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Numerical simulation of wave dissipation characteristic
of flat plate array breakwater under
long period waves
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Abstract: The elimination of long period waves has always been a difficult problem in coastal engineering
that needs to be solved. Plate breakwater has a certain effect on long period waves, due to its convenience in
construction, low cost and wide application range. Further research of which is of great significance. A numer-
ical wave making flume is established based on Flow—3D in this paper, the optimal placement scheme and di-
mensions of the flat plate array breakwater are presented with the relative plate length Ly/L, relative plate
spacing j/L, relative plate thickness d/H and number of plates N identified as research parameters. Simulation
results show that, when the relative plate thickness d/H=0.1, plate number N=4, relative plate spacing j,/L=
0.3, j,/L=0.1, relative plate length L,/L=0.6, the wave suppression effect of non—uniform four—plate array
breakwater is the best. It is shown that the arrangement form has good wave elimination for long period waves

with period less than T=8 s (prototype period 7=25.28 s).

Wk H 1 : 2024-03-15

FEGWH . FRARRERE G BB H (52071031) 5 % BT R A2 B AT TR [ 58 o R 9200 % T
T H (LP21V3)

TEHZ TR A (1974-) 3 i+, #8% , E-mail: chengyongzhou@163.com,



1318 WA 712 28 B oW

Key words: plate array breakwater; long period wave; transmittance coefficient; nonuniform arrangement

0 5|

i1

B 0 SRS — i DL U R TR S, B TR S 1Y TR A5 AL RSO AS 32 B IR 5
T T 2 30 W ) R S Avfr T R T Sl A ) 32 4 SR e YR AR L (HOG TR R IR A 58, 30— B2
RS2 2R WMER . SR ik o BRI B KR A R B S RE T W ) d ot mT IR
P HE 5 TR TR U0 R B I 5, 5 3 E R B RE t, DR L & P E S ) R TA N A R M. i H TR
WFFENGE LR TE , 25 25 B I & X1 Sl U0 YR 1 B AR SR O AN BRAR . i el 47 S8R R S IR, 2 4 sl s
PR S [ PR K K S8 % i 4 v vt 1A Sk 22 S b P B T 5 Mt e ) S ) A

PSR T AR e, HRAR A 1A e iy 25 4 2 B b b 1 S B e S AR AR X A D . 5 AL S B
P EAH EE , V22U 0 B AT 3 I KRR B JE R 55 R 22 R 5 | AKARS 3 S 1 oL . A i I S
77 2B ISR A — b, LI AR [ PR KO s T P K TS T SRR H A Y TR R UZE R
M2 BT IR T 5T 4 2 i e o th 1T 2R X B A R D 3

K F P I , Ursell "84 %A BRAK TR A5 A4 T PRV TR 04 S 46 AT BF 5% 5 25 F Havelook F
FRIE , Wiegel "Dl W4 T T v By 10 32378 S 5 3R B A BT e ifE AT T 050 s BRI A O o 17— A =X
B S, I 45 I T ROKIREAE T /a5 5 5 R B i =X, Oy [ b X B D SR W 9 B T il L
SR AR AR 0, X6 R B P AR B SR (R K Bh T R R AT T 9 AR I A5 A T
BB S R BN 2R N

KT L2 KA B I 5, Heins T 5T T AR A9 D% TR S8 5 A 5 5 ERFSFPI5E 3 BT i X TR
VBT PR SE AR (9 52 F1 3647 T BT 5 Burke"BIF 98 T — i W 150 R JEE 1) 45 0 T Wi AR 225 40 1) 385 IR I3 R
B Liu S50 T AV VR 7 10 B A T TR R 2 25 B B AR T T K TR KT AR 14 7K Bh 0 R
JEBE R AT LG a8 i 8 R R A S R 7 T SR 5 o 42 5 AT OPENFOAM X 7 I A R 7K
A B S K B 3 REEREA T T ARSY s ERRAEN I T AR SR BB 6T L ER K AR KT A
7 02 S 0 e Rt R D LB AT T S

