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ABSTRACT 

The energy consumption of commercial and walk-in freezers has been experimentally investigated 

in this project. Three different sizes of walk-in freezers were tested to observe the difference of the 

energy consumption among them. The freezers tested are of 5.98 kW, 1.49 kW & 0.57 kW cooling 

capacity and 37.84 m3, 3.67 m3 & 0.49 m3 in storage volume respectively. In addition, the 

temperature distribution inside the freezers cabinet were measured to investigate the temperature 

variation at different places inside the cold spaces. We conducted the tests under different loading 

conditions and observed the performance of those freezers. While we ran the tests, we determined 

the defrost to refrigeration energy consumption ratio and the percentage increase in the temperature 

from the storage set-point. This ratio represents the amount of energy consumed during the defrost 

process and the energy required to cool the freezer to the set-point after the defrost process ended. 

It was found that the average defrost to refrigeration ratio was 37.4% for freezer A in closed door 

test, 5.6 % in closed door test for freezer B, 2.8% in 10 minutes time interval of open door test for 

freezer B, 4.9% in 20 minutes time interval of open door test for freezer B and 3.7% in 30 minutes 

time interval of open door test for freezer B. In closed door test for freezer C, the defrost to 

refrigeration ratio was 33.6% in 4 hours timer and 18.15% in 7 hours timer. The defrost to 

refrigeration ratio was 37.9% and 31.3% in 4 hours timer and 6 hours timer respectively in 10 

minutes time interval of open door test for freezer C. 
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Symbol Description  Units 

D Defrost energy kJ 

E Energy kJ 

ECAS Compressor energy after defrost until set point 

temperature 

kJ 

ECBT Compressor energy between two defrost kJ 

ECD Compressor energy & defrost energy after defrost kJ 

I Electric current A 

P Elwctric power W 

T Time s 
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1 Introduction 

Food storage is a significant stage in food processing industry. Hence, over the time people 

developed and optimized the criteria of the storing environment to maintain the product in its best 

condition. In order to perform this task, refrigeration units are utilized.  Any refrigerator works 

based on these four thermodynamic processes- compression, heat rejection, throttling, heat 

addition, and the cooling effect occurs where the heat addition takes place which then are named 

as the refrigeration cycle. These are components which are found in any refrigeration cycle, a 

compressor to compress the refrigerant, a condenser to reject the heat to the surroundings, an 

expansion valve for throttling the refrigerant, and an evaporator to add heat from the cold space. 

In addition, there are fans attached to the condenser and evaporator for air to flow through them.  

There are different types of refrigerators depending on the desired application. Freezers are 

a one type which are used to store frozen food. In this kind of devices, the evaporator coil surface 

temperature is below zero degree Celsius and the dew point temperature of the flowing air. As a 

result, the water vapor in the air desublimate (e.g. turning from vapor into solid, directly) on the 

heat exchanger surface and it accumulates on it over the time as what is referred to as frost. 

Frost is a porous medium of a thin layer of ice on a solid surface. Its growth period can be 

divided into three stages, frost nucleation period (crystal growth period), frost layer growth period, 

and frost layer full growth period. In the first stage, frost nucleation occurs and it starts to grow in 

a vertical direction perpendicular on the surface. Secondly, the number of these nucleus increases 

and branches coming out of their vertical growth start to appear. Lastly, these branches become 

meshed, and this configuration is like a forest consists of a large number of trees [1]. Figures 1a 

and 1b illustrate the three stages and provide a great visualization of the process.  
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(a) 

 

 

(b) 

Figure 1: (a) A schematic of the three stages of frost formation [2]. (b) Photographs of the 

actual process resembling the three stages [2]. 

Frost acts as a thermal resistance that deteriorates the heat transfer capability of the surface 

where it is accumulated [3,4]. Moreover, it may block air flow through the evaporator after certain 

period of deposition on its surface. Consequently, this will increase the pressure drop which can 

be transmitted as a rise in the fan pumping power [5-10]. Both mentioned impacts can lead to a 

decrease of the coefficient of performance (COP), a reduction in the cooling capacity of the unit, 

and ultimately its shutdown [11, 12].  

Due to the negative impacts of frost, manufactures developed a mechanism to remove this 

layer namely defrost. Defrost process is recommended to be initiated before the frost covers 45% 

of the cooling surface to obtain its maximum performance capability. Defrost methods can be 

categorized into two categories, passive, and active. Passive defrost methodologies are based on 

the surface morphology to reduce the frost accumulation or prevent it under certain conditions 

without the need from outsourced energy provider. On the other hand, active defrost strategies 

require additional energy to perform the defrost task [13]. Passive techniques depend on altering 

the surface characteristics and properties such as shape, geometry, thermal properties, and surface 

energy. As an example, hydrophobic surfaces are made to increase the surface roughness through 
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carving micro-grooves on the surfaces [14-17]. It was found that the frost accumulated on such 

surfaces is fragile and require less energy to defrost compared to untreated surfaces. Regarding the 

defrost active methodologies, the common mechanisms in the commercial units are on-off 

defrosting, electric heater, or hot gas (reversed cycle). For the first method, it is the simplest and 

easiest way in terms of installation and operation. The cooling system will be off when frost 

accumulation reaches certain limit, and it will remain this way till the frost is melted. Afterwards, 

the unit will get back to its normal working operation. In the second type, it is similar to the first 

way, the only difference is that there is a heater inserted between the fins of the cooling coil heat 

exchanger that provide heat. Electric heaters consume a lot of energy which is a major drawback. 

