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Research on Thermal Storage Capacity of
Solar Coupled Water Source Heat Pump Heating System in Cold Plateau Regions
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[ Abstract] In order to solve the problem of building heating in the high altitude cold area, a solar coupled heat pump heating
system was established in the Xizang Plateau. Through field test and numerical simulation, the operating characteristics of the
heating system in plateau climate are studied. Based on the building heat load curve, the relationship between the solar collector
area and heat storage capacity is analyzed to achieve the best performance of the system. The results show that the performance of
the solar coupled water source heat pump heating system in series configuration is better than that of the low temperature air source
heat pump system when the fan coil is used as the heating terminal. The short term storage tank volume (Vi/A.) per unit collector
area of the heating system is recommended to be 90L/m>~130L/m?. The collector area scale should be based on the number of
unguaranteed hours within 50h. Set to at least 85% of the design heat load of the building.
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Fig.1 Test site on-site experimental platform
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Fig.2 Hourly heat load of the test site during the heating

season
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Fig.4 Solar energy coupled with water source heat pump heating system
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Fig.8 Performance test of water source heat pump
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Fig.10 The operation status of the heat collection cycle
and the water source heat pump unit
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Fig.11 Solar energy coupled with water source heat pump heating system model
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Fig.13 Effective heat collection, solar radiation amount
and heat load variations in typical day
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Table 2 Example of results from the series of simulations

TH SERBEHY/mM? KA FY/m? PR 55 SR W 22/ % KPFHEE/AKWh  HEBIEIEAWh  #FE/KWh
1 2 5.5 26556.8 7824.8 4777.9
2 4 3.8 27962.6 6137 5798.1
3 6 28 28583.5 5538.5 6176.1
4 8 2.1 28958.8 5316.8 6297.7
5 10 1.7 29151.1 5212.3 6371.6
6 80 12 15 29251.2 5136.3 6432.9
7 14 13 29345.1 5092 6475
8 16 1.0 29432.7 5082.5 6537.8
9 18 0.5 29523 .4 5069.8 6660.6
10 20 0.1 29597.2 5057.2 6773.1
11 22 0.5 29645.2 5041.3 6990
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Table 3 Analysis of the variation ( @) of the effective solar heat collection capacity per 2 cubic meters of heat storage

volume increment

[HFY/m?
SR 70 80 90 100 110 120 130
4 624.3 702.92 762.2 808.4 837 870 927.2
6 247.5 310.42 349 376.7 392.1 465.3 485.7
74.8 187.7 281 309.9 327.6 363.1 334
10 51.1 96.1 178.5 241.8 273.4 284.8 287.8
12 47.6 50 75.3 74.3 190.5 224.8 305.5
14 34.5 46.9 42.5 68.6 81.3 95 2153
16 38.6 43.8 49.7 40.3 78 67 81.2
18 42.7 453 46.7 333 30.1 31.8 61
20 44.9 36.9 47 42.5 37.1 30.7 42.8
22 33.7 24 42.7 41.1 272 29.3 41.1
R4 B’ EARTULERBHURIFERTE (B 2F
Table 4 Analysis of the energy consumption change ( 8) of the electric auxiliary heat source for each 2 cubic meters
increase in heat storage volume
R i m? 70 80 90 100 110 120 130
-878.3 -843.9 -787.4 -727.5 -616.7 -511.6 -456.7
-263.3 -299.3 -395.3 -439.5 -326.6 -200 -186.4
-86.7 -110.8 -150.4 -184.5 -133.3 -101.7 -81.8
10 -26.7 -52.3 -86.8 -91.5 -85 -66.7 -63.2
12 -18.3 -38 -37.2 -61.5 -61.7 -58.3 -45
14 -15 -22.2 -37.2 -37.5 -53.3 -43.3 -133
16 33 -4.8 -10.9 -25.5 -333 -5 0
18 -5 -6.3 -7.8 -19.5 -30 0 0
20 -33 -6.3 9.3 221 -8.3 0
22 3.3 -7.9 -1.6 -18 0 -1.9

x5 §w’ER

BFRBEMKRARERTNE () 91

Table 5 Analysis of the energy consumption variation ( y) of water source heat pumps for each 2 cubic meters increase in

heat storage volume

i #5/m?
. 70 80 90 100 110 120 130
AR /m?
567 510.1 434.8 359 221.3 108.2 -146.8
153.7 189 251.1 268.6 134.7 53.5 -93
50.6 60.8 74.7 115.5 87.4 23.7 -69.2
10 29.2 37 45.8 51.7 49.1 13.6 -54.9
12 16 30.7 14.6 30.6 48.2 6.5 -33.8
14 28.8 21 28 13.2 39.1 7.1 5.6
16 64.6 314 15.6 12.3 28.2 18.3 9.1
18 106.8 71.4 50.7 10.6 41.9 30.2 16.6
20 179.6 106.3 96.2 68.5 34 32.3 21.9
22 241.3 198.4 147.5 158.8 78.5 55.7 43.5
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system performance in the solar combined heat pump
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