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ABSTRACT

ABSTRACT

With the development of modern shipping industry, infrastructures such as ports, docks,
rivers, and lock chambers are increasingly difficult to meet the navigation needs of large
ships. The originally open channels such as coastal, inland rivers, ports and locks have
become restricted waters. In the restricted waters, the ship is in a state of low-speed
navigation, and is vulnerable to the influence of bottom and bank of the channel, which
seriously threatens the navigation safety of the ship. Therefore, it is of great significance for
the navigation safety of ships to study the complex viscous flow field of self-propulsion and
analyze the flow mechanism of ship-propeller interference in restricted waters.

Based on the hydrodynamic solver developed by the research group, the numerical
simulations of self-propulsion in the restricted waters are performed based on the self-
developed program module of body force propeller coupling with overset grid technology
and phantom block. In the postprocessing, the third generation of vortex identification
method was used to analyze the complex viscous flow field of self-propulsion at low speed.

(1) In the third chapter of this dissertation, the high-efficient numerical simulations of
self-propulsion of the hull at low speed are carried out by RANS method coupling with
overset mesh approach and body force propeller. Firstly, the numerical methods in the
present studies are verified to simulate the complex viscous flow field of KVLCC2M at low
speed. The subsequent analysis compares the hydrodynamic characteristics, dynamic
pressure distribution on the hull and the wake field under three conditions. In addition, the
application characteristics of the four vortex identification methods are applied to capture
the vortex structures in the viscous flow field for comparing their characteristics. Then, the
present numerical method is used to further analyze the hydrodynamic characteristics, free
surface, vortex structures and vorticity field of KCS model at different speed to confirm that
the numerical method is reliable. Finally, the predicted results of self-propulsion based on
blade element theory are compared with that obtained by real propeller, which verifies the
validation of blade element theory (BET). At last, the time-consuming between both
methods is compared.

(2) In the fourth chapter of the dissertation, the complex viscous flow field of self-
propulsion of KCS ship model in shallow water is solved by RANS method coupling with
overset mesh technology and phantom block. The influence of grid generation under keel
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ABSTRACT

clearance on the numerical simulations is firstly studied to determine the suitable grid
generation scheme. Next is to analyze the influence of water depth on the hydrodynamic
characteristics of the hull in the static drift tests. In the analysis, the comparative analysis is
carried out from four aspects of hydrodynamic performance, free surface, dynamic pressure
distribution and wake field of the ship. The streamlines are applied to analyze the flow
mechanism in the complex viscous flow field of KCS in shallow waters. The emphasis of
this chapter is the complex viscous flow field of self-propulsion of KCS under different
water depths. The influence of water depth on ship-propeller interference is mainly studied
by analyzing the hydrodynamic characteristics, dynamic pressure distribution, wake field
and vorticity field distribution.  Finally, the body force propeller (BET method) is adopted
to simulate efficiently the flow field of self-propulsion of KCS in very shallow water
(h/T=1.2). The validation of BET method is analyzed from the hydrodynamic characteristics
and wake field.

(3) In the fifth chapter of this dissertation, RANS equations are used to solve the
viscous flow field of self-propulsion for 8000TEU container ship near the bank. Overset
grid is adopted to simulate the large-amplitude motion with phantom block being for
merging the background grid and hull grid. Firstly, the mesh independency is carried out to
analyze the hydrodynamic characteristics of the ship in the static drift tests near the sloped
bank. Then, the numerical simulations for the bank effect of different ship-bank distance
are performed to study the hydrodynamic characteristics, free surface, dynamic pressure on
the hull surface, wake field and vortex structures in the viscous flow field. The emphasis of
this chapter is the ship-propeller interaction in the complex viscous flow field near the bank.
In the numerical simulation of self-propulsion of 8000TEU ship, the flow mechanism is
presented from some aspects such as the motion response of the ship, the hydrodynamic
performance and dynamic pressure distribution of the propeller, wake field distribution,
vortex structures and vorticity field. At last, the numerical simulation of self-propulsion of
the ship near the bank is realized by body force propeller (BET method). The feasibility by
using BET method to study the bank effect is verified, and the time-consuming between the
BET method and real propeller is compared.

(4) Chapter 6 is the most complex and significant in this dissertation, the complex
viscous flow field of self-propulsion of 12000TEU container ship when the ship enters and
leaves the lock are solved by RANS approach by using the real propeller and body force
propeller, coupling with the overset grid technology and phantom block. The numerical
simulations for static drift test of 12000TEU container ship is performed to verify the
validation of the numerical scheme. The predicted results are compared with the
experimental data. The numerical predictions of the ship leaving the lock is also carried out.
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ABSTRACT

Finally, the complex viscous flow field of self-propulsion of 12000TEU ship entering and
leaving the lock are simulated by using the real propeller and body force propeller. The flow
mechanism in the complex viscous flow field is analyzed from the aspects such as the
propeller dynamic pressure distribution, the flow field distribution, the streamline
distribution, and the vortex structures. In addition, the time-consuming based real propeller
and body force propeller is compared which shows the body force propeller is high-efficient.

In this dissertation, the numerical simulations of self-propulsion of the hull in restricted
waters are carried out by coupling with overset grid technology and phantom block. The
body force propeller method is adopted to improve the efficiency of numerical simulations.
This dissertation not only analyzes the hydrodynamic characteristics of ship-propeller
interaction in restricted waters, but also studies the flow mechanism of self-propulsion in
restricted waters through in-depth analysis of flow field details. The relevant numerical
schemes and results provide a reference for the numerical simulation of self-propulsion in
restricted waters.

Keywords: restricted waters, viscous CFD, ship hull-propeller interaction, body force

propeller, overset grid, low speed, shallow water, bank effect, ship-lock interaction, vortex

identification method
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Fig.1-9 Velocity contours at x/L=1.01 at self-propulsion (top), minimum yaw rate (center) and maximum

yaw rate (bottom) for coarse, medium and fine grids.[147]
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Fig.2-9 KP505 propeller

#2-1 KP505 ¥35% % # JLAT % 3¢ [180]
Table 2-1 Principal dimensions of KP505 propeller

ZH BRMRE aRE
D (m) 0.2085 7.9
P/D (mean)  0.95 0.95
AelAs 0.8 0.8
R (9 0 0

M (9 32 32
HALHITH NACA66+a=0.8
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#2-2 KP505 ¥%% % ok 1 4 1180
Table 2-2 Open water performance of KP505 propeller

J Kr Ko n

0.1 0.476 0.067 0.113
0.2 0.432 0.061 0.224
0.3 0.381 0.055 0.329
0.4 0.329 0.049 0.428
0.5 0.276 0.043 0.516
0.6 0.226 0.036 0.595
0.7 0.177 0.030 0.660
0.8 0.128 0.024 0.694
0.9 0.076 0.017 0.646
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Fig.2-10 Comparison between the predicted open water performance obtained by Hough-Ordway

distribution and real propeller

% 35 I



5 BUEAN T SR ERAR R IR T R BAIE

K 2-11 5 1 J3=0.7 B85 2 RS AR AR ) A . B, BAERERIR
R LB . MR AT DUE il e AR AR 33542 1) R o0 A AR A2 S 38 K s, R
BARVEE W BB IR 71, R AARFR ) B R RO FR

Sodytioreo X 1 BodyForce Y

80000 ;
75000 0000
70000 ?3000
65000 0.5 40000
“ 30000
0000 20000
45000 % 0 {1)0000
:2%3 10000
1 30000 -20000
25000 0.5 -30000
20000 -40000
15000 50000
10000 -60000
5000 ! 70000

0 -1 -0.5 [ 0.5 1
D /D

(@) stk (b) Ml thAR A

B2-11 $h3tARER A RS TR 7 & Ly A
Fig.2-11 Distribution of Hough-Ordway body force distribution in different direction
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Fig.2-12 Vector distribution of propeller downstream
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Fig.2-13 Velocity in oblique flow
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Table 2-3 Hydrodynamic performance predicted by H-O distribution and real propeller in oblique flow

SR Kt i 2 10Kq i 2
B AY 0.1782 - 0.3164 -
A H 0.1782 0% 0.3062 -3.23%

UNVA
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0.2 i 1.40
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0
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Fig.2-14 Axial distribution on different cutting planes
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Fig.2-15 Comparison between the experiments and BET theory
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Fig.2-16 Body force distribution in uniform flow
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Fig.2-17 Axial velocity and vector on the disk in uniform flow
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Fig.2-18 Pressure distribution in uniform flow
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R 2-4 T HURIRIN SR USRS AR R Al X AR (A AR A AL T 5 R
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k2-4 Pt F BB FHEREAFRA T H 2R3t
Table 2-4 Predicted performance by BET method and real propeller

SR Kt Tz Kq Tz
H AR 0.1782 - 0.03164
A A 0.1714 -3.82% 0.02991 -5.5%

2-19 25 T WURBRIR S UL N IR BERARR 10 0 Ao NIRRT LR Y, R
R OLT , MBI A YL, JEHZRAAIR DT, BORIIARFR T #ER AR IR
RSB 77, X PR 9 FE TSR AR g I AR W kg e e vk T Y TS A AR ) T
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Fig.2-19 Body force distribution in oblique flow
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Fig.2-20 Axial velocity and vector on the disk in horizontal and oblique flow
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Fig.2-21 Pressure distribution in oblique flow
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Table 2-5 Predicted performance by BET method and real propeller
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B=F (REEAMARIS B TR IIEM- KB SR

3.15|§

S T I R AR A AT RO AR, FE R, B R NN (A0
40%~50%) FIEEHERH ) (50%/47) , K FHJIRZM G 5%; (HAZECEMTATH,
HOGPB T A RN, FEASTT DL, 1 R H g sy 2 15 S BH 71 70%~80%, Al
JEFBH 729 5 10% L R iR BRI KIS, AR R EE ARG, e RGP R )
L5 BE 82 BH A FIURG R BEL A7) o2 s B A7 1R 32 5 R 2 o ARG T R PR 32 (1) HE R ASEADL A
BT v T B R

A B R TG L K 3 172 3R A 4% naoe-FOAM-SITU #EAT AR AAAR -2 A8 & H
FUig S I BUE R o 1 20 B0 B 723047 T SE PRI AIE DL K WA AN € FE 20 AT, DAER
UEIZ R AAE 2% P DAYEE AR AST DL T SN A 1) S ARG i A s T 0 L v v TG T 1
AR B 35 DL s $5 e BEoR A BET AR 7 e 2 R0 B S 88 g S A A AT b
RSP B RIS ShAUE TR,  CABGAIE BET R F1 77256 T M-S0 A A 40U i A 25tk

3.2 WIEF R R IEIE

3.2.1 JURBI R HE TR

AN R T FRAEAE KR KVLCC2M (Modified KRISO Tanker) o 4R
SEAERMERE KA KVLCC2 MR f 3Rl F3EAT e b 75 20 A 2R R v A 72
F 2005 F 450 CFD TAES M EyR A . 3 REER LA AL 43 il 3k 3-1 A
3-1 Fim. AVHE T ZMAAANFZER (00, 6°, 12° ) FHIKSNJikEE K 2 2
Ky, BARTE THnR 3-2 Fir. fEEhid, it EE SRR EET T X,
SR T RERIZ T3 R0 AT LR 5

. g

E3-1 KVLCC2M A4 a4 JUATAE A
Fig.3-1 Geometry model of KVLCC2M
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#3-1 KVLCC2M #& A 4 JUAT £ R F 177
Table 3-1 Main particulars of KVLCC2M

FRE FF5 AL BRI R
ESAEIRIS Ly, (M) 4.79
SN B/Lpp 0.1813
Wz K T/Lpp 0.0650
HEKAARR vV (m?) 0.551
MR AN Sw/Lpp? 0.2668
TiE 2 E Cs 0.8099
NI o7 B (M R AT IE) LCB (%Lpp) 3.526

232 #AHEH HIN

Table 3-2 Cases for static drift tests in deep water

i H 5 AL {1
KRR K B h/Lpp - 1

nZ 7K MK b T/Lpp - 0.065
KIENZ K bt h/T - 15.4

iIBL U m/s 0.994
L Fr - 0.142
IR A Fri - 0.142
I Re - 3.945x10°
A B ° 0, 6, 12

3.2.2 WEIER R PSR 4

RPRUEEE THE TR TSR, AN TR 00 B LOLEEAT 1T Mg Yk
YT AE S RTBUE TS, T [ EAT R A R A0 A0 2 2R 1 070 3 B H B A
L, KH T ESMEEA . TR E T ULEAAD 0° A ToL T B AR AE
B3], KA BIW0E A B, XA B AL B2 T THEIN TR], AN RRE e TR
ST RINERRR Y « R B S WG 7 R 75 B0 IR 503800 AT A% R 3 o 7233
TSRy, SRR NUMECA T 1) HEXPRESS #7475 THAAR R 45 14k
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R o AR AT IAK R 3 I PT ARTAAY, HLRERE B b 92 52 % i A4 LT 22
[, FFRERLF HA NI 52 A .

& WS SRR BRE A2 4% 1T TC A2 I 7 2Rk AT (Y, R S St BN AR T SR e
Xo Y,z =ANT7 1A BT RS ROT I A LU 8T8, A ROT BI4aTs Eei9  vz2 « AEM
R B R, S TURT TR, AN R BRI LT A, BT AR A R (ki b
LU oR J o (HRAEMT A T B, W0 S B 2% B R A4 JLART 2 1 DA R 772 WA, DTt
FEMAR BT AN — 58 58 58 208 BIIX P LU SR o FERUE THER A, O 1 980D AN E 1t DR 3R
PSS BRI, SR T B E M SE 30 4 1 7 SO AT HUE LA, .

