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Numerical simulation on wave dissipation performance of

perforated caisson with double-chamber on rubble-mound foundation
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Abstract: The Reynolds-averaged Navier-Stokes equations are used to solve the mean flow of incompressible
viscous fluid. The k-& turbulence model is introduced to simulate the turbulence motion, and the volume of fluid
VOF is utilized to track the free surface. A two-dimensional numerical wave flume is built to simulate and
investigate the wave dissipation performance of partially perforated caisson with double-chamber on a rubble-mound
foundation. The numerical results are compared with the reflection coefficient of perforated caisson with single-
chamber on a rubble-mound foundation of the completed experimental results and the comparisons are in good
agreement. According to the numerical calculation results the reflection coefficient and the flow field near the
partially perforated caisson with double-chamber on a rubble-mound foundation are analyzed. The results show that
the reflection coefficient K, has a nonlinear relationship with the total relative wave chamber width B/L and gets the
minimum value at B/L=0. 15. The influence of the rubble-mound foundation height on the reflection coefficient is
associated with the width of each wave chamber and the wave period. The reflection coefficient has a smaller value
when the widths of the front and back chamber are equal B, =B, . The flows inside the front wave chamber are
more violent and vorticity and turbulence are mainly concentrated on both sides of each perforated wall as well as

at the free water surface outside and in front of the wave chamber.
Keywords: perforated caisson with double-chamber; rubble-mound foundation; numerical simulation;

reflection coefficient; flow field

YR HEER: 2025-01-23
+EEWME . BREEALT XA A (2022RDC2012300) ; B R f KA A2 L aH 5 .85 B (52088102)
fEERIN: ERm(199—), %, MEHRAE, BIRT & A EREMRID RSN,



$ 2. K oiE L A2

2025 %

THALUTRE BT 3 Jarlan! B AR, B TT
FLIR BB TR SR BT BRI, 7R TURE N B8 B TR
2, HHH IR 2 N DA IR S S W A s 22
PLROKRTETS IR 2 N BRI ZUZR ShAERE, v A &80
INEERE SR | RRAR IR A e S5 M2 T,
RBCRRYF,

THFLUUAR R H: R 31 7K 30 5 7 R4 3 1= 4 Ak
SEH I EFAESY . Huang 26" 545 3 1R X I FL
DUETE IR BTk &, XA [ 45 A I8 XOT AL T AR
AT TR RS 1 N 52 ) R PR BEAT 2538 Kakuno 450
Li SVFT Wang 48PV JE T2 MR RIS, HN7 IR
IR TR 3 Jay FB I FL TOAR AH B A A0 PR A R
Lee %5105 ot U0 AFF 5 AN [] 52 1 8] 38 % R0 VR %5 )
RFFFLITHE S SRR 52 5 Bergmann 467 3 1
TR RO SRS AU 16 XoF L PR T YR 25 N 22 0 TR % B
WIRAK BN T REvE, B2 1M IR 2 JT FLUTAR B 5
S A SN RO 28 TR AR B T
UM T T3 1 43 SRS ADL R I I 55 B0 TR 2 A T
BRI T FLUCAR B9 A B A, e B T AL DUAR
BAF I 1) g 3 0 B 3 B L T TR N AR TR AR
KPR B X e A S i U AT Y 2
TR = T FLUTAE A9 B 5 e 1k e FL R S A 3 Ok it
Al SR oA, & BRIE I Al U 32 2 AR T A 45T
FLERAIH IR 3 N H SRR,

TESERR TR, W TSR IF . BRI 55
R BRI, JTFLUTAE I W e B AE IR |
Zhao FE" LT RAE R BURTIT L, R G TR
FIAS KLU A PR B R B TR AL UTAR 1) RS e
H 2RI LTRSS, 48 YEE AL,
SIAT RN A R W PR b JTFL AR S 5 R B3
M DR 28 R AR AR 5 A7 iR A ) T ol ) PR AY 1C
5y, EAPCERIR R, AR R B
IR LT R R e i A s R
PSRRI, TSN R R i BE T TTALUTAR W6 2
TR E I Y [ B 455 S HS M0 R R 28 AR
XA S Y PR A, R I ARIR
FHFLTAR BEAH R TR 2 58 B2 F0 5 0 2 080/ —34 R —
W N PR G REE  SRARAE 45 G Wy B A AR
(EREAEL, BT LA LR | B R % T AL UAR

