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The study of dam-break flow in slender channel by MPS method
Rao Chengping

Abstract: Study on dam-break flow is essential in the work of natural disaster prevention. When the dam break happens, it will
cause violent impact on the downstream structure. The dam-break flow usually accompanies some nonlinear phenomena, such as
broken and merged waves. It requires special treatments for the researcher to simulate those phenomena by the mesh-based
methods. In this paper, the 2D dam-break flow in slender channel with slope is investigated by our in-house meshfree solver
MLParticle-SJITU based on the modified MPS (Moving Particle Semi-Implicit) method. Profiles of the surface are presented to
study the propagation of dam-break flow. The effects of slope on dam-break flow are also studied by analysing the flow field
near the slope. Besides, the wave elevation at four monitoring sites is recorded through the numerical simulation and then be
compared with the experimental results. It turns out that the result of MPS shows a good agreement with experimental data.

Key words: MPS; MLParticle-SJTU; Dam-break flow; Surface flow

1 8= k. 3B VOF J5iE 7 =4l e 7 Ll 2L 50,

TEHUALRE K G5 MITE R 4 5 58 42 R U 1) B AL
Eh, RS R MWK AR T, FERaE AR R R
UM, B R RBRIUR S AR KIS T
SR NE R, FAE 1892 4, RitterIhgh il T With 4%
TR B ISR . B, U R FE SRR ST
TR, DresslerIZEH JE A A 6B U AT T 3056
WH9L. Bell ZEWIRFST T 45 TE X IR 1520 . Bellos &5
WAL T AR TR AR TE T B U 3 (K 5 0

BT O BB AL, R B B AR 7. P
HBIR ] Level-Set ik AbHE [ R, (REFHBIHL T &
BRI R . E A OE SRR SE naoe-FOAM-SITU

I HARGF BT T Bt 4 i 2 B R 0T

Wit 5 G WA 7 ¥R B9 K & 5 4 SPH®)(Smoothed Particle
Hydrodynamics), MPSPY(Moving Particle Semi-implicit),
RKPM[!')(Reproducing Kernel Particle Method)&5, AAf1FF
SR F JE AR VAR ST IR B . Chang %51MR A SPH
TIERAE T HOKITRE, IS T IIUKIRE T A = M
BN TE I ARSI L, FFARAUL T = YA BT ] 3 ) 5
W3,

ARSI 32 2 TAE SR A MPS J7 iR eI i3
FEANK A TE BV AL BEAT R T, EL A I 2K ) T ot b
[ Pl e RREEAFTE], MPS J7 ¥k 2 —FhE T hiik BA



H R i JE M 7772, %77 1 Koshizukal® iz 42 1
F BRI AR AR AR, T I RES AR AT
M B AR R0, BN, Mk KOS, %y
PAGRAEBOVRL TR, HEEYEEE, WmE, &
JE RS, R A B A BO AT T, H
TR PR B H 5 VAR E, KL BITA A A B R R
fek, BRI BGAE AL T B b T B A% R ZU R A B IR
AR 3 A T ) MLParticle-SITU 3R 3§ 1216181 3 F 2 itk (19
MPS J5%, WIFREREA AR S. SHEA S b
JEERRAY | YR AR TO I A 5 AR B kA SRR R S R
apiifinf SRiNiapall [er R

2 BE
2.1 bl

MPS 75 % F 0 2 2 0 6 R T JE
th, (EELEME JTFR A Navier-Stokes 72, FT% e
IR T

Dp

L =—pV¥V=0 1
o= P (O]
£=—iVP+VV2V+g %))
Dt Yol

Hepp My HPHRERAELZMZAHERE, v, P, g
REFEL A EIMES, ¢ AWFE.