KT AR MBI I, A SOOI I 358 FHAS HE D03 A T 802 A X B 8 5 A TR Rk R 45 4
Z JIEAT T WRSE 5 BRI IRT O L OSUZ A X B e 4 1 T 18t 1k BB AR e M R 11 s i) PR 3R 04T T AR5 5 2%
i 0t SIS e OBUZE KT 8 57 30 B ) T TR P RE AR TR ML FE AT 1 RS 5 0 SRS S AR A A R L
AR 5 5 Cheng S5 5L FEUE B 7 2%, R FH RANS 7 B2 1 VOF [ Hh 118 B8 v dE 5 FUE I TR K
R T A 2 2 S R TH TR R M AT TR, 0T T O IR1 D B YL B il B2 140325 5 R BRI R 5 3R

KT AR I, S E A OE T 2 (R 2 1 2 B e 3 5 W A 5 A5 RIS T A R
VERF , B 9IRR a2 2 X 08 B2 (0 0 D P B 5 ERF ST 1K R L AR 48544 (4 7K 2 1 R 5 st R o 212!
XoF 8T Y S SR 1T 7 0% Bt AT TR AR MR AT T IR A Y 5 1 I 2 PR [ T 00 RO 235 25 52 1 TH
TRFRHESEAT T ST 5 SR AR 2006 U T BRSPS RN S IO X Bl e 55 18 7K 3l g R 5 i 220X T 9IAR Bl
SRR TR T DR A K LB i (R HEAT TR, 13k B A5 R e T U0 05 TR 100 TR SR AR AS K AR i 2
FIFH VOF 32 AT BRAR R A 57 1 TR -5 9IOR A 97 D8 B 26 A B AR FH %) BO(EASE A | X IR A B 38
BRI TR Rl S S S DR 2R AT T AT S R BE 5T, S5 SR T B B 1 AT 5 R R X
o IR X VA A B8 — A R B ) (R 3% 5 He S5 F e [ 10 A% ke L R 98 17 bl 55 AR T 7K
FEFL S5 F4 0 AR ELAE T, ) 0 5 38 g A 380 1 5 () s A A AT At , 30 0o XoF BAG 108 5 R A Sk 5
BRI B T — A KT 2L AR I 2R B0 T BT 28 2 5 L BRI Sl BT £ R 18
SR 2B 8 B2 B 7K B TR PEEAT T BUERTIIE ST, LI A5 ALI0UE T A & 1 2D FR{E AR (7 o ff 1



559 31 PRI - SR TR S AR B 51 B i - 1319

ATRENE S B A AR X AR G A3, Ke 0, Kor s AT S0 EL B B3 08 o R 7 S 2 e AR K

RSO IS S BT, LRI H ORI, L AU, N KRR A, d 7K
SARARIEE, j R KPR E]

ARICEET FLOW=3D Hef AR A I BB KR , 2 S Al —F AR B 51 Bl D SR AR, B HT BA XL
i PEAR /AR R ST 0 S TH TR A RE , I AN [ AR A I Lo/ L AR AR ) B /L AR N AR A S d/H
SFESA SRS IRTERE AN , T Hh R RS S BT B 5 58, O 4 5 S Bn TR AR E S5 4 dE

1 H=Ra

1.1 =HFTE
(1) PeiRiz shizhl e
FESEE 5 AR A B R R S A RV AR B S A, BAR AR .

ST REN
d d d
—(ud )+ ?y(”A9') +——(wd)=0 (1)
BTN
d 1 d d d 19
o, qufu+vA l+wAzl =_77P+ G, + /.
a V, x Ty 0z p 0x
0 1 0 0 ) 19
R T Y T S A )
a V, dx " dy 0z p dy :
d 1 d d d 19
e e Wi [ A
a vV, dx Ty 0z p 0z

Kl u v w BHEE LA, A AJE RSN, VIR R R p R, G, G, .G 5. f.. £
SR EE 70 B RURG 7

(2) AR ]y 7

AL E ATV, SR ST AT LA, A AR R DT RS e DR RGN

ok, 1 ok, ok, ok, )
Py + 7ﬁ LLAA ox + vAyaiy + wAz 9z = PT + CT + D@ff}w - & (3)
de, 1 e, de, de;\ C,e, &l
+ —ud + vA + wA = P, + C.,G,)+ Diff, - C,— 4
o VF (u o VA, dy wA 0z ) kT ( T 3 1) Lﬁ[s 2 kr ( )

