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Abstract

In this paper, we present an analysis of heat transfer on peristaltic flow for Powell- Eyring fluid in an
inclined symmetric tapered channel is discussed. Hall effect, velocity, thermal slip conditions, and
Ohm's heating are taken into consideration. The governing equations for the balance of mass,
momentum and energy are modeled, and then simplified by holding the consideration of long
wavelength and low Renolds number approximation. Graphical results are given to analyze the
behavior of the parameters emerging in the problem. Effect of Hall parameter and Hartman number on

velocity axial have opposite characteristics.
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1. Introduction

Peristaltic transport in recent times has
collected a considerable attention due to its
application in physiological, engineering, and
biological systems. The peristalsis in general
refers to sequential longitudinal and circular
contractions of sinusoidal induced peristaltic
waves that propagate along the channel that
contains the fluid. Particularly this mechanism
is the basis of many muscle tubes such as
gastrointestinal tract, fallopian tube, bile duct,
ureter and esophagus tube etc. Moreover it has
a key role in many industrial applications like
transport of sanitary fluid, blood pumps in
heart lung machines, corrosive fluids transport
[1,2] . As well as non- Newtonian fluid is
considered to be more suitable than the
Newtonian fluids in many industrial and
physiological processes [3-5]. Varieties of non-
Newtonian fluid models (exhibiting different
rheological effects) are available and amongst
those is the Powell- Eyring fluid [6]. Even this
model is mathematically more complex, but
deserves more consideration because of its
distinct advantages over the non- Newtonian
fluid models. Recently, numerous effective
the

peristaltic flow of Powell- Eyring fluid under

researches have been presented for

the assumptions of large wavelength and low
Renolds number and with different flow
conditions (see refs.[ 7-9]).The heat transfer
refers to the exchange of the thermal energy
among the different components of the system.
However its rate depends on the temperature of
various compartment and physical properties
of the flow medium. The study of the influence
of heat transfer on non -Newtonian fluids has

become important in last years.
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This is due to numerous of

industrial

importance

processes. Examples are food

processing  biochemical  operations and
transport in polymers, biomedical engineering,
micro fabrication technologies [5]. Besides this
the phenomenon of peristalsis with heat
transfer has a wide spread applications in
mechanical engineering, physiological
processes as oxygenation and hemodialysis,
diffusion of chemical impurities. In view of the
above  considerable  applications  many
researches have been reported the heat transfer
analysis in peristaltic motion for different non-
Newtonian fluid and flow geometries. Ramesh
and Devakar in [10] investigated the effect of
heat transfer on the peristaltic transport of
MHD second grade model through porous
medium in an inclined symmetric channel.
Hayat et al in [11] studied the heat transfer
analysis in peristaltic flow of Prandtl- Eyring
fluid through a curved channel. Veerakrishna
et al in.[12] discussed the heat transfer with
peristaltic flow of Williamson fluid under the
effect of inclined magnetic field in a
Ghash in [13]

adopted a heat transfer of Newtonian fluid

symmetric planar channel.

through a rotating channel under the impact of
Hall effect and transfer magnetic field. Hina in
[8] explored the combined influences of slip
and MHD on peristaltic motion of Eyring-
Powell fluid with taken into consideration heat/
mass transfer. Abbasi et al.in [14] addressed
the heat transfer in hydromagnetic peristaltic
flow of variable viscosity fluid through porous
medium. Also, Hina et al.in [9] investigates the
heat transfer in the peristaltic transport of
Powell- Eyring fluid inside a curved channel

and its application in biomedicine.
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The Hall current effect is considerable when
Hall parameter is high. This can be achieved in
a strong magnetic field. The Hall current has a
remarkable effect on Lorentz force term. This
effect is employed in numerous aspects like
MHD power
flow problem

astrophysical, meteorological,

generations, plasma and
centrifugal machines. Motivated by such fact
the influence of the Hall current on the flow
can be seen via studies [5,13,15,16].Another
considerable aspect in peristalsis is the non-
uniform (tapered) flow configuration. This
configuration is noticed in most practical
applications like physiological body organs,
blood vessels, intestines,

