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ARTICLE INFO ABSTRACT
Article history: MRI method is used in magnetic resonance imaging (MRI) to diagnose brain disorders by
Received 17 October 2023 detecting the changing conditions within the brain. Peristaltic waves created on the
Received in revised form 16 January 2024 flexible walls of the brain cause particles to move, and understanding this fluid flow can
Accepted 30 January 2024 benefit the treatment of malignant tissues. In light of this, the electro-osmotic impact on

Available online 29 February 2024 the peristaltic flow of a fractional second grade fluid (ionic solution) in a microchannel

with a heat and mass transfer is investigated. The governing equations of the modulated

problem can be solved analytically by assuming a low Reynolds number (R, — 0) and a

long wavelength (6 « 1). An analysis of the Poisson-Boltzmann equation is considered

to examine the electro-kinetic mechanism. Using the Mathematica program, we solved a
Keywords: set of dimensionless equations and displayed the generated graphs. We analyzed relevant
EDL; heat and mass transfer; Caputo’s  factors for their impacts on temperature, velocity, and pressure gradient. Biomedical
fractional derivative; peristaltic flow; engineers may find inspiration to create bio-microfluidic devices that aid in the movement
second grade fluid of physiological fluids based on the model and its related findings.

1. Introduction

Muscle contractions create the wave-like motion known as peristalsis, which carries food and
liquids. It is an involuntary physical reaction that cannot be consciously regulated by an individual.
Smooth muscles involved in peristalsis require a stimulus to contract. Most of the physiological flows
are governed by peristaltic activity in a vessel whose main purpose is the biofluid transport. It is
generated by the continuous contraction and relaxation of vessels walls. Certain conditions can
interfere with peristalsis, a key digestion mechanism. This interference can significantly impact the
movement of fluids in various physiological processes, such as blood flow through microscopic blood
vessels, the passage of urine from the kidneys to the bladder, and the movement of chyme in the
digestive tract. Due to its widespread mechanical and biological applications, peristaltic fluid
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transport has recently gained significant attention. In industrial settings, this type of flow provides an
effective method for transporting sanitary fluids. The revolutionary research by Latham [1] and
Shapiro et al., [2] on the peristaltic motion of viscous fluids has significantly advanced the literature
on different fluids and various geometry regimes under various boundary conditions through
experimental, analytical, and numerical advancements. Recent studies in this area can be found in
previous researches [3-13].

The issue of electro-osmotic flow regimes has become increasingly important in the field of
biomedical engineering and technology. Scientists are particularly interested in studying the
interaction between electric fields and fluid particles. Electro-osmotic flow is a particularly useful
method for facilitating effective micro-pumping in microchannels. The electric potential in the
microchannel affects the Coulomb force, which is responsible for the electro-osmosis process. Bio
microfluidics, a key area of study in biomedical engineering and research, focuses on the study of
biofluids in micro vessels. The potential use of electrokinetic processes to manipulate and regulate
fluid flow in microfossils has garnered significant attention. Microfluidic devices have demonstrated
potential in the analysis of biofluids, especially in fluid mixing, species separation, and DNA
manipulation, making them valuable tools for studying a variety of biological processes. Additionally,
there is a growing interest in the use of mathematical models to study peristaltic transport in
microfluidic devices, due to their wide-ranging applications in biomedical engineering. Chakraborty
[13] conducted a study on the potential improvement of peristaltic movement through
electroosmosis, with a focus on Newtonian fluids. Nevertheless, this model provides a clear method
for assessing electro-peristaltic transit. Researchers worldwide have placed significant emphasis on
the electro-osmotic process in conjunction with peristalsis in various channels. The significant
findings in this order are based on previous studies [14-18].

A bio-mathematical model for electro-osmotic controlled hemodynamic blood flow inside
symmetric and non-symmetric arteries with joule heating has been constructed by treating blood as
an aqueous solution of Nat,Cl™ [19]. Khan et al., [20] elucidated the peristaltic flow of ionic
viscoelastic fluid in a curved micro-channel with viscous dissipation, demonstrating the manifestation
of electro-osmosis. Additionally, Butt et al., [21] addressed the study of peristaltic streaming flow
using thermally conductive electro-osmotic pressure-driven propulsion and a nanomaterial
suspended in a micro-ciliated tube.

