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Abstract: Frosting of the evaporator leads to the increase of its thermal resistance and the reduction of system COP, which 
affects the safe use and efficient operation of air source heat pump. This paper summarizes the common evaporator frost 
suppression methods researched by scholars at home and abroad, and classifies the frost suppression methods into four categories: 
changing the temperature of the evaporator, changing the temperature of the evaporator, and changing the temperature of the 
evaporator. This paper summarizes the common evaporator frost suppression methods researched by scholars at home and abroad, 
and classifies the frost suppression methods into four categories: changing the inlet air parameter of the evaporator, modifying 
the surface of the evaporator, optimizing the structure and design of the evaporator and applying an external electromagnetic 
field to the evaporator, and overviews the progress of the research on the four frost suppression methods and makes an outlook 
to provide references and proposals for the further development of evaporator frost suppression technology of the air source heat 
pumps. 

Keywords: Frosting of the evaporator; Air source heat pump; Evaporator frost suppression methods; Evaporator frost 
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1. Introduction
Air source heat pumps are widely used because of their 

high efficiency, energy saving, and environmental protection 
advantages, but the surface of the evaporator of the air source 
heat pump is prone to frosting when the ambient air 
temperature is low and the relative humidity is high. [1] 
Frosting of the evaporator will not only reduce the efficiency 
of the air source heat pump, but also reduce the efficiency of 
the heat pump. Evaporator frost will not only reduce the heat 
transfer performance of the system, and increase energy 
consumption, if not timely defrosting, but also cause system 
blockage, affecting the normal operation of the system, and in 
serious cases, will lead to refrigeration unit can not run 
normally. Studies have shown that the accumulation of frost 
layer in the air conditioning system will reduce the heat 
transfer efficiency of the heat exchanger by 50% to 75%. [2]. 
Solving the evaporator surface frost problem is of great 
significance for the further development of air source heat 
pump, promoting energy saving and emission reduction 
policy, and realizing the goal of "carbon peak, carbon neutral". 
At present, the existing defrosting methods mainly include 
electric heating defrosting, reverse cycle defrosting, hot gas 
bypass defrosting, and energy storage defrosting. These 
defrosting methods require additional energy consumption, 
and the defrosting process requires the unit to be shut down, 
which cannot ensure the continuous operation of the system 
and affects the stability of temperature and humidity on the 
use side. Therefore, there is an urgent need to explore a 
method to delay the evaporator frost, so that the frost 
phenomenon at the beginning of the evaporator operation is 
effectively suppressed, For nearly 20 years, scholars at home 
and abroad have proposed a series of methods to inhibit the 
evaporator frost, this paper is divided into four categories of 
these methods: change the inlet air parameters of the 
evaporator, the evaporator surface modification, optimization 

of the structure and design of the evaporator, the imposition 
of an external electromagnetic field. These four types of frost 
suppression methods are summarized as shown in Figure 1. 
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Figure 1. Classification of evaporator frost suppression 
methods 

2. Changing Evaporator Inlet Air
Parameters

Incoming air temperature, relative humidity, and air flow 
rate are the main parameters affecting the evaporator frost. 
When the wet air flows into the evaporator, if the evaporator 
surface temperature is lower than the dew point temperature 
of water vapor, the water vapor will undergo a phase change 
in the evaporator surface condensation for droplets, with the 
evaporator temperature is further reduced, lower than the 
three-phase point temperature of the water, droplets will be 
frozen into the frost crystals, frost crystals continue to grow 
to form a frost layer attached to the surface of the evaporator, 
affecting its heat transfer. Therefore, changing the evaporator 
inlet air parameters can effectively inhibit its surface frost. 
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2.1. Preheating air temperature 
Preheating air temperature at the inlet of the evaporator is 

a simple and effective method of frost suppression, Kwak et 
al. [3] Installed an electric heater at the outdoor evaporator 
inlet and tested its frost suppression effect, the experimental 
results showed that the heating capacity and COP of the air 
source heat pump system equipped with an electric heater 
increased by 38% and 57%, respectively, compared with the 
conventional air source heat pump at the outdoor dry and wet 
bulb temperatures of 2 °C and 1 °C, but the electric heater 
consumed too much energy and was not economical in the 

experimental process. Huang et al. [4] designed a heat 
recovery system as shown in Figure 2. The system can recover 
the heat released from the external surface of the compressor 
and use it to preheat the air temperature at the inlet of the 
evaporator. Tests of the system found that the frost 
suppression effect is obvious and does not need to consume 
additional energy, which helps to delay the frost on the surface 
of the evaporator and improve the performance of the air 
source heat pump system. However, the problem of uneven 
temperature and pressure distribution and mass flow rate 
fluctuation exists during the experiment, and further 
improvement is needed if it is to be put into use. 
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Figure 2. Principle of heat recovery air source heat pump system [4] 

