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ABSTRACT 

Reverse cycle defrosting is widely used for air source heat pumps. When a multi-circuit heat exchanger 

is vertically installed in a heat pump as an outdoor coil, the melted frost could be kept downwards 

flowing or locally drained during defrosting by using water collecting trays. To analyze the performance 

differences of melted frost, two defrosting models were developed and previously reported by 

authors. In this study, the defrosting performance of an air source heat pump was numerically 

investigated based on the two models, with the melted frost downwards flowing away or local 

drainage considered. The following physical parameters are predicted and analyzed, including the 

thermal resistance of refrigerant, temperature of melted frost on tube and fin’s surface, mass of 

melted frost and energy consumption from refrigerant during defrosting. As calculated, after the 

melted frost locally drained, the predicted total energy consumption could be decreased from 898.1 

kJ to 727.5 kJ, and defrosting efficiency increased from 47.5% to 57.6%. This work is helpful to 

optimizing the intelligent control strategy of an air source heat pump unit, as well as saving energy for 

buildings. 

Keywords: Air source heat pump, reverse cycle defrosting, multi-circuit outdoor coil, modeling study, 

melted frost            

 

1. Introduction 

Air source heat pump (ASHP) units are widely used for hot water supply and room heating in recent 

decades [1]. Governmental subsidy policies also promote their development due to the environmental 

friendly performance of ASHP and the server air pollution in heating season of Northern China or 



Ulaanbaatar [2,3]. When frost accumulated on the surface of outdoor coil in an ASHP unit, defrosting 

becomes necessary. There are two types of defrosting methods, mechanical defrosting and thermal 

defrosting [4]. Mechanical defrosting needs more components for an ASHP unit, which also affects the 

durability of outdoor coil and increases the initial cost. Thus, thermal defrosting methods are widely 

considered, including compressor shut down defrosting, hot water spray defrosting, electric heating 

defrosting, hot gas bypass defrosting, and reverse cycle defrosting. Reverse cycle defrosting is changing 

the roles of indoor coil and outdoor coil during defrosting by using a four-way valve, and thus the 

condenser and evaporator changed [5]. The indoor air thermal energy will be taken and used for 

defrosting, which is previously transferred from the ambient air in frosting/heating mode at a higher 

coefficient of performance (COP). Thus, the defrosting duration becomes short, and economic 

performance much better. Reverse cycle defrosting becomes the most widely used method. 

To improve the performance of reverse cycle defrosting, series of work were carried out [6]. For 

example, an experiment investigation of reverse cycle defrosting methods on an ASHP unit with 

thermal expansive valve as the throttle regulator was carried out by Ding et al. [7]. By using a solenoid 

valve by-pass the thermal expansive valve used in the defrosting mode, the defrosting duration could 

be efficiently shorted, and the system could resume heating mode smoothly after the defrosting 

process. The insufficient of heat supply problem during reverse cycle defrosting was also found by Hu 

et al. [8], and a phase change material thermal storage unit was used in the ASHP unit. The 

experimental results suggested that (1) the defrosting time was shorted by ~3 min or 38%, (2) the risk 

of shutting down the ASHP unit due to low suction pressure was minimized, and (3) the mean indoor 

coil surface temperature during defrosting was improved about 25 K. This method was also used in a 

cascade ASHP unit by Qu et al. [9,10], multi-split ASHP unit by Dong et al. [11,12], air-cooled household 

refrigerators by Liu et al. [13,14], respectively. By increasing the evenness of frost accumulation on the 

surface of a multi-circuit outdoor coil at the start of a defrosting operation, the efficiency of reverse 

cycle defrosting was improved by Song et al. [15,16]. To avoid mal-defrosting phenomenon mentioned 

by Wang et al. [17], defrosting control strategies were also widely investigated [18,19]. The time-based 

start defrosting [20] and temperature-based end defrosting control strategies are experimentally 

investigated by Song et al. [21,22]. For the reported ASHP unit, the most suitable pre-set time and 

temperature for reverse cycle defrosting is at around 55 min and 18.5 °C, respectively. 

