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Article history: This computational study elucidates electromagnetic field effects on peristaltic
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Available online 30 June 2024 work examines the impact on peristaltic heat and mass transfer in a non-uniform
microchannel geometry incorporating electroosmosis. By explicitly accounting for
electroosmotic factors, the coupled PDE system is solved to obtain concentration,
temperature and velocity fields. While the electromagnetic simulations prove
essential, a key focus lies on electroosmosis phenomena. Effects on parameters
including skin friction, Nusselt and Sherwood numbers are analyzed for Casson and
Newtonian nanofluids. Visual probing of trapping events further reveals the role of
electroosmosis. Overall, this computational approach provides insights into the
multifaceted interplay between peristalsis, nanofluids and electroosmotic flows under
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1. Introduction

Current scientific interest in nanofluids has increased in recent years due to the vast number of
biological fields in which they can be applied. Magnetic cell separation, chemotherapy, medication
delivery, cryotherapy, nano cryosurgery, and cooling technologies are only a few examples. Drug
delivery and cooling technology are two further examples. Adding tiny particles, typically with sizes
less than 100 nanometers (nm), to conventional heat transfer fluids results in nanofluids. When
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placed in the right conditions, even a small number of nanoparticles that are contained within the
base fluids can dramatically alter the base fluids' thermal characteristics.

The crucial role of nanofluids is effectively established through non-Newtonian fluid models that
predict flow behavior. Models such as the Power Law and Carreau-Yasuda describe shear-dependent
fluid characteristics. The Herschel-Bulkley, Bingham plastic, and Casson models characterize behavior
based on vyield stress properties. Current work focuses on the Casson model with nanofluids,
capturing viscoelastic fluid properties. Additionally, it provides more accurate representation of flow
in notable applications including blood flow analysis, food processes like ketchup and chocolate, and
industrial systems like drilling fluids, slurry transport, and equipment design. The Casson nanofluid
model has particular significance in accurately predicting complex flows across biological, food, and
engineering domains.

Choi [1] revolutionized the field by being the first to propose using nanotechnology in heat
transfer fluids to significantly enhance their thermal properties beyond those of their basic fluids.
When compared to their respective base fluids, these nanofluids are recognized to possess superior
thermal characteristics. Nanofluids are fluids with concentrations below 10 nm, and their purpose is
to have good thermal properties at those concentrations. Since Choi's seminal finding, thermal
scientists have studied nanofluids, particularly their thermal properties, to determine the underlying
processes responsible for their enhanced characteristics. Adopted some interesting investigations
from previous studies to explore the current work [6—10]. Further exploring nanofluids, Buongiorno
[2] discussed the key roles of thermophoresis and Brownian motion. Alawi et al., [3] examined a
nanofluid model for heat transfer enhancement in backward and forward-facing steps. Nadeem and
Sadaf [4] reported the influence of single-wall carbon nanotubes with variable viscosity. Additionally,
Aman et al., [5] effectively examined the Casson nanofluid model under magnetic field and porosity
effects. Current nanofluid research represents a significant advance in technological sophistication,
building on previous investigations [6-10]. This work adopts some interesting approaches from earlier
studies to explore Casson nanofluid dynamics.