S B 0 ; Zhao 5517 3 32 B (B SLAUURIE S
TS WIEIR EIFLUOR AR EAE T, 25 T FLDIAR
BB . S BB DRI T3 70 A A 2R
PA_EARFE R 32 2 vh T W R R b B IR =
FFFLUUAR B 25 PR 1 BUH IR % T L UUR 9K 3
PERE, XTRAEE PR b 0GR % Jm # T FLUCAR 19 F 5
b, A S B E R KM, xR IR
XU TR 2 J53 B LIRS L 320 1 P R TR ROR AT
OrHT . TR R BRI = JF AL UORE O &
BT R AR S A IR AR I, Bk
BEPIR ARG AR . BT Yk 5 A A,
READL TR B PR b X003 TR 38 Jm) & O FLUCAR 19 4
Fad e 5 J8 e o A 7 AN R 35 PR w8 JBE R XU TR % R
VT FLUCR B 30T 14 38 38 O 3 Ml 2h RE 230 A, A K
XU TR 2 J T T AL DA B 455 2 KBt AS [R] 52 ) D] 3R
AR AL, I B 0T VR 8 Jmg & O FLICAR B B
SR, LU TR RO HEIE RS %

1 #HFiRal

ARSOR R BN S8 37 MU ) 5 R A = 44 4y
AR 2, SR AN A R AR R AR A R
-4 Navier-Stokes J7 FEsR it F- 41530 .

o 0 (1
ax,_ )
du;, _ du, 1 ap 1o (ou ou)
o Yax T pax, 87 pax |Mlax Tax,) P
t X,  pox; p 0x; dx; dx;
(2)

by x, M, 43508 0 Fj T RS 5 ¢ A Hf ]
w, MV, 53500 @ K7 BRI 5 w0 w53 5]
N F G IR BB s p IR T p TR
WRRE; g, Jy i I R N s w3l s Rbi
FE —puu RN ST

FIEWIRIIRIZ S, TIA k- I B it i
BB B Y Navier-Stokes 5 FE ;

ok — ok o (v, ok ou; du;\ ou,
—tu, —=—||—+v| — |, —+— | —¢ (3)
at 7 ox; ox;| \o, x; dox, Ox.) ox;

g J j i J
de — de 0J [V, de P u, auj ou,;
—Hu, —=— +C, * —v,
ot ’8xj ox;

8xj

[ - 7+7
o,0x, k- "\ox; ox,

2

&£
C, 4
2ty (4)

&



% 10 #1

Ewera, %, AR ESGE R E LT IR S AT -3

X k M sh3h6E; e Ml s REFEHLR; v, =
C, kK’ /e NIMEE ; v=wp NiBshEhi 28, C,.
C,. Cy., o, o, AL FRE, 475 0.09,
1.44, 1.92, 1.0, 1.3,
M VOF Jrikid iy | iRz g, HAEATr

*%ﬁ:

oF _ oF

Eﬂt" ax,.:
Kby F ORI R AL, 0 SR B ITAR N I AR
YRR Z L, X F=0 8, ok b s
R, AEHIG;, B 0<F<l B, SO REA 2
SWARAK, HIRGHRIT, TEIHRITH N E I
RERFRIA; 4 F=1 8, BRIk, A
WARFIT,

0 (5)

