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Abstract
The reliable functioning of next-generation electronic devices within their temperature limits is contingent upon the efficient
removal of high heat flux. Interfaces between the device, heat spreaders, and heat sink contribute significantly to thermal
resistance in conventional chip packages. The elimination of interface resistances can lead to a noteworthy decrease in overall
thermal resistance by incorporating the heat sink directly into the heat-generating device. The current study involved the
manufacturing, simulation and experimentation of a micro channel heat sink. The micro channel assembly is manufactured
with dimensions of 50 × 50 × 3 mm. The length of micro channel is 35 mm having height and width of 0.2 mm with 58
channels. The experimentation and numerical simulationwas donewith considering the various parameters likemass flow rate,
heat flux, and inlet temperature of nanofluid. The microchannel heat sink improved electronic device thermal performance in
fabrication, experimentation, and numerical simulation. The heat sink lowered device temperatures and prevented overheating.
Nanofluid at 0.3% volume and at a mass flow rate of 8 m/s, the heat transfer coefficient reaches a maximum value of 13,693.00
W/m2 K at input temperature of 35 °C. The comprehension of the heat sink’s performance was enhanced subsequent to the
simulations, which unveiled the fluid flow characteristics and heat transfer mechanisms within the microchannels.

Keywords Fabrication · Numerical simulation · Microchannel heat sink · Thermal performance · Electronic devices ·
Computational fluid dynamics (CFD) · Thermal management

1 Introduction

The trend towards increasingly powerful and compact elec-
tronic components is leading to elevated peak and average
heat fluxes that exceed the threshold at which air cooling
at the board level can be considered a feasible solution
[1]. Currently, there are commercial RF power amplifiers
available that have dimensions smaller than one centimeter
and are capable of generating heat fluxes within ranges of
1000 W/cm2. Challenge of thermal management is intensi-
fied in situations where electronic packages are extensively
integrated, due to the restricted space accessible for thermal
management equipment on the board level [2, 3]. Currently,
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implementation of liquid cooling by board level is a viable
resolution toward the aforementioned challenges, as it has
the capability to provide significantly enhanced heat transfer
within limited spatial configurations [4, 5]. It is noteworthy
that decreasing the size of heat transfer features and charac-
teristic dimensions has a favorable impact on heat transfer
efficiency. Nonetheless, it is important to note that there is a
detrimental tension associatedwith hydraulic demands as the
length scale decreases, as the pressure drop increases with a
reduction in channel size [6]. The limitations on viable flow
rates due to pressure drops in micro heat exchangers have
significant implications for the sensible heating of the liquid.

Thus, it is imperative to enhance the thermal conductiv-
ity in order to address the challenges related to flow and
heat transfer encountered at a microscale [7]. The limitations
of coolants with constrained thermal conductivity (e.g. 0.65
W/mC) have been reached as a result of the demand for the
development of more sophisticated processors [8]. Conse-
quently, there exists a necessity to introduce a novel coolant
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for expediting the convective cooling mechanism transpiring
within the MCHS, as indicated by sources [9].

Nanofluids are classified as colloidal dispersion systems,
comprising a dispersion medium (base fluid) and dispersed
phase (NPs) [10–12]. The thermal conductivity of distributed
nanoparticles is higher than that of a simple liquid. The
production of nanofluids has been found to result in high
thermal conductivity, as reported in reference [13–15]. Fur-
thermore, the interactions involving the contact and collision
of nanoparticles (NPs) [16], including those between the sub-
strate solution and NPs, are responsible for an increase in the
effective thermal conductivity of nanofluids [17, 18]. The
presence of particles with dimensions ranging frommillime-
ters to micrometers may result in wear challenges attributed
to the actions of NPs, as indicated in reference [19–21]. The
utilization of nanofluids as innovative refrigerants to aug-
ment heat transfer has generated considerable attention from
scholars, leading to several innovative developments in the
heat transfer domain [22–24].

