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1.0 Introduction 

PCM is a kind of ideal product or a substance to solve thermal management problems. 

This is because the PCM absorbs and releases a large amount of latent heat from the 

surrounding environment when the surrounding temperature reaches the melting and freezing 

point of the PCM by changing its physical state. The PCM absorbs large amount of latent heat 

from the surrounding environment while the PCM is in the process of melting (from solid to 

liquid). Conversely, the PCM releases equal amount of latent heat that was absorbed earlier to 

the surroundings during the process of solidification (PCM Products Ltd, 2019). 

The concept of PCM is like Rechargeable batteries that can be found in the market 

easily. The rechargeable batteries store a certain amount of electrical energy and releasing the 

equal amount of electrical energy after its fully charged. The latent heat absorbed by the PCM 

can be stored in the PCM and this resulting the PCM to be a highly efficient thermal storage. 

Nowadays, PCM is used as a wallboard to act as air-conditioning unit to absorb excess heat in 

a room during the daytime and chill the room. Then the heat will be released during the night 

to warm up the room. By doing so, PCM is a completely electrical consumption-free, 

minimised the usage of energy and emitted less CO2 compared with air-conditioning unit. This 

shows that the PCM is an environmentally friendly substance (Ho et al., 2011). 

PCM can be classified into organic and inorganic materials. The organic PCM has the 

advantages of not corrosives, and chemical/thermal stability, whereas the disadvantages are 

poor thermal conductivity, flammable and low phase-change enthalpy. The inorganic PCM has 

the advantages of better phase-change enthalpy, whereas the disadvantages of it is corrosive, 

thermal instability and phase separation (Bhatia. S. C, 2014). The PCM forms when two or 

more chemical (inorganic salts) mixed together and having higher or lower freezing/melting 

point than water. Examples of Organic PCM are wax, vegetable oil and soya/sugar, whereas 

the example of Inorganic PCM are Glauber’s Salt, Calcium Chloride and Eutectic Salts. 

In this project, our main objective is to conceive and design a phase change material 

(PCM) heat exchanger to be integrated into a heat pump as proposed by Daikin Malaysia. PCM 

was chosen as a potential replacement or improvement method for heat pumps in cold regions. 

In cold countries or during winter such as in Canada and the United Kingdom, or during winter 

in Japan and Korea, heat pumps are a common necessity. In extremely cold conditions, heat 

pumps are used as a method to extract heat from a region of lower temperature to a region of 

higher temperature and is the reverse of air conditioners. In the process of extracting heat, the 

outer coils on the outdoor unit experiences extremely low temperatures, and the water that 
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condenses on the coils freeze and forms icicles and frost. The frost in turn hinders heat transfer, 

causing the heat pump efficiency to drop drastically.  

For current heat pumps available in Daikin, when frost forms are that the heat pump 

switches into reverse cycle, one that is like an air conditioner cycle, and draws heat from the 

indoors to melt the frost formed on the outer coils. The downside to this method is that the 

customers experience major discomfort when the reverse cycle runs, as the heat pump is no 

longer providing heat, and is drawing heat from an already cold indoor environment.  Currently, 

Daikin does not have any heat pump that utilizes phase change materials (PCM) to melt frost 

that forms on the outer coils during winter and is planning to research into using PCM as a 

method of heat storage to improve the defrost cycle. Hence, our group are required to generate 

ideas and come out with the prototype which includes list of materials, budget plan, 3D model 

of the design, simulation for the whole project within 14 weeks. During the 14 weeks, the group 

has constantly updated our progress to the project supervisor, Mr Thoo and also our lecturer, 

Dr Faizal. At the end of week 14, the team presented all the compiled results and prototype to 

Daikin supervisor and also the panel judge during the Engineering Fair in July 2019. 

  

 

Figure 1:Team FaiDitLah comprising of (from the left) Zhi Heng, Alwyn Yip, Jian Hua, Jia Hao and Jason Chong 
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2.0 Objective 

• To design a phase change material (PCM) heat exchanger for reduction in defrost time 

of heat pump. 

• To integrate the phase change material (PCM) heat exchanger into the heat pump 

system. 

• To improve the heating efficiency of the heat pump unit under various ambient 

conditions with the phase change material (PCM). 

3.0 Conceive  

After the team chose the project topic for this semester, the team begin to identify the 

root causes of the inefficient of the current heat pump design to get a better understanding of 

the project and help the team to identify the objective and requirement of the project clearly. 

In order to achieve that, the team constructed an Ishikawa Diagram that illustrates the root 

causes of the inefficient of the current heat pump design. 

 

 

Figure 2:Root causes of inefficiency of heat pump system 

As shown on the diagram above, some of the main challenges of the current heat pump 

systems were the drop-in performance under cold weather and the high electricity usage and 

cost. After identifying the root causes of the inefficient of the current heat pump, the team 

moved on to the next step which is to identify the challenges that the team might encounter 

during the design phase of the project. There are several challenges identified, such as the sizing 
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limitations for the PCM storage tank, the design of the copper pipe within the PCM storage 

tank, the manufacturability of the copper pipe and overall design to achieve the desired heating 

efficiency and defrosting time. PCM, short for phase change material is a material that changes 

its physical properties according to external stimuli. To improve the defrosting time of an air 

conditioning unit, the team is required to use PCM to absorb heat energy from the refrigerant 

during heating cycle and reject heat energy from the PCM to the refrigerant during defrosting 

cycle and melt any frost formed on the outer coil and fins of the outdoor unit. Formation of 

frost of the outdoor unit not only reduces the efficiency of the air conditioning unit, at extreme 

cases it could potentially damage the outdoor unit which the owner would then need to hire a 

professional to fix it. Other than that, when an air conditioning unit is not able to function 

properly during cold weather, it could cause discomfort and irritation to the user as the humidity 

of the air is too low. Furthermore, it can cause individuals to get sick easily when they are not 

able to stay warm during cold weather.  

