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NOMENCLATURE

Roman
T, : Temperature of ground [TC]
Q : Heat transfer rate [W]
L : Borehole length [m]
k : Thermal conductivity [W/mK]
C  : Specific heat [mt/m’k]
T, : Mean temperature [C]
T, : Inlet temperature [TC]
T . : Outlet temperature [TC]
T,  : Temperature of borehole wall[C]
t : Time after start of heat injection [hr]
r : Radius from line source [m]
Qe - Local terrestrial heat flow value [W/m?]

R, : Thermal resistance [mk/w]

T : Depth [m]

Greek Symbol

Q : Thermal diffusivity [m?day, m?/s, mm’/s]
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Summary

One of key design factors is the geothermal heat transfer effectiveness of the
actual site to be installed. The effectiveness is the function of geological
characteristics such as soil and rock and ground water contact etc. Therefore, the
actual site measurement is so important for the successful design and operation of
ground source heat pump(GSHP) system. The purpose of this study is to investigate
the convectional thermal response test(cTRT) based on kelvin's line source theorem
and to compare and propose and validate a better enhanced thermal response
test(eTRT) based on Fourier's law. The main results are:

(1) The average effectiveness from cTRT at the KIER(Korea Institute of Energy
Research) site was measured as 2.58 W/m.K at KIER experiment site.

(2) The average effectiveness from eTRT at the KIER site was measured as 2.63
W/m.K at KIER experiment site.

(3) The study indicated that eTRT could be used with €TRT to predict a more
detail temperature variation depending upon the depth.

Therefore, this study could conclude that eTRT could be utilized with ¢TRT to

understand the actual site thermal characteristics along the depth.
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Table 1 Specifications of conventional thermal hydraulic thermal response test

(cTRT)

Electrical heater

3kW X 3

Voltmeter 0 ~ 230 Volts AC +0.25%
0~50 Amps AC,

Amperemeter +0.25%
0~100 Amps AC

Temperature sensor S 75 T +0.2TC

Flowmeter Flow rate 10 ~ 60 L/min, +0.1%

Circulation pump

lhp, 60hz
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Fig. 4 Conventional thermal hydraulic thermal response test (cTRT)
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Fig. 5 Schematic diagram of cTRT circuit
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Fig. 6 Photograph of sensor and data logger, software
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Fig. 7 Photograph of controller box of cTRT
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Fig. 8 The filed test of thermal conductivity
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Table 2 Specifications of electronic thermal response test (¢TRT)

Material Steel
Diameter [mm] 23
Weight [g] 120
Length [mm] 247

Temperature measurement

-5 to +50
range [C]

Sink velocity [m/s] 0.1
Max. measurement depth [m] 400
Water resistant [bar] 110
Battery usage time [hour] 3

Store measurement data 16,348
Measurement time[sec] 3.5
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Fig. 10 eTRT insert to U-tube
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Fig. 11 eTRT measurement and recovery method
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Table 3 Specifications of the ground heat exchanger

A sort of heat exchanger

Single U-tube (Vertical)

U-tube diameter 30mm
Borehole diameter 150mm
Borehole depth 150m

Borehole material

HDPE(High density polyethylene)

Grouting material

20% bentonite

Table 4 The result of thermal response teat

Time 48 [hr]
Interval of time 5 [min]
Ground temperature 16.2 [TC]
Inlet temperature 34.9 [T]
Outlet temperature 30.2 [T]
Mean temperature 4.7 [TC]
Flow rate 25.7 [LPM]
Power 8,515.3 (W]
Heat transfer 8,404.3 (W]
Linear FIT slope 1.7263 -
Heat transfer effecting 2.583 [W/m—K]
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Fig. 12 The picture ¢cTRT and geothermal heat exchange loop at KIER
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Fig. 13 Inlet and outlet temperature variations with time
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Fig. 14 Temperature plot respect with logarithmic time

