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ABSTRACT

Effective thermal management is crucial for enhancing the reliability and performance
of electronic devices. This research investigates the application of phase change
materials (PCMs) integrated into heat sinks to address thermal challenges in electronic
systems. The study aims to evaluate the thermal performance of PCM-enhanced heat
sinks through experimental investigations. The purpose of present study is to determine
the effectiveness of Phase Change Material (PCM) in controlling the temperature of
electronic devices, particularly smart phones and computers with power ratings ranging
from 5 to 15 Watts. Analysis comparing heat sinks with and without PCM reveals that
the addition of PCM results in a notable delay in temperature rise and changes in heat
distribution. In the absence of PCM, the heat sink temperature spikes in 15 to 30
minutes, but with PCM, it takes longer more than 30 minutes. The impact of PCM
thickness and melting temperature on heat dissipation are investigated in this study. For
5W and 15W devices, increasing PCM thickness from 6 to 12cm prolongs heat sink
stability by 50 and 35 minutes, respectively. For 15W devices, stability can be extended
for 30 to 70 minutes by raising the PCM melting temperature from 42°C to 55°C, but
this will result in a 29.5°C increase in the final temperature. Additionally, mixing
different PCMs shows promise in extending stability times by 110 and 130 minutes;
however, this comes with a disadvantage in that the maximum temperature rises as a
result of decreased heat dissipation. The most promising combination is OM35-55,
which, after an hour, maintains a maximum temperature of 53°C. Higher device power,
however, makes it more difficult to maintain constant temperatures. The study
emphasizes how crucial it is to choose PCM thickness and melting point carefully in

order to achieve the best possible thermal regulation in electronic devices.
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CHAPTER 1

INTRODUCTION

Researchers worldwide are actively engaged in the creative creation of new
technologies to address the growing concerns about thermal management of electronic
equipment and efficient cooling remedies. Electronic device failure can result from increased
heat concentrations, which can potentially cause device malfunction. To prolong the lifespan of
electronics and improve system performance, thermal management employing phase change
material (PCM) based heat sinks is crucial. The PCM for a certain application is chosen so that
its melting temperature is lower than the device’s maximum working temperature. One
significant benefit that aids in achieving high storage density is the high latent heat of fusion of

the PCMs. The PCM’s cycling stability makes it suitable for frequent use.

Perplex Sheet
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b ~ , PCM

Heat Sink

Heater

Insulation

Figure 1. Exploded view of PCM Heat Sink

Despite the fact that the majority of PCMs are endowed with high latent heats of
fusion, high specific heats, good chemical stability and good cycling stability, the low thermal
conductivity is a cause for concern, and methods are frequently required to improve the heat
transmission [1]. Various factors such as PCM layout, combination, thickness, melting
temperature, and power rating were analyzed. The results demonstrated that specific PCM
designs and combinations improved thermal regulation and reduced heat sink temperatures,
with higher melting temperatures extending the regulation period and increasing heat sink
temperature, thicker PCMs increasing regulation duration, and higher power ratings shortening
the regulation time while raising heat sink temperature [2].

About PCM design then PCM inserts were also studied in which it was found that

inserts play important role in on heat dissipation rate. The use of honeycomb inserts to replace
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machined fin structures has shown comparable thermal performance during heating and cooling
with the advantage of light weight, ease of assembly and reduced cost [3]. The thermal
conductivity of PCM heat sink can be increased by developing efficient Topology structure
which can be used to study functionality of design where it is seen that the tree-like structure
heat sink exhibited lower Tw values than the fin-structure heat sink by up to 4 °C under the
same heat flux for the same PCM. The tree-like structure heat sink has demonstrated an
increase in operational time by approximately 8 times as compared to the case where no fin
structure was used and up to 13% as compared to the conventional fin-structure design [4].

1.1. Electronic Thermal Management by PCM Heat Sink

Electronic devices and components are becoming increasingly compact and powerful,
leading to higher heat generation. Effective thermal management is crucial to ensure the
reliability and longevity of electronic systems. One innovative solution for electronic thermal
management is the use of Phase Change Material (PCM) heat sinks. PCM heat sinks leverage
the unique properties of PCMs to efficiently absorb and dissipate heat, ensuring that electronic
components operate within safe temperature limits. This report explores the principles,
advantages, applications, and design considerations of PCM heat sinks for electronic thermal

management.

1.1.1. Principles of PCM Heat Sinks

PCM heat sinks rely on Phase Change Materials, substances that can transition
between solid and liquid states at specific temperatures. The key principles of PCM heat sinks
are as follows:

1. Heat Absorption: When electronic components generate heat, the PCM within the heat sink
absorbs this heat, causing it to transition from a solid to a liquid state. During this phase
transition, the PCM can absorb a significant amount of latent heat while maintaining a nearly
constant temperature.

2. Heat Release: As the ambient temperature decreases or external cooling is applied, the PCM
reverts to its solid state, releasing the stored heat. This cycle of absorption and release helps

maintain a stable temperature for the electronic components.
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1.1.2. Advantages of PCM Heat Sinks

PCM heat sinks offer several advantages for electronic thermal management:

1. Efficient Heat Absorption: PCMs have a high latent heat of fusion, enabling them to absorb
a substantial amount of heat without a significant temperature rise. This property enhances their
cooling efficiency.

2. Temperature Regulation: PCM heat sinks maintain a consistent temperature within
electronic systems, preventing overheating and ensuring optimal performance.

3. Passive Cooling: Unlike traditional active cooling methods that rely on fans or pumps, PCM

heat sinks operate passively, reducing noise and energy consumption.

