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The thermal management of a system needs an accurate and efficient measurement of exergy. For optimal performance,
entropy should be minimized. This study explores the enhancement of the thermal exchange and entropy in the stream of
Eyring-Powell fluid comprising nanoparticles saturating the vertical oriented dual cylindrical domain with uniform thermal
conductivity and viscous dissipation effects. A symmetrical sine wave over the walls is used to induce the flow. The math-
ematical treatment for the conservation laws are described by a set of PDEs, which are, later on, converted to ordinary
differential equations by homotopy deformations and then evaluated on the Mathematica software tool. The expression of the
pressure rise term has been handled numerically by using numerical integration by Mathematica through the algorithm of the
Newton-Cotes formula. The impact of the various factors on velocity, heat, entropy profile, and the Bejan number are
elaborated pictorially and tabularly. The entropy generation is enhanced with the variation of viscous dissipation but reduced in
the case of the concentration parameter, but viscous dissipation reveals opposite findings for the Newtonian fluid. From the
abovementioned detailed discussion, it can be concluded that Eyring-Powell shows the difference in behavior in the entropy
generation and in the presence of nanoparticles due to the significant dissipation effects, and also, it travels faster than the
viscous fluid. A comparison between the Eyring-Powell and Newtonian fluid are also made for each pertinent parameter
through special cases. This study may be applicable for cancer therapy in biomedicine by nanofluid characteristics in various
drugs considered as a non-Newtonian fluid.

1. Introduction

Nonlinear fluid models are the center of consideration of
several theoretical and experimental evaluations due to
their massive applicability in the engineering sciences,
biomechanics, and mechanical manufacturing such as the
petroleum industry, flow of blood in the body, and
transport of sewage. Working in the domain of nonlinear
fluid flows creates challenges to the mathematician and
simulation engineers with its diversity and complexity. As
the complexity of such fluids offers no unique constitutive
equation which encounters all the properties, for such
fluids, several non-Newtonian models are presented in

[1-4]. The polymeric liquids reveal diverse rheological
attributes apparent in the flow, such as polymer accu-
mulation, mechanical mortification, and solvent com-
position. [5]. Kwack [6] explained that all these polymer
properties influence the elasticity of the fluids. Mathe-
matical models such as the Carreau fluid model [7], Ellis
fluid model [8], and Powell-Eyring fluid model [9] ef-
fectively discuss elastic properties of the fluid. Out of these
models, the Powell-Eyring model stands out because of its
fluid elasticity property and ease for its applicability to
both experimental and theoretical studies. These advan-
tages lead many scientists to unveil these hidden prop-
erties of such fluids in different flow situations. Patel and
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Timol [10] found a numerical solution to debate on the
characteristics of the Powell-Eyring type model. They used
the so-called MSABC scheme to find an asymptotically
convergent solution. Hayat et al. [11] found a series so-
lution using the so-called HAM to define the momentum
and heat transfer about the stagnation point for the
Powell-Eyring fluid. They also analyzed melting heat
transfer effects. Jalil et al. [12] discovered self-similar
solutions of parallel free stream flow of this fluid. The flow
is considered on a moving plate. Islam et al. [13] con-
sidered the flow of the Powell-Eyring fluid in slider
bearings. They employed HPM to develop the analytic
series solution of the current flow. Hina et al. [14] elab-
orated the study of Powell-Eyring fluids between curved
compliant walls of the channel. The effects on temperature
variations are also discussed. Hayat et al. [15] evaluated
MHD Powell-Eyring liquid flow on a radially stretching
cylinder. They exclusively focused on the effects of
Newtonian heating.

