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ABSTRACT

This project presents an experimental analysis of the cooling of a helmet with the help of phase change material
(PCM) and using air flow circulation through the surface of the phase change material and Automation system.
The heat produced by the head of the helmet wearer is absorbed and stored by phase change material and stored
heat is thrown out the heat with the help of air circulation in the helmet. In this helmet PCM is placed between
the head of the wearer and helmet metal shell. Thus, the heat produced by head of the wearer and heat in the
helmet metal shell due to atmospheric high temperature and expanded polystyrene foam (EPF) will be absorbed
by the PCM but to increase the duration of working of the PCM, here we implement the method of forced
convection by the installing two fan which removed the inside heat of the helmet and extend the working time of
the PCM. This maintains the wearer head temperature nearly melting point of PCM temperature and protects the
wearer head from discomfort and hot environment. If only PCM will be used then the cooling is achieved for few

hours only when the PCM is completely melted. So that in this project automation-based cooling fan is used with

this PCM achieve the excellent and good result for heat compensation.
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CHAPTER 01:
INTRODUCTION

12.1 Helmet

Helmet is a crucial piece of safety equipment designed to protect the head from injury in
various activities, especially those involving potential impact or falls, such as cycling,
motorcycling, and certain sports like skiing or rock climbing. Modern helmets are typically
made from materials like polycarbonate, fiberglass, or carbon fiber, engineered to absorb and
dissipate impact forces while remaining lightweight and comfortable to wear. They often
feature adjustable straps and ventilation systems for a customizable fit and enhanced comfort
during prolonged use. Additionally, helmets may include additional features such as visors or
reflective elements to improve visibility and further enhance safety. It's essential to choose a
helmet that meets safety standards and fits properly to maximize protection in case of

accidents or collisions.

Figure 1.1 Helmet

12.1.1 History of Helmet

The History of helmets dates back thousands of years, with evidence of early civilizations
using rudimentary head protection made from materials like leather, cloth, or metal to
safeguard warriors and hunters during combat and hunting expeditions. Ancient helmets
varied widely in design and construction, reflecting the technological capabilities and
cultural preferences of their respective societies.

One of the earliest known examples of a helmet is the bronze helmet of Mesopotamia, dating
back to around 2500 BC. This helmet featured a simple dome-shaped design with cheek
guards for facial protection. As civilizations progressed, helmet design became more
sophisticated, with various cultures across the globe developing their own styles and

techniques.
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Figure 1.2 Traditional Helmet

During the Middle Ages, knights in Europe wore elaborate helmets as part of their armor,
often featuring intricate designs and embellishments. These helmets provided both protection
and a means of displaying status and heraldry. In the 20th century, helmets saw significant
advancements with the introduction of new materials and manufacturing techniques. World
War | marked a turning point in helmet design, with the introduction of the iconic steel
helmets, such as the Brodie helmet used by British forces and the M1917 helmet used by
American troops. These helmets offered improved protection compared to their predecessors
and became symbols of military identity. In the civilian realm, helmets gained popularity in
sports and recreational activities, particularly in cycling and motorcycling. Early helmets for
these purposes were often basic in design, but as safety standards increased, manufacturers
began incorporating advanced materials like fiberglass, polycarbonate, and carbon fiber into

their designs to enhance protection while maintaining comfort and style.

12.1.2 Modern Helmet

Today, helmets continue to evolve with the latest advancements in materials science and
technology. They are widely recognized as essential safety equipment in numerous activities,
from motorcycling and cycling to skiing, rock climbing, and various team sports. The history
of helmets reflects humanity's ongoing quest to protect the head from injury, spanning
millennia of innovation and adaptation to meet the ever-changing demands of safety and

performance.
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Figure 1.3 Modern Helmet Structure

Modern helmets epitomize safety, blending advanced materials and design. With
polycarbonate, fiberglass, and carbon fiber, they offer lightweight durability. Innovative
features like MIPS mitigate rotational forces, while EPS foam absorbs impacts. Comfort is
paramount, with adjustable straps and ventilation systems. Rigorous testing ensures
adherence to safety standards. Helmets cater to diverse preferences, offering various styles
and colors. Beyond protection, they serve as fashion statements. In 100 words, modern
helmets are the pinnacle of safety and style, safeguarding individuals across diverse activities

while reflecting technological advancements and personal expression.