In the second kind, the cycle is reversed or sometime a hot gas will flow through the evaporator 

coil using a bypass. Both way, there is a high temperature gas that will pass through the coil and 

it will heat the surface of the heat exchanger to melt the frost. This procedure is characterized by 

its complexity and high cost, however, it is the most common method due to its high defrosting 

efficiency compared with the others [13].  

In most devices, there is always a need for a control unit to ensure that the device is working 

properly and safe. One of the major tasks of the freezer control unit is to initiate defrost. There are 

many parameters effect and play a role in frost accumulation like air relative humidity, air flow 

rate, and the coil surface temperature. Engineers and researchers in this field developed various 

systems and control strategy to initiate and end the defrost process based on many factors. There 

is not a definitive parameter or set of criteria for defrost initiation. However, there are many 

research works on different parameters available in the open literature. Example are fan power 

sensing [18], difference between outdoor air and evaporator surface temperatures [19], air pressure 

drop [19], artificial neural network [20], intelligence techniques [21], and measuring frost 

thickness [22]. Despite, all these attempts to develop the control strategy to ensure the optimum 

performance, the timer operation mode still the most common defrost control in commercial 

freezers, so that defrost begins after predetermined time for example 4 hours. Accordingly, defrost 

will occur 6 times per day. The reason why this strategy is widely implemented is due to its 

simplicity.  
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The energy that is used to defrost is considered as a waste energy, because it is not 

desirable, therefore, a performance parameter was developed, and it is called defrost ratio. This 

ratio is defined as the energy required to defrost over the refrigeration energy which is drawn by 

the compressor that is used for cooling and refrigeration. Its main objective is to quantify the 

amount of energy used to defrost to the amount of energy used to refrigerate. Each system has a 

unique defrost ratio which varies along with the change of operational conditional such as the 

surrounding temperature, and thermal loading (door openings frequency and stored food). Despite 

the redundancy in the open literature about frost growth models on various geometries and 

configuration, and defrost methodologies and control strategies, unfortunately, there are very few 

experimental investigation and analysis on the performance of actual units under various condition 

to evaluate the defrost to refrigeration ratio for commercial as well as walk-in freezers. 

 

2 Objectives 

In commercial refrigeration sector, the energy usage is about 990 trillion Btu (2.9x1012 

kWh) [23]. There are huge potential to save energy in the refrigeration sector. Everyone talks about 

the consumption of the compressor energy. Nobody concerns about the defrost to refrigeration 

energy consumption ratio which plays a significant part in the consumption of energy. It is required 

more energy than usual while defrost is occurring. Thus, the main objective of this project is to 

investigate the defrost to refrigeration energy consumption ratio and the percentage increase in the 

temperature from the storage set-point for three different sizes of walk-in freezers under different 

loading conditions. 

3 Experimental Investigation 

3.1 Specifications of the tested Freezers 

We have tested two different sizes of walk-in freezers and one size of a commercial freezer. 

A larger walk-in freezer; Freezer A, a medium walk-in freezer; Freezer B, and a comparatively 

small commercial freezer; Freezer C. The brand of Freezer A is Foster. The cabinet size of this 

larger walk-in freezer is 37.84 m3. The compressor power is 2.33 kW (4 hp) and the cooling 
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capacity is 5.98kW. The type of defrost system in Freezer A is electric heating element and the 

defrost rated power is 3.65 kW. 

 

Figure 2: Photo of Freezer A in food science department 

Freezer B is a Curtis brand walk-in freezer which is a medium size walk-in freezer of 3.67 

m3. The compressor power and cooling capacity is 1.16 kW (2 hp) and 1.49 kW respectively. The 

coefficient of performance (COP) of this freezer is 1.28. The defrost type is electric heater and the 

defrost rated power is 1.18 kW. 
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Figure 3: Photo of Freezer B in the school of engineering  

Traulsen commercial freezer is the brand of Freezer C. The cabinet size is 0.49 m3, the 

compressor power is 0.375 kW (1/2 hp), and cooling capacity is 0.57 kW. The coefficient of 

performance of this freezer is 1.52. The type of defrost is electric heater and the defrost rated power 

is 0.53 kW. 
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Figure 4: Photo of Freezer C in the school of engineering 

A comparison among these freezers are shown in the Table 1. The coefficient of 

performance of these freezers are low because of their set-point temperatures. The set-point 

temperature of freezers A, B and C was -20 °C, -18°C and -19.4°C respectively.  
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Table 1: Specifications of the tested freezers  

