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ABSTRACT

The demand for efficient cooling systems in various industrial applications has prompted the
exploration of innovative heat transfer technologies. This research focuses on the
computational fluid dynamics (CFD) study of a multi-microchannels cooling system, aiming
to enhance thermal management and optimize heat dissipation. The objective of this study is
to investigate the flow characteristics, heat transfer performance, and pressure drop behavior
within a multi-microchannels cooling system. A numerical simulation approach based on
CFD techniques is employed to analyze the fluid flow and heat transfer phenomena. The
cooling system consists of an array of microchannels with intricate geometries, enabling
enhanced convective heat transfer and increased surface area for improved thermal
dissipation. Initially, a comprehensive literature review is conducted to identify existing
studies and advancements in microchannel heat transfer. The CFD simulations are then
performed to evaluate the fluid flow distributions, temperature distributions, and heat transfer
coefficients within the multi-microchannels system under various operating conditions. The
results of this study provide valuable insights into the thermal performance of the multi-
microchannels cooling system. The impact of parameters such as fluid flow rate is analyzed
and discussed. Furthermore, the findings contribute to the understanding of flow distribution
and thermal uniformity within the cooling system, enabling optimization of the design and
operational parameters. The outcomes of this research offer significant implications for the
development of advanced cooling systems in various industries, including electronics cooling,
energy systems, and automotive applications. The computational approach employed in this
study provides a cost-effective and time-efficient method for analyzing and optimizing the
performance of complex cooling systems.
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1. Introduction

Due to their high surface-to-volume ratio and compact design, microchannel heat exchangers
have several advantages over macroscale ones. The increasing rate of heat transfer caused by
the huge surface to volume ratio makes microchannels suitable for compact heat exchangers.
Due to their better capacity for heat transfer, microchannel heat sinks are a good cooling
method. In addition, a lot of researchers have been drawn to study flow phenomena in
microchannels All papers must be written in English. Use 11-point Times New Roman font
throughout the paper except for the section headings that should be 11-point Times New
Roman bold. The first paragraph following a heading should not be indented. because of the
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growing usage of micro heat exchangers and their applications, particularly in cooling high-
heat-flux equipment like electronic systems. In order to enhance the design and maximize the
performance of microchannel heat exchangers, researchers concentrated on comprehending
the features of heat transfer and fluid flow at the micro scale level. The parallel microchannels
in microchannel heat sinks is for the liquid coolant to flow through. The development of
microfabrication methods has made it possible to create microchannels with micrometer-sized
diameters. The solid substrate of the heat sink allows for the conduction of heat from the
electronic device to the microchannels, where it is removed by liquid moving through the
microchannels, Qu et al. (2006) and Pan et al. (2008).

Tuckerman and Pease's (1981) groundbreaking research on the experimental study of
heat transfer of water flowing through silicon wafer microchannels under single-phase
laminar circumstances marked the beginning of research on single-phase flow and heat
transfer in microchannels. They proposed that when the hydraulic diameter of the
microchannel decreases, the working fluid’s heat transfer coefficient rises. It was possible to
attain head flux values of 790 W/cm?2 to keep the chip temperature below 110°C . Many other
researchers have been inspired by this study, and microchannel flow has been acknowledged
as a highly effective heat removal method. It is stated by Qin et al. (2023) that the flow
distribution between the parallel heat transfer tubes is directly determined by the static
pressure distributions in the distribution and collection headers. The static pressure
distribution is influenced by the static pressure recovery, friction resistance, and local
pressure drop. To maintain great flow homogeneity, each heat transfer tube's equal pressure
drop is a need. There are two categories of microchannel heat sinks which are single phase
and two phase. The presence or absence of liquid boiling within the microchannels
determines the category of microchannels. While two-phase flow is mostly influenced by
surface tension force, single phase flow in a microchannel relies on a sensible heat rise to
achieve cooling. In this study, we will focus more on single phase flow.

