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Numerical simulation on the movement behavior of viscous submarine landslide
based on coupled computational fluid dynamics-discrete element method
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Abstract: Submarine landslide is one of the main marine geological disasters. Once submarine slide happens, it will cause serious
damage to underwater infrastructures. However, there are few researches on the movement and evolution of submarine landslides,
especially considering the viscous effect of submarine landslides. A fluid-structure coupling model describing the interaction between
water and particles was established by using computational fluid dynamics (CFD) and discrete element method (DEM), and a
cohesive force model was introduced to develop a coupled CFD-DEM analysis method considering the viscous characteristics of
sliding body. On this basis, the kinematic characteristics (velocity and distance) and morphological characteristics (length, width,
shape, etc.) of the submarine landslide were systematically simulated by considering the viscosity and initial velocity of the landslide,
and the influencing mechanism of the evolution process of the landslide movement was investigated in depth. The results show that
the coupled method can simulate and reproduce the small-scale movement behavior of the submarine landslide well, the viscous
action of the landslide has a remarkable influence on its kinematic and morphological characteristics, and the initial velocity also
significantly affects the evolution and distribution characteristics of the particle flow field in each part of the landslide. The results
can provide a scientific basis for the evolution process simulation and the effective prediction of submarine landslides.

Keywords: submarine landslide; CFD-DEM coupling; JKR cohesive model; movement characteristics of sliding mass; viscous
landslide

W 3 2021-11-03 &8 Hi): 2022-07-13
HEEWHHE: ERERFEEEESTE (No. 42077272, No. 51879036, No. 520790200 ; LT MITHAHRITHE (No. XLYC2002036)

This work was supported by the National Natural Science Foundation of China (42077272 51879036, 52079020) and Liaoning Revitalization Talents Program
(XLYC2002036).

—AEE R EEY, 5, 19714, -, B0, EEMN SIS TR TR SR RS 505 o 35 40U RHIF RN 2402 T4F . E-mail: tknian@dlut.edu.cn



11

FEIEYLE: JET CFD-DEM $h & 77 V5 R B M8 4412 2h 47 40 3175

1 5l

I 75 Y o R AR BE R A NTRK X, WS
TR BRI EFEEA. WRESRE (HWmAE
. MRS RIS SRR I T 2 T R AR i
Hb i 5 T ] 31, R e SR e A — R U W
(R o R, A A R A AR AT U = A I AR R Bt 48
My, OB L RE FIEIOR 3~4 AN E Y,
AR SR, — B AR 07K B Al 50 ol ™ B A
W, B R g A,

BT, R 5 & E L K EH 1 E,
FER 2 eI a2 R A RBLDLITI C BSCh 4 w6t
FARRS FEHTI T, IR EUEA) 2 FE:
HIRZE57% (finite difference method, f&j# FDM) 71,
KAARICE (large deformation finite element,
f&#% LDFE) B, T+ 44 3l 71 % 75 1% (computational
fluid dynamics, f#FK CFD) &ML Py
% (material point method, fiiFR MPM) U2 1412555 iy
Wiko M EIRBUARANTTE, a1 X iR
Wz ahid I 72 A MMERARZE, W: Imran
G R T BA B U IR ZE 4 4% U — 4E5UE 2
BAF BING, RGIhSEIL TSI ShER S 18
B 18 R 2 JEE B R S I P ;. Gawer ZEUOIR H
CFD #{f /7%, 3T Bingham #52Y, K AAM N
— PRI, SO TSR R AR R K
') Storegga MG IF I M2 BN A2, FFI I Sl 3
DUBRHI T 7 HRBIAE ;s B P 22 i fk 2 0 )
FEFHET- CFD BUA T7 1%, X751 12 I By vE bl 8 R
RV I S B A8 B BRI AR b, SRR T
55 SRR IR AR DTS I 3 BE B . Dong
GURH MPM J7i%, AU T i R — AN
SCHRRIE I EA, WS TR s s ESs. b
REMETTIE, REEE AR N BAESA T, 2
W 1 U I 32 B A b i K 5 SRR ] R K-
MEAZHAER, M DL 5 IS B AE KR 52 R
SR R, A5 AR TR TR 1 3L
B TT VAL IR M 32 3R A BAADA TR0 77 Th A% ]
FE, MECAESCPR TR HE R B HOTIEAK
T M E SN AR AR R R, B AMUAERE
AR AR ST R T s J7 T R A S,
B S BT AT DLARIOR R B GR AR A2 4E
AR SR A AL, Rk, 0 ERE
SR ARESA R B TS AN, KR
CFD-DEM it [E#5 & 70 A 778, AADLig R 2 1 4
3B s AT N .