12.2 Various Categories of Helmet

The Helmet are categorized based on the specific activity or purpose for which they are

designed. Here are some common categories:

12.2.1 Fire Fighter Helmet

The firefighter helmet stands as an emblem of bravery and protection in the face of perilous
situations. Evolving from leather headgear to modern composite designs, firefighter helmets
have undergone significant transformations over the years. Today, they are crafted from
advanced materials like thermoplastics and fiberglass, offering superior heat resistance and
impact protection. The distinctive shape of firefighter helmets, with its brim and rear
extension, serves multiple purposes, including shielding the face from falling debris and
providing a surface for attaching equipment such as flashlights and communication devices.
Moreover, modern firefighter helmets feature integrated visors and eye protection to shield

against flames, smoke, and hazardous particles. Their high-visibility colors enhance visibility
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in chaotic environments, aiding in coordination and rescue efforts. Beyond functionality,
firefighter helmets symbolize courage and selflessness, worn by individuals dedicated to
saving lives and protecting communities. As technology advances, firefighter helmets
continue to evolve, incorporating innovations to enhance safety and effectiveness in the

relentless pursuit of firefighting excellence.

12.2.2 Aviation Helmet

The aviation helmet is a critical piece of equipment for pilots, offering protection,
communication, and enhanced situational awareness in the dynamic environment of flight.
Evolving from simple leather caps to sophisticated integrated systems, aviation helmets have
become indispensable tools for aviators across various sectors, including military,

commercial, and private aviation.

Constructed from lightweight yet durable materials such as Kevlar, carbon fiber, and
fiberglass, modern aviation helmets provide impact protection while minimizing fatigue
during long flights. They feature advanced communication systems, including noise-
canceling microphones and integrated speakers, enabling clear communication with ground

control and crew members even in noisy cockpit environments.

12.2.3 Air-Conditioning Helmet

The air conditioning helmet represents a revolutionary innovation in personal comfort and
safety, particularly in environments where heat and humidity pose significant challenges.
Designed to provide a constant flow of cooled air to the wearer's head and face, air
conditioning helmets offer relief from stifling conditions while enhancing productivity and

well-being.

Constructed from lightweight and durable materials, air conditioning helmets feature
integrated cooling systems powered by rechargeable batteries or portable air supplies. These
systems draw in ambient air, pass it through a cooling mechanism such as evaporative
cooling or thermoelectric cooling, and then distribute the cooled air through vents

strategically positioned around the helmet.

One of the primary benefits of air conditioning helmets is their ability to mitigate heat stress
and fatigue, particularly in high-temperature environments such as construction sites,

industrial facilities, and outdoor work sites. By maintaining a comfortable temperature inside
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the helmet, these devices help prevent heat-related illnesses and enhance worker safety and

efficiency.

Furthermore, air conditioning helmets can be customized to meet the specific needs of
different industries and applications. For example, helmets used in firefighting or hazardous
materials response may include additional features such as integrated respirators or

communication systems to ensure optimal performance in demanding environments.

In addition to their practical applications, air conditioning helmets offer potential benefits in
recreational and sports settings. Athletes and outdoor enthusiasts can stay cool and focused
during intense physical activities, while motorcyclists and cyclists can enjoy extended
comfort during long rides in hot weather.

While air conditioning helmets represent a significant advancement in personal cooling
technology, challenges remain in terms of energy efficiency, battery life, and overall
comfort. Continued research and development efforts are needed to optimize these devices

for widespread use across various industries and applications.

12.3 Air-Conditioning Helmet

12.3.1 History of Air-Conditioning Helmet

The concept of air conditioning helmets traces back to the early 20th century when Willis
Carrier invented modern air conditioning in 1902. However, the idea of incorporating this
technology into helmets emerged much later. In the 1960s, with the rise of space exploration,
NASA developed cooling systems for astronauts' suits, laying the groundwork for wearable
cooling technologies.

The necessity for air conditioning helmets became apparent in various fields such as
construction, firefighting, and military operations, where individuals worked in extreme heat
environments. These helmets aimed to prevent heat-related illnesses and improve comfort
and productivity.

Over time, advancements in miniaturization and battery technology facilitated the
development of compact and efficient cooling systems, making air conditioning helmets,

in recent years, with the growing concerns over climate change and heatwaves, there has
been renewed interest in such technologies for personal cooling. Today, air conditioning

helmets are being further refined and customized for specific applications, including sports,
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industrial work, and outdoor activities. As technology continues to evolve, these helmets are
poised to play a crucial role in enhancing safety and well-being in environments where heat

stress is a concern.

