Y HAdA z
SHANGHAI JIAO TONG UNIVERSITY
2 2454

THESIS OF BACHELOR

o SHLE A AR R R VI R O S

FAL 7 R

g R 5100109161

+ o fembiEEIAEEL
F8 52 77 15 %,

Fl(R): BAMEFERAIAZFR




YF ALY
AR RS E R R R M S5O ST

RAAA S B 3| T R A R RGP U 53 4

HE

FEREAABCUE T ST AR, TR B FabE . BB TERORT TR+ S EE, T AR
R TR =AMEREAA R RN . (E52, BUSCrh IR R AR R 22, rERITH5
BARF R, S8 RWA—EMREH, Prelid, BUERIRT R R 2 R IT%. AR HRRA
5 TREKE) )15 R P AL naoe-FOAM-STTU SRS RIS EUNRRE . A o2 1HH
WA R T ORE S O, LA I R 60 MR TP AT AR ORI T, 34T T =R
FIPR . 4 %5 R A THE, JPREAR A5 Tkeda FIBRLASG ST RIBEAT 1 HLESS:
WE o 2 JEA [ RS 0 S5O LA ) — R B AT T U H B, R O T ) LA AIE B R P
OAE T HREGHSE. PR, BEAR] T AR MR R fh2k, SR EHE
ARH B R R R E AL B E SRR L, ot TSRS ECR B A T
B T LE BT DU B T 52 B 708 K8 ok B T A58, BIYIR 7885y
XTI K o 5351, BSARE ZH0nT DU IR A5 R R 42 i 2 AR AR R FE _E S i i
PR RE NS (14 ) FBLAU S (1 2 P B0 s AR P8 IR T AT bl o R P (K s 8 s i i )
PR PRI SR AU i R AR (BT YT T ER 5

KEHRIR): MAREEE, KSMEVIH, OpenFOAM, naoe-FOAM-SJTU, RANS J5#%, Jo&:, FHJE &%



- X R4
}’ ;# A ﬁ f\ ’5‘/
= s N
SHANGHAI JIAO TONG UNIVERSITY ARAR En A3 M R SRR AR M SR A A

THE ANALYSIS OF VISCOUS EFFECTS
ON THE FLOW FIELD WITH TYPICAL TRANSVERS
SECTION ROLLING

ABSTRACY

During the process of ship design and manufacturing, study of seakeeping, stability,
maneuverability which are severely affected by ship rolling is of much importance. However, in
reality, analysis of the flow field is extremely complex, which require a large amount of
computation, and the result is not precise. So, analysis of the study of flow field is mostly based
on potential flow. The flow field in this paper are performed by the solver naoe-FOAM-SJTU.
This paper selects two typical transvers sections, three frequencies, four or five amplitudes, four
kinematic viscosities to calculate and compare. First, calculating the model with the same
parameters with which Ikeda selected in his experiment, and calculate the damping coefficient
with the formula Ikeda used to compare with the results Ikeda got. Then, this paper calculates the
models with different parameters and draws the moment-duration curve, calculates the damping
coefficient. Finally, it compares different models with only one parameter changing and analyzes
the different flow fields. It is concluded that the pressure part of the moment is a big part of the
total moment, and with the parameters changing, it is clear that frequency and amplitude severely
affect the flow field in viscous flow, the circle bilge is conducive to decrease the vortex in the flow
field, the kinematic viscosity just influences the shear part of the moment so it does not affect the
flow field much.

