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Abstract 

Refrigerators being used for domestic purposes are of three types, namely static, 

brewed, and no-frost. The aim of this project was to introduce a new compartment in static 

refrigerators to enhance the quality and freshness of food present in this compartment. It was 

achieved by having control over temperature depending on the needs of the user and needs for 

the type of food inside the compartment. There can be two methods to fabricate this special 

compartment. One is by using parallel evaporators and other is by using fan and airduct. The 

parallel evaporator method is expensive but highly efficient, while air duct is less expensive 

and does not compromise enough efficiency, in term of energy consumption and cooling. The 

airduct was implanted in the refrigerator and results were taken. The result shows the total time 

to reach the target temperature, and time to drop per half degree of temperature. The target was 

to set the temperature at any value between 5 to -5 oC. In this project, the minimum temperature 

achieved was -1 oC, as the average temperature of evaporator goes to -12 oC, rather than the -

18 oC for most of the domestic refrigerators. 

 

Key Words: Control system, Static refrigerators, No-frost refrigeration
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1 CHAPTER 1: INTRODUCTION 

Domestic refrigerators are widely used in all over the world industry. Today households 

have more than 4 billion refrigerators in their use. Epidemiological data from all the continents 

suggest that food poisoning is among the major reasons for most diseases. [1] The data suggests 

that the most problems arise due to inadequate temperatures for food in the refrigerator. The 

product’s temperature determines its quality and freshness.  

1.1 Background, Scope, and Motivation 

In our world industry there are three types of domestic refrigerators, namely brewed, 

static and no-frost. [2] Static refrigerators are most common due to their low cost and generally 

less overall maintenance [3]. The basic principle involving static refrigerators is natural 

convection due to which heat is transferred and air flow occurs due to change in air density [4]. 

The brewed type is an advanced form of static refrigerator. In addition to simple static 

refrigerator the brewed type has a fan for circulation of air [5]. Due to this forced convection, 

the cooling of refrigerator is improved, now all the parts in the refrigerator will receive equal 

amount of refrigerator cooling. So, the overall density of cold air has been improved in brewed 

type. The final type is no-frost which includes a defrost system in the refrigerator [6]. It 

improves the overall efficiency of a refrigerator and the quality of food, but the energy 

consumption is higher.  

 

Figure 1.1: Three types of domestic refrigerators, (a) Static, (b) Brewed, (c) No-frost. 
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1.1.1 Static Refrigerators 

A static refrigerator, also known as a passive refrigerator, is a cooling system that 

operates without any moving parts. It works by utilizing the temperature difference between a 

warm source and a cold sink to transfer heat and reduce the temperature of the cold sink. 

A static refrigerator operates on the principle of thermodynamics and typically relies 

on the Peltier effect, which states that when a current is passed through a circuit of two 

dissimilar materials, heat will be transferred from one material to the other. In a static 

refrigerator, the Peltier effect is used to transfer heat from a warm source, such as a room, to a 

cold sink, such as a refrigerated compartment [4]. 

Static refrigerators have several advantages, including low noise, low maintenance, and 

low energy consumption. They are also well-suited for use in remote or harsh environments 

where access to power or refrigerants is limited. However, their cooling capacity is typically 

limited, and they may not be as efficient as dynamic refrigerators, which use compressors and 

refrigerants to transfer heat. 

1.1.2 Brewed Type Refrigerators 

Brewed is a static refrigerator with a fan, is a type of cooling system that combines the 

principles of static refrigeration with forced convection. The static refrigerator uses the Peltier 

effect to transfer heat from a warm source to a cold sink, while the fan is used to increase the 

heat transfer rate by forcing air over the cold sink. 

In a static refrigerator with a fan, the Peltier device is used to transfer heat from a warm 

source to the cold sink, causing the temperature of the sink to decrease. The fan is used to 

increase the rate of heat transfer by increasing the flow of air over the sink and increasing the 

surface area for heat transfer [8]. 

This combination of static refrigeration and forced convection can improve the cooling 

efficiency of the system, making it more suitable for use in applications where higher cooling 

capacities are required. The use of a fan also allows for more precise control over the heat 

transfer rate, making it easier to achieve a desired temperature in the cold sink. However, the 

addition of a fan also increases the noise and power consumption of the system. 
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1.1.3 No-Frost Refrigerators 

A no-frost refrigerator, also known as a frost-free refrigerator, is a type of household 

refrigerator that prevents the buildup of frost on the interior walls. This is achieved by using a 

defrosting mechanism that periodically melts the frost, allowing it to drain away. 

In a traditional refrigerator, frost can build up on the walls due to the accumulation of 

moisture from the air inside the fridge. This can affect the cooling efficiency of the refrigerator 

and also make it difficult to clean the interior. In a no-frost refrigerator, a heating element is 

used to periodically melt the frost, preventing it from accumulating on the walls [10]. 

No-frost refrigerators are more convenient to use than traditional refrigerators, as they 

do not require manual defrosting and the interior is easier to clean. They also tend to be more 

energy-efficient, as the accumulation of frost can increase the energy consumption of the 

refrigerator. However, no-frost refrigerators are generally more expensive than traditional 

refrigerators and may also have a slightly higher power consumption due to the use of the 

defrosting mechanism. 

1.1.4 Comparison 

Static refrigerators and no-frost refrigerators are both types of household refrigerators 

that are used to keep food and other perishable items fresh. However, they differ in how they 

operate and the features they offer. 

Static refrigerators rely on the Peltier effect to transfer heat from a warm source to a 

cold sink, while no-frost refrigerators use a defrosting mechanism to prevent the buildup of 

frost on the interior walls. This makes no-frost refrigerators more convenient to use, as they do 

not require manual defrosting and the interior is easier to clean. 

Static refrigerators are typically more energy-efficient and have a lower noise level than 

no-frost refrigerators. They are also well-suited for use in remote or harsh environments where 

access to power or refrigerants is limited. However, their cooling capacity is typically limited, 

and they may not be as efficient as no-frost refrigerators in terms of cooling performance. 

No-frost refrigerators, on the other hand, are generally more expensive than static 

refrigerators and have a slightly higher power consumption due to the use of the defrosting 

mechanism. However, they offer improved cooling efficiency and convenience, making them 

a popular choice for household use. 
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Unfortunately, all these refrigerators are not providing the feature to separately adjust 

for different types of food products according to the specific temperature, a particular food item 

needs to remain fresh [7]. Different food items, for example cereals, meat, fruits, etc., all need 

their own specific type of temperature to remain fresh [9].  