Nanofluids are colloidal dispersion systems with a base
fluid and NPs [25]. Distributed NPs carry heat better than
liquids [26, 27]. Nanofluids have great thermal conduc-
tivity. NPs’ interaction and collision with each other and
the substrate solution increase nanofluids’ effective ther-
mal conductivity [28]. NPs may cause wear problems from
millimetre and micrometre particles. Thus, scholars are
interested in using nanofluids as innovative refrigerants to
improve heat transmission, which has led to several new heat
transfer advances [29, 30]. Themanufacturing ofmicro chan-
nel heat sinks is broadly classified into two technologies,
conventional technology and modern technology as shown
in Fig. 1.

The manufacturing of micro channel heat sinks through
conventional methods involves a variety of methods like
micro deformation, micro milling, micro sawing, and dic-
ing. Micro channels are formed by mechanically deforming
a substrate. Cutting ceramics and glass with micro sawing is
widespread [31]. Micro milling removes substrate material
and shapes micro channels using rotary cutting tools. Micro
deformation is a frequently employed method for materials
that exhibit soft and ductile characteristics. Dicing allows for
precise incisions and the creation of tiny channels with tight
error margins. Material processing uses this method.

The contemporary technological advancements in the pro-
duction of micro channel heat sinks have brought about a
significant transformation in the process, providing sophis-
ticated and accurate techniques for the development of
effective cooling architectures. The dry etching method
known as deep reactive ion etching employs plasma and
reactive gases to create narrow and deep channels [32]. The
process of wet etching involves submerging the substrate in
a chemical solution that differentially eliminates material,

thereby creating micro channels. The process of wafer bond-
ing involves the fusion of two or more wafers or substrates to
generateminiature channels amidst them [33]. This approach
allows for material flexibility and multiple functions. LIGA,
an acronym for Lithography, Galvanoforming, and Mold-
ing, producesmicrostructureswith high aspect ratios. Electro
discharge machining is a non-contact method that erodes
material and creates microchannels. Laser micromachining
removes material and creates microchannels using high-
energy laser beams. The utilization of laser micromachin-
ing facilitates the production of intricate and personalized
micro channel heat sinks.Micromolding—injectionmolding
and heat embossing—replicates micro channel architectures
using molds. Modern micro channel heat sink production
methods improve precision, complexity, and expandabil-
ity. These structures enable customized, efficient cooling
systems. They improve temperature control in electronics,
aerospace, and microfluidics.

The Finite Element Method (FEM) application is uti-
lized to simulate and analyze the mechanical behavior of 3D
printed components [34, 35]. FEM is employed to numer-
ically solve differential equations by partitioning intricate
geometries into smaller, moremanageable elements [36, 37].
The FEM is capable of assessing the structural integrity,
deformation, and stress distribution of printed parts [38–40].
FEM is utilized to forecast the stiffness, strength, and fatigue
life of a component through the process of modeling the part
and assigning material properties and boundary conditions
[27, 41]. The process entails the identification of areas of
weakness, the optimization of design characteristics, and the
selection of production parameters in order to enhance the
performance of the component [42]. The utilization of FEM
enables engineers and designers to conduct thorough testing
on 3D-printed components prior to the prototyping or manu-
facturing stages [38]. The process involves the identification
of locations with high levels of stress, the optimization of
support structures, and the exploration of alternative designs
in order to enhance the quality and functionality of the parts
[43]. Finite ElementMethod (FEM) analysis can also provide
insights into the influence of layer thickness, infill density,
and printing direction on the mechanical properties of parts
produced.

The employment of nanofluids for the purpose of improv-
ing thermal characteristics has emerged as a prominent area
of investigation in contemporary times [44]. In laboratory
trials, it was observed that the newly developed category of
ultrafine nanofluid coolants exhibited promising characteris-
tics with contrast to pure fluids [45]. The historical evolution
of water cooling systems was investigated by Ellsworth et al.
[46], encompassing the utilization of hybrid cooling in early
IBM units and the subsequent shift towards passive water
cooling. In order to provide adequate cooling capacity while
ensuring ease of process on module level, the utilization of
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Fig. 1 Micro channel heat sinks
manufacturing technologies

water refrigeration has been incorporated [47]. Xu et al. [48]
conducted a study on analyticalmethods for determining heat
transfer and pressure reduction in a parallel plate microchan-
nel heat sink. The minimization of entropy production rate is
achieved through the optimization of fine-geometry and flow
conditions[49]. The present study concerns the constraints
associated with the estimation of air conditioning through
numerical modeling and the impact of heat sink. The authors
Raghuraman et al. [50] performed the numerical analysis on
the enhanced liquidflowproperties andheat transfer behavior
of rectangular microchannel heat sinks. Water was utilized
as the medium of operation.

