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Abstract :

In this study, we discussed the impact of rotation on the peristaltic
transport of Powell-Eyring fluid in an inclined, tapered, asymmetrical
channel. Considerations include the Hall effect, thermal slip, velocity slip
conditions and joule heating. By keeping in mind the low Reynolds number
approximations and long wavelength, the governing equations for the
equations of continuity, motion, and energy are modeled and then made
simpler. It has been noted that the effect of rotation on the axial velocity,
stream function and temperature increases while the heat transfer coefficient
decreases with its increase. The opposite effect between the Hartmann
number and the Hall parameter is evident in the study. The method used to
locate the solution to systems of equations is the perturbation technique,
which is studied using the MATHEMATICA software.

Keywords: Powell-Eyring fluid, heat transfer, Hall effect .

1. Introduction

The peristaltic movement has garnered substantial interest in recent
years due to its applications in engineering, physiological, and biological
structures. The peristalsis as a whole refers to consecutive longitudinal and
cyclic contractions generated by sinusoidal stimulation waves that go
through the channel and propagate, enclosing the fluid. Specifically, this
mechanism is the foundation of numerous muscle tubes, including the
digestive system, fallopian tube, bile duct, ureter, esophagus tube, etc.
Additionally, it plays a crucial role in several industrial applications,
including the transfer of sanitary fluid, blood pumps in heart-lung machines,
and the transmission of corrosive fluids (Ramesh & Devakar, 2017) and
(Murad & Abdulhadi, 2020).

Non-Newtonian fluids alter their viscosity or flow behavior when
subjected to stress. However, not all non-Newtonian fluids exhibit the same
response; some become more solid while others become more fluid. Some
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non-Newtonian fluids react to the amplitude of the applied stress, whereas
others react to the duration of the stress. The Powell-Eyring model is
mathematically more complex but deserves distinct advantages over the non-
Newtonian model because of its fluid models. Studies have been done on the
peristaltic flow of Powell-Eyring fluid with a long wavelength, a low
Reynolds number, and different flow conditions (Hina, 2016), (Abdulhussein
& Abdalhadi, 2022) and (Ali & Abdulhadi, 2018).

In the presence of a strong magnetic field, the investigation of Hall's
effect becomes crucial. These effects are particularly valuable in a range of
sectors, including power generators, magnetometers for detecting magnetic
fields, transformers, Hall current sensors, fuel level indicators for
automobiles, spacecraft propulsion, and magnetic status monitoring in DC
electric motors. (Hayat et al. 2017) studied the effect of Hall on the
peristaltic motion of a Powell-Eyring fluid in an inclined symmetric canal.
(Hasen et al. 2022) analyzed the effect of Hall current and Joule heating on
the peristaltic pumps of the Fene-P model. (NABIL & DOAA, 2020),
(Asfour, 2020), and (Hassen & Ali, 2021) reported different fluid Hall
current effects. In porous media with non-symmetric canals, rotating
waveform motion in two-dimensional channels of non-Newtonian fluid was
explored by (Alshareef, 2020). Discuss the influence of rotation on the mixed
convection heat transfer analysis by (Mohaisen & Abdulhadi, 2021) for
viscoplastic fluid peristaltic transport.

This study aims to investigate the effects of the rotation of heat transfer
on the peristaltic transport of a Powell-Eyring in an inclined, asymmetrically
tapered channel. We will look at the Hall effect, velocity slip, thermal slip
conditions, and joule heating. A regular perturbation technique may be used
to solve a set of equations under long wavelength and low Reynolds number
assumptions.
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2. Mathematical Formulation of Problem

Consider a non-Newtonian incompressible Powell-Eyring fluid in two
dimensions in an inclined tapered asymmetrical channel with a width d; and
d,. (see figurel).

N

\\w_\.--"’:r "\\
\\\ |
Figure 1. Geometry graph of the problem

Let'ssay ¥ =H; (X ,f) and ¥ =H, (X ,f) here is a representation of the

channel's upper and lower walls.
H (X,f)=d, + MX +a*sin [271:()? — cf)]
1)
PR — [— % . 2T = ~.
M, (X =—dy — MX = b*sin |25 (X — cB) + ¢4 2)
,©)

Where a*and b* are the amplitudes of waves , A is wavelength, £ is
the time, c is wave speed, ¢; (0 < ¢, < m) the phase difference between the
walls of the channel the rectangular Cartesian coordinates are used Xand Y.

