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Analysis of Thermal Performance of Ground-Source Heat Pump System

Ook Joong Kim', Deuk Yong Koh®, U-Cheul Shin™,

Nam-Choon Baek™™

ABSTRACT: The purpose of this study is to present the simulation results and an overview
of the performance assessment of the Ground-Source Heat Pump(GSHP) system. The
calculation was performed for two design factors: the spacing between boreholes and the
depth of the vertical ground heat exchangers. And the simulation was carried out using the
thermal simulation code TRNSYS with new model of water to water heat pump developed
by this study. As a result, it was anticipated that the yearly mean COPs of heat pump for
heating and cooling are about 3.7 and 5.8 respectively and the heat pump can supply 100% of

heating and cooling load all the year around.

Key words: Ground-Source Heat Pump(X| € ©]& @) TRNSYS(TRNSYS)

LM E

Ag o]& JEHZ(Ground-Source Heat
Pump: ©]3} GSHP)E Wi " FolA 713
T80 ¥ Aoz A Jony olidEa
WS- Wk FolA b AAHolw AFAQY
wgoz QA= BE I7tEo ZF YL
Fatd BEe Fdsty] Y8 =Fstn Ucp?
£ FYMHE FFAE AR e T
FAEe AP tES] dHoz AZE 7}
F 44 AZE & A& AY o] § Y A2
glo g BAe] Folxm At

Lo XE FUdA Fap Bgo] sz gl
£ GSHP A" 4% HES ¥4 AsE
gH3t7] f¢ HFHe=z 50 USRT TFE9
GSHP7} A4¥ AES tdoz AEHolHde
AA AT GSHP AlE#olAd =d 7jdat 34

¥ Corresponding author
Tel.: +82-42-868-7326; fax: +82-42-868-7335
E-mail address: ojkim@kimm.re.kr

& 43t TRNSYS®E Algsigony, Fo A
A WMol we Az $54& BAs

2.3 EE= nda
21 5|EH= M s

2 dFdA AET AE NEHPEZ:= E-F
(Water to water) W o2x EA &3 AHC
Ape] BE AR (FIERa AR)E ZAZ JEY
Zo] A%5E dFaHon, AEHIAL 9
53 o] JeFAoz EASYL)

Qus = agta T ta, Ti+ay - Ts (8%
+(Z4 : Ygs+a5 = TL E TS

o714

- 167 -



ay = 7.8719624E+01
a; = -3.2290354E-03
ay = -1.4920424E-03
a3 = 2.4586390E+00
ay = 1.4671740E-02

(=]
R
I

5 = -1.1019171E-02

T, = %% #9042, C

Ts = €95 €Al AU =(EWT), C
EEE, Py (kW)
P(E = ao’l’alTL'f‘az 'T21_+a3 'TS (2)
+a4 . Igs""ds . TL . Ts
o474
ay = 1.206698173913E+01
a; = 1.083165356274E-01
ay =  1.044157921267E-03
a3 = 7.894712444321E-02
ay = 5.792658300883E-03
as; = -1.361013548780E-03

QL’(S = aOﬂITLﬂZ 'TZL+a3 ’Ts (3)
+a4 2 Tgs‘i'as . TL B TS

o374

ay = 6.616149318601E+01
a; = 2.473650191219E+00
a; = 1.802050760464E-02
az = -1.414281576504E-01
ay = -4.269559950870E-03

as = -1.804543473536E-02

YEE, P, (kW)

P& =a0+a1TL+aZ'TZL+a3 'TS (4)
+a4 '725+a5-TL'Ts

4714

ay = 1.206698173913E+01
a; = 1083165356274E-01
a; = 1044157921267E-03
ay = 7.894712444321E-02
a; =  5792658300883E-03
as = -1.361013548780E-03
GSHPY| ASAF(COPIE *a2x #U+e
(T3 295 FuiA FAX=(Toe F+=EA
Bes Aol g A,
COP:% )

Fig 13 Fig 2= 4%do€H&
4 4% R YA TS e Aotk

3]

CcoP

COP

- 168 -

des

-5 0 5 10 15 0 sl
Heat source tenperature, T, (0)
Fig. 1 COP of GSHP for heating.
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Fig. 2 COP of GSHP for cooling.
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PLF  Part-load factor

P nominal power consumption
P,,  power consumption

Qies nominal capacity

Qurm  mormal capacity

n part-load efficiency
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Table 1. Simulation parameter

Parameter Component

Climatic data| Weather data generator, Type 54

Building
models

Lumped capacitance building,
Type 88

Vertical U-tube ground heat
exchanger, Type 557

Ground heat
exchanger

Three stage room thermostat,
Type 8

GSHP Water to Water type, Type 700

Control
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Table 2. Design parameters of system

U-value of building |5.1 kJ/m’hK
Total conditioned area 1700 m*
Occupants 205
Building Construction code for Tight
infiltration construction
(Liéﬁtt?;ga]&h%uﬁaaﬁ?em) 35 W/m'
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Table 2 (continued)

Heating Capacity 75.6 kW
Heating Power 26.6 kW
GSHP Nominal COP 28
Cooling Capacity 86.8 kW
Cooling Power 187 kW
Nominal COP 4.6
Soil Annual Mean B
Temperature 133C
Amplitude of Surface Soil 9
. Temperature 294C
Soil Phase Constant 151days
Soil Thermal Diffusivity | 1.3 W/mC
Soil Thermal
Conductivity 0.46 W/mT
Number of Borehole 25
Depth of Horizontal
Buried Pipe 091 m
Depth of the Vertical
Ground Heat Exchangers 120 m
Diameter of Each
Borehole 0.1080 m
Ground 5 5
1stance Between ~
Heat 1-Tube Pipes 0.0635 m
Excha- = -
nger Borehole Fill Material Concrete
Conductivity of Gap 4.6730
Between Pipe and Fill kJ/mhC
Gap Thickness Between B
Pipe and Fill
Length of Piping
Between Heat 3 m
Exchangers
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Fig. 5 Heating and cooling load distribution.
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Table 3 Monthly thermal performance of

system

pal |By | Tt | Bucrgy | O [0

™MD | M) | (MDD | (M])
132,450 | 32,380 8810 | 3.7
2| 24,820 | 24,540 6,786 | 3.6
3| 15,980 | 15,230 4,254 | 3.6
4] 4617 | 4,560 1,273 | 3.6
5 13,430 | 12,530 | 2,075 | 6.0
6 21,470 | 21,050 | 3,584 | 5.9
7 29,340 | 29,030 | 5,078 | 5.7
8 30,410 | 30,010 5,375 | 5.6
9 18,410 | 17,880 | 3,224 | 55
10| 2,192 | 2,236 580 | 39
11} 13,030 | 13,210 3475 | 3.8
12| 27,030 | 27,610 7,378 | 3.7
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Fig. 6 Inlet and outlet temperature of ground
heat exchanger.
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Fig. 7 Variation of COP according to the
spacing between boreholes.
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