Y') for the channel with X
along the center line and Y transverse it, the motion of an in-
compressible viscous second-order fluid in a channel induced
by sinusoidal wave trains propagating with constant speed ¢
along the channel walls. The geometry of the wall surface is
represented by

R(X.D) :a—&—bsin%(f—cf), o
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where a is the half width of the channel, b is the wave ampli-
tude, A is the wavelength, ¢ is the propagation velocity, and £
is the time.
Introducing a wave frame (Z,y) moving with velocity ¢
b

away from the fixed frame (X,Y") by the transformation

where u and U are the dimensional velocity components in the
direction of = and ¥, respectively, p and P are pressures in
wave and fixed frame, respectively. The pressure p remains
a constant across any axial station of the channel under the
assumption that the wavelength is large.

In a laboratory frame, the governing equations are re-
duced to the following form:

Jdu Jv
ﬁJr%:O, )
_du _ _
p [uam +va} pQR (Qu+2a>
_ 9B 35, 98n
- J0x 0% 0y
f%(ﬂfc)fePgﬂ, (10)
_ _dv _ du
p[uax—i—va} pL (.Q _28>
op 9Sn 0S»n 1%

_z .y 8w v
x_l7 y_a7 u_c’ V_C’
2 5 & .k

po 9P g aS by
cAu uc A a

Using Eqgs. (7) and (12), we obtain from Eqgs. (9)—(11) that

y=h(x) =1+ ¢sin[27x], 13)
6% 3; 0, (14)
Re 5{ 3'; év?ﬂ —(p";gqurzaRng:)
S (95)1)2—62(144—1)—6Pia2u, (15)
Red? [ugv+1 gﬂ .y (pazgzv—zaR .(23“)
:_31;%2‘7;;2 5835;2‘“25“ (16)
where
Sn—&p 20— +ﬁl( aau 523?
+28v5 ay+452(‘3z 263”3';

e (5) ) (5) 4 (5)

+52<§:> +25‘;Z§;) (a7)
Sy = (3;’+63V)+/31 (5;2&+5u§;y

+v 3—22+62;av 5%u g; 8% 322

+za‘;“g”_za2§;(§z> (1)

aa’z‘s Er)

Sy = & +25 +ﬁ1< 262

2
DY W 452(8”)

dxdy dx
dv du du 5 du ou\?
g (5) ) el () (3)
dv du dv
2
+6 <8x> +258 - ) (19)

with dimensionless parameters

b a ,
¢_77 6_%a o _?7
_ca ac ac
Re ” L Bi= X p= 20)

where ¢ is the amplitude ratio, d is the dimensionless wave
number, 62 is the porosity parameter, Re is the Reynolds num-
ber, and f; and 3, are Newtonian parameters.

Introducing the dimensionless stream function y(x,y)
such that

_dy L dy
=5 v=—8-". @D

We find that Eq. (14) is satisfied identically. The compati-
bility equation which governs the flow in terms of the stream
function y(x,y) after eliminating the pressure gradient from
Egs. (15) and (16) and then introducing Eqgs. (17)—-(19), we
obtain

Red |:1Vx;x - wxaay] VY —28%(8 — 1)ReQ sy,

= Yyyy t 8 W — 287 Yaxyy
2 2 202
(B PTE Yy 2825 - DRe2s
P2 Q2> Pk

sz Lt
v+ U Wi +26 Txdy
. {ﬁl (2629, Yy — 26295 Yy + 82 — <wyy>2>}

2> 97
~8(05 52 ) (¥ — Wit

— 82 Y Weor + 82 Wi Wiy + 20y Wiy + 287 (W) * ). (22)
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Equation (15) for the axial pressure gradient changes into

d d
Red [wyax — "’xay} v, +28°ReQ

dap d
= _a + l’lyyy+ 55{_26ny+ﬁl (262‘/’)"/’”}’

— 287 Y Wy +46° (Wiy)? — 287 W Wy +28% (Wie))
+ﬁ2(452(‘//xy)2 + (Wy}')z + 54(‘I/xx)2 - 252‘I/yylllxx)}

d
+a—y{—62y/xx +ﬁl (6‘/’)’V’X)'y - wau/}‘yy - 63Wyll/xxx
+6° Vi Wiy + 20 Yy Yy + 253(‘I/xx)2)}

22 202
_ <Gz+epﬁapaﬂ )%Gz, 23)
where 52 52
Vy=52YV 2V
y=9 dx2 = 0y?

