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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, porisckachave
become restricted waters. In the restricted waters, the ship is in a state-gfelesv
navigation, and is vulnerable to the influence of bottom and bank of the channel, which
seriously threatens the navigation safety of the ship. Theref@efigreat significance for
the navigation safety of ships to study the complex viscous flow field gbs®ilsion and
analyze the flow mechanism of stppopeller interference in restricted waters.

Based on the hydrodynamic solver developed by ¢search group, the numerical
simulations of sefpropulsion in the restricted waters are perforrbaded on the self
developedprogram module of body force propeller coupling with overset grid technology
and phantom block. In the postprocessing, the thederationof vortex identification
method was used to analyze the complex viscous flow field epsgbiulsion at low speed.

(1) In the third chapter of this dissertation, the hefficient numerical simulations of
selfpropulsion of the hull at low speedeacarried 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 caegpahe 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 structuresithe viscous flow fieldor comparing their characteristics. Then, the
present numerical method is used to further analyze the hydrodynamic characteristics, free
surfaceyortexstructures and vorticity field of KCS model at different speed to confirm tha
the numerical method is reliable. Finally, the predicted results epsmiulsion 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 titn@asumingbetween 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 infli@fh grid generation under keel



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 dtdsts. 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 complaxscous flow field of KCS in shallow waters. The emphasis of
this chapter is the complex viscous flow field of g@bpulsion of KCS under different
water depths. The influence of water depth on-gigpeller interference is mainly studied

by analyzingthe 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 seffropulsion of KCS in very shallow water
(n/T=1.2). The validation of BET method is analyzed from the hydrodynamic characteristics
and wake field

(3) In the fifth chapterof this dissertation, RANS equations are used to solve the
viscous flow field of seHpropulsion for 8000TEU container ship ne¢he bank. Overset
grid is adopted to simulate the largmplitude motion with phantom block being for
merging the background grid and hull grid. Firstly, tiesh independency is carried out to
analyze the hydrodynamic characteristics of the ship isttte drift tests near the sloped
bank. Then, the numerical simulations for the bank effect of differentbsimp distance
are performed to study the hydrodynamic characteristics, free surface, dynamic pressure on
the hull surface, wake field and vortstxuctures in the viscous flow field. The emphasis of
this chapter is the shipropeller interaction in the complex viscous flow field near the bank.

In the numerical simulation of sgbropulsion of 8000TEU ship, the flow mechanism is
presented from somaspects 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 ofpselfulsion of

the slip 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 thedonsuming between the
BET method and real propeller is compared.

(4) Chapter 6 is the most complex andrgfigant in this dissertation, the complex
viscous flow field of seHpropulsion of 12000TEUantainer ship when the ship entarsd
leaves the loclaresolved by RANS approach by using the real propeller and body force
propeller, coupling with the oversgtid 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 pietitins of the ship leaving the lock is also carried out.
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Finally, the complex viscous flow field of sgifopulsion of 12000TEU ship entering and
leaving the lock are simulated by using the real propeller and body force propeller. The flow
mechanism in th complex viscous flow field i@nalyzed from the aspects such as the
propeller dynamic pressure distribution, the flow field distribution, the streamline
distribution, and the vortex structures. In addition, the-tmesuming based real propeller
and bodyforce propeller is compared which shows the body force propeller issfigtent.

In this dissertation, the numerical simulations of-petfpulsion of the hull in restricted
waters are carried out by coupling with overset grid technology and phantck Bhe
body force propeller method is adopted to improve the efficiency of numerical simulations.
This dissertation not only analyzes the hydrodynamic characteristics oprsipieller
interaction in restricted waters, but also studies the flow mechafiseltpropulsion in
restricted waters through-otepth analysis of flow field details. The relevant numerical
schemes and results provide a reference for the numerical simulationfogeifsion in
restricted waters.

Keywords: restricted wategsviscous CFD, ship hulpropeller interaction, body force

propeller,overset gridlow speed, shallow water, bank effegitjp-lock interactionvortex

identification method






Y S I o PP L
W e eeee e eeeeeeeeeeeeeeeeesseeaieeeeeemeeaaaeeeeteeeeeeeeetttsttnnnnmnterethhna e e aaaaeeeeetnnneaaaaaaeaies 1
1.1 5 IO PP PPPPPPRR PPN 1
12 L T * oz Ve 6

1502 s 2T 7
PSP PP PP PUPPRRUPPPN 8
1.3 6 - e 12
131 6 Pz OO 12
1.32 @ PP 14
133 6 N S —————————————— 15
1.4 h OO 18
1.5 i T PP PPPPPTT 19
H v 1 r Z U 21
2.1 R PP 21
211 Y L e et 22
2.1.2 A Z ettt 22
0 PP 23
2.1.4 oY RO 25
2 e eeeeeeeeeeieeeeeeeeeeeeeteeeeem ettt eeett ettt aaan—aa e ara et arann 27
221 Vet ettt ettt 27
22t Z e 29
223 Tt Z e 34
0 PSPPSR SUPPPPTRY 44
23.1 W9 F ettt 44
232 RO F ettt ettt eee ettt 45
233 29 F ettt ettt ettt 45
PSP OPPPRTPPRPPPIRY 48

VI



23 tr z ettt e 51
Bl ettt n ettt ettt ettt et e enane sttt en et en et en s en s enans s enenenennas 51
32 v ettt ettt ettt ettt 51

