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Study on Improving Ampacity of Cables Laid in Pipes by
Backfilling Low Thermal Resistance Materials
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Abstract: Aiming at the problem that the poor heat dissipation effect of the cable laying in piping leads to the
cable line appear ampacity bottleneck, we use the 2x3 piping laying of 110 kV power cable with two loops as
research object. The changes of cable ampacity before and after backfilling low thermal resistance materials in the
pipes was studied through thermal circuit models and large current tests, and the relationship between the ampacity
of cable and the thermal conductivity of backfill material was analyzed based on finite element simulation model.
The results show that when two circuits of 110 kV 630 mm? cables are laid with 2x3 rows of pipes, compared with
the case without backfilling in the pipes, the ampacity of cables after the pipes are backfilled with low thermal
resistance materials increases by 25.22%. With the continuous increase of thermal conductivity of the backfill
material, the ampacity of cable also continues to increase, but the increase rate is slower and slower, and the
ampacity of cable tend to be stable eventually. When the thermal conductivity of backfill material increases from
1 W/(m-K) to 7 W/(m-K), the increase rate of cable ampacity is 8.99%. When the thermal conductivity of backfill

material increases from 7 W/(m-K) to 13 W/(m-K), the increase rate of cable ampacity is only 2.00%.
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Fig.1 Schematic diagram of test cable up-current circuit
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Fig.2 Schematic diagram of cable wiring
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Fig.3 Schematic diagram of the

cross-section of test loop pipe
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Fig.6 Schematic diagram of temperature measurement

point for single-core cable body
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Tab.3 Load current, conductor temperature, and skin

temperature of test cable
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Fig.7 The ampacity changes before and after
backfilling the low thermal resistance material of the

cable laying in the piping
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laying cable structure
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Fig.9 Schematic diagram of boundary conditions
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Fig.10 Flow chart for evaluating the thermal conductivity

of backfill materials and the ampacity of cables
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Fig.12 The ampacity of the cable when laying 110 kV
630 mm’ cables with 2x3 rows of pipes and backfilling

materials with different thermal conductivity
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Tab.4 The improving rate of ampacity of the laying
110 kV 630 mm’ cable with 2x3 rows of pipes before and

after backfilling material

[T R SR EU(W/(mK)) R TTVA FTFE/%
— 971 —
0.1 962 -0.93
0.2 985 1.44

1 1057 8.86
2 1092 12.46
3 1113 14.62
4 1127 16.07
5 1137 17.10
6 1145 17.92
7 1152 18.64
8 1157 19.16
9 1162 19.67
10 1166 20.08
11 1169 20.39
12 1172 20.70
13 1175 21.01

MK 4TI LLE H 253 HEE B 110 kV 630 mm?
HLAG I, 5 A T RE G LR, HLZE A R = SN
971 A, & W IRIA S # R HON 0.2 W/(m-K) M EHE ,
HL S IR RIAE] 7 985 A, B 1 A SE 45 I
HEEMEN SR REEH WmK) KA
7 W/(m-K)BF, HL48 800 & 4T 208 8.99% s 4[]
MBS AR B 7 W/(m-K) KA 13 W/(m-K)
I, HEL B (AR T 2N 2.00% , 2 FH OR A B

ST B JE RO BN YR o T (R SEOR R ) 3 A AR B
K, BT 7 A4 R} B ke s, T D AR 5 )8
Bl IEAF R S IR BN T W/ (m- KIS ELE & B

6 it

A 2x3 HERE BB A 2 18] B85 110 kV 630 mm?
HLZA0 A FE X B, K B R ES / T T N TS [
)R RO 5% A TR AN PN BB AP A R TR E
SR & 1R AR, I B A R R R a4
FEAE T T REM R S RS B R =
MRAR G 45k

(DFEAL 25 B R B, HEE A 0] AR R BE A4
FFRE S /N L 45 1) 1P B BB, A7 R T B

(2) K HL BRI 45 SR B, 2x3 HER B0k 2 [A] 2
110 kV 630 mm? FEZE I, AH LL 5 Y E R S 0,
B P [EEAR AE AR S 28 & T HE T 25.22%

ORI B KK, 2x3 HEE Bk 2 1 2%
110 kV 630 mm” 45 I, BE 75 [BIE A R 3 3 R 20
AN T 38 K R 0 ) 2 U AN DT R L ) e
SRR 2718 , 4G B R A TR . M Bl
BH S AR H i 1 W/(m-K)H KN 7 W/(m- K, B
BB R TE N 8.99% ; 24 [Al A B T 4 &
Bl 7 W/(m-K)3E KA 13 W/m-K) i, B 288 30 &=
32T ALK 2.00%
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