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Ship hydroelasticity response in long-crested irregular waves
by CFD-FEM simulation
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Abstract: In order to study the ship seakeeping and hydroelastic responses in realistic random waves, a CFD-
FEM two-way fluid-structure coupling method is employed to simulate the ship motions and wave load
response in head irregular waves. First, a numerical tank and a ship finite element model are established in
CFD and FEM solvers, respectively. A numerical simulation scheme based on high-performance computing
platform is addressed for large-scale numerical computations. Then, the long-crested irregular waves are
generated in the CFD solvers. The reliability and accuracy of the numerical waves is validated by comparison
with theoretical results. Furthermore, the obtained results of the motion and load response of the ship hull in
irregular waves, including the time series, frequency spectrum and probability of exceedance of the signals,
such as heave and pitch motions, vertical acceleration and sectional bending moments, etc., are
comprehensively studied and discussed. These results are also validated by comparison with those of the

segmented model tests. The analysis reveals that the results of ship motions and VBM at midship simulated
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by the presented method are in good agreement. The errors of the significant amplitudes of heave, pitch
motions and VBM amidships between experimental and numerical results for a typical case are 4.8%, 0.8%
and 1.6%, respectively.

Key words: long-crested irregular wave; random waves; ship motion; wave induced load; hydroelasticity;

fluid-structure interaction

0 5l

][l

P RAAE R O LA T A% B 1 B AT o, e 2 I B S AR M s IR Sh R . B G T AR TR
A S 7K B E BT ST T A T ML R (938 S MR IR o SR T, SR LS (4 EATL 5 T A DA L
VO 1 i 22 T R B AR o AR T 5 SR G R, 5 B AR I B A
ST AN 53 Xk B AT W 5 B AN T 2, — L8] P 6 35 A A 2 A A ) AR R AT il o, gl
EAARRIZANE R o DR, BIFSEATARLEAS LI 12 B e iR, R ERA L S A LSO R Y
Wi )i 28 S 2L

B4, — S SCHOR PR 7 S AR AAZE AU T (K BRI R . Tiao 25677 X 43 BEARIRIF e 1
SEHECT BT L MK AN, RIS TR R AN LU AR A R AT e far K s iR Sl .
W Gt T S AR IR B (938 ShRFAE (L, FFPEANIHT T 38 B 55 8 for B TR G R 2 11 25
TERUHE . SR BLAEDT 25 8 ST T AR AR ZE RS AR 12 )32 B 5 27

B TR HLEOR A R, He T3 sh 1127 (CFD) BB BN K M H R B T 7EA
PR P 7 T, ot A B TR AR A BB (1932 B R AN, oA — e 3 A AR i
B K I JE S RS 53— T, AR A AR TR A 5 K s R 4 B B
HIXFEL . Chen %™ HF Rankine HiTCIE, XA BLIUE i (1 A0 K Stk LG T T AR Lk i S (B
52, i 5 U T BT R HER T . A AN, SRR A AL R R 1 A RE AR, HL
52 PRAR AR A BR ], JCTRBALURETE | T S5 RHAIE

FIRT, 5k CFD-FEM J5 AT REATAK SEAPERT TS o0 TS T — e E i, 32204 rh e i IR LI 0 1)
[0 I (N 15/ 2 S ¢ 4 S| ST ik S E 79 pe S O R Nl i Niis e Ko 2l = a
Wi SERHEAT T 208 o AHAE Ay, i ARAT STHRSR HIZ T R BT XA KLU b O AR K SR R AT 00 . — 7
12 T+ CFD-FEM 3K fife i AN LN 55 0 B (R AR B AR TR 0 EEOR IS 26, 55— D7 & T A
AILDNIRE Fh RIS R A A i 83 B R A

ARSCHE CFD-FEM 573 ] R ANz F B A0 D5 2 -5 7K SRy B A1 o BSC{EL R SELRR
it TR P ORI 1, TATHIC, DAFE: | T 88 A3 Sl o, iR A i iy, LSS5
TR ) o i 5 KA G 25 R I 6] P8 . ST GE T HE RS 25 R AT L, B0 Tk &
HPEANERGTE, HPRAN A T RS R ATARIE 3l | B SRR . BT, BRSNS S
IR AE AR BT Y, TR A FIFE AT TR

1 ARBIST 4R

ARSCR A 1 PR SN B BEATHT TS, SRR 313 m, BU{ESLBLAN 0 A 2 24 I LU AR B
1500 SIS AR RUEEINER 1 R, AR 3k 1 BT oA A iEl 2 Fs o

