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 This paper aims to study the winter heating performance of the air source heat pump 

(ASHP) system in cold regions. To this end, a winter operation performance test platform 

of the ASHP was built in an office building of a university in Zhangjiakou area. In the 

heating season of 2017-2018, the field test on performance parameters such as heating 

capacity and power consumption of the ASHP system were conducted. The results showed 

that the ASHP system used in the test can operate normally in extremely cold weather 

conditions in Zhangjiakou area; the indoor temperature during the ASHP operation meets 

the winter heating requirements; the coefficient of performance (COP) during the deep cold 

period was between 1.32 and 3.29; with the outdoor temperature reduced, the heat pump 

defrosting and oil return process is one of the main factors for energy consumption 

increase; when the outdoor temperature is high, 10-hour operating mode can save more 

power compared to the full-day operation; when the outdoor temperature is low, it does 

not necessarily save more. The research findings provide a valuable reference for the 

application and improvement of the ASHPs in cold regions. 
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1. INTRODUCTION 

 

The ASHP is a cold and heat source device of the heating, 

ventilating and air conditioning (HVAC) system with outdoor 

air as the heat source side energy-carrying medium [1]. Due to 

its characteristics such as simple structure, convenient 

installation, low manufacturing cost, dual-purpose cooling and 

heating, high efficiency, energy saving, and environmental 

protection, etc. [2-5], the ASHP has a promising development 

prospects. 

However, there are some problems with the ASHP under 

the heating operating conditions in cold regions, e.g., with the 

low volumetric efficiency of the compressor, the excessive 

low evaporating pressure leads to an increase in the suction 

specific volume, and then the mass flow of refrigeration 

system, and the unit heat supply are reduced [6, 7]; When the 

outdoor temperature is low and the relative humidity is too 

high, the outdoor heat exchanger is prone to frosting, which 

deteriorates the heat exchange, resulting in a sudden decrease 

in heat supply and even a shutdown phenomenon [8, 9]. In 

order to improve the low-temperature adaptability of the 

ASHP, domestic and foreign scholars and enterprises have 

carried out many related technology research and development, 

launched a variety of ASHP solution under low temperature, 

and conducted related testing experiments [10-14]. For 

example, Deng et al. [15] conducted a comparison test of the 

heating performance between the single-stage compression 

and double-stage enthalpy-adding compression rotor-type 

low-temperature ASHP units, which showed that the COP of 

the double-stage compression low-temperature unit was about 

22% -40% higher than the other type; Hakkaiki-Fard et al. [16] 

studied the replacement of the working medium of the heat 

pump, and used the azeotropic refrigerant mixture to improve 

the performance of the ASHP in cold regions; Ma et al. [17] 

performed the heating experiments in rural houses in Beijing 

using the ASHP of two-stage enthalpy-adding compression 

rotor type and hot air type under low temperature; the results 

showed that the ASHP can operate normally under the outdoor 

temperature conditions in winter in Beijing and create a 

suitable room temperature. Thus, there have been a lot of 

valuable research results about the heat supply of low-

temperature AHSP. However, the research on the actual 

application effect of the ASHP in Zhangjiakou and other cold 

regions is still insufficient, due to many uncertainties in the use 

of the AHSP for heating in these regions. 

This study attempts to explore the actual application effect 

of the ASHPs in cold regions such as Zhangjiakou. For this, it 

built an operation performance test platform of the multi-split 

ASHP system in the office building of a college in 

Zhangjiakou during the heating season 2017-2018. Then, the 

field test was conducted on the actual heating performance 

from the aspects of indoor and outdoor environment 

(temperature and humidity), unit inlet and outlet parameters 

(wind temperature and wind speed), system power 

consumption, heating capacity, and COP etc. The technical 

feasibility and applicability of this ASHP system in the cold 

region were analyzed. The research results are of great 

significance for expanding the application range of the ASHPs 

in cold regions of China. 

