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ABSTRACT

Ships sailing in rough sea conditions are prone to significant vertical motion under the
action of waves. After the hull is lifted out of the water, it quickly hits the water surface,
causing severe impact between the waves and the hull, resulting in a slamming phenomenon.
The phenomenon of slamming can generate significant instantaneous force on the local
structure of the ship, especially on the bow or stern, which may lead to structural damage,
equipment damage, deceleration of the ship and so on. And it seriously threatens the safety
of ship navigation. Reasonably evaluating the impact load is of great significance for the
design of ship structures.

This article simulated the wave slamming problem of the KCS ship under various sea
conditions based on the naoe-FOAM-SJTU solver. And the overset grid technique is used to
handle the large motion of the ship. Firstly, the accuracy and reliability of the numerical
wave tank were verified through a series of numerical calculations. Then, calculations for
ship motion in waves were conducted and compared with experimental results to ensure the
accuracy of ship hydrodynamic solutions. Finally, the water entry model of wedge bodies
was used to calculate the slamming pressure, and the accuracy of the slamming load
prediction was verified by comparing it with experimental results.

For the study of ship slamming in regular waves, the effects of wavelength, wave height,
and wave direction angle on ship motion and slamming loads were discussed. In the head
wave condition, only heave and pitch motions were released, while the roll motion was also
released in the oblique wave condition. In the head wave condition, the amplitude of heave
and pitch motions increased significantly with the increase of wavelength, but the maximum
slamming load occurs in the condition where the wavelength is close to the length of the
ship, especially in the condition where the wavelength is 1.0 or 1.2 times of the length of the
ship. At this time, the relative motion between ship and waves becomes more intense. The
influences of wave height on ship motion and slamming load were basically the same, and
the amplitude of motion and slamming load both show a linear increasing trend with the
increase of wave height. In the oblique wave condition, the amplitude of ship motion and

slamming load significantly increase compared to the head wave condition. However, when
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the waves approach the transverse wave, due to the decrease in pitch motion, the slamming
loads decrease and become smaller than the head wave condition.

For the study of ship slamming in irregular waves, the analysis was conducted on the
motion and slamming process of the ship under the focused wave condition, and the effects
of wave height and the speed of the ship on motion response and slamming load were
discussed. The results showed that the influence of wave height on motion and slamming
load also showed a linear increasing trend. When the speed is not high, increasing the speed
has a smaller impact on the motion while it resulted in significant increase on the slamming
loads.

In summary, this paper investigates the characteristics of ship slamming loads under
different wave environments based on CFD methods. The ship motion, free surface
development, and changes of pressure on hull during the slamming process are analyzed,
and the influence of wave environment on slamming loads is summarized. This provides a

reference for accurate prediction of ship slamming loads.

Key words: Overset grid, KCS ship, Motion response, Slamming load, Load spatiotemporal

distribution
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Fig. 1-1 Ship slamming phenomenon and structural damage
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TE AR I 1 R, AN TR A B 2 [A) () ST 4 AR G B . AR SO SR TP
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HEHTH, %5 1538 5 K 23 WA B G R AN R AR A 5 AR R R A e A AT A . TE
VOF J5iH 8 LT — MEFR 30 o e FRAE RS HR AR AR & B o IEUE AT 0 F
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FE4ed Yy, e BE AT Al LR 2 3R
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Fig. 2-1 Schematic diagram of relaxation zone
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wr=0, waves2Foam FERINEREX (2-7) ENMIEA T, 8% p BN 3.5, HAR A
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Fig. 2-2 Comparison of different relaxation factor expressions
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Fig. 2-3 Schematic diagram of overset grid
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Fig. 2-4 Schematic diagram of coordinate system of six degree of freedom
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LI RN -
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KA AR 2R AR AR 2 T 138 B2 AT DU AR I = AN fde sl (b D SRR
VoI Ve =3 (2-12)
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cosdcosy singsin@cosy —Ccos¢@siny  CoS@Sin @cosy +singsiny
J, =] cosfsiny singsin@siny +cosgcosy  cosgsingsiny —singcosy | (2-13)

—-siné singcosd cos¢cosé
1 singtand cosgtand
J,=|0 oS ¢ —sing (2-14)
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TORMATIEE), HeTERIINARNRZ ). &R EERARER R T K,
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X, FRIL, (XY, 228="N R4, MoRIIEE, (K, M, NYRI=ZANT5 57
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rzli{NS -, - IX)pq—m[xg(\'/—wp+ur)—yg(u—vr+wq)]}

