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ABSTRACT

A Study on Heating Performance Analysis of
Vertically Closed Deep Geothermal Circulation System

according to Control Technique

Bae, Jung Hyeong
Advisor : Prof. Jeong, Sang-Hwa, Ph.D.
Department of Mechanical Engineering,

Graduate School of Chosun University

Shallow geothermal system uses a water temperature of 15 C through borehole depth of
150 ~ 200 m. The heat pump must be used in order to supply sufficient energy to the
heating horticulture of facility. Shallow geothermal system requires the use of heat pump,
which results in high maintenance costs. In addition, the heat pump consumes a large
amount of power and degrades the system performance. On the other hand, in deep
geothermal vertical closing systems, high temperature can be attained in a single borehole
and a heat pump is not required this reduces the power consumption and improves the
system performance.

In this study, the circulation simulator was designed in order to analyze circulation
system’s heating performance of deep geothermal facilities for a 2,002 m borehole in
Naju-Sanpo-myeon.

Temperature variation, flow rate and power consumption of variables that affect the
heating coefficient of the system were measured. VVVF control system was applied to the

submerged pump and on-off control system to the circulation pump. In addition, the

- VI -
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heating performance of system was analyzed.

The submerged pump was operated by VVVF control on the simulator. When the
submerged pump was operated at 40 Hz, system coefficient of performance recorded
28.95. The circulation pump was operated by on-off control on the simulator. When
temperature of water in tank is 55 C, system coefficient of performance was 27.32.

Demonstration data of heating performance was acquired at 2,002 m borehole. As a
result, the coefficient of heating system when the system operated for one month was kept
from 7 to 12.5. The experimental results of variable speed control for submerged pump
was showed the same trend of experiments in the simulator. The coefficient of heating
performance when submerged pump was operated at 45 Hz recorded 18. When the outside
temperature of greenhouse was greater than 12 C and the circulation pump was operated

by on-off control, coefficient of heating performance recorded from 7 to 8.5.
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Fig. 3-2 Monitoring and control concept of simulator

Fig. 3-3 Flow chart of monitoring system
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—— <Submerged pump control>
- Pump voltage, frequency: 220V, 60Hz
- Control frequency : 30~60Hz
- Control method : PWM contorl
- Circuit production : Pump velocity
control by using frequency control

Submerged - Controller : Dial

Inverter pump

Fig. 3-5 VVVF Control of submerged pump
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Fig. 3-6 Submerged pump used in the experiment(IP-210)

Table 3-1 Specification of submerged pump

Submerged pump Specification
Power 1 Phase, 220 V
Frequency 60 Hz
Output 1/6 HP
Input 290 W
Lift 55 m
Maximum pump capacity 60 L/hr

Collection @ chosun
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Table 3-2 Specification of AC variable speed drive

Specification
Power input voltage 1 Phase, 220 V
Output voltage 24V
Frequency setting voltage 0 ~ 10V
Inverter capacity 0.75 kW, 0 ~ 400 Hz

Fig. 3-8l vebdl mhe} gFo] w7 220 Vol gk H2

2!

£ SPST(Single pole single
throw) #lo] W22 53] On-off #A|o1stH et Z=13 Yol A On-off &% HWHE
AEsHA HH D/A 5<% NI-94829] 4] Relay 235 7
Aolgrh AlgdelHe AHEE 8 2= Fig 3-90
A8 Table 3-3° WepATE 5, HEZ Ao & 913 A

of Web At

ated 43 ¥ 27} On-off
g £ gz o
29 2 E+ Fig. 3-10

—%Lmﬁ

—— <On-off control of circulation pump>

- Control range : 23 ~ 27 °C
(Chamber Temperature)
- Control method : On-off control

- Control setting : Single pole single throw
NI 9482 Circulation - Controller : DIO Signal
On-off Relay module pump

Fig. 3-8 On-off control of circulation pump

Collection @ chosun



Fig. 3-9 Circulation pump used in the experiment(PB-43)
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Fig. 3-10 Flow chart for On-off control of circulation pump
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Table 3-3 Specification of circulation pump

Circulation pump Specification
Power 1 Phase, 220 V
Frequency 60 Hz
Output 1/18 HP
Input 101 W
Lift 5 m
Maximum pump capacity 4320 L/hr
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Table 3-4 Specification of simulator