12.3.2 Different Types of Air-Conditioning in Helmet

Air conditioning helmets employ various cooling technologies to regulate temperature and

provide comfort in different environments. These technologies have evolved over time,

driven by advancements in engineering, materials science, and understanding of

thermoregulation. Here are some of the different types of cooling technology used in air

conditioning helmets:

1. Thermoelectric Cooling: Thermoelectric cooling relies on the Peltier effect, where an
electric current is passed through two different conductors to create a temperature
difference. One side of the conductor becomes hot while the other side cools down.

2. Evaporative Cooling: Evaporative cooling exploits the principle of heat absorption during
the evaporation of liquids. Helmets equipped with evaporative cooling systems contain
reservoirs of water or cooling fluids. When exposed to airflow or heat, these fluids
evaporate, drawing heat away from the wearer's head and creating a cooling effect.
Evaporative cooling is particularly effective in dry climates but may be less efficient in

humid environments.

3. Compressor-Based Cooling: Similar to traditional air conditioning systems, compressor-
based cooling technology uses compressors and refrigerants to remove heat from the air. In
air conditioning helmets, miniature compressors and refrigeration circuits are integrated
into the helmet design. These systems provide powerful and rapid cooling but may require

more energy and maintenance compared to other cooling methods.

4. Hybrid Cooling Systems: Some air conditioning helmets combine multiple cooling
technologies to optimize performance in diverse conditions. For example, a helmet may
integrate thermoelectric modules for rapid cooling and PCM materials for sustained
temperature regulation. Hybrid cooling systems offer versatility and efficiency, adapting to

changing environmental conditions and user preferences.
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5. Phase Change Material: PCM cooling technology utilizes materials that change phase at
specific temperature absorbing or releasing heat in the process. PCM cooling systems in
helmets involves encapsulating this martials in pockets or layers within the helmet

structure.

12.3.3 Implementation of Phase Change Material in Air-Conditioning Helmet

Phase Change Material (PCM) Cooling is a fascinating technology utilized in air
conditioning helmets to provide efficient and sustained temperature regulation. PCM cooling
systems rely on materials known as phase change materials, which have the unique property
of changing phase (solid to liquid or vice versa) at specific temperatures. These phase change
materials are carefully selected based on their melting and solidification points, ensuring that
they undergo phase changes within the desired temperature range. Common phase change
materials include paraffin wax, fatty acids, and salt hydrates, each with its own characteristic
melting and solidification heat. In air conditioning helmets, PCM cooling systems typically
involve encapsulating these phase change materials within the helmet structure. These
materials are strategically placed in pockets or layers where they can come into direct contact
with the wearer's head. When the wearer's head generates heat, the phase change materials
absorb this heat, causing them to transition from a solid to a liquid state. During this phase
change process, the phase change materials can absorb a significant amount of heat energy
while maintaining a relatively constant temperature. This results in a cooling effect on the
wearer's head, as the heat is effectively drawn away from the head and stored within the
phase change materials. PCM cooling technology offers several benefits for air conditioning
helmets, including efficient temperature regulation, lightweight design, and reduced reliance
on power sources. Additionally, PCM cooling systems can be customized by selecting phase
change materials with specific melting and solidification temperatures to suit different
environmental conditions and user preferences. Overall, PCM cooling technology represents
a versatile and effective solution for maintaining thermal comfort in air conditioning helmets,

contributing to enhanced safety and productivity in various industries and applications.
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CHAPTER 02:

LITERATURE SURVEY

[1]. Chelliah, A., Karthick, B., Vimalkodeeswaran, A., & Hariram, V. R. (2015). Helmet
cooling system using phase change material for long drive. Jonaurl of Engineering and
Applied Sciences, 10(4).

To address heat discomfort, a Phase Change Material (PCM) like Glauber Salt is
encapsulated within Aluminum Foil, with holes strategically placed for air circulation. This
setup effectively absorbs and dissipates heat, ensuring continuous cooling for the wearer
until the PCM fully fuses. SolidWorks software aids in the design and implementation of this

innovative cooling system.

[2]. Omara, A. A., Mohammedali, A. A., & Dhivagar, R. (2023). Helmets cooling with phase
change materials: A systematic review. Journal of Energy Storage, 72, 108555.