FETHE AR AR 3-2 B, HoA AR B L S0 -0.120 < X
<1.2Lpps -0.16 Lpp <y < 0.16Lpp, -0.12Lpp <z < 0.08Lpp; 15 5 MAK LI -1.5Lpp < X
<5.0Lpps -1.5Lpp<y<1.5Lpp, -1.0Lpp<z<0.5Lppo fETHEF, KL E I K T7 ik
TIRIBIEE RS, SN TR fixedValue 30 A 400 IR J1id R4 R
zeroGradient; JEHFIAR K E N wall, 8 BEE ASRFEE, M ARR T 1 L
F2A4 % I movingWallVelocity, & /738 54644 %H fixedFluxPressure; fif At 5018
AR BT E Y overlap,  DASEIARAAR RS RO SRS 2 [ AR T 5. Y
USSR T 3 BMAS, W 3-3 B MR MRS & B i S 4 % BN
overlap, TSI PHE W& L AR AR THE . B 20 AG 9 S A, 1 0 9 ik
PR s £ AH ) ) X S R R EE B X3, R R IX 3 XA AT 5 B4 . R 3-3 4 1
3 BRI T SRS A AR WA 2 Horp, A RZ MRS 7 SR — MK N EL T
200 NPAAG,  IXAERH IR I NS 7 ZRAE — MR Bk 2 Al 20 140 1 280 A

B3-2 it HaAm &

Fig.3-2 Arrangement of computational domain
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Fig.3-3 Grids distribution in different mesh schemes

%3-3 REMA& 7T KM E

Table 3-3 Grids arrangement in different grids schemes

B ES B BRI (E ) Fir A A% (B ) SAH(E )
FH R4 0.39 0.48 0.87
HH AT X A% 0.78 0.95 1.73
Y K% 1.57 1.91 3.48
323 HHEERS

3-4 gyt T MK B 71 R BOT SARR &R UL AU IO BT T R e . AT
W = WA E eI 1 RS ICSRE, SRR T TSR A BITROK AR R
RARIZK BN 3R, I b T FLEBH ) 228 Cx ) /) 225 Cy ARG /15 23U Cine
FEG TR R AR 52 AT T IE R

1 ..
c, = FX/(Z,OU Lpij
c, =F, / @ pU 2Lpij (3-1)
C, = MZ/(;pUszppT)
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Hor, Fx, Fy, Mz 4pnlomiiesz 200 bl 7, e g B RERE J1HE . p Rom/KIH)
W, kg/m®s U ACEMIRIUE, mis; Lpp FoRBmANK, m: T RRMEIIZK, m.
N T IAT R AT IS, IF A A RHE N MBS R PRSI, AN ib gy
H 1 x/Lpp=0.48 AL M R AR o AEURT- T O A2 & AN 18] 3-4 Ffos

RIBAFRER

BE3-4 et it H AR A RER AT

Fig.3-4 Coordinate system for forces/moment and measured plane for wake field

3231 RtAZ hoth

R 3AGHTIEM O BERA 3 BT WSS T a I R 5 Cc 5
IR T LE 25 . R AT LA Y, SR &8 RUBE (R W% 7 S0t 545 R 5 R RS 4
PR BB 25 SR 2 T IR ZE7E 0.42% « FH PR 45 SR LE A 45 RO A% K 174 1.48%. FiT
PL, BMNEPE I HRZE RS, A5 R MRS OB BT B Tl 45 2R .

%3-4 AKZ AT KVLCC2M A5 AL 69 1 7y i+ HAE
Table 3-4 Predicted resistance for KVLCC2M at low speed

RS s Cx Cy iR %
R AIE] - 0.01756

1] A K s1 0.01707 -2.79%
PR A5 X S2 0.01700 -3.21%
FH A S3 0.01673 -4.69%

P RAIGIL IR ITTC X1 CFD #fi vH & 46k 5 W\ (Verification& Validation,
V&V) KT T2 W, XA 0 A AN 8 M U 3EAT 208 o £ IS AN e YR i e,
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T EOR /D AN E R L B S, BRI | o A RS WA AR A, vt SRR Ay
A Si (i=0,1,2) kK~ MM, MRS Re M-
ANTA ) Re X AN [A] BRI S5O 3K
(a) H NS 0<Re<l;
(b) FRFHILEL: Re<0;
(c) K#t: Re>1
LHTBEITE S, S Re=0.295, FF&sillsutstt. ik, T+
P A5 {8 4MfEZ:(Richadson Extrapolation, RE), HUEiRZEN:

(3-2)

‘91

(3-3)
1

K, re FoRMBAIILEL, SRR V2 . %tmmﬁFM,WTﬁﬁ & e R AT R
FERY, R

Oe =

In(€32/‘921)

= () (&4
IAh, BIEREON:
e -1
Cs = I’GPG“‘ 1 (3-5)

K, Poest ZoRBUETHHE P EISKS LR, MATE{E T FE T Poes=2. W%, P
AHEREN:
U [9.6><(1—CG)2+1.1]><|5RE|, [1-C,| < 0.125 (36
[2x[1-Cg|+1]x|65|  [1-C5|>0.125
K 3-5 25 T RS ANA E B o i R R RS S 8. IS BT BUE IR = 12
1E R BCL R RS AN € - MR P R] DUt i RE 3545 BRI AUE R 2 9 0.144%8S,,
%%%ﬁﬁﬁ*ﬁ%%ﬁﬁﬁ%@& S DL b AR AN R B VA VA R AN L
4 0.658%Sp. I LA BRI M B, IR BT AE RERR G, BUE kAR %
H%E%%m@%o

k3-5 FAS A eyt

Table 3-5 Calculation of grid uncertainty

Rs Ps Ore%S: Ce U, %S,
0.259 3.90 0.144 2.857 0.658
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Fig.3-5 Comparison between the predicted results and experiemental force/momets
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Fig.3-6 Distribution of dynamic pressure coefficient on the hull
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Fig.3-7 Surface pressure distribution for drift angle 6

x/Lpp
(@) +HAE

61 1T



#
1l

=5 RIS T SRR -2 S A G E

(b) RIfE
A, ABAEE A

x/Lpp

(a) tHMA

%62 7T



O =5 RSN RG I S AR AR 1 -2 S IR

0 0.1 0.2 0.3 0.4 0.5

~00s... s S— o 12 Y § D 2~

(b) K1
B. fEAa/E 1A

H3-8 2/ 12° AR ER®IES 5

Fig.3-8 Surface pressure distribution for drift angle 12
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Fig.3-9 Wake field at x/L,,=0.98 for drift angle 0<in different grid schemes
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Fig.3-10 Comparison of axial velocity wake field for drift angle 6
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Fig.3-11 Comparison of axial velocity wake field for drift angle 12<
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Fig.3-12 Vortex structures obtained by different vortex identification methods
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Fig.3-13 Streamline and axial Liutex under drift angle 6<and 12
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[€3-14 KCS A5R JUATHE R
Fig.3-14 Geometry model of KCS ship

%3-6 fEREER £ R F

Table 3-6 Main particulars for maneuvering ship model

FRE R F AL SR B R
N4 A 1 37.89
SEZHLINS Ly, (M) 230 6.0702
R By (M) 32.2 0.8498
nz7K T (m) 10.8 0.2850
HKE vV (m) 52030 0.9571
I Sw (Mm?) 9424 6.6177
Ti A Cs 0.6505 0.651
YO AL E I AT IED LCB (%Lpp) -1.48 -1.48
B EE ARG KG (m) None 0.378
BER Kyy/Lpp 0.25 0.252

AANTRITHE T T3 3-7 v, S8 6 MLE, BRI IR T RENNIAT A
AW, B, TBOF T A UTFNRE IS B o AH G I TF B T 000 S 56 H 4 KR T Tokyo2015
KB F1 2 2 CASE2.1078), FIREG AR &, EAR DR A S esiis; iy
T 2R (Al KR A T AT SIMMAN2020 [E Br i i+ & CASE4.2 + —E it &,

(Lpp=6.0702m) . RIEMUE, K THLRI ARATE I (0.0948<Fr<0.195) Ll
iR (0.227<Fr<0.26), K H 1 PRI KA [FITE X 8 M K ) 23R
W% K 53R DI R HEXPRESS o IR E— /N R RIFECE, 1E I 3.2.2 /)
o BRI X [R], WA R 315 s e T X AL R FH ) XA L B 263 5.
Bk AR 32 BURAE B A E . AR B i Rk, EARATIE X ) 75 ZEXT
H T EAT I3 404 o X2 RN R X TS S, 77 SRS A R A Al B2
H T [FERAACR T S m I8 5540, T LIRS R AR 14 8 BBl . ok, N
T B bl B S BRIR S A A R R R A R BUR B T NI X . AR 24T
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Table 3-7 Case conditions for model KCS

Tk RT3k Hh T I
fi® (U, mfs)  0.731 0.833 1.173 1.505 1.752 2.006
Ey % (Fr)  0.0948 0.108 0.152 0.195 0.227 0.260

FHIEEL (Re) 8.78x105  6.66x10° 9.32x10° 1.20x107  1.40x107  1.60x107

@ veERssF (b) A4k .3 A 4%

(c) ABARMAE

F3-15 AKR B 5
Fig.3-15 Grid distribution for simulation in low speed
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Fig.3-16 Comparison between predicted resistance and pitch motion and experiments
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Fig.3-17 Kelvin wave-making at different speed of KCS
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8° [MJef; BEEF, MEARBEUL IR AR RS T8, SRR YIE R 17—
AN Ry 21.5° A

u/U
0.6 0.7 0.8 0.9 1.0 1.1

W\‘HHHH\‘.HH\W

(€) Fr=0.227 (f) Fr=0.26
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Fig.3-18 Vortex structures captured by Liutex method (Mag(Liutex)=5.0)

576 TL



O =5 RSN RG I S AR AR 1 -2 S IR

G M AR R BB T b B EOR . BOR S A A Kelvin OB KL, 1E
Fr=0.0948 1 0.108 I&F, MAH A ie FIMSAE R AT ARAEL, - DA IR oA v 32, Sk
FAIRK: BEAEMUERISE N, M Ok S A ) e f BTk . 7E Fr=0.152 i5F, il
BUR S ARTE R T Kelvin Mo tbah, BEAE U DI, MG AL R AR ALk i 58
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M AT DL T 7 AN (B T GRG0 B ER i T ) E IR S50 1. AR RATUE T,
T 3 A S o B D SR i o A PR B, ) e O R R B 5, DA
FTAE Fr=0.26 BF, JEAL T AT RS MHER 3. Ak, BT LU B 2467 T
T TSR ER S A SR 2 BT 1R 308 45 ) Tl 55 T30 %) 184 N5 328 1 58« #E Fr=0.26 I,
B R] DA T LS BG4 T R AT AN R T Al ) Liutex i & 1 R FE VE AL
REFE o SR TS N IR AE R 1 B R IR, XERLIERY Liutex. X 45 H =M AL
R P A vy B, T 2 Pl e e B DR A B AT, B SRR 2 AR A7 PRl ) Liutexc
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B 5 AL T (38 0, A0 PR A 110 2 ) e i R BT Rk /N s T EL, 12 0 ) 3 e B
DH—ANPNTIR. T RE— T B TR EGR. TRLE H, H H TR EOR
DA B AT B BG N, FSie eR ER HT RGN s U BH 1 B T A U AE K Rl AL R I AR
AT ECRRIRE RS, IXBUERL T DG 7o B 43 R S A B AN AR . JE T
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Fig.3-19 Bow vortex structures and axial Liutex
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Fig.3-20 Stern vortex structures and axial Liutex
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I A A AR B, 15 2URSE RO TH 45 R /I T A s R SR ie 2 i A 5
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3.4.1 JUMRETEE

RS H AR IH B DT EE R AR IR T B — /N5 ) KCS R 8Y, I8 22k
KP505 B . IRTe AR J1 771k 7 M2 #0715 (blade element theory, BET)
DM I P AR A B AR PRI, JRE T Fr=0.0948 MITHE oL, X RIARARALIE
0.731m/s. K 3-21 ¢4 T AU RN oy FERFR B Fe 2 AL R o0 B, 421
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Hull Grid

Propeller Grid
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H3-21 AR RRA a AT ABTFER

Fig.3-21 Domain for self-propulsion with real propeller
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H3-22 BET 7k AR Aw{zE T~ FH
Fig.3-22 Propeller disk in self-propulsion simulation with BET method
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#3-8 fRIRIBAG-RAB A N A& T
Table 3-8 Grids for self-propulsion of KCS at low speed

A M (A ) R AR XA (1 TT) IR T AR () BB H)
FLSR A 1.36 3.05 0.57 3.98
iNAaL Y4 1.36 2.73 - 3.09

3-23 FIK 3-24 73545 T FSIRHES E BRI A AR R T2 e 2k E i kA
1o Ao IWEHRRTUUE Y, AR SRS AT B AR AU, 5 20 M e 2 fo) ol oA
FEEATINE AL, DL DRA R R I b A RS AN 2 SR e 2 A R 3L, AT
L AR AT UL I BT R IO ROCR SRASAS B IO BUELAR o 1 R AR AR 77 82 T 2 T 4
o RN MR o o0 XN S BRI, AT 1 AR B XA T A
SRR EACR, TR R A A, AT USRS S (14 i RO

(@) AsthAniBie s & @ M A&

(b) %4 @i:E R (€) WA & R T

F3-23 AT A KRR ZARA KR BA-RABE RS A

Fig.3-23 Grid distribution for self-propulsion simulation with real propeller
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Eg
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B3-24 BET 7 ik A ALY B3R R AL 5 F
Fig.3-24 Local grid distribution in the simulation for self-propulsion with BET method
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Fig.3-26 Numerical simulation of self-propulsion with fixed rotation speed at low speed
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Fig.3-27 Time histories of thrust and torque obtained by BET and real propeller
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Fig.4-1 Grids arrangement for static drift test in very shallow waters (h/T=1.2)
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Table 4-3 Calculation of grid uncertainty
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Fig.4-3 Predicted forces in very shallow waters (h/T=1.2)
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Table 4-4 Predicted resistance and motion for ship model under different water depth
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h/T=2.0 8.2260 -0.00435 -0.02846
h/T=3.0 7.7424 -0.00332 -0.02369
h/T=21.2 7.0637 -0.00256 -0.02039
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Fig.4-4 Time histories of resistance and buoyancy of hull in different cases

RS2 i iy M 2 i) AR 06 5 2 B T IR s RS s s e m) . B 4-5 4 T
FBEL I TR SRS ShiN DT £k o b FHotie sl LUE H, R8N s shit f T iilie
IRKENEEA K . (HS2, BEE/KIRIIE/DN, MR UTEBCRE K . FRENRIZE),
MR DU H KRN T BT YRR B E B i, 38 i 1 Bk shig
(BRI N o 17 H, 38X EE A RRAZ BRI BE 77 e Z&mT LRI, BRI B ik
BRI 5 BH 770 7 28 1 Bk sl R SE AR — 3. X U A 7 PR A K S8 AR A2 Bl o6t BE )
Ik sh R B EEER . B 4-6 45 tH T AU RS 3 s FE 5 M T . B
ATLAE H, hiT=1.2 A1 1.5 T80T BIBKSNIE (A K T HAR T 3X Ui WA AE KR Z K T
KT 2.0 25, KEGHEIE SRR EN . 25 1, BWHITE <15 J5, ArfnTt

