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ABSTRACT: Applications: Flow-through permeable media have a wide
range of applications in biomedical engineering, geophysical fluid dynamics,
and recovery and refinement of underground reservoirs and large-scale v
chemical applications such as filters, catalysts, and adsorbents. Therefore, this .4
study on a nanoliquid in a permeable channel is conducted under physical
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radiation, resistive heating, and magnetic field. The flow configuration is set nanoparticles
between the expanding/contracting channels, which has broad applications, /= v = -AdandT =T
especially in biomedical engineering. The modified BHNFM was achieved The Flow of Bionanofiuid (Ag-Graphene)/blood and

after the implementation of the bitransformative scheme, and then to obtain
physical results of the model, the variational iteration method was applied.

Core Findings: Based on a thorough observation of the presented results, it is determined that the biohybrid nanofluid (BHNF) is
more effective than mono-nano BHNFs in controlling fluid movement. The desired fluid movement for practical purposes can be
achieved by varying the wall contraction number (a; = —0.5, —1.0, —1.5, —2.0) and with stronger magnetic effects (M =
1.0,9.0,17.0,25.0). Furthermore, increasing the number of pores on the surface of the wall causes the BHNF particles to move very
slowly. The temperature of the BHNF is affected by the quadratic radiation (R), heating source (Q,), and temperature ratio number
(6.), and this is a dependable approach to acquire a significant amount of heat. The findings of the current study can aid in a better
understanding of parametric predictions in order to produce exceptional heat transfer in BHNFs and suitable parametric ranges to
control fluid flow inside the working area. The model results would also be useful for individuals working in the fields of blood
dynamics and biomedical engineering.

constraints. Purpose and Methodology: The key purpose of this research is to . Le®e ®o @
introduce a new biohybrid nanofluid model (BHNFM) with (Ag— ®e o _© e
@ |
G)hybridnanopmides with additional significant physical effects of quadratic C?.’ ?:OO- .1 Microscopic view of iybid
T ] [ I

-—

—a(t)
v=—y =-AaandT=T,;

1. INTRODUCTION

Nanofluids have piqued the interest of researchers and scientists
due to their promising properties in comparison to regular fluids.
These fluids have exceptional heating/cooling properties,

ternary nanofluids (TNFs). The ternary nanoparticles
MWCNTs—titania—ZnO were used in the formation of the
nanofluid. The experiment was carried out with mono-nano,
bihybrid, and ternary nanofluids. The basic fluid is considered as

making them more useful for practical uses. As a result,
researchers have concentrated on the synthesis of nanoparticles
with varied properties and the production of nanofluids. In 2018,
Mashayekhi et al." described the use of bicomponent nanofluids
in the formation of a bilayered wavy micro heat sink.”” The
authors used Al,O;—Cu nanoparticles with water as the main
solvent. They employed a CFD approach to simulate the model
and discovered that a low Reynold number and a hot surface
have a significant impact on the stationary thermal distribution.
He et al.” investigated the thermal conductivity of ZnO—Ag
saturated in a hybrid base solvent with a contribution of 50—
50%. They used artificial neural networks (ANNs) to estimate
thermal conductivity. In 2020, Toghraie’ conducted an
experimental analysis of a newly developed class known as

© 2023 The Authors. Published by
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a mixture of water and EG (80:20), and the ternary, mono-nano,
and bihybrid nanofluids are made with nanoparticle concen-
trations ranging from 0.1 to 0.4%.