1.1.5 Aim and Objectives  

 The aim of the study is to introduce a new compartment in static refrigerators to enhance 

the quality and freshness of the food present. Hence implementing the no frost technology in 

static refrigerators at low cost. The objective is to build the compartment in static refrigerator, 

that will function as a frost-free compartment, that allows the user with variable temperature 

range of -5 to 5oC, which would be independent of the other sections of refrigerator. 

 There are two methods to introduce the independent compartment in refrigerator, they 

are parallel evaporators and by using air duct.  

 A refrigerator using parallel evaporators is a type of refrigeration system that utilizes 

multiple evaporator coils to cool different sections of the refrigerator. This design allows for 

separate temperature control of the freezer and fresh food compartments, allowing each 

compartment to maintain its own optimal temperature. 

 In a parallel evaporator system, each evaporator is connected to its own thermostat and 

fan, which helps to ensure that the temperature in each compartment is accurately regulated. 

This design also allows for improved energy efficiency, as the fan and compressor only need 

to run when a specific compartment requires cooling. 

 Parallel evaporator systems are commonly found in side-by-side or French door style 

refrigerators, where it is desirable to have separate temperature control of the freezer and fresh 

food compartments. By using separate evaporators, this design allows for more efficient 

cooling and better temperature control, improving the overall performance and longevity of the 

refrigerator. 

 An air duct in a refrigerator is a component that allows for the flow of air from one part 

of the refrigerator to another. It is typically connected to the evaporator and the condenser coils, 

and it helps to distribute cold air evenly throughout the interior of the fridge, ensuring that all 

food items are stored at the desired temperature. The air duct is typically made of metal or 

plastic and may be part of the fridge's sealed system or may be connected to the fan, which 
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helps circulate air within the unit. 

 The air duct is typically connected to the evaporator and the condenser coils and allows 

cold air to circulate from the evaporator to the interior of the refrigerator. This cold air is 

produced by the refrigerant passing over the evaporator coils, which absorb heat from the air 

inside the unit. 

 The air duct is often made of metal or plastic and may be part of the sealed refrigeration 

system or may be connected to a fan that helps circulate air within the unit. The fan helps to 

remove moisture and prevent frost buildup on the evaporator coils and also helps to distribute 

the cooled air evenly throughout the interior of the fridge. 

 In addition to helping maintain consistent temperatures, the air duct also helps to 

improve the efficiency of the refrigerator. By directing air flow and reducing the formation of 

warm spots, the air duct helps to prevent temperature fluctuations that can affect the freshness 

and quality of food stored in the fridge. 

 Overall, the air duct is an important component in any refrigeration system, playing a 

critical role in ensuring that the interior of the refrigerator stays cool and well-ventilated, and 

that the food stored within remains fresh and properly preserved. 

 In a refrigerator, a fan is used in conjunction with an air duct to circulate and distribute 

cold air throughout the interior of the unit. The fan is typically located near the evaporator and 

pulls air in from the freezer and refrigerator compartments, passing it over the evaporator coils 

to cool it. The cooled air is then redirected back into the fridge via the air ducts. This continuous 

circulation of air helps to ensure even temperature distribution and helps prevent warm spots 

or temperature fluctuations within the fridge. The fan also helps to remove moisture and 

prevent frost buildup on the evaporator coils. 

1.2 Literature Review 

For development of this compartment, various strategies were used in past, including 

the parallel evaporator [11], where two evaporators were installed side by side, by using valves 

and refrigeration lines. While other technology implemented was using air duct with 

synchronous control scheme [12]. Same technique is used in making novel air distributor, 

which supply air from system, situated outside the refrigerator [13]. Further the duct system 

which supplying the airflow was made, and analyzed by using CFD techniques [8]. Also the 
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duct system improved by using multi duct technology [14]. Similarly investigation were carried 

out to analyze the rapid increase in temperature during fan shutdown [15], hence providing the 

necessity of insulation. Vibroacoustic analysis was also performed on air duct flow to increase 

its efficiency [16]. Similarly, to check the wall conditions for variable compartment (VC), the 

flow and heat transfer analysis was performed, where efficiency of different materials have 

been discussed [17]. In addition to the air dampers, the thermal vacuum panels were also tested 

along the air duct [18]. Another method by introducing the outside fresh air for third 

compartment was also used, and results were depended on the outside environment [19]. Then 

air duct performance was investigated and provided the most optimized version of airduct in 

the refrigerator [20]. For defrosting, the air duct is also used to provide air using fan situated at 

evaporator [21]. Also, the numerical simulation of air flow in the duct was conducted and 

optimized using CFD techniques [10]. Forced convection was also discussed, which is helpful 

in the simulation of fan, which is also using forced convection for cooling purpose [22]. Same 

airduct system was utilized with addition to cold phase change material as well [23]. To 

fabricate the special compartment, performance analysis was taken out having evenly 

distributed cold air [24]. The effect of door opening and closing was discussed, and energy 

saving technique was implemented according to the data [25]. Apart from the air duct method, 

the parallel evaporator method was also discussed and optimized [26]. In addition to fan 

performance, its effect on refrigerator was also discuss and optimized [27]. 

For parallel evaporators [11], the results are generally more accurate other than air duct 

technology [28], but it is more expensive as the components required here are generally 

expensive than air duct. The parallel evaporator technology is implemented in figure 1.2. 

 

Figure 1.2: Parallel Evaporator with (a) by-pass and (b) with check valve. [2] 
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Figure 1.3: Air circulation for three compartments. [1] 

Figure 1.4: Schematic for Synchronous Control strategy. [1] 
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 For the air duct method [12], the synchronous control system was developed which is 

shown in figure 1.3. But here, the air dampers are only installed at VC & RC. The freezer 

compartment (FC) where the evaporator is installed, can be overcooled [29].  

 The synchronous control mechanism is presented in figure 1.4, which describes the 

most energy efficient method for operating the air dampers in the air duct [30]. It is one of the 

most profound methods, if air duct method is implemented here. 

 Similarly, for novel air distributor [13], the only drawback here is the variable 

compartment (VC) is not independent of other compartments. The rubric for the top five most 

relevant literature is presented in table 1.1, which indicates the research objective and its 

approach.  

Table 1.1: Literature Rubric 

Journal Title Approach/Method 

Applied 

Thermal 

Engineering 

(2018) 

Comparison of independent and 

synchronous opening control 

strategies of two air-dampers in 

three-temperature frost-free 

refrigerator. [12] 

Effect of air dampers control 

strategy on the refrigerator 

performance. Two types of Control 

Strategies. The independent control 

strategy causes longer compressor 

on period. 