2.2 PFEREE

FERL T2, R0 [ (0 AF 5 i 2 3 ik A% o B0 S T
1, R T AR R, Wi Bt B 45 R E R,
1E MLParticle-SITU RfF4% K — oA m A% B4, 40~ P

7N

-
I —
W(r)=1 0.85r+0.15r, ¢ (6)

0 r<r
Hf re ERF RIS EAR,
2.3 BT
JE I 5 MR - A5 P R R A B R s AT IR 8,
A[LAFRS MPS A FOREFERERS, sk (7) PR, ‘B Tanaka
MR, AR s E R, RURCF X (R
PO RN AT PRy e

P +P
: |An—nyWon—nD )

<vP >,.=£Oz

=,
Hort D RBHESE, n® REVIUEHLTHOE L . £ MPS T7ik
kTR R E UM

<n>l:;W(\r/.7r,\) @)

2.4 Laplacian pi-vii

MPS 777X ) Laplacian #7 f& B Koshizukal?%525 H
1, HoA:

<V =205, ( -] ©
e
SW(r,-n)lr,-nl
A=L 10
NACELD a0

X A0 R—FrEig R, HMESE TR
W, 2 M5 EA T R4 RS T 80T R BT R
"

2.5 BHEERS
MPS J7 i ) — A T2 T S R A s 25,

FERE T BRI AR DB B B IE, DURJE ik g
1. HEMAREEET:

(1D B PE J RBRE D3 o YR 00 7k 4T s f
1B, R ) TR 1 2R R 2 22 I

(DA VAE
V' =V + AV +g) an
b Ar RSB

(2) TR 7RG I B AL AORL T35 1
(3) SKfEI ) Poisson e, HRAF T I ZIHI LA

* 0
<yipi s o PSP 2T 13
AR n° 13)

(4) MRYERAFHIE 7, xoh g FEAAL 7~ hr BREAT e aUB Ik

AAEATE a4
P
it =t Ayt (15)
2 (13) A 56T 77 Poisson 5 FRIVETIR, A
U R ANBCR THL T BB E SV ENEE. £1455
MPS J5V, ANAT 46 5 Al A 8 i R R T 0
Hoksegl, X (13) RPIET Poisson 77 FRHUEII B
RLF RO A, TRGSR H R A0 AR AE AR L AR
BIRG . AT EMRIEIIRGWIBLE, Tanaka SN T
—AMREVEIE, U IS ) Poisson AR
USRI, HORER TR T O I, S IR A VRIS T B
A

p <n > -n

16
7Atz n° a6

<VP s =(1-p LV -
At

yARTEEMN 0 B 1 FRRAE S, EXEIISHNAE
HHRKEIE . 24 =01}, Poisson J7 FEJE I 5E 4 HH#E
RS RE. — RIS Bk NE 135N, (Hid/M



B GG BIRAARTIAR FIE, AT y=0.01.
2.6 [ HHTH A b

B R & A AR IE B 5 A RS 130 F 46 AT
£ MPS J73H, B R T RO < p > W

<n><p-n’ a7

DN e g B B DR T, 985 AE SRR K /) Poisson J7 T,
AR TIESN0, B 0.98.

X A MHWREEEA R, 23R T B BN
R FEI 5 G BARAN B R T, S BRI T Bl
PASIER I E 7735 6

MLPrticle-SITU K fift & fFR A T —Fhsct i) & e
T AT VAU, 127 VA T AR SRR T AR R MR AT B T
IR, SR BB F B 5 NSRRI T 43 A AR BRI
W7

D 1
<F>=— —r W (r,
DS l(r, W () a7
R T 2«
<F>>a (18)

TBEAIE 9 TR T . o @HBON0.9| FI°s | F [0 WIS
ZIE TR T 1Y) |8

FEEEWL, X C18) MM T AL
0.81° <n" <0.97n° FIRLT o XA »* <0.80° FIRLF BT
ok T B /N IO B TR T, 1 0.970° <n'
HIRLF AR H TR, Bi%Z 5K 77 Poisson 21K
il

3 FUER

T R ORI A BB T S mT S, E
Z T RIBE 02148, MLParticle-SITU 3R 8% £ 4 i 1iE 11
RIS AR SR AR IR BN ) B HR R TR AL L PR R ) UK
WA GBI R, AR R R E TR /M TR I 7Y
TR, o LR Ehw w R A B B RN,
T ELIATSE T LUA S 2 B o 7 5 20 b 3 g
BHGREN, ASCEET MPS AR T S 4ER IR S EAD
KT8 R R, FFE P9 2R - AR B B R TR AL,
W0 AP KA AR A A R 3 DL 368 A 39 e 4 e YA )

WA

AR 3L 3% AR SR | CADAM(Concerted Action on
dam-Break Modeling project)2%), X561, B8 1K B
A38m, FEEAN1.75m, #EJEARWE 1 s, &),
HKARBIKE N 15.5 m, BN 0.75 m, KR — B paiR 4
2 AETRE T 10 m AL RE T — ARV RS, K 6 m,
5 0.4m, HIERHEGAEEMMIMLL, =R 0.15m i1
KA AT KB KA, 53 BITE T E 4 m,
10m, 13m, 20m ZBE T P1, P2, P3, P4 IUDJiEia
e TERIGIFIRIT ZPERBA I, SRR RS .