Key words:roll, viscous flows, OpenFOAM, naoe-FOAM-SJTU, RANS equations, vorticity,
damping coefficient
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Tkeda i+ 25 Fh A [ (O AR TRL (OB 50 THT HEAT 7 ASRSAR00 "™ s MRS A P (R B S 74 )
TG G AN AR RS R, HESHERZ )2 N )M B R B R IA
FEHE A BIAN 7]  HERTAAS I [ 5 — S0 T AN [F) A 40 0 152 1) e IR IR BRLJE & 8. 28 ) 5 7E 1978
M, Tkeda & THEREFHR I TR EEEERH)E . BIRFH)E . BEWBH)E . T+ 7IFHJE LRI
TREERLJE , FA TR ANHLE IR T — R B2 sh AR, T2 AT, (A,
X205 N OB A B, e Ut Tkeda F3% A 25 & 2P HJE 2 [R1AH LI 5200 A G HK,
T REARAT T A R A AR AT VR B, U SRR EAT AN T A EL S DR BR I K = T 5
G, WERMIRRE, GHRTENRARAWN KR, SV T RERNSUETE, HFEI®R
BLTHFER IS [A4G SR D, THEAR T2 (CFD) I T, CFD ReALf &2 4= 1S #E 5F
FRRAAR, Tz AT &IOKEh2Emm . f e N-S iEgas ik, [, &1
CED #5419 i A v SRE IR A4 0 22 D7 T I &% P BUE AR LTE A T 2 N A, et it
Ananthakrishnan (I35, Korpus HUTHESE" . B4, [ PN KHR 4 R MR A AR
PEBUETHE R I 32 R AR BELJE 285 DL A BRI ot 52 1) o kMBI 45 AR R 5 AL — 4
9l 5 AR T TR N=S 5 R AR 7 B 7 AR 45l S ) T £ R R I R 3 S B T
AR PR BH e A TR . R 58 N FE T FLUENT 8, & — R ikt k., #FEta
AEDUR 2 30K O BB SR M AR LR o vk s (A IR, R PiRS e h, 3T
THEEE RIISUERS, #EH T Tkedal977 ARG 45 KA . AN RSE, REPERT 5T
HIf5] 1R %, Luca Bonfiglio 5 Stefano Brizzolara F|F CFD # At X - AHALUASE 1] ThI A
PRAE U BL RN K R TR BEAT T AN RS REATR (AR, 381 T — RBIZ R . B4,
SRR LA B AT DT in T TSR RR N EE, X B. Chen f1 F. Dians {E N-S J7FE
SR b, 5 S N TCHE R TC B R P AN e BT SN R R E, LA IRE
HF TR R FH AR B TR, ()2 32 BT 7T 77 1) 2 50 T 408 11 o 4n FHLJE 2 sl B 08 ) 19145
(), A SR UERE PP () IR IR E T 5 R A 18 FRU RGP 2802 DA K% S 1 3 R R 1 A A ) AR ot
FIFRARZ AR Z MR B TN T 1 RGP 80N 5 R RE () A 2500 ST DA A SO
FEATARASE FH ) 25T S 0m R AA 1 22 TT R A IR R ) 2 A

1.3 FEFEMAREKH

A VR BEAY Y 3 A (9 52 TS ¥ OpenFOAM™ (Open Field Operation and
Manipulation), #AFH AT RGMERIESTHE, 2N R R CFD 28FE. OpenFOAM
BAFFAE RN GBS, FEH BT HIF B, HEHEBERT, MHARWBIRZ, 5
F AL AT LR YR B O 75K 4 5 A R RORE P SR AR A, 33 R0 T Ao S v o b e ™
OpenFOAM tB AL & 1R Z AR ThAE, AT4LFE (Meshing Tools) Fl 5 B ALEE (ParaView) 25, &
53T A3 Fr i ) naoe-FOAM=S JTU RAEAS WL 2RI 2ENN W 510, & N S5
AR E S5 A 5 B B0 o) FR T W 1Y« naoe—FOAM-SJTU SRAFEZSLL RANS 5 FE Nis il 7 FE,
KA BRARFE PN B ) 5 7, SR VOF BOR i3 B, R0 PISO J7vE"" 4
BRMEEAIE ST, Flk—e. k— . LU SST SEaisi ™ ekt T 12, SRR 2 )
2l ARENE T E A TAE FERATH Paraview B4F, BORRKEHIEHAT AL
1, AR A L ) s T R LA B D BV AT
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AU i RS IR RGPS A P TS, U A Re — AGARAE10S B L |, 4,
PR A BB 7 st AT KR T (ELAE, U J0 5 h H  ABE BE T R DA S N=S 5 R TS
WG, FEBBRAAZR I K IR, Ty R Rz AN R K A0 EAE TR
TR, Semg AT, WD RER R R

V-U=0 (2-1)

apU

7+V-(pUU):—VP+V-T+pf+fS ok'n'§(x —x")dS (2-2)

®
Hrh, UNEEY; p AETI; oAR sk £ O TR =i g S 0h10 28 1Y
UK K I, A A .

TR T RE A B P, WOrT DASKRAR, A 6 mT AT A X 41 42 i) 7 A ke o i 4 Jo
WS P AL, H2 N-S TR AR, X iR 7 ek FRIR B %, 1HHE
PR, FF HIX Mt 7 i AR A B A R R 1e 3 A2 A & AN D7 T 485 o SEBR b, AT
5 BEOR AR 0] L, R A0 A I I AR s IR, T2 U RS A b 8 =5 R 5 T AT TR i ¥
HRKIE X, FATTE EE R R 2 — P-4 028 4k, BRI B TRG P A 5| 2 A4 8 125033
B2, Rl WA T BRI e A DR X 52 48 FH I 3 AR 73, FE IR 34 R 7 A2 A A B
ALk Rk sh =, RIVES 5 P37 (Reynolds—averaged Navier-Stokes, DL RNIFR RANS).
RANS VA% Coif A SR AR S04 2 J5 (1) N-S T5 8, A 223Kk (1) N-S J7F2. RANS J7V:7E
N E R AR RER, B aiEimm BUEB T E 71, RANS Tk A& 2 1.