The product was split into three main system, which were the PCM storage tank, the 

frost detection system and lastly the electronic circuit that controls the flow of the refrigerant 

using solenoid valve. The current average time needed to defrost an outdoor unit is about 15 

minutes. By building an air conditioning unit with a PCM heat exchanger, the team was 

expected to reduce this time to 10 minutes or less. By taking into consideration the properties 

of the PCM the team is using, the storage tank needs to be made from plastic material or a 

metal with a layer of coating. The tank also needs to be sealed completely to prevent any 

leakage of the PCM. Other factors that needed to be taken into consideration during the design 

phase of the storage tank are the amount of PCM that will be filled into the tank and the design 

of the copper pipe. To overcome these challenges, the team had regular meetings and applied 

various thinking learnt from previous semesters to brainstorm an idea that would meet all the 

requirements mentioned above. 

The first step was to determine the length of the copper pipe needed to be immersed 

into the PCM to achieve maximum efficiency. With help provided by industrial supervisor Mr. 

Thoo, the team was able to formulate and calculate the length of the copper pipe design. The 

main factor the team taken into consideration was the inner diameter of the copper pipe that 

would be used which was roughly 19mm and was able to determine the length of the pipe 

needed to be around 12.6m. After knowing the length of the copper pipe, the next stage would 

be to determine the design for the copper pipe. 
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Figure 3: Sample of calculation to determine the length of the pipe 

During the brainstorming stage of the copper pipe design, one of the challenges the 

team faced was minimizing the space usage of the design due to the immense length of the 

copper pipe needed to be submerged into the PCM tank. Other than that, the spacing between 

the copper pipe to any solid surface had to be half of the outer diameter of the pipe in order to 

achieve maximum heat exchange efficiency as it is submerged into the PCM storage tank. To 

overcome this challenge, the team used random entry technique where team members gave a 

random word based on surrounding object or sounds and others attempted to build a design 

based on the spoken word. The team eventually came out with 3 ideas for the copper pipe 

design. The first one was the spiral shaped design which was inspired by suspension coil spring. 

The second design was circular design inspired by common mosquito coils and the third design 

was the rectangular design based on the evaporator coil in air conditioning unit. In order to 

determine which design would be the ideal design, a decision matrix was made to determine 

the final design as shown in Table 1. The team also schedule a meeting with the industrial 

supervisor, Mr. Thoo hoping that he could provide the team with some insight on the proposed 

designs. 

 

 

Table 1: Decision matrix on the three design 

Attributes Sub-Attributes Weightage Spiral Circular Rectangular 

 Defrost Time 13 9 9 9 
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Productivity Heat storing Time 12 9 9 9 

Precision 11 9 9 9 

 

Cost 

Material Cost 10 8 7 5 

Manufacturing Cost 9 7 7 7 

Maintenance Cost 8 6 6 6 

 

Reliability 

Ease of Maintenance 7 5 5 5 

Leakage 6 1 1 1 

Lifespan 5 9 9 9 

Ease of Assembly 4 6 6 6 

Safety Leakage of PCM 3 1 1 1 

Sizing Space Saver 2 8 5 7 

Environmental 

Impact 

Lesser usage of 

material 

1 7 5 6 

 
Total 651 634 618 

 

Based on the results obtained from the decision matrix, the most ideal design in 

descending order were the spiral design, the circular design and the rectangular design. All 

three designs were evaluated for their attributes of productivity, cost, reliability, safety, sizing 

and environmental impact with the primary attribute being the productivity of the product. The 

main attributes were broken down to sub attributes to allow better assessment of the design. 

Productivity was the priority for the team as the main goal of the product is to reduce the time 

taken to defrost the outdoor unit. The cost and reliability of the product was also taken into 

consideration as the team would want to build a product that is not only affordable but also 

durable and can be used for a long period of time. After applying the decision matrix, the most 
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ideal copper pipe design would be the spiral design. This is due to the efficiency of the heat 

transfer ability of the design and the size of the design does not take up much space making it 

easy to be placed around the indoor space of a home. 

After deciding on the design for the copper pipe that the team would be using, the team 

proceeds to begin the design of the storage tank based on the copper pipe design. The team first 

identify some of the factors that needed to be taken into consideration were that size of the tank, 

the user-friendly of the tank and the ease of maintenance of the tank. The team then calculate 

the amount of PCM that the tank needed to hold by using the density of the PCM The finalize 

design the team came out with was a storage tank with a lid at the top so it can be open and 

close and a drainage at the bottom side of the tank. This design is to allow ease of access to 

change the PCM material when required. The initial material used for the tank was metal, 

however, after further consideration and researched on the PCM that the team would be using, 

the team realised that metal would not be a suitable material unless it was coated with a 

protective layer on the inner wall of the tank as the PCM used is corrosive to metal. After 

further discussion, the team opt to use plastic instead for the construction of the PCM storage 

tank. Plastic was considered as not only it is not affected by the corrosive nature of the PCM, 

it is also able to withstand the operating temperature of the copper pipe and melting temperature 

of the PCM which is around 30 to 32 degrees celsius.  

 

Figure 4: Design for the PCM storage tank 
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The other two systems of the product would be the frost detection and the activation 

system. For the frost detection system, the team decided to use an arduino unit, dry bulb, wet 

bulb and an ice detector. The dry bulb, wet bulb and ice detectors will be lined along the copper 

pipe of the outdoor unit to detect temperature and formation of ice or frost on the pipe. The 

data collected by the sensors placed on the outdoor copper pipe were then transfer and stored 

into an arduino unit. The activation system of the product was conceived using the systems 

thinking method.  Taken into consideration that Daikin required this product to operate 

automatically, the simplest way to achieve that was by using an arduino unit. Based on figure 

5, it can be seen that multiple solenoid valve was involved in the complex circuit. The purpose 

of the solenoid valve is to open and close, controlling the flow of refrigerant throughout the 

entire system as it switches between heating and defrost mode. These solenoid valves were 

controlled by the arduino unit and would open and closed based on the data stored within the 

arduino unit. 

 

 

Figure 5:Circuit diagram of the whole system 
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4.0 Design 

         The following design stage was conducted after initiating the idea. There are four parts 

of this stage, which is Architectural Design (A), Configuration Design (C), Integrated Design 

(I), and Detailed Design (D). All these sections represent the entire design of the final product 

that was proposed in the earlier stages. 

