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ABSTRACT: Ground-source(Geothermal) heat pump(GSHP) systems can achieve a higher coef-
ficient of performance than conventional air-source heat pump(ASHP) systems. However, GSHP
systems are not widespread because of their expensive installation costs. The authors have develo—
ped a GSHP system that employs the cast-in-place concrete pile foundations of a building as heat
exchangers in order to reduce the initial cost. In this system, eight U-tubes are arranged around
the surface of a cast-in—place concrete pile foundation.

The heat exchange capability of this system, subterranean temperature changes and heat pump
performance were investigated in a full-scale experiment. As a result, the average values for heat
rejection were 186~201 W/m(per pile, 25 W/m per pair of tubes) while cooling. The average COP
of this system was 4.6 while cooling; rendering this system more effective in energy saving terms

than the typical ASHP systems.
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Fig. 1 Outline of the heat exchanger system

using cast-em-place concrete piles.



Geothermal heat pump

Cooling : 4.6 kW

(coldwater: 12 / 7°C,

coolingwater : 30 /
Heating : 5.7 kW

(hot water : 40 / 45°C,

heat source water :

Electric consumption :

1.6 KW(cooling),
1.8 kW(heating)
Refrigerant : R407C
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4537.5

35°C) Fan coil unit
Cooling : 3.5 kKW

Heating : 4.4 kW

14/ 7°C)

Experiment room A ;re paration roo

Experiment room A

f Radiant panel

(1,940 L/h)
Cooling : 3.5 kw
Heating : 4.5 kW

?  Underground temperature
measurement point

Cold and hot water pump - Point 4

Geothrmal heat purm—vl:l

& control panel \

Flow : 33 L/min, head : 12m, Point 8
electric motor output : 0.25 kW point 3 X< pomt
45 x VA 2. 5(
Heat source water punp — X% — U-bends —»-—'—-
Flow : 33 L/min, head : 25m, Point 2 Pomt 1 Point 6 Pomt .
electric motor output : 0.75 KW \ : |
1500 1250 3250 1500 1250

Foundation pile A

Foundation pile B

Fig. 2 Plan of the experimental institution and system configuration.
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Table 1 Period average heat rejection rate into the ground(cooling)
. Cooling (period average value)
. Operation . 5 : :
Period Pile |HP — Soil |Soil > HP| At Flow rate | Heat extraction rate
method . . . .
[TC] [C] [TC] [L/min] [W/ml]
On artificial A 28.3 26.1 2.2 274 206.0
6/16~8/20 )
/ / cooling load B 28.3 26.0 2.3 273 221.2
ifici A 26.8 25.6 1.2 275 1195
8/21~9/30 Off grtlflmal
cooling load B 26.8 25.4 1.4 27.4 136.4
A 27.7 25.9 1.8 274 173.3
6/16~9/30 -
/ / B 27.8 25.8 2.0 27.3 189.1
Table 2 Period average coefficient of performance(cooling)
Jun. Jul. Aug. Aug. Sep. Total
Artificial cooling load O O O X X
Heat generation rate[kWh] 512 1091 597 159 455 2,813
Heat pump power consumption[kWh] 92 216 139 44 126 617
Pump Power consumption[kWh] 82 175 108 152 162 580
0/0)5 56 5.1 4.3 3.6 3.6 46
S.COP 29 2.8 2.4 1.7 1.6 2.4
40 8
Qutside temp.
35 . cop
o .. .'/ . A R LY. 71
] e i T oSSR S °d .°o°‘ -
3 % e e o 5 4 P LT S
4525."";.// 7 ".""":‘;—4—‘.- 2’ 0 o \'.’ v’ ®
3 ® f d O POY %bm@ '&Wm
E , L o 2 W.
o 20— Heat source water ++ A
- temp.(soil =heat pump) S.COP och
15 0 T
6/16 7/6 7/26 8/15 9/4 9/24 6716 7/6 7/26 8/15 9/4 9/24
Fig. 4 Outside and heat sink water temperature. Fig. 5 Coefficient of performance(cooling).
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(a) Foundation pile A

(b) Foundation pile B

Fig. 6 Heat rejection rate into soil(cooling).
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Table 3 Period average heat rejection rate into the ground(heating)

Heating(period average value)
Period Operation method | Pile | HP — Soil | Soil — HP At Flow rate | Heat extraction rate
[C] [C] [TC] [L/min] [W/m]
i A 15.2 15.9 0.7 26.5 70.0
12/1~12/15 2 pile
daytime B 15.1 15.7 0.6 26.7 52.5
i A 8.6 9.8 1.2 26.2 114.8
12/16~1/26 2 pile
nighttime B 85 9.7 1.2 26.5 106.4
1/27~2/22 1 pile B 5.8 7.0 1.2 499 2119
_ 1 pile
2/23~4/1 flow rate modified B 6.3 85 2.2 245 182.4
Table 4 Period average coefficient of performance(heating)
12/1~12/15 | 12/16~1/26 | 1/27~2/22 | 2/23~4/1 Total
Number of operation piles 2 2 1 1
Operation time daytime nighttime nighttime nighttime
flow rate modify X X X @]
Heat generation rate[kWh] 386 2,242 597 691 3,916
Heat pump power consumption[kWh] 99 522 117 142 880
Pump Power consumption[kWh] 91 345 94 115 645
COP 39 4.3 5.1 49 45
S.COP 2.0 2.6 2.8 2.7 2.6
30 8
25
3]
< 20 Heat sogce water %
o ~ i . |
::,; 15 .—}-’A. . . . e 3
S 10— e agd L
B Yo, et g =T N O
E L T AT UL Y
= 0 ] . ’v\ .
5 Qutside temp. 0
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Fig. 7 Outside and heat sink water temperature.

Fig. 8 Coefficient of performance(heating).
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(a) Foundation pile A

(b) Foundation pile B

Fig. 9 Heat rejection rate into soil(heating).
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