The peristalsis fluid transport process offers various potential applications for nanofluids, which
play an important role in many fields. The paper industry, paper production, pharmaceutical,
chemical, and cosmetic sectors all rely heavily on the process of peristalsis, which is initiated when a
wave travels down the walls of a tube or duct. In biological systems, this peristaltic mechanism may
be involved in controlling blood flow, urine flow, and digestion of food, oocyte transfer, and sperm
movement. Many different types of medical devices use peristaltic pumps, such as dialysis machines,
infusion pumps, and open-heart bypass pumps. Latham [11] was ahead of his time when studying
fluid dynamics. His seminal research focused on how peristaltic action propels urine through the
ureter. Since then, many scientists have tried to decipher the intricacies of peristalsis in non-
Newtonian and Newtonian fluids by employing many hypotheses [12—15]. Akbar and Nadeem [16]
deserve special recognition for being the first to include nanofluids in peristaltic pumping models.
Mustafa et al, [17] used analytical and computational techniques to investigate how wall
characteristics affect peristaltic nanofluid flow. The Homotopy Perturbation Method (HPM) was used
as one example of a computational technique. Similarly, Akbaret al., [18] studied the peristaltic flow
of nanofluids and their effect on heat transfer within an asymmetric channel. Moreover,
Kothandapani and Prakash [19] looked at how magnetic fields and heat radiation affected nanofluids
as they flowed through a tapered symmetric duct embedded in a porous medium. Natural convection
within a deformable, porous vertical layer containing Jeffrey liquids was studied by Sreenadhet al.,
[20]. The impact of magnetic fields on peristaltic transport is significant in biomedicine because of
the prevalence of magnetic resonance imaging (MRI), the use of magnetic particles in medicine
transport, and the reliance of medical machinery on magnetic fields for drug delivery and cancer
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therapy [21]. Utilizing the magnetic characteristics of nanoparticles and nanoliquids based on iron
allows for delivering non-lethal radiation to cancer patients receiving treatment. Incorporating
Brownian motion and thermophoresis into our understanding of nanofluids has also led to significant
advancements in the field of research. Based on that, we refereed previous examinations from [22—
29].

Extensive research into electroosmosis has revealed its considerable importance in various fields,
including fluid mechanics and microfluidics. Advances in chromatography, electrophoresis, and the
precise control of fluids in microscale systems can all be attributed to this phenomenon.
Electroosmosis can be defined as the movement of a liquid through a porous medium with the aid of
an external electric field. When an electric field comes into contact with charged particles in a fluid,
a phenomenon known as electric field-induced current is produced. The phenomenon is the result of
this interaction. A great many real-world accomplishments can be traced back to this phenomenon.
When an electric field comes into contact with a surface, the surface becomes electrically conductive.
The particles predictably displace the liquid because of the adhesive drag that suddenly causes the
liquid to rise to the surface. When the electrolyte comes into touch with the character, particles begin
to accumulate in a continuous web. Several studies in the field have examined the impact of
electroosmosis on fluid dynamics.The effect of mixed convection on nano-bio-fluid and its interaction
with an applied electric field during wave propagation in curved channels was studied, for instance,
by ljaz et al., [30]. The researchers here aimed to learn more about wave movement. Similar research
was conducted by Tripathi et al., [31], who studied the intricate peristaltic wave propagation created
in microchannels by buoyancy effects in electroosmosis. In addition, Hussain et al., [32] found that
the peristaltic flow of PTT (Phan-Thien-Tanner) fluid was affected by electroosmotic force. These are
merely a sampling of the many observations made in the field. Few more interesting investigations
are considered to enhance the role of current work [33—39].

Our current research is motivated by previous discussions, and it aims to learn more about the
electromagnetic peristaltic transport of non-Newtonian Casson nanofluids inside a non-uniform
conduit with slip boundary conditions. The Casson fluid model successfully represents blood
circulation within the arteries and veins. One of the non-Newtonian models that help us comprehend
the complex rheological behavior of biological fluids is the Casson fluid model. Our research uses
dimensionless parameters to characterize the flow while assuming long wavelengths and low
Reynolds numbers. The solution of these governing equations sheds light on the phenomenon.
Finally, we provide a graphical comparison of our results across all the physical parameters we
considered. This article's research has real-world applications in medicine, biomedical engineering,
and technology. In the medical field, where understanding such flow dynamics is crucial, the insights
it provides into the behavior of biological fluids under the effect of peristalsis are invaluable.

2. Formulation of the Problem
Consider two-dimensional peristaltic flow of non-Newtonian Casson nanofluid in a non-uniform
vertical channel (see Figure 1). A constant temperature maintained at the flexible walls of the

channel. 1 be the wavelength of the sinusoidal wavewhich trains variations with accelerating
velocity as it travels down the channel. The geometry of the non-uniform channel is expressed below:

h=1+mx+ecos(27n(x—ct)) (1)
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Where, m, t, c, erepresents the non-uniform parameter,time, wave speed and amplitude of the
peristaltic wave respectively.In a frame of reference in motion, assuming that the fluid flow remains
constant across time is justifiable, yet the flow cannot be regarded as stable in a stationary frame.