The channel's axis is measured by X, and the transverse axis is measured by
Y, which is perpendicular to X. It's worth noting that ¢»; = 0 corresponds to
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an asymmetry with out-of-phase waves, whereas ¢, = m relates to waves
that are in phase, (M « 1) M is a non-uniform parameter. Furthermore,
a*,b*,d,,d, and ¢, satisfy the following condition;

a*’ + b** + 2a*b*cos¢, < (dy + d,)2.

The fluid's Cauchy stress tensor (z) under the Powell-Eyring model (Ali &
Abdulhadi, 2018):

=-Pl+ S

3)

S = [,u + B—j}sinh_1 (cll)] B,

(4)

y = Etra(Blz)
(5)
B,

=V + (V) (6)

Where V:(U, V, 0) is the velocity vector, -P1 is the spherical part of stress
due to constraining of compressibility, S;;(i,j = X,¥)is the components of
extra stress tensor, w is the dynamic viscosity and g, c; the material
parameters of Powell-Eyring fluid. The term sinh™?! can be approximated as

3

mh-1 (L) =X _~ ¥
sinh (Cl) = el e <1 (7)
The generalized Ohms law with Hall effects is
- —_ —_ 1 - —_
J=o|VXB-—(]xB)| ®)
*u 5\ _ (—0B(U-mP) , _ —oBZ(V+mD) .
(]X B) o ( 1+m?2 ' 1+m?2 ]) (9)

351



( “ . 5 Print -ISSN 2306-5249 )
J O B S } Alad) p glal) Alaa Online-ISSN 2791-3279
“~ Journal of Basic Science  Lés gl i awll

&

@ 21444/ 22023
L Y,

In which J characterize the current density vector, n the number density of
electron, e the electric charge, B- the magnetic field strength and (m =

G—B’) the Hall parameter.
en

The governing equations, continuity, momentum, and energy, in two
dimensions are:

o0 ov

i + ﬁ= 0 (10)
00 a9V _ _ 9P  95zx , 9Szxy _

p( +U +V ) pQ(QU-l'ZaE)_ a>‘<+ X £}

oB2(U-m )+ .

—oz T pgsina

(11)

~ oV ~ 500\ _ 9P  0dSpx , 8Spy
p( +U +V ) p_Q(_QV Zaf)_ a?+ a)?+a?
JBZ(V+mU)

1+m?2

(12)

— pgcosa

o, (Z+ D2+ V) = R(EE+20) Sy S50 5+ S (294
6_\:/) n oB2(0%2+V?)

0X 1+m?2

(13)

Here Q2 is rotation, P is the fluid pressure, p is density of fluid .
Additionally, the channel inclined at angle o .There is an applied strong
magnetic field of (0,0, B-). The thermal contributions of Hall and Joule are
kept. T is the temperature, g is the acceleration by gravity, C, is the specific
heat at constant pressure. o is the fluids electrical conductivity ,K is the
thermal conductivity. The induced electric field is not taken into
consideration at all, because assuming a low magnetic Reynolds number.

The stress components are given by the form
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Sez = 2(u+i)fj}—< Bﬁc 20" + (U + V)" + 2V | U

1 ~ 2 N2 ~ 21/~
-~ 205" + (Uy + V)" + 2% | (V&
+ Uy) (15)
.S_‘??=2(H+i)\’7y 3/3 3[2UX +(Uy+Vx) +2VY]VY
(16)

The slip conditions for velocity and temperature at the walls are:

U+&Sgp=0atY =H, and Y =H, (17)
T + ﬁl*a—T—To at Y =H, and Y =H, (18)
FIeX|bIe walls are given as
_ 03 o 02 A a.S_‘)—{j{ 65)?17 _ aBoz(ﬁ—mV) . _
[ toxs ax3 2 a;‘(af2~+ z ata)?] Y=5% T emz T Pgsina

U ~adu o
p(§+Uﬁ+v§) t Y=H, and ¥ =H,

(19)

In the above &* , B;", T-,m,,7,d are the velocity slip parameter, thermal
slip parameter, the temperature at the upper and lower walls, the mass per
unit area , elastic tension and the coefficient of viscous damping respectively.

