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ABSTRACT 

 

 

Nowadays, the mechanical vapour compression system used for this purpose 

use large amount of electrical power that is produced in great proportion by fossil fuel 

combustion which is cause of the global warming. So improvement of performance of 

the system is important to increase refrigerating effect or to improve performance of 

vapour compression refrigeration system. Any substance must be wisely evaluated for 

the global impact on the global environment. The interest in application of secondary 

refrigerant system in air conditioning and refrigeration is to reduce refrigerant losses 

and the chance for lower installation and operation costs. Developed indirect air 

conditioning system using 1HP, R-22 as primary refrigerant. Indirect air conditioning 

system using the propylene glycol as a secondary refrigerant and the ratio for 

secondary refrigerant was mixture with 1 litre water and 1, 1.5, 2, 2.5 and 3 litre of 

glycol accordingly. The data have be taken used the thermocouples type-K in this 

experiment is cooling coil temperature difference of direct and indirect refrigeration 

system and COP performance of direct and indirect refrigeration system plot at the 

mollier chart. The average for increment of coefficient of performance (COP) 1 HP 

multi-split unit air-conditioner with usage of propylene glycol as a secondary 

refrigerant is 33.38%. The prototype of multi-split air conditioning with propylene 

glycol in this project increased the COP of the air-conditioner system in between 

13.64% - 59.38% and the results indicate that propylene glycol is also the ideal fluid 

to be used as a secondary refrigerant at the air conditioning system. The maximum 

temperature achieve from this project was 6°C and the air-conditioning able to produce 

thermal comfort temperature for occupants  which are 22°C - 24°C. 
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ABSTRAK 

 

Sistem pemampatan wap mekanikal yang digunakan pada masa kini, menggunakan 

kuasa elektrik dengan jumlah yang besar yang dihasilkan dalam nisbah hebat oleh 

pembakaran bahan api fosil, yang merupakan punca pemanasan global. Oleh yang 

demikian, peningkatan prestasi sistem adalah penting untuk meningkatkan kesan 

penyejukan atau untuk meningkatkan prestasi wap sistem penyejukan mampatan.. Ia 

juga perlu dinilai untuk kecekapan tenaga, kos, keberkesanan, keselamatan dan 

faktor-faktor lain. Oleh itu peningkatan prestasi sistem adalah penting untuk 

meningkatkan kesan penyejukan atau meningkatkan prestasi sistem penyejukan 

mampatan wap. Kepentingan dalam penggunaan sistem penyejuk sekunder dalam 

penyaman udara dan penyejukan dikurangkan kerugian penyejuk dan peluang untuk 

kos pemasangan dan operasi yang lebih rendah. Sistem penyaman udara tidak 

langsung yang dibangunkan menggunakan 1HP, R-22 sebagai penyejuk utama dan 

sistem penyaman udara tidak langsung menggunakan “propylene glycol” sebagai 

penyejuk sekunder. Data yang diambil dalam eksperimen ini adalah perbezaan suhu 

gegelung penyejukan sistem penyejukan langsung dan tidak langsung dan prestasi 

COP sistem penyejukan langsung dan tidak langsung. Rata-rata untuk peningkatan 

pekali prestasi (COP) 1 penghawa dingin unit berpecah udara HP dengan 

penggunaan propylene glikol sebagai penyejuk sekunder adalah 33.38%. Prototaip 

penghawa dingin berpecah dengan “propylene glycol” dalam projek ini 

meningkatkan COP sistem penghawa dingin di antara 13.64% - 59.38% dan hasilnya 

menunjukkan bahawa propylene glikol juga cecair ideal untuk digunakan sebagai 

penyejuk sekunder di sistem penghawa dingin. Suhu maksimum yang diperoleh 

daripada kajian ini ialah 6 ° C dan penyejat telah dapat memenuhi suhu keselesaan 

terma bagi penghuninya iaitu 22 ° C - 24 ° C. 
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CHAPTER 1 

INTRODUCTION 

 

 

1.0 Introduction  

Air-conditioning system usage has been prominent nowadays through the world 

used by the people or community and air-conditioning system are attractive more 

prevalent in building. The residential air-conditioning has increased positively or 

theatrically with the initiation of central air. The air-conditioning of commercial type 

has changed a lot in the past years as the increasing of the rising of the energy costs. 