The correlated transformations between stationary coordinates (Y,?) and moving coordinates
(x,y) are

—_ — —_ —_ —_ J— 2
F=X—c, 7=V, p=Pt),U=U-c, 1=9-— 2)

WhereP, yandUaredimensional pressure, stream function and velocity are identified as stationary

coordinates. Similarly, p, Eandﬂare in the dimensionless pressure, stream function and velocity
which are identified as moving coordinates.

For an incompressible flow of the Casson nanofluid, the following expression represents the
rheological equation of stress:

2(;13 +%)eij T > T,

n 3)
2 MB-I_\/?nC ejj T<T,

Tij =

Where, ugrepresents the plastic dynamic viscosity, m denotes the product of the component of

. . . 1(0u; , 0u;\. .
deformation rate with itselfi.e. w = e;je;;,e;; = (i + ﬁ)ls rate of strain component, the Casson

E ax]' axl-
yield stress expressed asP, = ”B\ﬁ/ﬁ, where [ denotes the Casson fluid parameter andr..is the critical

value of T based on a non-Newtonian model.

Fig. 1. Geometry of the fluid flow
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The equations for 2-D flow model [5] are:

k(1+3) 55— OB + ) + (1= C)pggB"(T = To) + (pr = pr)gB" (€ = Co) + poFx = (4)
kziy_z+ (pS)y [DB Z—;Z—;+Z—:(Z—;)Z] +u(%)2 +0Bi(i+c)2=0 (5)
Where f = \/%is the Casson fluid parameter,

With respect to the flow geometry, the following boundary conditions are assumed
Z—;=O,Z—;=O,Z—;=Oaty=0, (7)
ﬁ+a1%=—c,T+aZZ—;=T1,C+a3Z—;=Claty=h. (8)

Where, (x,y)are dimensional coordinates. p, 8, Br,Mn, Re, Pr, 0, Ec, Cp denotes the pressure,
temperature, Brickman number, Reynolds number, Prandtl number, volume flow rate and Eckert
number, applied magnetic field and the specific heat at a constant pressure respectively.

The relevant dimensionless quantities can be described as

_ XY u b _pat b o, _pap Ko _L/TosKH _¢
x_l'y_a'u_c't_)L'p_luc'g_a'Re_ #,PT— k'/lD_ez,, 2ny '6_/1'
T —T C—-2C H o c),(C; —C
0 = 0 b= O h=—,Mn= —BOa,Nb=DB(p JiCH O),Br=EcPr,
T, — T, C; — Gy a U k
(1—=Co)gB* (T, — To)az Gr (Pc)p (T, — Tp) (Pf - Pfo)(Cl - Co)g,B*aZ
Gr = ,G =—,Nt =Dy ,B = ,
92 Re Tok uc
o c? P ez, 3 Ec
Cc=—7——7"7"7, = —-1270, = ——
(T =To)' " TakKsg ' " cp

Where, (x,v),u,m,, Ap, Uns, Gr,Nt,Nb,Dr, Dg, z,, Kg, e, T,,represents the dimensionless co-
ordinates,dynamic viscosity, electroosmosis parameter, Debye length, Helmholtz-Smoluchowski
velocity, Grashof number, Thermophoresis parameter, Brownian motion parameter, Thermal
diffusion coefficient, Brownian motion diffusion coefficient, charge balance, Boltzmann constant,
electronic charge and the average temperature respectively.

