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Abstract— Microchannel heat sinks (MCHS) have
emerged as promising solutions for managing heat in
various electronic devices, owing to their efficient heat
transfer capabilities and compact size. This review paper
offers a thorough analysis of recent advancements in heat
transfer phenomena within MCHS. It commences with an
overview of the fundamental principles governing heat
transfer mechanisms in microchannels, encompassing
conduction, convection, and phase change phenomena.
Subsequently, the paper delves into discussions regarding
the design considerations and optimization techniques
utilized in microchannel heat sink configurations to
augment heat transfer efficiency. Finally, the paper
culminates by summarizing the current state-of-the-art in
MCHS technology and delineating future research
directions aimed at overcoming existing limitations and
further advancing thermal management capabilities in
microelectronics cooling applications.
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l. INTRODUCTION

1.1 Operating Range and background

Consumer electronics now make up the bulk of all
electronics produced. Consumer electronics may often work in
the temperature range of -40°C to +85°C, depending on human
tolerances. Military applications have a temperature range of
+65°C to +125°C, whereas under-hood car electronics may
experience +150°C. The increasing use of the Internet of
Things (10T) has made it necessary to use sensors, electronics,
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and packaging that can withstand high temperatures in order to
improve safety and performance in high-temperature
environments, such as nuclear reactors, combustion chambers,
geothermal wells, and industrial processes. The development
of sensors and electronics that can withstand high
temperatures has been made feasible by developments in wide
bandgap semiconductors like silicon carbide (SiC) and gallium
nitride (GaN). However, proper integration and packaging are
necessary for these devices to be used in real-world scenarios.
Die attach, electrical hookup, and the box or housing itself are
the three main parts of packaging. Wire bonds or low melting
point solder are usually utilized for electrical interconnections
in consumer electronics, epoxy is used for packaging, and
conductive adhesives or low melting point solders are used for
die attach. These materials melt or break down in high
temperatures, hence they are not appropriate for such
conditions. The materials and methods that are appropriate for
high-temperature packaging are examined in this study [1].
These comprise die attach for sintered nanoparticles, liquid
transient phase, high melting point wires for wire bonding, and
metal and ceramic packages.

1.2 Microchannel Heat sink

A microchannel heat sink is a thermal management device
used to dissipate heat efficiently in electronic components or
systems. This concept was first developed in 1980. It consists
of a network of small channels through which a coolant
circulates, allowing for high heat transfer rates due to
increased surface area. This compact design is particularly
effective in applications with limited space and high heat
generation. Microchannel heat sinks are superior to alternative
cooling techniques in a number of ways, including their
compact dimensions, low coolant flow rates, uniform wall
temperature distribution, and significant heat transfer surface
per unit fluid flow volume. They have shown the ability to
disperse high heat levels, up to 790 W/cmz in a single-phase
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liquid cooling system, since the groundbreaking work of
Tuckerman and Pease in 1981. Moreover, they are capable of
effectively dissipating heat fluxes even excess than 1000
W/cmz2 in a flow boiling scheme that makes use of latent heat
transport.

Palmer and Heckman [7] and other researchers have
provided a detailed account of the difficulties involved with
operating electronics at high temperatures. This research
provides important insights, not only for discrete and
integrated circuit semiconductor devices, but also at the
system-level for the development of high-temperature
electronics. Materials that melt or break down easily, like
solders and polymers, are affected by rising temperatures.
While creating  high-temperature  semiconductors s
undoubtedly the most difficult aspect of the problem, the
market for these high-temperature semiconductors will be
limited by the accessibility of complete system solutions. It is
necessary to affix semiconductor dies to packages and wire
bond to leads, which are then put on printed wiring boards that
can withstand high temperatures. Systems also require passive
parts like resistors, capacitors, and inductors that are
dependable and reasonably priced. Vacuum microelectronic
devices and semiconductors are the main topics of this essay.

