32 2 Vol.32 No.2
2011 4 Journal of Waterway and Harbor Apr. 2011

1 1 2
1. 116023
2. 100190
FLUENT
N Stokes °
b/L cld
U 656.2 A 1005-8443 2011 02-0086-08
° VOF
! o
2
2 o]
3 o
4 o]
56
Lo
7 o]
R
¥, B Bl R 45 s Rl
Fig.1 Configuration of comb-type breakwater
2010-11-12 2011-01-10
50921001
1982

Biography FANG Zhuo 1982- female doctor student.

© 1994-2011 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



2011 4

87

4
%zo
axi
Ju; +uj%:_i ap + i+im
T[j © TU:ZMUJ M 0-’/
aui/axj+6u,-/axi /20
1
%:s xyzl
ax;
3
sxyzt=2uxt/dx
S xyz uxt dx
2 2 2
By gt B L op,, P Py Pl
dt  ox dy dz p Ox v~ 0y Oz
2 2 2
al+ual+val+wal:g—ia£+v LUZ 671}2 671; s
ot dx dy Oz p oy ox= dy" 9z
2 2 2
waiwﬂ,iwmiw:_i@w[ P S v }"“"
a  dx dy 0z p Oz ox*  dy° 0z
m
2
X=X |
= /1-
o ==
X0 s s N
60 m x 2m y 1.18 m z
x=30 m .
o 7 .
VOF . >
F o
F

Modified HRIC

3-D Navier-Stokes

oX 0
5m

PISO

1.18

o



88
o o 385 990
2
szt =4stinh kd coshk z+d cos hx—ot 9
sinh 2kd +2kd dx
H k d w o d=0.7 m H=0.11 m w=4.62,
2 3, 2-a 2-b ¢T=6 /T=10
3-a  3-b x=35m x=50m
3—c 3-d x=57Tm x=59.5m o
5 0.1% o
= 008 —H(AHR TR 5 0.08 - S T
= =
0.04 1 2
04
-0.04 -|
-‘UOB T T T T T ] —{){]8 T T T T - L 1
30 35 40 45 50 55 60 30 35 40 45 50 55 60
x(m) xlm)
2-a t/T=6 2-b #T=10
Pel 2 T AR B A T 1T 1) Bl 3E
Fig.2 Comparison between numerical and theoretical results of linear wave trains along wave tank
—~ (LO8 4 = 0.08
L. —HfER LR - — (AR PR
" 0.04 '
1
-0.04 4
-0.08 T r T "
10 15 20 25 30
1s)
3-a x=35m
~ 0.08 =3
e —HER PR =
= :

-0.08 T T T S -0.08 — .
10 15 20 25 30 10 15 20 25 30
t(s) tls)
3-d x=59.5m

3—c x=57T m
B 3 A (] ] e Ak it T 2R A R

Fig.3 Comparison between numerical and theoretical results of linear wave trains at fixed points

© 1994-2011 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



2011 4 89

Stokes o Stokes N
szt :@ Mcos kx—wt +inwcos 2kx—2 10
dx | sinh kd 8 sinh* kd
H=0.08 m w=5.46 d=0.52 m, 4 x=35m x=50m
o
Z 0.08 - Folefg - Ee = 0.08 - — R - ELE
. 0.04 ~ 0.04
0 o 0
-0.04 4 —0.04
-0.08 T T T v -0.08 T+ T T d
15 20 25 30 35 15 20 23 30 35
tls) tis)
4-a x=35m 4-b x=50 m
Bl 4 B Stokes i AYEE R 5 LS AR RY Ho s
Fig.4 Comparison between numerical and theoretical results of second-order Stokes wave trains
N JONSWAP
15
s 21 =2Z /23110 w; Awaw, cos ,Lz+ cos wi+eE; 11
) sinh Kid *dx
~ . ~ 1 ~ . .
Son Wi 1 ’ll}i:? WHW;y Awi=wi+l—wi w; l E; l
o
200 0.5~2.2 s 1.39 s
0.52 m H,=0.035m, 5 x=50 m 6
o
= & 4.0E-041 . -
= 5 — i Bt
1 0.04- =
=
01 2.0E-04 1
-0.04 4 o i
. 7
~0.08 ; . - + 0.0E+00 “""*-"‘""“‘—"y . : '
20 40 60 80 100 0 0.5 1 1.5 2
(=D fUHz)
Pl S ASHILI i IR 0o i) A R 2R Pl 6 Bl IR S i
Fig.5 Time history of random wave elevation Fig.6 Comparison between target spectra and simulated wave spectra
\Stokes
o
o
7 N 3 02
o Aab co c 0
o}