320 3 v i et ettt ettt tan ettt ettt ettt ran et teneea, 51
322 O TBIND ¢t eeee ettt ettt ettt reee e teeas 52
323 N oottt ettt ettt ettt ee et e et ettt ettt et eeena et et ea e et et et et et ettt ennt et et et et et et eteteeeeen 54
33V T N oottt ettt 71
3301 3 v i ettt bee ettt ettt ettt et an et ettt et et et et et ettt rn ettt sesna, 71
332 N oottt ettt ettt ettt ee et a ettt ettt em et st a et ettt bttt et enna et et ettt et ettt s, 73
3.4 Tr z ettt ettt et st st 80
34D 3V ettt ee ettt et et ee ettt ettt tee 80
342 PBIND ..ottt ettt en ettt ettt ettt nt ettt ettt ettt s e, 81
3423 L Z T 7 et n ettt 83
344 N oottt ettt ettt ettt ee ettt ettt et et ettt et eena bt ea et et e st et ettt et enna et et ettt et ettt tns 86
B S ettt ettt ettt n ettt ettt 87

B ettt ettt ettt e ettt ettt ettt ettt enna et teaas 88
- Ve 91

Bl ettt ettt eer et a ettt et et ettt s e eea e e e et et ea et et ea et ettt ennreseees et esenens 91
4.2 b e a1
421 wvo [ e e et et —eeeeaeeeeeeeeteeaaeetaesi—eetteeae ettt ran————. 91
422 TBND oottt ettt en ettt ettt nen 92
B23 7 Z ettt ettt et tene ettt ettt ettt s 95
B24 et a ettt e et e s e e et s et et s s s e sanasane e s anannnans 97
e I N (LT PPPPPPPRP 98
426 i NG ottt ettt eanae bttt s bttt nana et b et b s 99
43 T - . e, 104
431 L T NG oottt eeee et eant e reas 104
432 b 2SR 113
4.4 T - . Vet ettt ettt 127
4.4.1 D et 127
442 T - . NG oottt enna e 129

B S ettt a e e e A et ea e et e e e e e ea e s e na et et s e st e s s nanssanannnnnans 132
J] - 1 2O T UUOU PP PP TPTTRR 135



7 OO 135
52 1 L et h ettt et et a e h ettt ettt benet st b et 135
53 ! NQ ottt ettt ettt et et et et e et et et et areerenns 137
5.3.1 N oottt ettt ettt ettt ettt eneee et s e et n e e rnasene s es s e, 138
532 Dz et 141
54 - L e 148
5.4.1 NQ oottt ettt sttt et en et rannnneneaenes 148
542 " Vet et 150
5.5 4 Ve 161
5.5.1 TN, ...t eeeaee ettt et ranen e en e en et annees 161
5052 T Z ettt ettt ettt nanen 162
553¢® N oottt eee ettt en ettt s et neena ettt en e 163
5.5.4 NQ oottt eea ettt aee et ettt s et ranan ettt enne e ntetns 164
1 Z TR 165
E - . % V2RO 167
7% OO U TR 167
6.2 1 ettt ettt et a ettt ettt ettt bt s s rne 167
6.3 ¥ ' O e e b nna 169
6.3.1 ~ N ottt rnne e, 169
6.3.2 N ottt 181
64 - - Vet 191
6.4.1 i FZ1 -SSR 191
642 ° z N oottt ettt ettt et n et e rnan e n e 192
6.43 1 e ettt ettt ettt n et n ettt enenenennas 195
644 Adz1 ® PSSR 195
6.4.5 1 1 NQ oottt ettt ettt ea ettt et e et et anenes st et aennas 198
6.4.6 T e, 200
6.4, 7 ettt 201
6.5 - 1 2P 201
6.5.1 i FZY - 201
652 ° z N oottt eee ettt n e rne e, 202
6.53 1 ettt ettt ettt 203
6.5.4 D Z ettt eene et 204



Qs

6.5.5 i NQ oottt ettt a et raena ettt ne et et s s et enansannenae s s 205
5.6 et ettt ettt ettt e e et et sne e st s ettt enn e enns s 207
# U ettt ettt aee ettt n e, 209
72 OO 209
75RO 211
................................................................................................................................... 213

\ B 2O 227

\ B O b ettt 229
.............................................................................................................................................. 231



1.1 M
3 0 ¥ arfs3 0
a o a a a ~
U v T L 0 2 L
W v v L g
H W vA L H 0
Y RV T oo
H v v v A
nb A "
Hb  ~ IMO  InternationalMarine Organizatiofi ¢ 2002
a a pll F
A - v a - % L
Y0l zbr ° Y n
a A y- | %ol- H
- - - Ll = | - -
n %ot A
b b - a ap a
TbiT T oowoa T
w i YL y L A i -
Now a 8 Yl 3 A
a ’ ap
' A F 1 T
A 11 FaT L Air L ’
aw N 1-2 A i N
L © A



<1

+ X

B1-2 (xre ()
Fig.1-2 Ship to ship inteaction
“ii1za - b

’e
bR
350

13 >)



0 Ar L T wi | Yi o
y 6 Ab T - L T [ S 2
Y 13 @ b
1) Az N 1. A ¢ L T ° v
r H VW N N
v 1z L r
A~ o nv 3v v Y AL ¢ HU
ZNe 1. A 4z No 1 “ a a
Y i A
2) zb Ne i A L T vy
(VR W v A h Hel ~ W L T
! TR u
vt z LT rH
v~ 3 v 1z v' f b H
- * © 3 v 4z v A 1 z ‘
T7 z 3 v A
3) i A T 6 (8 T
v' o @ b [~ Y Hwu A
| : : v LT
A - ‘ o C |
n w v W v A
¥ H A
4 i A T TWOwE W Y
\ v AR r WE W A
5) T A T R oo
T 2| Y At v
% Y AR T A f
3 TF MNe ¥°
M ~iTe v h A
6) A T T WF z
A w C ~ b Ho
AM- ' Tr ° T )