In recent times, the study of flows driven by peristaltic
waves has become more and more popular in physiology and
biomedical industry. The idea of peristalsis was driven from
the food transport duct in the human body. Other than food
transport from the mouth to stomach, this phenomenon can
be seen in the spermatozoa movement in the male genital
region and ovum in the females and also in urine travelling
and chyme movement through the gastrointestinal tract, etc.
In industry, machine-like rollers and finger pumps and
blood filtration devices in dialysis employ the mechanism of
peristalsis. Shapiro [16] and Latham [17] presented the idea
of peristalsis theoretically and verified experimentally. Ever
since, numerous studies, both theoretically and experi-
mentally, have been published in the domain of nonlinear
fluids [18-20]. The peristaltic mechanism of certain elastic
fluids is a matter of great interest. Recent studies are in-
dicative of the importance of these in industrial applications.
Ellahi et al. [21] used 3D analysis of a peristaltic stream of
Carreau fluid in the magnetic environment. Hayat et al. [22]
worked with the Carreau-Yasuda fluid with nanosized
particle theoretically. They considered that flow is driven due
to the sinusoidal motion of the wall. Also, they examined
both convective and no-mass flux on the wall. Prakash and
Tripathi [23] examined the effects of the electric double layer
on Williamson ionic liquid with homogeneously distributed
particles of nanosize. They considered a tapered channel
with peristaltic waves on the wall. Effects of thermal radi-
ation are also discovered. Zeeshan et al. [24] focused on the
flow of the bio-Jeffrey fluid and the sustainability character
in the human body. Tanveer et al. [25] checked the flow
through a curved channel. They revealed mixed convection
impacts and elastic properties of the walls on pumping
transport of Eyring-Powell liquid with nanomaterial. Bhatti
et al. [26] presented the effects of the Darcy porous medium
of a two-phase nanofluid in a channel.

The applications such as paper drying, thermal coat-
ing, hot rolling, and glass fiber stretching divert one’s
focus towards the heat transfer of non-Newtonian fluids.
Motivated by this, it stimulates an extensive literature in
this field [27-30] which includes analysis in flexible
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channels. Presence of nanoparticles shows a positive trend
in enhancing the heat transfer of fluid. The theme of
nanofluids is the concept of Choi [31]. The concept was to
add nanosized particles in a fluid which has low thermal
conductivity. Hence, fluid behavior and metallic con-
ductivity both combine to obtain an enhanced heat
conductor which can be transported like a fluid. It was one
of the promising aspects of such fluids. Many mathe-
matical models using continuum formulation [32] or two-
phase suspension models [33] are developed over the
years now. One such model due to Buongiorno [34] was
developed in many ways. Some researchers [35-39]
revealed the basics of nanofluids’ contribution in different
geometries with the peristaltic wave.

It is essential to generate the systems or the machines
which perform and help in efficient energy transport.
Such a machine is broadly utilized in power plants,
manufacturing plants, and transportation. The warm
productivity of the framework relies upon the material
used for thermal vitality. It is fundamental to understand
the factor which diminishes warm proficiency. As in-
dicated by the laws of thermodynamics, vitality of the
framework stays to save, yet can be changed over into
different structures for the utility. All the more regularly,
we state all the energies of the framework are spent in
accomplishing work or to expand the temperature of the
body. Numerous frictional powers emerging from the
attractive field, permeable spaces, and so on are
explained in the improvement of the temperature of the
framework. The warm messiness in the framework is
consistently on the ascent. Realizing the elements en-
gaged with entropy rise is consistently imperative to get
ideal warm effectiveness of the framework. Ascend being
used of nanofluids is one approach to decrease the loss of
vitality. Entropy generation and exergy are one of the
most dynamic examination fields in thermodynamics.
Most recently, Naz et al. [40] optimized entropy gen-
erated in the flow of pseudoplastic fluid. The fluid also
comprises of microorganisms. Abbas et al. [41] analyzed
the entropy generated theoretically in the stream of
magnetized nanofluid. They use statistical techniques to
get results. Abbas et al. [42] also analyzed entropy for
peristaltic flow of nanofluids. Ellahi et al. [43] extended
the work with a porous medium. Hayat et al. [44] use
modified Darcy’s porous medium and the effects of the
endoscope.

The limited literature on entropy generation of
nanoelastic fluid, useful characteristics of the Eyring-
Powell model, and the applicability in the industrial usage
of such flows is the main motivation for the current
analysis. With the cited literature in mind, the existing
study designed to investigate the distribution of nano-
particles in a Powell-Eyring viscoelastic fluid having
enhanced elastic properties and viscous dissipation effects
through a cylindrical structure with the peristaltic wave is
focused. Energy loss in the transport is also an area of
interest. The observations for the Newtonian fluid are also
taken into consideration as a limiting case of the readings.
The obtained PDEs are simplified with the help of laminar
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movement of the liquid and small wave amplitude ap-
proximations and then solved analytically. The results are
elaborated comprehensively and displayed in the graph-
ical way. Conclusions which highlight the key findings are
placed in the end.