small lymphatic

vessels and ducts afferents. Blood flow
suspension for Walter's B fluid model through
tapered stenosed arteries discussed by Akbar in
[17]. Influence of variable viscosity on MHD
peristaltic flow of Pseudoplastic fluid model
through a tapered symmetric channel studied
by [18]. Further recent literature can be seen
via refs. [3,19,20]. This work addresses heat
transfer

analysis of peristaltic flow of

conducting Powell- Eyring model in an
inclined tapered symmetric channel under the
effect of Hall current. The mathematical model
formulation is subjected to a transverse
magnetic field presence. Besides this the
energy equation is modeled by taking Joule
(Ohm's) heating impact into account. The two-
dimensional equations of motion and energy
are simplified by adopting lubrication
approach. The governing equation is carried
out by utilizing

long  wavelength

approximation and low Renolds number
assumptions. The series solution of the stream
function, axial velocity, heat transfer and

temperature distribution have been obtained by
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employing the perturbation technique. The
major behavior of Hartman number, Hall
parameter, Froude number, Renold number,
inclination of angle, phase difference, non-
uniform parameter and Powell- Eyring fluid
parameters on velocity profile, temperature,
heat transfer and the peristaltic flow are

analyzed in detail graphically.
2. Problem Mathematical description

Assume the peristaltic transport of an
incompressible Powell- Eyring fluid in two-
dimensional tapered symmetric channel of
thickness 2d. The channel is taken inclined at
angle a to the horizontal axis. The fluid is
electrically conducting in the presence of a
strong applied magnetic field B = (0,0, 8,).
The magnetic Renolds number is taken a very
low approximation hence the induced magnetic
field is neglected. Symmetry in the flow
achieved by the peristaltic waves with different
amplitude and phases moving with a constant
speed ¢ and wavelength A along the walls of
the channel. Hall and Ohm's heating effects are

taken into account.

The structure of walls geometry are described

as:

V= Hy(XE) =d+mX +asin(G (X —
ct) +¢) 1

Y, =H,(X,E)=d +mlx+bsin(27" X —

ct)) )
In which Y;,Y, are the lower and upper wall
respectively, a,b are the amplitudes of waves

along the lower and upper walls, m,(« 1) the

non- uniform parameter.
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The Cartesian coordinates (X,Y) in such a way
that wave propagates in X- direction and Y —

axis is taken normal to it. ¢ € [0, ] the phase

difference. Moreover ¢ = 0 corresponds to
symmetric channel with waves out of phase,
and ¢ = m describes the waves in phase.
Further a, b, d and ¢ satisfy the inequality so

that the walls still parallel.
a? + b? + 2abd cos® < (2d)* €))

The fluid is obeying the Powell- Eyring
model and the Cauchy stress tensor T of it is

given as follows

f=_PI+5 @)
S = [u + ;—y sinh~1 (Cll)] A (5)
7= Jraad ©
Ay =WV + (V)T )

Where S express the extra stress tensor, I the
identity tensor V= (9X,dY,0) the gradient
vector, B, c¢; the material parameters of Powell-
Eyring fluid, and u the dynamic viscosity. The
term sinh™* can be approximated as

(L) =7
sinh (Cl) = T <1 (8)

5
-
c1®

Applying the generalized Ohm's law, including

the Hall current we get

J=o[V xﬁ—i(fxﬁ)] )

- —_ _ 2007 2
JxB= ( afo” (U mV)L. _ aBo (V+mU) ) (10)

1+m? 1+m?2

In which J characterize the current density
vector, V = (U,V,0) the velocity field, o the
electrical conductivity, n the number density of

electron, e the electric charge, S, the magnetic
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field strength and (mz%") the Hall
parameter.

The balance of mass, momentum and
temperature are given respectively below

ou | v _

P 0 (11)
U | AU L AU _ 9P 0Sxx | OSxy
(af +Uax+Vay> - ax+ ax + ay

o‘ﬁOZ(U—mV) .

oz T Pgsina (12)

a a a P 9S as
p(S+US+V ) =T Dy Ty

av)] ~ oy ' ax ay
U[?OZ(V+mU)
ez T Pgcosa (13)
and

oT oT oT 92T = 92T
pee (5e + UtV o) =k (G +5) +
- - LoV = (U oV
(Syy = Sxx) 5, + Sxv (5"'5)"‘

aBo?(U2+v?)
1+m?

