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1. Introduction

Nanofluids are liquids infused with tiny particles (less than 100 nanometers) that have recently
become a hot research topic. Because of their special qualities, nanofluids are used in many industrial
and medical applications. Because of their low viscosity and superior thermal conductivity, which
reduces friction and dissipates heat during operations, they are useful lubricants and cooling agents in
surgical procedures. In addition to the medical field, nanofluids are used in nuclear reactors, solar
energy systems, fuel cell technology, drug delivery systems, geothermal technology, biomedical
imaging, and increased oil recovery. Choi et al. [1] provided experimental data demonstrating
improved thermal performance when compared to the base liquid, as a result of the dispersion of
nanoparticles. After that, Buongiorno [2] extended this concept; in this study, he incorporated the
features of Brownian motion and thermophoresis. The presence of these effects significantly increases
both the viscosity and thermal conductivity of the base fluid, resulting in a considerable improvement
in heat transfer efficiency. Godson et al. [3] explored how nanofluids are useful tools for heat transfer
enhancement. Hussein et al. [4] investigated nanofluids in automotive cooling systems. Hayat and
Nadeem [5] analyzed the enhancement in the heat transfer by a hybrid nanofluid. The peristaltic
movement of Jeffrey six-constant nanofluid was studied by Imran et al. [6]. Abbasi and Shehzad [7]
described the magnetohydrodynamic (MHD) peristaltic flow in a curved nature channel containing
nanomaterials. Ajithkumar et al. [8] examined the peristaltic flow of Bingham nanofluid through a
porous space. Nisar et al. [9] studied the implications of thermal radiation on the peristaltic motion of
a couple stress magnetic nanofluid. Ajithkumar et al. [10] discussed the peristalsis of a Sutterby
nanofluid with a chemical reaction. Further research on this subject is available in [11-13].

Peristalsis is characterized as a wave-like, progressive motion that happens as a wave moves
through a duct or tube or along a channel's edge. This process involves fluid movement resulting from
wave propagation, specifically caused by the passage of curving waves along a path. Researchers are
particularly interested in peristalsis due to its significant applications in areas such as nuclear reactors,
physiology, combustion, turbomachinery, and fluid pumping driven by sinusoidal wave propagation. It
also plays an important role in moving genetic material, such as sperm and ova, to their corresponding
tubes in the male and female reproductive organs. Engineers use peristaltic systems for a variety of
purposes, the most popular being pumping, as a result of biomimicry and bioinspired engineering.
Multiple waves of peristalsis force fluid through a tube, which makes this process efficient. Latham [14]
was the first to investigate the peristaltic movement through both experimental and theoretical
approaches. Shapiro et al. [15] expanded on this concept by examining the case of low Reynolds numbers
and applying a long-wavelength approximation. The role of peristalsis in pharmacological and
physiological characteristics in the small intestines was studied by Trendelenburg [16]. Bandopadhyay
et al. [17] examined peristaltic flow in microfluidic channels. Chemically reactive Sutterby liquid
peristaltic movement was analyzed by Imran et al. [18]. Akram et al. [19] investigated radiative MHD
peristaltic movement for Prandtl nanofluid with double diffusion convection. Nisar et al. [20] discussed
the aspects of entropy generation for the peristaltic flow of fourth-grade nanofluid. Alahmadi et al. [21]
investigated the peristaltic flow of nanomaterials with an artificial neural network. Srinivas et al. [22]
analyzed thermal features considering the peristalsis of particle-liquid suspension. Ishaq et al. [23]
examined the peristaltic motion for Johnson-Segalman nanofluid via an artificial neural network.
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Numerous engineering, commercial, and biological applications use a variety of non-Newtonian
fluids for cooling procedures. Given how often these fluids are used, a detailed analysis of their
rheological characteristics is required. Oils, coatings, polymer melts, fuel, and suspensions are
examples of complicated fluids whose behavior is not well described by the standard Navier-Stokes
equation. These fluids' rheological properties are well-represented by the power-law fluid model.
Sutterby proposed an idea in 1966 [24] that described the viscosity data of several polymer melts and
solutions and identified a non-Newtonian fluid designated as the Sutterby fluid. Comprehending
Sutterby fluids is crucial for tackling real-world problems in a wide range of businesses, technical
specialties, and physiological research. This multidisciplinary aspect of the field makes it preferred
over conventional viscous fluid investigations. Akbar and Nadeem [25] explored the aspects of the
peristaltic flow of a Sutterby fluid through the small intestines. Abdelsalam et al. [26] examined the
activation energy features of peristaltic motion with a Sutterby fluid. Chinnasamy et al. [27] studied
the artificial neural network model for the peristalsis of a Sutterby fluid with nanomaterials. Revathi
et al. [28] examined the activity of a Sutterby fluid. Ali et al. [29] investigated the numerical inquiry
for bioconvective Sutterby nanomaterials through a rotating disk.

