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Abstract: This article explores the dynamics of nanofluids
consisting of copper (TiO,) nanoparticles suspended in
water, as they interact with sensor surfaces between two
parallel squeezing plates with porous characteristics. This
research specifically targets applications involving enhanced
heat transfer and magnetohydrodynamic (MHD) control in
nanofluid systems. The primary aim is to analyze the effects
of nanoparticle aggregation and non-aggregation on sensor
surfaces, considering MHD formations and heat transfer in
the energy and momentum equations. The research adopts
a steady-state fluid condition and utilizes similarity trans-
formations to convert partial differential equations into
more manageable ordinary differential equations. The
methodology involves shooting methods for solving these
nonlinear ordinary differential equations and employs gra-
phical analyses to study the impacts of various parameters
such as permeability, magnetic influence, squeeze flow, and
radiation on the temperature and velocity profiles of the
nanofluid. The results reveal significant dependencies of
temperature and velocity profiles on the studied para-
meters, illustrating varied behaviors in scenarios of both
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aggregation and non-aggregation of nanoparticles. The find-
ings emphasize how each parameter distinctively influences
the heat and flow characteristics of the nanofluid, offering
insights into optimizing conditions for better performance
and control in practical applications. Future research could
focus on extending the model to include transient fluid
states and exploring the effects of other nanoparticle mate-
rials and shapes. There is also potential to investigate the
interactions under different environmental conditions and
to incorporate more complex boundary conditions to simu-
late real-world applications more accurately. Further experi-
mental validation of the theoretical predictions would be
beneficial to enhance the reliability and applicability of the
findings.
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Nomenclature

a squeeze flow strength

b squeeze flow index

B magnetic field (T)

D fractal index

k* absorption coefficient (1/m)

K; thermal conductivity of the base fluid (W/m K)
K¢ thermal conductivity of the nanofluid (W/m K)
K; thermal conductivity of the nanoparticles (W/m K)
M magnetic field parameter

T, Ty radii of aggregates and nanoparticles (m)

Pr Prandtl number

p pressure (Pa)

q, radiative heat flux in the y-direction (W/m?)

R radiation parameter

S constant

S permeability parameter

T temperature of nanofluid (K)

T, temperature of the nanofluid far away from the

surface (K)
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t time (s)

U free stream velocity (m/s)

u, v velocity components in the x- and y-direction,
respectively (m/s)

v kinematic viscosity of the fluid (m?/s)

Us dynamic viscosity of the base fluid (Pas)

Ups effective dynamic viscosity of nanofluid (Pas)

Ps density of a base fluid (kg/m?)

Pns effective density of the nanofluid (kg/m?)

s density of the nanoparticles (kg/m?)

(pCyns  heat capacitance of the fluid (J/m3K)

(pC,)s  heat capacitance of the nanoparticles (J/m3K)

(pCy)r  heat capacitance of the base fluid (J/m®K)

o3 electric conductivity of a base fluid (S/m)

Ont electric conductivity of nanofluid (S/m)

(o electric conductivity of nanoparticles (S/m)

?, volume fraction of nanoparticle aggregates

P maximum volume fraction of nanoparticles

n similarity variable

0 dimensionless temperature

o* Stefan Boltzmann constant (W/m? K*)

(0] nanoparticle volume fraction

1 Introduction

Engineers and scientists have experimented with a wide
range of methods to limit temperature increases during
mechanical and industrial processes. Scientists have worked
to enhance the thermal characteristics of materials because
of their importance in our daily lives. They play an impor-
tant role in our daily lives. The amount of heat transfer is
dependent on the thermal conductivity. To improve the heat
transfer efficiency, scientists conduct experiments using a
variety of fluids. The inefficiency of heat transfer is a direct
result of the low thermal conductivity and poor conduction
of common fluids. Common fluids with low thermal conduc-
tivity ratings, such as water, kerosene oil, and ethylene
glycol, cause the system temperature to rise. This issue has
been addressed by the creation of nanofluids. Alumina,
copper, gold, and silver nanofluids were proposed by scien-
tists as a means of improving the thermal conductivity of
these fluids.