4. Rate of volume flow and boundary conditions

The instantaneous volume rate of flow in the fixed (X,Y)
coordinate system is given by

RXO_
Q:/ U(X,Y,1)dY, (24)
0

and in the wave frame equation (24) is given by

h
q= /0 w(®,7)d7, (25)

where h is a function of Z alone.
Substituting Eq. (8) into Eq. (24) and using Eq. (25), we
find that the two rates of volume flow are

Q= q+cah. (26)

The time mean flow over a period T at a fixed position X is
defined as

_ 1 T
= — dz. 27
o-7/ ¢ @7
Substituting Eq. (26) into Eq. (27) and integrating it, we obtain
0 =gq+ac. 28)
The dimensionless time-mean flows 6 and F in the fixed wave
frame as
0-2 r-4 (29)
ac ac
then Eq. (28) may be rewritten as
6=F+1, (30)
where
h g
F= [ S dy=yin) - y(0). 31
0 oy

Assuming the streamline equals zero (y = 0) along the central
line (y = 0), then the wall (y = &) is the stream line of value
(w=F).

The boundary conditions for the stream functions in the
wave frame are

Iy
‘I/_O’ ayz _07 at y_ov
Iy

Then, the boundary conditions are sufficient to determine the
flow field of a Newtonian fluid. In general, the equations of
motion for a second-order fluid, which are of higher order than
the Navier—Stokes equations, require additional boundary con-
ditions.

Using the long wavelength approximation and neglecting
the wave number & along with low Reynolds number in our
analysis, the field equations (22) and (23) now become

Viyyy — &Wyy = 0, (33)
dp
g = Yy —8Yy — 627 (34)
where
o= <0_2 N ePia® 3 pa292>.
u u

The solutions of Egs. (33) and (34) subject to the bound-
ary conditions (32) are given by

v = ny + ssinh(y/gy), (35)
S —— (36)
dx

where
ne— (14 V/gcosh [\/gh(x)] [F + h(x)]
sinh [/gh(x)] — \/gh(x) cosh [\/gh(x)] )’
. F +h(x)
sinh [\/gh(x)] — \/gh(x) cosh [/gh(x)]

The pressure rise AP, and the friction force F), for a chan-

nel of length L, in their dimensionless forms, are given by

d
ap= | Py, (37)
o dx
1od
F= —n*%Lax (38)
0 dx

Using Eq. (21), we can obtain

u=y+sy/gcosh,/gy. 39)

The shear stress at y = h(x) = 1 4 ¢ sin(27x) is given by

T = S12(1 - (dy/dx)z) + (522 —S11)dy/dx
v (1+ (dy/dx)?) '

The shear stress in the dimensionless form can be ob-

(40)

tained from Eq. (40) in the following form:

pe  Rep?

fxy = ;Txy = WTX)H 41)
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. Rep2sgsinh /gh(x)[(1 — a2 (x)) +2Bisghysinh \/gh(x)] @2)
v pa*(1+he(x)) ’

o Rep?sgsinh /gh(x)[(1 — 47> ¢* cos(27x)?) + 47 By sg sinh | /gh(x) cos(27x))] “3)

S pa*(1+4n2¢2cos(2mx)?) ’
5. Special case W = ngy + so sinh \/goy, (44

dp

If the porosity parameter is neglected (i.e., 6> = 0), we dx | 1oso “3)
obtain the following results: u =y +s0v/80cosh+/goy, (46)

~ Rep?sogosinh \/goh(x)[(1

—4m* 9% cos(27x)?) + 47 Brsogo sinh \/goh(x) cos(27x))]

. (47)

By = pa*(1+4m2¢2cos(2mx)?)
\
where 0.5, pi =—0.8, u=04, p=1.057 and 2 =0.5.
B F +h(x) Figure 1 shows the variations of the absolute value of
" sinh [ V&oh( x)] — /goh(x pressure gradient |d p/dx| with respect to x, which exhibits os-

x) cosh [/goh(x)]’
]

