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Abstract: Numerical simulation of 3D dam-breaking wave flows around a square cylinder by our in-house solver
naoe-FOAM-SJTU is presented in this paper. The solver naoe-FOAM-SJTU is an unsteady viscous flow code for dealing with
hydrodynamic problems in ship and ocean engineering, and developed based on the open source toolbox OpenFOAM. It can be

applied to simulate the complex wave-structures interaction and the complex free surface evolution including the wave breaking
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and turning over phenomena. This paper presents the 3D complex free surface evolution of dam-breaking wave and the

phenomena of wave run-up, wave breaking and turning over during the dam-breaking wave interaction with the square cylinder.

The vortices field near the cylinder is presented, and the influence of viscous effect is analyzed. The calculated wave impact force

on square cylinder shows good agreement with the data from experiment. The numerical results indicate that the

naoe-FOAM-SJTU solver can efficiently simulate the complex free-surface evolution, and accurately predict the wave run-up

height and impact force on structures.
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Fig.1. Computational and experimental model of dam-break

2.2 BHmEHR

Hirt %42 H 1) VOF J7 122 F il 2 8 1
B H T P25, %5 0E T DA™ AR PR AUE R STE
[l I A VSRR AN 5y THRAT RO K. VOF J5ik
A L E SO 2 HOT RER A S P IRRAA IR B
]

a=0, Gl

a(x,f)={ 0<a<l, H Eh T (5)
a=1, 7K

Kb, o IR FF0 L s 7 e

o

Tt Ve(au) =0 (6)

FE4: 11 VOF J7 3875 B e BT H A,
BRAR T VHERCR, PR T HAE R AT 2% B TR 50
. BRI, Ruche! ™M #E 74448 VOF J5irh
1 H B AR, ERRE AR 3 s R
SIA—A N LTG5 0k SEEUG e T PR il 4,
HIF)



W, S YRS LR R SN K B A 417

@ T=0

(© T=3233

() T=6466

©® T=8029

2 AN[RIIN 2V 35 A T

Fig.2. Free surface at different simulation time

66_?+v.(au)+v.[a(1—a)ur]=0 (7)

AP w, TG M4 B i A A iR BRE
JERESE . T a(l-a) AEAE, BTSN T
Je4i T AR A i X I R AER], A sb
PRV w, (E T LR ) Al 8 DX P9 10 5 KO

MR E

u, =nf-min[C |i|| max[||¢||}] ®)
Sy

Robe s, RMTEHRMIR: ¢ L IR0 AR
By on, B8 BT BRI R C, AR
Gk IIEA R H, FoR PRI IRGE, 4 C, =0,
WX AP AT, #5C, =1, WAy
VLR 1T C, TR ST W25 53 LR 4,
CEARSCRF IR G, o 1.

RN RS CEFE B EX), Rk
J5E RN R AT DA IR R AR 3 B0 o IR R 2K

p=ap +(1-a)p, (9a)

u=oap +(1-a)u, (9b)

Hdr: FhR1RRK, 2 RKRTR
2.3 HEEHER

SR f# #% naoe-FOAM-SITU % F A PR A& FH 7%
(FVM) Bt il fe, A8 H R A7 ks A7 i
Sy 038 B R s ) AR B R e TR SR B
RI93 A VEZ MRS FRIT, KT B — A PR A
FICHH TRy, RS Gauss & B AR 40 A
Wk B TT IR T TR 43, AR5 G I Do A A B
TCASAN T O E A A3 2XANBRUME, BTk
rhC RO ] 2 23 A
OpenFOAM F2 7 PEFR I 11K 22 ] HeA5 H (1) %k
B A2 73 k520, naoe-FOAM-SITU 1] DL F W
FH I S EG A 1 H0k R 7 R AT B . AR S AT
FH B CRK s CRSHHUR TRI 30, A P oy e 1tk B o 28 110
TVD #%30 2 Navier-Stokes J7 R (R I, K
FH B30 JxUk X2 IS D ABE 280 4 1l O A v 1R 0 AL
Til; VOF #iyiz 77 F2 I 0 K ] Van Leer 2Lk
AT G oA A8 T00R FH o v 22 43 6 s RE AT 35
Bl ASCRH Tssa #2115 PISO!™ (Pressure Implicit
with Splitting of Operators) $3%} 38 & Fl sy db 4T
MG SR AR . T S AR T I R s
1E, AT 37 R0 Hs ) 37 ] LS G- (] IS5 A2 5 7



