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ABSTRACT: The aim of this study is to investigate the daily heating performance of ground
source multi-heat pump system with vertical single U-tube type GLHXs, which were installed in
a school building located in Cheonan. Daily average COP of heat pump unit on Jan. 12th, 2009 at
heating mode was lower than it on Nov. 10th, 2008 and Dec. 15th, 2008, because of lower EWT
of the outdoor heat exchanger and relatively smaller size of condenser and evaporator. But, the
system COP on the former was higher than it on the latter because ground loop circulating pump
was operated in rated speed. It is suggested that the new algorithms to control the flow rate of
secondary fluid for GLHX according to load change have to be developed in order to enhance the
performance of the system COP.
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Location of

and boreholes

Fig. 1 Site view of the building.
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Table 1 Loads and areas of the building

Location Cheonan |Heating load(kW)
2nd floor area 96 m’ 14.3
3rd floor area | 1584m° 31.3

Building Use

Office, Class Rm.

Thermomeler x 2EA

Flushing valve
20A * 26A“]
Chockvalve

Ciroulaling pump

G.L

T

Heat pump 10 units

IS

% "Heat pump 1D units

E
s~] £ 3Ball valve 1E
At SUDDISTIONTATY WALST

ZSNENS

Fig. 2

vahe

Heat pump OO unit

Bllet Ta

SOR = )

Monfioring well

T
L.

G
= U Tube typs GLHE

Schematic diagram of ground source
multi-heat pump system.
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Table 2 Specifications of GSHPs
Parameters System 1
Type Water to air
OD unit 20RT
Heat ID unit 2way x 2, dway X 6
pump
unit Refrigerant R410A
Samsung
Manufacurer Electronics Co.
Type Single U-tube
Borehole diameter 150 mm
Borehole depth 150 m
GLHX | pistance between 6m
boreholes
No. of boreholes 5
Tube diameter 32 mm
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Fig. 3 Vanation of heating capacity with time
(Nov. 10th and Dec. 15th).
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Fig. 4 Variation of inlet and outlet temperature
of OD HX with time(Nov. 10th).
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Heating season
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Fig. 8 Variation of surface temperature of GLHX
with time(Nov. 10th).
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Fig. 9 Variation of heating capacity and COP
with time(Jan. 12th).
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ture of OD HX with time(Jan. 12th).
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Fig. 11 Variation of monitoring well tempera-

ture with time(Jan. 12th).
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Fig. 12 Variation of monitoring well tempera—
ture with time(Nov. 12th).

Heating season = Nov. 10th, 2008j
Mualti GSHFP system 2 Jan. 12th, 2009
4 .
é&\b e N > k‘;lf’ {QI_} s, T,
17 e "o tam ong, i RS
Qg n nem o) L - "=
8 L T L] ™ [ ] n g0
2 -y Py -y, L
o . e, = "=
" -‘ L] n ....
1 ]
0 —r -

T L] T LA T
36 028 1118 12086 1266 1345 1935 15285 1814

Tirse thhmemy
Fig. 13 Variation of system COP with time(Nov.
10th and Jan. 12th).

Qc

8B Al =g o

L=

ol 5

il
z 3 P%E}

i, ;}*

HE
P
NE

32
mlo

m{m

©

Ho

Fig. 13 AA A~
119 1099 99 g3 5}
129 4¢ Ho 3
=4 degon 1
4 12429 o9 BA vdEhgd o A
HPZE A=y /M- o ﬁg@ A7
SHE g Raigko] 2L
Al 27EE
FERT AA FE
oh Al S *7} o)
Z7teko] AM AA Ax¥ COPE 7+

oltk. 114 10¥3% 19 1299 Al
2vzb 209 308 JUenjor sEgE
tiB] B8.L %9} 14.2%4 a2kl
ol %%k Ay Add

2= COPE 11¥ 10¥0] 1

O{N
9

é
=
im
o oo
K o
M o o
BT P i

A

e

of

A=}

F{

53]*4:5}% 9

B

E AFdHE By
dE71E AL AEY =
A 2aee @A) M sle]
rxg] ol weh Fo AxE dY
T EAL BAsgeH g5 2

20083 11€ 104 div] 2008d 1
Az=¥ TbE Fe Ha 9%71&-“7]

thu
o DN
o e o

_rL
i
o?., 3
Ju—,
—

é IO%EE} ks
eis) 12¢ 154
el & SH2
ok,

2000 1€ 1294 A4 &3y 94%9]
&R 11¥9 1097 124 159 vl 4W
Balgoz &y §% 7PHEo] Foli
3 COP Wat&o] A et}
2000 1€ 1299l= AEE&8SF

Fele-wrb 200841 12€
zdlo] Wil gs TR A
zgy) AV AT FAZE
boaAstg e,

AAshal e

Lo
%—71 T

A&7

lo

7

\‘ON_L“.,
ol

Lz

B
Y
B
L
5

par

e



534 HE -

HEA -

9 14 12¢ 947%‘2-‘5 10T sEgx §
COP tlH] 70% $-53%F A%< et
A4 3 EFEZ 20089 11¥ 1049
B EFZ Y COPE #7j2x7t v
F3lgo] AA vl 18 1299 9 #HA
HBE §y COP bl 37% A dehdon)
THFEY AELHLE Mad gF AFedr
fr#& F 7l tﬂrt— A FAEY 2uAYg )
o] AAM 14 1249 A" COP Bl 333%
2h2 gkg vrERdT

AT &% Y S E A
SJEPE FHE A9 I
HE FHoZ A8 A A
A2E COP &43 dAzte)dx
3}{1&;5 ]ESH:U.O] .8 dg

