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Abstract
GSHP systems are used for air-conditioning systems in commercial buildings, schools, and factories
because of low operating and maintenance costs. These systems use the earth as a heat source in
heating and a heat sink in cooling mode. Ground heat exchangers are classified by a horizontal and
vertical type according to the installation method. Vertical type is usually constructed by placing small
diameter high density polyethylene tube in a vertical borehole. Vertical tube sizes range from 20 to 40
mm nominal diameter. Borehole depth range between 100 and 200 m depending on local drilling
conditions and available equipment. In this study, to evaluate the performance of single u-tube with
bentonite grouting, single u-tube with broken stone grouting and double u-tube bentonite grouting of
vertical ground heat exchangers, test sections are buried on the earth and experimental apparatus is
installed. Therefore the heat transfer performance and pressure loss of these are estimated.
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Fig. 1 Schematic of vertical ground heat exchangers
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Fig. 3 Comparison of pressure loss for ground heat
exchangers
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Fig. 4 Variation of inlet and outlet temperature for

single u-tube loop(bentonite)
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Fig. 5 Log plot of average temperature for single

u-tube loop(bentonite)
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Fig. 7 Log plot of average temperature for single

u-tube loop(broken stone)

o} 7&7|7F A¥AH R dAsA = AP A&
5A1ZF $HE9 dHolEE JHAAL Ve E S
A Aok olmje] 7]&7]= 2496011, ©] 7]&7]
ZHE A4 dAEEE 244 W/mColth

Fig. 6 Single U-tube(314] “12}$-1)ollA] o] &
EEXE YERd Aolth x7]e] FASA &=
7t At Age dlzsAw o 71evlE
Single U-tube(MEL}o]E 18}9-9)e] ZHS-HT}
oFZh ghwkabw, of SAIZF FHE 2= 7177t
Z71H0 e u A dETre A oF
& oA g
o7

i=]
= 24706, °|2HH F EAEZEE 2552 W/
mTC o]t}

50

—=— Tnlet
—— Outlet
40 b |—— (Inlet+Outlet ) /2

30 -

Temperature [ °C ]

20 +

10

I
0 5 10 15 20

Time [ hour ]
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Table 1 Test conditions and results

) Thermal
Flow rate|Power input o
Loop 3 conductivity
m'h) | kW) o
(W/mTC)
Single U 0.908 8 2.440
(bentonite)| 362 8 2.618
Single U | ¢ 908 8 2.158
(broken
1.362 8 2.552
stone)
0.908 8 2.536
Double U
1.362 8 2.653
MELelE aekegs 44 aekede fad
JERGA R

At zel7 A fle Aoz
Eveo]Ee] A97t of A

A4 agke" e A dEUE A
gro 4x7F 271 o A2 &5
For AHEET} sropx= Ao w ddd.

AA AzFste] hEEdI A HE
|

My @ -

Ho
ol
rE
9
=
i

i

ol
-

ot ox
ol
B2
o
=
Ry

)
2
o
o
oL
)

it

o g

St o

L oo B oL o
v}

o

i)

L

rlo

e ofy

o

0,
i)
(b
(1
Lo
o

Single U-tube®} Double
7hstH A bk Ao
o Aol wl#H g 2239
ow, TAg FHAA F
%]+ Double U-tube®] 73
Huh 5 FEFolA b

G

:

[l

alll
T

ofN Ho

N
S o

w:
o
D

24
©
==
S

& n
Single U-tube?]
&

e}
o
=42 oF 50%

onl
o

s
—a=

fu
N
%
o
Ky
L
°

2. frEgdEEE a
Double U-tubed] ZAS$-7} 714 =2 & HolH,
Single U-tube®] 7-§- WELC|E 12903 2
A agkeye] FaddEEE H4 3o 9
o® WEUolEe] A7t ot F& Alew u

Bk

7|

o

S R = R P e Ea = i RE P S P e s
Al el dtH] %91 (2003-N-GE02-P-01-3-01 0)2
2 FPEAFYTH

0t
il

Snp=

(1) Mogensen, P., 1983, "Fluid to Duct Wall Heat

Transfer in  Duct System Heat Storage,"

Proceedings  of International  Conference on
Subsurface Heat Storage in Theory and Practice,
Stockholm, Sweden, pp. 652-657.

(2) Andrew, D, 1999, "Advances in Modeling of
Ground-source Heat Pump Systems," Master of
Science Thesis, Oklahoma State University.

(3) Yavuzturk, C., 1999, "Modeling of Vertical
Ground Loop Heat Exchangers for Ground Source
Heat Pump System," Doctor of Philosophy Thesis,
Oklahoma State University.

(4) Kavanaugh, P. and Rafferty, K., 1997,
"Ground-source  Heat Pumps : Design of
Geothermal  Systems  for  Commercial  and
Institutional Buildings," ASHRAE, Atlanta.

(5) Chung, M. H., Chang, K. C., Park, S. R., Lee,
Y. S., Yoon, H. K., Park, J. T., Ra, H. S., Baik,
Y. J, "An Experimental Study on Heat Transfer
Performance of Horizontal Ground Heat Exchanger
of GSHP(Ground Source Heat Pump),"
Proceedings of the SAREK 2005 Summer Annual
Conference, pp. 457-462.

(6) Shon, B. H.,, Cho, C. S., Shin, H. J. and An,
H. J., 2004, "Heat Exchanger Performance of
Vertical U-tube Ground Heat Exchangers,"
Proceedings of the SAREK 2004 Summer Annual
Conference, pp. 1323-1328.

(7) Lee, S. H.,, Choi, B. Y., Jeong, Y. H., Chai,
K. H. and Lim, K. B., 2004, "An Experimental
Study for Thermal Performance Measurement of
Vertical Borehole Heat Exchanger(BHE),"
Proceedings of the SAREK 2004 Summer Annual

Conference, pp. 48-54.