To reduce the number of additional parameters, we shall define the
following non-dimensional quantities: —

y=2 x —h1 un h2—H29 © us=
dl d1 To
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R S T
t=7 Re = u ’M_d1 0= 2 ’H_B°d1\/;’PT_ E’Fr_gdl’
_s _ B _ _ 2 _a ., b ”_d1§ij
SE_dl'[))l_ ’BT_Pr'EC'EC_Tocp’a_dl’b_dl’Sll_ e
(20)
1 Wi c \? _ —td} _ myed, _d'd,
’Wl_uﬁcl’ B_6 (cldl) ’El_/13yc Bz = ABuc B3 = A2u
Wheref ,R,,M ,5,H,B. ,E., B,, E.,E, ,E, E3;, W;,Bare the

temperature, Reynolds number, non-uniform parameter, \Wave number,
Hartmann number, Prandtl number, Froude number, Brinkman number,
Eckert number, the elasticity parameters and the. Powell-Eyring fluid
dimensionless parameters respectively .
According to equations (1) and (2) the dimensionless shape of the
peristaltic channel walls may be shown in A1 and h2
h1(x) =1+ Mx + a sin[2n(x — t)] (21)
h2(x) = —d — Mx — bsin[2n(x — t) + ¢] (22)
Where(y ) stream function of velocity components u and v that is

dimensionless u = % and v = —Z—lfc, respectively and satisfy the continuity

equation (10).
In terms of stream function v, the dimensionless variables are specified in
equations. (11-13) were translated into the following equations.

3 3 242
R(S( +a"’—al”) p”dal”+an52"’l” _B oy 52 %y

dydt | axdy?  oxdy? ax ax
a;*;y (15;2)( + ém x) + I;—:sincx (23)
Re-8% (~ ot~ sas ¥ o) + 6 4 20R 87 00 = 2L
) a;y - (15;2) 5(-2L+m af) ’;: 5 cos a (24)
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96 9P 96 Y 629
R,. 6P( + 29 oy E) 2 +——5B (Sax = w)a 6y+
92y 9%y B, H? [ (9 61/}
B Sxy( — 6 dx2 ) T 1+m?2 ((E) +6° (E) ) (25)

Under the assumption of long wavelength approximation (6<< 1) and
low Reynolds number. eliminate pressure terms using cross differentiation
from the dimensionless Equations (23-25) one can write in a single
differential equations in terms of stream function y as

pR%d? _ H? 0% | 0%Syy
( 7 (1+m2)) dy? i dy? =0 (26)
226 9%y By H> (0Y\* _
+ Br Sxy dy? + (1+m2) (ay) = (27)

The axial pressure gradient can be calculated once we've identified the
stream function.

ap _ pN2d: (oY H? oY Re

ax  pu (6y) + ay (1+m2) ( ) + E, “sina (28)
o _

oy~ ° (29)

The dimensionless stress components can be calculated as follows:
_ 0%y 2 (8% %Y _ o2 0%
Sxx—2(1+W1)ax 23[25 (= ) +(%2-5 ) +

dyox dy? dx?
271 52

oxay/ | oxoy
Sxy:(1+W1)( 52215 a_zp 3[262(%)2+( 52‘;1‘54.32_‘/’) )
# () ] (o255 + 59 o
Syy = —26(1 +W1)%— 2B§ [252 (;;_61/;)2 + (2271,:_ 5222715)2 s
26° (_ :;_atl;)z] aa;z;/; (32)

The corresponding dimensionless boundary conditions are listed below
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a_w €<(1+W1)——B(a;¢) ) =0 aty=hlandy=h2 (33)
Hiﬂ——O aty = hland y = h2 (34)
a3 a2 _0Sy  H®  (3Y\ | Re
[El o T B2 gon T Es 6t6x] Y= %y T aem?) ( ) + Sm @aty=
hlandy = h2 (35)
Heat transfer coefficient at the upperis Z;= %.% (36)

3. Solution Methodology

The non-linear governing equations are being solved at the present time
by means of the perturbation technique for small parameter B. Assume the
following flow quantities as
Y =¥.+BY, + - (37)
0 =6-+B6O; + - (38)