F HAXgE ¢
1 Vﬁ.&ﬁ}t}
ztol7b 2
a3 2000 149 1299 Aad
He &9 AF2Ts vl 9 53,
50m ¢]3te] A F 4xd XXl g =
Vel eng Ay vz S XF 499y
Ahoz Qe B xd4 dE s|lEg=Ee
71894 A EHE AN2" oy dg 2 dyx
Z& 08 T %S HoZ HyrEy,

d

a9
a9
e

A F

A
F

off
0{' o

>A

[=:}
=
€l

1K)

oo
> 1

e
] 4

Um 05
o o

{5}

& moo r}rn rlo

Pl
_a

e o
A A
3z

<]
=

A
—_

Q
F

o o

ot
o
e
)
r~i>

2l My Juoolt ok R
>~
Y

12
k]

El%«
TNex

2008 114€ 10
7t 9 w2y
=

L

L

= 7

2 9

R

T (F)daare] A
Hoew, old] ZAAl=FH U

sare]

51

Il>,1_

HD

1. DOE, 2001, Ground-source heat pumps ap-
plied to federal facilities—second edition, Federal
Energy Management Program, DOE/EE-0245
(PNNL-13534), US Department of Energy.

. Ozgener, L., Hepbasli, A. and Dincer, 1., 2007,
A key review on performance improvement
aspects of geothermal district heating sys-
tems and applications, Renew Sustainable
Energy Rev. Vol. 11, pp. 1675-1697.

. Spitler, J., 2005, Ground-source heat pump
system research—past, present and future,

T

A

16.

11

12.

13.

HVAC&R Res. Vol 11, pp. 165-167.

. Sohn, B.H,, Cho, C. S., Shin, H. J. and An, H.

J., 2004, Heat exchanger performance of ver—
tical u-tube ground heat exchangers, Pro-
ceedings of the SAREK, pp. 1323-1328.

. Song, 1.S,, Joo, J. ], Chung. H. J,, Kang, H,

Kim, Y., and Choi, J. M., 2007, The perform-
ance of capacity modulation and MIMO con-
trol for system heat pump, Proceeding of the
SAREK 2007 Winter Annual Conference, pp.
364-369.

. Song, 1. S., Chai, .M., Joo, 1. ], Chung, H. ],

Kang, H. and Kim, Y., 2008, The performance
of a simultaneous heat and cooling heat pump
at various charging conditions, Korean Journal
of Air-Conditioning and Refrigeration Engi-
neering, Vol. 20, No.7, pp. 492-499.

. Lund, J. W. and Freeston, D. H., 2001, World-

wide direct use of geothermal energy 2000,
Geothermics, Vol. 30, pp. 29-68.

. Hepbasli, A., 2002, Performance evaluation of

a vertical ground-source heat pump system in
Tzmir, Turky, Int. Journal of Energy Res., Vol
26, pp. 1121-1139.

. Hepbasli, A., Akdemir, O., Hanciogly, E., 2003,

Experimental study of a closed loop vertical
ground source heat pump system, Energy
Conversion and Management, Vol. 44, pp.
527-548.

Zhao, P.C., Zhao, L., Ding, GIL. and Zhang, C.
L., 2002, Experimental research on geo-
thermal heat pump system with non-azeo-
tropic working fluids, Applied Thermal Eng-
ineering, Vol. 22, No. 15, pp. 1749-1761.

Shin, H.J., Ahn, C.H. and Cho, C. S., 1995,
Overview for the effective use of geo~ ther—
mal energy, Air-conditioning and Refrigera—
tion Engineering, Vol, 24, No. 4, pp. 409-419.
Kim, B.C., Shin, H. J. and Cho, C. S., 2003,
The measurement and analysis of perfor—
mance of ground source heat pump system in
winter, Proceedings of the SAREK 2003
Summer Annual Conference, pp. 1086-1093.
Sohn, B.H., Cho, C.S., Shin, H. ], An, H. ],



ALY =UT7) ge sEFEY dY i 2

and Yim, S.K., 2003, Performance evaluation
of a closed loop vertical ground-source heat
pump system, Proceedings of the SAREK 2003
Winter Annual Conference, pp. 56-61.

14. Sohn, B. H., Cho, C. S,, Shin, H. ]J. and An, H.

15.

J., 2005, Cooling and heating performance
evaluation of a GSHP system. Korean Journal
of Air-Conditioning and Refrigeration Engi-
neering, Vol. 17, No. 1, pp. 71-81.

Shin, H. J,, Cho, J. S, Hwang, I. J,, Kim, J. Y.,
Lee, S. W, Sohn, B. H,, Lim, H. J,, Park, S.G.,
Lee, C. and Song, Y. S., 2005, Construction of
performance evaluation methods and technical
standards for ground source heat pump sys-

16.

17.

18.

19.

it
o,

o

@ 4

ol

a7 535

i

tems, Final Report, Ministry of Knowledge
Economy.

Ministry of Knowledge Economy, 2008, Stan—
dards of support, installation, and manage-
ment for new and renewable energy system,
Ministry of Knowledge Enconmy Announce-
ment 2008.

IGSHPA, 2007, GLHEPRO 4.0 for windows
user’s guide, School of Mechanical and Aero-
space Engineering, Oklahoma State University.
Stoecker, W. F. and Jones, J. W, 1982, Refrig—
eration and Air conditioning, McGraw-Hill
Samsung, 2008, Samsung DVM. Technical
Manual, Samsung Co.



