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A Study on the Performance Evaluation of Combined Heat Pump System
according to the Ratio of Ground Heat Source and Water Heat Source
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Abstract

In this study, combined heat source heat pump system was implemented with 4 single heat source heat pumps each
applied with a geothermal source and a water source. Five cases (Casel~Case5) were configured to conduct a
performance comparison and analysis of the combined heat source heat pump system. First of all, as a result of
analyzing the heat source, the case when 4 ground heat sources were applied (Casel) showed a uniform EST(Entering
Source Temperature) distribution throughout the year since it is less affected by outside air compared to the case
when 4 water heat sources were applied (Case5). In both winter and summer, the ground heat source maintained
higher EST than the water heat source. Therefore, the system with high ratio of geothermal sources is advantageous
for heating, and with high ratio of water heat sources is advantageous for cooling.

Key words: Ground heat source(X] € ), Water heat source(=&€ ), Combined heat source(E3+E ), Heat pump(
3| EH L), COP(Coefficient Of Performance, 54| 4)
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Table 1. Simulation input conditions
Temperatures
weather Humidity 2020 incheon

Solar radiation
Gross area(HVAC area) 881.55 m* (528.93 m?)
External wall : 0.22

U-Value(W/m?-K)

Window : 1.3
Light load 16 W/m?
Occupancy load 73 7\)5)/;(23 :)n
SHGC 0.7
Infiltration 0.3 /h
Ventilation 0.57 CMM/person
Set temperature Cool.ing $26°C
Heating : 20°C
Operation period Cooling : May.~Oct. Heating : Jan.~Apr.&Nov.~Dec.
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(a) Office modeling (b) Zone of HVAC
Fig. 1. Standard office modeling
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Table 2. Specification of source

Element Value
Borehole depth 150 m
Borehole radius 150 mm
Heat capacity 2,520 kJ/m*K
Geothermal heat exchanger .
Thermal conductivity 3.5 Wm-K
Outlet/inner radius of U-Tube pipe 30/24 mm
Fluid heat capacity 4.19 kl/kg'K
heat exchanger 2020 Incheon sea water
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Table 3. Specification of components

Element Value
Rated cooling capacity 16.4 kW
Rated cooling power 29 kW
COP¢ 5.6
Rated heating capacity 15.6 kW
Heat pump Rated heating power 3.8 kW
COPy 4.1
Rated source flowrate 46 LPM
Rated load flowrate 46 LPM
Source/load specific heat 4.19 kJ/kg'K
Tank volume 1.8 m’
Heat storage tank Fluid specific heat 4.19 kl/kg'K
Deadband 2.5°C
Rated air flowrate 2,940 CMH
FCU Rated flowrate 3,120 kg/h
Rated fan power 520 W
Rated flowrate 2,754 kg/h
Source Pump
Rated power 0.4 kW
Rated flowrate 12,480 kg/h
FCU Pump
Rated power 7.5 kW
Sensible effectiveness I_(I;Zaoti;gg:;o(‘)??
ERV

Heating : 0.56

Latent effectiveness Cooling : 0.35

A]/\Eél_J EST7} B+t 3.8°C Wgtem, Wiho] A9 A9 &= A28 9] ESTZF B+t 3.3°C Ut
ZGx Aojo] PFS W= JEFZT - ZIR YT &84 2% (Entering Load Temperature, ELT)2} 3] E
HE-Z29% &7 ¢34 2% (Leaving Load Temperature, LLT)= Aojdl2]o] Zrom @ u|$=3t A H

L

—ur —ar
60 | ST —EST |

Temperature (°C)
8

]
¥ ¢ F ¥ F P oE I 5 2 % % FFF ¥ OFFELFRER
Month Month
(a) Ground source system (b) Water source system

Fig. 2. Annual heat pump circulating water temperature
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Table 4. Number of heat pumps and number of boreholes by case

number of Ground source Heat pump

Number of Water source Heat pump / number of borehole

Case 1 0 478
Case 2 1 3/6
Case 3 2 2/4
Case 4 3 1/2
Case 5 4 0/0
Source
Ground ™
or
Water |
Ground [
or
Water |
Ground "
or
Water -
1 * FCU : Fan Coil Unit
Ground HX. : Heat Exchanger
wolr 1 Comp. : Compressor
TXV. : Thermostatic Expansion Values

Fig. 3. Schematic diagram of combined heat source heat pump system
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Fig. 4. Configuration of simulation
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Fig. 5. Monthly average heat pump total power consumption
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Fig. 6. Average COP of 4 heat pumps by monthly average case
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