1.1.3. Applications
PCM heat sinks find applications in a wide range of industries and electronic devices:
1. Computing and Servers: PCM heat sinks are used to cool CPUs and GPUs in computers
and servers, enhancing their performance and reliability.
2. LED Lighting: They help manage the temperature of LED chips, extending the lifespan of
LED lighting systems.
3. Solar Panels: PCM heat sinks regulate temperature fluctuations in solar panels, improving
energy conversion efficiency.
4. Electric Vehicles: Battery packs in electric vehicles benefit from PCM heat sinks,
preventing overheating during charging and discharging processes.
5. Aerospace and Military Electronics: In extreme environments, PCM heat sinks ensure that
electronic systems continue to function reliably.
1.2. Value Addition by Multiple PCM Study

Phase Change Materials (PCMs) have gained significant attention in various
industries for their ability to store and release thermal energy during phase transitions. The
study of multiple PCMs, also known as multiple PCM systems, offers several advantages
over single PCM systems. This report explores the value addition brought about by studying
and utilizing multiple PCMs in various applications, highlighting the enhanced thermal

performance, flexibility, and efficiency that they offer.

1.2.1. Multiple PCM Systems
In multiple PCM systems, two or more PCMs with distinct phase change
temperatures are combined to create a composite material. Each PCM in the system melts and

solidifies at different temperatures, allowing for a broader range of temperature control and
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energy storage. The key benefits of multiple PCM systems are as follows:

1. Extended Temperature Range

By combining PCMs with different phase change temperatures, multiple PCM
systems can effectively operate over a broader temperature range. This extended range makes
them suitable for applications with varying thermal requirements.
2. Enhanced Thermal Energy Storage

Multiple PCM systems can store more thermal energy compared to single PCM
systems. When one PCM reaches its phase change temperature, the other PCM(s) can
continue to absorb or release heat, maximizing energy storage capacity.
3. Improved Thermal Cycling

The use of multiple PCMs can mitigate issues related to thermal cycling, such as
material degradation and reduced cycle life. This enhances the durability and reliability of
thermal energy storage systems.
4. Tailored Temperature Profiles
Engineers and researchers can tailor the temperature profiles of multiple PCM systems to
meet specific application requirements. This flexibility is invaluable in designing efficient

thermal management solutions.
1.3. Scope of Work

Effective thermal management is crucial for the reliable operation and longevity of
electronic devices and systems. As electronic components continue to become smaller and
more powerful, the need for efficient cooling solutions becomes increasingly important. This
report outlines the scope of work for an experimental investigation aimed at evaluating the
feasibility and effectiveness of utilizing a Phase Change Material (PCM) heat sink for

electronic thermal management applications.

1.3.1. Objectives

The primary objectives of this experimental investigation are as follows:

1. Develop PCM based heat sink for electronic thermal management/Cooling.

2. Study effect of different thickness of PCM heat sink for thermal regulations.

3. Compare effect of different PCM combination on thermal behavior of heat sink.

4. Study the effect of copper foam for conductivity enhancement.
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1.4. Expected Outcomes
Based on the conducted experiments and data analysis, this research is expected to
yield the following outcomes:
1. A comprehensive understanding of how different PCMs influence the thermal
performance of PCM heat sinks.
2. Quantitative data on temperature regulation and heat dissipation capabilities of PCM
heat sinks compared to traditional cooling methods.
3. Insights into the practical feasibility and limitations of employing PCM heat sinks in
electronic thermal management applications.
4. Recommendations for enhancing the design and utilization of PCM heat sinks for
specific electronic systems.
1.5. Problem Statement
In today's technology-driven world, electronic devices are becoming increasingly
compact and powerful. However, this miniaturization and enhanced performance come at the
cost of escalated heat generation within these devices. Efficient thermal management is
critical to maintain the reliability and longevity of electronic components. Conventional
cooling methods such as air and liquid cooling are effective but have limitations regarding
size, energy consumption, and adaptability to emerging technologies. To address these
challenges, there is a compelling need to explore innovative thermal management solutions.
This problem statement elucidates the central issues and challenges in electronic thermal
management and underscores the importance of investigating Phase Change Material (PCM)

heat sinks as a potential transformative solution.

Department of Mechanical Engineering, SITCOE, Yadrav Page 5



CHAPTER 2

LITERATURE SURVEY

Name Title of Paper Journal/Vol Work
ume/lssue

1 | Rohit Thermal performance | International | The thermal performance of heat
Kothari. et|of phase change | Journal of | sinks based on phase change

al.  (2021) | material-based  heat | Energy materials (PCMs) for cooling
[5] sink  for  passive | Research, mobile electronic devices is the
cooling of electronic | Vol. 45, No. | main topic of the experimental

components: An | 4, pp. 5939- | study. Tests are conducted using

experimental study. 5963, 2021. | various heat sink configurations

and input heat flux values. The
addition of PCM enhances thermal
control while lengthening the
operating period needed to reach
the

specified temperature.

Performance-wise, metal foam
(MF)-PCM composite heat sinks
outperform standalone PCM heat
sinks. Heat flux and heat sink
configuration affect operating time
and enhancement ratio. Higher heat
flux values benefit more from MF-
PCM heat sinks. Four-finned MF-
PCM heat sinks have the highest
enhancement ratio. The conclusions
highlight the advantages of heat

sinks based on PCM technology as

well as the effects of various
variables on  their  thermal
performance.
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I. Al Siyabi,
S. Khanna,
T. Mallick
and S.

Sundaram.

[6]

Multiple phase change
(PCM)
for

material
configuration
PCM-based heat sinks

Energies,
Vol. 11, No.
7, pp. 1629,
2018.

The study examined the thermal
performance of a small-scale heat
sink based on phase change
materials (PCMs) for electronic
thermal control. A number of
variables were taken into account,
PCM

thickness,

including layout,

combination, melting
temperature, and power rating. The
outcomes demonstrated that some
PCM designs and combinations
enhanced thermal regulation and
decreased heat sink temperatures.
Higher  melting

both

regulation period and heat sink

temperatures

increased the  thermal

temperature, whereas increasing
PCM thickness increased

the thermal regulation duration.
Furthermore, greater power ratings
shortened the regulating time while

raising the heat sink temperature.

