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Abstract

Ground source heat pump (GSHP) system is highly efficient and environment-friendly and supplies heating, cooling
and hot water to buildings. For an optimal design of the GSHP system, the ground thermal properties should be
determined to estimate the heat exchange rate between ground and borehole heat exchangers (BHE) and the system
performance during long-term operating periods. However, the process increases the initial cost and construction
period, which causes the system to be hindered in distribution. On the other hand, much research has been applied
to the artificial neural network (ANN) to solve problems based on data efficiently and stably. This research proposes
the predictive performance model utilizing ANN considering local characteristics and weather data for the predictive
performance model. The ANN model predicts the entering water temperature (EWT) from the GHEs to the heat
pump for the modular GHEs, which were developed to reduce the cost and spatial disadvantages of the vertical-type
GHEs. As a result, the temperature error between the data and predicted results was 3.52%. The proposed approach
was validated to predict the system performance and EWT of the GSHP system.

Key words: Artificial neural network(21-54173 ™), Modular ground heat exchanger(E&E A|F B %t7]), Real-scale
experiment(A 541 g, Heating performance('4i4d5)

Corresponding author
E-mail: namyujin@pusan.ac.kr
=9 20224 079 259 AAFA: 124:20224 08 162, 22120226 08 31¢; A= 20224 08Y 31

.M B

A7) ZHIPFAL=E 3] (2019 United Nations Climate Change Conference)ol| A ‘=717 357 AFgFs: &
A% 2050(Climate Ambition Alliance: Net Zero 20502 A3t o]z 2 2020 10¥ $H=, 20219 1€
nZo] BAZAL A= T 136742 446870 719 So] Fejstm ek 20189 109 IPCC(Inter-
governmental Panel on Climate Change)®] ‘X723 1.5°C EHE LA oA HiL3star 20219 F= 2
23104 7} ZH A262F COPolA HoJE A =45 AA F& 1.5°CE 457 sl ohaet Faat



2 nEh=H

’

ok

 HIAS, S, HREl

TAE AL Aok L uEtel A= 20208 7Y = 7 FEAD S TES 10Y 2050 HaF
H A A, 2021 59 2050 SaFHALI] AL, 71297 HeS T daTH 544
7129, 2050 ©AFE AUE L, 2030 NDC* 59 ¥AS @ AdS Y5t 5 9aFH ARz
wolzhz] 913t =83t vl AASL ok AEREAAE Aed SA47S 3 oot Azt o
A7 7t e, O F stuE A RAUA IS0l olwstE Utk Az HA|-Y (Zero Energy
Building, ZEB) €4& i< &= 999 dE45e St FEHE AUAE F23siy A
AR E &-gsto] AFEA BaT AUAE AR H ez FFtooF gttt

3tH, XY 3| EHZ(Groud Source Heat Pump, GSHP) A|AE-2 A= o] Aol A 2 AS 71X = X
TEEE dYoE Bl HAFEC dd 9 59 AUAE FEste AlL"olth £, GSHP A&
H22 BE Y AAET §Eete] Hoh andos HEY oA Ao & 4 17| "ol ZEBojA
Al 842 A1)FH1 Qo).

o] 23t GSHP A|2gof sl = = @2 dAF50°] AHFHIL Ut GSHP A28 A FEuer| &
doll wet ALY AFEne7] 9 -9 Kim et al[1]& AY dlo]HE 7|9tez +AUHY 2FE
w37 A" FEYA A7 A" v]A= G @ A E S EFZ A|AFo0] &9
2s 9%, A8 7HeAdS AESIA 2T, Violante et al.[2]2 7]E £ 2AIS} A S HlolHE 7Hte 2

q

SHUAP AFuB7] ALWelA Guer] 4 D Qol, A7) Aol 4 Do] FA7]e] u]X]
L gFe BAST $9Y AFQuB7|o] BHAL Xiong et al[3]S ABHCIHAN +HY AT
Gme7] o FBE AL 915 T WS AT BB 7%, S SHFACH, Puctal[4]2 5
B9 AR st Txe] B2 ALY ASEAS SAstel ol L) FY W4T $HESE A
Aol BA e SHlstgeh. MY AFGRB]E loan et al[S}S GSHP A28 FFo] 02
HEEAS AT APY A2DY TFeAS ANFAOR, Athresh et al[6] FaA|Thel A
GSHP A]~