" (1 V8o cosh [/goh(x)] [F + h(x)] )
sinh [\/g0h(x)] — /goh(x) cosh [\/goh(x)]

<eP0a pa292>
g = -
u u

6. Numerical results and discussion

In order to gain physical insight into the pressure gradi-
ent |dp/dx|, pressure rise |AP, |, friction force |Fy|, stream
and velocity |u| have been

function |y, shear stress ‘rxy ,
discussed by assigning numerical values to the parameter en-
countered in the problem in which the numerical results are
displayed with the graphic illustrations. The variations are
shown in Figs. 1-12, respectively, with the constant values

a=02e=2,F=-10, po=5, Re=1.71, x=0.7, ¢ =

cillatory behavior in the whole range of x for different values
of the non-dimensional wave amplitude ¢, porosity &, mag-
netic field Py, rotation €2, and the dimensionless time-mean
flow in the wave frame F. It is clear that the pressure gra-
dient |dp/dx| has a nonzero value only in a bounded region
of space. The effects of the non-dimensional wave amplitude,
porosity, magnetic field, rotation, and the dimensionless time-
mean flow in the wave frame on the pressure gradient first de-
crease and then increase gradually. It is observed that the pres-
sure gradient increases with increasing non-dimensional wave
amplitude, porosity, and magnetic field, while it decreases
with increasing rotation and dimensionless time-mean flow in
the wave frame. It is also found that |d p/dx| intersects when
the effect of the non-dimensional wave amplitude at x = 0.5
decreases at 0 < x < 0.5, while increases at 0.5 <x < 1.

600 1500 1000
__ 400 __ 1000 _
S < 3
Z T < 500
= =l )
= 200 = 500 -
0 1 0 | 0 1
0 0.5 1.0 0 0.5 1.0 0 0.5 1.0
x x x
800 ' 6000
_(d) ’ -
T 400+ . — S
2=0.5, 1.5, 2.5, 3.5
0 1
0 0.5 1.0 :
xT

xr

Fig. 1. (color online) Variations of pressure gradient ratio |d p/ dx| with respect to x for different values of (a) ¢, (b) o, (c) Py, (d) £, and (e) F.
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200 @) 600
$=0.5, 1.0, 1.5, 2.0/

.'l

400

AP

|AP

Fig. 2. (color online) Variations of pressure rise |AP| with respect to F
for different values of (a) ¢, (b) o, (c) Py, and (d) Q.

Figures 2 and 3 show the variations of the absolute value
of pressure rise |AP) | and the absolute value of friction force
|Fy|, respectively, with respect to the dimensionless time-
mean flow in wave frame F. Reflection and refraction occur
at F' = 0 for different values of the porosity o and magnetic
field Py except the effects of the non-dimensional wave am-
plitude ¢ and the rotation 2 at F = —1. In both figures, it is
clear that the absolute value of pressure rise and the absolute
value of friction force have a nonzero value only in a bounded
region of space. The effects of non-dimensional wave am-

plitude, porosity, magnetic field, and rotation on the absolute

value of pressure rise and the absolute value of friction force
first decrease and then increase gradually. It is observed that
the absolute value of pressure rise and the absolute value of
friction force increase with increasing non-dimensional wave
amplitude, porosity, and magnetic field, while they decrease
with increasing rotation. It is found that the absolute value
of pressure rise |AP, | and the absolute value of friction force
|F). |, respectively, are reflected within —5 < F < 0 and are re-
fracted within 0 < F' < 5 for all four values of ¢,0,F, and
Q.

200

200
$=0.3, 0.5, 0.7, 0.9 ]

300

200

[ Fy

100

Fig. 3. (color online) Variations of frictional forces |Fj | with respect to
F for different values of (a) ¢, (b) o, (c) Py, and (d) Q.

