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A Highly-Efficient Heat Pump System
with Solar Thermal and Sky Radiation Cooling
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Abstract

A unique heat pump system with high Coefficient of Performance (COP) using solar thermal / sky radiation
cooling is introduced in this article. The proposed system has a solar collector for collection of heat for space
heating and sky radiator for space cooling. This heat pump is operated with nighttime electricity to heat and
cool the main tank water. The system has four operational modes: The first is the sky radiation (SR) cooling
mode that is a typical mode in summer. In this mode, the main tank water is cooled using the heat pump
connected with the sky radiator. The second is the rainwater tank (RT) mode that cools the main tank water
with rainwater as a low temperature source. The third is the subtank (ST) mode that is used in spring to cool
the main tank water and heat the auxiliary tank water at the same time. The fourth is the winter (WIN) mode,
in which the main tank water is heated by the heat pump connected with the auxiliary tank water heated by
the solar collector. The experimental COP of the present solar thermal / sky radiation cooling heat pump
system will be shown in detail. The total COP exceeds 7.0 for the SR cooling mode.

The proposed heat pump system will be very promising especially in large cities like Tokyo in order to
mitigate the heat island effects.
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Fig.1 A schematic of the performance test equipment
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Fig.2 The performance test for space cooling mode I
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Fig.3 The performance test for space cooling mode II
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Fig.7 The high-efficient heat pump system

Table 1 The principal specifications
for the high-efficient heat pump system

Notation Component Specifications
P Solar collector pump 190W
P2 Sky radiator pump 95W
P6 Pump for heat pump 26W
P11 Pump for rainwater tank 27TW
P12 Pump for auxiliary tank 45W
450~1720W
(Heating)
HP Heat pump 365~1530W
{Cooling)
HEX Plate-type heat 5=0.55m",
exchanger (@=5600kcal/h
1¢ 100V,
INV Inverter 0. 75KW
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Table 2 The specifications for the plate-type sky radiator

Area 15.2 m?
Tilt angle 10° (dbm@E)
Flow rate 12.4 I/min
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