$42% 11 T pES
2020 4F 11 A

Haiyang Xuebao

2 e Vol. 42 No. 11

November 2020

TR, PhKAR, B SRAE, AF . IR WA N IR I 3N S DUBURR AR B0 A ST 5 (0], 9 v 22 4, 2020, 42(11): 75-87, doi:10.3969/.issn.

0253—-4193.2020.11.008

Wang Yue, Sun Yongfu, Xiu Zongxiang, et al. Numerical simulation of turbidity current and sediment characteristics in submarine canyons[J].
Haiyang Xuebao, 2020, 42(11): 75-87, doi:10.3969/j.issn.0253—4193.2020.11.008

RS R R B 5 AR R B E AR U 3T

FH, AR, BRE, RER, EAH, wka

(1. ASRGTIR RS — M PERT I AT, ILZR & 2660615 2. F B Mg T 24 5 B AR 1 6 52 S0 4 28 ¥ e 3t el 7 45 PR 058 2 B 5
ga, INAR 1 8 266237; 3. [HIETE R TR, IR & 266100)

WE:BEENCRIARERBRNEEZ T X, T REER BTG R S5 IR AN B EAEDN, FE
AKARERABAEAR BERIBERER BTN UARREFABREAEAEEZEN, AXETAHT
JE 45 i & Navier-Stokes 7 2 G M k-e A M E T G B E I EHEA A e A NE EEEHEEFM
R/ I B S N VS VI = R e A L R S NG OB W e A
MR RRNREME, ENERE T, MR AR B T IR A, AT B E R ZEH IR,
HFAENHENmELRKT L RTG TR E . Wb T I AR W % & 35, H ook
BREERIBFAEEGEZMNAERNDERT . AXFXHEZRMARFENTRBRATTEN, FHENER
EZMMENRFMEMS L, ERE T, FHAFENANERBERAENT ETHLSTR SN FEEH

R T E R,
KR VR s SRR AR BT A AT A
HESES: P736.2 XEFRERD: A

1 515

T JC L 3 A Bl U5 ) o [ R T i s Y R BE L B
SR AR Sy T I A R SOl AR, B
S BEORHIE B kU AT R R L T e VR R AT
S TR 3R b &, 8 DR BTy 8 i R BT BB ) Y I e A A TR
V6, T8 3% B2V 22 A0 T2 1 B R AR T RS Bt 0, AT 590
SR U 25 v e gt ) U 2 ) AR 5 DO ARk % 3L A BA DC
Rt R DO RR G R L S T TR v K Bl ) IR e R i
AR B A L

H 1887 4F- Forel® & i i LIk, Daly”, Kuenen™,
Bell®™ 55 A 72 Wi 1y it 5 1 I e 23 i A L TR K IR
BRI, NI 5EmMAELR T — R

5 B H#A: 2019-11-11; 1&1T B #3: 2020-03-13.

XEHS: 0253-4193(2020)11-0075-13

RS, BRI T B 0 & JR , R OC I BIF 5% = 3 A 4k
TE e A Th UL I 380 ok i 3% 2y, IR b A A e LA R
JE SRR R AT TR AR, (H iy Tl A
PESR | BEIRPE R, e A P it gt Ay S O ¥ LA
fifp R0 KR S 50 55 B AR AT 2 A 5 o O Y i L
5=

H Kuenen il Migliorini* F J& 7K #l S 56 X 1 3 79
T BRIEAT THFSE, Middleton” £ X il i 5 % B I
) A S RIS . 45 2% 5 AR X I B L R L R
JE A S 006 Dk U R AR ) TR S R 2R AT T R Gtk it
FES T MES) T MmN A R R R H R K SE 5
4 RO R ], e 3 P S A DL 5 T i A B3 8
JEETHH . Britter A1 Simpson! B 5% T 1 i 7E B % T AY

BEEWH: B R E SR TTIRE (2017YFC0307305); [ % [ SR FF 2% 3 4 (41876066, 41606084); 111 44 A S8 Bl 3 42 (ZR2017QD004),,
EFE N : T (1996—), 2, Wmdb B A M A, EE NG TRMBFEH5 . E-mail: wangyuefio@163.com
*BEVEE: TVE (1964—), J, INARAHEY T, WA, #F57 51, 3 NG TR M AFSE . E-mail: sunyongfu@fio.org.cn


mailto:wangyuefio@163.com
mailto:sunyongfu@fio.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn

