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Abstract

With the development of offshore engineering equipment toward larger scale, higher
specialization, and multifunctionality, moonpools have become key functional structures in
offshore construction vessels, research vessels, and special-purpose platforms. They are
widely used for the deployment, recovery, and installation of various subsea operation
devices. To meet increasingly complex operational requirements, the dimensions of
moonpools in modern engineering vessels have continuously increased, and their geometries
have evolved from traditional near-square or short-rectangular shapes to a variety of
configurations, among which large elongated moonpools represent an important variant.
However, large elongated moonpools exhibit hydrodynamic characteristics that differ
markedly from those of conventional rectangular moonpools under sailing conditions,
including violent free-surface wave motions, complex internal flow structures, and
pronounced increases in resistance accompanied by non-stationary resistance oscillations.
These effects severely degrade vessel propulsion performance and operational safety.
Existing studies on moonpools have mainly focused on regular geometries or stationary/low-
speed conditions, and systematic understanding of the flow mechanisms and optimal design
principles of large elongated moonpools under sailing and even high-speed conditions
remains limited. Against this background, the present study takes a vessel equipped with a
large elongated moonpool as the research object and conducts a systematic numerical
investigation into its sailing resistance, internal wave excitation, and the influence of the
front wall configuration of the moonpool.

Based on the KCS standard ship model, a large elongated moonpool is arranged at the
midship region. Unsteady numerical simulations of gas—liquid two-phase flow are
performed using the interFoam solver in the OpenFOAM framework, combined with the
PIMPLE algorithm and the SST & turbulence model. A VOF-based free-surface capturing
method is employed to resolve the interface dynamics. Through grid refinement strategies
and comparative validation of computational results, the reliability of the numerical
approach in capturing the dominant flow features inside the large elongated moonpool is

ensured. The main contents of this study can be summarized as follows.
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In Chapter 3, the resistance and wave excitation characteristics of the large elongated
moonpool under sailing conditions are systematically analyzed. The results show that
pronounced periodic wave motions occur within a certain speed range, accompanied by
resistance oscillations whose frequencies deviate significantly from those predicted by
empirical formulas for conventional sloshing or piston-mode motions. Further analysis
reveals that the elongated geometry leads to the formation of strong shear layers and large-
scale vortical structures at the moonpool entrance. The periodic generation, shedding, and
reattachment of these vortices dominate the internal flow evolution and continuously affect
the free-surface behavior. With increasing sailing speed, both the vortex intensity and wave
amplitude increase significantly, and resistance oscillations become more pronounced,
demonstrating hydrodynamic response characteristics distinct from those of traditional
moonpools.

Chapter 4 focuses on the dominant influence of the front wall on the internal flow of
large elongated moonpools. Several front-wall configuration schemes, including chamfered,
slotted, and rounded designs, are proposed and compared. Comparative analyses in terms of
wave suppression, resistance variation, and flow structure indicate significant differences
among these configurations in average resistance, resistance oscillation amplitude, and
wave-suppression capability, and the effects on resistance and wave motion are not strictly
positively correlated. Among the examined schemes, the chamfered configuration with
appropriately selected dimensions exhibits the best overall performance. This design
improves streamline transition at the moonpool entrance, weakens strong flow separation
and the formation of periodically shed vortices, and thereby effectively reduces both the
maximum internal wave height and resistance oscillations, while also decreasing the mean
resistance. These findings provide a solid basis for subsequent parametric investigations.

In Chapter 5, with the chamfered configuration identified as the optimal scheme, a
systematic parametric study is conducted. By constructing a simplified moonpool model, the
computational cost is reduced while preserving the essential flow mechanisms. A total of 49
combinations of chamfer length and height, within engineering-feasible ranges, are
comprehensively analyzed. The results demonstrate that the influence of the chamfered
configuration on internal wave excitation and resistance characteristics exhibits strong

nonlinear behavior, and that the relative proportion between chamfer length and height plays
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a more decisive role than either parameter alone. In most cases, when the chamfer length-
to-height ratio falls within a specific range close to 2:1, a relatively stable internal flow
structure is established, effectively suppressing periodic vortex shedding and intense wave
motions. Further resistance analysis indicates that resistance variations are not always
positively correlated with wave intensity, but are jointly governed by the organization of the
entrance flow, energy dissipation mechanisms, and vortex structures. By considering both
wave suppression and drag reduction performance, an engineering-referenced range of
chamfer parameters is identified.

In summary, this study systematically reveals the internal flow mechanisms of large
elongated moonpools under sailing conditions and clarifies their relationships with
resistance and wave excitation. An improved design approach based on a chamfered front-
wall configuration is proposed and validated, and the roles of key geometric parameters are
elucidated through parametric analysis. The findings provide valuable theoretical insight and
practical design guidance for the engineering design and performance optimization of large

elongated moonpools.

