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1 Abstract
Electronic devices have become a very important aspect of our daily life. The perfor-
mance improvement of these electronic devices leads to both a reduction in size and
an increase in heat generation. Efficient heat dissipation is necessary to prevent device
failures and maintain temperatures below critical limits for optimized performance. In
recent times, air cooling has been nearly insufficient in terms of dissipating the required
heat. Microchannel heat sinks (MCHS) using liquid as a working fluid offer an ideal
solution due to their efficient heat transfer, compactness, and lower weight. Nonethe-
less, MCHS suffers from notable drawbacks like high-pressure drops and uneven heat
dissipation along the channel. Thus, there is a need for technologies to address these
limitations and meet future heat dissipation demands. Various mechanisms, including
flow acceleration, boundary layer interruption, flow disturbance, and flow boiling, can
enhance heat transfer performance. In this research, these mechanisms have been uti-
lized to enhance the performance of MCHS. Incorporating microstructures inside the
channel is a proven method for enhancing heat transfer by disrupting and accelerating
the flow. This study explores the effect of different cross-sections and arrangements
of blind holes and pillars. The trapped fluids within the blind holes reduce pressure
drop, while flow disturbance enhances heat transfer. A novel arrangement where pillars
are distributed throughout the channel with descending pillar density from upstream to
downstream. The elliptical pillar shows the highest overall performance index among
various pillar shapes. Next, it is observed that MCHS with micro-ribs at the bottom
surface outperforms MCHS with pillars in terms of heat transfer and fluid flow char-
acteristics. Aerofoil-shaped micro-ribs enhance heat transfer, while reversed aerofoil
micro-ribs reduce pressure drop. Efforts have been made to investigate the effect of
sudden and gradual variations of channel cross-sectional area. The convergence and
divergence angles notably influence heat transfer and fluid flow characteristics in the
converging-diverging channel. Sudden expansion gradually recovers pressure, while
the sudden contraction increases the pressure drop. Introducing multiple sudden expan-
sions and contractions in the channel cross-section in sequence, heat transfer perfor-
mance was improved at the cost of higher pressure drop. The study of the placement of
transverse channels was another focus. These channels, within microchannel heat sinks,
improve heat dissipation performance without a change in pressure drop. The research
also focuses on the effect of various arrangements and positions of pillars and blind
holes under flow boiling conditions. From the study, it is observed that the pillar en-
hances heat transfer in single-phase flow and delays the phase change, while blind holes
serve as nucleation sites. Optimal performance is achieved by positioning twelve pillars
in the upstream half and twelve blind holes in the downstream half of the channel.

2 Objectives
The present research aims to enhance the heat transfer performance without sacrificing
the pressure drop of the channel. Efforts have been made to improve the heat transfer
performance of microchannel heat sink (MCHS) by the geometrical modifications and
placing of microstructures inside the microchannel with both single-phase and two-
phase flow conditions. The broad objectives of the thesis are listed as follows.
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• To investigate the effect of various arrangements, positions, and cross-sections of
pillars and blind holes on the performance of MCHS.

• To compare the performance of a microchannel with micro-pillars and ribs. Ad-
ditionally, to study the effect of various cross-sections of micro-ribs and different
arrangements of cross-sectional ribs on the thermohydraulic efficacy of heat sink.

• To optimize the location of throat position in converging-diverging microchannel
and various arrangements of sudden expansion and contraction.

• To investigate the detailed effect of various configurations of transverse channels
in the microchannel heat sink on the fluid flow and heat transfer characteristics.

• To analyze the effect of the arrangements of pillars and blind holes on the fluid
flow characteristics and heat transfer performance of MCHS under flow boiling
conditions with various inlet subcooling and put heat flux conditions.

