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ABSTRACT 

 

The release of refrigerants particularly chlorofluorocarbons (CFC) and hydrofluorocarbons 
(HCFC) by human activities from vapor compression refrigeration systems has had a negative 
influence on the environment. This problem necessitates the development of more 
environmentally friendly and energy-efficient air-conditioning and refrigeration technologies. 
One of the most promising solutions to meet this need is by developing efficient thermoelectric 

refrigerators. Thermoelectric modules were used as the major components in this study to 
create a mini thermoelectric refrigerator. When electric current is supplied to a thermoelectric 
module, one side of the thermoelectric module becomes hot and the other side is cold. The cold 
side can be utilized for cooling purposes. However, the hot side of the module tends to become 

so hot that it requires a heat sink to efficiently dissipate the heat to the surrounding 
environment. The study aims to evaluate the best design of heat sink with phase change material 
(PCM) to reduce the hot side temperature of the module to achieve a lower cooling temperature 
and increase the coefficient of performance (COP) of the mini thermoelectric refrigerator. 

Paraffin PCM is an organic PCM that used in this study has melty temperature of 59.1 ̊ C and 
heat of fussion (ΔH) of 127.3 kJ/kg. This thermal energy storage materials melts when the heat 
sink temperature of the hot side of the thermoelectric module exceeds its melty temperature. 
The thermoelectric module was also impacted by the type of  heat sink selected. To ascertain 

which form of heat sink can enhance the heat rejection of a hot-side thermoelectric module, 
this study uses two different types of heat sinks: a copper plate heat sink and a fin heat sink. 
The fin heat sink can reduce the cold temperature of the thermoelectric unit better. Hence, it 
was chosen for this study. The data for this study and research was gathered in 1 minute interval 

for 10 minutes. The temperature of the cold side and hot side when copper plate PCM heat sink 
was used were 39.2 ̊ C and 108.8 ̊ C respectively. However, when fin PCM heat sink was used, 
the temperature of cold and hot side of thermoelectric module were 6.4 ˚C and 29.9 ˚C 
respectively. It become that fin PCM heat sink is a better cooling medium. The PCM was macro 

encapsulated in aluminium foil and the attached to the fin heat sink on the hot side of the 
thermoelectric module to increased the heat rejection. Therefore, a mini thermoelectric 
refrigerator with fin PCM heat sink was employe for future investigation superior heat rejection 
capability. The effectiveness of PCM as a cooling medium has was proved with experiment 

evidence that without PCM, the hot side temperature of the module is 29. 0 ̊ C where with PCM 
the temperature was 27.6 ̊ C. The thermoelectric refrigerator cooling space temperature also 
can reduce with increasing mass of PCM. When 3 gram of PCM were applied, the cooling 
space drops to 11.9 ̊ C and achieve lower 11.0 ̊ C when 6 gram of PCM was utilized. Depending 

on the mass of PCM, various cooling space temperature can be achieved. The coefficient of 
performance for a thermoelectric unit using copper plate heat is 18.22 %. On top of that, the 
coefficient of performance of a thermoelectric unit using a fin heat sink is 7.49  %. The use of 
PCM raises the thermoelectric unit's coefficient of performance to 8.34 %. Based on the results, 

it is possible to draw a conclusion that PCM heat sink is an efficient cooling medium of the hot 
side of thermoelectric module. Thus enable the mini thermoelectric refrigerator to achieve 
lower cooling space temperature. 

 

 



i 

 

 

ABSTRAK 

 

 

Pembebasan bahan pendingin khususnya klorofluorokarbon (CFC) dan hidrofluorokarbon (HCFC) oleh 

aktiviti manusia daripada sistem penyejukan mampatan wap telah memberi pengaruh negatif terhadap 
alam sekitar. Masalah ini memerlukan pembangunan teknologi penyaman udara dan penyejukan yang 

lebih mesra alam dan cekap tenaga. Salah satu penyelesaian yang paling menjanjikan untuk memenuhi 

keperluan ini ialah dengan membangunkan peti sejuk termoelektrik yang cekap. Modul termoelektrik 

digunakan sebagai komponen utama dalam kajian ini untuk mencipta peti sejuk termoelektrik mini. 

