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ABSTRACT

This critical review study focuses on the integration of nanofluids with microfluidic channels. This
emerging field, which combines nanotechnology and microfluidics, has the potential to transform the
control of temperatures and monitoring completely. Nanofluids, which are fluids containing nanoparticles
like metals or oxides, greatly improve the heat management capabilities of base fluids. These materials are
highly efficient in transferring and conducting heat, making them ideal for applications such as cooling
electronics and medical diagnostics. The addition of nanofluids to microfluidic routes, typically measured
in micrometers, greatly simplifies fluid flow and heat transfer regulation. The article includes several
research studies demonstrating how nanofluids enhance the performance of microfluidic systems
compared to conventional fluids. The benefits are examined, including the potential for reduced size and
increased energy efficiency of heat exchanges and cooling systems. As a result, these technologies are better
suited for implementation in the healthcare and industry sectors.
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I.  INTRODUCTION

The form heterogeneous discipline is known as
microfluidics because it combines the field of fluid dynamics
as well as microelectronics, materials science, chemistry,
biology, and physics. A wide range of materials can produce
tiny crisps for crystallizing microsystems. They can be
manufactured to fit profiles and configurations that conform to
formative shapes and sizes organized with flexibility,
robustness, modularity proficiency, and the ability to take them
apart and reassemble them. These crisps can be used alone or
with devices for generating nanoparticles, soaking up
medications, transmitting medications to targeted phases,
finding reversible cells, measuring working and developing
cells, and enabling diagnostics [1].

The base fluid is the central term in the function of
microfluidic products. The fluid behaves as isothermal,
implying it is the most constant medium to transport other
substances or reagents. The main ingredients included in the
fluid absorbents are oils, water, and chemical solvents. The
choice of fluid depends on the reactivity with other substances
and their endurance and reaction at different temperatures [2].
Nanofluids can only be created by blending nanoparticles,
often metals, oxides, or carbon nanotubes, with a base fluid.
Each suspension has specific mechanical, electrical, and
thermal properties not present in the original liquid or each
nanoparticle. When nanoparticles are added to a fluid flowing
in a microfluidic channel, it is possible to achieve significant
changes in the actions of the fluid, leading to extreme
improvements in the reaction kinetics and the process of heat
transfer [3]. Many studies have focused on the integration of
nanofluids into microfluidic channels. Authors in [4] conducted

experiments on applying magnetic nanofluids in microfluidic
devices to provide accurate control and manipulation of fluids.
This breakthrough has enabled the development of
personalized drug delivery systems. The coupling of nanofluids
with the simplified flow properties of microfluidics has led to
the development of novel sensing and molecular separation
applications.

This review paper aims to summarize the recent
advancements through a proper study of available information
regarding the utilization of nanofluids within microfluidic
channels. While microchannels have had many uses, the case
studies of nanofluids have not adequately studied this
technology. This literature review examined only the cases of
microchannel devices that use nanofluids. The goal is to
thoroughly understand the nanofluid’s behavior in a
microfluidic channel.

II. NANOFLUID

Nanofluids are liquids that include nanoparticles, i.e.
particles with diameters in the nanometer range. The particles
consist of metals, oxides, carbides, or carbon nanotubes. Oil,
water, ethylene glycol, and base fluids are the most commonly
used heat transfer fluids. The main objective of distributing
nanoparticles into the selected base fluid is to enhance and
boost its thermal characteristics [5]. The improved heat
conductivity shown by nanofluids compared to base fluids is a
significant benefit. Nanoparticles such as copper, aluminum,
and silver exhibit enhanced thermal conductivities when mixed
with fluids compared to the fluids alone. The overall thermal
conductivity of the fluid increases when these particles are
uniformly distributed throughout it due to the Brownian motion
of the nanoparticles. This property is beneficial for applications
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that need effective heat transport, such as cooling systems for
electronics or motors [6].

