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Dynamic Temperature Field Calculation and Short-time Allowable Ampacity Evaluation of
Submarine Cable Based on Thermal Analytical Model
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Abstract: Accurate calculation of dynamic temperature field and short-time allowable ampacity of submarine cables is of
great significance to ensure safe operation of submarine cables. Aiming at the problem that the existing analytical methods
can not accurately solve the dynamic temperature field and short-time allowable ampacity of submarine cables, an optimal
thermal route analytical model is proposed. Building layered model of the cable body and the buried environment, deduc-
ing a set of formulas to calculate the equivalent thermal resistance and heat capacity of the external environment of the
cable. Then the thermal path analytical model of the cable body and the environment is established by using thermoelec-
tric analogy method. The optimal number of layers and optimal heat transfer radius of thermal path analytical model was
selected by using control variable method. Finally, a 500 kV alternating current submarine cable is taken as an example to
analyze and verify the proposed optimal thermal route analytical model, and the results show that model has good accu-
racy and high efficiency. The short-time amperage of submarine cable is evaluated based on the model, which shows that
the short-time allowable maximum ampacity of submarine cable is related to the initial steady current and overload time
of submarine cable.

Key words: submarine cable; building layered model of environment; equivalent thermal resistance and heat capacity;

thermal analytical model; dynamic temperature field; short-time allowable ampacity
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Fig.1 Framework of establishing thermal analytical model for

submarine cable and short-time allowable ampacity evaluation
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Table 1 Error comparison under different heat transfer radii
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Table 2 Thermal resistance and capacity of the layered model

for the external environment of submarine cable

n d/m Fu-1/m rm Re/(m2-K)- W) Ce/(J-K™)
1 0.0050 0.0915 0.0956 0.0085 1.50x10*
2 0.0200 0.0956 0.1165 0.0300 6.79x10*
3 0.1000 0.1165 0.2165 0.0986 5.31x10°
4 0.2000 0.2165 0.4165 0.1041 2.01x10°
5 0.6000 0.4165 1.0165 0.1326 1.51x107
6 1.0000 1.0165 2.0165 0.0939 5.86x107
7 1.9835 2.0165 4.0000 0.0915 2.37x108
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Fig.7 Steady state temperature map and temperature map and

contour map at 4000 h of submarine cable
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