418 KBy RS iR

RERESTTRE, ARLF Hufif v 1 T8 SER s g R K it

o
3 BUE R L4 R o b

3.1 AR

B E CFD R IR H i
iR SEE A M, AR SC DA Ry S4B SR 50 I SR
fift#s naoe-FOAM-SITU M2« BT K H Ik T
AR RN A 1.0 m () x1.0 m (757) x0.1 m (%) ,
WILRKAE LA RS 0.25 m(K) x0.5 m(57) x
0.1 m(55) 54, WK1 (a) Fiw. B 1 (b) Bt
71k Koshizukat 25Oy Szabpe R, &) &
e VIR AR PRI, b FETPATIRAS: 7
t=0 I, AR GE S e, AR 1R
N IFUR S T B .

AR 128x128x1 (K AR BEAT R 03, 765
F& 5 Ty AT B — N RS, BT DS B e v R
B, PR TSR A e )N VA S, i R
SRR IS4 A, LA B T ) SR FH AN R e RS B 1 4%
. KB RE K p, = 1000 kg/m’®, J&EhHivE R v =
1.0x10°° m?s, FEHhEE N ¢ =9.8 m/s®. 5
KIS [ 22K R ¢ =0.0005 s,

40 AR (1284128)
15 | —x- B AR (Greaves™)

2| a SEHE Matin1.125in)
30 | o SEBMEMatin%"2.25in)

J25F
20
15F

™05 10 15 20 25 30
t(Zg a-l)ﬂ.s
(@ PHUERRTZAE
10 — ACHER(128%128)
R HlEf#(Greaves™)
08 o SKbME(Matin"225in)
30.6 _
=04 |
02 |
O 2 3 5 6
t (zg. a?! )0.5
() MEELRTERE

P 3 R AR ORI DB A ) g R AR i 2
Fig.3. Time variation of position of dam-break
wave bore and the height at left wall

H T ET LR B AL 45 R s 45 R, UG
BIRALIS ) T =t g /a » 3Erh a NHIREI 2K K )
S K24 T T=0.T=1.617. T=3233.T=
4.850. T =6.466 F1 T = 8.029 I ({13157 45 BRI [

A B 2013 555 4 31
0.96 m: E
¢ |
BNEEE ot o
. EE
. 0% m 8 7
am J;.lz ml
1.6m
(@ 1HE
e—04 m—— g
i =
y,
0.01
| | m0.026 m
x T

() ML
4 “HEBIB ST AR E ) T SRR

Fig.4. Numerical set-up for dam-break wave
interaction with a square cylinder

) THERIE
Kl 5 = HEEI 87 TSR R 4%
Fig.5. Three-dimensional computational model and mesh

PISEBGEE B, TR, BTS2 (I T 5 S50 1
BAEE WA . FEWIIGINZ T =0 W, KT
RS BUHEIFMG )G, fET =1.617 I, KAEAEE S
VER R IFGa YT, AR B G 4 AR e T G 17 A7
M sh; 5T =3.233 W, ZKAEFT v 247 OB,
FEWPEMER T, KinusEREm LT, 2 BThs—
RS, R BLBOR KA RIS, BT
SRR N R, KK K IR S BRI AN I
TE T =4.850 ), KR PR A BT K AR5 )1
TEH R IR T, JF5 AR ) s sl K il 45
e, KT IL—ANEEE, (R BT R R
I HE [ BEANIS S, ARl R o B L )
IKEWEhr s 76 T = 6.466 I, [B13& (KK A4 o A B0 3,
LA TR BENEEBIIKT, TR [FREE
— KA, PRI ZEMEERT; M T =8.029 B, /K S