Nanofluid was initially described by Choi and Eastman
[1]. When the primary fluid is combined with nanoparticles,
each of which possesses unique physical and chemical char-
acteristics, the resulting substance is called a nanofluid.
Compared to the primary fluid, its thermal conductivity
is higher. There are several applications for nanoparticles
in modern society. This cutting-edge innovation enhances
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fluids’ thermal efficiency. In the West, it is utilized for
culinary, textile, and cosmetic purposes in addition to mili-
tary training. Heat transmission can be enhanced by using
nanofluids, which have many applications in engineering
and industry. The efficiency of heat transfer in fluids with
low thermal conductivity is improved by the addition of
nanoscale solid particles. In recent years, nanofluid has
emerged as an integral aspect of the energy transfer phenom-
enon. The improved heat transfer qualities of the system are
useful in several contexts, including solar synthesis, gas sen-
sing, biological sensing, nuclear chemical reactors, and the
chemical industries.

It was proposed to increase the efficiency of heat trans-
mission in common fluids by strategically placing nanopar-
ticles in similar areas. In contrast, the researchers found
that combining two or more nanoparticles into the base
fluid resulted in enhanced thermal properties of the nano-
fluid, leading to the term “hybrid nanofluid.” This type of
nanofluid consists of two or more nanoparticles of dif-
ferent types (metallic or non-metallic) mixed with a base
fluid. When compared to a pure or conventional nanofluid,
the thermal conductivity and heat transfer efficiency of
a hybrid nanofluid are significantly higher. This study
demonstrates the effects of coating a sensor surface with
nanoparticles. The growing industrial applications and sig-
nificance of nanoparticles in numerous engineering pro-
cesses make a comprehensive analysis of nanoparticle
aggregation essential. However, the correct deformation
of a plastic sheet is not always linear. The technical signif-
icance of flow and heat transport properties past a progres-
sively stretched layer is enhanced. Using thermos physical
property models, we test the interaction of a base polymer
with copper oxide and titanium dioxide and water with
alumina to learn more about the aggregation component
of the nanoparticles.

Squeeze flow describes the motion of a substance
between two parallel plates or objects, where it is compressed
or twisted. An expanding droplet, its temperature, the area of
contact with the plate surfaces, and the effects of hoth
internal and external factors are all shown. Squeeze flow is
used in many scientific and engineering fields, including
rheology, welding engineering, and materials science. There
are several applications in industry, chemistry, and biology
for squeezed flow with heat transfer across a sensor surface.
One category of these surfaces is sensor surfaces. Medical,
biological, and chemical engineering all rely heavily on the
research of thermal transport in and over sensor surfaces.
Therefore, this research is conducted to evaluate heat trans-
mission in light of the most important factors. One type of
such surface is a sensor surface. The sensing elements of
many biological and chemical sensors are extending surfaces.
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In addition, models of thermal conductivity were presented
by Koo and Kleinstreuer [2]. Many industrial processes neces-
sitate the development of energy-efficient heat transfer fluids,
but these fluids present unique challenges due to their low
thermal conductivity.

Using metallic nanoparticles suspended in traditional
heat transfer fluids, we propose here a new class of heat
transfer media. The generated nanofluids have the highest
chance of increasing heat transfer efficiency due to their
predicted higher thermal conductivities compared to con-
ventional heat transfer fluids. Khaled and Vafai [3] intro-
duced a novel idea by studying the flow over a sensor
surface in a narrow channel subject to magnetohydrody-
namics (MHD) effects. They discovered that as the squeezing
free stream velocity increased, the local Nusselt number and
local wall shear stress also increased. Since then, scientists
have investigated the issue of fluid movement across a
sensor surface. It is important, and it can uncover hazardous
compounds or diagnose a variety of disorders. This has
made the study of heat transfer via a sensor plate of parti-
cular interest to academics and professionals.

In recent years, the nanofluid industry as a whole has
become increasingly important, and shipping is no excep-
tion. Modern industrial and thermal processes rely heavily
on physical properties such as heat capacity and thermal
conductivity. Heat conduction to working fluids such as
ethylene glycol, silicone oil, and water has been impeded
by the material’s poor thermal behavior. Researchers have
been hard at work developing novel nanoparticles for
improved thermal and cooling systems because of the sig-
nificant industrial impact of fluid thermal efficiency. Due
to their widespread use in cooling systems, alumina nano-
fluids have piqued the interest of the scientific community.
The idea of Khaled and Vafai is adapted for turbulent
squeezing flow by Siddiqui et al [4]. In an experiment
utilizing water as the basic fluid, Madhu et al. [5] investi-
gated the cooling application.