Computational fluid dynamics (CFD) are used in applied mathematics, physics, and
computer software to visualise how a gas or liquid flows and how it impacts objects as it
passes by. In CFD simulations, the Navier-Stokes energy equation provides the basic
explanation of energy associated with the flow behaviour. These equations show the
relationship between the velocity, pressure, temperature, and density of a moving fluid. The
results of velocity, temperature, pressure, and density in single phase flow in multiple
microchannels can be obtained by using CFD. Based on the CFD results that will be obtained
at the end of this project, it will be use for the further study for two-phase flow in multi-
microchannel. Single-phase flow is use first, to maximize the system. The software that will
be use in this project is Ansys software. Ansys is a general-purpose modelling tool that is
used to solve a wide range of mechanical issues. These mechanical issues include structural
analysis, heat transfer and fluid issues. The accuracy and resolution of the CFD simulation
results will depend on the grid that is used, which will also have an impact on the calculation
time and amount of detail in the result.

The main objectives of this project are to perform the numerical simulation on multi-
microchannel by using Ansys Fluent software. Next, to analyze flow distribution inside the
multi-microchannels cooling system. Lastly, to analyze the effect of flow rates on flow
distribution.

2. Methodology

There are multiple stages in CFD simulation which are shown as in Figure 1. First stage is
pre-processing. This stage consists of getting the geometry and mesh ready for simulation.
Importing or constructing the CAD model, cleaning up and repairing model geometry,
splitting the domain if necessary, specifying boundary constraints, and generating a mesh are
all part of it. Next stage is solver setup. The solver setup is defined at this stage. Selecting the
suitable CFD solver, choosing fluid characteristics, turbulence models, and other physical
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settings are all part of this process. Define the solver control parameters, such as convergence
criteria and time steps, as part of the solver setup. The actual solution procedure begins after
the pre-processing and solver setup are completed. It entails numerically calculating the
governing equations of fluid flow over a particular domain and time step. The iterative
solution procedure is repeated until the desired convergence requirements are reached.
Following the completion of the solution process, in post-processing, the generated results
must be visualized and analyzed. Visualizing flow fields, generating contour plots,
streamlines, and vector plots, and extracting quantitative data such as pressure drop, flow
rates, or forces acting on specific objects are all examples of post-processing operations.
Lastly, validation stage. In this stage, the correctness and reliability of the CFD simulation
results are evaluated by comparing them to experimental or analytical data. It contributes to
the reliability and trustworthiness of the simulation results.

CED SIMULATION STAGES

¢ Create geometry
¢ Generate Mesh

[T=——=== 1' ————————
r N |
I o Physic setting |
o Select solver |
o [dentify lamunar -viscous model |
| o Specify boundary conditions :
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|
| / Solution \ :
|
| # Select computation algonthm |
|  Specify discretization method :
: # Set convergence monitoring |
cntena |
| \ j I Post- processor
. Chﬁ(k RPS\IhS Comp:\rlsol)

+ Visualize Expenimental data

Figure 1 : Flowchart of CFD simulation

The following assumptions are made in order to examine the flow distribution across the
parallel microchannels :

i. The fluid flow is steady, single phase, laminar, incompressible and three dimensional.
ii. Properties of and fluid are independent of temperature and pressure.
iii. Radiative heat transfer and surface roughness effects are negligible

The physical phenomena of fluid motion can be generally characterised in fundamental
mathematical equations, usually in partial differential form, that regulate a process of interest
and are frequently referred to as governing equations in CFD. The single phase model
equations contain the continuity equation, momentum equation, and energy equation. The
velocity vector is calculated using the continuity and momentum equations. Temperature
distribution and wall heat transfer coefficient are calculated using the energy equation.
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2.1 Model Description

There are four main stages in CFD analysis which are pre-processing, processing, post
processing and validation. During pre-processing, Ansys Fluent will be used to create a
three-dimensional model of a parallel microchannel heat sink. The computational setup for
the parallel microchannel heat sink is as in Figure 2.

(b) (©

Figure 2 : Computational Setup of the Parallel Microchannel

These computational setup is design based on Sahar et al. (2023). The working fluid
enters the intake manifold horizontally and exits the outlet manifold horizontally. The
entrance manifold distributes the fluid to each microchannel, while the output manifold
collects it. In this project, the inlet and output manifolds are 0.003366 m and 0.005 m in
length and breadth, respectively. The depth of the manifolds is the same as the depth of the
microchannel in this instance, 0.001 m.