 

 

2. TEST PLATFORM 

 

2.1 Building overview 

 

The test buildings were three offices on the south side of the 
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second floor of an office building in Zhangjiakou City. Each 

office is 8m long, 7.5m wide and 4m high, with a total building 

area of 180m2; the south wall is the outer wall, and the rest are 

the inner wall; the north inner wall connects the corridor. Each 

room has a total of 6 south outer double-glass windows, which 

are 1.45m high and 1.15m wide. The outer wall and top layer 

are well insulated. All meet the requirements of relevant 

building heating design specifications. 

 

2.2 Test object 

 

The test object is a multi-split ASHP system, with a rated 

heating capacity of 45kW, and a heating power consumption 

of 10.7kW. There are a total of 3 embedded indoor units with 

full-round wind. Using a turbo-fan, they can be operated 

silently, and a PM2.5 electrostatic dust filter was installed at 

the return air inlet to circulate and filter the indoor air. The test 

used a scroll compressor with the high and medium pressure 

chamber that adopts the DC frequency conversion technology. 

It’s also equipped with intelligent touch manager, connecting 

indoor unit and outdoor unit, and setting parameters such as 

temperature and running time etc., thereby achieving energy 

efficient control. The outdoor unit was installed on the south-

facing terrace on the second floor of the office building, with 

good ventilation and lighting. 

Figure 1 shows the principle of the system under test. 

 

 
 

Figure 1. Schematic diagram of the multi-split ASHP system structure 

 

 

3. TEST METHOD 

 

The calculated outdoor temperature of Zhangjiakou in 

winter is -13.6℃, and the average outdoor temperature in the 

heating season is -3.9℃. The coldest month is January, the 

average humidity is 41%, and the heating period starts from 

November for a total of 146 days. To investigate the winter 

operation performance of the multi-spit ASHP system in cold 

regions such as Zhangjiakou, the field test was conducted on 

the system from November 4, 2017 to March 31, 2018. During 

the test, the power consumption of the system was measured 

and recorded hourly using a multi-function intelligent electric 

meter; the heating capacity was measured by the outlet 

sampling method of indoor unit, that is, by measuring the 

indoor unit inlet and outlet air volume and the heating capacity 

of wind temperature computer group. 

 

3.1 Measuring points’ arrangement and test instruments 

 

During the test, real-time monitoring and recording were 

performed for the indoor and outdoor ambient temperature, 

wind speed and humidity, as well as the wind temperature, 

wind speed and heat consumption at the fan coil outlet of the 

indoor unit. Among them, the measuring points of indoor 

temperature were arranged according to the provisions of the 

Evaluation Standards for Indoor Thermal and Humid 

Environment of Civil Buildings (GB/T50785-2012), i.e., select 

the three equal diversion points on the diagonal of the test area 

and arrange them at the location 1.5m from the ground and 1m 

from the wall where few people walk along and has no door 

and window, as shown in Figure 2.A temperature sensor and a 

temperature and humidity tester were arranged in a well 

ventilated outdoor space about 1.5 meters from the ground to 

measure the outdoor temperature and humidity, respectively. 

Temperature sensors were also arranged at the four air outlets 

and return air outlets of the fan coil in the indoor unit, and a 

wind speed recorder was arranged at the air outlet of the fan 

coil. The temperature sensor and wind speed recorder were 

connected to the paperless recorder, which is used for 

collection and storage with the data collection period of 30S. 

Table 1 lists the parameters of test instruments. 

In order to ensure the measurement accuracy, all test 

instruments were calibrated before the test, e.g., all 

temperature sensors were calibrated with a laboratory standard 

thermometer, and the error was within ±0.3℃, which meets 

the test requirements. 