In 2020, Kristiawan et al.® used TiO,/w to improve the
performance of a helical microfin tube. The authors investigated
how to improve pressure drop by strengthening Re and reported
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Figure 1. Bionanofluids (Ag—graphene)/blood and (graphene)/blood nanofluids.

on how to improve the performance of helical microfins utilizing
nanofluids. Another significant analysis regarding heat transfer
in TiO,/w by considering squared minichannels containing
microfin objects was carried out by Kristiawan et al.” The
authors recommended the use of nanofluids in microfins for
practical applications due to their excellent heat transport.
Recently, Kurnia et al.” introduced a non-Newtonian nanoliquid
model to assess its heat transmission ability in two separate heat
exchangers of straight and helical types. It was found that helical-
type heat exchangers had promising heat transmission proper-
ties when employing non-Newtonian fluids. Non-Newtonian
fluids, like Newtonian nanofluids, have piqued the interest of
researchers due to their challenging rheological properties.
Significant research”™’® in this area has been conducted,
examining the intriguing thermal behavior of the working
fluid. In 2022, Muhammad et al.'* and Zhang et al.”? reported
the uses of bihybrid nanofluids in solar energy plants as well as
the influence of nonlinear quadratic radiations and Lorentz
forces on frictional fluid flow. They favored the spectral
approach for the mathematical treatment of the models and
discussed the results comprehensively.

Hybrid nanofluids are extended versions of conventional
mono-nanoliquids. As a result of the contribution of uniformly
dispersed nanoparticles into the host fluid, the thermal
conductivity of the resultant fluid is enhanced. These enhanced
characteristics make the hybrid nanofluids more functional in
comparison to nanoliquids. The most recent studies in the field
of nano, hybrid, and ternary nanofluids have been reported by
different researchers around the globe.B_lé Scientists have
made efforts to explore the functioning of hybrid nanofluids
under physically established conditions. In the presence of a
transverse magnetic field, Ganesh et al.'” studied the steady
laminar flow of a fluid between two permeable parallel plates.
The fluid conducts electricity, is viscous, and is incompressible.
In 2013, Ibrahim and Shankar'® discussed the heat transmission
in boundary flow over a stretched permeable sheet with
magnetic field effects and analyzed the influence of the
considered physical constraints.

In 2014, Srinivas et al.'’ examined the nanofluid hydro-
magnetic flow in a two-dimensional permeable region. The
effects of numerous parameters were also analyzed, and the
results show that the concentration of nanoparticles is directly

19927

correlated to the Brownian factor. In 2014, Hafeez et al.*’
investigated the two-dimensional (2D) nontransient laminar
flow in a permeable medium. The results for the least and largest
Reynolds number ranges were discussed in depth. In 2015,
Fakour et al.”' studied the heat transfer mechanism and laminar
fluid flow between two parallel porous plates. The influence of
dimensionless parameters on the dimensionless velocity and
temperature profiles has also been studied.

In 2016, Mollamahdi et al.>* investigated the heat transfer and
flow field between permeable channels with hybrid nano-
fluid**~** under the influence of a magnetic field and chemical
reaction. They found that with an increase in the Hartman
parameter, the temperature profile declines, and the concen-
tration of the fluid increases. In 2016, Vijayalakshmi et al*®
studied the heat transmission mechanism of the contracting or
stretching parallel porous channels in response to thermal
radiation. In 2017, Fakour et al.”’ investigated the conduction of
heat in the laminar flow of fluid between permeable walls in the
presence of a magnetic field. Effects of nondimensional
parameters were studied, and the results showed that an
increase in the Hartman and Reynolds numbers causes a
reduction in the velocity of the fluid, while an increase in values
of the Eckert and Prandtl numbers increases the temperature. In
2019, Mehta et al.”® analyzed the heat and radiation effects on
the unsteady MHD flow in a permeable medium. The graphical
analysis shows that the temperature increases with an increase in
volume fraction.

The study reported by Chandrasekar et al.*’ revealed that
particle movement can be controlled under the effects of a
transverse magnetic field with the injection process at the
bottom and suction at the top of the channel. Studies on a variety
of newly developed nanofluids composed of different basic fluids
have been reported.”® ™ In 2019, Waini et al.”* achieved steady
fluid flow with heat transformation through a porous shrinking/
stretching surface. The results demonstrated that an increase in
the volume fraction tends to decrease the skin friction values but
enhances the values of the Nusselt number for both nanofluids
and hybrid nanofluids. Khan et al.” investigated 2D steady
laminar flow in permeable media and analyzed the porosity
effects on the model dynamics.

