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Summary

Jeju region formed due to volcanic activity and developed unique geological
layer of underground compared to other regions in South Korea. The
performance of underground energy heat source system depend on the
thermodynamics properties of rocks, geological layer and kind of rocks. So for
feasibility and verification of technique, the system composed of heat pump,
heat exchanger, fan coil unit, pump, thermal storage tank, fan, etc. were
installed and measured various parameters at mandarin orange farm, Wimi-ri,
Namwon-eup in Jeju. The test period was February ~ April in 2009.

The quantity of daily average heat acquisition was around 43.35kW
(37,274kcal/h) and entrance temperature of evaporator was minimum 7.9C
during the test period.

Thus the operation of heat pump system is very stable and efficient,
regardless of outside temperature all around year.

The COP(Coefficient Of Performance) of heat pump was maximum, 52 on
26th March, 2009. Otherwise, the lowest was 3.8 on 21st March, 2009.
Average COP was 4.3 and amount of pressure power was 15.1kW.

The result of this study can be used for the heating/cooling system of a
building in volcanic region with underground air to acquire geothermal
energy. This process of pumping air and using heat exchange for the

acquisition of geothermal energy can be applied in volcanic regions.
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<Table 1> The underground air inhale & specification of
heat exchanger installation

Borehole Heat exchanger
Fan Sub heat
On-site Diameter | Depth Material Diameter | Length Cai acity exclilariger
(mm) | (m) mm) | @ | W (keal)
Wimi-ri 300 85 PE 20 1,360 3.5 12,000
<Table 2> The specification of heat pump components
Product Model Manufacturer Capacity
Compressor SY-300 DENFOSS 28kW
Condenser Z1.190-100 BURG 699*307*298
Evaporator Z1.190-100 BURG 699*307%298
Expansion valve TDEBX-30 DENFOSS 30HP
Refrigerant R22 - -
<Table 3> The specification of flow meter
Manufacturer Model Type Dez/;/a:;lon Max. (f;l;?;?v rate
S FHATA(F)| KTM-800 | Electromagnetic +0.24 0~30
<Table 4> The specification of watt-hour meter
Manufacturer Model Range (A)
Monitoring inspection
5P (A E = TMS-3000 20, 50, 80, 120
system
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Fig. 10 The flowmeter

Fig. 11 The watt-hour meter
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<Table 5> The properties of underground

Location Properties of underground
Altitude | Depth Product
(m) (m) Air flow | Temperature rocue
Area GPS(X, Y) (/) (C)
156177.196 Mandarin
Odeung-dong 46762.163 117 40 1.90 18.7 Orange
. 141680.586 Mandarin
Sangga-ri 44720.176 136 48 1.46 17.9 Orange
o 141683.698 Mandarin
Sogil-ri 44722 314 122 62 2.11 16.8 Orange
. 132209.976 Mandarin
Sangmyeong-ri 34494 852 144 45 1.96 18.3 Orange
Jongdal-ri L oL0u 53 40 2.12 18.9 Vegetable
. 129909.581 Mandarin
Cheongsu-ri 28070.827 86 51 1.32 19.5 Orange
. 170614.331 Mandarin
Wasan-ri 50410.687 119 49 1.53 18.5 Orange
. 131384.667 Mandarin
- 1.61 18.2
Sangmyeong-ri 35076.763 129 56 6 8 Orange
Gimnveong-ri 174894.058 60 0 153 195 Garden
yeong 55124.927 ' ' products
. 180931.058 Mandarin
Seongeup-ri 38075.028 137 45 0.68 20.2 Orange
. 180929.738 Mandarin
Sehwa-ri 38060860 99 45 2.32 18.4 Orange
. 128198.514 Garden
Nakcheon-ri 20558 395 70 52 1.51 18.2 products
. 135520.179 Mandarin
Seokwang-ri 26432479 155 40 1.91 19.1 Orange
O 174209.336 Mandarin
Euikwi-ri 29233.972 85 51 1.85 18.7 Orange
. 171548.582 Mandarin
Hannam-ri 28930.263 139 68 1.52 18.5 Orange
162473.585 Mandarin
Sanghyo-dong 26757 843 174 45 2.22 18.0 Orange
Yonekane-don 161520.806 367 55 131 16.0 Garden
ongkang-dong | 45807.495 : : products
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<Table 6> The environmental assessment of underground air