%96 T



VU A2 5 B AR TR 7 B AL

TUMAREIZ s PRI N, ELIH-JOE SR A RE A1 5 th A8 SURIE AN, M ARIE Sl B
1T

N N,
K, PEEBIINAT 24
0 T T T T 1 0 T
10 20 30 40 50 10 20 30 40 50
Ty ——WT=12 WT=1.5 ----WT=2.0 0.01 ——WT=12 e WT=L5 WT=2.0
o Wr=3.0 —  —hT=212 - [ —-—-hW/T=3.0 —--—hT=212
- 3 T T - - - T 002 Ko e
'\é-/ heee T e ;E L S e S i~ e
12 =
® -5
6 f
7 -0.05

B ] (s) ) B 14 (s)

H4-5 TR KR TABZEHE N X(E: Fit; &: REF)

Fig.4-5 Time histories of heave and pitch motion of hull in different cases
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Fig.4-6 Time histories of heave and pitch angular velocity of hull in different cases
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Fig.4-7 Free surface in different cases
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Fig.4-8 Dynamic pressure distribution in different cases
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Fig.4-9 Wake fields in different cases
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Table 4-5 Calculation cases
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Table 4-6 Grids resolution in different cases
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Fig.4-14 Grid distribution on the longitudinal plane and propeller disk
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Fig.4-15 Hydrodynamic performance of propeller in restricted waters
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Fig.4-16 Dynamice pressure distribution on the pressure and suction side of propeller
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Fig.4-17 Vortex structures based three vortex identification methods under different cases
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Fig.4-19 Axial velocity distribution in restricted waters
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Fig.4-21 Axial velocity distribution on the plane at x/D=0.20
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Fig.4-22 Grids arrangement for self-propulsion in very shallow waters (h/T=1.2)
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Fig.4-23 Time histories of thrust and torque of propeller in the self-propulsion in restricted waters
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Fig.4-25 Time histories of thrust and torque of propeller in the self-propulsion in restricted waters
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Fig.4-26 Streamline and velocity distribution in deep waters (h/T=21.2)
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Fig.4-28 Streamline and velocity distribution in very shallow waters (h/T=1.2)
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Fig.4-29 Axial velocity and streamlines on the plane at z/L,=-0.02913 in restricted waters
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Fig.4-31 Wake field on the longitudinal plane in restricted waters (x/Lp,=0.975)
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Fig.4-35 Comparison between body force propeller and real propeller in restricted channel
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S SRR, (H X TR IS K B TP R IR Tl A 5 BV A o S8 M TR
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ZRIBR ) o 3T AT A A K B0 AR B LT R K IR R R A8 £, IR RN R B AT
TE22 5 LA AR 0 R BE RSN, o 9 PR UFRBARTE I B AUAT o B2 4, 3 AT S AR 7K 31
TIRHE K B AR R AT T2+ L EE )

AN A SCAE 58 R 385 6 K 38 A AR AT S - 220 B B2 3 B AR i3
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3 CH SRR AR BET AU IREE) , XFIE #0147 ¥ 8000TEU 2L AR 5 I
RIS S -2 TR AT BB A, B FET U7 . Rk 3h )
SR YN =R B

52 BRI TRTA

N FEMRAAAAT o R BE RN, 2009 4 LRI B 5 2= 4K o S48 58 0y (Flanders
Hydraulics Research, FHR) 7EARMER 2480 T % [ 14E % R BE ORI B 231084, ik
PO A2 R BERUSL I S B AT 7850 W, A 1B il ieEids .
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(a) 8000TEU 4 X #a 4%

L

() 3%k L IUATAE A

F5-1 8000TEU #5A B #R 7% R JUATAL A
Fig.5-1 Geometry of 8000 TEU ship and propeller

%5-1 8000TEU & ¥ 44 A 3% A £ R &

Table 5-1 Main particulars for maneuvering ship model

FREE P55 BT B R
o AR

JSSIS LoA (m) 4.332
SESALIRS Lpp (M) 4.103
i v B (m) 0.530
finz K Te (M) 0.180
flerz 7K Ta(m) 0.180
TiT R Cs 0.651
BRI AR Y

HAE D (m) 0.1047
A MR P/D 1.00
A= Ae/Ao 0.96
BT dD 0.19
-4 yAGY) 6

i ] - ey
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Yoa

Yomarx Yomax

F5-2 FEE B2 A 50 F AL 69 JUAT AR A
Fig.5-2 Geometry of bank in the study on bank effect

%5-2 X3 TRHLHA
Table 5-2 Test condition

SgE| X2 G T THE T
G5 F slope33
UKC % 100 100

Wz K m 0.180 0.180
IKIE m 0.360 0.360
i m/s 0.8012 0.801
RH. 7y N 5.364 -

1= 73 N 1.648 -
LEEEAb:El Nm 1.804 -

W T A A iR rpm -1 .

B e 24 N -0.93 -

R e S Nm 0.84 -

fef ° 0.10 -
FErIikIm 71 N 0.07 -

[0 E WA} N -0.04 -

5.3 FEf T RERR R BB R AR L 53 4T

RN AR T L 7O 77 S 20 D B 46 M 7E 7R 7] P B 5
SN B RS HT . A RS LS9 T 1 B e 5-3 .
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%5-3 HAABEM T AN

Table 5-3 Overview of the test codition

T a Yoa (M) (You =Yoo —B/2)/B
slope33 1/3 2.230 1.0

db10 Vertical Wall 2.230 1.0

db025 Vertical Wall 1.8325 0.25

db05 Vertical Wall 1.965 0.5

db15 Vertical Wall 2.495 15

5.3.1 PRSIt 43 4R

N T PRAIEBUE v B T EENE, AN AT EAT AR WS B8 IE « SR AN IR A 7 %8
X} slope33 HBIHATIFFIGAE, FHWTH R 45 R 550 Tol F AT e #r.

FEECE VB R A B S B 5-3 B, Fer A B S C-0.1220pp < X
< 1.15 Lpp , -0.086 Lpp <y < 0.085 Lgp, -0.066Lpp < z < 0.08 Lpp; 1 5 M1 518 2-2.0
Lpp <X < 4.0 Lpp, -1.20 Lpp <y < 0.51 Lpp, -0.0877 Lpp <2< 0.5 Lppo FEHERINFRK T
o5 S S AL TE B 7 VR R B RN ARG R AT NI R R . BN TR A
fixedValue i1 7251t VIR & 7734 561K F zeroGradient; JiE#B (fixedWall)id 7 5%
PRE R wall, EEREN 0; MR L 5% 44% H movingWallVelocity,
& J1i 5 444K H fixedFluxPressure; M AARTHR IS AN S0 L 2544158 B N overlap,
DA S I Dt T 5 X A - T R L T 58 o A PR Y ST BRI, 4 1 S 3 s A
FRARTE RIS AE Xy, 2z AT AT AR B S LU N2, A% R I e iR
V2 o BT RIS T AR 5-4 B . R EEFRH B, 8 S A ER T LA A
f&1 5, {H2AE slope33 B rh, fREEMURHH/KBER, FEMURHFBE L 7K R AHSE HB AL M
BN — 3 BE 3% RO P LU BRI T RS (0 I 25 o BbAbh, TR SR T A, R TN
g, FURMIEECAE R, A —EReRIEIZINE e E . K 5-4 45t T A FE M
F TR A A AT o LLEOFTIRE R, W ORRMMAME . % B BT
TP, X FEAE TS S XA A A4 I s o 0T B B TR A7 B AT 1 2 ) N
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atmosphere

(A
75$L$“0

de

inlet farfield

#5-3 slope33 H17) it 354 A
Fig.5-3 Computational domain for CASE slope33

(@) HERA

(b) +FH

(c) mmA&

B 5-4 FANSCHEIRIE T AR RA& T £ B

Fig.5-4 Grids arrangement for mesh independency
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k5-4 REI R 75 EREAE

Table 5-4 Grids arrangement in different grids schemes

S = MR (A ) AR IS (B JT) BA(E )

LI 1% 1.75 0.70 2.45

H S Y A% 2.47 1.97 4.44

Y1 1% 4.92 4.15 9.07
5.3.1.2 7Kk Eh 1R

R 3 E A% T 5% slope33 S AT BB AR, HAT B B A7 AN 77 P
2Nl 5-5 s BUETHE PRI 7 90 MM, KERSGH TitERE
Ja 25 AP IR o BTN E AR LU HY SR R S5 R A RUBERTARG 20 R 4% 45 21U B 7 45
R BRI, WA RS T S5 3 BH 7 I B it 2 ok e B LG A P RO SREEK I BLE
AT 3 M7 R TR MARTT T P . V0 AR E DR AR TR S R AR
€, WIREARNTAT IR R AaE .

--------- A —— FPFEAK ——-mRk 2548 ¢ e A3 R R R

e 77 (N)

7
6
5
4
3
2
1
0

0 5 10 15 20 25 0 ; 10 1I5 2I0 2I5
B FI(S) # 4] (s)
[E5-5 TF RA& T agAsRe A& (L: B7); &: F7)

Fig.5-5 Time histories of forces and moment action on the hull with different grid resolution

R 5-5 45 T 3R S T IIRE T M FERE D A R X G
WRZENAXT IR ZE, L, H S FRUBE IR 7 SR 46 TR P15 22 A2 A TG 41 X A% 7 2 1T AL Y
T A5 22 2 AR T 2 ROBE XS 7 R o B A T R B, AR AT 52 B BE 77 1]
JIRAE TR 790 AR R R 25 A2 BRSBTS BE AR I T USSR 25 31« T
S5 TH F B, BT d R A T - - A e, H AR B A -
1.0rpm, fEFMAAN0.1° , XHEAHTEH LT . iR, /N 5.364N, H
BB B 70 0.93N, AT LBl ekt )5, 2 J1h 4.434N; IX— s bk
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& KM AT BUE AR B ATRARE A & S K. AR 77, =Fh5 iR A R
SNAAIREA BORRZE, EEHER B L, WaT UHE N wE R XT3 Rk
Yo, 3 RO N AERE IR B, MXRE BB W LR R,
3 MRS T3 SR AT S A R R 22 W, i A EE AR R R, TR
A LUHIE AT S5 R R I SR B BT AN, £/ 8L R 1 &8 RUZ
&7 AT I AT B AR SR 2R PR BUE AL

k55 R FMAS 77 KT 89 A5 /) B X A b

Table 5-5 Comparison between predicted forces/moment and experiments

i H FHL P H% MWZE%)  EMEE WmZE%)  4HM
BH 77(N) 3.987 -6.47% 4.291 -4.65% 4.406
M= 73 (N) 0.732 -30.45%  1.051 -15.24%  1.240
T2 J1 (Nm)  1.435 -25.8% 1.934 -8.99% 2.125

WRYE NTTC X T RIS IR I RLE , I BLX B ATREAT 1 RS ANEA 5 E 0BT
R 5-6 4y TR AN E AT AR A USSE S Re LIS EERT Po BUfHIR 22
1EIE R Co LA R AE AN E BE Uso H 45 U0 4 il 45 R g rl#E Y .
k56 AR L H

Table 5-6 Calculation of grid uncertainty

PG 5RE CG UG
0.378 2.805 0.07 1.643 0.160

5.3.2 FEE IR B XARARK BY SR ARG

= /NATREAT T A ISR B A AT, B T RS Al A R B B B N R AR K B0 7
FEMERREM o FEREATEUE AR, SRA 7 B R AR, DU B B MR EE B N R
AT HUE B T
5321 TREMEHENA

X AT T 4 Fh T OCREUE R, 5 R B AZEE B 4370 0.25. 0.50. 1.0 DA
J L5 fEHIMRTE . R 5-7 4o T Lol MRS RI 4> . 7E db025 T4 T, 15 5 /%
TR DX 5 S A 488 o, 32X A2 DR A M AR 2 B 22 T ) R B9800 s N X e 3 A T R A
LT 7 WS I
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%57 B FEEZEH T RAEH T
Table 5-7 Grids for simulating the bank effect

i H M (A7) PR R (F1 ) SIH(E )
db025 3.42 2.14 5.56
db05 3.19 1.97 5.16
db10 3.36 1.97 5.33
db15 3.51 1.97 5.48
5.3.2.2 /K& HF M
7 —db025-f1. 7 ——db05-f2. 7 10 - —db025-M ) 7 ——db05-fil %) 7
——db10-[2.7) db15-f2. 7 o | ——dbl0-fi &) A db15-M ) A
6 i NV AN ANY 2 S
7 L
=0 6|
Z < s
E 4 ﬁ 4 L
= = 3 [
3 = 2 /\/’\/
1 F
2 : 0 : : : : ;
0 3 6 9 12 15 0 3 6 9 12 15
B (s) W i (s)
(@) A (b) M= A
0 ——db025-#% 4% /) %2 ——db0S-4% 4% 7 #2 . ——db025-4 4 7 4 ——dbOSii 4 77 48
bl A 4 dbl5-AE e A 4 ——dbl0-#% 4% 7y 48 dbl5-#% 4% 77 48
01 | 6t
g-03 | o4k
%.0_4 i — s S— g ; VWW
03 MMMNWWWWWW&I EY AN /V\/\VJ\/\,—/
.06 | 1 :
07 ; 0 : ,
0 3 6 . 9 12 15 0 3 6 9 12 15
B I (s) 1] (s)
(c) #4714 (d) A&7y %

E5-6 RF)FEIESH TAA% &

Fig.5-6 Time histories of forces/moments action on the hull

K 5-6 5 7 4 R UL NARAARIBE 71(a) M F3(b) BERE J3HE(c) LA IRl B 156
(dymf e, Bldr, 24k, gk, S LIEZ 73713 x db025. db05. dbl0 LA
db15 B THR AR . BRI TBR ), IR LUE Y, B A AHIE T ST 7 B
R AR %) BEL g A2 328 TG T, T LB S P 1 B e a0, BEL ) 2 Jhk 2 9 2 i 1
0o 3 8 B 0 8 B9 2 5 RE R A 32 0 WK BNt 3G 0, 0 A R AT P e o 12 1
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Ko MM F7 BERE J3HE U AERE TR ] 3. b6 A = BE B R0, AR BT 2
7] 77 BERE 7 DL AERE DR DR I o X 2 DR D B o A = R B RS, i T
(RIS, M7 R B, MR AL I 2K, 1E AN S AR B, B
BERUN o IXFENAA T 5200 15) 77 518 5E D700 D SR P 3 I o M IRTET R UAT I, A0
FEITFRE, A NLNERE T BN 2 BN S R RE R P ZE , SEURSEERRG, A
REMERE 21T 5, T R MR HE 25 R BE I A G 0 . T AERGARAL, T R BE A A Hf
JERI, FEARRBIINE, IR IS, TE SR SE T B R 0 . FeliE 7
FERIH2 R 1A B i B T G HE D1 AR B I N . Bk Ak, IR RT LA, BEE R RERR
BN N, 7E dbl0 A1 dbl5 PRFR TS, M2 7 EescET, 1 BN R B A A
ZHEHE LR NMRZ