2. Mathematical Treatment

We take the peristaltic flow of an Eyring-Powell liquid
situated in an annular part of two eccentric cylinders by
introducing nanoparticles. We also consider the term of
viscous dissipation and entropy generation occurring
during the process due to the irreversibilities of viscous
factors, thermal analysis, and mass exchanging phe-
nomenon of nanoparticles. The geometry is assumed to be
having flexible outer surfaces. The flow is taken inside the
annular region of two eccentric annuli with eccentricity e.
Moreover, the inner cylinder is considered as rigid with
radius J, and the outer cylinder with radius ais producing
a sinusoidal wave propagating along the axial root. The
walls of the inner and outer annuli have been described in
[30]. The conservation laws for an incompressible and
unsteady flow of non-Newtonian nanofluid are described
in [30, 35]. The temperatures and nanoparticle concen-
trations at the inner cylinder are fixed at the amount of
T ,and C,, while those of the outer cylinder are maintained
at T and C,~accordingly. The mathematical model of the
stress matrix representing the Eyring-Powell fluid is de-
scribed as follows [15]:

Sim = I 1A h( 19 P) (1)
P 4~ Arcsin =,
= ox' B ox'

9V, oV v, \’
Arc smh( : ) ~c! f - 1(c1 P) +0lc!
o0x ox' 6 ox!

where urepresents the shear viscosity coefficient and fand
care the material constants. Now, we introduce local wave
frame coordinates (r,0,z) running with the same wave
velocity relative to the fixed frame (x!, x?, x*) through the
following transformations:
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ox!

>

(2)

z=Xx" —¢t,
1
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6 = x%,
w=W- 1 (3)
p="pb
u="U,
Sim = Sim-

We use the following dimensionless parameters in the
problem:
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where V,¢,R,,6,,P,,N,,N,,G,,G,, and B, evaluate the
velocity of the inner rod, amplitude fraction, Reynolds
number factor, nondimensional wave number, the Prandtl
number, the Brownian motion parameter, the thermo-
phoresis constant parameter, Brinkman number, localized
temperature Grashof number, and localized nanoparticles
Grashof number, separately. After employing the above-
mentioned nondimensional parameters and wave frame, we
approach to the following dimensionless form of the
equations of motion defined in [30] under the physiological
limitations of long wavelength (A — ©0) and low Reynolds
number (R, — 0):

(5)

(6)

— —\ 2 —\ 2
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Now, we use S, ,,S,,,and S_, in (6) and (7) and also omit
the prime symbols to have the resulting structure as follows:
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0= &_Fl%_l_laz +& @+lae+i@ (12)
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The relevant no-slip walls’ conditions in a nondimen-
sional format are described as follows [30]:

={Vwhenr =r, =8+¢ecos,0whenr =r, = 1 + ¢ cos 2nz}, 13
— 13
(0,0) ={0Owhenr = r, = 8+ ecos 0, 1 whenr =r, = 1 + ¢ cos 2nz}.

3. Solution Procedure deformation expressions for the considering problems are
evaluated as follows [30, 37]:

The solutions of the overhead nonlinear partial equations,

(10), (11), and (12), are achieved analytically. The
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w(r,0,z) =w, +w,
Let us choose the linear operator as & = (0/0r*)+