 Freezer A Freezer B Freezer C 

Description and brand Foster walk-in freezer Curtis walk-in freezer Traulsen 

commercial freezer 

Cabinet size [m3] 37.84 m3 3.67 m3 0.49 m3 

Compressor power [kW] and [HP] 2.33kW (4 hp) 1.16 kw (2 hp) 0.375 kW (1/2 hp) 

Cooling Capacity [kW] and [TR] 5.98 kW 1.49 kW 0.57 kW 

Coefficient of Performance (COP) 

if available 

2.57 1.28 1.52 

Defrost type  Electric heater Electric heater Electric heater 

Defrost rated power 73.52 kW 23.43kW 10.15 W 

 

3.2 Instruments and Experimental Setup 

There were a couple of instruments used to measure the temperature distribution and power 

consumption of the freezers. T-type thermocouples were installed at different places inside the 

freezers such as the coil surface, air inlet to the coil, air outlet from the coil, and in a center point 

inside the cabinet. All thermocouples were connected to a data logger (Piclog 8). The data logger 

was set to measure the temperature every 20 seconds time interval and was connected to a laptop 

to save the data. 

 

Figure 5: T-type thermocouple  
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Figure 6: Data logger (Piclog 8) 

Two power meters (Acuview) were installed inside a mobile panel and connected to the 

main power supply of the freezers. The power panel was installed in Freezer A then moved to 

Freezer B after it was tested. These power meters were used to monitor and record multiple 

parameters continuously on a real time basis. These parameters were current (I), voltage (V) and 

power (W). They were also connected to the computer to save the data. A different power meter 

(Watts Up Pro) was used to record the power consumption of Freezer C. The power meters were 

also adjusted to record power parameters every 20 seconds. All the data of temperature and power 

were stored as csv files.  
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Figure 7: Power meter panel 

 

3.3 Tests and Experimental Procedure 

However, the closed door test was only tested in the Freezer A. The timer was set for 8 

hours. After that thermocouples were set in the coil surface, air inlet to the coil, air outlet from the 

coil, inlet to compressor, outlet from compressor, outlet from condenser and in a center point inside 

the cabinet and was connected to the data logger (Piclog 8). It was also connected to the laptop to 

save the data. Power meter was also set and connected to the same laptop to record power 

parameters. The freezer, data logger and the power meter were turned on and kept the door closed 

of the freezer and observed the power and temperature distribution. The same procedure had been 

followed in all closed door tests for the freezer B & C. Only the timer was varied for defrost. The 

timer was set 24 hours for freezer B. For closed door test in Freezer C, it was tested for 4 hours 
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and 6 hours timer. Meanwhile, open door test with different time intervals had been conducted in 

the Freezer B and Freezer C. It was tested for 10 minutes, 20 minutes and 30 minutes time intervals 

for freezer B in open door test. Same procedure had been followed as the closed door tests were 

done like setting up the thermocouples & power meter, connecting to the data logger and 

connecting to the computer to save the data. The defrost was made scheduled and the freezer was 

turn on. When the first defrost was occurred, the waiting time was 3 hours to follow the standard 

ASHRAE open door test. Then, the open door procedure had been started. The door was opened 

every 10 minutes interval for 10 minutes open door test, 20 minutes interval for 20 minutes open 

door test and 30 minutes interval for 30 minutes open door test. While the door was opened, it was 

opening for 2 seconds, kept it open fully for 6 seconds and closing the door in 2 seconds. So, the 

door was opened for 10 seconds. The open door procedure was done for 8 hours for all the open 

door test and after that kept it running for couple of hours more. And this procedure was followed 

for all opened door tests in freezer B and C. After running the tests more than 40 hours, the freezer, 

data logger & power meter was turned off and stored all the data in csv files. In Freezer C, the time 

interval was 10 minutes for both open door test but tested it for 2 different timers. Those timers 

were 4 hours and 7 hours. 

4 Data Reduction 

The electrical energy consumption is calculated from the measured power as follows. 

𝐸 = ∫ 𝑃(𝑡)
𝑡2

𝑡1

𝑑𝑡 = ∑ 𝑃(𝑡)∆𝑡

𝑡2

𝑡1

 (1) 

Where, P is the power in kW and t is the time interval between the power measurements 

which was 20 seconds in all tests. This calculates the energy in kJ during the time interval t1 to t2.  

To calculate the defrost to refrigeration ratio, we calculate the compressor energy & defrost 

energy after defrost (ECD) and the difference of compressor energy between two defrosts (ECBT) 

& compressor energy after defrost until set point temperature (ECAS). The correlation is expressed 

as 
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Defrost to refrigeration ratio =  
𝐸𝐶𝐷

𝐸𝐶𝐵𝑇 − 𝐸𝐶𝐴𝑆
 (2) 

We can calculate compressor energy after defrost until set-point temperature and 

compressor energy between two defrost from the data. The compressor energy and defrost energy 

after defrost can be calculated as 

𝐸𝐶𝐷 = 𝐷 +  𝐸𝐶𝐴𝑆 (3) 

Where, D is the defrost energy (kJ). These equations were used to calculate all the defrost 

to refrigeration ratio. 