(14)
Where

£p,P,],g.cp, T k,0,] X E,%j,(U, V,0) are
time, fluid density, pressure, current density,
the gravity, the specific heat, temperature,
thermal conductivity, the electrical
conductivity, the component of Lorentz force,
Joule heating component, and the velocity
components corresponding to the laboratory
frames (X,Y,1),also S_ij represents the
components of stress tensor and (i =X, j =
Y).

The components of extra stress tensor of
Powell- Eyring defined by Eq.(5) are listed
below

§XX=2(H+i)UX_3ﬁ;C13[2UXZ+

(Uy + V)% + 2V, 2| Uy (15)
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c 1 1 2
SXY - (H."'E) (VX + Uy) _W[ZUX +

Uy + Vx)? + 2V, *|(Vx + Uy) (16)
S - 2 __r 2

Spy =2 (u + ﬁcl) Vy = 5o [2Ux" +

Uy + Vx)? + 2V, * |y (17)

The corresponding boundary conditions are

listed below

The slip conditions for velocity and

temperature at the walls are

U+tySyy =0 atY =H,andY = H,
(18)

T+ T=T, at Y=Hand Y=H,
(19)
Flexible walls are given as

3 3 , 92 3Sxx
i e P y— Y = -
[ Toxs +my AXOE2 +d atox ax +

aBo*(U-mV)
14+m?

dSxy _
ay

ou au ou
(G +U+VE)
pg sina ,Y=H; and Y =H,
(20)
the
temperature at the upper and lower walls, the

In  which T,,7,m,,d',vy,p; are
elastic tension, the mass per unit area, the
coefficient of viscous damping, the velocity
slip parameter, and the thermal slip parameter

respectively.

The dimensionless quantities are defined as
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X oy U V. _H
EAY Tttty
H, dzﬁ d Y b1
h 7 =—)6__) *:—’ L=
R e il e R A T Sl
dS(x cd 1 W/ ¢ \2
S = (),Rl—p W= ——, =—<—)
uc U upcy 6 \c;d
g_T_To __TdS _mzcd3 E _d’dS
T Ty YT Buc 'R MBuc TP 2u
pr=HP y- daE—Cz Br =E.P
- k ) _ﬁo #) (;_CPTO; r= cr:
,_a b*—b _r?zl/lF o
a =2/ ==, m, 7 r_\/g_d
(21)
Where

6,E,,E,,E5,R1,Pr,H,Ec,Br,Fr,m,,P,h, ,h,

%y, u,v, A W,y", By are the wave number,
the wall elastance parameter, the mass per unit
area parameter, the wall damping parameter,
the Renolds number, the Prandtl number,
Hartman number, Eckret number, Brinkman
number, Froude number, the dimensionless
non- uniform parameter, the dimensionless
pressure, the dimensionless lower wall surface,
upper the

dimensionless

wall surface, components of

coordinates, axial velocity,
transverse component of velocity, the Eyring-
Powell fluid dimensionless parameters ,the
dimensionless velocity and thermal slip
parameters respectively. Note that asterisks
will be omitted for simplicity.

The stream function ¥(x,y,t) and its
connection with velocity components is

scripted below

Y

u =
oy

—_s¥
and v = 6ax (22)

Substituting Eg.(21) into Egs.(11) — (20) and
make use of EQ.(22), note that the mass
balance represented by Eq. (11) is identically
satisfied, yields
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6R1(lpty + lpylpxy -

0Sxx , OSxy
ox ay

Slpxlpxy) = _Px +

(¥, + 6my,) +

)

(1+m?2)
R1
(Fr)?

sina (23)

52R1(—62¢tx - Szlpylpxx + 531!)951!}953/) =

asi 29Syx _
P+ 8222+ 52— (1+mz)( Sy, +

cosa
(F )2

my,) +—— (24)

2 820

20 20 20
PrR1 (55+ 5y, 5 — &px@) =622+

ZZTZ + BrSyy(Wyy = 6%sx) +
(f’f,f;’;) (@)% + 82(Wx)?) + 6Br(Sax —
Syy)‘/’xy (25)