Researchers are very interested in studying microorganism bioconvection because of its many
potential uses. The term "bioconvection" [30] describes the grouping of microorganism-containing
fluid inside the medium under study. Bacteria, algae, and fungi are a few types of these microorganisms.
Microorganisms moving randomly in the form of cell colonies are what define the process. The
existence of microorganisms that are denser than the neighboring fluid, such as water, causes them to
climb, which is the primary source of this phenomenon. Microbial migration originates from unstable
and irregular patterns in the higher layers. Bacteria provides an excellent model system for studying
microorganism bioconvection because of this phenomenon, which has many uses in biochemistry and
bioengineering. Some recent activity in this area can be seen via [31-33].

The primary objective of this study is to investigate the bioconvective radiative peristaltic
behavior of a Sutterby nanofluid. The analysis employs the Buongiorno nanofluid model, incorporating
the influences of thermophoresis and Brownian motion. Assumptions of long wavelength and low
Reynolds number are considered. Slip boundary conditions are applied within an elastic, symmetric
channel. The study also accounts for Joule heating, viscous dissipation, and a first-order chemical
reaction. A simplified set of governing equations is solved using a numerical method, and the impact
of key parameters is illustrated through graphical analysis.

2. Mathematical modeling of the problem

Here, we study the two-dimensional chemically reactive peristaltic transport of a Sutterby
nanoliquid in the presence of motile microorganisms. The current study also incorporates magnetic
effects. Thermal transfer is additionally influenced by viscous dissipation, Joule heating, and thermal
radiation. Further, the sinusoidal wave of length A propagates in the horizontal direction of the
flexible channel. The symmetric channel walls (having length d, ) are defined below [9]

y=2n(x,t)=4d, +asin27ﬂ-(x—ct)], (1)
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where c¢ is the wave speed, and ¢ and a the time and amplitude, respectively. The stress tensor
for the Sutterby liquid is outlined by [24].

. 1, - m*
S=ﬁ[—smh. 7 b)} A, @)
2 yb

V= /%traceAf , 3)

here, 4 is the dynamic fluid viscosity, and m" and b constants of the material. Further, the first
Rivlin-Ericksen tensor A, 1is defined as

Ay = (grad V) + (grad V). 4)

The governing equations of the related problem are [2,10,32]
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The boundary conditions are described below

utfS, =0 aty==1n, (11)
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where (u,v) are the components of the velocity in (x,y) directions, v the kinematic viscosity, k
the thermal conductivity, y the average volume of microorganisms, p the pressure, p, the density
of the nanofluid, Br is the thermal expansion coefficient, f is the mass expansion coefficient, D,
the thermophoretic coefficient of diffusion, W, the maximum cell swimming speed, D, the
Brownian movement coefficient, d the coefficient of viscous damping, 7, the mean temperature,
b, the chemotaxis constant,Dy the microorganisms diffusion coefficient, 7, the elastic tension, £,
the rate of chemical reaction, (f,,/,,/;) the slip parameters, and m, the mass per unit area. 7
and 7 are the temperature at the upper and lower walls, respectively, and C, and C, are the
concentration at upper and lower walls. (F,F,) are the fraction's volume at the upper and lower walls.
Further, the S _, S e S, S, extrastress tensor components are of Sutterby liquid.