 

2.2. Reduction of relative humidity 
The relative humidity of the inlet air is an important 

parameter affecting the evaporator frost, Xing Zhen [5] 
studied the law of change of frost layer thickness on the 
evaporator surface with time under different relative humidity, 
and the effect of different relative humidity on the frost layer 
thickness is shown in Figure 3. The figure can be seen, the 
relative humidity from 65% only increased by 10%, the frost 
layer thickness but a sharp increase, it can be seen, the relative 
humidity of the evaporator surface frost has a huge impact, 
Therefore, frosting can be suppressed by reducing the relative 
humidity of the air. 

Currently, scholars mainly use desiccants to absorb the 
moisture in the wet air so as to reduce the relative humidity of 
the air, Zhang et al. [6] proposed a frost-free air source heat 
pump system with an integrated solid dehumidifier, as shown 
in Figure 4. The system adds a heat exchanger coated with 
desiccant to the ordinary air source heat pump system, which 
can dehumidify the incoming air before sending it to the air 
heat exchanger to achieve the effect of frost suppression. The 
system is paired with both adsorption and desorption modes, 
which allows for the reuse of the desiccant, thus realizing the 
frost-free operation of the system. However, the system 
requires air ducts and dampers, resulting in an increase in 
system size and cost. 
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Figure 3. Effect of different relative humidity on the thickness of frost layer [5] 
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Figure 4. Frost-free air source heat pump water heater system schematic diagram [6] 

 
Compared with solid desiccant dehumidification systems, 

liquid dehumidification systems are characterized by low 
solution regeneration temperature requirements and 
renewable energy can be provided by low-grade heat sources. 
In this regard, Li et al. [7] proposed a new frost-free air source 
heat pump system with the help of desiccant solution to 
absorb moisture and exchange heat with air, as shown in 
Figure 5, according to which a theoretical model is 

established and experimental validation is carried out, and the 
results show that the system operates more efficiently than the 
traditional air source heat pumps in the winter and does not 
need to be defrosted regularly. However, a multi-stage 
regeneration process is designed in this system, and the 
regeneration process is more complicated than conventional 
regeneration, and the required cost is larger, therefore, this 
system is not put into use. 

 

1

2

3

4

5
6

7

9

8

10

11

12

13

14

1516

17

18

19

20

212223

Solution pump A

Solution pump B

Solution pump C

Drive fan

First heat 
exchanger

Secondary heat 
exchanger

Preheat the heat 
exchanger

Venting

Solution heat 
exchanger

Regulating valve 1

Regulating valve 2Regulating valve 3

Evaporator

Condenser

Compressor
Low temperature 

cooling regenerative 
heat exchanger

Expansion valve

Solution 
tower

Water inlet Water outlet  
Figure 5. Schematic diagram of the new frost-free air source heat pump system [7] 

 

Zhang et al. [8] proposed a frost-free air source heat pump 
system with integrated liquid desiccant dehumidification, 
which utilizes LiCl solution to absorb the moisture in the wet 
air, and at the same time the absorbed water is used to 
humidify the room. Experiments on this liquid desiccant 
system were carried out in a low-temperature and high-
humidity environment, and the results show that the system 
ensures both frost-free operation of the evaporator and a 
comfortable level of humidity in the room, and the coefficient 
of performance of its humidification system is 30% to 40% 
higher than that of Conventional humidification system. 
However, the system solution regeneration process is direct 
contact, easy to bleed liquid phenomenon, causing serious 
pollution to the indoor environment. 

2.3. Changing the air flow rate 
Regarding the influence of inlet air flow rate on the frost 

suppression effect of evaporators, many scholars at home and 

abroad have carried out research, but the research results are 
not the same. Sen et al. [9] concluded through experimental 
research that the smaller the air velocity through the inlet of 
the evaporator, the more serious the evaporator frosting. Wu 
Jinyu et al. [10] studied the effect of inlet air flow rate on 
evaporator frosting under the experimental condition of -
20 ℃. The experimental results show that under the same 
conditions of temperature and humidity, the amount of 
frosting increases with the increase of the inlet air flow rate, 
and the increase is approximately linear. Guo Xianmin et al. 
[11] conducted an in-depth study on the influence of inlet air 
flow rate on evaporator frosting, taking into account the 
interaction between the operating parameters of the system 
and the air flow rate in the evaporator frosting process. The 
experimental results show that in the early stage of frosting, 
the growth rate of the frost layer thickness on the evaporator 
surface accelerates with the reduction of the inlet air flow rate, 
but in the late stage of frosting, the larger the air flow rate is, 
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the faster the growth rate of the frost layer is. 