In 2022, Indumathi et al.** examined a hybrid nanofluid with a
permeable surface under the suction and injection process. The
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results of the physical model showed that increasing the number
of nanoparticles in the basic fluid will result in a decrease in the
velocity of hybrid nanofluids.””~* In 2022, Mburu et al.*'
investigated the unsteady, two-dimensional, viscous, and
incompressible flow of the boundary layer of an electrically
conducting nanofluid through porous plates. Bivariate spectral
quasilinearization (BSQL) was used for the model study. In
2023, Shaheen et al.** discussed nanofluid and MHD hybrid
nanofluid**~*¢ flow between parallel plates under the effects of
thermal radiation and a magnetic field. Both plates are porous for
the injection and suction process, which significantly con-
tributed to the heat and momentum transmission of the fluid.

The above literature reveals that there are many studies
reported on the use of simple and hybrid nanoparticles by
considering traditional fluids and restricting physical constraints.
However, the interaction of Ag and graphene nanoparticles with
blood is significant in the field of biomedical engineering, which
has not been reported so far. Thus, a biohybrid nanofluid model
using bicomponents (platelets-cylindrical) ,nopartictes in a channel
with permeable effects has not been investigated to date. This
important research gap motivated the authors to pursue this
potential research opening. Furthermore, magnetic field, Joule
heating, and heating source effects were incorporated to
enhance the novelty of the study and to examine the behavior
of the bionanofluid. First, the biohybrid nanofluid model,
developed by exercising the similarity transformation rules,
enhanced the properties of the nanoliquid and shape factor of
(Ag—graphene) nanoparticles. Then, the model was resolved
using an analytical scheme following the variational iteration
method (VIM). In the end, the impact of the ingrained physical
constraints on the model dynamics was studied and discussed
comprehensively.

2. MODEL DEVELOPMENT

2.1. Model Statement and Geometry. The (Ag +
Graphene) hybrid nanofluid with blood as the base fluid was

Table 1. Particular Values of Thermophysical Factors for the
Formation of the Biohybrid Nanofluid Model

characteristics
working fluid/nanoparticles p (kg/m®) C, J/K) k (W/mK)
blood 1063 3594 0.492
Ag (platelet) 10,500 235 429
graphene (cylindrical) 2200 790 5000

made to flow between two permeable walls at y = —a(t) and y =
a(t), respectively, in the presence of a magnetic field. The model
is developed in a way that u and v are in the directions of the x-
axis and y-axis, respectively. The entire model under
consideration in this study is represented in Figure 1.

2.1.1. Assumptions. The following are the essential
limitations of the study to acquire the model results:

e The flow of the biohybrid nanoliquid in the channel is
laminar, viscous, and incompressible.

e The bicomponent particles (Ag—graphene) dissolved
uniformly in blood, and no chemical reaction exists
between them.

e The fluid consistently moves through permeable walls,
and the channel plates are positioned at a(t) and —a(t).

e The walls are capable of expanding/contracting uni-
formly.

The governing set of equations for the above-described flow
configuration is as below

oii oy
Z+Z -0
Ox dy (1)
ol + _0ii + _0i
. — +iai— + 79—
P hbionanof ot R 6)7
op “ 0% aza} U 5
=T jonanof | 3.2 -2 | ~ OhbionanofPo ¥
ox hb f axl ayl (2)
ov + oD + 0
. — +a— + 7 —
p hbionanof ot O 6)7
L 0% aza} . 52
== jonanof | 32 -2 | = Ohbionnaof0 Y
dy hb f axz ayz (3)
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o0’T | o'T - A
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In the above coupled governing system, conservation of mass is
given by eq 1, the two components of the momentum equation
are described in eqs 2 and 3, and the conservation of energy is
given in eq 4. More details on the conservation of energy have
been provided by different researchers.*”**

The flow configuration depicted in Figure 1 is restricted to the
subsequent boundary rules

I
=}

il , T

I
Lol
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= -
—hA, atlower end (§