€ ®

=



€1

b 0 W b[i H o B 1
) p 4z 6 : n-
SAz v vp 4z 3 -
‘ v 0 H A
7) A 7 k[ Ty H v a
i b3 A W oH - i
vTw W Az T rH H A4z "7 H H
£ - n A
. Loy L - 5
v’ a yYiin Nw¥F ¢ v
nA L T b LT
. . N -
r® a i Ay L
- - * Wa M Ne A L~ -
. h  Nowsz 2Bk a Yi CFD ~
-3 A
. 3 .
vT A "y . .
AF LI Srwoog -
A L T " ) vzbt
6 I [ Tz
§ A U7y News™z E a
A " i T T
v ® b H G b I |- MBI A
L T v U h B~ b H
L w A i a - |
LA a LT v b T “H 3
A §” T A 16 |
) b ¥ N T H ~ ~
) T - A



IF t r z ~ ComputationbFluid Dynamic, CFD
[ = A 0 CFD "z [ =
A , * & CFD "y Noew 5
A5 T r X u A P
TP | * 3 ¥ A
th [ gV o [ r X 1 T
b - G Voor N N
" T ) Ly B S ¥
. v . .
Ne “H ¢ "B L v A £~
o I7; : v Ne wooo W
ol L A
Higk AT RAMNET &
BRA KBS \ s o bre
N
Y
%ﬁﬁcﬁiﬁ%l #5 AT K
— |
| aamane [ -
| v (B2 5 &2
| 2apin [
— r
| K554/ 5 |
[]
| ouzs s
Y
HEEEEE
y ) Y
BAGIR AUH AR A (BRIE/BASE/ABAR A F)
A1-3 .-
Fig.1-3 Prediction methods for shipaneuvering
' CFD - , T 7oz
A - T CFD L T - .
i "oz A




€1

T H @ W VR A
i T n T W Y T e
" b Ty B Ap Y i
T ¥ T T M Nea ° ¢~
r b W A 7 i T
nA y- n b ¢ L T "z A -
. o0 LT - . - v w 9"
L 17 - _ 7T yuN L T - - -
L A yroos: v CFD
an - LT - " A

b T ° ’ LT 7z A
G LT "z W \E
Ap ~ i o - T "z
[ = o B3 -5 LT "z A ¢ L
T "z " THOTe b
AT T- # H z T ~ Flanders Hydraulics Research, FHR %
v ¥ A ::p 9 7Y ~ FHR T Piere Vandamme
[8r West [9]-[10]Y i 2 [11]-[14] LW |
T a Ne =, a az Y1
"z A Wl g a a
T L sk -7z A
G ) 0o - r z ~ ComputationalFluid
Dynami¢ CFD 0 = - t oz T "
“ Y " ExperimentaFluid DyaNmic’ EFD™  Ne
"z AH ¢S A | cFrD
[ * oz Ne N v oz Ne ~
Ne ~ - y oo “n ol iz -
- H AR | - T N - ~ A



32>

r “ CFD I Now ¢ X p;
r A I Noz 5 - T
T 1 A
121w
5 T v B 3 v wAEW X Ap
X w Au t oz -
- a k  Aw %o " T
t oz - . AFER Yz'b, 1Y v
Ne - [29}-31F 5 o [
Az D 6 = Y W %o T
zYl T a i A - - i T
5 "y By L By - -y e 3414
T M "5 [ = o L T
3 [~ A
't E¥ M 97 Tuck  [BSIBOL 2 ¢ |
- Ful] 3 E A b k ~ 3 .
L T + 1 A~ Tuck Newmar#” ‘ ‘ -
v - H e b A Abkowitz[38z No v r b -
r/ TH € AYeung _ [30140l« ; ey T - H
£ Lb A
1979 ~ Oortmerssaf*lz 72 VH@ r H Tz e
A~ Duncaff?i z " T I H H
A Kijima _ ¥ 4, T v a T z a
z AGadd® =, r - ¥ 7/ A Fang
Kimle F W @ - ey T * oz
A Kaplan Sankaranarayandfi = T - ¢b
T 1 [ H - AT T - * Gourlay*®t
Krishnanakutty®r Led>®% Skejid® y T Varyani®a51 ~ \ "N
- ¢gbh b ey A
. * Ne ~ Zou Sdling® ' ! * Nakatake
56 A ~ - Kutta o~ A



€1

Kijima _ [B7He0 - A B (I U r 7
¥ ! "z A Nakatake 1 #
"H ey L H N A [ A
McTaggart _ [62 U H T ¥ A Sdding!®
Rankne ~ ey T - H € A Chahine [64
"H - ¥ T H t oz A Dam [65l66]
Boussinesq ey T A Sutulo 71 3,
T A 1o T " 1 L A
Debaillon 8 =, ! A Sutulo 69701 5,
T Y 1 A
p- K Uyz o T H v TH
eb zAWang @ = THe@ r H £ "z
A - v 774y ¥ zhandg™ .  A=xb
AYao [ "H 3 L T t oz - Tt
ey T yi W A2012 Zhod™ y ey
T " Ne = a G 4 TR
N ' 2015 2017 ~ 8ol ™ Ne 7
3 L T Az Ne ~ b ey Y
3 L T T b A [80] Ne
L T Wigleya ' 60 A v b v 0
b A - ~
i v G ® - v
_ T%* v " A y 182z "E P 3, L
T i v TH z z v b
v Ha “H v ; v A
P " 61 b ‘ X 9 G t oz
R Ne ‘ A
1.2.2
G Y - b % T - - "z
© 3 L H ~ BNe T " A 0 b
h G ) A CFD N [ ~