o A RIS AL ZLA ) K B L

419
40 pm —ﬂkég%ré ke
30 P -—NS$
- Labl
20 P . Lab2

- Lab3

) - Labs

<
Ry
-10
20
30 30 P
Il L L L J A A A 2 I
= 0 05 10 15 20 25 %0 05 10 L5 20 25
ts tls
@@ AHESER () Bl RARER
6 JiHEsz B i I BEIN TRl A i 2
Fig.6. Time variation of dam-break wave impact force on square cylinder
02 r 02 p
01F 01 p
Z 0 Z o
R R,
0.1 F 01
A ' L ' J f .2 A A A A ']
_0'20 0.5 1.0 1.5 20 25 0 0 05 1.0 1.5 20 25
t/s tl's
@ ACHESR Ob) HEER"

Bl 7 JrkE EREIEST D)) BN 1A A2 Ak h £

Fig.7. Time variation of viscous shear force on square cylinder

LB, T 2B ENKT, fEKTE
AN K R TR L .

A28 B T B, @SS IE T naoe-
FOAM-SITU K4 A 2tk o T 3E— 25k
naoe-FOAM-SITU KA#ZS PIRGEE, € SR HLISUEA S
B AL SE B SEvE,  E IR B R AT 2
[ RO BE AR PR = B A 5 S 4 TR DR LA STk 1
B SE RIATX b, Wil 3 fios. B sse
P>k [ Martin 250, B 45 94 Greaves PSR 1
TGN AT R R, O T, K
AT T RN . MBI EE R AT DLE . ASCHUE
FEAUL 25 BT Greaves™ (1) 45 SR & (AR 24 4, HL
55 Martin 2EU1Sz6 25 AR FE AW & . AR, MK
A, FEXT B AT E R T L, B
U025 B 0k L KT S 25
32 ZHERMESRA RS

YR S8 B T R B I AR L 1 4
Fiase KKK R NN 1.6 m(K)%x0.6 m(5E)
0.6 m (%1) , IR ZI7E KA 200 0.4 mx0.6 mx0.6 m
DX 38 N 2 B K A i, T kRS A RS A
0.12 m (K) x0.12 m (%) x0.6 m (5&r) , FUEAEKMAE T
Wi 0.5 m Ak, Ty AN T B K AE AU T EE 25 0.24 m.
EYERSZIG R DL R, B ITFBRRSK AR 4R 2 1T, 7K
o NIRRT 71838 BIKRE NE,  RIAR XERE U
IKGEAH T DRIGCR T8 R0 S 56 25 JEEAT L
B FEBE VAR KR R R R T R S A

RIS RE 4 0.01 m f—2 /K. Wul' ESzE i i
SERF L SR T T2 3 B, R AE 7 AR R
0.146 m K i 0.026 m ANJHCE T Uit JE B 25
FH 90 55 12 5 Kb IR 3 A3 P AR A A7 D

e B VSRR RN 37 45 W PR Rk, BB A
PO FE A 2, XA AT AT 4 S ]
PRS2 s TE S K/ o 1.6 m () x0.3 m(55) x
0.6 m () o SR &5 ST Y] 43 A0 1R 7 THI AR 5 4 A A
F S EAT WA R 2y, AR RE I Ax=Ay =
Az=0.01 m.

YRV SRR AR S5 R ] S BT . T RER
IS4 R To B RE I 4 A (wall), BIJERE N
0, HeJJBAEEA 05 ZKHKE AU J R0 eG4 FH v B T
A Cslip), RIVE[IEEEN 0, 1)) 46 1 F 3L
FHAR PSP BB P S, TR IBRE R 05 /KA By
KRN F AT, BB KA D) AEXFRTE
AE R RRIL S AT (symmetry).

