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Study on Calculation Method for Steady-state Temperature Rise of Tunnel Cables Based on
Similarity Principle

FU Chenzhao', SI Wenrong', ZHAO Yingying', LIANG Yongchun®
(1. State Grid Shanghai Electrical Power Research Institute, Shanghai 200437, China; 2. Hebei University of Science and
Technology, Shijiazhuang 050018, China)

Abstract: In this paper a calculation method for determining calble temperature rise based on the similarity princi-
ple is presented. By leveraging heat transfer principles such as similarity theory and gas radiation charcateristics ,
the convective and radiative componsnes involved in the calculation of tunnel calbe temperature rise are relatively
decoupled from each other. Through proportional scaling, the convective heat transfer characteristics of the full -
scale model are represented by those obtained from a small-scale model. Combined with the determination of the ra-
diative heat tranfer coefficient, a system of implict equations characterizing the temperature rise behavior of the tun-
nel cable group is established. By transforming the field simulation into the solution of this equation system, rapid
cable temperature rise calculation is achieved with relatively low computional resources. Validation through case
studies demonstrates that the proposed method is reliable with controllable errors , significantly improving both com-
putional accuracy and efficiency.

Key words: similarity principle; tunnel cables; temperature rise
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Fig.2 Schematic diagram of the cross-section of a tunnel
cable group
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Table 1 Computational parameters and results for

different scale ratios under a specific operating condition

sy PT B E
30.42 °C 30.42 C

QW 4.65 4.65%1.681=7.82 —

0/W 4.16 4.16x1.681=7.00 —

04w 6.32 6.32x1.681=10.62 —

Q4w 1044 10.44x1.681=17.55 —
1 BIAPEHTHK 3829 35.22 35.22/38.29=0.92
2SR THK 34.09 31.99 31.99/34.09=0.94
3ESMNEERTHK 32,01 31.27 31.27/32.01=0.98
4WSEZIRTHK  35.77 29.54 29.54/35.77=0.83

T2 EERG

Table 2 Calculation example

HESTIRTHK R RZEK
38.29%0.93=35.61 3522 0.39
34.09%0.94=32.04 31.99 0.05
32.01x0.98=31.37 31.27 0.10
35.77x0.87=31.12 29.54 1.58
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Table 3 Statistical analysis of the temperature rise

proportion coefficients for cable outer sheaths at
different scale ratios(12.5%—25%)

45 BN BORfE fE e
1A 0.88 0.96 0.93 0.02
2 [A] 0.92 0.97 0.94 0.01
30A] 0.97 1.00 0.98 0.01
4 1A 0.83 0.90 0.87 0.02
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Fig. 3 Statistical histogram of the temperature rise

proportion coefficient for the outer sheath of cable 1 circuit
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Table 4 Temperature rise prediction error from the
12.5% scale model to the 25% scale model

Gt B/MEK  BORIVK  HE/K kRS
40 -1.20 1.58 -0.02 0.76
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Table 5 Example of data scaling from the 12.5% model to
the full-scale (100%) model under a specific

operating condition

- 12.5%5F, 100% R,
30.42C 30.42C

A 4.65 4.65%1.681x1.681x1.681=22.09

QW 4.16 4.16x1.681x1.681x1.681=19.76

04w 6.32 6.32x1.681x1.681x1.681=30.02

QJIW 10.44 10.44x1.681x1.681x1.68=49.59
1 [IAh 2R THK 38.29 38.29%0.93%0.93%0.93=29.82
2[4 R THK 34.09 34.09x0.94x0.94x0.94=27.42
3 ISR THK 32.01 32.01x0.98%0.98%0.98=30.13
41 5P Rz IR FHK 35.77 35.77%0.87%0.87%0.87=26.26
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Table 6 Data in the iteration process
2N /A ke LRI 2/
C BE (Wem™) C C
25.10 60.23 —
24.42 59.41 —
! 28.13 60.93 —
42.00 67.68 —
27.16 62.78 2.55
26.03 61.80 2.40
: 30.46 63.53 2.60
30,01 46.32 71.38 3.70
27.30 62.95 0.17
26.16 61.95 0.15
’ 30.62 63.70 0.17
46.66 71.67 0.29
27.31 62.96 0.01
26.16 61.96 0.01
N 30.63 63.71 0.01
46.68 71.70 0.03

2)100% T A AS ] A FE B 4 T A R OT
HHEATARART AR

3t TR GRS EE R 505 HIHRE R I
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Table 7 Comparison between FEM calculated and fitted skin temperature of cables

RIW R/ AR/ C SCHITC IRTHR2/K
O Q0. Qs Q. T. Ta T. Tas T. ta to ts [ di di, dis di.
2731 2616 30.63 46.68 3001 4672 4549 4591 4476 47.18 4684 4601 4476 046 135 0.0 0.00
4419 29.65 30.63 49.59 30.01 5155 4827 4653 47.08 5334 4875 46.14 4577 179 048 -039 -1.31
4404 854 2250 30.61 2354 4353 3273 3590 3494 4385 3276 3544 3381 032 003 -046 -1.13
7046 1025 22.50 3498 2354 5297 3498 36.61 3659 5321 3467 3597 3549 024 -031 -0.64 -1.10
32.87 37.62 9.08 3220 2878 4584 48.17 36.78 4044 46.64 4728 3578 3930 0.80 -0.89 -1.00 -1.14
5259 4514 9.08 36.80 2878  53.11 52.04 37.67 4212 5419 5093 3644 4098 1.08 -1.11 -123 -1.14
30.67 49.99 2796 20.64 837 2665 3396 2518 18.66 2831 3407 2420 17.16 1.66 0.1 -098 -1.50
49.07 59.99 2796 2359 837 3511 3867 2599 2001 3607 3844 2479 1839 096 -023 -120 -1.62
3171 2847 3376 6098 2816  46.10 4627 4641 4743 4785 4657 4561 4613 175 030 -0.80 -1.30
50.74 3417 3376 69.69 28.16 5439 49.60 47.25 50.03 5527 4955 46.18 4860 0.88 -0.05 -1.07 -1.43
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Table 8 Error between the fitted temperature rise of the
cable outer sheath and the temperature rise obtained

from simulation

SR G MOME/K  BORME/K K ARifE2E/K
40 -1.62 1.79 -0.24 0.98
12
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4_
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Fig. 4 Histogram of the temperature rise errors for the

outer sheath of each cable circuit
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