The fundamental governing Eq. (4) — Eq. (6), as well as the boundary conditions Eq. (7) and Eq.
(8), may be simplified using the dimensionless parameters indicated beforehand:
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2
(1+%)Z—;:+GH—Br¢>—Mn2(u+1)+me2Uhs¢ = 9)
daze do do do\? du)? 2 2
d—y2+1vbaa+1vt(5) +Br(a) + BrMn2(u+1)% = 0 (10)
d?>® = Nt d?6
o Ty (12)

Accordingly, the established boundary conditions are

du ae do

a ,5—0,5—0 aty =0, (12)
du de do

u+a15——1,9+a25—1,d)+a35—1aty—h. (13)

In the above equation, o, a,, @3, Mnrepresents the velocity slip parameter, thermal slip
parameter and concentration slip parameter, magnetic field parameter respectively.

3. Solution
3.1 Potential Distribution

The Poisson equation (|72q_’3 =— %

The net charge density p,follows the Boltzmann distribution, which is given by the following relation:

)is used to describe the electric potential in the microchannel.

pe = —z,e(n” +at). (14)

Here, the anions (7)and cations (in*)are defined through p,of the Boltzmann equation are as
follows:

nt = noe(i%é)) (15)

Where n,is the bulk concentration, z,is the charge balance, Kzis the Boltzmann constant, e is the
electronic charge, and T,,is the average temperature. Applying Debye-Huckellinearization
approximation, we get:

d_yz = mgcb (16)

Here, m,is the electroosmotic parameter. The analytical solution of the above Eq. (16) as follows:

q§( ) __ Cosh(m,y)

" Cosh(mgh) (17)

Solving Eq. (9) — Eq. (11) analytically might be difficult as they are non-linear coupled equations.
Thus, the newly formed governing equations are addressed analytically by utilizing corresponding
boundary conditions Eq. (12) — Eq. (13) through MATHEMATICA software via. ND Solve technique.
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The relationships for wall shear stress, the Nusselt number, and the Sherwood number, which,
respectively, characterize the rates of heat and mass transport, are as follows:

L d%y
Cf - h dyZ y=h (18)
Nu=h% (19)
dy y=h
Sh = h'd—“’| (20)
dy y=h

Based on the relationships mentioned above, h' = m +¥sin[2n(x —t)], stream function
(y)is defined as
u=2 (21)
dy
The relationship among mean flow (@)is connected with certain fixed ordinates, which is tied to
movable references Fand is represented by @ = F + 1 where;

F = foh udy (22)
Solving equations (9), we get for Z—Z. (23)

The non-dimensional pressure rise obtained by using Eq. (23) and the relation mentioned below:

— (ldp

Ap_ 0 dx

dx (24)

4. Graphical Results and Discussions

This section's goal is to use graphs to illustrate how pertinent terms behave on a range of
physiological values for both Newtonian and non-Newtonian Casson fluids. In the case of Newtonian

quids(% - 0) and Casson nanofluids(8 = 1), the value Bis always the same. The goal of this work is

to shed light on the important distinctions between Newtonian and non-Newtonian fluids.
Furthermore, the figures demonstrate that the Newtonian liquid's temperature and velocity are
higher than those of the Casson fluid; nonetheless, the concentration shows a pattern that defies
expectation. The results have significant ramifications for the commercial sector as well as the field
of medicine.

Figure 2 displays the validation results for velocity, temperature, concentration, and pressure rise
versus mean flow of the liquid flow for this study conducted by Srinivas et al., [5], by setting

. 1 .
Electromagnetic term tends to zero (E, — 0), 5= 0,a; =0, a;, = 0and az = 0. This was done to

compare the results to the fluid's mean flow rate after the investigation was complete.
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Fig. 2. Graphs demonstrating the validity of the velocities, temperatures,
concentrations, and pressure rises on the mean flow profile