Azari et al. [51] piloted a work on the laminar convective
coefficient of a nanofluid consisting of water and Al2O3. The
work was supported out using a numerical and experimen-
tal circular tube setup, with equal surface circumstances. Ali
et al. [52] worked to compare a cooling efficiency of a TiO2

nanofluid, which was diluted to 15% under three different
power inputs, specifically 125 W, 150 W, and 100 W. The
results specify that the thermal efficiency of TiO2 nanofluid
is suggestively influenced by heat flow, and it can be opti-
mized by thermal cost minimization. The study conducted
by [53] examined the impact of nanofluid on the tempera-
ture of the microprocessor in the geometry sink base, with a
focus on systemic effects. A cylindrical copper block was
used to operate a 325-W microprocessor, and its perfor-
mance was compared to that of nanofluids and heat sinks.
The researchers investigated whether thermal sink geom-
etry could safely lower microprocessor temperatures. The
utilization of nanofluids inmicro-pin–finMCHSwas investi-
gated by Seyf et al. [54] through the application of numerical
methods. The present study investigated the heat transfer

characteristics ofMCHS. The study conducted by [55] exam-
ined the influence of NPs on the operational efficiency of a
microprocessor intended for the purpose of cooling a cen-
tral processing unit. Initially, distilled water was subjected to
experimental and numerical analysis, followed by the exami-
nation of two different concentrations of CuO–water utilized
by way of nano-fluids.

The study conducted by [56] explored a novel bat-
tery module design that utilizes a superior phase change
medium consisting of two-layer nanofluids. Furthermore,
the individual discovered an equation that establishes a cor-
relation between the Nusselt number and the Richardson
number. The thermal conductivity and viscosity of alumina
nanofluids were examined by Shah et al. [57]. The present
scheme utilizes the variable n to denote primary receptacles,
m to signify individual compartments, and p to represent
auxiliary vessels. Two configurations (771 and 711) were
utilized to discharge each Li-ion cell under three distinct
settings, as reported in reference [38]. Sultan et al. [58]
conducted an investigation into the enhancement of heat
transport within protruding heat sources. The study con-
ducted by the researchers revealed that the thermal stability
of Al2O3 nanofluid surpasses that of conventional cooling
fluids. Siricharoenpanicha et al. [59] employed a blend of
Ag and Fe3O4 nanofluids for the purpose of cooling. The
thermal dissipation was evaluated with consideration given
to theflow rate, shape, anddesign of theMCHS.Esmaeil et al.
[60] performed experiments on mixed convection heat trans-
fer utilizing the heat source that was cool through a pressure
nanoparticle flow. The study utilized nano-silicon carbide
(SiC) tubes, an aluminum chip, and paraffin wax for improv-
ing heater’s efficiency [61]. The empirical results indicate
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that the novel air heater functioned effectively within the cli-
matic conditions of Baghdad. The investigation of behavior
of nanofluid comprising of water and Al2O3 nanoparticles
has been conducted by the authors cited in reference [62]. The
aforementioned blend is currently being transferred into an
enclosed mechanism that has been specifically engineered to
facilitate the cooling of microprocessors and other electronic
apparatus. Results of a study on turbulent flow demonstrate
an addition of nanoparticles to a distilled fluid has a notable
impact on the heat transfer rate. Furthermore, the cooling
process involved the use of Glycol Ethylene, which was
employed in varying volumes between 30 and 50%.