However, because defrosting is a complex process involving spatial and time variations as well as many 

other indeterminate factors resulted from transient cycling which may last for only a few minutes, 

limited models about defrosting were developed and reported. Typically, a validated defrosting model 

for an ASHP unit using capillary tube was developed by Liu et al. [23], where distributed modeling was 

used for both evaporator and condenser because of their importance during reverse cycle defrosting. 

An electric defrosting model for a finned-tube outdoor coil was reported by Alebrahim and Sherif [24] 

in 2002, which using the enthalpy method to predict defrosting duration and frost surface temperature 

profiles. A modelling study on the heat storage and release process of phase change material thermal 

storage unit in an ASHP unit during frosting and defrosting was carried out by Hu et al. [25]. The 

deviation conditions were demonstrated acceptable with the mean average temperature differences 

at the small range of -0.71 ~ 1.64 °C. A modeling of transient characteristics of an ASHP unit with vapor 

injection during reverse cycle defrosting was reported by Qiao et al.[26]. Component submodels for 

the multi-circuit heat exchangers, vapor injection scroll compressor, flash tank, check valve, and pipes, 

etc. were all considered. But the model was not validated with corresponding experimental results. 

The defrosting efficiency was finally predicted at 17.7%, which meets the result reported by Niederer 

[27], at a range of 15-25%. However, most reported models are based on the whole ASHP unit during 

defrosting, and many sections or components are included. Thus many assumptions, empirical formula 



and parameters are used, leading to low precision defrosting models. Even in some studies the final 

results seem reasonable [26], the small deviation maybe result from error superposition. 

To investigate the heat transfer and flow mechanism during reverse cycle defrosting, the multi-circuit 

outdoor coil attracts more and more attentions. A semi-empirical model for the defrosting on the 

airside of a four-circuit outdoor coil in an ASHP unit was developed by Qu et al. [28]. Different from 

aforementioned defrosting modeling studies, the negative effects of melted frost on defrosting 

performance were considered and quantitatively studied [29]. Later, the effects of the melted frost on 

defrosting performance were experimentally investigated by Song et al. [30,31,32]. In consideration of 

the energy used to heat the metal in an outdoor coil accounted for as much as 16.5% of the total 

defrosting energy use during defrosting [28,33], two new models for with one and three water 

collecting trays installed between circuits were further developed by Song et al. [34]. Water collecting 

trays make two conditions for the melted frost, downwards flowing always and local drainage, as 

shown in Fig. 1(a) and (b), respectively. It is also the first defrosting model, in which the status of frost 

distribution was considered. Based on the two validated models, a modeling study on varying heat (via 

refrigerant) supply to each refrigerant circuit in a three-circuit outdoor coil to alleviate uneven 

defrosting was reported [35]. As demonstrated, defrosting duration was predicted a reduction of 7 s 

by fully closing the modulating valve on the top circuit when its defrosting terminated. 

Moreover, after the defrosting models validated with experimental results, some parameters which 

are hardly possible to be measured could be predicted, including the temperature of melted frost, frost 

melting rate, thermal resistance of refrigerant during defrosting etc. These fundamental data are not 

only meaningful to understand the heat transfer and flow mechanism during defrosting, but also make 

contributions to the energy saving and system optimization. However, in open literatures, scare of 

these parameters were calculated and reported. Therefore, basing on previously developed and 

validated models, the effects of melted frost on system defrosting performance were predicted. At the 

same time, many defrosting parameters were numerical investigated and reported in this paper. 

Firstly, the model used and its validation were shortly described. This is followed by presenting these 

numerical results. After the result analysis and discussions on the defrosting models given, the 

conclusions are finally listed. This study is expected to be a benefit for system optimization of ASHP 

units and energy saving for buildings. 

 

 

2. Description of defrosting models 

2.1. The models and assumptions 

The defrosting models used in this work were previously reported in Ref. [34]. Here, they will be shortly 

introduced. The two models were built for a three-circuit outdoor coil in an experimental ASHP unit, 

which are semi-empirical models. For a traditional ASHP unit, the melted frost is always downwards 

flowing away along the surface of vertical outdoor coil during defrosting, as shown in Fig. 1(a). To 

analyze the effects of melted frost on system defrosting performance, a new three-circuit outdoor coil 

was made with three water collecting trays installed under each circuit. During defrosting, the melted 

frost could be locally drained in this novel ASHP unit, as shown in Fig. 1(b).  