Sheikholeslami and Vajravelu [6] investigated the
impact of an asymmetric magnetic field on the motion of
nanofluids subjected to bottom-up heating. According to the
work of Manjunatha et al [7], nanofluids are theoretically
guaranteed to be more stable on solid surfaces and to have
superior drenching, spreading, and widely distributed prop-
erties. Abrar [8] explored how nanoparticles of titanium
dioxide moved heat around while suspended in various
dilute solutions. They discovered that as the squeezing
free stream velocity increased, the local Nusselt number
and local wall shear stress also increased. Since then, scien-
tists have investigated the issue of fluid movement across a
sensor surface. Nadeem et al [9] analyzed the flow and
thermal properties of hybrid nanofluids over curved surfaces,
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highlighting the importance of surface curvature. Nanofluid
flow through a sensor surface has also been investigated in
different ways by many authors [10-15]. Li et al [16] used a
titanic nanoliquid that was based on ethylene glycol in order
to explore the effect that nanoparticle aggregation has on
heat transmission in a Maranon convective flow. They went
into great depth on the process by which nanoparticles
cluster together. Significant changes were made to the ther-
mal’s physical features. After much investigation, it was
found that nanoparticles do in fact exist. As the process of
aggregation continued, the viscosity became more intense.
Heat transfer of nanofluid through a wedge was studied by
Ellahi et al [17] observed the nanoparticle as clusters linked
together. In order to study the transverse MHD flow of
Al,0;—Cu/H,0 nanofluid under the action of active radiation,
this study introduces a novel hybrid model. The results cor-
roborate the claim made by Gangadhar et al. [18] that radia-
tive and magnetic influences significantly influence the
improvement of thermal transport specs.

Khaled and Vafai [19] demonstrate that a magnetic
field applied to thin films can mitigate flow instabilities
brought on by strong squeezing effects. However, studies
on how a magnetic field influences flow, and thus how
much heat and mass transfer occurs across a sensor sur-
face located inside fluidic cells under compressed flow cir-
cumstances, are scarce in the literature. The influence of
nanoparticle aggregation on the radiative properties of
nanofluids was studied by Chen et al. [20]. The research
that was carried out by Reddy et al. [21] was detailed in its
investigation of the factors that led to aggregation and how
it impacted the overall performance of nanofluids. The
purpose of this study is to offer a comprehensive overview
of the literature concerning the impact that nanoparticles
have on the laminar heat transfer of nanofluids. Hussein
et al. [22] give a comprehensive assessment of the existing
literature as well as future directions in the subject. They
examine a wide range of characteristics that have an effect on
the performance of heat transfer, including particle size, con-
centration, and aggregation. Therefore, this research is con-
ducted to evaluate heat transmission in light of the most
important factors. It is being investigated by Krishna et al
[23] how a porous sensor surface affects the flow of a
squeezed hybrid nanofluid. Sarkar et al [24] found that nano-
particle aggregation stabilizes nanofluids and improves heat
transfer performance. Compressed hybrid nanofluids pass
via a porous sensor. Researchers have likely employed var-
ious nanofluid models to depict the flow through sensor sur-
faces. Despite this, their effectiveness is limited to providing
basic descriptions. This study employs aggregation nanofluid
models to explore the flow and heat transmission of nano-
fluids on a sensor surface. Our research aims to contribute to



4 —— Basharat Ullah et al.

the current body of knowledge by filling in specific knowl-
edge gaps. We consider the flow, heat transfer, and MHDs of
nanofluid across sensor surfaces in the context of copper
(TiO,) with water serving as the base fluid. This applies to
both steady and unsteady squeezed flows in two dimensions.
We devise numerical solutions to solve nonlinear ordinary
differential equations. We have supplied the effects of several
parameters that influence the momentum and energy equa-
tions in the form of a graphical representation. These para-
meters include permeability, magnet city, squeezing flow
index, and radiation properties.