- 37 -

4.0



[ = L R B N L L O ol BT S B LNG S ¢
RS T ySHu e Rew - FE T W
s P rm e Tagrg gl Peu® —aunp ¥
— S O~ 0 o Bo
R AT S - IS A S TR T B - S
TP o o — B T = D —
° & . K o R o} = oy ¥R K g X
P Eg g T oW 5wy YRR €
- ° = » N a— 3 =
=) ﬁ_ﬁuﬂww%wa%ﬂﬂEﬂi%gﬂi%cﬂﬂr%
Tl £ W Pom ool TR W E R o W T oy
e s w HOE R i B W = = & B B o
o TEEZEERw G TIrislEl e by
Row g N Moy 8 BT o R R o e e @ - O
H L T e R T e el 71 SCECING)
o} W g S ey Wy o F s TR e
OF EMWmﬁox%AEEV*%O_Emug_aﬁﬁmﬁﬂﬂ
! NE = . T H R T _—
ol M%é%%%ﬂm%%mﬂ&%?%?%mmﬂ%m
o — ol T N ) 2 0 ]
E I P T, e S S R P | N
By ~ _ ﬂWﬂ;oT i) ]o_ 0 A E =
L B I M M S S P I - R B S T
K0 % » mw S @ M 5 o) X o O~ L = = o VRF
K XAu%N%%%m%ﬂ%%%%ﬂﬂ%%%ﬁ%
i TR W OF - 8 o = & Hogy b T e}
ﬂAl 1_71734.1 ° n 23 ;oOﬂ_tW
%xzowul%mui.LoaLuT%F%fr 2% mo
i T o TN . o O ol s B TR St
— ufﬂ%@%ﬂrma%m%%imumo%WﬂWo»ﬂ%ﬂ
oc < o ) a T
5 tudidampalTiEETITESYES
R iolﬂi T T B - %Oda N
N N "o X H N ® W o A oM I A
< T XN TR R M N H oo T E s F N

ol g
3=

9]

[ K B e e [ e

°©

floF
w 25mell A 75m b 75m ool o ® Wojrb= A

Neutral zone

[

274
- 38 -

1

s

[e)

=

[e)

4] Neutral zone

T Aduk. wEbd A eSS W= Solar zone, 9 A E
[e}

f 1Sk

BTAS

H]

=

—=

"= Geothermal zone¥} 1 A7} &

el



Sh=:]
=

&
=

HA Fig.17¢] 7

I3

71 €

°©

SH|

°©

s}

=

S|
4g 3

=

-

7
74] sl

LFERH AT

- % o
N o0 ,ﬂ WOoR ’
oo = BF LE G
o 2w o {0 3% B ok g ™
" oo o = T np % B
ol Kok CLay " :
- v oR 5 - £ T o
T AR o T Bl 5 E
- (AR R a3 i o
oy < © 2 0 ke X L -
by oM e~ oo D i
~ i oo e : |
: w n_ - =n m = = db s W T
ot %ﬂﬂwzﬂﬂ@ﬁa
W R ] o -
o W T N il N5 s ;
_ ) N M = o
%ﬂ%%wﬂﬂr?ﬂafwwo_a
w KR iﬂﬁﬂgﬁﬂm&
I ol M L
oo T ow® Ye o Tl g =
: > - > d <
v X T % P T o A -
= 5 > M ol TG RS )
n- © iy 3 & 3 A * -
= By B 8 .
ﬂcﬂqﬂzw@@wuo@o
; m o
wm q B T g9 B R A
__72 7mgyzurno_yt%
om = & N N o " =
R T i ; -
- = e <
T e A Moo X
S o X500 £ 3r X )
5 i ) S 3 NT© < 100 =i
£ CRC 3 E R OB o
% PE g LT E L5
; © z JT ¢ 2 o o ]_u
Bo B K X ar
° o % < 4
~ o T W 5 . ) ol
N -2
SR | N ﬁe 0 =
R T

- 39 -

__H E_Uﬂ o
H oF 2.63[W/mK]2] %k

9

J

AR



Depth [m]

