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Abstract: In this study the performance of defrost systems applied to household refrigerators was experimentally evaluated 

through a purpose-built testing apparatus. The test bench is comprised of a calorimeter, a refrigerated cabinet and a 

humidifying system. Three distinct types of electrical heaters (distributed, calrod and glass tube) and three actuation modes 

(integral power, power steps and pulsating power) were investigated. The experiments were carried out under controlled 

conditions in order to ensure the same frost accumulation pattern over the evaporator. It was found that the defrost 

efficiency of the three types of heaters is practically the same for each operating mode. The highest efficiency of 

approximately 32.37% was obtained with the glass tube heater operating in power steps. However, this heater reached the 

highest temperature levels. The calrod heater seems to be the most appropriate not only because of its efficiency, which is 

compatible with the other options, but also due to its low cost and easy installation. However, standardized energy 

consumption tests need to be carried out before this finding can be generalized. 
 

IndexTerms: Evaporator, accumulator, frost free, Refrigerator. 

________________________________________________________________________________________________________ 

1. INTRODUCTION 

The process of removing the ice or frost from the evaporator or freezer is called as defrosting. The automatic controls employed in 

the present day refrigerators to prevent the formation of frost on the evaporators are called as the defrost systems.  

The defrost system is found in all the refrigeration systems, household as well as the industrial systems. The refrigeration systems 

are used to develop temperature below the freezing point temperature of water. When the refrigeration systems works continuously 

for long periods of time a layer of ice or frost is built around the evaporator coil or the freezer that does not allows the cooling effect 

from the evaporator to pass into the freezer thus acting as the insulator. This leads to loss of the precious cooling effect and reduction 

of coefficient of performance of the refrigerator and ultimately excessive increase in the electricity bills. Thus the householder gets 

less freezing effect and has to pay more bills.  

2. EXPERIMENT SETUP 

 
Fig 1 Linediagram 

 

A purpose-built experimental facility will develop in order to reproduce the operating conditions of a typical Mini frost-free 

refrigerator. The setup will basically consist of a calorimeter, a frost-free refrigerator cabinet, a humidifying system and a climate-

controlled chamber. The original cooling system will be replaced by the calorimeter. The calorimeter allows the evaporating 

temperature to be controlled by varying the condenser fan speed. To control the speed, a PID controller will acts on the basis of the 
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refrigerant pressure signal at the evaporator inlet. During all tests the evaporator will be flooded with HFC-134a (i.e., no 

superheating) by adjusting the opening of the metering valve mounted in series with the capillary tube.  

The air temperature with in the refrigerator will be controlled by PID driven electrical heaters, strategically placed in the freezer. 

The evaporator surface temperature will be measured by 10 T-type thermocouples, attached along the coil. The defrost heater 

temperatures will be monitored by K-type thermocouples. To accelerate the frost formation, water vapor will be released inside the 

fresh-food compartment by a PID-driven electrical heater immersed in a water reservoir.  

In order to visualize the frost formation process and evaluate the defrost time,a insulating glass window of certain thickness will be 

the part of apparatus in the freezer rear wall. The defrost power will be monitored by a power transducer. 

The different heater options and actuation modes were compared through a parameter known as the defrost efficiency. This 

parameter is defined as the ratio between the ideal energy, i.e.,that required to melt the frost layer, and the energy that is actually 

released by the electrical heater, expressed as follows: 

𝑛𝑑 =
𝐸𝑖𝑑

𝐸𝑟

 

The ideal energy,𝐸𝑖𝑑  is composed of a sensible part, responsible forthe temperature rise to 0℃, and a latent part, responsible for 

thephase change from solid to liquid. The real energy, 𝐸𝑟  is the timeintegration of the power dissipated by the defrost system, 

𝐸𝑖𝑑 = 𝑚𝑐𝑝,𝑖(𝑇𝑚𝑒𝑙𝑡 − 𝑇𝑤) + 𝑚ℎ𝑠𝑙  

𝐸𝑟 = ∫ 𝑊𝑑𝑑𝑡
𝑡

0

 

where𝑐𝑝,𝑖 is the ice specific heat  and 𝑇𝑚𝑒𝑙𝑡  and ℎ𝑠𝑙 are,respectively, the water fusion temperature (0℃) and latent heat. The 

parameter 𝑇𝑤 stands for the average temperatureof the evaporator tubes, while m is the frost mass and 𝑊𝑑 isthe defrost power. 

In addition to the defrost efficiency other parameters were analyzed, such as the average air temperature of the freezer compartment 

after defrost and the maximum temperature of the heater during defrost. 