© 1994-2011 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



90

32 2

NG

C2

(8]

C

!

e~

a2,

A

—

A7 HABFBRERFIURE

Fig.7 Sketch of one unit comb-type breakwater

B 8 iR R T b b o 8 i 17 1

Fig.8 Profile of wave and comb-type breakwater interaction

9
o

Ky KoKy
o Kix  Kiw
KR o KF
eT/A alA bIL c/d  HId Hy,
K Kex  Kem  Kix 0.72
oKr b L b/L o 12 . 13 14 .
KF,R=O.898+O.011@—0.098£—0.061£—0.261L—0.031£ 12
A A L d d
Ker=Kr.zx0.72 13
Ky=32.42 b/L *-11.32 b/L +1.37 14
gAdTabcl H N N N N N N
o 127 A=0.37 m a=0.22 m 6=0.22 m
¢c=0.22m ¢,=048 m  ¢,=0.17 m,
o Stokes
JONSWAP
Hq
x=50 m 20 m,
387 498 o
Fex
Fow Fyo
Kig Ko Goda 16
x=46.1 m x=46.5 m N
Kro 1 o
o , 9
1 Fogr For Kir Kir Ky
Tab.1 Numerical and empirical results of Fey Fog Kig Kig and Ky
Fer kN/m Fer kN/m Fy kN/m Ky Kir Ky
0.188 0.152 - 0.774 0.628 0.53
/ 0.190 0.137 0.242 0.784 0.566 0.50




91

2011 4
b
c 0
9 2 «a
11%.
Pei\ P
Py 10 . Pe, P, Pyo
F,=0.187 kN/m Fy,=0.243 kN/m
FC—2:0-102 kN/m FV7220-124 kN/m FC—I FV*I 23% FC—Z
Fyv., 18%:, o
— 0_2 -
] —i -~ -RUR
02 ; ; . . , B
25 27 29 31 33 35 = Pc-2
. . ) t(s) 0 0.2 0.4 0.6 0.8
# 9 BT SRR KR fME A2 P(kPa)
Fig.9 Time histories of horizontal wave forces on rectangular B 10 P, ,P., 1 P, 85 L Ho %
caisson and side plates Fig.10 Comparison of P._,P., and P,
4
N o N 8_9
blL
c=6 m o
cld  bIL °
40 cld  b/L
° d 052m h  0.08
m T 1.15~15s, b 0.22~0.71 m b/L  0.11~0.37
c 0.05~0.35 m cld 0.1~0.7,
o R 0.992
Ki=—1.766x b/L *+0.839x b/L +0.316x c/d -0.027 15
b/L Ky cld 11, Ky cld
c . cld K; b/L
12 b/L 0.25 Ky b/L b/ 0.25
Ky 0.3 Ky b/L o 15

11 12



92 32 2

= (.41 e bIL=0.145 . 0.4 y
g & ¢f/d=0.096
& bIL=0.22%
—_— LS s x  eld=0211
a h/L=0.290 *  ¢/d=0.340
0.3 " .j'a-'f.:l].ﬂh.? 03 -7-__J__7._. . . cld=0.423
0.25 o 0.5 B TS ® ckd=0673
— SUG AR
0.2 02 r——“‘“__-“:-:—;:h_'-‘"—-_,_
o e e o -
0 1% - = Tt
0.151 0.154 ¥ o
J.__,_-r—_d-";L_h_ -
0.14 0.14 = e =
e R
0.054 0.054
0+ % X . X X . [J|| T T T T T T T T 1
0.1 02 03 04 05 06 07 08 09 10 005 0.10 0.15 020 025 03 035 04 045 05
eld biL
11 aEE R K, B e/d BYELL = 12 FEFRECK, B /L 1R L
Fig.11 Relationship between Ky and ¢/d Fig.12 Relationship between K, and b/L
FLUENT
o o
1 FLUENT 3-D N
Stokes 2
3
o Ky cld b/L b/L
0.25 Ky b/L b/L 0.25 K+ b/L o
o
. J. 1994 19 2 205-214.
WANG Y X.Numerical Wave Channel with Absorbing Wave-maker J .Journal of Hydrodynamics 1994 19 2 205-214.
J. 2007 22 1 77-82.