N T IR F1d 4T e B AT, R 5-8 A T IR MAASZ Fii T R I E . A
FHREIA, £ db025 LK, MEAREJIEE dbls Lwddin 1 27.4%; M 33m 1
270.7%; FEFE JIAEFESE A 0 BIBE N T 246.7%F1 340%. 1M7E db10 Lit, MEAARH
JIAEXF db15 3G 0 1 2.63%, Al Fy3Ghn 7 58.05%, AR 7 AR FNNERE 15 2 i HE
T 60%7F1 73.91%. 5 EERR B NGRS T REANESZ D PSS I, X AERA R AAT 22 4
PR 1 7™ P o

%5-8 IR FEESE S T ABAT /) 3 ik
Table 5-8 Forces/moments effected by bank effect

BRI BH /3 (N) 1] 73(N) BERE/JAE(Nm)  FEHE J1%E(Nm)
db025 4.84 7.60 -0.52 5.06
db05 4.23 5.43 -0.38 3.45
db10 3.90 3.24 -0.24 2.00
db15 3.80 2.05 -0.15 1.15

Bl 5-7 5 TN IA) R BE R B R ARRAIZ S B, MBI AR RTDUE Bl A R
I/, AR R OTEZB WG . dbl0 T FARM FULEYS dbls THAHZEAK, i
db05 T /LB G, {2 1E db025 T4, FUTEPEIS I, #{EL N 0.01m, [t dbl0
THLHGIN T KZ) 25%. EEXTMAARE R UL, £ db025 T4 T, MEANZAREE B b,
H IR RAR 2 o 00 Bl 5 A B0 25 0k, ARAN I IZ s AR 18 JE i) 21, X8
ST AR AT R 7 AR
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Fig.5-7 Time histories of ship motion (left: heave; right: pitch)
5.3.2.3 BHE
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L A

(d) db15
K58 R AEERTAEESH

Fig.5-8 Free surface

i e B /N ) R T RT DA e LM R LA B PR b X LAY T AR R B R
A RSB R AT, W& 5-8 . MR LA Y, S M R D,
PR RR A A AN B 2 1R FR) B P T v LS T B X R DR D M 2 B ) /S 3 B
AT R AN B 2 ) (A s IR AT 51562 1 1 b R BARARG o [ROF s R R A A I8 1
i PR WEE db025 THLRT LAAHL, FEMENA 2 ALER — MR AL L, AR A%
55 2208 N PRI A BB A B OB/ TV T IS 9 A 5 A T e A BRI
PG 2 B E AL IS 738 . AT 5 A 7R g

5.3.2.4 FRIATHE R RIAS T

Dynamic Pressure (Pa)
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() dbl0

(d) db15

E5-9 B FEER TARE@NESH

Fig.5-9 Dynamic pressure distribution on the hull surface

F AR R 1 20 [ e it ELRE S B R BE N S IR AL . ] 5-9 45t 7 AR R BE R Y
ARSI 70 A o B Se NSRRIl i I 8 FRO a0/ I A A A R 3 s 77 W S8 0k
MRZ, I NZB) R F4E db025 L B AR AT P i/ IMELE AR R 1 B AR B iz /N T4
2o JXFE IR 23 38 T AR I 170 77 LA R R 08 70 M O DRIE R I o 31 R0 Mt = B 8l s
Ao ERANRERIE T LA, 76 dbl5s THLT, M A4 iZah o A28 qe, H 2
A FZE) AR X0 /N T 2 o XA 2 38 TG WA A % 1) e N B M 700 . BEE i 2
PEBS I, AR BN B o)A ARIF AL, (B A LA AR XN 2%
B XA AR KX, X2 5N NG J1 R R DRIESE N o 8271 R 73 A A B =) s
oA IR AT LA AR M A R A AT S A AE P MR X o i 2 e RS X
FEREAR R SRR 2, IXAE SUEMAARIIE R, M e R SEIa A BE o i (30 e F
IR IE B T M AR R 7 FE 384 0

PR 50 s A 18 E0 8 R i 2 8 5 e A AR ) ELRR S OSE o O T 0 T M AP R A
T NRITEEIHLEE, B 5-10 &5 M 1 A e R v PRI R A . IR AT AR H
It 2 o 2 OO/, P A A R 2 B 2 T PR AT S 1 T S e B P4 A e M A
ANEIRIE I 1B ET AR T H, £, AR DA B AR TR X AR, e
HAE db025 O R EEOAWIR o AARARIE X B A 2 DX AR S . (HIX B A
A E 7 1A ) R e, B A R T X R T R, SRR B T A R A X
AN, XA R BB T MR R 1R

50146 T



IR LR HUT M-SR G BRI BE A

(@) db025 (b) db05

() dbl0 (d) db15

B5-10 R &R THRI>H
Fig.5-10 Wake distribution around the hull
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BN, B S 7 IR S H W R A A%, SRR, T BLYE dbls T, 2R
J& 77 R FRIE I P AR S5 8 o B R BE 080/ A0 NE AR S5 M AR 55, R
BG4 AL EIR S FZ M e o, G4 32 S A X PP 5 32 BR R
FRERBSU/IN, A A AN R BE (RIS, BT R A B R B R ik, sl o B
WA . ST ARRIRES AT I, 76 dbl5s THL T, MRRIRG RS, HA
B, R AT A MRS . BRI B BN, ARSI S IR G o, IR
b AR 1) T AR AT A o 0% 2 B R R A A2 AN R BE 2 (LR B IR, 70 A im 3l DA BE PR )
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Fig.5-11 Vortex structures obtained by Qr method
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TIRFFIE L R AR DOk 7C 7 BE R NI RG-SR K3 ket B e
FE TR A WK PERE,  DAME R SeREAT HERE DR 7 AT 5. X L E Se %t 8000TEU £&
BRI SR AEAT T BEAE U

5.4.1 SRIER UK RE S A
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Fp D5 LT B, X AR . X BRI /38 2 K H T HEXPRESS #f4t-.
5-12 25 H4 1 U SIEORIBE e 2 1) XA 204, W R LB TR, AT B R T I
TG vt I WA A D 1A B R e 2 — R 5 B o e LB 3BORN i 2 S M A 43 ) 2 101.3 5
F1188.7 Ji, W% 290.0 Ji.

(@) Fax kit HIR W& A (b) Far k@ M4
5-12 8000TEU 4 3% 4445 ¥R ¢ & W& X 4

Fig.5-12 Grids distribution for simulating open water performance of 8000TEU propeller

5.4.1.2 WK M RE KRR IA DT

L2 i 7 06

B5-13 8000TEU & 3 4 A5 ¥R 7¢ % vh 4
Fig.5-13 Open water performance of 8000TEU ship propeller
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Fig.5-14 Vortex structures based on the third generation of vortex identification method
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5-14 45 H T 3 T28 3 ARIRIRAI LS 211 J=0.4. 0.6 LLJZ 0.8 i MR e im &t . 1K
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5.4.2.1 itE TR K MK 5

RGBT N G- AR G M 2 28 KRR Y, AN 2R FH 8000TEU £E3444
Fif S FLRR TR A, FL LT BB AN S 000, 6.2 /N4 o A /N SRR Y T 3R H B T, db025,
db05 % dbl5. FEHUEBA A, REATIENE R e, JEid PID il J7 ki AT 4
EAEHL, P AL | ZEETEE 7 1000, SLiEAT 749 20 PIBUEARTL, 519 BR e
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Table 5-9 Grids arrangement for simulating the bank effect

Tt W (F ) AR (F177) SR eI MR (E1 ) BIH(A )
db025 3.42 2.58 0.57 6.57
db05 3.19 2.24 0.57 5.43
db15 351 2.24 0.57 6.32
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Fig.5-16 Grids distribution for Case db025
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Fig.5-28 Speed in the numerical simulation with BET method and real propeller
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Fig.6-3 Computational domain and boundary condition
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Table 6-3 Grids distribution for entering the Channel
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Fig.6-4 Grid distribution when the ship enters the lock
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Fig.6-5 Define of three instants when the ship enters the lock
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Fig.6-6 Time histories of forces/moment
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Fig.6-9 Free surface at T2 instant
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Fig.6-11 Dynamic pressure at T1 instant
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Fig.6-12 Dynamic pressure at T2 instant
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Fig.6-13 Dynamic pressure at T3 instant
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Fig.6-14 Wake distribution at T1 instant
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Fig.6-15 Wake distribution at T2 instant
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Fig.6-16 Wake distribution at T3 instant
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Fig.6-17 Vertical Liutex distribution on the plane passing through propeller shaft
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Fig.6-18 Computational domain and boundary codition when ship leaves the lock
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Table 6-4 Grids distribution for leaving the lock
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Fig.6-19 Grids distribution for leaving the lock
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Fig.6-21 Time histories of forces and moments
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Fig.6-22 Time histories of heave and heave velocity

6.3.2.3 BHE &MRABIES

K 6-23 5t 1 AR e AR R B B BT R B e A . ] 6-23(a)4a 1 T I
ZI E da, AR RTECE L, PR CO0 N A ARG AR AR L 1 2K, 1t Bt B
2, IR 3G BE 7T B DR SE n. FEARHESIAE FR I sh R ATAT, AR AR B i R
LAAAAUAT R T2 I 2, BOTTHTIE SN Ja MR AL B B A, XA By 2 M A
[ o gt BN, R A R KRR T &, T B R T o 2 M AT 21 ) =] VIR
H F T M IR e DA T ‘2 i (] B F AR o B, AN TR AR HE Hh 17 o P LRI, A
IR o ARERANTAT B0 21T (T3 Z]D , JFRE /K B A SR M AR Bk
)& (s A B, 3K dT R, MEAREE A S i

MEMKE, BOTTHITIZZh 2 )5 B XA IR Z . X 22 T80T T
FEAATHICE S, BN T U0E AT FH2E RO, AR K, ) = K id 2 L
[ R P AR O AR SR 2, T 3 SN B

% 185 L



FNE -G RE H  EE E OR PR BUE A

z/Lpp(e3)
-3.00 -2,25 -1.50 -0.75 0.00 0.75 1.50

(@) T1 82

(b) T2 Bl

(c) T3t

B6-23 fsAah WAL a @B [ H(L: HITHREH: £: BTAE)

Fig.6-23 Free surface evolution when the ship leaves the lock
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Fig.6-24 Dynamice pressure distribution on the hull
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Fig.6-25 Streamline and axial velocity (left: heave motion; right: fixed)
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Fig.6-26 Distribution of vertical Liutex when the ship leaves the lock (z/Lyp=-0.127)
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Table 6-5 Grids for entering the Channel in the simulationg of self-propulsion

iH A (A ) AR KRS (7 ) W2 iE 2 Wk (F1 J5) ST (EH)
Ry 4 7.75 2.25 0.70 10.70
1R AR S0 e 7.75 2.08 - 9.83

# ¥ R AR SRk R 4
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Fig.6-27 Grids distribution for self-propulsion simulation when the ship enters the lock
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Fig.6-28 Grids distribution for self-propulsion (BET) simulation when the ship enters the lock
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Fig.6-29 Time histories of speed when the ship enters the lock
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Fig.6-30 Time histories of forces/moment acting on the hull and propeller
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Fig.6-31 Definition of three instants when the ship enters the lock
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Fig.6-32 Pressure distribution of propeller at three instants
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Fig.6-33 Wake distribution at three instants
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Fig.6-34 Wake distribution on the plane before the disk
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Fig.6-35 Streamline distribution and magnitude of velocity at three instants
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Fig.6-36 Vortex structures at three instants (2r=0.52)
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Table 6-6 Time-consuming of self-propulsion based BET and real propeller

i H HSIBTRAE A BET AR ik
AT R E() 36 36

TR 4 4

BB 112 112
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AT AE TR AR T (RY) - 39 23

B R 1A (/N 70 70

1) 25 S AT () 140000 70000

TH YRR (] (N 1413.98 459.62

TERUEBIN A, AN PN B B TR I TE i A8 38 K A A 5 i v T FE
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MR T i . SRS (A AN 1413.98 /N (Z) 59 K)iE/> 3] 459.62 /NEF(Z 19
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Table 6-7 Grids for exiting the Channel in the simulating of self-propulsion
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Fig.6-37 Grids for the simulation when the ship leaves the lock
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Fig.6-38 Time histories of resistance and speed
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Fig.6-39 Time histories of thrust and torque of propeller
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Fig.6-40 Define of three instants when the ship leaves the lock
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Fig.6-41 Dynamic pressure distribution of propeller

6.5.5 iR B LR 5175

B 6-42 45 Y 1 M- 2R 5 Y e I R I 2 PR M e S ) R i S A . B RT LR
H, fE T Z], ZRRHERIEHE R, WA e R ik R BRMEA 7
KB EETH b o IXF ROV IR e s s R I e e » R IALLE A 1 il e O R A a8 ™ 1L
1117 L ol ) ) S5 AR BE IR o 7E T2 W21, d T kAt S 2Bt W= —2, JT i
TR AR BN ) 5, AEMR SR e B (s, RIS IR 2%, P
CAIEIR s 45 R SN 2 2%, 10 HL22 Y 1 AR 22 R o (ELR BRI SR 7T LA HY R i A2 M
T e % RSN T LA o 2 1) = IS AR B i B, Bl ie &S M MR AE T IR AR BRI b £
T3 Z, MHCaEERmmE, KERIZKABARZN, 32 IR0 ik 45 R 2] %
ﬁW%E@%E%%ELO%ﬁ%%%%kﬁﬁi%ﬁ?%ﬂ*ﬁ¢o

i 205 TL



FNE -G RE H  EE E OR PR BUE A

() TL 0%l (b) T2 Bl
. mag(U{ls

I 1.2

0.9

(c) T3zl

El6-42 $ At %) 3R % R B % 45 4 (Qr=0.52)
Fig.6-42 Vortex structures around the propeller (2r=0.52)

K 6-43 2t 1 A-SOR &t e R rp AR I 2 R 2 o A . T INZ], AT
LAE RS2 PR HESR M N Td , £ 1 i i oy 2 ) = B, L2 — N,
T 160 AN AT R 25 5 AE T 52 2UREAA A AT AT DA i) S B T (520, 3l /5 23R
RISk 3 PR 2 1B A7 B, P AL SN SCAE B P T BT [ R e R A8 T i i o £ T2 B 21
H T 52 2T K3 PRGN T = 52, SR IR 2, (HA2 IR AR vT LU
SRR E R % R /3 MRS, A 1] =2 A R AT 1 b T PRI [ 7 28 R 28 T B A B R
T MR SE A Bt i 5, T3, U RS A NI 32 EORIE T TR K, 52 182
JEENFLRIFER, i ks R BB A 1 B R P Moo R IRE 23K B il
T Je XA BB, VBRI A