HE S, BT REEAN 0.02m, I 0.002 s,
FEHF 25137 ASKLTRAEZAB), Hrb 20316 ATk
R, AR, BUABIRRLE 405, KIEEI
N p=1000kg / m’ » BEEERECN Y =1.01x10°m? /5 »
FIIMELEN g =9.8m /s -

2 WS EE T S8 5 B AR I AN R M R A 7K AL
Ak, FTLUE Y, MPS 7 AR T R e A A
PRI PRI BIE =1.5s, 3.7s, 4.8s, 7.5s B Z153 5 E
X PL, P2, P3, P4 MG A, 7ETIMEEAE T, Hil
B4 R SR ER A, (HRTEPL, P3 A, HUEM
U5 R ECABEE R, X AT RERS B MPS J5 it
RLFP=AE G, S BB R 25 R BK . TEBIUR e
Je B UL Ak AR A T R T RS B HH 35
U M R St IX AT R B MPS 5 VR RSB RE R S5

3 NBUEAEI I LGRS B E 2R TR S e 1
P, LG H MPS 7 VERE B AR AP HUFH S INAL Y B E
T, SO TR B, 7 M T SR 0 v 5 R 4 SR )
EBAF. 1E =Ts R, SR LA, KT E m b,
TR R U KRR R B ARG el &
BKTHI RS, 24 t=9s B, ZK I IB B BEASA f5 3553 I
St SURRKIS LW KIRIEE, S8R KKK,
AR A KL ] e e, Ja ok 045 O BE TR IR J I S
Wo F—HIZ =11s B, R4 B /K AL
Ko, AR U7 K 7K U Ak o A B JS Y B SR — 25
A RHER .

P1 P2 P3 P4
I4 4m §‘ 6m ||= 3m I‘ Tm .{
v
0.75ml ............... 2
0.4mI k._zo_wm
e - v I
15.5m 1 10m ' éem | 65m

1 e AR SR



— Present |
T T T
10 20 30 40
t/s
0.8 T T T T T T T 0.8 T T T T T T T
o Exp > Exp
0.6 P3 Present - P4
Eo04
—g <4
0.2
0.0
0 40
08 T T T T T T T T T T T T T T T T
0.6
g
E 0.4
0.2
0.0
8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
D/m
B3 AN [R]B 25 IUIAL P e 43 AT
4 G MPS J7 AE AN BIRBRT S 5 AR 2R M S 07 T AR 35

AR3Ciz F MPS JPIE 9 T 4B RIS,
T Pl~4 SRR ) Jife, Jf 5 ikeh as st 17 %d
kb, 28] MLParticle- SITU R fi# &% 85 1R 4 4 AR 5 U
BT ] A T FLH AR B0 B TR 4R
HARBAT I, BB MPS J7iRAE RS AT U B
BB AR, ISR A R, TG H
SRAEASAR AF MBI T IRBE R BB IOILR, T T

S# R (References)
[1] Fread, D. L. Flow routing[J]. Handbook of hydrology,
1993:10.1-10.36.
[2] Ritter, A. Die fortpflanzung de wasserwellen[J].
Zeitsch-rift Verein Deutscher Ingenieure, 1892, 36(33):
947-954.

[3] Dressler, R. F. Comparison of theories and experiments



for the hydraulic dam-break wave[J]. Int. Assoc. Sci.
Hydrology, 1954, 3(38): 319-328.

[4] Bell, S. W., Elliot, R. C., Chaudhry, M. H. Experimental
results of two-dimensional dam-break flows[J]. Journal of
Hydraulic Research, 1992, 30(2): 225-252.

[5] Bellos C V, Soulis V, Sakkas J G. Experimental

investigation of two dimensional dam-break induced flows[J].