The dimensionless of stress components can be
given by

Sex = (1 + W)ty — 5A 6792, +
Wy — 8%P)” + 6292, [y (26)
Sey = A+ W) (=8P +1hyy) —

[41452 (_Szlpxx + lpyy)lp%y + A(—(Szszx +

)’ + 20672, (<67 + 9| @D)
Syy = —6(1+ Wiy, + 448 [6293, +
(Pyy = 5%x)” + 8292, |y (28)

The corresponding dimensionless boundary

conditions are listed below
Yy —vy ((1 + W)y, — Alp;y) =
6—p16,=0

at y=h (29)
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Py +y (A + WPy, — ays,) =

6+ B.6, =0

at y = hz
(30)

and

93 93 8?2 _ 0Syy

B+ B + Baagaa| Y = 52 -

H?Y

ﬁ o )Zsma aty=h; ,y=h, (31)

The dimensionless forms of lower and upper

walls are

hi(x) = -1 +myx + asinu(x — t) + ¢))
(32)

hy(x) = (1 +myx + bsin(2r(x —t))) (33)

Employing authentic long wavelength and low

Renolds number approximations we obtain

0Sxy _ H*Py _

—h+ dy 1+m2 (34)

Py =0 (35)
H%B

252 + BrSyyiyy + (1+m2) W) =0 (36)

Eq.(35) indicates that the pressure is

independent of the non- dimensional

coordinate y . Differentiate Eq. (34) w. r. t y
and make use of Eq. (35), the equations which
govern the problem are

25xy
oy? (1+m2) Grmn) Yoy = @7
6 H2Br
A BrSohy, + oo ()P =0 (39)
1/’y - ((1 + W)y, — Alpyy) =0
0—p,0,=0
at y = hl
(39)
Yy +y ((1 + W)y, — Alp;y) =0
0+ B0, =0
at y=h,
(40)
and
o° o 9?1, _ 9xy _
[E1 o T B T Es atax] T oy
oy ty=h —h, (41
1+m2 (Fr )ZSlTl(Z a y 1 !y_ 2 ( )
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Heat transfer coefficient at the lower wall is
defined as

oh
Z=2206,(h) (42)

3. Solution Technique

Now using the perturbation technique for
small Eyring- Powell parameter A by
expanding the flow quantities in a power series
of 4 in such manner

V=9 +AY +
(43)
0=0,+A0, +
(44)

Substituting Eqgs.(44), (45) into Egs.(37) - (42)
and then comparing the coefficients of same
power of A up to the first order we obtain the
following two system.

3.1. Zeroth order system
The general form of zeroth- order system

is
(1 + W)lpoyyyy (1+m2) d}Oyy =0 (45)
H?B
Boyy + Br(1+ W) (Woyy)” + 5 (hoy)? =
0 (46)
with the respective boundary conditions
1/)0y -y + W)¢Oyy = 0}
aty=nh
0 — ,319031 =0 Y !
(47)

Yoy + YL+ W)y, = 0} aty =h, (48)

0 + f160y =0
[El o T Bz voe ax6t2 Es 6t6x] y=
H%q R1
A+ Woyyyy — —1+mzy + oz Sina

aty=h, and y = h, (49)

By solving the above systems for Y, and 8,,
the final form solution for the zeroth order are

1 -
Yo =17 (Ve +e™NVe) o3+ oy
1

(50)

6o = —Br(1+ W) (2;7 (cy2e 2Ny +
¢, 2e?NY) + N%(—Zczcdte'le + 2¢;c,eNY) +
2 2,2
C‘*N71y) + b1 + ybz
(51)
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3.2. The First Order System

The first order system has the form
(1 + W)lpblyyyy 1rbl}’y
a2 3
W(IPOW) =0
(52)

4

61yy + Br (2(1 + W)lpoyylplyy_(lpoyy) ) +
2H?Br
(1+m?2) l»bOylply (53)

Along with the appropriate boundary condition

Yay =¥ (0 + Wby = Woy)") = 0}
0: — ﬂ191y =0

(1+m2)

Yy + v (0 + Wby = (oyy)") = 0}

6, + .Blely =0
aty = b, (55)
L+ W)hryyy — 55 oy (Woyy)” = (1+m2) iy
0 at y=h, and y=h, (56)