(1/r)(0/or). We observe the following initial choices for 0,(r,0,z) =0, +0, (21)
w, 0, and o:
. a(r,0,2) =0, +0,.
w, =V (log r —log r,)(log r; —log r,) ", .
@ =, = (log r, - log ) (log r, - log r,) . (17) The instant value of volume rate of flow Q" is taken by
Now, using the perturbation technique on the parameter Q" =2n Jr rwdr. (22)
q", we have '
w(r,0,z,q") =w, +q"w; + ..., (18) The periodic mean volumetric rate of stream Q is found
mathematically as follows [30]:
O(r,0,z,9")=0 +4"0, +..., (19)
( 7)=6+af Q' (z,t) = 9—¢— +2¢ cos[27(z - t)] + ¢*cos’ [27z].
Q(r,0,z,q")=0,+q"0, +.... (20) (23)
After substituting the abovementioned equations into One can get the measure of pressure rate p'(z) by
equations (14)-(16), the solution of velocity w, contains a decoding (22) and (23). The dimensionless pressure rise
very large output, so it is not displayed here, and the so- Apis defined as follows [30]:
lutions of 0, and o, are given in Appendix. Now, for )
(" — 1), we approach the final solutions. So, from Ap = J o (2)dz. (24)
equations (18)-(20), we get 0
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The integration is performed numerically by using 4. Entropy Measures
Newton-Cotes formulas through the Nlntegrate tool on

Mathematica 7. The expression of entropy generation under the irrevers-
ibility of heat exchange, nanoparticles, and viscous effects of
the nanofluid is defined as follows [30]:

, K (({or\ or\*> (oT\*\ D[ [oc\> 1 [oc\* [oc\’
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(25)
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The dimensionless factors used in these equations are Now, we substitute the abovementioned manipulated
considered as follows: factors in equation (25); we have
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Incorporating the lubrication strategy in the above-
mentioned equation, it will take the form
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Now, using the values of S/, and S., in the above-
mentioned equation,
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5. Discussion on Results

This segment is assigned to giving the graphical appearance
dedicating the key features of the study by drawing figures
against the most pertinent parameters by taking the solution
series up to the first two orders of the summation. These
results also reflect the physical logic through a mathematical
model of the real phenomenon. It also helps the engineers
and scientist to work on such problems experimentally. The
numerical data of velocity, temperature, entropy, and Bejan
number profiles have been presented in Tables 1-4, re-
spectively. From Tables 1 and 2, one can clarify that this
study reproduces the results of Nadeem et al. [45] which
notify the validity of the current analysis. These tables have
been prepared also to estimate the variations of physical
properties and imagine a difference of the behavior of
Newtonian and non-Newtonian fluids under similar
circumstances.

From here, we can clearly find out the viscous effects on
the different viscosity model which are also manipulated
latterly through graphics. The graphs for velocity of the

% a_wa_w+M
Q\ or oz

ow ow
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nanofluid, temperature profile, entropy generation, and
Bejan number have also been invoked in this study. The data
for obtained quantities have been collected from the
achieved analytical solutions. The main focus is kept on
analyzing the difference of behavior shown by Newtonian
M = K = 0 and the Eyring-Powell fluid model M = K = 0.2
under the variation of different flow factors. The velocity
radial component w can be understood diagrammatically
from Figures 1-3. Figures 4-6 exhibit the deportment of
temperature distribution 0. The entropy generation analysis
can be perceived from graphs of Ng which are placed in
Figures 7-10, and the Bejan number variation has been
offered through Figures 11-14.

