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Abstract: In this comprehensive overview, numerous papers on the application of hybrid nanofluids across a range of
thermal uses are assembled, which also investigates the enhanced heat transmission characteristics of these materials. The
study employs multiple approaches and focuses on the development of hybrid nanofluid technology as well as its
possible applications to industrial operations. Research highlights how hybrid nanofluids operate better than traditional
fluids, with notably higher heat transfer rates and coefficients. Researchers have demonstrated significant improvements
in thermal efficiency and conductivity by investigating the application of hybrid nanofluids in different contexts, such as
heat exchangers, solar panels, and thermoelectric generator modules. Studies have focused on particular combinations of
nanoparticles, like h-BN, CF-MWCNTSs, CF-GNPs, Ag-ZnO/Syltherm 800, and AI203-TiO2, and they have shown
considerable gains in efficiency and heat transmission. The review emphasizes the benefits and drawbacks of hybrid
nanofluids, as well as how they affect fluid viscosity and pressure drop. It talks about how they can be used in a variety
of fields and how they can solve important problems like stability and economic viability. Research also examines how
hybrid nanofluids are made, describing their characteristics and possible uses, highlighting how they can revolutionize
heat transfer efficiency in a variety of industrial domains. The thorough examination seeks to bring together the
developments, drawbacks, and potential applications of hybrid nanofluids in relation to the world's problems with
energy efficiency and heat transmission.
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improve heat transfer performance. Investigations also
highlight the difficulties with hybrid nanofluids, such as
their viscosity, penalty for pressure drops, gradual
sedimentation of nanoparticles, and requirement for

1. Introduction

An in-depth review of hybrid the incredible potential of
nanofluids to enhance heat transfer efficiency in a range of

industrial applications is provided by this collection of
research publications. In terms of heat transfer rates and
thermal conductivity, hybrid nanofluids perform better
than conventional fluids and mono nanofluids. The
research explore the creation, characteristics, and
applications of hybrid nanofluids. The investigation covers
a wide range of topics, including solar panels, heat
exchangers, thermoelectric generating modules, and
sophisticated thermal systems. In order to determine how
different nanoparticle concentrations and combinations
affect thermal efficiency, convective heat transfer, and heat
transfer coefficients, researchers experiment. Particularly,
when compared to base fluids, some hybrid nanofluid
formulations exhibit notable increases in convective
heat transfer coefficients and thermal  efficiencies,
indicating that they have a great deal of potential to
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stabilizing chemicals. In spite of these difficulties, the
results indicate that hybrid nanofluids have a great deal of
potential for use in different heat transfer systems, opening
the door for more study to improve their stability,
formulations, and economic applications. Having a
thorough understanding of the current state of hybrid
nanofluids and their potential future possibilities for
improving heat transfer efficiency is made possible by this
extensive overview.

2. Literature Review

Atul Bhattad et al. [2020] evaluated the effectiveness of an
AI203-TiO2 hybrid nanofluid in a heat exchanger with
plates. The scientists discovered that the hybrid nanofluid
performed better at heat transfer than DI water, with a
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maximum boost of 16.91% for the heat transfer rate, and
4.5 percent for the convective heat transfer coefficient. The
authors also developed relationships to predict the Heat
transfer coefficient and Nusselt number for the hybrid
nanofluid and DI water, respectively.

Yasser M. Abdullatif et al. [2020] talked about how
nanofluids are becoming more and more popular because
of their improved thermophysical qualities and wide range
of uses in heat transfer devices. Additionally, it identifies
areas that warrant further investigation and advancement,
such as the manufacture of nanofluids, their
thermophysical characteristics, the mechanisms that
impact their behavior, and their use in a range of heat
transfer devices. In order to solve these issues and advance
the commercialization of nanofluids, the review
emphasizes the necessity for additional research.

In their study, Muhammad Mahmud Jamil et al.[ 2016]
reviewed a wide range of studies on the production,
properties, and applications of hybrid nanofluids. They
discovered that compared to base fluids, hybrid nanofluids
offer superior thermal properties and fluids with
individual nanoparticles. Furthermore, up to a certain
point, the thermal properties of the volume fraction and
temperature of hybrid nanofluids rise. The hybrid
nanofluid's performance declines after this point.

In order to improve a thermoelectric generator module's
performance surface roughness, as well as hybrid
nanofluid are coupled, as stated by Fatih Selimefendigil et
al. [2020]. Through numerical simulations, It is shown that
the TEG powver rises with the Reynolds number (10.95% at
250, 7.50% at 1000), the height of corrugation (9.5% for
circular), the quantity of waves in the surface corrugation
and the hybrid nanoparticles' solid volume portion (17.3
percent for rectangular, 19.6 percent for circular).

