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Study on Simulation Method for Temperature Distribution of High-voltage Cables Laid in
Tunnels Based on Electric-thermal-fluid Fields Coupling
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Abstract: Conductor temperature is a direct factor limiting the cable ampacity. In the complex environment of tunnel-
based clustered cable laying, the thermal circuti model in the current IEC 60287 standard exhibits errors in calculat-
ing cable temperatures. Therefore, a temperature calculation simulation model of single - circuit high voltage cable
based on the coupling of electric field, thermal field and fluid field is set up. As for the difficult determination of con-
vective heat transfer coefficient, a temperature on-site testing platform of cable multi-layer structure is designed and
set up. Based on the test data of temperature rise, the convective heat transfer coefficient in the model is determined.
The comparison with the experimental results shows that the established multi-field coupling model can accurately
obtain the temperature distribution of each layer of single-circuit high voltage cable. Subsequently, as for the influ-
ence of forced convection from tunnel ventilation on cable cooling, the turbulent factors are incorporated into the sim-
ulation model. The single-circuit cable model is extended to the multi-circuit high voltage cable model in the tunnel.
The surface temperature and ampacity of multi-circuit high voltage cables operating in the tunnel is measured. The re-
sult shows that the proposed multi-field coupling calculation method, compared with the IEC method, can reduce
the average error by 11.08%.
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Fig. 1 Schematic diagram of 110 kV XLPE cable structure
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Fig. 2 Cable temperature measurement platform
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Fig. 3 Schematic diagram of cable temperature
sensor arrangement
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Table 2 Cable structure dimension
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Table 3 Measurement results of steady-state temperature

on cable skin
iSRS I VALY 1 2 3 4 5 6
W C 168 169 17.0 159 154 155 14.1
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Table 4 Current carrying capacity of cable during

temperature measurement

J2E G473 fufar LI/ A
H12 220 257.39
H2)2 220 62.30
53)2 110 93.43
5 4)2 110 49.84
55)2 110 174.00
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Fig. 10 Multi-circuit cable and surrounding space
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Table 5 Comparison between measured and calculated

results of cable surface temperature
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