5 206 T



SEoNE M-SR G ) R R B A

1k

2 171
mag (U)
15

I 1.2

0.9

- 0.6

I 0.3
0.0

E6-43 A Bt R IR &K 0 A

Fig.6-43 Streamline around the propeller

6.6 XE/NGE

AN E L EHAT ARG ATEE e M-SR S Y I S R R R R 2
EAA BT, Bk VR SRR EOR . MBI EOR UL BET A4 FR T 88 e 2 75 1%
BEAT M ARE L 1) v BB A UL ) R AT A

AR EE Sl R AR 1 IR IR 1 2 AT B iR R AT EEE . SR A 12000TEU
SRR, Bl Mt 2 3 HEE LMW AR, JPRBUE R A R 5
BB HEAT X LE AT, BB S RS ) S B o RIS EE 8 1 25 RE AR THIT
SYPREE BN T I BUERAEE R RIUAE S FE RN IT S ARz sl 5, Al R ) 2k
BN e RN AT AR ARG ATEE e =S RIS LEERL ], AR FIEX L 7RIS
INIE IS BN E MRS T KB ket Bl SRS s AR LS e .
ERErx b e LA RIS Bl A MR K B J1 R R B, AEBERE AR, M ARAE 58
€ o L1 e wi LN D e ot 72 B e R I I NP 5716 == OO SN ST e X
Nz SRR BNE T, 38 R AR B Ak e BB B AT 22 4. I AERE IR R R, 1%
RFFRUR A S, I Z0E A LS MR el R b, S AR i oK &

i 207 B



FoNE -SRI BB

0.25~0.75 MK, S i fE Rt %), SRR N UUR L, (R 1A R
JIFERKNARK, 25 2 18 N AR A o i DA IN) R 120 AT BE DR 4 H ek, ) 200 %¢
FAR A, FRIEL R e 00 55 B ORI AR o

NG ARTERAT T AE-SAR G N B BTN R = B AR R AL, R BET
PRFR T WETE S T7 15 S 1 M AR 3k i) Jt R A 7K Bl 70 R 1) v AR T . JE ISR
BET fRFR R He rv2:, MAfdt ik R o AT 55 R B SR e S 2 1 o B
FAR—3. KM BET AR 1R e 7 v e rf it 7 M ARk i e R v A BEL A7« 0 )
FIEEGE R SR eI AR A T R B TR, R T MR 2 B 5] M . [
FEREMAFEFW . 25 LIERZ, ARG T 51 WiaE — iy, WR e 34 77 AN 2 B
BRPLG . $ehh, IR AN K)o A AR AR A L Ik AT DA SR
SERITEAS I3 AT 1 -2 08 5 i 1) 1 3 A% A AL BT LA XS B BET J7 A AN SE IR e
WRA B THEAERS, RICRA BET J5iE ] LUKIRER A HE AR, SR T B[R] 2D
7 67.5%.

BEARF T T AE-2A A B R, BT T I R A A AR e 2 1
KBNSk, FFE R o B BRI 2 (MR ISR B e g IR ES R LA ZE S A B A T -
ARG H i AR R LR AL .

AT - AR A T T AR MR I B E AR 7R T -2 A e R
WA RS MR I I R TE AT LB AL, Do idE— B B FE BR ) K 8 -2 e & T I R
AR A IS E R

A5 208 T



FrE nERRE

BLtE RERRE

7.1 BXESE

A A SO T S AT BN B 3T R B S i TR KB ) K R4S naoe-
FOAM-SITU, JFk [ HETRSARFAI I, (Al 455 B8 A% Tk DL 52 R 5
LT BRI -2 88 G2 30 B R R 3 BB A, IR FH B 0 28 = AR iR
Sl 75 %68 22 b B R 7K 38 -2 S T 3R BB R AT T IR T

FEBR AR A, MEAAAL FARATIE X, Jish Rt 98 3 S AL O T SR SUE T
HOTERY T EENE, SO E e AT RS MR ARHE DL B BUE T R IE, R
H BET /&R /)75 R500E 1 M- 2485 7K 3l 1R 1 ey AR B T AT o SR T B A 2R
KVLCC2M 47 T MAG USRI IRIE, FFIEAT T MRS AN I BE AT, RS R 55
EWIE BT, YA T M HTR A B EUE 7208 P AR o SR 5 SR 2 a5 VA TR
#15(0.0948< Fr <0.195)% KCS My 28 Kithifi . IRiE I+ KCS MR /K 3 /)%
Y5 RIGE ) G, BRI 0 B R 22 5 0 (E AR T oK N-3.84%, Ak A 31 [
B b SETRRE L . T 30 0F BET AR IR e 7 v mT SE 0, LR T s A
-RNE RE Y, BUS T U B AL A R

T RRHE S . RIS AR LR BET (AR 8l ik seil iz
BPRAS T A A - A 12 SRS QBRI AU SR BN J 1R B s AT . 1 e HEAT
TS AOHEAT R BUERAL, FEEAT 7 A AN FE 0, RIBE S K IR R IZ TS, M
RARE 77328 g 0, MEARR DT, PRI SRS TEMREIZY, MR R @B . 7
hT<1.5 J&, MEAAMIF-ITA TR R LA FE A P hn, ™ 5 B A AAAAT %2 4. LI
I 1% R B SRR UE KRB, DB G filffe . SRS B R A, PRSI, R BT
BRI ARG ST BRI M- SIS A B AR Y . X AT R
ILBE A RS, MEREAUE SR ERAK . AT R T DUR I, E /KA g i 2 N
TR E A BT RA%, X T80T RIS HE R 38 0 . 2 B /K R BETH RS2, 7ER T
IKLHT , BRHEE B NIRAT IR K — &R 0>k B T AP, MR SR B T 32 2K
(R sZ e SR> o R BET AR I8 e 2 7 B s Tl 1 iR /K -2 i &z
BRI o

5209 7L



Fow BaRkREE

SRR T DL DR, 1 AR AR A AT S AR T M B AR . BRI T TN
RS SAVESRAIE, HEAT T WA ANEA E L o0 M7, IF 5 IR B AT LUXS, BUS 1B I RCR
25 AR WK A S ROEE O ol T LS & 3R] S OB AR S5 R . 3% TR 1366
fleh 4 bR RERE BN BEARA K AR . AL, BEE R R BN, A 2 2 FE
73 a3 CL R R AR AL I I 0 o X2 PR T R RN 3 B 1 S AR B (A
B /NG U . #E db05 TOLT, RIAGAZ R P EERT 2 0.5 MG 58, MEAHAIFE 148 0m
M0 g A AN F8 0FE A DRSS SR Lt ORE S IN, M AAATAT 2 42 52 2™ B
Mo BERFRAARLZ FARATE , I SR A B MIHESE, S T B Rl . 55 R SR
JrRBEAALTIE TT 1 AN A R BE B B T BN - SRR S ia 3 e L B b R . i T A B
WA M B A /DS s AT BB AT o 3K PR D B R MR i SR 77 HH A th it 2 1
TN, AELE A AF PR BEL 7 19 e P52 5 I R o PRI S R R, BEE M B
BRI IRA T LT 3 P U BE R/, BV e R N Ui 2 A BT AR, MR et Sl o
B il Rl Sl ) AN k2 - NN DN i A N T e N S ER R Al
BN SCH IR IE I R A5 A L SR ER S SR 1 AR R AT I R B X B S R PR
M RIHLER . ReJE R BET Jrik, BRIl 1 5 AT H A ARATIE DL SR i 3t
AR, TR AR 1 E BRFE KT o X TR e ML e A T, B AR TCIZ i AR A
JEAE T R R (X TR 2RIk B0 F3Rp I R Tl A 5 BEVE L A

iJa G R BB MR ITE . EIMARHR BL R BET AR IR e 5 0t 1T 1
PR AR 2 ] v OB AR A o B Sl AR A AR B AT H 1) S 380 1 4 AR 5 i T
Sk, BEBA R 5l EY & BT . £ BT S ARz sh )5, MArIEHE
DIRIE NN o LR LU 58 22 N2 A Bl JE AR K s Akt R L, et R R T,
et ERe b ete oot L i b e Ll o pfe v i B Pt i B 1 I AR 21 = NP 4 6 = S i
(BRI PR A8 5 2 U AR A P A AT, 36 S A A 14 i JER B 2 AT 22 4o Pl DAAE 2 I ) i
RErf, PNOAZORFFRUARAII SN, I ZE AR s AERGARH R R, 2 faAn
7K 2] 0.25~0.75 M, & IR fER %1, SRR AR~ T8O ™ &, R 1E 7
ARERE ST FERKENAR K, 2 5 S M AR IRl o P AN 32 R ) e OR-fr 4 AL, I
ZIMSE AR LS, JFEERAE. A 00 HESE e & ORI AR E o

FEMT- 200 3 T B0 BB AR b, SR T BET (AR IR ie 2 5 FLS i e 2 . Al
KM BET J5iAfS B BN AHTE 5 H SRl AR R G R A — 2. SR Z iR HERf
TR 1 A AFEE e S A R SR A AR R A4, L TR e S B 51 LIE 4
HEEM S LA, IE M TR BN A0 A SAL I AT IR A iy
AT LGRS o TR LU AR 5 IR RO TH SRR, RBRA BET J5i%m] BLKIE§Z

5210 T



FrE nERRE

THFSRENS o FE M- 2R 1) A BB AR, o 1 ik SR P A AR AR e 3 (1 7K
2 IR LS SR I Z ARSI B IS 70 i a A LA S e 0 A o

AL PR A K Sl -2 S IS S BUE AT S ANIG AR, 7R IESKE 1 T H B RS
Jiit MEAURRS SR L K BET ARAR A3 J7 VAL BR ) 7K 380 rh A A s S T i) sd
FAAE, St FT R K b -2 - e R S Rz shiR gt 7o a DMt st LR, VSR
AU -2 -ME AR S R B 1 R A UL B e 1 ISR B

7.2 Wi

AR SC0T B i A - 28 12 B I S 2 R MR TR I AT T BUE AU AT, IR
BET &R Jyhgie 3k 7712 LUK 56 = AR T 0 1 K38 3 AT DA SR A i
1) = 0 AR P B2 K B R R B R YRR o AR T SRR S TR BRI, A
S TR 2 AR AL, T R BB TAE R LA BA R J7 TR A7

(1) T4 56 RN URTE 2K BN 74 P e B T VA B e, 2% 18 22 P T LA U v
W T TE A ARG R oe T7:5, AT LS TiE 5 K 3l R 0 it
W] DAL R T S e i i AR R i s iR, IR AT R .

(2) X T AP 0 PR K - 22 - AR S RS S M BUE RS L . A0
HEAT 1 BRI A M- 280G T 00 B HUOS S ECE B, H R S B8 B S g 5 45 i R A
KIS S IR, 7B &5 FEA- - e 2 RIAH AR SR, b
BRI Z TR B s 3 DL R UAT T RUT R 3.

(3) 15 KRB R A A A B st ZK 35 (R 7K 3l 7R 1 B B 2 R M IR 3 a3 A T B AR A
C10%a v == I 1l e L 8 VLTI RS [ S e 7 R TR v A ) [ R R 9N - 3
Tl 5B R 58 AN ], AL ST RE g A 2085 77 R i B 32 B COR R A1, DRI Xt
TS RBE T BRI K S8 MR B A R g AT AU ST 2 o B

(4) XH DES (f3#5 DDES. IDDES J7¥%) 8% LES J5 Xt R il 7K 45 b i A &2 4
RIS AT AU T o LE BRI, AR 48 T = S A7, KA DES 8 LES
i ERE TR AT AT BN A B, TORIR AN BRI PR K3k A -2 e i S B O
KA R LT N+ 8 B SEMR A E B .

5211 T






Z % 3wk

2 % XK

[1] International Maritime Organization. Standards for Ship Maneuverability, MSC.
137(76)[S].

[2] ITTC, Proceedings, 2008, 25th International Towing Tank Conference, Fukuoka, Japan.

[3] FALWL. BRAGIKI RN S S AR P MoK 3h T BUE R 5T [D). B Bl
1K, 2009.

[4] L ERAS. PRI/ S A0 & AR P 3 I BB AR DB 78 [D]. B R ifEsgsil
K, 2016.

[5] £t 3T EHE MR AR AR 3 EESUERND]. L B
K, 2018.

[6] Brik. fESAAA I SRR Lok 3 I BUERT 7L [D]. Bl EHgASH R
%, 2017.

[7] International Towing Tank Conference (ITTC), The Manoeuvring Committee, Report
of the Manoeuvrability Committee to the 15th ITTC, 1978.

[8] Vantorre, M., Delefortrie, G., Candries, M., et al. Behaviour of ships approaching and
leaving locks: Open model test data for validation purposes[R], Version 2_0. WL
Rapporten, WL2012R815 08e. Flanders Hydraulics Research and Ghent University -
Division of Maritime Technology: Antwerp, Belgium, 2012.

[9] Richter, J., Reddy, D. Delefortrie, G., et al. Model tests-West Lock Terneuzen:
Accessibility for bulk carriers with beams of 38 m[J]. WL Rapporten, 2011, 845, 2: 1-
31

[10]Verwilligen, J., Richter, J., Reddy, D., et al. Analysis of full ship types in high-blockage
lock configurations[C], Proceedings of MARSIM, 2012.

[11]Vantorre, M., Delefortrie, G. Behaviour of ships approaching and leaving locks: Open
model test data for validation purposes[C], Proceeding of the 3rd International
conference on ship manoeuvring in shallow and confined water: with non-exclusive
focus on ship behaviour in locks, Ghent, Belgium, 2013, pp. 337-352.

[12]Vantorre, M., Richter, J. Maneuverability in lock access channels[C]// 2" International
Workshop, PIANC-New-Orleans, 13-14 Sept, 2011.

[13]Vergote, T., Eloot, K., Vantorre, M., et al. Hydrodynamics of a ship while entering a
lock[M], Eng. thesis, Ghent Univ., Ghent, Belgium, 2012.

[14]Vergote, T., Eloot, K., Vantorre, M., et al. Hydrodynamics of a ship while entering a
lock[C], 3rd International Conference on Ship anoeuvring in Shallow and Confined
water: with non exclusive focus on ship behaviour in locks. Flanders Hydraulic
Research, 2012, pp. 1-9.

[15]Van Kerhove, G., Vantorre, M., Delefortrie, G. Advanced model testing techniques for
ship behaviour in shallow and confined water[C]. Processdings of the 1st International
Conference on Advanced Model Measurement Technology for the EU Maritime
Industry. AMT’09 1-2 September 2009, Nantes, France. pp.158-172.