Key words: Hydrodynamic performance, Moonpool, Froude number, Resistance, wave,

parametric analysis, OpenFOAM
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Figure 1.1 The moonpool region located at the midship of a moonpool-equipped vessel
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Paterapanich!®)5  Murakami® U5 22 Fif A [F] TR R I RHRAE A R TR 1 L T 1998
BeRIHAT THEFL, 0 T AN 6] BB 3 RHBTR R S A e (s e, ARk e B s i
7 2% A, VISR ST T M LR R R B, IR HAE AT RS B
P B R AT T VA
1222 REDPAC F b iy B4 w78

FE5 KA T B A AR H e A A, RS E, Armenio 25RO 5T
T FRIRES T KRB AR XS A AR R Iz ST DL R REME, B4h 1A B oL, XA
FE 0 bS5 2 A 2% 5 . Kwak 2050 72 B ARTEAL T A R #0E 0l 5
WELEAT RIS B B s O 1B TR BT G BT B PSR AT N
W, B2 B RN A TR 5 R R TE R SN 4a tH DTS 2R 7T, JCHG2E K RUZAE
BV B, RS J i EA — 2 RS H P, Dessi PRI TT 7 1EA 20
BRI INIEE RS B0 T, AT R b T A LI S 43 10 U B P e 9 12
IIHT T XA BT B A B T 22 83 Bl L ) 22 5 5 n] DA B0 A 22 2 R H i i A i
PR BURA R IR . Bai E0PORTIZE REIER B, BFFC 7 ASFERR A B A5 5L
RN VAR SIZ BTN, oAb, 2 T RV RETE SN 718, Li 86T IT 1 3
RS R, A FE N BTSRRI

B 1.7 “EZFREHR” ARSI A R

Figure 1.7 The cross-sectional view of the well deck of the San Antonio—class amphibious
transport dock

FEAPE 1.7 B BB A MG 2L 77 1, Hopman® DL fas 2% g 22 i il Ay Joi A
Wt T PIRHT TS, JF DU EAREEAT 1 AN ER A AT 0E T AT, /530 17195
P 7K T 2 B B 5 30 YR B DG IR, ST RZACL, R B i HH T S R AR AR 7K
PRZS AR B K H it B RIFIN 2% 2 . Bass 5PME A Flow-3D 2447 4 4l
LN BA BT RS B 6 24T 1 HUE AL, PN IS SR BUATAG P R R TR i3
17 T WL - Cartwright'R B SPH J7 X —Fha A I DA 0P &t 47 1RG5,
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RIS AL, HAE A PR IR AR 1) 3 B R DR R RE R A AR IZ 3l . XuB2 i i 78 3G
fiE T Wigely-11T L, X6 A A RO HS AR P9 VFARTEAS [RIBIR A B0 R 18 B R AT T 1T -
KurianB3IH1 MageelP4 4341 T AN [F] i iz /K 6 O T 52 S R A0 00 75 B B I 3
L, 43 BT REIE 1) A7 E 5T AR 30 (0 B2 175 O

AR, H T A ) A BT, DA 7 RO, AR BB K H it A 3B (1 3
W5 77 BRI AFAE — E AR, B AZ BT R TR M REma BN s 2, AT A G
FIRAGBE T FUI, A 2250 22 T ) 7 ER AR BT dEAT 1 4 RUSE S8 DL A A S 1
K, W KRB A b i AT BE T AT LA . 20 Fu 250304 Terrill Z55VF1 Drazen
SESIET AT I, ORI X SRR AE R S A S it T EE I A df kL

BbAh, BT A AR AR, S i TR A X 1 4 BT S5 R At R A4
YERERISRIR 25 IR, BRI A L T4 6 5 5. a0 Maki 257 pT k4T 1) —
Yt 75 R IR Bl S 36 AN Martinez-Legazpi S5O 35 430 L 1 B A AR B IS 1R R IR HH A i 103k
BRI FE, ST /KRBT R Lin 20N R A X 3 B 37 1 AR AR P B0
Mortazavi 55U BLAEHUERANZE R, BLA Hendrickson 55U} T AN [\ 5 Sz 7K
EEABI 1) 5 JRE F BB ASSAOURT A 32 23 BT 485 S 5 63K BRI A 5 43 BT ¥ Sk s _b= i3k A7 R0 T4

SR, A BIAE SR BUT 0 5 R BB A AT 35 22 57, FLR BN AR BA I i A
TEW . BEE H MTF R BRI S, B X KA K A A B, AR
TR RGNS EA T, M EEKRA S ER A . B ai i B 2 4
W TR B L BT R B BV R E, AN REZRN T FER a4
A, BRI AR HH oD o ST KA K H I N T S R A
WAPTEZES, XM RN HEZER, FA LETFREER RS, HE
HVPAL S 2R T7 2 R AR FHLEE.

1.3 AXFETE

AL ELETAERT LA A LT LA

(1) KA H i@ B 5 R R IR . MR KA K A ith A LR 55, 36T
FJ8 CFD . OpenFOAM, it AT 77k, AL RS ME R E ST B, ¥
AT RE T 7 7 B R B b BB SR s S . AR ITTC HE S =
DLHEAT 1 PR TS M BRI IG X L, B BT F U S VR B MER PR & R, 56
UE T VR RS

(2) KAV A B ) S PIREFERT 7T DL KCS BUARBERR N FERE, 78R b

9



o300 N2 1 e S VAT 1 & ik

BB RBPRAC i, JT R IR 2 m s 22 T BB . 04 1 End sk B
P2 i IR FFAIE, IR 5 & IAEIE H b 58 5 ik 2R T b, R BRI
RERB NIV R ER, RYMAEMRFRSIIUE. [FIRAT 7 N BORAEE, 5
ANFRGRIE S MR 50 B — 8k, IS &, IS ARt & i,
WBRAS ¥l P SIS IAE 0 225 0 P T2 ol e L o e A e 1 R

(3) REUPA A it mir e i A U 7o B SRl BEL A ) Tt RV S5 1),
B FERT 75 W S 35 (O R BE TR AL 2R o LT8R L R A I =207 %, Btk 2 RS H
MR IFAE R S A TR AT o I BT 2 0 5 B IR G AR, PPAG %T7 21
PP AR o Sl AR R, AT AR B BRI R 71 32— Wit 5 i
JREEFA Fiy FE AR 22 5 B o S5 SRR, RH SR M U7 RAESR S VERE L, (HIL
R U RS O RS