The enhancement of heat transfer from the hybrid nano
fluid Al203-Cu/water was investigated by

S. Anitha et al. [2019]. Compared to water, the heat transfer
coefficient increases by 139%, and in contrast to Cu/H20
nanofluid, it increases by 25%. Comparing the Nusselt
number to the Al203/Water nanofluid, it increases by 90%.
There is a 78% increase in the heat transmission rate as
theReynolds number raises from 844.4 to 2321.54. The heat
exchanger's efficiency riseby 124%.0Omar A. Hussein et al.
[2020] investigated hybrid nanofluids consisting of
hexagonal boron nitride suspended in distilled water, the
covalent functionalization of multi-wall nanotubes made
of carbon and covalent functionalization-graphene
nanoplatelets as working fluids for flat plate solar
collectors . Compared to foundational fluids, the hybrid
nanofluids showed improved thermal efficiency and
increased thermal conductivity. The hybrid nanofluid
showed an 85% thermal efficiency, a 21.9% increase in the
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heat removal factor (FR), and a 78.3% increase in the FR
utilization factor (FRUL) at a weight concentration of no
more than ten percent.

Examined under turbulent flow circumstances were three
different hybrid nanofluids (Ag- ZnO/Syltherm 800, Ag-
TiO2/Syltherm 800, and Ag-MgO/Syltherm 800) in a
parabolic trough solar collector (PTC) receiver by Recep
Ekiciler et al. [2020]. The findings demonstrated that, in
comparison to the base fluid, Syltherm 800, all three hybrid
nanofluids improved heat transfer. The most effective
working fluid was discovered to be the hybrid nanofluid
Ag-MgO/Syltherm 800 with a volume fraction of 4.0
percent nanoparticles. This fluid demonstrated a 31%
improvement in convective heat transfer and a 13%
increase in thermal efficiency.

Heat transfer enhancement using (BFS) and microscale or
(FFS) was studied by S. Salman et al. [2019]. Simulations
and experiments consistently demonstrated that FFS and
BFS improve heat transfer; however, studies utilizing
hybrid nanofluids were scarce and experiments were
limited to local measurements. In comparison to base
fluids, hybrid nanofluids functioned better, and their
efficacy rose with temperature and volume fraction.

According to S. Manjunatha et al. [2019], due to their
higher thermal conductivity, nanofluids that are hybrids
perform better in heat transfer than standard nanofluids.
Temperature and flow are influenced by magnetic field,
convection, and variable viscosity. Temperature and fluid
flow are increased by volume fraction. Heat transfer
nanofluids that are hybrids are more efficient.

Improved heat transfer in solar panels, HVAC systems,
heat sinks, heat pipes, heat exchangers, boiling, jet
impingement cooling, and latent heat thermal energy
storage systems is a topic covered by M. Muneeshwaran et
al. [2021]. Although hybrid nanofluids perform noticeably
better in terms of heat transfer, their higher viscosity
results in a pressure drop penalty.

In a study conducted by Adnan Mohammed Hussein
[2017], it was found that hybrid nano fluids, when
compared to regular nanofluids with a 4% nanoparticle
concentration and a 2% nanoparticle concentration,
enhanced heat transfer by 16%-27%. Because of its
superior thermal properties, the hybrid nanofluid
containing 2% CuO nanoparticles has a higher heat
transfer rate than one containing 1% AI203 and 1% CuO
nanoparticles. Since the heat transfer coefficient hybrid
nano fluid is so similar to that of the 2% CuO nanofluid, it
is still a good choice when CuO usage is restricted.

Arun Kumar Tiwari et al. [2021] investigated the behavior
hybrid nanofluids in a spiral plate heat
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exchanger (SPHE) in turbulent flow conditions. The results
showed that, at nanoparticle volume concentrations of 4%
and 2%, hybrid nanofluids comprising Al203 and CuO
nanoparticles could raise the heat transfer coefficient by
16-27 percent and 10-16 percent, respectively, in
comparison to pure water. The hybrid nanofluid
containing AI203 and CuO nanoparticles likewise showed
a higher heat transfer coefficient than the one including
AIl203 and TiO2 nanoparticles. The authors concluded that
hybrid nanofluids present a viable alternative to
conventional heat transfer fluids for SPHE applications.

The making of hybrid nanofluids, their thermophysical
characteristics as well as the use of hybrid nanofluids to
transfer heat enhancement were covered by Ahmed A.
Hussien et al. [2021]. It is also discussed how the
combination of various nanoparticle properties leads to
superior heat conductivity and a 148% increase in relation
to the base fluid's heat transfer coefficient.

Abderrahmane Aissa et al. [2022] discussed the usage of
Advanced thermal systems employ ceramics and ceramic
matrix composites in their heat exchangers. They also went
over the most current advancements in these materials,
their applications, and how heat exchanger performance is
impacted by them. It was also discussed how these
materials might improve the thermal systems'
dependability and efficiency.