X, (xg, ye, o) RARMAHE O B ERE ORI B, (L, L, LRSI IE T #3008
TR E, S0 A DR ST R B R
I =l +m(y; +2;)
I, =1 +m(x; +2;) (2-17)
=l +M(X; +V5)
Horb, (Ieeg, Lyeg, Leg) NE T AR E O 1) F 54 87 0 5 .
AT BN B HEERIEE 5, X H A7 R 75 RIAT 45 B AR AL AR 2R R B
108 I B 0 O B PT A9 3 R AR B S IR, I R — R WA BIAL RS, AR R
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(1) AR AN [R]5 B 1 R 57 #2 7% 3l A 5
(2) KRMEA RIS IR R AR 2R T [ 5
(3) MR HFEREAT BN AR R I 156
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(6) LR AT B FH A2 B A
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KH) CFD J7 ik AU AR AL SR A AR B ol ) AP e SRS . MRz sl . DA
LRt 73 TR =7 T R 1] o AR A TR DU 1 P T XA R 3 TR T VR e
HIER, & EZRIEPIRSHAT S B AR E . AARERGR T B 3G D 2 2 WM A
LR 70 20 Ak i s s 77 1 o0 A, TR I B ANE e B2 P o ) TR 1 T EE .
PPt 02— AW AR 70, RER IR RAERS, SSAIMT I in R AR 2L, AR A%
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BSIAHER D, NIRRT (I ATREBOE B2 B, K2 B R Y M 22
FARNIKIX — el A AR BAIERF ol 7 TR O HER 1, A SO [RIAE R BB AR A KV E
AHATIAUE . BEXT IR =AM, AN EE 15 S0 BB R K RIS B IR AT 1 56
iE, JFHIEXT B RS EEAT RS IR, DL IR BRI B R . B
FEBEIEA | B KCS SERAR M ooxt GO IR~ RIisshmi S AT 1A, 36 uEE
B PRSI N B EESRARRIVER I o B m X B AR I A OK B il REEAT 745890, o 1
NIKIERE R AN 7 A 0 A B XA RUBE X ook s 7 (50 o

3.1 BEER SiH T RIEIE

3.1.1 HHEER

T waves2Foam AT IR MIBE L. X T RMBPOIRT S, Y J5 AR AL 4%
RISEIE /N, i b SR S ERUE K, W 3-1 FoR. dHEIREK 30m, IR
10m, ALbR R AT 22 ML S KA (Z=0m) , X FIEs g4, Z fhiEs
) ) b, TR X R IE DT ARG . TSI MDA N I S, e i R AR
B A AR, S5 X P I VTR T RS, TR R T 5t
P25 5o a3 SITEN TV R HE 1 00 A A B A X, N DI RA X R B B
1A, W R st X i B K E 7R G 8 .
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Fig. 3-1 Schematic diagram of numerical tank
FEPIRAPET ) b, i 5 WA I LA AT BOR, e 2otk B AN S,
TR P BRI, ASCHIEFE T stokes WHERRAE MBR « FTEGR I Y
BARZHON: P H=0.2m, P A=5m, JHH] T=1.78s, IBE HA=0.04. FEEEEA
AT 2 A5 WA R B B TR A I BRI

3. 1. 2 PR S 53 4

PR AL R REXT B e T XA AT R R, — R A H H T AL HEAT 2 O RS
T CAYsk > BB RE R . BEINIRE 1= 7 TR R T 1 F) WA 55 S ) DAt vt IR AR AU T
(LRI th 2 S BT SR AR G s DL 75 B A BRI AR A R T RS EE AR
5 B A2 B = Fh R AT R AT I, Az Fomi s 7 IRl R RS RS, Ax Rk
T3 I A RSE, TR R B KR 0.002s, L1 I 1/900, HAR RS R
SR 3-1 o, WA R 3-2 Fs

%3-1 AR R BRAR AR R X5

Table 3-1 Mesh size of numerical wave tank

PR A% 7Y H/Az AMAx Ax/Az s 2
Mesh A 10 80 3.1 1.6 /5
Mesh B 12 100 3.2 267
Mesh C 14 120 2.9 3.0
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Fig. 3-2 Schematic diagram of numerical tank mesh
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A SRR ZE . WTHEE SRR =B PR IR IR KR LU IR, S35 B AL
ZMU SR ERE, X BIEFFFEMEE L NEEITRNSE, HRE DR mEN
FEOH 12 AR, R A E AT 100 AR

(a) ANFEIRIRE N BRI P Hh £k

(b) JRHBBK
K3-3 ) M A& 5 BT 893 45 Rtk

Fig. 3-3 Comparison of numerical results under different mesh densities
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3. 1. 3 ANREIHB M AN AIXTEE