 

Fig. 1. Illustration of melted frost downwards flowing away and local drainage. 

 

Before reverse cycle defrosting mode is operated, the frosting evenness value was fixed higher than 

90%. In the experiment, the opening degrees of each valve located at each circuit were fixed. The two 

conditions, with melted frost downwards flowing away and local drainage, were achieved by keeping 

or taking away the water collecting trays, respectively. In this study, they are named as Case 1 and 

Case 2 for simplicity and marked in Fig. 1. 

To build the two defrosting models, the assumptions are important, and thus all of them were listed 

here. Meanwhile, the four defrosting stages divided by physical process were shown in Fig. 1, as well 

as the mass and energy flows. 

1) The convective heat transfer between frost and ambient air in the first two stages was 

neglected. 

2) The thermal conductivities of tubes and fins were much higher than those of frost and 

retained water. 

3) The mass flow rate of refrigerant was evenly distributed into the three refrigerant 

circuits during defrosting, and the frost was assumed to be uniformly accumulated 

over the coil surface before starting defrosting. 

4) The movement of the melted frost layer was considered to be a flowing boundary. 

5) During the third stage, the retained water in each control volume was in a dynamic 

equilibrium, i.e., the difference between the mass of water entering into a control 

volume and that flowing away from the control volume was equal to the rate of frost 

melting within the control volume. 

6) During defrosting, the melted frost infiltrated into the porous structure of frost. The 

contact area between frost and the melted frost would increase as water flowed 

downwards, suggesting that the flow resistance was increased downwards along the 

surface of outdoor coil. 

7) During defrosting, there was no frost chip or debris flowing into a down circuit or a 

water collecting tray(s). 



8) During defrosting, the melted frost left on trays or vaporized from trays and cylinders 

was neglected. 

9) In the process of the melted frost falling into a down circuit or a water collecting tray, 

the heat dissipated from the melted frost to ambient air was negligible because the 

falling distance was small. 

10) The total mass of the frost was experimentally obtained at 1,050 g, thus following 

Assumption (iii), the mass of frost formed on the surface of each circuit was 350 g [30]. 

11) At 40 s into defrosting, the preheating stage (first stage) was over. 

12) At 90 s into defrosting, the frost melting without water flowing away from a circuit 

stage was over. 

 

2.2. Equations used at four defrosting stages 

When developing the two mathematical models, the entire air-side of the outdoor coil surface was 

divided into three control volumes (CV), corresponding to the three circuits shown in Fig. 1. For each 

CV, lumped parameter modeling approach was applied. To analyze the flow of the melted frost into, 

or away from a CV during defrosting, a defrosting process was divided into four stages, (1) preheating, 

(2) frost melting without water flowing away from a circuit, (3) frost melting with water flowing away 

from a circuit, and (4) water layer vaporizing. It is also according to the time sequence of physical 

occurrence process [28,34]. Fig. 2 shows the mass and energy flows at four stages during defrosting. 

The two models were developed by applying the energy and mass conservation in each of the three 

CVs, at each of the fourth defrosting stages. The equations used at each stage in Case 1 were listed in 

Table 1. As seen, only in the Stage 3, the equations are different between CV1 and other two CVs. This 

is because the mass transfer, melted frost downwards flowing, occurs at this stage. For Case 2, the 

energy and mass balance equations at Stages 1, 2 ad 4 are same to those in Case 1. At Stage 3, only 

the energy and mass balance equations for CV1 are used for three CVs. All the nomenclatures could 

be found in Ref. [34]. In addition, the submodels of water collecting trays in two cases are same, which 

could also be found in Ref. [34]. 