a3

ASCAE IR OpenFOAM . LIGGGHTS
DL & CFDEM, KA B U GiE (DEM)
HER T AR R 2 1S, F CFD Jiikit HIR SR
IK 132 Bl S L5 J0RE () AH ELAE TS 25 78 e |
TERRLIZ ) 7 FE I NBE R DAL, & T IRFE
FF OpenFOAM, SEBL B MEIB AR IZ shid FEREHL, IF
P 22U TR 0 I R (14038 B 2 AT A5 SR FE R AL
X— TAE RN A CFD-DEM #4401 75 a1 4k 7k
FURIE, WRARRIRNIR T E S0 T 3 i sh A
AL I R K o AR B T B

2  CFD-DEM J7 &} f A

2.1 CFD-DEM 572

AR IS B 42 ) 7 FE o 2% REURLAE A& TR 5 1
Navier-Stokes 77 #2. HIMEEAWRETHE. 3=
SREWE v

L (ep)+V (e, 0,) =0 S

0
—(sp,u,)+V-(ep uu,)=
o P (ep ) 2

-EVp+V- (5;) -F,+ep,8

K e NILBRR:  p, NULREEE:  u, AR
s p AIET1 ¢ NRARETER K E S F, R
AR A AR 715 g NEJTINIEE .

MR AR —ds sl i, WKL i (1T s ANz
P TTRE 7 0l )

dv_.
m, vp”zml.g+Fl. (3
dr
doo, =
Ii¢22(];i'+7‘ri') (4)
e 4" v

Kot m NBRURR v, B | BOEEE FON
fERITERL T LA 10, I R o,
Wikl i BRI T, AT, 4 Yl AR a
PR

SRR I (R EL A 1 P, s, Heeik
iﬁ?’\jm]

o= (5)
P AV

Kb Fy, RIERIT: Foy, s Fo, AP n) R
— AT R T R s AV O — NIRRT T
(N

CFD-DEM =R fEFLFEMTT :

(1) ZENAFTH YRR CFD-DEM /K-
ARG R,

(2) NI WIMERRALE . WIAR R



3176

Inls
H_

2022 4

s
i

TR DA [ )P
(3) fEfkLIZ8) 7 FEH 5] NB R IR, DEM
RfgATHEIRIIZ B B R
(4) FOkrffr B FIE B AS Bk CFD KA
75
CORRYEHE B 5 T35 38 75 72 B UK iR
SRJGSRIEIE S MEIE RS, R JIRE BT IE IE,
ERE BRI
(6) TIPS HH R I PR AR 2 BORN - 35 350
oL E
(7D SRAFIARST A TRLIAE F 77, SR AR RO -
TUAAR 1) By B 2 5 T 5
(8) H BB B HIFI, CFD KfFs
SRIGIIATEE ;
(9 WG, HATRRARI SRR, RIES
B (3) ~ (9) ERL
(10)#% FRFFERE G v 0k 5 ¥ /K AH BAR
R FEH 52 JIHRE, 1520 F VI AR K hiZ )
AL
2.2 BRER BRI BRI T2
YRRy, VERAERURL IS4 77 F ]
Fik Kol
F=F  +F, +F,, +F,, (6)
b F O NBURLIREAL ) Fo, AR
Wi IKR B (6) hRRIIME F,, 3
1753 HT. TKR FEA S H Araf 7e o N )32 1 — 38
K — 28, A SR b A B T AR 3
M3 K; Johnson ZEPSUEE /N UkL 2 8] (%6 5K
18 Fo, I NTEIRE SR AR B L & A B R AR
S ke, R
Fro, =kS (7

e kB SONBAA R ERR D), RO
KReHE Jm’) S A BEEMITR . k& RIS
XPEZ%, HHUE AR 4R 22 50 50 2 2545 5% SRk [29-30],
INECK A a4 i) Johnson-Kendall-Roberts (SJKR)
BRI k ek B,