International 

Journal of 

Refrigeration 

(2020) 

Development of novel air 

distributor for precise control of 

cooling capacity delivery in 

multi-compartment indirect 

cooling household refrigerators 

(MIR). [13] 

A method to deliver cooling 

capacities by installing a novel air 

distributor in a MIR and changing 

the position of air supply dampers in 

this air distributor. Hence 

addressing the freezer compartment 

(FC) overcooling. 

Journal of 

Supercomputing 

(2020) 

 

Air volume improvement in the 

duct system in frost-free 

refrigerators based on the CFD 

method. [8] 

This paper is focused on the air 

volume improvement based on the 

optimization of the duct structure. 

The new air duct system has a better 

air supply capability and has a better 

cooling effect. 

Applied 

Thermal 

Engineering 

(2021) 

Temperature uniformity analysis 

of a domestic refrigerator with 

different multi-duct shapes. [14] 

The effect of four different shapes 

of the multi-duct system on the 

temperature uniformity in the top-

freezer refrigerator system was 

considered. 

International 

Journal of 

Analysis of temperature rapid 

rise phenomenon during damper-

Based on natural convection, the 

results show that the violent natural 
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Refrigeration 

(2022) 

off cycle in side-by-side frost-

free refrigerator.[15] 

 

convection airflow driven by the 

non-uniform temperature 

distribution will lead to the 

significant variation of RC 

temperature. 

 

1.2.1 Research gap 

The objective of this research is to make a special compartment in static refrigerator, 

having low budget and high efficiency, in term of energy consumption and cooling. As 

described earlier there can be two major methods to implement this, one is by using parallel 

evaporator and other is by using air duct.  

Parallel evaporator technology is expensive; hence air duct method was chosen, but for 

air duct, two most important literature have research gaps, i.e., for multi-compartments, the air 

duct have dampers only at VC and RC region [12], where FC compartment is fully receiving 

the air, hence can be overcooled. Similarly, to implement the novel air distributor [13], the 

variable compartment (VC) is not fully independent. 

So, after complete study of previous literature, it was decided to implement the 

independent working of Variable Compartment (VC) with synchronous control strategy to 

minimize the energy consumption [31].  
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2 CHAPTER 2: METHODOLOGY & SETUP 

As described in previous literature, there can be various methods to introduce a new 

compartment with required functionality. Two methods are prominent, one is by inserting 

parallel flow evaporators by using valves and refrigeration lines, while other is introducing a 

fan which will provide cold air from evaporator to the variable compartment (VC) by using 

duct flow. 

 For this project, an air duct method is used where the fan will provide cold air to the 

variable compartment (VC) and the purpose of selecting this method is primarily because, first 

it is a low-cost method with respect to introducing valves and evaporators. Second, it is more 

efficient in energy consumption as well. 

2.1 Designing and Fabrication 

The process of designing and fabricating a special compartment in refrigerator involves 

several techniques and components. They are explained thoroughly in this section, starting with 

the selection of refrigerator. 

2.1.1 Refrigerator 

A refrigerator is a household appliance that is used to keep food and beverages cool. A 

domestic refrigerator is a type of refrigerator that is designed for use in a household or 

residential setting. These refrigerators come in a variety of sizes, styles, and configurations, 

including top-freezer, bottom-freezer, side-by-side, French door, compact, counter-depth, 

built-in, and smart refrigerators, to meet the needs of different households. Domestic 

refrigerators are typically smaller in size than commercial refrigerators and are used to store 

food and beverages for personal consumption. They are an essential appliance in most modern 

kitchens and are available in a range of prices to suit different budgets. 

There are several types of domestic refrigerators, including: 

i. Top-Freezer Refrigerator: the most common type, with the freezer compartment on top 

of the fridge. 

ii. Bottom-Freezer Refrigerator: the freezer is located below the refrigerator compartment. 

iii. Side-by-Side Refrigerator: two separate compartments, with the fridge and freezer side 

by side. 
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iv. French Door Refrigerator: a combination of a side-by-side refrigerator and a bottom-

freezer refrigerator. 

v. Compact Refrigerator: smaller version of a standard refrigerator, often used in 

apartments, RVs, and dorm rooms. 

vi. Counter-Depth Refrigerator: designed to blend in with kitchen cabinetry, with the depth 

of the refrigerator being the same as the surrounding cabinets. 

vii. Built-in Refrigerator: designed to be installed into a cabinet or wall, giving the kitchen 

a seamless look. 

viii. Smart Refrigerator: equipped with advanced features, such as Wi-Fi connectivity and a 

touch screen display. 

A refrigerator with a combined fridge and freezer compartment is known as a "top-mount 

refrigerator" or "top-freezer refrigerator". This type of refrigerator has the freezer compartment 

located above the fridge compartment, and often features a simple design with basic shelves 

and storage options. This type of refrigerator is a popular choice for those who are looking for 

a basic, cost-effective refrigeration solution for their home. 

Some of the advantages of top-mount refrigerators are: 

i. Affordability: They are generally less expensive compared to other types of 

refrigerators. 

ii. Energy Efficiency: Top-mount refrigerators typically have a simpler design, which can 

make them more energy-efficient. 

iii. Convenient Access: The freezer compartment is located on top, making it easily 

accessible and convenient for storing frozen foods. 

iv. Space-saving Design: With the freezer on top, this type of refrigerator takes up less 

floor space in your kitchen. 

v. Easy to Clean: The freezer compartment is elevated, making it easier to clean and 

maintain. 

vi. Good for Small Kitchens: Top-mount refrigerators are a good option for those who have 

small kitchens and limited space for a refrigerator. 

vii. Simple Design: They have a simple design that makes them easy to use and maintain. 

The refrigerator selected for this project was top-mount and is shown in figure 2.2 and 

properties are given in table 2.1. It has 90 Watts of compressor. The reason for selecting this 
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refrigerator is because it can be amended to our needs easily by applying the fan near the 

evaporator and fabricating the duct and compartment at the lower end of refrigerator.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.1: Properties of selected refrigerator 

Model Haier HR-135A 

Input Power 100 W 

Voltage 200-240V ~ 50Hz 

Energy Consumption 0.80 kWh/24h 

Refrigerant R 134a 69g 

Climate Class T 

 

The list of components used in the project is given in table 2.2 and explained in the 

following section. 