5 Result and Discussion 

The energy and temperature characteristics of freezer A with respect to time in closed door 

test are shown in Figures 1 – 10. The test was conducted for 45 hours and 6 defrosts occurred. The 

timer was fixed and set for 8 hours. So, the time interval between two defrosts was 8 hours showed 

in the Figure 2. The defrost power was way too much for this freezer and it was approximately 3.6 

kW. The average defrost to refrigeration ratio was 37.42%. Defrost to refrigeration ratio for all the 

tests are shown in Table 2. Figure 3 and Figure 4 show the freezer temperature and cycle 

temperature with respect to time respectively. Figure 5, 6 and 7 show the 24 hours test of freezer 

A to get the clear idea of the energy and temperature distribution. Figure 8 highlights the small 

section of the power distribution. It was taken 15 minutes to complete a defrost cycle. The 

compressor & fan power energy were increased because of the defrost. It was taken 1.3 hours to 

reach the set point again. Figure 9 and 10 show the small portion of the freezer temperature and 

cycle temperature during the defrost. From Figure 9, the temperature was taken 17 minutes to rise 

and 77 minutes to reach the set point during the defrost. The set point temperature for this test was 

-20°C, differential was 3°C and maximum temperature was 1.1°C. The increased temperature of 

the set point was 105.5%. All these values are shown in Table 3. In Figure 10, the temperature of 

outlet from condenser and inlet to compressor also increases during the defrost. 
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Figure 8: Power vs. time graph of Freezer A (Closed door test) 

 

Figure 9: Defrost power vs. time graph of Freezer A (Closed door test) 
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Figure 10: Freezer temperature vs. time graph of Freezer A (Closed door test) 

 

Figure 11: Cycle temperature vs. time graph of Freezer A (Closed door test) 
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Figure 12: Power vs. time graph showing 24 hours test of Freezer A (Closed door test) 

 

Figure 13: Freezer temperature vs. time graph showing 24 hours test of Freezer A (Closed 

door test) 



 

 

28 

 

 

Figure 14: Cycle temperature vs. time graph showing 24 hours test of Freezer A (Closed 

door test) 

 

Figure 15: Power vs. time graph of Freezer A showing small section of the test (Closed door 

test) 
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Figure 16: Freezer temperature vs. time graph of Freezer A showing small section of the 

test (Closed door test) 

 

Figure 17: Cycle temperature vs. time graph of Freezer A showing small section of the test 

(Closed door test) 

Figure 11-14 show the power and temperature distribution of closed door test for freezer 

B. The time between two defrosts was 24 hours as the timer was set and it was scheduled for all 
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the tests of freezer B. The defrost power was around 1.82 kW. The defrost to refrigeration ratio 

was 5.6% shown in Table 2. To get a clear idea of the energy and power characteristics, Figure 

15-17 shows the 24 hours of this test. Figure 18 highlights the small section of the power 

distribution of this test. The defrost cycle was completed in 10 minutes and got back to the set-

point in 13 minutes. Small portion of the freezer temperature during defrost had been shown in 

Figure 19. The set point temperature was -18°C, maximum temperature was 37.8°C and 

differential was 2°C. The temperature had been taken 11 minutes to rise and 15 minutes to get 

back in the set point temperature. The fluctuation of the temperature for the defrost process was 

26 minutes. The increased temperature from the set-point was 310%. Figure 20 shows small 

portion of the cycle temperature in the sample time scale. 

 

Figure 18: Power vs. time graph of Freezer B (Closed door test) 
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Figure 19: Defrost power vs. time graph of Freezer B (Closed door test) 

 

Figure 20: Freezer temperature vs. time graph of Freezer B (Closed door test) 
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Figure 21: Cycle temperature vs. time graph of Freezer B (Closed door test) 

 

Figure 22: Power vs. time graph showing 24 hours test of Freezer B (Closed door test) 
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Figure 23: Freezer Temperature vs. time graph showing 24 hours test of Freezer B (Closed 

door test) 

 

Figure 24: Cycle Temperature vs. time graph showing 24 hours test of Freezer B (Closed 

door test) 
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Figure 25: Power vs. time graph of Freezer B showing small section of the test (Closed door 

test) 

 

Figure 26: Freezer temperature vs. time graph of Freezer B showing small section of the 

test (Closed door test) 
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Figure 27: Cycle temperature vs. time graph of Freezer B showing small section of the test 

(Closed door test) 

Figure 21-33 shows the characteristics of 10 minutes time interval in open door test of 

Freezer B. The test had been run for 39 hours and got 2 defrosts. The defrost to refrigeration ratio 

was 2.8% and the increased temperature was 326.5%. The defrost power was 1.2 kW. The defrost 

cycle was 12 minutes and it was taken 12 minutes to reach the set-point temperature. From Figure 

