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Numerical Simulation of Natural Gas Leakage in Subsea Pipelines
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Abstract: The leakage process of natural gas in subsea pipelines was numerically simulated using the Vol-
ume Of Fluid (VOF) multiphase flow model. The numerical results were in good agreements with the ex-
perimental data verifying the accuracy and reliability of our developed mathematical model. The results
showed that the natural gas went up in the seawater along with the horizontal diffusion in the preliminary
stage of gas leakage. The motion formed a gas mass with the maximum diameter of 1. 92m. Then, the gas
mass broke away from the leak hole and rose to the surface sequentially. In the rise process, the gas mass
broke up and formed some small gas masses. The seawater occupied the interspace between the small gas
masses. Moreover, the backflow appeared in both sides of the gas masses and resulted in the strong turbu-
lence motion. The turbulence enhanced the mixture of the natural gas and seawater and caused the perme-
ation of the gas and liquid two phase flow in the leakage process in subsea pipelines. The increase of the
leakage mass flow rate caused the decline of the required time of natural gas moving to the surface from the
leakage hole. Especially, it declined quickly when the mass flow rate was small.
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Fig. 1 Natural gas leakage in subsea pipelines: geometry and boundary
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Fig. 2 Comparison of numerical results and experimental data
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Fig. 3 Leakage process of natural gas in subsea pipelines

Tk I 0 401 i T 2N R AR AU B KRR AE )

ez gy 4 [ P U A RE A I K P 1 DY
B B 5 Bt T T A T A9 SE 4 TR AR
i 2t T L 0 B, AT AT RO IR K HEJT O 22
KRR ZIE I — A~ b7 B4 BRI <P I It 2 3 s
Mo FEARSCHIEBUERA T, 0. 1s B 28 B B AR 200
1. 06m [ ERBYSIAT, B35 0. 3s B, U AR

F) 1. 48m . kY i ] 34 2 0. 65 B LB B BRI S A,
TR A BRI KA R 1.92m.,

M B s O DL S k2 ) s sl R R
a3 KRR TR, A AN 7™ A 3 SR A i
Wiz Bl IR i AT 43 545 5 e R s VR K O b
BEH AR SRR MR E K, NETHE
PLE H L FE 0. 8s B M FHE &I iR or 24 e 42



+ 76 - FMRFFHMCAKAF R 2015 4

AR K s B 3K 1L 0s W AT TE [ Bz B Y [
L o3 2R 3 ARy o U KA 2 o A AT 2 ]
(75 B s 24 itk U 3k 21 1. 2s B, A<M 22 ) Y 2 B T
B0 9 0 TR K A AE T A ) R ] SR T
TR E IR BN K Y [ AT, I A8 2K 2 T 1) Py
HEL.

3.3 RAS MR REERE RS

] 4 U A8 2 R AR A0 T 2o A v AS [] e 220 o
LR 0 43 A L T i D R T2 000k Pa,
ME A LA L 7R R (0. 1), il 0 7 <
A T O R A K, R AR ST PR B gl R A Gk
80m /s 3t B A 19 96 7K 1] T 3z 2y o 1] A 3 B AT LA
B F) 40m /s, B BAE 5 19 1813 5 B A R R) Y 2 4, R
VI RR 2k 1) Lz ) I £ Bl 2 038 K L3, 9 R i ik 22
V] T B 58 20 14 it 38 32 2 5 31X — i it 2o R A o i K AR
SR K TR G, 1 AR SR A T A R SO PR A
ZIE A E B S,

3.4 it e E A

224 9tt Jh T AR B, R R A U 9 S
T 45 4R 7 B R T G R, 3 B R R RO TR 11
B K 2R T B B R AN R B 5 A K IR E R
4m R SE ST 2 000kPa B, KRS IR iz
BB A H T A B[R] BE A M T U AR AL . A
] LU B i U St 0 38 K, R AR SO U
F iz 3l 2] 5 2 T w7 I [R] 28 W 0al /) 5 45 1) 2 7E i
SR /INEE T R AR A U R OR R, T R
JER RGNS

4H O’

1 MR B0 5K 9 A 1 L o 1 4 3
AR IEK TP B G 20 1. 92m Bk
A5 AT B 5 A 194k R 3
R R Tt R e i
G4 2 60 07 DR M O 508 8K S 3
S K I 1 122 5 2 101 K 2% 1 10 DO

(c)l.2sHEERERENHER
B4 AAHZNEEEESH

Fig. 4 Vertical velocity at different times
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