The paper systematically reviews the utilization of Phase Change Materials (PCMs) in
helmets for cooling purposes, covering various aspects such as design, materials, thermal
performance, influencing factors, and integrated systems. It concludes that PCMs can
effectively maintain comfortable temperatures until fully melted, with their performance
affected by helmet design, PCM mass, and environmental conditions. To enhance cooling,
PCMs can be combined with active systems or nano-particles. The review also identifies
opportunities for improving helmet wearability, design standards, and light absorptivity.
Future directions may involve solid-solid PCMs, optimal PCM quantities, phase change

humidity control materials, and ergonomic assessments.

[3]. Shareef, S. M., Lavakumar, P., Kiran, M. U., & Rohit, B. B. (2020). Helmet Cooling
using Peltier Module.

This project deals with the development of cooling system for biker’s helmet using
thermoelectric technology using peltier module. The system consists mainly of a heat sink,
aluminum passageway and Peltier coil. The prototype is fabricated and mounted onto biker’s
head. Experiments are conducted on the prototype to analyze the performance of the cooling

system during different intervals of time.

[4]. Saleh, A., & Kanaan, D. A. (2023). An Experimental Study of a Novel System Used for
Cooling the Protection Helmet. Energies, 16(10), 4046.

This study introduces a novel experimental model aimed at efficiently cooling protective
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helmets. The system utilizes an evaporative cooling technique, employing water sprayed
over a canvas covering the helmet's outer surface, with a solar fan enhancing the evaporation
rate. Experimental results, coupled with heat and mass laws, were used to evaluate
evaporation and heat transfer rates. A comparison was made with two other cases: a dry
helmet and a wet-covered one without the fan. Both inner and outer surface temperatures
remained stable and within human comfort levels. The addition of the wet cover resulted in a
temperature reduction of approximately 9 degrees on both surfaces, while the fan further
decreased temperatures by about 5 degrees. The cooling rate increased by 63.3% with the
wet cover and by 131.7% with the addition of the fan.

[5]. Panchbhai, M. P., Pethkar, P. P., Korde, A. B., & Rane, P. A. (2020). Design of Helmet
Cooling System Modules and their Comparison.

Nowadays, helmets are a hot topic due to their critical importance in rider safety. However,
many people avoid using helmets because they find them uncomfortable, particularly due to
the higher temperatures inside compared to the surroundings, leading to feelings of
suffocation. Existing helmets on the market are often traditional and uncomfortable for
prolonged wear, lacking sufficient cooling for the human head. To address this issue, we
have developed a cooling system for motorcycle helmets. Our aim is to compare and select
the best module from two options: the Peltier Module Helmet cooling system and the Phase

Change Material Helmet cooling system, considering various parameters.
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CHAPTER 03:

PROBLEM DEFINITION

The problems concerning heat and safety issues linked to overheating in protective headgear.
People working in extreme heat or performing physically demanding tasks frequently
experience discomfort from heat, leads to health dangers such as stress, fatigue, headache,
decreased performance, and compromised safety because of inadequate helmet cooling

solutions.
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CHAPTER 04:

OBJECTIVES

1. To develop the air-conditioning helmet and implement phase change material with effective
cooling system.

2. To modify helmet by utilizing Phase Change Materials (PCMs) to create a cooling helmet
that not only protects individuals but also improves their comfort, performance, and well-

being in various settings, all while supporting sustainability objectives.

3. To optimize user performance by creating a thermally regulated environment suitable for
various activities and professions, all while considering adaptability to different

environmental conditions.
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CHAPTER 05:

METHODOLOGY
IDENTIFICATION OF PROBLEM

LITERATURE SURVEY

!

SELECTION OF APPROPRIATE HELMET

{

SELECTION OF MATERIALS AND COMPONENETS

J

INTEGRATION OF PHASE CHANGE COOLING MODULE

INCORPORATION OF THERMOELECTRIC COOLER

ENSURING APPROPRIATE ELECTRICAL CONNECTIVITY

EVALUATION AND TESTING
Fig 5.1 Flow Chart

The first step in the methodology is to identification of the problem. Then by collecting and
referring the suitable reference papers came across suitable solution. First, we have to select
the appropriate 1SI standard helmet and then according to 2D modelling and 3D modelling
the helmet is fabricated. This project presents an experimental analysis of the cooling of a
helmet with the help of phase change material (PCM) and using air flow circulation through
the surface of the phase change material and Automation system. The heat produced by the
head of the helmet wearer is absorbed and stored by phase change material and stored heat is
thrown out the heat with the help of air circulation in the helmet. In this helmet PCM is

placed between the head of the wearer and helmet metal shell.