5.1. Velocity Profile. It is observed from Figure 1 that the
Eyring-Powell fluid travels faster as compared to the
Newtonian fluid under the variation of the Grashof
numberG,. It is deeply observed that the rise in values of
Grashof number G, shows that the peak value tends to shift
toward the upper cylinder. It is for the verity that uplift in the
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TaBLE 1: Comparative data of velocity w.
r Nadeem et al. [45] Current study when K =M =0 Eyring-Powell fluid when K = M = 0.2
0.1 0.93621 0.93621 1.07305
0.2 1.20280 1.20280 1.06557
0.3 1.33809 1.33809 1.23787
0.4 1.36955 1.36955 1.32323
0.5 1.31354 1.31354 1.30876
0.6 1.17896 1.17896 1.20033
0.7 0.97092 0.97092 1.00403
0.8 0.69251 0.69251 0.72443
0.9 0.34569 0.34569 0.36479
1.0 —-0.06832 —-0.06832 —-0.07258
1.1 —0.54873 —0.54873 —0.58602
TaBLE 2: Comparative data of temperature profile 6.
r Nadeem et al. [45] Current study when K =M =0 Eyring-Powell fluid when K = M =0.2
0.1 ~2.65812 ~2.65812 0.29081
0.2 0.00717 0.00717 0.00323
0.3 0.94041 0.94041 0.59033
0.4 1.33187 1.33187 0.95761
0.5 1.48432 1.48432 1.15508
0.6 1.51257 1.51257 1.24405
0.7 1.46984 1.46984 1.26306
0.8 1.38411 1.38411 1.23571
0.9 1.27134 1.27134 1.17683
1.0 1.14125 1.14125 1.09610
1.1 1.00000 1.00000 1.00000
TaBLE 3: Comparative data of entropy generation profile N.
r Newtonian fluid when K =M =0 Eyring-Powell fluid when K = M = 0.2
0.1 50.1938 62.9615
0.2 10.5518 12.1126
0.3 4.34614 4.79125
0.4 2.33529 2.51282
0.5 1.44690 1.53105
0.6 0.97960 1.02353
0.7 0.70457 0.72868
0.8 0.52948 0.54288
0.9 0.41134 0.41857
1.0 0.32800 0.33149
1.1 0.26708 0.26822
TaBLE 4: Comparative data of the Bejan number profile B,.

r Newtonian fluid when K = M =0 Eyring-Powell fluid when K = M = 0.2
0.1 0.18389 0.15935
0.2 0.33130 0.29225
0.3 0.46349 0.41517
0.4 0.58363 0.53109
0.5 0.69574 0.64370
0.6 0.80377 0.75691
0.7 0.91142 0.87478
0.8 1.02216 1.00175
0.9 1.13951 1.14304
1.0 1.26728 1.30530
1.1 1.40994 1.49768
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FiGure 1: Structure of velocity factor w with G, for fixed
6=08,¢=01,B=10=01,Q=01K=2M =5

02 Red lines—Newtonian fluid
Green lines—Eyring-Powell fluid

0.0

0.2 0.4 0.6 0.8 1.0
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F1GURE 2: Structure of velocity factor w with B, for fixed 6 = 0.8,
¢$=01,6=01,G =1,Q=01K=2M =5
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FIGURE 3: Structure of velocity factor w with € for fixed 8 = 1,¢ =
0.1, = 0.1,G, = 1,B, =1,Q = 0.25,K = 0.1,M = 0.1.

values of G, buoyancy impacts raising the fluid, which
happens to generate free convection. Normally, the density
tends to rise with the reduction in temperature, but in case of
the Newtonian fluid, the uniform viscosity measures the
inverse behavior against the same factor. With the large
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1.0 —
0
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N,=1,N,=3,N,=5
Red lines—Newtonian fluid
0.0 Green lines—Eyring-Powell fluid

0.2 0.4 0.6 0.8 1.0

.
FIGURE 4: Alteration of heat factor @ for N, when 6 = 0.1B, =

050=01,¢=05V=03K=1,M=1, G, ,=1LN,=02,
e=0.1.
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Green lines—Eyring-Powell fluid
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FIGURE 5: Alteration of heat factor 6 for N, when6= 0.1,¢ = 0.5,

N,=102, 6=01,B,=05V=03K=1M-=1G. =1le=
0.1.
sl
1.0
0
| 3 G,=03,G,=05,G,=07
0.5
Red lines—Newtonian fluid
Green lines—Eyring-Powell fluid
0.0
0.2 0.4 0.6 0.8 1.0
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FIGURE 6: Alteration of heat factor 8 for G, when 8 = 0.1, ¢ = 0.5,
N,=02 6=01,B=05V=03K=1M=1,N,=1le=
0.1.

