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The purpose of this study is to analyze and compare the heat transfer efficiency of using copper pipe, stainless
pipe and traditional PE pipe commonly used for geothermal heat exchanger, with aims at seeking improved meth-
ods. In addition, the varying efficiency of heat transfer from ground heat and groundwater heat was assessed and its
applicability was discussed. Design parameters for empirical field study were derived by controlling flow rate,
velocity and caliber of pipes of the heat exchanger after the thermal efficiency of the heat exchanger material was
evaluated. The heat exchange efficiency and effective thermal conductivity were measured with changing pattern
through field thermal efficiency and thermal response test. Experimental results show that the metal material
showed higher heat transfer efficiency than the PE pipe. Although the heat transfer efficiency was not high with the
increase of the pipe diameter in the flow rate, it was high with the increase of the pipe diameter in the velocity.
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Table 1. Thermal exchanger for material and specifications.
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Classification Diameter (mm) Thickness (mm) Weight (kg/m) Length (m)
25.58 1.65 1.25 23.00
Copper
53.98 2.11 3.07 23.00
PE 32.00 3.20 - 23.00
Stainless 60.50 2.00 - 23.00
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Fig. 1. Thermal exchanger for separating material.

Table 2. Configuration of indoor test devices.
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Classification Content

- This storage device copies circulating water of thermal exchanger. This one is used to flow W1 in Tank 2
Tank 1 . . .

- W1: circulating water in Tank 1

- This device copises underground aquifer

- This one is made to exchange heat between W1 which is flowed in from Tank 1 and W2 in Tank 2,
Tank 2 while W1 circulates inside thermal exchanger

- W2: injection water of tank 2. Underground water keeps same temperature throughout year. This one
is made to evaluate the efficiency of amniotic fluid by flowing in and out of tank 2

Thermal exchanger

- Copper (28.58 mm, 53.98 mm), PE pipe, Stainless pipe

Pump - Power unit for a certain amount of inflow W1
Flowmeter - Flow measuring devices (W1 and W2 )
Themometer - Automatic temperature measurement (W1, W2, W3)

Table 3. Specification of the test devices.

Classification Standard

Tank1 - Inner diameter 2.0 m (L) x 1.0 m (W) x 1.0 m (H)

Tank2 - Inner diameter 2.5 m (L) x [.5 m (W) x 1.0 m (H)

Pump - Power consumption : 350 W, pump capacity : 9,300 //hr

Flowmeter - Flow range : 5~70 //min, accuracy : +2%

Themometer - Range : -200 ~ 1,370°C (body only), accuracy : +0.2% +1°C
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Fig. 2. Configuration painting of indoor test device.

Fig. 3. Photograph of devices.
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Fig. 4. Diagram of indoor test.
PE (32.00 mm)
di ¥ E9| s
5 ¥ =5.1908+02%
YmEy|E Mg . e e
PEZH(32.00 mm)& ©F 5-30 /min®] GFO2 153] g,
AJee AAEIITE GwEh] FAFWISE 57 (W3) s
o] Hfj Lxxfol= oF 5/mine] §HoE Jdwsh|E 1 S -
THAAE W 14°C8] 257t ZHashs ZoR gy o B i et
911 ﬂ_}:\_ A=t o]‘_ 30 l/mln«] % o= E_,,]./\]Zi% 0 5 10 1(51mmi"}20 25 an 15
o], 03°Ce 2&=®¥st7t SAHATH(Fig. 5). Tank 1

(WDt Tank 2 (W2)°] 252 b o, =99
ol o Simingl AF H 21.1% (°F 1.27°0)9]
= Tankzi HEskl o, FFge] ST1drs d
EAgo] Aaste] oF 30/min®] A9ole 5.1% (03

=2

Fig. 5. Temperature change according to the flow volume
of thermal exchanger (PE) injection.
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Table 4. Test results of PE and heat loss of influent water.
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Heat transfer coefficient (%)