BT A LAY
Fig.1 Overview of the ship hull geometry



5531 PRIRIRSS . 2T CFD-FEM R8RS HE] - - - 365

1 LMEMEETRE jg ' ' '
Tab.1 Main dimensions of the ship in 2 5l ]
full scale and the model @ 20 |
2 SR HiA 1or . | |
£ NG 1:1 1:50 % 5 10 15 20
B (Loy) /m 313 6.26 hfr
AR (L) fm 292 584 P 2 RSO 511
K (T) /m 10 0.2

- Fig.2 Longitudinal distribution of mass in model scale
HokdE (A) i 71875 0.575 £ &

R T BB E AL S, R T 43 B
RUZK S . AR TS 20 35, 7F 2. 4. 6. 8.
10 A1 12 B ALK BRI 43 B B, FFlE 6 4~
A7 P e G L A T B A, R — B
BREHHATAEAMAELERS ., K 3
SR R o 0 TR MG RV TR R A AR
i B AL SR = AT

B3 B A

Fig.3 Photo of the experimental model

2 H{ERBIEST

57 CFD Ml FEM FEY, SR F U a) 37t [R5 77 353 A A0 A A DA AS B0 DU 30w st YR A 5 15 1932 3
T VR AR AT K SR Y
2.1 CFD ##%!

Fe RS AR: STAR-CCM-AAE ST A HUI S B R K o 327K 5 — e FRA U 3 - s — 3,
WA R XL ES X, A, HRSF R-4.50<x<2.0L, —2.5L<y<2.5L, -2L<z<L(L J fifi 1A &
K)o AbbR R B EA THEK H iR 1 S AL, B S MR O T R—3e4k b o H3a0 pa-4 o i i 5
FIREER I AL R R A E, TR A 0, MR IR G H RS BE T 5. M RAAE K it b 9 9k ) 7
2 1 72 1, 3 A T AR 5 DB YR 14 2 i) A XS T AL T A

SR DD EA A% Az AR o0 TR A Ik i A T ) 1 DA B X AN D 30 R P A G R
B AR SCHR[18] LI, TR S Y Rl AR B 40 J2 A%, ZEF X3 KA N A B 60 JZ A%, EEIX
A FEA RS BN 0.03 me i SEB IS S Y- 1 i PR s Sy, XA R L. 13 Pl 2 BT
TR R R 38 20 IX 383 ] B R Sl X3t A 7 1 SRl AR A Ak . SR P AT 2 A A6 i 7E T i sh 45
T A BT R T A IS AL AT, W 6 EARAE)E . B 4 SRR T PR R K SR A A e g\
Y CFD W& K43, WA B oA 2256 J7 80T, Hor 2054 J7 040 T35 s X3

Y7TTT

FEEFEFEEPEFEEFEFEE gy
He &L H
EE T

(a) PHALE (b) MLIE

Pl 4 CFD [#% %153
Fig.4 Mesh generation in CFD



366 AT WA 5530 555 3 1

FT Realizable k- P2 Y, SR F AR R FREA L K RN 23 A0 38 Bt 1f, e i ) sk 3 2 (1]
Y R A R TR R G 5 AR AL ) 2 B 8 (SIMPLE) o SR FH 3 BE A I3 A i T 0 A A A AS g D)
?Ei TE K b JEE A T 303 LR O DX 388 At 1 90291 17 Wawve Forcing” (LI 5 () ) 475 360 s 0k 5 3 i,

7 X5t 98 T R B S S S L, I STAR-CCMA+RY 8 i 3 R B0 SRR | AR B B50R R 7 45
%ﬂﬁé"—?ﬂ%‘m«#, Bl 5(b) 25t T RES S R AR 1A H I T v R ]

]l

Forcing strength indicator Posmon[Z]/m

I |

0 0.25 0.50 0.75 1 00 —-0.12 —0 06 0 0.06 0.12
(a) Py IR E X (b) AFLE A g m s FE

K5 ASHLN 3 A0t 1

Fig.5 Initialization of the long-crested irregular wave

2.2 FEM %

T£ Abaqus A FRITR i Hh ey A & iR 26 i A 5 e i B M AR, {5028 FEAR AR A, A2
VEMELHE I M S5 WA, AR i S A SR — B T b A o A A AR R, AN RE
140 mm, #MEERR] 72 mm, BEJE 3 mmo 12T 2 AR g0 A T [ 257 40 0 A 7 o500 [T AT A3 AR (R
FEM) . W B E Rt . A AT FROT A b 3 A1 BHE SE R, ik 0oh