Solving the above system for first order the
final calculated expressions for i, and 6, are

Y, = :

W €_3N1y(L1 + LZ) + c; + cgy

(57)

-B _
91 = (24N:2) e ANy (L3 + L4 + LS) + b3 +
b,y
(58)
Where

N1: il

VW) a+m2)

Ly = (¢ + 6cyc,2e*MY (=5 + 2N, y) —

6c,%2c,e?M1Y (5 + 2N;y)

L, =

e?N1Y (¢, 3e™Y +8(1 + W) (e ¢5 + ¢¢))

Ly = 3c,* + 36¢;,¢,%c4N,e3MY (7 + 2N,y) —
3eN1Y(2¢4N; + 3c,eM1Y (29 + 12N,y))

W =0

L, = e3Nwy (3c14es"’1y + 2¢,3c,e*™YN; +
24c,e?MY (1 + W) (cseMY + 2¢gN;) +

24¢,Ny(1 + W)(—=2c6 + 2c5e?MY +
CBeley2N13))
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L5 =

3c,e2MY (806(1 + W) + eMY(—16c5(1 + _ ! _

W)N, + i | VOO ATL 7 ™~ B o |

12¢,%c,e? MY Ny (=7 + 2N;y) + m 02,k 004 | N . 3o

c;3e3MY (=29 + 12N1y))) s | 7 0.5,R} 02 . ml 7101
. . LR - Nocoo

4. Results and Discussions : 6/ / A\

This section transmits the graphical 010 | ’/ E1 7002 ,E2 0001 ,E3 TN \
description of various parameters on the ) = E1001 ,E27001 ,E3 7001
outcomes flow quantities. The variation of 005 EI “001 ,E2 (004 E3 [00I
streamlines, axial velocity, temperature, and

L — ELLOOL,E20 001 E3[ 005
heat transfer coefficient are demonstrate and 0.00 | ’ >
analyzed graphically. 10 0.5 00 05 10

4.1. Velocity Distribution

The development of axial velocity in
response to involved parameters has been
recorded for fixed values (x = 0.2, t =0.1) A —
through the Figs. (1 to 7). All the profiles are ) Pi — A0l
parabolic about the channel's width due to zero 025 3 RTTErTTI AL04
displacement at the boundaries. Fig.(1) >
inspects the impact of wall properties
parameters E; , E, and E;5 on velocity profile.
It is noticed that for ascending values of
E,, E, and E; the axial velocity tends to
increase. The influence of fluid parameters A
on the velocity profile is portrayed in Fig. (2, ).
It is seen that the velocity is increasing
function for parameter (A) The effect of
Hartman number (H) is sketched in Fig.(3).
Reduction behavior for u(y) is recognized as
(H) increases. This outcome is due to the
Lorentz force which opposes the fluid motion
and hence reduces the velocity profile. Fig. (4)
is plotted to study the effect of Hall parameter
(m) on the velocity profile. One can observed

Fig.(1) Velocity Profile with Wall properties

020

that the wvelocity increases as the Hall 015
parameter increases this due to the fact that the
Hall effect balances the resistive influence of 010

applied magnetic field. Fig. (5) has been
sketched to notice the behavior of velocity

profile upon various values of channel phase 005

angle (¢). It is observed that the velocity

increases in the entire tapered channel for o0 |© L L
ascending values of (¢). Fig. (6) is drawn to 10 05 00 05 10

analyze the impact of amplitude of lower wall
(a) on the velocity profile. This figure
indicates that an increase in (a) the axial
velocity increases near the lower wall for
—1.2 <y <-0.95 . However the velocity
decreases in the rest of the channel —0.8 <
y < 1.2 with higher values of (a). The
velocity profile upon the non- uniform
parameter (m,) is plotted in Fig. (7). We
observed that the velocity value increases as
the magnitude of non- uniform parameter (m,)
increases