value of B,, the energy dissipates due to thermal enhance-
ment and, hence, rises the flow near the outer cylinder which
are observed in Figure 2, and the same observation is re-
ported for viscous and nonlinear fluids. In Figure 3, variation
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FIGURE 8: For N, with fixed O where § = 1.5, 0 =0.1,¢ = 2,e =
0.0L,T =04,N, =09,N, =05 B, =1,G,=5V=03K =
LM =1Q=1A=1,G,.=0.01
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FIGURE 9: For N with fixed I' where § = 0.01, 6 = 0.3,¢ = 0.8,¢ =
0.01,G, = 0.01, N, =0.9,N, =0.5, B,=1,G, =3,V =03K =
LM =1Q=1,A=04,Q=0.3.
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Red lines—Newtonian fluid
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Ficure 10: For N. with fixed A where &= 0.01,
6=01,¢$=08e=01, G =001,N,=09N,=055=1,
G, =3V=0LK=1M-=1Q=1I=04Q=0.3.
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Figure 11: For B,, Be with fixed G, where § = 0.1, 6 =0.1,¢ =
0.5, =0.01,A=1,N, =0.9,N, =0.5,B, =1,G, = 5,V = 0.3,
K=1,M=3Q=1T=04, Q=03
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FIGUre 12: For B,, Be with fixed Q where § = 0.1, 6 =0.1,¢ =
056=02A=1,N, =09N,=058=1,G,=5V=03,
K=1,M=3Q=1T=04G, =00L
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Red lines—Newtonian fluid
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Ficure 13: For B, with fixed T where § = 0.1, 6 =0.1,¢ = 0.5,¢ =
0.2,A=0.1,N, =09,N,=05,B,=5G,=1,V=02K=1,M
= 1,Q=1,0=03,G, = 0.01.
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FiGure 14: For B, with fixed A where § = 0.1, 0 =0.1,¢ = 0.5, =
0.2,T=04,N,=09,N,=05B,=1,G,=5V=03 K=1,M
=1,Q=1,0=03,G, =0.0L

of velocity is observed for the change in eccentricity of the
cylinders. It is observed that velocity declines when the
eccentricity enhanced, whereas it shows the opposite be-
havior for the Newtonian fluid case. It is found due to the
fact that Eyring-Powell fluid is higher in its viscosity with the
detraction of the inner cylinder from the central axis which
was not in the case of a linear model.

5.2. Temperature Dispersion Profile. The variation in tem-
perature distribution is observed from Figures 4-6. The
parameters of interest are the Brownian motion factor Ny,
thermophoresis coefficient N,, and nanoparticles Grashof
factor G.. Examining the results, we observe that a more
parabolic nature is exhibited in case of temperature profile
than velocity curves. With the rise in the value of the
Brownian motion parameter N,, Brownian motion in-
creases that leads to a rise in temperature of the fluid; it is
validated from Figure 4. In Figure 5, the variation of the
thermophoresis parameter N, is observed. It is clear from
here that temperature increases in the flow domain since the
rise in thermal diffusion. The Brinkman number G, shows a

11

reduction in temperature in the flow domain due to the rise
in energy dissipation due to viscosity diffusion which is
contradictory to the Newtonian fluid case where an opposite
behavior is provoked (see Figure 6). In the abovementioned
three discussed results, it is very obvious that temperature
variation for the viscous and nonlinear model of fluid shows
a similar situation against N, and N,, but there are inverse
calculations for the two different phases of fluid just because
of the viscosity alteration aspect.

5.3. Entropy Measurements. The factor which is the most
important one for thermal analysis of liquid flow is the
dissipation analysis of energy which is defined by the en-
tropy generation parameter (N,). The variation in entropy
generation is graphically displayed for various values
G, O, T, and A in Figures 7-10, respectively. Entropy
generation decreases for larger values of the Brinkman
number G since temperature profile shows a rise for G,
(Figure 7). From Figure 8, the findings made are described as
with the rise in the concentration parameter, entropy de-
creases. An opposite behavior of the temperature parameter
I is observed from Figure 9. From Figure 10, it is reflected
that the ratio of the concentration parameter A is responsible
for higher entropy generation. From Figures 7-10, the in-
teresting aspect which is pointed out is that only G.puts
opposite impacts on viscous fluid but other parameters make
no prominent change for the Newtonian fluid, and an
important notable thing is that entropy peaks are measured
in the neighborhood of the inner cylinder which becomes
flat at the surface of the outer one.

