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Study of multiphase flow laws in sediment with gas hydrate
based on LBM method
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Abstract: According to the fluid migration and pore medium characteristics during decomposition process of gas hydrate in
sediments, the lattice Boltzmann method (LBM) used in multiphase flow law study in sediments with natural gas hydrate was
proposed. The method is for the mesoscopic model between the macro and micro. The effects of saturation change on charac-
teristics of hydrate permeability were studied using lattice Boltzmann model for hydrate formation and decomposition process
in porous media. The results show that flow field distribution of single-phase flow in porous media is related to the pore diam-

eter (saturation) and permeability. The permeability of porous media decreases greatly due to hydrate formation in sediment.
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Fig.1 Flow chart of lattice Boltzmann numerical model
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Fig.2 Lattice Boltzmann simulation on hydrate

in single pore channels
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Fig.3 Relationship between relative permeability

and hydrate saturation
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Fig.4 Flow chart of hydrate under different radius
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Fig.5 Flow chart of hydrate formation process

in multiple pore space
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Fig. 6 Relationship between relative permeability and
saturation in lattice Boltzmann model for simulation

and empirical model

MIE 6 ] LIFE H # T Boltzmann FU{E AR {15
FIH LR S Kozeny PR LRIV & 84, X 58 400E
BI#% 7 Boltzmann F{EALIUE 1171,

3 HRIE

FH LBM J5 3% BLFL B RN 22 LB 38 18 P4 AR I
ST RE RN, A5 IR 5 B e R AR A5 R —
3, 743 UF A% F Boltzmann £ {5 B DU 1 47 9,



$35% H5M s s

BT LBM Fikd R R A

KEH AR F % AR SR T - 103 -

A B LBM ik T 290 2 HH R 3h [4] GUDMUNDSSON J S, KHOKHAR A A, PARLAKTUNA
FAR IS, B R B AT T KRS KA M. Storage of natural gas as frozen hydrate [ R]. SPE
WML ELRAE £, % SR AL B TR O He 2 24924,19%0.
AIIISHELURIER T 2040 (5] KLEINHANS M G, JEUKENS C R L N, BAKKER CJ
45 [ o 4 G, et al. Magnetic resonance imaging of coarse sediment
A%%ﬁp ﬁ qjgm‘ . L . (6] ﬁﬂ”ﬁ%,aﬁ%%‘ﬂ?. ®T BOLTZMANN Jr ke
ESUN =D /}Iszjﬂ.‘ﬁ,ﬂ: 'ﬁ&ﬁzﬁﬁi@‘mﬁ%\ REFI[M]. jlﬁ)—,ﬂ;ﬂ»?:’:ﬂﬁﬁ}i,ZOOQ
MIZE G B R 5 Bt TR A AR SR PE S B [7] KANG Qin-jun, ZHANG Dong-xiao, PETER C Lichtner,
LBM J7ikn0km A{E, ¥ SR A ¥ LBM F(E B 2 et al. Lattice Boltzmann model for crystal growth from su-
IR A5 0 235 SR 47 X Hﬁ%*ﬁ I & 1E 52 persaturated solution[ J]. Geophysical Research Letters,
3 LBM J7 ik, i st f A1 LBM T3 e AR 4 Hh ok 2004,31:21604-21608.
%%ﬁ%ﬂ*qug*ﬁémbgﬂig [8] SHAN Xiao-wen, HU Han, CHEN Dong. Lattice Boltz-
mann model for simulating flows with multiple phases and
SE components[ J]. Phys Rev, 1993,47.1815-1819.
1] MO I KR Tk s Sk A MR 5 B A [9] YU Xin, TANG Xue-lin, WANG Wu-chang. A lattice
CM]. JbEe A2 Toll H R 2007 Boltzmann model coupled with a large eddy simulation
2] LIG, LIXS, TANG L G, et al. Experimental study on model for flows around a groyne[ J]. International Jour-
the effect of temperature cooling profile on methane hy- nal of Sediment Research, 2010,24(3) :24-26.
drate formation[ J]. The Chinese Journal of Process Engi- [10] WIM J A M, SWINKELS Rik J, DRENTH J. Reser-
neering, 2007 .7(4) 1723727, voir-simulation model of production from gas-hydrate ac-
[3] KANG S P, LEE H. Recovery of CO, from flue gas using cumulations [ J ] Journal “of Petroleum Technology.,
gas hydrate; thermodynamic verification through phase e- 2000,2(4) :76-77. (B )
quilibrium measurements[ J ]. Environment Science and 7
Technology, 2000,34 :4397-4400.
(L#F 98 W) [16]  BEYe, SR REHUR R[]0 PR A8 N2 TR 3l i
[11]  #E3E, 22K Maxwell JRTE P RE 7 4l 1) f5CF: MEE BT (D], P EAI R R AR,
SIS NS AL ()] A 2011,35(2) :127-130,136.
R BIRBIAR, 2009,33(4) :112-117,124. HUANG Shan-bo, LI Zhao-min. Numerical analysis of
HUANG Shan-bo, LI Zhao-min. Law of Maxwell fluid laminar pulsating flow for power-law fluid in concentric
flowing in annuli with inner wall reciprocating axially annulus[ J ]. Journal of China University of Petroleum
[J]. Journal of China University of Petroleum ( Edition (Edition of Natural Science), 2011,35(2):127-130,
of Natural Science) , 2009,33(4) :112-117,124. 136.
[12] PHAN-THIEN N. On pulsating flow of polymetric fluids [17] G BeeWBIrkdre [ M]. K. mIFREH
[J]. Journal of Non-Newtonian Fluid Mechanics, 1978, Wit ,1993.317-341.
4:167-176. (18] B, 2R IR M. R Ak o A B0 25 9 A ) 0 20
[13] SHEMER L, WYGNANSKI I, KIT E. Pulsating flow in [1]. 4L 24,2007,58(2) :304-309.
a pipe[ J]. Journal of Fluid Mechanics, 1985,153.:313- HUANG Shan-bo, LI Zhao-min. Analysis of start-up
337 flow of visco-elastic fluid in annular space [ J]. Journal
[14] RAHAMAN K D, RAMKISSOON H. Unsteady axial of Chemical Industry and Engineering, 2007,58 (2):
viscoelastic pipe flow [ J]. Journal of Non-Newtonian 304-309.
Fluid Mech, 1995,57.:27-38. [19] skEEE, ke, BSCiiiR 22 M]. dbat. AR
[15] HAMMAD K J, VRADIS G C. Pulsatile flows of a Bing- 2 A, 1986.
ham plastic in circular pipes[J]. ASME, Fluids Engi- (%35 /jﬂljé)

neering Division, 1996,237 :685-690.