Kb, P G a3 R ERR B 517 1 = A ZE B3R, €, Cy 3 Rl 1.42 F10.2, C, 1 K, il P, it 3345 3]
Diff M Diff, 2 A, VX R A 25 s e
1.2 RBHESMEXI5H

BE/KFE 2K 100 m, 8 0.4 m, & 1.2 m, K IRBEE R 0.65 m, 38 5 10 5 R BUE /KRS ) d5 2 s , X056
DX 5k 158 5 AKORE H B i A A0 7 B 5 KA A T 2L N 0.8, MBI A 0.1 m, 35 JE A 1:10 1 £
FUA AT 0 o B A I A B A0 1] 1 TR, TR 2 RS [ 97 ok B R L &

FE BT B SR A5 A 5 D IR AR EAE R W AR VR R AT AR I L AR R A 1
Af, SR A AR Y A0 40 B A AR TE MRS, 3 AR R A% K /N R 0.025 m, 76 7K R B9 H FR T 2 7 1] 0.65 m Ab 2 5
Y& WA x 7 1) 15 m .82 m 43 SR AN AR /A 0.01 m . 0.02 m . 0.02 m B AR Tf1 34T 1% , A& 2
43 072 0001~



1320 WA 712 28 B oW

BN

_ 1:10 3 %
7 AT

-
|@
S\
i
; :
|
I
|
‘:|

'_§ ..........
_ g Im  fflm T ?I;
X |5m5m LLH_M 5m|5m
b b

P 1 BB D KA s A

Fig.1 Schematic diagram of a numerical wave—making sink
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Fig.3 Verification of long—wave numerical sink wave-making
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Fig.13 Vorticity around back plate (T=6 s)

138 T=6 s WG M i im 3. 45 G A 13 ml 0 ARAR Bl R B A A fe R i, kit B 2L
BETE A R AL , AR L AR 1ok 3R A AR AR TE AR A L3R A B T D A I T 5 AR AARTE S — HRR A AR i
FE W TS 7 A T IR L I i T R S AR 0 B AR S R KR SLE - R
12 AH G, B 13 Hb il TIBOR R 2o mid X s A |iF s Al RIS, #E R 1 &R I AE , Tt e B SR i/ N, B
LA T) I 1 R A D T 7 A P i T S0/ D o St B P Ll A 1 P 4 71 7 B 1) 8 3 10 IX S
HAR DX IR e AR = 18], J5 A R 3 2 — DR O fE

18 B

ASCHET FLOW=3D # ARG 1 1A PEE KA, I # 7 THRE — P MR B4 B e SR ABE AR 3 o LA
[Fi) 235 46 2 B80T ST A B 5] 7 10 B 1) T YR 1 i, 3 o B D SR I e AR S5 M RO A R A B %8 . R EAE IR
e

(1) 33 X P A 7 371 )7 0 B 1 45 4 2 8 e e A 8y sRalEA TSR, B 245 H B FE 45 4 RUSH S 850N
A5 BT 5N AR d/H=0.1, BB N=4 , FEXI AR (81 BE 7,/L=0.3 ,7,/L=0.1 , fHXT AR K L/L=0.6 B9 214
B DU A TR T B 87 7 D B

(2) RNIRIBAIRSERATT | AEI45) A U 20 =T B B 47 77 8 3 1Y) 3 25 2R 28 K AR T 0.4, B %
1 B BN T 8 s 5T A 1 7=25.28 o) fiK JE A0 AT B A A TS TR AR

Z % X #:

[1] XU R . AR IR VE R SR T IR M B B 52D ] K K& TR, 2019.
Liu Xiaoliang. Numerical study on wave dissipation of submerged breakwater under the action of long period swell[D]. Da-
lian: Dalian University of Technology, 2019. (in Chinese )

[2] TEEAE, A gs N W4T, A8 TRAURT ISR X i SR )], AR FOKIE T AR 24, 2016(5): 124-132.
Shen Yusheng, Zhou Yiren, Pan Junning, et al. Research progress and application of floating breakwater[J]. Hydro—Science
and Engineering, 2016(5): 124-132. (in Chinese)



1326 MR 12 55 28 555 9 )

(31 £ B KSR, BRI KRBTSR /T AR 7177, 2013, 17(4): 360-368.

