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Abstract. In this paper a solar air preheater is installed in front of the evaporator of air source heat
pump in order to solve frost and liquid strike of the evaporator operating in the cold regions. The
analysis shows that the new system can increase the air side temperature of the heat pump evaporator
effectively, and improve the operation stability of heat pump. It provides a reference for the
popularization and application of air source heat pump technology in cold area.

Introduction

The air source heat pump has been widely used in recent year, because it can save energy, reduce
environment pollution. However under the condition of low temperature it is easy to frost on the
surface of the heat pump evaporator, it increase the heat transfer resistance between refrigerant and the
air, makethe heat transfer effect worsen. Along with the growth of frost layer, the air flow resistanceis
greatly increased; resulting in the fan power consumption increase. Furthermore the compressor
continued to work under frosting condition, it occurs liquid impact which causes the air source heat
pump performance variation [1].

At present, the most commonly used air source heat pump defrosting way isto reverse cycle defrost
and hot gas bypass defrosting. Reverse cycle defrost faster, but in the process of defrosting needs to
absorb heat fromtheinterior side, at the sametime, four-way valve frequent commutation will affect its
reliability and lifetime; 1n the process of the hot gas bypass defrosting,defrost energy mainly comes
from the compressor power consumption, therefore, defrosting lower, and easy to cause compressor
suction liquid defrosting procesy[2]. Furthermore in recent years the air conditioner manufacturers
have developed increasing enthalpy by replenish gas, multistage compression techniques to improve
the performance of the heat pump under low temperature conditions, but the effect is not obvious,
equipment costs increased significantly.

In order to improve the efficiency of air source heat pump under low temperature condition, many
scholars put forward the new system types which combined low temperature solar energy system with
air source heat pump system for composite utilization [3-6]. One kind of composite system take the
solar heating system as the main body, and the heat pump is auxiliary heat source, only used when the
heating supplied by solar heating systemisnot enough. Another kind is solar assisted heat pump system
also known as the solar energy heat pump; the solar heating system is assistive technology to hoist the
system performance of the heat pump. The structure of solar assisted heat pump hot water system is
complex and the water leak proof and winter antifreeze problems pose athreat to persistent operation
of the system; moreover, the cost of solar hot water collector ishigher, not easily accepted by ordinary
people. So, on the basis of the existing air source heat pump, the infiltration air heating device is
combining with building to preheating the intake air of heat pump. The new system can improve air
source heat pump performance and broaden the equipment using regional without major changes of
investment.
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Composition of the New Solar Energy Coupling Air Source Heat Pump System

System composition

Fig 1 showsthe principle diagram of the new solar energy coupling air source heat pump system. The
system mainly includes air source heat pump systems and the solar energy air preheats system. The
outdoor evaporator is mounted after the preheat system and the supplied water outflow from the
condenser of the air source heat pump, into the water tank. The solar energy air preheat systemis made
up of infiltration air collector, fan and air valve. In order to integrate with the building, the air collector
can be installed on the south wall. The installation layout of the infiltration collector is displayed in
Fig2.
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Fig 1 The principle diagram of the new solar energy coupling air source heat pump system.
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Infiltration air collector

Fig2 Installation layout of infiltration air collector

System operation mode
In the heating season the compound heat pump system uses the homemade infiltration air collector to
preheating the outdoor air, then the outside evaporator of air source heat pump extract the heat from
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the preheated air to make the hot water. This new device can realize double effect for heating and
cooling operation. By the centrifugal fan in the air duct the preheated air is introduced as the low
temperature heat source of the heat pump to realize the heating condition. In the cooling season the
path from infiltration air collector to outdoor exchanger heater by closing the valve, at the same time
the by-pass valve is open, the heat pump outdoor unit can exhaust heating normally .

The new compound system has three kinds of operating conditions:

Mode 1: single air source heat pump heating operation mode: in winter when the irradiation is
absence, air source heat pump absorbs heat from the air, for the single pump operation mode.

Mode 2: The solar assisted air source heat pump heating mode: in winter wheniit is a cold day with
abundant irradiation. The solar air preheater is launched to improve the operation efficiency of the
evaporator.

Mode 3: A singleair source heat pump cooling operating mode: in summer the air source heat pump
is adopt to realize cooling condition.

Design and Testing of the New Composite System

Equipment Selection
In this paper atypical rural residence in Beijing is selected as research object. Its heating area is 80n,
the calculation result of heating load is 32kW in accordance with the building heating load index of 40
W/n?. According the heat load, the main equipment parameter of the compound system are confirmed
and listed in the table 1.

Table 1 the parameters of the main equipment

Item Specification
Heating capacity 3.2KW

Power supply 3N-380V/415V50HZ/60HZ
Refrigeration R22 22.7kg

Compressor Entire seal vortex type compressor

type tube-in-tube condenser
Condensor
cooling waterconsumption 0.3m%h
Evaporator Air volume 1035 m¥h
Air collector Area 9m?
System testing

In order to study the affection of the solar preheated air for heat pump, the compare test is carried out
under the approximate operating condition. Test items include the water side import and export
temperature, the outlet air temperature of the collector, air mass flow, water side flow, system
electricity power and the coefficient of performance so on. The test range and precision of the
instrument are listed in the Table2.