(4) JI a3 A A S BT TE . ERTART FEIEAL b, X EA T e R
G HA T RAMARTTHAL I AR, R ORUERS LI RT3 B BT SR A, IF
AL A7 P EBGIR im AS A LIS i T e . B SR El A K EE S W E 2 A S
THEE 49 75, Rl 5 KA RE R K S K LT I REEAAL L. 73
P& S HOS AT AEBBIR SN Rz s AL R 52, 25 52 LA RS 57K 3h /1 g2 18]
R19% 2 AR L

14 FXEFEFHIIE

AR E A TAEG

(1) TR RBPAC A MR A4S St 57k . BT 550, LR e
PRI A E S T B, SEOL T IE M T2 SRR AR R B R & CFD TSR, i 1
TR S BRI RRCRARS, TR S G THER BRI S 1)

(2) REPA 7 it N BT R AR LEBT T AT B 58 TR AR IR AR H
TR A BB UL, 5 W AR H b R 0 25 22 5 AT T PR IR TT, B
HAR T A8 AR EEROMFEES . FIN e 7 MRS T R, &
Bl 7 H Rt SR T e A L A

(3) FET b wiy B i 2] A A AL A e P DR RELAAIR i o T H UL i B T £ 9 56
BRBL, X2 MRS EE & AT Rt AT 705, Bk 7RI REE A
P RIZRE S . B KRS TT R, b 1R A e B A R R 15
Wi, 153 7 AR RIS
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£28 HEHHEGE

HERAR T2 (Computational Fluid Dynamics, [&#K CFD) s&f# H i+ &1 &
TR 58 EHUE T7 R R AR RAR BN ) 5 (1) 25 T A J7 12 LRI 78 52 8% I AR I 3 1) 7 £
— I TS W12 5T ENRN S 2R A R BT 2 ik S5iErciz Fat
HERRAR )57, THEE R N R aE B SRR AR AT AT AR AL BE, AT RS
FEARE Y50 o o LU 5% 5 H BT 3 0 S RN e DA ] B B0 P 7 X 2 B B 16T

2.1 EBEAXBUESE

211 #EHIFE

THERVAER I R BN, 85 7 2L 2 H e, e HER SE
S ERIX =ANERE . HTAEFEETE RGO T, e =EmrmsitEA
T8, DRIAEAL PRA AR S IR /K BN ) 7 1l N, 38 2 AR 75 EEHEAT 18 A I 14k
X TASCH TR S, HTAWRERE .. %N R84k, B AT T =28
g LA THE, BRIEEE: WARAT %6 ToivE S mAovd ik, ierm
PR AE Y FEE H AN AT HORG PR LA, AT AE DR 5 AT R ) At 2 1) [T IS 2D SR HE

N T KRR H AT SRR, TR RS D7 R AT R P AE N-S
(Navier-Stokes) J7F&:

V-U=0 2.1)
dpU
= TV (p(U-U,)U)
==Vpa—9 - xVp+V - (UesfVU) + (VU) - Vierr + f5 + [ (2.2)

P U NEE ) U NS REENESE : pa=p-pgx NHAEENIE ST p AR ECE AR
IR 5 5 g DN EE TS P 190 5 ey AT RSN T IR 5 f P AR IAUASE 2R v ) 2 1Tk
s T DX IR Tt

212 REED#ERE

GRS, BTEE UMD P REARME, HEDERKIE LA, 1
FEEATRAE, TR BT & IR . 7E OpenFOAM H, XH#E K 7711
fift#8 3 By SIMPLE &%, PISO & y: 41 PIMPLE &% =Fhl75], SIMPLE & %2 %} “ sk
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IR J1H B T R R 2B U7 7, (Semi-Implicit Method for Pressure-Linked Equations)”
W5, ZEETEEH TR, A iy A 2O R0 N 3R kA T iR
(R i A2 32 B U7 2 R B A AE 5 R B3R UE), PISO Bk @xt “ Ik Jikaslisr
H1% (Pressure Implict with Splitting of Operator)” Wi 5, 5 T 5245 fn) F A >R
el %7755 SIMPLE B0ERIAN A Z A T, s B T R T I )G, BT R4
FEREREAT S8, ARG R UCKRIEE 3R TT RS, A S B 2 53h & 7 B AT R ARG
PIMPLE 5L )2 SIMPLE 583k PISO 5Lk &, EEH T 5RARARE & 1A
A, 1R R AR UL PISO Bk AR, FEANZAMNGIN—)Z5 SIMPLE #i%2E
ARG, FISREAT Sh &7 R . BERB)E J7 R I B o BB S AR 5 ()3
&, Ktk PIMPLE SUEAE KIS [A]25 N AR IR e Bt I Ab BRI A vH B, BT SRR
Kl 2.1 s

2.1 OpenFOAM ' PIMPLE &L ERE
Figure 2.1 Computational Procedure of the PIMPLE Algorithm in OpenFOAM
OpenFOAM 1) PISO SHFR I [ R4 7, AHLEAL GERIASEE MRS T3, [RIE
WAk 728 BT Bl A7 A 1 WA B e O i b, AT BE IS [ 4RAs, REWS BE A AR
I =4E ] . AbF S R Zh & TR

dpU
—— 4V (p(U = UU) =V - (e TU) = (VU) - Viteyy = =Vpg +S  (23)

ot
S=—-g-xVp+f;+fs (2.4)
S A REBEEEYE, TRE R

12



ot N 2 /1 e AT 02 FOBUET ST

AU = H(U) —Vpy +S 2.5)
s AR 7 SR 5 2 T T AT B HIUR 15 21 A 2 VE A0 FE AR Hh i3 A 2ot
2R H(U) YRR RS A A3 (A X A 2 o0 3R M 2 ) 3R

