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Study on temperature field and ampacity calculation of umbilical cable
under coupling of electro-thermal-fluid multi-physical fields

FAN Changhong, LOU Min, ZHU Jiaxing
(School of Petroleum Engineering, China University of Petroleum (East China), Qingdao 266580, China)

Abstract: Umbilical cables are known as the "nerve lifeline" connecting underwater production systems and upper facilities,
and accurate analysis of their temperature field distribution and ampacity is a key guarantee for safe offshore oil and gas
exploration and production tasks. Unlike traditional submarine cables, umbilical cables have complex electro-thermal-fluid
multi-physical fields coupling effects due to their complex structure and diverse functions, and it is difficult to determine
their temperature field distribution and ampacity by traditional analytical methods. A fine cross-sectional model of multi-
field coupling of umbilical cable was established based on the finite element software COMSOL in this paper, and the
influence of three typical laying methods, environment and other factors on the conductor temperature and steady-state
ampacity was studied by the control variable method. The results show that when the current is small, the temperature of the
fluid in tube is the dominant factor affecting the cross-sectional temperature and steady-state ampacity of umbilical cable.
The trend of conductor temperature can reflect the change of steady-state ampacity. When buried directly, the increase of
buried depth and the external fluid temperature will weaken the heat dissipation capacity of umbilical cable. When tiled, the
seawater flow significantly reduces the temperature of umbilical cable, and at low flow rates, the increase of flow rate has a
significant cooling effect on the umbilical cable. However, the high flow rate of seawater will form a boundary layer with
temperature gradient on the surface close to the umbilical cable, making the heat transfer be restricted, and the cooling effect
is not obvious. The insulation ageing has less influence on the overall temperature distribution of umbilical cable, but it
affects the maximum temperature of the cross-section.

Key words: umbilical cable; electro-thermal-fluid multi-physical fields coupling; conductor temperature; ampacity;

environmental factor; XLPE insulation
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Table 1  Structure parameters of umbilical cable

B JEL % /mm HhE/mm
REL7K 4 44 — 35.28
ARG 1.6 38.48
XLPE #i% 6.8 52.08
g T 42 it i 1.6 55.28
e 22 59.68
LR AR S 4.6 68.80
it 2.0 152.24
A AENE L5 46.00
e EHRITiPE 2.0 50.00
JeLF — 10.00
it NEWE 2.0 14.00
DUt AR 18.0 50.00
I N TR — 10.64/16.00
KT — 32.34/50.00
A HT PERFIN 22 — 9.12
ERE= 4.6 261.36
e P& 9.1 316.08
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Table 2 Conductivity of materials in umbilical cable
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Table 3 Material parameters of umbilical cable

. EE OMXAH SRRH EEay
/(kg/m®) i /(W/(mK)) /(J/(kgK))
il 8 940 1 400 385
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LRI O 930 2.5 0.46 2302
B 11 340 1 35.3 127
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HEEEEN 22 7850 1 58 475
ATy 946 2.36 0.25 1920
R I 935 225 0.46 2302
VERE ] 2203 3.75 1.38 703
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Table 4 Laying parameters and boundary conditions in

different laying methods
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Fig.3 Steady-state equivalent thermal circuit model of
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Table 5 Comparison of ampacity calculation results under

different laying methods
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temperature with current
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Table 6 Physical parameters of umbilical cables at

different seawater flow rates

Mos WPKE S

XLPE XLPEH 53 XLPEH

FR O Nmls)  IRSESC O EE/C /(S/m) 3 5 /(V/m)
0 91358  90.700  7.84x10™*  0.058 565
1x10° 90987  90.330  7.56x10™*  0.058 553
1x10* 9033 89.674  7.07x10™*  0.058 530
IR »
i 0.02 90.103  89.448  6.92x10 0.058 523
0.1 90.1 89.445  6.92x10™  0.058 523
0.2 90.1 89.444  6.91x10™  0.058 522
1.0 90.1 89.444  6.91x10™  0.058 522
0 91.569  90.911  8.00x10™  0.058 572
1x10°  90.691  90.034  7.34x10™  0.058 542
1x10* 87.554  86.904  536x10™  0.058 431
IR »
= 0.02 84294  83.651  3.87x10 0.058 314
T 0.1 83.921 83280  3.73x10*  0.058 299
0.2 83.823  83.181  3.69x10"*  0.058 295
1.0 83.679  83.037  3.64x10™  0.058 289
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Fig.9 Conductor temperature curves under

different seawater temperatures
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Fig.10 Temperature distribution of umbilical cables with

different degrees of insulation ageing
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