 

III. LITERATURE REVIEW 

Christian J.L. Hermes et.al [1] , The present study advances a theoretical and experimental investigation of the frost growth and 

densification on flat surfaces. This study focuses on the most important factors affecting the frost formation process, i.e. the 

surrounding air temperature, humidity and velocity, and the surface temperature. The processes of frost growth and densification 

were investigated experimentally in order to provide a physical basis for the development of a theoretical model to predict the 

variation of the frost layer thickness and mass with time. The mathematical model was based on mass and energy balances within 

the frost 

Pradeep Bansal et.al [2], They have done a thermal analysis of a defrost cycle in order to design more efficient defrosting 

mechanisms in household refrigerators and freezers. A simple heat transfer model has been developed to determine energy flows 

from a defrost heater across various components of a refrigerator/freezer. The study measures power consumption and temperatures 

of a single temperature vertical empty freezer (in normal operation with and without defrosts) to determine the heat distribution 

from the radiant type electric defrost heater and its effect on power consumption. The surface temperature of the defrost heater was 

measured to be 520 _C for minimal frost and 560 _C for heavy frost. The efficiency of a defrost heater was measured to be 30.3%, 

while power consumption of the freezer was found to increase by 17.7% due to automatic defrost. 

 

J. Alberto Dopazo.et.al[3],Worked on a detailed transient simulation model has been developed to predict and evaluate the 

performance of the hot-gas defrost process of an air-coil evaporator. In the model, the defrost process is subdivided into six stages: 

preheating, tube frost melting start, fin frost melting start, air presence, tube-fin water film and dry-heating. In each stage, the control 

volume is subdivided into systems represented by a single node, which has the representative properties of the system. A finite 

difference approach was used to solve the model equations. 

Christian J.L. Hermes.et.al [4],Worked on an alternative test method to evaluate the energy consumption of frost-free refrigerators 

and freezers for residential applications. While the standardized methods require the refrigerating appliance to be kept running 

according to its onboard control system. These results were confirmed for a bottom-mount frost-free refrigerator with a forced-air 

condenser, with differences not exceeding 1%. However, in the case of the direct-cool refrigerator with natural draft condenser and 

evaporator was evaluated, the energy consumption discrepancy between the SSE and ISO test approaches was higher than 15%, 

which is speculated to be due to the limitations of  applied to refrigerators that undergo longer transients. 

Honghyun Cho et.al[5], This work present During the defrosting process, the temperature in the cabinet of a showcase becomes 

higher than the set point. This phenomenon is undesirable for foods or products stored Besides, the performance of each defrosting 

method was compared in terms of capacity, compressor power, COP, and storage temperature. As a result, the optimum EEV 

opening in this study was 75% of the full opening during the hot-gas bypass defrost. The hot-gas bypass defrosting cycle with 

sequential defrost of each evaporator showed advantages in achieving the appropriate refrigerating capacity and maintaining 
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constant storage temperature during the defrost even though it had a relatively higher compressor power compared to the on–off 

cycling. 

 

IV.RESULTS 

With different operating powers we found the defrost efficiencies of four different types of defrost heaters, keeping constant all the 

working conditions. The frost is shown in three stages in figure 1, 2, and 3 at 2h, 4h, and 8h respectively. 

   

Fig 2 Freezer compartment 

 

Table 1 Experiments result 

 

 

In test 1 the u-type heater is run on integral power operating mode of this test was to calculate the time which is normally 9 to 11 

min. in household refrigerator but with the experimental analysis with u- type heater 6 to 6.5 min. as visual from the fig.3 and the 

rest of the experiment is carried till the total frost is melted from the refrigerator temperature of evaporator is measured and plotted 

with respect to time during this respective test. The temperature 𝑇0and 𝑇𝑖  indicator and the average of it 𝑇𝑤 

Test Heater Mode t[min] 𝑾𝒅 𝑻𝒉(℃) 𝑻𝒘(℃) m[g] 𝒏𝒅[%] 
1 U-type Integral 24.8 110 275 23.9 155.2 27.32 

2 U-type Integral 19.6 160 327 22.1 155 24.02 

3 U-type Stepped 22.3 160 to 20 38 22.7 155.3 25.08 

4 U-type Pulsating 25 160 to 0 70.8 20 149 22.70 

5 Distributed Integral 19.8 160 237.3 23.1 147.3 21.70 

6 Distributed Stepped 21.2 160 to 20 40 4.3 157.1 29.88 

7 Distributed Pulsating 23 160 to 0 35.5 9.3 155.1 23.11 

8 Glass tube Integral 18.5 160 350 10 150 26.56 

9 Glass tube Stepped 20.1 160 to 20 330.5 2.2 159.3 32.37 

10 Glass tube Pulsating 20.9 160 to 0 332.5 3 158.9 28.21 

11 Calrod Integral 20.8 160 340 22.3 149.2 21.76 

12 Calrod Stepped 22.3 160 to 20 288.9 6.8 151.6 27.10 

13 Calrod Pulsating 22 160 to 0 278.6 6.1 150.9 23.77 
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Fig 3 

 

with 110 W, the purpose time taken by the defrost system to reach the 0˚C temperature refrigerator compartment. The inlet and  

outlet are individually obtained from the multipoint temperature  is obtained. Both the test one and two are carried with U type 

heater, and came to know that the defrost efficiency of the 1𝑠𝑡 than the 2𝑛𝑑 as the power supplied to heater in 1𝑠𝑡 test is lower than 

the second test. Also while defrost the heater rises the freezer compartment temperature to 12˚C, thus the load to compensate for 

the compressor increases the manufacturers, the defrost terminator, when placed at the where the evaporator takes long warmed, 

guarantees the complete elimination of the frost after the temperature exceeds 10˚C. 