PR TIF I, AKARLETE JIVE R T T s i n)
e s bie IV, 3 Ky ol N PRI NS Ok =3 e
PRI & PRI E SIS . H
RERE SIS T TR SZ 0, TR X R S5
R SRR S A A B G (0.756, 0, 0.026) [R5
TEOLEAT T il %

Kl 6 AT Ay 7 A2 B e ) I T g .
B AR mT 4, A S (R 2 R Wl S Sk 4
BWEYS BIf. B 7 (a) AT A



420 KBy RS iR A B 2013 555 4 31
30 301 —_— M ke
)5 —4 - Labl
-+ - Lab2

Q. N N N N
3 0 0.5 1.0 15 20
tl's

(@) A3CHESER

0.5 1.0 1.5 25
t/s

) BELEFAISIRAE R

8 RIS G Ab (0.756,0,0.026) 13 J5 i I 7] 45 14 1 2
Fig.8. Time variation of velocity at probe G (0.756, 0, 0.026)

(@ t=0s

@ t=057s

y
AR
L

p

:) A

{9 (0 \Y
N )

(8 t=087s

(G) t=134s

SRR BT U) /N TR Rk, S5 7 (b)
o Wal PR B g5 SR A AR — 8, R
FERPE BT U ) (s AR I T L, P B 5 R
. M 6 FIIE 7 il LUEZ]: fEe= 0.28 s B2
IR TF U PRI K, MAEIb 2 152 JIE AN
0, XL RLFELLIT, B /K Sk BI0A 75 A% HiF v »
THAIESIAE, 7R =031 s I, sz )
KB KA F,, =32 No 155 FE2 2 Rt
AL, GARRREBTY) ) BT by LRBAR AN B RAEAS 2]
0.2 N

®) =

@ =

W t=

& t=
9 AN ZI A st

Fig.9. Free surface evolution at different time

0155 (c) t=031s

068 s

A

103 s @ t=119s

162 O t=197s
B 8 Ca) N BUE VAT 2 I 2L G AR IR

B T AR A B, B8 (b)Y g Wl iy s 5
AT Wl SR =l 2 M it SR R R BT B 1 45
Ro MR O AT AR B ASSCE RS 45 R
IR1/REEI 58 St R ALY SV IIPNANE 7 N €
5 Wol B 4 AL, ASCEE R HIFIR TR A
K, R A G T AR B3 A8, 17 Wt
(RIRAEL 45 SR IS B R EHEA Ty 0, I AR
PR B e KA L L Wl i & SR, i X
eI OLRT ORI, 3 E0P0 2 AN [l 1 32 2 )i I



WP, S YU ST AR 2L S I B A 421

B BHEUERERR, REHIDGRRERR, 0 d P,

| o J

(@ t=0s b) t=015s (c) t=031s
E\EEE
d) t=057s ) t=068s ) t=080s
(@ t=087s () t=103s () ¢t=119s
) "I:*; .-;lj““-. g l
‘*" " gi <. o~ .." '\\ :
G) t=134s & t=162s ’ O t=197s

K10 Wb s aii A il (Q=50 S5{Hik)
Fig.10. Vortex in the flow field at different time with iso-surface Q=50

ST TEARSCVHA R PR AR, 5 el T B
AP 2352 B0 R IR sh R e i = A2 3 s, i
TAREERKMEZ, AILEE AR, W
HE K. Bk, 7EVFS T — By, B
BRI Bh fo 2RB I