Heat transfer rate

Injection Results (WI-W3)(W1-W2) (keal/min)
flow rate Temperature difference (°C)
(/min) (\ycl) (Y)VCZ) (Y)Vg) (WI-W2) (W1-W3) Ratio Average Efficiency | Average
Gap | Average
5.16 21.5 15.5 20.1 1.4 23.3% 7.22
5.29 21.7 15.7 20.5 1.2 1.27 20.0% 21.1% 6.35 6.68
54 21.6 15.6 20.4 1.2 20.0% 6.48
10.26 21.5 15.6 20.8 5.9 0.7 11.9% 7.18
9.86 21.7 15.7 21.0 0.7 0.70 11.7% 11.7% 6.90 7.16
10.56 21.6 15.6 20.9 0.7 11.7% 7.39
16.14 21.5 15.6 21.0 5.9 0.5 8.5% 8.07
15.41 21.7 15.7 21.2 0.5 0.50 8.3% 8.4% 7.71 7.91
15.9 21.6 15.6 21.1 0.5 8.3% 7.95
20.58 21.5 15.6 21.1 5.9 0.4 0.40 6.8% 6.8% 8.23 230
20.9 21.7 15.8 21.3 5.9 0.4 6.8% 8.36
25.05 21.5 15.6 21.2 5.9 0.3 030 5.1% 5 1% 7.52 248
24.84 21.7 15.8 21.4 5.9 0.3 5.1% 7.45
30.72 21.5 15.7 21.2 5.8 0.3 030 5.2% 5 1% 9.22 910
29.97 21.7 15.8 21.4 5.9 0.3 5.1% 8.99

Table 5. Test

results of copper (25.88 mm) and heat loss of influent water.

Heat transfer coefficient (%)

Heat transfer rate

Injection Results (WI-W3)(W1-W2) (keal/min)
flow rate Temperature difference (°C)
(/min) (\ycl) (Y)VCZ) (Y)Vg) (WI-W2) (W1-W3) Ratio Average Efficiency | Average
Gap | Average
5.4 20.5 14.4 16.5 6.1 4.0 65.6% 21.60
5.34 20.8 14.4 16.3 6.4 4.5 4.17 70.3% 69.5% 24.03 21.42
4.66 20.5 15 16.5 5.5 4.0 72.7% 18.64
9.75 20.5 14.6 17.4 5.9 3.1 52.5% 30.23
10.74 20.7 14.5 17.5 6.2 3.2 3.03 51.6% 52.0% 34.37 31.13
10.28 20.5 15.1 17.7 5.4 2.8 51.9% 28.78
17.17 20.5 14.8 18.5 5.7 2.0 35.1% 34.34
16.25 20.5 14.7 18.4 5.8 2.1 2.10 36.2% 37.6% 34.13 33.44
14.48 20.5 152 183 5.3 22 41.5% 31.86
20.95 20.5 14.8 18.6 5.7 1.9 1.80 33.3% 33.0% 39.81 3811
21.42 20.5 153 18.8 5.2 1.7 32.7% 36.41
24.6 20.5 14.9 18.9 5.6 1.6 155 28.6% — 39.36 1801
24.71 20.5 153 19 5.2 1.5 28.8% 37.07
30.02 20.5 15 19.1 5.5 1.4 155 25.5% 28.2% 42.03 1631
29.76 20.7 152 19.0 5.5 1.7 30.9% 50.59
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Table 6. Test results of copper (53.98 mm) and heat loss of influent water.

