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Abstract- For this thesis, a microchannel heat sink with
corrugated channels was selected. The study looked at how
the heat transfer performance of microchannel heat sink was
affected by geometrical features related to the channel zone,
such as flow disruption and corrugated channel. Concave,
convex, convergent-divergent, and hybrid concave-convex
channel designs were among the several that were introduced
for effective cooling. It has been demonstrated that a number
of interesting mechanisms, including the induction of flow
mixing and the disruption of the boundary layer, enhance the
effectiveness of this process of passive augmentation, or flow
disruption. Reynolds number 50, 500, 2000 were used to
assume the flow regime. The channel with concave cavity and
convex ribs, one of the flow disruption techniques, was found
to have a significant effect on the thermal performance of
microchannel. Comparing a conduit with circular cavities to
one without any interruptions, the pressure drop in the former
was correspondingly smaller. Many techniques to obstruct
flow were suggested, including expansion-contraction cavities,
hybrid techniques between concave and convex ribs, and
circular cavities. Concave-convex hybrid techniques are more
advantageous  than  interference-free  single-channel
techniques. Better fluid mixing and a larger heat transfer area
are examples of these qualities. The interrupted-wall channel
with expansion-contraction that demonstrated a minimal
pressure drop is the most important characteristic of flow
disturbance techniques.

Keywords- Microchannel heat sink(MCHS), Corrugated
channel, concave cavities, Flow disruption, Hybrid methods.

I. INTRODUCTION

For a wide variety of purposes, humans have
employed heat as an energy source. As manufacturing
processes and industrial needs have grown, people have
discovered and produced a wide range of gadgets to meet
these needs. Modern applications use a broad range of heat
exchanger types to control heat in various scenarios. The
increasing demand for regulated environments is leading to a
greater specialization and diversity among exchangers. Heat
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exchangers have application in the petrochemical, end-user,
and chemical industries. Researchers' efforts to increase their
understanding of heat transfer in a variety of applications have
been spurred by the expansion of the energy sector. [1, 2]

Heat has been utilized by humans for a wide range of
purposes. Humanity has discovered and produced a vast range
of devices in response to growing industrial needs and
expanding manufacturing processes. Many types of heat
exchangers are utilized in current applications to handle heat
in various scenarios. Exchangers are become more varied and
specialized as a result of the increasing demand for controlled
environments. The petrochemical, end-user, and chemical
industries all use heat exchangers. The energy industry's rapid
expansion prompted scientists to carry out investigations
aimed at deepening their understanding of heat transport in
various contexts. [1,2]

Because the channels of traditional straight
Microchannel heat sinks are so tiny, the majority of the flow
occurs in the laminar flow regime, keeping the flow from
transitioning into the turbulent regime. Furthermore, in the
conventional straight MCHS, the continual expansion of the
thermal boundary layer causes hotter fluid to accumulate at the
channel wall and cooler fluid to accumulate throughout the
channel core, lowering the heat transmission in MCHS. To
maximize the thermal performance of conventional straight
rectangular MCHS, most of the early research concentrated on
altering the channel aspect ratio, channel length, and wall
thickness. [3-6]

For the purpose of improving performance, some
researchers changed the cross-sectional shape of microchannel
to something like a circle, triangle, or trapezoidal shape. [7-
12]

The characteristics of the serpentine flow path are
advantageous for microfluidic cooling applications, including
wavy, zigzag, and convergent-divergent MCHS. Sui et al. [13]
statistically examined the laminar flow and HT in 3D wavy
MCHS using a rectangular cross-section. The dynamic
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technique is used to determine the fluid mixing properties
(Poincare section). The results demonstrated the creation of a
secondary flow (Dean Vortices) when liquid passed through
wavy MCHS. Chaotic advection (CA) is created when the
location and quantity of vortices vary along the direction of
flow, facilitating convective fluid mixing. Wavy MCHS
enhances its heat transmission capabilities as a result.