         The first part, architectural design, which is the breakdown of the whole system into 

smaller subsystems. The configuration design is based on the specification of the components 

of the product as well as the reasoning behind it. The integrated design includes the 

combination of the mechanical systems of the product itself. Lastly, detailed design includes 

the engineering drawings and Bill of Material (BOM) of each component regarding the product. 

4.1 Architectural Design 

         Several sub-systems were involved in this PCM-HE. As PCM-HE is used to let the heat 

transfer happened in between the PCM and the refrigerant. The sub-systems would be: 

1. Storage Tank 

2. PCM-HE Copper Pipe 

3. Piping System 

Storage Tank 

The Storage tank acts an important role in the product. As the storage tank is to fill up with 

PCM or carry the PCM in another word. The storage tank was filled up with PCM and let the 

copper pipe immersed into the tank. By doing so, it allows the copper pipe and the PCM to 

have heat transfer during the heat pump is operating. Moreover, the storage tank also helps in 

storing heat. As the PCM is meant to absorb and storing heat energy by extracting the heat 

from the copper pipe, therefore the precious heat energy cannot be wasted. Therefore, the 

storage tank could help here by avoiding the precious heat energy that stored in the PCM lost 

to the surrounding environment and avoiding the overall heating performance due to the energy 

lost. 
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Figure 6: Design of Storage Tank 

PCM-HE Copper pipe 

         PCM-HE Copper pipe in this product is taking the responsibility of allowing the 

refrigerant to flow through it. Besides, the entire PCM- HE Copper pipe with the unwind length 

of 12.6m is completely immersed into the PCM fluid to achieve the maximum efficiency of 

heat transfer. When the heat-pump is operating, the high temperature refrigerant would flow 

through the PCM-HE Copper pipe and undergo heat transfer with the PCM. Therefore, the 

material of the pipe must have a property of good thermal conductivity.  

 

Figure 7: PCM-HE Copper Pipe 

Piping system 

         The piping system consists of Arduino, Solenoid Valve and Copper pipe. As this 

product is an additional part that would be added into the normal heat pump, therefore, piping 

system was necessary. The piping system helps to control the flow path of the refrigerant. 

         When the normal heat pump running the defrost cycle, the heat pump works the same 

as the normal air-conditioning unit. The low temperature refrigerant flows through the indoor 

coil and causing the indoor temperature got affected even though the fan of the indoor unit was 
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off. Resulting the end user felt discomfort due to the defrost cycle, as the low temperature flows 

through the indoor coil. 

         By adding the PCM-HE along with the piping system, it could overcome this problem 

as the piping system could direct the flow path of the refrigerant. During the defrost cycle, the 

heat pump with PCM-HE along with the piping system, the low temperature refrigerant would 

flow through the PCM-HE instead of the indoor coil. 

 

4.2 Configuration Design 

Every individual sub-system was built by different materials and components. And all 

the materials and components are different from each other. All the components and materials 

were selected wisely by applying relevant research and other conceiving methods. 

 

Storage tank 

 

Figure 8: Technical Data of Storage Tank 

         The design of the storage tank was fixed and was designed according to the PCM-HE 

Copper pipe. As the storage tank was designed to let the PCM-HE Copper pipe to be fitted in. 

As the PCM-HE Copper pipe was in the shape of Spiral, therefore the Diameter of it was fixed 

to be 0.54m, and the height of it was 0.275m. Therefore, the height of the storage was as shown 

above, and all the dimensions were considered about the tolerance for the PCM and the 

thickness of the storage tank. Besides, the thickness of 0.01m of the storage tank was 

recommended by the industrial supervisor as the thickness of 0.01m could cap the heat. The 

material of ABS plastic was chosen, it was because this material is environmentally friendly. 
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PCM-HE Copper pipe 

 

Figure 9: Technical Data of PCM-HE Copper Pipe 

         The design of PCM-HE Copper pipe was chosen due to the limitation on 

manufacturability. The sizing and the length of the PCM-HE Copper pipe were achieved by 

applying general calculation that provided by the industrial supervisor. The equation of the 

calculation was extract from the real-life experiment in the industrial lab. By applying the 

calculation, the length of the PCM-HE Copper pipe was to be fixed at 12.6m, and the OD and 

ID to be 0.022225m and 0.019m respectively. According to the calculation, these sizing and 

length of the copper pipe could maximize the heat transfer that would happened between the 

copper pipe and the PCM. The calculation was shown below. Some of the parameters were 

fixed and the design of the PCM-HE Copper pipe could only be designed based on the sizing 

and the length of the results. 

 

Figure 10: Calculation for PCM-HE Copper Pipe length 
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Piping System 

5 SANHUA-FDF8A08 solenoid Valves were involved in the circuit system. The 

Solenoid valves could withstand the pressure and the temperature of the refrigerant. Besides, 

the circuit system was controlled by an Arduino. The Arduino was programmed to control the 

solenoid valves to control which solenoid valve to be opened or closed on that specified timing. 

  

4.3 Integrated Design 

         The storage tank and the PCM-HE Copper pipe would be integrated into one main 

system which allow the heat transfer occurred in between the PCM and the refrigerant. Frist, 

the storage tank was filled with full of PCM. Then, the PCM-HE Copper pipe would be 

completely immersed into the PCM. By doing so, the PCM-HE could be completely covered 

by the PCM and maximize the efficiency at the same time. 

         Moreover, the piping system consists of 5 solenoid valves and one Arduino. The 

Arduino would control the circuit system by controlling the solenoid valve to be opened or 

closed. 

 

Figure 11: Whole system of the heat pump with PCM-HE 

         According to the figure above, F1, F2, F3, F4 and F5 indicates all the 5 solenoid valves. 

