WS G R BT S ) OpenFOAM HEHTFT

JKERfE 27, 2P 2, HUANG Luofeng 3, T 2

(2 RIEFTORY: g AT TAR E X A el s, K% 116024)
(3 Dept. of Mechanical Engineering, University College London, London WC1E 7JE)

FEEE: A BB SRR 5 AR SIS &, SR — R SRR R, 7538 SRR p IR R 3R
) 2 55 ) S T 38 378 5 400 o 5 FRIBURAE OpenFOAM 37 3 I B /K It TR FF 01 7 R A A, S
IR S B SEKR A5 AE A A B SER R . USRS R BERINIEE, 5 T AN RIS S8 T 3 R B B3 R B VR
PERE S BT KS It AR, TEARSCATERESHERE N, RS TT DI ROB/N IS S 380N, R RIEE X
BEGIPEREREM BN TR B S S 7 SR AR 52 3 17 3 T 7 57K PR (O SR, R 4 M 6 O 8 DU
PSR AT 32 IR T ISR

KBEIR): BRI BOREN; OpenFOAM; VS

1 55

B s VR b BRI R N OKIRIR K IR, ROK B IR S5 M R R Ok 2L, R4t
) 3B 57 8 1 BRI KR A e S R R 20, e LG TR KU B IR AR TR ok . 1B
B SEM, 7 B R SRR S M 7 SR B i B B e S X, BTS2 BINATTE A . Hor, iE s
PEYE AT APEAS KR AT 25 RS IR e DI ATHE T, KR PR s A B v AR KRS He, BAAE R S
FIERRE A2 501

NS 2 B SR IR TERE, AT IR T KERT IR 7. 510, Brossard SFHI7E [E & 1%
BT 2QB I B R T 7 WA, R IAZ R AT DA R M S SRR R T, RS
BRSO A BEAR b, 380 AR R B S A R TR m S5 M BT IR R s Karthik Ramnarayan 24051
WFFE 7 B =R IE 48 B A AR AR Q7 B SR AR Y, 38 0 ) e A 852 Wk R B R T S5 A 2R T AR 45 45 1)
577 98 SRR 6 R T e FE RS Koutandos AT PrinostolZE 2112 48 2 B R B B B hn AR 4544, R B AT LA
P2 R G A X N SR TR 3

SR, 3 2 I U S J SR TR S KA B8 0 22, TEAS KRG B e 3 R T R AR R (1 i
PN, WAEREMSHE B B S, 282 B SRR 3 i S e B R A 8. Shugan Z5045 A59%
AKAE R RN K S BRI AL T P AR A TR SR, RIS R T KT, SRR B R
AR, (HEEFR AR P S AR 7R B IR T M RIAGAE R KN . ZIba R, ASCKE
RIS ARSI A, R AT R R A RN, TEIE S M S pr IR RE () 2 A L,
1) P e JHE A 235 ) SRR ST R 4

ASCEET FRE SRR J1 24504 OpenFOAM, ST BB IR /K, R AT IR il v 4K 2
SR IRAE F SR AR A, W SO R R IRVE R R, 3 R g v A i 5 K o4 L% 25 B
PSR DD IRIE [ RS 5 T 52 B IR I 52
2 BrepE

PN £ = 8 s e R T M e N VA S DRV - e 7 e DA N T e R 7
Req=300011, HM#& THl KC HrT &, Ktk J7Bem S B e fse s, Bk, AR SCAARIsRR

H A R 46 2 A . i pRss %) 7 #22 Navier-Stokes 77 F£4H -
V-v=0 1)

p(% +V-W) =-VP+ pg+uvpVv (2)

LEBNIE: EREREEE S (51709038 A1 517390100, A I 4 J5 Rl 2 4 42 (2019T120209)
E—/BINEEE N KEMH> (1987-), J, WL, BIFER, FENFHIEELRE/KS) M. E-mail: chongweizhang@dlut.edu.cn



Hrp, v 2R SEE, PRERIAET, p RIMAERE, g NEIINEE, v ZFRMAKIZEERE R
TE BRI T R RS AR T . T/ NEIAR B, SR 2 3 <7 48 e IR R 45 W 1 s A
W, BESLRIRS B H U B A
%jfxghdv—¢n(zu+@deS=¢nqdS+ngdv @3)
Vo a ot So So Vo

Hrp, Thr 0 BRERRKEBEN YIS, ufMNBRE, wfALREEEH, q ShIELE
I 55 57 % 4 5 0L R0 T2 e 1) 7K