The energy consumed by an air-conditioning is taken very seriously by those involved 

in the design and operation of these buildings. The goal must to be make available 

thermal comfort for occupants, while diminishing energy consumption. The residential 

air-conditioning sector account for the largest amount of refrigerant released into the 

atmosphere (Hesse, 1996) .The amount of refrigerant charged in air-conditioning 

system is too large, and they typically contain a large number of connections, valve, 

tubes and other possible for leaks (Francis, Maidment, & Davies, 2017). This situation 

commanded to the development secondary refrigerant system for air-conditioning and 

various companies currently supply such system. Proper choice of the essential and 

secondary refrigerant is basic so as to accomplish the best execution (Menon, 1995). 

The interest for utilization of secondary refrigerant system in air conditioning and 

refrigeration is lessened refrigerant misfortunes and the shot for bring down 

establishment and operation costs is advancing this development (Francis et al., 2017).. 

Commercial refrigeration system are known to be prone to high leaks rates and to 

consumed large amount of electricity (Abdelaziz et al., 2012).The commercial air 

conditioning sector accounts for the largest amount of refrigerant released into the 



 

2 
 

atmosphere (Zhao, Jianbo, Haizhao, & Lingchuang, 2017). The capacity of the primary 

refrigerant is currently constrained just to be a working fluid noticeable all around air 

conditioning system and the capacity of transporting thermal energy from the adapted 

spaces is presently expected by the secondary refrigerant. 

 

1.1 Energy  

Improvement in insulation, compressor efficiency and optimisation of the 

refrigerant charge have reduce energy consumption significantly in recent years 

(Binneberg, Kraus, & Quack, 2002). The control system has to make sure that the 

refrigeration on condition that by the refrigeration cycle matches the essential cooling 

capacity. In science field, energy is a property of which can be exchanged to different 

object or changed over into various structures. But most of the time the system will 

work immediate the closed door mode. The power consumption in this very low 

capacity mode will have the largest impact on the power bill (Binneberg et al., 2002). 

 

1.2 Problem Statement 

Electricity would cost a lot of energy and resource and cause natural resource 

progressively worried. Nowadays, many of the people installed their house with split 

unit air-conditioning system. The power consumption at the system very low capacity 

mode will have the largest impact on the power bill (Perini, Bazzocchi, Croci, 

Magliocco, & Cattaneo, 2017). Theoretically, any fluid can be used as a refrigerant. 

Air used in an air cycle refrigeration system can also be considered as a refrigerant 

(Melinder, 2010). Conversely, in this project the attention is mainly focused on 

propylene glycol used as refrigerants in vapour compression refrigeration systems. 
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1.3 Objective  

These objectives should be achieved in the end of the project. Therefore, the 

following below are the objectives that has been considered: 

 

1.  To fabricate indirect refrigeration system using propylene glycol as secondary 

refrigerant attach to direct R-22 refrigeration system. 

2. To study cooling coil temperature difference of direct and indirect refrigeration 

system using propylene glycol as secondary refrigerant. 

3. To investigate coefficient of performance (COP) of direct and indirect 

refrigeration system. 

 

1.4 Scope  

This project limitation focus to get the 22°C - 24°C which is thermal comfort 

zone temperature at the both zone supplied by the evaporator. This project also used 

split unit air conditioning system 1.5 HP domestic. The kind of primary refrigerant use 

in the system R-22 then as secondary refrigerant used propylene glycol. HVAC piping 

encompasses many different fluids, pressures, and temperature. This project used 

copper pipe L-Type size 1/4 for discharge line and 3/8 thickness for suction line and 

both thickness is 0.51mm. For insulation copper pipe, this project used Armaflex 

rubber self-seal pipe wrap insulation size 1/4 and 3/8 for discharge and suction line.  

 

1.5 Organization of the thesis  

Chapter 1 explains the introduction of the project, which includes the 

background, problem statements, objectives and work scope of the study. In chapter 2, 

the chapter briefly explains the review of theories, experimental works and some 

findings that had been done during the past research that is related to the current 

project. In chapter 3, methodology and strategy to achieve the objectives is explained 

in detail. The working procedure, materials and apparatus are well explained. 
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CHAPTER 2 

LITERATURE REVIEW 

 

 

2.0 Introduction  

The conventional fuel source are getting exhausted due to continuous use of it. 