 

2.3. Input parameters and model validation 

The following experimental parameters measured during defrosting were used as the inputs to the 

models, including refrigerant flow rate, tube surface temperatures at inlets of each circuit, 

temperature of ambient air surrounding the outdoor coil, and compressor discharge pressure, etc. In 

Figs. 3 and 4, the measured flow rate and calculated enthalpy value of input refrigerant in two cases 

are presented, respectively. As seen in Fig. 3, the curve of mass flow rate of refrigerant clearly shows 

us three stages. From 0 s to 70 s into defrosting, it fluctuated a lot as increasing. It should contain the 

preheating stage and part of frost melting without water flowing away from a circuit stage. Then, it 

changed to steeply increase from 70 s to 160 s. The melted frost taking a lot of energy from refrigerant, 

and thus the flow rate also increased quickly. When it reached 160 s into defrosting, the rate of energy 

consumption would decreased due to melted frost flowing away. The refrigerant mass flow rate 

decreased suddenly and kept at a steady value. All the status of refrigerant mass flow rate result from 

the heat and mass transfer status during physical defrosting, but also reflected in the defrosting 

parameters in this model as the input values. 



In the two defrosting models, the calculated enthalpy values of input refrigerant in two cases were 

also inputs. Different from that shown in Fig. 3, the data in Fig. 4 is always increasing from 0 s to about 

160 s into defrosting. This is because the energy from refrigerant was always consumed during 

defrosting at this period. As the start stage, the heat transfer between fin and frost is low, and increases 

a lot when frost melted into water, just like from Stage 1 to Stage 2 shown in Fig. 2. When the melted 

frost flows downwards along the surface of outdoor coil, the heat transfer still increases due to 

evaporation existing for residual water. It comes to Stage 4 from Stage 3, as shown in Fig. 2. After 160 

s into defrosting, the curve seems steady, and the heat transfer status is nearly unchanged. At this 

stage, the heat transfer is between high temperature tube and fin and the low temperature ambient 

air. And the reverse cycle defrosting process is nearly terminated. As seen in Fig. 4, the curves of Case 

2 have the similar trends to those of Case 1, but the later ones are a little higher. This reflects the 

negative effects of melted frost on defrosting. That means, after the melted frost locally drained, the 

enthalpy value of input refrigerant could be decreased, and some energy saved during defrosting. 

The two models were finally validated by comparing four predicted key operating parameters, 

defrosting duration; tube surface temperatures at exit of each circuit; temperature variations of the 

melted frost collected in three water collecting cylinders and the mass of the melted frost collected in 

each cylinder. Here, the validation of tube surface temperatures at exits of the three circuits in Cases 

1 and 2 are shown in Figs. 5 and 6, respectively. As seen in Fig. 5, the predicted defrosting durations 

for each circuit reaching 24 °C are at 173 s, 179 s, and 186 s for Circuits 1-3, respectively. 

 

Fig. 2. Schematics of mass and energy flows at four stages during defrosting. 

 

 

 

 



Table 1 Energy and mass balance equations in the four stages in Case 1. 

 

While the three durations in experiments are 173 s, 182 s, and 185 s. The deviations of tube surface 

temperature are very small, and could be accepted. From 115 s to 150 s into defrosting, the deviations 

for three circuits seems much larger than other time. The experimental data is much higher than 

predicted data for Circuits 1 and 2, and smaller for Circuit 3. The deviation ranges for Circuits 1 and 2 

are also smaller than that of Case 3. This makes the total deviations, positive and negative deviations, 

becomes much smaller. In fact, at this period, as the downwards flowing of melted frost, the even 

distribution of refrigerant is affected a lot. The temperature deviations result from the coupled effects 

of melted frost flowing and uneven refrigerant distribution. 

In Fig. 6, the predicted defrosting durations for each circuit reaching 24 °C are all at 169 s for three 

circuits, while the experimental results are 169 s, 167 s and 170 s for Circuits 1-3, respectively. Clearly, 

the deviations for tube surface temperature are much smaller than that shown in Fig. 5 in Case 1. 

Similar to that shown in Fig. 5, from 90 s to 140 s into defrosting, there are also positive and negative 

deviations for Circuits 1 and 2, respectively. The positive deviation means the predicted value is larger 

than the experimental result, and negative deviation in versa. In Case 2, this period seems about 10 s 

earlier than that in Case 1. This results from the defrosting duration decreased due to the melted frost 

locally drained. Compared with that shown in Fig. 5, the smaller deviation range in Fig. 6 also results 

from the coupled effects of melted frost flowing and uneven refrigerant distribution. But in Case 2, the 

influence from melted frost was effectively decreased. 

