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ABSTRACT 
 

 

Ethylene glycol and water was used as a coolant in either cold or hot condition. The 

effectiveness in heat transfer was depend on percentage of mixture between ethylene 

glycol and water. How the percentage of mixture between ethylene glycol and water 

influencing the cooling effect was the question. Thus, the comparative study of 

effectiveness between glycol and water as a refrigerant medium were conducted in this 

paper by experimental method. This experiment was carried out by using an evaporative 

coil model at reduced scales. The medium used were ethylene glycol, water and the 

mixture of ethylene glycol and water. To identify the relationship between the medium, 

several parameter were required in these experiment which is the changes of temperature 

of air that flow through the evaporative coil, temperature of medium and temperature of 

cooler medium (cold water) base on the percentage of medium mixture and time taken of 

the processes. Cooling efficiency of each medium solutions is also been discussed in this 

study in order to compare the effectiveness of the medium solution. Meanwhile, the new 

set of data was provided in this paper to analyse the percentage of medium solution 

mixture that influence in the cooling efficiency. From the result, the increasing of water 

percentage in a medium has increased the temperature different and reduced time taken 

for the cooling effect.  
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ABSTRAK 
 

 

Etilena glikol dan air digunakan sebagai bahan penyejuk sama ada dalam keadaan sejuk 

atau panas. Keberkesanan dalam pemindahan haba adalah bergantung kepada peratusan 

campuran antara etilena glikol dan air. Bagaimana peratusan campuran antara etilena 

glikol dan air mempengaruhi kesan penyejukan adalah menjadi persoalan. Oleh itu, 

kajian perbandingan keberkesanan antara glikol dan air sebagai medium penyejuk telah 

dijalankan dalam kertas kerja ini dengan kaedah eksperimen. Eksperimen ini dijalankan 

dengan menggunakan model gegelung penyejatan pada skala yang dikurangkan. Medium 

yang digunakan adalah etilena glikol, air dan campuran antara etilena glikol dan air. 

Untuk mengenal pasti hubungan antara setiap medium, beberapa parameter dikehendaki 

dalam eksperimen ini iaitu perubahan suhu udara yang mengalir melalui gegelung 

penyejatan, suhu medium dan suhu penyejuk medium (air sejuk) berdasarkan kepada 

peratusan campuran medium dan masa yang diambil untuk proses tersebut. Kecekapan 

penyejukan setiap medium juga telah dibincangkan dalam kajian ini untuk 

membandingkan keberkesanan setiap medium. Sementara itu, set data yang baru telah 

disediakan dalam kertas ini untuk menganalisis peratusan campuran penyelesaian 

sederhana pengaruh yang dalam kecekapan penyejukan. Daripada hasil dapatan, 

peningkatan peratusan air dalam medium telah meningkatkan kadar perbezaan suhu dan 

mengurangkan masa yang diambil untuk kesan penyejukan. 
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CHAPTER 1 
INTRODUCTION 

 

 

1.1 Background of study 
  

Nowadays water and ethylene glycol has been used widely in the industries 

and daily basis. Glycol, water or the mixture between glycol and water commonly 

used as a cooling medium for the purpose of heat transfer. Glycol and water have 

different characteristic and different ability in creating a temperature different as in 

order to reduce an initial temperature. In general application, water is the most 

preferred because of several factors for example it is readily available, low cost and 

more efficient compared to ethylene glycol. The application of this medium 

commonly used in automobile radiators, heat exchanger in heating, ventilation and 

air conditioning (HVAC system), injection molding and other industries that required 

a cooling process. In injection molding processes, there are six major steps involve 

and one of the steps is cooling which is an important step. The cooling step is 

important because it is constitutes almost 60% of cycle time before mold opening 

and ejection step (Rahul Vashisht, 2014). For automobile application, coolant is 

important to remove heat produced by the engine and increase a performance of the 

engine (Juger. J., 1999). In HVAC application, glycol and water mixture is used as a 

catalyst medium during the heat transfer process. It will absorb heat energy from the 

water in the storage and transfer the heat to the other side of system (condenser) for 

another heat rejection process. The heat transfer process is in a close loop of cycle 

without mixing between the glycol-water mixture, and the medium to be cool in the 

storage (Marc A. Rosen, 2009). 
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1.2 Problem statements 
 

The effectiveness between glycol and water medium in producing a cooling effect is 

very important. Glycol and water have a different characteristics for example ability 

in heat absorption, and efficiency in heat transfer to create a temperature differences. 

