i
=

~—

&

PN

B T BB

2H

20104



o] M= LEMEITBEM wHXo= R

20104 2H
EREY LEELEN Hs R
FhERAR
% =
%= =

FEM KBRS KB

20014 2A4

@ jeju

El
El
&l



A Study on Heating System Applied
Ground Source Heat Pump(GSHP) for the

Agriculture

Dong-Gwan Ko
(Supervised by Professor Myung-Taek Hyun)

A Thesis Submitted in Partial Fulfillment of the
Requirement for the Degree of Master of Engineering

Department of Mechanical Engineering
Graduate School

Jeju National University

2001. 2

@ jeju



List of Figures ................................................................................................................ i
LISt Of Tables «reeeeeeeerresrerememnie ittt v
NOMENCLATUTE +vwerrrrerrrererrrresrer e v
Summary ............................................................................................................................ Vi
I /\-] S P PP PRI 1
1-1 oﬂ:rLg :‘ég_/\é] ..................................................................................................... 1
1-2 olj:rl-g] %754' ......................................................................................................... 2
M. AFA DY K G O] Q& rrrrrrermrerreetetn s 3
2-1 X]C‘éOﬂL‘]X] ......................................................................................................... 3
2.2 xﬂ%_xlo_ﬂ]o x]ﬁé] \;l,l x];é_} J_él/\c-)] ..................................................................... 4
2.3 xﬂzr;qglig] X]-?_— L_El_/\é ....................................................................................... 6
2.4 X]%‘%ﬂoﬂ 9/]@_ X]oaﬂ_o/] o]% =) E/ﬁ ......................................................... 7
I /\]"?‘;] ;g-;‘q g_l Hc]-lﬁ ................................................................................................... 19
3] 227 99 QL A]AE] il 19
32 A /\]@ 76]—;1] ................................................................................................... 20
3-3 /\] k3] Hc}q_]j ........................................................................................................... 21
V. Ax A]z‘g @34 ......................................................................................................... 27
4-1 }5]‘—5‘ }\1 ‘HJ 7Hv9— ................................................................................................. 7
42 A G ZTTE a2 oo 27
4-3 %og I__El_xg )\]z‘g ................................................................................................... 29
4-4 )\é.‘g. rg7} ............................................................................................................. 30
Vv @ % ......................................................................................................................... 51
7‘&—;‘—/_.‘.,‘3_-5‘;4_ ............................................................................................................................. 52

Collection @ jeju



Fig.
Fig.

Fig.
Fig.

Fig.

Fig.
Fig.
Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

List of Figures

2-1 The geological map in JEJU -+ wweeesessessesssssssssiisissisissisis s,
2-2 The geologic columnar section in boring points of underground

water(latitude, 1oNGILUAE) - wwwrssssrrersssereemmsserimmsssssiimisssimsse i
2-3 The photo of the DOTING POINL wwwweerersrssrsssssississisiisiiisisisisii e,
2-4 The geologic columnar section and geothermal gradient

N the DOTING POINL  wwweereeressessessssssssessss s s
2-5 The fluctuation of temperature during a day at the classified

depth Of underground .....................................................................................
2-6 The mechanism for the occurring underground air ««:«-sweeeeseeeeeseeeeeees
2-7 The process of the immediate utilization by the underground air -
2-8 The fluctuation of physical characterizations

for the underground air(X’ Y) .....................................................................
3-1 The schematic of heating and cooling system applied

a COl’npreSSiOl’l heat PUIIID "2y - senressnnesronnssonsniosensesonteronssiosnssssnnanens
3-2 The heating and cooling system by the heat pump system

using the underground air heat SOUICE s ssessessssssmsssssssissiiisissisinnes
3-3 The installation of the circulating loop for water loop -eweeeeeeeeeeeeeees
374 The air Conditional Systern ...........................................................................
3_5 The heat tank and fan—coﬂ unit ...............................................................
3_6 The installation Of the flOW 001517 <) SRRLER LT T P P P T PP PP DT P PP PREPREPPIPPIPPRR:
4_1 The test Site .....................................................................................................
4-2 The simulated result for the absorbed geothermal

at the temperature of underground air, 18T «wesreseeesesssesisinsisinsininen.
4-3 The simulated result for the absorbed geothermal

at the temperature of underground air’ 17°C ..........................................