(unit : ppm)
CO, SO, NO, 0; Note
Environmental
standard ~ 25 ~ 0.15 ~ 0.15 ~ 0.10
(National)
Environmental
standard ~ 15 ~ 0.10 ~ 0.10 ~ 0.10
(Jeju)
Jeju 0.400~ 0.002~ 0.009~ 0.020~ 2900.1-2005. 12
(Urban) 0.500 0.003 0.023 0.032
at I do-dong
. 2001.1~2003.12
Jeju 0.100~ 0.002~ 0.030~
(Forest) 0.200 0.001 0.003 0.040 Summer data
at Cheon ah orem
Geumreung-ri 0.035 0.000 0.002 0.003 1 hour data
Gasi-ri 0.053 0.000 0.002 0.002 1 hour data
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<Table 7> The specification of system at Wimi-11

. Thermal . Max. demand
Area heat pump capacity Heating
Product \ storage tank temperature
(m) (RT) system o
(ton) (C)
Fan coil unit
Mandarin ’
1,580 30 30 Hot water 20
Orange . .
circulation

Fig. 15 The on-site of Wimi-r1
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<Table 8> The hourly temperature of heat pump components(Mar. 26%,

2009)
Time Outlet temperature of | Outside temperature Indoor temperature

fan[C] [T] [T]

00:00~01:00 11.9 2.4 14.3
01:00~02:00 11.8 2.3 14.1
02:00~03:00 11.7 1.2 13.8
03:00~04:00 11.6 0.7 13.6
04:00~05:00 11.5 0.3 13.5
05:00~06:00 11.4 0.0 133
06:00~07:00 11.3 -0.3 13.2
07:00~08:00 11.3 32 133
08:00~09:00 11.4 9.0 13.9
09:00~10:00 11.4 12.4 14.4
10:00~11:00 11.6 13.8 14.8
11:00~12:00 11.9 14.6 153
12:00~13:00 12.0 15.0 15.5
13:00~14:00 12.0 14.6 15.4
14:00~15:00 12.1 153 15.4
15:00~16:00 12.2 14.8 15.5
16:00~17:00 12.2 14.4 15.5
Average 11.7 7.8 144




<Table 9> The temperature measurement data (Mar. 17", 2009 ~
Apr. 18™ 2009)

Outlet temperature of

Qutside average

Indoor average

Date fan[C] temperature [C] temperature [C]
Mar. 17" 14.1 14.0 17.1
Mar. 18™ 17.3 17.7 20.6
Mar. 19" 17.2 17.7 21.1
Mar. 20" 16.8 15.0 19.7
Mar. 21% 12.8 12.5 16.1
Mar. 22™ 16.4 16.2 19.7
Mar. 23" 12.3 12.0 15.5
Mar. 24" 12.8 13.2 16.2
Mar. 25" 12.6 8.6 15.7
Mar. 26" 11.8 7.5 14.6
Mar. 27" 11.5 10.4 14.4
Mar. 28™ 11.5 12.4 14.9
Mar. 29™ 10.8 9.2 14.0
Apr. 6" 12.2 17.2 16.3
Apr. 7" 11.6 16.5 15.2
Apr. 8" 13.8 17.9 18.8
Apr. 9" 12.4 17.5 17.4
Apr. 10" 10.6 14.8 14.9
Apr. 11" 12.8 17.7 18.3
Apr. 12" 13.3 16.6 18.2
Apr. 13" 15.4 17.9 21.4
Apr. 14" 16.1 17.0 20.1
Apr. 15" 14.8 16.0 19.3
Apr. 16" 15.3 14.8 19.6
Apr. 17" 13.2 17.2 17.9
Apr. 18" 10.2 11.3 14.1
Average 13.5 14.6 17.4
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<Table 10> The heat recovery of heat source at heat pump system
(Mar. 26", 2009)

Heat supply
Time Evaporator ouotlet Evaporator inolet Flovs; rate quantity
temperature [ C] | temperature [C] [m’/h]

kW]