With the ongoing advancements in electronic devices,
there is a corresponding increase in their complexity and
functionality, resulting in the generation of elevated levels of
heat. Consequently, this poses significant challenges in the
effective management of maintaining optimal operating tem-
peratures. Conventional cooling techniques, such as air cool-
ing and traditional heat sinks, frequently prove insufficient
in effectively dissipating heat from these devices, leading to
diminished performance, heightened energy consumption,
and potential premature failure. Hence, it is imperative to
investigate alternative cooling methodologies that can aug-
ment the thermal efficiency of electronic devices. In this
regard, microchannel heat sinks have emerged as a viable
and promising remedy. Microchannel heat sinks provide
numerous benefits compared to traditional heat sinks. These
advantages encompass augmented surface area, enhanced
heat transfer coefficients, and improved fluid flow charac-
teristics. Nevertheless, a dearth of comprehensive research
exists in the integration of fabrication techniques, experimen-
tal investigations, and numerical simulations to effectively
enhance the design and functionality of microchannel heat
sinks utilized in electronic devices.

The present investigation encompassed the fabrication,
modeling, and empirical examination of a heat sink featur-
ingmicro channels. Themicrochannel assembly is fabricated
with the specific measurements of 50 × 50 × 3 mm. The
micro channel under considerationmeasures 35mm in length
and possesses a height and width of 0.2 mm, with a total of
58 channels. The study involved conducting experimentation
and numerical simulation while taking into account multi-
ple parameters such as mass flow rate, heat flux, and inlet
temperature of the nanofluid. The utilization of microchan-
nel heat sink has been observed for enhancing a thermal
performance of electronic devices in various aspects such
as fabrication, experimentation, and numerical simulation.
The implementation of a heat sink resulted in a reduction
of device temperatures and effectively mitigated the risk of
overheating. The comprehension of the heat sink’s efficiency
was enhanced subsequent to the simulations that exposed the
microchannel fluid flow attributes and heat transfer mecha-
nisms.

2 Materials andmethods

2.1 Fabrication of micro channel heat sink

The Electrical Discharge Machining (EDM) method of fab-
ricating microchannel heat sinks is a cutting-edge example
of an advanced sort of precision technique [63]. This method
combines the processes of preparing the substrate, designing
and programming the process, designing and programming
the electrode, performing EDM machining using electri-
cal discharge erosion, and cooling and finishing the part. It
makes it possible to create individualized cooling structures
that have improved capacity for heat transfer. Electrical Dis-
charge Machining is a precise process that enables precise
control over the size of the channel, as well as complicated
geometries, and it offers benefits for problematic materials.
Electrical Discharge Machining necessitates the utilization
of dielectric fluid for the purposes of heat dissipation and
the removal of debris, which ensures the production of high-
qualitymicrochannel heat sinks. Themicrochannel assembly
ismadewith precise dimensions of 50× 50× 3mmas shown
in Fig. 2.

The microchannel arrangement is sized to maximize
heat dissipation. Microchannels improve heat transfer. Each
assemblymicrochannel is 35mm long and 0.2mmwide. The
35 mm coolant flow route ensures efficient heat transmis-
sion from the source. The 0.2 mm microchannel height and
width balance heat exchange surface area and pressure drop.
This size promotes effective fluid flow and allows for a high
surface-to-volume ratio, resulting in efficient thermal perfor-
mance. The microchannel assembly has 58 well-organized
channels. The 58-channel microchannel assembly has a large
heat dissipation surface. Figure 3a shows the fabricated
microchannel whereas Microchannel assembly is shown in
Fig. 3b. This arrangement enhances coolant-heated surface
contact, improving heat transmission and cooling.