3 Existing Gaps Which Were Bridged

The existing studies have used various methods to enhance the heat transfer perfor-
mance such as the placing of the pillar (Qidwai and Hasan (2019); Jia et al. (2018)),
variation in the cross-sectional area of the channel along the flow direction, geometrical
modifications, boiling phenomenon, etc. Nevertheless, few gaps have been identified
and attempts have been taken to bridge those gaps as follows.

• There has been no in-depth analysis of the effect of blind holes placed at the
bottom surface of the channel and their cross-sectional shapes on fluid flow and
heat transfer characteristics. The current study addresses this gap.

• Some existing studies have studied the effect of the location of pillars (Jia et al.

(2018); Yadav et al. (2016)). However, no existing literature studied the arrange-
ment of pillars and blind holes. The present analysis bridges this gap and suggests
a novel arrangement. The effect of various cross-sections of pillars with the novel
arrangement also has been studied in detail.

• Though some existing studies investigated the performance of MCHS with pil-
lars and micro-ribs (Chai et al. (2019); Li et al. (2016)), there is no detailed
comparison of the performance enhancement between pillars and ribs on the var-
ious surfaces on the channel wall. There is also scope for a detailed investigation
of the performance of MCHS with various cross-sections of an extended surface
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Figure 1: Considered shapes of microstructures

(especially, ribs on the bottom wall). The various arrangements of the differ-
ent cross-sectional micro-ribs are also investigated and a novel arrangement with
higher thermo-hydraulic performance is proposed.

• A few literatures have investigated the effect of converging and diverging of chan-
nel cross-section along the length (Ghaedamini et al. (2013); Ali et al. (2021)).
However, no studies reported the effect of various locations of throat position of
converging-diverging microchannel. Though few studies examined the effect of
sudden expansion and contraction of the microchannel (Deng et al. (2019); Hajji
et al. (2021)), no studies attempted to investigate the effect of various position of
sudden expansion and contraction. The present study addresses these gaps.

• Some studies reported the effect of pillars and blind holes on the boiling phe-
nomenon of MCHS (Jung et al. (2021); Li et al. (2020)). Nevertheless, there are
no existing studies with detailed investigation of the influence of the positions
and arrangements of the blind holes and pillars inside the microchannel heat sink
(MCHS). The present study attempts to address this gap.

4 Most Important Contributions
The microchannel with a square cross-section (400 µm × 400 µm) and a length of 5
cm is located in a copper heat sink. In the heat sink, such microchannels are placed
in parallel. Only a single channel has been considered for the present computational
analysis (except for the analysis of the transverse channel where six parallel channels
have been considered). ANSYS Fluent software package has been used to solve the
governing equations. The Grid independence study has been performed to optimize the
grid. The selected numerical schemes were validated by experimenting and also with
the existing experimental and numerical data.
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Figure 2: Considered shapes of microstructures

4.1 Effect of pillars and blind holes
The effect of arrangement and the shape of micro-structure (pillars and blind holes)
on the thermohydraulic performance of MCHS is analyzed. This has been achieved
through four different steps. The considered shapes of microstructures are shown in
Fig. 1. In the first step, the effect of cross sections of blind holes has been investigated
and the circular blind hole has been identified as the optimized one. The arrangement of
the circular pillar and blind hole is optimized in the next step (performances are shown
in Fig. 2 where, h, δP , Tint and OPI (OPI = h

δP
(1/3) ) are normalized (by the plain chan-

nel) heat transfer, pressure drop, average interface temperature and overall performance
index respectively) by selecting the hole shape as circular where it is observed that the
pillars should be distributed throughout the channel length and more pillars should be
located at the channel upstream region for the maximum overall performance index
(MCC 18). This phenomenon is detailly investigated in the third analysis. Better over-
all performance is attained by placing six pillars at upstream stations and distributing
the remaining pillars at the downstream among the blind holes. In the final step, the
effect of various cross-sections is optimized for selecting the best arrangement from
the second step. Though the higher heat transfer coefficient is observed for the circu-
lar pillar, the high pumping power makes its hydraulic performance poorer than some
other MCCs. The minimum pumping pressure as well as lower heat transfer coeffi-
cient is observed for MCHS with an aerofoil pillar (the tail end of the pillar faces the