 

Table 1. Parameters of main test instruments 

 
Instruments Model Scope Accuracy 

Multi-function intelligent electric meter DTS-253  Class 1 

Wind speed recorder 8465-150-1VR003 0.125-50m/s ±5% 

Temperature sensor PT100 -50~+200℃ ±0.3℃ 

Digital temperature-humidity tester Testo635-1 
-20~70℃ 

0~100%RH 

±0.5℃ 

±3% 

Paperless recorder YOKOGAWAP20   

 Check valveFilter
Silencer

Compressor

Outdoor unit Indoor unit

Capillary

Reversing

valve
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Figure 2. Layout of indoor temperature measuring points 

 

3.2 Test plan 

 

The test plan was developed by changing the system's 

operating time and indoor temperature in order to test the 

system heating performance under different working 

conditions as much as possible, and to ensure each working 

condition within a wider outdoor temperature range. 

Considering that the test building is an office building, and has 

no people staying at night, the operating conditions are divided 

into two situations: all-day operation and 10-hours operation. 

(1) Nov 4-Jan 2: 24 hours a day, and the indoor set 

temperature of 20℃; 

(2) Jan 3- 27: 24 hours a day, and the indoor set temperature 

of 22℃; 

(3) Jan 28-Feb 10: 10 hours from 8: 00-18: 00, and the 

indoor set temperature of 20℃; 

(4) Feb 11-Mar 31: 10 hours from 8: 00-18: 00, and the 

indoor setting temperature of 22℃. 

 

3.3 Test data processing 

 

(1) Unit power consumption 

A separate power meter was configured for the unit to 

measure the power consumption and accurately obtain the 

power consumption. The multi-function intelligent electric 

meter DTS-253 with Class 1 accuracy was applied to measure 

and record the power consumption 𝑁𝑖 hourly. 

 

(2) System heat supply 

The heat supply of the system was calculated using the air 

volume and the inlet and outlet wind temperature of the fan 

coil. The instantaneous heat supply of the unit at the moment 

i is: 

 

( ) 3600,, ihicipi ttAvCQ −= 
 

 

where: 𝑄𝑖  is the instantaneous heat supply (kW ⋅ ℎ) of the unit 

at the moment i, 𝐶𝑝  is the constant pressure specific heat 

capacity of the air (kJ/(kg·K)), 𝑣𝑖 is the wind speed (m/s) of 

the fan coil outlet at the moment i,𝑣𝑖 =
1

𝑛
∑ 𝑣𝑗
𝑛
1  by taking the 

average value at the measuring points of all wind speeds at that 

moment, A is the cross-sectional area (m2) of the air outlet of 

the fan coil, ρ is the air density (kg/ m3), 𝑡𝑐,𝑖 and 𝑡ℎ,𝑖 are the 

temperature (℃) of the air outlet and return air of the fan coil 

at i. 

The cumulative heat supply of the unit in time 𝜏0 is given 

as: 

 

( ) 



 dttAvCQ ihicip −=
0

0

,,
3600

1

 
 

where, τ is time (s). The above formula shows that the 

cumulative heat supply of the unit can be calculated in any 

length of time. 

 

(3) COP of the heat pump 

The COP is defined as the ratio of the unit's heating capacity 

to the power consumption, and is an important indicator to 

measure the operating performance of the ASHP. 

 

i

i

i
N

Q
COP =

 
 

where,𝐶𝑂𝑃𝑖 is the COP of the heat pump unit at the moment i, 

𝑄𝑖  is the heat supply (kW ⋅ ℎ)of the heat pump unit, and 𝑁𝑖 is 

its power consumption (kW ⋅ ℎ) in this period. 

 

3.4 Error analysis 

 

Before completing the formal test of the test platform, all 

the test points were calibrated using the corresponding 

standard test equipment. After multiple sets of tests, the 

relative errors of all test points were within ± 5%, meeting the 

test requirements. 

 

 

4. TEST RESULT ANALYSIS 

 

During the test period of the ASHP system, continuous 

operation and intermittent operation were conducted in 

different time periods at the indoor temperature settings of 

20℃ and 22℃, respectively, to obtain the heating experiment 

data for the entire heating season. The study selected several 

sets of typical experimental data to analyze the heating 

performance of the system in winter. According to the design 

rules of heating, ventilation and air conditioning, the indoor 

design temperature range of heating in cold regions is 18-

24℃. Therefore, in this paper, when the indoor heating 

temperature reaches 18℃ or above, it’s considered to meet the 

indoor heating demands. 