Wang Ke, Zhang Zhiqiang, He Dachuan. Flow field for breakwater of submerged horizontal plate type[J]. Journal of Ship Me-
chanics, 2013, 17(4): 360-368. (in Chinese)

[4] Ursell F. The effect of a fixed barrier on surface waves in deep water[J]. Proceeding of Cambridge Phi, 1947, 5(1): 213-236.

[5] Wiegel R L. Transmission of wave past a rigid vertical thin barrier[J]. Journal of Water—ways and Harbors Division ASCE,
1960, 86(1): 1-12.

6] ERIRIL, T2 P8 GOK HAR U IR BRI /3 HT(J]. /KiE T2, 1986(04): 10-14.
Qiu Dahong, Wang Xuegeng. Theoretical analysis of deep water sheet type breakwater[J]. Port & Waterway Engineering,
1986(04): 10-14. (in Chinese)

[7] LiJ, Cheng J, Liu S. An experimental study on the hydrodynamic performance of the twin vertical baffles underflow breakwa-
ter|J]. Ocean Engineering, 2022, 256: 111566.

[8] Henis A E. Water waves over a channel of finite depth with a submerged plane barrier[J]. Canadian Journal of Maths, 1950, 4
(1): 210-222.

O1 £ Bh# 2k R PRSI ARBIESBOR AR SR MR 157, 2011, 15(10): 1127-1133.

Wang Ke, Gao Xin, Zhang Xi. Study on wave exciting force of horizontal and vertical plate-type breakwater[J]. Journal of
Ship Mechanics, 2011, 15(10): 1127-1133. (in Chinese)

[10] Burke J E. Scattering of surface waves on an infinitely deep fluid[J]. Journal of Mathematical Physics, 1964, 5(6): 805-819.

[11] Lui P, Iskandarani M. Hydrodynamic wave forces on submerged horizontal plate[M]. Ottawa, Canada: National Research
Council Canada, 1989.

[12] FEiEDE, £ B OETACEOK 3 R EHE R E ). R E iR, 2002, 21(1): 1-8.

Kang Haigui, Wang Ke. Numerical investigation on submerged horizontal plate[]J]. Marine Science Bulletin, 2002, 21(1): 1-
8. (in Chinese)

[13] 5%, Tk —Jk, kA, 45 JISL BT AR FAR AR S SRR AT TE D] W R 15 TR 242441, 2021,42(9):1287~
1294.

Gao Junliang, Zhang Yizhao, He Zhiwei, et al. Numerical study on the hydrodynamic characteristics of a horizontal plate un-
der a solitary wave[J]. Journal of Harbin Engineering University, 2021, 42(9): 1287-1294. (in Chinese)

[14] £ BLIF HE, 5K&ESR . T H KT KM =B i ST B R SO B HLER SR AN D147, 2010, 14(4): 362-371.
Wang Ke, Xu Wang, Zhang Zhiqgiang. Study on submerged plate type breakwater very close to free surface[J]. Journal of
Ship Mechanics, 2010, 14(4): 362-371. (in Chinese)

[15] 4% 3038 . BUZ K- B Bl 32K B A R SE[D]. 3 R BT R A%, 2000.

Gu Wengiang. The study of hydrodynamic performance of twin—plate breakwater[D]. Dalian: Dalian University of Technolo-
2y, 2009. (in Chinese)

(16] BRAIA . T ALFIATTFFLXUZ KPR BT 57K 8 1 R PR FEAITFE D). R TR, 2010.

Chen Xuda. Comparative study of hydrodynamic performance of twin—plate breakwater with and without holes[D]. Dalian:
Dalian University of Technology, 2010. (in Chinese )

[17] 230, 5K TN, XUZ B . i X RUZ K- B B i 3 ) BB F 9 ()], ZK3E s 1, 2014(4):317-324.

