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Numerical simulation of heat exchange in the geothermal heat pump system
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Abstract

In recent years, wide use of natural energy resources such as solar power generation has been proceeded for
reduction of CO, emissions in the world. Meanwhile, further reduction of the CO, emissions from domestic energy
consumptions is required. As one of the solutions for the reduction, a heating and cooling system using geothermal heat
has been developed and proposed. Geothermal heat is used as the heat source of the geothermal heat pump (GTHP)
system for air-conditioning, which consists of a U-tube heat exchanger and a heat pump. The performance of the
system is strongly affected by the heat exchange performance between the working fluid in the tube and the soil around
the tube. Thus, it is necessary to know the characteristics of heat exchange (cf, heat extraction and subtraction rate into
the soil) in detail. In this study, numerical simulations of heat exchange between the heat exchanger and the soil in the
ordinary GTHP system were conducted, and the numerical results were presented. Parameters discussed in this paper
were operating conditions (i.e., heat extraction and subtraction modes, and their period), and specifications and shape

of heat exchanger tube.
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Fig.2 Schematics of numerical analysis model
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Table | Thermal property of GTHP system (%
Thermal conductivity ~ Specific heat Density
(W/(mK)) (J(kgK)) {(kg/m’)
Heat Exchanger

(Closs-linked polyethylene) 04 2100 950

Sail 1.5 840 1600
Working fluid

(Propylene glycol 25wt%) 0.59 3680 1019

(a) Case 1

(b) Case 2
Fig.4 Heat exchanger types

(c) Case 3
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Table 2 Computational cases for the three heat exchanger types

. Meteorological Operation period Operation period Heat exchanger
Location . ,
data (Cooling) (Heating) type

Case | F1g4(a)
—— o19~920 1N~ ~

Case2 |Morioka 2008 ~ Figdh)
— 12:00~17:00)  (6:00~22:00

Case 3 (200~1700) ) Flg‘4 {c)

Table 3 Average extraction rate of heat per unit length

Cooling(W/m) Heating(W/m)
Casel -7.96 3.89
Case2 -1.00 1.44
Case3 -1.61 2.74

Fig.8 Temperature contours in the soil at 1/5 (Case 1)
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Fig.10 Temperature contours in the soil at 1/5 (Case 3)
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Table 4 Computational cases for the three locations

Location Meteorological Operation period Heat exchanger
data type
_Cased | Morioka
Case5 | Tokyo 2008 Table 5 Fig4 (a)
Case 6 | Fukuoka

Table 5 Operating conditions

Operation period(Cooling) Operation period{Heating)
M ~731,91~9/11 11/5~11/31+4/1~4/20
Case 4 (12:00~19:00) (6:00~9:00,17:00~22:00)
(Morioka) 8/1~8/31 12/1~3/31
(10:00~22:00) (6:00~22:00)
6/16~6/31,9/1~9/20 11/1~11/31
Case 5 (11:00~19:00) (6:00~9:00,17:00~22:00)
(Tokyo) 7 ~8/31 12/1~3/31
(10:00~22:00) (6:00~22:00)
6/10~6/31,10/T ~10/15
Case 6 (11:00~19:00) 12/1~3/31
(Fukuoka) 7/1~9/31 (6:00~22:00)
(9:00~22:00)

Table 6 Average extraction rate of heat per unit length

Cooling(W/m) Heating(W/m)
Case 4 -6.25 4.25
Case 5 -5.14 721
Case 6 -4.74 7.26
K= AL F —




i
‘:;I
%
=
i

Heat Extraction Rate
(W/m)

Cooling]

_30[ . { L | L ! : |
90 180 270 360

Time(day)
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