The study of heat transfer during peristalsis is a fascinating area with numerous potential
applications and rapid advancements in the biomedical field. These include oxygenation,
haemodialysis, and drug delivery systems. Many researchers are exploring bioheat transfer due to its
potential uses in thermotherapy and the human thermoregulation system. Heat transfer is now used
to describe the flow of bioheat in the human body. The presence of a chemical reaction in the
creation of reservoirs, drying, enhancing oil recovery, flow in desert coolers, insulation, and
evaporation at the surface of a water body are all known to be heavily influenced by heat and mass
transport. When modeling biological fluids, a comprehensive understanding of fluid dynamics is
greatly enhanced by studying the characteristics of heat transfer. Some recent attempts can be found
in the previous studies [22-29]. Sinha and Shit [30] examined the exchange of blood temperature
through capillaries. Shit et al., [31] demonstrated the EOF for heat transfer and MHD. The wavy walls
in electro-kinetic flow are also believed to aid in mass transfer during medical procedures. Hasen and
Abdulhadi [32] discussed the Soret and Dufour effect in the analytical study of electro-osmotic
peristaltic flow using the Rabinowitsch fluid model. Noreen et al., [33] analyzed peristaltic pumping
electroosmotic flow for heat transfer in non-Darcy porous media. Guo and Qi [34] studied the electro-
osmotic peristalsis of fractional Jeffrey fluid in an analytical solution in a micro-channel.
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Additionally, the non-Newtonian behaviour of the fluid can be described using fractional calculus,
a widely recognized model. Substantial advancements have been achieved in studying the viscous
properties through fractional calculus, especially with the fractional second-grade model, a
viscoelastic fluid model. Converting regular time derivatives to fractional-order time derivatives is a
standard method for developing the fractional second-grade model, making it a valuable tool for
investigating viscoelastic properties. The peristaltic flow of fractional viscoelastic liquid has recently
become significant due to its diverse applications in areas such as life science, physical science, and
bioengineering. Recent studies also reported on the second-grade fluid with different geometry [35-
41].

To our knowledge, there is no investigations on the peristaltic flow of fractional second-grade
fluid with mass and heat transmission under the influence of electro-osmosis. In this work, we discuss
some motivating features of flow in the electro-osmotic phenomenon, as well as heat and mass
transfer characteristics. Our analysis shows that applying an external electric field can initiate the
flow of bio fluids and allow for the analysis of their characteristics. Our main findings indicate that
electro-osmosis plays a crucial role in controlling flow and heat transmission. This work may have
implications for design, haematology, electrophoresis, and the development of bio-mimetic electro-
osmotic pumps, among other fields. The article is structured as follows: Section 1 presents the
introduction. Section 2 presents the modelling for equations and relevant boundary conditions in
both dimensional and dimensionless variables. Analytical answers are provided in Section 3, while
Section 4 presents the key results of the issue. The concluding remarks are presented in the final
section.

Caputo’s Definition:

The fractional-order derivative according to Caputo’s is defined as [36]:

DUf(t) = —— ' @ g

r(n—a;)’b (t—-t)*1t+1-n
Re(a;) <n,n(n—1) EN,

where b is the starting value of the function f and a; represents the order of the derivative, which
may be real or even complex. For Caputo’s derivatives, we have

i p 0 Bisa;—1)
D%1tP1 =1{ 1(B1+1) 4 _
1"(,[:?1—0(1+1) t 1 (31 2 al 1)

2. Problem Formulation

We have considered the peristaltic propulsion of incompressible viscoelastic fluid in a vertical
tube. To analyze the viscoelastic behavior of the fluid, a fractional second-grade fluid model is
employed. The cylindrical form (#,X) has been chosen so that X is looked at across the tube
centerline and 7 is looked at across the radial tendency of the tube. The peristaltic motion is
generated by sinusoidal waves moving along the tube walls at a constant speed, c. The walls of the
tube are maintained at constant temperatures T, and T;, respectively. The problem's geometry is
illustrated in Figure 1.
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Fig. 1. Diagram of the physical model

The basic equation for viscoelastic fluid with a fractional second-grade model may be found by
using the relation given below:

~ ~ ag
S=u (1420227, (1)
where S is the shear stress, /Tl is the physical constant, t is the time, u is the viscosity, y represents
the shear strain rate, and «; is the fractional time derivatives such that (0 < a; < 1). This model is
simplified to second grade when a; = 0 and the conventional Navier-Stokes equation is found by
setting 4, = 0.