2 HEBRKEZIINEIE
2.1 FUEPROKAE ST

A SCE BB A T A BR 2240 ik, Bk
BAE AL HE N7 AR A 5 TR DL SCRR [ 18 1 FI[19]
BUE KSR F 0 B o7 vk, fE A 1 i 74
SETET, A I W 1) I8k T R I AR B A Y
BRSNSk A L I TR AR R
FIF Jacobsen %5 BT R FH B ik, 78 BB K HE A2
M BN 1. SL AR Ik, Hd L oA A ST
Koo M 1 A R AR B E I R
NFEAE, ERTIEE R 1. SL AW 2 XK L
THER S 3 FUBOR RS ER UL A 5 [ R 4 fi 1 >R T
TCIERN R, A 2 R B R 3l ) s
ISR S SL R

TRBUE D IR KR T RS B 8L, = B
7 0.8 m, LWAISERIE, x 1z J7 143 Bk
FH Ax=L/150 F1 Az=0. 005 m ()23 A &K, LU
JAM T=1.2 s A, 25Kl x=6L kb, Ww H N
0.06 F10.08 m M, e TIACE LS R 5 HR 45 R A Xt
UL 1, ATRAE Y, BUE 45 R 5 En g,
FFE A, W AT AR E 7= A W 2 H bR
PN . 76 PRI RS, FAME i

TRV by [ RE S B LLSS IR A i DX A R,
READL I 6] 3% 8 Ry 45.0 s, T=1.2 s Bf 5
] t=30. 6 s B VARG TH T 25 R LR 2, AT LA
B, RSB FEE G AR 2 f5A
SR, R AT AR R E Y, A
0T I TR 50 A3 B — I U

0.06
0.04

— HUREER o AR

P Tfin/m
(=]
[=3
(=]
 WoX e

_006 I 1 n 1 I 1 n 1 n 1 n 1 n 1
30 32 34 36 38 40 42 44
i ) /s
a) H=0.06 m
0.08 — FRLER o LR
0.04 ¢

P Tfin/m
o
(=3
(=]

30I32‘34I36.38I40.42I44
i fi/s
b) H=0.08 m
E1 EEHEERSEIEERILT

Fig.1 Comparison between numerical and

theoretical results of wave sarface

z/m

a) H=0.06 m

z/m

b) H=0.08 m

B2 XRhEREBEKENTHEIER
Fig.2 Calculation wave form of terminal total

reflection numerical flume



4. K oiE L A2

2025 %

2.2 FUEPIR KA SR

RS IEZ AR B A TR 5 R R T
FLUTAEH EAE R AT A0 S fEmf b, 2 BB SCiHR[16]
T AR R BASERR LU TR M PR, 7
A KA x = 6L Ab AR EITALUTRR AR, WL 3,
BOEAA Y S YRR i S 80 R — 3R
IR SR B 43914 0,15, 0.20 F10.30 m, HEHF
HIZKER h=0.40 m, LIRS A, =0.15 m, HRE
WKER d=0.20 m, A HARE G H 2 0.06 F

0.08m, AWM T 50.86, 1.0, 1.2 F11.4 s,

FIH Goda 2P AL T A L RS, B
BAR ALY S5 ZR BT 45 2R 5 Wy B B U 1Y)
S5 R R AT, R T W R - i
THIR 2 IFL A SO REOT B 5 R B X e
SERULIE 4, ATUAE H, FFFLUOAE SR R ECBUE I
AR P2 SR B R o Bt LT y=x20. 1
M EZR I, 23T, T ARG R B 0. 961,
NP 2R 5 I 4 R AT B

1.5L 1.5L
2z
i praynI S UR S SRR |
& I
ol | e N= d=02 U | I
7 i 3 n
! BMELREE 5015 ] <
o 0 Ax=L/150, Az=0.005 Ax=Az=0.005 Ax=L/150, Az=0.005
8L
B3 HETEREE (£40: m)
Fig.3 Numerical calculation model (unit: m)
o - , VERT . BT TR 28 SRy 38 O LT A% S (B0 50 5 3 TR 28
EEIES % . N .
= Ry SERE B =0.30 m, E N, 5N IR G
- — — y=x=0. /7
S (B,=B,=0.15 m) RT3 96 8k T/ W 0 %
[ s
g ‘.’- L GERE(B,=0.19 m B,=0. 11 m) FifpHaL, #. J5
.6 /
% & THALBRIFALES BN €, =0.27, ¢,=0.19, HEIKF
£z
.0 //'°-,’ BE h 4312 0.00, 0.10, 0.15 F10.20 m, HEHT
e
o ol KV h=0.50 m, T, JFIIRE PR GRS, Wik
[ ]
1, e PRI d=0.25 m, TR AR KIE g=d/h=0.50,
"4
.’ | | | | XU I 2SRRI FLUTA 5 F WL S, B Al rh R
0 0.2 0.4 0.6 0.8 1.0 FIRE Y %?FUZ%' nl
s M B IR LR AR S B R 1,