00:00~01:00 7.5 9.5 21.0 48.5
01:00~02:00 7.3 9.3 21.0 49.2
02:00~03:00 7.1 9.1 21.0 49.7
03:00~04:00 6.9 9.0 21.0 50.1
04:00~05:00 6.8 8.8 21.0 50.5
05:00~06:00 6.7 8.7 21.0 50.8
06:00~07:00 6.6 8.6 21.0 51.0
07:00~08:00 6.5 8.6 21.0 51.6
08:00~09:00 6.7 8.8 21.1 522
09:00~10:00 6.8 9.0 21.0 532
10:00~11:00 7.0 9.2 21.0 53.7
11:00~12:00 7.5 9.6 21.1 50.9
12:00~13:00 7.7 9.7 21.1 51.0
13:00~14:00 7.7 9.7 21.1 493
14:00~15:00 8.1 10.0 21.1 46.3
15:00~16:00 8.3 10.1 21.1 45.4
16:00~17:00 8.4 10.2 21.1 442
Average 7.3 9.3 21.0 49.8




<Table 11> The daily heat recovery of heat source at heat pump system

(Before)

Evaporator outlet

Evaporator inlet

Heat supply

Date . . Flow rate [m’/h] quantity
temperature [C] | temperature [C]

[kW]
Mar. 17% 10.5 12.3 20.2 443
Mar. 21% 9.3 11.0 21.1 41.7
Mar. 239 7.8 9.8 21.0 48.8
Mar. 24" 9.1 10.9 21.1 44.2
Mar. 25% 8.6 10.5 21.1 46.6
Mar. 26% 7.3 9.3 21.0 49.8
Mar. 27® 6.7 8.7 21.0 48.8
Mar. 28" 7.7 9.4 21.1 41.7
Mar. 29" 6.6 8.4 21.0 453
Average 8.2 10.0 21.0 45.7

<Table 12> The daily heat recovery of heat source at heat pump system

(After)

Evaporator outlet

Evaporator inlet

Heat supply

Date temperature [C] | temperature [C] Flow rate [m’/h] quantity

[kW]
Apr. 6" 7.2 9.3 15.9 38.8
Apr. 7" 7.0 9.1 15.9 38.8
Apr. 8" 7.2 9.0 18.6 38.9
Apr. 9" 6.5 8.5 18.5 43.0
Apr. 10® 6.7 8.5 21.0 44.0
Apr. 11" 7.2 8.9 21.0 41.5
Apr. 12" 7.8 9.4 20.5 38.1
Apr. 17" 7.5 9.2 21.1 41.7
Apr. 18" 6.1 7.9 21.1 44.2
Average 7.0 8.9 19.3 41.0
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Fig. 44 Temperature variations at evaporator (Mar. 18® 2009)

40

35

30

25

20

40

30

20

[m/hr]

F

w0

[m'/hr]

F

0
oF



=2z [TC]

25

20 |

15 i
— BLI|EP -
~— 527

10 1 SELH) ]

5 |-

O | § L - Ll R - - W L ] L = == =

1:h3 3:59 5:59 7:59 9:59 11:58 1:59 359
A2t
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Fig. 46 Temperature variations at evaporator (Mar. 20 2009)
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Fig. 49 Temperature variations at evaporator (Mar. 23" 2009)
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Fig. 50 Temperature variations at evaporator (Mar. 24" 2009)

80

70

60

50

40

22 (/)

30

20

50

45

20

= [n/hr]



25 [T]

. SEER 1
~—ELeR

(@) T

2:00 2:00 4:00

Fig. 51 Temperature variations at evaporator (Mar. 25" 2009)

30 oW ol
oL T 1
A
12 i
4

g
40
1

9:53 11:53 1:59

Fig. 52 Temperature variations at evaporator (Mar. 26", 2009)
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Fig. 53 Temperature variations at evaporator (Mar. 27 2009)
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Fig. 57 Temperature variations at evaporator (Apr. 7% 2009)
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Fig. 58 Temperature variations at evaporator (Apr. 8" 2009)
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Fig. 61 Temperature variations at evaporator (Apr. 117 2009)
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Fig. 63 Temperature variations at evaporator (Apr. 13% 2009)
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Fig. 64 Temperature variations at evaporator (Apr. 14" 2009)
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Fig. 65 Temperature variations at evaporator (Apr. 157, 2009)
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Fig. 66 Temperature variations at evaporator (Apr. 16", 2009)

100

80

60

40

20

0

100

80

60

40

20

[m*/hr]

F

]
o

[m/hr]

0
of



=2z [T]

=z [T]

