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Design and Performance Test of Air — Soil Dual-source
Heat Pump System for Solar Greenhouse

WANG Yuxin XIN Fenping LI Xueyuan WANG Pingzhi
(College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract ; In order to explore an energy-efficient thermal environment control model in greenhouse, based
on heat pump technology, a new type of air-soil dual-source heat pump system matched with the
greenhouse model was designed and built, and the system performance was also tested. This system was
compounded of air source heat pump and soil source heat pump, and adopted the plate heat exchanger in
series form. The air-soil dual-source heat pump system had four kinds of heating modes, including air
source mode with single plate heat exchanger, air source mode with double plates heat exchanger, soil
source mode with single plate heat exchanger and soil source mode with double plates heat exchanger.
These working modes can be converted by controlling the on-off of the electromagnetic valve. The soil
source heat pump mode can solve the adaptability problem of air source heat pump under low temperature
condition, while the air source heat pump mode can alleviate the problem of imbalance of the acquisition
and release of the soil source heat pump. In the winter and spring test period, the C,, ( coefficient of
performance) and temperature rise rate of the heat pump system in air source mode with single and
double plates heat exchanger were tested by heating the water in the heat insulating water tank. The
operation results in spring were better than that in winter. In spring, the C,, of the heat pump system in
single and double plates air source mode were 2. 1 and 3. 1, respectively, and the C,, of the heat pump
system in single and double plate soil source mode were 2.2 and 2.3, respectively. The energy-saving
effect of air source mode with double plates heat exchanger was the most significant, the energy-saving
rate was up to 50.4% . During the winter test period, the air source mode with double plates heat
exchanger could raise the temperature in the greenhouse model in the typical sunny days. The indoor

temperature was higher than the outdoor temperature about 15. 7°C on average. According to the results,
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the performance of the double plate heat exchanger was both better than that of the single plate heat

exchanger during the winter and spring. The results also showed that both the amount of heating medium

and system pressure can affect the effect of the dual-source heat pump system. In conclusion, this air-soil

dual-source heat pump system can make use of air energy and geothermal energy efficiently to realize the

energy conservation of solar greenhouse in winter.

Key words:; air-source heat pumps; soil-source heat pumps; double plate heat exchanger; coefficient of

performance
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Tab.1 Parts selection of air — soil source dual-source heat pump system
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Fig.3 Diagram of air — soil dual source heat pump system control pattern switching
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Tab.2 Parameters of enclosure in greenhouse model
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model and outdoor computational air temperature
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Cophy 2. 35 G HRBER I AR LT E 33. 7% , L B ARUAE
AR 5. 0% o AR IR S5 E T, 0 B B AR08 ik
it P T AN [i] 45 A 2, ¥4 56 i SR ) OB 45t PR A 2
PLAL Cpp i T AR AR [] I, XA 45 P48 5K
4 RE 3R UG T B Mt P S A ) U A% A
R H g B A AR A R S R BRI T AR T
A, A BT 2 A € 5 HHEIRIAR
To R FAMEZE S s RO B T, s AR LA
Cop W 7 T SRR

x4 FEFNAHEARIETIN
Tab.4 Operating condition of heat pump during spring test

[ BATHRE IBAT KFEE  KFIRETE®E  FEdR IKH B A -
ER ] 1B A7 I ] BE . . . . Cop N
K/h [5-N A4/ C ®/(C-h™") P/kJ Q/kl
2016 —03 — 17 13:30—15:00 1.50 23 B 10.7 ~46.7 24.0 2764. 80 5 896. 80 2.1 %
2016 —03 — 19 13:40—14:30 0.83 23 % 24.1~52.9 34.7 1529. 80 4711.30 3.1 27
2016 —03 — 20 13:38—14.28 0.83 258 23.1~52.6 35.5 1529. 80 4809. 10 3.1 i
2016 —03 - 21 13:42—14:52 1.16 25 B 13.0 ~40.2 23.4 2138. 10 4434.10 2.1 1
2016 —03 — 24 10:00—11 ;20 1.33 + 10.0 ~41.0 23.3 2171.80 5077. 80 2.3 i
2016 —03 —25 09:31—10:31 1. 00 + 5 20.3 ~42.3 22.0 1 632.96 3586. 44 2.2 i3
2016 —03 — 26 09 :45—10:45 1.00 + i 20.7 ~42.0 21.3 1632.96 3 488. 94 2.1 ir3
3.2 ARBEBAMEESH JIVERE ST AT, B 9 S IR B AT B B 3 FAOK A8 K A

XEZFE3I A 19 H(Z ) 2 TR B A
3 A 24 | (g ) 3 PFBUN e R X A I Isf 4
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o1& 9 I B R R G s C,, 5T
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Fig.8 Energy conservation of air-soil source

double-effect heat pump system during spring test
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Fig.9 Changing trends of water temperature and C,,
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