Thus, the heat produced by head of the wearer and heat in the helmet metal shell due to
atmospheric high temperature and expanded polystyrene foam (EPF) will be absorbed by the
PCM but to increase the duration of working of the PCM, here we implement the method of
forced convection by the installing two fan which removed the inside heat of the helmet and

extend the working time of the PCM. This maintains the wearer head temperature nearly
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melting point of PCM temperature and protects the wearer head from discomfort and hot
environment. If only PCM will be used then the cooling is achieved for few hours only when
the PCM is completely melted. So that in this project automation-based cooling fan is used
with this PCM achieve the excellent and good result for heat compensation.

5.1 Helmet System Requirements

SI.NO HARDWARE QUANTITY

Helmet module 1

Thermocol

Phase change material (PCM)

Adjustable Foam

Cooling Fan

Temperature sensor

Battery

o N| o g B W] N e
N N = ] e

Microcontroller

Table 1 Helmet System Requirements

5.1.1 Phase Change Material

Figure 5.1 Phase Change Material

Phase Change Materials (PCMSs) represent a fascinating advancement in the realm of thermal
management technology. These materials possess the unique ability to absorb and release
large amounts of thermal energy during phase transitions, making them invaluable in various
applications ranging from temperature regulation in buildings to cooling systems in electronic
devices. In this document, we will explore the fundamental principles, properties, applications,
and future prospects of gel PCMs. PCMs are characterized by their ability to transition

between solid and liquid states while maintaining a gel-like consistency. This characteristic
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enables them to store and release thermal energy more efficiently than traditional PCM
materials. PCMs typically consist of a phase change material dispersed within a polymer
matrix, resulting in a stable gel structure. One of the key advantages of gel PCMs is their
flexibility in shape and form, allowing for easy integration into various systems and
applications. They can be encapsulated in thin films, coatings, or even embedded within
building materials, making them suitable for passive thermal regulation in structures. In
buildings, gel PCMs can help reduce energy consumption by absorbing excess heat during the
day and releasing it at night, thus maintaining a comfortable indoor temperature without
relying heavily on mechanical heating or cooling systems. Similarly, in electronic devices, gel
PCMs can act as efficient heat sinks, dissipating thermal energy generated by components and

preventing overheating.

Properties of PCM:

Suvarna Organic Bhiim PCM

Product Bhiim 30-35 P

Series P Series

Description Liquefies at Phase Change Temperature

Appearance Opaque When Solid, Translucent/Transparent
when Liquid

Base Material Organic Material

Phase Change Temperature (Melting Point | 30°-35°C

Range)

Sub Cooling ~ 4°C max

Specific Gravity ~0.89-0.93

Latent Heat Theoretical ~160 Joules/g

Spec. Heat ~1.9to 2.1 Joules/g°C

Thermal Conductivity ~0.2t0 0.4 Watt/m °C

Congruent Melting Yes

Flammability above 250°C

Hazardous No

Max. Operating Temperature 100°C

Table 2 Properties of PCM

These materials are used for thermal energy storage due to their ability to maintain a constant

temperature while absorbing or releasing heat.

Key Characteristics:

1. Thermal Properties;

- Latent Heat: Organic PCMs have high latent heat capacity, which allows them to store and

release a significant amount of energy.

- Phase Transition Temperature: They have well-defined phase transition temperatures that

can be tailored for specific applications.
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2. Chemical Stability: Organic PCMs are stable and exhibit little to no supercooling,
meaning they reliably melt and solidify at the same temperatures.

3. Bio-based PCMs: Derived from natural and renewable resources, such as vegetable oils
and animal fats. They are sustainable and environmentally friendly.

Applications:

1. Textiles: Used in clothing and bedding to provide thermal comfort by absorbing and
releasing body heat.

2. Electronics Cooling: Helps manage heat in devices by absorbing excess heat and releasing
it when the device cools down.

3. Solar Energy Storage: Stores thermal energy collected from solar panels for use during
periods without sunlight.

Advantages:

1. Energy Efficiency: Improve the energy efficiency of heating and cooling systems.

2. Comfort: Provide thermal comfort in buildings and textiles.

3. Sustainability: Bio-based PCMs offer environmentally friendly options.

5.1.2 Cooling Fan

« ADC fan is a cooling fan that converts electrical energy into electromagnetic energy through
DC voltage and electromagnetic induction, and then electromagnetic energy into mechanical

energy, and finally into Kinetic energy, so that the fan blades rotate.