High-temperature electronics have potential applications in
the automotive, heavy equipment, aeronautics, well-logging,
nuclear settings, heavy vehicle brakes, power semiconductors,
and radar fields. Silicon (Si), gallium arsenide (GaAs), various
I11-V  compound semiconductors, silicon carbide (SiC),
diamond, and other advanced materials are among the
semiconductor materials taken into consideration in this
context [5].

Temperature has a big influence on how small electronics
and microtechnology can get. Because of their smaller size
and increased power densities, gadgets get harder to manage
heat in. Tighter thermal restrictions on smaller devices can
result in ineffective heat dissipation and possible performance
problems. Variations in temperature can impact the
characteristics of materials, leading to microstructure
instability, warping, or delamination. Temperatures and
thermal stress increase with increased heat generation per unit
volume, necessitating the use of efficient heat dissipation
strategies. Increased temperatures have the potential to harm
materials, shorten battery life, increase resistance in
components, and diminish performance. Effective thermal
management requires innovative cooling techniques, such as
thermoelectric cooling, phase-change materials, and MCHS, in
addition to well-designed device architecture and materials.
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Il.  SURFACE ROUGHNESS
Microchannel heat sinks are increasingly utilized in various
high-performance applications, including electronics cooling,
due to their high heat transfer efficiency and compact size.
The integration of nanofluids into these systems can
significantly enhance thermal performance. Here is a brief
overview of how nanofluids improve the effectiveness of
MCHS.
Fluids known as nanofluids are composed of nanoparticles, or
particles the size of nanometres, scattered throughout a base
fluid. Metals, metal oxides, carbides, and carbon-based
compounds such as graphene can all be found in these
nanoparticles. Water, ethylene glycol, and oils are examples of
common base fluids. The basic fluid's thermal characteristics
are improved by the inclusion of nanoparticles.
Nanofluids considerably improve HT processes in MCHS by
incorporating nanoparticles into base fluids. Because of their
high thermal conductivity, nanoparticles improve the fluid's
total thermal conductivity. Additionally, their presence
enhances the properties of the thermal boundary layer and
increases the effective surface area, which promotes
convective HT. Furthermore, micro-convection currents,
thermophoretic processes, and the Brownian motion of
nanoparticles all support more effective energy transfer and a
consistent temperature distribution. When used in MCHS,
nanofluids offer superior heat dissipation, enabling more
compact designs and improving the reliability and lifespan of
high-power  electronics.  Experimental  studies  have
demonstrated that nanofluids can increase HTC by 20-50%
and reduce thermal resistance, ensuring more effective
temperature control and uniformity.

Thermal Conductivity vs. Nanoparticle Concentration
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Nanoparticle Concentrat ion (%)

The linear relationship between the nanoparticle’s
concentration and the thermal conductivity of a hypothetical
nanofluid is depicted in this graph. The fluid's thermal
conductivity climbs from 0.6 W/mK to 1.1 W/mK when the
nanoparticle’s concentration grows from 0% to 10%. This
indicates a significant improvement over the base fluid's
constant thermal conductivity of 0.6 W/mK. The blue line
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indicates this improvement, which demonstrates the possible
advantages of applying nanofluids to improve heat transfer
efficiency in a variety of thermal management applications,
including industrial processes and cooling systems.

Heat Transfer Coefficient vs. Reynolds Number
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This graph shows the relationship between Reynolds number
and heat transfer coefficient (HTC) for both a base fluid and a
nanofluid in a MCHS. As the Reynolds number increases from
1000 to 10000, indicating higher fluid flow rates, the HTC
also increases for both fluids. The base fluid's HTC,
represented by the red line, starts at 52 W/m2K and rises
linearly, while the nanofluid's HTC, shown by the blue line,
starts at 62 W/m2K and also increases linearly but at a slightly
higher rate. This indicates improved thermal performance in
HT applications since the nanofluid continuously offers a
greater HTC than the base fluid over a range of Reynolds
numbers.