4.1 Velocity Profiles

This subsection aims to investigate the influence of different parameters on the velocity profile,
as shown in Figures 3(a) through (j). The velocity distributions have the signature parabolic shape,
with the maximum velocity at the curve's apex. The influence of the magnetic field on speed is
explored in Figure 3(a). As the magnetic parameter drops, the velocity increases due to the Lorentz
force acting in opposition to the magnetic field. The effect of the non-uniformity parameter on the
velocity of the flow is studied in Figure 3(b). It's clear that the velocity drops in a restricted channel
and rises in a wider channel facing the opposite direction. Liquid velocity is shown to be affected by
the thermophoresis parameter, as seen in Figure 3(c). Increases in the thermophoresis term value
result in greater liquid velocities. Because, higher the thermophoresis can lead to greater heat
radiation in system along with increases the fluid flow. In addition, a radiated heat shrinks the
Brownian motion effect on velocity profile which is depicted in Figure 3(d). The velocity of the fluid
drops as the Brownian motion term rises. The electroosmotic force is a result of the Coulomb force,
which is created when an electric field charges a solution. Hence, the velocity profile in Figure 3(e)
rises as the electric field strength increases. Figure 3(f) depicts the impact of the Grashof number on
the velocity profile. As the Grashof number increases, buoyancy and radiation effects slow the fluid
down, causing the fluid to move more slowly. The influence of the Brickman number on the speed of
a nanoparticle is investigated in Figure 3(g). Here, it can be seen that raising the Brickman number
slows down the flow of the fluid. The Reynolds number has an effect on the liquid's velocity, as seen
in Figure 3(h). The velocity of a fluid increases as the Reynolds number decreases Figure 3(i)
demonstrates that the contour flattens out when the velocity slip rises. Because, the velocity slip can
alter the drag force impact on fluid due to variation in shear stress distribution in the media. Finally,
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the effect of the Helmholtz-Smoluchowski parameter on the velocity profile indicates that the curve
flattens out with increasing Helmholtz-Smoluchowski value which is depicted in Figure 3(j).
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Fig. 3. Velocity profiles for various values of (a) Mn, (b)m, (c)Nt, (d)Nb,(e) me, (f) Gr, (g)Br, (h)Re, (i) o<1, (j) Uns
4.2 Temperature

Using Figures 4(a)-(h), we analyze the relationship between temperature and other important
fluid characteristics. Like velocity profiles, temperature profiles have a recognizable parabolic shape,
with the peak temperature located in the profile's center. As shown in Figure 4(a), the fluid
temperature drops as the value of the magnetic field parameter increases. Because, the flow of the
fluid reduces due to the thermal expansion. Figure 4(b) shows, on the other hand, that as the thermal
slip parameter is increased, the temperature profile also rises. The effect of the non-uniformity
parameter on temperature distributions is illustrated in Figure 4(c). According to this theory, the
fluid's temperature drops as the channel gets narrower and rises as it gets more curved. Figure 4(d)
displays the temperature distribution as a function of the Helmholtz-Smoluchowski number. As the
Helmholtz-Smoluchowski number grows, so does the temperature of the fluid. The Grashof number
clearly shows a linear correlation with temperature, as seen in Figure 4(e). This is because an increase
in the Grashof number also increases the temperature by making the temperature gradient stronger.
In addition, maximum Grashof number can increase the velocity of the nanofluids. A Brickman
number act as an effective conductor between wall and the fluid, due to the low conduction the heat
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transfer reduces effectively. Figure 4(f) illustrates how the Brickman number of a nanoparticle affects
the space around it. As the Brickman number rises, the temperature naturally falls. The reason
behand this situation is that when we enhancing the Brickman number, it reduces the conduction of
heat created by viscous dissipation and hence the temperature decreases significantly. Figure 4(g)
delves into the relationship between the Reynolds number and the liquid's temperature. Here, the
liquid's temperature rises with decreasing Reynolds number. Finally, as the electric field strength
increases, the temperature profile drops, as shown in Figure 4(h).Due to variation of Debye length
can leads to reduction in electroosmotic force.
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Fig. 4. Temperature profiles for various values of (a) Mn(b) «,, (c)m(d)Uns(e) Gr (f)Br (g)Re, (h) me
4.3 Concentration Profiles