Li Jingbo, Zhang Ningchuan, Liu Aizhen. Numerical investigation of submerged horizontal twin—plate breakwater[J]. Jour-
nal of Waterway and Harbor, 2014(4): 317-324. (in Chinese)

[18] £ &b, B ST, B/ KE, &5 . A0 o X Bl D 3 T TR BRI SR W 5T ). IR 12, 2015, 19(1): 86-94.

Wang Jing, Cheng Yongzhou, Yang Xiaohua, et al. Experimental study on wave dissipation of new plate breakwaters|J].
Journal of Ship Mechanics, 2015, 19(1): 86-94. (in Chinese)

[19] Cheng Yongzhou, Lin Zhiyuan, Hu Gan, et al. Numerical simulation of the hydrodynamic characteristics of the porous I-
type composite breakwater[]]. Journal of Marine Science and Application, 2022, 21(1): 140-50.

[20] S8, TA-HE, AR, 45 . PR R IR AR IR A 52 )], BRI B T R 2220 (Ll R 2 5 T AR/, 2001, 25(1): 91-93.
Wu Jingping, Wang Renkang, Zhen Xiaowei, et al. The experimental investigation of the duckweed-type floating breakwater
[J]. Journal of Wuhan University of Technology(Transportation Science & Engineering), 2001, 25(1): 91-93. (in Chinese)

RIVEEE, TEE AL 0K, 4. BRSPS HE 5[], W7 T A2, 2014, 32(4): 33-40.



559 31 PRI - SR TR S AR B 51 B i - 1327

Pan Chunchang, Wang Guoyu, Ren Bing, et al. Experimental study on the performance of arc—plate type breakwater[J].
Ocean Engineering, 2014, 32(4): 33-40. (in Chinese)

[22] B, GGG K, FRuklR, 55 . K _LIUE M ZE A K sh 1R 25 (0], A0 12, 2016, 20(5): 549-557.

Wang Ke, Shi Pengfei, Chen Yuchao, et al. Study on hydrodynamic characteristics of submerged upper arcshaped plate type
breakwater[J]. Journal of Ship Mechanics, 2016, 20(5): 549-557. (in Chinese)

(23] R4, 35 Biz, AR . B 8 S IO 1T BT S TR AR A IR S0, KA 3 T AR 21, 2016, 14(3): 161-166.
Zhao Liping, Xie Aoyun, Zhu Yazhou. Experimental study on the wave dissipation for new type inverted—arc breakwater[J].
Journal of Water Resources and Architectural Engineering, 2016, 14(3): 161-166. (in Chinese)

[24] EwHE, B, £ R, AF L O E 28 ST IR A O B R (1] ST TR 224 (F AR BE 24 ), 2020, 59(4):
534-539.

Wang Lixue, Li Xueyan, Wang Qing, et al. Physical model test on wave dissipation characteristics of double arc—plate per-
meable breakwater[J]. Journal of Xiamen University(Natural Science), 2020, 59(4): 534-539. (in Chinese)

[25] KA, 2S5 H, £ K, AF . ST UIRARYS A F AR5 RSB K 3 J1 R EELT]. 7Kz TR, 2020(6): 9-14, 27.
Zhang Junbin, Li Xueyan, Wang Qing, et al. Comparison of hydrodynamic characteristics between single board and single
arc board breakwaters based on physical model test[J]. Port & Waterway Engineering, 2020(6): 9-14, 27. (in Chinese)

[26] Li X Y, Wang Q, You Z J, et al. Wave attenuation performance and the influencing factors of a lower arc—plate breakwater
[J]. China Ocean Engineering, 2020, 34(1): 89-98.

[27] Li Xueyan, Wang Lixue, Wang Qing, et al. A comparative study of the hydrodynamic characteristics of permeable twin—flat—
plate and twin—arc—plate breakwaters based on physical modeling[J]. Ocean Engineering, 2021, 219: 108270.

[28] He S Y, Liu Y, Zhao Y, et al. New analytical solutions of oblique wave scattering by submerged horizontal perforated plates
using quadratic pressure drop condition[J]. Ocean Engineering, 2021, 220: 108444.

[29] Li X, Li Q, Wang Q, et al. Numerical and experimental investigation on the hydrodynamic characteristics of an arc—shaped

plate—type breakwater under the action of long—period waves|J]. Ocean Engineering, 2021, 219: 108198.



