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Performance Evaluation of Solar-air Source Heat Pump Hot Water System in
Different Climatic Zones
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Abstract To obtain the applicability and operation superiority of the solar-air source heat pump hot water system in different regions, the
operation performance and energy efficiency coefficient of the air source heat pump unit and solar collector unit were tested through experi-
ments under typical conditions. Tianjin, Shanghai, Guangzhou, and Kunming were selected for cold, hot-summer and cold-winter, hot-
summer and warm-winter, and temperate regions, respectively. With the consideration of Chinese habits on domestic hot water, the per-
formance of the heat pump system was analyzed in different areas for a typical family with 3 ~5 persons. The annual performance factor
(APF) of a hot water system in different regions is calculated based on the weighted annual meteorological data of different cities. It is
concluded that the APF of the hot water system is 3.03, 3.34, 3.79, and 3.28 in cold, hot-summer and cold-winter, hot-summer and
warm-winter, and temperate regions, respectively, and the annual contribution rate of solar energy in the four regions is 29.82%, 32.
07% , 29.58% , and 38.62% , respectively. The APF of the combination system can reach 3.67, 4.06, 4.39, and 4.45, respectively.

Keywords air source heat pump; solar collector; hot water system; APF; different climate zones
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Fig.1 Schematic diagram of solar-air source heat

pump hot water system

1. 2 #FKER IR

1) FRIE A 16 oK 22 T pe i, v iR 5 g
Heidi, Ve FH /K T BE (oK 58 KIR G I /KR
— R 40 ¢ HKIE A R e,

2) R PRI TR HOKIERE, AMTTIVETR 2
R F A P e W b (PESRATBEIA) | A st ] B
HoKED

1. 3 & FEHAKIEE

PERER G5 e AR IR HROK I fer B8 K TR R
KR BE RO &, HPROKARR .

Q,=mq,pe,(1,t,) (1)

K. Q, R HFEGE KT m N FHAK TS B 4
q, j{lmﬂ(ﬁﬁﬂ(fﬁgﬁ, B 75 L;cp N IK Y ttﬁ‘?!&%?,
kJ/ (kg - °C) ¢, FRIE S A R ORI B L 60
C e, MHIET P B A K ERIE  C

gh4 B UK 248, 2% H K e 43 A v
FH 7K B ) 28 B B S FE L 91 | A 1% $AOK R Bt P
HUKEN .

Q.. =0,K, (2)

A Q, MAEEHOKZE R UK KT K, A
JINESF N R A SR B LA, %

x 1 £FEMKAAREREIR
Tab.1 Domestic hot water daily heat schedule
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Fig.2 The principle of experimental test system
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Tab.2 Equipment specifications of experimental system
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Fig.3 The power of heat pump compressor changes

with inlet temperature
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Fig.4 COP of heat pump changes with inlet temperature
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Fig.5 COP of heat pump changes with dry bulb

temperature of air side
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Fig.6 Relationship between solar collector heating capacity

per unit area and instantaneous solar radiation
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Tab.3 Thermal efficiency of solar collectors under

different sunshine intensities
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Fig.7 Relationship between thermal efficiency of solar

collectors and sunshine intensity
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Tab.4 System annual performance factor in different areas
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