 

4.1 Analysis of indoor heating effect 

 

Figure 3 and 4 show the outdoor temperature and indoor 

temperature variation curves of the heating room during the 

system operation on January 21 and 27, 2018, respectively. 

On Jan. 21, 2018, the weather conditions changed from 

cloudy to light snow, with a minimum outdoor temperature of 

-12.1℃, a maximum temperature of -0.9℃, an average 

temperature of -6.38℃, and an outdoor humidity of 81.2%. 

The operating conditions of the ASHP were set to be all-day 

operation and the indoor set temperature of 22°C. It can be 

seen from Figure 3 that during the time period from 8:00 to 

14:00 on Jan. 21, the outdoor temperature gradually increased 

due to the increase in outdoor solar radiation; from 15:00 to 

8:00 on Jan. 22, rain and snow began to appear; at this time, 
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the amount of solar radiation became less, outdoor humidity 

increased, and the temperature began to fall, while the indoor 

temperature was basically maintained at 22℃, with almost no 

fluctuation; at 1:00 a.m. on Jan. 22, the indoor temperature was 

below 20℃, because there was no one working indoors during 

this period of time, the amount of free heat in the room became 

less, and the defrosting or oil return process of the heat pump 

during this period reduced the room temperature to a small 

extent, but the average indoor temperature remained at about 

21℃ during the entire test period. This shows that the ASHP 

system under test can still meet the indoor heating 

requirements in rainy and snowy weather with low average 

outdoor temperature. 
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Figure 3. The indoor and outdoor temperature variation curve from 8:00 on the 21st to 8:00 on the 22nd, January 
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Figure 4. The indoor and outdoor temperature variation curve from 8:00 to 18:00 on the 27th, January 
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On Jan. 27, 2018, the weather conditions changed from light 

snow to cloud, with a minimum outdoor temperature of -14℃, 

a maximum temperature of -4℃, an average temperature of -

8.16℃, and the outdoor humidity of 70.1%. Operating 

conditions of the ASHP were set to the indoor temperature of 

20℃and the operating period for ten hours from 8:00 am to 

18:00 pm. It can be seen from Figure 4 that when the device 

was just turned on, the indoor temperature was low, and the 

indoor temperature gradually increased with time, reaching the 

indoor set temperature. This shows that when rising to the set 

temperature, the indoor temperature is basically maintained at 

about 20℃, which can meet the indoor heating requirements. 

 

4.2 Hourly performance analysis of the unit 

 

To explore the low-temperature operating performance of 

the unit, hourly performance analysis was performed on the 

day when the outdoor temperature was low (8:00 am on 

January 22, 2018 to 8:00 am on January 23, 2018). The 

operating condition of the system during this period was 24 

hours a day, and the indoor set temperature was 22℃. Figure 

5 and 6 shows the changes of fan coil outlet temperature and 

wind speed, outdoor temperature and humidity, and power 

consumption of the unit during this period. 
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Figure 5. The changes of fan coil outlet temperature, wind speed and outdoor temperature with time 
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Figure 6. The changes of system power consumption, outdoor temperature and humidity with time 
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It can be seen from Figure 5 that during this period, the 