Finally, in Case 1, compared with the measured data, the maximum deviations of predicted results for 

Circuits 1-3 were -1.8 °C, —1.2 °C, and 2.4 °C, respectively. The average deviations between measured 

and predicted results for Circuits 1-3 were —0.2 °C, 0 °C and 0.4 °C, respectively. In Case 2, the 

maximum and average deviations of predicted results for three circuits were calculated at 2.5 °C, —

1.8 °C, —1.2 °C, and 0.7 °C, —0.6 °C, —0.1 °C, respectively. Therefore, it was considered that the two 

semi-empirical models were experimentally validated, and the validated models could be further used 

to quantitatively analyze the defrosting performances of an ASHP unit. When developing the two 

models, the influence from thermal resistance of refrigerant is big. Additionally, it is meaningful to 

analyze the fluctuation of thermal resistance of refrigerant during defrosting due to the complicated 

heat transfer process, which is coupled with mass transfer and flow of melted frost. In a recent frosting 

study, this parameter was also calculated as thermal resistance of evaporator by using empirical 

formulas by Shen etc. [36]. Therefore, in this study, the experimental tube surface temperatures at the 

outlet of each circuits in two cases were used as inputs. The accuracies of the two models could also 

be improved due to the influence of thermal resistance of refrigerant avoided. 

 



 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Refrigerant mass flow rate at the inlet of each circuit in two cases. 

 

Fig. 4. Enthalpy value of input refrigerant in two cases. 



 

Fig. 5. Validation of tube surface temperatures at exits of the three circuits in Case 1. 

 

Fig. 6. Validation of tube surface temperatures at exits of the three circuits in Case 2. 

 

 

 

 

 

 

 



3. Results of modeling study 

Based on two validated models, some of predicted results were reported here, as shown in Figs. 7-15. 

The input values were from 0 s to 200 s into defrosting, and thus the horizontal axis for Figs. 7-14 were 

also at this period. Because the effect of melted frost is the key research object, in Figs. 7 and 8, 

temperature of melted water on each circuit’s surface in Cases 1 and 2 are firstly presented, 

respectively. 

 

Fig. 7. Temperature of melted water on each circuit's surface in Case 1. 

 

Secondly, the predicted mass of melted frost during defrosting in two cases are shown in Figs. 9 and 

10. Thirdly, the fluctuations of thermal resistance of refrigerant during defrosting in two cases are 

meaningful in this study, and thus they are shown in Figs. 11 and 12. Fourthly, to quantitatively analyze 

the effect of melted frost downwards flowing away and locally drained, energy used from the 

refrigerant were calculated at each 5 s in two cases, and presented in Figs. 13 and 14. Finally, the 

calculated data of total energy consumed during defrosting are shown in Fig. 15. 

The predicted temperature of melted water on the surface of each circuit during defrosting is shown 

in Fig. 7, with the melted frost freely downwards flowing away from the up circuit(s) and into the down 

circuit(s). This parameter is very difficult or even impossible to be measured at experiment due to the 

dynamic heat and mass transfer. Meanwhile, it is important to develop the model as an intermediate 

variable. This is the reason why we choose to investigate it with this model. As seen, it kept at nearly 

0 °C from 0 s to 85 s, which is at the first stage, preheating stage. The water layer or film between frost 

and tube surface was formed, and thus the water temperature is always the temperature of mixture 

of frost and water. When it comes to 85 s to 145 s, the temperature increased slowly, due to the 

thickness of water layer increasing as the frost melting. As the frost layer decreased, the water layer 

was heated. From 145 s to the end of defrosting, the melted water was heated, and thus its 

temperature increased always. At the end of simulation, it reached nearly 7 °C for Circuit 1. At the 

same time, it is easy to find that the temperature at three circuits are different. As the melted frost 

downwards flowing, the water temperature of Circuit 1 is the highest, and that of Circuit 3 the lowest. 