2 Formulation of governing
equations

The influence of flow, heat transfer, and MHDs of nano-
fluid across sensor surfaces are addressed for a two-dimen-
sional unsteady squeezed flow of titanium dioxide (TiO,) in
water as the base fluid. We choose the Cartesian axes to be
x and y, with x running parallel to the sensor surface and
y running perpendicular to it. We suppose that the lower
plate remains stationary while the upper plate is subjected to
squeezing action, with the free stream beginning at the surface’s
tip. The free stream velocity of the sensor surface U(x, t) = ax,

JE ]e(n),
where a is the strength of the squeeze flow and T., is the
ambient temperature and is a constant. The track’s height
h(t) creates a narrow passageway in which the sensor surface
(L) is located. The shape of the boundary layer flow is shown in
Figure 1.

The following are the governing equations of motion
based on the aforesaid hypothesis.

and the temperature sensor surfaceis T = T., + [%

3 Governing equations

See Khaled and Vafai [3] and Rehman et al. [25] for the
governing equations:
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Figure 1: Geometry of the problem.
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The x- and y-components of the velocity, u and v, respec-
tively, T is the temperature, p is the pressure, U is the free
stream velocity, gr is the radiative heat flux, U, k* is the absorp-
tion coefficient, and o* is the Stefan-Boltzmann constant.

Constants for dynamic viscosity (i), effective density
(), electrical conductivity, thermal conductivity, and
heat capacitance are (gy), (knf), and ((pCp)nf), respectively.

Nanoparticles are selected for their thermophysical
qualities based on their aggregation property. The effective
viscosity and thermal conductivity without aggregation are
calculated using Brinkman and Maxwell’s models. Table 1
represents the thermophysical models.

The dynamic viscosity of the base fluid is denoted by
the symbol (u;). The density of the base fluid is given by
(p;), the density of the nanoparticles is (p,), the electrical
conductivity of the nanoparticles is (gy¢), while the elec-
trical conductivity of the base fluid is (or), and the thermal
conductivity of the nanoparticles is denoted by the symbol
(ke). The nanoparticle volume fraction is denoted by (¢).
The volume fraction as a function of the most significant
packing fraction in the aggregate is given by ¢,, whereas

the volume fraction as a function of the aggregate as a
3-D
. Assuming the aggre-

Ta
U

whole is indicated by ¢, = ¢

gates are spherical and that diffusion is the limiting factor
in the aggregation process.

D=18, :—;q)m =334, ¢, = 0.605 and [n] = 2.5.

The overall thermal conductivity (k,) was determined
using the following steps:
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Table 1: Effective thermo physical models for nanoliquids

Effective Without aggregation With aggregation
properties

i P, P 0.
Density LI ) + 9 (- ) + %;;

) u 1

Qynamlc #iff = o T [11¢m
viscosity g Pm
Electrical Onf _ Os—20¢-20(0t - 05) Onf _ Os—20¢-26(0f - 05)
conductivity of 05— 20¢ + ¢(0t - 0s) of s - 20¢ + ¢(0f - T5)
Specific heat (oGt (PCs  (PCpnf _ (PCps
capacity (pCp)e =(1-9)+ ¢(PC )f (pCp)t B (1_¢a ¢a (pCp)t
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The following are the boundary conditions:

Here, G, =

u(XJ 0: t) = 01 V(X: 01 t) )

oT(x,0,t B)
P LU
ux,0,t) =Ux,t), T(x, o, t) =T, (6)

where T is the surface temperature of the sensor, U(x, t) is
the velocity of the free stream, and T.. is the temperature of
the free stream. Partial differential equations are just as
difficult to solve as nonlinear equations. Using transforma-
tions of similarity, we normalize a partial differential equa-
tion. The following are some of how these variants are

similar.
1
n= ,/ y, u=axf'\n), a " Grb’
- Ja@; f(n), and () = ———=—
(qex/ke)\/vela 7
Ux,t) = ax

Transforming equations (1)-(3).

Une/ e

Y ,
00100 (ffm)”+b(f -1

8)

———f"(n) + If(n)—— “(n) -

an/ Of

A MA-f) +1=0.
f/f
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V
M= —aB?,

Va

where M is the magnetic parameter.