Temperature Distribution in a Heat Exchanger
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This graph illustrates the temperature distribution of a base
fluid and a nanofluid along the length of a heat exchanger,
where the position is normalized from 0 to 1. The red line
represents the base fluid, which starts at 100°C and decreases
linearly to 40°C, indicating a 60°C drop. The blue line
represents the nanofluid, which also starts at 100°C but
decreases more steeply to 25°C, indicating a 75°C drop. This
demonstrates that the nanofluid achieves a greater temperature
reduction over the same distance, suggesting more effective
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heat transfer performance compared to the base fluid in the
heat exchanger.

I1l.  SURFACE ROUGHNESS

Surface roughness plays a crucial role in the performance
of MCHS, affecting heat transfer efficiency, pressure drop,
and overall effectiveness. It enhances heat transfer by
increasing the available surface area, creating turbulence for
improved fluid-solid heat exchange. However, it also leads to
increased pressure drop due to frictional resistance. Balancing
these factors through optimization of surface roughness
parameters like height and spacing is essential for maximizing
heat sink performance. Careful consideration of manufacturing
techniques like etching or micro-machining is necessary to
control roughness. Ultimately, selecting the right surface
roughness can significantly enhance heat sink efficiency by
improving heat transfer while minimizing pressure drop for
better thermal management in various applications.

In MCHS, the surface roughness and Reynolds number are
pivotal factors influencing heat transfer efficiency. Re
represents the balance between viscous and inertial forces,
determining the flow regime in microchannels, while surface
roughness impacts flow disruption and heat transfer
characteristics.  Achieving an optimal heat transfer
performance involves a careful balance between Reynolds
number and surface roughness, where roughness can increase
HT through increased contact area and mixing while
potentially increasing friction and pressure drop. Engineers
must design channel surfaces to promote turbulence
effectively, facilitating heat transfer improvements while
managing energy losses within the system by controlling
Reynolds number and roughness. A study on the estimation of
uncertainty in heat transport inside a MCHS with random
surface roughness was carried out by Sterr et al. [8]. Studying
the flow and HT within a MCHS with a partially rough fluid-
solid interface and ambiguity about the relative roughness was
the main goal of the investigation. A certain Autocorrelation
Function (ACF) shape was used to construct a rough surface,
and the maximum relative roughness magnitude was treated as
a Gaussian random variable with a specified degree of
uncertainty. Despite the detrimental effect of valleys, the
MCHS's performance continuously improved as the relative
roughness rose. This improvement was attributed to the
favourable effect of surface peaks on heat transport. Local
Nusselt number changes, however, were more strongly
influenced by other factors, such as spatial position, as surface
height grew, and could not be adequately explained by the
local surface height alone. Since the uncertain Gaussian input
propagated non-linearly across the simulation, the estimated
Probability Density Functions (PDFs) for local and spanwise-
averaged Nusselt numbers were not necessarily Gaussian, as
evidenced by their skewness and kurtosis. In comparison, it
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was discovered that the PDFs for global variables including
the rough surface's performance factor, pressure drop across
the channel, and average Nusselt number roughly followed a
Gaussian distribution. In this preliminary study, uncertainty
propagation and the qualitative relationships between local
surface height and pertinent HT output variables in the MCHS
were investigated using a univariate stochastic model. It is still
unclear how precisely elements like surface area percentage
and geometries affect HT. Furthermore, little is known about
how different random parameters interact and affect the way
that uncertainty spreads and how important output variables
are distributed. Further studies ought to quantify the
relationships between different surface properties and
efficiency of HT and investigate the spread of uncertainty in
multivariate stochastic models. Lu et al. examined the effects
of roughness on flow resistance and fluctuations in the Nusselt
number in various channel geometry. Results showed that a
2% relative roughness led to a 3% to 5.9% increase in pressure
drop and a 6.5% to 19.8% increase in Nusselt number in
square, wavy, and dimpled channels. The local effect of
roughness is dependent on the flow field characteristics, with
areas near obstructions experiencing higher influence
compared to regions with low velocities. The influence of
roughness varies based on the balance between heat
convection and conduction. While roughness can either
enhance or impede MCHS performance, it remains beneficial
in wavy and dimpled channels but may initially hinder
performance in square channels before becoming
advantageous at larger roughness levels with a relative
roughness of around 2%.