CIr ) [ T T A
T - VY Tn « - - . W )
\Y; Ap G L 1 B M lf '
‘ T "~ Plana MotionMechanisth PMM™~ ¥ Y i
© f 3 roA A
A B \ i C -7 i -
-7 1 N vV T 3
AL T v A Sato 8] NaiverStoke§ N-S
3 VLCC v ABerth B4 Cura Hochbauff! ¥
b N R, b
AOhmor{®®] r (- v °
y T T Ne = * oz A Alessandrini 7]
Ne “ FiniteDifference Method FDM™ 2 S60 a ST
i "z b b Yo T A -
Tahara (813 3 S60 a U b Y
3 v Longo Sterr®a Xing®® A
o - " C S|
§ A h G- 1 n F o N
F ¥ G ! " v z A
’ v [ = o " A
” t PMM  CMT" ASakamoto PY 2, DTMB5415
A . A Simonsen Ster®®®INe 2, [ I
T ABroglia 4 RANS N Ne
3 KVLCC1 KVLCC2 ! 1 * A Hochbaum [
# B RANS VH b~ oz
A Guilmineau %" Maki 7 Miller [F8 Ne =, roon
r 1 DTMB5415 a a v i ST A
Simonsen P9 =3, KCS N - Y Tt 1
ey T b A
LT CFD - [|kh a a
- yi ¥ T * oz A SimonseH!
RANS ¥ b iz v v



€1

¥ L ~ Verfication & Validatioi V&V~ Ne A Kim 101 3, T
v . v b 0 H A
Toxopeus %2 SIMMAN 2008 gt %o © ¥ v
- T b CFD v T "z
z ASadatHosseini 103 URANS ¥ T - eb A
Lo 1% Flow-3D » 3 KRISO 3600TEU At 10
- z o[ v
W - Zw Y v Awang 109
RANS " v Ne b ! i
z A T 1 [106F vb T Wigley
- 5 - ||I= [ ) A W [207][108]
ub T KVLCC1 . ALiu 109 3,1 1
A N T A Zhu [MONe 3, T eb
A Chen 012 5, T - ALou (31 -
2 T - "z A Zouy [1141115] -
T * oz Y Ne v o W A - u3G
" ) v b Ne A ~“ 711 5 b
v 0 ‘ G M Ne
A
heust abead
P——— - t  Forvan

-
-n n
Ship backing Ship forward

Backing -Us Crash back Uo
- e

n A n

I'hrust astern
B 1-4 Y

Fig.1-4 Schenatic of hultpropeller interaction in four quadrants

10



3 v LT a 3 y i
A - b Pl AN b V. A
O T i “ive P Tz b
© Ne = L- A I
"z - 1-4 A
[4], [116}118] h 0 *z CFD ) - N
. - i , L T ; [
TNz LT ; T T, a 7 4N Aty
KVLCC2Muy Y T STz T Ne s
b ’ 3, KVLCC2 T * Y Ne b 7 -
Az Ne yie ’ v 3, 12000TEU
"z - ey a az ¥
"z A Aframax KVLCC2 v
T -

X/Laframax=0).659 /L aframa=0.465

A 1-5 X - ws M
Fig.1-5 Ship-ship interaction in the lightering

11



€1

Ty s 3 Y A v
T - - : At T -
- T Vv At )
- L b Y Now b w 3 v
rZ 3 v H ; H T
Y Now N AW Noz € 472 -
- } A

.z ai 4" - - [
. v A N i " YN z " Ne
Uniform thrust distributiorl ~ No " HoughOrdway thrustand torque
distribution axisymmetric bodyforce distributiod ~ =~ Blade element
moment methdd™ y1 65 1z ~ Lifting line method a 1 z
Lifting surface method™ " Vortexlattice method y 1 ‘H Boundary
elementmehdd  AChoi [121122 Ne roz h 0
v [ 3 © FLUENTT™ # ¥ A
Phillips 8 {3 6~ - N - RANS
¥ KVLCC2 - € A 7 Phillips 124 3, 3
roZ "z 7 Ne ” HoughOrdway: z " Ne ~
cT r 7 ) - Tz A Ne ™ y 0
"z 7 Ne T 6 LY i s
Y * oz A HoughOrdway: z . "
H t oz Ap ~ & HoughOrdway -
G z Y v [ L T b 0
T Yoy i A~ - L RANS
w 0 - H € N G - - H €
" v ADubbioso [?7 Broglia [%%1 Dubbioso 2 ¢ Hough
OrdwayNe - rZ W 0 A

12



h 0

\% Ne
b VoL

A 16

A
B
v

N

Carica

Leeward/Port Side P

*z CFD

A L v
’ H

F 3 rZ

JRTLFT IO ISGE -  -0.20 -0.14 -0.08 -0.02 0.04 0.10

H1-6 ¢ F pA4Fa 22

Fig.1-6 Pressurdield on wo horizontalsection&28l

h N » v p -

5 b . - - v A
vz " A Kawamura 20 4 z -
H n . ASimonsen Steri’?® 3, f  Yamazaki

N £y r EssoOsaka 7 Ne v - - H
[126] Loy C oz . - N
A b v b~ T a b
A b ¥ h _ rZ
ro Yi vz A Mofidi [30
r z~ b CFD REX - vl @ o
v H “e ¢ "y ® v
v At 1 v KCS z i
131 ¢ URANS ~ r 0z a n a 6DOF -
0 - VL S B -
“ W a a al b N
" A

13



€1

r % b 6 N N b
" b ZsNe Ty w -
37y A 3 Ty - v A - A
- - "z v A Ne © 61T r
W %o A

ty, Sth

\.

