wi] e i s s =iy Vol. 35, No. 5, 2015
Journal of the Korean Solar Energy Society ISSN 1598—-6411
http://dx.doi.org/10.7836/kses.2015.35.5.049

AL L AF 2 gUd o]g sojHE JEHT
N 2de] W5l 43 a7

o

Study on Heating Performance of Hybrid Heat Pump System Using
Geothermal Source and Solar Heat for Protected Horticulture
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Abstract : In this study a hybrid heating system based on geothermal source and solar heat was developed in
order to save energy for greenhouse heating and its field performance was evaluated. Developed system are
composed of following parts: water tank, heat exchanger, heat pump, fan coil unit and heat storage unit. The
working performance test was carried out in a greenhouse cultivating oriental orchids being managed by 23TC.
Field performance test results showed that average heating coefficient of performance (COP,) was 3.4 for the
period from mid-January to mid-March 2013. Heating coefficient of performance (COPy) of developed hybrid heat
pump system was more sensitive to water tank temperature than outside air temperature. This study showed that
developed hybrid heat pump system has a potential to save the heating costs up to 91% compared to conventional

agricultural oil heaters.
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Fig. 1 Schematic diagram of a water-to-water heat pump system with heat exchanger in water tank using
geothermal source and solar heat
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Fig. 2 System installation view Fig. 3 Oriental orchids cultivation view

Table 1 Design factors to determine maximum greenhouse heating load

Lowest Greenhouse | Maximum heating load of | Maximum heating load of | Heating load
. . |Greenhouse set . X X R
outside air temp.(C) heating experimental experimental per unit
temp.(C) D- area(m?) greenhouse(kcal/h) greenhouse(kW) area(W/m’)
-19.0 230 1,015.0 156,006.0 175.8 1732

% 1kW = 860kcal/h, Maximum heating load of experimental greenhouse: 156,006kcal/h = 151,200kcal/h,
Heat Pump Capacity: 175.8kW =50RT(1.0RT=3.52kW)

Table 2 Heating and cooling capacity of heat pump system

Heating mode Cooling mode
Heat pump " X : .
capacity(RT) Capacity Capacity Capacity Capacity Remarks
(kcal/h) (kW) (kcal/h) kW)
50 151,200 175.8 125,000 145 25RT*2

Table 3 Determination of water flow rate and pump power of heat pump system at 5.0C difference of inlet and
outlet water temperature passing through evaporator & condenser

. Condenser Evaporator
Heating pump Heat pump
capacity (RT) Water flow rate| Head |Pump power capacity (RT) Water flow rate | Head [Pump power
(LPM) (m) (kW) (LPM) (m) (kW)

151,200 keal/h(50RT) 500 14 3 125,000cal/h(41RT) 417 14 3

qd AS5AEe 20139 1Y€ 1595 H 39 SEHZ 151200 kecal/h &3S A& o
144747 2043 Al S AAletdnth o] W, A AT (COP) = o 21& o] &3
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Table 4 Average COPh of test period

Item Heating
Test period 2013. 1. 15.~ 2013. 3. 14 (2months)
- ; 32,749 kcal/h
C]%?gg;gttl;m >heat pump power (32,078 kcal/h)

+ agitator pump (671 kcal/h)
Circulation flow 200 L/min(12 ton/h)
Production energy 111,347 kcal’h

Average COP 34
of test period .
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Fig. 4 Temperature graph of experiment greenhouse
and COP graph of heat pump on February 10, 2013
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Table 5 Fuel consumption of control and treatment plot

(Unit = 10a)
o . Control plot Treatment plot
Classification (Hot air heater, A) |(Prototype, B)
Fuel Electric Electric
Energy‘ Consumption |Consumption| Consumption
Consumption (L) (kW) (kW)
(L, kW)
13,245 830 26,206
Heating
cost(1,000Won) 14,569 0 1,28
Total
(1000Won) 14,609(A) 1,258(B)
Note(B/A) 0.09
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Fig. 9 Energy production rate on test period

Table 6 Energy production rate by geothermal source
and solar heat according to weather

(Unit = %)
Geo
Classification | Weather tél(;eur}rclzl sso?llra::re ;—111613;) Total
2013.01.29 %fjjdy 63 0 37 | 100
2013.01.31 | cloud 16 20 | 34 | 100
20130224 | Afite 1650 | 34| 100
2013.03.10 Sgggy 0 67 | 33 | 100
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