Simulator Specification
Water tank 20 L
Chamber 100 L
Buffer tank 15 L

Heat exchanger 50,000 kcal

Thermometer

AQO, Thermistor
Range : -40 € ~ +100 ¢

Flow meter

DO, Pulse output

Range : 05 ~ 7.5LPM
Controller Al AO, DI, DO
Inveter 220 V, Range : 0 ~— 60 Hz
Watt meter 230V, 60 Hz, Range : 0 — 16 A
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Fig. 3-16 Heat gain according to temperature of water in water tank

CPcea
)
l
\\
\\
\\
\\
\\
\\
\

] y s
10 —
5 -///
mn

Fig. 3-17 COP data according to temperature of water in water tank
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Table 3-5 Results of temperature variation experiment in water tank

Temperature Heat gain

COP, COPy
of water (Ty) (kW)

41 C 29 kW 5.2 11.8
51 € 4.835 kW 7.95 19.72
55 C 5.08 kW 3.49 20.67
AHoE Ad JE PG AGHE A2Ue B o A5 o)
380 Eastct® aey xd = Pzg o oA A
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Fig. 3-18 Flow rate according to frequency variation for

pump

submerged

Fig. 3-19 COP data according to frequency variation of submerged pump
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Table 3-6 Results of frequency variation experiment for submerged pump

Frequency of
Flow rate (L/s) COoP; COP;
submerged pump
60 Hz 0.154 L/s 5.38 11.73
50 Hz 0.128 L/s 14.17 20.89
40 Hz 0.100 L/s 14.81 28.95
30 Hz 0.067 L/s 9.78 14.72
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Fig. 3-24 COP data according to temperature of water in water tank

with on-off controller
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Table 3-7 Results

of on-off control experiment for circulation pump

Temperature Power
COP, COPy
of water(Ty) consumption (kW)
42 C 0.056 kW 3.19 13.87
51 C 0.02 kW 9.75 24.41
5 T 0.006 kW 14.73 27.32
Table 3-8 Comparison of COP; values
Operating
o COP: values of total system
condition
Setting
temperature 42 C 51 C 55 C
Ti(C)
Without
118 167 20.67
control
On-off
13.87 2441 27.32
control
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Table 4-1 Specifications of experimental equipment

Experiment o
) Specifications Use
equipment
) Consumption of heat
Green house 256 m )
gain
Buffer tank 5m° x 2 EA

Water storage

Submerged pump

3 Phase, 380 V,
75 kW

Speed control

Flow meter

Diameter 50mm

Measurement of flow

rate
o Measurement of
Thermometer Piping
temperature
PLC Al DI, AO, DO Data logging
Measurement of
Watt meter

3 Phase, 380 V

consumption power

Collection @ chosun



_‘I

DS
~

1=
-

dele 23

(s}

Al ==
=

A2 A

A

<R
EX
TR

!
2

o =

©

3

o

)

A
L

3l

3

ofE.7] ¢

A

T

R

Al e

o] oj¥

o

-

w4

B8R

—_
"o

o

ol
WoH
M

]

HAl 371

S

A
= A4

2] On-off A

9] On-off 7+

6]

-

g

2
Fig. 4-5° v} e}

2
2L

[e)

R

) AA Al

3L

2

[
=

28] AL

A=
AYZ

[ox]

&)
=1

]_

S

]
)

&
Tl

_O'__
Foloh =%
Al

©

s

©

a4
Fol| A

W45 Aol

P
T

7} On-off Aoix

28 ~ 30 T H9=

%2 Fig. 4-4°] Yetfidth &

T

R

6]

£ VVVF SIHHE

-

3L

3
i

i

9

kY

o 4

of ofs 7hHE 48 F35= Fig. 4-391 vERSIT

delg el wet oot 3

€l
o] o] Set point
Blel=

==
=)

o
Collection @ chosun



OGRAM  FAULT

Fig. 4-3 Input frequency variation by inverter

ST M HA

win_||2s/53 ||

Fig. 4-4 On-off control operating condition of circulation pump

Collection @ chosun



QUL

Fig. 4-5 Deep-geothermal system equipment of naju-site

- 39 —

fICollection @ chosun



a7 Ao COP FEd tt=Esty] A 42 A Qe Wb t&3 Zo] 7
@ 5

| = W, (6)

cop, W 7)