25

20

25

20

tt
10 ot ol

Fig. 67 Temperature variations at evaporator (Apr. 17" 2009)
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Fig. 68 Temperature variations at evaporator (Apr. 18" 2009)
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<Table 13> The hourly parts temperature and heat supply quantity
(Mar. 26" 2009)

Heat suppply
Time Condenser ouflet Condenser inlet Flow rate [m’h] quantity

temperature [C] | temperature [TC] W]

00:00~01:00 27.7 33.5 9.9 66.4
01:00~02:00 26.3 32.1 9.9 65.7
02:00~03:00 25.1 30.9 9.9 65.7
03:00~04:00 24.1 29.9 9.9 65.9
04:00~05:00 232 29.0 9.9 65.8
05:00~06:00 22.5 28.2 9.9 65.8
06:00~07:00 21.8 27.5 9.9 65.6
07:00~08:00 21.7 27.4 10.0 65.6
08:00~09:00 22.6 28.3 9.9 65.8
09:00~10:00 22.6 28.3 9.9 65.3
10:00~11:00 233 29.0 9.9 64.7
11:00~12:00 28.3 34.1 9.9 65.1
12:00~13:00 28.6 343 9.9 65.0
13:00~14:00 29.5 353 9.8 65.3
14:00~15:00 332 39.0 9.8 65.3
15:00~16:00 34.0 39.8 9.8 65.6
16:00~17:00 35.0 40.8 9.8 65.4
Average 26.4 32.2 2.9 65.5




<Table 14> The daily heat supply of heat condenser at heat pump

system (Before)

Heat supply

Condenser outlet | Condenser nlet s .
Date . .. | Flow rate [m’/h] quantity
temperature [ C] | temperature [ C]

[kW]
Mar. 17" 37.8 44.8 8.3 66.5
Mar. 21* 39.8 45.6 9.5 64.1
Mar. 23™ 30.4 36.1 9.8 65.0
Mar. 24® 36.9 4.6 9.8 65.0
Mar. 25% 33.5 39.1 9.9 64.5
Mar. 26" 26.4 32.2 9.9 65.5
Mar. 27" 25.5 31.3 9.9 66.8
Mar. 28" 36.1 41.7 9.8 63.8
Mar. 29" 32.6 38.3 9.8 65.0
Average 33.2 39.1 9.6 65.1

<Table 15> The daily heat supply of heat condenser at heat pump

system (After)

Heat supply
Condenser outlet | Condenser inlet s .
Date . . Flow rate [m’/h] quantity

temperature [ C] | temperature [ C]

(kW]

Apr. 6" 39.6 42.6 19.3 67.3

Apr. 7" 32.0 34.7 19.4 60.9

Apr. 8" 40.9 44.0 19.5 70.3

Apr. 9" 37.9 40.9 19.5 68.0

Apr. 10" 37.5 40.5 19.5 68.0

Apr. 11" 39.7 42.8 19.5 70.3

Apr. 12" 42.1 45.1 19.2 67.0

Apr. 17" 39.8 42.8 19.7 68.7

Apr. 18" 33.8 36.8 19.7 68.7

Average 38.1 411 19.5 67.7
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Fig. 72 Temperature variations at condenser (Mar. 20, 2009)
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Fig. 73 Temperature variations at condenser (Mar. 21%, 2009)
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Fig. 75 Temperature variations at condenser (Mar. 23, 2009)
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Fig. 79 Temperature variations at condenser (Mar. 27%, 2009)
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Fig. 81 Temperature variations at condenser (Mar. 29 2009)
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Fig. 84 Temperature variations at condenser (Apr. 8" 2009)
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Fig. 89 Temperature variations at condenser (Apr. 13%, 2009)
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Fig. 90 Temperature variations at condenser (Apr. 14" 2009)
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<Table 16> The data acquisition section according to experimental date

(2009)

Date Time for data
Mar. 17" 00:00 ~ 18:00
Mar. 21* 00:00 ~ 12:00
Mar. 23" 00:00 ~ 18:00
Mar. 24" 00:00 ~ 17:00
Mar. 25" 00:00 ~ 18:00
Mar. 26" 00:00 ~ 17:00
Mar. 27" 00:00 ~ 17:00
Mar. 28" 00:00 ~ 14:00
Mar. 29" 00:00 ~ 9:00
Apr. 6" 11:00 ~ 16:00, 19:00 ~ 23:00
Apr. 7" 00:00 ~ 17:00
Apr. 8" 02:00 ~ 09:00
Apr. 9" 00:00 ~ 13:00
Apr. 10" 00:00 ~ 13:00
Apr. 11" 00:00 ~ 11:00
Apr. 12° 00:00 ~ 07:00
Apr. 17" 00:00 ~ 11:00
Apr. 18" 01:00 ~ 10:00