2.2 Experimental set up and experimentation
procedure

The experimental configuration employed in the present
investigation is depicted in Fig. 4. The experimental setup
comprises a range of components, including a digital dif-
ferential pressure transducer, coolant tank, syringe pump,
thermostat, rectangular cartridge heaters, microchannel test
section, computer, temperature gauge, data acquisition sys-
tem, radiator, and glass wool.
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Fig. 2. 2-D drawing of
microchannel

Fig. 3 a Fabricated microchannel, b microchannel assembly

The MCHS receives heat as of the rectangular cartridge
heater having thickness of 1.5mm and the capacity of 300W,
facilitated by a thermostat. This heater’s heat flux ranges from
40 to 84 kW/m2. The present study employs Al2O3 nanofluid
at volume concentrations of 0.3%. The initial investigation
involved an assessment of the permeability of the MCHS,
followed by a confirmation of the efficacy of the sensors in
detecting variations in temperature and pressure during the
circulation of water through them. In order to maintain sta-
bility of the MFL, a regulator was employed to govern the
velocity of the stepper motor [64]. The Magnetic Flux Leak-
age (MFL) of the fluid has been measured using a stopwatch.

Themaintenance of a constant nanofluidflow rate of 0.1LPM
can be achieved through the alteration of the flow meter. The
measurements for pressure and temperature were acquired
under circumstances of comparative tranquility. Output was
computed using the standard correlations as follows [28].

Q � mc(Tout − Tin) (1)

Nu � hexp × Dh

k
(2)

h � Q/((Tw − Tm) × As × 58) (3)
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Fig. 4 Experimental setup block diagram

PP � �P × Vc × 58 × 1000 (4)

Fexp � 2 ∗ dh ∗ δP/(L ∗ ρ ∗U 2
c ) (5)

The transfer of the nanofluid from the reservoir having
acrylic coolant towards MCHS examination unit was facili-
tated by a syringe pump. The stepper motor’s regulator was
employed to govern the flow rate of a nanofluid through the
syringe pump. The flow rate of nanofluid is characterized
by a mass flow limit (MFL) that falls within the range of
0.1–0.5 lpm. Subsequent to installation of the coolant tank
and radiator, nanofluid temperature traversing a MCHS was
assessed via employment of thermocouple (Ambetronics K
type), which boasts the range of measurement from 0 to
3000 °C. A digital differential pressure transducer, manu-
factured by Setra, was affixed to both the inlet and outlet
sides of an MCHS to gauge the pressure differential. The
transducer is capable of measuring pressure values ranging
as of 0–100Kpa.

Three additional thermocouples were installed at the base
of the MCHS to monitor the temperature of its lower sur-
face. One option is a heat sink made of copper plates that are
parallel to theMCHS. The subsequent component comprises
an acrylic glass layer that is placed atop the MCHS, thereby
facilitating visual observation of the flow. The final compo-
nent comprises a nozzle with a diameter of 2 mm, situated
in an elevated position relative to the acrylic glass, facilitat-
ing the flow of nanofluid. The MCHS plate is designed with
channels to facilitate the flow of nanofluid. The MCHS is
equippedwith a thermostat that maintains uniform heating of
cartridge heater (rectangular) located on its base. Cross-flow
type radiator, which is affixed to both reservoir and MCHS

test section, facilitates a cooling of the nanofluid. The com-
puter receives the temperature of theMCHS through the data
acquisition system.

2.3 Numerical simulation

The present study employs ANSYS 18.2 commercial soft-
ware, to conduct a comprehensive analysis of the convective
heat transfer process and fluid flow dynamics [65]. A numer-
ical model ensuring conformity with an experimental model.
This approach is preferred over a symmetric unit model.
The domain of computational fluid dynamics (CFD) have
expanded both upstream and downstream of a microchannel.
Prior to conducting the numerical simulation, the grid inde-
pendence has been evaluated. Following assumptions were
taken during the modelling of the numerical solutions:

• Fluid phase was considered as a single phase.
• Steady-state flow and in compressible.
• No heat generation or viscous heating in the heat
sink.Turbulent flow was considered.

• Thermal characteristics were stable throughout flow.

Figure 5 shows the various views of 3D CAD model for
microchannel design in ANSYS 18.2 software in Design
Modeler.

The Geometry of Microchannel consist of two part and
two bodies one is the microchannel and another one is fluid
domain. Fluid domain contains inlet, outlet and 58 channels.
Which is shown in Figs. 6 and 7 displays the sketch map of
the mesh for complete microchannel.
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Fig. 5 Various views of 3D CAD model in design modeler

Fig. 6 displays the fluid computation domain

Governing equations on the basis of mentioned assump-
tions were as follows for conservation of mass, momentum,

energy.