Hybrid nanofluids, or base fluids containing two or more
distinct nanoparticles, have been shown to improve heat
exchanger performance by up to 20 percent, according to
research by Javier P. Vallejo et al. [2021]. The effectiveness
of heat transfer is greatly influenced by the type and
concentration of nanoparticles. Hybrid nanofluids have the
potential to be used in a wide range of heat exchanger
applications; however, further study is needed to
maximise their potential and overcome the challenges
associated with commercialization.

According to JA. Ranga Babu et al. [2017], hybrid
nanofluids are a novel class of heat transfer fluids that
have the ability to get around some of the drawbacks of
mono nanofluids. Their thermal conductivity is much
higher, and they can increase heat transfer efficiency by up
to 13.56%. They also have a greater pressure drop and
viscosity, though. Although hybrid nanofluids are still in
the research and development phase, many heat exchanger
applications may find use for them.

According to Humaira Yasmin et al. [2022], nanofluids
(NFs) are suspensions of nanoparticles in regular thermal
fluids. They outperform conventional thermal fluids in

terms of heat transfer performance, photothermal
conversion, optical, tribological, and convective
characteristics. NF preparation, characteristics,
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performance, and application, however, depend on
stability. Additionally, it covered the methods for
characterization, stability, and preparation used in NF
studies as well as the effects of various preparations
features regarding the transport of heat, photothermal
conversion, and thermal properties of mono and hybrid
NFs.

3. Result and Discussion

The results of several studies highlight how important
hybrid nanofluids are for improving heat transfer
efficiency in a range of applications. Atul Bhattad et al.
[2020] demonstrated that AI203- TiO2 hybrid nanofluids
outperform DI water in plate heat exchangers, with a 16.91
percent increase at most in the convective coefficient of
heat transmission. Similar to this, S. Anitha et al. [2019]
found that AI203-Cu/water hybrid  nanofluids
significantly increased their heat transfer coefficients,
surpassing those of both water and Cu/water nanofluids.

In addition, studies conducted by Omar A. Hussein in
2020, et al. and Recep Ekiciler in addition to others [2020]
highlighted the potential of various hybrid nanofluids,
including CF-MWCNTs, CF-GNPs, h-BN, Ag-ZnO, in
notably enhancing thermal efficiency and convective heat
transfer in solar power accumulators, separately.

Nonetheless, as some academics have pointed out,
difficulties still exist. Although J.A. Ranga Babu et al.
[2017] warned about increased pressure drop and viscosity
associated with hybrid nanofluids, despite their improved
heat transfer efficiency, Javier P. Vallejo et al. [2021]
emphasized the necessity for further optimization of
hybrid nanofluids in specific applications. Abdul Kaggwa
et al. [2019] brought out stability concerns, highlighting the
need for stabilizing chemicals to stop nanoparticle
sedimentation over time.

Notwithstanding these difficulties, a comprehensive
analysis of the research indicates that hybrid nanofluids
have great potential to transform heat transfer systems.
Numerous studies in the reviewed literature emphasize
the need for additional research to address stability,
enhance formulations, and close the gap between
commercial use and lab-scale advancements.

4. Conclusion

Although Hybrid nanofluids have been the subject of
much research on how to increase heat transfer in a variety
of applications, which shows that they could be a viable
option for better thermal performance. Research findings
continuously demonstrate the substantial benefits of
hybrid nanofluids over single nanoparticles and base
fluids, exhibiting noteworthy improvements in thermal

HOO
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efficiency, convective heat transfer coefficients, as well as
heat transmission rates.

In contrast to mono- and conventional-fluids, hybrid
nanofluids—which contain several different
nanoparticles—offer better thermal properties. Their
enhanced thermal conductivity leads to improved heat
transfer efficiency in a number of systems, including solar
collectors, thermoelectric generator modules, plate heat
exchangers.  Hybrid  nanofluids' improved heat
conductivity, significant gains in convective heat transfer,
and increased thermal efficiency are all caused by the
combination of several nanoparticle characteristics.

On the other hand, difficulties still exist, such as problems
with stability, viscosity, and particle sedimentation over
time. To enhance formulations, handle stability issues, and
close the gap between laboratory-scale breakthroughs and
the real-world commercial application of hybrid
nanofluids, more research is required. The requirement for
uniform formulas and thorough knowledge regarding the
manufacture, stability, and characterisation of these
nanofluids is further highlighted by the variation in
reported heat transfer increases.

Despite these challenges, the combined research shows
how The potential for hybrid nanofluids to revolutionize
mechanisms for transferring heat across a range of
industries and pave the way for more advanced and
efficient thermal management approaches.
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