TIPSR I I B 2 S M BRI B A 3R, 45 Teik e NI, Il
e AR RGBT A IR i S BRI AR . waves2Foam TEH AT A RN B, —Fleds
A5 2y 2| AN 1 0 SRS B b2 v LS| RS AN - L DBy S G S T s e
F ot DX PN I B KT, 5 WZ B I B B P, X R PURAEAL RIS R
P R ERANRE S NS B ZEKIZ . T34k, X THIG R KA B Rh I ik, —Ri2A]
SEAC KD, — AR H bR, Ja ¥ AT AR R AR E R R A, 4
TSR A, AR ST SRR R AR 3. T TR X AR 5t X R AT R LE

Xof AN [N B XA N R SRR AT XS B o 1] 3-4 9N IR AL it 7 AE AN [V 9
DAL N BRI - Ze XS b, mTPUE BIFE T B XA BN T 2 NSRS, 7 11
BRI N BARS A T ARa e &b B, B SEsm il T B s0s, Xl LN
72 HH I X BSOS BUR BRI LT B XK R T 2 k), R
K TR E HAt SEBm B B FEUT, 2 AT DA BE BLJR FTH SRR AR 2 .
FEAE PP BT A T IXR R 22 D ON 2 f3 A

(a) YHIEIXKEE L=0.5-1.51
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Fig. 3-4 Numerical results of zero current relaxation method under different lengths of relaxation zones

K 3-5 Jy H AR st 77 SAEAN R B XA BT BRI Py i Ze xS EE, 7T LA 2
B XA 0.5 s NI, 7ERZ) 8 NMBGR A, THE B s B8/ T3
TR ATH B XA R T 0.5 R NS KT, AN ]38 8 DX K B 1A ¥ 0k 38 R R A A [
P A I RN LR o BRI T LU DY FE A A I ARV 507 30 TR 8RR st X
KRER A /DR T 1.0 fis N

(a) VHIEIXKFE L=0.5-1.00
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Fig. 3-5 Numerical results of target wave relaxation method under different lengths of relaxation zones

P 3-6 Jy= 8] _EAS RV I8 ZIRI X B o A st 15 K T 18 76 AR AR 5t DX P 38 e iz i
BEAR, oA 5t 21 F AR A AN 4R B2 R 8 FARBGIR o BRIORUL, PR Ra b7 A
3 BRAR LT B X S RE AT BB R T R R o SR H AR iR AR 5t I 3R] DAAE SR/
PRI SRS A A e AT R AR, IR AT DA/ N B O TH SRR B, b i SR, (A
AR SCAE Ji BTSN R A IR 7 ORI

B 3-6 7~ ) 7 B AR b T X AG 3 bk
Fig. 3-6 Comparison of different wave absorbing relaxation methods
3.1. 4 TR X K E RN
GRG0 X 5V B A st X H A AR I RE, T 3 IX K B M R R R
TR 3 B XA JRE S 75 2 MR BT ™ A ARG 182 5 3K B AN [] B9 3 0 XA BE AT 0 Ao 14
3-7 AN [R) I it X A BE TR BT SR i onf B, AT DA B 5t XK B R A AN R M B TR
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A 7] LA N3E T waves2Foam HEAT IR VRAB LAY 5 & E B E T E E 1 XA 26 B A
A 5 DX 1T T 8 250%

L 55 =5 AR R TR e

E3-7 TR D AR X K 69 K i 2%
Fig. 3-7 Numerical results under different lengths of inlet relaxation zones

3. 2 R HIMRRRE Eh T HIEE

R AARIZ By 52 e B o AT (1) DB R 3R, TR LA 0 B0 IE YR TR P IR ARAZ Bl e 9
KCS b2 H%EE KRISO ¥iti—f# 3600TEU SR, %A A a1
RERRFAE, MfE B A BRSNS, 9 F 2 T CFD R MM AIZK 3N /7% ELESHIE . KCS
RSB LTI AR 2 B 3-8 Pz o

3-8 KCS ABAL JLAT A5 4k
Fig. 3-8 KCS ship model geometry
NIGAEA S 75 naoe-FOAM-SITU SRAESSIHERITE, 2% 2015 Tokyo
Workshop £ H KCS MBI % 925, EH 745 R 37.9, MR AL, fim
Fn=0.261, B HA=1/60, JWKMKEL MLpp=1.15 B TIWAE NS T, XA TN
AR RIE B R LRI ZY . %48 R AR AR = R SR 3-2 Fs.
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Table 3-2 Main parameters of KCS ship

FEREE g AL S it

HE 2 (Al Lpp (m) 230 6.0702

Kk B Bw (m) 32.2 0.8498

nz 7K T (m) 10.8 0.2850

HE7K AR V (m?) 52030 0.9571

HOERME (PRI KG (m) - 0.378
BHOMALE GEREM, ARG N IED LCG/Lpp (%) -1.48 -1.48
T Kix/Lpp 0.40 0.40

ER i Kyy/Lpp 0.250 0.252

TE T R OROIT A AN R G IR Z B, Hft gl E . 2 S A
T,=1/(Jo/2mh+U/A) . U ik, Wi C=H/2, 8 k=2mh, 6 R AL I 36 3 42
TFB = Z/é/s (3_1)
TF, =0/k¢,
A1, TF3 AR, TFs AR, [ 3-9 A& AN R A 1508 BINARIE 30 5 925 )
SEL, AT DUE S AEARAAI/N LIWE BT, B IREIRZE N 2.7%, HIRIEM
IR H-2.4%, IXFEWI A IE IR 7 AT DU R TR A 3