3.1 Zero order system and solution
When (26) and (27) are replaced by (37) and (38), which have the same
power, the foIIowing results are obtained:

pn?dz H? 2%,
1+ Wl) oy* ( u o (1+m2)) ay? 0 (39)
22w\? | B.HZ (ow\Z _
) ( ) 2 (1+m?2) (@) =il (40)
where the respective boundary conditions are:
2
%+€(1+W1 aq;°=0aty=h1andy=h2 (41)
6 + ,81 =0 aty =hland y = h2 (42)
03 H? oy- R. .
[Ela 3+Eza oz T 36t6]y (1+W1)a 3 (1+m2)(ay)+p_rsma
at y = hland y = h2 (43)

The solution the above system for¥.and 6-
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¥V G2-R2 2yVG2-R2
e VItW1 (C1+e VI*W1 C2)(14w,)

WY, = C3+ yC4 + — (44)
B,L
- =11+ yr2 — r;z (49)
n?dzp H? 1
Where R? = Tl , G*= — and L = (ECALZG“y2 — C1C2R?*y? —
_JG2-R%y
1,2-2p22 2.2 2CiC4e VW1 G2(14w,)3/2
2C4 G“R*y~ — C1C2R“y“w, N
VG2-RZy _2J/G2-R2%y

2C2C4e VI*W1 G2(14w;)3/2  C12e VW1 (2G2-R2)(1+wq)? T

VGZ-R2 4(G%-R2)

2V G2-R2y

C22e VW1 (2G2-R%)(1+w;)?

4(G2-R?) )

3.2. The First Order System and Solution

1 +w) 04w, n (pnzd§ __H? )6211'1 ¥ (62%)3 _ 0

ay* Iz (1+m?2)/ 9y*  0y?\ady?
(46)
920, 2w, 92wy (62%)4) 2B, H? 3¥. oW, _
dy? + By <2(1 + W) dy? ~ dy? dy? 1+m2 " dy " dy
0 (47)

With the respective boundary conditions are:

% +¢& <(1 + W) 662;1 — (%;%)3) =0 aty = hland y = h2
(48)

Hliﬂl%: 0 aty = hland y = h2

(49)

1+ wy) a;;l — :—y (22:;)3 — 15;2 (Z—q;) =0aty = hlandy = h2
(50)
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The solution the above system for¥; and 6,

_ Li+Ly+L3+L,
P11 = 7+ YO8+ e arwy
(51)
61 -
r3 + yr4d +
1 _4VG?-R2%y VG2-R2y
1+wq 3 1+wq 2 2 _ p2
2GR rw T Vitwi B (16C1°C4e V™1 G“VG? — R?(1 +
7VG2-R2y
wy)? —16C23C4e V"1 G3VG2 — R%2(1 + wy)% — 3C1*(8G2 —
8VG2-R2y

SR2)(1 + w,)5/2 — 3C2%e V™1 (8G2 —5R?)(1+ w;)*2 +
+/GZ_RZy
96e Vi1 (G2 — R¥)y2(1 4+ w;)3/2((—9C12C22% + 2C2C5 + 2C1C6)R? +
2C4C8G2(—G? + R?) + 2(C2C5 + C1C6)R?*w,) —
3JGZRZy
96e Vi**1 G2v/GZ — RZ(6C12C2C4VGZ — R%y(1 + wy)3/2 —
(1 + w;)?(—21C1%2C2C4 + 4C4AC5 + 4C1C8 + 4(C4C5 + C1C8)w,)) —
5vVGZ-R2y
96e Vi1 G2/G2 — R2(6C1C22C4VG2 — R%2y(1 + wy)3/2% +
(1 + w;)?3(—21C1C2%C4 + 4C4C6 + 4C2C8 + 4(C4C6 + C2C8)w,)) +
2/GZRZy
12Cle V***1 (12C1%2C2VG2 = R2(2G* — R»)y(1 +wy)* + (1 +
w;)%/2(C1%2C2(58G?% — 25R?) + 8C5(—2G?% + R?) + 8C5(—2G% +
6J/GZ_RZy
R®»w,)) + 12C2e V***1 (—=12C1C2%VG? — R2(2G? — R®)y(1 + wy)? +
(1 + w;)%2(C1C22%(58G2 — 25R?) + 8C6(—2G2 + R?) 4+ 8C6(—2G2 +
R*)w))))
(52)
Where
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. cBe VWL (1t+w,) L — c2%e VW1 (1+w,)
1 m 1 1IGZ_RZ !
_»/6?-R2 (14W,)(~15C12C2+4C5+4C5+w, )
Ly =2e V™1 (—6C12C2y /1 + wy + 2 — =),
yVG2-R? (1+w;)(~15C1C2%+4C6+4C65Wy)

L, = 2e V1 (6C1C2%y /1 + wy +

Nrra )

4. Results and Discussions
The analysis of (the axial velocity)u, (temperature) €, Heat transfer
coefficient Z; and (stream function) v are determined in-this section.