36, the freezer temperature was taken 14 minutes to rise and 17 minutes to get back to the set-point 

while the defrost was occurring. 
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Figure 28: Power vs. time graph of Freezer B (10 minutes time interval of open door test) 

 

Figure 29: Defrost power vs. time graph of Freezer B (10 minutes time interval of open 

door test) 
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Figure 30: Freezer temperature vs. time graph of Freezer B (10 minutes time interval of 

open door test) 

 

Figure 31: Cycle temperature vs. time graph of Freezer B (10 minutes time interval of open 

door test) 
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Figure 32: Power vs. time graph showing 24 hours test of Freezer B (10 minutes time 

interval of open door test) 

 

Figure 33: Freezer temperature vs. time graph showing 24 hours test of Freezer B (10 

minutes time interval of open door test) 

 



 

 

39 

 

 

Figure 34: Cycle temperature vs. time graph showing 24 hours test of Freezer B (10 

minutes time interval of open door test) 

 

 

Figure 35: Power vs. time graph of Freezer B showing small section of the test (10 minutes 

time interval of open door test) 
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Figure 36: Freezer temperature vs. time graph of Freezer B showing small section of the 

test (10 minutes time interval of open door test) 

 

 

Figure 37: Cycle temperature vs. time graph of Freezer B showing small section of the test 

(10 minutes time interval of open door test) 
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Figure 38: Power vs. time graph of Freezer B showing the impact during the open door test 

running (10 minutes time interval of open door test) 

 

Figure 39: Freezer temperature vs. time graph of Freezer B showing the impact during the 

open door test running (10 minutes time interval of open door test) 
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Figure 40: Cycle temperature vs. time graph of Freezer B showing the impact during the 

open door test running (10 minutes time interval of open door test) 

Figure 34-37 highlights the power and temperature distribution of freezer B in 20 minutes 

time interval of open door test. The test was run for 45 hours and got 2 defrosts. The average 

defrost to refrigeration ratio was 4.9%.  From Figure 2, it was taken 7.6 hours to occur the first 

defrost and  3 hours was the waiting time and after that the open door test was started. The time 

between 2 defrost was 17.6 hours. The defrost power was 1.16 kW. Figure 36 and 37 show the 

freezer temperature and the cycle temperature respectively. The spikes are in the middle because 

of the open door test. Figure 38, 39 and 40 show the 24 hours section of this test. Figure 41 shows 

the small section of the power distribution. The defrost cycle had been taken 11 minutes to 

complete and the power had been taken 12 minutes to get back to the set point. The small section 

of the freezer temperature is shown in Figure 42. The set point temperature was -18°C, maximum 

temperature was 42.04°C and differential was 2°C. The temperature was taken 13 minutes to rise 

during defrost and 20 minutes to reach the set point. The increased temperature from set point was 

333.56%. Figure 43 also shows the small portion of the cycle temperature in same time scale. 
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Figure 44, 45 and 46 show the impact of the power, freezer temperature and cycle temperature 

distribution during the open door test procedure respectively. 

 

Figure 41: Power vs. time graph of Freezer B (20 minutes time interval of open door test) 

 

Figure 42: Defrost power vs. time graph of Freezer B (20 minutes time interval of open 

door test) 
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Figure 43: Freezer temperature vs. time graph of Freezer B (20 minutes time interval of 

open door test) 

 

Figure 44: Cycle temperature vs. time graph of Freezer B (20 minutes time interval of open 

door test) 
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Figure 45: Power vs. time graph showing 24 hours test of Freezer B (20 minutes time 

interval of open door test) 

 

Figure 46: Freezer temperature vs. time graph showing 24 hours test of Freezer B (20 

minutes time interval of open door test) 
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Figure 47: Cycle temperature vs. time graph showing 24 hours test of Freezer B (20 

minutes time interval of open door test) 

 

Figure 48: Power vs. time graph of Freezer B showing small section of the test (20 minutes 

time interval of open door test) 
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Figure 49: Freezer temperature vs. time graph of Freezer B showing small section of the 

test (20 minutes time interval of open door test) 

 

Figure 50: Cycle temperature vs. time graph of Freezer B showing small section of the test 

(20 minutes time interval of open door test) 
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Figure 51: Power vs. time graph of Freezer B showing the impact during the open door test 

running (20 minutes time interval of open door test) 

 

Figure 52: Freezer temperature vs. time graph of Freezer B showing the impact during the 

open door test running (20 minutes time interval of open door test) 
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Figure 53: Cycle temperature vs. time graph of Freezer B showing the impact during the 

open door test running (20 minutes time interval of open door test) 

The power and temperature characteristics of freezer B in 30 minutes time interval of open 

door procedure had been shown in Figure 47-50. The test was run for 39 hours and got 2 defrosts. 