KH VOF J7 Al #e S AR A ST Y, e U N RARAR TR 0 8 o, PR IR IR . %5
B Bl 7RG MR R B b A AR R R 0 ER AR R, A a o A B IR IR TR A4H waves2Foam
TEBRPEN IR, FFAE B I8 YR 7RORE 99 g 150 B 0 At DX DA T 38 YR AE 7K th A i R A — IR i 7
FA s X P AE B S DI R F wr, PRIE S ASTEIE S HAREE —20, FasthX 2 AR BT ) 58 42 2 1 2L
(ER S ECE

17 2 B SRR R BN o R 5538 YR A T A P D00 o X ) 8 e ] e 5 B v I 1200,
KRAFMARWE 1 P . MR AT— B E2E 2R BRAI R, KRG IS 3 77 8 5 B A I3 s
SRS 134 A By, A3 B ARYE T AR SR I AT 0 A s SR JE SRAGREMRIZ S T2, 13208
PIEARALFS o WIS PR IR AN #8222/ N T IE AR, A i (AP TR, N — a2,
TG — eI ARAR: USRS, 3T 1 B AR L RS AE IR Ak AR R, B MO

r solid solver t,

update solid move fluid mesh t, fluid solver t,
displacement t = (ﬂu1d interface — (pressure and
" displacement = FID) velocity field)
1[ > target value J
. solid solver t, update force t,
re_sndual b L (solid interface R (pressure and
el displacement = SID) viscous force)

< target value
update solid

displacement t.,

E 1 XUmRE A s R
3 MEARE

Z 1§ Brossard SEMSZIG IR B HUEPIR/KIE L S48 TR E R 2 Fos. fEKEA TR
B E AR R Oxy, 1 x #iIEJ7 MIAKSPRAT, y SiEG IR R b KAEKE M 8 9.45m, & H
9 0.5m, KR h 24 0.25m. P IRA R X AN RIS X KBS Z A Z: 390 1.8m,  DAORIE S T i
W DX AE P X P IR T 1N o 328 2 5B U B8 O 6 B S5 MV B YR AR 4% 07 17 (1) K FE D v 0.45m,
Z7K Dyl 0.08m, = Dy 0.2m. FBBLSHIMKE N d, JEESE T 5 0.03m. KRS 1) 26 ik 52
HEENI, TR RIS, I AN EE = 27 i e 56 R T D [ e BE T 08 45 40 4 Il ThD
SRR e AE, £, Ha =/ RN EmERILT.

T ST A B U 5 45 M) TR TR KRB AT AR SRR BRI o 7 9% v R K T 170 %R FH = X 23
B, BIFE— NSV A B 6. 10 Al 14 ARG, DARIE— AN KGRI A A & 50, 100 F1 150
ARG . BEIRASELAE R 3 A 4 Fior, BRI ISf# H Y Stokes JIRFEICTS R, L A% &I
BT R RS RE, A SCER S A 7 171 73 700 AT B 10 ANF1 100 ANPIAE o S8 nB e 4 fa, A
WA AT B A0 5 BT A IR AR I S B0E 2 L Huang 5014,



atmosphere

DJ:
inlet d tlet
mnie outle
o e e e lm— ————
" DI
wave generation | | 2 flexible cloak wave absorption
zone pile breakwater zone
0 > X
—_— seabed —_—
Z, Z
¢ m >
B 2 BUE PR KT B EOR B
) pes 10/H 6/H el Y 7
————— 14/H —— Theory i/
\ -0.6 N e 10/H 6/H 1//
0.8 \ 7
- \ 0.7
X
= 0.0 =
" sl
-0.8 1
-0.94
1.6 . . . -1.0 . . ;
22 23 24 25 26 24.8 249 25.0 25.1 252
T T
B 3 i i 1 P R WA S P B
1.6 , 1.2
""""" :28//5 5‘}’1“ ceveeeens 100/L 50/L
—~ 0L ——Theory _ = |  {-— 150/L —— Theory
0.8 1.1
= 0.0 = 1.0+
-0.81 0.9 / 2\
: )
1.6 , . , 0.8 / ; i
22 23 24 25 26 243 244 245 24.6 24.7
T T

4 PRI 17 I AR YL SR S IE

soft tail

el 5 4 A 4L L
4 GERIIHT

A E 43 BT R I R K B X 87 9 B Y YR I RE N T 27K Bl J1 3k A (I 5, R 1 R L 16
PR T, R, E ARBEMFEMERE, SChrRA A aid R 8O AR B 2 (B B2 28 1)
NIFESRI T, ASCIEHEL 1GPa F1 500MPa Wi 4 TR AL . K% 1%y 500kg/m3. LABG IS
FARKRE D R2EME, WP AR L R KE d. B K 1=1.5Dn. 2Dn. 2.5Dn F1 3D 7 PYF
N, LK E d=Dn Al 1.5Dn ISR S5 M) . W B TCHR S T 13~16 BEAT X HRIGLE