Continuity equation :
æ

t
+

(
ρ−→v ) � 0 (6)

Momentum equation :
æ−→v
t

+
(
ρ−→v −→v ) � −∇P + (τ ) + ρ

−→g
(7)

Energy equation :
æE

t
+ ∇.

(
ρ−→v h

) � ∇(K∇T ) (8)

The computational domain is comprised of a total of
1,253,042 individual elements and 1,328,730 number of
nodes. The quantity of elements was acquired subsequent
to conducting the mesh independence examination. Table 1
provided additional information regarding the characteristics
of themesh. To ensure fully developed flow, the inlet and out-
let tube were chosen to have a length that is five times the
diameter of the heater.

Fig. 7 Sketch map of the
microchannel domain mesh
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Table 1 Mesh details

Number of Elements 1,253,042

Number of Nodes 1,328,730

Value Orthogonal quality Element quality

Min 3.8416 e−10 1.1843 e−003

Max 1 1

Average 0.96011 0.95452

Standard deviation 0.15138 0.13529

3 Results and discussion

3.1 Experimental analysis

Figure 8 depicts the alterations in convective heat transfer
coefficient in relation to mass flow rate for varying inlet fluid
temperatures. The heat input values of Q � 54, 74.75, and
104 W were utilized in the analysis. The intricate correla-
tion among the heat transfer coefficient, mass flow rate, and
heat input is complicated and contingent upon various fac-
tors, including but not limited to the flow regime, fluid’s

properties, boundary conditions and geometry of surface.
The present study reveals that an increase in mass flow rate
leads to an augmentation in the heat transfer coefficient. This
phenomena can be explained by the thermal boundary layer
becoming thicker, which improves mixing and heat transfer
between the fluid and the surface. As a result, there is a ten-
dency for the heat transfer coefficient to increase as the mass
flow rate increases.At amassflow rate of 8m/s, the heat trans-
fer coefficient reaches a maximum value of 13,693.00 W/m2

K. The introduction of nanoparticles has been observed to
result in an increase in the heat transfer coefficient. This
phenomenon can be attributed to various factors, such as
an enhancement in thermal conductivity and the presence of
distinct slip mechanisms.

Figure 9 illustrates the relationship between the Nusselt
number and mass flow rate for varying inlet fluid tempera-
tures at a heat input values of Q � 54, 74.75, and 104W. It is
a widely acknowledged phenomenon that the Nusselt num-
ber experiences an upsurge with an increase in mass flow
rate, as evidenced by the depicted figures. Nusselt numbers
ranges from 4.1 to 4.48 for different heat input, varying mass
flow rate and varying inlet temperature. At a mass flow rate
of 8 ml/s, the Nusselt Numbers reaches a maximum value

Fig. 8 Variation of heat transfer coefficient with mass flow rate a for Q � 54 W; b for Q � 74.75 W; and c for Q � 104 W
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Fig. 9 Variation of Nusselt number with mass flow rate a for Q � 54 W; b for Q � 74.75 W; and c for Q � 104 W

of 4.28, 4.35, and 4.48 at inlet temperature of 35 °C for 54
W,74.75 W and 104 Watt heat input. The Nusselt number’s
dependence on mass flow rate and varying heat inputs is con-
tingent upon a multitude of factors, including flow regime,
fluid properties, and geometry of channel. The addition of
nanoparticles has been observed to result in an increase in
the Nusselt number. This increase can be attributed to the
corresponding increase in the heat transfer coefficient, as pre-
viously discussed. At thermal energy input elevated levels,
the Nusselt coefficient shows a more pronounced escalation
with augmenting mass flow rate which signifies intensifica-
tion of convective heat transfer. The Nusselt number exhibits
a positive correlation with the Al2O3, while maintaining
a constant total nanoparticle volume fraction. The Nusselt
number of hybrid nanofluids exhibits a significant depen-
dence on the volume ratio of nanoparticles.