During the heat pump operating normal cycle, F1, F3 and F4 solenoid valves would be opened 

and F5 and F2 would closed to allow the refrigerant to flow through. At the same time, when 

the refrigerant passed through the PCM-HE, the PCM-HE could absorb heat energy from the 

wasted refrigerant. During the heat pump was running defrost cycle, F4 and F2 solenoid valves 
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would opened, F5, F3 and F1 solenoid valves would closed, to allow the refrigerant to flow 

through. At the same time, the PCM-HE releases heat energy to the passing by refrigerant. All 

these solenoid valves would controlled by Arduino. 

         Moreover, each component would have their own respective material. The explanation 

on choosing the materials would be explained further below: 

Materials The reason of choosing the 

materials 

How does the material fit into the 

product 

ABS 

Storage 

Tank 

ABS plastics is an environmentally 

friendly plastic. Besides, ABS 

storage tank would be lighter than 

metal storage tank in terms of mass. 

The cost of ABS storage would be 

cheaper compared with metal 

storage tank. 

The usage of the Storage tank is to fill 

up with PCM, where the PCM is 

corrosive to metal. Hence, the material 

of the storage tank was chosen to be 

plastic. 

PCM-HE 

Copper 

Pipe 

The sizing of the copper pipe was 

chosen according to the results of 

calculation. After calculation was 

done, the OD of the copper pipe is 

22.225mm and the ID is 19mm. 

Copper pipe has a property of high 

thermal conductivity. The copper pipe 

acts as a wall separated the PCM and the 

refrigerant, therefore, the thermal 

conductivity must be good to transfer 

the heat from one to the other. The 

Copper pipe could withstand the 

pressure of the refrigerant. 
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4.4 Detailed Design 

 

Figure 12: Detailed drawing of PCM-HE Copper Pipe 
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Figure 13: Detailed Drawing of Storage Tank 

 The bill of materials shown below and it was clearly show that the entire project cost 

RM1606.88. As Taylor’s University was providing a budget of RM2000, therefore, this project 

was below the budget. 

Material Function Unit Vendors Specifications Pricing 

Solenoid 

valve 

To control 

the flow of 

PCM during 

cycle change 

4 Sponsored by 

Daikin 

Name: 

SANHUA-

FDF8A08 

Port size 

diameter: 

8mm 

RM 35 each 
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PCM To provide 

heat energy 

to the 

refrigerant 

during 

defrost cycle 

1kg Sponsored by 

Daikin 

SP31 RM 70/ kg 

Copper 

pipe 

To allow 

refrigerant 

to flow 

within of the 

PCM 

storage tank 

12.6m Sponsored by 

Daikin 

Inner 

diameter of 19 

mm, outer 

diameter ⅞ 

inches 

RM 170/ 3m 

Container 

(Metal or 

Plastic) 

To contain 

the PCM for 

heat 

exchange 

1 Lam Seng 

Plastic 

Industries / 

Soon Soon 

Manufacturing 

& Trading 

Depending on 

the design 

  

RM700/project 

(Metal) 

RM500/project 

(Plastic) 

Arduino To store the 

programme 

and coding 

of the circuit 

1 Robotedu Arduino Uno 

R3 

  

RM 16.88 

        TOTAL RM 1606.88 
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5.0 Engineering Analysis 

This section includes key engineering analysis parts, which are broken down into several parts. 

 

Calculations for the length of the pipe 

 Due to pressure drops when refrigerant travels across long pipes, calculations are 

necessary to determine the maximum length of the pipe allowed, and Daikin has provided the 

templates with fixed in and out values for simplicity. The yellow values are input, while the 

green values are output values. 

 

Figure 14: Fixed template for calculations provided by Daikin 

From the template, it can be seen that the reference mass flow and thermal conductivity 

are inputted as 60 kg/hr and 0.093 W/mK, while also setting the inner diameter as 19mm, or 

⅞”. As a result, the length of pipe was calculated to be 12.6 meters for the PCM to effectively 

transfer heat in and out of the refrigerant. The main reason the pipe size was chosen instead of 

the industrial standard of ⅜” or ¼” is due to the fact that ⅞” has a significantly larger heat 

transfer area, resulting in a shorter pipe required for the heat exchanger. Also, due to Mr. Thoo’s 

recommendation, we went ahead with analysis of the pipe sizing of ⅞” or 19mm inner diameter, 

and a length of 12.6 m. 

Analysis of best design 
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Analysis of rectangular design 

To increase the number of ideas we had for proper analysis, we used the system-

thinking technique to formulate the rectangular design, which was commonly seen in air 

conditioner industries, where standard air-conditioners use U-joints in their heat exchanger 

units to create layers of pipes, creating a compact design where flat layers pile on one another, 

creating a layered version of the circular design, which is more compact and efficient heat 

transfer method. 

 

Figure 15: Rectangular shaped heat-exchanger, commonly used in air conditioning 

 After ideation, this idea was brought forward to Mr. Thoo for advice, and then we were 

told that due to the sizing of the pipe we were using, which was ⅞” the stiffness of the copper 

pipe causes two problems. The first problem being that the pipe cannot be bent with a small 

radius of bend because of the diameter of the pipe, which would lead to a very large base area 

of the resultant heat exchanger, even when separated into several layers. Also, the other option 

which was to use U-joint would be unavailable because there are no such joints available at 

Daikin sized at ⅞”. 
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Analysis of circular design 

Another idea we had was a circular piping design, where the idea originated from 

random entry of a mosquito coil. After discussion, the team found the idea decent, as it gave 

the possibility of implanting the flat storage tank inside walls and under the floors or ceilings 

due to the thin design. The thin design also simplifies the design and manufacture of the storage 

tank, as no complicated parts are required on the PCM storage tank. 

 

 

Figure 16: The circular pipes and the source of the idea 

However, due to its large base area, such a design would be difficult to carry around, 

and would not be ideal especially for a prototype for our project which we would need to carry 

around for testing and demonstration purposes. After deciding that the idea was good enough 

for consideration, we mentioned it to Mr. Thoo and our project supervisor Dr. Faizal for 

advice.  

Soon after asking, Mr. Thoo replied that due to technical difficulties, it would be near 

impossible to produce the shape of the mosquito coil that is correct to dimensions. This was 

mainly because such a shape is out of the range of industrial standards and brings a challenge 
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to the production crew in Daikin factories. Then, Mr. Thoo asked us to revert to the original 

spiral design, as it was the easiest to manufacture from all available ideas. 