5213 7L



Z % 3k

[16]Eloot K., Vantorre M. Ship behaviour in shallow and confined water: an overview of
hydrodynamic effects through EFD[C]// Rto-avt Specialists Meeting on Assessment of
Stability & Control Prediction Methods for Air & Sea Vehicles. NATO. Research and
Technology Organisation (RTO), 2011.

[17]Debaillon, P., Lataire, E., Vantorre, M. Bank effect on ship squat[C]. International
Conference on Ship Manoeuvring in Shallow and Confined Water: Bank Effects.
Antwerp, Belgiun, 20009.

[18]Vantorre M., Delefortrie G., Eloot K., et al. Experimental investigation of ship bank
interaction forces, International Conference on Marine Simulation and Ship
Maneuverability, MARSIM 2003, Kanazawa, August, 2003.

[19]Lataire E., Vantorre M., Laforce E., et al. Navigation in confined waters: influence of
bank characteristics on ship-bank interaction, International Conferenceon Marine
Research and Transportation, ICMRT 2007, Naples, June, 2007.

[20] Delefortrie, G. Manoeuvring behaviour of container vessels in muddy navigation
areas[D], Belguim: Ghent University, 2007.

[21]Lataire E, Vantorre M. Captive model testing for ship-to-ship operations[C]//
International Conference on Marine Simulation and Ship Maneuverability (MARSIM
2009). Panama Canal Authoritiy; International Marine Simulator Forum, 2009.

[22]Eloot, K., Verwilligen, J., Vantorre, M. An overview of squat measurements for
container ships in restricted water[C]// SOCW 2008, 15-16 September, 2008, Glasgow,
UK.

[23]Verwilligen, J., Richter, J., Reddy, D., et al. Analysis of full ship types in high-blockage
lock configurations[C]. Proceedings of MARSIM, 2012.

[24]Eloot, K., Delefortrie, G., Vantorre, M., et al. Validation of ship manoeuvring
in shallow water through free-running tests[C]// ASME 2015 34th International
Conference on Ocean, Offshore and Arctic Engineering. May 31-June 5, 2015,
St. John's, Newfoundland, Canada.

[25] Delefortire, G., Geerts, S., Vantorre, M. The Towing Tank for Manoeuvres in Shallow
Water, 4" MASHCON International Conference on ship Manoeuvring in Shallow and
Confined Water with Special Focus on Ship Bottom Interaction, Hamburg, Germany.
2016, BAW: pp. 226-235. DOI: 10.18451/978-3-939230-38-0_27.

[26] Delefortrie, G., Eloot, K., Lataire, E., et al. Captive Model Tests Based 6 DOF Shallow
Water Manoeuvring Model. In: Uliczka, Klemens; B&tner, Carl-Uwe; Kastens, Marko;
Eloot, Katrien; Delefortrie, Guillaume; Vantorre, Marc; Candries, Maxim; Lataire,
Evert (Hg.): 4th MASHCON - International Conference on Ship Manoeuvring in
Shallow and Confined Water with Special Focus on Ship Bottom Interaction. Karlsruhe:
Bundesanstalt fir Wasserbau. S. 2016, 273-286.

[27]Lataire, E., Delefortrie, G., Vantorre, M. Impact of Banks on Ship Squat.In: Uliczka,
Klemens; Bdtner, Carl-Uwe; Kastens, Marko; Eloot, Katrien; Delefortrie, Guillaume;
Vantorre, Marc; Candries, Maxim; Lataire, Evert (Hg.): 4th MASHCON - International
Conference on Ship Manoeuvring in Shallow and Confined Water with Special Focus
on Ship Bottom Interaction. Karlsruhe: Bundesanstalt fUr Wasserbau. S. 2016, 115-121.

[28]Chen, C., Ruiz, M., Delefortrie, G., et al. Parameter estimation for a ship’s roll response
model in shallow water using an intelligent machine learning method[J]. Ocean
Engineering, 191, 2019, 106479.

214 T



Z % 3wk

[29]Hearn, G., Clark, D., Chan, H., et al. The influence of vortices upon estimation of
manoeuvring derivatives[C]// Proc. of 20th Symposium on Naval Hydrodynamics.
Santa Barbara, California, USA:669-681, 1994.

[30]Kijima, K., Furukawa, Y., Yukawa K. On a prediction method of hydrodynamic forces
acting on ship hull including the effect of hull form. Proc. of MARSIM’96, International
Conference on Marine Simulation and Ship Manoeuvrability, Copenhagen,
DeNmark:411-418, 1996.

[31] Tanaka, S. On hydrodynamic forces acting on a ship moving with large drift angles[C]//
Proc. of MAN’98, Val de Reuil, France:31-38, 1998.

[32] Zou, Z., SAing, H. A Panel method for lifting potential flows around three-dimensional
surface-piercing bodies. Proc. of 20th Symposium on Naval Hydrodynamics. Santa
Barbara, California, USA:810-821, 1994.

[33]Xiong, X., Wu, X. A study on manoeuvring hydrodynamic forces acting on 3D ship
hulls with free surface effect in restricted water[J]. International Shipbuilding Progress.
43(433):48-69, 1996.

[34] Yasukawa, H., Yoshimura, Nakatake, K. Hydrodynamic forces on a ship moving with
constant rudder angle: a theoretical treatment of rudder angle test. Proc. of
MARSIM’96, International Conference on Marine Simulation and Ship
Manoeuvrability, Copenhagen, DeNmark:435-447, 1996.

[35] Tuck, E. Shallow-water flows past slender bodies [J]. Journal of Fluid Mechanics, 1966,
26(01): 81-95.

[36] Tuck, E. Sinkage and trim in shallow water of finite width [J]. Schiffstechnik, 1973, 14.
[37]Tuck, E., Newman, J. Hydrodynamic interactions between ships[C]. 10th ONR
Symposium on Naval Hydrodynamics, Cambridge, Mass, USA, 1974, pp. 35-70.

[38] Abkowitz, M., Ashe, G., Fortson, R. Interaction effects of ships operating in proximity
in deep and shallow water[C]. Proceedings of the 11th Symposium on Naval
Hydrodynamics, London, UK, 1976.

[39] Yeung, R., Hwang, W. Nearfield Hydrodynamic Interactions of Ships in Shallow
Water[J]. Journal of Hydronautics, 1977, 11: 128-135.

[40]Yeung, R. Applications of slender body theory to ship moving in restricted shallow
water[C]. Proceedings of Symposium on Aspects of Navigability of Constraint
Waterways, including Harbour Entrances, Delft, The Netherlands, 1978.

[41]Ooremerssen, G. Hydrodynamic interaction between two structures floating in
waves[C], Second International Conference on Behaviour of Off-Shore Structures,
BOSS’79, London, UK, 1979, pp. 339-356.

[42]Duncan, J., Barr R., Liu, Y. Computations of the coupled response of two bodies in a
seaway[C], International Workshop on Ship and Platform Motions, 1983, pp. 26-28.

[43]Kijima, K. Yasukawa, H. Maneuverability of Ships in Narrow Waterway[J], Journal of
the Society of Naval Architects in Japan, 1984, 156: 171-179.

[44]Kijima, K. Maneuverability of ships in confined water[C]// International Conference of
Ship Maneuverability, London, 1987, 20.

[45]Gadd, G. A calculation method for forces on ships at small angles of yaw. Trans[J],

5 215 7L



Z % 3k

RINA, 1985, 127: 257-268.

[46]Fang, M., Kim, C. Hydrodynamically coupled motions of two ships advancing in
oblique waves[J], Journal of Ship Research, 1986, 30 (3): 159-171.

[47]Kaplan, P., Sankaranarayanan, K. Hydrodynamic interaction of ships in shallow
channels, including effects of asymmetry[C]. International Conference of Ship
Maneuverability Prediction and Achievement, London, UK, 1987, 21.

[48]Gourlay, T. Sinkage and trim of two ships passing each other on parallel courses[J],
Ocean Engineering, 2009, 36: 1119-1127.

[49]Krishnankutty, P., Varyani, K. Force on the mooring lines of a ship due to the
hydrodynamic interaction effects of a passing ship[J]. International Shipbuilding
Progress, 2004, 51: 33-57.

[50]Lee, C., Lee, S. Hydrodynamic forces between vessels and safe maneuvering under
wind-effect in confined waters[J], Journal of Mechanical Science and Technology,
2007, 21: 837-843.

[51] Skejic, R., Faltinsen OM. A Unified Seakeeping and Maneuvering Analysis of Two
Interacting Ships[J], Journal of Marine Science and Technology, 2008, 13:371-394.

[52] Varyani, K., Mcgregor, R., Wold, P. Interactive forces and moments between several
ships meeting in confined waters[J], Control Engineering Practice 6, 1998, 5: 635-642.

[53] Varyani, K., Mcgregor, R., Wold, P. Identification of Trends in Extremes of Sway-Yaw
interference for Several Ships Meeting in Restricted Waters[J], Ship Technology
Research, 2002, 49: 174-191.

[54] Varyani, K., Mcgregor, R., Wold, P., et al. Prediction of load on mooring ropes of a
container ship due to the forces induced by a passing bulk carrier[C]// International
Conference on Marine Simulation and Ship Maneuverability (MARSIM), Japan, 2003.

[55] Varyani, K.S., Krishnankutty, P. Modification of ship hydrodynamic interaction forces
and moment by underwater ship geometry[J]. Ocean Engineering, 2006, 33: 1090-1104.

[56] Nakatake, K., Ando, J., Maita, S., et al. Prediction of Forces Acting on Ship with
Different Afterbody Shapes in Oblique Towing[C]/ MAN’98, International
Symposium and Workshop on Forces Acting on a Manoeuvring Vessel, Val de Reuil,
France, 1998.

[57]Kijima, K., Furukawa, Y. Effect of Roll Motion on Manoeuvrability of Ship[C]//
Symposium and Workshop on Forces Acting on a Manoeuvring Vessel, Val de Reuil,
France, 1998.

[58]Kijima, K., Kaneko, T. On Estimation for Hydrodynamic Forces Acting on a Ship Hull
in Manoeuvring Motion (in Japanese) [J]. Transactions of the WestJapan Society of
Naval Architects, 2000, 100: 99-1009.

[59]Kijima, K., Kishimoto, T. Hydrodynamic Force Acting on a Ship with Large Trim and
Heel Angle[J]. Transactions of the West-Japan Society of Naval Architects (in
Japanese), 1999, 99: 123-134.

50216 T



Z % 3wk

[60]Kijima, K., Takazumi, T. Study on Method for Hydrodynamic Force Acting on a Ship
Hull by Cross Flow Model[J]. Transactions of the West-Japan Society of Naval
Architects (in Japanese), 1999, 99: 135-143.

[61] Nakatake, K., Sekiguchi, T., Ando, J. Prediction of Hydrodynamic Forces Acting on
Ship Hull in Oblique and Turning Motions by a Simple Surface Panel Method[C]//
Proceedings of PRADS’2001, Shanghai, China, 2001, pp. 645- 650.

[62]McTaggart, K., Cumming, D., Hsiung, C., et al. Seakeeping of two ships in close
proximity[J]. Ocean Engineering, 2003, 30: 1051-1063.

[63]Sdling, H., Conrad, F. Analysis of Overtaking Maneuvers in a Narrow Waterway/[J].
Ship Technology Research, 2005, 52: 189-193.

[64]Chahine, G., Hsiao, C., Choi, J., et al. Numerical Simulation of the Hydrodynamic
Behavior of Multiple Vessels in a Harbor[C]// 9th International Conference on
Numerical Ship Hydrodynamics, Michigan, August 5-8, 2007, pp. 67-84.

[65]Dam, K., Tanimoto, K., Nguyen, B., et al. Numerical study of propagation of ship
waves on a sloping coast[J]. Ocean Engineering, 2006, 33: 350-364.

[66] Dam, K., Tanimoto, K., Talimah, E. Investigation of ship waves in an arrow channel[J].
Journal of Marine Science and Technology, 2008, 13(3): 223-230.

[67]Sutulo, S., Paco, A., Guedes Soares, C. Full-scale observations of berthing and
unberthing processes of fast displacement catamarans[C]// 10" international conference
on Fast Sea Transportation, FAST 2009, Athens, Greece, 2009.

[68] Debaillon, P., Lataire, E., Vantorre, M. Bank effect on ship squat[C]// Proceedings of
the 1st International Conference on Ship Manoeuvring in Shallow and Confined Water:
Bank Effects, Antwerp, Belgium, 2009, pp. 31-37.

[69]Sutulo, S., Rodrigues, J., Soares, C. Hydrodynamic characteristics of ship sections in
shallow water with complex bottom geometry[J]. Ocean Engineering, 2010, 37: 947-
958.

[70]Sutulo, S., Rodrigues, J., Soares, C. Computation of inertial and damping characteristics
of ship sections in shallow water[J]. Ocean Engineering, 2009, 36: 1098-1111.

[7a]5K 2R, XUAHYE, RF5TE. MEAAEE Bk A ARy Ee v ). PGSR R
2224, 1997, 21(3): 236-241.

[72]Wang, J., Li, J., Cai, X., et al. Hydrodynamic interactions between two bodies in waves
in 3D time domain[J]. Journal of Marine Science and Application, 2005, 4(1): 15-20.

[731BR ¥, R HE. oK 2 M gm BA AT I BRI+ 30 [3]. B 705754, 2005,
22(2): 159-163.

[74] Brige, SRR K P E IS AT N B3R E W BOR T[], K3 10t 7%
ik, A 5, 2005, 20(4): 486-491.

[75]Zbhang, S., Weems, K., Lin, W. Numerical Simulation and Validation of Ship-Ship
Interactions in Waves[C]// 9th International Conference on Numerical Ship
Hydrodynamics, Michigan, August5-8, 2007, Vol. II: 53-66.

5217 L



Z % 3k

[76] Yao, J., Zou, Z. Calculation of ship squat in restricted waterways by using a 3D panel
method[J]. Journal of Hydrodynamics, 2010, 22(5): 489-494.

[77]Zhou, X., Sutulo, S. Computation of ship hydrodynamic interaction forces in restricted
waters using potential theory[J]. Journal of Marine and Application, 2012(11): 265-275.

[78]zhang, Z., Deng, H., Wang, C. Analytical models of hydrodynamic pressure field
causing by a moving ship in restricted waterways[J]. Ocean Engineering, 2015
(108):563-570.

[79]zhang, Z., Deng, H., Wang, C., et al. Analytical models of sub-supercritical ship
hydrodynamic pressure field with the dispersive effect[J]. Ocean Engineering,
2017(133): 66-72.

