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Abstract: Liquid cooling systems play an essential role in
various branches of industry. Most electrical and electronic
circuits whose power supplies exceed a certain threshold,
generating significant heat, employ water-cooling systems
instead of air-cooling systems. This study numerically
investigates a single-phase liquid cooling system using
various nanofluids and innovative flow patterns. The
objective of the study is the enhancing of cooling
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performance and the reducing of temperature in circuit
boards. The finite volume method, implemented in the
commercial CFD software, ANSYS Fluent, is employed to
simulate the fluid flow and heat transfer within the system.
Additionally, the pressure drop of the coolant flow is
analyzed as a critical parameter. To optimize cooling
performance, various flow patterns are explored to minimize
the contact surface temperature of power supply components.
These patterns include changes in the number of branches
from three to five, variations in the width of the passage of
the fluid flow beneath electronic components from 10 to 12
millimeters, location of the water channels closer by adding
more fluid channels as well as by changing the width of the
fluid manifold. Additionally, the impact of incorporating
nanofluids is  examined.  Water-based  nanofluids
incorporating aluminum oxide and copper oxide
nanoparticles at volume fractions of 1%, 3%, and 5% are
employed to reduce the temperature of the contact surface of
the power supply sources as much as possible. The results
indicated that altering the flow pattern and the number of
branches led to an optimized flow pattern that reduced the
maximum temperature of the power supply components by
up to 2.5 degrees Celsius compared with the baseline
configuration. Furthermore, the addition of nanoparticles
provided a modest temperature reduction of approximately
0.5 degrees Celsius.
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Introduction

components and systems. With increasing need to

In recent times, there has been remarkable progress in  process large amounts of data in a short amount of
the technology of producing electrical and electronic ~ time, systems with high processing speeds are
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required. This increase in operational speed and data
volume necessitates resources with high electrical
power. These electrical power sources generate a
significant amount of heat flux, which must quickly
be dissipated from the system to prevent the
temperature of the system from exceeding the
allowable limit. By keeping the temperature within
the permissible range, the system can operate
optimally. Liquid cooling systems play a crucial role
in various industries due to their high cooling
capacity. With increasing global competition in all
industrial sectors as well as with the significant role of
energy in production costs, these industries are
strongly driven towards advanced development with
high performance indicators. In this study, an attempt
is made to achieve the best possible performance of a
liquid cooling system by changing the arrangement
and geometry of the coolant flow channels. The
obtained results are validated through numerical
analysis and simulation. A 3D model of an electronic
board along with its cooling system is considered and
numerically analyzed for various changes such as
different coolant flow path types, distributer width,
and flow channel width. The number of optimal
coolants passes under the heat sources and the number
of branches from the main coolant path are considered
as two main parameters to reduce the temperature of
the lower surface of the heat sources. Finally, by
optimizing the arrangement, a specific geometry is
proposed for liquid cooling of the heat sink.

Materials and Methods

This paper presents a cooling plate comprising a
plastic base plate, an aluminum cover plate, and
square-shaped machined cooling channels for
component cooling. The square cross-section of the
channel measures 10x10 mm, while the plastic plate
has dimensions of 21x301x372 mm; the aluminum
plate is 8x302x372 mm in dimensions. Water is used
as the coolant. Ten electronic components with
specified thermal power are mounted on the
aluminum plate. In this model, the electronic
components were assumed to be copper heat sources
with dimensions of 3x5.9x5.24 mm. For numerical
analysis, simplifying assumptions were considered,
including Newtonian and incompressible fluid,
constant physical properties, negligible buoyancy
force, and negligible radiative heat transfer. The fluid
flow was assumed to be steady and turbulent, and the
standard k-g¢ turbulence model was used. To improve
and reduce the temperature of the electronic
components, different flow patterns were used.
Additionally, two types of nanofluids, aluminum
oxide and copper oxide with the volume fractions of 1
to 5%, were used instead of water to enhance heat
transfer.

Results
Based on the initial proposed
corresponding flow pattern, and the

model, its
defined

specifications, the analyses were conducted using the
Ansys Fluent software. It is worth noting that in the
first flow pattern, the pressure drop of the coolant was
0.25 bar. Observations revealed that the maximum
temperature on the lower surface of one of the heat
sources exceeded the permissible limit. Therefore, it
was necessary to create a better distribution of the
coolant flow. To investigate the effect of the coolant
flow pattern, a second flow pattern was considered,
where the number of coolant flow paths was increased
so that there was one flow path under each pair of
heat sources. The pressure drop of the coolant in this
case was found to be 0.268 bar. The results for the
maximum temperature of the heat sources indicated
an increase in the temperature of the heat sources. In
the third flow pattern, the effect of changes in the
width of the fluid distributer was investigated, which
was gradually reduced by 2 mm in two stages. In this
part, all other parts of the geometry, the fluid and flow
field characteristics, and the thermophysical
properties of the components remained constant. The
pressure drop in this case was found to be 0.266 bar.
As it can be seen in the results, obtained from the
second and the third flow patterns compared with the
first one, no improvement in the maximum
temperature of the lower surface of the heat sources
was achieved. This can be explained by the fact that
in this case, the coolant passes only once under the
heat sources; thus, it does not have enough time to
absorb heat. As a result, the temperature under the
heat sources not only decreased but also increased
compared with the first case. At this stage, the fourth
flow pattern was designed, in which two branches
were considered in the main line. In other words, the
width of the fluid distributer and of the channels
passing under the heat sources increased from 10 to
12 mm; the depth of the channel was reduced from 10
to 8 mm. Also the channels were brought closer
together to increase the cooling rate. In this case, the
pressure drop was 0.640 bar. By comparing the results
of this fourth pattern with the results of the first and
the third patterns, it is observed that the temperature
of the heat sources in this flow pattern has decreased
by up to 2.5 degrees Celsius. In other words, it can be
said that when the coolant passes several times under
the heat sources, it has enough time for heat transfer.
Also, a larger lateral surface area of the fluid passage
channel is considered for the heat exchange. As a
result, the temperature of the heat sources will
decrease significantly.

Discussion and Conclusion

In this paper, a suitable pattern for optimal system
cooling was proposed by investigating the effect of
changing geometric parameters such as the number of
branches, the width of the coolant flow channels, and
the number of forward and backward flow paths
under the heat source regions. It can be stated that the
coolant flow pattern should be such that there is
sufficient time for heat transfer from the heat sources
to the coolant. Therefore, flow patterns with forward
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and backward paths with a U-shaped bend result in
lower temperatures. As observed, the temperature of
the surfaces under the heat sources improved by about
2.5 degrees Celsius compared with the first design.
Subsequently, by investigating the effects of using a

nanofluid with a specific volume percentage, it was
shown that a further decrease of about 0.5 degrees
Celsius occurred in the temperature of the lower
surface of the heat sources.
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