76

MHEdy 4245

s R, IR TR DORR Y 3 B 5 U AR e T X
MR TR 3 AR 0 . Huang 452>, Kassem Al Imran®,
Strauss Fl Glinsky™”, Serchi 45 P 2% 2 A0 4% X il i A9 2L
AR USRI | R R AT T BB AU AT, R
KFEE THAMMPBEHEIS . ZWHHF 0 F Jiang 500
BT FLUENT X3t T 18R 7K 3l 3 2544 DA K e L
il B DTRR EHEAT T4l . Georgoulas 55 52 4 =
AEBCAE AL, X LU AT 5250, 50 UE ik ia — 4EAR ALY 7T
T3P, IE BT T I RIS A AR . SR A
T BB TR [R B R o A sl S TR AR, &
PRI T e 3 P AR A R DGR E AR

H b R AF DG T 5 AR 3R T TG ek 3 B FL DT AR
B BB AU 22 o Ak 5 —F- ¥ K S 33 i 9 o (H SE PR
I A MY 52 2%, A3 AT A 0 Tk e R 3 AE R 2k T
TE’J T SUIRUE L . O 5T Toh I 7 i 39 09 25 — K i

GO —F- G2 RV 45 1% S T M B T B9 3 3l S5 AR
?TF?TE, Xof T 3ok 9 T RRARRAE, 2 T U TR A B SR
MR M HZEAEEE LSS HME . A
B CFD #% {4 FLUENT, J& T X EX 4 ( Euler-Euler) 2 £
it 55 3 i k- LAY SRR W] R 45 Ui A& Navier-Stokes
(RANS) J7 #2, XF Ui 7E — 2 i 2 3 Pr b I F A9 3 ol
SR B AT T B AL, PR I8 7 % 2L 3 4 Hh
TN W SRR AE 5 30 ) s A 2

2 HETH A IR

2.1 EHIFE

P JE DR i — i, BRI SR
H) %5 3 2 S BT 9K Bl 0
RARUER] 1 SR AN 52 R KPR, SR FH AU RR L 22 4 Tt 12
XoF L HE AT BB
2.1.1 KRB EO R

Euler-Euler W AH i H, P AH & il AT AH B 25 4 19 3%
SEUAA, RN AT BAR 5, SO AL RS 5] AR
SR RE . AR FR 3 B0 Sy I ] 5 2 ] £ 3% 2L R AR,
AR T B2 RN 1, BEAR R FL A B0n] ik

Vg = Laqu, QP)

K, a, 72 g IR 8 . i g PR RUE BE R
D, =a,0,, 2
A, p g BV
2.1.2 TR
T A A LV Dy R, JE ok 22 5y B BE B O R
7 5 A 2, 5 T PR B4 B AR 2, o 1 o e P T R
M4

AR SCHs B PR URL ) 15 O [ A

L aat(qpq)w.(aqpqvq) —0, (3)
A, prqz%q1lli?FH¥i’>J%‘F§; VR g R
2.1.3
AR SR FH 6 61— PR R I 178 XU r T X o 9
AT, Hoh w Oy R DUR R4

0
ot

Z (K (%= 7,)] + (Fy+ Finy+ Fouy) . (4)

(aqpq ) +V- (aqpqvqﬁl) = _aqvp +V ?q + ac/pq§+

o (asvaj) +V- ( a,p, 9’7) =-aVp+V- T, +ap,g+

Z (K, (%=%)] + (F+ Funs + F.y) . (5

=1

A, TR BN I35 &4 T 1IN EE 5 K, R 1] AR
x%ﬁé%éﬁl v b P B 5 Bl R BUST s Fung 9 Tt 755

Fo 9 AT ST o o T DO P PORLAR ORLE /D, Tty
HHEUBUR IR THIE . K=K 8P 3l 52
e 25 N SRR

THTH LR R RKH:
T, =au, (VV,+ V) ( 2 )V I, (6)
T, = (VV +VV (/l —%u) w1, 7

2, i WA 22 180 B B Y0566
FUBhEE; ThfE ok
22 1REVEST

2 BB Y 9 7 25 3k AE 40~ 5o [al, [RIESh
16 55 1 A KA 52 96 804 b X, AR SCEES. T K S m, B
JE N 4.6 BIE 1 6.5 m K3, KT 3 2 208 )