Aagle] s AgE ek sty AbgE e das]S 2k Al e fA =

Fig. 4-6°] WehH At} o 7]l M, X3k Te-Trol o

my
|—p|
I TE I
Mo il
Borehole  Greenhouse

side side

Fig. 4-6 Position of thermometer around heat exchanger

Collection @ chosun



Fig. 4-7¢] Wb vpe} o] SExp= ¢ 2 Tl 4 C 7Fd et 97 &%
+ Fig. 4-8%} Zo] HA &% -2 ToA H1 2% 15 CT7HA| 7 EH At 24 oA
2HEE S5 4% Fig. 4-99 Uehulgla g3 Al~" Wk A9 Fig. 4-10
o vheR Sltt

Fig. 4-77 Fig. 4-83 Zo] 24 9|59 7] Lol upepx] AA Al
2b kol Wstal o] wel COPY #ke Wslelgit dA] Al~¥lo) HE A3
Fig. 4-8%} 7o) 44,000 ~ 90,000 keal/hrE 7|28l A4 A2® A% A5 gt
2 TFig. 4-99} o] 7 ~ 125 A=E A5t
dolee] Ay doleet AHF-A

k=3
s s w AF-A L] i Aso] AF-A Lol Hla] wrhe Ae oST Aot 5
P =

go] &

ne
DOJE
o3l
i
U !
lo
fin)
o
i)
il

Collection @ chosun



Tenmperaure dfferernce (¢)
N O
L1,
|
|
|
|
|
|
|
|
|

u | N | N ||
2 — -\--‘---/ - ---I
0 -
-2 T T T T T T T
a] = 1N 15 2N

Fig. 4-7 Temperature difference of overall system according to time

312—_ -\. \'
ém - i _/\.
g e LT \/
d.1 L . \

ol W /

Fig. 4-8 Outside temperature of green house according to time

Collection @ chosun



100000 —

90000 |

g 80000 — \_ -\_ -\_

E 1 \ - N '\

T 70000 - / \/ -

5 0T -

% 60000 — - - .

‘ v W

50000 — T
40000 | ——

Fig. 4-9 Heat gain of overall system according to time

20 —
15 —
10 —

O T T T T T T T
n = 10 15

Fig. 4-10 COP data according to time

APcaa

Collection @ chosun



L
>
ofN
ol
I
o
=
I
Mo
o2
>
>

o)
v
)
ox
off
12
o)

AT WE £ Aadel U A BAE] Slekel F94 45 ~ 60 Hz
o Wz AAse] AL FAGHT AP dolHe 249 9] £ 96 T )
Foz A9t

FF gze) Fapiel v 4l AHE Fig 4-1le] iR, 3 gz F
spopel ohE 1345 WY §% @€ Fig. 4-1200 ehsich B, £3 Hze) F3)
Fo] WE COP =< Fig. 4-13¢] WIS TH

Fig. 4-113} Fig. 4-12¢] et wlel go] =3 F= o] Fuprp FFaghe] whef
A 125 A 537 glo]l Aastith &Y, 5 P2 FoE 4D HzE
7FEstd e ul Fig. 4-13% 2] COP® #2 1878% HUA[ =

Fig. 3-13¢] et Al Edolee] Ae Axtet A A9 volHE Hluss
A A dely &% g7 F=e] hH Fuart 40 ~ 45 Hzo
sotde W Adge 7ISska T ek AFA D Al ol A
HZE VVVE Alofatad A7 H-& AHEshA] &1 AAos

NAE FE gk
At B A% e FANL 5 Y] A 58 v 5Y A AL
gae 5 A

8.0 —

7.5

7.0 —

6.0 —

%65—
b 5.5
5.0—
T |
4.5

4.0 —

T -

3.5

Fig. 4-11 Consumption power according to frequency varlation of

Collection @ chosun



submerged pump

. m—
3.6 —
3.4 —
3.2 H -

N
o
|

N
o)
|

Howrae d pimary system(Kg's)
W
o
|

D A

Fig. 4-12 Flow rate of primary system according to frequency variation of
submerged pump