20
40
60
80
100
120

140

—o— Temperature at site (150m)

14 16 18 20 22 24 26

Temperature [°C]

Fig. 15 Temperature variations with depth

- 40 -

28



Depth [m]

—— dT/dx at site (150m)

20
40
60
80
100
120
140

0.2 0.4 0.6

dT/dx

Fig. 16 Temperature gradient variations with depth

- 41 -

0.8



Depth [m]

20

40 |

60

80

100

120

140

| —— 100m GHX (06.03.22)
—— 150m GHX (08.07.21)

~ 100m GHX (08.11.24)

a

10 15 20 25

Temperature [°C]

Fig. 17 Seasonal temperature variations with depth

- 42 -




Depth [m]

60 [

70 |

80 r

& . | —— 100m GHX (06.03.22)
V8 ¢ | —— 150m GHX (08.07.21)
: ¢ 100m GHX (08.11.24)

15.0

15.2 154 156 158 16.0 16.2 16.4

Temperature [°C]

Fig. 18 Seasonal temperature variations with depth

- 43 -




Depth [m]

20
40
60
80
100
120

140

L _o_o_o——o—o—O—O—_O—‘o—"O'_o_oo_o
f —— Temperature at site (150m)
L Solar zone
i Neutral zone
Geothermal zone
i >
4
14 16 18 20 22 24 26

Temperature [°C]

Fig. 19 Temperature zone variations with depth

- 44 -

28



60 r
—O— heat flux 0.0532 [w/m?2]

80 | 2.63
E
= 100
<
Q.
[¢}]
0 420}

140

0 1 2 3 4 5

Local conductivity [W/m-K]

Fig. 20 Local conductivity variations with depth

- 45 -



<

S

o_u %o oW
W N = o B
5 G % : o
o yow X s & o w K
) =~ W G
o N o & C) = oy ol e X
= R~ b La = oo T o TK T
Qﬂ wuuﬂo. Rm?ﬁﬁmou Hwﬂﬁ
= B wqm ¥ i my = W i BN o ° + ol 51 o
o N o 2 3% - % ool gy G = W = = L
5 = N <o > e s X o) I~ o : N8
N _gov% Myﬂ_d@_% ﬂAr.mﬁﬁﬂl.
g = B o W g T O W OR o & A
e O_H jand _!L ;e ﬁo & ﬂ B FI _/E an &e VI OE zi Z.o —
o) ) % = B 3w O/ N o * o
N op B o N N g = o
= < el N = ~ o No = i fro = I~
T o) ‘,.Arﬁ \|_.o o B ] Euﬁ o T JH Lf N ,_Iv,ﬂ N
. = X = E ) , 2%
ol N ™ N X ° =y o — od = 3 Ho 0 T o
Ho ol < mﬁ ﬂm = KO ﬁm > oF M o= o} Mu g ol mm T
T 0o ® c oo T B Moy = S il %
4 7 TS i o e T Ko B
T - woX 7 2T 0 RO o T L > )
W osm T E 7o anw mp | & ke o ~o O mm Jﬁ o )
iy .WE ) ) e o v Jl 2} N2
o TR — g ) e N WM < 9 ) k- m: oy B %
s = ® T IR T B -~ T Gl Ir 1y TR i
o oo ® - ~ e © 5= O : o lub W T
o N el S S~ - ﬁﬁ Lo NAH fo < oy oy C¢ AT et MJ ase
v H g N ojn ofE (- d - B o e . g
N Nlo X m;, oy i iy o i e A ]e Ho = =~
E._ Muﬂ.“ X KO OM o) ‘_Lvoﬁ B o EE ° —o X o OW X Ml POEH
SN B do Y o Mo O K" Mo 9 NS
Eﬁﬂo%xmﬂﬁn%ﬂﬂwgfﬂg%moVLd
o W % Ll A o e S = G o N R =
o @@%é 1ﬂ4aggﬂ4€§wx 4§ =
o wor = = ) N & oo T . N o Mo B o i pi
HEH %453W$v§5ﬂﬂxmgf
< nzu %%?.ﬂ1ﬂ T N Gl %l%wﬂ
T UE g oL ﬂoﬂﬂgﬁ%ﬂylﬁuﬁ
%ﬂ% @emMmoc_oﬁ%mO ﬂﬂz o=
) e W 0 0 ) A
T Mo mmﬁ = < 2 o W o) T o i
AN H T W s @m H
=T ik B W o X o ol
Nfo Mﬁ = 5 N .
i —
B =
CACE e