C=aM+pBK (1)
Horp, ¢, MR K 53 5IAR R BLE A | o e B MM B R o BELE 2R 8 o T B2 85, B T AR EL A
MERZE R E . — RO UL, o A1 g T AR =0

a = /11(1)1 (2)
A

=2 3)
W

Horp, 2y R M RIBHE L 3 — B4R shBHJE L, (AR SCHURAT BLBUAE R 0.02) 5 o) 5 — BB 19 A
%ﬁﬁé TE AR S R ASE AU B 55— I e o) PR Y SRR L B TR T v PRl Y v B R RSP AR e
316.8 mm &b, WY B3 F AL E 20 D520 I A B S o0 L e Hh T i SR o
OGS s, e RR R $ju(1331)§$_1ﬁ AR 40 DS FEEITH 41 AN . TR
ﬁ“ﬁii@ﬁ@ﬁﬁﬁz{sﬁfﬁ 50 mm AY5¢ 5.0 (SFM3D3) EE, fie 242 A% 13 988 A% HLITHT 6996 4~

o HILIB B G L, AR 1YY s S TR N, RIS SRR B e A R R S E . B 6 R
@%jzﬁ'*mf AR A PR T R SR B 5 s =

JeER B IJE ol R @ HE BT A @ AR/ A i A
(a) JaiBEE (b) B

K 6 M BROTEEL K FE 1% Ol
Fig.6 FE ship model of the segmented hull and its connections



55 3 BRARIE4AS : 3T CFD-FEM S4BUY K A J - 367

X I JR G [ R A AT R T A Y it I 24 B, A O A 29 SR VR XA Y Bl RS (N5 | B ) Fn g
b, BERLE RS2 DA SR A % 128 B 5 K SR gt 4
AR B AT, a0 FRE RIS ) 045 . A RO

Tab.2 Wet natural frequencies for vertical bend-

ing modes

BRI BAR T, B R T Newmark-f 7 -

_ R HE—Br g 2 i1y =R
e TERIIOMIE K RATEESESRUNE  — o e
KR RIEAT R, . 3 2 4 T AR ﬁg;‘ e sas . e
5 B 0 T ) 5 Y A R 1 L ' ' '
s RIE/% 0 7.8 19.4
A o
23 BAKRMZE

FE ERE A AL R, CFD SR A28 P 0 A e ) FFVEE [T 59 1) ) 78 A B TR) 251 A3 F 430 o e 5 59
SERSR A2, M ZEA SR AR AR SR A (LS A B AR i 2 b, RS B e, B 58 B — OB ) 3
FR A" AR SCR IR A3, R E )25 0.002 s, AFFEMY e B2 ] 254 751000 3
KA TP RBEARAT A 18 A 7K St R 2 5 . R B R/ NS HR B 3, S RN AR B 4, R D7 W Rn st [
F40.15,

AR SCWFFE T T SV B [B] 2k 200 s S T 4 S 3H5ER0%, SR FH AR A DU 5 Ar S0 1y * 42
B AR S Ty ik, il PO AN AT TR O BORSL(BE 250 s), BRARFRRR P 4R T 200 s TR .
AR R IBB AR AE A B TR 2R 2 i A LR S5 5 1 J, W] LA s 2 1,
ZA~ CPU #EAT Kt &8 . RS F A i CPU 7 &5 &Sy BX50 LP G50, #L#% A 2x32C Intel
Sapphire Rapids 6458Q, 16x16GB DDRS 17 . WKl 7 iR, 45 T 16 FH M 5 IR 55 #5115 Tl
CPU i & 0 S 36 FUR B, AT R oR A 1105 32 B0 i3 i, AR AT DU AN [R] i) i
BUARAE, 452 PO W0 46 25 A AS E B BEDLI TR . BN i 1T 50 s TR 16 K, HE% T (g4
BT ) HIHFE 5 J7 CPU %

HigTH5.CPU

G—I I—I

SR C O S— __CPU2
CnBL ML ML L

145 EHLE53E BISTAR-CCM+
|

K7 BRI S4E CPU IS DL S8 7R 2

Fig.7 Usage of the CPU in the computer server and the computational windows

ER T | RIS

Abaqus
1EJG IR 3

3 RIERHN KBS 534

3.1 B{E sk ith Fr B RS R SR AR I A 5k
JR4% STAR-CCM+H L T BRI IR 1% (P-M % . JONSWAP 3525 ) (R 4H A HLI 5 37 pR B I TR



368 WEAR 127 5530 455 3 11

D7 E, BTG B A U R PR ST RN . O 1A B A A AN e st P P31, ml LR
JH2E T 2 A 52 5 B I BRAE A L — A 90 R0 3 2 5, 2 T3l ik e e A Y S . I 2 i
MATLAB [ 4 e 2N S MO TS, 30 MR REAS B 53138 U R

ABRSEAS LU0 14 s T o 2 D 45 25 D e PR BEAIL O Vi e, MRS e kA i B, A R e T
LA BV AR I . SR e R S B LA A 5% e g It g™, JUIAS RN 4 38 1T R AT 273 Ay

n(x,t) = Za,- cos(kix—wit+&) 4
X a; o ke 53R i’l‘éﬁﬁi?ﬁﬂ‘]?ﬂilﬁé\ [ 45 | BRI ARAL, &; 7E (0, 2m) Vi il N 4440 434 o
T 1SSC AU EIEAE AR ik 2 B i Al 35, LA =0k
S, (W) = 173(@) L s )
T? ) &