R. Baby and
C. Balaji [7]

Thermal performance
of a PCM heat sink
under different heat

loads

International
Journal of
Thermal
Sciences,
Vol. 79, 240-
249, 2014.

Experimental investigations were

conducted to quantify the heat
transfer performance of a PCM
based plate fin matrix for both
constant and intermittent heating
conditions. The study establishes
the

need to characterize,

by
experiments, the behaviour of such
heat

quantitatively way  of

sinks under intermittent

operation as a design based on
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continuous heat duty will be
oversized, more expensive and sub-
optimal. The plate fin heat sink
matrix is made from an aluminium
slab of overall dimensions 80x62

mmm2 base with height of 25 mm
using the conventional milling
process. The thickness of the fins
used is 1.4 mm with a height of 20
mm. Generally, PCM should meet
the following requirements. The
melting temperature of the PCM
should be lower than the maximum
temperature of the device. The ratio
of the total volume of fins to the
empty heat sink volume is taken as
15% for the present study, based on
earlier studies wherein this volume
fraction of the heat sink gave the
best heat transfer performance for

plate fin heat sinks.

R. Nandan,
V.
Arumuru, P.
Rath and M.
K. Das [8]

Experimental study of
PCM based hybrid
heat

sink for

electronic  cooling,”
Journal of Enhanced
Heat Transfer, Vol.

29, No. 3, 2022.

Journal of
Enhanced
Heat
Transfer,

Vol. 29, No.
3, 2022.

Due to the heat generated by the
miniaturization ~ of  electronic
devices, reliability problems have
arisen. Finned heat sinks (FHS)
made of paraffin-based PCMs have
limited thermal conductivity, yet
they provide passive cooling. By
integrating fins with PCM and
taking into account variables like
input power and PCM layout,
research is primarily focused on

optimizing PCM-based FHS. In a
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PCMs

compared, and thermal behaviour

study,  multiple are
under varied power input and the
influence of a fan are analysed in
order to evaluate a PCM-based

FHS for cooling a CPU chip.

Kumar, A., | Thermal performance | Microelectro | An experimental study explores
Kothari, R., | of heat sink using | nics nano-enhanced  phase  change
Sahu, S. K., | nano-enhanced phase | Reliability, material (Ne PCM) cooling for
&Kundalwa | change material | 121, 114144, | electronics, replacing fans. Copper
I, S. I | (NePCM) for cooling oxide nanoparticles enhance Ne
(2021) 9] of electronic PCM’s thermal properties. Square
components pin fins (HSSPF) show the best
cooling performance, reducing
temperatures by 13-15°C. CuO
nanoparticles beyond ¢=0.5 lower
cooling efficiency due to increased
viscosity. The study emphasizes
extended device operation with
PCM, highlights HSSPF
superiority, and warns against

excessive CuO use.
R. Baby and | Experimental International | In these various metals are used.
C.  Balaji | investigations on | Communicati | Copper foam matrix is used as
[10] thermal performance | ons in Heat | PCM based Heat sink for
enhancement and | and Mass | investigating thermal performance.
effect of orientation | Transfer, To enhance the thermal
on porous matrix | Vol. 46, pp. | conductivity, copper open cell
filled PCM based heat | 27-30, 2013 | metal foam is press-fitted into an

sink

aluminium casing. Two
enhancement ratios were calculated
to quantify the effectiveness of the

heat sink. The first ratio, comparing
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the operation time of the heat sink
with and without a metal matrix
filled with PCM, showed a 7.5-fold
increase in operation time for the
PCM-filled heat sink. The second
ratio,
duration of the PCM-filled heat
sink with a metal matrix to that
without PCM, indicated a 3-fold

increase in operation time. Similar

comparing the operation

results were obtained for an
aluminium metal foam-filled PCM
heat The

investigated the impact of heat sink

sink. study also
orientation on its performance and

found that the heat transfer
performance remained comparable
across  different  orientations.
Furthermore, orientation did not
significantly affect the heat transfer
performance of the metal foam-

filled PCM heat sink.

M.
Mozafari,
A. Lee and
J.
Mohammad
pour [11]

Thermal management
of single and multiple
PCMs

sinks

based heat
for electronics

cooling,”

Thermal
Science and
Engineering
Progress,
Vol. 23, pp.
100919,
2021.

The study focuses on the use of
heat sinks embedded with phase-
(PCMs)

management of

change materials for
passive thermal
electronic devices. Investigations
into various PCMs and heat fluxes
are done to evaluate the thermal

performance of each.
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CHAPTER 3
THERMAL ENERGY STORAGE

3.1. Phase Change Material

Bio-based Phase Change Materials (PCM) are organic material that have large
amount of heat energy stored in the form of Latent Heat which is absorbed or released when
the materials change state from solid to liquid or liquid to solid. The PCM retains its latent
heat without any change in physical or chemical properties over thousands of cycles.
Ingredients are from 100% bio based raw materials which are non-hazardous, biodegradable
and nontoxic. A Phase Change Material (PCM) is a substance that releases or absorbs enough
energy to generate useful heat or cooling at a phase transition. In most cases, the transition
will be between one of the first two main states of matter, solid and liquid. The phase
transition may also occur between non-classical states of matter, such as crystal conformance,
in which the material transitions from one crystalline structure to another, which may have a
higher or lower energy state. When substances change phase, thermal energy is absorbed and
released (known as latent heat). When a solid material melts, it transforms into a liquid. Many
materials have the ability to absorb a large quantity of heat energy during the phase transition.
When a substance freezes and solidifies, the heat it received while melting is released. At
different temperatures, different materials melt and solidify, and they may absorb varying
amounts of heat energy. Because phase change materials melt and solidify at precise,
specified temperatures, they can be used to control the temperature in a wide range of
applications. When compared to sensible heat energy materials, materials that melt to absorb
heat are substantially more efficient at absorbing heat energy.