= (1))
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=T,7

= -

<t

= —hliﬁu at upper end (§

= h(t)) (s)
Now, for further simplification, the vorticity for the model is
given as follows

0 di

T o (6)

X

To remove the gradient of pressure from eqs 2 and 3, we apply
cross-differentiation and obtain the subsequent formula

ay ay ay
phbionanof A +a )E +7 )E
o ok o
’r 07 2 07
= ) + — Oy B
ﬂhblonnaof 0&2 05;2 hbionanof -0 65/' (7)

The required results are as follows
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phbionanof(uyf + uuyx + vuyy)
— ~ 2~
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Now, we introduce the proximate transfiguration parameters to
reduce the above expressions into a more compressed form

y=1h )
U = 7 - .
_ g Yimn U5 27 (n,0)
u= , V= , = -, 0
= g . ()
_T-1
T-1, (10)

After using the transformations from eq 10, the reduced BCs are
listed as follows

- hh-A,
0,f = Re, Re = aty = —1

fy = ”
~ ~ hh-A,
f’?=0,f=Re,Re= » atn =1
§ (11)

It is well-known that positive/negative values of the Reynolds
number (Re) are correlated to injection/suction. Now, it is quite
useful to establish a second set of parameters to build our model
in a manageable form.

LI I

h h Re (12)
2.2. Biohybrid Nanofluid Components and their

Characteristics. For (Ag—graphene)/blood and (graphene)/

blood nanofluids, the subsequent expressions are used. These

formulas are valid for platelets and cylindrical-shaped nano-

particles.

2.2.1. Bionanofluid Density (BD).

%
, X = h’f_

1% ionano ¢ApA ¢
Pbionsnct _ (1 _ g, _¢G)+ﬁ+ﬂ

Phlood Pblood  Phlood (13)
2.2.2. Bionanofluid Heat Capacitance (BHC).
(pcp)hbionanof —(l—¢ —¢)+ ¢Ag(p CP>A8
(PCy)biood S (PCy)biood
¢G(PCP)G
(PCyblood (14)

2.2.3. Bionanofluid Dynamic Viscosity (BDV). The viscosity
models for (PP+CP)/(platelet and cylindrical) nanoparticles
are defined as follows

(Z—
—blonanol ¢ — (1 4 37.1¢p + 612.6¢%)

'ublood

valid for PNP (platelet nanoparticles)
(15)

(Hionanof)
Lbionanol G _ (1 1 13.5¢) + 904.54%)

'ublood

valid for CNP (cylindrical nanoparticles)
(16)

(ﬂbionanof)Ag‘i’Ag + (Hyionanor)a s

¢Ag + ¢G
resultant HBNF (hybrid bionanofluid) (17)
2.2.4. Bionanofluid Thermal Conductivity (BTC). The

thermal conductivity of bionanofluids is estimated using the
following relations

H hbionanof =

(khbionanof)Ag kAg + 4'7kblood + 4'7¢Ag(kAg - kblood)
Kplood kag + 47Ki00a = Ppg (kg = Kiiooa)
for PNP (platelet nanoparticles) (18)
(khbionanof)G _ kG + 3'9kb100d + 39¢G(kG - kblood)

Kbiood kg + 3.9kyi00a = Pk = Kiiooa)
for CNP (cylindrical nanoparticles)  (19)

(kbionf)Ag + (kbionf)G
¢Ag + ¢G

(hybrid bionanofluid) (20)

for HBNF

hbionanof —

It is significant to combine the values of these bionanofluid
characteristics (BHNF) because they greatly contribute to the
dynamics of the bionanofluid. For this, Table 1 indicates the
particular values of these factors.