-\\,

A1-7 e F 4 kg 130
Fig.1-7 Pressure on the rudder for discretised and body force prép&iier

1.3.2 -
b 6 r 7 ) N )
75 NoA Ty (" Y %o Ne
- - H e 1 LAp 3w w -
A
Slidingmesh methaod 78 W @
TA Y ” H Y G W H Y
H D Ar H Y v 7
v oo w - - . A
Libkd®®¥ 3 p CFXT N b 2 KCS
v AQueutey 134z h 0 * oz ISISCFD =
KCS v A v T 1t v B -
* ~ VOF Au b

14



a Y ASeo ¥ 3 p FLUENTT ey
v A T ey - VOF
A T [ & N b Voo A
Y:.: 3 T " pT h v
v W A Badoe [%] 9 " OpenFOAMT v - -
. N v AT - Yy A
el Moctar 3] P " - Bl
i " Z * A
Y:': h ey Ty A
" p 7 DA D - -
A [137] Pz "~ axisymmetrybody-force
distributior 3 KCS - Au G " v ey
b Ne A [138] Ne ~ Detachededdy simulatiori
DES F R KCS A N -
S T - £ “p ;
T4 Ne A
T [139] 3 b FLUENT = A €
[14O]I ub A [141]
ol N v A (421 Y y
MRF a U KCS a KVLCC2
A v [ 17 b 0 T
A
L~ G - - } v
TA "y 7 N -
H Ap ~ 3 @ Y6 v
T ; n h A
T bl E N z A
133 5 s -
Yi: R Ty FH E A
© A - v - -2 E A
F . * AD . v

15



€1

—_—

3 i ( *e

Fig.1-8 Overset grid ditribution for structurednd unstructured mesh

Carrica Sterdt43H145] N CFDShiplowa
3 ” v A v T =
78 Ng N - - H R N
A N M A 3, KVLCC 10°/10” 15°/1°
Z b " v A s izl - a
a L v ABroglia %% Dubbioso 129 - N
VR T SR 1 S | A P
v b v© D |- v B Ab Ne = . T
tz> ryiitr v z AMuscari 18 N "
{ . v As Carrica 47 N
B " I KCS - - t¢b W 20°/5° Z
v - 1-9 AT ¢ N a i3
ey Ne ~ Vv W A

16



B1-9 F F 3 4 r 4[4

Fig.1-9 Velocity contours ax/L=1.01 at sefpropulsion (top), minimum yaw rate (center) and maximum

yaw rate (bottom) for coarse, medium and fine gits.

L N [ = A Ne i " [~ 9 7
OpenFOAMMEHISUT > § , LW a
U BA: [144)[152H155]  OpenFOAM S ¥
N _ N Y "z naoeFOAM-SJTUA
ey L N Vv _ Az YT
| 2 KCS L Z N “Ne i T oz A Shen
Korpust®l =, "W G - v
%0 U Ne ~ v 0N
§ T ° A N 58 b wn 1 0"
ONRT v Ne ~ 35€ 1 . BV
Al v b VAR Y 3 naoeFOAM-SJTU
" b A
A LA s T R v i s -
" "N - - v At v b v
A N [158] h 0 naoceFOAM-SJTU - 1
‘ ONRT 0wz SR Z .
h Wae Z N A
"ybd T e N - - - L
%o v Ar 6 N 7sNg

17



€1

- - € T VACY 1
il U v A
rZ a n “yb P Z
%o P " p - - -z Y %o A
i r o Z b 78NS Y wig
Ty T - - - A .y -
T - : I VI o Y
L T - rog - . z
v b T - v 6 L T -
z A
1.4 I ¥
h 0 t oz naoeFOAM-SJTU e
rZ VY o Z - N b
3 L T ° M- N Vv A
Y rZ ) © T Nez T
yiv a ¥ 0 - T -
z ey Ne A Y a a
¥ , Vl - v ) r Z
V) rZ 0 %o v
A T 2 0 4 # - .n
: [ L Ne ~ g L T a -
T | A h b W
(1) v T+ z - Ay KVLCC2M u
} N “Ne b ! "z M Az
yie i Vb VoL . v o v -
Z ) A | v ~ 0 S hov *0.0948) Fr
U 0.195 KCS n "z Yz " v b VoL A
BET Y - © g
Ne ~ Ye b ) . 2
BET y - t oz a A

18



(2) T - iy ke ul v
: v 4 1 Tz
A b - . ] . : .
A 78 No - b |7l - T .
v Tzt -~ - A, . - i
v T - . "z : e T
A BET: z © _— v )
BET: 7z oD, )
(3) - A Tv Y
8000TEU y e aw ' !_I’
b Ne ~ vb Voo AW . N
L Tz 1 . o o
- N Tz 1 “ No
¥ - ¢ A BET: z N
- JZ v v BET 4 -
! T A
4 - . % . R i -
12000TEU " C T |
A iz Ty y o A )
C ! J z A -
v T v BET: 2z A o BET.
Z H no- - e
A - - - . V "
i T “z i A
1.5 |/
h o :
1. - . y R o |
yA b |||= . - "
' - oy L T -
4 Ne LR No A

19



<1

20



2.1 w

naoe-FOAM-SJTU

|
| | | l

OpenFOAM AEBREED BER R 7Kt RAR%
[ I I
[ 1 [ I ] [ ]
M E A SRR AR AT
I [ [
l T 1 1 1 1 [ ] I_]
mign || zams | | mean || ser || wsn myr | | mes || AT
[
[ ]
TR BERE [ Smz — dmpan P
e :
[ I T 1 [ I I ]
paesr|| Exss || rw % wirm || aame || mee || swess

E2-1 naoeFOAM-SJTU
Fig.2-1 Frameworkof naoeFOAM-SJTU solver

|- v T v G D " OpenFOAMW OIE 1§
b * oz naoeFOAM-SJTU62I163IA OpenFOAM
201 3t 0" & " E “ Ne
3 a n Y r v VW
n a CFD A
" - v v 0
rZ il N /N . ey c L
- v T 2-1 A G ‘ -
Y b Y, No

