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ABSTRACT

The transmission current in a power cable is determined under the condition of separate pipe
cooling. To this end, the thermal analysis is conducted with the standard condition of separate pipe
cooling system, which constitutes one of the underground power transmission system. The changes
of transmission current in a power cable with respect to the variation of temperatures and flow
rates of inlet cooling water as well as the cooling spans are also determined.

As a consequnce, the corresponding transmission current is shown to vary within allowable limit,
resulting in the linear variation of the current for most of the cable routes. The abrupt changes
of current, however, for the given flow rate of inlet cooling water in some cooling span lead to the
adverse effects on the smooth current transmission within the underground power transmission sys-
tem.

In practice, it is expected that the desinging of the separate pipe cooling system in conjunction -
with the evaluation of system capacity should take into account the effects of design condition on
the inlet cooling flow rate.
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Fig. 1(a) Layout of the separate pipe water
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Fig. 1(b) Concept of the cooling water circu-

cooling system lation
Table 1 Details of cables and cooling elements‘'?

SECTION ITEM SYMBOL LENGTH (mm)
Metal tape LD do 14.0
Conductor LD da 15.6

345kV Conductor O.D d, 57.5
Insulation O.D d. 1015

CABLE Screen 0.D da 102.0
Aluminum Sheath O.D d; 107.6
Jacket O.D ds: 119.6
Cable O.D d, 134.0

COOLING LD ds 220.0

PIPE oD ds 250.0

RETURN oD d- 250.0

PIPE LD ds 220.0

note . I.D. ;5 inside diameter, O.D. 5 outside diameter
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Table 2 Comparison between this study and reference(7) results

(a) The calculation results of this study

cooling water temp. conductor temp.
span pipe 1 pipe 2 pipe 3 pipe 4 Cond 6 Cond 8 cond 10
m C T o) T T T o
10.0 20.051 34.688 20.116 34474 75.149 75.178 75.114
500.0 20.714 34.069 20.853 33.890 75.805 75.984 76.443
1000.0 21484 33.382 21.614 33.208 76.537 76.538 77.105
1500.0 22.177 32.719 22411 32.669 77.201 77.790 78.174
2000.0 23.069 32.108 23218 32.038 77998 80.537 79.765
2500.0 23.846 31.656 24.163 31.466 78.925 81.846 81.967
3000.0 24.593 31.061 24.943 30.895 79.674 82.761 82.967
3500.0 25.299 30.300 26.028 30.260 80.427 83.308 83.453
4000.0 26.049 28.735 26.867 29.694 81.259 83.489 84.129
4500.0 26.721 28.101 27.690 29,029 81.930 83.589 84.890
5000.0 27.489 27509 28413 28400 82.381 83.673 84.999
* Transmission current : 1610 [A]
(b) The calculation results of reference(7)
cooling water temp. conductor temp.
span pipe 1 pipe 2 pipe 3 pipe 4 Cond 6 Cond 8 cond 10
m T C T (@ T T T
0 20.0 30.3 20.0 30.3 82.6 826 82.8
500 20.5 298 20.9 30.1 826 829 83.1
1000 21.0 204 218 299 826 83.0 834
1500 215 28.8 22.6 29.7 826 832 83.6
2000 219 28.3 235 294 826 833 84.1
2500 224 277 242 29.2 826 834 84.3
3000 22.8 271 25.0 28.9 82.5 835 84.5
3500 23.2 26.5 25.7 26.7 82.5 83.5 84.5
4000 23.8 258 255 284 824 836 84.7
4500 240 25.1 271 26.1 822 83.6 84.9
5000 244 244 278 278 82.1 83.6 85.0

* Transmission current : 1607 [A]
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