#z1 ThRs#H*x

Case Dy, d/Dn E/ GPa
1-4 15,2,25,3 1 0.5
5-8 15,2,25,3 15 0.5
9-12 15,2,25,3 1 1

13-16 15,2,25,3 / /

4.1 BRELEMIFT R S HRE M sE RS20

Kl 6 FIE 7 2320 H T 78 P AR R A B RN NI DL B AN AEAE SR R B LR, AN TN K R IR &2 B
TEHEIRE B 2B Kee ST BB K SREEFEB AT Ky, H K=1-K& K2, HIE 6 11K 7 77 %0, AHEL
TRARRBEHPIFEE Y, KRS NAFEM IR IE S RECEA FRZRDN, KB
PR A, TR RSN I IR BE B RE RN, R BT IR ST F
WA RN AT 7R T, BOR R B s s R e A K, (H SRS A L,
KA R 45 P K B I S SR B A

0.4 11 = =T
—=—d/D,=1, E=0.5GPa A d/D,=1, E=0.5GPa
e dD)=15,E=0.5GPa -~ e dDy=1.5, E=0.5GPa
0.3{--*-d/D,=1,E=1GPa ¢ d/Dy=1, E-1GPa
- pile breakwater 1.0 1 AW 'pil‘e breakwater
0.2 e .
..
0.9+
0.1
0.0 0.8
1.0 1.5 2.0 2.5 3.0 35 1.0 1.5 2.0 2.5 3.0 3.5
VD, D,
(@) (b)
B 6 AS[RIHR B B O IR S 22 50 2k (a) A1 S ZR il 25 (b)
0.4
0.3 1
s 0.2 b

—=—d/D,~1, E-0.5GPa
e d/D,=1.5, E=0.5GPa ‘
0.1 -+~ d@/D,=1, E=1GPa e
-4 pile breakwater

0.0 - " : -
10 15 20 25 30 35
D,
7 SRR B BRI REAE HICR Hth 2k

4.2 BRELEAIXI PR IR K E IR

K 8 ANE 9 70l th T AEDURM B SR AT, AN FIERR B R A PR S A T 32 1) 3 17 B0 i 1 A KT
BRI k. BIH, AN AGTHBEEE, a NBTESEA IR KRR . BRI, EARhHES
OGN, BB SRR A SR BT 32 I 3 17 3 s D BUKTHBGR IR . 2RSSR, AR AT
BB SE AR AR T 32 1 PR IREIR 1 it 2 A AR IR B s AR E I, R A EE 3
SIEINPAR ST ANAERE ;. BEE BRI, RT3 3 m3h 5 2B OGS, M2 AT E0R
77 B MEAR A AR R/ R 4 PRI PR B i S A A I 52 TR FT RIS A 823



5

3 3
—— d/D,=1, E=0.5GPa —— dD,=1, E=0.5GPa
) d/D,=1, E=1GPa 2 d/D,=1, E=1GPa
,,,,,,,,, d/D,=1.5, E=0.5GPa - d/D,=1.5, E=0.5GPa
R T s
oy e
2 : - . ; . . : :
22 23 24 25 26 27 19 20 21 22 23 24
uT T
(@) A=1.5D, (b) 2=2D,
4 6
—— d/D;=1, E=0.5GPa ——d/D,=1, E=0.5GPa
d/D,=1, E=1GPa o d/D,=1, E=1GPa
P! [ — dD,=15,E=05GPal | d/D,=1.5, E=0.5GPa
3 T VAT %
2 g
o >
-24
':):.'
-4 . . . . 4 : . . .
17 18 19 20 21 22 14 15 16 17 18 19
°T T
(c) A=2.5D, (d) A=3D,
Bl 8 AN A S At T R IR S A A 5 A4 14 o 52 3 ) 50 s 77 J70 I o 2
12 12
——d/D,=1, E=0.5GPa ———d/D,=1, E=0.5GPa
- d/D,=1, E=1GPa 5 d/D,=1, E=1GPa
I I d/D,=1.5, E=0.5GPa 2] I d/D,=1.5, E=0.5GPa
5 044 5 044
& &
=004 g = 0.0
044" ¥ -0.4
0.8 . : ; . 0.8 y . . ;
22 23 24 25 26 27 19 20 21 22 23 24
0T uT
() 2=1.5D, (b) A=2D,
1.2 — 1.5
——d/D,~1, E=0.5GPa ——d/D,~1, E=0.5GPa
d/D,=1, E=1GPa d/D,=1, E=1GPa
084 d/D,=1.5, E=0.5GPa L d/D,=1.5, E=0.5GPa
S 044 s 05
¥ 4
= =
=00 = 0.0
-0.4 -0.5
0.8 . : : : -1.0 . . . .
17 18 19 20 21 22 14 15 16 17 18 19
0T 0T
(c) A=2.5D, (d) A=3D,