4



flow). Therefore, it can be concluded that the performance of the MCHS significantly
depends on the cross-section of pillars and blind holes. The overall performance index
of MCHS with elliptical pillars is found to be the best and it successfully maintained
the lower average interface temperature.
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Figure 3: Comparative temperature analysis of the suggested novel MCC with the plain
channel

4.2 Effect of microstructured wall
Efforts have been made to investigate the fluid flow characteristics, and heat transfer
performance of microchannel heat sinks (MCHS) with micro-structures (micro-pillar
and micro-ribs). In the first analysis, the performances of MCHS with micro-pillars
are compared with the various arrangements of micro-ribs. The higher heat transfer
coefficient, and lower average sink temperature are achieved for the microchannel with
micro-ribs located at the bottom surface of the channel. The rise in pressure drop in
the channel due to the presence of micro-ribs is also lower than the presence of micro-
pillars. In the second analysis, the effect of various cross-sections of micro-ribs (located
at the bottom surface) has been investigated. The heat transfer performance, and the
pressure drop across the channel depend on the cross-section of the ribs. Based on
the performance parameters microchannel heat sink with aerofoil and reversed aerofoil
micro-ribs are found to be the best configuration among others. From the final analysis,
it is noted that the heat transfer enhancement by the ribs is significant when they are
placed at the upstream half of the channel. It is also noted that the aerofoil ribs enhance
the heat transfer and reverse aerofoil ribs recover the pressure drop. Based on these two
observations a novel arrangement of micro-ribs has been proposed with twelve aerofoil
ribs at the upstream half and twelve reversed aerofoil ribs at the downstream half. The
suggested novel heat sink reaches the performance of the plain channel when the heat
flux becomes nearly twice as shown in Fig. 3. Tint* and δT* is the normalized average
interface temperature and difference between the maximum and minimum temperature
respectively. q* is is applied heat flux normalized by 100W/cm2.
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Figure 4: Probability density function of the temperature of analysis 3
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Figure 5: Length of single and two phase flow
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4.3 Effect of variation of the flow passage
This portion of research work deals with the investigation of the effect of variation of
the area of the cross-section area of the microchannel on its thermohydraulic perfor-
mance. The study has been performed through a sequence of three analyses. In the
first analysis, the effect of the gradual variation of the cross-section area has been in-
vestigated. From the inlet, the channel cross-sectional reduces along the length of the
channel and increases. In this detailed analysis, the location of the minimum cross-
section area (throat) varies from 0% to 100% of the channel length. It is observed that
the effect of the angle of divergence on the pressure drop is more than the converging
angle. None of the cases achieves OPI greater than 1. In the next analysis, the effect of
sudden contraction and expansion is thoroughly discussed. The pressure reduces instan-
taneously with a significant magnitude as the flow passes through sudden contraction
and increases gradually as it passes through sudden expansion. The rate of pressure
recovery in sudden expansion depends on the ratio of the maximum cross-section to
the minimum cross-section. It is also observed that the thermohydraulic performance
of the microchannel improves when the upstream and downstream part of the channel
with cross-section L (cross-sectional area is 0.55 × 0.4 mm2) is connected by a sig-
nificant length of the channel with cross-section S (cross-sectional area is 0.25 × 0.4
mm2). From these observations, the third analysis is planned by dividing the channel
length into multiple number of section with alternative cross-sectional area L and S. The
heat transfer performance increases with more number of such divisions are done. How-
ever, the pressure drop for such cases increases drastically with the increase in Re. The
overall performance index for the microchannels with two sections with cross-sectional
area L connected by a cross-sectional area S (the section with cross-sectional area S is
shifted towards upstream) is maximum than all other cases. Fig. 4 shows the probability
density function of temperature of the considered microchannel configurations. An ef-
fort also has been made to improve the heat transfer performance of microchannel heat
sinks by incorporating the transverse channels without incurring any penalty in terms of
pressure drop. The presence of transverse channels enhances heat transfer performance
by disrupting and regenerating the boundary layer. Additionally, the average tempera-
ture of the bottom surface decreases as the number and length of transverse channels
increase. The inclusion of a sudden expansion in the cross-sectional area before the
transverse channel contributes to improved heat transfer rates. Conversely, reducing the
channel flow passage after the transverse channel enhances the rate of heat dissipation
and increases the pressure loss. The transverse channel aids in pressure recovery.