The radiative heat flux ¢, is depicted as

4o oT*
g =————7> (14)
3k ay
where o and & represent the Stefan-Boltzmann absorption coefficients, where
T* = 4T3T — 3T¢, (15)
using (15) into ( 14), we get
_1600T
= _ 16

The non-dimensional variables are the stream function y defined below [32]

u=cu,v=cv,x=Ax", y=d\y, ct=At", n=dn’, u =y v =-0y,
dip=ciup’, (I,-T)0=T-T, (C,~C)¢=C-C,, pd, = pu, (17)
d\S; = ucSy, fid, =B (i=23),(F-F)y=F-F, (F-F){=F,

The result we obtain after eliminating the asterisks and using the definitions above, along with an
estimation of a long wavelength and small Reynolds number, is as follows:

P N L N N zaw 2
[1 3B (22 2) o 6B<ay3) M4 GrS+ GeSt 4 Gf (18)
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The boundary conditions become
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Note that (3) is satisfied automatically. Further, 6 isthe wave number, « the thermal diffusivity,

Re the Reynolds number, ¢ the amplitude ratio, Pr the Prandtl number, Ec the Eckert
parameter, ¢ the chemical reaction variable, Rn the radiation parameter, N¢ the thermophoresis

parameter, B the Sutterby liquid variable, M the Hartman parameter, Nb the Brownian
diffusion parameter, (E1 E,, E3) the wall parameters, Pe the bioconvection Peclet number, Gf

the bioconvection Rayleigh number, Gc the concentration Grashof number, Gr the thermal
Grashof parameter, and Sc the Schmidt number, where
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§:ﬂ,a= k , Re:&,gzi’ PrZﬂ’EC: C ,é,:kldl,
A prc; Y7 d, k cf(Tl—TO) v

3 2 %72 _
Rn=209T Dt = To) B:C’”f’ M= |ZBa, Np=Ls"C =)
3xk Ly 6d, H v (25)
3 3 3 —~ F -F)d;}
Ezzcm;dl , E3=d§d,E1=— ailf ,Pe:lec’ sz(pm Pgy(F —Fy)d, ,
A u A u A uc D, 7%
2 2
Goo 8P~ PIECC) o gBO-F)p, -1 v
J7N uc D,

3. Numerical outcomes and discussion

The nonlinear equations (18)—(24) are tackled numerically by the NDsolve [9,20,32] technique in
the software Mathematica. Here, we used a numerical technique because the exact solution of this system
of equations is very much impossible. The numerical technique we employed here is built in the
technique in Mathematica which offers a comprehensive toolset for symbolic and numerical computation,
enabling users to solve complex mathematical problems accurately and efficiently.
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3.1 Velocity

Figures 1-7 show the impacts of several parameters on the velocity profile. Figure 1 examines how
the Sutterby fluid parameter B influences velocity. This indicates that a greater B increases the
fluid's velocity. An increase in B lowers the fluid’s resistance to flow due to its shear-thinning nature,
which enhances the velocity. Figure 2 illustrates how the velocity slip variable [; affects velocity.
The velocity of the material shows an enhancing behavior against the slip parameter f;. This is due
to boundaries offering less resistance to fluid motion. Effects of the thermal Grashof parameter Gr
on the velocity profile are observed in Figure 3. The figure revealed that the velocity of the liquid is
enhanced. The graphical representation of velocity against bioconvection Rayleigh number Gf is
depicted in Figure 4. The velocity increases with increasing Gf. The velocity increases with the
buoyancy ratio number Gc because stronger solutal buoyancy increases the overall force driving the
flow, leading to a steeper velocity profile, as shown in Figure 5. The consequences of Hartman number
M on velocity are demonstrated in Figure 6. A decreasing behavior is witnessed against M on
velocity. The "Lorentz force" physically acts as a barrier within the flow field due to the magnetic
field's presence. The impact of wall parameters E;, E,, and E; on the velocity profile is shown in
Figure 7. It is found that the velocity of the material declines with an increase in E; and E, while it
reduces for Ej.