B4 HELFRSKBRERNRHSREXIL
Fig. 4 Comparison between numerical and experimental

results of reflection coefficient

3 MHREREFFLITHERBERU
3.1 BUEHEALTEZSEL

BT BB DR KM, 78 x= 6L Kb 5
TR A TP AL UTAR B XU IR = Ry wb T AL UTAS , A
PP TR WL R B XU IR 28 Jay 8 I FLUTAR A9 AH B

0.50

h=

Es5 HAEREIHRERBALNHELEE (£46: m)
Fig. 5 Partially perforated caisson structure with
double-chamber on rubble-mound foundation

(unit; m)



% 10 Ewera, %, AR ESGE R E LT IR S AT -5
F1 BREZRIHRERMBALRHEEESH
Tab.1 Wave parameters and model parameters of partially perforated caisson structure with double-chamber
LB S T NS

N . R E . . ORI A X E YN

W wE K WRE e MY e e TOWRA i
FHLE FiHE XF KR £ 3 NEES KL

Tls H/m d/m h,,/m d/L H/L
B/m q B/L hy, /L By /h
0.8~2.3 0.05 0.5 e,=0.27,e,=0.19 0.3 0.00,0.10,0.15,0.20 0.5 0.105~0.502 0.010~0.050 0.063~0.301 0.021~0.201 0.000~0.400

3.2 A REGT

AN ) PR 1 B T U TR 28 J i T L ITCAR S 5
RECK, BTSSR ILE 6, FTLIE T, IR
o B TFAL TR 9 R 3 RECE A2 2%, 5 ETH TR
= P THIR B A S ARG, Al — RS BT,
S5 F A BEAR X T TR % 98 B B/L 138 in &2 S5 sl
NG R, TE B/L=0.15 I fe/ME.
HE 6a) WA, X4 B, =B,=0.15 m i}, KEHIRS
ENE T NS E- 37 S L Y
AR R 2% B PR 1 B2 10 S R BRI ;. P 8] 6b) T,
M4 B,=0.19 m, B,=0.11 m i, B/L<0.15 /4%
T B ZR AR A v R S I e NS B S, B4
TIEER AT T s i &%, B4 B/L=0. 15 I,
LR B AR A XS S S R B AN, DL IR 5
J& h, 24 0.10 F10.20 m R f], XUHIRE AL
UM S 8 K, BEARXT SR = B2 b, /L 7284k i
VLR 7, ATLAFE Y, S AR 282005 AR i A ey i 2 R
LRMEICAR,  BEARH T L PR i B2 A B i S sl s 1R
BEAERT . SRR SEEEARSER), SO REEUN.

SRt BT 3R A g o LT TR = Ry A FF AL I
FETSTRPERE RS20, L PR 51 B2 5 /KR I LU AEL b, /R
L OREA AR, 5 HASIR) TR 48 RE AR B 4 1 T WL
THIREREIH LU RO RBK,, WA 8, Hilkl 8a)
AILVEH, AT, JEIEREVEASE(B, =B,=0.15 m)
HL SRR /NI S S 2R B 6 R g 3 K R L 1Y
B /N 5 3G K, 7E h, =0.00 m B EUE
K, BE R RS RN, O RN
76 h,=0.10, 0.15 F10.20 m T AFESE; FliE %
JEVSARE R, S S 2R B30 it 35 DR i B 7K R L 8 o 1
/N, BE8b) ITLIEH, B,=0.199 m, B,=0.11 m
ST, WRIEAE NI, IR s X TR AL TAR B
FECENAI, S 2R R R R v B 1 s A5
Ky BEEWSIAIG I, FEPR i BE X I FLUTAR B &