This indicates that storing heat energy in a phase change material requires a
significantly less amount of material than storing heat energy in a non-phase change
substance. When a glass of ice cubes is placed in direct sunshine, the ice begins to warm up
gradually. When the ice reaches the phase transition temperature of 0°C, it begins to melt. If
you take the temperature of the ice as it melts, you’ll notice that it stays at 0°C until all of it
has melted. This is due to the fact that when a PCM changes phase, such as ice, the
temperature remains constant until all of the material has melted. This is referred to as latent
heat. Phase change materials (PCMs) are environmentally benign salts or organic compounds
with variable environmental credentials, which store and release latent heat by changing
chemical bonds through a phase transformation, unlike sensible heat storage materials such as
water or masonry, which change structure mechanically. Initially, solid-liquid PCMs perform
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like conventional storage materials; their temperature rises as they absorb heat. However,
when CMS reach melting point (phase change temperature) they absorb large amounts of
heat without getting hotter. When the ambient temperature drops, the Commodifies, releasing
its stored latent heat. PCMs absorb and emit heat while maintaining a nearly constant
temperature. Within the human comfort range of 20-30 °C, PCMs store 5 to 14 times more
heat per unit volume than sensible storage materials. PCMs can be used for any heating and
cooling requirement in buildings, vehicles or fabrics, including insulation and engine cooling,
refrigeration, process cooling or contributing to process heat, and combined heat and power
systems. The challenge to greater use of PCMs is their packaging, cost and knowledge, both
technical and among potential customer and user communities. Protection from extreme
environment has always been acritical requirement of textile industries. Clothing that protects
from water, extreme winter intensive heat, open fire, high voltage, propelled bullets, toxic
chemicals, nuclear radiations and biological toxins, etc. are some of the examples. These
clothing finds application as a sportswear, firefighting wear, defence wear, bulletproof jackets
and other professional wear. Textile products can be made more comfortable when the
properties of textile material adapt to the environment. One of such important intelligent
material at the present is Phase Change Material (PCM), which absorb, stores or release heat
according to the change of temperature during Phase Change Process are most frequently

used in the manufacturing of smart textiles.

Phase change is the process of going from one physical state to another i.e., from
solid to liquid. Substances that undergo the process of phase change are better known as
Phase Change Materials (PCM). These material stores, release or absorb heat as they oscillate
between solid and liquid form. They give off heat as they change to a solid state and absorb
as they return to liquid state. The three fundamentals’ Phases of a matter solid, liquid and gas
are known, but other are consider to exist, including the crystalline, colloid, glassy,
amorphous and plasma phase. The fundamental phenomena of a science were initially
cultivated and employed for building space suits for astronauts for space programs. These
suits kept astronaut warm in a black void of space and cool in solar glare. Phase Change
Materials are compounds, which melts and solidify at certain temperature and in doing so are
capable of storing or releasing large amount of energy. The storage of thermal energy by
changing the phase of material at a constant temperature is called latent heat, that is, changing
from a liquid state to solid state. When a PCM undergoes a phase change a large amount of

energy is required. The most important characteristic of latent heats that it involves the
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transfer of much larger packets of energy than sensible heat transfer. Some of these PCMs
change phase within a temperature range just above and below human skin temperature. This
property of certain substances used for making protective all-season outfits, and for abruptly
changing climatic conditions. Fibre, fabric and foam with built-in PCMs store the warmth of
body and then release it back to the body, as it needs it. Since the process of phase change is
dynamic, the material is constantly changing from a solid to liquid and back depending upon
level of physical activity of the body and outside temperature. Moreover, phase change

material is used, but never gets used up.

PCM-based thermal energy storage might be the oldest form of energy storage
known to humanity, as our ancestors valued ice for exactly that purpose. Today, what could
be termed cold storage is well developed and finds applications from pharmaceutical
preservation, to peak shifting of energy loads from day to night. All this is possible using the
best and most abundant PCM: water. A phase change material (PCM) is a substance that
absorbs and releases thermal energy over a period of time. PCMs work by undergoing the
processes of melting and solidifying to store and dispense heat. Thermal engineers use these
materials in a variety of applications, including thermal insulation and thermal management.
These substances typically have a very high latent heat capacity. During these phase changes,
latent heat is either absorbed or released PCMs excel at harnessing this phenomenon.
Engineers use PCM solutions to control heat transfer and achieve wide-ranging thermal
objectives. PCM need to manage the release and absorption of latent heat effectively and
sustainably. Hydrated salts and paraffin wax are two of the most common PCMs. In high-
temperature settings, metal alloys are popular. The use of other PCMs, especially for storage
at higher temperatures, has seen slower development. With the worldwide need for renewable
energy sources and the downside of their intermittent nature, along with improved PCM
development and characterization, PCM thermal storage is now becoming an important
player in energy technologies. Numerous projects are underway in which PCMs are
incorporated in buildings as part of the building structure. Developments, backed by various
industries, are also underway to incorporate PCMs in electronic components PV panels,
clothing and packaging for temperature control, as well as in applications for waste heat

harvesting.

The largest challenges in the further development of PCM thermal storage are design
and integration of PCMs into particular applications, with the rate problem at the forefront of

those considerations. From an engineering perspective, most experimental and modelling
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research concerning PCMs concentrates on accurate understanding of the overall thermal and
energy behaviour of PCMs and PCM systems, and mechanisms to address the rate problem.
Industry is adding to this mix by looking at economical ways to achieve the desired storage.
Encapsulation of PCMs is still an important issue to be considered, driven by needs for
optimized heat transfer, reasonable cost, and ease of manufacture. Breakthroughs in this area
will increase the use of PCM thermal storage. Finally, some chemists, materials scientists,
and engineers in the field are investigating another critical matter: development of novel
PCMs with enhanced physical properties, especially through the use of form-stable PCMs.
Such materials could help solve the rate problem through enhanced thermal conductivity, and
reduce the required size of storage systems, while facilitating the manufacturing and
encapsulation processes. The most prominent failure in electronic devices is due to excessive
heating of the device during its operation. And the modern trend of miniaturization of
electronic devices with better performance and features further extends the need for a proper
cooling system. The phase change material cooling technique is one of the most economical
passive cooling methods which avoids mechanical vibration of the cooling system and
provides stable cooling with repeated uses. Electronic circuits can be cooled by using phase
change material heat sink arrangement. Nowadays active cooling is carried out by heat
dissipating fin arrangement and also by cooling blower, heat sinks, thermoelectric coolers,

