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Characteristics Analysis of the Heating (Cooling) System of
Direct Evaporation Water Source Heat Pump Coupled with Solar PV/T and Phase Change Energy
Yang Guodong'? Zhang Changjian'> Luo Jinghui'> Peng Lei!? Jiang Zhaole'?> Li Peiyuan'?
( 1.Hebei University of Engineering, Handan, 056038;
2.Hebei HVAC Engineering Technology Innovation Center, Handan, 056038 )

[ Abstract]  In order to solve the problem of clean heating and the instability of solar energy utilization in rural buildings in
Hebei province, solar PV/T+ phase change energy and direct evaporation water source heat pump heating (cooling) system were
designed for experimental research. The experimental results show that the typical daily power generation in winter is 4.453kWh,
and the average heating coefficient COP is 3.41. The typical daily power generation of the system in summer is 5.945kWh, and the
average value of the cooling coefficient EER is 3.2. The heating coefficient COP and cooling coefficient EER are 4.22 and 4.19
respectively, which are increased by 23.75% and 30.12% respectively. In summer, the power generation of pure PV/T solar cells is
5.537kWh, and the power generation of this system is increased by 7.37%. The system has high economic benefit and stable
operation, and is an effective way to realize clean heating in rural areas of Hebei Province.

[ Keywords]  Solar PV/T; Power generation efficiency; Direct steam water source heat pump; Phase change energy; System
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Fig.1 System principle and technology
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Table 1 Other device parameters
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Table 2 Experimental test instruments
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Table 3 Experimental test data of working condition 1

Ma #/C Lymdh  #/C  6/C #/C /C RHI/%RH RH)Y%RH Lymih t/C Lym*h E/kWh
19:30  1.10  1.08 4325 525 3036 7.68 18.25 44.6 234 — —
23:30 088 1.052 -028 0.06 2805 7.57 17.83 39.32 235 — —
3:30  0.89 1.047 -0.71 059 28.06 7.26 16.47 35.88 235 — —
7:30 099 110 -024 02 2691 7.83 16.25 31.36 251 —— —_
11:30 126 .12 258 125 2928 10.01 14.34 26.95 336 2.6 238.4
1530 115 112 3.74 401 30.01 11.09 15.51 29.36 332 1.8 96.0
19:30  1.00  1.128 1 09 2655 9 18.25 35.35 332 —— —
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Table 4 Experimental test data of working condition 2

e (1] Ei/kWh H/°'C Li/(m3/h) 1/C E»/kWh #/C

8:30 0.085 1.3 0.921 29.1 0.074 29.7

10:30 0.268 2.300 0.948 35.200 0.243 38.775
12:30 0.436 2.900 0.980 42.117 0.416 61.275
14:30 0.445 2.575 1.000 44.692 0.407 65.075
16:30 0.252 1.600 1.010 43.642 0.230 61.050
18:30 0.065 0.200 1.011 38.625 0.069 50.925
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Table S Experimental test data of working condition 3

B ] t RH, T> RH, Ly P
C %RH C %RH  m’h \\

9:00 17.8 81.9 29.3 553 546 745
10:00 16.4 86.4 29.8 524 5348 786
11:00 16.2 86.1 303 473 5413 823
12:00 16.5 86.3 30.7 46.8 545.8 857
13:00 16.8 86.0 31.5 437  540.5 890
14:00 17.1 85.4 31.9 42.0 5478 923
15:00 17.7 85.1 32.6 40.7 5475 948
16:00 18.2 84.3 32.8 41.0 557.0 970
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Table 6 Systematic economic analysis
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