 

Analysis of Spiral Design 

The spiral design was the design that was recommended by Mr. Thoo initially. The 

main reason for the design was because it was straightforward and simple, as the spiral pipes 

maximizes the contact area between the PCM in a storage tank, and the copper pipes carrying 

refrigerant that needs heat transfer. By maximizing the contact area, heat transfer is maximized, 

increasing the speed which PCM melts or solidifies. 

 

 

Figure 17: Spiral copper pipes with the extruded part for inlet and outlets 

However, there were downsides to this simple design. Due to the extrusion of the inlet 

and outlet pipes, the team expected difficulties in the future when integrating the pipes into the 

storage tank. From the circular storage tank below, it can be seen that the spiral pipes with 

extrusions would not fit well. As such, the team decided to improve on the design of the storage 

tank with simple modifications, and then proceed to simulations and modelling. 
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Figure 18: The design of a circular tank to fit the spiral coils 

 To overcome this problem, we improved the storage tank design to accommodate the 

extruded parts of the pipes. Additional extrusions are added below to allow for the spiral coils 

with extruded areas to be put into the tank before any welding or flaring. The figures below 

show the improved designs to overcome the problems of being unable to integrate spiral pipes 

properly. However, there were still downsides to the improved design of the PCM storage tank. 
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Figure 19: The design after improvement to accommodate extruded pipes 

 

  



26 
 

Decision matrix 

Table 2: Decision Matrix 

 

 The initial decision matrix pointed to the circular design as the best design, however 

due to objections by Mr. Thoo, and the difficulties in producing the circular pipings, we went 

back to the original suggestion provided by Mr. Thoo, which was the spiral pipes shown 

previously. 

 

Basic calculations for required mass of PCM 

To determine the total mass of PCM, data sheet provided by Rubitherm Germany was 

taken into consideration, where the given density of the PCM SP-31 is determined as 1.31 kg/l 

or 1310 kg/m3, then the internal volume of the PCM storage tank finalized during interim report 

was taken for analysis. The total volume of the storage tank was found using the base area of 

the PCM tank, multiplied by the height of the tank. 

 

Density of PCM SP-31= 1350 kg/m3  

 

Base area of the storage tank = (535.52 mm)2(π) - (491.05 mm)2(π) 

     = 143351 mm2 or 0.143351 m2  

 

Height of the storage tank = 290 mm or 0.29 m 

 

Volume capacity of the storage tank = 0.29 x 0.143351 

     = 0.041572 m3 

 

Volume occupied by the copper pipe = length of pipe x area of pipe 

     = 12600 mm x (22.225 mm)2(π) 
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     = 19552575 mm3 or 0.019553 m3  

 

Volume of PCM that is able to fit in the storage tank  

= volume capacity of storage tank - volume occupied by the copper pipe 

= 0.041572 m3 - 0.019553 m3  

= 0.02202 m3 

 

Mass of PCM SP-31 required = density of PCM x volume of required PCM 

= 1350kg/m3 x 0.02202m3 

    = 29.7 kg of PCM SP-31 

 

 

Figure 20: Data table provided by Rubitherm 

 

Analysis of suitable materials for the PCM storage tank 

 For the analysis of suitable materials for PCM storage tank, we referred to the data table 

provided by Rubitherm Germany again. The main concern we had was for the material used to 

be able to handle the weight of the PCM, copper pipes, as well as the corrosive properties of 

the PCM SP-31. From the table below, it was seen that the PCM is of somewhat high density, 

with a density of 1350 kg/m3 which is heavier than water, as well as exerting corrosive 

properties only towards metals. This is shown in the table below. 
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Figure 21: Data table provided by Rubitherm 

 As a result, we would have to pick between a standard plastic container or a metallic 

container coated with a protective anti-corrosion layer. To determine which one was better, we 

conducted analysis on the total weight of the entire storage tank. 

 Pros of using plastic include cheaper manufacturing costs, less amount of work required, 

as we do not need to paint the inner layer with a protective layer, and also do not need to 

proceed with any welding works. Also, a plastic storage tank would be lighter, and easily 

carried to and fro from Daikin R&D Sungai Buloh, allowing for easy transportation when 

demonstrating and conducting test runs as well as setting up. Metallic material would have 

been a better long term solution, due to the durability and ductility of metals, as plastic storage 

tanks may crack due to human mistakes or accidents such as knocking over the tank, or 

dropping something heavy on the tank. 

 In the end, plastic was chosen as the desired material due to the cheaper costs, ease of 

transportation, lightweight properties, unreactive properties towards the corrosion of the PCM 

SP-31. 
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Analysis of the solenoid valve used 

For the solenoid valve, the team would be provided with SANHUA-FDF8A08 for the 

project by Daikin. This valve has a diameter port size of 8mm. It can withstand high operation 

pressure up to 4.2MPa. The applicable refrigerants for this valve are R134a, R22, R407C, 

R410A, R32, etc. SANHUA-FDF8A08 is produced by Zhejiang SANHUA Company from 

China. This valve would be the key to switching the refrigerant flow in the heat pump during 

the cycle change, directing the refrigerant fluid through the PCM heat-exchanger. 

 

 

Figure 22: Solenoid valve design drawing 
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Risk Analysis 

 

Table 3: Risk management table for risks and prevention methods 

Identification Prevention Mitigation 

Project prototype may 

not be completed on 

time due to its high 

technical complexity. 

Divide assemblement of 

subsystem between members 

and chart a due date for each 

task and calculate timing and 

priority of each task. 

Assign more members to the 

task that requires a larger 

amount of time and fast track 

the project by performing task 

parallel with other tasks. 

The final product of the 

project may not 

achieve the expected 

performance. 

Identify and run simulation to 

identify origins of poor 

performance. Research new 

materials or reexamine project 

design to improve performance. 

Conduct further research and 

clarify any doubts with 

supervisors of the project. 

Leakage occurring on 

the PCM storage tank. 

