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ABSTRACT

This study was conducted to evaluate performance of geothermal heat exchanger (GHE) in the combined well and open-
closed loops geothermal (CWG) systems. The CWG systems were designed to combine open loop geothermal heat pumps
and closed loop geothermal heat pumps for high energy efficiency. GHE of the CWG systems could be installed at
pumping wells for agricultural usage. To get optimal heat exchange capacity of GHE of the CWG systems, 4 GHEs with
various materials and apertures were tested at laboratory scale. Polyethylene (PE) and stainless steel (STS) were selected
as GHE materials. The maximum heat exchange capacity of GHEs were estimated to be in the range of 33.0~104 kcal/
min. The heat exchange capacity of STS GHEs was 2.4~3.2 times higher than that of PE GHE. The optimal cross section
area of GHE and flow rate of circulating water of GHE were estimated to be 2,500 mm? and 113 L/min, respectively. For
more complicated GHE of the CWG systems, it is necessary to evaluate GHEs at various scales.

Key words : Combined well and open-closed loop geothermal system, Geothermal heat exchanger, Open loop geother-
mal heat pump, Closed loop geothermal heat pump, Circulating water
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Fig. 1. Schematic diagram showing configuration of complex geothermal heat pump combined with closed and open loop systems.
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Fig. 2. Schematic diagram showing configuration of equipment to test ground heat exchanger in complex geothermal heat pump.

Table 1. Configuration and specification of equipment to test heat exchanger

Configuration

Specification

Water tank 1
Water tank II

Size: 2.0m (L)x 1.0m (W) x 12m (H)
Size: 2.5m (L)x 1.8m (W)x 12m (H)

Pump Maximum pumping rate: 250 L/min

Flow regulator
Thermometer
Heat exchanger

Flow range: 6~333 L/min
Range: -200~137°C, Precision: * 0.0002°C
PE pipe (32 mm), Stainless steel pipe (28.6, 42.7, and 60.5 mm)
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Fig. 3. Variation of water temperature of inflow and outflow with
materials of heat exchanger and flow rate. PE and ST represent
polyethylene and stainless steel pipes, respectively.
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Fig. 4. Rate of heat loss with materials of heat exchanger and
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pipes, respectively.

120 —

® PE
-1 W ST-20A
100 —| A ST-32A
| v sTs0A
E 80 —
E
S 60
<
9 4
20 | M
O T T T T 1T T 1T

0 20 40 60 80 100
Flow rate (L/min)

Fig. 5. Heat exchange between inflow(/1) and outflow(/#1')
with materials of heat exchanger and flow rate. PE and ST
represent polyethylene and stainless steel pipes, respectively.
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Fig. 6. Heat exchange between inflow (/1) and outflow (//1') with materials of heat exchanger and flow rate at AT=3, 5, 7, and 10°C. PE
and ST represent polyethylene and stainless steel pipse, respectively.
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Table 2. Relationship between flow rate and kind of stainless steel pipe

Kind Regression equation Optimal flow rate (L/min)
20A y=-0.008x2+ 1.073x +21.83 (R*=0.976) 66.2
32A y=-0.007x2+ 1.160x +28.27 (R*=0.925) 87.9
50A y =-0.006x>+ 1.406x + 25.76 (R*=0.983) 113

Table 3. Specification of commercial stainless steel and flow rate per a unit area calculated from the result of this study

Diameter (mm)

Kind

Cross section area

Flow rate per a unit area

Outside Inside (mm?) (L/mm?/min)
20A 272 232 423 64.7
25A 34.0 30.0 707 78.1
32A 2.7 38.7 1,176 915
40A 48.6 44.6 1,562. 98.9
50A 60.5 56.5 2,507 11
65A 763 723 4,105. 124
80A 89.1 85.1 5,688 133
100A 1143 1103 9,555 146
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Fig. 7. Estimation of optimal cross section area of stainless steel
pipes using optimal pumping rate per unit area.
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