Fig.(3) Velocity Profile Via variation of H

33
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u
u
F T ' ' : 030 - EI 001, E2 11003, E3 1101
05 E100.01,E20.03 — 02 = ml "0
[ E300.1,w0.1,4700.1 mos o5 - W HO0L, AT0T, mT02, ml 02
04 | Fr 00.8,H 00.5 L. c— m09 Fr 108, H 7105, Rl 1102 '
[RIDOZ P Rl | 020 T TR EELS - Tomod
03 | . 3 oL, PL o
[ . -~
; 015 ] o1, .- N,
02 | b1102 "\
1 010 ) '
0.1 | ml 9,.(
f 005 -,
00 | . K ‘\
1.0 05 00 05 1.0 000 ’ "\
1.0 05 00 05 1.0
Fig.(4) Velocity Profile Via variation of m . . . .
Fig.(7) Velocity Profile Via m,
R 4.2. Temperature Distribution
04 . A
El 77001, E2 0003, E3 7001 — mt The quantitative effects of different
w 101,A01, m 0’,2.,.-.__' .
B R o0sHo0s RE o emerging  parameters  on  temperature
%, 0.91" "\_ - distribution 6(y) are observed physically at
. a\ h
@2- Chon | . fixed values (x = 0.2,¢ = 0.1)via Figs. (8 -
b02, .
ml 001/ " 13) . It is analyzed through the figures
01 : .
: " that 8(y) attains a maximum value near the
i .
. A} . . .
w T~ central part of the channel.. The variation in
10 05 00 05 10 . . ] . .
temperature with an increase in material fluid
Fig.(5) Velocity Profile Via ¢ parameter A is discussed in Fig.(8). Since the
temperature is defined as average Kkinetic
energy of molecules hence ascending values of
u
030 o ' ] A causes a risen in 8 values. Figs.(9 and 10) is
El 77001, E2 77003, E3 001 — (ot
25 - w01, ATOL, m 002, Fr 708 [ devoted to explain the influence of variation of
K -
0 RS, RED02, T -=+ Lo both channel inclination (a) and phase angle

015 (¢).1t is observed that 6 is rising with an

010 increase in () magnitude but opposite attitude

005 is recorded for (¢). Higher values of

Brinkman number (Br) leads the temperature

000 =°
distribution to grow up see Fig.(11). However

Fig.(6) Velocity Profile Via a the temperature profile decreases for larger

values of Froude number (Fr) through
Fig.(12). The impact of Hall parameter (m) is
captured in Fig.(13).

34
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It is revealed that 6(y) increases with the

increase of (m) near the lower and upper walls 00015 El D01 B D03, 1 102,
w 00, ATI01, m 102, Fr (108,

[bor, Lhor,

for specific at —1.2 <y <-04U06<y< ml 001, (1 0001

HOO0S5,RECOL, 00—, 10001
4

1.2 whereas decline in temperature is noticed 00010
with growing in Hall parameter at the central

part of the channel.

00005
) L B P ISR 0000 A
BILOLEUOS,B U2 =) 00 Ly, (o, 10 05 00 05 10
ol - WOl mL02, K 08, 6 3
Fig.(11) Temperature Profile Via variation of
o Br
06
04
02 20 ' o
[ Bl D01, E20103,E3 002, Lhol, b0l ml Lol
00 w 201, A001, m 202, B 1L 0 00l
1.5: H02,R1 Z01, 0
Fig. (8) Temperature profile for variation 10
of A '
05 | amrTITITATETIIIe L
T — L o0 ] -
[ EL 01, E2 103, B3 02, _ O 10 05 00 05 10
a0 WHOLALOL mL02, 6
Fig.(12) Temperature Profile Via variation of
13 Fr
10|
05 |
07
[ El C01,E2 103, E3 102, w 01, — 0]
00 06 4701, mO01, Fr 008, #7053, c=- mS
05
Fig.(9) Temperature Profile Via « 04
03
02
20: El 001, E2 C03, B3 02, w01 —_—p ] 01
b LADO0l, mO02, F C08, H05,
' ; 001
Fig.(18) Temperature profile for m

Fia.(10) Temperature Profile Via &
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4.3. Heat Transfer Rate
This considered the

development of heat transfer rate Z(x) upon

subsection

intricate parameters. The magnitude of non-

dimensional heat transfer is given at the low

wall by applying the inequality Z(x) =

dhq
E 9y|y=h1 for

0.1). Figs.(14- 20) shows that the peristaltic

fixed values(y =0.2,t =

waves along the walls produce oscillatory
behavior of Z(x). Heat transfer rate (x) .
From Fig.(14) we illustrate that the rate of heat
transfer has increasing function as the material
fluid