Zeid bR R AL SR A A B R i T R

1 _
V- (5 Vpd> =v-U (2.6)

AR TTRER, SF T A N T 34, OpenFOAM FH T HLAER K A1)
B G NS S IR AU AT SR AR 122 T A A A XA BT b 1A
e PR FRL T RO b, DRI S A AT XA B e G (R B RAG IR ARE I AR <8 kA%
TSI ERAT . TS mIL MR SR T, e R
e NEEL HABEAERE AT, R RS oo i E 2 oo B, IR E
PR B TTI R IE R G, il WM EAUER, WA

X¢

|7-ﬁ=7 (2.7)

XV ONRITHIEIR . B JE Rz AR R AT SR AR . IR R I X AT 5
OpenFOAM A 213kt G 1 1 5 rb R F3 9% 1)

FE BSOS AR b, BT SRS E VEAI T SRS EE R M K, TN TR) S 1
KBt Euler #%30, XHATIUE R A —Rir i XU 78

2.1.3 BHHME#HRE

S B AR OR AR il N R il A 1 B B R TR AR A 0, 15 2ERA (5 B
AR T A N TS TR ks FE LR R F (Volume of Fluid, &% VOF %)
[ONSOL A2 [ ph SR AR AN o 17 V52 41T I CFD 3 rh v SRR, B A AT i) i i
Iz R ITE, BT DS BUEFE SO IRA B 1 B B R I

Hhmiz J7 #E v LLRAIn 77 e X

(;—Ctl+ V-[(U-Uypa]+V- -[U.(1-—a)a] =0 (2.8)

Horb o RN AL, ACREE— A UAS BT R AR A 0 T T ARAR IR 7 23 B, AE PR ARTRE T
HRIFTARIGH, o EAT 0 A1 200, AT Ro =HoREs

a=0 Kol
a=1 Vil (2.9)
0<ax<l1 H HiE]

WD o, B p MBI TRERE w0 W AR 39 5E SCA -
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{p =ap +(1—a)py 2.10)

pu=oau+ (1 -ay,
HAr Nw g AL SRS WAk
figniz RS S A MU RT P IAA R T A5 48 /) VOF #nia 7 FE, 188 =15 & 1 il 5
A R T (1-a)a FITER, 3 =0UNAE B H A B EEH . U Z2H T K485
TR IR B2 Y, AT DAE T b g 5 3 B R 45 HAH

1ol 14|
U,s= nfmm{C lel max <|5f|>} (2.11)

b, TR fARRAEEE A T ks ¢ NEEEE, B8 T MNIgEaEE,
1T PISO B THEATE s Sy WS BT I 1) 77 [ ] 2, ARS8 T I e B 7 T P T A
Co /& H H I 48 250, HAEBOR, W) B Hh i 48 S8R B 2, FEAR ST, B Co=1.0;
ne A E A ek, s e
n = L (2.12)
|(Va); + 6]
F TR S IUAT LLRE XA :
fo = okVa (2.13)
X, o REXMK S, FEAHE 0=0.07 kg/s”2; « ANHEBEEAHEER, Hilid L
T X
XrSp -1y
Vi
H, VNG — AW ITI R X, Se - nARE — NP BT AT T - AE R

2.14 GwRiERSEE

HT R I AR ) 206 RANS 5 RE AR I B V5 N 1 AT SR A . 4RI
FRA B FHECR ) VZ R PR T R Y, ALHEARAE ke BT S HATAE 1) RNG ke 152
AU Realizable k- 15884, DAKARAE k- B85 HATAR SST k-0 B8 . SST ko i ¥
PRV EE G T hRE ke BERIAARIE k- B2, BREBEA AR AL Z, WA REF
R Rz B B sl BUB2, R AR SCE TSR FIRER A SST k-0 17

K SST koo BEBLHEAT SRARIT, 2 (2.2) 1B BN SR B e p ¥ e = p(u +
U )RIE, oA o Fl o 53 RIS BIRG %D/%*Hk” 7 Fof e A PR o 2 o

a;

= 2.15
vt max(a,w,SF,) (2.15)

A kAT o 3L SST k-co W9 75 FEASE Y FR 4D 78 5 R € -

K=-V-n=-— (2.14)

14



ot N 2 /1 e AT 02 FOBUET ST

E;_k +V-(Uk)=G—Bkw+V-[(v+ apv)Vk] (2.16)
aa_t + V- -(Uw)=yS? = Bw?+ V- -[(v+ a,v)Vw]+ (1 — F,)CDy, (2.17)
TR (2.16), HAGE SUN:
G = min(G,c; kw) (2.18)
R R c=10, M7 G £ OpenFOAM g N kAT E X

G = v,S2 (2.19)

Horp S PR TN AR 2R 8
S= [25,;S;; (2.20)

Sy WETH

Sij = %(VU +vuT) (2.21)

P (217, RE R F AEHIRRAE ke B k-o BORLZ (WD) HLHITR &
A, HHUE T AT A E -

4
F; = tanh( {min Imax( vk ,SOOU ,4aw:kl} ) (2.22)
p*ky’ y?*w” CDy,
H A CDy, 5 C Dy, 117 S
CD;,, = max(CDy,, 10710) (2.23)
CDyp, = 20, ZVkV—w (2.24)

