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Abstract

In this study, the performance of a ground heat exchanger (GHE) for domestic hot water loads was evaluated using an
FLS (Finite Line Source) model with various configurations. The evaluation compared two scenarios: using the GHE
alone and using a hybrid system combining the GHE with solar thermal modules, operated in both group and individual
modes. The results indicated a continuous decrease in ground temperature when only the GHE was used. However, in
the group/individual operation modes, the ground temperature showed a slight decrease but maintained a more stable
level. Over a long-term operation of 20 years, the hybrid group/individual operation with solar thermal modules showed
that the average temperature of the fluid discharged from the GHE was approximately 0.7°C higher than when only
the GHE was used. Providing a higher temperature fluid on the heat source side suggests the potential to improve the
COP (Coefficient of Performance) of the heat pump. Moreover, the proposed hybrid group/individual operation mode
demonstrated the ability to mitigate ground temperature imbalances caused by load imbalances, and confirmed the
possibility of reducing the number of GHE installations by half, thereby lowering initial investment costs. In conclusion,
the simulation verified that the group/individual operation mode utilizing hybrid heat sources is an effective alternative
for enhancing the performance and cost-efficiency of ground source heat pump systems.

Key words: Ground heat exchanger(#]5 € 1.2}7]), Group/Individual operation(ZZ&5/7}'H -271), Photovoltaic thermal
module(EoF4<E 2E), Thermal interference(B714]), Load imbalance(-5} &%), Ground temperature recovery
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Table 2. Simulation parameters for FLS model validation and group/individual operation

Material Parameter Value
Radius, m 0.05
Distance, m 4.806
Borehole Depth, m 100
Resistance, m°C/W 0.1885
Number of boreholes 7
Inner radius, m 0.013
S Outer radius, m 0.016
Model coefficients 17.4427
Model coefficients -0.6052
Thermal conductivity, W/m°C 2
Ground Thermal diffusivity, m’/day 0.08
Thermal heat capacity, kJ/m*°C 2160.5
Undisturbed temperature, °C 10
Grout Volumetric heat capacity, kJ/kg°C 2160.5
Thermal conductivity, W/m°C 2
Density, kg/m’ 1022
Specific heat capacity, J/kg°C 3960
Fluid Specific heat capacity for PVT, J/kg°C 4190
Mass flow rate per borehole, kg/s 0.2
Mass flow rate per PVT module, kg/s 0.05
Film coefficient inside the tube, W/m*°C 857
Number of PVT 22
Collector length, m 2.037
PVT Collector width, m 1.077
Absorber plate thickness, m 0.0003
Thermal conductivity of the absorber, W/m°C 204
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Fig. 2. Simulation algorithm for FLS model validation.

Fig. 21 4] ()9 4] )& 53} ARkele 9] dol & A2 gol At Aot sl tol Sestes
T AAISIO] 2 55K 2198 Lrehiich, A Beo] A8 | EA(Matlab) 373 02 753 FLS nS
2310 Table 20} LieRdl Blok o] 7)) DST MA(REY WS FASHAT AF L0 02 kyse)
GHOR 40FCREY A o] 20119 Aol 4L Aystec,

_ MCI'(T},in _Tf‘out)
- NH &)

qity=T;— T, (10)

A5E FEER Y R3] A H7HE
Aasherh ﬁg £ F 70 AR o] 7l uaa’m A HAE AFARAI S AEHE A
= WAl e AF IR 2 B REA S8 $AZ Bl AF FAL Asta oy

o=
[e) =

|2 Fu HoHE AP A5 5, stolHels vojuse] IE/E 4 4B SJuTtFig
%), SfolHelE WolHEL By BES BEY AT F %

O

33 =

So] £¢] B F&o] Yolut AFel AEL AF FFL A7 @

WAEl BAHO R AFLET)E SBEe] Brgel skl Ao BEskg AN A FF

o EeEe wE ok Aol Aol Bastel IS0 18523-1231% Auste] A7hE FF F5HE AL,
5

TRNSYSE Ty 563& 201t LY AR 28 ot AUS UYL
B ABYolaY Bae FF Roto] B2 AFAN] A5 BAHE s Aol AR b1

HERERR-TIERLL



Slo|=|= HR0| HFE HOMHE FY| M50 7IEH BA 9

\ HeatPump DHWTark  TargetBuling
PVT loop DHW loop
Fig. 3. Schematic of DHW & PVT group/individual operation.
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Fig. 4. Simulation algorithm for DHW & PVT group/individual operation.
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Fig. 5. Simulation comparative results between the proposed FLS model and DST model.
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Fig. 6. Simulation results of the fluid temperature to HPs: (a) GSHP, (b) HYGSHP.
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Fig. 7. Simulation results of the ground temperature: (a) GSHP, (b) HYGSHP.
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Table 3. Simulation results of fluid temperature after the ground heat and average ground temperature

Min. Ave. Min. Ave.
Number fluid fluid ground ground
of GHE temperature, temperature, temperature, temperature,
Tf,ou(a GC Tl‘,oula OC Tg» OC T;p DC
GSHP 14 5.25 6.67 6.3 7.26
HYGSHP 7 5.04 7.37 6.98 8.07
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