20 —

15

(o] T T T T T T
an aR BN [

Fig. 4-13 COP data according to frequency variation of submerged pump

Collection @ chosun



o
M
ot
el

3 On-off Alo] A A|2" it A5 A3

+8 HWZE On-off Aojste] 1EPL
7] 918l 3¥€ 3145 H 49 64971A & 3
A zdlo] vk A B3] 98ty = =
+ Fig. 4-159] Wepddh ol A& e H5 E9& Fig. 4-169] WEyda
COP #E< Fig. 4-179] YERAYT)

Fig. 4-147} Fig. 4-150] vebdl mlel 2o] 97] €x7} 12 C ol 4a w Lwx)
22 C ~ 28 C& 71238t} 69 Hete] Wit 5 I Fig 4-169 20| 44,000
~ 90,000 keal/hrgl i A A A28 4% AFE Fig. 4-173 2o] 7 ~ 8 =
ol 97 %74 17 T, LJJW} 21 Td AFole= Alz=dl s A+ COPy
9] ghol] HA&Fk 628 7| HolHTh HAFAE Al 2H
Hdlgkol oF 4 =7} 715 E éll"%xloé‘ A zgle] s Al w2 AFAL s
Age] HAgRT 2] Wdo] AFAE Alxade] Wik g&o] AFAYE Al~"R

ook A2 AR FAd 5 g

i
ZZ On-off A 0}0% e 2 YA
A=

Collection @ chosun



Tenpaauedffaaxe(c)

- = —m—

1 2

! T !
e A

Fig. 4-14 Temperature difference of overall system according to time

Qusicetanpaaue(c)

18 —

16 —

14 4

12

10 —

8 -

6 —

4 -

2 —

(o =

-2

=

Fig. 4-15 Outside temperature of green house according to time

Collection @ chosun



100000 —
90000 —
80000 —
70000 —

60000 —

5ooooi -////////-\\\\\\\\ ////////

Heet gHin (e /h)

40000 , . , . ,

Fig. 4-16 Heat gain of overall system according to time

20 —

15 -

COPcHa

10 —
| “”/”/“A\/
5 —
(0] T T I
1 2 el

Fig. 4-17 COP data according to time

Collection @ chosun



917] £x7} 42 €Y W Fig. 4-187 Fig. 4-199] Ve whe} o] gt H5 o
& 90,000 keal/hrg 7153t o AA A z=dl As AFe 125 AEE FA5A

o,

100000 —

90000 - - m \ /-\

80000 —
70000 —

60000 —

Heet gain (ke / )

50000 —

40000 T T T T T T T T T

Fig. 4-18 Heat gain of overall system according to time

Collection @ chosun



20 —

15 —

10 —

o T T T T T

Fig. 4-19 COP data according to time

Collection @ chosun



2,002 me] A

s

ol

FA2E VVVFE Alo], On-off

A4

2 A5 HeolH

o

Ir

=

= vl

“g‘
VVVF Ao] ¢} On-off Ao} 7|5

o A

9

E

2

ol

4
ol

eyl
ol

A= 25 ~ 4.09]

-
[

S
55 T W COPel ghol 20675 ¥4 A2

ol
o)
o
ol
RS
)

H

JJo

70
o)
A
o}

—

TH

WS AFI T ~

w

3]

o

=0
o
o)

—

TH

H

A

2. Al olH oA

1S w 28952 )

S

40 Hz= 7}5

o]

FSlal 45 Hz=2

7] &3]

2.
=

el A = o)k

=3
o

A 40 ~ 45 Hz®] 7}&

S

198 o 18782 FH

S

N

Ho

2 C=® A

=
=

FA ). Set point 25 C, Dead band

S

3

O 2
= T

43

o 4 On-off #|o}s}e]

o) 27325 71538kt

e

s A

o R A

]
=

0

—_
"o

Collection @ chosun



28 TolA 38 T= A4

2.
=

< On-off 75 x4
T HE - 44,000 ~ 90,000 kcal/hr

= 7]

o

ol

5 Al 125

g

Pan=l]
- A

Z1Eeter AA Al

=
=

5 g2 90,000 keal/hr

# 3

‘ﬂw.ﬂo

]

B8R

—_
"o

oF
o]
IH

rze]

X

}5th VVVE

S

3

B

—_
"o

—
"o

o]

Ay 71 W3 On-off Ao 7]H

T
R

Collection @ chosun



o W wd [\l —

o,

o =
e
rlo
>
=
o,

M
Ac)
)
B o
o ¢
et
o
N
Z
ol
rﬂ
i
Wy
<
)
@
S
OO
L\J
@
—
de)
O
U‘I

. Ahn, D. G, C. G,, Jeong, S.IH., and Lee D. G., “Design of Photobioreactor for Mass
Production of Microalgae”, Journal of the Korean Society of Precision Engineering,
Vol. 28, No. 2, pp. 140-153, 2012.

