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A Study on Performance of Vertical Ground Heat Exchanger for Heat Pump
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. Heat pumps 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 heat ing mode and a heat sink in cooling mode. Ground heat exchangers are classified by a

horizontal type and vertical type according to the installation method. A horizontal type means
that a heat exchanger is laid in the trench bored in 1.2 to 1.8 m depth. And a 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.
between 100 and 200 m depending on local driiling conditions and available equipment.

Borehole depth range
In this

study, to evaluate the performance of single u-tube with bentonite grouting, single u-tube with

broken stone grouting and double w-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.

Nomenclature

k : thermal conductivity, W/mC

@ : heat transfer rate, W
T : radius, m

T : temperature, C

t : time, hour
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Fig. 1 Comparison of pressure loss for
ground heat exchangers

Z A dlo] ¥ 2] EQH%% 7}ze] FQR-Foj A
o6& 5  J=E FAGHUY.

B oAFojE= HI?M F79 38 xF4
l AIHHAEE 4&@ FF3 4+E
Aol &%, AH EHS WHIAANEA
sk} ?41&34?_1 Rlz—%ﬂﬂﬂ *}%T"r
9087} 1.362 m’/hr2 HAF BLg 7%
, A7IBHE dFS EO‘okil %Z*EE
u-% st Ztziel HelQl J&F 2

dAE dFS /A3 AFE .TMPM] qm °=‘

m‘f = omloiﬁrl?ﬁr

ﬁoﬁﬁﬁmﬁuﬁmﬂ
0

xS 27, BA5Yc. w3 7o 7*]‘2;‘

37 ol A %‘@1:‘:@3 GdolH 7] Y3 FHEHS

2~3.8 m’/hr A WA AEA AFAuF7
T S Alolo] A4E SASIA .

3. Alg&nt 3 13

3.1 YA
dHLAS} oy 2
N Faw il gESAel oy weold,
AZzAuBrld B FHL fF} GAE

Aol §o8 HAHEH.

2
bl
*FJ

o

N

1o

jlo
=

2

0,

2

AFdasrjo 3¢ (HEAL 729 Zdolg
f271 dx8 deol wa ghe] Aolrp ol
A BX0 f2o dHo] AXA HE EHE
A2 w2 FopA Al du. Fig. 12 3

X]T%J_J’-ﬂﬂ—] frgo] & ¥ istE JERd
ZAolt}. Single U-tube®}t Double U-tube X5
ol F7FelAAM Frhele A¥S Holw, 1
A7l 7% AFd v 2xFgo FA
dHE E’_‘ﬂil Ak, FY FFAAM F=29
1\;]_-1‘52_4,0] F vl7} S+ Double U-tube® 7{-¢
Single U-tubed] ZALET F9 FFoAM o=
AL % 500 AR FHol e AE HAJAT F
})\)\)\C]'

c

g% AAEE ZHEe U
¢ AFe AFLIB/NLRH FEHAY 79
e §9 AZANIE 2B e

- 467 -



A7 EF2EE FAHA ARG, £ A
Ays FAY AFEuI7|E e A
(line source)22 7}AsId AT, &
T A wo] vmA Tk gdar B

e A% go] XY 4 2t
O
ATt =52 [ © i3 (1

2wk
A7| ATE &% Wg, r2 WA, = 249
AlZE, Qe 99 dold ddEFHF, ko EHEA
Folth. 2(1)& Mogenseno] A¢tg zhggl Al
oz FANY tew 2L Ao "G
AT(r,t)=Z%lnt+m (2)

AZATR7 Y JET LE AHE 5A
(logarithmic time)oll W3 HF &% vz A
o7 Yehfa, 2w 717§ TFild ddx
=& AME 5 A d4.

248 NFAuN7) Y ALPYLEE Y@
TS ES AHEsEIen, 482 5 kW
9} 4 kW &9 AJ|SEHE o]&3%T. T8H
Aol 832 0.9087 1.362 w’/hr & ulF o] A
A %27 ZEE 9wt A2 YUY S 8 kW=E

—

O
flo i rx

i

rC o

LS

[ [ — Illlﬁ'f 4
P —— Ctlet ]
wl mm~m-(1nkt+(hnktjf2_ e ———— sl
- . - _ - —m -
T | = —
£ 30+
2
%
[-I .
)
10 -

0 s 10 13 20

Tune [ howr |

Fig. 2 Variation of inlet and outlet
temperature for single u-tube
loop(bentonite)
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Fig. 3 Log plot of average temperature for
single u-tube loop(bentonite)
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Table 1 Test conditions and results

- . Thermal
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Single U 0.908 8 2.440

(bentonite) 1.362 8 2.618

Single U 0.908 8 2.158
(broken stone)| 1.362 8 2 65D

0.908 8 2.536

Double U

1.362 8 2.653
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