21



7t T v No " h L a
1z a Yi A
2.1.1u +
CFcD T L e a- v
A Ly T° eb 1| a  Yiop i. " yb
A F3 . ‘
P.U =0 (2-1)
WYL B(r(U u)U) =p, Bex-r B 1B)O( UP  gmB BB, (2:2)
T v ~ Ug Cp=pygx oAz r L
zZ ¥ " ome= £ m) A ST T 3 3 Ne# *
' fs y4 i fSlH T T r Z N
222 A
2.12 4k
L T U 42 P wu Y F 1z Vb
A - ” Ty
1z '
b éi s g =k (2-3)
Q -
T - widz w ’ ) O 4z
A OpenFOAMT” Ty {"HT 4zv 1z
A ~° t U i "H At ¢
"y & \ [159] 7
OpenFOAMT ~ 1z a2 BF 4 SIMPLE a PISO
PIMPLE A SIMPLE n Semtlmplicit Method for Pressurkinked
Equations I I 1z \ LA G -
iT Hae™ "W 4z 0's We k
O0A & PISO “'n 4w Pressurdmplict with
Splitting of Operator 1z Ne A L SIMPLE v #

22



G k v ~ b [~ 0 -
TP 1z APIMPLE PISO SIMPLE . A
H Aj 2-2 A
PIMPLE Y PISO Y " v vWe 3 SIMPLE
v ” A W T
v PIMPLE 1 A
[ Start of time step J
[ End of time step J
)
pimple.correct () pEqgn.H
turbulence->correct() ‘
H2-2 PIMPLE Bl
Fig.2-2 Flow chart of the PIMPLE algorithm
2.1.3
Y LT (I v, A
P Volumeof Fluid VOF 16517 E CFD pT
H W A i "HT b
r N ¢ Ne U AU bv wo[TIoO T 1
© o<kl AbLDP  VOF o VOF

23



U 1 N U -7 " H 4 1000

Y A T A h -

A ) 00 r Ne | " H m‘
2, p©a) o (2-4)
pit

”(1w‘a)+ pE, (1 a) go (2-5)

T | gl Neznq A

i - r No o Ne ~
T W
U=aU, {1 4u, (2-6)
E (26) " E (24
%+ D(0a) +4B gle 40 (2-7)
T U =y U, AU’ n ‘
a|f
U,=nm axaul ; (2-8)
_1
T f Y "HT Y "H & O’ v PISO
S, 1 "H v S, G 1 H * C,u
d Y 4 4 R i "H
i E '
ba
nf:g (2_9)
(Ba), +¢
T d b b T
13 10°
d:"l\l—]j"a (2'10)
A ViIN g
Ci=1 -
TN 3 A 1 Ty by o

>

24



2.1.4 | T
¢ RANS T 74 " h Ak
OpenFOAMT ¢ = h Al T W H ‘
%ok-e 110 RNGk- e Realizablek- e ' s Wea H
W %ok- w SST ShearStress Transpért k- w  BIAT T~ SSTk- w
|k Y [159] 4 L T 3
SSTk- w A
SSTk- w . %k-e %ok-w
3 Ay W %3 OpenFOAMT SSTk- w

%+ D(Ok) & bkw 4 B Q@ nk+ b o

(2-11)
Lrew & Bw d e mwrca,
T k T w AFu P ~ % F.P ~ %o
k-w  ( ) %ok-e  ( )y ® A
CFD \ Tv - ¥ A ~ ]
) ® 78Noy (Viscous sublayga (Buffer layer)
(Log layen[*26t 2-3 A T _ u*
y+ 5 ¢
U=y~ (2-12)
T UL Yy T
In(Ey"
U= n(Ey') (2-13)
k
T U'=U/u" y=yln;, u=yt,/] m 4® ; kK VonKarman ' f,u
‘ <« zA

25



log-law region
inner layer | _outer laver

A2-3 Y [186]

Fig.2-3 Diagram of velocitydistribution inboundary layer

T W
. % [
y*OL.0A P W il CFD v T
Av 3 @ - N T P
W Ty v y* 30[ 300H A
Y Y ” Y b A
W@ A D~ b b
W M A Y a P 37
23T v A
\ * g v P YW
A ¢ al S W T v
Au 3G OpenFOAMT
Ak X H Wex VA
E (212b E (2-13)
. In(Ey*)
Y =%
T o=0.41 E=981A: x Vv y=1153RA

26

<1

(2-14)



@ y
y =6 yg (2-15)
v T Vx v MNe Ay'<11.53t o y T
nw 0 y'Ol1.53t o R n'
&y
n=m——-; 1.0 (2-16)
S&n(Ey*)
22 -
- T " Y Now
v 4 A W Nez G
Gr Z v A
2.2.1 w
2.2.11 s
T w - S v N A N
T @ - A 7.Ng b Ne £ A
T b M 1 "HH r H D " Domain
Connectivity Information DCI™ 59IA DCI D H . i "H
Ny v Yi v Ab H &) 0 1 "M Fringecell",
1 "H Donorcell "y "H Activecell A 1 "HE 6 b y
H Ty H DA "y 'H Y HY p ab
\H 1 "Hi L v H "y "HA 24 *%
T - - N A
uyE i "Ha “ 1 'H VY'HN T H
1 "H 1 "H 1 "HA Y "H Holecell bab
1" H W Be b A i "B Orphan [ 1 “H i
HF TH O un H N 1 'HA

27



¢ =ia)i 9,

Donor cells

SRR

Fringe cells

Active cells

24 s 3]