Results Heat transfer coefficient (%)| Heat transff:r rate
Injection (WI-W3)/(W1-W2) (kcal/min)
flow rate Temperature difference (°C)
(//min) (OWCI) (Y)VCZ) (\?g) (WI-W2) (W1-W3) Ratio Average Efficiency | Average
Gap | Average
5.05 21.6 15.9 17.5 5.7 4.1 71.9% 20.71
4.81 22.0 16.3 17.6 5.7 44 4.37 77.2% 75.7% 21.16 21.73
5.07 21.5 15.6 16.9 5.9 4.6 78.0% 23.32
10.54 21.6 16.3 18.6 53 3.0 56.6% 31.62
10.15 21.9 16.5 18.9 5.4 3.0 3.20 55.6% 58.4% 3045 32.55
9.88 21.5 15.8 17.9 5.7 3.6 63.2% 35.57
15.55 21.6 16.5 19.2 5.1 24 47.1% 37.32
14.98 21.9 16.7 19.4 5.2 2.5 2.60 48.1% 49.0% 37.45 40.40
16.01 21.5 15.9 18.6 5.6 2.9 51.8% 46.43
20.42 222 16.4 19.9 5.8 2.3 39.7% 46.97
19.79 21.9 16.8 19.8 5.1 2.1 2.27 41.2% 41.8% 41.56 46.12
20.77 21.4 16 19 5.4 24 44.4% 49.85
25.27 22.2 16.5 20.3 5.7 1.9 33.3% 48.01
26.28 21.9 17 20.1 49 1.8 1.93 36.7% 37.1% 47.30 50.18
26.3 21.4 16.3 19.3 5.1 2.1 41.2% 55.23
30.41 222 16.8 20.5 5.4 1.7 31.5% 51.70
30.51 21.9 17.1 20.4 4.8 1.5 1.67 31.3% 32.7% 45.77 51.13
31.07 21.4 16.3 19.6 5.1 1.8 35.3% 55.93
41.21 222 16.9 20.9 5.3 1.3 24.5% 53.57
39.28 21.1 15.5 19.6 5.6 1.5 1.43 26.8% 27.3% 58.92 57.59
40.18 21.4 16.5 19.9 4.9 1.5 30.6% 60.27
50.92 222 17.1 21 5.1 1.2 23.5% 61.10
49.97 21.1 15.7 19.9 54 1.2 1.30 22.2% 23.6% 59.96 65.52
50.32 22.0 16 20.5 6 1.5 25.0% 75.48
AE AASIT dash] FUFW R FEEW3) ‘ s .
o) o) eEAole oF 5 mine] §FO2 AW :
BIAE ) 4500 LETh aske AoE IRIE . e
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o, 1.4°Ce] 2=®s7t SAEATKFig. 6). Tank 1 o1 >
(WDHF Tank 2 (W2)2] L2212 7horet o), F914:9) ; i
o] &F 5/mindl 7 B oF 69.5% (2F 4.17°C) .
1] 5 10 15 20 25 el 35

o] & Tank 22 WEINoH, FAFe] STHEFS
& go] 7aste] <F 30/mine] %ol 284%
(1.55°C) ALwt dwdbr|o|A 5 g wEels o=
gletE] A th(Table 5).
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Fig. 6. Temperature change according to the flow volume
of thermal exchanger (copper, 28.58 mm) injection.
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Table 7. Test results of stainless (60.50 mm) and heat loss of influent water.