[801XF #%, sk&Z:, XIEHRK, &5, PR /KBAAET UL S AR AT 5T [9]. H & A
2018,59 (1), pp:16-25.

[BL1EAR &, LB, R, 5. BRBIKEMHAKS) R 5 i e R e 1Y
] M5 8A, 2019, 30(06):116-122.

[82] s fmn. i AR AE BR il 7K 38 p 7K 3 77 - P8 [l JUAT 7T [D]. MR 7RV W /R AR K22
HIRIT, 2018.

[83]Sato, T., Izumi, K., Miyata, H. Numerical simulation of maneuvering motion[C]//
Proceedings of the 22nd Symposium on Naval Hydrodynamics, Washington, D.C.,
USA 1998.

[84]Berth, F., Bigot, E., Laurens, J. Numerical simulation on the ESSO Osaka[C]//
MAN’98, Val de Reuil, France, 1998, pp. 109-116.

[85] Cura Hochbaum A. Computation of the turbulent flow around a ship model in steady
turn and in steady oblique motion[C]// Proceedings of the 22nd Symposium on Naval
Hydrodynamics, Washington, D.C., USA, 1998.

[86]Ohmori, T. Finite-volume Simulation of Flows about a Ship in Maneuvering Motion[J].
Journal of Marine Science and Technology, 1998, 3(2): 82-93.

[87] Alessandrini, B., Delhommeau, G. Flow simulations past a ship in drift and in rotating
motion[C]// Proceedings of the International Symposium and Workshop on Forces
acting on a Manoeuvring Vessel, Val de Reuil, France, 1998, pp. 21-30.

[88] Tahara, Y., Longo, J., Stern, F. Comparison of CFD and EFD for the Series 60 CB =0.6
in Steady Drift Motion[J]. Journal of Marine Science and Technology, 2002, 7(1): 17-
30.

[89]Longo, J., Stern, F. Effects of Drift Angle on Model Ship Flow[J]. Experiments in
Fluids, 2002, 32(5): 558-569.

[90] Xing, T., Shao, J., Stern, F. BKW-RS-DES of Unsteady Vortical Flow for KVLCC2 at
Large Drift Angles[C]// Proceedings of 9th International Conference on Numerical
Ship Hydrodynamics, Ann Arbor, Michigan, USA, 2007.

[91]Sakamoto, N., Carrica, P., Stern, F. URANS Simulations of Static and Dynamic
Maneuvering for Surface Combatant[C]// Proceedings of Workshop on Verification

i 218 T



Z % 3wk

and Validation of Ship Maneuvering Simulation Methods (SIMMANZ2008),
Copenhagen, DeNmark, 2008.

[92]Simonsen, C., Stern, F. Verification and Validation of RANS Maneuvering Simulation
of Esso Osaka: Effects of Drift and Rudder Angle on Forces and Moments[J].
Computers & Fluids, 2003, 32(10): 1325-1356.

[93]Simonsen, C., Stern, F. RANS Maneuvering Simulation of Esso Osaka with Rudder
and a Body-force Propeller[J]. Journal of Ship Research, 2005, 49(2): 98-120.

[94]Broglia, R., Muscari, R., Mascio, A. Numerical Simulations of the Pure Sway and Pure
Yaw Motion of the KVLCC-1 and 2 Tankers[C]// Proceedings of Workshop on
Verification and Validation of Ship Maneuvering Simulation Methods
(SIMMANZ2008), Copenhagen, DeNmark, 2008.

[95]Hochbaum, A., Vogt, M., Gatchell, S. Maneuvering Prediction for Two Tankers Based
on RANS Simulations[C]// Proceedings of the Workshop on Verification and
Validation of Ship Maneuvering Simulation Methods (SIMMAN2008), Copenhagen,
DeNmark, 2008.

[96] Guilmineau, E., Queutey, P., Visonneau, M., et al. RANS Simulation of a US Navy
Frigate with PMM Motions[C]// Proceedings of Workshop on Verification and
Validation of Ship Maneuvering Simulation Methods (SIMMAN2008), Copenhagen,
DeNmark, 2008.

[97]Maki, K., Wilson, W. Steady Drift Force Calculation on the Naval Destroyer Hull
5415[C]/I Proceedings of Workshop on Verification and Validation of Ship
Maneuvering Simulation Methods (SIMMAN2008), Copenhagen, DeNmark, 2008.

[98]Miller, R. PMM Calculations for the Bare and Appended DTMB 5415 using the RANS
Solver CFDSHIP-IOWA[C]// Proceedings of Workshop on Verification and Validation
of Ship Maneuvering Simulation Methods (SIMMAN2008), Copenhagen, DeNmark.
2008.

[99]Simonsen, C., Stern, F. RANS Simulation of the Flow around the KCS container Ship
in Pure Yaw|[C]// Proceedings of Workshop on Verification and Validation of Ship
Maneuvering Simulation Methods (SIMMAN2008), Copenhagen, DeNmark, 2008.

[100] Simonsen, C., Stern, F., Agdrup, K. CFD with PMM test validation for manoeuvring
VLCC2 tanker in deep and shallow water[C]// International conference on marine
simulation and ship manoeuvring MARSIM 2006, Terschelling, Netherlands, M-4-1,
2006.

[101] Kim, S., Kim, D., Rhee, K., et al. Prediction of manoeuvrability of a ship at low
forward speed in shallow water[C]// International Conference on Ship Manoeuvring in
Shallow and Confined Water: Bank Effects. 2009, pp. 147-152.

[102] Toxopeus, S., Simonsen, C., Guilmineau, E., et al. Viscous-flow calculations for
KVLCC2 in manoeuvring motion in deep and shallow water[C]// In AVT-189

50219 7L



Z % 3k

Specialists Meeting on Assessment of Stability and Control Prediction Methods for
NATO Air and Sea Vehicles, Portsdown West, UK, 2011.

[103] Sadat-Hosseini, H., Wu, P., Toda, Y., et al. Ship-Ship Interaction in Shallow
Water[R], internal report, University of lowa, USA, 2012.

[104] Lo, D., Su, D., Chen, J. Application of Computational Fluid Dynamics Simulations
to the Analysis of Bank Effects in Restricted Waters[J]. Journal of Navigation, 2009,
62(3):477-491.

[105] Wang, H., Zou, Z., Yao, J. RANS Simulation of the Viscous Flow Around a Turning
Ship in Shallow Water[C]// Proceedings of MARSIM 2009, Panama, 20009.

[106] Wang, H., Zou, Z., Tian, X. Numerical Simulation of the Viscous Flow Around a
Ship Undergoing Unsteady Berthing in Shallow Water[C]// nternational Conference on
Ship Manoeuvring in Shallow and Confined Water: Bank Effects, 2009, Antwerp,
Belgium.

[107] ¥ 5, 48R, R=mE. Rik/KH KVLCC ARl % ia sk ah i 8uE v 5 3]
KNSR S5t (A 48D |, 2011, 26(1): 85-93.

[108] # 5. Ak BNz iidoKa /I EMETHE[D]. Bl B ks, 2011,

[109] Liu, X., Wan, D. Numerical Simulation of Ship Yaw Maneuvering in Deep and
Shallow Water[C]// Proceedings of the Twenty-fifth International Ocean and Polar
Engineering Conference (ISOPE), Kona, Big Island, Hawaii, USA, June 21-26, 2015,
pp.1200-1206.

[110] Zhu, Y., He, J., Zhang, C., et al. Effects of wave interference on far-field ship waves
in shallow water[C]// Proceedings of the Twenty-fifth International Ocean and Polar
Engineering Conference (ISOPE), Kona, Big Island, Hawaii, USA, June 21-26, 2015,
pp.439-446.

[111] Chen, H., Chen, M., Davis, D. Numerical simulation of transient flows induced by a
berthing ship[J]. International Journal of Offshore and Polar Engineering, 1997,
7(4):277-284.

[112] Chen, H., Liu, T., Huang, E., et al. Chimera RANS simulation of ship and fender
coupling for berthing operations[J]. International Journal of Offshore and Polar
Engineering, 2000, 10(2):112-122.

[113] Lou, P., Zou, Z. Numerical Calculation of the viscous hydrodynamic forces on a
KVLCC hull sailing along channel bank[C]// Proceedngs of the 31st International
Conference on Ocean, Offshore and Arctic Engineering, Rio de Janeiro, Brazil, 2012,
675-681.

[114] Zou, L., Larsson, L., Delefortrie, G., et al. CFD prediction and validation of ship-
bank interaction in a canal[C]// Proceedings of International Conference on Ship
Manoeuvring in Shallow and Confined Water: Ship to Ship Interaction, Trondheim,
Norway, 2011, 413-422.

5220 T



Z % 3wk

[115] Zou, L., Larsson, L. Computational fluid dynamics (CFD) prediction of bank effects
including verification and validation[J]. Journal of Marine Science and Technology,
2013, 18(3): 310-323.

[116] Meng, Q., Wan, D. Numerical Simulations of Viscous Flows around a Ship While
Entering a Lock with Overset Grid Technique[C]// Proceedings of the 25th
International Ocean and Polar Engineering Conference. Kona, Hawaii, USA, June 21-
26, 2015, pp. 989-996.

[117] Meng, Q., Wan, D., Huang W. Numerical Investigation of Influence of Eccentricity
on the Hydrodynamics of a Ship Maneuvering into a Lock[C]// Proceedings of the 6th
International Conference on Computational Methods. Auckland, New Zealand, July
14-17, 2015, paper No.: 962-3341-1-PB.

[118] Meng, Q., Wan, D. Numerical Study of Effects of Water Depth on A Ship Entering
a Lock[C]// Proceedings of the 9th International Workshop on Ship and Marine
Hydrodynamics, Glasgow, UK, August 26-28, 2015.

[119] Stern, F., Kim, H., Patel, V., et al. A viscous-flow approach to the computation of
propeller-hull interaction[J]. Journal of ship research. 1988, 32(4): 246-262.

[120] Kawamura, T., Miyata, H., Mashimo, K. Numerical simulation of the flow about self-
propelling tanker models[J]. Journal of Marine Science and Technology. 1997, 2(4):
245-256.

[121] Choi, J., Kim, J., Lee, H., et al. Computational predictions of ship-speed
performance[J]. Journal of Marine Science and Technology. 2009, 14(3): 322-333.
[122] Choli, J., Min, K., Kim, J., et al. Resistance and propulsion characteristics of various

commercial ships based on CFD results[J]. Ocean Engineering. 2010, 37(7): 549-566.

[123] Phillips, A., Turnock, S., Furlong, M. Evaluation of manoeuvring coefficients of a
self-propelled ship using a blade element momentum propeller model coupled to a
Reynolds averaged Navier Stokes flow solver[J]. Ocean Engineering. 2009, 36(15-16):
1217-1225.

[124] Phillips, A., Turnock, S., Furlong, M. Accurate Capture of Propeller-Rudder
Interaction using a Coupled Blade Element Momentum-RANS Approach[J]. Ship
Technology Research. 2010, 57(2): 128-139.

[125] Simonsen, C., Stern, F. RANS Maneuvering Simulation of Esso Osaka with Rudder
and a Body-Force Propeller[J]. Journal of Ship Research. 2005, 49(2): 98-120.

[126] Carrica, P., Ismail, F., Hyman, M., et al. Turn and zigzag maneuvers of a surface
combatant using a URANS approach with dynamic overset grids[J]. Journal of Marine
Science and Technology. 2012, 18(2): 166-181.

[127] Dubbioso, G., Durante, D., Broglia, R. Zig-zag maneuver simulation by CFD for
tanker like vessel[C]// In Proceedings of the 5th International Conference on
Computational Methods in Marine Engineering. Hamburg, Germany, 2013: 29-31.

50221 U



Z % 3k

[128] Broglia, R., Dubbioso, G., Durante, D., et al. Turning ability analysis of a fully
appended twin screw vessel by CFD. Part I: Single rudder configuration[J]. Ocean
Engineering. 2015, 105: 275-286.

[129] Dubbioso, G., Durante, D., Di Mascio, A., et al. Turning ability analysis of a fully
appended twin screw vessel by CFD. Part IlI: Single vs. twin rudder configuration[J].
Ocean Engineering. 2016, 117: 259-271.

[130] Mofidi, A., Martin, J., Carrica, P. Propeller/rudder interaction with direct and coupled
CFD/potential flow propeller approaches, and application to a zigzag manoeuvre[J].
Ship Technology Research. 2018, 65(1): 10-31.

[131] [y, WRKMS, R M Z TR S EE RIS 2 [3]. sQB TR
WO ERE S TRERR), 2016, 40(1), pp. 184-189.

[132] Seo, J., Seol, D., Lee, J., et al. Flexible CFD meshing strategy for prediction of ship
resistance and propulsion performance[J]. International Journal of Naval Architecture
and Ocean Engineering. 2010, 2(3): 139-145.

[133] Libke, L.O. Numerical simulation of the flow around the propelled KCS[C]// In
Proceedings of CFD Workshop 2005. Tokyo, Japan, 2005: 9-11.

[134] Queutey, P., Deng, G., Wackers, J., et al. Sliding Grids and Adaptive Grid
Refinement for RANS Simulation of Ship-Propeller Interaction[J]. Ship Technology
Research. 2012, 59(2): 44-57.

[135] Badoe, C., Phillips, A., Turnock, S.R. Influence of drift angle on the computation of
hull-propeller—rudder interaction[J]. Ocean Engineering. 2015, 103: 64-77.

[136] Moctar, O. el, Lantermann, U., Mucha, P., et al. RANS-Based Simulated Ship
Maneuvering Accounting for Hull-Propulsor-Engine Interaction[J]. Ship Technology
Research. 2014, 61(3): 142-161.

[137] k&, AT, RUE. SRR RR T 3 B B AR BB SR AR [J]. ARA 1%
2004, 8(5): 19-26.

[138] PhiF e, 7rER. He TR MRS SR B M- AR B FE[3]. Pa /R TR K
=47, 2010, 31(1): 1-7.

[139] TEX6oR, 1hophly, SLoRIR. Wi A K Y A e AR - 2R - e R Itk i 32 O BB T
HAEFL[I]. B 1. 2009, 13(4): 540-550.

[140] #- =T, BREEHE, BREiz, 5. R KO B B - 28 - e B A 40l 5 1 e B A ).
KB IR SRR A 8. 2013, 28(5): 566-574.

[141] F5r, 5K, Aoz, 55, SR AL AT B 3okt 1t i BUE A0 7 20T 7T
[J]. MAAA 12, 2014, 18(7): 786-793.