Journal of Hydraulic Research, 1992, 30(1):47-63.

[6] Fgde, WHERS. F LEVEL SET Jyikit Sl iift
WRISFRI]. AKFIZAR, 1999, 10: 17-22.

Tao J H, Xie W S. The Level Set method for calculation of
dam-break wave[J]. Journal of Hydraulic Engineering, 1999,
10: 17-22.

(7] Sy, AR, P, = 4Rl g0y FE R 2R 3)
B E R [0]. K B e RS kR, 2013,
28(04):414-422.

Cao H J, Wan D C, Yang C. Numerical simulation of violent
flow of 3-D dam-breaking wave around square cylinder[J].
Chinese Journal of Hydrodynamics, 2013, 28(04): 414-422.
[8] Monaghan J J. Particle methods for hydrodynamics[J].
Computer Physics Reports, 1985, 3(3):71-124.

[9] Koshizuka S, Nobe A, Oka Y. Numerical analysis of
breaking waves using the moving particle semi-implicit
method[J]. International Journal for Numerical Methods in
Fluids, 1998, 26(7):751 - 769.

[10] Liu W K, Jun S, Zhang Y F. Reproducing kernel particle
methods[J]. International Journal for Numerical Methods in
Fluids, 1995, 20(8-9):1081-1106.

[11] Chang T J, Kao H M, Chang K H, et al. Numerical
simulation of shallow-water dam break flows in open
channels using smoothed particle hydrodynamics[J]. Journal
of Hydrology, 2011, 408(1-2):78-90.

[12] TKFNHT, JIHRk. F MPS J7 ik EUE SR R K AR
WIS ). Kah 5 A5k, 2012, 27(1):100-107.
Zhang Y X, Wan D C. Numerical simulation of liquid
sloshing in low-filling tank by MPS [J]. Chinese Journal of
Hydrodynamics, 2012, 27(1):100-107.

[13] 5KRIHT, JIAEA. MPS J7 A = 4kint Il o v 1) 52

[7]. hERE S )RS0, 2011(2):140-154.

Zhang Y X, Wan D C. Application of MPS in 3D dam
breaking flows[J]. SCIENTIA SINICA Phys, Mech & Astron,
2011(2):140-154.

[14] Zhang Y L, Tang Z Y, Wan D C. Simulation of Water
Entry of a Free-falling Wedge by Improved MPS
Method[C]// Proceedings of the Twenty-sixth International
Ocean and Polar Engineering Conference Rhodes, Greece,
2016, pp. 220-227.

[15] Zhang Y X, Wang X Y, Tang Z Y, et al. Numerical
simulation of green water incidents based on parallel MPS
method[C]//The Twenty-third International Offshore and
Polar Engineering Conference. International Society of
Offshore and Polar Engineers, 2013.

[16] k3, TKNIHr, JitlRz. SPH J5v:A0 MPS J7 il it
i) I B A M 0], K B D1 S wE A S R 2011,
26(6):736-746.

Zhang C, Zhang Y X, Wan D C. Comparative study of SPH
and MPS methods for numerical simulations of dam
breaking problems[J]. Chinese Journal of Hydrodynamics,
2011, 26(6):736-746.

[17] SKEGHT, 3. MPS JrVEAE 4B 5 5 P it R

[7]. B HEAR(BAEEERR), 2013, 52(5):618-626.

Zhang Y X, Wan D C. Application of MPS Method for 2D
Liquid Sloshing[J]. Journal of Fudan University(Natural
Science), 2013, 52(5):618-626.

[18] KR, R, FHEm. MPS J5 i AE =4k 5 TR
P RLACY P EEM TR M 2 R T A
5\ IR a2 2014,

Zhang Y X, Tang Z'Y, Wan D C. Application of MPS method
in 3D free surface flows[C]// The eighth conference of the
academic committee of ship mechanics in the Chinese
Society of Naval Architecture and Marine Engineering. 2014

[19] Tanaka M, Masunaga T. Stabilization and smoothing of
pressure in MPS method by Quasi-Compressibility[J].
Journal of Computational Physics, 2010, 229(11):4279-4290.

[20] Morris M W. Concerted action on dambreak
modeling-Final report[R]. Oxfordshire: HR Wallingford Ltd,
2000.