<Table 17> The hourly power consumption of heat pump components
(Mar. 26", 2009)

Pump at | Pump at heat
Time Compressor condenser source Fan System

[kW] kW] kW] [kW] [kW]

00:00 ~ 01:00 13.0 2.2 2.5 3.1 20.7
01:00 ~ 02:00 12.5 2.2 2.4 3.1 20.2
02:00 ~ 03:00 12.2 2.2 2.5 3.1 19.9
03:00 ~ 04:00 11.9 2.2 24 3.1 19.6
04:00 ~ 05:00 11.8 2.2 2.5 3.1 19.5
05:00 ~ 06:00 11.5 2.2 2.5 3.1 19.2
06:00 ~ 07:00 11.4 22 2.5 3.1 19.1
07:00 ~ 08:00 11.3 2.2 2.5 3.1 19.0
08:00 ~ 09:00 11.6 2.2 2.5 3.1 19.4
09:00 ~ 10:00 11.5 2.2 2.4 3.1 19.2
10:00 ~ 11:00 11.6 2.2 2.5 3.1 19.3
11:00 ~ 12:00 13.0 2.2 2.5 3.1 20.7
12:00 ~ 13:00 13.1 2.2 2.5 3.1 20.9
13:00 ~ 14:00 13.4 2.2 24 3.1 21.1
14:00 ~ 15:00 14.5 2.2 2.5 3.1 22.2
15:00 ~ 16:00 14.9 2.2 2.5 3.1 22.6
16:00 ~ 17:00 15.2 2.2 2.5 3.1 22.9
Average 12.6 2.2 2.5 3.1 20.3




<Table 18> The power consumption of heat pump components (Before)

Pump at Pump at heat
Compressor Fan System
Date kW] condenser source kW] kW]
kW] [kW]
Mar. 17" 16.2 2.0 2.4 3.0 23.6
Mar. 21 16.6 2.1 2.4 3.0 24.0
Mar. 23" 13.8 2.2 2.5 3.1 21.5
Mar. 24" 15.7 2.1 2.4 3.0 23.2
Mar. 25" 14.8 2.2 2.4 3.1 22.5
Mar. 26" 12.6 2.2 2.4 3.1 20.3
Mar. 27" 12.8 2.2 2.5 3.1 20.6
Mar. 28" 154 2.1 2.4 3.0 22.8
Mar. 29" 14.3 2.1 2.5 3.1 22.0
Average 14.7 2.1 2.4 3.1 223
<Table 19> The power consumption of heat pump components (After)
Pump at Pump
Compressor Fan System
Date kW] condenser at heat source kW] kW]
[kW] [kW]
Apr. 6" 16.0 2.6 2.3 3.1 24.0
Apr. 7" 13.3 2.6 2.3 3.1 21.2
Apr. 8" 16.5 2.6 2.3 3.0 24.4
Apr. 9" 15.6 2.6 2.3 3.0 234
Apr. 10® 15.4 2.6 2.4 3.1 23.6
Apr. 11" 16.0 2.6 2.4 3.0 24.0
Apr. 120 16.5 2.5 2.4 3.0 243
Apr. 17" 16.3 2.6 2.4 3.1 24.4
Apr. 18" 14.2 2.6 2.4 3.1 22.3
Average 15.5 2.6 2.4 3.1 235
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Fig. 97 The daily average COP of heat pump

(2009)
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<Table 20> The hourly COP of heat pump (Mar. 26®, 2009)