Apabila arus elektrik dibekalkan kepada modul termoelektrik, satu bahagian modul termoelektrik 
menjadi panas dan sebelah lagi sejuk. Bahagian sejuk boleh digunakan untuk tujuan penyejukan. Walau 

bagaimanapun, bahagian panas modul cenderung menjadi sangat panas sehingga memerlukan sink haba 

untuk menghilangkan haba dengan cekap ke persekitaran sekeliling. Kajian ini bertujuan untuk menilai 

reka bentuk terbaik sink haba dengan bahan perubahan fasa (PCM) untuk mengurangkan suhu sisi panas 

modul untuk mencapai suhu penyejukan yang lebih rendah dan meningkatkan pekali prestasi (COP) 

peti sejuk termoelektrik mini. PCM parafin ialah PCM organik yang digunakan dalam kajian ini 
mempunyai suhu lebur 59.1 ̊ C dan haba peleburan (ΔH) sebanyak 127.3 kJ/kg. Bahan simpanan tenaga 

haba ini cair apabila suhu sink haba bahagian panas modul termoelektrik melebihi suhu cairnya. Modul 

termoelektrik juga dipengaruhi oleh jenis sink haba yang dipilih. Untuk memastikan bentuk sink haba 

yang boleh meningkatkan penolakan haba modul termoelektrik sisi panas, kajian ini menggunakan dua 

jenis sink haba yang berbeza iaitu sink haba plat kuprum dan sink haba sirip. Sinki haba sirip boleh 
mengurangkan suhu sejuk unit termoelektrik dengan lebih baik. Oleh itu, ia dipilih untuk kajian ini. 

Data untuk kajian dan penyelidikan ini dikumpul dalam selang 1 minit selama 10 minit. Suhu bahagian 

sejuk dan bahagian panas semasa sink haba PCM plat kuprum digunakan ialah 39.2 ˚C dan 108.8 ˚C 

masing-masing. Walau bagaimanapun, apabila sink haba PCM sirip digunakan, suhu bahagian sejuk 

dan panas modul termoelektrik ialah 6.4 ˚C dan 29.9 ˚C masing-masing. Ia menjadi sink haba PCM 
sirip adalah medium penyejukan yang lebih baik. PCM dikapsulkan secara makro dalam kerajang 

aluminium dan dilekatkan pada sink haba sirip pada bahagian panas modul termoelektrik untuk 

meningkatkan penolakan haba. Oleh itu, peti sejuk termoelektrik mini dengan sink haba PCM sirip 

digunakan untuk penyiasatan masa depan keupayaan penolakan haba yang unggul. Keberkesanan PCM 

sebagai medium penyejukan telah dibuktikan dengan bukti eksperimen bahawa tanpa PCM, suhu sisi 

panas modul ialah 29. 0 ˚C di mana dengan PCM suhu adalah 27.6 ˚C. Suhu ruang penyejukan peti 
sejuk termoelektrik juga boleh berkurangan dengan peningkatan jisim PCM. Apabila 3 gram PCM 

digunakan, ruang penyejukan turun kepada 11.9 ˚C dan mencapai minimum 11.0 ˚C apabila 6 gram 

PCM digunakan. Bergantung pada jisim PCM, pelbagai suhu ruang penyejukan boleh dicapai. Pekali 

prestasi untuk unit termoelektrik menggunakan haba plat kuprum ialah 18.22 %. Selain itu, pekali 

prestasi unit termoelektrik menggunakan sink haba sirip ialah 7.49 %. Penggunaan PCM meningkatkan 
pekali prestasi unit termoelektrik kepada 8.34 %. Berdasarkan keputusan, adalah mungkin untuk 

membuat kesimpulan bahawa sink haba PCM adalah medium penyejukan yang cekap bagi bahagian 

panas modul termoelektrik. Oleh itu membolehkan peti sejuk termoelektrik mini mencapai suhu ruang 

penyejukan yang lebih rendah. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.0 Introduction 

Refrigeration is a process that involves transferring heat from a cold medium to 

hot medium. Mechanical effort powers the heat transfer process. A thermoelectric 

refrigerator works similarly to a traditional compressor refrigerator. Due to the 

compressor is high energy consumption and negative environmental impact, the 

thermoelectric device offers a possible alternative refrigerator system. The Peltie r 

module, also known as the thermoelectric module is used to operate the thermoelectric 

refrigerator. It functions as a solid state active heat pump, transferring heat from one 

side to the other with the use of electrical energy and depending on the curren t direction. 