 

 

 

 

Evaporator 

Figure 2.1: Refrigerator and components 

 

Fan 

Duct 
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Table 2.2: List of Components 

Variable Compartment (VC) 16000cc Volume 

Duct Diameter of two inches 

Fan 12V DC Fan 

Arduino with 12V Adapter and 

Relay 

- 

Temperature Sensor Three (DS 18B20 Temp Sensor) 

 

2.1.2 Variable Compartment (VC) and Air Duct 

The variable compartment (VC) has a volume of 0.016 m3 or 16000 cc and dimensions 

are 40 cm in length, 20 cm in width and 20 cm in height. The diameter of the duct was 2 inches, 

or 5.08 cm. 

2.1.2.1 Material Selection 

The variable compartment (VC) is made up of Acrylic Plastic. Acrylic plastic, also 

known as polymethyl methacrylate (PMMA), is a transparent thermoplastic that is widely used 

in a variety of applications, including construction, engineering, and consumer goods.  

It is a popular choice for these applications due to its combination of desirable 

properties, including: 

i. Transparency: Acrylic plastic is highly transparent, making it ideal for applications 

where visibility is important. 

ii. Light weight: Acrylic plastic is lighter than glass, making it a suitable alternative for 

applications where weight is a concern. 

iii. Impact resistance: Acrylic plastic is highly resistant to impact, making it ideal for 

applications where durability is important. 

iv. Weather resistance: Acrylic plastic is resistant to UV radiation, weathering, and 

environmental degradation, making it ideal for outdoor applications. 

v. Chemical resistance: Acrylic plastic is resistant to many chemicals, including acids and 

alkalis, making it ideal for use in chemical environments. 

vi. Ease of fabrication: Acrylic plastic is easily fabricated and molded into various shapes, 

making it a versatile material for many applications. 
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In addition to these properties, acrylic plastic is also a good electrical insulator and has 

good optical properties, making it suitable for use in a wide range of applications, including 

LED lighting fixtures, optical devices, and windowpanes. Overall, acrylic plastic is a versatile 

and useful material that is widely used in many applications due to its combination of desirable 

properties. 

Acrylic plastic is commonly used in refrigerators for various purposes, including: 

i. Shelves: Acrylic plastic shelves are lightweight, strong, and durable, making them ideal 

for use in refrigerators. They are also easy to clean and provide good visibility of the 

contents of the refrigerator. 

ii. Light diffusers: Acrylic plastic is often used as a light diffuser in refrigerator lighting 

systems. Its transparency and ability to scatter light evenly make it a suitable choice for 

this application. 

iii. Door liners: Acrylic plastic is often used to line the doors of refrigerators. Its resistance 

to impact and weathering makes it ideal for use in this location, where it is exposed to 

repeated impacts and changes in temperature and humidity. 

iv. Food trays: Acrylic plastic is sometimes used to make food trays in refrigerators, due 

to its resistance to impact, chemicals, and staining. 

In general, acrylic plastic is a versatile material that is well-suited to many applications 

in refrigerators, due to its combination of desirable properties, including transparency, impact 

resistance, and weather resistance. These properties make it a suitable choice for a wide range 

of applications within refrigerators, where durability, cleanability, and visibility are important 

considerations. 

Acrylic sheets, can be welded using a variety of techniques, including: 

i. Solvent welding: This is the most common method of welding acrylic sheets. The 

process involves using a solvent, such as methylene chloride, to dissolve the edges of 

the acrylic sheets and then bonding them together. The solvent is applied to the edges 

of the sheets and then held together until the solvent evaporates, leaving a strong bond. 

ii. Hot air welding: This method involves using hot air to melt the edges of the acrylic 

sheets and then fusing them together. Hot air welding is a quick and efficient method 

of welding acrylic sheets, but it requires specialized equipment and is best suited for 

large-scale production. 
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iii. Hot gas welding: This method is like hot air welding, but it uses a hot gas, such as 

propane or butane, to melt the edges of the acrylic sheets. The melted edges are then 

fused together to form a strong bond. 

iv. Ultrasonic welding: This method uses high-frequency sound waves to generate heat and 

melt the edges of the acrylic sheets, which are then bonded together. Ultrasonic welding 

is a fast and efficient method of welding acrylic sheets, but it also requires specialized 

equipment. 

It is also important to ensure that the edges of the acrylic sheets are clean and free of 

dirt, oil, or other contaminants before welding, as these can weaken the bond between the 

sheets. Additionally, it is important to follow the manufacturer's instructions and recommended 

procedures when welding acrylic sheets to ensure a strong and durable bond. For this purpose, 

cement solvent was used to bind the acrylic sheets for the variable compartment (VC). 

The following are some of the advantages of using cement solvent for welding acrylic sheets: 

i. Easy to use: Cement solvent is easy to use, as it only requires the application of the 

solvent to the edges of the acrylic sheets and then holding them together until the 

solvent dries. 

ii. Strong bond: Cement solvent creates a strong bond between the acrylic sheets, making 

it suitable for a wide range of applications. 

iii. Cost-effective: Compared to other welding methods, such as hot air welding or 

ultrasonic welding, cement solvent is a relatively inexpensive option. 

iv. Versatile: Cement solvent can be used to bond acrylic sheets to a variety of other 

materials, including wood, metal, and plastic. 

v. Low heat emission: Unlike hot air or hot gas welding, which can generate significant 

heat during the welding process, cement solvent does not generate heat and therefore 

does not pose a risk of damage to the acrylic sheets or the surrounding materials. 

Overall, cement solvent is a versatile and cost-effective option for welding acrylic 

sheets. However, it is important to follow the manufacturer's instructions and recommended 

procedures to ensure a strong and durable bond. 
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The air ducts in refrigerators can be made from a variety of materials, including: 

i. Aluminum: Aluminum is a common material for air ducts in refrigerators because it is 

lightweight, durable, and has good heat transfer properties. 

ii. Steel: Steel is also used for air ducts in refrigerators because it is strong, durable, and 

has good heat transfer properties. However, it is heavier and more expensive than 

aluminum. 

iii. Plastic: Plastic air ducts are becoming increasingly popular in refrigerators due to their 

light weight and low cost. Some common types of plastic used for air ducts in 

refrigerators include polypropylene and PVC. 

iv. Foam: Foam air ducts are sometimes used in refrigerators to reduce noise and improve 

insulation. 

The choice of air duct material in a refrigerator will depend on various factors, including 

the size and type of refrigerator, the intended use, and the budget. In general, aluminum and 

steel are more commonly used for larger refrigerators, while plastic and foam are more 

common in smaller refrigerators. 