forced air systems and fans, heat pipes, and others.
3.2. Classification of PCM

Thermal energy storage refers to technology that captures heat in a medium. The
system then dispenses the stored latent heat energy at a later time. For example, batteries
store and dispense electrical power. Thermal energy storage systems do the same with heat.
Phase change materials are popular components in thermal energy storage systems. There are
sensible heat storage (SHS) and latent heat storage (LHS) strategies. LHS holds an edge over
SHS in that it may store and release far more heat energy across a given temperature
difference. Effective PCMs reliably change their phase with a given energy input. They
release this energy when the phase change reverses. Thermal engineers are on an ongoing
quest for the best designs and PCMs for their systems. One essential factor engineer must
consider is the number of thermal cycles required for the system. Some heat storage systems
must cycle thousands of times, and this impacts their design requirements. Engineers also
incorporate other tools into these systems, including forced convection tools. For example,
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fins may dissipate heat, while venting may reduce the unit’s size and weight. Effective PCM
heat sinks can store thermal energy while remaining at a relatively stable temperature
themselves. Engineers often place PCMs in hermetically sealed capsules or other enclosures,

which maximize their effectiveness.
3.2.1. Types of Phase Change Materials

An excellent PCM will score high in multiple categories. Among them are the heat
of fusion, thermal conductivity, and specific heat. A good PCM will demonstrate consistent
freezing behaviour and stand up to repeated cycling. Melt temperature, weight, corrosion
resistance, and cost are other considerations. To identify an ideal PCM, engineers must weigh
the relative importance of these different parameters. Categories of PCMs include organic,

inorganic, and eutectic materials. Each has its advantages.

a. Organic PCMs tend to be less prone to phase separation and are less corrosive.
b. Inorganic materials often deliver higher storage capacities and better thermal
conductivity.

c. Eutectics combine two or more PCMs.

Engineers customize formulations to operate at specific melting points. Engineers
may use micro-encapsulation to enhance thermal and mechanical performance. Encapsulated
PCMs reduce overheating in everything from buildings to sportswear. Common PCMs

include hydrated salts, paraffin wax, non-paraffin organics, and metallics.
3.2.1.1. Hydrated salts

Salt hydrates are water-based PCMs. Their melt temperatures are higher than the
melting temperature for water, which is 0°C. Some salt hydrates have melting temperatures

as high as 117°C. Hydrated salts are attractive as PCMs for various reasons, including:

Hydrated salts have a high heat of fusion.

o &

Volume changes between the solid and liquid phases are modest.

134

They are typically less expensive than other PCM options.

o

They are not flammable.
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3.2.1.2. Paraffin wax

Paraffin’s are one of the most commonly used PCMs, typically in either
encapsulated or shape-stable designs. Paraffin wax melt temperatures range from 6°C to
108°C, although they usually fall between 46°C and 68°C. Benefits of paraffin wax include:

a. Paraffin wax offers a high heat of fusion.

b. It has a high latent heat capacity.

c. Itis chemically inert.
d. Itis non-corrosive.
e. Thermal cycling is dependable.

Paraffin wax is popular in energy storage systems and electronics thermal
management. One downside to paraffin wax is that it is flammable and not well-suited to

high-temperature applications.
3.2.1.3. Non-paraffin organics

Non-paraffin organics also excel as phase change materials. Examples include fatty
acids, polyethylene glycol (PEG), polyalcohol, and polyethylene. However, non-paraffin
organic PCMs are not suitable for high-temperature applications. They have a low flash
point, making them highly flammable. Non-paraffin organics also excel as phase change
materials. Examples include fatty acids, polyethylene glycol (PEG), polyalcohol, and
polyethylene. However, non-paraffin organic PCMs are not suitable for high-temperature
applications. They have a low flash point, making them highly flammable.

3.2.1.4. Metallics

Metal alloy PCMs have a vast range of melting temperatures from 150°C to 800°C.
Metallics are effective in transient high-power settings to quickly move heat away from
critical devices. They are popular in advanced electrical generation, for example, in
concentrated solar power (CSP) plants. A phase change material (PCM) is a substance which
releases/absorbs sufficient energy at phase transition to provide useful heat/cooling.
Generally, the transition will be from one of the first two fundamental states of matter - solid
and liquid to the other. The energy released/absorbed by phase transition from solid to liquid,
or vice-versa, the heat of fusion is generally much higher than the sensible heat. By melting

and solidifying at the phase change temperature (PCT), a PCM is capable of storing and
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releasing large amounts of energy compared to sensible heat storage. Heat is absorbed or
released when the material changes from solid to liquid and vice versa or when the internal
structure of the material changes; PCMs are accordingly referred to as latent heat storage
(LHS) materials. PCMs are used in many different commercial applications where energy
storage and/or stable temperatures are required, including, among others, heating pads,

cooling for telephone switching boxes, and clothing.
3.3. Selection of PCM

The phase-transition temperature of PCM determines the degree of phase change.
However, the degree has a significant impact on the thermal performance of the wall when
PCM is integrated into building walls. The phase change will not occur or quickly complete
when the phase-transition temperature is lower or higher than the actual temperature range,
but both whether and how much the phase change of PCM happens depends on the overlap
ratio between its temperature fluctuation and its phase-transition temperature The fossil fuels
are the main source of energy and their continuous use of this fossil fuel damaging the
environment. Burning of fossil fuel emits number of air pollutants which are harmful for
human and environment. Air pollution is mainly due to having pollutants from combustion of
traditional energy source which leading to greenhouse effect in result global warming. The
researcher all over the globe is asking for new replacement to have energy sources in the
form of non-conventional energy source and the new technologies to sore such kind of energy

for the longer period.