Collection @ jeju



Fig.

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

4-4 The simulated result for the absorbed geothermal

at the temperature of underground air’ 16 °C ..........................................

4-5 The simulated result for the absorbed geothermal

at the temperature Of underground air, 15 °C ..........................................

4-6 The simulated result for the absorbed geothermal

at the flOW rate Of Underground air’ 100m3/m1n .....................................

4-7 The simulated result for the absorbed geothermal

at the ﬂOW rate Of underground air, 80m3/mln .......................................

4-8 The working progress for the system(17, March) s«weeeeeeeeemeesenennn

4-9 The working progress for the system(20, March) «:eeeeeeeeeeeseeseenen.

4-10
4-11
4-12
4-13
4-14
4-15
4-16
4-17

4-18

4-19

4-20

4-21

4-22

4-23
4-24

The working progress for the system(21, March) -« «eeeeeeeeeeesennens
The working progress for the system(22, March) «««eeeeeeeeeesennens
The working progress for the system(24, March) ««-«eeeeeeeeseeseninens
The working progress for the system(6, April) wseeesmssssssinnns.
The working progress for the system(9, April) «w s eesesmsssessinens.
The working progress for the system(11, April) «eeeeeeeseeennne.
The working progress for the system(12, April) e
The temperature fluctuation at the inlet and outlet in the
geothermal heat exchanger with the working during 45 hour -
The temperature difference between inlet and outlet in the
condenser of heat pump with the working during 45 hour -«
The temperature difference of the cold water and the hot water
with the Working during 45 ROUT et
The quantity of absorbed geothermal and producted heat

by heat pump system with the working during 45 hour «seeeeeeee
The result of working the heat pump system for the cases(March) -+
The result of working the heat pump system for the cases(April) =
The result of working the heat pump system for the days(March) -

The result of working the heat pump system for the days(April)

ili

Collection @ jeju



List of Tables

Table 2-1 The geothermal heat flow for geological and

geophysical Characterizations s sesssssssssmssisisissisiii e, 10
Table 2-2 Physical characterizations of the underground air c:eeeeeeeseeeeseseeeees 10
Table 2-3 The environmental characterization of the underground air - 11
Table 3-1 The specification of the installed heat pump system «eeeeeeeeeeeeees 23
Table 3-2 The heat exchanger of underground air heat source -« seeeseeeees 23
Table 3_3 The SpeCiﬁcation Of ﬂOW 0TS0 s SRR LT T P P P T PP PP PP PP P PPP PP PR PRPPID 23
Table 3-4 The specification of integrating wattmeter e 23
’I‘able 4_1 TeSt Site ......................................................................................................... 32

Table 4-2 The energy production and the effect of cost reduction

by the geothermal heat pump SyStem ................................................ 32

Collection @ jeju



Nomenclature

TOE : Tonnage of Oil Equivalent

Q - Flow Rate

W . Humidity Ratio

m, - Mass flow rate of Condensation water
m, : Mass flow rate of Vapour

he, : Latent Heat of Condensation

© Quantity of Absorbed Geothermal

. Underground Air of Flow Rate

. Compressor of Power

. Hot Water Pump of Power

q
i
.
Wy . Underground Water Pump of Power
Wy
Wy : Fan Motor of Power
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Summary

Geothermal energy is the energy contained as heat in the Earth’s interior,
and is divided into deep geothermal and shallow geothermal in the formation
of energy. The geothermal energy in Korea is mainly used shallow. In
shallow, the scheme of geothermal energy is heat pump, influenced by
physical characterization of geological constitution, for the space heating and
cooling

The shallow geothermal characterization, as the geothermal gradient and
geothermal heat flow, is attributed to geologic columnar section and rock
material. In Jeju, it is the structure of shield volcano and is construct most of
volcanic rock contained air holes and caves into the ground. The distribution
of geologic columnar section present to pile up alternately the layer of rock
and the volcaniclastic. As the peculiar geologic columnar section, the air and
waterdrop ordinarily remain on the volcaniclastic. This air, being to circulate
through the volcaniclastic between underground and the atmosphere, is to call
as underground air.