T3 (2-18) F| (2-23) KR (2-16) <2 17), 58 k fl o fRFIR (2.15),

S G:hul
FiEd R ESH P 0, BT AT SR AR
2Vk  500v

Browy’ y*w

TERGA CFD FEUE BRI, X BETH A R E RS S sk R AR HEL, [F37id
T2 WIS T AR YR E 7 A1, 850 9Kl 43 SR PE G JZ (Viscous sublayer) i3 JZ (Buffer
layer) MIXF 2% /= (Log layer), WKl 2.2 fiin. ERIMERES, TGRS RIEE U
5T RAL G RO THI BE 85y LR R R

F, = tanh{[max( 1%} (2.25)

U+ = y+ (226)
MAEXNBERES, U5y X EgHERR:
In(Ey™)
Ut = (2.27)

K

A (2260 5 Q27 H, Ut =U/fugs y* = yu /v, upy = /1, /p ABIVIEEE; k¥ Von
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Karman % 4(; ©, NEE LB /7,

B 2.2 WHEAMKERE SRR A
Figure 2.2 Schematic of the velocity distribution within the boundary layer

FERAFL T Z WML REF, N 7 AERA R A RV Z R, 8% 2R
PR AN — J2 PR AT EAERE TR R A AR o F RS PR R R AR I8 A5 DL N R EEAR D,
PR A e B3 S AR IS S 55— J2 WS 5 AR TG PR R AR SR AR AL 7R A 3 y' << 1.0,
(B EXRE A AR B 7 v 2 WS O SURI I I, 3047 BUE AU 77 EEAE 3 B RITHER
PR, FESKEPR TAR s LASEIL . BRI, 2SRRI BE I 52 i s R Pl o 2ok
FHBE I R B0 AT B AR BURTL RS — 2 WK R 5 AT LUBOSE EXTECR R, R
YIRIERE 30 & 3000 WELIXRITTIE, AT LALERA DR SERE P A [R] I B K PR FEEAR R A
=, AR RERE mAUE TR AR EVE S THERCR, BIIEETE 0 ITTC 259U A 440K
AT RS RANS J57ATH SRSy ORFFAEA NIV A o 1 x R 1R = A
MECR R Z AR, HTEZGEN, U5y AN E R L s ek &,
A VA 12 DX AT A A SR A, X1 IR B T R 30008 5 X R R e SR AN B 2 A, RV
2.2 mhfs T 8 SRR AT A B O 2L E S 2 P A 1) X 3

H 30 B 1 PR A A S s AR A R B, o A P2 AR A AR, X i X it
PR 5 BB IIR 22 O 1 B IRV SRR YE , T4 FH okt 5 580 v RO 28—
JERIRSBEATIZIE . B IETE I, BUEAERE TR IR R 5 0 R 2 22 T A R e FHE
Rz R AL E, X R PEIRZ SRR BRI (2.260 530 (2.27) B2 UTHHSE,
g
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o= In(Ey™)

K
X, =041, E=9.81. A[{HIHFMH y™=11.53,
CRL G AE BB SR A 4 il FHEAE N B S it K X 73, ¥ y<11.53 HE NZ
TSN, Z X RS BBy, N 05 yT=11.53 HE NTRRAEN, 1% X4 A ks R %y,

N
_ YTk
Ve =V <ln(Ey+) — 1.0) (2.29)

(2.28)

22 KEHEE

AL Sk TSR fif 287 & 9 JTYR CFD I E: OpenFOAM. OpenFOAM (Open
Source Field Operation And Manipulation) & 411 N H & AT 2 BT SLRAR 715K
fF LRz —. HHE 7 —&lE CFD K5eBIHEMER, R CHimiaxd Rt fr
A R S BRI LIS A AT TR AR AE, TP AT I8 I S A AL AT
B, WATE LAl Et— I E i SORERL, AT S B s 35 B AT AT 52 L B8 A
IR . HAFEREARAENE 2.3 fron, BT HRARMBRE. ML, B
T SR SR 2 TR) R FH A AL 1 75 3K, W 78 3 BE NS LASAIR AR I ] 55 BAR 25150 1 f)
ARG S T [ o 7 R ) R0 ) 01 SR A6

& 2.3 OpenFOAM EAHHHRERNEE
Figure 2.3 Schematic of the basic computational workflow in OpenFOAM

FEARWR S R T S rh, EEAEHT Y OpenFOAM DI REELAE: ANAT S48 8 n]
JE 4R 80 2K i 7% (simpleFoam . pimpleFoam 5 J& TAF 43 20 (VOF ) /774 ] interFoam
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H RS, LLAOE T 5 28 IR U 89 B 2h % 31 70 T.H snappyHexMesh .
pimpleFoam K f# 4% R Al 1) PIMPLE 5545 1 PISO 5i% 5 SIMPLE SERILH,
REMS RS B KA Al Aifizshih & 5 Bl A B AF A 55 H & interFoam SKAf %
FERAOBIRAL 3 . DB RN S5 iR 8 53 B IR Bk 3l 1 77 T B A BN H
snappyHexMesh W% A= i T BN AT 36T STL =4 A (A 0 S F H 2l AR 1 e i & 7S T
PRI, I SCRp XN AL A E A3, (6 BN viEmf i SR R PR sh 5 B i 40
PRI, AR b, Gl R STV, AR AR I A T B A T B, R TR
iE T T AR AR BBRA ] i B B SR St SR