6. BP, “BP Statistical Review of World Energy”, BP Staticalreivew, pp. 1-31, 2010.

7. Kim, S. J, Lee, J. Y., Kim, T. Y, Lee, S. B., “Heating Performance Analysis of
Building Integrated Geothermal System, Vol. 32, No. 1, pp. 206-210, 2012.

8. Ryu, Y. S., “A Study on the Loadsharing for Geothermal Heatpump System and
Boiler in Horticultural Greenhouse”, Rural Research Institute, pp. 8-12, 2012.

9. Kim, S. S., “A Study on the Heat Pump System by Using Geothermal Energy”,
Department of Mechanical & Precision Engineering Graduate School Gyeong Sang
National University, 2010.

10. Sohn, B. H., “Performance Analysis of Ground-Coupled Heat Pump System with
Slinky-Type Horizontal Ground Heat Exchanger”, Korean Journal of
Air-Conditioning and Refrigeration Engineering 24(3), pp. 230-239, 2012.

11. Bae, J. H., “A Study on the Deep-geothermal Water Simulation Monitoring using
LabVIEW”, KSMPE Conference, pp. 202-202, 2016.

12. Sohn, B. H., “Performance Simulation of Ground-Coupled Heat Pump(GCHP)
System for a Detached House”, Korean Journal of Air-conditioning and
Refrigeration Engineering, Vol. 23, No. 6, pp. 392-399, 2011.

13. Kang, S. H,, Choi, J. M., Moon, j., and Kwon, H., “Heating Performance of a
Ground source Multi-heat pump for a Greenhouse”, Korean Journal of
Air-conditioning and Refrigeration Engineering, Vol. 22, No. 6, pp. 337-334, 2010.

14. Kavanaugh, S. P. and Rafferty, K., “Ground-Source Heat Pumps : Design of

Geothermal Systems for Commercial and Institutional Buildings, American

Collection @ chosun



Society of Heating, Refrigerating and Air-Conditioning Engineers(ASHRAE),
Atlanta, US, 1997.
15. Eskilson, P., “Therml Analysis of Heat Extraction Boreholes, Doctoral thesis”,

University of Lund, Sweden, 1987.

16. Pahud, D. and Hellstorm, G., “The new Duct Gruound Model for TRNSYS”.
Eurotherm Seminar, Eindhoven, Netherlands, Vol. 49, pp. 127-136, 1996.

17. Kim, H. C., and Lee, Y. G., “Heat flow in the Republic of KOREA”, Journal of
Geophysical Research, Vol. 112, B05413, doi:10.1029/2006JB009, pp. 266, 2007.

18. Chae, H. B., and Nam, Y. J,, Kim, D. K, “Study on the Experimental Analysis
for a Hybrid Heat pump using the Renewable Energy”, The society Of
Air-Conditioning And Refrigerating Engineers Of Korea, Conference of Autumn,

pp. 416-419, 2013.

Collection @ chosun



	제1장 서  론  
	제1절 연구 배경 
	제2절 연구 동향 
	제3절 연구 내용 및 방법 

	제2장 이론적 고찰 
	제1절 시스템 난방 성능 

	제3장 심부지열 시뮬레이터 시스템 
	제1절 심부지열 시뮬레이터 제작 
	제2절 심부지열 순환 시뮬레이터 실험 
	1. 시뮬레이터의 성능 계수 실험 조건 
	2. 실험 결과 분석 


	제4장 심부지열 현장 실증 실험 
	제1절 심부지열 현장 시스템 
	제2절 실증 데이터 결과 분석 
	1. 실험 방법 및 순서 
	2. 실증 실험 결과 분석 


	제5장  결    론 
	1. 연구 결과 
	2. 향후 연구 방향 

	참 고 문 헌 