Fig.2-4 Diagram of overset grids

Y n T vMzY°H F : i A
N T h iH " | ;v T iHa 4 1 H
1s9A T Y H N H i "HA Y "H Holecell
b &b I H 6 M H - p T o
5 Y HW Y H s - g1 M p 1 "H3 w
w o H { "H Orphan y "H [ 1"H " w W
1H T 3 W 1 "HA H H N
I1"H ~ w¥ i "HA
N H H v @ SUGGAR++ DCI
- P vD A Y i "H {"HT w (OB
H H O A OpenFOAM oy {"HT w (OB
r t oz A Yy~ SUGGAR++ OpenFOAM - A
SUGGAR++ DCI " yNwmy i o B
1) yH L R B v 1 HA
2) \H W 1" H s W T i "HA
3) v - i "H Y "H B v
A
4) W NnvM n -~ 1 'Ha 4 H "G
& v~ A

28



DCI y o ” DCI  H -~
H T adz- " [ + E A
E oo H : *H D
SUGGAR++ ~ nw L DCI v ‘P DCI D
A v DCI A
N [ T \ (15914
22.1.2 0
- - - T“ -
P07 r ~ 7 Hierarchyof bodie$ [15%
bu ro r E " A rooC T
Dw Ty r ”
" N r
) ) aZz
Y a
T #£6 A
A2-5 0 r [159]
Fig.2-5 Demonstration of propeller rotating in the ship sydteth
222¢ F
I T =T - : v
A o0 r Z A Z ’ A[E Z
"z 7 Ne a Ne yirooo- Ay N Nez
3 1 0b A rZ i T v
r Z fo ab A

29



2221 + 4

30

Z 7 Ne \ 1 b Y7 v
z AT E R4 P
= U (2-17)
b - -
" pplR2- R
fogy = (2-18)
i T opw n - 0 w N ARy RyNez A
AT v L z A
2.2.2.2 d
Ne 1965 Hough Ordway*?4H B FA 2z
Ne G~ " Y Ne ~ Ne L Goldstein
nNe Y A z Ne I ¥
f =Arvl+ (2-19)
r'vi-r’
fry = A, : (2-20)
(1' Yh) ro4,
-Il-t
_Cr 105
=— 2-21
A= Dcadar 3 )i ) (@21
Ko 105
= 2-22
& 32 p(a+3v, )a- v,) (2-22)
= KT
Cr Pk (2-23)
T r* T rs(Y-Y)/(I-YR)AT T Y=r/Ry Yn=RiW/RoA
Z 7 Ne No ) y4 by
A T A T Ne b
||= N v G r V4 Ne Tz
v Y Vl, ‘



I

TRIBIE R HK
B, e
FAEIR N, &
B AES

KEBEHITRE

[ RIEABREET |

Migizs) 58

—Ho

ves

H2-6 1 4

Fig.2-6 Flow chart of the slovelbbasedHough-Ordwaydistribution

2223
- 7s Noy @ 7 W @ Wa”
s~ "Hr ~ e "Hr 1 zA ° -
z Ne 3 _ Az Ty
T Awu=z 7 T® Now M@ NeM ™
New Na NeM A z Ne ~ A 27
VA 2 r nVkrNez 9 - L. A "H s
Ty b vH T [ A
z r 3 ) © F T Hr
y ~ "Hr ’E::” [175T Y |‘ VR t
V, =V {20nr)’ (2-24)
T' Va "o Tor ~ He N A
~ Hy 2% ) t oz ‘
b= arctargz.l\;—A (2-25)
[0 nr

31



H v 1 o Z 0
- H Ul!'l '
a=gq- (2-26)
T' du”™ "H A
- I e Hex: 1z L oz D W [
L==C (a) MZcdr (2-27)
D==C,(a) Micdr (2-28)
T G CO " "B 1 oz ST b " H 17
XFoil [ * 0 Mo VR T He ’
cu Cdr 7 A
S
1) 7
VR
J & 7 2xnr
)
B2-7° Qo p P 0y F ™
Fig.2-7 Velocity, lift and drag acting on a blade element
2-7 2 i1z T i @ z T
Qv
T :g (L cost + D sin Hgs (2-29
Q :g (L sing + D cos Ags (2-30)
T' s i@ Y dos=zgg/20 A
Z v’” z T Q
T:'aM_Tr (2-31)
j=1

32



H v 1 roZ 0
M
Q=aQ (2-32)
j=1
[xb 7 "Hez: 4z p C Hes: g
b b TA T ey L ' [
-Il-l
1 ¢ad %
A (d)= A x 2'33
e( ) & bsexpg-?; 9 ( )
T Ou ) W 0w 1 "H 20" )
yG v "3y ®¥F v Ad T YH|
TOHe Ad=2.630 ~ £ W v 0.1% 4
[ T " vb LI T d02 .Up 5 "H
r 24T Ay T xyZ z" W o weo
N 1 ¢ ad %
fo(xy,zt)=f A, f(x, Y,z exps 5 2-34
5 (% .2 ?}1(”)63}75 R & 0 (2-39)
T 7" Xz ie 7 d S XYLz | Xy, Z A
G~ rZ L’ N naoeFOAM-
SJTU ~ z . LVF=R 67 4 v
- ‘I
___ RIBREABE
RREHTE FEGHEAE
|
TR EECRHEE, i
EEEE= oo
I
REEE TR
HEGHARS, iTE
ﬁmﬁﬁﬁﬁmﬁ
e @ BERA R A
PN o
yes
B2-8 15° "k W

Fig.2-8 Flow chartof the solver based on the BET method

33



223 Xo F

F 3e Vr g z " Ne a Ne yi~
A i Tz T Ne No
z Ta Qbu, z v [
T b T W - rZ Ne ¥
K I T S b T

2.23.1 0
v KP505 r Z ' Y
KRISO Container ShilKCS) %o Tokyo 20158 SIMMAN 20087
CFD T A 3 v “h a yIi