The conservation of mass, linear momentum, and concentration laws are listed below:

Z+iZ @) =0, (2)
p(E+aE+v8) =Dy 1+ 2 E%(FZ—Z)+Zz7z]+pga(T—To)+pga(C~—

Co) + peEx (3)
p(G+ S+ v5) == (1o ) [ (P50 + 52 )
Grrase+75) =0n (G + 35+ 50) + 2 G + 35 + 59) )

The total mass remains conserved in the closed system, as stated in Eq. (2). Eq. (3) and Eq. (4)
show that the axial (x) and radial (r) components of the system's linear momentum are conserved
in the absence of outside influences. Eq. (5) states that an isolated system's total energy remains
constant, in accordance with the conservation of energy. Additionally, Eq. (6) expresses Fick's second
law of diffusion, which explains how diffusion leads to fluctuations in concentration over time.

53



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 114, Issue 2 (2024) 50-65

The Poisson-Boltzmann equation in electrostatics defines the potential drop scattering for
symmetric binary electrolytes in the electrostatics.

V20 = —%. (7)

The overall charge density is represented by p,, while the permittivity is written as €. When the
Debye-Huckel linearization approach is employed and the ionic concentration is intimate, the
microchannel does not fluctuate longitudinally.

2ngz%e?d
KpTq

Pe = — (8)

where n, denotes the bulk concentration, z is the valency of ions, e denotes the electron charge, Kz
is the Boltzmann constant, T, is the electric solution’s mean temperature.

Let's introduce a subsequent dimensionless variable:

~ - = > 52
u v X 7 a pa pcad
= - = — == =- - = =
u c'v c6'x A’ a'6 1’ uci’ !
T-T, ct b c- C-Co _ pgaa 2T, Cplk
= = — = - = _— r=—
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where, Gr is the Grashof number, Gn is the local Grashof number, Sr is the Soret parameter, Sc is
the Schmidt number, Pr Prandtl number, B is the heat source/sink parameter, g is the acceleration
due to gravity, T is the temperature, ¢, is the specific heat.

Eq. (1) to Eq. (8) take on the resulting form with the aid of Eq. (9) by utilizing the assumption

(6 K 1)and (R, = 0),

BT ) =0, 1o
2212 o
2=y (1+/1‘f1%) [m+1a—”] + Gr 6 + Gn® + m2® Uy, (12)
w_g, (13)
CREII o
(5 o e
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2ny \2 . . .
where m = aez (EKn"T)Z = /,Li symbolizes the ratio of the specific transverse length to the Debye-
B d

length, A, is the Debye -length or EDL, U, = —E, €(/uc is extreme electro-osmotic.

The pertinent boundary conditions are:

00

;=0,atr=0,<b=0atr=h, (16)
2 =0atr=0u=0atr=~h, (17)
00

;zO,atrzO,E):Oatrzh, (18)
g—i)=0,atr=0,®=0atr=h, (19)

3. Analytical Solution

When we use the resulting boundary conditions from Eq. (16) after solving the accompanying Eq.
(11) we arrive at the following solution.

__Ip(mr)

- Io(m h)y (20)
where [, is the Bessel function.

When we solve Eq. (14) using the boundary condition (18), we get
6 =7 (h?—12). (21)

Using the comparable boundary conditions provided in Eq. (19), solve the subsequent Eq. (15).
As a result, by is the precise term for concentration.

0 =~ (r? — h?)ScSrB (22)

By applying the boundary condition (17) and solving Eq. (12) for r, the following values for the
axial velocity are obtained:

64 Ig(mr)Ups

(h2—72)(~1622+ (312 ~12) (Gr-GnScSr)B) ) ~64Ups+ e 023)

a1 941
64(14251 S

u =

The volume flow rate is generated by the following equation:
h
Q= J, 2rudr,

As an application of Eq. (23) and the above equation yields.
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2( _en2y i ndiCr 4812 (m h)Ups
g = e o
Thus, the wave frame and the laboratory are
R=r,U=u—-1,V=v,X=x—-1,0 =Q — h. (25)
A mathematical expression for the wall's contraction and relaxation is as follows:
h=1— ¢ cos?(m X). (26)
The time-averaged flow rate Q is intended as:
G=q+1-¢p-L=0+n2-1-¢+ (27)
Eqg. (20) obtains the form as a result of Eq. (23).
w _ —48(1+/1[f1:{%>610(mh)+Grh6310(mh)—Gnh6ScSrB Io(m h)+ 48h%1,(m h)Upg (28)
ox 6h*lo(m h) '

when B —» 0 and U, — 0 are utilized, Eq. (23) and Eq. (28) are reduced to the corresponding
(Tripathi et al., 2010) results.
Following are the representations for the heat transfer coefficient:

_[e6  or __ Bmoh .
Xh = 5 X ax],:h =— X sin(2mx) (29)

The mass transfer coefficients are represented as follows:

00 or hm¢ScSrB
n= g2t -
r=h

3 X X sin (2mx) (30)

The pressure rise per wavelength Ap and friction force F; are correspondingly given by:
10
Ap = |, ﬁdx, (31)

_(1(_;20p
Fy = [y (—h25E) dx. (32)
4. Results and Discussion

The primary objective of this paper is to investigate the electro-osmotic flow of a fractional
second-grade fluid with heat and mass transfer in a vertical cylindrical tube. The analysis will focus
on the complex flow structure, liquid rheology, Helmholtz-Smoluchowski velocity effects, Debye
length effects, Soret and Dufour effects. The acquired solutions will be visually discussed in this
section, considering various pertinent parameters. Graphs will be used to illustrate the effects of the
Debye-Huckel parameter m, the Helmholtz-Smoluchowski velocity U, the thermal Grashof number
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Gr, the local concentration Grashof number Gn, the heat source/sink parameter B, and the Schmidt
number Sc on the profiles of velocity (u), temperature (8), concentration (@), pressure gradient

dx
Figure 2 and Figure 3 describe the behavior of the velocity profile when the Helmholtz-

Smoluchowski velocity Uy and Debye-Huckel parameters m are varied. From Figure 2, it is observed
that the magnitude of the fluid velocity increases with an increase in Up,. Here it is said that the
velocity distribution rises as a result of the swelling influences of factors and reaches its extreme
altitude at r = 0. Based on Figure 3, m causes an increase in the magnitude of u, indicating that u
expands as m increases in the core area of the channel. A, is inversely proportional to EDL, as m
represents the ratio of the channel height to the Debye length 1. Consequently, the central area,
r = 0, experiences greater fluid flow. Physically, due to the motion of the cation and anions the
electro-osmotic flow (EOF) forms in the core region and consequently the axial velocity increases.

(d—p), and pressure rise Ap.

0.45 o o
) - — Upg=T1 — m=1
0.40 . U=15 0.25 . m=1.3
0.35 T N, T U2 ~ m=15
SN Unem25 om=2
0.30 Ry AR \
u Ky SO\
0.25 o
/. N
J :
0200 \
j.’ W
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Fig. 3. Change in u for m, with ¢ =0.2,x =
0.25,S1r =3,5¢c=04,B=5,0Q0 =04,6Gn=
1,6r =10,t =05a=02,1 =2,Uys =1

Fig. 2. Change in u for Up,with ¢ = 0.4,x =
0.25,5r =3,5¢=04,B=4,0 =04,Gn=
1,6r =10,t =05,a=02,1, =2

Figure 4 and Figure 5 illustrate the behavior of the velocity profile for the Soret parameter Sr and
the Schmidt number Sc. The figures clearly demonstrate that the extent of the velocity reductions in
the middle of the channel differs from its edges. This indicates that as Sc and Sr values increase, the
resistive force becomes stronger and directly influences fluid flow. Additionally, from Figure 6, it is
evident that velocity increases as the value of the Grashof number Gr rises. Figure 7 illustrates the
variance in the velocity profile for different local Grashof numbers, Gn. It is observed that as Gn
increases, the velocity decreases in the center of the channel, but the opposite trend is observed
near the wall of the channel.
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Fig. 4. Change in u for Sc, with ¢ =0.4,x =
0.25,Sr=3,B=5,0 =04,6n=1,6r =
10,t =0.5,a=02,1, =2,Ups =1
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Fig. 6. Change in u for Gr, with ¢ =0.4,x =
0.25,S5r =3,5¢c=04,B=4,¢p =04,Gn =
1,t=05a=021 =2,Uy, =2
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Fig. 5. Change in u for Sr, with ¢ =0.4,x =
0.25,5¢c=04,B=4,¢0=04,6n=1,Gr =
8,t=05a=0214=1LU,, =2

0.08

0.02

-0.5 0.0 0.5

;
Fig. 7. Change in u for Gn, with ¢ = 0.4,x =
0.25,5r =3,5¢=04,B=4,¢ =04,6n =
1,6r =8,t=0.5a=02,1, =1,Up, =2

The temperature fluctuation for different values of the source/sink parameter B and amplitude
ratio ¢ is analyzed in Figure 8 and Figure 9. In Figure 8, it is observed that the temperature increases
with higher values of B. Figure 9 illustrates the temperature variation for the amplitude ratio ¢,
showing that 8 decreases as ¢ values increase.