2.3. (Ag—G)/Blood Biohybrid Nanofluid Model. We
obtained the following equation by completing the mathemat-
ical procedure with transformative factors along with
thermophysical characteristics of blood as the base fluid and
(PP+CP) nanoparticles.

o P /p
F'+ hbionanof ” /" blood ((7]1_—: + 3F//)a1
’uhbionanof 'ublood

1
— R(FF' - FF)) —

RMEF"
'uhbionanof/'ublood

=0 (21)
F(’h) =4, F/(’Il) =0, F(’]u) =1, F/(l’]u) =0 (22)

In eq 14, 5 and 7, indicate the bottom and top wall conditions,
respectively. The converted energy equation is obtained by
using transformations

khbionanofﬂ” (pcp)hbionanof
k (G
blood PLp)blood

- Ry((1 + (6, — DB)’B" +3(1 + (6, — DB ()
(6, - 1) + QB + PM(F )

(‘7‘1’7 + RIF)ﬂ/

=0 (23)
p(-1) =1, (1) =0 (24)
where Q = % and M= %% are the heat source and

ve(pC)e He
magnetic variable terms, respectively.

2.4. Shear Drag and the Nusselt Modeling. The study of
the drag force and local thermal gradient is very important in the
analysis of bionanofluids. For the current model, these
expressions are defined in the subsequent equations
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Using the biohybrid nanofluid expressions along with the Hisonanot g Pag + Wipionanot )t

RZC _ [ ¢Ag+¢G ] F”( l)
transformative factors, the following dimensionless formulae 1 ~F — ( 4 5) Dt bpe
1—¢ — @)+ +
Ag G Phiood Phiood (27)
were achieved
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3. MATHEMATICAL INVESTIGATION VIA VIM

The considered biohybrid nanofluid model (Ag—G)/blood in
the presence of PNPs and CNPs exhibits strong nonlinearities.
Because of this, it is difficult for researchers to obtain exact
solutions. Therefore, analytical techniques are the most suitable
mathematical tools to compute the solution. Thus, the current
biohybrid nanofluid model (BHNFM) is analyzed via the
variational iteration method (VIM). Initially, the trial solution of
the model is determined; then, successive approximations of the
solution are performed via the recursive relation of velocity and

energy model equations. The detailed computational steps of
the technique are presented below.

3.1. Arrangement of the Model Equations. The first step
in the method implementation is the arrangement of the model
equations in the appropriate form. Thus, the model can be
arranged in the following form: the highest-order linear operator

(-Zp 22), linear terms (7:31, ‘7(2), nonlinear factors (/</1, Kfz), and

the remaining nonhomogeneous (fi* , 52*) part of the model.

LF+RF+ NF+50n) =0 (31)
Lp+Rp+ N+ §(n) =0 (32)

3.2. Appropriate Lagrange Multipliers. There will be two
Lagrange multipliers for the current biohybrid nanofluid model
because the model contains two equations. These multipliers are
defined by the subsequent expressions

PG D

' (n* = 1)! (33)
PGV R
! (n* —1)! (34)

3.3. Initial Guess of the Model. The initial guesses of the
model can be constructed using the initial conditions, i.e.,
conditions imposed at #7 = 0. In view of ICs of the model, these
guesses are expressed as follows

J E(0 J i8(0
=5 2= 20

i=0 (35)
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Table 2. Computations of Drag Forces for the Biohybrid Nanofluid at the Bottom and Top Ends of the Channel

parameter changes

shear drag of BHNF at the boundaries versus the physical parameters

Pag b R, M Ay F'(-1) IE"(D)!

0.03 3.0 0.5 0.6 expanding boundaries contracting boundaries expanding boundaries contracting boundaries

0.04 1.1249 1.1582 0.7959 0.8287

0.08 1.0585 1.0801 0.8444 0.8659

0.12 1.0294 1.0457 0.8681 0.8843

0.16 1.0131 1.0263 0.8822 0.8953

0.04 0.01 1.1572 1.1957 0.7793 0.8169

0.03 1.1249 1.1582 0.7959 0.8287

0.05 1.1058 1.1361 0.8062 0.8362

0.07 1.0933 1.1215 0.8133 0.8413

0.03 2.0 1.0580 1.0918 0.8353 0.8688

4.0 1.1933 1.2262 0.7611 0.7931

6.0 1.3339 1.3660 0.7035 0.7338

8.0 1.4784 1.5096 0.6592 0.6875

3.0 0.1 1.1147 1.1481 0.7814 0.8145

0.3 1.1198 1.1532 0.7887 0.8216

0.5 1.1249 1.1582 0.7959 0.8287

0.7 1.1299 1.1633 0.8030 0.8358

0.5 0.2 2.1372 2.2031 1.6583 1.7231

0.4 1.6441 1.6939 1.2187 1.2677

0.6 1.1249 1.1582 0.7959 0.8287

0.8 0.5775 0.5943 0.3896 0.4062

Here, F, and f, are the guesses associated with the model
equations.

