TIRESMQUT|=2E! 133 4T 20145 122 pp. 45 ~ 56 DOI: http://dx.doi.org/10.12814/jkgss.2014.13.4.045
J. Korean Geosynthetics Society Vol.13 No.4 December. 2014 pp. 45 ~ 56 ISSN: 1975-2423(Print)  ISSN: 2287-9528(Online)

UYL $APMS T FEXG Q8RS +=XF SAloIHY M5

Experimental and Numerical Investigation of the Performance of
Vertical Thermosyphon for Frozen Ground Stabilization

o, ol WE, ARF, HAEH
Jangguen Lee', Chulho Lee’, Changkyu Jang’, Changho Choi'*

'Member, Senior Researcher, Geotechnical Engineering Research Division, SOC Research Institute, Korea Institute of Civil Engineering
and Building Technology, Gyeonggi-do 411-712, Republic of Korea

’Member, Research Specialist, Geotechnical Engineering Research Division, SOC Research Institute, Korea Institute of Civil Engineering
and Building Technology, Gyeonggi-do 411-712, Republic of Korea

*Nonmember, Graduate Student, University of Science and Technology, Gyeonggi-do 411-712, Republic of Korea

*Member, Research Fellow, Geotechnical Engineering Research Division, SOC Research Institute, Korea Institute of Civil Engineering and
Building Technology, Gyeonggi-do 411-712, Republic of Korea. Professor, Geo-space Engineering Dept., University of Science and Technology

ABSTRACT

Frozen ground in cold region consists of an upper active layer and lower permafrost which is permanently frozen land. During
the summer season, the air temperature is high enough to make the frozen ground melt, which causes the reduction of
soil strength and thaw settlement. These phenomena result in structural instability, so it is necessary to apply frozen ground
stability techniques. Thermosyphon is a closed natural two—phase convection device to maintain the ground temperature
below 0C by extracting heat from the ground and discharges it into the atmosphere. Experimental and numerical investigation
has been performed to estimate the effect of the refrigerant filling ratio in thermosyphon using R—134a refrigerant and the
thermal conductance of the thermosyphon.
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Table 1, Operating temperature of thermosyphon refrigerants (Kang et al., 2012)

Temperature range

Refrigerant

Very low temperature (-270C ~ —-707C)

helium, argon, krypton, nitrogen, methane

Low temperature (=70°C ~ 200C)

freon, ammonia, methanol, ethanol

Medium temperature (200 ~ 500C)

naphthalene, sulfur, mercury

High temperature (500C ~ 1000°C)

cesium, potassium, natrium

Very high temperature (1000C)

lithium, lead, silver
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Table 2. Physical properties of tested specimens

Degree of saturation (%) 100

Width (cm) 40

Height (cm) 40
Height (cm) 36.5
Total volume, Vi (cm®) 58,400
Volume of solid, Vs (cm®) 33,708
Volume of void, W (cm®) 24,692
n 0.42

Dr (%) 59

Gs 2.67

USCS SP

Yomax (KN/m?) 16.7

Yomin (KN/m°) 133
Water contents (%) 27.4
Void ratio (e) 0.73
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Table 3. Input parameters for numerical analysis (Jang et al., 2013)
Volumetric water contents (m*/m?) 0.42
Latent heat water (kJ/m*/C) 3.34%10°
Frozen heat capacity (kJ/m*C) 1364.0
Thawed heat capacity (kJ/m*C) 2249.0
Frozen thermal conductivity (W/m-K) 4.67
Unfrozen thermal conductivity (W/m-K) 2.45
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Table 4. Quantitative analysis of Jumoonjin sand (X-ray diffraction, XRD)

Materials Quartz Orthoclase
Contents (%) 76.4 236
Theramal conductivity calculation using Coté and Konard's
method with experiment results{(QTM)
k=(ke= ko) ok ke
. X-ray diffraction, XRD
So_“dl‘:,l: ): 1q ¢ k, =0.76(Quantz), k.=0.23(Orthoclase), n= Quartz contents
l\e_l‘q - Lo q = Orthoclase contents
Div (I\'.}: — QTM, Kvoto Electronics (k)

TT1+(k-1)s,

Unfrozen (k): Frozen (k):

k'™ 0.6" k!¢ 2.24™9%20,6%"
The kr-Sr relationships :
K KS, —

D.(59%)=0.239 WimK

k,=solid (k)
n=porosity, 8.=unfrozen water contents

Unfrozen=3.55(midium and fine sands), Frozen=1.70
(gravel and coarse sands), S, =degree of saturation

K (shafe factor of soil particle)

Fig. 4. Method for calculating the thermal conductivity of unfrozen and frozen soils
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Fig. 10. Measured and predicted temporal temperature for 50% filling ratio
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Fig. 11. Measured and predicted temporal temperature for 25% filling ratio
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Fig. 12. Predicted temperature changes with respect to radius distance from a thermosyphon (100% filling ratio)
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