IS4
w

BRI, 5 2R BUBE R R i B /K IR LE 3 R
eI/ NEIR, AE b, /h=0.30 BHA /M,

08 o £,=0.00 m
=]
RO O /,=0.10m
06 v A b =0.15m
a 8U v /h,=020m
o
= A
M 04
R a
LK 8 o 8 °
2o 8
02} o X Vv
0 0.1 02 03 0.4
AR IR 2 B BIL
a) B =B,=0.15m
08 o £,=0.00 m
3 0 4,=0.10m
o6 A h=0.15m
or A@ v £ =020m
s o
ﬁ 0.4 o8
02 |
0 0.1 02 03 0.4

X TR 2 6 REBIL
b) 3120-19 m, BZ:O.ll m
B6 RERHK, BEHEMERERE B/LATHER

Fig. 6 Variation trend of reflection coefficient K, with
relative width of chamber B/L

0.8 ® B=B,=0.15m
° O B=0.19m, B,=0.11m
0.6 | 9
v
= 8
h_\«_—"( 04 o
R o
= [ ] 2 ¢
o 8
o
02 - e ©
L L !
0 0.04 0.08 0.12
HARIERR RS R /L

a)h =0.10m



.6 - K iz L A2

2025 %

08 ® B=B=0.15m
g 0 B=0.19m, B,=0.11m
06
o
1 %
& °
W 0.4 -
' : :
= o
s o o e
02 | [ ] [ ]

0 004 008 012 016 020 024
AAXT IR BER /L

b) 4 =0.20 m

7 RHERHK WBENERSE h,/L HELER
Fig.7 Variation trend of reflection coefficient K, with
relative height of foundation 4, /L

1.0

- o= 7=09s = o= T=1.0s
-4 T=12s =— v T=14s
08 L — o= T=1.6s — <= T=18s
- §: — b= T=2.0s — % T=23s
e it
X 06 T~ X
Ext -~ T -
e - - o
iy <t - - - - g
=04 O~ <
x O — — == o -0
t:—_:—9===§2
ZIZ==z=g-zg==¥
02 | ——ZXz-z=X--
00 1 I 1 n 1 n 1 n 1
0 0.1 0.2 0.3 0.4
SRR KL, h
a) B=B,=0.15m
1.0 - — o T=09s — o= T=1.0s
—_ 0= T=12s = = T=14s
08 L — = T=1.6s — <~ T=18s
: v — D= 7=2.0s — > 7=23s
" TT T Xl - X
06 | - *x
e > - = S
h& - Tv T 4
B 4L >~ -= S -
U e ZZ=e==gTC]
:s::;&::g;=§
02 | -
00 1 n 1 L 1 L 1 n 1
0 0.1 0.2 0.3 0.4
SEPR KL, h

b)B,=0.19m, B,=0.11m

B8 RHERHMK BEKRSEKRL b, /hOTEEES
Fig. 8 Variation trend of reflection coefficient K_
with ratio of height of foundation to depth of water i /h

3.3 W

S BRI IR AE F T IR IR EOBUIH TR 2 R
FLUTH B IR HLEE, L H=0.05 m, T=1.2 s,
B/L=0.15, B,=B,=0.15 m J{|, 7 4 FiA[E I
PR F (h, 4 0.00, 0.10, 0.15 #10.20 m) JF
FLUUA BT 104 8 B 2tk B 2 Re 430 ULIA 9 fl [