294 21 2-2 A

E2-9 KP505

Fig.2-9 KP505 propeller

2-1 KP505 o ef 1189
Table 21 Principal dimensionsf KP505 propeller

a n

D (m) 0.2085 7.9

P/D (mean)  0.95 0.95

AelA 0.8 0.8

w0 0 0

v (9) 32 32
4 NACA66+a=0.8

34



2-2 KP505 [180]
Table 22 Openwaterperformancef KP505propeller

J Kt Ko qd
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Table 23 Hydrodynamic performance predicted byQHdistribution and real propeller in oblique flow

a Kq z 10Kq z
0.1782 - 0.3164 -
r V4 0.1782 0% 0.3062 -3.23%
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Y
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Fig.3-3 Grids distribution indifferent mesh schemes

33F

Table 33 Gridsarrangement in different grids schemes

¢ ") r (") ¢ ")

0.39 0.48 0.87
T 078 095 173
1.57 1.91 3.48
323 d
34 Fx "z yie B A
a2 ARV - ub " Tv
"z T Ne i z cav  z CY i z CmA
Ne T r 10z ey A
alr _ . 6
C,=F/% ruL,T §
gﬁ PP 2
_ /a1
C,=F, 85rUZLppT 18 (3-1)
_ al 16
m_MZ égf'uszppT o

54



i T° FX Fy MzNe# T z- v zYyl z Ay

* kgm® U A “ mE Lo “moT N U mA
TRV “ Ne ! " -
F 3 X/Lpp=0.48 ‘ e Ae B 34 A

B 3-4 0 F 0e° ;

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

3231 o 0F4

34 F 3 Of 3 Ne z Cxb
v Ac Ty ¥ T b
v H 0.42%A T v 1.48%A
YoVt z T 0 A
34 KVLCC2M F W

Table 34 Predictedesstancefor KVLCC2M at low speed

g Cx Cx
v - 0.01756 -
S1 0.01707 -2.79%
T S2 0.01700 -3.21%
S3 0. 01673 -4.69%
A ITTC & CFD v T b (Verification&Validatior’
V&V) - T b Us Ne A b Ne T~

55



A%n

[ v Ne
# S(i=0,1,2) At - a Rsu'
_6 _Sz' S
= 3-2
te, 58 (32)
b Rc b ‘
@ © O<Re<I
(b) " Re<0O
0 ° Rs>1
s v T a Rs=0.295 | pA 7 @
(RichadsorExtrapolation RE) v Y
el
RE:rgG—z_l (3'3)
T re © |fu V2APgu v v T
- m f
_In(ey/ g)
Fo = In(rs) (3-4)
“ ok W
ree-1
G~ rgeest - 1 (3-5)
T~ Poest v T oy T Peest2A
b Y '
y _{:égg.ea(l C.)" x1fatf |1€] o042 36)
o=
i &% Gl 1del* [1cd o012
35 ¥3 b Ne T a a a v ak
Y i b A T v ¥ RE [ W 0.1486Sy
3 TT7 Vv A Y b T b
u 0.658%SA Y5 Ne v [T v i
i A
35 F
Table 35 Calculationof grid uncertainty
Re R URe%S) Cs U %S,
0.259 3.90 0.144 2.857 0.658

56



35 ¥ b N oz v b V H A
v v [ Vb V H Az
Cx g Of T [ 321% i vb V H
0.128%Av  z C, z Cnm Y v A 12
v vz BE 2.810y:' " z t 6f 1.84
OA - vz z G zZ A 12f
vz b v 1.22% = z v vVZ 3
22T%A L T t oz B - -
SV 7Ne 1 v ) A
0.0185 —+FFD -a—CFD 0.08 —+—FFD -#-CFD
0.07
0.0180 F 0.06
0.05 r
G 00175 F G004 |
0.03
0.0170 o 002
0.01
0.0165 L L L ) 0.00 B . L )
0.0 3.0 6.0 9.0 12.0 0.0 3.0 6.0 9.0 12.0
fldeg Bideg
(@) F )z F
0.030 —+—FEFD —&-CFD
0.025
0.020 |
Joo1s |
0.010
0.005
0.000 L L L !
0.0 3.0 6.0 9.0 12.0
fldeg
(©) F
B35 " F W W

Fig.3-5 Comparison between the predicted results and experiatfertemomets

3.2.3.24 F 4
Ne Az Ne 7 1 c¥ T 4z Ne
CFi § W

57



P
CP = 1 (3'7)
~ru?
2
T Pu 4z Nn? | r “ kgm® Ut 9 Y m/sA
36 Fub N Of e T Az Ne A
) Y 0 - T [ r 4z Ne Y
- [ , A Ne AzNe " yo ~
XLpp=0.35 F oY AV 4y @ B r C r
[ v [ - g v vdz VA
Y [ W [ T Ay B
G A
0 T T T 77 T 1 5% % B T
)7,:/5)}7.!./{8 \\ l
A [ (& ‘
= o4 i ¢ “s.\\\}\\\\\,:\_\_
GOSN
g __w;i~:-~:;_:~?~i:~§\\\\
i OO
0.30 0.35 040 oy 045 0.50 0.55
@ W
0,
-0.02 -
[~
=N
% -0.04 -
-0.06 -
055
(b)
0,
-0.02 -
004 -
-0.06 -
.55

58



“Lpp

-0.02

-0.04

-0.06

Q.10

E3-6 F 0 AF 4

Fig.3-6 Distribution of dynamic pressure coefficient on the hull

L0 75) "k@ @ S
g EVES ”Q@ hé&eé’

59




o o1 0z 03 04 05
x/Lpp
(@) W

60



B. 4 Fw

H3-7 6£ ® 4 F4

Fig.3-7 Surface pressure distribution fdrift angle 6°

61



62



3-8 126 4F 4

Fig.3-8 Surface pressure distribution for drift angle 12°
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