4.1 Velocity behavior "u"

We will now examine the impact of the axial velocity (u) variation
across the channel on a number of different factors. According to Figures 2
(a-i) as the rotation parameter 2, Hall parameter m, the width of the channel
d,, wall properties parameterE1, E2 , E3,the non-uniform parameter M, the
channel inclination angle a and the phase difference @, are varied, the axial
velocity rises in the center and towards the channel wall. Figures 2 (j and k)
show how the axial velocity increases in the middle of the channel and
decreases towards the channel wall as Reynolds number R, and material
parameters of Powell-Erying fluid B, while Figures 2( | - n) show how the
axial velocity decreases in the center of the channel and increases at the wall
border when the Hartmann number H, material parameters of Powell-Erying
fluid W, and Froude number FE. are changed. Figures 2 (0) the axial velocity
decreases in the center and toward the channel wall where the velocity slip
parameter ¢ increases. Because the fluid is incompressible, the axial velocity
in Figure2(p and q) is unaffected by the viscosityu and density p.
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Figure 2- Variation the axial velocity u with different perimeters a = 0.1,b = 0.1,M =
02,27=01,d,=01,p=01,d=001,u=02H=05m=0.2,E1=0.02E2=
0.01,W; =0.1,B=0.1,E3=0.01,t = 0.1,R, = 0.2, = 0.01,¢, = /6, =
n/3,E.=01x=1
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4.2 Temperature Behavior "0 "

An analysis of the temperature distribution of a fluid with a constant value
of x = 1 and t = 0.1. The effect of different parameters on temperature
distribution is shown in Figures 3 (a and b) as the non-uniform parameter M
and thermal slip parameterp; are varied, the temperature rises in the center.
Figures 3 (c and I) show how the temperature increases in the center of the
channel and decreases towards the channel wall as Hall parameter m, the
width of the channel d,, B, the rotation parameter 2, material parameters of
fluid B, R, wall properties parameterE,, E, , Esand the channel inclination
angle a. According to Figure 3(m) the phase difference ¢4, iS shown to
increase the temperature in the middle of the channel while the temperature
lowers at one wall boundary and rises at the other. The temperature in Figure
3(n and o) is unaffected by the viscosity p and density p. When the velocity
slip parameter &, fluid material parameters W;, E. and the Hartmann number
H are changed, the temperature decreases in the center of the channel and
increases at the wall border, as shown in Figures 3(p-s).
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Figure 3- Variation the temperature 6 with different perimeters {a = 0.1,b = 0.1,M =
02,02=01,d,=01p=01,d=001,u=02H=05m=02E1=0.02,E2 =
0.01,W; =0.1,B=0.1,E3=0.01,t = 0.1,R, = 0.2, = 0.01,¢, = /6, =
n/3,FE. =0.1,5 =0.1,B, =1,x = 1}
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4.3 Heat Transfer Coefficient

In this section, we looked at a number of parameters to see how they
affect the heat transfer coefficient (Z; ). In the right conditions, the heat
transfer coefficient (Z;) on the upper wall will move back and forth in an
oscillating pattern. due to peristaltic waves getting smaller and bigger along
the walls of the channel. As seen in Figures 4 (a—g), the heat transfer
coefficient (Z;)goes up as 2, B, m , R,, B, ,d; and a go up. Figures 4 (h-k)
show that the heat transfer coefficient Z, decreases as H increases due to the
existence of a magnetic field, W, , E. and ¢ increase. According to Figures 4
(I-n) M, E1 and E2 are shown mixed behavior. According to Figure 4(0) E3
Is shown to increase the heat transfer coefficient in the middle of the channel
while the heat transfer coefficient is upper at one wall boundary and rises at
the other. The heat transfer coefficient in Figure 4(p- r) is unaffected by u ,

Biand p.
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01,M=02,2=01d,=01,p=01,d=00L,u=02H=05m=02E1=

369



4 ) : .
JOBS .o
~= Journal of Basic Science

Print -ISSN 2306-5249 )