B 3-9 & % Fe 2 BN BT 7 &
Fig. 3-9 Time history of heave and pitch motion
K 3-10 Jieorm 7 — I8 JE S A A AR R LB B T AR . FTRAE B, FEPOR
HUAT IR ARAE AT B A B2 BT 7R ST, F I 2 el IR TR B e Iy G ] BBl 238 4 L R
7l
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(a) =0 (b) t=0.25T.

(¢) t=0.5T. (d) t=0.75T.
K 3-10 — AN 18 B A1 A 69 A & & R

Fig. 3-10 Free surface waveform within one encounter period

3. 3 Bk RS T HIIE

3.3. 1 EER

f SCERIOU AR (R BTAR N OK PR B AT R0, Rt 545 S Sae 25 SR AT X L
FT i B MR =4k R~ h 1.5m X 0.9m X 0.75m, B 5 &N 553kg, JKERTHA N 45°
S AR g I S )7 BB AR = e 3-11 B SERG R E R AR
MHEAE T 5 AWM A, FE B T g A NI B AR N AT FE AN,
AN Fe SR DA O BT AT, BRI N K ) AT 0] B
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Fig. 3-11 Experimental wedge model

SEISAE R AR PR M AN 7 $44R DABLADL — 4R sl , RAERIER Z (B AR AE = 4R3I
&, DA R R = 4R, R RN 253 P 4t . R EE 8 R A S
THERBA, BHRITFEEANN SmXSmX7.2m, HEXIEHK/NHK 2.8mX2m X 1.7m,
THEI X B AR BT 18, Y B SEE DT 1), Z AR e Ak B0y, RS A B A
K 3-12 Prom . 5 SRE0RS LE 0 00 BT A4 AR KT 1m B S R 06 B Rk, 18
BBy TR vE SN R, SR B AR A S S B R K I 0.12m = EEAL I
PN 4.155m/s, (LA E LT YIR L R BE AR, BOR AU BT A 38 5] .

P 3-12 RALAL BAot H
Fig. 3-12 Computational domain in numerical simulation
HS WA MG E 3-13 Fus. SHETRARE SRS L SRR AT s
FAEH SR RIS /NI, A ORAIE B2 A% A (ERG o i A K I R
PRI RIS B AR T PR 3L P R 3R AT %
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Fig. 3-13 Computational domain mesh
3. 3. 2 AU B 5 i
N T RNMER AT SRR THERL A AR, 7R N R B RS AR AT 20 A, DA
5E B IR ST o 3 BUG = kg RURE T BOBF s R U EAT 1 S04 1 P T )
KA, RRNEGIT MR 07 JIR Bt S . =A% B BAR RS sk 3-3 P

%3-3 AR MR T X o
Table 3-3 Mesh size of wedge

X 7717 Y J7 A Z 751 e 2808
-zt /NP RS /NP RS /NP RS B
(mm) (mm) (mm)
Mesh A 14 10 10 60
Mesh B 10.5 7.5 7.5 135
Mesh C 7 5 5 491

S =P R RST ( UAR T Je RUAS WAL Sk B e, B e s i o7 L P Ak o
P Zext b an &l 3-14 pros. A PItte EoRE,  =FiAS R PR RO T B s it
PHEER D R BN SR, HLA5 106 b B V& RAF, bl I 77 AR K It 7
LA — 5

BEAt, AP Zeal DA Y BEEBEARE T, BEd S0 m B R i AR
BRI 7 VEAE,  HHS VAR ) g LSBT BAEAIR I |l AU IR S K i ok, A
R Vi 2R kK T ARSI AT e O PP A B 3 1, A R G R A I KB RE
DRI APl T g i B T 2 B R, S T R A 00 e M ) S K g el T 77 o T B A R
TEARBIZHT T, AR RK T g HE T IO IS SE B, RGEHIBIREAN A e — T
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Fig. 3-14 Comparison of slamming pressure at different grid sizes
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196 B A A5 RS RS T PR BB 85 R i, B AR BRI R, i T AR %)
AR S B B A BAE i, LI AR R SRR 5 s 77 0 A6 FF e X Le 2 #r
W 3-15 Frx.
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(a) T=0s

(b) T=0.012s

(¢) T=0.032s
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Fig. 3-15 Free surface and pressure cloud map