9a) ~d) ATH, YEEKERE A =0.00 m I, JIRATE
1=21.0 s B BAFT LI, &6 20 BRI & FF LT
BRICT, 53 P IR MG FL I L AL DL (4
KA THIRE N, BB I TR % P D% IS F 4 7R
FHNAMKT; r=21.4 s B, BEH PR IEA TR
W, HIRE NS TIHIRESN A foKE, H
FEASFEALEE A M B B 0, I S ERTH IR =
PIENEA S ; r=21.8 s I, IR IS 5% 5,
THIRE KR AN S, TR % P T IR R,
it 8 F B4R Th AR T TR F R 2 0 AL S o AL
AeOBrE, S5 IHIRE A S5 ; 1=22.2 s I,
THIRE KR, T IR E SN KIS TS IR E K
T, AKPRFRRIFIR 10T TR N sl Bl PR = B
i, FEFLUTRR BHE R iRz shid 25 b, =0. 00 m B
AL, HE 9e) ~p) WML, r=21.0 s i, I THEE
WIFERE, TR TR RGO v S PR B Thg E T, 3ok 7 Sk
PRYEIE B3GR, FEDUAR 5 AR AL 5 Bz KA
ST IE; t=21.4 s I, BEE AKAEIE A
WEN, 5 h,=0.00 m WAL, H T 50 & 0
I, IKAERTIE TR B 2 BRI ZL, i 30 7 i
INENE MR R, 21,8 122.2 s i,
KM IR 3, BRI B AR A X K AR 32 B 5 il
NI

0.8
0.000 0.001 1 m/s
0.6
£ 04
N
0.2
0.0
12.6
a)h =0.00m, =21.0s
0.8
0.000 0.001 1 m/s
[
k/(m?-s7%)
E
N

b)h =0.00m, t=21.4s



% 10 7 FEwema, 5. AR ESUH R E LA R A BRI R -7
0.8 0.8
0.000 0.001 1 m/s 0.000 0.001
] - [ ]
0.6 kl(m?s7?%) 0.6 kl(m?s7?%)
£ 04 £ 04
N N
0.2 0.2
0.0 0.0
12.6 12.8 13.0 13.2 13.4 13.6 13.8 12.4 12.6 12.8 13.0 132 13.4 13.6
x/m x/m
Q) h =0.00m, =218 h)h =0.10m, =222
0.8 0.8
0.000 0.001 1m/s 0.000 0.001 1m/s
[ - ] | ]
0.6 k/(m*s7?) k/(m*s7?)
£ 04 £
B B
0.2
0.0 .
12.6 12.8 13.0 13.2 13.4 13.6 13.8 12.4 12.6 12.8 13.0 13.2 13.4 13.6
x/m x/m
d) h =0.00m, =22.2s i) h =0.15m, t=21.0s
0.8 0.8
0.000 0.001 0.000 0.001
[ ]
0.6 k/(m*s7?) 0.6 k/(m*s7?)
£ 04 £ 04
N N
0.2 0.2
0.0 0.0
12.4 12.6 12.8 13.0 13.2 13.4 13.6 12.4 12.6 12.8 13.0 13.2 13.4 13.6
x/m x/m
e)h =0.10m, =21.0s ) h =0.15m, t=214s
0.8 0.8
0.000 0.001 0.000 0.001
— [—— ]
0.6 k/(m*s7?) 0.6 k/(m*s7?)
£ 04 £ 04
N N
0.2 0.2
0.0 0.0
12.4 12.6 12.8 13.0 13.2 13.4 13.6 12.4 12.6 12.8 13.0 13.2 13.4 13.6
x/m x/m
f)h =0.10m, t=21.4s k)2 =0.15m, =21.8s
0.8 0.8
0.000 0.001 0.000 0.001 I m/s
] ] —
0.6 kl(m?s7?%) 0.6 kl(m?s7?%)
£ 04 E 04
B &
0.2 0.2
0.0 0.0
12.4 12.6 12.8 13.0 13.2 13.4 13.6 12.4 12.6 12.8 13.0 13.2 13.4 13.6
x/m x/m

g h =0.10m, t=21.8s

) h =0.15m, =222



.8 K iz L A2

2025 %

0.8

0.000 0.001
]