The surface temperatures of distributed and U-type defrost heaters were not possible to read because of some experimental issues 

during the integral power. As shown in figure 4 the temperatures of glass tube and calrod are plotted with respect to time. Here we 

find that the glass tube temperature is higher than all other heaters during the integral power operating mode.  

 
Fig 4 

 

The efficiencies of tests at different operating modes are indicated in figure 5, here we found that the defrost efficiencies are almost 

identical but the defrost efficiencies of glass tube are highest among all the operating modes.  
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Fig 5 

The purpose of tests 4, 7, 10 and 13 was to explore the effect of the pulsating operating mode, as illustrated in Fig. 6b. The length 

of each pulse was defined applying the same procedure used for the step length. It can be observed that the pulsating mode provides 

defrost efficiencies which are higher than the integral mode but lower than the steps mode.  

 
Fig 6(a) Heaters surface temp 

It can also be seen that with the pulsating mode the defrost time with the distributed heater became lower than that obtained with 

the steps mode, which was reflected in the freezer air temperature.  
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Fig 6(b) Heaters Power 

Fig. 6a shows the heater temperatures during defrost. Once again it can be observed that the calrod and glass tube heaters reached 

considerably high temperatures during the initial transient period. However, during the cycling period the average temperature was 

substantially reduced, evidencing an advantage of this mode compared to the integral power mode. 

As the defrost energy is a function of theaccumulated frost mass, tests 3, 6, 9 and 12 were carried out. Defrost was conducted by 

gradually reducing the heater power in four 40 W steps, as illustrated in Fig. 6(b). The steps lengths were defined based on the tests 

with the step power operating mode. In this mode and with the U type heater (test 3) defrosts lasted 22.3 min and the average 

evaporator temperatures reached 22.7℃ defrost.  

 
Fig 7(a) Heaters Surface temperatures 

The first step length was then defined as 8 min, remaining further 14.3 min to conclude the defrosting. As the use of 40-W steps 

was selected 2 min steps were adopted. An analogous procedure was adopted for the calrod, distributed and glass tube heaters where 

step lengths of 4, 3 and 2 min were obtained, respectively. 
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Fig 7(b) Heater Power 

Unfortunately the adopted steps were not effective at completely eliminating the frost layer, which is evident considering the last 

step length. Nevertheless, as expected, the defrost efficiency increased in all cases. The defrost time, however, particularly for the 

distributed heater, increased in such way that it led to a considerable temperature rise within the freezer compartment after 

defrosting. Regardless of the result obtained with the steps operating mode, it is evident that through proper refinements substantial 

efficiency improvements can be achieved. It was also noted that the calrod and glass tube heaters once again reached high 

temperature levels, while the distributed heater remained below 80℃ see fig 7(b).One of the advantage of step mode is that the 

heater temperature decreases with time, thus avoiding superheating of the parts surrounding the evaporator. 

V .CONCLUSION 

Considering the three operating modes investigated in this study, the power steps mode was found to be the most efficient, as 

illustrated in Fig.8 (a, b) (tests 3, 6, 9 and 12). In general it was concluded that all three types of heaters presented practically the 

same defrost efficiency in each operating mode. When operating in the steps mode, the glass tube heater provided the highest 

efficiency of approximately 32.37%, although the efficiency values obtained with the other heaters were very close. However, both 

defrost time and freezer air temperature after defrost were higher. The calrod and glass tube heaters did not warm the freezer as the 

distributed one did, but reached considerably higher temperatures, which could contribute to warming up the freezer when the 

compressor restarts. Considering that the defrost efficiency of the calrod heater is very close to the values obtained with the other 

types and that it is less expensive and easier to install, one can conclude that this type can be recommended for installation in a real 

application. It can also be concluded that it is possible to achieve significant improvements in the defrost efficiency by testing 

different combinations of time and power. It should be noted however that this analysis is limited, as previously stated. The gradual 

power reduction requires an operating time increase, which cannot be long, since the compressor should not remain off for extended 

periods. If this happens, the air temperature within the compartments rises and the compressor run time increases after defrost, thus 

increasing the energy consumption. Therefore, it is recommended that standardized energy consumption tests are carried out in 

order to identify the impact of the defrost efficiency on the refrigerator performance. 
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