Heat transfer and flow in sinusoidal MCHS with
rectangular cross sections are studied experimentally [14].
Each MC consists of ten wavy units with a wavelength of 2.5
mm, a depth of 404 um, an average width of 205 um, and
wavy amplitudes of 138 pm and 259 pm. Deionized water is a
working fluid with a variable Reynolds number ranging from
300 to 800. The Nusselt numbers of wavy and straight
microchannels are compared when their cross sections and
footprint lengths are equal. The wavy microchannel exhibits
much superior heat transfer performance than the straight
ones, with an enhanced heat transfer efficiency factor of up to
211%.Furthermore, it is discovered that, with a maximum
increase in the PD penalty factor of 76%, the Pressure drop
(PD) penalty of wavy microchannels is much lower than that
of the heat transfer efficiency. The presence of chaotic
advection was confirmed by numerical simulation using
particle tracking and Poincare sections, which greatly
enhanced fluid mixing and heat transfer. Meanwhile, the dean
vortice patterns observed in the wavy microchannel cross
section along the flow direction showed a significant variation.
Sui et al. [44] examined the fully developed flow and heat
transfer in a periodic wavy channel with a rectangular cross-
section, where the Reynolds numbers span equivalent to
constant laminar to transitional flow regimes.It was observed
that dean vortices, or a symmetric secondary flow, formed as
the liquid flow passed through the bends. The flow changed
from a steady state to a single-frequency periodic one when
the Reynolds number increased even higher. The flow in this
stage is described by complex dean vortices with a temporal
and spatial evolution pattern along the flow direction.

Mohammed et al.'s quantitative investigation of
laminar forced convection in wavy MCHS with a rectangular
cross-section was conducted [45]. The investigation includes a
large range of Reynolds number (100-1000) and wavy
amplitude (125-500). The heat sink consists of 25 wavy
microchannels with a hydraulic diameter of 339 pm and a total
length of 10 mm. The heat transmission performance of a
wavy microchannel is found to increase with increasing wavy
amplitude, with the exception of 500 pm. Additionally, the
pressure drop and friction factor increase in proportion to the
wave amplitude.Abed et al. [48] examined fluid flow and heat
transfer in wavy MCHS with square cross-section by varying
the dean number between 0.07 and 106.5 for two Prandtl
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number values (137 and 1038). A working fluid with glycerin
and water in various weight percent ratios (30:70 and 10:90) is
needed to get the necessary Prandtl values. The Nusselt
number and friction factor increase when the dean number
increases because to the better flow mixing. Additionally,
there is an increase in thermal efficiency, with Prandtl
numbers of 137 and 1038, respectively, producing ratios of
85% and 53%.

Il. NUMERICAL MODEL AND METHOD

The use of micro-channel heat sinks in effective
electronic cooling systems is growing in popularity. The
effectiveness and functionality of these systems were the
subject of numerous studies. Relationships between pressure
drops and heat transfer were presented by many authors.

Researchers can now create more suitable designs
because to improvements in CFD software. Pressure drops,
heat transfer rates, design mass-flow rates, and fluid dynamic
forces like lift and drag can all be calculated using CFD. It
makes use of the finite element approach of discretization,
which is used in structural and thermal analysis. The division
of the mathematical model into non-overlapping fundamental
geometric components is the main concept in the physical
interpretation of the finite element method.

ANSYS design modeler is used to develop the
channel geometry. For the current project, four distinct
designs have been considered. The uninterrupted
microchannel heat sink is represented by Model 1. When fluid
is moving through the channel, there is no interruption to the
flow. In Fig.1, reference geometry is displayed. According to
the reference study by lhsan Ali Ghani et al., the inlet's
diameter is assumed to be 0.1 mm, and the channel's length is
assumed to be 10 mm.
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Fig.1 The schematic of four configurations of the
Microchannels.

Interfaces were defined as surfaces in the 2D model.
The model's mesh was created using the ANSYS Workbench
Mesher program. In order to capture precise thermal and flow
boundary layer, 10.8 million quadrilateral mesh elements are
taken into consideration, with the first element height of 3 pm
determined using Y+ value. four distinct configurations'
modeled geometry are displayed in Fig. 2(a-d).

Fig 2a Modeled geometry1.

Fig 2b Modeled geometry2.

Fig 2c Modeled geometry3.

Fig 2d Modeled geometry4.

Reynolds number 50, 500, 2000 were used to assume
the flow regime.The flow and heat transfer are modelled using
the continuity, momentum and energy formulations
represented by equations (1)— (4) [18].

vU=0 (1)
U.V(pU)=-Vp + V. (WVU) oo @)
UVE)CTi =V (KVT) oo 3)
V.KVT)=0 e )

The material properties in the preceding equations are
represented by the letters p, k, p, and Cp, and the velocity and
temperature are denoted by U and T, respectively. The
governing equations for the solid and liquid domains were
solved in this work using the finite volume method and the
Ansys program. The geometry was constructed using the
ANSYS DESIGN Modeler. The SIMPLE algorithm was used
to replicate the pressure, temperature, and velocity
computations.Additionally, the consistency requires that the
residual for the continuity, momentum, and energy equations
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be smaller than 10-6 and 10-9, respectively, in order to obtain
the appropriate convergence of the Navier-Stokes equations.
To make sure that the mesh size has no effect on the solution,
a mesh independence analysis is carried out. A steady state
depending on pressure was simulated by the mesh geometry.
The -y direction was loaded with gravitational forces. The k-
epsilon, enhance wall treatment, constant wall temperature,
and curvature effect were selected as the viscous model.