The air duct in this project was made from plastic. Plastic air ducts have several 

advantages in the field of refrigeration: 

i. Lightweight: Plastic air ducts are lighter than metal ducts, making them easier to handle 

and install. 

ii. Corrosion-resistant: Plastic air ducts are resistant to corrosion, making them suitable 

for use in damp or humid environments. 

iii. Low thermal conductivity: Plastic air ducts have low thermal conductivity, reducing 

heat loss and improving energy efficiency in refrigeration systems. 

iv. Low cost: Plastic air ducts are generally less expensive than metal ducts, making them 

a cost-effective option for many refrigeration applications. 

v. Durable: Plastic air ducts are durable and resistant to damage, making them ideal for 

use in harsh environments. 

vi. Easy to install: Plastic air ducts can be easily installed using common tools and 

techniques, reducing installation time and costs. 

vii. Good insulation properties: Plastic air ducts have good insulation properties, reducing 

the amount of refrigerant needed to maintain the desired temperature. 
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viii. Non-toxic: Plastic air ducts are non-toxic and do not pose any health hazards, making 

them safe to use in food storage and preparation areas. 

Overall, plastic air ducts offer a combination of low cost, durability, and good thermal 

performance, making them a popular choice for many refrigeration applications. 

Regardless of the material used, the air ducts in refrigerators are designed to channel 

cold air from the evaporator to the interior of the refrigerator, while also dissipating heat 

generated by the refrigeration system. The air ducts are a critical component of the refrigeration 

system, as they play a key role in maintaining optimal temperature and humidity conditions 

inside the refrigerator. 

2.1.2.2 Insulation 

Refrigerators typically use insulation materials to reduce heat transfer between the 

interior of the fridge and the surrounding environment. The type of insulation material used 

can affect the cooling efficiency of the fridge, as well as its cost, durability, and environmental 

impact.  

Some common materials used for insulation in refrigerators include: 

i. Polyurethane (PU) foam: This is a common type of insulation material that is widely 

used in refrigerators due to its high thermal insulation properties, low cost, and ease of 

production. 

ii. Polystyrene (PS) foam: This is another common type of insulation material used in 

refrigerators, especially in older models. Polystyrene foam is lightweight, durable, and 

has good insulation properties, but it is not as environmentally friendly as some other 

materials. 

iii. Expanded Polyethylene (EPE): This is a material made from polyethylene that is 

expanded to create a foam-like material. EPE is lightweight, environmentally friendly, 

and has good insulation properties, making it a popular choice for high-end 

refrigerators. 

iv. Cyclopentane: This is a type of blowing agent used in PU foam insulation that is more 

environmentally friendly than traditional blowing agents like chlorofluorocarbons 

(CFCs). 
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v. Polyisocyanurate (PIR) foam: This is a type of insulation material that is made by 

combining polyols and isocyanates. PIR foam has good insulation properties, low 

flammability, and low environmental impact, making it a popular choice for high-end 

refrigerators. 

In summary, the choice of insulation material for a refrigerator will depend on factors 

such as cost, insulation performance, durability, and environmental impact. The most common 

materials used for insulation in refrigerators are PU foam, PS foam, EPE, and PIR foam. 

 Here for insulation, polyethylene (PE) sheets were used around the duct and variable 

compartment (VC), hence the temperature will remain constant for a longer period. 

Polyethylene is a type of plastic that is commonly used as an insulator in refrigeration systems. 

Some of its key properties that make it a suitable material for this application include: 

i. Low thermal conductivity: Polyethylene has a low thermal conductivity, which means 

that it is a good insulator and helps to keep cold air inside the refrigeration system. 

ii. Durability: Polyethylene is a tough and durable material that can withstand the harsh 

environment of a refrigeration system. 

iii. Chemical resistance: Polyethylene is resistant to many chemicals, making it suitable for 

use in refrigeration systems where it may encounter refrigerants or other chemicals. 

iv. Moisture resistance: Polyethylene is moisture-resistant, which helps to keep the 

refrigeration system dry and prevent the growth of mold and bacteria. 

v. Lightweight: Polyethylene is a lightweight material, which makes it easy to handle and 

install in a refrigeration system. 

Overall, polyethylene is a versatile and cost-effective material that is widely used as an 

insulator in refrigeration systems. Its low thermal conductivity, durability, and chemical 

resistance make it a good choice for this application. 

The model was generated in Solidworks and fabricated using cement solvent. The 

Solidworks model of the compartment and its duct is shown in figure 2.2.  
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2.1.3 Fan 

 Fans are commonly used in refrigerators to circulate air and distribute cold air evenly 

throughout the interior. The fan is typically located in the back of the refrigerator and is used 

to blow air over the evaporator coils, which are used to cool the interior of the refrigerator. 

There are several types of fans that can be used in refrigerators, including axial fans, 

centrifugal fans, and blower fans. Axial fans are the most commonly used type of fan in 

refrigerators, as they are simple, reliable, and cost-effective. 

The fan used in a refrigerator is typically driven by an electric motor, which is 

controlled by the refrigerator's thermostat. The fan is designed to run continuously while the 

refrigerator is in operation, in order to circulate cold air evenly throughout the interior. 

In addition to circulating air, the fan in a refrigerator also helps to dissipate heat 

generated by the compressor and other components of the refrigeration system. By removing 

heat from the interior of the refrigerator, the fan helps to maintain optimal cooling conditions, 

which are essential for keeping food fresh and safe. 

Figure 2.2: Variable Compartment (VC) with duct 
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Overall, the fan is an important component in the refrigeration system, as it plays a key 

role in maintaining the proper temperature and humidity conditions inside the refrigerator 

Here, a fan was used at the evaporator to supply chilled air into the variable 

compartment (VC) by using duct. DC fan having 12V power is used with diameter of 2 inches, 

equal to the diameter of duct. The maximum flow rate of this fan captured using an anemometer 

was 49.50 CFM. 

 

 

 

 

 

 

 

 

 

 

 

 

2.1.4 Temperature Sensor 

The temperature sensor used was DS18B20. The DS18B20 is a digital thermometer 

that is commonly used to measure temperature in various applications, including refrigeration 

systems. Some of its key properties and advantages include: 

i. High accuracy: The DS18B20 is capable of measuring temperature with a high degree 

of accuracy, typically to within ±0.5°C. 

ii. Digital interface: Unlike analog thermometers, the DS18B20 uses a digital interface, 

which provides more stable and accurate readings over time. 

iii. One-wire interface: The DS18B20 uses a one-wire interface, which reduces the number 

of wires required to connect the thermometer to a control system. 

iv. Small size: The DS18B20 is small and compact, making it easy to integrate into a wide 

range of applications. 