Research and practice on how to 

wield two materials together 

properly. Ask for assistant from 

lab supervisors when needed. 

Outsource the fabrication of 

the storage tank to a credible 

and reliable manufacturing 

workshop. 

 

 Also, the team analysed the potential risks of using the PCM heat-exchanger, and found 

that there were only minor risks, as the use of every material and part are relatively safe. PCM 

SP-31 is not a high flammable material, non-toxic and only slightly irritating when in direct 

contact to the eyes and skin. This information was obtained from the safety data sheet provided 

by Rubitherm Germany and would be available in the appendix. 
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6.0 Simulations and Modelling 

3D modelling of the 3 initial ideas 

As a team, we modelled the 3 initial ideas ideated during the conceiving phase, which 

were the spiral pipes, rectangular pipes, and circular pipes, using solidworks to show to our 

project supervisor Mr. Thoo and Dr. Faizal. The three designs drawn using solidworks are 

shown below.  

 

Figure 23: Spiral design approved by Mr. Thoo 

 

Figure 24: Circular pipes ideated from mosquito coil by random entry 
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Figure 25: Rectangular shaped pipes ideated from system thinking  

All three ideas were modelled for demonstrations and comparisons, as well as to 

provide information for potential problems in the future, such as problems during 

manufacturing or problems with storage or implementation. From the models, we were able to 

obtain key information such as the manufacturability of each design, and the practicality of 

each design. In the end, the finalized design was the spiral pipes, with the dimensions shown 

in the design drawing below. 

 

Figure 26: Design drawing of the copper pipes 
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3D modelling of the storage tank 

 

 

Figure 27: 3D model of the PCM storage tank drawn by using SolidWorks 

 

Figure 28: 3D model of the PCM storage tank drawn by using SolidWorks 

 To accommodate the extruded parts of the spiral pipes, a similarly shaped storage tank 

was drawn. The thickness of the storage tank was set at 1mm initially, for simulation and 

analysis purposes, with the main reason being that the thin storage tank decreases cost and 

weight. The main purpose of the drawing was to allow the simulation stage to move forward, 

and the design will still be improved in the future, after refining and modifications during 

MEGP2 next semester. 
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3D modelling of the scaled down model 

 For the engineering fair, a separate, scaled down model was drawn for the ease of 

presentation and demonstration of our idea. The scaled down model included our future 

improvements that we could think of, such as a slanted base at the bottom to allow easy 

drainage, as well as a drainage cap at the bottom along with a small hole. Also, we included in 

our plans to further improve the prototype with something similar to a filter funnel, so that 

pouring in PCM would be easier, as the prototype has a very small area for liquid inlet. The 

photo sample of the scaled down model is shown below. 

 

Figure 29: Jia Hao holding the scaled down model that was meant for demonstration and presentation purposes 

  



35 
 

Simulations of the 3D model using ANSYS Fluent 

Initially, the team tried to run the simulations based on the guidance of youtube videos found 

online, and we were able to find many useful videos that were able to point us in the right 

way. The first few runs were able to generate results, and the results are shown below.

 

Figure 30: Initial simulation run 

 However, after analysing the results, we found out that it was invalid, due to the fact 

that the graph on the above shows that the energy in the system was always constant. In a heat 

exchanger, heat should always be flowing, and the results should yield graphs that demonstrate 

a change in energies. Hence, the team determined that the simulation run had invalid results 

and needed to do corrections.  
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Figure 31: Simulation errors during our initial trials 

Both Zhi Heng and Jian Hua tried several times, to simulate the results of the heat 

exchanger according to tutorials, but to no avail. Initially, the team was met with errors, that 

may have been the result of inexperience in drawing using the ANSYS SpaceClaim and Design 

Modeler. After several attempts over a period of two days, the team decided to consult an expert, 

and met up to discuss the problems we were met with. Dr. Faizal, our program director, 

recommended someone who was a former colleague of Mr. Thoo at Daikin R&D, and someone 

who is an expert in CFD analysis. He referred us to Dr. Ng Khai Ching. 
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Figure 32: Screenshot of meshing and quality of mesh during our second try 

For our second try, the team found out that solidworks drawing was not compatible 

with an ANSYS fluent analysis. This was because for our analysis, we were required to create 

two or more entities, separately for the PCM, copper pipes, and the refrigerant. For the solution, 

the team found out that by using ANSYS's own drawing system, the Design Modeler, this 

problem could be overcome. Then, we proceeded to draw using the Design Modeler, set the 

object as separate entities, and proceeded to key in values for each variable. The figure above 

shows the meshing state of our product drawn using ANSYS design modeler, with a skewness 

of average 0.2974 after meshing, with the maximum skewness being 0.6903. This was 

considered as an excellent skewness as it was of high quality. Overall, the meshing itself took 

30 minutes due to the amount of elements and nodes in the object. 

 

Next, we proceeded with a simplified simulation due to failure of the initial simulation 

after several tries. Results obtained were invalid due to the lack of energy change shown in the 

initial graph, as usual. After investigation, the team then found out that the main reason the 

simulations failed was due to lack of specific data such as a varying data line of the different 

viscosities of the PCM under different temperature conditioners. Another reason for the failed 

simulation was due to the lack of experience in CFD, or computational fluid dynamics. Even 

under the guidance of Dr. Ng, we were pointed towards the right direction, but were unable to 

achieve the desired simulation results.  
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Figure 33: Screenshot of simplified simulation and results 

In the end, the team decided to stop the simulation attempts due to multiple failures, 

and we were left with only work done and failed simulations to show. However, further 

attempts would be done in the next module MEGP2 to ensure that the design is able to work 

smoothly without any problems, and fine tuning would be done with more hands on testing 

than simulations. Last but not least, this was a valuable lesson for us, as we were not able to 

complete the assigned task of simulating the results of the heat exchanger properly. However, 

Dr. Ng reassured us that it was okay to have failures every now and then, even more so when 

we had such a complicated simulation to begin with, and we were only inexperienced students. 