IV.  NUMBER OF PHASES OF LIQUID

The number of phases in a MCHS, such as liquid in single-
phase or two-phase (liquid-vapor), can significantly impact
heat transfer performance. In two-phase flow, the phase
change process within the microchannels can enhance HT due
to the latent heat of vaporization, leading to more efficient
cooling compared to single-phase flow. The presence of
bubbles or droplets in two-phase flow can disrupt the thermal
boundary layer, promoting convective heat transfer. As a
result, understanding and optimizing the phase behaviour in
MCHS is key to maximizing heat dissipation and thermal
management in various applications such as cooling of
electronics and microfluidic systems.

HT and pressure drop were measured in an experiment by
Qu et al. using a single-phase MCHS. Their findings indicate
that the temperature dependency of water viscosity and the
increasing pressure losses from input contraction and exit
expansion with increasing Reynolds number are responsible
for the modest variation in the rate of pressure decrease with
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increasing Reynolds number. Higher Reynolds numbers help
lower water outlet temperature and temperatures in the heat
sink, but this comes with increased pressure drop.

The heat flow range was separated into three distinct
regions: a nucleate boiling zone, a convective boiling region,
and a region dominated by single-phase HT with reduced heat
flux. An increase in flow rate causes the HTC to rise in the
single-phase and convective boiling zones. The HTC exhibits
a minor dependence on flow rate in the nucleate boiling zone,
but it increases dramatically with heat flux. A 25%
improvement in the HTC was obtained by reducing the
subcooling of the heat sink from 25°C to 5°C. It was observed,
nevertheless, that as the subcooled liquid level decreased, the
pressure drop rose. The coefficient of performance (COP)
shows a linear increase in the single-phase regime, followed
by a reduction in slope, reaching a maximum in the two-phase
regime. COP is only weakly dependent on subcooling in the
single-phase regime but is highly dependent on subcooling in
the two-phase regime. The variation of thermal resistance with
fin height exhibits a parabolic trend [10].

V. GEOMETRY OF MICROCHANNEL

In a study investigating the impact of various geometric
configurations on the performance of HT and fluid flow in
MCHS, it was discovered that I-type structures exhibit better
flow velocity uniformity compared to Z-type counterparts.
The flow distribution in I-type structures was observed to be
symmetrical. An analysis of header shapes revealed that
rectangular headers offer superior flow velocity uniformity
compared to symmetric trapezoidal and triangular headers.
Results focusing on microchannel shapes indicate that
configurations featuring trapezoidal and offset fan — shaped
reentrant cavities. improve heat transfer efficiency over
traditional rectangular microchannels in heat sinks. The
highest temperatures were generally observed because of heat
conduction in the channels' lateral sections, close to the
microchannel region's outflow [11].