Figure 10 depicts the relationship between friction factor
and mass flow rate variation inlet fluid temperatures at a heat
input values of Q � 54, 74.75, and 104 W. The empirical
evidence suggests that the mass flow rate exhibits an inverse
relationship with the friction factor, whereas the incorpora-
tion of nanoparticles results in an escalation of the friction

factor. Friction factor ranges from 0.016 to 0.0789 for dif-
ferent heat input, varying mass flow rate and varying inlet
temperature. At a mass flow rate of 8 ml/s, Friction fac-
tor having minimum value of 0.016 at inlet temperature of
35 °C for all heat input. The reduction in friction factor as
mass flow rate increases can be attributed to the presence
of laminar fluid flow within the pipe. When the heat input
is held constant at 54 W, elevating the mass flow rate typ-
ically leads to augmented mass flow and which increases
frictional losses which further results in an increasing fric-
tion factor. Heat affects flow regime and fluid characteristics,
at 74.75 W, which may explain the non-linearity of the fric-
tion factor-mass flow rate relationship. At 104 W, increased
mass flow rate and turbulence levels greatly increases the
frictional losses. This phenomenon is characterized by an
inverse relationship between friction factor and mass flow
rate. Conversely, the introduction of nanoparticles into the
fluid stream results in an increase in friction factor due to the
corresponding rise in pressure drop.
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Fig. 10 Variation of friction factor with mass flow rate a for Q � 54 W; b for Q � 74.75 W; and c for Q � 104 W

Fig. 11 Temperature distribution at the central region of a microchannel

3.2 Numerical simulation analysis

The temperature distribution at the central region of a
microchannel is depicted through a contour plot in Figs. 11
with plane 1 as the focus. Temperature factors. For visu-
alization, a YZ plane is drawn from plane 1. Any point

on this central plane has a temperature of 3.565e+002 to
3.612e+002.

The temperature ranges observed within the center plane
have been determined based on the results obtained from this
analysis. This investigation investigated temperature changes
in the plane of interest. Examining center plane temperature
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ranges has revealed temperature dispersion behavior, prop-
erties, and impacts. Key elements include:

• Temperature is recorded as 3.612e+002 at the bottom of
the fluid domain.

• Temperature is measured as 3.518e+002 at the top of the
fluid domain.

• Temperature is found to be 3.565e+002 in the middle of
the fluid domain.

The fluid region of interest is represented by the selected
domain in Figs. 12, with plane 2 being the chosen specific
location. The analyzed variable pertains to pressure. The
pressure difference is evaluated by extending through the
inlet and outlet sections to create an XY plane.

The pressure ranges observed at outlet and inlet of a
microchannel have been determined based on the results
obtained from this analysis. This investigation examined
microchannel pressure changes, especially at its entrance
and outflow. Pressure ranges have illuminated this context’s
pressure distribution behavior, traits, and influences. Key ele-
ments include:

• A relatively high pressure near inlet of fluid domain range
from 6.823e+003 to 7.341e+003

• The outlet pressure ranges from − 4.240e+002 to
9.359e+001, indicating a lower pressure than the inlet.

• Pressure is 9.359e+001 to 7.341e+003 throughout the fluid
domain. This range shows the fluid domain’s pressure dis-
tribution from outlet to inlet.

Figure 13 depicts the chosen domain which denotes the
fluid region that is being analyzed. The area of focus, referred
to as plane 3, is specifically identified. The variable under
consideration is pressure. The ZX plane is established by
extending throughout the fluid domain for the purpose of
assessing the pressure differential.

The pressure differences observed have been determined
based on the results obtained from this analysis. The purpose
of this analysis is to enhance comprehension of the fluctu-
ations in pressure within a specific system or context. The
analysis of pressure disparities has yielded significant knowl-
edge regarding the dynamics, attributes, and consequences of
alterations in pressure. The following are the key aspects that
have been identified:

• The pressure difference ranges from 6.299e+003 to
7.839e+003 at the inlet which depicts a significant pres-
sure difference between the inlet and the rest of the fluid
domain.