Based on the reference study, 373K was selected as
the wall temperature. The references provided the flow
Reynolds numbers of 50, 500, and 2000. Water is the fluid,
and at 300K, its density (p=1000 kg/m3) and viscosity
(1=0.001 kg/m.s) are both constant.

Region Boundary Expression
condition
Inlet Velocity-inlet u=05mls T =
300K
u=5mls T =
300K
u=20ms, T =
300K
Outlet Pressure-outlet P=0
Wall Constant wall | T=373K
temperature

111. NUMERICAL RESULTS AND DISCUSSION

Laminar forced convection with different channel
surfaces has been numerically explored in microchannel heat
sinks, covering Reynolds numbers in the range of 50, 500, and
2000. A variety of numerical simulations using a fluid (water)
on the channel side and the same inlet temperature are run on
the ANSYS. Water is the working fluid on the channel surface
in each and every instance. The first design considers a
continuous heat sink with ribs that have a hydraulic diameter
of 0.1 mm and a total length of 10 mm. The heat sink in the
second design is made up of four 0.05 mm-diameter circular
cavities known as corrugated channels.The channel surface of
the third design saw the introduction of expansion and
contraction, while maintaining the same inlet diameter of 0.1
mm and length of 10 mm. With the previously indicated
diameter and length, a hybrid approach combining concave
and convex cavities was established in the fourth design. At a
low Reynolds number, Re = 50, the initial three designs
exhibited identical behavior. However, in comparison to the
other three designs, the fourth one performed better in terms of
heat transfer. Fig. 3(a-d) displays the temperature profile and
the velocity profile. Fig. 7 displays the temperature versus
outlet length curve.
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Fig. 3a. Temperature and velocity profile for Modell.

Fig. 3b. Temperature and velocity profile for Model2.

Fig. 3c. Temperature and velocity profile for Model3.

Fig. 3d. Temperature and velocity profile for Model4.

Temperature Vs Outlet length at
Re50
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Fig. 4. Temperature vs Outlet length graph at Re50.

Fig. 5a. Temperature profile for Model1.
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Fig. 5b. Temperature profile for Model2.

Fig. 5¢c. Temperature profile for Model3.

Fig. 5d. Temperature profile for Model4.

Temperature Vs Outlet length at
Re500
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Fig. 7a. Temperature profile for Model1l.

Fig. 7b. Temperature profile for Model2.

Fig. 7c. Temperature profile for Model3.

Fig. 7d. Temperature profile for Model4.
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Temperature Vs QOutlet length at
Re2000
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Fig. 8. Temperature vs Outlet length graph at Re 2000.

It is recognized that the model 2 and model 4 provide
the best thermal performance at Reynolds numbers of 500 and
lower, respectively. Higher Reynolds numbers improved the
thermal performance of Model 4. Enhancing the quantity of
flow disruption promotors would lead to better thermal
performance. The impact of corrugated channels on the
thermal performance of microchannel heat sinks was
investigated in the three graphs above.

IV. CONCLUSION

Present article investigated numerically the effects of
introducing flow disruption promotors in the channel surface
on the heattransfer performance of microchannel heat sink.
The reference geometry of the microchannel was simulated.
The simulationresults were in agreement with reference
geometry and literature. The temperature distribution and flow
rate of the geometry were obtained. With regards to flow
disruption technique, the superior heat transfer performance of
channel with concave cavity in acceptable level of pressure
drop is emphasized at low Reynolds number. Meanwhile
expansion-contraction channel revealed higher heat transfer
performance at high Reynolds number. But one of the main
drawbacks of introducing flow disrupting techniques is the
increase in pressure drop. Pressure drop penalty is justified by
the thermal performance of the microchannel with expansion-
contraction channel. Although heat transfer is superior in the
concave cavity and convex rib channel but it is associated with
high pressure drop. The most important characteristic within
flow disturbance techniques is found in interrupted-wall
channel which manifested low Pressure drop. It is established
to be the most desirable feature in microchannel heat sink
applications due to its role in reducing the pump power and
liquid leakage risk.
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