2.3 BUERHE

2.3.1 IR I A48 IE

Xt R S5 0R T DU AR 2EAT 1 XA A 23 A, AR I A% 7 58 2 8] X A%
B LI v 2 KA o BT BEOTE M ARAE B s T I RS 0, PRI 3 336 A BT fe KR
W, BMELIER Fr=0.195 NREATTFE, $EHC T B M 2iim)m oA~ s B B I a1
NPT, SO s AT R
R 2.1 NFEEBEPIAE 7 RIBI T RN

Table 2.1 Comparison of computational results among mesh schemes of different densities

EIEYES R B Hh S R W 1 %5
WAL (x 10%) 3.875 5.265 7.731 10.193
FHATRZE (%) 6.296 2.951 1.338 1.012

R 2.1 T AT HEE T RS, DLRCT 38 B ) 5 AR s e iR 2
PR . IR SER, WTRUEH, B TSN, HR =M R E L R S5
IR BRI, e FE RS IR T B 2 S 5 M0 v FE RS R T B 25 SR 22 el

B f5 AR PE ITTC X+ CFD HUE R 15 TP 36 IE 5 A A (Verification& Validation, V&V)
o fe SR, XA E M Us @7 0. I8E A R ER
b = AR E ) A FH DABGHIE, E e SR A0 XA L rh 5 RUBE I A& AOKEL I AR D9 3R ik
RS, B =F A SEAEM S (=0,1,2)kF R, HILATEEINENESSH Re:

&1 55

3.1)

c = =
€3 S3—5;

£ R AUEAFIRF, 20 550068 BAS R S50 3
(a) BEL: 0<Re<l;
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(b) IS RG<0;

(c) KEL: Re>1

AR T THE LR, AIE RIS AL R6=0.295, & SISt R,
I AT T A 4B A (Richadson Extrapolation, RE), f3RI%U{EHIRZE S re:

€21
SRE - _Pg 1
" —

X, ro NMBELIALLL, TEMRTEBIN v 2. Po NALIRE Y, BI7EAUE 45 R b b
(R R, AR T T A5 21

(3.2)

&
B In (ﬁ) 63
¢ In(rg) '
IeAh, IR IE RN
rfc -1
Ce = 3.4
G r;Gest _ 1 ( )
KA Pes RAABUETHE P RAE R, YETEUE TS Poes= 20
B2, RS AN E BN
_{D6x0e4a2+LHXMML 11— C,| <0.125 3)
¢ [2 % |1 = Cgl + 1] X |8rg]» 11— Cg| = 0.125 '

R 2.2 4 H T A E BT AR SIS Ro WA FERT Po HUE 1R
% Spps BIERH Co LIS ARIEE Ug. ATLAMSE], BUEIRZEN 0.083, £HY
RIS AP A BUE IR Z RN . T LR E IS RIS Us N
0.569%Sp, FEAKT ITTC RHIH) 1-4%, I 7RIS & B RS WA 25 B s, B
e 25 SR 52 RS AR AT M AN
R 22 MEAHEEMITESERE

Table 2.2 Computational results of mesh uncertainty

RG PG SRE CG UG
0.2021 4.6136 0.0826 3.9479 0.5694

25 B8 BT SIS 5 AW v e FEE X B8 T SR ol i ) 2 3 E A ) 1.6 5 DAL,
WAL S 28 3345 Y ey P2 X AR REAT Jim B2 A s Bt e S AU T 5

2.3.2 RBGRE IR

15 P s FE AR T 22, AR ARASE8 Bl r EAE I,  XF KCS AR AR R R 7E
Fn=0.0867~0.2817 2 [B] XS S AR AT V8. X6 Bt e BE B8 25 Rk B
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Zou A1 Larsson™¥ A1) 5148 68 2 W PRAS Bt &5 Rt AT T ACEE . AT 5T B FH 4R
A AR 5123050 Bt AR A — 3
R 2.3 KCS AR ELE N RBEAFNE T ARERSTHHELE RN

Table 2.3 Comparison between experimental and numerical results of the total resistance
coefficient of the bare-hull KCS model at different speeds

F, 0.0867 0.1300 0.1734  0.195 02276 02601 0.2817
IR (107) 3.841  3.657  3.503  3.438 3409  3.650  4.459
THEZR(107) 3.698  3.584  3.451] 3392 3430  3.697  4.551
RE (%) 3723 1996 1484 1338  0.616  1.288  2.063

R 2.3 gt TN FEE I AEECN B BUE A AR 5wl A R N B AR %2 - il
RREEAE WO, £ Fn=0.1 MFEOL T, THEARAES ROV ILAC IR 45 R, =B
TIRRZENT 2% 58RI T EZ AR Frn=0.195 ML AR mnE X TH], X TE] A T
HEER G ARZE D 1.5%, RIS THR S REAG LIRS % E

2.4 XREING

REERANE T AERT AT R BUE AT B B AR BUE 7 T
CFD J7i£M) N-S il 07F%: SRS F I BE I DR 7%, BB 1 AR SR I
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Figure 3.1 The KCS bare hull model
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Table 3.1 Principal dimensions of the KCS hull model

FRE TR R SREE
LR A L,y (m) 7.2786 230
SN LN B (m) 1.0190 32.2
RR D (m) 0.6013 19.2
nz 7K T (m) 0.24 None
MR AR S (m?) 9.4379 9424
HKE vV (md) 1.6490 52030
o E W AFTAIE)  LCB (%L,y) -1.48 -1.48
HOEE KG(m) None 0.378
e o 4 K«/B 0.40 0.40
Ll Ky/L=K-/L 0.246 0.025