He also added that we should learn from this failure and grow from it. 
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7.0 Sustainability 

 

 

 

To meet the requirement of the current generation is called sustainability without 

compromising the flexibility of the future generation to fulfill their needs. Three pillar that 

composes the concept of sustainability is economic, environmental and social which is also 

known as profits, planet and people. Phase change material was chosen as the solution to the 

defrosting issue which affects the efficiency of the heat pump based on these three pillars of 

sustainability. 

 

Environmental Pillar 

The environmental pillar is the eye-catching pillar of all as most companies are focusing 

on taking care of the environment by reducing carbon footprints, waste, and water which will 

affect the environment. PCM was chosen was due to the huge impact when it comes to 

environment sustainability. One of the key measures is to reduce greenhouse gas emissions. 

Currently, most building uses air conditioning units which increase the energy demand of the 

building due to the high usage of electricity. In addition, the increased usage of air conditioning 

will increase the carbon gasses emission which will lead to the thinning of the ozone layer. 

Hence, Phase change materials has been introduced in buildings to improve energy efficiency 

and to reduce the energy consumption in buildings. PCM can remove excess heat from a room 

during the day and release it at night. This is achieved by storing heat for cooling and release 

heat when it is demanded. The usage of PCM also helps to improve the performance of heating, 

allowing better ventilation and also uses minimum energy. 
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Economic Pillar 

The economic pillar is what most businesses will put their attention on. To ensure that 

the object is sustainable, the business from the product needs to be a profitable business. 

Conventionally, a heat pump would require to constantly go through different load shift which 

consumes high amount of electricity. During extreme weather conditions, frost is formed on 

the outer coil which will be melted by drawing heat from the indoor unit. This happens by 

switching the cycle of the heat pump as only one cycle can run at a time. By implementing 

PCM, it is able to store and release heat when the condition is required without affecting the 

defrost cycle. This will ensure that the amount of electricity will reduce which will benefit the 

user to save the electricity consumed by the whole product.  Moreover, PCM is longer lasting 

which will have a longer lifespan and the maintenance of the product is not that expensive to 

change the PCM in the storage tank. 

 

Social Pillar 

The social pillar states that with the support and approval of the employees and 

stakeholders that is working on the project will produce a sustainable business in terms of social 

pillar. It also relates to the product is safe to use and will bring benefits to the employee and 

the end user of this product. When designing this PCM heat exchanger, we take many aspects 

into consideration. The main goal of this product is to ensure that PCM is able to defrost the 

ice formed on the outdoor unit without affecting the comfortness of the user that is living in 

the house during the winter. The build of the materials used is also safe to use as the PCM is 

only corrosive to metal. To solve the storage tank, ABS plastic is used to build this tank to store 

the PCM while the copper pipe is immersed in it. When designing the model, few aspects such 

as weight, height and mobility of the tank is taken into consideration as the tank should not be 

heavy and tall for the user or the technician to move it during the installation and during the 

maintenance. A small hole was designed to ease the technician when changing the PCM during 

maintenance. 
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8.0 Business plan 

 As our product is air conditioning unit with PCM heat exchanger defrost system. The 

main demographic for our product would be countries with 4 seasons and experience extreme 

harsh cold weather. Countries such as the United States of America, People’s Republic of 

China and the Russian Federation. To ensure the success of the product, the team drafted out 

plans and strategies on how to promote and have a successful business using this product. To 

create a successful business plan, there are six important elements that needed to be included 

which are premise, processes, production, people, price, and promotion. 

 

Main Purpose 

 Conventional methods of staying warm during the winter is using a heater or air 

conditioning unit with a heating mode option. However, both of these methods consumes huge 

amount of electricity. One of the common ways to generate electricity is by burning coal, which 

releases carbon dioxide to the environment. Another issue with the conventional methods of 

staying warm is the drop in performance of the device during winter seasons as the extreme 

outdoor conditions impaired the heat pump system of the device, and it takes a long time to 

defrost the outdoor unit of the air conditioning unit and allowing it to perform as intended. 

 With the advancement of current technology, it is made possible for engineers to create 

a device that have a low defrosting time, high heat pump performance despite extreme outdoor 

conditions and is able to reduce the consumption of electricity compared to conventional 

heating methods. Such devices not only improve an individual's comfort during winter seasons, 

but also able to help the environment but reducing waste of electricity in a device.  

 With the implementation of the PCM heat exchanger, it is able to revolutionize the 

methods of staying warm during winter without causing any harm to the environment. 

 

8.1 Premises 

 Selecting a premises that is strategically located is a crucial part in starting a successful 

business as the premises not allow need to accommodate any manufacturing and production 

processes, it also needs to be in a location where it gets enough attention from potential 

customers that would be interested in the product that is being sold. For our team, that strategic 

location would be the Daikin Research & Development Malaysia Sdn. Bhd. This premises is 

one of the existing subsidiaries of Daikin and is located at Sungai Buloh. During one of the 

teams’ site visits to this premises lead by Mr. Thoo, the team observed that the premises has 
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about 200 workers working on assembly parts of an air conditioning unit. The premises also 

have a well-equipped laboratory to accommodate  various experiments on prototype the 

company has developed.  

 

Strategic location  

 Due to the functions of the prototype the team is building, the main demographic of the 

product would not be local residents as Malaysia do not experience 4 seasons. Hence, the 

chosen location had to be close to a trading port in order to export the products. Port Klang is 

located roughly 46 to 55 km away from the premises and the duration to Port Klang is roughly 

50 minutes drive depending on the route taken and impeding traffic conditions. Other than that, 

it is close to Kuala Lumpur, which is the national capital and economic centre of Malaysia. All 

business related tradings can be done there and the company could find or attract many 

potential customers to invest in any future products the company may offer. 

 

 

Figure 34: ??. Location of the premises 
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8.2 People 

 People who are involved in a project is the key point to determine the project is 

successful or not. And everyone who is involved in the project, they play an important role in 

their respective positions. 

 

1.Project Manager 

Project manager is to ensure the project complete the project on time without any delays 

and making sure the project flows in a correct path. 

 

2.Engineer 

 Engineers came out ideas to overcome the real-life problems that people are facing. 