outdoor temperature was always below -5℃ and the minimum 

temperature was -18℃, while the air outlet temperature of the 

indoor unit was maintained within the range of 30℃-45℃, 

and the maximum temperature reached 47℃. Starting from 

8:00 am on Jan. 22, the outdoor weather turned from cloudy 

and sunny, the amount of solar radiation increased, and the 

temperature gradually rose; between 12:00 and 13:00, the 

outdoor temperature reached the highest; afterwards, the 

amount of radiation gradually decreased and there was snow 

outside; the heat absorption during the snow melting process 

caused the outdoor temperature to decrease linearly. The 

indoor temperature of the heat pump was set at 22℃.From 

8:00 am to 9:00 am on January 22nd, people enter the room 

one after another, the indoor air changed more frequently, and 

the temperature was lower, so that the heat pump was in full 

load heating state, and the wind speed at the air outlet was high, 

reaching about 5.5m/s, while the temperature of the air outlet 

was maintained at about 40℃; with the increase of outdoor 

solar radiation and the number of indoor personnel, as well as 

the operation of the computer, electric lights and other 

equipment, the indoor free heat increased, and the heat load of 

the ASHP was reduced. As shown in Figure 5, the temperature 

of the air outlet at 9:00-13:00 decreased and maintained at 

22℃, while the wind speed was reduced and maintained at 

about 2.5m/s, the heat pump was in a standby state; from 13:00 

to 8:00 the next morning, due to the reduction of solar 

radiation, coupled with the heat absorption of snowmelt, the 

outdoor temperature dropped rapidly, the increasing 

difference between indoor and outdoor temperature resulted in 

the increase in the indoor heat dissipation, and the heat pump 

was always in the heating state; from 13:00 to 22:00, the outlet 

temperature fluctuation range of the indoor unit was 30℃ to 

45℃, and the wind speed of the outlet in the indoor unit 

maintained between 1.5m/s to 2.5m/s; from 22:00 to t 8:00 the 

next morning, the outlet temperature of the indoor unit 

fluctuated around 40℃, and its wind speed became larger, 

fluctuating at 3m/s to 5m/s. This is because during the period 

from 22:00 to 8:00 in the morning the people were not in the 

office, and the computers, lights, and other related equipment 

used were turned off, while the outdoor temperature was lower, 

which caused an increase in the head load of the ASHP. 

It should be noted that there were 9 extreme operating 

conditions on the temperature curve at the air outlet of the 

indoor unit, e.g., the minimum air outlet temperature was even 

lower than 0℃, and the corresponding wind speed was quickly 

reduced to 0m/s, which is the defrosting or the oil return 

process of the heat pump. This could take away heat from the 

room, so the unit's fan stops running at the corresponding time 

to avoid blowing cold air into the room. 

Figure 6 shows that from the perspective of energy 

consumption, the power consumption of the ASHP was 

significantly lower in the period of 8:00 to 12:00 on Jan. 22, 

and it suddenly increased to 5kWh from 13:00 to 15:00, which 

is because the outdoor temperature started to decrease, the 

indoor heat loss increased, and the heat pump defrosted or 

returned oil during this time. From 16:00 to 22:00, the power 

consumption of the heat pump was maintained at an average 

of 4kWh per hour, because the large amount of free heat was 

obtained in this room, and the heating load of the unit wasn’t 

too large. From 22:00 to 8:00 in the morning of Jan. 23, the 

heat pump power consumption was maintained at 4kWh to 

6kWh per hour. At this time, the outdoor temperature dropped 

to -18℃, the indoor load increased and the heat pump had the 

defrosting and oil return process for four times, leading to the 

most power consumption during this time. In the other days of 

the heating season, the parameters of the unit changed roughly 

the same, and only differed slightly in the fan start-stop time 

according to the outdoor temperatures. 

 

4.3 Daily performance analysis of the unit 

 

The test data of the deep cold period (Jan. 2 to 26, 2018) 

was selected to analyze the daily energy consumption and 

energy efficiency ratio of the unit. The operating condition of 

the system during this period was 24 hours a day, and the 

indoor set temperature was 22℃. The daily system heat supply 

was calculated according to the method of test data processing 

in 2.3, and the daily COP of computer group was calculated 

based on the daily power consumption of the system recorded 

by the smart meter. Figure 7 shows the daily variation curve 

of the unit COP. Figures 8-10 show the effects of the outdoor 

average temperature, outdoor maximum humidity, and 

defrosting time ratio on the unit COP and heat pump power 

consumption, respectively. 