Enhancement in heat transfer rate Z(x) is

parameter A  becomes larger.
noticed upon increasing both the Brinkman
number
Figs.(15)&(16). According to Figs.(17) &

that the channel

Br and Hartman parameter via

Fig.(18) we observed
inclination «, and Froude number have mixed
behavior on Z(x). Fig.(19) study the influence
of upper wall amplitude b on rate of heat
transfer. It shows that Z(x) increases for
ascending values of b. The impact of Hall
parameter m on the rate of heat transfer is
depicted through the Fig.(20) . Reduction in
Z(x)

growing up of Hall parameter m.

is obtained through the channel with
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4.4. Trapping Phenomena

In this part, the impact of various effective
parameters on stream lines for fixed time
(t = 0.1) are furnished in Figs. (21- 28). The
interesting phenomenon in peristaltic motion is
trapping which refers to the formation of a
bolus of fluid that circulates internally and

moves with the peristaltic wave at the celerity
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of waves. The sketches declare that bolus
appears near both lower and upper walls in all
conditions. It can be visualize from Fig.(21)
that when the parameters of wall: rigidity E;
and tension E, increase the size of the bolus
increases whilst the number of the trapped
bolus remains same. However for ascending
values of wall mass parameter E; no changes
observed on both the size and number of bolus.
The impact of material fluid parameter W on
the stream lines pattern gained via Fig. (22).
The size of trapped bolus extremely decreases
whilst the number of bolus increases nears the
upper wall and decreases toward the lower
wall for larger values of W. It can be scrutinize
from Fig.(23) that due to influence of Hall
parameter m the size of bolus enhances . The
impact of Hartman number H is studied
through Fig. (24). It is noticed that larger
values of H the bolus becomes smaller. This
result is familiar since the Lorentz force
opposite the fluid flow and hence reduces the
fluid velocity. Fig.(25) is drawn to examine the
effect of angle inclination a on streamlines
patterns. Enhancement of a enlarge the size of
the trapped bolus. Fig.(26) depicts the behavior
of the upper wall amplitude b on streamlines.
Considerable impact for b on trapped bolus in
formulation and size can be noticed. We found
that for larger values of b the bolus becomes
larger and its form absolutely changes. Fig.(27)
revealed that the trapped bolus decreases in
size and numbers for higher values of non-
uniform channel parameter m,; . it can be
analyzed from Fig.(28) that for higher values
of Froude number Fr the size of the trapped
bolus decreases and more bolus create near the
upper wall opposite situation is seen near the

lower wall.
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5. Concluding Remarks

Peristaltic motion of Powell- Eyring fluid
flowing during an inclined tapered symmetric
geometry is analyzed. Hall and Ohm's heating
effects are taken into account as well as heat
transfer phenomenon is discussed. Analytical
solutions have been determined using
perturbation technique. Major considerations
of the analysis have been listed below:

1. Velocity profile shows a parabolic behavior
in nature. Furthermore it has an increasing
function due to wall parameters E; , and E,,
phase difference angle ¢ , Hall parameter m,
and non- uniform channel parameter m,.
Whilst a decreasing behavior is recognized via
wall parameterE;, Hartman parameterH.

2. The impacts of Powell- Eyring fluid
parameters A and W on the velocity field
and temperature profile are qualitatively
opposite.

3. The temperature profile exhibits an
increasing function when Brinkman Br
number, and inclination of the channel «
increase whereas it decreases with Froude
number Fr and phase difference angle ¢.

4. Hartman number H diminishes the
temperature distribution field while mixed
results in temperature profile are seen upon
Hall parameter m .

5. Heat transfer rate obey an oscillatory
behavior for all embedded parameters.

6. Magnitude of heat transfer coefficient gives
a mixed function for Froude number Fr ,
inclination of the channel «a.

7. The trapped bolus size occurring in tapered
a symmetric channel increasing with Hall
parameter m while its size and numbers
decrease with Hartman number H.

8. Formulation of fluid bolus is strongly
dependent on the non- uniform channel
parameter m,.
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