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ABSTRACT: Subsea pipelines are designed to transport mixtures of oil, gas, and their associated impurities from a wellhead that can be in excess
of approximately 100 °C, while the external temperature may be approximately 5 °C. Heat can be lost from a subsea pipeline containing a
high-temperature fluid to the surrounding environment. It is important that the pipeline be designed to ensure that the heat loss is small enough to
maintain sufficient flow from the unwanted deposition of hydrate and wax, which occurs at a critical temperature of about 40 °C. Therefore, it is
essential to estimate the heat loss of a subsea pipeline in various circumstances. In previous studies, overall heat transfer coefficient(OHTC) formulas
were considered only for a single soil type. Thus, it is difficult to characterize the OHTC of the actual seabed with multiple soil layers. In this paper,
an OHTC formula that considers multi-layered soils is proposed for more precise OHTC estimation.
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Fig. 1 Thermal resistances of an unburied subsea pipeline
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Table 1 Overall heat transfer coefficient formulas

Name of formula Overall heat transfer coefficient formula
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Table 1 Overall heat transfer coefficient formulas (Continued)
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Fig. 3 Heat transfer through a multi-layered plates
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Fig. 6 Grid for numerical analysis
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Table 3 Typical biot number and OHTC by type of pipeline

Type of subsca pipeline Typical OHTC  Typical biot

[W/n’K] number

PIP system 05 - 15 Bi,=4

Insulated pipeline ’ (Low)
Insulated pipe 15 - 50 4< Bi, <50
Concrete weight coated pipeline (Intermediate)

50< Bi

Uninsulated pipeline 50 - 1500 N

PP (High)

200

180 Proposed Formula
W CFD

160

OHTC (W/mA2 K)
3

0 50 100 150 200
Burial Depth (%)

Fig. 10 OHTC result of high biot number of pipe

FZEAGA T ALt & M A 7= Fig 103} 2ok mjgzio]
0%, = ol &4 =ZFF sAuTe FZIAIATE oF
180W/m’KS YERNASL miEZio] 200%Yd vl FZIHNZASF
£ % 3wmKe] 2HE 91 & 5 ATk wF@ o] 0%, 50%,
100%, 150%, 200%°11 4 Proposed formulaAl4r A3} 81 4=2]3) 4
Axte] HHF A= oF 24%E eI

512 27+ =7) HIQE 4 S|AEITHCWC pipeline)

51.1 2 Y E 5 AP (Uninsulated pipeline)

E2 HRE F9] AuE ddAr}t gle siAuds E
tH= Proposed formula A4t ® F2814-& AASHATE £ A
e BIQE 7 oF 14681 A2 sAujHe] 7, WA,
GHEE T8 AR 38 Zo] @ dHEEL2 Table 4

s} 2},

Table 4 Properties of high biot number pipe and soils

Subsea pipe Subsea pipe  Depth of Thermal
and diameter layer conductivity

multi-layered soils [m] [m] [W/mK]
Pipe inner diameter 0.4826 - 51
Pipe outer diameter 0.508 -

Soil layer 1 - 0~04 1.31

Soil layer 2 - 04 ~ 1.6 1.4

Soil layer 3 - 1.6 ~ c© 1.6

2} 7] WRE £ SAHBL oj1BE B 2AYEE G
A Z AE-8H= CWC(Concrete weight coated)Hlj ol T A4k
B 5134 AAHAT
Table 5 Properties of intermediate biot number pipe and soils

Subsea pipe Subsea pipe  Depth of Thermal
and diameter layer conductivity
multi-layered soils [m] [m] [W/mK]

Pipe inner diameter 0.4826 - 51

Pipe outer diameter 0.508 -

Asphalt 0.515 - 0.74
Concrete 0.615 - 29
Soil layer 1 - 0~04 1.31
Soil layer 2 - 04 ~ 1.6 1.4
Soil layer 3 - 1.6 ~ c© 1.6
40
—— Proposed Formula
35 1 W CFD
o 30 1
&
& 25
£
S 20
)
E 15 1
I
© o]
54
0

0 50 100 150 200
Burial Depth (%)
Fig. 11 OHTC result of Intermediate biot number of pipe
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B A HE S ¢F 99] A9ol siAud &
aA1¢] 974, WA, =S a8 AN =3 Zo] A
AAEEL Table 59 YERIAE

FTEEAGA T A 9 XA A= Fig 113 2o] mig
Z10] 0% W <F 40W/m’K, " E 2] 200%01 4 F 3Wm’K= 1t
ERgth ml@ o] 0%, 50%, 100%, 150%, 200%°1A] Proposed
formula Al4HAF 9 X34 AAE vwetd S v Q= oF
5.6% =2 UERGTH