0.6 | K(m>s?)
£ 04
N
0.2
0.0
12.4 12.6 12.8 13.0 132 13.4 13.6
x/m
m) 4 =020 m, ¢=21.0s
0.8
0.000 0.001 1 m/s
|
k/(m?-s7%)
E
N
’ 12.4 12.6 12.8 13.0 13.2 13.4 13.6
x/m
n)h =020m, t=21.4s
0.8
0.000 0.001
[
0.6 K(m?*s?)
£ 04
N

0.2

0.0
12.4 12.6 12.8 13.0 13.2 13.4 13.6

x/m

0)h =020m, =21.8s

z/m

p)h,=020m, =22.2s

B9 FFFLIHM L HEE X BFIRINEE D
Fig. 9 Velocity vector and turbulent kinetic energy

distribution near perforated caisson

Zi L, PRSI 1 XOH IR = FF LA A
HAEFRE, i SR e 32 B T AERTE IR = H
FIMANEFF LR DI, B L PR = BE 3, R
YA B A AR R ARk, 5 ok, =0.00 m B AH
L, SUHIRE FFFLUTAE B I TR % K 452 3 5

L, s, RIS Wi SN E

4 it

1) FRE MRS, RUH R 2= FFLUTAE I 5
FECK, SAHMEIRE S BIL 2L CHKR, B
B/L ¥4 RESemyNE K EH, B/L=0.15 B ik 3|
He/IME ; BE AR X BEIR &5 B b, /L BRSNS 4
K, TERT . J5 MR % 56 B2 ARSI OB R BN

2) DR BE XU VR 2 JRy T FLUTAR 1Y
SRFOEWE S, ST, 5 TH IR 8 A
FAOG o PRI /INIE | B DR v G vt I L A
S RBOE A BEE PRI R, 4 B, =
B,=0.15 m I, J5F R 405 H K B8 U 56O
%, 4B =0.19 m, B,=0.11 m Iff, RS
SR R ARR A R

3) BRXTRUH IR Z T FLUTAAVE I, T e Al
it 20 524 P AFE A FF AL TE LA &R0 KT B
s BEAEELIRE EERG N, AT IR & N KK 3T
IEIZL i S A G R

SE W

[1] JARLAN G E. A perforated vertical wall breakwater[J].
Dock and harbour authority, 1961, 486: 394-398.

[2] HUANG Z H,LI'Y C, LIU Y. Hydraulic performance and
wave loadings of perforated/slotted coastal structures: a
review[J]. Ocean engineering, 2011, 38(10): 1031-1053.

[3] KAKUNO S, SHIOZAKI Y, HARAYAMA Y. The effect of
the depth of wave chambers of a double slit-wall
breakwater on wave reflection[ C]// Japan Society of Civil
Engineers. Proceedings of Civil Engineering in the Ocean
(Vol. 15). Tokyo: Japan Society of Civil Engineers, 1999:
671-676.

[4] LIY C,DONG G H, LIU H J, et al. The reflection of
oblique incident waves by breakwaters with double-layered
perforated wall[J]. Coastal engineering, 2003, 50 (1/2):
47-60.

[5] WANG XY, LIU Y, LU L. Analysis of oblique wave
interaction with perforated caisson breakwaters with partial

wave absorption parts[J]. Ocean engineering, 2021,

241: 110018.



%

10 4

Fwera, . PR EXUHIRE T ILITAR I R AT HAUE B MAT °9-

[6]

[71

(8]

[91

[10]

[11]

[12]

[13]

LEE J I, SHIN S W. Experimental study on the wave
reflection of partially perforated wall caissons with single
and double chambers [J]. Ocean engineering, 2014, 91:
1-10.
BERGMANN H, OUMERACI H. Wave loads on
perforated caisson breakwaters[ C]//The American Society
of Civil Engineers. Proceedings of 27th International
Conference on Coastal Engineering. Reston: ASCE, 2001:
1622-1635.
FEWE AL, XIAETE, BRUEIN, 45, BUN IR 4 TIOT LTS
BUEMFGE ). A TR, 2024, 42(5): 130-141.
TANG X C,LIU H Y, CHEN H Z, et al. Numerical study
of a top plate perforated caisson with a double wave-
absorbing chamber [J]. The ocean engineering, 2024,
42(5): 130-141.
FEER, XA, BRI, 5. 32T SPH 7 ik SUHIR &
FEALUURBUERIFE[T]. /Kiz TR, 2024(3): 1-8.
TANG X C, LIU H Y, CHEN H Z, et al. Numerical
study of double-layered perforated caisson based on
SPH method[J]. Port & waterway engineering, 2024 (3):
1-8.