Time Power [:;l:;umptlon Heat su[[)l[()af]] quantity COPp
00:00 ~ 01:00 13.0 66.4 5.1
01:00 ~ 02:00 12.5 65.7 53
02:00 ~ 03:00 12.2 65.7 5.4
03:00 ~ 04:00 11.9 65.9 5.5
04:00 ~ 05:00 11.8 65.8 5.6
05:00 ~ 06:00 11.5 65.8 5.7
06:00 ~ 07:00 11.4 65.6 5.8
07:00 ~ 08:00 11.3 65.6 5.8
08:00 ~ 09:00 11.6 65.8 5.7
09:00 ~ 10:00 11.5 65.3 5.7
10:00 ~ 11:00 11.6 64.7 5.6
11:00 ~ 12:00 13.0 65.1 5.0
12:00 ~ 13:00 13.1 65.0 5.0
13:00 ~ 14:00 13.4 65.3 4.9
14:00 ~ 15:00 14.5 65.3 4.5
15:00 ~ 16:00 14.9 65.6 4.4
16:00 ~ 17:00 15.2 65.4 4.3

Average 12.6 65.7 5.2




<Table 21> The daily average COP of heat pump (2009)

Power consumption

Heat supply quantity

Date kW] kW] COPyp
Mar. 17" 16.2 66.6 4.1
Mar. 18" 16.6 63.6 3.8
Mar. 19" 13.8 63.9 4.6
Mar. 20" 15.7 63.6 4.1
Mar. 21* 14.8 64.3 4.3
Mar. 22™ 12.6 65.7 52
Mar. 23" 12.8 64.7 5.1
Mar. 24" 15.4 63.2 4.1
Mar. 25" 143 64.0 4.5
Mar. 26" 16.0 67.3 4.2
Mar. 27" 13.3 60.0 4.5
Mar. 28" 16.5 67.3 4.1
Mar. 29" 15.6 69.9 4.5
Apr. 6" 15.4 68.0 4.4
Apr. 7" 16.0 68.1 43
Apr. 8" 16.5 69.6 4.2
Apr. 9" 16.3 69.3 43
Apr. 10" 14.2 68.1 4.8
Average 15.1 66.0 4.3
34 ATd7] 949 I EPGEZA2E As HUb
A7l 4 S ERIZA AR 5 A2E AA &LvlEy v Ras
dTw eHoE HurHH, AA L A6)9 Zo] yYERE & Qlth
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<Table 22> The hourly COP of heat pump system (Mar. 26%, 2009)

Time Power Fl(:;lslumption Heat su[[)l[()iif,] quantity COP sys
00:00 ~ 01:00 20.7 66.4 32
01:00 ~ 02:00 20.2 65.7 3.3
02:00 ~ 03:00 19.9 65.7 33
03:00 ~ 04:00 19.6 65.9 3.4
04:00 ~ 05:00 19.5 65.8 3.4
05:00 ~ 06:00 19.2 65.8 3.4
06:00 ~ 07:00 19.1 65.6 34
07:00 ~ 08:00 19.0 65.6 3.5
08:00 ~ 09:00 19.4 65.8 3.4
09:00 ~ 10:00 19.2 65.3 3.4
10:00 ~ 11:00 19.3 64.7 3.4
11:00 ~ 12:00 20.7 65.1 3.1
12:00 ~ 13:00 20.9 65.0 3.1
13:00 ~ 14:00 21.1 65.3 3.1
14:00 ~ 15:00 22.2 65.3 29
15:00 ~ 16:00 22.6 65.6 29
16:00 ~ 17:00 22.9 65.4 29

Average 20.3 65.7 3.2




<Table 23> The daily average COP of heat pump system (2009)

Power consumption | Heat supply quanti
Date P PPy 4 v COP sys
kW] kW]
Mar. 17® 23.6 66.6 2.8
Mar. 21° 24.0 63.6 2.7
Mar. 23" 21.5 63.9 3.0
Mar. 24" 232 63.6 2.7
Mar. 25" 22.5 64.3 2.9
Mar. 26" 20.3 65.7 3.2
Mar. 27" 20.6 64.7 3.1
Mar. 28" 22.8 63.2 2.8
Mar. 29" 22.0 64.0 2.9
Apr. 6" 24.0 67.3 2.8
Apr. 7" 21.2 60.0 2.8
Apr. 8" 24.4 67.3 2.8
Apr. 9" 23.4 69.9 3.0
Apr. 10™ 23.6 68.0 2.9
Apr. 11™ 24.0 68.1 2.8
Apr. 12" 24.3 69.6 2.9
Apr. 17" 24.4 69.3 2.8
Apr. 18" 22.3 68.1 3.1
Average 229 66.0 29




)

ANVYE A

elubebe 199080 FuE Aol

B ol 1l

-
.