1 1 ﬁ é " b_” 7
Pr @ | ke 3R]9 ('1)+[f (m +=710"(m
(Cley] )
) b
—[f(n)+59(n)=0
_ 40*T? - (PG
T okk*T T ke

where R is the parameter of radiation and Pr represents
the Prandtl number.
In the simplified form, the boundary conditions are

f(0)==S, f/(0) =0, f'(=) =1, (10)
() = 0, 6°(0) = L )
knf

4 Solution procedure

The regulation that governs the flow via the sensor surface
is described mathematically through equations. Mathematical
expressions (8)-(11) are used to explain the motion of a nano-
fluid, and they are solved by means of a numerical method. The
underlying equation is converted into an initial value issue by
firing it. We devised a rescue strategy to accomplish this. After
that, the right solution is applied, which in this case is a coding
scheme, and the problem is fixed. Mathematica, a mathematical
computer language, is used for all graphical analysis and simu-
lations. The steps outlined below help accomplish the goal.

=fn),

=f(m,
Y5 =70,
Y =),
Y5 = 6(n),
Yo = 6"(),
Y, = 07().

These calculations, along with the average velocity and
temperatures, provide us with the data we need.

e/ by ]y )
Sy +ly, - —ly, - +b(y, - 1)
Pl pf)’4 V1 9 P3 0,) v,

an/ Of

nf/ Ps

(12)
——MA-y,)+1=
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1 1 [(ky 4 by
Pr PCont [?f * gR]% + [f('?) + 7])’6

(pCp)f

b
- [f'(’?) + E])@ =0.

5 Results and discussions

(13

In this section, we look at how the flow and heat transmis-
sion of nanofluids over a sensor surface are affected by
their aggregation or lack thereof. Heat transport qualities
over a sensor surface in a magnetic field and radiation envir-
onment are measured using nanofluid. The numerical solu-
tion is found by adjusting the values of M, R, S, and b. Properly
understanding velocity and temperature curves requires
investigating the effects of dimensionless parameters.

5.1 Interpretation of results

In this section, we look at how different parameters affect
the resulting velocity and temperature profiles. Thermophysical
properties of nanofluids are shown for a range of parameter
values in Table 2. Images are provided that can be used to
interpret a range of dimensionless parameter variations.

5.2 Velocity profile for TiO,-H,0

This section examines the turning factor distribution velo-
city. The graphs allow us to assess how well a flow performs
given a range of input characteristics. Therefore, increasing
the value of ¢ results in an increase in velocity distribution
both with and without aggregation. Nevertheless, increasing
the velocity with accumulation is more beneficial than
values without assembly, as shown in Figure 2. As M
increases, the velocity distribution expands for both cases.
However, the increase in velocity with the collection is more
significant than the values for points without aggregation
shown in Figure 3. The velocity distribution grows for both
with and without accumulation as S is decreased. However,

Table 2: Thermo-physical properties of (H,0), (Cu)
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M=0.6,5=0.4,b=1.4,R=0.3
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"
08 ,,/,','/'/ Without Aggregation
"'/'/ - - With Aggregation
06 wf
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n

Figure 2: Velocity variation profile with changes in ¢.

the increase in velocity with the collection is more effective
than values without aggregation given in the figure.

A change in the value results in a difference in the speed
profile, as shown in Figure 2. As the value of ¢ rises, the speed
profile tends to grow as well. A velocity increase with aggrega-
tion is more effective than an increase without aggregation.

Figure 3 shows the evolution of the velocity profile as the
value of M changes. The velocity profile typically tends to
increase along with the value of M. Conversely, velocity increases
with aggregation are more effective than velocity increases.

b=1.0,S=-0.2,¢=0.084,R=0.3

- Without Aggregation

b - - With Aggregation

------

1.0 1.5

n

20 25 3.0

Figure 3: Velocity variation profile with changes in M.

Nanoparticles p (kg/m3) Cp (J/kgK)

o (S/m) k (W/mK) Pr

Hzo
TiO,

997.1
4,250

4,179
686.2

0.05
2.352 x 107

0.613 6.2
8.538 —
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Figure 4: Velocity variation profile with changes in S.

Figure 4 illustrates the velocity profile changes as a
measure of S drops. The velocity distribution typically rises
as S value decreases. Even with aggregation, speeding up
velocity is more effective than without it.

Figure 5 illustrates the velocity profile shifts as b
changes. It is clear that as b rises, velocity falls until n =
2, at which point it rises for both the with and without
aggregation cases. Even yet, aggregation still makes accel-
erating velocity more effective than aggregation alone.