Nanofluids are commonly utilized in various application
domains where maximizing heat transfer efficiency is crucial.
Common applications of nanofluids include cooling
electronics, automotive and aircraft cooling systems, and the
operation of renewable energy systems such as fuel cells and
solar panels. The potential advantage of the new fluids lies in
their ability to increase efficiency and decrease the size and
cost in certain thermal engineering systems, which may persist
for many years. In order to foster innovation in the fields of
thermal engineering and material science, it is imperative to
conduct further research and utilize them to a greater extent [7].
Producing nanofluids can be done using one-step or two-step
methods [16]. The one-step method creates nanofluids directly
by spreading them out in the base fluid directly whereas the
two-step method starts with the base fluid and then disperses
the nanoparticles uniformly by hot plate stirring and sonication.

In the one-step approach, the preparation is user-friendly,
and it may form very stable nanofluids [8]. The technique is
advantageous when creating nanofluids with characteristics
necessary for translating into unique areas, such as lubrication,
medical diagnostics, and thermal regulation. Microwave
radiation can be utilized in the one-step approach [9]. Copper
and silver nanofluids may be created using this approach:
microwave radiation is utilized to reduce the production of the
produced metal salt in ethylene glycol or mineral oil, among
other solvents. The merit is that it maintains the stable behavior
of nanofluids and bounds particle size restriction [10].
Compression is the method used to generate solid nanophase
powders from the gaseous phase. Liquid with a low vapor
pressure is constantly poured into a compressor. Nanoparticles
are made by either liquid chemical or Physical Vapor
Deposition (PVD) [11]. PVD applies a thin material coating to
a workpiece by condensing vaporized material with a vacuum.
PVD includes enhanced cathode arc deposition, sputtering, ion
plating, evaporative deposition, and electron beam physical
vapor deposition. The sputtering or hot source PVD process
vaporizes solid coating material using heat or ablation.

The two-step method [12] is extensively used due to its
user-friendly nature and ability to generate consistent and
uniform nanofluids utilizing various base fluids. Initially, the
first stage involves generating desiccated nanoparticles by
conventional particle fabrication methods. These methods may
include chemical vapor deposition, sol-gel processes, and ball
milling. The specific attributes and composition of the
nanoparticles dictate the most suitable technique. For
nanoparticles to achieve dispersion in the base fluid, they must
possess exact dimensions, geometry, and surface properties
[13]. The second phase of producing nanofluids is
characterized by the homogenous incorporation of
nanoparticles into the selected base fluid. Nanofluids are liquid
and can be made with either water or ethylene glycol, oil, or
any other fluid [14]. In the dispersion stage, which incorporates
mechanical agitation, ultrasonication, or high-shear mixing to
disintegrate and disperse nanoparticle clusters, the two-step
technique has a significant advantage from the extensive range
of base fluids and nanoparticles. As a result, the properties of

nanofluids change and better respond to specific requirements.
This process is as accessible to users and is no less expensive
than others, such as the one-step process. Two-step-processed
nanofluids are used to improve oil extraction, electronics
cooling, pharmaceutical manufacturing, and solar energy
systems [15]. Due to their superior thermal characteristics,
nanofluids are essential in situations that require high heat
conduction. The two-step process is crucial for producing
nanofluids, allowing engineers and scientists to take advantage
of nanoparticles' distinctive properties to improve fluid
technologies.