It can be seen from Figure 7 that the variation trend of the 

outdoor average temperature and the COP was basically the 

same, that is, as the outdoor average temperature increases or 

decreases, so does the COP. During the deep cold period from 

Jan.2 to 26, the maximum value of the unit COP was 3.29 and 

the minimum value was 1.32. Also, when the average outdoor 

temperature is less than -10℃, the COP is prone to be less than 

2, that is, the outdoor temperature has a greater impact on the 

working efficiency of the ASHP. 

The COP of the unit was affected by the defrosting time of 

the outdoor heat exchanger. As shown in Figure 8, the longer 

the defrosting time, the smaller the COP value. When the 

percentage of defrost time in the operating time decreased, 

COP showed an upward trend; otherwise, the COP showed a 

downward trend. From Jan. 13 to 15, the defrosting time 

accounted for 2.08% of the running time, and the average COP 

of these three days was 2.5; and from Jan. 22 to 23, Jan. 25 to 

26, its percentage was significantly greater than the number of 

other measured days, and the average COP value for these four 

days was only 1.18.The data analysis found that the outdoor 

defrosting time changes with the outdoor temperature and the 

outdoor maximum humidity. Figure 9 shows that when the 

outdoor temperature was -5.63℃, and the maximum relative 

humidity was 48.7%, the shortest defrosting time was 21min; 

when the outdoor temperature was -12.97℃, and the 

maximum relative humidity was 37.4%, the longest heat pump 

defrosting time was 148min. Outdoor temperature reduction is 

still the main factor for frost formation in outdoor heat 

exchangers of the heat pump. With the outdoor temperature 

range -13≤t≤-5℃, the defrosting time increased as the outdoor 

temperature decreased, and the maximum outdoor relative 

humidity measured during the test reached about 60%, which 

is the consistent with the research results of Jiang et al. [18] 

that the possible range of frosting in the ASHP in winter is -

12.8≤t≤-5 ℃, and the relative frosting occurs when the relative 

humidity reaches 67%. 

As the outdoor temperature decreased, the power 

consumption of the heat pump also increased significantly, as 

shown in Figure 10. This is because of the increase in the unit 

operating load under the lowered outdoor temperature and the 

heat supply. It can also be seen that the variation trend of the 

ASHP power consumption curve is very similar to that of the 

defrosting and return oil frequency curve, indicating that the 
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heating efficiency of the ASHP has a great correlation with its 

defrosting or oil return process. Therefore, the key factor to 

improving the ASHP heating efficiency is not only to increase 

the volumetric efficiency of the compressor during operation, 

but also to reduce its energy consumption during the defrosting 

and returning oil. 
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Figure 7. Daily variation curve of COP 
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Figure 8. The effect of defrosting time on COP  
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Figure 9. The effects of outdoor daily average temperature and relative humidity on the defrosting time of heat pump 
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Figure 10. Variation of unit power consumption with outdoor average temperature and humidity 

 

4.4 Analysis for system power consumption under 

different operating conditions 

 

The operating data in the heating season was collected to 

analyze the power consumption under different operation 

conditions. Table 2 lists the power consumption with the same 

outdoor temperature and indoor temperature under different 

operation conditions.  

Table 2 shows that at the indoor set temperature of 22℃, 

and the average outdoor temperature of -3, -4℃, the power 

consumption for 10 hours of operation per day was 

10kW·hless than all-day operation; at the outdoor temperature 

of -9℃, the power consumption for all-day operation was less 

than 10 hours of operation per day. Comparing 4 and 5 in 

Table 2, it can be seen that when the indoor set temperature 

was 20v and the outdoor average temperature was -6 or -9℃, 

the power consumption for all-day operation was less than that 

for 10 hours of operation per day. 