3.2 Temperature

Figures 8—15 represent the temperature distribution graphs against several parameters. Figure 8 is
designed to see the impacts of Grashof number Gr on the thermal field. It has been detected that the
temperature of the liquid is enhanced because stronger buoyancy forces augment convection, leading
to greater thermal energy distribution in the fluid. The dynamics of the bioconvection Rayleigh number
Gf are outlined in Figure 9. An increasing trend is witnessed for larger values of bioconvection
Rayleigh number Gf. As convection strengthens, more heat is retained and distributed within the
fluid, causing an overall increase in the temperature profile. Effects of the Eckert parameter Ec are
displayed in Figure 10. Temperature of the liquid increases with the increment of Eckert parameter
Ec. Inactuality, Ec isrelated to the rise in temperature caused by viscous dissipation effects. Figure
11 illustrates the aspects of the thermal slip parameter [, on thermal field. It has been noticed that
temperature increases with an increase in the thermal slip parameter f,. Dynamics of the Sutterby
fluid parameter B are portrayed in Figure 12. Here, greater values of material parameter B lead
to a decreasing thermal field behavior. Figure 13 exhibits the effects of Brownian motion Nb and
thermophoresis Nt on the thermal field. Observations show that increasing the values of both
parameters results in higher temperature. When these parameters have higher physical values, it leads
to more random motion of nanoparticles from the wall into the liquid, which in turn causes a rise in
temperature. Figure 13 illustrates how the radiation parameter Rn changes with temperature. It
depicts those larger values of the radiation parameter reduce the temperature of the material. This
happens as a result of the fluid's temperature being higher than that of the walls, which causes the
temperature to drop as heat escapes. The effects of wall parameters E;, E,, and E5; on temperature
are shown in Figure 15. The thermal field of the liquid is enhanced by increasing the values of E;
and E, , while decreasing behavior is observed for Ej.

AIMS Mathematics Volume 10, Issue 7, 15955-15974.



15962

3.3 Concentration

Figures 1620 show the nanoparticle concentration behavior against several parameters. Figure 16
points out the consequences of the buoyancy ratio variable Gc in Figure 16. The decline in behavior
is observed in the concentration profile against the buoyancy ratio parameter Gc. This is due to
stronger buoyancy due to concentration gradients that promotes more effective mixing and transport,
thus lowering localized concentrations. Effects of thermophoresis Nt on the concentration profile are
displayed in Figure 17. It is worth noting that as thermophoresis Nt increases the concentration of
nanoparticles decreases. Physically, this occurs because thermophoresis causes particles to move away
from hotter regions, potentially resulting in a decline in particle concentration. Figure 18 shows the
consequences of the chemical reaction variable { on nanoparticle concentration, where a decreasing
trend is witnessed against the chemical reaction parameter ¢. The impacts of mass slip parameter on
nanoparticle concentration f; are pictured in Figure 19. From this graph, we can see that the
concentration of the nanoparticles declines. The mass transfer rate between the bulk fluid and the
boundary is impacted by the concentration drop brought on by the slip parameter. Figure 20 shows
the importance of the complaint wall parameters E;,3 on concentration profile. Concentration
improves for larger E; and E, , while showing a contrary trend for Ej;.