3.2 MWREPAK AN KCS B AR
Figure 3.2 The KCS bare hull model with moonpool
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Figure 3.3 Schematic of the computational domain setup
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Figure 3.4 Schematic of mesh refinement in the computational domain (vertical direction)
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Figure 3.5 Schematic of mesh refinement in the computational domain

(tangential/longitudinal directions)
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Figure 3.6 Comparison of resistance coefficients without and with moonpool installation at
different Froude numbers
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3.7 AFELIEECT RIRE 70 P ith 2%
Figure 3.7 Time history of resistance in different Froude number
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Figure 3.8 Frequency domain image in different Froude number
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(a) Fn=0.18
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(b) Fn=0.19

(c) Fn=0.20

(d) Fn=0.22
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Figure 3.9 Free surface image in the front section of moonpool under different Froude number
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Figure 3.10 Free surface image in the rear section of moonpool under different Froude number

WRAEE 3.10 &, KRAPAK A MG BUW B B B SR8 ARaRTH, ENER)E

27



ot N 2 /1 e AT 3 F ORI ML) SRR 5T

BETH b RIVERORE AR AR AR Fn=0.18 o W30 0. [R) -t el 4 3030
[ R Il 3AL R A def o R o [ 0 0 i B S i o AR T It B, Tt s B BR
TR UL SR B I AN 3

B Fn=0.2 I {0 — DN BGRAT (Tw), BL1/4 A IS RIBg HI/E 1 H b er B B
R AR R, Wl 3.1 Fron. AT RURBEAE B3 BOR M XS BE L) A
Hit, BAPIRAMZDY 0.61 #0. LLRIFE R 3005 2[R — i (880 Hits B B
T A0, R BURE T L0y 2.45 B0 XFLEBE A %dE, LR A W5 B 77w b
28 PR AFAE IR IR o P FE S A — B, oy ) U0 S5 ARIR 3 (10 o B3 A — 2, U
BAFAE R AR FINER], 72 RIBIR T, KRB i i BT S 4R 28 474
—BOP R o 0 LE AL AE RO I B i R, R i X sk ) v Rl
eV CHE DNINE SR

@) Twot1/4Tw

(b) Twot2/4Tw

(c) Twot3/4Tw

(d) TwotTw
B 3.1 fEikES=0.2 B B AT LB A Y B BE EG

Figure 3.11 Periodic free surface image in moonpool in Fn = 0.2 in front section of the moonpool
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Figure 3.12 Location of measurement points in moonpool
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Figure 3.13 Maximum wave height curve at measurement points under different Froude
number
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Figure 3.14 Maximum wave height at measurement points under different Froude number
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Figure 3.15 Flow field diagrams in different Froude number in front section of the moonpool
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Figure 3.16 Flow field diagrams in different Froude number in rear section of the moonpool
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Figure 3.17 Periodic flow field diagrams in Fn = 0.2 in front section of the moonpool
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Figure 3.18 Cross sectional velocity image of moonpool in Frn = 0.2
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Figure 3.19 Dynamic pressure distribution at lateral wall in different Froude number
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Figure 3.20 Vortex structure at Q =15 in different Froude number
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Figure 3.21 Periodic vortex structure at Q =15 in Frn = 0.2
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Figure 4.1 The region of shape modification at the moonpool
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Table 4.1 Prototype and modification of the front part of the moonpool

Case RM KE (D = (/D) i (/B
0 JiR Ay / / /

1 1547 0.036 0.10 0.24

2 1547 0.024 0.20 0.24

3 {54 0.036 0.20 0.24

4 VAR 0.024 0.20 0.03(x3)
5 VAR 0.036 0.20 0.03(x3)
6 Vil 0.024 0.20 0.24

7 Vil 0.036 0.20 0.24

8 BE 0.024 0.20 0.24

9 BE 0.036 0.20 0.24

B 4.2 HibaimBEmAS AT R

Figure 4.2 The modification at the front part of moonpool
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Figure 4.3 Comparison of average resistance between schemes and original model
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Figure 4.4 Resistance time history curve of original model and schemes
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Figure 4.5 Frequency domain image of original model and schemes
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Figure 4.6 Maximum wave height curve at measurement points of original model and schemes
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Figure 4.7 Comparison of maximum wave height of original model and schemes
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Figure 4.8 Free-surface patterns inside the moonpool for original and chamfer configurations
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Figure 4.9 Free-surface patterns inside the moonpool for slot, fillet and combine configurations
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Figure 4.10 Flow field diagrams in moonpool of original model and schemes
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Figure 4.11 Dynamic pressure distribution at lateral wall of original model and schemes
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Figure 4.12 Vortex structure at Q =15 in moonpool of original model and schemes
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Figure 5.1 The simplified model and watershed diagram
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Figure 5.2 The schematic diagram of chamfer position for simplified model
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Figure 5.3 Mesh refinement inside the moonpool of the simplified model
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Figure 5.4 Comparison of pressure time history curves at measurement points inside the
moonpool between the simplified model and the original model
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B 5.5 FLIREL S FRIG IR ) s S iont Lh
Figure 5.5 Comparison of pressure spectra between the simplified model and the original model
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BORIER) 2 5SS, N A RS @ik 21 H s KRB A FE £ 0.145
%, KCS M CEIZ) 0.06 £, £ TIEEPRT, FHIBRTEALEZ KU ET
[ERANERK B FE AT S, PR = ShrE L. mARRIN R THE THLH
7*7 $£ 49 AN LIHLH R, 44N case-1-1 2 case-7-7, FEA case XN K S 55 FE S 4
e 5.1 fR, MK EE SR EAE T RN R E e 5.6 AE 5.7 .