This paper investigate the characterization of shallow geothermal resources
for the utilization of geothermal energy in Jeju. It is investigated the
characterization of underground air and the practicality for the geothermal
heat pump used the heat source of underground air.

For the utilization of geothermal energy in Jeju, it is investigated the
characterization of underground air and the utilization of geothermal heat
pump by circulating the underground air. On the underground air, it is the
temperature, about 17 to 22°C and the flow rate, 1.3 to 2.3m'/s. And the
environmental quality i1s very clean. It is installed the geothermal heat pump
to warm the greenhouse. The result is that the capacity is 65~70kW and the
COP of total system is 2.7~3.1. And it is absorbed 40~45kW to the

geothermal heat exchange.
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Table 2-1 The geothermal heat flow for geological and geophysical

characterizations

Rock type Sedimentary Sed./Vol. Volcanic Plutonic Metamorphic
Average heat B
flow (/) 71 68 67 62
Geologic time Archean Proterozoic Paleozoic Mesozoic Cenozoic
Average heat
flow (/) 62 67 65 68 78
Moa?n)depth 29-30 30-31 31-32 32-33 33-34
Average heat
flow (/) 80 69 63 66 64

Table 2-2 Physical characterizations of the underground air

Boring position Altitude Depth Physical characterization
X, Y) (m) (m) Flow rate Temperature

(m'/s) (C)
156177.196, 46762.163 117 40 1.90 18.7
141680.586. 44720.176 136 48 1.46 17.9
141683.698, 44722.314 122 62 2.11 16.8
132209.976, 34494.852 144 45 1.96 18.3
188801.014, 49051.156 53 40 2.12 189
129909.581, 28070.827 86 ol 1.32 19.5
170614.331, 50410.687 119 49 1.53 18.5
131384.667, 35076.763 129 56 1.61 18.2
174894.058, 55124.927 60 42 1.53 19.5
180931.058, 38075.028 137 45 0.68 20.2
180929.738, 38060.860 99 45 2.32 18.4
128198.514, 29558.395 70 52 1.51 18.2
135520.179, 26432.479 155 40 1.91 19.1
174209.336, 29233.972 85 51 1.85 18.7
171548.582, 28930.263 139 68 1.52 185
162473.585, 26757.843 174 45 2.22 18.0
161520.806, 45807.495 367 955 1.31 16.0
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Table 2-3 The environmental characterization of the underground air

CcO SO2 NO2 Ozone
Remark
(ppm) (ppm) (ppm) (ppm)
Korea ~925 ~0.15 ~0.15 ~0.10 Standards
Jeju ~15 ~0.10 ~0.10 ~0.10 Standards
Region data | 0400~ | 0002~ | 0.009~ | 0020~ | thgoog_1~§oose.12
(Jeju, downtown)|  0.500 0.003 0.023 0.032 SUIIIET SEAsOT,
I-do dong)
Region data 0.100~ 0.001 0.002 ~ 0.030~ ( thgogiir;igosge.ion
(Jeju, forest) 0.200 0.003 0.040 Chun-A Orm )
Measurement 0.035 0.000 0.002 0.003 One hour data
(Gum Rung)
Measurement 0.053 0.000 0.002 0.002 One hour data
(Ga Si)
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Fig. 2-3 The photo of the boring point
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Fig. 2-6 The mechanism for the occurring underground air
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Fig. 2-7 The process of the immediate utilization by the underground air
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Table 3-1 The specification of the installed heat pump system

Element Model Maker Capacity
Compressor SY-300 DENFOSS 26kW
Condenser Z1.190-100 BURG 699x307 %298 (')
evaporator 71.190-100 BURG 699x307x298(mm')

Expansion valve TDEBX-30 DENFOSS 30HP
Refrigerant R22 FOOSUNG -

Table 3-2 The heat exchanger of underground air heat source

Boring part Heat exchanger

Blower

Diameter | Depth : Diameter of pipe Length (kW)

Material
(mm) (m) (mm) (m)
300 85 PE 25 1360 3.0
Table 3-3 The specification of flow meter
Deviation Max. flow rate

Maker Model Type (%) (m'/h)
KFM IND., Ltd KTM-800 | Electromagnetic +0.20 0~20
KFM IND., Ltd KTM-800 | Electromagnetic +0.24 0~30

Table 3-4 The specification of integrating wattmeter

Maker

System

Model

Range(Amp.)