K9 25 T BB BRI 20 AN [T I 2016 B el
1O, B R RT DU B 70 55 0 VE R T it
U R 5 A AH ELAE ) B AS R R ) E R TR A
Tl fE¢=0.15s I, JorWURC i I R o ok s £
t=031s B, S HE— 0k, BB A K,
eI =057 s I8, A LLE B s 5k
€ A A A K, e A P B KT {2
0.48 m; 7£¢=0.68s I, W7 HENCH KRR,
1L T RE IR B A R R I R A C s E ¢ =
0.8s 22t =1.19 s I, 1] LU B35 09 70 A 45k B
HRG, JHEMG SRR B AK T, TERCR
A/ W RE AR B4 Mr=134s
B, ST e A 43 R s SR (R Sk 7 vk b e A, )
YR 3w, S g #5220 i ik B 7 1R
TR, S5t i) PR Ge ik 7 A, Rl
TR TR SO R K AR AH LA F T 1 T R 2% H
AR B I TR gk St it , T ikimshrem
FEHG A WA i

%8 T RARME AR, A LUl f
P Sy M S i R I R AR g R . K
I Q MENRO, 8] 10 45 H T AN IR 0T I AR 0 i
ZER) (HUESHIT Q=50 MIEH AT IAES]: 45

We gt A e, A8 U7 R S TR R I R T B 4% T
(t=0.57s—t=0.80 s); {EJ5tIIE I8 A7 1% EE I
RAE TR RE R, FE R A AR T BOK B A= R 5 4
(t=0.87s—t=1.03s); JHFRIFTINEAEAE: R
SRR, FYGB R AR, 757 A BT TR
WEEK) (t=1.348); Z JaAEJ7FERT G B — X XA
Pim (¢ =1.97 s); BRI IOHERE, 3 imss
T i 2 B (P FE UM B 8 4 /N T 2K .

4 g5

ASCRIH B 2 TF A A T RE K3 7 1A
B SR AR 2% naoe-FOAM-SITU, gl 7 = 4Edsin
WeBITAERBNN R 2 A B s R e . 2UE
TSRS T =4 it fe: ARG
X EAL AR S A 5« e A B 5 A E
TR ZLAR TE CA R AR T S e 0 o LT T R
Ji THT PR BT S R R ZN AR TE i s AL I . 3R Eh
BRI S H AT TR B iR, i T AREE P
WOV I, IEey AL T RS A B
K I Al A FR A o I e AR 4 1
Wul RS20 B Y KA, R SR AR A
AJ DAAR G MBS0l 35 303 5 5 A A EAE R b
VIR FNEN A S5 R FU s I G, T DU Pl
IRTESE W) e s E A ). Bk, SRA
KAEZS naoe-FOAM-SITU FUAE AL ik HE 28 14 i) 21



422

K B ) E S

AT 2013 45 4

L 9 HEL AT B AR BT SRR R )
g

AL TAR R TREE K E AR s H L

WL B4 (GKZDO010059). i 4 7533 A A
RIS (2008007) FE [ 57 Mot 2 54
(LRET) H9%tBh, ekt

&

% 3

HIRT C W, NICHOLS B D. Volume of Fluid (VOF)
method for the dynamics of free boundaries[J]. Journal
of Computational Physics, 1981, 39(1): 201-225.
OSHER S, SETHAIN J A. Fronts propagating with
curvature-dependent speed: Algorithms based on
Hamilton-Jacobi formulations[J]. Journal of Computa-
tional Physics, 1988, 79(1): 12-49.

348 . HIVOFVEZE LU ST e 30 i K% A5 = 63 B
ISR THEEL, 1998, 15(6): 655-666.

WAN De-cheng. Numerical simulation of the transfor-
mation of a solitary wave over backward step by VOF
method[J]. Chinese Journal of Computational Physics,
1998, 15(6): 655-666.

KLEEFSMAN K M T, FEKKEN G, VELDMAN A E P,
et al. A Volume-of-Fluid based simulation method for
wave impact problems[J]. Journal of Computational
Physics, 2005, 206(1): 363-393.

Vg fE, WHka. FILEVEL SET il Stk (1
P REDT]. KR4, 1999, 10: 17-22.