This reflects the negative effects of melted frost during defrosting. At 170 s, there is a suddenly 

decrease. This is also the start of quickly increasing for the three curves. At this time point, the main 

heat transfer role changed from heating the melted frost to vaporizing it. Fig. 8 shows the predicted 

temperature of melted water on the surface of each circuit during defrosting in Case 2, with the melted 

frost locally drained. Similar trends to those shown in Fig. 7, the temperature of melted frost for three 

circuits are always the same. After 140 s into defrosting, the temperature becomes higher than that in 

Circuit 1 in Case 1. This also reflects that, after the melted frost locally drained during defrosting, the 

temperature of tube and fin surface is also increased. 

Figs. 9 and 10 show the mass of melted frost during defrosting in Cases 1 and 2, respectively. This 

parameter is also impossible to be measured in experiments. Therefore, in many frosting and 

defrosting studies, the average frosting or defrosting rates are used [36,37,38]. As shown in Fig. 9, after 

140 s, 145 s and 150 s into defrosting, the mass of melted frost become 0 g for Circuits 1-3, respectively. 

Before the termination of frost melting and flowing stages, the figure shows us two clear periods. The 

first period is from 0 s to 80 s, when the masses of melted frost are always the same for three circuits 

due to no melted frost flowing away from the circuit. The second period is from 80 s to about 145 s, 

when the mass of melted frost in Circuit 1 is always the highest and in Circuit 3 lowest due to the 

melted frost downwards flowing away from up circuit(s) to down circuit(s). The melted frost from up 

cir-cuit(s) delay the frost melting rate of the frost on the surface of down circuit(s). Although there 

would be more water on the surface of down circuit(s), here the curve shows us the frost formed on 

the surface of this circuit melted. Because the melting durations for down circuits, Circuits 2 and 3 in 

this study, are prolonged, and thus the peak values for them are a little lower. As seen, the three peak 

values for Circuits 1-3 are 4.30 g, 3.99 g and 3.61 g, respectively. This also reflects the negative effects 

of melted frost downwards flowing during defrosting. In Fig. 10, the masses of melted frost for three 

circuits are always the same due to the melted frost locally drained, and their predicted data are similar 

to that in Circuit 1 shown in Fig. 9. 

Figs. 11 and 12 show the fluctuation of predicted thermal resistance of refrigerant during defrosting 

in Cases 1 and 2, respectively. Similar to the previous two predicted parameters, temperature and 

mass of melted frost, the thermal resistance of refrigerant also shows us clear periodic law. The curves 

are divided into 5 periods, which are clearly influenced by the stage division of defrosting process as 

shown in Fig. 2. In Fig. 11, the thermal resistance increases steadily from 0 s to 80 s into defrosting, at 

the Period 1. Because no melted frost downwards flowing, and thus the values of three circuits are the 

same, until after this period. At Period 2, from 80 s to 140 s into defrosting, the heat transfer is 

influenced by the flowing of melted frost. Because there is no melted frost flowing into Circuit 1, and 

more into Circuit 3 than Circuit 2, the curves show the highest thermal resistance for Circuit 1 and 

lowest for Circuit 3. Their values keep steady at this period, and then suddenly increase at Periods 3 

and 4, about 20 s and 26 s, respectively. At the 160 s, into defrosting, the curves show us a decrease 

due to the change of the main heat transfer from heating the melted frost to vaporization. When it 

comes to the Period 5, it starts slowly decreasing due to few residual water left. The heating mode is 

changing to heating the ambient air after 185 s into defrosting.  



  Fig. 8. Temperature of melted water on each circuit's surface in Case 2. 

 

Fig. 9. The mass of melted frost during defrosting in Case 1. 



Fig. 10. The mass of melted frost during defrosting in Case 2. 

 

 

Fig. 11. Thermal resistance of refrigerant during defrosting in Case 1. 



Fig. 12. Thermal resistance of refrigerant during defrosting in Case 2. 

Fig. 13. Energy used from the refrigerant at each 5 s in Case 1. 