Bl 9 AN RIS A KA T R Bl IS A AR 245 4 BT 52 KT IR 7 DI i 24

s

ASCRGE 2 P SR A S &, 1R — MR E S HRIBOE, EEERRSREIR

PEREIAERY L, LI P L SEBUR BB A 0. 36 TR OpenFOAM R ST



K, RIS B AR SR, SR 5 B R R A5 ELAE S, R R S5
KREEMNIEE, BT T A FBAA N R B BRI RE S BT 52K s 7t 0. WERRBL: £
P RESHEEH A, SR S5 AT AT R0 N B IRE S RN, R I BEXT B SRR BEE A
SRR RO, B BSRAE RS M BTS2 (K 3R R B W 3K, R K S R Bl R S A 1R P 52 2 17
2 I F3 5 KRR T BB R R S (4 P JEE ULk B SR R P S8 IR T BRI MR/

SE R

[1] He F. Hydrodynamic performance of pile-supported OWC-type structures as breakwaters_ An experimental study[J].
Ocean Engineering, 2014: 9.

[2] DaiJ, Wang C M, Utsunomiya T, et al.. Review of recent research and developments on floating breakwaters[J]. Ocean
Engineering, 2018, 158: 132-151.

[3] Michailides C. Modeling of energy extraction and behavior of a Flexible Floating Breakwater[J]. Applied Ocean
Research, 2012: 18.

[4] Brossard J, Jarno-Druaux A, Marin F, et al. . Fixed absorbing semi-immersed breakwater[J]. Coastal Engineering, 2003,
49(1-2): 25-41.

[5] Karthik Ramnarayan S, Sannasiraj S A, Sundar V. Hydrodynamic characteristics of curved and vertical front face
pile-supported breakwaters in regular waves[J]. Ocean Engineering, 2020, 216: 108105.

[6] Koutandos E V, Prinos P E. Hydrodynamic characteristics of semi-immersed breakwater with an attached porous
plate[J]. Ocean Engineering, 2011, 38(1): 34-48.

[7]1 Shugan IV, Hwung H-H, Yang R-Y, et al.. Elastic plate as floating wave breaker in a beach zone[J]. Physics of Wave
Phenomena, 2012, 20(3): 199-203.

[8] Babanin A V. On a wave-induced turbulence and a wave-mixed upper ocean layer[J]. Geophysical Research Letters,
2006, 33(20): L20605.

[9] 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.

[10] Tukovi¢ Z, Kara& A, Cardiff P, et al.. OpenFOAM Finite Volume Solver for Fluid-Solid Interaction[J]. Transactions of
FAMENA, 2018, 42(3): 1-31.

[11] Huang L, Ren K, Li M, et al.. Fluid-structure interaction of a large ice sheet in waves[J]. Ocean Engineering, 2019, 182:
102-111.

NUMERICAL STUDY ON A NOVAL COMPOSITE SOFT-TAIL
BREAKWATER BASED ON OPENFOAM
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Abstract: This paper combines the permeable breakwater with an elastic thin-plate structure, and proposes
a new type of composite soft-tail breakwater. Based on existing wave-protection characteristics of the
breakwater, the soft-tail structure further suppresses the transmission of long waves. A numerical wave
flume is established based on the open-source software OpenFOAM. A two-way fluid-solid coupling
algorithm is developed to consider the interaction between water waves and the soft-tail breakwater in time
domain. Soft-tails with different lengths and stiffnesses are considered. The wave performance and
hydrodynamic response of the soft-tail breakwater are studied under different wavelength conditions. It is
found that within the considered range of parameters, the soft-tail structure can effectively suppress the
wave transmission, but its stiffness has little effect on the wave transmission performance. Besides, the
length of the soft-tail structure can affect both vertical and horizontal wave force properties on the
breakwater, but its stiffness does not have evident effects.

Key words: pile breakwater, wave transmission, OpenFOAM, fluid solid interaction