5.1.3 Y& B2 E & 3| A ullF(Well-insulated pipeline)

w2 HIQE Fof Oigt sl|4S F8sty] fl3l Eejz=d
(Polypropylene) 0.2 T A ujTS AA3t]  Proposed
formula AMF R FX A S ST SiA AT GEA] H
S|AATEe] &A= Table 63 2£0™ HIQE 4= 1990t}

2 3| Aulde] A= Fig 129 2ok g =R ks w9
FTLEAGATE °F 10WmrKoelH 200%H1H =S o oF
24W'Ke] F2EAGAS A5 21 & 5= AU Proposed
formula A+ A3} w2814 Ao 2ol= 63%E A
Skt

Table 6 Properties of low biot number pipe and soils

Subsea pipe Subsea pipe Depth of Thermal
and diameter layer conductivity
multi-layered soils [m] [m] [W/mK]
Pipe inner diameter 0.4826 - 51
Pipe outer diameter 0.508 -

Polypropylene 0.552 - 0.22
Soil layer 1 - 0~04 1.31
Soil layer 2 - 04 ~ 1.6 1.4
Soil layer 3 - 1.6 ~ © 1.6

10
—— Proposed Formula
W CFD
8 4

<

N

E 6]

=3

°

I

(@]

2 4
0 : ; :
0 50 100 150 200

Burial Depth (%)
Fig. 12 OHTC result of low biot number of pipe

52 A FHolA 2 : Clest TSR 74
T OHAR @ A AR /O TR T
sS4 AASET A 3302 PR Al %
Fo AEES WA AU AAAL TeoE

Pk B Adele 13 Auee 2= 27 2
o) SAMBLE AHgaton] s4 Aol 19 o
MY QAL WA A

=
=
SARke] 4 =S 742 Table 73 ZTh

Table 7 Properties of Scenario 1 and Scenario 2

Multi-layered Depth of layer  Thermal conductivity [W/mK]

soils [m] Scenario 1 Scenario 2
Layer 1 0~04 1.31 1.31
Layer 2 04 ~ 1.6 14 2.75
Layer 3 1.6 ~ o 1.6 4.44

40

Proposed Formula (Scenario 1)
35 | CFD (Scenario 1)
— — — Proposed Formula (Scenario 2)

— 30 { A CFD (Scenario 2)
'
& o5
E
< 20
(@]
= 15 -
5

10 A

5 il

Q

0 50 100 150 200
Burial Depth (%)
Fig. 13 OHTC results of Scenario 1 and Scenario 2

£ 34 A= Fig 139 2ok AvEl 13 AvE L 29
Proposed formula Al4FA3}e} x84 Ax}e] HHd exf= oF
6% AFE gl & AUk

F AUl eE vigzie] 100% 75 A fAket 23S &
1 & JdEd ol Y5 iR siAwEe] A5 st 8l
A o] FEIHGA T AuA aglow 283k wE
ojth. =3t F Aluel e Ade dxuY S migzio] 100%14
200%7HA] ZFelE ol & 4= T, ol i zo|rt Hojds
2 giAu e FEIRGA Gl AR ] AujH] 210
2 ZAgsly] wEolt}h mj@ o] 200%14 Alug]l e 13 Ajue]
2 29 SIFEAER(k,,,;, )= AZ 1.4756W/n'K, 2.8667W/mK
oln} S7tEAEEo] T thEAe| mgH Aluele 27F Alvt
gL 19 vs] FEAADAS At =4 JERRTh

522 & FAE 7FX= R4t S(Scenario 37} 4)

b 7] HILE Fo fAujge] kg FAS So08 T
4 ARk g EAE s 7Pgste] s AAEA T
OSANe] FA D dAEE F42 Table 83 2om AU
2 32 Al e T2 FASATE 28l AUl L 4= 4709
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Table 8 Properties of Scenario 3 and Scenario 4

Depth of layer Thermal conductivity

Multl-layered [m] [W/IIIK]
soils - - - -
Scenario 3 Scenario 4 Scenario 3 Scenario 4
Layer 1 0~04 0~04 1.31 1.31
Layer 2 04 ~20 04~15 14 1.6
Layer 3 2.0 ~ oo 1.5 ~20 1.6 2.75
Layer 4 - 2.0 ~ oo - 4.44
40
Proposed Formula (Scenario 3)
35 - | CFD (Scenario 3)
— — —  Proposed Formula (Scenairo 4)
o 30 1 ® CFD (Scenario 4)
& 25
E
< 20 ;
O
E 15
I
© 10
5 4
0
0 50 100 150 200

Burial Depth (%)
Fig. 14 OHTC results of Scenario 3 and Scenario 4
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THE Fo2 A Aol 2eksio] 715 A F2EA

2] Z Zakarian©| 22)(Zakarian et al., 2012)S EUZ
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to] o @HESS 7= v ANks shve] 57
AEEE FHlsto él"ﬂ 2 G ZT

Proposed formulas FE3L7] 8l F8&FX8)4 Z2 331U
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9o 25E SAHS SAHE 255 EUE 44
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