B HFRTES ,, (w) B8 K004 T wp ~wp, SR P, SR A3 A5 A R A R 43R M AN X
i, B X JH] Aw = (Wi — wi) /M, I8 LRI w, = w, + (i — 0.5) Aw, G5 IR DL 1]
AZ—ZEE&EDE, T AE4% X [0 AR AL e U R MR @, WA T IR AT 2R N a, = 28, (@) A0 1E
SRAGEARAEATTL TR . A LB JH IS, 6 STAR-CCM+H 3% B A5 5L, 1 4] Java 2% i
A, SEEL TR A SRR,

P 8 iy STAR-CCM+HR A= i I I AS KLt R i AR I . b 220 i SRS e | QIS i st
RUFN RS I = A0 Hop, 7 S 80k e i e vhid it MATLAB 4ifefS 2106 . JEI AR 07 (1437
i, Y A% S T Java 22 A A EI] STAR-CCMHR, SR 2 H 1 858 LA 1 Ik & i,
HHERIGEAE . WP R 5080 MR T 30 IF, AT AR EA HE I S SO AU B2 . A SCrh,
B M=60, Ay SE BRI YR ATA T RSR, W AT (4918 [0 15 RV o A £ 1l o
3.2 R Al o R

A SO T L3 T ISSC RS0, A L% 5 H,3=0.184 m(SEMEE 5 9.185 m) ; -3 J ]
T=1.612 s R 11.4 s); FVBSHIE 1=1.309 m/s(SZMEATE 18 kn) o ARHE ITTC™” €, ZEFFRA
TR K b i i, oA T 00T, AL AR AR EIGA F 200 A, BT AN B0 i 6 245 S L
BTN AR % e, AT K 200 s, B2 A5 2 Ay 8 RE AR 8125 200 4, T 2
ITTC MEELEDK

FERERU R, ZERAAT 0.5L ACAT B TR Wi o 1] 9 25 H 7 e — AT AT 11 A s W i 21 g 512
085 388 30 e LA AR A5 5% 05 B i BRI T A B (AT DT i £ . Fh Itk n] L, CFD RS2 R S B (Y&
R, (RTE TR BN B AE AR N 2E S o W FROR I RN 25, SEE AL A HEEIS (BN, X 2R
A1 T CFD BBl I TR A AR R, %ot 1 K I 0, 5 BB A o e Pk B I A 2 Mk B IR A A — 22 25
5o ULAh, CFD SR it vl BEARAE— & MO P TR B0 . 12 b P T A st R - . AR 0 B0 A il A1
T A | A RO 45 PR 2R R S ), LA 1 5 e 2 500k B RT 22 AH 56 SR 18]

P10 X LE T IR GE S R, AR IR IR 45 0L | 1SSC i FLEME LA K& CFD Bl g i, Ho, BBl Ay
H AR B s R B0 . UL E B, BUETH S EIR TS 5 ISSC 1% 115 WA R A %5 W)
BRI T IR TR S AR L SN R, SRR T (A G s /N T RS, (H 5 R0 45 i
o # 3 MR T WA IIRIE S, HA R RS R T . MR 1, TS g
ST 19 F- 25 R 95 1SSC i IS AE IR 22 6.9% . H TR A9 08, BUEALIIZE /N F RS
{H, SHECH IR H=9.2 m (W25 H-8.5% . AR, BE BN B3 /N T B, 7359 J8 301w
K, BARASALAG B K WA HLIU 335 5 3646 TR L) R ISSC W) 45 BT, S i 3% 07 1 A U A 1L
UUMFER ETAHR



o 3 1 ViR . 3T CFD-FEM R4l il K I ASEL ] - - -

369

L AREXWR EEIE
LLE 0.10 N =) b
HIARLL ! v
£ MG AR ISR E , TR
z 0 il R
(DL, iﬁﬂamzﬂ]]’
{ M BEHLEL ~0.05 .
————— e JE _l
\' 0 2 4 6 8 10 12 14 16 18 20 MRS R Pl R
2 B I AR il IR R
VRRIVRA i [ﬁ}: iRy
" STAR-CCM+ - = = - - = — — 7 7]
geevorugkon | BRI 2 3 B -

N, S LR T
LAk F AT B A AL ‘ |

- NN E=S Y=
MK T \ ASHI 3 B 7R 7 |
“ AR | | WWWW\
o RERREE I

o P e A 7

FALT
— B AR
——
WAL (PR R

)

- EE E O O O EE S O O O . Ny,

P 8 CFD SRt b A A LI e f i A ]
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Fig.17 Time series of slamming pressure at typical points
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