XIGE, X5, PRIE R, 45, 2218 IR 25 JF AL I0AR T4 TR 4
HOBEATLIT 5T [J]. v D 3 R 2 4 ( F SRR 2
fii), 2021, 51(6): 116-124.

LIU X, LIU Y, LIN P Z, et al. Numerical simulation of
wave absorbing by multi-chamber perforated caissons[J].
Periodical of Ocean University of China, 2021, 51 (6):
116-124.

ZHAOPH, SUN D P, Wu H, et al. Theoretical
investigation of wave reflection from partially perforated
caisson sitting on a rubble mound foundation[J]. Ocean
engineering, 2021, 235: 109085.

K. RS WARL R L FLUTRE AR B FHBFSE [ D).
Kt KT A2, 2017.
XIA Z 8. Study on wave interaction with perforated
caisson sitting on rubble mound foundation[ D]. Dalian:
Dalian University of Technology, 2017.
AT KRR, PNAMNG, 0k, 5. WIEE PR FLITAR A HLI)
St RBCRIGAFT[T]. WL FE, 2016, 34(6): 46-53.
XING T Q, SUN D P, WU H, et al. Experimental
coefficient of perforated

investigation on reflection

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

caisson with rubble foundation under action of irregular
wave[ J]. The ocean engineering, 2016, 34(6): 46-53.
Ik, AN, S, A5 WK BT FLUTAR AR AE P i
HFFE[)]. W TR, 2016, 34(5): 30-39.
DONG H, SUN D P, WU H, et al. Experimental study of
stability of perforated caisson with rubble foundation[J].
The ocean engineering, 2016, 34(5): 30-39.
A, FNACNG, S0 TF R 2 8 BE X T 3% B S R T L
DURRTH IR MERE 2 AT 5T ()], 8 7 T A%, 2021, 39(4):
79-85.
ZHAO P H, SUN D P, WU H. Study on the effect of the
wave-absorbing chamber width on the wave attenuation
performance of perforated caisson sitting on the rubble-
mound foundation [J]. The ocean engineering, 2021,
39(4):79-85.
SRAD, MG, XL, &5, FFFL XTI R - IR FLUT
RN 55 2 B0 w1 BT 5 (0. 1 7 TR,
2018,36(5):30-37.
CAI Y,SUN D P,ZHAO P H, et al. Numerical investigation
of the influence of opening rate on reflation coefficient of
perforated caisson with rubble foundation[J]. The ocean
engineering, 2018, 36(5): 30-37.
ZHAO P H, SUN D P, WU H. Application of a VARANS
based resistance-type porosity model on simulating wave
interactions with perforated caisson sitting on a rubble-
mound foundation [J]. Applied ocean research, 2021,
112: 102600.
LIUP L F, LIN P Z. A numerical model for breaking
waves: the volume of fluid method [R]. Newark:
University of Delaware, 1997.
LINP Z, LIU P L F. A numerical study of breaking
waves in the surf zone[J]. Journal of fluid mechanics,
1998, 359: 239-264.
JACOBSEN N G, FUHRMAN D R, FREDS@E J. A wave
generation toolbox for the open-source CFD library:
OpenFoam® [J]. International journal for numerical
methods in fluids, 2012, 70(9): 1073-1088.
GODA Y, SUZUKI T. Estimation of incident and
reflected waves in random wave experiments [ C]//The
American Society of Civil Engineers. Coastal Engineering
Proceedings. New York: ASCE, 1976: 828-845.
(AL E3H)