TAO Jian-hua, XIE Wei-song. The Level Set method for
calculation of dam-break wave[J]. Journal of Hydraulic
Engineering, 1999, 10: 17-22.

KOSHIZUKA S, OKA Y. Moving-particle semi-implicit
method for fragmentation of incompressible fluid[J].
Nuclear Science Engineering, 1996, 123(3): 421-434.
KRB, 0. MPS JyVETE = 45t n) 2 )
M. hEFREE: By Ji2e R, 2011, 41(2):
140-154.

ZHANG Yu-xin, WAN De-cheng. Application of MPS
in 3D dam breaking flows[J]. Scientia Sinica Physics,
Mechanics & Astronomy, 2011, 41(2): 140-154.

skath, SKFENH, J7 . SPHTVARIMPS /5 A Lk
WU LE RS BT [0]. KB 1 # BT i, A%R,
2011, 26(6): 736-746.

ZHANG Chi, ZHANG Yu-xin, WAN De-cheng. Com-
parative study of SPH and MPS methods for numerical
simulations of dam breaking problems[J]. Chinese Jour-
nal of Hydrodynamics, 2011, 26(6): 736-746.
GREAVES D M. Simulation of viscous water column

[11]

[12]

[13]

[15]

[16]

[18]

[19]

collapse using adapting hierarchical grids[J]. Interna-
tional for Numerical Methods in Fluids, 2006, 50(6):
693-711.

WANG J F, ZOU R Z, WAN D C. Numerical simulation
of 3D dam-break flow by FEM-Level Set method[C].
Proceedings of Twenty-Second International Offshore
and Polar Engineering Conference, Rhodes, Greece,
2012, 1080-1087.

WU T. A numerical study of three-dimensional brea-
king waves and turbulence effects[D]. Cornell Univer-
sity, Ithaca, USA, 2004.

YANG C, HUANG F, WANG L, et al. Numerical simu-
lations of highly nonlinear steady and unsteady free sur-
face flows[J]. Journal of Hydrodynamics, 2011, 23(6):
683-696.

SHEN Zhi-rong, CAO Hong-jian, WAN De-cheng, et al.
Manual of CFD solver for ship and ocean engineering
flows: naoe-FOAM-SJTU[R]. Shanghai Jiao Tong Uni-
versity, Shanghai, China, 2012.

CAOH J,ZHA J J, WAN D C. Numerical simulation of
wave run-up around a vertical cylinder[C]. Proceedings
of the Twenty-first International Offshore and Polar En-
gineering Conference, Maui, Hawaii, USA, 2011, 726-
733.

CAO H J, WAN D C. Numerical investigation of ex-
treme wave effects on cylindrical offshore structures[C].
Proceedings of the Twenty-second International Off-
shore and Polar Engineering Conference, Rhodes,
Greece, 2012, 804-811.

VLT, MR, DR MERAAEIRR s Bl A
PR G FL I RANS BAERLIU)]. KB )2 A0 S 2,
A%H, 2012, 27(6): 621-633.

SHEN Zhi-rong, YE Hai-xuan, WAN De-cheng. Motion
response and added resistance of ship in head waves
based on RANS simulations[J].
Hydrodynamics, 2012, 27(6): 621-633.

RUCHE H. Computational fluid dynamics of dispersed
two-phase flows at high phase fractions[D]. Imperial
College, London, UK, 2002.

ISSA R 1. Solution of the implicitly discretized fluid
flow equations by operator-splitting[J]. Journal of Com-
putational Physics, 1986, 62(1): 40-65.

MARTIN J C, MOYCE W J. An experimental study of

the collapse of liquid columns on a rigid horizontal

Chinese Journal of

plane[J]. Philosophical Transaction of the Royal Society
of London, 1952, 244(882): 312-324.

HUNT J C R, WRAY A A, MOIN P. Eddies, stream,
and convergence zones in turbulent flows[R]. Center for
Turbulence Research, Stanford, USA , 1988, 193-208.