VI. ERIAL SELECTION AND COMPATIBILITY FOR

MICROCHANNEL HEAT SINKS

Microchannel heat sinks are a crucial component in
various thermal management systems, particularly in the
cooling of electronic components and power electronics.
These heat sinks are designed with intricate networks of
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narrow channels that enable efficient HT from the system to
the surrounding environment. One critical aspect of designing
a microchannel heat sink is careful consideration of material
selection and compatibility to ensure optimal performance and
reliability. Material selection plays a key role in the overall
effectiveness and longevity of MCHS. The chosen materials
must possess specific properties to withstand the harsh thermal
and mechanical conditions experienced during operation.
Moreover, compatibility between different materials used in
the heat sink construction is essential to avoid any adverse
reactions that could compromise the heat sink's performance.
Several factors need to be taken into account when selecting
materials for MCHS. High thermal conductivity is essential
for efficient heat dissipation in a MCHS. Materials such as Cu
and Al are commonly used due to their excellent thermal
conductivity properties. The materials used in a MCHS must
be chemically compatible with the working fluid or coolant
used in the system. Compatibility ensures that the materials do
not degrade, corrode, or react with the coolant over time. The
materials must possess sufficient mechanical strength to
withstand the pressures and forces exerted on the heat sink
during operation. Durable materials help maintain the
structural integrity of the heat sink under varying thermal
loads. Given the exposure to different environmental
conditions and working fluids, materials with good corrosion
resistance are crucial to prevent degradation over the lifespan
of the MCHS. Material selection should also consider ease of
fabrication, availability, and cost-effectiveness to ensure
practicality and feasibility in the manufacturing process.
While copper and aluminum are popular choices for
microchannel heat sink materials due to their excellent thermal
conductivity, other materials such as stainless steel, titanium,
and various ceramics can also be considered based on specific
requirements and constraints. In addition to material selection,
ensuring compatibility between different materials used in a
MCHS is equally important. Any mismatch in material
properties or compatibility can lead to thermal expansion
mismatches, galvanic corrosion, or other adverse effects that
can compromise the heat sink's performance and reliability. In
conclusion, material selection and compatibility are critical
considerations in the design and implementation of MCHS. By
carefully choosing suitable materials with the right properties
and ensuring compatibility between them, engineers can
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enhance the efficiency,
microchannel heat
management applications.

reliability, and
sink systems

longevity of
in thermal

VII. CHALLENGES AND OPPORTUNITIES IN DEVELOPING

MICROCHANNEL HEAT SINKS

Microchannel heat sinks are a crucial component in
thermal management systems used to dissipate heat generated
by electronic devices. These heat sinks are designed to provide
efficient cooling in compact spaces by incorporating a large
number of small channels through which coolant or air flows.
While there are numerous opportunities to enhance MCHS
performance, there are also several challenges that need to be
solved in their development. One of the major challenges in
developing MCHS is the increase in pressure drop as the
coolant flows through the narrow channels. This can lead to
higher pumping power requirements and reduced overall
efficiency. Fabricating microchannels with high aspect ratios
and delivering consistent performance across a large humber
of channels can be a challenging task. Variations in channel
geometry and surface roughness can impact the heat transfer
performance. Achieving high heat transfer rates in MCHS is
essential for effective thermal management. However, factors
such as flow distribution, HTC, and thermal contact resistance
pose challenges in optimizing heat transfer performance.
Microchannels are susceptible to clogging and fouling due to
the accumulation of particles or contaminants in the channels.
This can reduce heat transfer efficiency and increase
maintenance requirements. MCHS are often used in high heat
flux applications, where managing heat dissipation efficiently
is critical. Ensuring thermal stability and preventing hot spots
in such applications can be challenging. MCHS performance
can be increased by using new materials with better surface
qualities and high thermal conductivity. Materials like Cu, Al
and composites offer opportunities for optimizing thermal
management. Advances in computational fluid dynamics
(CFD) and design optimization tools enable engineers to
simulate along with optimization of the performance of
MCHS. This allows for the design of heat sinks with improved
efficiency and reliability. Additive manufacturing techniques
such as 3D printing offer opportunities for fabricating
complex geometries and customized MCHS. This enables
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rapid prototyping and customization for specific applications.
Integrating micro/nanostructures on the channel surfaces can
increase HT by promoting fluid mixing and increasing the
surface area available for heat exchange. This approach offers
opportunities for improving the thermal performance of
MCHS. Real-time monitoring and adaptive control of MCHS
can be made possible by using smart cooling systems with
sensors and actuators. These systems can optimize cooling
performance, reduce consumption of energy along with
enhancement of system reliability. In conclusion, while
developing MCHS presents various challenges related to
pressure drop, manufacturability, heat transfer performance,
clogging, and thermal management, there are promising
opportunities for improvement through advanced materials,
design optimization, additive manufacturing,
micro/nanostructure integration, and smart cooling systems.
By addressing these challenges and leveraging these
opportunities, researchers and engineers can enhance the
efficiency and effectiveness of MCHS for diverse thermal
management applications.