1.5 ~=meeoe

— B=3

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
r

Fig. 8. Effect of Bon 6 Fig. 9. Effect of p on O

Figure 10 to Figure 12 depict the assessment of concentration O for different Soret number Sr

and Schmidt number Sc values. These plots illustrate that as the radial distance r increases, the
concentration also increases, but it decreases with higher Soret and Schmidt numbers at the inlet
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and downstream. The highest concentration is achieved at the inlet and downstream for various
levels of ST and Sc, respectively. It was determined that the concentration met the boundary criteria.

— ... Sc=0.4
) — Sr=6 -2.0 _ Sc=06
A e --- Sr=8 ___J__,.r-f""-"--( . 5c=0.8
"""" —250
00 0.2 0.4 0.6 0.8 70 0.0 0.2 04 06 0.8 10
r r
Fig. 10. Effect of ST on @ Fig. 11. Effect of Scon O

0.0 0.2 0.4 0.6 0.8 1.0
r

Fig. 12. The concentration @ vs r for assorted
values of B, when ¢ = 0.4,x = 0.5,57r = 2,5¢c =
0.2

Figure 13 to Figure 19 plotted to show the impacts of Uy, m, S, Gn, B, Sc, 1, on % respectively.

. dp . oo . . . . .
It should be noticed that the ﬁ distribution has been depicted in relation to the axial coordinate (x).

It is found that the axial length's pressure gradient is sinusoidal in nature, representing high pressure
gradients in contraction and low-pressure gradient at relaxation positions, respectively, which
creates the peristaltic pumping process. As a result, a controlled volume of liquid can be pumped
from one area to another without contaminating it. The pressure gradient along the axial length
appears to follow a sinusoidal pattern, with high gradients during contraction and low gradients
during relaxation. This pattern initiates the peristaltic pumping process, allowing for regulated and
disturbance-free transport of liquid between two locations.

The pressure gradient for Figure 13 shows the pressure gradient for increasing the inverse EDL
thickness (m = a/A,), also known as the Debey-Huckel parameter. It has been observed that the
pressure gradient increases as the Debey-Huckel parameter increases. This suggests that a negative
pressure gradient may occur when the usual thickness of the EDL reductions. Figure 14 illustrates the
relationship between U, and Z_Z' As Uy, (Helmotz-Soluchowski velocity) or the external electric field
increases, the pressure gradient steadily develops, and a growing external electric field intensity can
constrain the negative pressure gradient.
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dp/dx

Fig. 13. The pressure gradient Z—Z vs x for Fig. 14. The pressure gradient Z—Z vs x for
distinct values of m, with ¢ =04,x = distinct values of Upg, with Gr =6,B =
0.75,A41 = 2,Sc =04 03,57 =4,Gn=10.3

In Figure 15, the impact of the source/sink parameter B on the pressure gradient is
demonstrated. The image reveals that the pressure gradient is small scale for x € [0,0.2] and x €
[0.8,1], but a significant pressure gradient occurs for x = [0.5]. Figure 16 to Figure 19 are portrayed
to get the influence of Gn, Sc, Sr and A, on the pressure gradient. We clearly see in these figures
that pressure gradient diminishes for rising values of local Grashof number, Soret parameter,
Schidmit number and material parameter A,. Figure 20 and Figure 21 show the pressure rise against
the time flow rate Q for diverse values of m, Uy;.

The recognized peristaltic passage spectacle is linked to the idea of mathematical pumping. In
light of the current investigation, it is therefore justified to look into the pumping region's
performance. Figure 20 and Figure 21 show the influence of Debye-Huckel parameter m and
Helmholtz-Smoluchowski velocity Uy on the pressure rise Ap. It is prominent from Figure 20 that
escalating m, (i.e., reducing the typical extent of the EDL), notably, expands the pressure rise in the
region Ap > 0,Ap = 0,and Ap < 0. From Figure 21 shows that the pressure increases with
increasing Helmholtz-Smoluchowski velocity Uyg. Figure 22 and Figure 23 were created to analyse
the impact of Soret number Sr and Schmidt number Sc on Ap. The results show that the pressure
rise in the pumping region (Ap > 0) decreases as Sr and Sc increase.