Results Heat transfer coefficient (%)| Heat transfer rate
Injection (WI-W3)/(W1-W2) (kcal/min)
flow rate Temperature difference (°C)
(//min) (a“él) (\QVCZ) (\;Vg) (WI-W2) (W1-W3) Ratio Average Efficiency | Average
Gap | Average
5.03 22.1 16.4 17.8 5.7 43 75.4% 21.63
4.96 252 18.9 20.1 6.3 5.1 4.50 81.0% 77.9% 25.30 22.52
5.03 234 18.1 19.3 5.3 4.1 77.4% 20.62
10.3 22.1 16.5 19 5.6 3.1 55.4% 31.93
114 25.0 19 21.6 6.0 34 3.27 56.7% 58.5% 38.76 34.23
9.7 23.4 18.2 20.1 5.2 33 63.5% 32.01
16.4 22.1 16.8 19.7 53 2.4 45.3% 39.36
14.71 25.0 19.2 22 5.8 3 2.53 51.7% 46.7% 44.13 40.52
17.3 23.4 18.3 21.2 5.1 22 43.1% 38.06
20.86 22.1 16.8 20 5.3 2.1 39.6% 43.81
20.51 25.0 19.2 22.4 5.8 2.6 2.33 44.8% 42.9% 53.33 47.71
20 23.4 18.2 21.1 5.2 2.3 44.2% 46.00
249 22.1 17 20.3 5.1 1.8 35.3% 44.82
25.34 25.0 19.3 22.8 5.7 22 2.00 38.6% 38.0% 55.75 49.99
24.7 23.4 18.4 21.4 5.0 2 40.0% 49.40
30.94 22.1 17.1 20.5 5.0 1.6 32.0% 49.50
30.45 25.0 19.4 23 5.6 2 1.80 35.7% 34.6% 60.90 55.38
30.96 23.4 18.4 21.6 5.0 1.8 36.0% 55.73
Copper (53.98 mm) Stainless (60.50 mm)
] ]
© g ) : - i<
o G
.3 3
- e o = =
2 8- ) 2
1 1
o o
o 10 20 0 40 50 &0 4] 5 10 15 20 25 £l 35

Q (ifmin)

Fig. 7. Temperature change according to the flow volume
of thermal exchanger (copper, 53.98 mm) injection.
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Fig. 8. Temperature change according to the flow volume
of thermal exchanger (stainless, 60.50 mm) injection.
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Table 8. Flow rate of PE (32 mm), compensation of temperature and calculation of efficiency.

Flow rete C(?rrection Temperature correction Heat transfer rate .correction S I/min effective
(O, I/min) (AT, °C) (H, kcal/min)
5.00 1.31 6.57 100.0%
10.00 0.73 7.26 110.6%
15.00 0.51 7.71 117.4%
20.00 0.40 8.04 122.4%
25.00 0.33 8.30 126.5%
30.00 0.28 8.53 129.9%
Felael fragel oF 5iminel - HE oF 77.9% (F sis PE (32.00 mm)
450°C)9] €< Tank 22 W&o, FUZ] 7t 60,00 V= 65650146
s &gl gaste] oF 30 /ming] A-$oll= _ 5000 _—
34.6% (1.80°Cy7F 2H2 WEshe 2oz wolEin) oy
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TEEsIe] Ak FUFel FAHCok sht Ald A Fig. 9. Variation of emission quantity of heat proportional
At FYF A EA-T Al oAA o] mjast to the flow rate of thermal exchanger (PE) depending on
zolgko] W3l Zow olsle] 7+ Ao ulel FUsH the flow rate and temperature compensation.
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Fig. 10. Variation of emission quantity of heat proportional
to the flow rate of thermal exchanger (Copper (25.58 mm))
depending on the flow rate and temperature compensation.
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Table 9. Flow rate of copper (25.58 mm), compensation of temperature and calculation of efficiency.

Flow rete cqrrection Temperature correction Heat transfer rate .correction S Jmin effective
(Q, l/min) (AT, °C) (H, kcal/min)
5.00 433 21.66 100.0%
10.00 2.85 28.52 131.7%
15.00 2.23 33.50 154.7%
20.00 1.88 37.56 173.4%
25.00 1.64 41.04 189.4%
30.00 1.47 44.12 203.7%

Table 10. Flow rate of copper (53.98 mm), compensation of temperature and calculation of efficiency.