2.2 Equations

The general form of continuity or mass, momentum and energy conservation equation used in
ANSYS Fluent is shown in equation (1), (2) and (3) respectively.

Continuity :

%+ V(o) =5y (1)

This equation applies to both incompressible and compressible fluids. The mass
transferred to the continuous phase from the dispersed second phase (e.g., vaporisation of

liquid droplets) and other user-defined sources is represented by the source S,. S, is
equivalent to zero in this study.
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Momentum :
Z—S{pﬁ}+‘?* (pVV) = —Vp + V (p[V17+VI7T))+ pg+F ¥

where p is the static pressure, pg is the gravitational body force and F is the external
body force (e.g., caused by interaction with the dispersed phase). Other model-dependent

source terms in F include porousmedia and user-defined sources.

Energy :
2 (pE)+ V+ (V(pE + P)) = Vs (koyfVT) + S, 3)

where k. is the effective conductivity (k + k), and k.is the turbulent thermal
conductivity (specified by the turbulence model employed). S, contains the heat of chemical
reaction as well as any other volumetric heat sources you've specified.

The equations (1) — (3) are solved using Ansys-Fluent software. The scale used in the
meshing are in millimetres (mm). The flow in this study can be assumed laminar. Materials
used in this study for fluid are air and water-liquid while for solid is aluminium. For solving
the pressure-velocity coupling, Semi-Implicit Method for Pressure Linked Equations
(SIMPLE) scheme was used. Gradient is discretized by least squares cell based, pressure is
discretized by second order and for momentum and energy, both are discretized by first order
upwind scheme. For boundary conditions, velocity-inlet is employed at the inlet, pressure-
outlet is employed at the outlet and heat flux is prescribed at the base of the heat sink for all
cases. A no slip boundary condition was assigned for all wall boundaries. The heat loss
through the top cover was considered to be negligible. In this study, three different parameters
were observed which are velocity, temperature and pressure. Six different of values for each
velocity, temperature and pressure were used in this study to observe the distributions for
each parameter across the channel.

2.3 Grid Validations

The hexa meshing grid scheme constructed in Ansys ICEM 14.5 was used to mesh the
system. The quality of the generated mesh elements determines how accurate the CFD
simulation results are. However, due to the limitation of number of grids, in this work only
less than 512k nodes can be used. In this project, three different grid sizes were used to
investigate the effect of grid sensitivity as shown in Figure 3. Based on Figure 3, it is
observed that grid number 3 is the most suitable grid to use in this project as the calculation
shown in the graph is converged.

Grid 2578 nodes
1 .

(b)
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Figure 3 : Grid validation

3. Results and Discussion

The velocity contour and velocity profile for each value of velocity are shown in Figure 4.
Based on the figures 4, it shows that the flow distribution across the channel is not uniformly
distributed as the velocity-inlet increases. For example, at the higher inlet velocity condition
which is 20 m/s, the flow ratio at the inlet is much smaller compared to the flow ratio at inlet
for 1 m/s. Similar results were obtained from Sahar, (2019) where increasing the velocity inlet
will cause flow maldistribution.

While this was going on, it was also made very evident that the channels at the lateral
edges had a lower flow ratio than the channels at the centre. This is caused by losses that
happen at the inlet manifold's sharp corners, as mentioned above, and illustrated in Figure 4.
It implies that, the secondary flow caused by recirculating flow in the inlet manifold becomes
more evident, as seen in Figure 4. In addition, Kumaraguruparan et al. (2011) concluded that
flow separation or recirculation that took place at the inlet header or manifold was the cause
of the flow maldistribution between channels. According to Wang et al. (2011), small flow
separation zones were seen at the inlet manifold's sharp corners because of vortex flow, which
decreased the flow rate in the channels.

In a microchannel, many kinds of variables affect the velocity in the channel's middle.
The velocity profile, or how the fluid velocities are dispersed across the channel cross-section,
is one crucial element. The velocity profile in laminar flow conditions is typically parabolic,
with the highest velocity occurring at the microchannel's centerline and progressively
declining towards the channel sides. As a result, the velocity along the centerline of the
microchannel is typically higher than the velocity close to the walls. Same result was also
obtained by Sahar, (2019) when compared to channels in the center, the flow ratio for the first
and last channels is much lower at all inlet velocities. Furthermore, the distribution of velocity
inside the microchannel is influenced by the velocity at the entrance. Generally speaking,
larger intake velocities raise all microchannel velocities as well as those in the middle.