Figure 2.3: 12V DC Fan 
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v. Wide temperature range: The DS18B20 is capable of measuring temperatures ranging 

from -55°C to +125°C, making it suitable for use in a wide range of environments. 

 

Some of the disadvantages of the DS18B20 include: 

i. Limited resolution: The DS18B20 has a limited resolution, typically 9 to 12 bits, which 

means that it may not be suitable for applications that require very precise temperature 

measurements. 

ii. Requires external power: The DS18B20 requires an external power source to operate, 

which may increase the complexity of the system. 

iii. Limited communication range: The one-wire interface of the DS18B20 has a limited 

communication range, typically around 1 meter, which may limit its use in larger 

systems. 

Overall, the DS18B20 is a useful and versatile digital thermometer that is widely used 

in a variety of applications, including refrigeration systems. Its high accuracy, digital interface, 

and small size make it a popular choice for temperature measurement in these systems. 

The DS18B20 temperature sensor can be easily interfaced with an Arduino 

microcontroller. This allows for easy and accurate temperature measurements in refrigeration 

systems. 

Here are the steps for using the DS18B20 with an Arduino: 

1. Connect the DS18B20 to the Arduino: Connect the DS18B20 data pin to the Arduino 

digital pin 2 and connect the DS18B20 VDD pin to the Arduino 3.3V pin. 

2. Install the OneWire library: Download the OneWire library and install it in the Arduino 

software. This library provides functions for reading data from the DS18B20. 

3. Write the code: Write an Arduino sketch that uses the OneWire library to read the 

temperature data from the DS18B20 and display it on the serial monitor. 

4. Upload the code: Upload the code to the Arduino and check the serial monitor for the 

temperature readings. 

With these steps, we interfaced the DS18B20 temperature sensor with an Arduino and 

used it to measure the temperature in a refrigerator. In this project three DS18B20 temperature 
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sensors were used, one placed in freezer compartment (FC), one in the refrigerator while other 

at Variable Compartment (VC). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2 Control System Design 

The feedback control system was designed and implemented using the Arduino as the 

controller and actuating device while process is conducted by using the fan. A feedback control 

system is a type of control system that uses feedback to regulate the behavior of a system. In a 

feedback control system, the output of a process or system is compared to a desired or reference 

value, and the difference between the two is used to adjust the input or control variables to 

achieve the desired behavior. 

Feedback control systems are widely used in a variety of applications, including process 

control, motor control, temperature control, and others. They are characterized by their ability 

to respond quickly to changes in the system and to maintain stability even in the presence of 

disturbances. 

There are two main types of feedback control systems: open-loop control systems and 

closed-loop control systems. Open-loop control systems do not use feedback to adjust the 

control inputs, whereas closed-loop control systems use feedback to regulate the behavior of 

the system. 

Feedback control systems can be implemented using various control algorithms, such 

Figure 2.4: DS18B20 Temperature Sensor 
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as proportional-integral-derivative (PID) control, state-space control, linear quadratic regulator 

(LQR) control, and others. The choice of control algorithm depends on the specific 

requirements of the application, such as the desired response time, stability, and accuracy. 

A closed-loop system is a type of control system in which the output of a system is used 

as feedback to adjust the inputs to the system. The purpose of a closed-loop system is to control 

the behavior of the system so that it behaves in a desired manner. 

A closed-loop system consists of the following components: 

1. Sensors: These measure the output of the system, such as temperature, pressure, 

position, or velocity. The sensors generate a signal that represents the current state of 

the system. 

2. Control Algorithm: This uses the sensor signals to calculate the control inputs to the 

system. The control algorithm is based on a mathematical model of the system and uses 

a feedback mechanism to compare the actual output of the system to a desired or 

reference value. 

3. Actuators: These are the devices that implement the control inputs and cause changes 

to the system. For example, actuators might include valves, motors, or heaters. 

4. System Dynamics: This represents the physical or electrical processes that govern the 

behavior of the system. The system dynamics determine how the inputs to the system 

affect the outputs. 

In a closed-loop system, the control algorithm receives the sensor signals and calculates 

the control inputs, which are then applied to the system by the actuators. The output of the 

system is then measured again by the sensors, and the process is repeated continuously. The 

feedback from the sensors allows the control algorithm to adjust the control inputs so that the 

output of the system converges to the desired value. 

Closed-loop systems are widely used in a variety of applications, including process 

control, temperature control, motor control, and others. They are characterized by their ability 

to respond quickly to changes in the system, to maintain stability even in the presence of 

disturbances, and to achieve high accuracy and precision in the control of the system. 

Overall, closed-loop systems are a critical component in many control applications, and 

their design and implementation require a strong understanding of control theory and system 
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dynamics. Here for feedback, the sensing element which is temperature sensor is used. 

The input receives the set value of temperature, while Arduino controls it by turning 

the process on and off, which is the fan in this case. The temperature sensor placed in variable 

compartment (VC) will give the current value of temperature. Whether it is above or below the 

required or set temperature, the Arduino, which is controller in this case, will judge and 

correspond signal to the fan to turn on or off, respectively. Once the desired temperate is 

achieved, we will receive it in an output, which is the required temperature in variable 

compartment (VC). 

 

The control program implemented has the following conditions and variables. 

i. The target is to maintain the temperature of Variable Compartment (VC) between 5 to 

-5 oC. 

ii. Depending on the needs, it can be set at any point between 5 to -5 oC. 

iii. Once at input, the temperature X is set (X is any degree between 5 to -5 oC), the fan will 

turn on if the temperature is greater than set temperature X. 

iv. The fan will keep running at constant speed unless the temperature reaches the set value 

X. Once it reaches X, the fan will stop. 

v. As the fan is stopped, slowly the temperature will rise. Once it rises one degree above 

X, the fan will start running and the temperature will again fall to X. 

vi. Hence the temperature will be maintained at set temperature X.  

Figure 2.5: Control Diagram 



25 
 

3 CHAPTER 3: EXPERIMENTAL RESULTS 

The experiments were conducted by implementing the procedure discussed in previous 

chapter, Methodology and Setup. The experimental results were averaged on thirty days 

readings. All the results are presented in the form of time verses temperature. A time versus 

temperature graph is a graph that plots the change in temperature over time. The x-axis of the 

graph represents temperature, and the y-axis represents time. By plotting temperature data over 

time, a time versus temperature graph provides a visual representation of the temperature 

changes that occur in a particular system or process. 

Such a graph is commonly used in many scientific and engineering fields, including 

refrigeration, where it is used to track the temperature changes in a refrigeration system. For 

example, a time versus temperature graph could be used to track the temperature changes in a 

refrigerated container as it is transported, or to monitor the performance of a refrigeration 

system in a laboratory setting. 