5.4. Bejan Number Curves. A graphical representation of
B, is displayed in Figures 11-14. It is defined as the entropy
generation due to heat loss divided by total entropy. It is
observed from Figure 11 that, with a rise in the Brinkman
number G, the Bejan Number B, increases due to the in-
crease in thermal entropy for the rise in temperature which
comes from high values of the Brinkman number. It indi-
cates that the contribution of G, in entropy increases with r
for higher values of G.. Figure 12 shows a decrease in the
entropy ratio for large values of O, which means that an
increase in the concentration parameter produces less en-
tropy due to thermal transfer and more entropy due to
collective aspects generating entropy, whereas the temper-
ature parameter I' and temperature to concentration pa-
rameter A show an opposite behavior than the Brinkman
number as seen from Figures 13 and 14, respectively. On the
parallel side, these plots also investigate that the Bejan
number curves are reflecting similar results for both the
viscous and nonlinear fluids. The only thing that is prom-
inent from these graphs is that the thermal entropy is
maximum near the outer cylinder.

6. Concluding Remarks

In the current paper, we have elaborated entropy measures
occurring during the biological movement of a viscoelastic-
type fluid in between an annular region of two cylinders
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having distinct centers. The nanoparticles phenomenon is
also taken into consideration. The equations have been
assembled in the light of the lubrication strategy and steady
format by transformation used in a newly arranged wave
frame of reference. In terms of solution, expressions have
been analytically gathered with the help of HPM and nu-
merical integration is operated to the expression of pressure
rise on mathematical computing the Mathematica tool. The
expressions of the entropy generation factor and Bejan
number are incorporated by obtained data of viscous dis-
sipation, heat, and energy terms. Comparison of two dif-
ferent models of the fluid is kept under key observation in all
figures. The final headings extracted from the whole analysis
are reflected in the following:

(i) It is found that the velocity of the substance is
getting lower by increasing eccentricity measures of
the cylinders and the local temperature Grashof
number but higher in front of the local nano-
particles Grashof number. It is also seen that the
Newtonian fluid shows opposite readings against
the eccentricity and local nanoparticles Grashof
number but the same for the temperature Grashof
number

(ii) Temperature of the fluid is enhanced for both of the
factors, the Brownian motion parameter and ther-
mophoresis parameter, but suppressed against the
Brinkman number which is a contradictory result in
the Newtonian fluid

(iii) Itis noted that entropy generation gets lowered with
the increase in the concentration parameter, but it is
enhanced under the variation of the Brinkman
number, temperature variance representative, and
the factor showing the ratio of the thermal factor
and concentration factors, but the difference of
variation for the viscous fluid is only reported in the
case of the Brinkman number

(iv) Bejan number curves are showing totally inverse
characteristics than the entropy generation curves

(v) It can be resulted from abovementioned detailed
discussion that the Eyring-Powell fluid shows the
difference of behavior mostly for viscous dissipation
effects in entropy generation and in the presence of
nanoparticles, and it travels faster than the viscous
fluid

(vi) This study is validated by the result of Nadeem et al.
[45] and also compares the characteristics of both
the viscous and Eyring-Powell fluid model through
special cases K = M = 0

Abbreviations

Sim: Stress tensor of the Eyring-Powell fluid
u: Viscosity of the fluid

\%4 Velocity field

Coordinates in fixed frame
Material constants for the fluid
Pressure term

R
>
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a: Radius of the outer tube

Cq: Wave speed

A Wavelength

é: Radius of the inner tube

t: Time factor

u,v, w:  Dimensionless velocity components
1,0,z Dimensionless cylindrical coordinates
b: Wave amplitude

€: Dimensionless eccentricity factor
R.: Reynolds number

T,Ty, T,: Temperature factors

C,Cy, C,: Nanoparticles concentration

(pc) ¢ Fluid heat capacity

(pc)p: Nanoparticles heat capacity

P, Prandtl number

S Schmidt number

k Thermal conductivity of the fluid
B, Local temperature Grashof number
G, Local nanoparticle Grashof number
Ny: Brownian motion parameter

N Thermophoresis parameter

G, Brinkman number

M,K Eyring-Powell dimensionless factors

V: Velocity of the inner tube

Inner and outer boundary functions
Homotopy parameter

Z: Linear operator

0 Dimensionless temperature

o Dimensionless volume fraction.
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