3. Evaporator Surface Modification 
At present, the frost suppression mechanism of evaporator 

surface modification is mainly through changing the 
morphology and adhesion of water droplets on the cold 
surface, so that liquid water is not easy to condense on the 
surface to achieve the purpose of frost suppression. According 

to the surface wettability theory, solid surfaces can be divided 
into hydrophilic, hydrophobic, and superhydrophobic 
surfaces. The hydrophilicity of a surface is generally 
categorized according to the size of the static contact angle of 
the surface, as shown in Figure 6. The contact angle of 
hydrophilic surfaces is less than 90°, the contact angle of 
hydrophobic surfaces ranges from 90° to 150°, and the 
contact angle of superhydrophobic surfaces ranges from 150° 
to 180°. 

 

θ ＜90° 90°＜θ ＜150° θ ＞150°

（a）Hydrophilic surface （b）Hydrophobic surface （c）Super hydrophobic surface
 

Figure 6. Classification of hydrophilic surfaces 

 

3.1. Hydrophilic coating 
The use of hydrophilic coatings to retard evaporator frost 

first began in the 1980s, In 1989, Highgate [12] demonstrated 
that hydrophilic coatings were able to maintain water droplets 
on cold surfaces at -20 °C without freezing, and then 
Okoroafor et al. [13] conducted frosting experiments on 
hydrophilic-coated surfaces and ordinary surfaces. The 
experimental results show that the thickness of the frost layer 
on the surface coated with hydrophilic coating is reduced by 
10-30% compared with the normal surface, but the thickness 

of the coating is 0.7 mm, and the reusability is poor, and if it 
is coated on the surface of the evaporator, it will greatly 
reduce its heat transfer performance. Huang Lingyan et al. [14] 
developed a strong hydrophilic coating, the thickness of the 
coating is only 0.05 mm, which will be sprayed onto the 
surface of the copper plate and the uncoated surface for frost 
experimental research, the experimental results are shown in 
Figure 7. The figure can be seen before the experimental 
period of 80 min, coated with a good effect of frost 
suppression of its surface without frost formation, frost layer 
thickness of 0. 
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Figure 7. Frost suppression effect of two types of surfaces [14] 

 
Liang et al. [15] found that although the hydrophilic 

coating can inhibit evaporator frosting, its wettability is so 
good that a large amount of water is retained on the evaporator 
fins after melting the frost, which greatly shortens the 
secondary frosting time. Ma Qiang [16] studied the process of 
defrost drainage and cyclic refrosting on ordinary, hydrophilic 

and hydrophobic surfaces he found that in the process of 
defrosting and liquid discharge, the residual liquid water on 
the hydrophilic surface is irregular in shape, the contact angle 
is very small, and the liquid discharge is discharged in the 
form of a film and for the longest time, and in the process of 
recycling and refrosting, the residual liquid water freezes 



 

292 

within 2 min, and the surface is frosted very quickly again. 

3.2. Hydrophobic coating 
Compared with hydrophilic coatings, the frost inhibition of 

hydrophobic coatings is more widely studied, and many 
scholars have been inspired by the "Lotus Effect" and started 
to conduct the preparation and research of lotus leaf-like 
hydrophobic surfaces. Sommers et al [17]. analyzed the 
frosting experiments on uncoated, hydrophilic and 
hydrophobic coated surfaces. the experimental results showed 
that, compared with the uncoated surfaces, the frost density 
of the hydrophobic surfaces decreased by 37%~41%, while 
the frost density of the hydrophilic surfaces increased by 
20%~26%. Zhou Yanyan et al. [18] compared the frost 
formation on the surface of aluminum sheets with different 
contact angles at -28.5 °C. The comparison of the amount of 
frost formation on aluminum sheets with different contact 
angles is shown in Figure 8. The larger the contact angle, the 
less the amount of frost on the surface. With the extension of 
time, the amount of frost on the aluminum surface at each 
contact angle gradually increases, but the smaller the contact 
angle, the faster the increase; the larger the contact angle, the 
slower the increase. 
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Figure 8. Comparison of the amount of frost formation at 
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[18] 
 