By visualizing the temperature changes over time, a time versus temperature graph 

provides valuable information about the performance of a system or process, helping engineers 

and scientists to identify trends, patterns, and any deviations from expected temperature 

changes. This information can then be used to optimize the performance of the system, improve 

energy efficiency, and ensure the desired temperature conditions are maintained. 

3.1 Total Time Taken 

The graph given in figure 3.1 shows the total time taken to drop the variable 

compartment (VC) temperature from 10 to -1 oC. In these experiments the minimum 

temperature achieved was -1 oC, the reason being the high temperature of freezer compartment 

(FC) or the evaporator. The evaporator averaged about -12.5 oC temperature during this whole 

process, which is greater than the average freezers in the market which averaged about -18 oC, 

hence the minimum temperature achieved here is -1 oC rather than -5 oC. 

The results were divided into two parts, first the time taken to reach from 10 to 5 oC 

while second was the time taken to reach from 5 to -1 oC. The results were taken for four 

scenarios, i.e., for no load condition, for 1.5 liters of volume occupied out of 16 liters 

(16000cc), for 3 liters and for 3 liters in addition to the freezer load as well.  
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For No load condition, when there is no load in variable compartment (VC) the total 

time taken to reach from 10 oC to 5 oC is less than any other scenario, because when there is 

no load on the compartment, the cooling will occur more rapidly. Similarly, it happens when 

temperature goes from 5 oC to -1 oC. The total time taken for these cases is 14 and 25 minutes, 

respectively. The average temperature during this process was 8.1 oC in the refrigerator section 

while -12.5 oC in the freezer compartment (FC). 

For 1.5-liter load in the variable compartment (VC), the total time taken to reach from 

10 oC to 5 oC is greater than the no load condition, because when there is some load on the 

compartment, the cooling will occur gradually. Similarly, it happens when temperature goes 

from 5 oC to -1 oC. The total time taken for these cases is 20 and 45 minutes, respectively. The 

average temperature during this process was 8.0 oC in the refrigerator section while -12.5 oC in 

the freezer compartment (FC). 

For 3 liters of load in the variable compartment (VC), the total time taken to reach from 

10 oC to 5 oC is greater than the previous two conditions, because if we keep increasing the 

load, the cooling will occur slowly. Similarly, it happens when temperature goes from 5 oC to 

-1 oC. The total time taken for these cases is 22 and 51 minutes, respectively. The average 
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Figure 3.1: Graph of Total Time Taken to reach from 10 to -1 oC 
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temperature during this process was 8.1 oC in the refrigerator section while -12.5 oC in the 

freezer compartment (FC). 

For 3 liters of  load in the variable compartment (VC) with addition to load of freezer 

compartment (FC), the total time taken to reach from 10 oC to 5 oC is greatest than any other 

condition, because in addition to the load on variable compartment, the freezer is also bearing 

load, hence the freezer average temperature drops which results in the increase of time taken 

to reach the set temperature for variable compartment (VC). Similarly, it happens when 

temperature goes from 5 oC to -1 oC. The total time taken for these cases is 25 and 62 minutes, 

respectively. The average temperature during this process was 9.6 oC in the refrigerator section 

while -10 oC in the freezer compartment (FC). 

From this graph (figure 3.1), it can be noted that, the time taken to reach from 10 oC to 

5 oC is much less than when it goes from 5 oC to -1 oC. The reason for this trend is because the 

fan is placed at evaporator having the average temperature of -12 oC. So as the temperature in 

the variable compartment (VC) reaches near to the average value of the source, the process 

slows down, hence the minimum temperature achieved was -1 oC rather than -5 oC, which could 

be achievable if the average evaporator temperature goes up to -18 oC, which most domestic 

refrigerators have.  

3.2 Temperature Drop 

The graph given in figure 3.2 shows the time taken to drop half a degree centigrade of 

temperature, for all the four scenarios discussed in previous section. The graph shows that as 

temperature drops to from 10 to -1 oC, the time taken for every half degree drop in temperature 

increases.  

For No load condition, when there is no load in variable compartment (VC) the time 

taken for half degree drop in temperature, slightly increase as the temperature drops near to -1 

oC, because as the temperature moves near to the source temperature, it will take more time, 

hence can be seen in the graph. The average for no load condition is 1.5 minutes for every half 

degree drop in temperature, as temperature drops from 10 to -1 oC, with maximum value of 3 

minutes for temperature drop from -0.5 to -1 oC.  
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Figure 3.2: Graph of time taken per half degree temperature drop. 
 

Similar trend is shown for other scenarios including 3 liters volume in variable 

compartment (VC) and 3 liters in VC in addition to freezer load. Having maximum value of 

time as 6 and 7 minutes, respectively as temperature drop from -0.5 to -1 oC. The reason for 

this trend is same as described earlier, that as the temperature reaches the source value, it will 

take more time to established rather than higher temperature (10 to 5 oC) which drops quickly 

due to larger difference between source and current temperature. 

The phenomena that happened here is heat transfer. Heat transfer refers to the 

movement of thermal energy from a hotter region to a cooler region due to a temperature 

difference. There are three main mechanisms of heat transfer: conduction, convection, and 

radiation. Conduction is the transfer of heat through direct contact of particles, convection 

involves the transfer of heat through fluid motion, and radiation refers to the emission of heat 

as electromagnetic waves.  

The heat transfer which is happening here is forced convection. Forced convection is a 

type of heat transfer that occurs when a fluid is forced to flow over a surface, transferring heat 

in the process. In forced convection, the fluid motion is externally induced, for example, by a 

pump or a fan. This type of heat transfer is different from natural convection, which occurs due 

to the buoyancy of fluid and does not require an external force. 
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Heat transfer rate is the amount of heat transferred per unit of time from a hotter to a 

cooler system. It is usually measured in units of watts (W) or joules per second (J/s). The heat 

transfer rate can be affected by several factors such as the temperature difference between the 

systems, the heat transfer coefficient, the surface area over which heat is being transferred, and 

the thermal conductivity of the material involved. The heat transfer rate can be calculated using 

the equation: 

𝑄 = ℎ × 𝐴 × ∆𝑇                                                        3.1 

 

Where:  

Q = heat transfer rate (W or J/s)  

h = heat transfer coefficient (W/m²°C)  

A = heat transfer surface area (m²)  

ΔT = temperature difference between the systems (°C) 