Online-ISSN 2791-3279

s 2l ) daad)
21444/ 2023

\_

J

0.02,E2 =0.01,W; = 0.1,B = 0.1,E3 = 0.01,t = 0.1,R, = 0.2, = 0.01,¢; =
n/6,a =n/3,E =0.1,8,=01,B,=1,y =1}
4.4. The trapping phenomena

Various effective parameters' effects on streamlines for a fixed time
t=0.1 are provided in this section's Figs (5- 17). Trapping, which is the term
for the emergence of a remarkable occurrence in peristaltic motion, is an
internal-circulating bolus of fluid that travels in time with the peristaltic
waves with waves. The drawings indicate that the bolus looks close to all of
the upper and lower walls. Figure (5) illustrates how the size of the trapped
bolus decreases as the Hartman number H rises, and this happens because the
Lorentz force opposes the fluid flow. Figures (6-8) show the size and number
of the trapped bolus decreases as the fluid parameter B, the velocity slip
parameter ¢ and Reynolds number R, rises, while the figures(9-14) show that
the size and number of the trapped bolus increases with the increase of each
the Hall parameter m, the rotation parameter £, Froude number F. ,material
parameters of Powell-Erying fluid WW;, the non-uniform parameter M and
the width of the channel d, . According to Figure (15) is shown that the size
of the trapped bolus increases with the increase wall properties parameterE1,
E2 and E3 Dby increasing it, the size of the entrapped bolus decreases.
Figures (16 and 17) illustrates how the size of the trapped bolus is not effect
when change values of _pand u .
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-
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Figure 5- Effect via H on ¢y fora=0.1,b=0.1,M =0.2,2 =0.1,d, =0.1,p =
0.1,d =0.01,u = 0.2,m =0.2,E1 = 0.02,E2 = 0.01,E3 = 0.01,W; =0.1,B =
0.1,t=0.1,R, =02, =0.01,¢, =n/6,a =7/3,F, =01 when(a) H=0.5 (b)
H=1

@
Figure 6- Effect viaB on 1 for
0.1,u =0.2,d =0.01,m =0.2,E1 =0.
0.2,t=01,R, =02, =0.01,¢p; =7

0.1, 0.1,H = 0.5,
,E2 =0.01,E3 = 0.01,

Figure 7- Effectvia¢ on ¢ for{a =0.1,b=0.1,M=0.2,2=0.1,d; =0.1,p =
0.1,d =0.01,u=02,H=0.5,E1=0.02,E2=0.01,E3=0.01,W,; =0.1,B =
0.1,t=0.1,R, =02,m=0.2,¢, =n/6,a =n/3,F. =01} when(a) & =0.01

(b) £ = 0.2



(@) (b)T/‘
Figure 8- Effect viaR, on 3 fora=0.1,b =0.1,M = % 7?//01,)_
0.1,d =0.01,u=0.2,H m = 02E1—0(O'Z’E2 01,E3 =0.01,B = 0.1,t =
0.L,W; = 0.1, 5_001¢_ ar—n/3 =0.1 When(QR —02(b)R _05

(b) /

Figure 9-Effectviam on ¢ fora =0.1,b =0.1,M =0.2,W,; = 0.1,d, =0.1,p =
0.1,d =0.01,u=02,H=05B=0.1,E1=0.02,E2=0.01,E3=0.01,2 =
0.1,t=0.1,R, =02, =0.01,¢p =n/6,a =n/3,E. =0.1 when (@)m = 0.2
(b)m =10.8




Figure 10-Effect via 2 on-3y fora =0.1,b = 0. gwl——tﬂ{01p—
0.1,d = 0.0, = 0.2,H = 0.5,m = 0.2,E1 = 0.02,E2 = 0.01,E3 = 0.01,B =
0.1,t = 0.1,R, = 0.2, = 0.01,¢ 6, a—n7F =0.1 when(a) 2 = 0.1 (b)
0=

(@)

(@) (b)
Figure 11-Effectvia F. on ¢y fora =0.1,b =0.1,M =02, W, = 0.1,d, = 0.1,p =
0.1,d =0.01,u=0.2,H=0.5m=0.2,E1 =0.02,E2=0.01,E3 =0.01,2 =
0.1,t=0.1,R, =02, =0.01,¢ =n/6,a =n/3,B=0.1 when (@)F. =0.1
(b)FE. =0.2