Conventional energy source are not long lasting. Nowadays energy is continuously in 

demand and the world is on the hand facing problems with limited convenience of 

conventional energy source and on the hand global warming because of pollutant from 

fossil fuels (W. Wang, Zhang, Jiang, & Liu, 2011). Refrigeration system are 

indispensable of human beings in the modern life. Nowadays, the mechanical vapour 

compression system used for this purpose, use large amount of electrical power that is 

produced in great proportion by fossil fuel combustion, which is cause of the global 

warming. Global reducing the use of electrical energy. Electrical energy can be 

remarkably saved by incorporating high efficiency vapour compression refrigeration 

system is based on vapour compression cycle (Binneberg, Kraus, & Quack, 2002). 

Vapour compression refrigeration system is used in domestic or residential 

refrigeration. So improvement of performance of the system is important to increase 

refrigerating effect have to improve performance of vapour compression refrigeration 

system. The dynamics of air conditioning are of particular interest to energy analysts, 

both because of the high energy consumption of this product, but also its 

disproportionate impact on peak load (McNeil & Letschert, 2008). Air conditioning 

gets a lot of attention within the energy analysis community, and for good reason. For 

the developing world, an emphasis on air conditioning is even more deserved for two 

related reasons. First, air conditioners in developing countries are probably be installed 
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in households where electricity consumption is still fairly low. These households will 

use a lot of energy for lighting, a refrigerator, possibly a washing machine, almost 

definitely a television and probably some other entertainment products. In such a 

household, the addition of an air conditioner causes a big jump in the energy 

consumption. The second aspect, of course, is air conditioners contribution to peak 

load. In Asia, one of the wealthiest economies in the world, this single endues more 

than any other has challenged the power grids ability to keep the lights on (McNeil & 

Letschert, 2008). How, then, may we expect developing countries to handle it? Many 

already experience chronic shortages of power. Far beyond the expense of energy 

generation, the capital required to add new capacity and replace worn out distribution 

systems will be a high barrier to meeting demand, which in turn has significant 

economic and social consequences. Table 2.1 shows the demand of air conditioning 

use in Asian countries, and it shows that the country of Malaysia is among countries 

with high use of air conditioners at 878 (in thousands) demand. Global warming also 

related about refrigerant used at the refrigeration system (Longo, Righetti, Zilio, & 

Bertolo, 2014). Any substance must be wisely evaluated for the global impact on the 

global environment. It must also assessed for energy efficiency, cost, effectiveness, 

safety and other factors. CFCs had been used as refrigerants for air conditioning 

equipment and had a significant impact on ozone layer depletion. HCFCs also used for 

servicing air conditioning or refrigeration. Many countries then started to switch to 

HFC new refrigerant that have no impact on the ozone layer. The HFC refrigerant 

adopted then are superior the HCFCs thanks to their zero ozone depletion potential 

(ODP), however they still have global warming potential (Makumbi, 2013). The 

interest in application of secondary refrigerant systems in air conditioning and 

refrigeration is reduced refrigerant losses and the chance for lower installation and 

operation costs is promoting this development (Melinder, 2010). 
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Table 2.1: Asia countries air conditioner demand 

 

2.1 Principle of a basic vapour compression cycle (Direct system) 

A direct refrigeration system is a vapour compression cycle or the heat pump. In 

the direct refrigeration system the working fluid is called the primary refrigerant. Four 

main components in the basic vapour compression can be distinguished evaporator, 

compressor, condenser and an expansion device. Once the heat from heat source is 

supplied, the refrigerant starts to boil evaporate and the formed vapour is introduced 

to the compressor. The compressor is used to compress the primary refrigerant to a 

higher pressure and temperature level (Palm, 2015). Later primary refrigerant is 

condensed in the condenser, expanded in the expansion device and returns back to the 

evaporator.  