[142] ¥FERE, KAk, BEF, % FET CFD ik IIM- - T I EUE R[], K3
JIEERF Sk . A %5, 2011, 26(6): 667-673.

[143] Mofidi, A., Carrica, P.M. Simulations of zigzag maneuvers for a container ship with
direct moving rudder and propeller[J]. Computers & Fluids. 2014, 96: 191-203.

5222 T



Z % 3wk

[144] Shen, Z., Wan, D., Carrica, P. Dynamic overset grids in OpenFOAM with application
to KCS self-propulsion and maneuvering[J]. Ocean Engineering. 2015, 108: 287-306.

[145] Carrica, P.M., Stern, F. DES simulations of KVLCCL1 in turn and zigzag maneuvers
with moving propeller and rudder[C]// In Proceedings of SIMMAN 2008 Workshop on
Verification and Validation of Ship Manoeuvering Simulation Methods. Lyngby,
DeNmark, 2008.

[146] Muscari, R., Dubbioso, G., Viviani, M., et al. Analysis of the asymmetric behavior
of propeller—rudder system of twin-screw ships by CFD[J]. Ocean Engineering. 2017,
143: 269-281.

[147] Carrica, P.M., Mofidi A., Eloot K., et al. Direct simulation and experimental study of
zigzag maneuver of KCS in shallow water[J]. Ocean Engineering, 112 (2016) 117-133.

[148] Boger, D., Noack, R., Paterson, E. Dynamic Overset Grid Implementation in
OpenFOAMIC]// In Proceedings of the 5th OpenFOAM Workshop. Gothenburg,
Sweden, 2010.

[149] Boger, D., Paterson, E., Noack, R.W. FoamedOver: A Dynamic Overset Grid
Implementation in OpenFOAMIC]// In Proceedings of the 10th Symposium on Overset
Composite Grids and Solution Technology. NASA, California, USA, 2010.

[150] Chandar, D. Development of a Parallel Overset Grid Framework for Moving Body
Simulations in OpenFOAM(J]. Journal of Applied Computer Science & Mathematics.
2015, 9(20): 22-30.

[151] Chandar, D., Nguyen, V.-T., Gopalan, H., et al. Flow past tandem circular cylinders
at high Reynolds numbers using overset grids in openFOAM[C]// In Proceedings of the
53rd AIAA Aerospace Sciences Meeting. Kissimmee, Florida, USA, 2015: 315-335.

[152] Shen, Z., Ye, H., Wan, D. URANS simulations of ship motion responses in long-crest
irregular waves[J]. Journal of Hydrodynamics, Ser. B. 2014, 26(3): 436-446.

[153] Shen, Z., Wan, D., Carrica, P. RANS simulations of free maneuvers with moving
rudders and propellers using overset grids in OpenFOAMIC]// In Proceedings of
SIMMAN 2014 workshop on Verification and Validation of Ship Maneuvering
Simulation Methods. Lyngby, DeNmark, 2014.

[154] Shen, Z., Korpus, R. Numerical Simulations of Ship Self-Propulsion and
Maneuvering Using Dynamic Overset Grids in OpenFOAMIC]// In Proceedings of
Tokyo 2015 CFD Workshop. Tokyo, Japan, 2015.

[155] Shen, Z., Wan, D. C. An irregular wave generating approach based on naoe-FOAM-
SJTU solver[J]. China Ocean Engineering. 2016, 30: 177-192.

[156] Wang, J., Zhao, W., Wan, D. Free Maneuvering Simulation of ONR Tumblehome
Using Overset Grid Method in naoe-FOAM-SJTU Solver[C]// In Proceedings of 31th
Symposium on Naval Hydrodynamics. Monterey, USA, 2016.

[157] £k, JITEM. 2MA ONRT MHEAEBGR T BN BER (330 [J]. M
FHH2A A0 /2. 2016(12): 1345-1358.

5223 L



Z % 3k

[158] Wang, J., Wan, D., Yu, X. Standard zigzag maneuver simulations in calm water and
waves with direct propeller and rudder[C]// In Proceedings of the 27th International
Offshore and Polar Engineering Conference. San Francisco, USA, 2017, pp. 1042-1048.

[159] LR, fi-2-FeAH TAE H ) & MRS SR BUE D7 VAW 7T [D). 288 K27,
2014.

[160] Jasak, H., Jemcov, A., Tukovic, Z., et al. OpenFOAM: A C++ library for complex
physics simulations[C]// In Proceedings of International workshop on coupled methods
in numerical dynamics. IUC Dubrovnik, Croatia, 2007: 1-20.

[161] Jasak, H. OpenFOAM: Open source CFD in research and industry[J]. International
Journal of Naval Architecture and Ocean Engineering. 2009, 1(2): 89-94.

[162] Shen, Z., Cao, H., Ye, H., et al. The manual of CFD solver for ship and ocean
engineering flows: naoe-FOAM-SJTU[R]. Shanghai Jiao Tong University, 2012.

[163] Cao, H., Wan, D. Development of Multidirectional Nonlinear Numerical Wave Tank
by naoe-FOAM-SJTU Solver[J]. International Journal of Ocean System Engineering.
2014, 4(1): 52-59.

[164] Cao, H., Wan, D. RANS-VOF solver for solitary wave run-up on a circular
cylinder[J]. China Ocean Engineering. 2015, 29: 183-196.

[165] Berberovi¢, E., van Hinsberg, N., Jakirli¢, S., et al. Drop impact onto a liquid layer
of finite thickness: Dynamics of the cavity evolution[J]. Physical Review E. 2009, 79(3):
36306.

[166] Liu, C., Gao, Y., Dong, X., et al. Third generation of vortex identification methods:
Omega and Liutex/Rortex based systems[J]. Journal of Hydrodynamics Ser B, 31, 2,
205-223, 2019.

[167] Wang, Y., Gui, N. A review of the third-generation vortex identification method and
its applications[J]. Chinese Journal of Hydrodynamics. 34, 4, 2019.

[168] £ ¥z, ¥R, BB =M InIIE ML HIZRIA 0], /K 8h )2t 78 Sk R, 2019,
34(4), pp. 413-429.

[169] Hunt, J., Wray, A., Moin, P. Eddies, stream, and convergence zones in turbulent
flows[R]. Center for Turbulent Research Report CTR-S88, 1988.

[170] Liu, C., Wang, Y., Yang, Y., et al. New omega vortex identi- fication method[J].
Science China Physics, Mechanics and Astronomy, 2016, 59(8): 684711.

[171] Dong, X., Wang, Y., Chen, X., et al. Determination of epsilon for omega vortex
identification method[J]. Journal of Hydrodynamics, 2018, 30(4):541-548.

[172] Liu, C., Gao, Y., Tian, S., et al. Rortex-a new vortex vector definition and vorticity
tensor and vector decompositions[J]. Physics of Fluids, 2018, 30: 035103.

[173] Gao, Y., Liu, C. Rortex and comparison with eigenvalue-based vortex identification
criteria[J]. Physics of Fluids, 2018, 30: 085107.

5224 T



Z % 3wk

[174] Wang, Y., Gao, Y., Liu, J., et al. Explicit formula for the Liutex vector and physical
meaning of vorticity based on the Liutex-Shear decomposition[J]. Journal of
Hydrodynamics, 2019, 31(3): 464-474.

[175] B&4RIB, xURH. ARAABREE[M]. i b IAEAs I k2 A, 2004,

[176] 205 K. i B XN R R A& 3 0 Hr[D]. b LigEsE Ry,
2016.

[177] Hino, T. The Proceedings of CFD Workshop, Tokyo, 2005[M]. National Maritime
Research Institute, 2005.

[178] Larsson, L., Stern, F., Michel, V., et al. The Proceeding, Tokyo 2015 Workshop on
CFD in Ship Hydrodynamics[M]. Japan: National Maritime Research Institute, 2015.

[179] Stern, F., Agdrup, K. Proceedings SIMMAN 2008 Workshop, Copenhagen,
DeNmark, 2008.

[180] #tJE . JTfin-2R- el & SR AE A M RA B ATIE BEBUE Wk 7 & 78 [D]. 115
ILIF R R, 2016.

[181] Larsson, L., Stern, F., Bertram, V. Benchmarking of computational fluid dynamics
for ship flows: The Gothenburg 2000 workshop[J]. Journal of Ship Research. 2003,
47(1): 63-81.

[182] Larsson, L., Stern, F., Visonneau, M. Numerical Ship Hydrodynamics-An assessment
of the Gothenburg 2010 Workshop[M]. Netherlands: Springer, 2014.

[183] ITTC, the Manoeuvring Committee, 2002, Final Report and Recommendations to the
23rd ITTC, Proceeding of the 23rd ITTC.

[184] Lataire, E., Vantorre, M., Eloot, K. Systematic model tests on ship-bank interaction
effects[C]// International conference on ship manoeuvring in shallow and confined
water: bank effects. Antwerp, Belgium, 2009.

[185] Vantorre, M., Delefortrie, G., Mostaert, F. Behaviour of ships approaching and
leaving locks: Open model test data for validation purposes. Version 3 0. WL
Rapporten, WL2012R815 08e. Flanders Hydraulics Research and Ghent University -
Division of Maritime Technology: Antwerp, Belgium, 2012.

5 225 UL






TSR o 2 40 ) 8 3 s FH 8 S

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

g FAAE B 4 REIF AL

Zhen Ren, Jianhua Wang and Decheng Wan. Investigation of Fine Viscous Flow Field
in Ship Planar Motion Mechanism Tests by DDES and RANS Methods[J]. Ocean
Engineering. (SCI, B A %R)

Zhen Ren, Decheng Wan, Yi-gian Wang. Study of VVortex Structures in Dynamic Pure
Yaw Test by DDES Approach[J]. Journal of Hydrodynamics. (SCI, 2.3 H)

Zhen Ren, Jianhua Wang, Decheng Wan, Investigation of the Flow Field of a Ship in
Planar Motion Mechanism Tests by the Vortex Identification Method[J]. Journal of

Marine Science and Engineering, 2020, 8, 649. (SCI, E. &%)

Zhen Ren, Decheng Wan, Numerical Prediction of Wall Effect on Propeller in
Restricted Channel, Journal of Applied Mathematics and Physics, 2019, 7(8): 1645-

1659. (B k%)

Jianhua Wang, Zhen Ren, Decheng Wan, Study of a Container Ship with Breaking
Waves at High Froude Number Using URANS and DDES Methods, Journal of Ship
Research, 2020, 64(4): 346-356. (SCI, K 3%K)

Zhen Ren, Jianhua Wang, Decheng Wan, Numerical Simulations of Ship Bow and
Shoulder Wave Breaking in Different Advancing Speeds, the ASME 2018 37th
International Conference on Ocean, Offshore and Arctic Engineering, OMAE2018,
June 17-22, 2018, Madrid, Spain, OMAE2018-78375.

Zhen Ren, Jianhua Wang, Decheng Wan, Numerical Study of the Effects of Grid Scale
on Bow Wave Breaking, the Twenty-eighth (2018) International Ocean and Polar
Engineering Conference Sapporo, Japan, June 10-15, 2018, pp.94-101.

Zhen Ren, Jianhua Wang, Decheng Wan, Moustafa Abdel-Maksoud, Numerical
Investigation of Propeller-Rudder Interaction Based on Body Force Approach,
Proceeding the Thirtieth (2020) International Ocean and Polar Engineering Conference
Shanghai, China, October 11-16, 2020, PP.3781-3788.

Zhen Ren, Jianhua Wang and Decheng Wan. Numerical Simulation of Ship Bow Wave
Breaking using DES and RANS [J]. International Journal of Computational Methods.

(B A )

5227 L






W2 IR 2 5 R R H

BiEE T FAAES SRR E

HE MK RSP VB IE « (A5 9 R B0 /K i B 7 v
REHMITRY, HHES: T2014099, 2015 4F 1 HZE 2019 4F 12 H.

xR AR ERERKIE: CRBRIEGLE KB 710 5 E A 0T
TTE——IG AR R G SLE B AR S BN 10 7R, kil S . 51490675,
201541 A& 2019 4F 12 H.

E X g AR AR Em EE . & RIZR SN I A G ) R = 4E 6 A%
BFESAERIGRA 775, S : 51879159, 2019 4F 1 HZ 2022 4 12
Ho

5229 7L






S|

B ot

FETG AR S TE iz B, TS T, 4 2 2 (I 1) 2 3 B B, AR E 735 ek
N RAIE S B S A A A, P N TAR R . =48k, 18 %) TR 2Bk,
B ATATHIN, BRI, ZibBRFE R AR, it B,
BT AREAE X BLBRZE /R AT T B B B

PR DR IR 5 %2 € SN L S NS E A4 WAES € =L SR I RN
BRI, MO AALTE, 2R TT S TIRZINTE T . R SR sE R AT
FEIMHIB RS TZIMAMNE RS IE ., T RRRE R, 2R T T
FE MBI R, B, BN T R ORI, TESSE, LUET
FATRENS 4= B O A BIIFA AR AR AR AT, MM S 7T RER
ERES s T BARZ NARE, N BRSAE S5 D5 T 1 2.

HR, FERG BN AAELELCE RO P2 IR R
g, fRiE, 2, @R, A6 TSRO NI E S TR, G 7RI
BERIRET), T IHIRE

BRI ASR 52 ) L AR RS . R X e I e
LM AR SR TR B 2 0, SR AT A B R 1 DR R SR A A TE RS Bl o I8
ISR e, AEONRDT R L, fhas 5 7 BRAR KA H Bl U R T b, Al
—REEZMEARS W B EIRT L. SRR KB, 2L B
P22 N A N YT 2 o 2 v 2B SR A W 1) I i 50 0% 6 77 N B i I =
HRIE T FEG KRS R R HFEIT WARRE. SR . UK. XIS
BREAVE . THEAN. AR, Br RER. £5. R, V26, REIE. 76,
JAM . R SROEBR . TR AR AW, RIS, RS R4 R £
22 S s EAG F ROAR KA Bl RIS R IR AL R B2 T 3 55 i A B o
BLOAHUE SV AT ST AT AR M, S B s s Ay VR Y R 55 DT ARAT TRt
MG, H A

IR SCEE, FEAMATTE S i E B IR R, RPN — R 52 ORI 2 A
KA, R B U, BEAE, SR, BE, A LA IR .
UHE SRR AR, T ERATIN S BE RS o UHHEHRAT AT 5B

50231 7L



2o

U IR IRAE T AN BRI o ORI OCZ , W, SCFF, B, REEIGAEXFE
—MNRPRAE R RK R, LG R AR

B Jo 3 AL S K O AR AT Q3 B — W 2 I AR BRI, B
LA SRR B . SR S e S AT TR S B AT H

50232 T