4.4 Effect of pillars and blind holes under flow boiling condition
Finally, efforts have been made to study heat transfer and fluid flow performance of
a microstructured microchannel heat sink under flow boiling conditions. Initially, five
different configurations of micro-pillars and blind holes have been considered and their
performance has been studied for saturated inlet conditions. Next, keeping the heat
flux constant, the inlet subcooling is varied. At the last, keeping inlet subcooling as
constant as 60OC, the input heat flux has been varied. From the first two analyses,
it is found that the blind holes act as nucleation sites throughout the channel and the
pillars delay the boiling by accelerating the flow near upstream. The pressure fluctuates
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due to the passage of vapor bubbles intermittently through the small opening between
the pillars and the channel wall. If more pillars are located in the two-phase zone,
more fluctuation is observed. It is also observed that the heat transfer and fluid flow
characteristics of the microchannel heat sink strongly depend on single-phase and two-
phase length (shown in Fig. 5) which is affected by the arrangement of microstructures.
From the last analysis, it can be seen that with the degree of subcooling 60OC, MCC
75 (12 pillars upstream and 12 blind holes downstream of the channel) experiences the
maximum heat transfer coefficient and minimum pressure drop. Therefore, it can be
said that the performance of MCC 75 is optimum under these conditions among the
selected microchannel configurations.

5 Conclusions
The findings of the present research work are summarized as follows.

• The blind holes marginally enhance the heat transfer performance and reduce the
pressure drop. MCHS with circular blind holes achieved a higher heat transfer
performance than the oval cross-sectional blind holes.

• For higher heat transfer performance, the pillars should be distributed throughout
the channel length and more pillars should be located near the channel inlet.

• The gradual variation in the cross-sectional area of the channel helps to reduce
the pressure drop. The pressure drop in a microchannel with reversed aerofoil
pillars attains a lower value than others. MCHS with elliptical cross-sectional
pillars achieved a higher overall performance index.

• The microchannel with micro-ribs positioned at the bottom surface achieved a
lower heat transfer coefficient, lower average sink temperature, and lower pres-
sure drop.

• MCHS with aerofoil and reversed aerofoil micro-ribs stand out as the best based
on its performance parameters. The novel micro-rib arrangement is proposed,
consisting of twelve aerofoil ribs at the upstream half and twelve reversed aerofoil
ribs at the downstream half.

• The heat transfer coefficient and pressure drop increase as the number of sudden
contractions and expansions increases.

• The presence of a transverse channel increases heat transfer performance without
a significant increase in the pressure drop.
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• The analyses reveal that the blind holes serve as nucleation sites in the channel,
while the pillars delay boiling by promoting accelerated flow near the upstream
region.

• A higher heat transfer coefficient is achieved when the upstream and downstream
stations are occupied by pillars and blind holes respectively under flow boiling
condition.

6 Organization of the Thesis

The proposed outline of the thesis is as follows:
(a) Chapter 1: Introduction

(b) Chapter 2: Effect of pillars and blind holes

(c) Chapter 3: Effect of microstructured wall

(d) Chapter 4: Effect of variation of the flow passage

(e) Chapter 5: Effect of pillars and blind holes under flow boiling condition

(f) Chapter 6: Conclusion and Future Scope
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