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A NOVEL SOLAR PHOTOVOLTAIC LOOP HEAT PIPE/HEAT PUMP
WATER HEATING SYSTEM

Li Hong, Sun Yue, Fu Xinshu
(School of Civil Engineering and Mechanics, Yanshan University, Qinhuangdao 066004, China )

Abstract: This paper presents a novel solar photovoltaic-loop heat pipe/heat pump water heating (PV- LHP/HPWH)
system. With the combination of solar energy, loop heat pipe (LHP) and heat pump technology, the integrated system can
operate in the PV-LHP mode, the solar/air source heat pump (SASHP) mode and the air source heat pump (ASHP) mode
based on different weather conditions. This system will operate in the PV-LHP mode when solar irradiation is higher than
300W/m*. The SASHP mode will be started if solar irradiation cannot support the PV-LHP mode. When there is no solar
radiation, the system will run in the ASHP mode. The mathematical model of the system is constructed to simulate its
operating performance in typical working conditions and in long-term operation. The influences of main structure and
operating parameters are also analyzed. The outdoor test rig of the PV-LHP mode was built to verify the accuracy of the
mathematical model. Investigation results show that the solar thermal efficiency of the system is comparable with that of the
conventional photovoltaic/thermal (PV/T) water heating system. The annual solar heating fraction is 50.9% , and the daily
average solar power supply fraction is about 13.7%. Compared with the traditional electrical water heating system, around
71.3% electricity consumption can be saved by the integrated system.

Keywords: solar energy; heat pipe; heat pump; simulation; experiment; water heating system