3.4. Recursive Formula for the Final Model Solution.
The final solution of the model can then be achieved by means of
the following recursive relations. The international scheme gives
more accurate results by running the code at a higher number of
iterations. These relations are well-defined as given below

0y < ~ v
Ear= R+ [ G(-RE(S) - NF(s) = §()ds, n 2 0
n

(36)
0y ~ . ok
B =By + / T (—Rp(s) — Ropls) — §.°(5))ds, n

>0 (37)

4. RESULTS

The physical parameters that appear in the biohybrid nanofluid
model (BHNFM) greatly affect the dynamics of the functional
fluid in the geometry of interest. Therefore, this section is
arranged to provide a deep analysis of the model dynamics under
various parametric values.

5. DISCUSSION

This section provides a comprehensive discussion of the results
furnished in the previous section under a variety of physical
parameters.

Figure 2 displays a comparative piqued velocity distribution
for bicomponent and monocomponent nanofluids against
increasing parametric values. Figure 2ab demonstrates the
fluid movement in a permeable channel under the physical
effects of a;. The two flow situations, ie., expansion and
contraction of the walls, are considered. From the demonstrated
results, it is found that the fluid particles attain the maximum
velocity at the center of the channel. However, it is rapid for
elongated walls. Physically, the expansion of the walls provides
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more working domain, and as a consequence, the particle
movement is enhanced. The fluid behavior almost changes close
to 7 values of —0.5 and 0.5 for hybrid and simple nanoliquids,
respectively. The physical cause for this phenomenon is the
adverse pressure in the surroundings of the walls, which opposes
the fluid motion. In the case of nanofluids, the velocity for both
elongation and contraction is more rapid than that of hybrid
nanofluids because a hybrid nanofluid is a denser medium than a
simple nanoliquid due to the binanoparticle density. Physically,
increasing the density provides more frictional force inside the
fluid layers. Thus, due to dominant frictional effects, the velocity
of the bihybrid nanoliquid increases slowly. Further, the velocity
decreases near the walls as per the implication of boundary
conditions. The three-dimensional (3D) pictorial view of Figure
2a,b is displayed in Figure 2c,d.

The significant influence of the permeability number A, on
F'(n) is demonstrated in Figure 2ef for couple fluids. This
parameter appeared due to the pores at the surface, which is
physically described by the permeability number. The
permeability condition on the channel walls results in a
significant decrease in fluid movement. It is clear that on
increasing the value of A, the fluids move slowly, and the motion
is limited. Physically, due to a high number of surface pores, the
particles drag toward the free space. As a consequence, the
velocity in the working region decreases. Further, the motion
can be controlled by contracting the walls and strengthening the
absorbent effects. Further, Figure 2g/h displays the 3D trends of
Figure 2e,f.

The Hartmann number, which is a quotient of the
electromagnetic force to the viscous force, is an important
dimensionless number. This parameter appears in the models
where the fluid flows under a directed magnetic field. Thus, the
effect of the magnetic field on the flow of bihybrid and simple
nanofluids piqued the interest of researchers as a controlling
parameter. In many industrial processes, specifically product
purification, slow fluid movement is obvious to complete the
production successfully. Therefore, Figure 3a,b displays the
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Table 3. Computations of the Local Thermal Gradient for the (Graphene—Ag)/Blood Bionanofluid at the Bottom and Top Ends

of the Channel

parameter changes

local thermal gradient of BHNF versus the physical constraints

brg Do R M Ry Q6 A

003 05 05 06 05 05 07
0.02
0.04
0.06
0.08
0.02

0.4012
0.3904
0.3865
0.3848
0.3947
0.3865
0.3847
0.3841
0.1455
0.1496
0.1538
0.07 0.1580
0.5 0.2 0.4136
0.4 0.4053