(a)
40 .
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B .,~_—.~=*fl'-'3’-"""'='-'f":'1’:
0 W )
0 0.5 1.0
Y
60 T
(d)
40
_ Q=1.5,25,35, 4.5
=
20 F 4
0 //IN‘
0 0.5 1.0
Y

100 T
()
i
— Py=3,51,9 |
s 50f v
|"
“ S
e
Py
l":f'
0 I =
0 0.5 1.0
y )
300 T
(e)
200 -
_ F=-70, —50, —30, —10
=
100
0
0

Fig. 4. (color online) Variations of stream function |y/| with respect to y for different values of (a) ¢, (b) o, (c) P, (d) £, and (e) F.
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Figure 4 shows the variations of the absolute value of
stream function |y| with respect to y, which has oscillatory
behavior in the whole range of the y axis, and is reflected
and refracted at y = 0, 0.8 for different values of the poros-
ity o, magnetic field Py, rotation €2, and the dimensionless
time-mean flow in wave frame F except when the effects of
non-dimensional wave amplitude ¢ at y = 0.95. It is clear
from Fig. 4 that the absolute value of stream function has a
nonzero value only in a bounded region of space. The effects
of non-dimensional wave amplitude, porosity, magnetic field,
rotation, and dimensionless time-mean flow first decrease and
then increase gradually. It is observed that the absolute value
of stream function decreases with increasing rotation and di-
mensionless time-mean flow, while it increases with increas-
ing non-dimensional wave amplitude, the porosity, and mag-
netic field.

Figure 5 shows the variations of the absolute value of
shear stress |‘ny| with respect to x, which exhibits oscillatory

behavior in the whole range of the x axis for different values of
the non-dimensional wave amplitude ¢, porosity ¢, magnetic
field Py, rotation £, dimensionless time-mean flow in wave
frame F, and the Newtonian parameter ;. It is clear from
Fig. 5 that the absolute value of shear stress has a nonzero
value only in a bounded region of space. The effects of non-
dimensional wave amplitude, porosity, magnetic field, rota-
tion, dimensionless time-mean flow, and Newtonian parame-
ter in wave frame first decrease and then increase gradually.
It is observed that the absolute value of shear stress decreases
with increasing rotation, dimensionless time-mean flow, and
the Newtonian parameter, while it increases with increasing
values of non-dimensional wave amplitude, porosity, and mag-
netic field. It is noted that the values of shear stress are very
small at x = 0.25 and 0.75 for the effects of non-dimensional
wave amplitude, magnetic field, porosity, rotation, dimension-

less time-mean flow in wave frame, and Newtonian parameter.

2.0
(b)

1.5F

|72yl /10°
[72y] /105
—_
o
T

)y
0=4,5,6,7 ;-"i
<A

AR
&
K

[in]
=

o
wipm 4 -
A =
5
I

10

T2yl /10
ot

Fig. 5. (color online) Variations of shear stress || with respect to x for different values of (a) ¢, (b) &, (c) R, (d) £, (e) F, and (f) B;.

Figure 6 shows the variations of the absolute value of ve-
locity |u| with respect to y, which reveal oscillatory behavior
in the whole range of the y axis, and vanish at y ~ 0.55 for
different values of non-dimensional wave amplitude ¢, poros-
ity o, magnetic field Py, rotation €2, and dimensionless time-
mean flow in wave frame F. It is clear that the velocity has a
nonzero value only in a bounded region of space. The effects

of the non-dimensional wave amplitude, porosity, magnetic
field, rotation and dimensionless time-mean flow on velocity
decreases and increases gradually with increasing of y. It is
obvious that the velocity increases with increasing the non-
dimensional wave amplitude, the porosity and magnetic field,
while it decreases with increasing the rotation and the dimen-
sionless time-mean flow.
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1000 F=—70, —50,
—30, —10
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Fig. 6. (color online) Variations of velocity |u| with respect to y for different values of (a) ¢, (b) o, (¢c) Py, (d) 2, and (e) F.

Figure 7 displays the variations of the absolute values of
the pressure gradient |dp/dx| with respect to x, which has os-
cillatory behavior in the whole range of the x axis for differ-
ent values of the non-dimensional wave amplitude ¢ (¢ =0.3),
magnetic field Py, rotation £2 and the dimensionless time-mean
flow F in the wave frame when the porosity o is neglected. It
appears that the pressure gradient has a nonzero value only in a
bounded region of space. The effects of the non-dimensional
wave amplitude, magnetic field, rotation and the dimension-
less time-mean flow in the wave frame on pressure gradient
which it decreases and increases gradually while it is then up
to a maximum at x = 0.8. It is observed that the pressure gradi-
ent decreases with increasing of non-dimensional wave ampli-
tude, rotation and the dimensionless time-mean flow,'] while

it increases with an increasing of magnetic field.

