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SUMMARY

In this study, to develop a regenerative heat pump system using surplus
heat over the production temperature of garden crops for the heating of
winter green house, a storage single heat source heat pump system was
installed in a university.

The average COPs of the heat pump thermal storage mode was 3.0 and the
thermal storage capacity was 75.0kWh under the condition that the average
outdoor temperature was 11.1C per day. The COP, of the thermal storage
heat source heating mode was 1.4, and the heating capacity was 173.6kWh.

In the case of a single heat source heat pump system, it is judged that the
heating capacity is insufficient as compared with the heat quantity of heat
storage, so that a direct heating mode in which the high temperature water
stored in the heat storage tank is directly heat exchanged and the outdoor
heat source heating mode And a solar collector is installed independently to
increase the heating capacity of the heat pump system.

The blueberry farmhouse where the actual green house warming occurred
was selected as the experimental site and the thermal environment was
measured. The design index of the system was set to maintain the internal
temperature of the greenhouse at 15 C, which is the optimal temperature for
blueberry cultivation. As a result, in order to utilize the surplus heat of the
green house, it was concluded that the outside temperature should be 14.1°C
and amount of insolation should be 220W/m’ or more.

Based on the results of the preliminary experiments, we designed and
installed a 3RT(10.5kW) capacity of hybrid heat pump system. From October
30, 2015 to February 15, 2016, we conducted an empirical test.

This system includes a heat pump thermal storage mode for storing surplus
heat at the upper end of the green house in a heat storage tank, a hot water

heating mode for directly heating the high temperature water stored in the

- vili -



heat storage tank, a outdoor heat source heating mode for the outdoor heat
source , A solar collector is installed at the top of the system independently
from the heat pump system, and the solar heat is directly stored and stored
in the heat storage tank.

At the average outside temperature of 11.4°C, the COPs are 2.3 and the
thermal storage capacity is 64.2kWh. In the case of hot water heating mode,
the heating capacity is 88.8 kWh. In outdoor heat source heating mode, the
COPy, 1s 7.5 and the heating capacity is 249.6kWh. In the case of the thermal
storage heat source heating mode, the average COP; is 6.8 and the heating
capacity 1s 44.2kWh. In the case of Solar collector storage mode, the average
of insolation per day is 462.0W/m’ and thermal storage capacity is 11.2kWh.

Under the condition that the average outside temperature is 5.6C, the COP;
of heat pump thermal storage mode is 4.7 and the thermal storage capacity is
24.8kWh. In case of hot water heating mode, it did not work because of the
water temperature stored in the storage tank did not exceed 30C. In the case
of outdoor heat source heating mode, the COP; is 7.6 on average and the
heating capacity is 316.2kWh. In the case of the heat pump thermal storage
mode in the storage tank, the COP, is 7.1 on average and the heating
capacity is 100.5kWh. In the case of the Solar collector thermal storage mode,
the average of insolation per day is 277.5W/m’ and thermal storage capacity

is 2.4kWh.
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Fig. 1 Satellite pictures of the experimental site

Fig. 2 Photo of a greenhouse for experiments



Fig. 3 Dimension of greenhouse
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Fig. 9 Schematic of a hybrid heat pump system

Fig. 10 Picture of developed hybrid heat pump system in the

empirical site
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(a) Suction duct for surplus

heat of the green house

Fig. 11 Duct system in the green house

(b) Supply duct for the heating

air to the green house

Table 1 Capacity of the heat pump components

Compressor(Scroll type) Capacity(RT) 3xlea
Expansion valve(TXV type) Capacity(RT) 3xlea
Plate heat exchanger Capacity (RT) 3xlea
Fan coil unit Capacity (RT) 3x2ea
Heat exchanger(Air-Water) lea

4 way valve Capacity (RT) 3xlea
Turbo fan Capacity (kW) 2.5x1lea
Storage tank Capacity(Liter) 1,200%2ea
Solar collector Area(m’) 2x2ea
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Table 2 Specification of the measurement devices

Range 0 to 4000 Watt
Accuracy +0.05%
Power converter
Excitation Current : AC 220V
Output DC 1 to 5 Vdc
Range 0 to 2000 W/m'’
_ Accuracy +29%/year
Pyrheliometer
Excitation Current : AC 220V
Output 4 to 20 mA
Range 0 to 1000 psig
Accuracy £0.13% FS
Pressure sensor
Excitation Current : 24V(DC only)
Output 4 to 20 mA
Range 3 to 20 LPM
Accuracy +0.05%
Flowmeter —
Excitation Current : 24V(DC only)
Output 4 to 20 mA
Range -200 to 400 C
Accuracy +1-3%
Thermocouple
Type T-type
Standard 28G
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