The energy storage not only avoids the discrepancy between supply and requirement
but also increases reliability over energy storage systems. The thermal energy storage by
utilizing PCM is one of the great engineering examples used now a day’s which involves
storage of energy by doing change in internal energy of the material as sensible heat, latent
heat, thermo chemical heat or the combination amongst these three. The scientist, engineers
and technologist are in search of development of energy efficient technology which fulfil the
above requirement using alternative source of energy via thermal energy storage. Thermal
energy storage system works on the 3 steps; charging, storing and discharging. A device used
to store the energy is generally called an accumulator or battery. Energy having ample of
form and energy storage involves conversion of energy from one which is difficult to store to
easily storable form. The thermal energy available can be stored by sensible heat storage,

latent heat storage or by using chemical heat storage technology. Because of sustainable

Department of Mechanical Engineering, SITCOE, Yadrav Page 17



energy entrepreneurship, increase use of renewable energy and tackling issue of energy crisis

in the area of energy saving thermal energy storage play a very vital role.

Figure 3.3.1. OM50

Figure 3.3.2. OM35

SR NO Type of Melting Latent heat of fusion | Thermal conductivity
PCM temp. [kJ/kg] [W/(m*K)]
1. OM35 35 202 0.20
2. OoM42 42 199 0.19
3. OM50 50 204 0.21
4. OM55 55 194 0.16

Table 1. Type of PCMs
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CHAPTER 4
EXPERIMENTAL SETUP
4.1 Construction and Working
PCM heat sink is a promising thermal management technology for the smaller
electronic devices that has the potential to reduce overheating, avoid higher heat generation,
and also provide uniform cooling to the commercial electronics devices which helps to

improve lifespan, in addition improving performance and reliability of an electronic devices.

a) A square heat sink with a length of 60 mm, width of 60 mm and a height of 60 mm is
selected. (Considering setup 01)

b) The heat sink is filled with a paraffin wax PCM with a melting temperature of 35, 42,
50 and 55 °C.

c) The heat sink is attached to a plate heater that is generating 10 W of heat.

d) The temperature of the plate heater and the heat sink is measured at regular intervals
of 60 seconds using PTC thermistors (PTC- Positive Thermal Coefficient).

e) Data collection continues until the PCM has completely melted or up to reached to the

steady state condition of a PCM heat sink.

=% )

Figure 4.1 Outline of Experimental set up
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Figure 4.2 (a) Heatsink A, (b) Heatsink B, (c) Heatsink C
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Figure 4.3 General Outline

Figure 4.4 Fin enhanced heat sink
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Figure 4.6 Experiemental set up Modified
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The PCM heat sink is a passive cooling devices means it does not require any
external power supply. The heat sink is made up of a insulating Backelite. In addition
aluminium plate is used where we stick the plate heater on the aluminium plate. The thermal
insulation is provided around the backelite container to avoid any heat losses. The digital
camera is used to capture the melting profile of a PCM inside the heat sink. The PCM heat
sink is constructed as follows:

1. The backelite plate is cut by wood cutting machine as per the set dimensions.

Dimensions: a) Heat Sink A: 60 x 60 x 60 MM
b) Heat Sink B: 120 x 60 x 60 MM
c) Heat Sink C : 120 x 60 x 60 MM

2. The backelite plates are drilled, and by screwing it the container is ready.

3. To avoid leakage due to the melting of a PCM we use the Mseal and other
chemicals while joining the backelite plates.

4. The aluminium plates are used at the one of the side of a Backelite container
where we stick the plate heater on the aluminium plate. Aluminium plates are
used as a seperator between the plate heater and the PCM.

5. The purpose of the experimental setting is to determine the impact of the various
specified parameters like how a heat sink's thermal behaviour is influenced by its
multiple-PCM design, PCM thickness, melting temperature, and heat source
intensity. To investigate the effects of PCM, PCM thickness, and the two PCM
layouts, four heat sinks—one without PCM and three with PCM—have been
made. A heat source fastened to a metal plate makes up the no PCM heat sink.
As seen in Figure 5.4.1, the other three PCM heat sinks, designated A, B, and C,
have interior dimensions of 60 x 60 x 60 mm, 120 x 60 x 60 mm, and 120 x 60 x
60 mm, respectively, and are constructed of Bakelite. To monitor the PCM
melting profile the upper portion is of clear acrylic plate. One cavity in each of
the heat sinks A (Figure 3a) is meant to be filled with one kind of PCM. Because
heat sink B (Figure 3b) has two cavities, it can hold two distinct kinds of PCMs,
each measuring 60 x 60 x 60 mm. An aluminium plate with a thickness of 3 mm
is used to divide the two cavities. To heat the PCM, a 3 mm thick aluminium
plate has been mounted to one side of the container and thermally insulated with

polystyrene. Figure 3d depicts the experimental configuration.
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7. To replicate the heat produced by electronics, an electrical plate heater (
Specifications: 250-Watt, 0.7-Ampere) has been employed. By altering the
voltage, different heating power ratings have been employed with DC power
supplies (Dimmer).

For an experimental investigation of a Phase Change Material (PCM) heat sink for
electronic thermal management involves several key pieces of equipment to measure and
analyze various parameters. A list of essential equipment for such an experiment includes
temperature sensor, data acquisition system (data logger) in which selection of controller,

node MCU includes. Here the detailed explanation of such equipment’s:
4.2 Data logger

It is able to provide superior thermal performance compared to traditional cooling
techniques, such as air cooling and liquid cooling. The PCM heat sink is also relatively
simple to design and fabricate, making it a cost-effective solution for a wide range of
applications. A data logger (also datalogger or data recorder) is an electronic device that
records data over time or about location either with a built-in instrument or sensor or via
external instruments and sensors. Increasingly, but not entirely, they are based on a digital
processor (or computer), and called digital data loggers (DDL). They generally are small,
battery-powered, portable, and equipped with a microprocessor, internal memory for data
storage, and sensors. Some data loggers’ interface with a personal computer and use software
to activate the data logger and view and analyse the collected data, while others have a local

interface device (keypad, LCD) and can be used as a stand-alone device.