Here, we explore the shown in Figures 5(a) to (h) fluctuations in nanoparticle concentration
within the Casson fluid as a function of these important parameters. Like the velocity and
temperature profiles, the concentration profile is parabolic. Figure 5(a) shows that the concentration
of nanoparticles in the fluid drops as the magnetic field value decreases. Figure 5(b) shows, on the
other hand, that concentration grows as the concentration slip parameter increases. The effect of
varying the non-uniformity parameter on the concentration profile is seen in Figure 5(c). The
concentration is observed to be the lowest in a broader channel, flowing in the opposite direction
and highest inside a narrow channel. Figure 5(d) displays the effect of varying the thermophoresis
parameter on the concentration. Here, it can be noted that a larger thermophoresis term results in
less liquid being present in the vertical channel. Due to the non-uniform surface associated with
nanoparticles, the concentration of boots up while considering the Brownian motion effect, which
enhances the velocity but falls the thermophoresis impact on concentration profile. Concentration
changes as a function of Brownian motion parameter adjustments are depicted in Figure 5(e). It can
be shown that as the Brownian movement term grows, so does the liquid's concentration. Fluid
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concentration is seen to increase with the Grashof number as well. The influence of the Reynolds
number on the fluid concentration in a region is depicted in Figure 5(f). As the Reynolds number goes
down, the concentration of the liquid goes up, as shown in the image. Concentration is shown to be
affected by the Grashof number, as seen in Figure 5(g). It has been found that the volume of fluid
contained within a vertical channel decrease as the Grashof number rises.In addition, Grashof
number associated with buoyancy force and thermal impact which results in such declining
distribution on concentration profile.Finally, concentration changes for several values of the local
Brickman number are depicted in Figure 5(h). Concentration levels are shown to correlate with an

increase in the Brickman number.
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Fig. 5. Concentration profiles for various values of (a) Mn, (b) «3, (c) m, (d) Nt, (e) Nb,(f) Re(g) Gr, (h) Br
4.4 Effect of Physical Quantities

Shear stress, heat transport rate (expressed by the Nusselt number), and mass transport rate
(represented by the Sherwood number) along the channel walls are all affected by the flow of a real
fluid through a channel. The study of these physiological markers is crucial because of the many areas
in which they might be helpful. In the case of atherosclerotic plaques, for instance, oscillatory shear
stress may play a role in minimizing their severity. Furthermore, the Nusselt and Sherwood numbers
exhibit oscillatory behavior because the walls of the channel contract and expand due to the
peristaltic motion of the liquid within the channel. The fluid's characteristics may be affected by this
swaying. Figures 6, 7, and 8 show the range of values for various physical constants over which we
investigate the skin friction coefficient, Nusselt number, and Sherwood number, respectively. Figures
6 and 7 indicate that the skin-friction coefficient and the Nusselt number rise as the magnetic field
parameter decreases. Figure 8 shows that the Sherwood number goes in the opposite direction as
the magnetic field parameter falls. The results of changing the electric field and the Helmholtz-
Smoluchowski parameters are shown in Figure 6 and Figure 7. As shown in Figure 6, when the
Helmholtz-Smoluchowski parameter rises, the skin-friction coefficient falls, whereas Figure 7 shows
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the Nusselt number increases. Figure 6 also shows how the skin friction coefficient changes with
different thermophoresis and Brownian movement parameter values. The skin friction coefficient
increases with an increase in the thermophoresis parameter and decreases with an increase in the
Brownian movement term. Figure 8 shows that the Sherwood number exhibits the inverse behavior
for these parameters. Figures 7 and 8 finally demonstrate the impact of the Brickman number (Br).
Figure 7 shows that as the Brickman number increases, the Nusselt number also rises, while Figure 8
demonstrates that the Sherwood number falls under the same circumstances.
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4.5 Pressure-rise versus Mean Flow

