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Experimental study on the rhizosphere-air heating with
direct-expansion solar-assisted heat pump of tomato in greenhouse

HE Yongkang, YANG Qichang, ZHANG Yi", FANG Hui, KE Xinglin, WEI Xiaoran
(Institute of Environment and Sustainable Development in Agriculture/Key Laboratory of Energy Conservation and Waste Management of

Agricultural Structures of Ministry of Agriculture and Rural Affairs, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract In order to increase the heat energy utilization efficiency of direct-expansion solar-assisted heat pump (DX-
SAHP) ,a mechanism was designed by using DX-SAHP as collection system and rhizosphere-air heating as releasing
system. The heating effect, coefficient of performance (COP) and heat-collecting efficiency were tested. The operation
mode under different weather conditions was optimized. The results showed that. Under the conditions of consecutive
cloudy days and consecutive sunny days, the heat utilization efficiency of the heat releasing system was higher than
97.2% and 92.7% correspondly; Under different weather conditions, the rhizosphere temperature and air temperature in
the experimental area were above 17.9 and 11.6 C respectively,which were 1.5 and 3.6 C higher than those of the
control area; The relative humidity in the experimental area was below 90.8% , which was 3.2% lower than that of the
control area; The energy-saving rate R of the whole system under different weather conditions was higher than 47.2% ,
and the coefficient of performance (COP. ) was above 1.9; Under different weather conditions, the heat collecting
system could reach the set temperature objective for heating within the set time while keep the coefficient of heat-

collecting performance (COP,) above 2.3 and the heat-collecting efficiency u higher than 149. 6% ; Additionally, from
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9:30 am to 11:30 am, with the increase in solar radiation intensity, the COP, of the heat collecting system also

increased from 1.4 to 3.0;from 11:30 am to 14:50, the COP, of the heat-collecting system was above 3. 8; After 15:10

when the temperature of water in the thermal storage tank was higher than 47 C ,the COP, finally dropped from 3.2 to

0.8. In conclusion, this study clarified that the DX-SAHP heating rhizosphere-air could not only improve the heating effect

of greenhouse.but also improve the heat energy utilization rate and the COP, of the DX-SAHP. Additionally, it could

realize the greenhouse energy conservation goal by using the operating mode of DX-SAHP, which could be adjusted in

accordance with variations in solar radiation intensity and the water temperature in the tank.

Keywords

large-span greenhouse; direct-expansion solar-assisted heat pump; greenhouse heating; coefficient of

performance; energy conservation; operational mode; rhizosphere heating
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Rhizosphere and air temperature comparison between experimental

and control area under continual overcast days
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Table 1 Parameters aboutcollection and releasing heat system of performance
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Collected heat

Date Weather ) temperature temperature power power
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range range consumption consumption
2018-01-13 A 9:30—17:26 21.3~49.8 49.2~20.8 436.8 101.7
2018-01-14 A 9:30—17.46 20.4~50.5 50.2~20.9 453.2 101.6
2018-01-15 A 9:30—17.37 20.5~49.9 49.4~21.3 447.7 101.7
2018-01-18 i 9:30—16:41 21.1~50.1 48.6~21.5 393.8 101. 6
2018-01-19 i 9:30—16:10 21.3~50.3 48.2~21.4 368.2 101.7
2018-01-20 i 9:30—16:50 20.9~50.3 48.4~21.2 402. 6 101. 8
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Table 2 Parameters about COP and energy change of collection and releasing heat of system

AR/ 0 RPPERE R

KIS/ M) &M E/ M) BaE/M] SFEHEE/M] . ) .
H i Collecting Collected
Total solar Total collected Total released  Total power
Date heat heat system
radiation heat heat consumption
efficiency COP
2018-01-13 249.7 1041.4 1037.7 538.4 151.7 2.4
2018-01-14 169.9 1 067.0 1045.0 554.7 171.3 2.4
2018-01-15 172.7 1074.3 1026.8 549.4 173.2 2.3
2018-01-18 334.7 1 059.7 990. 2 495.4 145.5 2.7
2018-01-19 330.8 1063.3 979. 3 469. 9 152.1 2.9
2018-01-20 308.1 1074.3 993.9 504. 4 151. 2 2.7
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Table 3 Parameters about COP and saving ratio of system
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Date ratio of ratio of
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collected heat energy
2018-01-13 1.9 99. 6 48. 1
2018-01-14 1.9 97.9 46.9
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2018-01-18 2.0 93.4 50.0
2018-01-19 2.1 92.1 52.0
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Fig.5 Storage heat water tank temperature inside and outside temperature

and solar radiation intensity under different weather condition
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Fig. 6 Relationship between collected heat COP and water temperature

of storage heat watertank with solar radiation intensity
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