0.6 0.3971

0.8 0.3888

0.5 0.1 0.4360

0.3 0.4223

0.5 0.4083

0.7 0.3940

0.6 0.1 0.5042

0.2 0.4795

0.3 0.4541

0.4 0.4280

0.5 0.1 0.4058

0.2 0.4031

0.3 0.4010

0.4 0.4001

0.5 0.2 0.1769

0.4 0.2702

0.6 0.3593

0.8 0.4408

0.04
0.08
0.12
0.16
0.03 0.01
0.03

0.05

expanding boundaries

1B/ (=1)I 13" (1)l
contracting boundaries  expanding boundaries  contracting boundaries
0.5692 0.1721 0.2879
0.4967 0.2384 0.3251
0.4639 0.2753 0.3431
0.4453 0.2985 0.3536
0.5261 0.2095 0.3096
0.4563 0.2854 0.3473
0.4317 0.3175 0.3614
0.4193 0.3351 0.3688
0.1999 0.4858 0.7829
0.2058 0.4771 0.7696
0.2118 0.4684 0.7565
0.2179 0.4598 0.7435
0.5888 0.1645 0.2742
0.5758 0.1695 0.2833
0.5627 0.1746 0.2924
0.5497 0.1797 0.3016
0.6132 0.1808 0.2605
0.5965 0.1781 0.2695
0.5787 0.1744 0.2809
0.5593 0.1693 0.2960
0.7044 0.1455 0.2371
0.6725 0.1516 0.2486
0.6394 0.1581 0.2608
0.6050 0.1649 0.2739
0.5628 0.1954 0.3215
0.5603 0.1906 0.3152
0.5597 0.1852 0.3077
0.5622 0.1791 0.2986
0.2404 0.2857 0.4865
0.3783 0.2310 0.3917
0.5086 0.1887 0.3173
0.6259 0.1584 0.2637

control of the behavior of the fluids using a high Hartmann
number. The results displayed in Figure 3a,b show that the fluid
movement is very slow under a high Hartmann number in both
hybrid and mono-nanoliquids as, physically, the value of M, the
Lorentz force, which resists the fluid movement, becomes
dominant. As a result, the maximum decrease in particle
movement occurs. This optimum decrease is due to retarding
effects of the applied magnetic force. The 3D view of Figure 3a,b
is displayed in Figure 3c,d, respectively. Figure 3e,f depicts the
velocity trends against the viscosity number R, in the case of
expanding and contracting walls. The results revealed that a high
viscosity number results in the most rapid decline in velocity and
is dominant for hybrid nanoliquids. Physically, the viscous forces
toward the successive layers of the fluid increase, which resist
fluid movement. Further, the 3D analysis of Figure 3gh is
depicted in Figure 3i;.

Figure 4 shows the temperature distribution in hybrid and
mono-nanoliquids against the effects of increasing physical
constraints. The temperature increase due to increasing values of
the heat generation number Q, is illustrated in Figure 4a,b. The
results highlight that the addition of heat-generating effects in
the model is significant to acquire the maximum fluid
temperature. The hybrid nanoliquid transmits heat more rapidly
than the nanofluid. Physically, due to the cumulative thermal
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conductivity of two types of nanoparticles, the resultant fluid
becomes a good conductor; as a consequence, the heat transfer
is rapid in contrast to that of a simple nanofluid. Further,
expansion of the walls favors the temperature increase of both
liquids and the thermal boundary layer elongates against the
nanofluid. Figure 4c,d displays the 3D view of Figure 4a,b.