Understanding how a pump works is crucial to learning about the physics of biofluids in the
context of peristalsis. The fluid displacement during contractions drives the pumping action, which is
caused by the significant pressure produced by the walls. Observing the pressure rise or fall of the
typical flow rate over time might provide light on the workings of a pump. It has long been known
that the linear and inverse proportional relationship between the pressure rise and the mean flow
rate over time holds. Furthermore, the range of values greatly affects the behavior of numerous
physical characteristics. Figures 9(a) through (e) show the relationship between the mean flow rate
and the pressure rise for a range of values of the physical parameters in question. Figure 9(a) shows
that when the average flow rate increases, the pressure rise reduces; this effect is more prominent
in Casson fluid than Newtonian fluid. On the other hand, as seen in Figure 9(b), pressure increases as
magnetic field parameter values increase. Figure 9(b) demonstrates, on the other hand, that as
electric field parameter values are reduced, the resulting pressure rise is also reduced. Figure 9(c)
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shows that as the Helmholtz-Smoluchowski term is increased, the pressure increases; this impact is
expected to decrease for Newtonian fluid and increase for non-Newtonian fluid. Pressure decreases
as the thermophoresis parameter increases, as seen in Figure 9(d), illustrating the impact of the
thermophoresis term. Figure 9(e) depicts the reverse tendency, with the Brownian motion parameter
increasing the pressure rise.
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4.6 Trapping Phenomena

Trapping is a unique hydrodynamic feature of the peristaltic process, particularly when an
application of a large amplitude ratio is made. This impact reorganizes the bolus in the fluid flow in
an irregular fashion. Stream functions are used to quantify the trapping phenomena by measuring
the movement of a bolus through a "trapping" fluid. In reaction to the peristaltic wave, boluses move
in a sinusoidal pattern, yet in rare situations, the spherical bolus takes on a fixed-frame structure due
to the splitting of specific streamlines. The peristaltic wave completely encircles the bolus, carrying
it along at speed. Figure 10 shows how the magnetic field term affects the trapped bolus. As the
magnetic field parameter increases, it is seen that the size and number of trapped boluses decrease
for weak streamline circulations. The force of a magnetic field can be used to control the growth of
boluses. Changes in the Casson parameter have the consequences seen in Figure 11, which show that
a larger Casson parameter results in a smaller trapped bolus. The Helmholtz-Smoluchowski
parameter exhibits unusual behavior, as shown in Figure 12. When this value is increased, the bolus
becomes smaller. The influence of the thermophoresis parameter is shown to reduce the size of the
trapped bolus (see Figure. 13). Finally, the Brownian motion parameter is shown to have the opposite
impact in Figure 14, making the trapped bolus within the fluid flow more substantial.
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5. Final Interpretations

Since magnetic effects and convective circumstances are important in MHD
(Magnetohydrodynamics) peristaltic mechanism of Casson nanofluids within a vertical non-uniform
conduit, we have undertaken a thorough investigation on the impact of electroosmotic generation
in this context. This study goes into the impact of several factors that can majorly affect physiological
variables. Understanding complex processes, like blood flow through micro-arteries, is a top priority,
and this research represents a major step in that direction. The results of this study can also inform
the design of future medical equipment such as roller-finger pumps, heart-lung machines, and
dialysis machines. Some of our most important findings are as follows:

i.  When comparing Newtonian and Casson fluids, we find that the former have greater
velocities and temperatures while the latter have more significant concentrations.

ii. Increased fluid concentration is caused by a magnetic field, which significantly affects both
velocity and temperature. This may have ramifications for the application of magnetic fields
to cancer treatment.

iii. It has been found that the non-uniform parameter increases as a function of temperature.

iv.  The shear stress of non-Newtonian nanofluids is greater than that of their parent non-
Newtonian fluids.

v.  The Nusselt number varies as a function of the magnetic effect parameter; when this value is
decreased, the Nusselt number decreases.

vi.  Asthe thermophoresis parameter goes down, the Sherwood number goes up.

vii.  The pressure increase for the mean flow significantly lowers non-uniformity term values.
viii.  When the Casson term is included, the trapped bolus grows as the fluid flows around it.

These results contribute to basic and applied research in medicine and engineering by shedding
light on the complex dynamics of the peristalsis of nanofluid under the impact of many
circumstances.
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