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ABSTRACT This study performed a single hole operation method using a balancing well-cross-mixed underground heat exchanger,
and conducted thermal performance studies of an SCW-type underground heat exchanger using a two-well. The study attempted to
change the existing operating method of the two adjacent SCW underground heat exchangers with one ball each. The SCW-type
geothermal heat exchanger is considered to enable up to 20% of bleed discharge at maximum load, which makes groundwater usage
unequal. The efficiency factor of the geothermal system was improved by constructing the discharged water by cross-mixing two
balancing wells to prevent the discharge of groundwater sources and keep the temperature of the underground heat exchanger
constant. As a result of the cooling and heating operation with the existing SCW heat exchange system and the balancing
well-cross-mixed heat exchange system, the measured performance coefficient improved by 23% and 12% in cooling and heating
operations, respectively. In addition, when operating with a balanced cross-mixing heat exchange system, it has been confirmed that
the initial basement temperature is constant with a standard deviation of 0.08 to 0.12°C.
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Fig. 1. Depression cone for a confined, homogeneous, isotropic
aquifer with flat initial piezometric level and a fully
penetrating well, without well bore storage6
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Balancing Well Wl

Ground surface

#1 return 80%

(a) Cross-operating condition

RiEg XSSl

#1 supply 100% + #2 supply 100%

+ #2 return 120%

Sunesado-ssosd

(b) Cross-operating condition

Vol : #1 supply 100% + #2 supply 100%
#1 return 120% + #2 return 80%
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Fig. 3. Experimental apparatus



o
(0]
o
N
£y
40
0F
1z
N
I
ne

o SIEHEZ} AT 2 4 E e, ol Ads)

A 9 e et A 2eAol g B wAS:

gl

2
2

a
=
i
10
N,
ol

124
=
N
[N}
o
el
N
re

2,
b
m>~
ﬁl‘
il
9

o,

Fig, 4= U214 U WA} WhHS el 229 3
Eolt}, AZAuE|(A)% FLARI|B)NA A B
FH 4347} QuIke s

(A—Zone)°| 120%S 3H=alar, Lz

All Output OFF
(with Valve)
‘ D/I:1 (Closed) | ‘ D/I:2 (Closed) | ‘ D/I:3 (Closed) ‘
Basic Settings

#1 supply v/v : On
#2 supply v/v : On

#1BW v/v : 100% [A]
#2BW v/v: 30%[B]

60sec Delay

Operating Constant

#1 Sub-merge pump
Operation

‘ 3sec Delay |

Heat pump : Stop

#2 Sub-merge pump
Operation 120sec Delay
‘ 3sec Delay | ‘ Aux. pump : Stop |
Load pump : Operation ‘ Ssec Delay |
20sec Delay Load pump : Stop
#1 Sub-merge pump
STOP
#2 Sub-merge pump :
Aux. pump : Operation sTOP
‘ 120sec Delay | ‘ 60sec Delay

Heat Pump Valve Setting
Operation

(Reverse)

‘ All Valve OFF -'—){ Stand-by

Fig. 4. Balancing well cross—mixing system controller setting
and control sequence
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Table 1. Results from the flowmeter calibration

Actual flow Calibration flow Error
[LPM] [LPM] (%)
3.316 3.292 0,73
15,87 16,032 1.01
100,90 102,99 2.03

350,62 355,41 1.35
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Enhanced BW geothermal heat exchanger system

Cross-operating
with return rate

Number Units Location Status Measuring type
1 °C inlet of heat source
2 %€ outlet of heat source
Always Temp. by section
3 °C inlet of load
4 °C outlet of load
5 LPM recirculation of heat source
Flow rate by section
6 LPM recirculation of load
i kw submerge pump #1 Operating
8 kw submerge pump #2 Operating  [Power consumption
(total amount of ele
9 kw compressor Operating ctricity)
10 kw load pump Operating

Fig. 5. System overview for

calculating performance coefficients
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Fig. 6. Temperature change during cooling operation
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Fig. 8. Temperature, Power and COP during cooling operation

Table 2. Initial ground water temperature

Cooling mode (C) | Heating mode (C)
Initial Temp,
SCW BW SCW BW
1 17.72 17.75 16,99 16,98
2 19,94 17.63 16,15 16,85
3 19,98 17.91 15,84 16,85
4 20,09 17.64 - -
5 20.54 17.84 - -
Standard Deviation 1.11 0.12 0.60 0.08
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Table 3. Comparison on coefficient of performance (COP)

Cooling mode Heating mode Remarks
SCW BW SCW BW | Cooling | Heating

CoP

Min 2,68 | 3.45 2.08 221

Max 3.96 | 4.29 3.44 3.66 +23% | +12%

Average| 3.05 3.76 2.92 3.27
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