M 3-15 sl VAL, BEIEAR BN KRE il R R EmT Ay A B, B S A
LN i el Lo N | DS e e 0R 2 S P N 2 o1 A s =) P S S A3
FIBARAEAE — MR R AR XZ 2, FE WA RS A MUK IR B A e
P, A AE A 2 R I 7 X3, 3 B 55 70K T 32 ik R TE A2 T 0 /) i AR DX 38t
A B R S 7). 205, BEEBRARRIAREEIR N, JEAR T LR (R K T
HET s BB I3 /K AR 2 MR AR 2 T BT T S A JR P B, 3BT B AT 1 AR AR
IBBTRSL, I AR O ) s 7350 A e A2 DR A e B AT R AU AR P8 67 B 1 B e K T
T A DXk, T H AR AL B BORE S IS BN . X TR AR T, B TR
S REARIE Sl MUK IR BB AR R IE s A O, AERBARIRHS, 22K
[ IR ARIZ B L IR, 2 LA XA s AESHRAR A, ALK AR 5
TEAR Z IR FIAERER BE R, s TE = B B BRI —AN i I X3 A e i &,
IR S RIEAR Z T IR IS B B I A SR, BRI 2= [ S DT AR BOR (1 45
oA X3
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AR BT N B TR I BUE TR AT 0 EEIRAIE . B S P TG R R R4S 2
T T BEAE B B AT AR AT R, SRS waves2Foam T ARV 7 U R
1T TR, AR NI AR s K i 20 75 2 2 AR B B XA, AR sty BRI
SR A DT 1 AR BV B IX KL o Bl e AR BB K i R 5 T AR R M s 3 O F
I 5 RABEAT TS, BUELIR 5 a RS R4, Wk 1 SRR S £ MR Sk
[ R A AERAE o SRR T AR IR E T I AR, 8IS RS TE RPES IS B 1
TR I 7 Fik s T, TSR B R S I E S S ie 45 R & Rif. B
JHERAE AT CFD J5 i RN AR o 38 Tk g2 it 17 2%

L 55 =5 AR R TR e
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SBE WRANR PR ER T RIERR

A E K naoe-FOAM-SITU KfE#F I E S PR HIAR, DL KCS L F M AT G
PLILAE R U0 PR A A ook 17 B, 43 B oo 3ok R P PR 3 s 70 20 A R AN IR 37 7R 4k
. 2B T KCS MRLE 4 R KA 3 i N pisshm B AR 5 0, b T
WA AN = ARIE Bh AT R AT R

4.1 HHEEBSTR

W E—2Z A KCS AR, SEFH 1:85.2 % )X EL IR RS b AT SO AL, e
1) RESENER 4-1 Fios.

£4-1KCS 6 R B A%
Table 4-1 Main parameters of KCS ship

FERE 55 K AL S LAY

HE L (Al Lpp (m) 230 2.700

IKER BE Bwi (m) 32.2 0.378

nz 7K T (m) 10.8 0.127

HE7K AR V (m?) 52030 0.084
FwEOEMAME (LD KG (m) - 0.168
FEOFALE CREA, AR IR LCG/Lep (%) -1.48 -1.48
et S Kixx/Lpp 0.4 0.39
REXRhEE Kyy/Lpp 0.250 0.250

T A ARLE IR AP Aol ) L, AR DL E R, AR 8 gt (IR iy 9-14m)
TENSI N BRI . N7 S EA b, AN 1, BBEDY 0.04 1B0R T
DUAFEME, I SEREEIR 0 9.2m e AT ST AN iy ot ol 280 (RS2, AESEHE T
Ol _E3E I A R AL B B T 6 AL L. AR TSR 4-2 o, BT
TR e AT B A BRBR AR T O ABOT 3R 5 A EE AN B HEE, Hofth 5
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Table 4-2 Summary of calculation conditions in regular head waves

SR B m SERE AN Wt
T VvV (kn) H (m) Hs (m) (MLpp) (H/A)
Casel 24kn 0.108 9.2 0.8 0.05
Case2 24kn 0.108 9.2 1.0 0.04
Case3 24kn 0.108 9.2 1.2 0.033
Case4 24kn 0.108 9.2 1.4 0.029
Case5 24kn 0.081 6.9 1.0 0.03
Case6 24kn 0.135 11.5 1.0 0.05

4.2 BEMRKE

R AE N BTH R A & 4-1 Ffros o THREE S AL TR EE 2R 5 #i K T 158

m X ER AR, Y ST, Z B e BUT . B SO EIRI RS Y, -1.00ee
<X<3.5Lpp, -1.0Lpp<<Y<<1.0Lpp, -2.0Lpp<<Z<<1.0Lpp. Z3CH3R G/ T 2SI
FRRAMUAT, T S5 AR R BE A A W R — S AE KV 7 g3l TR M B AR 4
BARA R, N Vs B NIRRT 250 2 [ g 2% A5t RT3 #9225 e i A
73564, TAONRATLF, RHOVKIRIA T, MvARIMNICIEIA T . i EIEA