The average value of defrost to refrigeration was 3.7%. From Figure 48, first defrost was gotten 

after 6.6 hours and waiting time was 3 hours. Then, the standard procedure of open door test had 

been followed and run the experiment for 8 hours. The defrost power was 1.18 kW. A 24 hours 

section of this experiment shows in Figure 51-53. Figure 54 shows the fluctuation of power during 

defrost. It was taken 12 minutes to complete the defrost cycle and 12 minutes again to reach the 

set point. Figure 55 shows the small section of the freezer temperature. The set temperature was -

18°C, maximum temperature was 43.03°C and differential was 2°C. The temperature was 

increased in 15 minutes and got back to the set point temperature in 19 minutes. The increased 

temperature from the set point was 339.06%. The small portion of the cycle temperature is shown 

in the Figure 56. Figure 57-59 shows the impact of the power and temperature distribution during 

the test running. 
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Figure 54: Power vs. time graph of Freezer B (30 minutes time interval of open door test) 

 

Figure 55: Defrost power vs. time graph of Freezer B (30 minutes time interval of open 

door test) 
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Figure 56: Freezer temperature vs. time graph of Freezer B (30 minutes time interval of 

open door test) 

 

Figure 57: Cycle temperature vs. time graph of Freezer B (30 minutes time interval of open 

door test) 
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Figure 58: Power vs. time graph of Freezer B showing 24 hours test (30 minutes time 

interval of open door test) 

 

Figure 59: Freezer temperature vs. time graph of Freezer B showing 24 hours test (30 

minutes time interval of open door test) 
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Figure 60: Cycle temperature vs. time graph of Freezer B showing 24 hours test (30 

minutes time interval of open door test) 

 

Figure 61: Power vs. time graph of Freezer B showing small section of the test (30 minutes 

time interval of open door test) 
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Figure 62: Freezer temperature vs. time graph of Freezer B showing small section of the 

test (30 minutes time interval of open door test) 

 

Figure 63: Cycle temperature vs. time graph of Freezer B showing small section of the test 

(30 minutes time interval of open door test) 
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Figure 64: Power vs. time graph of Freezer B showing the impact during the open door test 

running (30 minutes time interval of open door test) 

 

Figure 65: Freezer temperature vs. time graph of Freezer B showing the impact during the 

open door test running (30 minutes time interval of open door test) 
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Figure 66: Cycle temperature vs. time graph of Freezer B showing the impact during the 

open door test running (30 minutes time interval of open door test) 

While the door opening procedure was run for the both 20 minutes and 30 minutes tests in 

freezer B, there was no defrost. That’s why there was not that much fluctuation in the power. But 

the power consumption rate was little bit higher than the normal condition because of the opening 

door procedure. There was no heat load in freezer B and C. But there was some dry food stored in 

freezer A. 

Figure 60-64 shows the power and temperature distribution of 4 hours timer in closed door 

test for freezer C. The timer was set for 4 hours. The experiment was run for 24 hours. The average 

defrost to refrigeration ratio was 33.63%. The time between two defrost was 4 hours from Figure 

61. Figure 64 shows a small section of the power distribution. The defrost cycle was taken 10 

minutes to complete its cycle and the compressor power was taken 16 minutes to reach the set 

point. The small section of the freezer temperature is shown in Figure 65. The set point temperature 

was -19.4°C, maximum temperature 14.99°C and differential was 2°C. The temperature was taken 

13 minutes to rise and 16 minutes to reach the set point temperature. The increased temperature 

from the set point was 177.27%. Figure 66 shows the small section of the cycle temperature. 
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Figure 67: Power vs. time graph of Freezer C (4 hours timer of closed door test) 

 

Figure 68: Defrost power vs. time graph of Freezer C (4 hours timer of closed door test) 
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Figure 69: Freezer temperature vs. time graph of Freezer C (4 hours timer of closed door 

test) 

 

Figure 70: Cycle temperature vs. time graph of Freezer C (4 hours timer of closed door 

test) 
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Figure 71: Power vs. time graph of Freezer C showing small section of the test (4 hours 

timer of closed door test) 

 

Figure 72: Freezer temperature vs. time graph of Freezer C showing small section of the 

test (4 hours timer of closed door test) 
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Figure 73: Cycle temperature vs. time graph of Freezer C showing small section of the test 

(4 hours timer of closed door test) 

The characteristics of power and temperature of 7 hours timer in closed door test for freezer 

C had been shown in Figure 67-70. This test was run for 24 hours and got two defrosts. The time 

interval of 2 defrosts was 7 hours. The average defrost to refrigerator was 38.3%. The defrost 

power was 0.5 kW. Figure 71 shows the small section of power characteristics. The defrost cycle 

was taken 9 minutes to complete and 14 minutes to reach the set point again. The characteristics 

of freezer temperature is shown in Figure 72 during defrost. The set temperature was -19.4°C, 

maximum temperature was 14.62°C and differential was °C. The temperature taken 13 minutes to 

rise and it was gotten down in 15 minutes to reach the set point temperature. The increased 

temperature from the set point was 175.36%. Figure 73 shows the small section of the cycle 

temperature. 
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Figure 74: Power vs. time graph of Freezer C (7 hours timer of closed door test) 