Liu et al. [19] used a hydrophobic coating on an evaporator 
and investigated frost formation on the evaporator surface of 
an air-cooled refrigerator sprayed with a hydrophobic 
material (contact angle of 106.5°) versus a bare aluminium 
evaporator surface (contact angle of approx. 78°) over a 
period of 480h. The results showed that the initial frost 
formation on the evaporator was reduced by about 16.9% and 
the secondary frost formation was reduced by about 22.9%. 
Fan et al. [20] studied the frost characteristics of hydrophilic 
fins, conventional fins and superhydrophobic fins evaporator 
under the condition of ambient temperature of -10 ℃ and 
relative humidity of 90%, and the experimental results are 
shown in Figure 9, after 60 min of frost, the frost amount of 
superhydrophobic fins is reduced by 18% and 38.6% than that 
of hydrophilic fins and conventional fins, and the attenuation 
rate of heat exchanged by the heat exchanger is also the lowest. 
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Figure 9. Variation of the amount of frost on the surface of 

fins of different evaporators with time[20] 

4. Optimization of Evaporator 
Structure and Design 

Adjusting the evaporator structure and design can improve 
the heat transfer performance of the evaporator to a certain 
extent and play a role in suppressing evaporator frosting. 
Cheng Weihong et al. [22] used the distribution parameter 
method to model the evaporator and calculated the effect of 
different fin spacing on the evaporator frost, and concluded 
that increasing the fin spacing can delay the evaporator frost. 
Park et al.[23] conducted an experimental study on evaporator 
frosting with equal-pitch and sequentially increasing-pitch 
louvered fins, and found that unequal-pitch louvered fins 
inhibit frosting significantly, and the thermal performance is 
21% higher than that of equal-pitch louvered fins. However, 
the larger the evaporator fins are not the better, K et al.[24] 
experimentally investigated the effects of fin spacing of 1.41 
mm, 1.59 mm and 1.81 mm on the frost suppression 
performance of the evaporator. The results showed that the 
heat exchanger with fin spacing of 1.59 mm had the most 
obvious frost suppression effect and the highest total heat 
transfer coefficient. Zhang et al. [25] investigated the 
performance of parallel flow serpentine fin, parallel flow 
parallel fin and round tube waveform fin evaporators under 
frost conditions. The results showed that the round tube 
waveform fin evaporator had the longest operating time and 
the parallel flow parallel fin evaporator had the shortest 
operating time. Xie Fulin et al.[26] investigated in detail the 
effect of different fin types (smooth fins, corrugated fins and 
slit fins) on the evaporator surface frosting through 
experiments with a temperature of 0 °C, a relative humidity 
of 70%, and an inlet wind speed of 1.7 m/s at the evaporator. 
The results were shown that the surface frosting rate of 
corrugated fins and slit fins is much larger than that of smooth 
fins. 

5. Applying External Electromagnetic 
Fields 

The evaporator frost process is actually wet air in the water 
vapor migration on the surface of the evaporator, 
condensation process, due to the water molecules have a 
strong polarity, in the frost process if the application of 
external electromagnetic field will have an impact on the 
migration process of water molecules, affecting the frost. 
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Based on this, a large number of scholars have begun to study 
the effect of applied electromagnetic field on the evaporator 
frost suppression. 

5.1. Imposed electric field 
Schaefer was the first to discover that an applied electric 

field causes changes in the shape and size of the formed frost 
crystals[27] After that, Maybank et al[28]. carried out an in-
depth study and found that the frost crystals formed on the 
cold surface after the application of electric field would 
become more fragile and easy to fall off, and their shapes 
would be more elongated and would grow towards the 
electrode side. Munakata et al[29] investigated the effect of 
applied electric field voltage on frost formation on cold 
surfaces. The results showed that the amount of frost on the 
surface decreased significantly at a voltage of 7.5 kV, and then 
increased when the voltage was further increased. Blanford et 
al.[30] analyzed the effect of the magnitude of the applied 
electric field current on the evaporator frost. The 
experimental results showed that: when the current size of 5 
μA, the surface frost amount reduced to 20% of the original; 
when the current size increased to 120 μA, the surface frost 
amount but increased to 100% of the original. 