(a)
Figure 12-Effect via W; on ¢ fora =0.1,b = 0.1,M %4‘1/ 0.1,p =
0.1,d =0.01,u=0.2,H ,m = 02E1—0(92’F2 01E =0.01,0 =
0.1,t=0.1,R, =0.2,F. = 0. =mn/6,a =n/3,B =01 when (@W, =0.1

ww=o07 B I

(a) (b)

Figure 13-EffectviaM on y fora = 0.1,b = 0.1,R, =0.2,W; =0.1,d; =0.1,p =
0.1,d =0.01,u=0.2,H=0.5m=0.2,E1 =0.02,E2=0.01,E3 =0.01,2 =
0.1,t=0.1,§ =0.01,F,=01,¢p =n/6,a =n/3,B =0.1 when (@M = 0.2
(b)M = 0.3




@)
Figure 14-Effectviad; o fora=0.1,b = (()(1,&,‘& w; M 0.1,p =
0.1,d =0.01,u = 0.2,H = 0. =0.2,E1=0.02,E2 =0.01,E3 =0.01,2 =

0.1,t=0.1,¢§ =0.01,F. = 0.1,




0.1,p=0.1,d=00L,u=02H=
0.01,F. =0.1,¢, =n/6,a =1/3,B
0.01 (B)E1 = 0.09,E2 = 0.01,E3 = 0.0
(d)E1 = 0.

—

S TR (i ] 3s 40 as 5.0 T2 T 28 30 as a0 a8 so0
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(a) (b)

Figure 16 -Effect viap on  fora =0.1,b =0.1,M =0.2,W; =0.1,d; =0.1,u =
0.2,R, =0.2,d=0.01,H=05m=0.2,E1=0.02,E2=0.01,E3 =0.01,0 =
01,t=0.1,§ =0.01,F =0.1,¢ =n/6,a =n/3,B=0.1 when(a)p = 0.1

(b)p = 0.5
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(a) (b)
Figure 17-Effect via ¢ on ¥ fora=0.1,b=0.1,M =0.2,W; =0.1,d;, = 0.1,p =
0.1,R, =0.2,d =0.01,H =0.5m=0.2,E1 =0.02,E2=0.01,E3 =0.01,2 =
0.1,t=0.1,¢6=001,F=01,¢p =n/6,a =7n/3,B=0.1 when (a)u = 0.2
(b)u = 0.5

6. Conclusions
In this study, we investigated the effects of rotation with Hall and Joule

heating on a Powell-Eyring fluid's ability to transmit heat via an inclined,
tapered, asymmetrical channel while operating under low Reynolds
approximations and long-wavelength assumptions. The traditional
perturbation method has been used to find analytical solutions. The following
are the key considerations of the analysis:

1. The qualitatively contrasting effects of Powell-Eyring fluid parameters
W, and B in trapped streamlines, the axial velocity , temperature and heat
transfer coefficient are considered.

2. The viscosity u and density p have no impact on the axial velocity,
temperature, heat transfer coefficient and trapped streamlines. because the
fluid is incompressible.

3. Hall parameter m and Hartmann number H have an opposing influence
in trapped streamlines, the axial velocity, temperature and heat transfer
coefficient.
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4. There is an increase in axial velocity "u" in the central region when
increasing the rotation parameter 2, m,d,E1,E2,E3,M,a,¢, , While it
increases in the central region and decreases at the canal border when
increasing the fluid parameters B and R,

5. The axial velocity "u" rises in the central region when increasing ¢,
While it increases in the central region and decreases at the canal border
when increasing H, Wjand E. .

6. The temperature "8" rises in the central region when increasing M, f5;,
While it increases in the central region and decreases at the canal border
when increasing the fluid parameters B, R, , B,
, 2, m,d,E1,E2 ,E3 ,and a.

7. There is a decrease in temperature " 6 " —in the central region when
increasing H, Wy, E., & , but there is a rise in temperature at the boundary of
the channel wall.

8. All embedded parameters exhibit oscillating behavior depending on the
heat transfer coefficient Z; magnitude.

9. The size of the trapped bolus in the tapered asymmetric channel grows as
the Hall parameter m,Q2,E1,E2 ,W,,FE.,M,d,; goes up, while its size go
down as the Hartman number H,E3, &, B, R, goes up.
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