FAARE 2001 o] Holl

o) 7] 7] Al%s

=
-

I

]

AFA el A e A

-
.

ATl A

ol

oy
7

Sl

of AATE A

Zpol S Kol7] wii

o ge

()]
2N

& Bl

o} A
™

g 4

ToR

g

ol

Agolth A28 74

sto] SERZA LY HEATE

M
B

il
B

ZAzge] T 849

’

=

|oolF= A wE

J

ol

—_
fiTe)

o
ol

o

B

Ho
Nfo

o)
o}

Mo



Ho

!
)

)A

=
ol
|
o
o
do
B

oj

Al@ 717 2009 29 F-E 44

A o]},

o)
TH

<]
)A

H)
R
w|
o
ol

B

Mo

,_._mo

<

=l
R
i
o
o

B

Ho

L
"
)

0

Mo

o
B
)

BoF gom, o7t

0} O O
o H =

~

)
BR
i

o

il

43.35kW (37,274kcal/h)

oF
79C oS Gxagon, o)7L BAG

Gl

Ho

o SIS A%

Mo

G
B

p—

0
N

X0
0

™

N
oy
;OL

Nfo
B

AA7= 39 269 COPup7t 5272 714

dA A L

%

COPpp7}t 3.8% 7H& vtA yeErykth

Aol =

T 151kW= YEFYTH

3

= 39 269 COPsys

COPsys7} 272 7H viA| et

A
B

|
o
o
Pyl
N
Mo

Nlo
Ll

o 19

-
R

a1, 39 2193 249 9

=
=

Xol

7} 328 7}

A 28]

& it 229kW= LERSETH

T
A

o] o] 9} ZE]’O]

B
Ho

d

N
Ho

i vhobd gl

1
.

Al2~E 2] COPsys



il

o}
b
ol

ol

il

Mo

ofp
o

)

il

JJo

i R e iy

)A

=l
BR
il
oo
o

i

N
Mo

7F o e

1=}

LN

Aoz

<

17 A ol | #] AL ¢

A
haug

2ZH,

2=
=

o] AAoA B et 7]

=

-
=

jns



S «©
] g s
. ST oIy
o g i 3
zu,_ < © owo we 1 z
&85 8w J <
— lv_AI - - o P _.Tv o <
g @ T oy e NP oy
TR T T e T ~ o
i N ML N m - <y )
o Xy T ~ fal
U N _ X
T . . < K oy
(e S fad
& < = B T 5 W F0 o T
10 I AR AR TR N .
- ol
als £~ B e -
o T o o o ¢ A Jo o %o
ﬂ =0 o ! — e
O I T GG
‘Iru — N o —~
X - XG0 do do B T T
= o R B o =
X JH -~ 1 ﬁe A < dﬂ
e XX A " C @
e woOW K A I
A T S djo < 8 7 A
fE EEECT A4S
A wu Wm 70 mw X ma e <
ﬂArO 1X_.O ~T — p JL| &o ll ﬂﬂ \EU
oF o "~ = B
R xRS o7l
wonowow oo B % ve sy
< <~ % N SN X
N % X X Gl - R
M I I R
== X E XS By WO
T T ®To®T N M OMS o ox W

”

Pump Systems, An International Overview’, 7th International Energy

2006
14. Bose, J. E., M.D. Smith, J.D. Spitler, “Advances in Ground Source Heat

Europe and Worldwide; Sustainability Aspects of GHPs”, Institute of
Geophysics ETH, Zurich, Switzerland P. 85-100, 2000

Agency Heat Pump Conference, Beijing, 2002

A|35¢, P. 38-45, 2006

AE, 2006
15. Rybach, L., “Status and Prospects of Geothermal Heat Pumps (GHP) in

16. Chiasson, A.D., J.D. Spitler, S.J. Rees, M.D. Smith, “A Model for



Simulating the Performance of a Pavement Heating System as a
Supplemental Heat Rejecter With Closed-Loop Ground-Source Heat Pump
Systems”, ASME Journal of Solar Energy Engineering, Vol. 122, P. 183-191,
November 2000
17. DOE, Ground-Source Heat Pumps Applied to Federal Facilities—second
edition, Federal Energy Management Program,
DOE/EE-0245(PNNL-13534), US Department of Energy, 2001
18. Eckhart, F., Grouting Pocedures for Ground Source Heat Pump Systems,
Oklahoma State University and International Ground Source Heat Pump
Association, 1991
19. Kavanaugh, S. P. and Rafferty, K, “Ground-Source Heat Pumps: Design
of Geo-Thermal Systems for Commercial and Institutional Buildings”,
ASHRAE, Atlanta, 1997
20.