FURA EE 1 53 0 150 B 3 RNV P st X, SRR st X A B2 B B 0 0.5Lpp, TH AR SBIX 3
BN 1.5Lep, FATHX ) FAAAT B AT 4-2 FrR . VIS ZIME A T oKL (Z=0) .
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S DU B SR 7 R o Ay SUEL AT T

B 4-1 it H IR AT F A
Fig. 4-1 Computational domain and boundary conditions

B4-2 IR a4 F
Fig. 4-2 Layout of relaxation zone

KH OpenFOAM H1#] blockMesh. toposet Al snappyHexMesh T B A= a4 . 1
JeH blockMesh AE RIS, SRJE 18 toposet T8 TS St P& A A4 I gk 1R I 25
WA s DX A B A A AR R TH AN B H T, e 6 snappyHexMesh £ M A RS b 58 ;i
JUTHRHE o 9Bl N B IR A 8 T R BB RE Y, 31X R T SCHUE IR 7Kt
PIREATE, — DB TEEA R 12 W, H HIEAER PR AE X 710 Z 77
FAEN 3.20 J9PRIETS SR ANAT A A% 18] BB B2, 8 55 55 A O s 25 38 DX A
WIS KNS B R R — B SE BAZIR ARG Ja 8075 5 MRS 5 B & XIS AT R ] 4-3
P o BRI 366 73, LAl SRy 226 71, MiiAMAgEN 140 77, 15
Hh i [A] AAC SATBCN 0.001 s
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B4-3 3t A =& A
Fig. 4-3 Schematic diagram of computational mesh
NI FE A AN SR P B A s AERAE 10% M VE il N S TRl BEAT B — &
B S50 R AR5 IR 22 B AR EL AR S0 M A A 20 T S X PR T 7 A
AT AN, —ICATE T 25 DR, BRI B 4-4 Fros. R
K OpenFOAM H K] probe pRHCSEILAY, 1% bR HCAT DA I Fi5 5 I B ri AL B A

E4-4 f5fEE 7 M B Ax B & B
Fig. 4-4 Schematic diagram of the position of pressure sensors at the bow

36



“ | ‘lj m L ll‘ |H i3 L D Gl i e e Ul

4. 3 F AR PR B TR R 53 4

AFTE KCS Mt d T FE 7 AR (WLpp=0.8-1.4) T HIMAIZ3)
Mg o7 ANV R A R i, B S AT T R e B R e R S . B 4-5 WA BEKR
(AR 1 2 35 PN RE IS Sh IR P M 26 . AE RN NS 2640 T, IR 2 s 3 B A B 2
() BAPEREAE ,  ELRE A K O T R A28 . BEAE S N, 3 FIRRIZ 3 1281k
JEBABH RS8R, F0U% RIS SR R XA AR G, M ARIE S PR A
K, Mz s 5 HH A

P A (%) 22 95 12 SR AEL AN AR5 32 2 R AF 38 B A G I g oK . K AE 0.8-1.2 %
PR B Y, AR IZ B AR TR B B R, AR T 1.2 I A4 I2 3 A8 0P 2%
TEBE KM MLpp=0.8 B I/ NEMIZ 3], TG IRIELIA 0.007m, RRIR(ELI N
1.199° , EEKMKLL Mipp=1.4 B H I K EMIZE), FEGTRELA 0.0467m, H
BIRIEZ N 4.793° o [HAERIIIE, MLpp=0.8 Fl M/Lpp=1.0 XA K T 1 [ 5)
ZE R, [T IS FRRIRE RN 7 —2F, X W e H T RS S s, i Bk
KT, MMARIEIR A A K AERIREEIZ S 5 O 28 M2 N — N IR, Shr ik
FE— AN THEE J A 52 B K B0 70 2 RN, RIS SR FEAN K b, FEFT A KT,
MG IS AE Y m T EE, X [FERERT DL S R AR . ARARYE M T — M
—ANRUL, AR IR ) [ B A I A 235 A A B R UL
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(b) YEiza)
F4-5 RE K T 89 A5AR & 5 Fo AR 1 7 o 2,
Fig. 4-5 Time history curves of ship heave and pitch under different wavelengths

e AR T T G 0 R R R 7, 1 4-6 9B 19 Sk AR 15 4
Bl I 7730 s PR e A e P xR AT BUR 21, fE iDL R, MiE S =
AN ERIMK AR R, e N BN R B — MR, BEE R 2%
71 BTt R R LR I AL, TR0 T BB T AR AR T 22, =2
B |22 R R o w P R 5 o st i T3 R N il w1 P o Y a0 QL S
AR 915 M AR s s R A — 2, BIE—Nssl A R A 7 IREFE LS. 1E
Al — A E, SRR AL B, R R RS R, B BlUE
WBEARL o RS N TR INIAL B IR IR B AN TR A, e A Bk AR R B2 TR TG o B 1
I, ASEIN A R o S T WEAE A g, e S T AR ORI A AR A . i T I
T B REARRT T, SR T IR, BB BRI, S0 T Rl R aE i
I — B I RGN IR R], EEAR IS IR K

