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Abstract : A heat loss model incorporating the temperature-de-
pendent thermal properties of heavy oil was developed to ad-
dress the heat loss during heavy oil transportation through an
ROV pipeline in a low-temperature seawater environment. A
thermal-fluid coupling numerical simulation method was a-
dopted to emphatically analyze the flow patterns and heat
transfer characteristics of heavy oil in the near-wall region
(r/R>0.85) and the central axis region inside the delivery
pipeline. The results show that under the operating conditions
of a 70 °C preheating temperature and a mass flow rate per u-
nit area of 1600 kg/( m>

line transportation ( 10 meters from the inlet) , the oil temper-

+s), in the initial section of pipe-

ature at the axis decreases by only 0.42 °C, while near the
pipe wall boundary zone, the temperature drop reaches as
high as 18.01 °C. This leads to rapid formation of a highly vis-
cous deposition layer on the pipe wall, which is the key factor
restricting the safe transportation of heavy oil. Increasing the
pipeline preheating temperature within the range of 50 °C to
90 °C can extend the effective transportation distance of heavy
oil, whereas the increment decreases continuously with rising
temperature, presenting a nonlinear variation trend. Although
increasing the mass flux enhances heat dissipation intensity,
the residence time of heavy oil inside the pipeline is short-
ened, thereby reducing the heat loss along the pipeline. When
+s) to 2100 kg/

(m® - s), the temperature attenuation amplitude of heavy oil

the mass flux increases from 1300 kg/( m*

in the near-wall region at a delivery distance of 100 m decrea-
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ses by 19.20%. The research results reveal the influence
mechanisms of preheating temperature and mass flux on the
safe transportation distance of heavy oil, which can provide
theoretical support for the optimization of operating parameters
and quantitative evaluation of safe transportation distance in
ROV-based heavy oil recovery operations under shipwreck e-
mergency conditions.

Key words: remotely operated vehicle ( ROV ) ; heavy oil
transmission pipeline ; thermal loss characteristics ; influence

mechanism
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Tab.l Thermal and geometric parameters of pipelines

WR OEE REEELRAE SRR WER/
%4t (kgm?)  (kI-(kg°C)") (W-m°C)") mm
WMEE 7940 0.55 163 60
HRE 18 0.78 0.03 80
PifgmE 1450 0.13 0.15 88
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Fig.3 Calculation model for heat loss of heavy oil
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Tab.2 Comparison of the numerical simulation results

in this paper with those of reference[14]

e sammiee o0 o AXHE
A 17.2 16.7 16.3
B 20.7 21.0 20.8
19.1 19.2 19.4

H13R 2 AR A SO 2R I 445 2R 5 Sk S
EW)E RAF, PRS0 1R 22 44 75 5% LI,
PE— ARSI T A SORE LA A8 1 i 26 1 BV R T
75 T HER 1

3 RS e

3.1 EihiniE I RS

RS B 26 A T O AR R R R AR
60 mm R EE 55 C | B0 1 FHUTT U 1600
kg/(m? - s) FREEIRIE 4 CHOTH T, BF5E E iy
% 100 m SRR . SRR AT
BHRREZ MK 6 Frs, B 6 AlHl & ik
T2 TE T, 3 A D IR SRR B T
RETE SRR DX, hy 5 o A H i 4 3 2o Rt ) L o
PP AR SCHR U [0 B /R =0.95 ,0.90 .0.85 &

TR : 10=55 °C; Ml DR R E: 9,~1600 kg/(m*-s)

70 (°C)

- 60

[=10~20m [=20~30m [=30~40m L=40~50m | |ss

50
45

L=50~60m [=60~70m L=70~80m j—80~90m

L=90~100 m

Elo EmimEdiEPauRE

Fig.6 Temperature field in heavy oil transportation
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Fig.7 Radial temperature evolution of heavy oil
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Fig.11 Temperature field of heavy oil under different preheating temperature conditions
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Fig.12 Relationship between preheating temperature

and effective transportation distance of heavy oil
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Fig.13 Effect of different mass flow rates per unit area on heat loss characteristics of heavy oil
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and effective transportation distance of heavy oil
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