1
! P (8)

k:
437¥Rﬂ—ﬁf/E2
16

P R NAR v NHIEL; E WHIEREE;, PN
PN A TR _E R RE R, ]l B E AR L 5 AR
gE A Mm1S B2,

LIGGGHTS ' SJIKR A I S fRER
SJgi33]

g ©(Ad —R,— R )(Ad + R, —R)) y
4(Ad)’ <D
(Ad =R +R)Ad+R +R))

Arb: Ad ONRIRL i Ry BBCBE: R AT R, RIRL i
AR,

Beorat (7). (8. (9, ATERIEHEE )
RIEXF, , BBOLR (60, (3D, IIFHEHER
RIER R RRLE S HI 771, AT SEIRE 1 v 1k
iz ) CFD-DEM Vi [H #8 S 0. [HARTEEHZ,
KEMFRIART %P (Fih. Wi
FhtD MFERT, A RHA VBRI R
Fo
2.3 HARE R T

N T A SRR T TS B I R s Bhi AL AR,
B AL T 7K T R E R AL B S EER Tk
AEPHRROR, Ak kAN SER, I A
JR i iE Bl 2 2 4 S HERR VG B LASR AT KT 3 112 )
BGOSR S RS . i, A gt
PSR R AERR, G0l 1 R, BEE — KN 4 m.
WERN 2 my IREEN T m AL I, R
MHNS°, — RN 50 mm x 50mm x 50 mm ¥
BORAL TR X — i PIRAA T, Je R AR SRR,
HET R A K T 3 1B 3 .

THHAIESRE A~F 6 FiiESL, WEILE 1. Hib
SZHEEN: BREREAN 1 mm. B EE p, =
2 000 kg/m*. MIKEIE E=5 GPa. BEERE 4 =
0.5, IE H¥e=0.3. KHIFEL 1, =0.001 Pa + s Al
T p, = 1000 kg/m?,

1 AR =4rEE
Fig.1 3D geometry of the model

£1 WHEIN A~F WSHE
Table 1 Control parameter setting of calculation working
conditions A-F

. . TR HE VI
WL /(KT - m3) J(m-s)
A 0.0 0.0
B 25 0.0
C 5.0 0.0
D 7.5 0.0
E 7.5 0.5
F 7.5 1.0
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Fig.2 Time series of particle sedimentation velocity
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Table 2 Parameters for single particle sedimentation simulation®!

kL B4R S 2 IR L It} [1] 7 (DEM) Tk L TARR L It 7] 25 (CFD)
/ mm / (kg * m>) /(m +s7?) /s / (kg * m>) /(Pa-+s) /s
1 2500 -9.8 1x107° 1 000 1x1073 1x107*
(a) WIHRIRAS (b) AR
B3 RN A SRR R 122
Fig.3 Model of particle accumulation collapsel??!
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Table 3 Parameters for non-viscous granular collapse!?”!
WKL AR %ﬁ*ﬁﬁ{g ﬁﬁﬂﬂ%fg KR WP (DEM) BN A ‘bﬁ%%ﬁ"% WRREE  WHEE(CFD)
/ mm / (kg + m) /(m+s?) / GPa /s / (kg + m™) /(Pa - s) /s
1 2500 -9.8 5 1x1073 0.5 0.65 1000 1x1073 1x107*
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Fig.5 Comparison analysis of granular collapse evolution
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Table 4 Parameters for viscous particles flow
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