How the percentage of mixture between ethylene glycol and water influencing the 

cooling effect was the question. In order to identify the effectiveness of the medium, 

several factors need to include in an account for example temperature differences, 

and dilution percentage of the mixture. Thus cooling efficiencies of a medium is 

required before the efficiency of a medium can be identified. 

 

1.3 Objectives 
 

 Main objective 

 
To compare the effectiveness between water and glycol medium solutions in 

producing cooling effect. 

 

 Specific objectives 

 
1. To measure the temperature differences of air that flow through the cooling 

coil. 

2. To measure the temperature differences of medium that flow in the evaporative 

coil.  

3. To identify the relationship between the temperature differences and dilution 

percentage of medium that influence in producing a cooling effect. 
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1.4 Scopes  
 

This study focusing on; 

1. Collecting data of inlet and outlet air temperature that flow through the 

evaporative coil. 

2. Comparing the collected data and evaluate the best medium solution which is 

depending on dilution percentage of the medium in order to produce a cooling 

effect. 

 

1.5 Results and expectations 
 

The expected results of this experiment are the effectiveness between water and 

ethylene glycol solution in producing a cooling effect through a cooling efficiency 

can be determined. Several parameters should be able to analyze in form of new sets 

of data after all the measurement process is done. The most important parameter is a 

temperature different of air in order to calculate the cooling efficiency of the medium 

solutions. Since the cooling efficiency of medium solution is depending on the 

percentage of the mixture between water and ethylene glycol, relationship between 

the percentage of the medium mixture, temperature different, time taken, and cooling 

efficiency of the medium solution should be identify. The flow chart and project 

planning as per attach in Appendix A. 
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CHAPTER 2 
LITERATURE REVIEW 

 

 

Water is probably the most efficient heat transfer fluid known. If it did not  

freeze, water would be the ideal heat transfer fluid for cooling applications (Corning, 

1985). The disadvantage of using water is its freezing point of 0⁰C (32⁰F). According 

to Elkins, (1964) the freezing point can be reducing by a simple method which is by 

adding a sodium chloride (common salt) in the water. The solution that contained 

with 23.6% by weight of the sodium chloride has a eutectic freezing point of -22⁰C 

(7.6⁰F). Even though the solution has a low freezing point, there is another problem 

has to solve. The solution is corrosive to the common metals and consequently 

requires the use of specially protected system. There is another method can be used 

to overcome the problem which is by adding a solution of ethylene glycol in water. 

When the solution contained with 45% of ethylene glycol, it able to reduce a freezing 

point and able to reduce the temperature of solution to -30°C without freezing (Marc 

A. Rosen, 2009). Even though the addition of glycol slightly reduced the heat 

transfer of water, but most climates and applications, freeze protection are critical. In 

addition, there are a small amount of other ingredients like corrosion inhibitors, 

antifoams, dyes and others. (Corning, 1985). Such solutions have been employed for 

many years as low temperature coolants for automobile engines because glycol and 

water mixture are highly corrosive at the operating temperature of internal 

combustion engines. It is important to protect the cooling system against a wide 

variety type of corrosion for example pitting, crevice corrosion, erosion or cavitation 

(Basf, 2000).  
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2.1 Freezing point and boiling point 
 

Ethylene glycol is completely miscible with water in all proportions. Mixtures of 

ethylene glycol and water will change water properties for example reduction on 

freezing point and increments of boiling point (Elkins, 1964). The effect of reduction 

of freezing point and increments of boiling point is depending on a percentage of 

ethylene glycol in water as shown in Table 2.1.  