300

150

®

200

|dp/d|

100

0 0.5 1.0
X xT
400 3000
_ = 2000
= o
T 200 E
< = 1000
0 ' 0
0 0.5 1.0
X xT

Fig. 7. (color online) Variations of pressure gradient ratio |dp/dx| with re-
spect to x if 6% = 0 for different values of (a) ¢, (b) Py, (c) £, and (d) F.

(a) ' (b) '

12+ - 16 P,=0.3, 0.5, 0.7

Fig. 8. (color online) Variations of stream function |y| with respect to
yif 02 = 0 for different values of (a) ¢, (b) Py, (c) 2, and (d) F.

Figure 8 shows the variations of the absolute value of
stream function || with respect to y and its reflection and re-
fraction for different values of the magnetic field P, the rota-
tion 2 and the dimensionless time-mean flow in wave frame F
except when the effect of the non-dimensional wave amplitude
¢ there is no reflection and refraction when the porosity o is
neglected. It is clear that the absolute value of stream function
has a nonzero value only in a bounded region of space. The ef-
fects of non-dimensional wave amplitude, magnetic field, ro-
tation, and dimensionless time-mean flow in the wave frame
first increase and then decrease gradually with increasing y. It
is shown that the absolute value of stream function decreases
with increasing rotation and dimensionless time-mean flow,
while it increases with increasing non-dimensional wave am-

plitude and magnetic field.?*!
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Figure 9 shows the variations of the absolute value of
shear stress }Txy] with respect to x which has oscillatory be-
havior in the whole range of the x axis for different values
of the non-dimensional wave amplitude ¢, magnetic field Fy,
rotation £, dimensionless time-mean flow F', and the Newto-
nian parameter ; in the wave frame when the porosity o is
neglected. It is clear that the absolute value of shear stress has
anon zero value only in a bounded region of space. The effects
of non-dimensional wave amplitude, magnetic field, rotation,

dimensionless time-mean flow, and Newtonian parameter first

2.0 T 10

decrease and then increase gradually. It is seen that the abso-
lute value of shear stress increases with increasing values of
non-dimensional wave amplitude and magnetic field, while it
decreases with increasing rotation, dimensionless time-mean
flow, and Newtonian parameters in the wave frame. It is noted
that the shear stress is very small at x = 0.25 and 0.75 for
the non-dimensional wave amplitude, magnetic field, rotation,
dimensionless time-mean flow, and Newtonian parameter, ']

while it approaches the maximum value at x = 0.6 and 0.9.

(a)

$=0.1, 0.15, 0.2, 0.25

(b)

=
ot

[72y] /107
—_
o
|72y /10
o
T

1.0 0

(@) F=-10, 50,

. 6 .
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|72y /10°

.

Fig. 9. (color online) Variations of shear stress |T,,| with respect to x if 62 = 0 for different values of (a) ¢, (b) Py, (c) 2, (d) F and (e) Bi.
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Fig. 10. (color online) Variations of velocity |u| with respect to y if
02 = 0 for different values of (a) @, (b) Py, (c) 2,and (d) F.

Figure 10 shows the variations of the absolute value of

velocity |u| with respect to y and it vanish at y = 0.52 except

when the effect of the non-dimensional wave amplitude van-
ishes at y = 0.8,0.85,0.9, and 0.95 for different values of the
magnetic field Py, rotation 2 and the dimensionless time-mean
flow in wave frame F when the porosity o is neglected. It is
clear that the velocity has a nonzero value only in a bounded
region of space. The effects of non-dimensional wave ampli-

tude, magnetic field, rotation, and dimensionless time-mean

flow on the velocity first decrease and then increase gradu-
ally. It is observed that the velocity increases with increasing

non-dimensional wave amplitude and magnetic field,?®! while

it decreases with increasing rotation and dimensionless time-
mean flow.