5.3 Temperature profile for TiO,-H,0

Next, look at how the key parameters’ temperature profiles
behave. As this segment occurred, the temperature distribution
was considered a deciding factor. These graphs can assess a
flow’s efficiency based on factors such as ¢ and R. The outcome
is a rise in ¢ and R, which causes the temperature to rise next,

M=0.6,5=0.4,¢=0.042,R=0.3

1.0 \, A S
- -~
o Without Aggregation
0.8 pe ) _
- - With Aggregation
“
0.6 "y
= “y b=0.5.1.0,1.52.0
= [/
T 04 y
iy
0.2 M
&/
&
0.017
0 1 2 3 4
n

Figure 5: Velocity variation profile with changes in b.
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b=1.0,M=0.8,R=0.3,5=0.2

§$\ Without Aggregation
0.6 “““ - - With Aggregation
\ii

=04 }\ $=0.042,0.084,0.13,0.17
T

0.2

0.0

0.0 0.5 1.0 1.5 2.0
n

Figure 6: Temperature variation profile with changes in ¢.

as shown in Figures 6 and 7. These graphs can assess a flow’s
performance based on several factors, including b, M, and S.
Rising b, M, and S consequently lead to a drop in temperature,
as shown in Figures 6-10.

The temperature curve as a result of ¢ value is depicted in
Figure 6. ¢ increases, and the temperature increases as well.
With aggregation, the temperature rises perform better than
temperature rises without aggregation in terms of efficiency.

In the event of the decisive factor depicted in Figure 7,
this section explores the temperature distribution over a
range of R values. There is no doubt that the temperature
will rise as R is increased. The effectiveness of temperature
increase combined with aggregation is higher as the tem-
perature rises alone.

According to the worth of b, as depicted in Figure 8, the
temperature profile changes. When the turning factor
occurs, such adjustments are visible in the temperature
distribution. As expected, if the value of b is raised, the

b=1.0,M=0.8,¢=0.085,5=-0.1

\
0.4 :\ Without Aggregation
\
W - - With Aggregation
0.3 \%8
A
A%
= \::\ R=0.1,0.2,0.3,0.4
6’ 0.2 A AN
M\
WAN
0.1 RS
NS ~
0.0 R
0.0 0.5 1.0 1.5 2.0
n

Figure 7: Temperature variation profile with changes in R.
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S=0.4,M=0.4,¢$=0.085,R=0.2
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. N
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0.8{> v '\
\\\\\ S
=06 AR S b=1.2,1.4,16,1.8
- N
5 \\\\\ -
\\ A
04 COINRN
(KN
L IR
02 ~\\*\ : ~
T
0-0 e B e,
0.0 0.5 1.0 1.5 2.0
n

Figure 8: Temperature variation profile with changes in b.

b=1.0,S=-0.4,$=0.084,R=0.3
025 ——————

3 l \lNit‘holut :Agé;re'ga'tion
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-
_ 015~
=
\
Cog0f N\ TlTrmm=-.
r N M=0.2,0.4,06,0.8
oosf 2 .
0.00¢ : T
0.5 1.0 1.5 2.0
n

Figure 9: Temperature variation profile with changes in M.

temperature will fall. However, the efficiency of tempera-
ture reduction with aggregation is significant for tempera-
ture decrease without aggregation.
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Figure 10: Temperature variation profile with changes in S.

The temperature profile 6(n) variations for different
values of M are shown in Figure 9. Higher M values will result
in a significant decrease in the temperature profile. However,
the efficiency of decreasing temperature with aggregation is
more vital than reducing without aggregation.

Throughout the range of temperatures in this section
for the turning factor, for various values of S, the tempera-
ture profile variations are depicted in Figure 10. If we raise
the value of S while lowering the temperature, it becomes
apparent. However, the effectiveness of temperature reduc-
tion with aggregation is essential to reduce temperature
without aggregation.