• The pressure difference is found to be within the range of
1.169e+003 to 5.273e+003 throughout the fluid domain
because of variations in pressure across the domain,

with higher pressure differences observed in certain
areas.

• The pressure difference ranges from 2.708e+003 to
1.425e+002 at the outlet which depicts a relatively lower
pressure difference compared to the inlet, suggesting a
decrease in pressure as the fluid flows towards the out-
let.

Figure 14 depicts the chosen domain, which pertains to the
fluid region of interest. The designated location is identified
as plane 3. The variable under consideration is temperature.
The ZX plane is established by extending through the fluid
domain for the purpose of assessing the temperature differ-
ential.

The temperature differences observed have been deter-
mined based on the results obtained from this analysis. The
present analysis has yielded significant insights regarding the
fluctuations in temperature across diverse contexts and sce-
narios. Several key aspects have been identified:

• The temperature ranges from 3.103e+002 to 3.140e+002
near the inlet which shows a relatively lower temperature
range in the vicinity of the inlet.

• In the middle of the fluid domain, the temperature ranges
from 3.140e+002 to 3.251e+002, higher than the inlet,
indicating a progressive increase in temperature.

• The temperature ranges from 3.288e+002 to 3.343e+002
near the outlet indicating a further increase in temperature
as the fluid approaches the outlet.

Figure 15 depicts the domain selected to encompass the
entirety of the fluid region, with plane 3 being the specific
location chosen for analysis. The variable under considera-
tion pertains to velocity, whereby the velocity vector serves
to denote both the direction and magnitude of fluid flow. A
visualization of the velocity vector is achieved by extending
an XY plane through the fluid domain.

Characteristics of the velocity vector are observed have
been determined based on the results obtained from this anal-
ysis. These aforementioned characteristics offer significant
insights into the behavior and properties of the velocity vector
in diverse contexts.

• The velocity vector ranges from 5.038e−001 to
1.008e+000 at the inlet indicating themagnitude and direc-
tion of fluid flow entering the domain at the inlet section.

• The velocity vector ranges from 0.000e+000 to
5.038e−001 throughout the fluid domain suggesting
the fluid experiences varying flow velocities within the
domain, with the velocity vector indicating the direction
and magnitude of fluid motion.

• The velocity vector ranges from 1.008e+000 to
2.015e+000 at the outlet signifying the direction and
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Fig. 12 Pressure difference at outlet and inlet of a microchannel

Fig. 13 Difference of pressure at
inlet and outlet through the fluid
domain

increased magnitude of fluid flow as it exits the domain
through the outlet.

4 Conclusions

This article emphasizes the importance of microchannel heat
sinks in enhancing the thermal management of electronic
devices. Several significant findings and insights have been
obtained through a comprehensive study that involved fabri-
cation, experimentation, and numerical simulation.

The fabrication approach resulted in a micro channel heat
sink with precisely measured dimensions and structures,
greatly improving the device’s ability to dissipate heat. The
findings confirmed that the electronic device’s thermal man-
agementwas greatly improved because ofmicro channel heat
sink’s temperature maintenance and efficient heat dissipa-
tion.

The microchannel heat sink’s heat transport characteris-
tics were also modeled via numerical simulations. To better
understand the heat sink’s performance, these simulations
shed light on the fluid flow dynamics and heat transfer
mechanisms at operation. The article highlights the research
outcomes that underscore the viability of micro channel heat
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Fig. 14 Temperature contour
throughout the fluid domain

Fig. 15 Velocity vector throughout all domain

sinks as an effective and dependable cooling remedy for elec-
tronic gadgets.

Experimental and numerical studies showed that the
microchannel heat sink boosted heat transfer efficiency
compared to conventional cooling methods. Increased
microchannel surface area, heat transfer coefficients, and
convective heat transfer improve thermal performance.
Through the utilization of microchannels, which improved
convective heat transfer and offer augmented surface area,

these heat sinks can effectively alleviate heat-related con-
cerns and enhance the general dependability and durability
of electronic components.
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