 

1.1 Background 

 The Peltier effect is used in thermoelectric cooling to produce a heat flux at the 

intersection of two distinct types of materials. A Peltier cooler, heater, or thermoelectric 

heat pump is a solid state active heat pump that transfers heat from one side of the 

device to the other while using electrical energy. Peltier devices, Peltier heat pumps, 

solid state refrigerators, thermoelectric cooler (TEC), and thermoelectric batteries are 

various names for the same device. It may be used for both heating and cooling, 

however cooling is the most common application. It may also be used as heating or 

temperature cooling control. 
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This method is used for refrigeration significantly less frequently than vapor 

compression refrigeration. When compared to a vapor compression refrigerator, the 

thermoelectric cooler has the following advantages: no moving components or 

circulating liquid, extremely long life, leak resistance, mini size, and flexible shape. It 

is primary drawbacks are it is high cost per cooling capacity and it is low power 

efficiency (a low COP).  

Jean Peltier discovered that sending an electric current through the intersection 

of two different metals produces a heating or cooling effect in 1834. A running current 

over one function of metal absorbs heat while rejecting heat due to a differential in the 

thermal energy transferred by charge carriers. This phenomenon is known as the Peltier 

effect or thermoelectric effect. In other word, the variation in the average energy of the 

carriers in two dissimilar material able to generate electricity (Sadeq et al., 2021). 

Thermoelectric cooler have a hot side and cold side. Each side have a heat sink 

and fan to enchange the heat transfer rate. However, the hot side of the thermoelectric 

module tends to become very hot. Because of that, thermoelectric cooler can not 

achieve the maximum cooling temperature and coefficient of performance. Phase 

change material (PCM) been attach to the heat  sink of the hot side thermoelectric 

module to increase the heat rejection. At the same time, PCM help to improve the  

performance of the mini thermoelectric refrigerator based on reduce of the hot side 

temperature. Figure 1.1 shown a thermoelectric cooler component arrangement. 
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Figure 1.1 : The Configuration of The Thermoelectric Cooler 

One heat sinks is used on the hot side and one on the cold side of a 

thermoelectric cooler. The thermoelectric module will be flanked by hot and cold heat 

sinks. A small fan is used on either side to help with heat transfer. 

In thermoelectric cooler there area three phenomena effect by thermoelectric 

module such as Thermoelectric effect, Seebeck effect and Thompson effect. A 

thermocouple convert temperature variations into electric voltage and vice versa. When 

the temperature on both sides of a thermoelectric device differs, a voltage. Heat is 

transported from one side to the other when a voltage is applied to it, resulting in a 

temperature differential.  

An imposed temperature gradient causes charge carriers in a material to diffuse 

from the hot side to the cold side at the atomic level. This phenomenon can be utilised 

to create power, measure temperature, or alter item temperatures. The applied voltage 

affects the direction of heating and cooling, hence thermoelectric devices can be 

employed as temperature controls. Figure 1.2 show the effect of  thermoelectric. 
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Figure 1.2 : Thermoelectric Effect 

The thermoelectric effect functions as a heat pump, transferring heat from one 

side to the other. When it transfers heat, it uses electrical energy and is also dependent 

on the direction of the current. The Seebeck effect occurs when a temperature 

differential between two dissimilar electrical conductors or semiconductors results in a 

voltage difference between them. The Seebeck coefficient is measured using a custom 

built device that heats one end of the sample as shown in Figure 1.3 while leaving the 

other at room temperature to produce a temperature gradient and induce thermovoltage 

via the Seebeck effect. 

 

 

Figure 1.3 : Seebeck Effect 
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A temperature differential between two dissimilar electrical conductors or 

semiconductors causes the Seebeck effect, which results in a voltage difference 

between the two substances. 

William Thomson is a British scientist, discovered the Thomson effect in 1854. 

When an electric current runs through a circuit comprised of a single material with a 

temperature variation throughout its length, the Thomson effect occurs. This heat 

transmission is placed atop the normal heat generation related with conductor electrical 

resistance to currents. Heat is absorbed from the copper as the conventional current 

approaches the hot point, and heat is delivered to the copper just beyond the hot point 

if a copper wire carrying a continuous electric current is exposed to external heating at 

a small segment while the remainder stay colder.  

In thermoelectric module there are three type of cooling medium. The first 

cooling medium is using air. This medium usually using the fan for create or supply the 

air to cooling the thermoelectric module. Second medium is using water. This type 

usually more efficiency than air medium because the water can carry more heat load. 

The last cooling medium in thermoelectric module is using the phase change material 

(PCM).   