£ 51 BEATRRISH

Table 5.1 The dimensions of each chamfer scheme

KJE (mm)
60 120 180 240 300 360 420
30 case-1-1 | case-2-1 | case-3-1 | case-4-1 | case-5-1 | case-6-1 | case-7-1
60 case-1-2 | case-2-2 | case-3-2 | case-4-2 | case-5-2 | case-6-2 | case-7-2
. 90 case-1-3 | case-2-3 | case-3-3 | case-4-3 | case-5-3 | case-6-3 | case-7-3
(er;f) 120 | case-1-4 | case-2-4 | case-3-4 | case-4-4 | case-5-4 | case-6-4 | case-7-4

150 case-1-5 | case-2-5 | case-3-5 | case-4-5 | case-5-5 | case-6-5 | case-7-5

180 case-1-6 | case-2-6 | case-3-6 | case-4-6 | case-5-6 | case-6-6 | case-7-6

210 case-1-7 | case-2-7 | case-3-7 | case-4-7 | case-5-7 | case-6-7 | case-7-7
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B 5.6 AEKESESREE (PL case-1-3 & case-7-3 AH])

Figure 5.6 Schematic diagram of different length parameters

B 5.7 AEEESESAEE (LA case-3-1 & case-3-7 NHI)

Figure 5.7 Schematic diagram of different height parameters
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B 5.8 0.06m KRS LA G E-IU ST = H 22 &
Figure 5.8 Maximum wave height curves at each measurement point for the parameter
combination with the length of 0.06 m
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A P, IR e AN B 3 A v R AR A T R
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Figure 5.9 Maximum wave height curves at each measurement point for the parameter
combination with the length of 0.120 m
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B B R IR FR I R case-3-2, HBRRGR B AT IZK I 35%, HH LRI A
BUNIITE DA — e B0

B 5.10 0.18m KEFESEH A B i BB U i b 2%

Figure 5.10 Maximum wave height curves at each measurement point for the parameter
combination with the length of 0.18 m

B 5.110.24m KESHA A BT R AR OB R HhZR B
Figure 5.11 Maximum wave height curves at each measurement point for the parameter
combination with the length of 0.24 m
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Figure 5.12 Maximum wave height curves at each measurement point for the parameter
combination with the length of 0.30 m
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Figure 5.13 Maximum wave height curves at each measurement point for the parameter
combination with the length of 0.36 m
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5.14 0.42m KEESH0AH A &P TR ORI R 2R B
Figure 5.14 Maximum wave height curves at each measurement point for the parameter
combination with the length of 0.42 m
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B 5.150.03m FESEAH G B R HBRORER iR E
Figure 5.15 Maximum wave height curves at each measurement point for the parameter
combination with the height of 0.03 m

B 5.16 0.06m 7= S04 A %0 B OB 28 1B

Figure 5.16 Maximum wave height curves at each measurement point for the parameter
combination with the height of 0.06 m
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B 5.17 0.09m = ESEA & FW R KRB R &

Figure 5.17 Maximum wave height curves at each measurement point for the parameter
combination with the height of 0.09 m
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Figure 5.18 Maximum wave height curves at each measurement point for the parameter
combination with the height of 0.12 m
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Figure 5.19 Maximum wave height curves at each measurement point for the parameter
combination with the height of 0.15 m
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Figure 5.20 Maximum wave height curves at each measurement point for the parameter
combination with the height of 0.18 m
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Figure 5.21 Maximum wave height curves at each measurement point for the parameter
combination with the height of 0.21 m
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Figure 5.22 Surface plot of maximum wave heights for different parameter combinations
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Figure 5.23 Free-surface patterns inside the moonpool for parameter combinations exhibiting
mild wave excitation
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Figure 5.24 Free-surface patterns inside the moonpool for parameter combinations exhibiting
transitional wave excitation
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Figure 5.25 Free-surface patterns inside the moonpool for parameter combinations exhibiting
intense wave excitation
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Figure 5.26 Dynamic pressure distributions inside the moonpool for parameter combinations
exhibiting mild wave excitation
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Figure 5.27 Dynamic pressure distributions inside the moonpool for parameter combinations
exhibiting transitional wave excitation
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Figure 5.28 Dynamic pressure distributions inside the moonpool for parameter combinations
exhibiting intense wave excitation
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Case-5-1 & Case-5-7 (0.30m KEESHAHS)
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Figure 5.29 Pressure spectra for different parameter combinations
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Figure 5.30 Surface plot of average resistance for different parameter combinations
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Figure 5.31 Flow-field patterns inside the moonpool for parameter combinations exhibiting mild
wave excitation
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Figure 5.32 Flow-field patterns inside the moonpool for parameter combinations transitioning
from mild to transitional wave excitation
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Figure 5.33 Flow-field patterns inside the moonpool for transitional-excitation parameter
combinations with different chamfer sizes
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Figure 5.34 Flow-field patterns inside the moonpool during gradual transition with increasing
chamfer height
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Figure 5.35 Flow-field patterns inside the moonpool for parameter combinations exhibiting
intense wave excitation
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Figure 5.36 Vortex structure inside the moonpool for parameter combinations exhibiting mild
wave excitation
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Figure 5.37 Vortex structure inside the moonpool for parameter combinations transitioning
from mild to transitional wave excitation
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Figure 5.38 Vortex structure inside the moonpool for transitional-excitation parameter
combinations with different chamfer sizes
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Figure 5.39 Vortex structure inside the moonpool during gradual transition with increasing
chamfer height
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Figure 5.40 Vortex structure inside the moonpool for parameter combinations exhibiting intense
wave excitation
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