 

The negative effects of the melted frost flowing show us at the Periods 2-5. In Fig. 12, the curves of 

three circuits also show us the 5 periods, just like that shown in Fig. 11. However, at the Period 1, 

similar to those shown in Figs. 8 and 10, the predicted results in Case 2 are not totally same to those 

in Case 1. This results from the inputs of two cases at the preheating stage are also different, as shown 

in Figs. 3-6. In addition, because the melted frost was locally drained, the heat transfer between 

refrigerant and the tube and fin was enhanced. Therefore, in most periods, the thermal resistance for 

three circuits are higher than those of Circuits 2 and 3 in Case 1, while a little lower than that of Circuit 

1 in Case 1. The thermal resistance of refrigerant at Period 2 is at about 2.0 x 10-4 K*m2/W, and reaches 

a peak at Period 4 at about 3.5 x 10-4 K*m2/W in two cases. 



Figs. 13 and 14 show the calculated energy used for defrosting from the refrigerant at each 5 s in Cases 

1 and 2, respectively. They are calculated by the enthalpy difference between inlet and outlet of heat 

exchanger. The enthalpy values of refrigerant at inlet and outlet are calculated by using the 

temperature and pressure obtained. In Fig. 13, from 0 s to 80 s into defrosting, the energy is always 

lower than 1,000 J. At the water flowing stage, a period of 70 s after the frost melting stage, the energy 

used steadily increased to about 1,100 ~ 1,400 J for three circuits. Then, the suddenly increase point 

occur at 140 s, 145 s and 150 s for Circuit 1-3, with their peak value at about 5,000 J, 4,700 J and 4,400 

J, respectively. This results from the vaporization of the melted frost, which is also reflected in the Fig. 

11. 

 

Fig. 14. Energy used from the refrigerant at each 5 s in Case 2. 

 

 

Fig. 15. Energy consumptions during defrosting in two cases. 



 

The negative effects of melted frost downwards flowing also could be found in the water flowing and 

vaporizing stages in Fig. 13. Fig. 14 show the energy used for defrosting from the refrigerant at each 5 

s in Case 2. Compared with those curves shown in Fig. 13, curves of three circuits in Case 2 are always 

the same, and similar to the curve of Circuit 1 shown in Case 1.  

It could also be concluded that, after the melted frost locally drained during defrosting, the energy 

consumption from refrigerant could be higher, which makes the defrosting process much quicker 

than that in Case 1. 

During an ASHP unit operated at reverse cycle defrosting mode, the energy from refrigerant could be 

used for heating the tube and fin, melting the frost, heating the melted frost, heating the ambient air, 

vaporizing the melted and residual water, etc. To analyze the energy transfer process during 

defrosting, it is meaningful to predicted the aforementioned energy consumptions. As shown in Fig. 

15, the energy consumptions in melting frost and vaporizing residual water are firstly predicted, at 

350.7 kJ for two cases, and at 75.6 kJ and 68.6 kJ for Cases 1 and 2, respectively. 

 

Table 2 Energy consumptions and the defrosting efficiency in the two cases 

 

At the same time, all the other energy consumption sections are summarized, at 471.8 kJ for Case 1 

and 308.2 kJ for Case 2, respectively. Clearly, only the energy used for melting frost are nearly the same 

due to the same frost accumulations at the start of defrosting mode. All the other sections are different 

due to the melted frost was taken away in Case 2. The detailed of other energy consumptions are listed 

in Table 2. As seen, the heating melted frost, heating ambient air, heating metal of tube and fin and 

the residual water energy consumptions are 7.2 kJ and 2.0 kJ, 397.7 kJ and 255.7 kJ, 66.9 kJ and 50.5 

kJ for Cases 1 and 2, respectively. Total energy used from refrigerant is calculated at 898.1 kJ and 727.5 

kJ for two cases. It could be found that, at all items, the values in Case 1 are more than those in Case 

2. The predicted defrosting efficiencies are 47.5% and 57.6 for Cases 1 and 2, respectively. And the 

experimental defrosting efficiency were calculated at 43.5% and 56.7% for two cases [30]. After the 

melted frost locally drained during defrosting, the efficiency was effectively improved. The errors of 

defrosting efficiencies in two cases are very small and acceptable, at 4% and 0.9%. 

