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Abstract

A new tube arrangement pattern—double spiral tube arrangement was proposed to overcome
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problems such as temperature field non-uniformity and bad snow melting performance in circulat-
ing fluid heat exchange system (CFHEX). Fine 3-dimensional finite element numerical simulation
models of CFHEX were built based on typical engineering case, temperature field distribution char-
acteristics and snow-ice melting course were analyzed, superiority of double spiral CFHEX was ver-
ified, influence of its primary structure parameters to operating performance was ascertained. Re-
sults shown: compared with traditional mender flow tube arrangement and snail tube arrangement
pattern, temperature field of new double spiral CFHEX is more uniform, energy consumption is lower,
efficiency is higher, effectiveness is better; its heat exchange power reduces 3.21% and 12.35 respec-
tively, melting-snow ratio raises by 2.16% and 22.91% respectively; with decrease of tube depth and
size of heat exchange tube, its energy consumption, effectiveness and efficiency all raise; with in-
crease of tube spacing, energy consumption, effectiveness and efficiency raise firstly and then re-
duce. Findings indicate that new double spiral CFHEX is a more efficient heat exchange system.
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Figure 1. Circulating fluid heat exchange system operating principle
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Figure 2. Finite element model of circulating fluid heat exchange system. (a) Road layer structure
and boundary conditions; (b) Heat exchange tubes; (c) Mesh generation
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Figure 3. In-site monitored inlet/outlet temperature and simulated outlet temperature
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Table 1. Material parameters for numerical models
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Figure 4. Temperature fields under different tube arrangement conditions/°C
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Figure 5. Heat transfer process under different tube arrangement conditions, (a) Ps; (b) Ts; (¢) R
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Figure 6. Tube depth arrangement effect on heat transfer
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Figure 8. Heat exchange tube size effect on heat transfer
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HORWT T H (KIQN202301530);  H K 1T H AR 22 A 4 115 H (CSTB2023NSCQ-MSX0828) .
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