A,k PIAH A

S H) TLART A% TR ASE DL ek 378 A i 9 0 45 A i 2 L AR Bl —
”?%ﬁ@riﬁiﬂﬁﬁ/kﬁﬁmwﬂ SR (E 1), AR H

BEE 0.10 m KB LA BE A G ], 2022 RE i £y
AR B AR AN S th B B O . U AT
S 0.03 m, B VE R N 2 650 kg/m®s WNE 1 TR,
SR UE TSR B[R] 45 48 TSR E], 422 0.05 m A A%
FSE X IZARE RS FEAT A& R 53, S BE T X 480 4% 0.01 m Y
K BE AT ey 0 DA o 2 (&1 1 v ok X 80, R FH A BR
PR X PO B A, AT 380 D A DXl it 3 A 0
23 BREH

WA U It g R URE AR B M B ) ik AR
gy (3R 1), i 2 AE -5 i Ui AR HICR U ol 28 46 2 =R 5
yiiin, A E R A S, R 2 IR AR T RS
M. MRS O, W E N,
TP S Bt o H AT SR SO FR A, il T



VU TS R R e 2 P ik 3 U 3l 5 AR R B (B ELF 5

77

| 20.0 m

5.0m | 6.5m

| 20

BT 35 RS CHIRL X 38k S BE T 19 4% )
Fig. 1 The mathematic grid (the bold area is the near-wall grid)

®1 HMBAREH

Table 1 Numerical simulation initial conditions

T A% /mm TR AR /% HEE/m-s!
TH1 0.005(% 1) 10 0.5
T2 0.05(H3 %) 10 0.5
T3 0.05(H3 %) 10 1.0
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Fig. 3 Comparison the vertical velocity profiles of laboratory and simulation results at the sites 3 m (a) and 8 m (b) from the inlet

(the break in slope is at 5 m from the inlet)
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The first break in slope is at 5.1 m from the inlet; a. under different particle size in inlet condition; b. under different velocity in inlet condition;

c. under different particle concentration in inlet condition
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The second break in slope is at 11.6 m from the inlet; a. under different particle size in inlet condition; b. under different velocity in inlet condition;

c. under different particle concentration in inlet condition
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The second break in slope is at 11.6 m from the inlet; a. under different particle size in inlet condition; b. under different velocity in inlet condition;

c. under different particle concentration in inlet condition
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Numerical simulation of turbidity current and sediment
characteristics in submarine canyons

Wang Yue', Sun Yongfu'?, Xiu Zongxiang', Song Yupeng', Wang Kemeng®, Xie Qiuhong'

(1. First Institute of Oceanography, Ministry of Natural Resources, Qingdao 266061, China; 2. Laboratory for Marine Geology and Envir-
onment, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266237, China; 3. College of Engineering,
Ocean University of China, Qingdao 266100, China)

Abstract: Numerical simulation has become an important way to research the turbidity current on the seabed. The
numerical simulation of the current and sedimentary characteristics of the turbidity current on the seabed is signific-
ance to the deep water sedimentary system, the stability evaluation of seabed engineering and the deep-sea oil and
gas resource exploration. A numerical model based on Navier-Stokes equation and the turbulence k-¢ model for the
simulation of turbidity current is applied to study the current and deposition of turbidity current with constant in-
flows into continuous slope breaks. Initial conditions such as different particle size, velocity and suspended particle
volume fraction were set in the simulation. Simulated results show that the averaged velocity of the turbidity cur-
rent accelerates at the slope, on the nearly horizontal bed, velocity drops obviously and gradually deposits at the ho-
rizontal bed. The acceleration of turbidity current at small slope does not affect the deposition trend. The thickness
of the current gradually increases due to the environmental water entrainment, and the turbidity current head shape
and flow characteristics are conformed favorably with the measured data. In addition, this paper also simulates the
turbidity current of multi-frequency continuous inflow, and compares the simulation results with the measured sedi-
mentary characteristics. The results show that the deposition of multi-frequency continuous inflow turbidity cur-

rent may form the superposition of several discontinuous bauma sequences on the vertical strata.

Key words: turbidity current; sedimentation; mathematical model; slope break