From the calculations of Reynold number, it is shown if the velocity at the inlet is
increased, it will result in a higher Reynolds number. The Reynolds number is directly
proportional to the velocity of the fluid. When the velocity is increased, the inertial forces
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within the flow become more dominant relative to the viscous forces. Greater Reynolds
numbers result in a reduced friction factor, which increases non-uniformity.

The velocities used in this calculation is the average velocity obtained across the channel.

p=998.2 , u=0.001003

- _2ab _2(0.001)(0.000209)

Dv=L= = ooroomane 000034574

where a = height of the channel , b = length of the channel

By using the equation; Rg=%
a) Velocity: Im/s
Rew (998.2)(0.0357016)(0.00034574)

=122
0.001003 12.28

b) Velocity: 5m/s
Roe (998.2)(0.26588864)(0.00034574) .

0.001003 o149

c) Velocity: 10m/s
Roe (993.2)(1.0953410?1)(0.000345?4)_3

0.001003 T4l

d) Velocity: 15m/s
Roe (998.2)(2.485709988)(0.000345 ?4)_85

0.001003

530

e) Velocity: 20m/s
Roe (998.2)(3.628985393)(0.00034574)

=1248.
0.001003 1248.68

f) Velocity: 25m/s
Roe (993.2)(4.43220531)(0.000345?4)_15

)
0.001003 42.26
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Figure 4 : Velocity Contour and Velocity Profile

For both Figure 5 and 6, only higher velocity inlet is chosen to see the
temperature and pressure distribution across the channel. It is because as we can see from
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Figure 4, it shows that the flow in the channel for velocity inlet 15 m/s, 20 m/ s and 25
m/s are nearing the middle of the channel.

Based on Figure 5, it can be seen that velocity-inlet does not give an impact on
the temperature distribution as the temperature profile for all the velocity is slightly the
same. The temperature remains uniformly distributed for all the velocity-inlet values. It is
because velocity changes have an impact on flow distributions and convective heat
transfer, they can also have an indirect impact on the temperature distribution. For
instance, higher velocities can improve mixing and heat transfer rates, resulting in a more
even distribution of temperature over the fluid domain. This was also observed by Xu et
al. (2022) where as inlet air velocity increases from 2 m/s to 5 m/s, the maximum
temperature of battery pack decreases in the range of 319.9-310.4 K, 325.1-313.9 K,
320.9-312.4 K, 327.9-318.9 K and 339.8-321.3 K at inlet position of 10 mm, 20 mm, 30
mm, 40 mm and 50 mm, respectively.

310 qpe
308

306
304

302

Temperature (K)

300 | e P B U O A S

298
-0.001  1E-18 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008

X (mm)

@ velocity-15 m/s velocity-20 m/s velocity-25m/s

Figure 5 : Temperature distribution at different velocity inlet

From Figure 6, it shows that when the velocity is increasing, the pressure value
also increases but it still shows a uniform flow distribution. This is due to the fluid flow's
pressure distribution and input velocity are closely related concepts. Through Bernoulli's
equation, which stipulates those changes in velocity are accompanied by commensurate
changes in pressure, the velocity and pressure are connected. Variations in flow
momentum and kinetic energy brought on by different inlet velocities might result in
pressure fluctuations throughout the system. As a result, the velocity at the entrance may
have an impact on the pressure distribution. The same results were obtained by Dziubak
et al. (2023) where as the inlet velocity increases, the pressure values at the steering wheel
face part are higher and higher.

It can be summarized that the velocity at the inlet can impact flow distribution,
which, in turn, affect temperature and pressure distributions. The inlet velocity profile
determines how the fluid is distributed within the channels and the overall flow
characteristics. Changes in the velocity at the inlet can alter these flow patterns and
subsequently influence the temperature and pressure distributions within the flow domain.
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Figure 6 : Pressure distribution at different velocity inlet

Based on Figure 7, six different values of heat flux are used to see its effect on
temperature distribution. It shows that the flow distribution for temperature is similar to
each heat flux value. It was worth saying that the effect of different heat flux on
temperature distribution was insignificant. It also shows that the temperature was
uniformly distributed across the channel. It demonstrates that the heat flux is very high at
the entrance of the microchannel as due to the thin thermal boundary layer then it
decreases across the channel. The high heat flux in the entry region was also found by
Sahar et al. (2016).