By comparison it’s found that the power consumption of the 

system is not only directly related to the outdoor temperature, 

but also the operation mode. During all day operation, when 

the temperature-sensing element receives the indoor 

temperature signal, it’s fed back and compared with the set 

temperature; if greater than or equal to the set temperature, the 

heating will be stopped; otherwise, it will start, which can 

ensure the indoor temperature within the set temperature range. 
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In this operating condition, the system is not running at full 

load, because there is a period of time to stop heating, and the 

power consumption during heating is not very large. If the 

system runs for 10 hours a day, the entire device will stop 

working after 18:00 in the afternoon. At night, affected by the 

outdoor temperature, the indoor temperature will gradually 

decrease in a large degree. To reach the indoor setting 

temperature the next day, the system needs to run at full load 

when it starts working at 8:00, and this process consumes a 

relatively large amount of power. Therefore, with the high 

outdoor temperature, 10-hour operating mode can save more 

power compared to the full-day operation; with the low 

outdoor temperature, it does not necessarily mean it. 

 

Table 2. Comparison of power consumption under different operating conditions 

 

No. 
Average outdoor  

temperature (℃) 
Date Operating mode 

Indoor set  

temperature (℃) 

Power consumption  

(kW·h) 

1 -3 
Feb.14  8:00-18:00 

22 
34.15 

Jan 14-15 All-day (8:00-8:00 next day) 46.02 

2 -4 
Feb.25 8:00-18:00 

22 
33.01 

Jan. 18-19 All-day (8:00- 8:00 next day) 50.89 

3 -9 
Feb. 11 8:00-18:00 

22 
52.02 

Jan. 9-10 All-day (8:00- 8:00 next day) 46.02 

4 -6 
Jan. 31 8:00-18:00 

20 
38.01 

Dec. 3-4 All-day (8:00- 8:00 next day) 22.01 

5 -9 
Feb. 8 8:00-18:00 

20 
50.01 

Dec. 11-12 All-day (8:00- 8:00 next day) 33.02 

 

 

5. CONCLUSIONS 

 

This paper attempts to study the winter heating performance 

of the ASHP system in cold region. For this, it builds a test 

platform of ASHP heating performance in Zhangjiakou, and 

performed the field tests on the heating performance of the 

ASHP system in a complete heating season. The main 

conclusions have been drawn as follows: 

(1) The ASHP system in this test operated normally in 

extremely cold weather conditions in Zhangjiakou area. 

On the day when the outdoor temperature was always at -

5℃ and the minimum temperature reaches -18℃, the 

maximum frequency of ASHP defrost or return oil was 9 

times, but the ASHP can still maintain the indoor average 

temperature above 20℃; 

(2) From the perspective of energy consumption, the 

variation curve of total system power consumption is 

significantly related to the defrosting or oil return 

frequency curve, indicating that the process of defrosting 

and oil return is one of the main factors for its energy 

consumption increase; 

(3) During the coldest period in winter (January-February) of 

Zhangjiakou, the measured COP of the ASHP system was 

between 1.32 and 3.29; the COP could also be maintained 

at 1 to 2 in extreme cold weather. It meets the needs of 

indoor heating, but with a large energy consumption; 

(4) The decrease of outdoor temperature is the main factor for 

frost formation of the outdoor heat exchanger. At the 

outdoor temperature of -13≤t≤-5 ℃, the defrosting time 

of the ASHP increased as the outdoor temperature 

decreases. The COP of the heat pump system showed a 

downward trend as the defrost time increased as a 

percentage of the running time. 

(5) The power consumption of the system is related to the 

operating mode and outdoor temperature. With the high 

outdoor temperature, 10-hour operating mode can save 

power compared to the full-day operation; with the low 

outdoor temperature, it does not necessarily save more 

power than the full-day operation. 

The test results showed that the ASHP system can operate 

normally in cold regions such as Zhangjiakou and meet the 

heating needs of the building. The COP can be maintained 

between 1 and 2 in extremely cold weather, and the system 

energy saving can be achieved by changing the operating 

mode at different outdoor temperatures. The research findings 

provide a reference for the popularization and application of 

the ASHPs in cold regions. 
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