(a) MLpp=0.8
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(b K/LPP=1.0

(c) ALpp=1.2

(d) MLpp=1.4
F4-6 RRE K T #EE ) 7
Fig. 4-6 Time history of slamming pressure at different wavelengths

XFT IR 2N, BREEIT NIRRT . ] 4-7 BT A S A SRR )
X s I REME =B, a5 & ME AT UKL, 25— DN IgR KB 3
B R PR MvAR T, 51— MBI B s e s, el e Ao PR e
%, HIFARRNERE, MR M BORIE, IR s A a7,
XA R G, MEER RS T, RIAEK P BIREER N, e K I 77k
GrIBET EYE S Do K 2 IR ER K R ) 3 W R AR AR e 1, HL T A
B N UOIRES AR A THIRZAS I REAR XS R B, PR AR 7 il £ BRI H — Mk
I B A e AR E DXtk AEUEZ ), ARRERSHRTIELR K, B N %
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(a) T=16.45s

(b) T=16.5s

(¢) T=16.55s

(d) T=16.6s

(e) T=16.8s

(f) T=17s
B4-7 MLpp=1.0 TIUTF 6945 AR B F) Ao JR 7] 0
Fig. 4-7 Relative motion and pressure distribution of between ship and wave at A/Lpp=1.0
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Gt T AN TBLGAT R, AN [F) b A7 10 U s 77 Bl K () 20 A5, G B 4-8 BT
MEHRTCUE R, 5T A B4R 2 00T R 00 s, KAy 1.0 f 1.2 1
THUT, HAF R e E, R 00 FIRE AN S TR AR ELAE 75 R AR AR R T
BATBNRIZL BN LR 0.8 B, B KT J7 WA HIRAE 18 53k, 2975 1.3kPa,
BN L D9 1.0-1.4 15, S R 16 /U8B 25 R BIAE 19 5k, 735904 2.8kPa. 3.0kPa.
2.1kPa. X HEAS A7 N Ed R B 704, P LUK AT R WA AE 19 Bhfiib
D KA, A HIE e Je 5 IR R AE A ELAE I 20 Sh67; thah, SHEIEARAIK
REFEFT AL AU R 2, 7RSS R, JUHJE 19 3507, ARSI KT
Pk Fi ) FLE AR BR  . — D7 THNIX SRR B 2R G 0%, AR S 28 B & Ui i A
Iy KA B AR R T AT A AR SR B AT 55— T, SR KT TR AR K
RN, LEMRAAS BRAR EAE A I, IR DL — 58 BIAE XTI Bl 38R AR AR ST
P A2 10 -5 I T ek B AR AL BN ], AN R B AR KA T BEAN [R], X AE— e AR E
A DA I A o S 1 1Rl 7 0 ) 81 R0 o R Bk

(a) 20 uf (b) 19.5 3

(c) 19 uf (d) 18.5 3fi
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Fig. 4-8 Comparison of peak slamming pressure at different wavelengths

K 4-9 ANEBAC TS BOMRG S AL AT B i B R D =1 ATRAE 2, AR
KA A KB AL B AR, A P A AR AT AR T, BE A B T,
R r o (0 o7 BOZ T B I A SR . WS = B B, IR T AE 5
ARG IEAAAE, o s XA A A BT S AR, /2 MLep=1.2 0T H BLAR
K R X AR

(a) X/Lpp:O.S

(b) MLpp=1.0
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Fig. 4-9 Free surface and pressure cloud maps at different wavelengths
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ARAEM FIBEACH L (WLpp=1.00 XA, WHF 7 AR N AHIE sh e
ARATRFIE, FE ST T U R R A R AR . AN R R B AR R T R B I
it Zein&l 4-10 Fros. nTRUE R, 35 m B e A 2 52 m A0 B @ A e, DR T 22 95
RIS B S BATE AR — 5. B I s B 3G 0, A0 00 235 AN AR A2 2 i 8 20 52 LG K
sy, XML T it ok &R o =P N I IRAE 2> 414 0.0251m. 0.0299m.
0.033m, ZNIEIEME >N 2.448° . 2.975° . 3.319° .
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Fig. 4-10 Time history curves of ship heave and pitch under different wave height
Ge vt AN TRl LN A S I AR IS 7D, 1 4-11 DYEER 19 S LAET 15
AR S ) S ) s T D XS B o AR B, i B BRI T AR A
SO, T 7 JWEAE B R/ INBE A5 Ve ey 1 0 B S 1 K (RS I 0 Jet PR R 488 6 ] 52
BUN, B RITR A B R

