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Abstract : The subsea pipeline pre-commissioning stage consists of the following processes: Flooding, Venting, Hydrotesting, Dewatering, Drying, and
N2 Purging. Among these processes, drying and nitrogen purging processes are stipulated to reduce and maintain the relative humidity below dew point
to prevent the generation of hydrate and the risk of gas explosion in the pipeline during operation. The purpose of this study is to develop an analysis
method for the air drying and nitrogen purging process during pre-commissioning of the subsea pipeline, and to evaluate the applicability of the analysis
method through comparison with on-site measurement results. An analysis method using Computational Fluid Dynamics (CFD) was introduced and
applied as a method for evaluating the relative humidity inside a subsea pipeline, and it was confirmed that analysis results were in good agreement with
the on-site measurement results for the air drying and nitrogen purging process of the offshore pipeline. If the developed air drying and nitrogen purging
analysis method are used as pre-engineering tools for pre-commissioning of subsea pipelines in the future, it is expected to have a significant impact on

the improvement of work productivity.
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Fig. 1. Pre-commissioning and Commissioning Procedure.
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Fig. 2. Schematic diagram for subsea pipeline drying analysis
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3.2 & mo[Zatl LHF Y&t O[&H ALt

A stolzetel iF s Es TRVIA 250l
<71 EspekEel g A W 7)o FEges

golEm ol AHA(5E EUZ Fluent Woll A A5 ALt
FITHANSYS, 2013b).

T(‘ & i—
ln(p%):(?’*l)XXlJF,;(a(T 7)) )

o 7|A, P,=22.089MPa
T.=647.286 K
F, =—17.4192420
F,=2.9721000 < 10"
F, =1.1552860 < 10"
F, =8.6856350 < 10~*
F, =1.0940980 < 10~*
Fy =—4.3999300 < 10™*
F, =2.5206580 < 10~*
F, =—5.2186840 < 10"

a=0.01
T,=338.15K

ol&H2 dA T dHstolA Ve =7 UEE o &
717} E3t = w1k 2R Ao of#fe] wi1 s o]
£ 2]((Magnus Theoretical Formula) 7]¥Fe] o] &% AAH2l(6)S
o] &3] ALHS 43 5F Th(Sensirion, 2006).

RH, BT
A In(og) 57
Dp(T,RH) = RH. 5T O
—In(55) +
B=InGoe) 3T T

o714, Dpe °©1&H, Tt &%, RIS HUEE, A% &
v 2] 2~ 32} v B (Magnus Parameter)E YERATEH

3.3 i S mo| Zateln s mHY
A7) W A4 sto]Zekel e Bopalol 4| So] A
ZEAEsL YU vo] ekl 0 7} T (Gas

ﬁrfm

S|
=

A E mYALt Hol g
gole] A ol

of &8k o]F-ol 115 mm?]

t} AR ¥= gfo]x 2.318 kme| T},

Table 1. Main Particulars of Target Subsea Pipeline

Parameter Unit Value
Purpose - Gas Injection
Pipeline Outer Diameter mm 323.9
Pipeline Length km 2.318
Wall Thickness mm 27.0
Concrete Coating Thickness mm 115
Steel Density kg/m’ 7850
Steel Grade - API 5L X-65
Operating Pressure MPa 37.9
Operating Temperature °C 90.6
Seawater Density kg/m’ 1032

Fig. 3& sto]azaeel Wiy Axagd i 2 7p2=23) 3
Mg 91g golzelel RasS veRdnh o gho] el
A Aol 2 "l A 5o sAS 918
e AReAE Eﬁé}é}_‘é 33 =
A -(Velocity Inlet) 271, 72712 F%(Outflow) =&
2}z Holak gl »}Ol el U e il
(Wall Boundary Condition) & €¢] f-&°] gl
Condition)Z 715 Folaigitt. Fiul= 7AZE A 7|¢
e Eabd avd A S S8 ‘iiL .L%EI FAZERe=12x10°) AL
A dREEEE FE k—e ZPo] AREH AT Fig 30
A] P10, P1000, P2300-& »}ol 2}l A FERE 10m, 1000 m,
2300m A& 247 Yebie o] %9 A Ao FYd
gk ou| = ARg-EFSiTh

1-['1 of\i mlo

N

Inlet (velocity mlet)
Q=900CFM(25.5m%/min) Jl
v=7.4m/s <

«—  Pipeline length = 2.3km

Outlet (outflow)

- Three Species : Nitrogen, Dry air, Water vaper
- Number of Cells : 46,360 Quadrilateral cells

Fig. 3. Modeling for analysis of subsea pipeline drying process.
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Fig. 4. Mass fraction contours near inlet region.
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Fig. 11. Time history of mass fractions of N, in the pipeline.

Fig. 10. Time history of change in relative humidity according

to the inlet velocity. 5. é E
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