Flow rete correction Temperature correction Heat transfer rate correction S Jmin effective
(Q, l/min) (AT, °C) (H, kcal/min)
5.00 4.59 22.93 100.0%
10.00 3.15 31.54 137.6%
15.00 2.53 38.01 165.8%
20.00 2.17 43.39 189.2%
25.00 1.92 48.08 209.7%
30.00 1.74 52.28 228.0%
40.00 1.49 59.68 260.3%
50.00 1.32 66.13 288.4%
Copper (53.98 mm) Stainless (60.50 mm)
70.00 T —— 66.13 70.00
60.00 i o - 60.00 y= 228770 -
5228 Ri=1 5072
_ 5000 s 4B.08- _ 5000 asas gl
E 40.00 3801 E 40,00 3945 .
T‘: 31.“.'3:1 E 3232
£ 3000 e 2 3000
=z 2293- z 2298
20,00 20.00
10.00 10.00
0.00 0.00
5.00 10,00 15.00 20.00 25.00 30.00 40.00 50.00 5.00 10.00 15.00 20.00 25.00 30.00

Q (!/min)

Fig. 11. Variation of emission quantity of heat proportional
to the flow rate of thermal exchanger (Copper, 53.98 mm)
depending on the flow rate and temperature compensation.
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By o 2tk

AT =10.937x 0" 3
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WENE S FAVE wiES 99 AES, 5/
min® 7% HE7E1 22.93 keal/min®] FFS w31
3 fge] TS AEEEE SRk AeE U
ERTHFig. 11). 5% 30 /min®] 7% 52.28 keal/min®]

Q (#imin)

Fig. 12. Variation of emission quantity of heat propor-
tional to the flow rate of thermal exchanger (Stainless,
60.50 mm) depending on the flow rate and temperature
compensation.

d#FS wE35e] 5/min®] A$-ET oF 20) o)A
(228.0%)°] HiEgFe] FTHEACH, AdFE] 50/
min2] 7ol 66.13 keal/min®] S wiEsle] 51/
min®] 7-¢-HU} oF 3] 717 (288.4%) WiEE O] F
HEe A= Tt ti(Table 10).

2812l 2=2H(60.50 mm)e] Ff-agel] whe 2wust
BAA 4y T 2ok
AT = 10.409 x Q70'508 (4)
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Table 11. Flow rate of stainless (60.50 mm), compensation of temperature and calculation of efficiency.
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Flow rete cc?rrection Temperature correction Heat transfer rate .correction S Jmin effective
(Q, I/min) (AT, °C) (H, kcal/min)
5.00 4.60 22.98 100.0%
10.00 3.23 3232 140.6%
15.00 2.63 39.45 171.7%
20.00 2.27 4545 197.8%
25.00 2.03 50.72 220.7%
30.00 1.85 55.48 241.5%

Table 12. Efficiency of heat transfer according to both material and standard of thermal exchanger.

Flow rate Thermal exchanger material Heat transfer rate . .
(0, Imin) and standard (H, kcal/min) PE effective > PE effective

