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ABSTRACT

Snow melting and anti-icing on the roads are crucial during the winter season. Conventional methods such as de-icing agents
and electric heatings exhibit great challenges to fire hazards, environmental pollution, and accelerated corrosion of roads and
vehicles. The corresponding research has been conducted on applying geothermal thermosyphon utilizing geothermal energy as
a heat source for snow melting and anti-icing on roads. However, working fluids such as ammonia, commonly used in
geothermal thermosyphons, can potentially pose significant toxicity to human beings in the event of leakage or contribute to
global warming. In response to these concerns, acetone can be chosen as an alternative working fluid, and a lab-scale
geothermal thermosyphon was fabricated for experimental validation. Experimental heat flux data of the condenser were
compared with the calculated values obtained using the equation for heat flux provided in the 2019 ASHRAE Handbook, which
is required for snow melting and anti-icing. The experiments confirmed that the geothermal thermosyphon can effectively melt
road snow and anti-icing using acetone as a working fluid. The experiments were conducted by varying the filling ratio of
working fluids to compare the thermal performance of the geothermal thermosyphon. It was determined that acetone needs to

be charged at a filling ratio of 75% or higher for optimal thermal performance of the geothermal thermosyphons.
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Fig. 3 Schematic diagram of geothermal thermosyphon device

Table 1 Working fluids for geothermal thermosyphon(®'2™'®
Working Fluid Ammonia R-134a CO, Acetone
LCs 2000 ppm 500x10° ppm 820x10° ppm 76 mg/L
Global Worming Potential (GWP) 0 1300 1 0.5
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Table 2 Energy balance of the thermosyphon

Filling Ratio [%] 25 50 75 100

Heat flux [KW/m’] 0.76 1.02 0.76 1.02 0.76 1.02 0.76 1.02
Evaporator heat transfer rate [W] 35.01 46.66 35.01 46.66 35.01 46.66 35.01 46.66
Condenser heat transfer rate [W] 33.21 4432 34.43 4427 34.74 46.18 33.79 46.08

Energy balance [%] 95 95 98 95 99 99 97 99
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Table 3 Uncertainty analysis of experimental results

Evaporator Heat Transfer
Coefficient

Condenser Heat Transfer

Coefficient Thermal Resistance

Measurement value 0.06~0.36 kW/m® - K

13~23 kW/m? - K 0.101~0.406 K/'W

Combined Standard Uncertainty 0,002~0.017 KWin? - K

0.19~0.47 kW/m* - K 0.003~0.012 K/W

of the Results
Relative Expanded Uncertainty 6.1~9.9% 28.2~41.9% 5.1~6.9%
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