Mini refrigerator are small in size, that they can be kept anywhere without 

consume large space. They are most suitable for usage in small office, dorm rooms and 

bedrooms. The constant in space often result in replacing a full fledged bulking 

refrigerator with a mini refrigerator.  

Phase change material (PCM) are extremely attractive materials for thermal 

management solutions. This is because PCM absorb and release latent heat during the 

process of melting and freezing changing from one phase to another. When such a PCM 

freezes, it release figure large amount of energy in the form of latent heat. Conversely, 
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when the material is melted, an equal amount of energy is absorbed from the 

surrounding enviroment as it changes from solid to liquid. Phase PCM can be utilized 

numerous ways particularly as thermal energy storage (TES) whereby heat or cool 

energy can be stored from one process over period of time and use the energy in 

different time or location. PCM are also very useful in providing thermal barriers or 

insulation for example, in temperature controlled materials for thermal comfort in 

building. 

 

1.2 Problem Statement 

Convensional vapour compression systems are used in a broad variety of 

applications. Their pricing, however, as well as environmental issues like as refrigerant 

leakage and CO2 emissions from fossil fuel energy used to power compressor and fans 

contribute to pollution and global warming. These issues are harmful to the 

environment and can have a direct impact on human health, prompting researchers to 

hunt for more energy efficient and environmentally friendly technology. Besides, 

nowday portability devices also important for the convience and smoothness of daily 

activies especially in the medical field. In medical field, portable refrigerator important 

because there are some of equipment need to be maintained their cool temperature to 

maintain the quality of equipment and compoents such as internal organs of human 

body.  

Portable refrigerator also help because easy to access where ever need a cool 

food especially when camping. In response to the aforementioned challenges, 

thermoelectric (TE) technology is an appealing improvement. It may be used for 

cooling that requires electricity, or it can be utilised to generate energy by collecting 

waste heat from existing systems (Abderezzak et al., 2019). 
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However, the hot side of the thermoelectric module tends to become very hot 

that it requires a heat sink to efficiently dissipate the heat to the surrounding.  As a result, 

the mini thermoelectric refrigerator's coefficient of performance (COP) struggles to 

attain lower cooling temperature. In this study, PCM was encased in an aluminium heat 

sink and then attached to the heat sink of the thermoelectric module's hot side to 

maximise heat rejection and obtain the lowest cooling temperature possible. 

 

1.3 Research Objective 

The main aim of this research is to fabricate a mini thermoelectric refrigerator by using 

phase change material (PCM)-cooled thermoelectric module. Specifically, the 

objectives are as follows: 

a) To design and fabricate a mini thermoelectric refrigerator using 

thermoelectric module that with phase change material (PCM) – cooled 

heat sink. 

b) To investigate the design of PCM heat sink to the thermal performance of 

the mini thermoelctric refrigerator. 

c) To evaluate the thermal performance of the mini thermoelectric 

refrigerator based on the minimum cooling temperature achieved and the 

coefficient of performance (COP). 

 

 
1.4 Scope of Research 

a) Design and fabricate of a mini thermoelectric refrigerator using (PCM) 

cooled thermoelectric module. 
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b) Data collection the effect of thermoelectric module, PCM, fan, geometries 

and their arrangement to the performance of mini thermoelectric 

refrigerator. 

c) Comparison of thermal performance improvement of mini thermoelectric 

refrigerator based cooling temperature achieved the coefficient of 

performance (COP). 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

2.0  Introduction 

In this chapter will introduce of the past and current research work related to      

thermoelectric refrigerator. Main focus in this chapter is to review, compare, and select 

the best material and design for prototype of mini thermoelectric refrigerator using 

phase change material (PCM) as a cooling module for thermoelectric module. 

 

2.1  The Effect of Convensional  Vapor Compression Refrigeration System 

In absorption cooling and refrigeration cycles, refrigerants such as 

chlorofluorocarbon (CFC), hydrochlorofluorocarbon (HCFC), and hydrofluorocarbon 

(HFC) are utilised (Wei et al., 2017). The activity of releasing clorochlorofluorocarbons 

(CFC) and hydrochlorofluorocarbons (HCFC) to the atmosphere from the vapor 

compression refrigeration systems has raised the awareness towards environment. 

Chlorofluorocarbon (CFC) are harmful to the atmosphere and caused the green house 

house effect. Green house gases prevent heat from escaping into space causing over 

warming at earth. Figure 2.1 show the effect of green house. 


