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Abstract: The two-phase closed thermosyphon (TPCT) is a passive device that offers stable and efficient heat transfer
without external power. This study presents a volume of fluid (VOF)-based numerical analysis of an L-shaped geothermal
TPCT designed for road de-icing. A mass-balance-based phase-change model was developed, in which empirical
constants are dynamically updated under mass conservation, and applied to the L-shaped TPCT. Validation against
experimental data showed that the proposed model closely reproduced charge ratio stability, wall temperature distribution,
and thermal resistance, demonstrating significantly higher accuracy than conventional fixed-coefficient models. These
results highlight the potential of the mass-balance approach to improve the predictive reliability of phase-change
simulations and to support the optimized design of TPCT systems for de-icing applications.
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Fig 1 Schematic of L-shaped TPCT in a road system
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Table 1 Thermophysical properties of acetone
Acetone
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[N-s/m?]| V:—1.1x10°T>+5.76 x 107 T—3.11 x 1073
(a)
18_‘1Y"lll[‘ll""¥ll‘ll‘l‘ll"_
17 F o Diverging
F \s\
O 16} \
o 15f 5
5
=gt
a E
g o -
w 13 E Heat flux = 1.02W fn? 0.1% 3
F | Fitting Ratio = 75% ]
2 E :: fﬂ:&isfﬂufarire ‘!
11-II\IIIIIIIIIIIIIIII 117
60 80 100 120 140 160 180
Mesh Elements (Thousands)
(b)
Fluid Region
Solid Region

[ Mesh elements = 147,795 |

Fig. 3 Computational grid: (a) mesh independence result
on evaporator temperature; (b) image of mesh
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Table 2 Summary of phase-change model settings
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Fig. 4 Comparison of condensation coefficient between
constant model and mass-balance model
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Fig. 5 Comparison of liquid fraction distributions: compa-
rison of initial and post-20 s liquid fractions between
constant model and mass-balance model
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