Figure 5.2 Cooling Fan

e This 12V DC Brushless fan is very easy to use, it just needs to be powered up with a 12V
power source. It has low current consumption and finds its application in a lot of projects like
cooling Peltier and heatsinks. It is high-temperature resistant and extremely durable. Excellent

for cooling heat sinks on hot ends, prints, or other cooling needs.
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e Increased ventilation to keep the electronics components cool and performing at high
efficiency. It can be used to maintain the temperature of the extruder in 3d printers. Bearing is
high precision, long life, and low noise. Excellent for cooling heat sinks on hot ends, prints, or

other cooling needs.

e 1x12V 4010 Brushless DC Fan

Operating Voltage 12v DC
Operating Current 0.15 Amp+10%
Rated speed 7000rpm=10%
Airflow 1.36CFM+10%
Cable Length 50 cm

Noise 23dBA£10%
Connector PH2.0-2P
Dimensions in mm (LxWxH) 40x10x40

Net weight 159 (Approx)

Table 3 Specifications of Fan

5.1.3 Temperature Sensor

Figure 5.3 Temperature Sensor

Temperature sensors play a critical role in air conditioning helmets, enabling precise

monitoring and control of the cooling system to maintain optimal comfort and safety for the

wearer. These sensors detect changes in temperature and provide feedback to the cooling

system, allowing it to adjust cooling levels accordingly. Here's an essay on the importance

and function of temperature sensors in air conditioning helmets. Temperature sensors are

integral components of air conditioning helmets, facilitating the regulation of thermal

conditions to ensure the wearer's comfort and well-being. By continuously monitoring

temperature levels, the sensors provide real-time feedback to the cooling system, enabling it

to adjust its operation to maintain the desired temperature range.
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The function of temperature sensors in air conditioning helmets is multifaceted. Firstly, they
serve as early warning systems, alerting the wearer and the cooling system to any changes in
temperature that may affect thermal comfort. For example, if the temperature inside the
helmet begins to rise due to increased physical exertion or external heat exposure, the

sensors can trigger the cooling system to ramp up its cooling capacity to prevent overheating.

5.1.4 Battery

Figure 5.4 Battery

Batteries serve as the lifeblood of air conditioning helmets, supplying the electrical power
required to operate the cooling system, temperature sensors, and other electronic
components. These rechargeable energy storage devices play a pivotal role in enabling
mobility, autonomy, and prolonged operation, ensuring that wearers remain comfortable and
protected in various environments. One of the primary functions of batteries in air
conditioning helmets is to power the cooling system. Whether it's thermoelectric modules,
fans, or compressor-based systems, these cooling mechanisms rely on electrical energy to
generate cooling effects and regulate temperature within the helmet. Batteries provide the
necessary power output to drive these cooling systems, allowing wearers to stay cool and
comfortable even in hot and humid conditions. Moreover, batteries contribute to the
portability and autonomy of air conditioning helmets by eliminating the need for continuous
external power sources. Unlike wired systems that rely on tethered connections to power
outlets or external batteries, battery-powered helmets offer greater freedom of movement and

flexibility.
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CHAPTER 06:
DESIGN AND ANALYSIS

Calculations;
Density of Phase Change Material =2.77 g/cm?
For the available space inside the helmet,

Volume available = | *b*h

=15*%14.5%0.5
=108.75cm3
To find the Weight of Material to be used,
We Know That
Density = m/v
Mass =Density*Vol
=2.77*108.75

Mass = 301.23 gm
Weight = 0.301 kg
Therefore, the required weight of the materials is:
Weight of Phase Change Material required = 0.301 kg

Specification,
Operating Voltage of the Fan used (Brushless DC Fan 4010) = 12v DC

Operating Current =0.15amp+ 10%
Rated Speed =7000 rpm

Air Flow =1.36 cfm+10%
Net Weight =15¢

Battery Used:(12v) =Lithium ion
Operating Current =3.8amp

(It is rechargeable battery)
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MODELING

