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Strongly-nonlinear simulation of ship motions in head waves

HE Guanghua, CHEN Limin, WANG Jiadong

(School of Naval Architecture and Ocean Engineering, Harbin Institute of Technology in Weihai, Weihai 264209, Shandong, China)

Abstract: To simulate the ship advancing in large waves with large-amplitude motion, a CIP-based strongly-
nonlinear seakeeping analysis tool is developed. The effects of viscosity and strongly-nonlinearity are considered in
the numerical model, which is based on the viscous flow theory. First, convergence studies are carried out by
calculating the radiation problems of S175 hull with forward speed. Then, the ship response of S175 hull including
the heave and pitch motions in waves with amplitude and length of waves varied is calculated. Finally, strongly-
nonlinear ship responses in large head waves are calculated and captured successfully. It is confirmed that the
developed seakeeping analysis tool has numerical stability and accuracy, and has the capability of simulating the
strongly-nonlinear seakeeping problem, such as, the phenomena of wave breaking, slamming, and green water
on deck.
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Fig.1 The principle of CIP method
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Fig.7 Sensitivity of hydrodynamic force to domain grids for the
S175 model
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Fig.8 Sensitivity of hydrodynamic force to time step for the S175
model

TEE 9~ 11 ) 77 S50 07 A 1 il 2 AR B AR
IR B 25 R =4 &4~ NMRI ( national maritime
research institute ) ) BUE R ILLE H;  x* & NTUA
(national technical university of athens) HYJ%{E A5 1
S50, NMRI T I & ) B8 (E A5 Y 0 ik 555 Ze itk 2
R =430 BTy i (2D-BEM) ZE47 3K fi. i
NTUA JF & BB E AR 2 T =4 sh oo ik, il L
Z B MG AE LR LK 9~ 11 2540 T S175 i
EASIE A A/L=1.0 H1, 2L F,=0.2 fii7 0} A 3R 3%
TGS 32 Bl o o [ Ff ] P AR 2K 5 61 9~ 11 () A1 (D)
G331 T8 R R AR 1 T2 7 52 2l FIA 32 3l 1 TR 4G
R RA IR A A SR

MIE9~11 AL 2 1) 3 FBUEITIE TR R
e A5 3z 2l 1 45 SR ER W & 8 F.2)
Kl 9(a) ~11(a) AT LLA H o A G506 X R 28 15 12
Y R WL N S U BN (kA = 0. 04,
B9 (a)), MiAiz g 1 3E 26t B A & K B 5, 477
LR LR BIE AT % 8 NTUA MZPE4i R 5
NMRI Y 25 5 W) & B0 B A A SR 5 R 3 3] kA =
0.08 1 kA =0.12 , itz sh Al i i A AL 1k B
LN GE Y I DA 25 R 355 A L M B0 R 2k 1 2R



- 146 - ®oR

= AN

5 49 %

VA RE TG M s il AR 0L L S A 25 R T 10 ()
FE 11 (a) ATLIE M AE kA=0.08 F1 kA=0.12 1},
ARSCHY SR AR LB R [ 2 R S AR e 1Y
NMRI 945 B 08 F—20 i NTUA 045 515 HoAl Wi
Lt RIS (NMRI FIASERAE J7 4k ) 910545 SR A 22
AK.3) ity RN 8, SR ATt
ATV T AR 00 1 2 M [0 T 8 W/ N 1 At PR A g

D5 HJR R Ry BV AE kA = 0.04 I, AR Y 5
SRR E B IR MR AR LM B4 IR g
2 DRI 2 Y0 R RO AR A5 T A P/ D S DT 32 o8 s 132
W {EL AU /0N T 5 T 20 5T 77 ¥ (NMRI Hl NTUA )
S TC AR IR i R AR MR AN A AE
Shy i A 4 1 PR 2 A ) B R 5 A DR A I 2 B i)
IAiOp g R RAE A MR EX (N