- 46 -



oW

26 Cl Al 15.3C Y]

1
s

B 25m7}A

FHozy

™ 75m

nglo

H iy =
I_iE

2

15.3C~15.6TC <

Hola 25mol| A 75m7FA =

=
=

B
i)

Solar

-
T

A FERH A HE 25m7HA]

75m O] /-l A €]

1t}. o§7] 4 Neutral zoneS 7|

o
O

Geothermal

-
T

Zo] oA

zone, 25m~75m A}o]ol Neutral zone,

zonel 2 U= &

= 7k zone® AAZE Hof 2

uk
=

=} O
iy

%

o)

ol
=

A3} 55m ~ Tonel Al 7hg o

= wth. wEA A

—

ol A 55m7FA = ¢

&

8
22!

B

Neutral zone, 75m©]

9FS W Geothermal zoneS = UEFRLTE.

Solar zone, 55m~75m

A 9]

=]
T

=
=

2.63[W/mK] & =

%

il

gholl th3k @247} 2% oW &2 el

frae

St

]

A

N

b A4 AFARE fE

S

LV15

X
Z_I

N
B
K

)

i

0
N

i

Solar zone

Eis

7 <]
, Zerafe] k)

o
=

A9k Geothermal zone

S

ﬂo
B

7} Neutral zoneo] o

Rov FrrRgr o 7)Mol

- 47 -



[1]

[2]

[3]

o2t
k]
Mo
el

AFAAR R Bl 2005, “AA R AT dAEE A57]E T, pps-22,
pp50-65

Rohner, E., Rybach, R., and Scharli, U., 2005, "A New, Small, Wireless
Instrument to Determine Ground Thermal Conductivity In-Situ for Borehole
Heat Exchanger Design", World Geothermal Congress, Vol. 30, pp29-68

Frank P. Incropera & David P,DeWitt, 1999, "& A &" W W31, pp72-77
Krarti, M., Lopez-Alonzo, C., Claridge, D.E.,.and Kreider, J. F., 1995,
"Analytical Model to Predict Annual Soil Surface Temperature Variation,"
Journal of Solar Energy Engineering, Vol. 117, pp91-99.

Yong Hwan Kim, Gun Hyuk Ko, Eun Chul Kang and Euy Joon Lee, 2007,
"Wireless High Speep Electronic Geothermal Temperature Measurement Study"
Proceedings of the SAREK 2007 Summer Annual Conference, pp 245-250.
Hyoung Chan Kim, Saro Lee and Moo Young Song, 2004, "Geological
Characteristics and Heat Flow Relationship in South Korea", Economic and

environmental geology, Vol. 37, pp 391-400.

[7] Yong Hwan Kim, Hyun Myung Taek, Eun Chul Kang, Park Young Jung, and

[8]

[9]

Euy Joon Lee, 2006, “Model to Predict Non-Homogeneous Soil Temperature
Variation Influenced by Solar Irradiation”, Journal of the Korean Solar Energy
Society, Vol. 26 No.4

Krarti, M., Lopez-Alonzo, C., Claridge, D.E.,and Kreider, J. F., 1995,
"Analytical Model to Predict Annual Soil Surface Temperature Variation,"
Journal of Solar Energy Engineering, Vol. 117, pp91-99.