3.4 Motile microorganism

Motile microorganism distribution against different pertinent parameters is displayed in
Figures 21-24. Sutterby fluid parameter B features on the motile microorganism's density are
illustrated in Figure 21. Here, we can see that the density of motile microorganisms is enhanced. It's
due to the material properties of the fluid. The relationship between the density of motile
microorganisms and the bioconvection constant & is seen in Figure 22. Larger values of
bioconvection constant ¢ clearly decrease the density of motile microorganisms. Bioconvective
Rayleigh number Gf effects on the density of motile microorganisms are shown in Figure 23.
Results reveal that the density of motile microorganisms declines. As Gf increases, the buoyant
force due to microorganism density gradients intensifies, which enhances fluid motion. This
stronger convective movement disperses the microorganisms more rapidly across the domain.
Figure 24 portrays the features of bioconvection Peclet number Pe on motile microorganisms
density. Clearly, the density of motile microorganisms weakens as the bioconvection Peclet variable
Pe increases.

3.5 Rate of heat transfer

Table 1 shows the impacts of the thermal slip variable [,, thermal Grashof number Gr,
radiation parameter Rn, Sutterby fluid parameter B, Eckert parameter Ec, Brownian motion Nb,
and bioconvective Rayleigh parameter Gf on heat transfer rate. It is noted that the rate of heat transfer
increases with the increment of the thermal slip parameter f,, thermal Grashof number Gr, and
Eckert number Ec. It can also be detected that the heat transfer rate shows an opposite trend against
the radiation parameter Rn and Brownian motion Nb. By increasing the values of the Sutterby fluid
variable B, the rate of heat transfer improves. It's because of the liquid material properties. Further
heat transfer rate shows a declining behavior against bioconvective Rayleigh number Gf.
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Figure 12. Variation of B on 6.
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Figure 18. Variation of ¢ on ¢.
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Table 1. Rate of heat transfer against different fixed values.

B2 Gr Rn B Nb Ec Gf —0'(n)

0.1 0.5 1 0.02 0.5 1 0.1 0.08948

0.2 0.14220

0.1 0.6 0.18307

0.8 0.22135

0.5 1.1 0.06567

1.3 0.02431

1 0.03 0.00437

0.04 0.00695

0.01 0.7 0.11433

1 0.13984

0.5 1.5 0.32181

0.57273

1 0.2 0.10992

0.4 0.06510

4. Validation
Table 2 shows the validation of the results when Gc = Gf =Gr=M =Rn=B =0, =0,
B3 = Sc = 0. Results show good agreement with [34].
Table 2. Agreement of our numerical results with [34].

€ n Present study Present study Ref. [34] Ref. [34]
8, (m) ¢y (M) 6y (m) @y (M)
0.2 1.12 -0.211787 1.104644 -0.211789 1.104646
0.5 1.29 -5.523596 6.298790 -5.523598 6.298792

5. Conclusions

The current study investigates the bioconvection peristaltic flow of a Sutterby nanofluid. Thermal

transport is influenced by the consequences of thermal radiation, Joule heating, and dissipation. Slip
conditions are imposed on an elastic channel. The nonlinear system of equations is addressed using
the numerical method. Here are the main findings of the study:

AIMS Mathematics

e Velocity is enhanced with an increase in velocity slip f; and thermal Grashof Gr
parameters.

e  The magnetic parameter Mleads to a resistance force causing the velocity to decrease.

e  Velocity shows a similar trend against the Sutterby fluid parameter B and bioconvection
Rayleigh number Gf.

e  The temperature of the material shows an increasing behavior against the thermal Grashof
parameter Gr and the Eckert number Ec.

e The thermal field shows an opposite trend against the radiation parameter Rn and the
thermophoresis parameter Nb.

Volume 10, Issue 7, 15955-15974.
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e  Nanoparticle concentration decreases with the increment of the mass slip parameter (3 and
mass Grashof parameter Gr.

e  First-order chemical reaction { shows a decreasing trend with concentration.

e  The density of swimming microorganisms decreases the bioconvection Peclet number Pe.

e  The rate of heat transfer boosts against Brownian motion Nb and Eckert parameters Ec.

e  Future research could look at this endeavor in light of Cattaneo-Christov heat and mass fluxes,
hybrid nanomaterials, and non-Newtonian model fluids.
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