Outer Shell

PCM

Thermocol

—————=Air Outlet

Figure 7.1 2D Model

Basic design view of helmet with coolant system is shown in the figure. The outer shell of
helmet has the ability to beat impacts. The helmet lessens the impact by absorbing energy
and prevents head from injury. The thermocol is basically a polystyrene material with hard
and brittle nature. It is an inexpensive resin per unit weight. Polystyrene foam (EPS) material
is used to absorb impact and distribute the force evenly to protect the head. The phase
change material (PCM) is used to absorb the heat energy and protect the head from excess
heat. Air exchange section consist of Air-Inlet and Air-Outlet sections. Air-Inlet is used to
absorb the outer air to inside the helmet. PCM absorbed heat is thrown out when air coming
from Air-Inlet and heated air is thrown outside through the Air-Outlet section. Adjustable
Foam is used bottom part of helmet. The foam inside is designed to crush and crack on
impact, cushioning the blow and dispersing the force of the impact. E-cooler used to

compensate PCM heat when temperature the limits.
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Figure 7.3 Front View

Figure 7.4 Top View

Figure 7.5 Side View

v/ |

|

Figure 7.6 Left Side View of Fabricated
helmet

Figure 7.7 Right side view of Fabricated
Helmet
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RESULTS AND DISCUSSIONS
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Figure 8.1 Time Verses Temperature Graph

As per the experiment conducted on the helmet by considering the temperature as a major
concern. In this experiment process two helmets are used in order to check the temperature
differences between the helmets. In that one helmet will be normal helmet and another
helmet is integrated with phase change material. As the experiment begins the two helmets
are placed in outside temperature exposing to the sun rays from morning 10am and
considering the time interval of 30 mins. The temperature of both helmets is taken and
recorded. For initial ambient temperature both helmets are results in same temperature and
there is no change, as the time goes on another interval of time for next ambient temperature
the temperature of normal helmet slightly increases and helmet with phase change material
remains same and it is recorded. As the experiment process for the maximum temperature or
peak temperature it’s almost about 4 hours from the beginning ambient temperature compare
to initial ambient temperature 3 to 4 °c temperature comes down by help of the phase change
material .when the temperature is in high peak normal helmet temperature increases and it
becomes overheat but the helmet which is accommodate with the phase change material
remains low temperature due to the property of the phase change material and it noted and

recorded as per shown in the graph.
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CONCLUSION

Phase change material (PCM) based cooling helmet has been designed and tested

successfully. Helmet shell has been fabricated successfully to protect head. Phase change
material-based heat compensation has been designed and E-coolant system is designed and
tested when PCM exceeds temperature limits. Compare to initial ambient temperature 3 to 4
°c temperature comes down by help of the phase change material. Microcontroller is used to
sense the PCM temperature and control the fan at abnormal conditions. Air-exchange system
has been designed successfully to dissipate the heat outside. Adjustable cushion system has

been designed for head to enhance the comfort.
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SCOPE FOR FUTURE WORK

The scope for future work in the project of development and evaluation of air-conditioning

helmet using phase change module are:

1. Optimization of PCM Composition.

2. Enhancement of Air Flow Circulation.

3. Integration of Smart Sensors and Controls.

4. Energy Efficiency and Battery Life.

5. Durability and Longevity.

6. Human Factors and Ergonomics.

7. Application in Various Industries.

In summary, future work in this project can focus on optimizing PCM composition,
enhancing air flow circulation, integrating smart sensors and controls, improving energy
efficiency and durability, addressing human factors, and exploring diverse applications
across different industries. This iterative approach to research and development will lead to
advancements in cooling technology for enhanced comfort and safety in various

environments.
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COSTING
BILL OF MATERIALS
Item to be created: AIR-CONDITIONING HELMET
Qty to create: 1
COMPONENT BASE COST PER AMOUNT
QTY UNIT

HELMET 2 2500 5000
NODE MCU BOARD 3 1034 3102
FAN DRIVER 2 1850 3700
FAN 3 600 1800
TEMPERATURE SENSOR 2 999 1998
LITHIUM ION BATTERY 3 2555 7665
PHASE CHANGE 2KG 3150 3150
MATERIAL (SUVARNA
ORGANICS)
PHASE CHANGE 2KG 4400 4400
MATERIAL (GEL)
POWER SUPPLY AND 2 1700 3400
CONNECTION
HELMET SYSTEM 1 2000 2000
DESIGN CIRCUIT
TRANSPORTATION 6000

CGST/IGST 7813

TOTAL COST: | 50028/-
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