VIIIl.  APPLICATIONS AND FUTURE TRENDS OF MICROCHANNEL

HEAT SINKS

MCHS have emerged as a highly efficient and effective
technology for managing heat dissipation in various electronic
devices. These heat sinks consist of a network of microscopic
channels that enhance the HT from a hot surface to a coolant
flowing through the channels. This technology has found
applications in varieties of industries, including electronics
cooling, automotive thermal management, and aerospace
systems. One of the primary applications of MCHS is in
cooling electronic devices such as computer processors, power
electronics, and LED lighting systems. These devices produce
a considerable amount of heat during operation, which can
lead to performance degradation and even failure if not
properly managed. MCHS offer a compact and efficient
solution for dissipating heat and maintaining optimal operating
temperatures. MCHS are also being used in aerospace
applications to manage thermal loads in avionics systems,
satellite components, and other critical electronics. By
incorporating MCHS into these systems, engineers can ensure
reliable operation in extreme temperature environments,
enhance thermal performance, and increase overall system
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efficiency. In the automotive industry, MCHS are employed in
various cooling systems to regulate the temperature of critical
components such as batteries, power electronics, and LED
headlights. By efficiently dissipating heat using microchannel
technology, automotive manufacturers can improve the
reliability and performance of their vehicles while reducing
energy consumption. MCHS are increasingly being integrated
into renewable energy systems such as solar panels and wind
turbines to manage heat generated during operation. By
effectively dissipating excess heat, these systems can operate
more efficiently, resulting in increased energy output and
longer lifespan. One of the key trends in the development of
MCHS is the use of advanced materials to improve thermal
conductivity and efficiency. Researchers are exploring
materials such as graphene, carbon nanotubes, and nanofluids
to enhance heat transfer capabilities and reduce thermal
resistance in microchannel systems. Additive manufacturing
techniques, like 3D printing, are being increasingly adopted
for the fabrication of MCHS. This approach allows for the
rapid prototyping and customization of complex heat sink
designs, enabling engineers to optimize performance and tailor
solutions to specific applications. The integration of MCHS
with Internet of Things (10T) devices and artificial intelligence
(Al) algorithms is another emerging trend in the field. By
incorporating sensors and smart controls into heat sink
systems, engineers can achieve real-time monitoring and
adaptive  thermal  management, optimizing  cooling
performance based on changing conditions. Researchers are
also focused on miniaturizing MCHS and leveraging
microfluidic principles to improve heat transfer efficiency. By
designing intricate channel geometries and incorporating
microscale features, engineers can achieve higher heat
dissipation rates and give better thermal performance of
microchannel systems.

Microchannel heat sinks are commonly used for electronics
cooling due to their exceptional heat dissipation capabilities,
and the incorporation of nanofluids comprises of liquids with
nanometer-sized particle which further enhances these
properties. In single-phase HT, nanofluids remain in the liquid
state, with HT occurring through conduction via solid
nanoparticles with liquid itself, and convection, which benefits
from the increased thermal conductivity and modified flow
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dynamics due to the nanoparticles. Key factors influencing
single-phase HT include increment of thermal conductivity,
modified heat capacity, and altered viscosity of the fluid. In
two-phase HT, the nanofluid undergoes phase changes like
boiling or condensation. Important mechanisms in this process
are nucleate boiling, where vapor bubbles form at nucleation
sites, film boiling, which involves a continuous vapor film at
high heat fluxes, and condensation, where vapour transitions
back to liquid, releasing latent heat. Key factors in two-phase
HT include the significant HT due to latent heat of phase
change, the increased number of nucleation sites provided by
nanoparticles, and the augmented effective surface area for
HT.