Data loggers vary from general-purpose types for a range of measurement
applications to very specific devices for measuring in one environment or application type
only. It is common for general purpose types to be programmable; however, many remain as
static machines with only a limited number or no changeable parameters. Electronic data
loggers have replaced chart recorders in many applications. Here we want to record
temperature of PCM heatsink and record it to further carry out the research on these
temperature readings. In the data logger we are recording total 5 temperatures at a time and
displaying its individual graphs using 10T cloud platform.
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4.3 Selection of temperature Sensor

PTC (Positive temperature coefficient). Most PTC thermistors are made from doped

polycrystalline ceramic (containing barium titanate (BaTiO3) and other compounds) which

have the property that their resistance rises suddenly at a certain critical temperature. Barium

titanate is ferroelectric and its dielectric constant varies with temperature. Below the Curie

point temperature, the high dielectric constant prevents the formation of potential barriers

between the crystal grains, leading to a low resistance. In this region the device has a small

negative temperature coefficient. At the Curie point temperature, the dielectric constant drops

sufficiently to allow the formation of potential barriers at the grain boundaries, and the

resistance increases sharply with temperature. At even higher temperatures, the material

reverts to NTC behaviour.
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______________ 32 KB Flash,
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Figure 4.7 Arduino UNO circuit board
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Arduino UNO: The Arduino Uno is an open-source microcontroller board based on
the Microchip ATmega328P microcontroller (MCU) and developed by Arduino.cc and
initially released in 2010. The microcontroller board is equipped with sets of digital and
analog input/output (1/O) pins that may be interfaced to various expansion boards (shields)
and other circuits. The board has 14 digital 1/O pins (six capable of PWM output), 6 analog
I/0 pins, and is programmable with the Arduino IDE (Integrated Development Environment),
via a type B USB cable. It can be powered by a USB cable or a barrel connector that accepts
voltages between 7 and 20 volts, such as a rectangular 9-volt battery. It has the same
microcontroller as the Arduino Nano board, and the same headers as the Leonardo board. The
hardware reference design is distributed under a Creative Commons Attribution Share-Alike
2.5 license and is available on the Arduino website. Layout and production files for some
versions of the hardware are also available.
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Figure 4.8 Arduino add-on PCB NodeMCU
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Node MCU is an open-source firmware for which open-source prototyping board
designs are available. The name "NodeMCU" combines "node" and "MCU" (micro-controller
unit).[8] Strictly speaking, the term "NodeMCU" refers to the firmware rather than the
associated development kits. Both the firmware and prototyping board designs are open
source. The firmware uses the Lua scripting language. The firmware is based on the eLua
project, and built on the Espressif Non-OS SDK for ESP8266. It uses many open-source
projects, such as lua-cjson and SPIFFS. Due to resource constraints, users need to select the
modules relevant for their project and build a firmware tailored to their needs. Support for the

32-bit ESP32 has also been implemented applications.

Figure 4.9 Data Logger

Department of Mechanical Engineering, SITCOE, Yadrav Page 27



CHAPTER 5
EXPERIMENTAL RESULTS AND OBSERVATIONS
5.1. Comparison of heat sink with and without PCM
The heat sinks with and without PCM filled in the containers were tested for an hour
each, and temperature readings were taken. It was found that the heat sink (without PCM)
had an unwanted rapid temperature rise, reaching 60°C, 90°C, and 120°C at steady state for
power ratings of 5 W, 10 W, and 15 W, respectively. This rapid temperature rise had an
impact on the performance of electronic devices. Fig. 3 compares the heat sink temperatures
for the PCM-filled (OM55) and PCM-free heat sinks during the thermal regulation period.
When compared heat sink without PCM, the heat sink's temperature decreases by 10.8, 50.1,
and 69.8 offering comparable power ratings of 5, 10, and 15 W. The temperature drop
(achieved using PCM) increases with increasing power rating. The results also show an
inverse relationship between the heater output and the thermal regulation period for a given
quantity of PCM.

140 ' ) : " ! -
1[I Without PCM
120 - | With OM 55 PCM

100
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40

20 4
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Power

Figure 5.1 Comparison between PCM and no PCM heat sink temperatures for
three different power ratings.
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5.2. Effect of Heater Power Rating
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Figure 5.2 Effect of heater power rating for heat sink A

Heat sink A has been filled with OM55 PCM and heated using power levels of 5 W,
10 W, and 15 W. Fig. 5.2 displays the surface temperature for each rating. In every trial, the
heater ran for 60 minutes. The maximum heat sink surface temperature for a 5 W power
rating is 62 °C, and the PCM is not completely melted. It is evident that PCM maintains a
steady heat sink temperature during latent heat absorption. When building PCM heat sinks, it
is important to keep in mind that the heat sink temperature in this region is significantly
greater than the melting point of PCM. Furthermore, as power rating goes beyond 5W, the
thermal regulation period also drops dramatically. The heat sink surface temperature
stabilizes for all power ratings by the end of the charging session. When the heat sink surface
temperature remains constant across power ratings following the charging time, the phase
change material (PCM) has reached saturation and the system has reached thermal

equilibrium.