The results of the above scholars show that the applied 
electric field will delay the amount of frost on the evaporator 
and cold surfaces, but some scholars found that the applied 
electric field does not inhibit the frost, Zhang Xinhua et al.[31] 
tested the frost inhibition performance by applying an electric 
field to a hydrophilic surface.The experimental results 
showed that the applied electric field not only does not inhibit 
the formation of the frost layer on the hydrophilic surface, but 
also promotes the growth of the frost layer. Dalvi et al.[32] 
found that although the applied electric field had an effect on 
the size and shape of the generated frost crystals, it had no 
effect on the frost formation rate and the amount of frost 
formation. It can be seen that the use of applied electric field 
to inhibit evaporator frost needs more in-depth research. 

5.2. Imposed magnetic field 
Magnetic fields can change the physicochemical properties 

of water and have an effect on the phase change process of 
water, which in turn has an effect on the evaporator surface 
frosting. Gou Yujun et al.[33] conducted an experimental 
study on the magnetic surface frost phenomenon and 
compared it with the ordinary surface frost. The experimental 
results showed that: due to the role of the magnetic field, the 
magnetic surface generated frost crystals more sparse, loose, 
similar to the shape of the needle, but did not carry out an in-
depth study of the. Mok et al.[34] investigated the process of 
solution freezing under the action of an applied magnetic field, 
and came up with results similar to those of Yujun Gou on the 
effect of magnetic field on frost crystals, and further 
concluded that an applied magnetic field would retard frosting. 
Li Jiacun et al.[35] investigated the effect of cold surfaces 
with different magnetic properties on frosting. The results 
showed that when the magnetic properties were in the range 
of 0-350 mT, the magnetic field could effectively inhibit the 
frosting process on the cold surfaces, and the frost crystals 
that had been formed on the magnetic surfaces were easier to 
remove compared with the non-magnetic surfaces; however, 
when the magnetic properties are in the range of 350-400 mT, 
the presence of magnetic field promotes the frosting on the 
contrary. Mengmata et al.[36] studyed on the crystallisation 
characteristics of bare copper surface under weak AC 

magnetic field (0-6mT). The experimental results showed that 
the degree of crystallization supercooling increased with the 
increase of magnetic field strength, which prolonged the 
crystallization time to a certain extent, which provided a 
reference for the study of frost suppression by the additional 
magnetic field of the evaporator. 

6. Conclusion and Outlook 
This paper summarizes the evaporator frost suppression 

methods explored by scholars in recent years and reviews the 
research progress of changing the evaporator inlet air 
parameters, evaporator surface modification, optimizing the 
structure and design of the evaporator, and applying external 
electromagnetic field. However, in order to realize the safe 
use and efficient operation of air source heat pumps, the 
author believes that in-depth research is needed in the 
following aspects. 

(1) change the evaporator inlet air parameters: preheat the 
evaporator inlet temperature can inhibit frost, but most of the 
methods need to consume extra energy and low efficiency, 
recovery of waste heat will be used for the evaporator inlet 
warming not only energy saving but also can play a role in the 
effect of frost inhibition will become the future direction of 
the research; the use of desiccant to reduce the humidity of 
the air inlet of the evaporator can play an obvious effect of 
frost inhibition, but the continued use of desiccant leads to its 
dehumidifying However, the continuous use of desiccant 
leads to its dehumidification ability to reduce, renewable 
desiccant dehumidification system in the actual use of some 
problems, need to be further improved; change the evaporator 
inlet air flow rate to inhibit the effect of frost in the early stage 
of frost and the later is not consistent, need to be more in-
depth study. 

(2) evaporator surface modification: hydrophilic coating 
and hydrophobic coating although both play a good frost 
inhibition effect, but there are some problems, hydrophilic 
coating evaporator first frost defrost will be due to its 
hydrophilic nature, the fin surface will retain a lot of water, 
and will soon be frost again; hydrophobic coating evaporator 
in the ultra-low temperature evaporator surface temperature, 
it will promote the frost and frost layer growth more dense. 
Therefore, it is still to be explored whether it is feasible to use 
both of them to inhibit evaporator frosting. 

(3) Optimize the structure and design of the evaporator: 
Although changing the fin spacing and fin type of evaporator 
can achieve the effect of frost suppression, the size of fin 
spacing and the selection of fin type should be determined 
according to the experimental environment. 

(4) Apply external electromagnetic field: the voltage, 
current and polarity of the external electric field will have a 
certain effect on the frost layer, but there is no unanimous 
conclusion on whether it promotes or inhibits frost; the effect 
of the external magnetic field on the frost suppression will be 
changed with the change of the magnetism, sometimes 
instead of promoting the frost, the magnetic poles of the 
magnetic layer of the underlying causes of the impact of the 
frost layer of scholars did not carry out a profound study. 
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