III. THERMAL CONDUCTIVITY

There are several ways to enhance the thermal conductivity
properties of a nanofluid. The type, size and the geometric
shape of the nanoparticles play significant roles in changing the
thermal properties of the liquid into which they are
incorporated. Metal oxide nanoparticles such as titanium oxide
and zinc oxide have been used widely and employed
significantly as they are successfully heat-efficient and
conductive [5]. Due to their shape, the particles are
asymmetrical, dramatically affecting the movement caused by
Brown’s discipline and the heat energy transmitted. The
uniformity of their distribution and method of preparation
affects their thermal conduction. This improvement results
from an excess in the kinetic energy of the particles, resulting
from a higher outcome of collisions and energy exchanges.
When nanoparticle combinations are attempted, several
different nanoparticles have been shown to increase the thermal
conductivity of nanofluids. Fluids with different nanoparticles
transmit heat more effectively than fluids with one type of
nanoparticle [13]. The process of increasing thermal
conductivity in nanofluids is intricate and relies on the
characteristics of the nanoparticles, the fluid medium, and the
ambient conditions. Nanofluids exhibit exceptional versatility,
with the capacity to significantly modify the design and
properties of heat management systems. Solid nanoparticles
exhibit higher thermal conductivity than fluids, resulting in
enhanced efficiency and thermal conductivity.

IV. VISCOSITY

The other scope connected to the increased number of
nanoparticles in a nanofluid is raising its viscosity. This
procedure is conditioned by the enhanced resistance of a fluid
to the relative alteration of part identified places, or, in other
words, by the increasing the capability of the particle to
dampen the dynamics of other particles [17]. Several studies
demonstrate that nanofluids reveal a notable relationship
between the viscosity and the number of nanoparticles. As
viscosity increases, the fluid's consistency intensifies and its
ability to be deformed decreases. The heightened resistance
necessitates a greater amount of force to propel the fluid
through a system at an equivalent pace. Therefore, increased
viscosity requires more power to be pumped to the fluid flow
within the system. This detail is vital because higher viscosity
implies a more significant difference in pressure in the system
and, thus, more energy consumed while pumping nanofluids
[18].
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Nanoparticles embedded into heat exchangers play the
same role in increasing the power relevant to pumping the
fluid, decreasing the system's energy efficiency. This is best
when the drain pattern is significant, thus, it is related to
turbulent or laminar flow. Furthermore, there is a noticeable
power increase as the nanofluid concentration rises. In turn, the
correlation is not linear and promotes a practical peak of
enhanced energy expenditures when the fluid has sufficient
nanoparticles. The molecular significance lies in the
requirement to achieve a balance between the heat exchange
capability and the viscosity parameter. Hence, it is imperative
to be aware of these unique characteristics to optimize the use
of this fluid in various industrial and automotive applications.

V. HEAT TRANSFER PROPERTIES OF NANOFLUIDS

Compared to regular heat transfer fluids, nanofluids have
much better heat transfer qualities. The main reason for the
improvements is that nanofluids have better thermal
conductivity and convection heat transfer coefficients [19].
Another intriguing feature regarding the reaction of nanofluids
to magnetic fields is the creation of magnetic nanofluids when
magnetic particles, including iron, nickel, or cobalt oxides, are
added to a liquid base. However, when influenced by magnetic
fields, they reveal heat transfer features. Therefore, a magnetic
field may stimulate heat transfer due to the fluid flow effect or
improve the fluid’s thermal conductivity. Nevertheless,
possible outcomes can vary significantly depending on the
experiment’s  conditions and  individual nanofluids’
characteristics.

Alternatively, the methods of preparation of nanofluids also
determine the stability and uniformity of nanoparticle
dispersion, collectively influencing its thermal properties [20].

VI. MICROFLUIDIC CHANNEL

The microfluidic channel is a critical element of
microfluidic systems that is a set of miniature tools designed to
work with minimal volumes of fluids, ranging from millimeters
to micrometers [21]. These devices are used in various
scientific areas, including chemistry, biology, medicine, and
engineering. They are characterized by multiple benefits
compared to traditional laboratory methods. Microfluidic
systems consume fewer reagents, have faster processing
speeds, and can be automated and integrated. The design of a
microfluidic channel is relatively thin, with the diameter
typically ranging from tens to hundreds of micrometers.
Microfluidic channel designs are integrated into a substrate
material, with some common alternatives being silicon, glass,
or polymers like polydimethylsiloxane (PDMS) [22, 23]. The
channel layouts could vary from straight to winding or
branching, among other possible configurations. Microfluidic
channels are important due to their ability to revolutionize the
miniaturization and integration of laboratory processes, thereby
potentially improving various research and development
domains.