The heat sink A without PCM reading at different power ratings from 5-15 W is as
shown in Fig. It is observed that the temperature distribution across the heat sink A is studied
in order to investigate the impact of PCM thermal conductivity on PCM melting. At the start
of the operation, it is observed that the heat sink temperature at the front (T1) rises more
quickly than the PCMs at the middle (T2) and back (T3) of the heat sink. The reason for this

is that the PCM's low thermal conductivity results in a significant temperature differential
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between T1 and the other two temperature points, delaying the melting of the PCM in the
back relative to the front. It should be mentioned that a large latent heat capacity also causes a
delay in the melting process. A PCM with 245 kJ/kg latent heat takes three times longer to
melt completely than one with 110 kJ/kg latent heat. The maximum temperature at 5W power
rating is 71.3°C in without PCM heat sink A
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Figure 5.3 Without PCM reading of Heat sink A at power rating (a) 5W, (b) 10W, (c) 15W

The findings indicate that OM42's heat sink thermal regulation temperature is lower
than OMb55's. This is due to the fact that OM42 PCM begins to melt and absorb heat in a
latent form before OM55 PCM does. OM42 has a shorter thermal regulation period than
OMB55. Therefore, if the charging time is less than 50 minutes; OMA42 is suitable to lower the

heat sink maximum temperature for a 15 W power rating.
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A number of differences emerge when OM42 and OM55 heat sink types are
compared based on the temperature increases they experience during an hour-long charge at
various power ratings. At a power rating of 5W, both heat sink types exhibit no increase in
temperature from their initial values, suggesting an effective cooling capability at this lower
power input. However, as the power rating escalates, OM42 consistently demonstrates a
higher percentage increase in temperature compared to OM55. Specifically, at 10W, OM42
experiences about a 9.09% temperature rise, whereas OM55 registers a slightly lower
increase of approximately 6.89%. This trend continues at 15W, where OM42 shows a more
substantial rise of about 20% in temperature, while OM55's temperature elevation remains
comparatively lower at approximately 10.34%. Consequently, at higher power ratings, OM42
appears to have a more pronounced temperature response, indicating a potentially lower
thermal efficiency or lesser heat dissipation capability compared to OMS55 under these
conditions. Also, OM55 is able to reduce slightly the heat sink temperature for 10W.The

maximum temperature at various powers rating at end of charging can be analysed by Fig 7.

5W 10w 15W

Heat sink Temperature at end of charging for 1 hour

Power

Figure 5.4 Temperature of the heat sink when it is being charged

The PCM melting pattern is defined as the shape of the two phases of the PCM
during the melting process. It is considered an important measure in any thermal storage

system because it indicates the heat transfer behaviour of the system. Fig. 10 shows the
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melting profile for OM55 at thickness of 60mm for 5W power ratings at 20 min time interval.
Fig. 11 shows the melting profile for OM55 at thickness of 120 mm for 5W power ratings at
20 min time interval. It has been found that the PCM closest to the heat source melts more
quickly, causing the liquid to push upward and the solid PCM to shift downward, giving the
PCM its curved shape.

5.3 Effect of two PCM (combination) on heat sink Temperature

Figure 5.5 Effect of two PCM OM35-OM50 on heat sink C at 5W before and
after images
The effect of combination of PCMs, with different melting temperatures heat sink C is used

In the cavity closest to the heat source is the PCM with the lower melting temperature.
Experimental results shows that, using Combination OM42-55 OM35-55, OM35-50, OM42-
50 having maximum temperature of heat sink C after 60 minutes is 58°C ,53°C,66°C,65°C
respectively. The heat sink surface temperature versus time for two PCMs with the same
quantity of PCM in every combination is displayed in the above figure. For every
combination, all readings were obtained for a 5 W power rating. The temperature increases
uniformly over the first ten minutes for every combination. In comparison to a combination
with melting temperatures of 42°C and 55°C, the temperature in the PCM combination with
melting temperatures of 35°C and 55°C has increased. The thermal regulation of OM42-55 is
more compared to OM35-55. It can be concluded that for 1 hour duration combination of
OM35-55 is suitable. The experiment is performed for the time period of 1 hour too. Fig. 13
shows combination of PCM OM35-OMb55 before and after the experimentation for time

period of 1 hour.
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Conclusion

Phase Change Material (PCM) can be used to regulate the temperature of electronic
devices like a computer or a smart phone. Compared to the performance of a heat sink with
PCM to one without PCM, and also tested different factors like the thickness of the PCM and
its melting temperature, different power ratings ranging from 5 to 15 Watts. In the processes
of heat dissipation in heat sink it has been observed that without PCM heat sink temperature
increases rapidly and distribution of heat is gradual as time passes. The temperature of each
sensor at different positions as showed that it takes around 15 to 30 minutes to raise the
temperature of heat sink in the without PCM heat sink case. By using PCM in the heat sink it
takes more than 30 minutes to raise the temperature. Increasing the thickness of the PCM
from 6 to 12cm extended the time the heat sink could keep the device at a stable temperature
by 50 minutes and 35 minutes for devices with power ratings of 5 watts and 15 watts,
respectively. Increasing the melting temperature of the PCM from 42°C (OM42) to 55°C
(OMB55) extended the stable temperature time from 30 to 70 minutes for devices with a power
rating of 15 watts. However, it also made the final temperature of the heat sink go up from
63°C to 74°C. The time the heat sink can keep the device at a stable temperature decreases as
the device's power rating increases from 5 to 15 watts. The final temperature of the heat sink
also increases by 29.5°C when the power rating goes up. The study of melting temperature
will help to design effective heat sink in the further research.

Using combination of different PCMs together extended the time the heat sink C
could keep the device at a stable temperature by 110 and 130 minutes considering fully
melting of PCM but in that case the maximum temperature tends to increase due low
dissipation of heat. The study showed that using two different PCMs can improve the thermal
regulation of electronic devices, keeping them cooler for longer. The most promising
combination was OM35-55 having maximum temperature of 53°C after 1 hour. However,
increasing the power of the device will make it harder to maintain a stable temperature. The
thickness and melting temperature of the PCM can also affect the performance, so it is
important to choose them carefully for the specific needs of the electronic device. The
experimental results underscore the significant potential of PCMs in mitigating thermal issues
in electronic devices, thereby contributing to improved reliability, longevity, and
performance. Future research directions may explore optimizing PCM formulations, scaling
up applications, and integrating PCMs into diverse electronic cooling systems to further

advance their practical implementation and impact in the field of thermal management.
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