o] FatA g A A= 2AH(FE S LT M2 AAME AASAT B3, Al
FFE A= @3 S AT, AAE B A= ] APHL Yo Li
etal[7]2 23} 3l E23} Ao € 9 SHolFE LT 5 U= AE SIEHZ ALY A4 &
2d& 55 A EE S Fof ARt mE ALH S d5S 243%™, Shin et al.[8]2 A E 3]
EFZ ALH Y BAE AEE f8) AA A dlolHE o835t A E S|EHZ A|LH Y] 27| FA ]
S 2R ES Aatsta FA Y279 FAEE FU18HH T Bae et al[912 A€ S| EHZ Al
Fo et A BAA, dHHe A AYHE AN BdE F3 Z43HHIL Younes et
al.[10]2> GSHP A|&8lof] Y& vA= gt il diste] d7E APst A4 <8 75, 1
ZE AR 54, ASEnd] 4 9 AolAY S& 1FstaL AFAuer] A2 HDPEZ}F 71
TEAAYS AR
ole} o] GSHP A|2|l9] HHHAE Asire AT =S AE3] Fofstofof sh= F7H2 ¢ Al
ol Bas}il, A7 S W eIt o] Fo] Aokttt shAN, ARtH o2 AlZ @M= AlLE A
AE AT A2 Aol FARLR & vH T JEEeE 7IE22 AV o] RAA L Y. ol F
ot AR o]ojA] AFEng7| o] YHAR A7t 27|81 45 B YoEAR AT H2dd 4
Aol wg F7He|go] AR B3, 27| FA ] Aol B2 9T vA = AT AF2 AN FH H
T/l wet Bl ® AX)7|3ko] B SHE & Atk gEo] EAA AT B AES A B wt
Y &vo] & GSHP A|2'19 HIge AstAI7IE et aglof s Hgo] A= e 4Aol
o &R ASEole HEH7] U5 ol 7ol GSHP A|&8 9] Q42 ¢ Yopx|al Qi
mebd, & =2ode AQ ALY B 43S s AFAF[110A AEE L= ASHElA
E AE 7 AdE 2Ed ATV E g R A+ AFsHA. AFAS0] GSHP A|&H)
o AEs e ) A 271DA NN AMFH L s AEE st ALF 2§ 7hs AR HE =

MR ERRSL RN



2 AMEME
H2 Ao GSHP A AH9 s 712 BEXog Ul ¢4 %E(Entering Water Temperature, EWT)
£ dZshgich oS Sla) AN © 1A oS Eo2 U 0 29 WS 4, Aget] A
ARG )% A5 A TG
21 48 =

Fig. 12 A% AolE A AEE Uetich A9 Sl=gm 4299 ulg4, 3704 Bae T8 93t
of ARATNA ALY AUE BEH AFADH/S EHE UPS AT REY AFARI]
£ A ZAYel AFAREINE 1Y, AFYS gl ZAES A F AUECm-4m)e] v

2,000m 4,000m | 1,400m | 2,000m

I8 J
— 1 1 1 1

I =

Borehole ®150, 35m

2,000m

2,000m

— 40A

2,500m

1,000m

2,000m

Heat pump Buffer 'tank Fan coil unit ||
(3RT, water-to-water) (0.3m%) (13.9kW)

1,000m

i i D Monitoring system

N I
b ‘ o 6.000m 1
MGHEX lifting
Fig. 1. Schematic diagram of experiment site.
Table 1. Specifications of the components in the system.
Capacity Heating 10.69 kW
Heat pump . .
Power consumption Heating 3.35 kW
Pipe (HDPE) Diameter 40 mm
GHX ] )
Grouting Length 62.27 m (per unit)
Capacity 300 L
HST . ) Diameter 610 mm
Dimension )
Height 1,530 mm
FCU Capacity Heating 12,300 kcal/h
Power Consumption Heating 8,800 kcal/h
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