Yong Jun Kim, Jae Sang Choi and Yong Tae Kang, 2005, "Performance
Analysis of Ground Thermal Conductivity by Ground Heat Exchanger"
Proceedings of the SAREK 2005 Winter Annual Conference, pp 161-166

- 48 -



[10] Adam Austin, Development of an In Situ System for Measuring Ground
Thermal Properties, Oklahoma State Univ. Master's Thesis, 1995.

[11] Lund, J.W. and Freeston, D.H. , 2001, "World-wide direct uses of geothermal
energy", Geothermics, Vol 30, pp29-68.

[12] Hyo Jae Lim, Hyoung Jin Kong, Yoon Seok Song and Seong Koo Park,
2005, "Thermal Conductivity Measurement of Grouting Materials for
Geothermal Heat Exchanger" Proceedings of the SAREK 2005, pp 364-369

[13] Se-Kyoun Lee, Joung-Son Woo, Jeong-Geun Ro and Dae-Ki Kim, 2006, "A
Study on the Estimation of Soil Formation Thermal Conductivities and
Borehole Resistances with one-Dimensional Numerical Model and In-Situ Field

Tests" Proceedings of the SAREK 2006, pp 783-790

- 49 -



Ao 2

B
M

7}

e T

ko

of Aol

=1
=

Utk a2 Aws

AN &

1o

R
WA 24

o}71 4] eko.A L

=
=

Aok A

g A

LR

GAE!

X

d

B

j—

N

==
fi%e)

it

;oH
3

3
ol

:1,1:]_

woL Al

e

A AL,

= 7HA

Al
=

e

=
=]

I

- ol

= A

I

o]

G

g
i+
B
T
of
ol
icy
0
i
B

e

o

el

Mo
i

X

Tor

Mo

T

=

e AU A

3 4

o8
HK
Ju
!

il

o

T
_Eo

ol

ﬁ
0
_rO

—_

~H

NR
L

oF)
ol

il

z

0
o
ol

i~

—

o

A
_12_.0
X0

—_—

K-

il

Gn

Bl AEE

AA

Colg S whA, Eak A A=y,

e
S AEA AAe] Az A

1A

uy g

’

wpAb

121!
2}

%0

ml

—_

!
ol

ol
A

Jmu-o

fand

-
it

|

A kel 8,

9]

71570

, Al A A

Al o=

’

o] 3

T " A, e

2

S
=

- 50 -



;OH
X7

3
el

i
il

_—

dorM Eags

Foll A

<

=8 Ef

il

a5

j

B A ZEAL

o174

=
=

o zolw 77

3}
=

A

ol

!

el

M
Bo

i~

fuy.
oK

s

!

el
0
B

:]1]_./1:
=

]

HH O
=]

st 7]

oARe wWHE Az &

el

2009

- bl -



	Ⅰ. 서론
	1-1 연구배경
	1-2 국내외 연구동향
	1) 국외동향
	2) 국내동향

	1-3 연구 목적

	Ⅱ. 지중열교환 유효도 측정에 관한 이론
	2-1 지중열교환 유효도 측정방법의 종류
	1) 정상상태법
	2) 과도상태법
	3) 현지측정법

	2-2 현지 지중열교환 유효도 측정 분석 방법
	1) 선형열원 모델(Line source method)(cTRT)
	2) Fourier의 법칙을 이용한 모델(eTRT)


	Ⅲ. 실험장치 및 방법
	3-1 열유체식 지중열교환 유효도 측정장치(cTRT)
	1) 실험 장치
	2) cTRT 현지 지중열교환 유효도 산출 방법

	3-2 전자식 지중열교환 유효도 측정장치
	1) 실험장치
	2) eTRT 현지 지중열교환 유효도 산출 방법


	Ⅳ. 실험 결과 및 고찰
	4-1 cTRT를 통한 지중열교환 유효도 측정 결과
	4-2 eTRT를 통한 지중열교환 유효도 측정 결과

	Ⅴ. 결론
	참고문헌