Heat transfer rate can be affected by several factors, including: 

i. Temperature difference: The larger the temperature difference between the hot and cold 

systems, the greater the heat transfer rate. 

ii. Heat transfer coefficient: The heat transfer coefficient represents the efficiency of heat 

transfer. A higher coefficient indicates a more efficient transfer of heat. 

iii. Surface area: An increase in surface area results in an increase in heat transfer rate. 

iv. Thermal conductivity: Materials with high thermal conductivity transfer heat more 

efficiently than materials with low thermal conductivity. 

v. Flow rate of fluid: In convective heat transfer, the flow rate of the fluid plays a crucial 

role in the heat transfer rate. Faster fluid flow results in a higher heat transfer rate. 

vi. Presence of insulation: Insulation reduces heat transfer by slowing down heat flow 

through conduction and convection. 

vii. Pressure and altitude: The pressure and altitude of a system can affect the heat transfer 

rate. Higher altitudes or lower pressures result in lower heat transfer coefficients. 

viii. Radiation: Radiant heat transfer can affect the overall heat transfer rate, especially in 

high temperature systems. 

It is important to note that these factors can interact and influence the heat transfer rate. 

Hence the results shown in figures 3.1 and 3.2. 
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3.3 Temperature Maintain 

One objective of this project is to maintain the temperature as long as possible, after the 

fan turns off. It was achieved by applying the insulation around the variable compartment and 

duct, to insulate it from the rest of the refrigerator. The insulation used here was polyethylene 

(PE) sheet, which wraps around the VC and duct, making it separate compartment from 

refrigerator, where only fan can provide cooling, rather than the refrigerator own temperature. 

Similarly, it prevents the cooling of VC from leaking to refrigerator, and graph in the figure 

3.3 shows that the insulation works perfectly in maintaining the required temperature for longer 

period of time. 

 

For no load condition, the time period for temperature to remain constant is higher than 

other two cases which are load conditions having 1.5 and 3 liters of load. The reason is same 

as at no load condition there is nothing in the compartment which can contribute to rise in 

temperature, while other two cases when load increases the time period decreases because the 

load within the variable compartment (VC) will utilize the temperature and results in increase 

of temperature in quicker time than at no load condition. Hence for 5 oC to maintain in VC, the 
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Figure 3.3: Graph of constant temperature with time, after turning off the fan. 
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total time period to remain at 5 oC after turning of the fan for no load condition is 63 minutes, 

for 1.5 liters of load, it is 55 minutes and for 3 liters of load, it is 45 minutes.    

Heat diffusivity and heat diffusion are two main phenomena happening here, Heat 

diffusivity is a property of a material that describes its ability to conduct heat. The units of heat 

diffusivity are typically m2/s, and it represents the speed at which heat can diffuse through a 

material. It is defined as the ratio of thermal conductivity to heat capacity and is usually 

represented by the symbol "α". The equation for heat diffusivity is given by:  

𝛼 = 𝑘/(𝜌 × 𝐶𝑝)                                                        3.2 

 

Where: 

 α = heat diffusivity (m²/s)  

k = thermal conductivity (W/mK)  

ρ = density (kg/m³)  

Cp = specific heat capacity (J/kgK) 

Heat diffusivity is an important parameter in many engineering applications, such as 

heat exchangers, insulation materials, and phase change materials. A material with a high heat 

diffusivity can conduct heat quickly and efficiently, while a material with low heat diffusivity 

will conduct heat slowly. The heat diffusivity of a material can be affected by factors such as 

temperature, pressure, and composition. 

In general, materials with high thermal conductivity and low density and specific heat 

capacity will have high heat diffusivity, while materials with low thermal conductivity and 

high density and specific heat capacity will have low heat diffusivity. 

Heat diffusivity is an important property in many applications, including refrigeration, 

where it is important to minimize heat transfer through the insulation material used in the 

refrigeration system. By selecting materials with low heat diffusivity for the insulation, the rate 

of heat transfer through the insulation can be reduced, improving the overall efficiency of the 

refrigeration system. 

Heat diffusion is the spreading of heat through a material or a fluid due to a temperature 

gradient. It is a type of heat transfer that occurs through conduction and results in the mixing 
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of thermal energy in a material or fluid. The properties of heat diffusion are described by the 

heat diffusion equation, which is given by:  

𝜕𝑇

𝜕𝑡
= 𝛼∇2𝑇                                                            3.3 

 

Where:  

T = temperature (K)  

t = time (s)  

α = thermal diffusivity (m²/s)  

∇²T = Laplacian of temperature, representing the spatial rate of change of temperature 

in the material 

The heat diffusion equation can be used to determine the temperature distribution 

within a material or fluid over time, given the initial temperature distribution and the material's 

thermal diffusivity. The thermal diffusivity α is a measure of the rate at which heat diffuses 

through the material and is a function of the material's thermal conductivity, density, and 

specific heat capacity. 

In practical applications, heat diffusion is used to model and understand a wide range 

of thermal phenomena, including heat transfer in solids and fluids, heat storage in phase change 

materials, and heat dissipation in electronic devices. 

Another trend in figure 3.3 shows that the higher temperatures can be maintained for 

longer period of time as compared to the lower temperatures, because at lower temperature the 

difference between the temperatures of refrigerator compartment and variable compartment 

(VC) increases, so even if there is insulation, it will work less effective as compared to the 

higher temperatures, as explained by heat diffusivity and heat diffusion. A similar trend can be 

shown when there are hotter or colder conditions outside the refrigerator, where in winter, the 

refrigerator will achieve its target temperature more quickly than that of summer.  
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CONCLUSION 

  The objective was to develop the variable compartment (VC) where one can set 

temperature to their needs from 5 oC to -5 oC. In this project, we achieved the lowest 

temperature of -1 oC, rather than -5 oC, which is because, the average temperature for freezer 

compartment (FC) which is also act for evaporator source of fan, is around -12 oC, which is 

larger than most of the domestic refrigerators which is -18 oC. Hence as the source temperature 

is higher so the lowest temperature achieved was -1 oC.  as this refrigerator was selected for 

experimental purposes, hence why it is not as efficient as other domestic refrigerators. All the 

results show that the variable compartment (VC) is fully functional and can be applied in 

domestic refrigerators.  

 For future recommendations, one can program the fan speed, to collect CFM as per 

requirement, rather than single CFM. Others can test this setup in any domestic refrigerator 

where the minimum freezer temperature goes up to -18 oC. Furthermore, the larger fan with 

greater CFM and diameter can be used to test the efficiency of this system. Similarly, one can 

test and examine the total energy consumption. 
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