Heat Transfer Coefficient vs. Reynolds Number for Single-Phase Nanofluids
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The blue dashed line on the graph represents the HTC for the
base fluid (without nanoparticles) as a function of Reynolds
number, described by the equation

hbase fluid = 50 + 0.1*Re08

illustrating how the coefficient increases with Reynolds
number. The red solid line represents the HTC for the
nanofluid (containing nanoparticles) with the equation

Rnanofiuid = 60 + 0.12*Re%8

Showing a higher rate of increase compared to the base fluid.
Key observations from the graph include: an overall
increasing trend in the HTC with Reynolds number, indicating
improved heat transfer efficiency with more turbulent flow;
consistently higher HTC for the nanofluid, suggesting that

45

nanoparticles enhance the fluid's thermal properties; and a
steeper rate of increase for the nanofluid, reflecting its
superior performance. These findings imply that nanofluids
are more efficient for cooling applications, such as in MCHS
used in electronics, and that engineers can use this data to
optimize cooling system designs by selecting appropriate
fluids and flow conditions to maximize performance. In
summary, the graph demonstrates the superior heat transfer
performance of nanofluids over base fluids, particularly at
higher Reynolds numbers, highlighting their potential benefits
in high-performance cooling applications.

Nusselt Number vs. Reynolds Number for Single-Phase Nanofluids in Microchannel Heat Sink
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The blue dashed line on the graph represents the Nusselt
number for the base fluid (without nanoparticles) as a function
of Reynolds number, given by the equation

NUpase fiuid = 5 + 0.03*Re?8

This illustrates how the Nusselt number increases with the
Reynolds number, indicating enhanced convective heat
transfer as the flow becomes more turbulent. The red solid line
represents the Nusselt number for the nanofluid (fluid
containing nanoparticles) with the equation

NUnanofiuid = 7 + 0.035* Re%8

showing a higher rate of increase compared to the base fluid.
Key observations include: both lines demonstrating an
increasing trend in the Nusselt number with the Re, which
indicates improved heat transfer efficiency with more
turbulent flow; the nanofluid consistently having a higher Nu
than the base fluid, suggesting that the addition of
nanoparticles increases the fluid's thermal properties and leads



~ 2

IJRDET

International Journal of Recent Development in Engineering and Technology
Website: www.ijrdet.com (ISSN 2347 - 6435 (Online) Volume 13, Issue 6, June 2024)

to better convective heat transfer performance; and the steeper
rate of increase for the nanofluid reflecting its superior
performance. These findings imply that nanofluids are more
effective for cooling applications, such as in MCHS used in
electronics, and that engineers can utilize this data to optimize
cooling system designs by selecting appropriate fluids and
flow conditions to maximize performance. Overall, the graph
demonstrates the superior convective heat transfer
performance of nanofluids over base fluids, particularly at
higher Reynolds numbers, highlighting their potential benefits
in high-performance cooling applications.

Boiling Curve for Two-Phase Nanofluids in Microchannel Heat Sink

--- Base Fluid
— MNanofiuid

The blue dashed line indicate the heat flux for the base fluid
(without nanoparticles) as a function of wall superheat, while
the red solid line represents the heat flux for the nanofluid
(fluid containing nanoparticles) as a function of wall
superheat. In the natural convection region (low AT), heat is
primarily transferred through natural convection, and the heat
flux increases with AT following a power-law relationship (q
o AT*1.3). As the wall superheat increases to intermediate AT
values, nucleate boiling occurs, with vapor bubbles forming at
nucleation sites, significantly enhancing heat transfer. This is
shown by a Gaussian-like peak in the heat flux centered
around a AT value of 15°C. At very high wall superheat
(above 35°C), the heat transfer regime transitions to film
boiling, where a continuous vapor film forms on the surface,
leading to a heat flux that increases with the square root of AT
minus a constant (q « (AT - 30)"0.5). Observations indicate
that the heat flux for the nanofluid is consistently higher than
that of the base fluid across all regions, suggesting that
nanoparticles enhance the thermal properties of the fluid and
improve heat transfer performance.
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In conclusion, the application of MCHS is poised to expand
across various industries, driven by the need for more efficient
and reliable thermal management solutions. With ongoing
research and advancements in materials, manufacturing
techniques, and smart technologies, the future of MCHS looks
promising, offering innovative solutions for addressing heat
dissipation challenges in a wide range of applications.
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