PE (32 mm) 6.57 100.0% 100.0%

5 Copper (25.58 mm) 21.66 329.9% 329.9%
Copper (53.98 mm) 2293 349.3% 349.3%

Stainless (60.50 mm) 22.98 350.0% 350.0%

PE (32 mm) 7.26 100.0% 110.6%

0 Copper (25.58 mm) 28.52 392.6% 434.4%
Copper (53.98 mm) 31.54 434.2% 480.4%

Stainless (60.50 mm) 32.32 444 8% 492.2%

PE (32 mm) 7.71 100.0% 117.4%

s Copper (25.58 mm) 33.50 434.7% 510.3%
Copper (53.98 mm) 38.01 493.1% 578.9%

Stainless (60.50 mm) 39.45 511.8% 600.8%

PE (32 mm) 8.04 100.0% 122.4%

20 Copper (25.58 mm) 37.56 467.2% 572.0%
Copper (53.98 mm) 4339 539.7% 660.8%

Stainless (60.50 mm) 45.45 565.4% 692.2%

PE (32 mm) 8.30 100.0% 126.5%

55 Copper (25.58 mm) 41.04 494.1% 625.0%
Copper (53.98 mm) 48.08 578.9% 732.3%

Stainless (60.50 mm) 50.72 610.7% 772.5%

PE (32 mm) 8.53 100.0% 129.9%

30 Copper (25.58 mm) 44.12 517.3% 671.9%
Copper (53.98 mm) 52.28 613.0% 796.3%

Stainless (60.50 mm) 55.48 650.5% 845.0%

40 Copper (53.98 mm) 59.68 - 909.0%
50 Copper (53.98 mm) 66.13 - 1007.3%
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Fig. 13. Efficiency change according to material of thermal exchanger depends on flow rate of injection.
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Table 13. Efficiency of unit area according to flow rate depend on thermal exchanger.

. Diameter .Inner Length erss Contact Flow rate Efﬁm.ency per .

Material (mm) diameter (m) section area (l/min) unit area PE Effective
(mm) (cm?) (m?) (kcal/min/m?)

5.00 1.77 100.0%

10.00 1.96 100.0%

PE 15.00 2.08 100.0%

32 25.6 23.0 5.1 3.70

(32.00 mm) 20.00 2.17 100.0%

25.00 2.24 100.0%

30.00 231 100.0%

5.00 6.73 379.1%

10.00 8.86 451.1%

15.00 10.41 499.4%

Copper 2558 | 2228 | 23.0 3.9 322 °

(25.58 mm) 20.00 11.66 536.8%

25.00 12.75 567.8%

30.00 13.70 594.4%

5.00 3.19 179.7%

10.00 439 223.4%

15.00 5.29 253.7%

Copper 1 5398 | 4976 | 230 19.4 7.19 i

(53.98 mm) 20.00 6.03 277.7%

25.00 6.69 297.8%

30.00 7.27 315.4%

5.00 2.81 158.6%

10.00 3.96 201.5%

; 15.00 4.83 231.9%

Stainless | 655 | 565 | 23.0 25.1 8.16 ’

(60.50 mm) 20.00 5.57 256.2%

25.00 6.21 276.7%

30.00 6.80 294.7%
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Fig. 14. Comparison of heat transfer per unit contact area according to flow rate of injection.
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. Inner Cross Thermal Flow Flow
Material Diameter diameter Length section e{(changer rate speed Heat transfer‘ rate
(mm) (mm) (m) (cm?) internal , (I/min) (cm/sec) (H, kcal/min)
volume (cm’)
5.00 16.19 6.57
10.00 3238 7.26
PE 32 25.6 23.0 5.1 11838.5 100 4857 771
(32.00 mm) 20.00 64.76 8.04
25.00 80.95 8.30
30.00 97.14 8.53
5.00 2137 21.66
10.00 42.75 28.52
CoPPer | pssg | 2228 | 230 3.9 8967.0 100 o2 330
(25.58 mm) 20.00 85.50 37.56
25.00 106.87 41.04
30.00 128.25 44.12
5.00 429 22.93
10.00 8.57 31.54
15.00 12.86 38.01
Copper | 5398 | 4976 | 23.0 19.4 44727.9 2000 1714 339
(53.98 mm) 25.00 21.43 48.08
30.00 25.71 52.28
40.00 3428 59.68
50.00 42.85 66.13
5.00 3.32 22.98
10.00 6.65 32.32
(656§81rf;) 605 | 565 | 230 | 251 57665.3 ;Zgg 12170 ji::z
25.00 16.62 50.72
30.00 19.94 55.48
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Fig. 15. Comparison of heat transfer according to injection speed depends on thermal exchanger.
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Table 15. Change of heat transfer according to flow speed depends on copper size.

. Flow speed (cm/sec)
Size Note
10 20 30 40 50 70 100
Copper
(25.5§pmm) 16.0 211 24.8 27.8 30.4 34.7 400 | () is heat transfer
rate of 25.58 mm
Copper 33.9 46.6 56.1 64.1 71.0 82.9 97.7 copper size
(53.98 mm) @1 (2.2) 23) 23) 23) (2.4) (2.4)
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