 

Figure 75: Defrost power vs. time graph of Freezer C (7 hours timer of closed door test) 



 

 

62 

 

 

Figure 76: Freezer temperature vs. time graph of Freezer C (7 hours timer of closed door 

test) 

 

Figure 77: Cycle temperature vs. time graph of Freezer C (7 hours timer of closed door 

test) 
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Figure 78: Power vs. time graph of Freezer C showing small section of the test (7 hours 

timer of closed door test) 

 

Figure 79: Freezer temperature vs. time graph of Freezer C showing small section of the 

test (7 hours timer of closed door test) 
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Figure 80: Cycle temperature vs. time graph of Freezer C showing small section of the test 

(7 hours timer of closed door test) 

Figure 74-78 highlights the power and temperature distribution of 10 minutes time interval 

of open door test in freezer C. The timer was set for 4 hours for this test. The experiment was run 

for 24 hours and found 6 defrosts. The time interval between two defrosts was 4 hours. The defrost 

power was 0.58 kW. The defrost to refrigeration ratio was 37.88%. Figure 78 and 79 show the 

power distribution and freezer temperature respectively. It was required 10 minutes to complete 

the defrost cycle and 33 minutes to reach the set point. The maximum temperature was 17.25°C, 

set point temperature was -19.4°C and differential was 9°C. Freezer temperature was taken 18 

minutes to rise and 25 minutes to reach the set point. The increased temperature from the set point 

was 188.91%. The small section of the cycle temperature is showed in Figure 80. 
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Figure 81: Power vs. time graph of Freezer C (10 minutes time interval and 4 hours timer 

of open door test) 

 

Figure 82: Defrost power vs. time graph of Freezer C (10 minutes time interval and 4 hours 

timer of open door test) 
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Figure 83: Freezer temperature vs. time graph of Freezer C (10 minutes time interval and 4 

hours timer of open door test) 

 

Figure 84: Cycle temperature vs. time graph of Freezer C (10 minutes time interval and 4 

hours timer of open door test) 
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Figure 85: Power vs. time graph of Freezer C showing small section of the test (10 minutes 

time interval and 4 hours timer of open door test) 

 

Figure 86: Freezer temperature vs. time graph of Freezer C showing small section of the 

test (10 minutes time interval and 4 hours timer of open door test) 
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Figure 87: Cycle temperature vs. time graph of Freezer C showing small section of the test 

(10 minutes time interval and 4 hours timer of open door test) 

The characteristics of power and temperature of freezer C in 10 minutes open door test had 

been shown in Figure 81-84. The timer was set for 6 hours. The experiment was run for 24 hours 

and got 3 defrosts. The time between two defrosts was 6 hours. The defrost power was 0.51 kW. 

The average defrost to refrigeration ratio was 30.9%. Figure 85 shows the power characteristics of 

this test during defrost. It was taken 14 minutes to complete the defrost cycle and 42 minutes to 

reach the set point again. The freezer temperature distribution in small scale is shown in Figure 

86. Freezer temperature was taken 22 minutes to rise and 38 minutes to reach the set point 

temperature. Total 60 minutes was affected the freezer temperature during the defrost process. The 

set temperature was -19.4°C, maximum temperature was 16.7°C and differential was 8°C. The 

increased temperature from the set point was 186.08%. The small section of the cycle temperature 

of this test is shown in Figure 87. 
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Figure 88: Power vs. time graph of Freezer C (10 minutes time interval and 6 hours timer 

of open door test) 

 

Figure 89: Defrost power vs. time graph of Freezer C (10 minutes time interval and 6 hours 

timer of open door test) 
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Figure 90: Freezer temperature vs. time graph of Freezer C (10 minutes time interval and 6 

hours timer of open door test) 

 

Figure 91: Cycle temperature vs. time graph of Freezer C (10 minutes time interval and 6 

hours timer of open door test) 
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Figure 92: Power vs. time graph of Freezer C showing small section of the test (10 minutes 

time interval and 4 hours timer of open door test) 

 

Figure 93: Freezer temperature vs. time graph of Freezer C showing small section of the 

test (10 minutes time interval and 4 hours timer of open door test) 
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Figure 94: Cycle temperature vs. time graph of Freezer C showing small section of the test 

(10 minutes time interval and 4 hours timer of open door test) 