Table 2 Test range and precision of the instrument

No Instrument Name specifications Test ranges Test precision
1 Temperature data logger RHLOG-T-H -25°C~55°C +0.3°C
2 Hot bulb anemometer QDF-2A 0~10m/s +5%
3 Temperature sensor PT100 0~100°C +0.1°C
4 Pyranometer CM11 0~2000W/m?2 5.15uV - W-1-m?
5 Turbine flow meter DN20 4~20kg/min +0.5%
6 Clip-on digital power meter MS2203 600V. 1000A 0.002
7 Handheld hot wire anemometer TSI 9565 0~50m/s 0.01m/s
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In this paper parts of experiment data of two heating operation mode are showed in the Table 3 and
Table4. The experimental datain Table 3 are tested when the evaporator of heat pump exact heat from
outdoor air. The experimental datain Table 4 are tested when the evaporator of heat pump absorb the
heat from the preheated air by the infiltration air collector.

Table 3 the test result of single air source heat pump heating operation mode

Test time Water3 flow envi ronmenot Inlet temperatlojre of Temperatureoz of water Power /W
/m°/h temperature/°C evaparator/°C tank/°C
10:00 323 1.2 2.8 13.0 1221
10:10 3.21 0.9 14 14.4 1330
10:20 3.23 13 18 16.4 1210
10:30 3.25 13 18 221 1268
10:40 3.26 15 21 251 1307
10:50 3.26 16 11 29.3 1311
11:00 3.28 21 15 35.1 1424
Table 4 the test result of solar assisted air source heat pump heating mode
Test Water flow environment Inlet temperature of | Temperature of
time Im%h temperature/"C evaparator/°C water tank/°C Power /W
11:33 3.34 27 7.8 135 1136
11:39 3.35 2.3 9.1 18.1 1362
11:45 3.35 24 8.2 20.7 1398
11:51 3.35 2.2 74 22.8 1423
11:57 3.35 1.8 7.3 251 1440
12:03 3.35 1.3 6.1 29.1 1478
12:09 3.35 1.7 6.9 333 1510
12:15 3.35 14 6.1 351 1500

Calculation formula of test evaluation index
The calculation method of tested coefficient of performance

COR,, = o&
an, @

Where the Qo stand for total heat supply and Y Ni istotal power consumption of the system
The Qo is calculated by Eq(2)
QO =T prWVS (te - tb) (2)
Where " isthe density of water ,kg/m3; Covis the specific heat capacity of water,J (kg-K) ;VS is

the water tank capacity, ,m3; b is the beginning water temperature ,°C. t

temperature.

It can be found that the mean electricity power of the system is 1303W when the new compound
system operated under Mode 1. It need about 1 hour to rise water temperature froml3°C to
35.1°C.According to the data of Table 3, thetotal heat supply is 9420K J; the total power consumption
in 1hour is 4690.8kJ. So the calculation result of coefficient of performanceis 2. From the Table 4 it
can be found that the time required to rise the same water temperature decreased. It only needs
45minute to rise water temperature from 13.5°C to 35.1°C. Therefore the total heat supply is 8899K J;

eis the ending water
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the tota power consumption in lhour is 3542.5kJ. So the calculation result of coefficient of
performance is 2.51. Comparing two kind of operating mode, the tested results show that Mode 2
prehesting the outdoor air by solar infiltration collector can improve the coefficient of performance
about 25.5%.

Conclusions

In this paper anew solar energy combined with air source heat pump system is presented. The solar air
prehesating system can restrain the frost layer and make the air source heat pump run under the
condition of frost-free completely. It can effectively increase the coefficient of performance.
Furthermore as alow grade energy the solar energy can be used to preheat the cold air into the outside
evaporator, it will be raise the utilization ratio of solar energy and realize the reasonable energy level
meatching.

Acknowledgements

This work was financially supported by the subject of the 12th Five-Year National Science and
Technology Support Plan (2015BAL03B00).

References

[1] William C. Whitlnan, William M. Johnson, John Tomczyk. Refrigeration & air conditioning
technology[M]. New Y ork: Thomson, 2005.

[2]Fu-wencheng Guo-xianmin.etc. Experiment on a novel defrost cycle for air source heat
pump[J].Journal of Refrigeration,2009.30(3):16-24

[7] FanYu-Jie, wujian-hua zhang,etc. The engineering application of ground source heat pump
compound with solar energy heating air-conditioning [J].Journal of engineering application, 2010, (3):
65 ~ 67.

[4] Hanzong-wel, zheng mao-yu, etc. Cold region of solar energy - phase change heat storage of soil
source heat pump heating system [J]. Journal of solar energy, 2006, 27 (12) : 1214 ~ 1218.

[3]Chen Jian , Su Shun-yu, etc. Analysis of air source heat pump with heat source assisted by solar
energy evaporation plat[J]. Energy conversation,2010(3):14-15

[5]Kuang yu- hui, wang ru-zhu. Experimental study of solar energy heat pump heating system [J].
Journal of solar energy, 2002, 23 (4) : 408 ~ 413.

1155