 

Table 2.1 : Freezing point and boiling point against percentage (Elkins, 1964) 

Ethylene Glycol 

Percentage, % 
Freezing Point, °C Boiling Point, °C 

10 -4.0 100.0 

20 -9.0 102.2 

30 -16.0 105.0 

40 -25.0 106.1 

50 -36.5 111.1 

60 -49.0 114.4 

70 -44.0 118.3 

80 -43.0 120.0 

90 -27.0 142.2 
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Figure 2.1 : Draft of reduction of freezing point and increment of boiling point. 

For the freezing point, it is decreasing when the percentage of ethylene glycol is 

increasing until the freezing point reach -49°C which is when the percentage of 

ethylene glycol reach 60%. When the percentage of ethylene glycol is greater than 

60%, the freezing point is increase with respect to the percentage of ethylene glycol 

until reach -12°C which is at 100% of ethylene glycol. However, the boiling point of 

water is directly proportional which is increasing with respect to the percentage of 

ethylene glycol. The draft of reduction of freezing point and increment of boiling 

point is shown in Figure 2.1. 
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2.2 Cooling time 
 

In injection molding, the cooling time takes by the mold usually up to 70% to 80% of 

the entire cycle time. As long as the mold cooling effect is concerned, few 

parameters need to take in account which is cooling channel type, length of cooling 

channel, flow rate of cooling medium, and cooling medium used. The cooling 

channel type used is serpentine coil with 6mm in diameter and extends up to 25mm 

length. On the other hands, the coolant parameter for cooling simulation specified are 

20L/min and -25⁰C (-13⁰F) of coolant inlet temperature. (Rahul Vashisht, 2014) 

Generally water is used widely for mold cooling purpose, but the major effect of the 

use is that it causes metal to rust. With all the salt contained like magnesium, calcium 

and chlorine in water, the boiling and freezing point can be reduce. For example, 

clean water (H2O) have a boiling point of 100⁰C (212⁰F) compared to water (in tap 

water) that can have it boiling point less than 58⁰C. Instead of low in boiling point, 

after long use of this water, the salt deposits can be seen as a whitish stuff for 

example at the bottom of kettles. The deposits cause clog in the cooling channel and 

stresses the cooling channel line and pump. Thus, it leads to the failure of the cooling 

channel line and effect the cooling efficiency. Table 2.2 showed the relationship 

between mold cooling time, and mold temperature produced by several cooling 

medium which is water, pure ethylene glycol and oil. (Rahul Vashisht, 2014) 

Table 2.2 : Relationship between cooling time and mold temperature 

Name 
Cool Time 

(s) 

Mold Temperature 

(⁰C) 

Water 26.8 45.8 

Ethylene Glycol (pure) 26.9 46.6 

Oil 27.7 48.4 

 



 

8 
 

 
Figure 2.2 : Comparison temperatures of mold come out for each medium. 

From Figure 2.2 and Figure 2.3, the plotted graph shown that the water has a lowest 

cooling time and mold temperature come out followed by ethylene glycol and finally 

oil. It is showed that water is more effective in terms of heat removal among the 

coolant medium compared to oil which is least effective among the coolant medium.  
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Figure 2.3 : Comparison of time for cooling. 

Table 2.3 showed the different refrigerant which is used for the simulation process 

with properties that affects the cooling process. The properties that affect the cooling 

process are density, specific heat and thermal conductivity. The different of the 

coolant are compared in this table. 

Table 2.3 : Properties of cooling medium. 

Name 
Density 

(g/cm3) 

Specific 

Heat 

(J/kg.C) 

Thermal Conductivity 

(W/m.C) 

Water 0.988 4180 0.643 

Ethylene Glycol 

(pure) 
0.836 2250 0.136 

Oil 0.836 2250 0.136 
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