Figures 11 and 12 show the variations of the absolute
value of pressure rise |AP)| and the absolute value of fric-
tion force |F), |, respectively, with respect to the dimensionless
time-mean flow in wave frame F which it reflects and refracts
at F = —0.5 for different values of the non-dimensional wave

amplitude ¢, magnetic field Py, and the rotation 2 when the
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porosity o is neglected. In both figures, it is clear that the
absolute value of pressure rise and the absolute value of fric-
tion force have a nonzero value only in a bounded region of
space. The effects of non-dimensional wave amplitude, mag-
netic field, and rotation on the absolute value of pressure rise
and the absolute value of friction force first decrease and then

increase gradually. It is observed that the absolute value of

pressure rise and the absolute value of friction force increase
with increasing non-dimensional wave amplitude and mag-
netic field,>*3% while they decrease with increasing rotation.
It is found that the absolute value of pressure rise |AP; | and the
absolute value of friction force |F), |, respectively, are reflected
within —5 < F <0 and refracted within 0 < F < 5 for all three
values of ¢, Py, and Q.

80 T 150 T 100 T
(a) (b) (c)
$=0.1, 0.2, 0.3, 0.4 . Py=0.3, 0.5, 0.7, 0.9, 2=0.5, 1.5, 2.5, 3.5
60 | - \ ; o
100f * x ] 3
- T o
4 40 <4 1

20

Fig. 11. (color online) Variations of pressure rise |AP; | with respect to F if 02 = 0 for different values of (a) ¢, (b) Py, and (c) L.

60 @ 150 (b)

100

| |

50

Py=0.3, 0.5, 0.7, 0.9

60 T
()

2=0.5,1.5, 2.5, 3.5

Fig. 12. (color online) Variations of frictional forces |F) | with respect to F if 02 =0 for different values of (a) ¢, (b) Py, and (c) 2.

The results indicate that the effects of non-dimensional
wave amplitude, porosity, magnetic field, rotation, dimension-
less time-mean flow, and Newtonian parameter are very pro-

nounced and effective in the peristaltic phenomena.

7. Conclusion

Due to the complicated nature of the pertinent field equa-
tions governing peristaltic flow, a small number of works have
been done in this field. The method used in this study provides
a quite successful choice for dealing with such problems. This
method provides exact solutions in the peristaltic flow with-
out any assumed restrictions on the actual physical quantities
that appear in the governing equations of the problem consid-
ered. Important phenomena are observed from our calculation
results.

i) It is found that for large values of non-dimensional
wave amplitude, porosity, magnetic field, and dimensionless
time-mean flow in the wave frame. The case is quite different

when we consider small values of the rotation. The solutions

are obtained in the context of the peristaltic flow of second-
order fluid through a porous medium.

ii) Comparing with previous studies, we find that our re-
sults (shown in Figs. 1-12) without porosity, magnetic field,
and rotation coincide with the results obtained by Siddique and
Schwarz!?! for non-Newtonian fluid. Also, these results agree
with those of Shapiro et al.’®! and Shukla e al.”?”! when the
non-dimensional wave amplitude ¢, porosity o, rotation €2,
magnetic field pg, and dimensionless time-mean flow in wave
frame F almost equal zero. In case of a porosity ¢ = 0, our
results are in agreement with that of Hayat and Ali.['8 The an-
alytical results obtained by Mishra and Ramachandra[®®! can
be considered as a limiting case (by taking ¢ = 0 and Q2 = 0),
which are in agreement with earlier results obtained by Ey-
tan and Elad.*! The velocity distribution u (Fig. 6) confirms
the idea that peristaltic flow through a porous medium brings
rigidity to the fluid. 3!

iii) The results presented in this paper should prove use-

ful for researchers in science and engineering, as well as for
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those working on the development of fluid mechanics, the non-

dimensional wave amplitude, porosity, rotation, ratio of relax-

ation to retardation time, and dimensionless time-mean flow

in wave frame exchange with the rotation influence and opera-

tions. Study of the phenomenon of the non-dimensional wave

amplitude, the porosity, rotation, the ratio of relaxation to re-

tardation time and the dimensionless time-mean flow in the

wave frame are also used to improve the conditions of peri-

staltic motion.
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