1.0p

—— RS T —— AR R Ik
4 NMRI b X A~ NMRI
1 x NTUA 0505 £ x NTUA
A
<< 3 AX
B 5
53
-0.5
-2 . -1.0 . )
11 12 13 11 12 3
TIT, TIT,
(a) T35 iz 3 (b) Pzl
B9 AREHESMMNEEE (F,=0.2,A/L=1.0, kA=0.04)
Fig.9 Motions of the S175 hull at k4=0.04
2r —— ARG 107 e AT
4 NMRI 4 NMRI
A < NTUA %4
X XAXX i AX
< N '
= 1 & a %
» X x X x A
_1 X X
-2 ' ! -1.0 : ;
11 12 13 11 12 13
T, TIT,
(a) MPiE 3 (b) Pz
10 ARERMESZFMEIES (F,=0.2,A/L=1.0,kA=0.08)
Fig.10  Motions of the S175 hull at k4=0.08
2r — ARSI Lor — A
4 NMRI 4 NMRI
T X
1t o . NTUA 05F & 2, X NTUA
* X X X
X
NS X =
RN 0 R e
=t b XX X X % x =
X X 2 X
-1F '%e X
_ : : -1.0 ' '
11 12 13 11 12 13
TIT, TIT.
(a) T IE 3N (b) Pz
11 FRERESMYEIES (F,=0.2,A/L=1.0,kA=0.12)

Fig.11

Bl 12 25 T S175 MAEAR R AR, DA
W F,=0.2 fHLATHS 32 Bl R s 1] g AR 2. AR T JE
A IZ Bl ) [ A T Chn R R A SR 5%
TRJEIHA™ A R A A SR B K 32 SR B A

Motions of the S175 hull at kA=0.12

[l R SIS (0 T I B ) , s A A
JERARI RN 12 /T LU L BEE A G
K IARTEZIZ SN TE A/L= 1.2 I 7=A 5 K iz s iy
R, TGRS SINFE /L= 1.4 P AR 32 S .



i) 5 A ARTE B Hhaz Bl A SR L o SR A - 147 -

11 12 13
TIT.
(a) M52 8)

YFEIEA

11 12 13
/T,
(b) Pz

12 3FARANGFEKT, BENEZFMNEIES (F,=0.2,kA=0.04)
Fig.12  Motions of the S175 hull at different wave lengths

24 MR MEEIHSERS T

B 13 45 T S175 SFE A/L=12,kA=0.16 IR
T DGR F,=0.2 SRATTHS 6 4 AR R] 32 5))
AL 14 45 T TR AR Az sl B i 32 TR
et B 18] A2 A P A s KRR AR IE S kg
—5, BN 5288 Surge/A, FE5%i25)) Heave/A, Y\
PEi2 8l Pitch/A; N5 H1 W F/p VA 0,7, T35 7] F./
p VAw,” , YIS M /p VALw,”. 8 13 (a) AL
THSTETALE 13 (b) M E B R T, Hok

(a) 1=4.75 s

BORIRAE W i sz B R b ddans s 13 (¢) M
AR B, A2 3 IR AORF 20 P 13 (d)
SR K S AREERTA T, AKAE G R TR e A
B A MBI 13 (b) ~ (d) ATLVEL, iz st
P& —AMEREE AR vp s AR IR AR A IR
TG AR R, DRI, S A A A 2 137 A1
JIT 2 0 TR AT K — SRR M AR X — g T
DI 14 i G JUIHRE 14 (b) i F bk
FRATHITEAE IR I AR AR S B AR .

(b) 1=4.97 5

(c)t=5.04 s

3 % %

1) AR S S7 AR R R AT AR B 5 AR L ks

2y 7 YRR R | LA e i Sk M 1

(d) 1=5.26 s
13 ARAASRIELMIEZ — N A AR 4 N AR ZIFREE (F,=0.2,A/L=1.2, kA=0.16)
Fig.13  Snapshots of the ship nonlinear motions over a time period
2) AEAYLE R AN S By, 5 A,
BUEHT ARG B BT AR J& TR PR AR
LAMERON  BEE AL RS s AR T s Bt
AZERL SRS NMRI (IZ5 RT3



148 - MR O T M ok % % R 549

3) X S175 MEAER MR DR TP LT I AR AR LR RIIAEIR HAT B UK A Rk T Al IR IR
iz IR AT P T AR (BB ) RO RAEL,  ERRE AR AR L AL

[

s

[

151 -
----- PR
—EY
L Wb
057
R
o0
ST
=
==
=-05
_10 L
_15 ! 1 1 |
7 8 9 10
TIT.
(a) 1B B0

107 e
0.5
; 0
&
-0.5
_10 1 1 1 I
6 7 8 9 10
T,
(b) P IR AT

14 ARAASRIELR IS shig B FOARAAET IR IR B F 84 (F,=0.2,A/L=1.2,kA=0.16)

Fig.14 Time history of ship motions and hydrodynamic forces
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