Usually the fan was on while the compressor was on. But when the defrost was occurred, 

compressor and fan both were off. Sometimes the fan was on just to circulate the air inside the 

cabinet in freezer C. After the defrost, compressor was turned on for a longer time comparatively 

to reach to the set point again. Meanwhile, there were some spikes in the temperature in the open 

door tests because of allowing heat source by opening the door. In normal condition, the air inlet 

temperature to coil was higher than the air outlet from the coil and the freezer temperature for all 

the tests which was so obvious. The freezer temperature was also higher than the outlet temperature 

from the coil. But when a defrost was occurred, the air outlet temperature from the coil was higher 

than the inlet temperature as well as freezer temperature. And the temperature of air outlet from 

coil was increased significantly during the defrosts for every test. But the temperature of air inlet 

to coil was increased little bit more and the temperature of air outlet from coil was decreased little 

bit more than usual while the open door test was run. On the other hand, the temperature of outlet 

from compressor was higher and the temperature of inlet to compressor was lower for all the graphs 

and it’s so convincing. The cycle temperature was higher in freezer C in open door test and closed 

door test also. When the defrost was occurred, the outlet temperature from compressor and 

condenser was decreased a bit but the inlet temperature of compressor was increased a little bit for 
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all the graphs. In open door test, the cycle temperatures were fluctuating because of opening the 

door. 

Table 2: Defrost to refrigeration ratio for different types of tests are given below: 

Freezer type Condition Defrost to refrigeration ratio 

Freezer A Closed door  

(8 hours timer for defrost) 

41.6% (Defrost 1&2) 

37.5% (Defrost 2&3) 

37.7% (Defrost 3&4) 

35.1% (Defrost 4&5) 

35.2% (Defrost 5&6) 

Freezer B Closed door 5.6% (Defrost 1 & 2) 

Freezer B Open door 

(10 minutes time interval) 

2.8% (defrost 1&2) 

 

Freezer B Open door 

(20 minutes time interval) 

4.9% (Defrost 1 & 2) 

Freezer B Open door 

(30 minutes time interval) 

3.7% (Defrost 1 & 2) 

 

Freezer C Closed door 

(4 hours timer for defrost) 

30.7% (Defrost 1 & 2) 

35.2% (Defrost 2 & 3)  

34.6% (Defrost 3 & 4) 

34.0% (Defrost 4 & 5) 

Freezer C Closed door 

(7 hours timer for defrost) 

17.8% (Defrost 1 & 2) 

18.5% (Defrost 2 & 3) 

Freezer C Open door 

(10 minutes time interval & 

4 hours timer for defrost) 

27.5% (Defrost 1 & 2) 

46.9% (Defrost 2 & 3)  

38.4% (Defrost 3 & 4) 

37.4% (Defrost 4 & 5) 

39.2% (Defrost 5 & 6) 

Freezer C Open door 

(10 minutes time interval & 

6 hours timer for defrost) 

33.8% (Defrost 1 & 2) 

28.7% (Defrost 2 & 3) 
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Table 3: The percentage of increased temperature from the set point, maximum temperature 

during the defrost and the set point temperature for all the tests are shown: 

Freezer type Condition Percentage (%) of 

increased temperature 

from the set point 

 

Maximum 

temperature 

(Tmax) °C 

Set point temperature  

(Tset) °C 

Freezer A Open door 

(8 hours timer for defrost) 

105.5 1.1 -20 

Freezer B Closed door 310 37.8 -18 

Freezer B Open door 

(10 minutes time interval) 

326.6 40.8 -18 

Freezer B Open door 

(20 minutes time interval) 

333.6 42.0 -18 

Freezer B Open door 

(30 minutes time interval) 

339.1 43.0 -18 

Freezer C Closed door 

(4 hours timer for defrost) 

177.3 15.0 -19.4 

Freezer C Closed door 

(7hours timer for defrost) 

175.4 14.6 -19.4 

Freezer C Open door 

(10 minutes time interval & 

4 hours timer for defrost) 

188.9 17.3 -19.4 

Freezer C Open door 

(10 minutes time interval & 

6 hours timer for defrost) 

186.1 16.7 -19.4 

 

6 Conclusion 

In this project, we had investigated the energy consumption and temperature distribution 

of two walk-in freezers and one commercial freezer. The defrost to refrigeration ratio for the 

Freezer A was comparatively higher among these three freezers. The reason could be the larger 

cabinet size and comparatively larger cooling capacity than other two. In the Freezer B, the defrost 

ratio was higher in closed door test than the open door test. By opening the door, more air, humidity 

and heat were allowed inside the freezer. It made more frost and increased the ratio. Same thing 

was happened in Freezer C. The defrost to refrigeration ratio was higher in the open door test. It 

was varied while changing the timer. By increasing the defrost timer, the defrost to refrigeration 

ratio was decreased. A different scenario in the percentage of increased temperature from the set 

point was observed. The lowest percentage in the Freezer A was found. In the close door test, the 

percentage of increased temperature from the set point was lower than the open door test in Freezer 
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B and Freezer C. It was so obvious that more heat source was allowed in the open door test which 

increased the percentage of temperature. Meanwhile, there were two values of compressor energy 

that were of interest. The first was the energy used by the compressor from when the defrost was 

turned off to when the freezer temperature was reached its set point. The second was the energy 

used by the compressor from the end of one defrost cycle to the beginning of the next. 
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