5.4 Comparison figures
Figures 11-13 illustrate a comparative analysis between

two nanoparticles (aggregated particle and non-aggregated
particle) and the findings obtained in the present study. The

Density of without Aggregation Nanofluids
and with Aggregation nanofluids

W ¢=¢,=0.01
] ¢=¢,=0.02
B ¢=¢.=0.03
W ¢=¢,=0.04

TiOo/Water

Figure 11: Variation of ¢ (without aggregation), ¢, (with aggregation).
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Dynamic Viscosity of without Aggregation Nanofluids
and with Aggregation nanofluids

1.4
=12 B ¢=¢,=0.01
8 1.0 [ ¢=¢,=0.02
e B ¢=¢,=0.03
5 0.
[= B ¢$=¢,=0.04
© 0.6
c
>
Q04

0.2

0.0

TiOy/Water
Figure 12: Variation of ¢ (without aggregation), ¢, (with aggregation).
Thermal Conductivity of without Aggregation Nanofluids
and with Aggregation nanofluids

%‘ 1.5 - B ¢=¢,=0.01
s [ ¢=¢,=0.02
©
510 ) B $=¢,=0.03
o W ¢$=¢,=0.04
£
[0}
£ 05 -

0.0

TiOy/Water

Figure 13: Variation of ¢ (without aggregation), ¢, (with aggregation).

present findings are consistent with prior research, indicating
the dependability of the graphical scheme employed in this
study and affirming the legitimacy of the results. Figures 11-13
illustrate a comparative investigation of the thermo-physical
properties of both aggregated and non-aggregated nanoparti-
cles of copper (TiO,) and water. Figures 11-13 provide a clear
demonstration that the density, dynamic viscosity, and thermal

conductivity of aggregated nanoparticles are significantly
higher compared to non-aggregated nanoparticles. Nonethe-
less, water exhibits significantly low values for its physical
properties. Figure 12 demonstrates that the density of aggre-
gated nanoparticles is significantly higher compared to non-
aggregated nanoparticles, which in turn exhibit a higher
density than water. Figure 13 presents a comparative

Table 3: The code and model validation with the published data in the literature

Parameter

Khaled and Vafai [3]

Current study

Squeezed flow  Magnetic parameter  Squeezed flow (a)

Magnetic parameter (N)

Squeezed flow (b) Magnetic parameter (M)

0.5 2 3.46509 4.25791
1.0 4 3.46478 4.25791
1.5 6 3.46427 4.25791
2.0 8 3.2864 2.58156

3.46509 4.25791
3.46478 4.25751
3.46427 4.2571

3.2864 2.58156
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examination of thermal conductivity, indicating that the
thermal conductivity of aggregated nanoparticles is signifi-
cantly higher in comparison to non-aggregated nanoparticles.
The size and concentration of nanoparticles in the base fluid
are significant elements that contribute to the enhanced per-
formance of the aggregation nanofluid.

We use the comparison table with the previous work
by AR.A. Khaled and K. Vafai to evaluate the squeezed flow
and magnetic parameter values in detail. Table data show
that while squeezed flow parameter values are the same
throughout both investigations, magnetic parameter values
show minimal variation. The fact that the squeezed flow
values at different points (0.5, 1.0, 1.5, and 2.0) are identical
in both studies demonstrates a strong correlation in this
regard. However, magnetic parameter values vary, possibly
due to experimental conditions or methods. Compare the
results to see that the squeezed flow is consistent and that
the magnetic parameters differ slightly. This can lead to
further investigation into the causes (Table 3).

6 Conclusions

Using a model with and without aggregation, we have exam-
ined how a nanofluid moves and transfers heat over a
sensor under the influence of heat radiation surface in a
two-dimensional laminar boundary layer. Once the para-
meter study is complete, we will comprehend the issue phy-
sically. In this study, a nanofluid is used, namely nanofluid
TiOy/H;0. After figuring out the problem mathematically
and graphically, we can draw the following conclusions:
Based on the findings of the current study, it is suggested that
aggregation nanoliquids have excellent heat transfer char-
acteristics that would significantly improve the thermal
process.

* When M is raised, the velocity distribution will grow.
The velocity profile changes from 0 to 2 to 2 to 4 as b
increases in value.

The velocity distribution is affected in the same way by
growing the value ¢ of as it is by raising it.

When S is reduced, the speed distribution will expand.
As the value of the parameter ¢ increases, so does the
temperature profile.

The temperature distribution well grows as the para-
meter R value climbs.

The temporal pattern falls, increasing the parameter M’
value.

The shape of temperatures decreases as the parameter b
value rises.
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