 

Figure 2. 1: Direct refrigeration system 
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2.1.1 Principle of indirect refrigeration system 

The indirect refrigeration system consists of two circuits primary and secondary 

refrigerant used. The secondary circuit is an additional circuit where the secondary 

fluid is circulating to transfer heat (Melinder, 2010). The secondary circuit can be 

found on both hot and cold side. Different terms are used to define the fluid in the 

secondary loop heat transfer fluid, brine, antifreeze, secondary refrigerant, secondary 

fluid, secondary coolant and secondary working fluid (Palm, 2015). The secondary 

fluid absorbs heat from the heat source and transports it through piping to the 

evaporator where heat is given away to the primary refrigerant in the primary loop. In 

this way the primary refrigerant has no direct contact with the heat source. On the 

condenser side the same principle can be applied, where a secondary loop using a 

secondary fluid absorbs the heat rejected in the condenser (Palm, 2015). 

 

Figure 2. 2: Indirect refrigeration system 

 

Water is a very good secondary fluid but only at temperatures above 3ºC since it 

freezes at temperature of 0 ºC (Hesse, 1996). Therefore, a freeze depressant additive 

must be used in order to take advantage of the good thermo physical properties of 

water. Among freeze depressant additives used with water are propylene glycol and 

ethylene glycol (Palm, 2015). 
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2.2 Performance of indoor unit as evaporator 

As soon as the room wishes cooling, the indoor unit actions as an evaporator. 

Liquid refrigerant from the condenser is depressurized by the thermal expansion valve 

and becomes gas mixture liquid fluid then flows into the evaporator. Thermal 

expansion valve can regulates the flow rate of refrigerant by adjusting its opening rate. 

The mixture gas liquid refrigerant in the evaporator turn into gas gradually by absorb 

the heat from the air out of the evaporator. The parameter such as evaporating 

temperature (°C), condensing temperature (°C), air volume (m³/h) and mass flow rate 

of refrigerant (g/s) all influence the performance of the evaporator and the refrigerant 

state at the discharge line evaporator and the refrigerant state at the outlet of 

evaporator, but the usually evaporator temperature (°C) and propylene glycol 

temperature (°C) are the aim of the system. However, to keep the compressor operating 

safely, it is necessary to keep the refrigerant superheated at the discharge line 

evaporator (Shao, Shi, Li, & Yan, 2002). 

2.2.1 Types of indoor unit (Split-type) 

Split-type air conditioning system with indoor and outdoor units, are becoming 

very popular for room cooling of residential buildings in Malaysia. It is the indoor unit 

common type of split unit is, wall mounted, ceiling mounted, cassette type and floor 

standing. Nowadays, the companies give almost important to the looks and aesthetics 

of the indoor unit 
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Table 2. 2 : Types of indoor unit (Split-type) 

 

Type of indoor unit (split-type) 

 

 

 

 

Wall mounted type 

 

 

 

 

 

 
 

 

 

 

Ceiling mounted 

 

 

 

 

 

 

 
 

 

 

 

Cassette type 
 

 

 

 

Floor standing 
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2.3 Performance of outdoor unit as condenser 

The outdoor unit actions as a condenser in the refrigeration model system 

operates. Refrigerant from the condenser is compressed into high pressure and high 

temperature gas by the compressor, then flows into the condenser coil and condenses 

to liquid steadily. A condenser is a heat transfer device or unit used to condense a 

substance from its gaseous to its liquid state typically by cooling. Similarly, as the 

analysis in the outdoor unit, the refrigerant mass flow rate and air volume at the 

evaporator are the well regulated parameters that influence the capacity and refrigerant 

states (Zhao et al., 2017). Heating Ventilation and Air-Conditioning (HVAC) are 

extensively used in residential, commercial and industrial system. Due to several 

increased demand of water for both domestic and industrial purpose in the recent years, 

there has been an increased interest in the use of air cooled system as an alternative to 

water cooled system (Sarfraz & Bach, 2016). 

Table 2. 3: Types of condenser 

Type of condenser 

Air cooled condensing unit Water cooled condensing unit 

 

 
 

 

 
 

Air-cooled condensing unit has a 

condenser that is cooled by the 

environment air and force convection 

by fan. 

 

Water-cooled condensing unit have water 

cooled condenser connected with cooling 

tower and are usually preferred for 

medium and large installations where 

there is sufficiency of water. 
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