21, ol9)z, “AdeliA] ALTE 7% D GSHP Fhe] o]-& AW, 244

22. o] 7]%-, “Adol & FEHZVE" Uz deasts], A214d, A4z,

23. AdFE, bE T A ‘A doUA 9 FRolES Y uA@ Fr|xst
WE-aets], A2438, A4s, P. 409-419, 1995
ZAQ, “AEE o] g3 240 Yk AjxE A S du] )%

24. o] &H 3

#3], 2005 7€ 3%, P. 51-64, 2005



%

Mo

A1 e

5
il
N
Ho
™
nzel

0

=
ZO

Bl

1
e

A 5= 5= ol A

3 7]

S

3l A

A zde] gt
1 F el

3]

9

=

=

=

1

o]
(18C WehH= FAH7] wzol ¢ o

b gleh
4 kst AdnE A7)

Ly
.

=

}

°
pal

2 Hy

o
~
B

El
Gl

™

o

o

o
i

el

A stE 714

-
1

b1 )

o) a5

Aelt}. e} o} 47}

No

A AT A

stk

A7k A

)

igl,

=



o
N

%
el

W

Hjo

—~
o

S|
=

[e)

R

& H.9kth <Table Al>

5

Al &
=)

5m% 20m7FA] @400mm Y H| = Fig. Al

&3t

3|

ZS|
T
—

A =
1 o]

Z

]

o

|

o]

1%

al

A8

F

A
fui

1o
T

=

7}

|

CEEERIGE

a}
ERISEPY

X

ol

1298 (Fig. A2)

Els

‘(H

?380mm Y H|Z 55m Zo|7}A]

ke
T

o

R

7l o & fdugk WA(Fig. A3)y dughr] st

[e)

ReA

7k o]

=
T

3k7] Alo]e

A A

o

B
s
)
—_
fie)
X
L
ol
B

Hjo
Ado

A4} 2o}

A8 (Fig. A5(a)), 7]

-
1

o]-& i 3l

<

o)
iy

e

ojo

"

)olt,

[e]

|

< 491.8m*(¢F 150%

W

o

==

(Fig. Ab5(b))ZA]

o

=
b

Al

) ot

[}

3

, sl 9l

e ¢F 330m?*(100

o] ol/del ATt

(e}

|

) olaL, 714

3

3

°F 294m*(89%

] O
T

Al E A S 2,000m* (600

al



W 2QexEE 12T A48,

EUEY % ACE s FY Aol RUHY 2 Aol AxdS
91, Fig. A6% o] B, SEQE, §27 5 24 $2W AN o4

watel 9 I A2d

<Table Al> The properties of heating/cooling system

unit contents
Installation location - Gemreung —ri, Hanrim-eup, Jeju
System capacity RT 15
Heating/ Cooling Area m? °F 4,950
Purpose - Building Heating / Cooling
Depth m 55
Air to Water
Exchange type ) Water to Water
Buildin ) Industrial and Office, Residential
uiiding building
Industrial NN 1o.
building 09:00 — 18:00
Running Office Time 09:00 — 18:00
time building : :
Residential .00 — 09-
building 18:00 — 09:00
. Heati 22
Setting catme e
t t .
etaperature Cooling 22
Thermal Heating 48
storage T
temperature Cooling 12




Fig. A2 The grouting



Fig. A3 The geothermal heat exchanger

Fig. A4 The heat pump



(a) Office building

(b) Industrial building

Fig. A5 The air-conditioning machine installation
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<Table A2> The pore volume of depth

Pore volume
Measurement Volume Pore volume

rate

Section (L) (L)
(%)
2-3m about 113.4 about 34.0 70
10-12m about 227.0 about 36.0 84
39-41m about 227.0 about 52.0 77
Average - about 40.7 77
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(f) 48~55m

Fig. A1l The boring rocks distribution
(a) 0~9m, (b) 9~16m, (c)17~25m, (d) 26~37m, (e) 38~47m, (f) 48~55m
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