The investigation of the effects of quadratic radiations on the
thermal distribution in nanofluids is a key research interest.
Thus, the thermal enhancement in hybrid and simple nano-
liquids under increasing thermal radiations (R;) is illustrated in
Figure 4e/f. It is found that the fluid achieved the maximum
temperature variation when Ry changes from 0.1 to 0.4.
Physically, quadratic radiations produce additional energy in
the working fluid, and the fluid particles transmit this energy to
the neighboring particles. Thus, the cumulative temperature of
the fluid increases. Further, it is better to control the thermal
boundary layer of the nanofluid, while it increases for the hybrid
nanoliquid. Moreover, the 3D scenario of Figure 4e,fis displayed
in Figure 4gh. Figure 4i,j represents the temperature via the
temperature ratio number 6,, which appeared because of the
quadratic radiation factor. The number 6, boosts the heat
transmission in hybrid and nanoliquids in an expanding/
contracting channel. A fascinating 3D view of Figure 4ijj is
provided in Figure 4kL

https://doi.org/10.1021/acsomega.3c01903
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6. SHEAR DRAG AND LOCAL THERMAL GRADIENT
(THE NUSSELT NUMBER)

This subsection highlights the computation of shear drag and
local thermal gradient for the (graphene—Ag)/blood biohybrid
nanofluid and includes the upper and lower ends of the working
domain. Table 2 shows that the inclusion of more graphene in
the blood causes the extension of shear drag at the lower side of
the medium. On the other hand, the contraction of the walls may
lead to an increase in the shear drag. Moreover, it is clear that by
changing the concentration of nanoparticles while keeping other
quantities unchanged, consequently, the shear drag uplifts at the
upper plate of walls. It is obvious from the calculated results that
the maximum shear drag is attained with a high viscosity number
as compared to other physical parameters.

Table 3 helps investigate the thermal gradient behavior of
nanofluids under the effects of various physical constraints. It is
noticed that an improved thermal gradient can be achieved
through the inclusion of more nanoparticles. However, elevated
values were observed at the upper plate of the wall.

7. STUDY AND MODEL VALIDATION

The study and model validation via VIM is presented in this
section. The results in Table 4 are computed considering ¢, = ¢,

Table 4. Results of the Present Study and Model Validation
with Previous Science Literature

computation of the results for F”(1) using VIM

M A, Bilal et al.*’ present results using VIM
0 0.5 4.713254 4.713252
1 4.739148 4.739139
2 4.820361 4.820352
3 4.396271 4.396268
2 0 1.842331 1.842330
0.3 3.653601 3.653602
0.6 5.391148 5.391143
1 7.693006 7.693002

=0and ; =0, and it is obvious that these results are in excellent
agreement with the results reported by Bilal et al."” This verifies
the study and model validation via VIM.

8. CONCLUSIONS

This particular study is conducted on a biohybrid nanofluid
model (BHNFM) under uniform expansion/contraction of
walls. From the presented results, the following observations can
be made:

e Because of the higher viscous forces caused by the
composite density of Ag—G, the velocity of BHNF is
lower than that of MBNF (mono bionanofluid).

e The velocity inside the domain can be controlled for the
desired purposes by strengthening the permeability and
contraction of the boundaries.

e By placing a strong magnetic field on the channel, the
movement of BHNF and MBNF is greatly reduced,
making it easier to control blood flow.

e By maximizing the heating species and quadratic
radiations, the temperature of BHNF and MBNF
increases and is assessed as optimal for BHNF.

e Both the expansion of the walls and the temperature
quotient number 6, increase the temperature of BHNF
and MBNF.
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B NOMENCLATURE

7 velocity components (m/s)

P pressure (Pa)

T temperature (K)

Hibionanof effective dynamic viscosity (kg/m-s)
Phbionanof effective density (kg/m?)

Kibionanof effective thermal conductance (W/m-K)
Ohbionanof enhanced electrical conductivity (S/m)
(C,)hbionanof enhanced heat capacity (J/K)

n dimensionless variable

F dimensionless velocity

p dimensionless temperature

R4 thermal radiation number

0, temperature ratio number

A, permeability number
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