Han Suk Tech., Ltd

Telemetering system

TMS-3000

20, 50, 80, 120

@ jeju
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Fig. 3-2 The heating and cooling system by the heat pump system using the

underground air heat source
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Fig. 3-3 The installation of the circulating loop for water loop
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Fig. 3-4 The air conditional system
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Picture 3-5 The heat tank and fan-coil unit
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Fig. 3-6 The installation of the flow meter
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Table 4-1 Test site

site Ar(?a HP type Heat tank Air conditional sys. Settmig temp.
(m) (ton) (C)
Wi-Mi | 1580 |water-to-water| 30 hot ‘water 20
circulating

Table 4-2 The energy production and the effect of cost reduction by the

geothermal heat pump system

. £ f 1
contrasted with effect of cost reduction

Absorption | production (%)
(kWh) (KWh) light oil | heavy oil| |. ) .
(itter) (litter) light oil |heavy oil| heater
March
9809.4 14118.1 16919 1572.3 85.2 85.0 63.6
(13 days)
April 6766.0 117244 | 14051 | 13057 | 849 84.7 62.9
(13 days)

#* Tax exemption oil : light oil - 815won/ ¢, heavy oil - 750won/ /¢,
#* Electronic charges(agriculture) : 37 won/kWh
x* The efficiency of boiler(oil) : 0.78
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Fig. 4-1 The test site
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Fig. 4-2 The simulated result for the absorbed geothermal at the temperature

of underground air, 18°C
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Fig. 4-3 The simulated result for the absorbed geothermal at the temperature

of underground air, 17C
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Fig. 4-8 The working progress for the system(17, March)
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Fig. 4-9 The working progress for the system(20, March)
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the producted quantity of heat in the condenser of heat pump

Fig. 4-10 The working progress for the system(21, March)
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Fig. 4-11 The working progress for the system(22, March)

40

Collection @ jeju



— Inlettemp.
12.0 —
Qutlet temp.
o
3 r
]
©
e
g 90
£
@
-
6.0 | | |
0:00 5:00 10:00 15:00
Time(h:m)

(a) The temperature fluctuation at the inlet and outlet

in the geothermal heat exchanger

B0

Temperature difference i
Heat absorption —_
— 50 =
—_— =
3 1 =
@
2 =
o 40
= 20
= =
£ 4 B
D =
- &
El—
il i
1 | 1 | | 20
0:00 5:00 10:00 1500
Time({h:m})

(b) The temperature difference between inlet and outlet and

the absorbed quantity of heat in the geothermal heat exchanger

80
Temperature difference
N —7a
eating
- | g
g iof -_E
[} —
= ‘ 60 =
° S
=) 1 2
= W —50 8
| (=]
0 . | . | L 40
000 5:00 1000 15.00

Time(h:m)
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the producted quantity of heat in the condenser of heat pump

Fig. 4-12 The working progress for the system(24, March)
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the producted quantity of heat in the condenser of heat pump

Fig. 4-13 The working progress for the system(6, April)
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Fig. 4-14 The working progress for the system(9, April)
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Fig. 4-15 The working progress for the system(11, April)
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Fig. 4-16 The working progress for the system(12, April)

45

Collection @ jeju



12.0 — Inlettemp.

Outlet temp.

Temperature(celsius)
(s}
o
|

6.0 —

T N O T U Y Y T O S I
19:00 0:00 5:00 10:00 15:00 20:00 1.00 6:00 11.00 16:00
Time(h:m)

Fig. 4-17 The temperature fluctuation at the inlet and outlet in the

geothermal heat exchanger with the working during 45 hour
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Fig. 4-18 The temperature difference between inlet and outlet in the

condenser of heat pump with the working during 45 hour
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Fig. 4-19 The temperature difference of the cold water and the hot water
with the working during 45 hour
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Fig. 4-20 The quantity of absorbed geothermal and producted heat by heat

pump system with the working during 45 hour
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Fig. 4-21 The result of working the heat pump system for the cases(March)
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Fig. 4-22 The result of working the heat pump system for the cases(April)
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Fig. 4-23 The result of working the heat pump system for the days(March)
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