(a) H=0.081m

(b) H=0.108m
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Fig. 4-11 Time history of slamming pressure under different wave height
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Fig. 4-12 Comparison of peak slamming pressure at different wave heights
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Fig. 4-13 Free surface and pressure cloud maps at different wave height
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P AALE FCSIEHEOL N ) e 2 3B A AR 1A AR, S MR A U AT AT ok R B A
[, PR R AN P 3 G i 2 T B RN A . A F TS TRHR T KCS iz s At
[ A2 1 RER oL TSI E, BOT 3% SR ME =4 B L, 1H5 1 KCS
FEEEANRIR )1 B3z sl S ARl 3y, fon 1A RITR A B A = 1

51 iHEREBES5THR

FERNET, BIRSHEANTR 22— R A, XBEHIRE A  KRFER, IRE AR
EigmwE 5-1 frc. AFERH E—Fdp) KCS B8, KCS e B E KKK
(MLpp=1.0> HIFRNNE T HIAT, IRIAIAI AN 22.5° « 45° | 67.5° + 90° , HAKT
BN 5-1 s,

5-1 #HEAN BT TUICE

Table 5-1 Summary of calculation conditions in regular oblique waves

SEARATTE BRI SERENES WK B TR A
LRy G H (m) H, (m) (WLep) amn PO
Casel 24kn 0.108 9.2 1.0 0.04 25
Case2 24kn 0.108 9.2 1.0 0.04 45
Case3 24kn 0.108 9.2 1.0 0.04 675
Cased 24kn 0.108 9.2 1.0 0.04 90
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Fig. 5-1 Definition of wave direction angle

SN RHR TR TR, AR R A TN . S50R TR, RHRAFTER
IR AL RE, R R B AR R T S ) B Al i — 20 4 KR 56 7 1Al T E S K
DAYk /INTH R ST BB, TR ] 5-2 B X BURE T REOR S R E R
-1.0Lpp<X<3.5Lpp, -2.0Lpp<<Y<<2.0Lpp, -2.0Lpp<<Z<<1.0Lpp. ALK SiMIRIEA
ZE5, EFIA S AL TR E BN R D R, HoAhih Ak SIRAR . AT
PRADRIR £ H B33 (0320 5773 Sl v B 3 Ul RV U A st X, 4 st X Py B A B i 1] 5-
3 Fime RHRTHLAITHEMASAY K T8 S EIERE Y Trm RS, MM A A2
1, THER AP KB L.

K52 it F BT EE
Fig. 5-2 Computational domain
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Fig. 5-5 Time history of slamming pressure at different wave angles
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Fig. 5-6 Comparison of peak slamming pressure at different wave angles
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Fig. 5-7 Free surface and pressure cloud maps at different wave angles
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Table 6-1 Summary of calculation conditions under focused waves

o BRUUE  SEARAULE  BAMRR SERUEEOR  REME RENZ
T

(m/s) (kn) (m) (m) (m) (s)
Casel 0 0 0.081 6.9
Case2 0 0 0.108 9.2
0 10
Case3 0 0 0.135 11.5
Case4 0.279 5 0.108 9.2
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Fig. 6-3 Time history of wave surface under different wave amplitudes
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Fig. 6-5 Ship motion process under focused wave
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Fig. 6-7 Relative motion and pressure distribution of between ship and wave at focused wave
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Fig. 6-8 Spatial distribution of peak slamming pressure at different wave heights
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Fig. 6-9 Time history of motion response under different speeds
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Fig. 6-10 Time history of slamming pressure at different speeds
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Fig. 6-11 Spatial distribution of peak slamming pressure at different speeds
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Fig. 6-12 Comparison of the free surface elevations between focused wave and regular wave

K 6-13 RN SR AR R MGz shm Boxs b T LB B, R TS
W (2T R, 35 R AR N 129 11.1%, 199})\Tﬁfpﬁﬁfiffﬁd\?%ﬂmﬂﬁz, XA
(BN 120 17.3% o 32 U8B S IR 3B KPR = A M A 38 357 R 5 B K, RS I K
TRAE A A VA I8 1 5 B K

(a) HEHFHIET)

Nt
m

(b) YFEiz3)
B 6-13 F &k Ao HL N B T 69 AL ARIE 3 vl 2 4T bl

Fig. 6-13 Comparison of ship motion response between focused wave and regular wave
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Fig. 6-15 Comparison of spatial distribution of peak pressure between focused wave and regular wave
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