Besides, Engineers are responsible to ensure the system of the product is free from fraud and 

has no harm to the end users. 

 

3.Finance Manager 

Finance managers are responsible to manage the fund or the budget of the project. They 

must make sure that the project would have enough funds to complete the project.  

 

4.Marketing Manager 

 Marketing Managers are responsible to manage the promotions for the product. And 

they are responsible to gain awareness for the product. 

 

5.Sales Manager 

Sales Managers are responsible to approach people to purchase the products, and deal 

with the sales transaction process if the deal was made. 

 

6.Buyers 

 Buyers are the potential customers to buy the product, especially aircon manufacturing 

company for this project. 

 

7.Business Administrator 

 Business administrators are responsible to update the business tractions daily and 

ensure sufficient inventory available. They must help to answer the customer’s enquiries as 

well if needed. 
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8.3 Promotion 

 

1.Offering exclusive preview to the loyal customer 

By conducting online preview, pre-launch event or special invitation to showcase the 

product to the loyal customers. At the same time, the loyal customers would feel good as the 

company always kept them in mind and keep them up to date on the latest technology. 

Therefore, offering exclusive preview to the loyal customer is a good way to promote the 

product as the loyal customers were mostly likely to be the first to buy the product. 

 

2. Social Media 

 Nowadays, social media is everywhere and most of the people uses social media 

uncountable everyday. The company could register profile or page on Facebook or Instagram. 

All the new products could show under the company’s Facebook or Instagram. It can help in 

getting exposure to the people. By doing so, the company could conduct contests through social 

media, such as giveaway. The campaign could be organised in this way, calling people on the 

social media to share the post about the new product by the company and stand a chance to win 

a price of the new product.  

 

3. Offering Trade-In or upgrade 

 The company could offer an upgrade for the loyal customer. For this PCM-HE heat 

pump, it is basically a heat pump with additional of PCM-HE along with circuit system. The 

loyal customer could upgrade their current heat pump by adding a promotion price. Besides, 

the company could provide Trade-In service as long as the heat pump is working fine. By 

providing the Trade-In service, the customer or end-user could pay lesser. At the same time, 

the components from the old heat pump could be reused by the company.  

 

4. Hosting an Event 

 The company could organise or join events and exhibition to showcase the latest 

product and technology. A traditional and costly way to promote and get exposure for the new 

product. The company could host some events and show the latest product or technology to the 

public. This traditional way would be costly as places must be paid, workers must be paid as 

well as the logistics. By hosting events like this, it could help in targeting people who weren’t 

exposed to the internet. Therefore, hosting an event could be a good idea either. 
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5. Email Marketing 

Company could send emails to the loyal customers or people who did registration 

during exhibition to acknowledge them that the company is having a new product or technology. 

And the product could be convenient or bill saving for the end user or customer. As the email 

is one of the effective channels to keep in touch with the customer. Besides, when the product 

was first introduced or launched, the company could send exclusive promotion code to the 

customer and by applying the code they could get a discount on price or some other promotions. 

At the same time, the customer would feel happy too. 

 

  



46 
 

9.0 Conclusion and Recommendation 

 To conclude the entire report, PCM is the best solution to enhance defrosting of the ice 

formed on the coil of the outdoor unit during the winter. PCM acts as a heat sink where it stores 

heat and releases heat back into the refrigerant through the copper pipe. This will provide more 

heat in the refrigerant which will travel to the outdoor unit to defrost the ice formed on the coil. 

It acts as a rechargeable battery where it absorbs heat during the melting process and releases 

heat during the solidification process. PCM is the best solution due to the fact that it is highly 

efficient thermal storage and it is only corrosive towards metal. The main objective of this 

project is to design a phase change material heat exchanger to be integrated into the heat pump 

to improve the heating method in the cold region. During the conceived stage, the team has 

used several methods to come out with the design of the prototype. The product has three main 

system which is the PCM storage tank, the frost detection system and the electronic circuit 

system which controls the flow of the refrigerant using the solenoid valve. Calculation were 

made before designing the copper pipe which is the length needed to achieve the maximum 

efficiency. Three designs were made with the length of the copper pipe needed which is the 

spiral, the mosquito coil and rectangular which commonly found in the air compressor. With 

the three design, a decision matrix is applied to see which design suits the most. The spiral 

shape is the best design as it has the highest point for decision matrix based on the criteria 

needed. The designing of the tank is next with few factors that need to be taken into 

consideration which is the size, user-friendly and ease of maintenance. After designing the tank 

and the copper pipe. Both is assemble in Solidwork to find out the amount of PCM needed in 

the tank. The material of the tank will be made out of plastic due to the fact that PCM is 

corrosive to metal. With the design completed, analysis is made based on the design to data. 

The analysis made is the simulation of the 3D model using ANSYS Fluent with the guidance 

of Youtube videos that can be found online. There were few errors along the way but the 

problem were settled with the help of an expert in CFD analysis, Dr Ng Khai Ching. The 

prototype we came out with is a sustainable product as it fulfills the three pillars of 

sustainability which is the social, environmental and economic pillars. The team managed to 

follow the timeline that is set in the Gantt Chart which is to complete conceive and design stage 

within 14 weeks of preparation towards the engineering fair. We even manage to print a 3D 

model of the prototype which is scaled down. Overall we manage to win during the Engineering 

fair for the Taylor’s Capstone 1 Award.  
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 Few recommendations were given by few lecturers and advisor. The team were advised 

to learn CFD to have the proper simulation to get a much accurate data. We were advised to 

include more variable for the simulation. Dr. Abdulkareem gave us some good advice for the 

future. He advised us to take up more projects from companies like this for our final year that 

way we have a more comfortable title to research rather than picking up some title that you 

don’t really know. Daikin advisor, Mr Thoo also gave us some tips on the upcoming stage 

which is the implement and operate stage. He advises us to complete everything as soon as 

possible and bring all the material and product to Daikin Research Center to complete the 

prototype before the testing day that way we have more time for testing. He also told us that 

we could do the simulation in Daikin to get the data. Few advice for the future, to have better 

computer that could support the CFD simulation. 
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