As the material used in this study is aluminum and it has high thermal
conductivity which is 237 Wm ™K. Due to aluminum's high thermal conductivity, the
impact of various heat fluxes on the temperature distribution in an aluminum solid is
comparatively small. The extraordinary efficiency with which aluminum conducts heat is
well recognised. An aluminum solid's strong thermal conductivity allows for the quick
and even distribution of heat throughout the material when various heat fluxes are applied
to it. As a result, temperature differences inside the solid are reduced, resulting in a
generally uniform distribution of temperature. Aluminum's effective heat conduction
makes it possible to minimise the effect of changing heat fluxes on temperature.
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Comparison Between Different Temperature Values
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Figure 7 : Comparison between different temperature values

Figure 8 shows the pressure distribution across the channel for six different
values of pressure. It can be seen that the pressure profile is the same for all values and
higher pressure drives greater flow distribution. This relationship is known as Darcy's
Law, which states that the pressure drop across a pipe is directly proportional to the fluid
velocity and the length of the pipe. Therefore, the relationship between pressure drops and
flow rate is proportional, and any change in one variable will affect the other. A study by
Zhang et al. (2023) found that more gas flows into the channels in the centre area due to
the inlet and outflow manifold's centre region's biggest pressure drop.

Because of the governing equations and assumptions of fluid mechanics, notably
the incompressible flow assumption, the pressure profile is the same for all levels of the
pressure. According to the incompressible flow assumption, regardless of changes in
pressure, the fluid's density will not change. This presumption is frequently true for liquid
flows or slow gas flows, when there are little density changes. This uniform pressure
profile results from the instantaneous transmission of any pressure change throughout the
fluid, which ensures that the pressure gradient is distributed uniformly throughout the
flow domain. Since the driving forces and the flow resistance within the system are
balanced, the pressure profile does not change with changes in pressure values. Instead, it
represents this equilibrium. This phenomenon was also seen by Lee and Karayiannis
(2023) where it is unlikely that the variation in pressure drop with system pressure has
anything to do with how the flow distribution developed in the channels.

The Navier-Stokes equations and the continuity equation, which describe fluid
flow, can be made simpler under the incompressible flow assumption. The mass flow rate
entering and leaving a control volume must be equal, according to the continuity
equation. The conservation of momentum is explained by the Navier-Stokes equations,
which also link pressure gradients to fluid acceleration and viscous forces. This
calculation has been proved by Maia et al. (2022).
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Comparison Between Different Pressure Values
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Figure 8 : Comparison between different pressure values
4, Conclusion

A numerical study of fluid flow and heat transfer in single phase in multi-microchannels was
conducted using the computational software package, Ansys Fluent. The geometry
construction and mesh generation were also performed in Ansys Fluent and the hexa mashing
grid scheme was used for meshing. Rectangular multi-microchannel and water-liquid were
used in this study. The effect of different values for velocity, pressure temperature towards
the flow distribution was discussed in this study.

For velocity, as the velocity inlet increase, the distribution of the flow is not
uniformly distributed. It also shows that the flow ratio around the edges of the channel is
lower than the center due to the loses at the sharp edge. Next, for temperature, as the heat flux
values increase, the temperature does not change drastically. It shows uniformly distributed
flow across the channel. The velocity-inlet also does not affect the uniformly flow
distribution. For pressure, as the value for pressure-outlet increase, the value for the pressure
drops also increase and the pressure profile for all values are identically the same. When the
velocity-inlet is varied, the pressure distribution remains uniformly distributed but the
pressure value increase as the velocity increase.

The results of this study have substantial implications for the design and
improvement of advanced cooling systems in numerous industries, including automotive
applications, energy systems, and electronics cooling. Based on the results of the present
thesis, there are still many open questions and discussions on fluid flow and heat transfer in
single flow in multi-microchannel. The followings are the most important ones which could
be considered and addressed in future studies such as further investigation of channel
geometries, experimental validation and optimization techniques.
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