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Source Heat Pump Cooling System Combined with Hot
Water Heat Pump

&

g2t olF - HIF

Xinwen Zhang®, Kyu-Nam Rhee** and Gun-Joo Jung**t

(Received 23 December 2019, Revision received 13 April 2020, Accepted 14 April 2020)

Abstract :

Ground source heat pump (GSHP) can increase ground temperature and reduce system

coefficient of performance (COP) during long term operation in the cooling season. This study proposed a

GSHP cooling system combined with a hot water heat pump to improve the performance of the GSHP
system. In the present study, the system was configured so that the condensation heat from GSHP could
be used as the evaporative heat source for the hot water heat pump. This study analyzed the COP of the
proposed combined system, a single cooling system and a single hot water system by TRNSYS 18
simulation. Simulation results showed that the COP of the proposed system was 37.27% higher in the
cooling part and 14.40% higher in the hot water part, compared with the single heat pump system.

Key Words : Ground source heat pump(GSHP), Combination system, Condensation heat, Coefficient of

performance (COP)
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Fig. 1 Cooling & Hot water combination GSHP

system
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Table 1 Main input parameter in simulation

Parameter Value
Ground temp’ 15C/ 207C/ 25T
Length 200m
Bore holes No. 1 EA
Flowrate 2100kg/hr
Cooling capacity 11.2kW
Cooling power 2.2kW
Cooling GSHP
Source flowrate 2100kg/hr
Load flowrate 2100kg/hr
Heating capacity 5.28kW
Heating power 1.8kW
DHW GSHP
Source flowrate 83kg/hr
Load flowrate 2100kg/hr
FCU Air flowrate 3600m*/hr
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Ground temperature variation

~ Ground temperature = 15°C
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~ Ground temperature = 25°C
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Fig. 5 Ground temperature variation in cooling-only

mode

Table 2 Simulation results of cooling-only mode
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Ground Cooling Electricity

femp’ Value capacity | consumption | COP
(KJ/hr) (KWh)
Average | -47,289.57 906.73 4.40
15C Max | -47,100.35 968.28 5.67
Min | -48,182.20 713.70 4.08
Average | -46,972.87 |  1,020.90 3.88
20C Max | -46,520.77 | 1,092.34 4.98
Min | -47,651.13 804.04 3.58
Average | -46,749.42 | 1,093.29 3.60
25C Max | -46,458.04 | 1,111.89 4.38
Min | -47,274.78 905.26 3.51
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Cooling capacity
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Fig. 6 Cooling capacity in cooling-only mode

COP of cooling-only GSHP
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Fig. 7 COP of cooling-only GSHP
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Fig. 8 Ground temperature variation in DHW-only

mode
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Table 3 Simulation results of DHW-only mode

Heating Electricity
Ground i i
Value capacity consumption | COP
Temp’
(kJ/hr) (kJ/hr)
Average 18,884.74 987.81 3.82
15T Max 20,196.80 1,008.18 4.01
Min 18,631.86 983.53 3.79
Average 20,038.72 1,006.29 3.98
20C Max 21,550.98 1,022.23 422
Min 19,752.40 1,002.53 3.94
Average 21,269.11 1,019.28 4.17
25C Max 23,007.78 1,036.07 4.44
Min 20,944.36 1,015.95 4.12
Heating capacity
" Ground temperature = 15°C
" Ground temperature = 20°C
- " Ground temperature = 25°C
£ 23500
2
Z 22000
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§20500 k
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Time step(/15min)

Fig. 9 Heating capacity in DHW-only mode
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COP of DHW-only GSHP

~ Ground temperature = 15°C
Ground temperature = 20°C
" Ground temperature = 25°C
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Fig. 11 Ground temperature variation in different

simulation cases

Table 4 Simulation results of cooling part (ground
temperature = 157C)

Cooling Electricity
Mode capacity consumption cor
(kJ/hr) (kWh)
Cooling-only -47,289.57 906.73 4.40
Cooling&DHW | -48,485.12 713.70 6.04
Change rate +2.53% -21.29% +37.27%

Table 5 Simulation results of DHW part (ground
temperature = 15C)

Heating Electricity
Mode capacity consumption cop
(kJ/hr) (kWh)
DHW-only 18,884.74 987.81 3.82
Cooling& DHW 22,573.32 1031.08 4.37
Change rate +19.53% +4.48% +14.40%
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