VII. PREVIOUS STUDIES ON MICROFLUIDIC
CHANNELS

To make the flow uniform in a Mini Cross-flow Heat
Exchanger (MCHE), authors in [24] experimented on

distributors. They compared structural distributors, pyramid
distributors, and micro cross-flow heat exchangers for thermal
efficiency and pressure drop. They found that distributors
improve thermal efficiency by allowing fluid circulation,
although at higher pressures. Compared to the other designs
considered, the traditional pyramid distributor and outlet with
structural collector demonstrated superior thermal performance
and a lesser pressure drop.

A micro-cross flow heat exchanger that used water was the
research subject in [25]. The theoretical framework was
constructed and confirmed by comparing the theoretical
findings with the experimental data from the literature. The
analysis results showed that the average temperature of the hot
and cold flows significantly impacts the heat transfer and
pressure reduction rate. Higher average temperature increases
the heat transfer rate when the efficiency remains constant.
Nonetheless, the pressure drop and heat transfer rate decrease
as the effectiveness increases, although their efficacy differs.
Authors in [26] showed that the uniformity of the flow in the
channels is mainly determined by the design of the manifolds,
the placement and length of the inlet and outlet points, and the
speed at which the fluid is introduced through the inlet. The
experimental results indicated that including a microchannel
significantly impacts the speed of heat transfer without regard
to flow rates. The phenomena may be caused by laminar flow,
heat transfer by conduction in the channel walls, fluid contact
with channel walls, and micro convection.

VIII. NANOFLUIDS IN MICROFLUIDIC CHANNELS

Authors in [27] examined experimentally the efficiency of a
copper heat sink with rectangular microchannels under smooth
flow circumstances. According to the results of their study, the
use of nanofluid in place of deionized water results in an
increase in the heating capacity of the microchannel. With the
use of nanofluid in the system, it was seen that there was a little
increase in pressure drop, friction factor, and fouling thermal
resistance parameter. This is a significant finding. As nanofluid
flow rate and mass concentration increased, the Microchannel
Heat Sink (MCHS) heat transfer coefficient and pressure drop
increased.

In [28], mixtures of CuO nanoparticles and HyO was used
as cooling agents in a MCHS to assess its effectiveness,
without a dispersal agent. Their study revealed that utilizing
nanofluids exhibited better heat absorption abilities than water-
cooled MCHS at low flow rates. Nevertheless, heat exchange
was primarily impacted by the fluid flow rate at elevated flow
velocities, while nanoparticles had little impact. Increasing the
nanofluid's temperature hindered the formation of larger
clusters by the particles clumping together. It was noticed that
the presence of nanoparticles led to a modest rise in pressure,
which contributed to the pressure drop.

IX. CONCLUSION

In conclusion, the current review of nanofluids for
microfluidic systems shows significant progress in this domain
that links microfluidics, nanotechnology, and thermal
engineering. Nanoparticle-enhanced microfluidic devices
improve fluidic manipulation, thermal conductance, and heat
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transfer. Such systems make power generation, human body
detection, and electronic cooling possible. Due to their unique
properties, nanofluids improve microchannel heat transfer.
Some obstacles must be overcome to use these changes
effectively.  Nanoparticle distribution  uniformity and
microchannel obstructions have been addressed. To maximise
nanofluids' fluid dynamics and heat transfer potential, these
two elements must be in equilibrium. To improve nanofluid
durability and stability, this paper suggests more nanoparticle
synthesis and dispersion research. Understanding fluids' non-
Newtonian properties may help explain system performance
and fluid flow. Increased use of nanofluids in microfluidic
channels will improve microscale technologies and expand the
field. Scientists and other professionals can overcome these
obstacles and improve nanofluids wusing the existing
knowledge. Innovative methods will achieve heat control and
other goals.
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