20 _ Sr=2

... Sr=4
— Sr=6
... Sr=8

15

dp/dx
10

5| == Xx

00 02 04 06 08 10
X

Fig. 15. The pressure gradient Z—i vs x for

distinct values of Sr, with ¢ =0.4,x =
0.75,A4 = 2,Sc=0.4
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0.0 0.2 0.4 0.6 0.8 1.0

X X
Fig. 16. The pressure gradient Z—Z vs x for Fig. 17. The pressure gradient Z—Z vs x for
distinct values of Gn, with B =0.3,5r = multiple values of B, with Sr=2,x =
4,Ups =2,Gr =6 0.5,Gr =6,S5c=10.2
15
5
00 02 04 06 08 10 12 53 G — — =
X X
Fig. 18. The pressure gradient Z—zvs x for Fig. 19. The pressure gradient %vs x for multiple
multiple values of Sc, with B=0.3, Gn = values of 4; ,with ¢ =0.4,x =0.7 Sr=3,5¢c =
3,0 =04,5r=2 04,B=4,¢=04,n=1,Gr =8,t =0.5,a =
02,Ups=1,m=2
15 L — m=1
3 - m=1.2
10
ol — m=14
5 - m=16
Ap SN
0
-5
-10
0.0 02 04 0.6 08 10 0.0 0.2 0.4 0.6 0.8 1.0
Q a
Fig. 20. The pressure rise Ap vs x for multiple Fig. 21. The pressure rise Ap vs x for multiple
values of m, with 4, = 2,x = 0.5,Gr = 6,Sc = values of Ups with B=03, Gn=3,¢ =
0.2 0.4,5r =2
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0.0 0.2 0.4 06 0.8 10 0 0.2 04 0.6 0.8 7.0
@ Q
Fig. 22. The pressure rise Ap vs x for multiple Fig. 23. The pressure rise Ap vs x for multiple
values of Sr, with 1; = 2,x = 0.5,Gr = 8,Sc = values of Sc, with B=03, Gn=3,¢=
0.2 04,Sr=m=1,U,, =1

Temperature gradients contribute to mass fluxes, known as the Soret effect. The Soret effect can
be disregarded in the heat and mass transfer mechanism when it is small compared to the effects of
Fourier or Fick laws. However, it is significant for isotope separation and the mixing of gases with very
light molecular weight (Hz, He) and medium molecular weight (N2, air), and cannot be ignored. The
Schmidt number is a measure of the ratio of momentum diffusivity (kinematic viscosity) to mass
diffusivity. It is commonly used to describe fluid flows that involve both momentum and mass
diffusion convection processes occurring simultaneously. In heat and mass transfer-related issues,
the heat and mass transfer coefficient hold significant physical importance. Therefore, it is beneficial
to examine the behaviour of the heat and mass transfer coefficient (Xh and Xm in this case) for the
specific problem. In this light, the interaction of heat transfer Xh and mass transfer Xm with various
parameters is depicted in Figure 24 to Figure 27. These figures demonstrate the oscillating behavior
induced by peristalsis. It is evident from Figure 24 to Figure 27 that the heat and mass transfer
coefficient Xh and Xm both increase and decrease with the growth of B, ¢, Sc, and Sr, respectively.

2 — ¢=0.1
N TN e $=02
=03
. ¢=04

0.0 05 10 15 20 00 05 0 15 20
X

Fig. 24. Influence of B on Xh Fig. 25. Influence of ¢ on Xh
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9l S — Sc=02 4 S — si=2

0.0 05 7.0 15 20 0.0 05 0 15 20
X X

Fig. 26. Influence of Sc on Xm Fig. 27. Influence of ST on Xm
5. Conclusions

The study examines the effects of heat and mass transfer on the flow of a fractional second-grade
fluid model through a cylindrical tube with the EDL phenomenon. The key findings of the study
include the observation that as the values of m, B, Gr, and U}, increase, the dimensionless velocity
is highest near the center of the tube. The velocity profile is also influenced by the Soret parameter,
Schmidt number, and local Grashof number. Additionally, the temperature distribution increases
with higher Grashof number Gr and source/sink parameter B, while the concentration field
decreases with the Soret parameter Sr and Schmidt number Sc. The pressure gradient and pressure
rise are strongly affected by the Debye-Huckel parameter m and Helmholtz-Smoluchowski velocity
Uys. Rapid fluctuations in Xh and Xm are observed with changing values of B, ¢,Sc, and Sr.
Therefore, studying the fluid flow of a fractional second-grade fluid under these conditions is
beneficial for treating cancerous tissues. Furthermore, the research outcomes can be utilized to
develop various types of peristaltic micropumps for transferring rheological fluids in complex
systems.
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