 

4. Discussions 

In the model developed by Xu et al. [39], two different heat transfer regions, (1) a superheated region 

and (2) a two-phase region, existed in the refrigerant side of the outdoor coil. However, in this study, 

during the defrosting models developed, the entire outdoor coil was regarded as having a two-phase 

region only [28,34]. Heat exchanges between refrigerant and frost/ambient air in the sub-cooling 



region and the superheated region in the outdoor coil were both neglected during defrosting. To 

analyze whether there is the sub-cooling and superheated region at the inlet and outlet of outdoor coil 

during reverse cycle defrosting, it was analyzed by using the experimental data from Case 1 reported 

in Ref. [30]. After the defrosting mode is operated about 50 s, the pressure values at the compressor 

discharge and EEV enter points and the temperatures at the inlet and outlet of outdoor coil are 

collected. As shown in Fig. 16, the two refrigerant status points at the inlet and outlet of outdoor coil 

are located at Points A and B, respectively. There is some pressure loss in the copper tube from the 

compressor discharge point to the inlet of outdoor coil and from outlet of outdoor coil to the inlet of 

EEV, the locations for A and B will be moved to left and right a little. But the status of refrigerant at 

Points A and B are at the sub-cooling and superheated regions, respectively. That means, the two 

regions exist during defrosting, and further development work should be directed to considering all 

three regions for an improved modeling accuracy. 

As shown in Fig. 17, a defrosting process on the surface of outdoor coil could be divided into the 

following four stages when we want to analyze the effect of melted frost, (1) preheating, (2) frost 

melting without water flowing away from a circuit, (3) frost melting with water flowing away from a 

circuit, and (4) water layer vaporizing. But sometimes, the aforementioned Stages 2 and 3 could be 

summarized to melting stage. When we want to further analyze the residual water, the water layer 

vaporizing stage could be further divided into evaporating stage and dry-heating stage. This division 

method, with five stages, was also considered in the modeling of Qiao [26], as shown in Fig. 17(a). 

Clearly, the defrosting process is a complicated heat transfer and flow coupled problem. This is also 

the reason why the defrosting behavior and performance on vertical plate for surfaces of varying 

wettability were experimentally investigated by Kim et al. [40]. In this study, the model was developed 

with lumper method, and thus the defrosting process on a circuit or a fin could not be analyzed. During 

the frost melting stage, a thin water layer or film between a vertical hydrophobic fin surface and the 

frost will form, as shown in Fig. 17(b).  

 

Fig. 16. Analysis of refrigerant status at the inlet and outlet of outdoor coil 

 

 



 

Fig. 17. Illustration of defrosting process on a vertical flat fin. 

It will be a wedge-shaped water film, and the horizontal heat transfer between water layer and frost 

exists, as well as the infiltration and adsorption of water into the multi-porous frost layer due to the 

surface tension of water. As shown in Fig. 17(c), along the height of fin, the surface temperature of fin 

will be changed as the defrosting process. A smaller scale defrosting model will be developed in our 

future work. 

 

5. Conclusions 

A numerical investigation on the defrosting performance of an ASHP unit was carried out, with the 

melted frost downwards flowing away and local drainage considered. Basing on the previously 

developed and validated dynamic defrosting models, new inputs parameters, such as refrigerant 

temperatures, were used. Four typical parameters about defrosting were simulated and results 

analyzed, including the temperature of melted water on each circuit’s surface, the mass of melted 

frost, thermal resistance of refrigerant, and energy consumptions during defrosting in two cases. As 

analyzed, the negative effects of melted frost could be reflected in all the four parameters when 

compared the predicted values in the case of melted frost downwards flowing away or two cases. The 

parameters of total thermal resistance of refrigerant are predicted at about 2.0 x 10-4 K*m2/W at the 

melted frost flowing stage, and 3.5 x 10-4 K*m2/W at the vaporizing water stage in two cases. The 

system defrosting efficiency was predicted, and compared with the experimental values. The 

deviations are very small, at 4% and 0.9% for two cases. The refrigerant status at the inlet and outlet 

of outdoor coil are analyzed, with the subcooling and superheated regions discussed. In our further 

development work, the two regions will be considered for an improved modeling accuracy. 

Meanwhile, a smaller scale defrosting mode for a circuit or a fin will be developed, to further analyze 

the heat transfer and water flow coupled effect during defrosting on the surface of a vertical fin. The 

contribution of this work are expected to be useful for intelligent control of ASHP units, as well as the 

energy saving in building and industry. 
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