LIL LINZW YOU Y X et al.The numerical wave flume of the viscous fluid based on the momentum source method J .Journal
of Hydrodynamics 2007 22 1 77-82.
J. 2006 28 1 139-145.
GAO X P LI C L. ZHANG S H.Numerical simulation of wave pressures and wave motions on complicated composite seawalls J .
Acta Oceanologica Sinica 2006 28 1 139-145.
J. 2005 26 4 629-633.
ZHOU Q J WANG B L LAN Y M et al.Numerical Simulation of Wave Overtopping over Seawalls J .Chinese Quarterly of Mech-
anics 2005 26 4 629-633.
J. 2010 31 6 561-565.
LIU Z CHEN Z C.Study on Wave Condition of Large Scale Port with Submerged Breakwater ] .Journal of Waterway and Harbor
2010 31 6 561-565.
. J. 2010 31 3 204-209.
GE L Z CHI J] ZHANG C H.Experimental Research on Secondary Wave Height over Breakwater J .Journal of Waterway and
Harbor 2010 31 3 204-209.
. J. 2001 6 5-8.
NIU E Z DENG L. MA D T.Experimental Studies and Construction of Comb-type Breakwater J .China Harbour Engineering 2001
6 5-8.



2011 4 93

8 Dong GH LiY C Sun Z C et al.Interaction Between Waves and A Comb-Type Breakwater J .China Ocean Engineering 2003 17

4 517-526.
9 . J. 2002 17 4 472-482.
LI'Y C SUNZ C XU S Q et al.The hydraulic performance of comb-type vertical breakwater J .Journal of Hydrodynamics 2002 17
4 472-482.
10 J. 2002 20 1 52-56.

ZHANG T WANG Q X ZHAO G F.Research of design theory for flange plate of comb-type caisson J .The Ocean Engineering
2002 20 1 52-56.
11 . Cc/
2007.

12 . J. 2005 1 16-20.
LIU Z Q QU S Y WANG Z C.Experiment and Research on Wave Protection Effect of Curving Wave Walls on Phase I of
Dayaowan Breakwater in Dalian J .China Harbour Engineering 2005 1 16-20.

13 . J. 2010 8 1-6.

FANG Z ZHANG N C CAO Y Z et al.Experimental study on interactions between waves and non-open comb-type breakwater
J .Port & Waterway Engineering 2010 8 1-6.

14 Lin P Z Liu P L F.Internal Wave-Maker for Navier-Stokes Equations Models ] .Journal of Waterway Port Coastal and Ocean
Engineering 1999 125 4 207-215.

15 . M. 2000.

16 . 2 M. 2002.

Numerical simulations of open comb-type breakwater and research on its wave
transmission coefficient

FANG Zhuo' ZHANG Ning-chuan' ZANG Zhi-peng*
1.State Key Laboratory of Coastal and Offshore Engineering Dalian University of Technology Dalian 116023

China 2.Key Laboratory for Hydrodynamics and Ocean Engineering Institute of Mechanics Chinese Academy of
Sciences Beijing 100190 China

Abstract In this paper the source wave-generation method was applied to develop a 3-D numerical wave
tank based on the FLUENT solver. Various wave trains such as linear monochromatic waves second order Stokes
waves and irregular waves were generated by using different source functions. Interactions between waves and
comb-type breakwater were simulated using the present numerical wave tank. The numerical results of wave force
reduction coefficient and wave reflection coefficient were validated by the experimental results. The mechanism of
wave force reduction by the comb-type breakwater was also confirmed by the numerical results. Furthermore the
wave transmission behind the non-open comb-type breakwater was also investigated. It can be concluded by the
numerical results that there is a parabolic trend between the wave transmission coefficient Kt and the distance
between the side plates and the front wall of the caisson b/L Ky increases with the increase of the height of the
gap below the side plates ¢/d. An empirical formula was obtained based on the numerical results to simplify the
calculation of the wave transmission coefficient.

Key words 3-D numerical wave tank source wave-generation method comb-type breakwater wave force

reduction coefficient wave transmission coefficient



