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Study on Optimization of Design and Operation for Groundwater Heat Pump
System Considering Ground and Groundwater Condition

Yu—Jin Nam?, Ooka Ryozo*, Suck—Ho Hwang

ABSTRACT: Groundwater heat pump (GWHP) system has been expected to achieve the
higher coefficient of performance (COP) and more energy—saving than the conventional

air—source heat pump (ASHP) system.

Its performance significantly depends on the

characteristics of groundwater and the underground thermal properties. Furthermore, there is a
large difference of COP in utilizing groundwater between as a heat resource and as a thermal
storage medium. For properties of groundwater there is suitable utilizing system. However,
many of GWHP systems have not been considered sufficiently such properties. This research
describes optimization of GWHP system according to the properties of groundwater based on

3D numerical heat and water transport simulation.
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Fig. 2 Analysis Model.

<Assumed Building>

Total floor area

23000m?

Annual Cooling Load
4503GJ

Annual Heating Load
2230GJ

Table 1. The properties of Soil

Depth(m) 6 12 40
porosity 0.8]0.4 0.35
Hyd
e 0.1]1.3 2.1
Conductivity(10 'm/s)
Thermal 1vit
ermal Conductivity 17124 97
(W/mK)
Thermal Capacity
6. 3 3.9 3.0 2.9
(10'])/m'K)
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Table 2 Cases of Analysis

Cas Groundwater AT Amount of pumping | Amount of heat exchanging | Groundwater
€ velocity (m/year) (mg/day) (md/day) condition
A-1 0 5 295 2230 No
A2 0 10 147.5 2230 Groundwater
A-3 0 5 295(641) 2230(4503)
A—-4 0 10(20) 147.5(160.25) 2230(4503) Flow
B-1 22 5 295 2230 Groundwater
B-2 22 10 147.5 2230 Flow
B-3 22 5 295(641) 2230(4503)
B—4 22 10(20) | 147.5(160.25) 2230(4503) 22m/year
C—1 44 5 295 2230 Groundwater
C-2 44 10 147.5 2230 Flow
C-3 44 5 295(641) 2230(4503)
C—4 14 10(20) | 147.5(160.25) 2230(4503) 44m/year
D-1 44 5 295 2230 Vertical
D-2 44 10 147.5 2230 direction
E—-1 14 5 295 2230 Reverse
F-2 44 10 147.5 2230 direction
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Fig. 3 Flutuation of pumping and injecting

water temperature (No groundwater flow).
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Fig. 4 Ground temperature distribution around well,
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Fig. 5 Fluctuation of pumping and injecting

water temperature(existence of groundwater flow)..
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Table 3 Analysis Result

o1 .70

3L

Case Rmzx:rgl;enp ngl:rgl;m Cooling | Heating | System
cooling(C) heating(C) CoP cop cop
A-1i 9.8~15.6 | 14.3~20.0 | 7.70 3.56 | 2.66
A-2| 6.4~15.0 | 14.4~23.7 | 7.53 3.44 | 3.48
A—-3]13.3~18.9 | 16.7~22.2 | 6.42 3.75 | 2.06
A—4(11.8~221 | 18.9~35.9 | 3.78 428 | 2.49
B~1|10.7~146 | 12.5~18.3 } 7.72 3.42 | 2.64
B—-2| 9.5~14.5 | 11.6~20.4 | 6.94 3.21 | 3.35
B—-3)12.5~17.4 | 14.7~20.6 | 6.82 3.60 | 2.07
B-4|11.0~17.7 | 15.0~27.5 | 4.18 3.63 | 2.51
C—1]10.6~14.0 | 10.7~16.9 | 7.87 3.30 1 2.62
C—2[10.8~145| 9.3~17.8 6.68 3.04 | 3.27
C—3|11.9~16.3 | 12.6~18.5 | 7.13 3.42 | 2.06
C—4]11.0~16.1 ] 11.1~21.3 | 4.32 3.22 | 2.47
D-1/12.9~165| 13.56~17.3 | 6.91 3.42 | 2.60
D—-2| 12.4~16.2 | 14.0~17.9 | 6.08 3.20 | 3.27
E—-1!145~19.8 | 15.56~18.8 | 6.08 3.56 | 2.58
E—-2| 13.7~21.4 | 154~19.2 | 5.15 3.30 | 3.20
SR e e e e

3((:) Case E-1 {(Well A) Case D-1 (Well A) Case C-1 (Well A)
; 72\
-] / -
10 A N
\ ” \ gy K
Case E-1 (Well B) Case D-1 (Well B) Case C-1 (Well B)
) . . . )
0

1001 Day
Fig. 6 Fluctuation of pumping and injecting

1 201 401 601 801

water temperature (change of well position).

' Cooling COP
-8~ Heating COP |
_ SystemCOP |

0 m/ year 22 m/ year 44 v/ year

T=10(20)°C. Groundwater On

% Heating COP
Svstem COP
0 m/ year 22 m/ year 44 m/ year

Fig. 7 Fluctuation of heat pump COP

according to groundwater flow.
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Fig. 8 Fluctuation of heat pump COP according
to operation pattern.
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