RANS v, JHATE—AF 5 a HIRIME & LT

_ A
a= ﬁ [T a(tde (2-3)

RN, X A Ttz s B BEN LK Sh R Z % K, H2 A% TR
925 AN IR 350 B AR 4K R A 12 2 8 /)N o
=M EAA BEE . IIEMPKENE =50, HRRWT:
a=a+ad 2-4)
Horb, a AWENHE, aANIIE, o NIkshE.
DRI, 3 R RN g )k B AT AR R 0 R
u = +u (2-5)
P=P+P (2-6)
F (2-5) (2-6) A (2-1) (2-2) 1, & —RFINIHIEH, w45 2] RANS J7
FERESME T FEWT T

VU =0 2-7

apU

W+V-(pW)=—Vp+pg+V-(y(VU+(V(7)T))+V-Tt (2-8)

b
w
=
b
&
=



o Towa UnvaRsTY ARAR B R B TR OB MR SR

M R T DR R TR B 2 T — N S A R 12T 2
WY, TN S 6 T, 3 ANIER ALK 3 ANMUIRLA o BT U5 AR I T SN
SRR CAATE M, AnREE BRI 1A AR TR CARAR, BTG 2 — £L B n
KA, HHOTTEMAA TN N, R S EM RS E SR RER, AR AR,
H AT T RANS J5RE AP R A PR T DR ARG TR i o AV Rl 87t
JITASE FH A R T A R o 1) 5 RS T o AR R e R R (1 i, ) R AT B AT E— 2D
B, BRI L2 Boussinesq MR E ™™, BIEE R Tk R 5 P MR K &
S JREEH:

Ty = 2pVS — %pk8 (2-9)

N S N N 6 i a i N . N Vo za ™= | N2,
Horr, v NIRRT, S =%<a_;+a_1:>’ u NN BIEE, 6,4 Kronecker delta £f%5 (2
j i

=3, 6ij=1; k2, 5ij=0), k NIt ARE, & AR

k=== (u?+ul+u} (2-10)

B 5] IS B 5IN T IR 1) RANS 5 7%:
V-U=0 (2-11)
284V (pUU) = —Vp+pg+V-(ueff(VU+(VU)T)) (2-12)

B, perr = p(v+ve), NEBEIHE.
2.2 imimiRE

FEAEM T Boussinesq (IR EE 2 Ja, TR Z 7 —ANimdiihiEu,, JTREAA
B, ATTE. 9 T f# RANS T REBATTAI0 75 200 2 T e o RETAIA T 25 22 05 RE AR AR |
O REAEA . ORISR . fEAR RN B, R O R R AT S O R
Tk — et ATk — iR, ARSI B VIR /o faia il (k — wSSTHE) . %A= Y
R Menter $2HIKRI ™™, ETAE RAR] T TIZMNA . AL Tk — efBIRIk — wfi
RIRIPC s, P> T E B TSR AE AR, ORIE 3B T AR SRAR KA AT AT SEdE . 1%
RGN TP Rs TR, (AR5 REE P AT DOR A .

KRk — BRIk — oAk — 0SST AL FZ I T .

Hok — MR BN HE k FFERLR 0 PN ais TR Nk — o RIIES, 0T

Dpk B du; _ a dk B
> = Tij %, B pwk + o [(u + Opolte) _ax,-] (2-13)
Dpw _ya . OUi _ 24 0 9w 1 0k 20 _
bt Ve Tij Ox; 'szw + Ox;j [(/1 + sz‘ut) axj] + Zprz w 9xj 0x;j (271D
JRUBHIK — BTy,
Dpk B du; o a dk _
e = Tii g, B*pwk + o, [(u + 01 l4e) ox; (2-15)

DD_T:Z_ZTUZ_:_&P“)Z +aixj[(ﬂ+0w1ﬂt):_:;] (2-16)
X (2-19) 5K (2-16) AREPHITEE TR 2 7 —B5 X #:
D, =2p0y; ————— (2-17)
RJE, Kok — oI T s b — N eREF, , k — MRS ) T R DA — A R B

ZE 4 71 348 7T
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(1-F1), HEHEHWE -

Dpk __ ou; % a ok _

F—Tija—xj—ﬂ pa)k+§[(,u+dk,ut)a—x}] (2 18)
D ou; 1 0k 0
ﬁ?=%m§;$p2+—{w+%m>]+ma F)0uzy 55 (2719)

MBI ERIE, E Ly Ak — o B2 E, & L, NG Kk — et Ay
HIME— &, & XS NRME1FEINH IR o R AR &, U =F KR UWF:
¢=F¢:+(1—-F)op, (2-20)
£ B, R E, EinBEEUE R 1, KA Tk — o8 fEH Hit
HAE R0, MG T R Tk— el FE Xanh:

F, = tanh(arg?) (2-21)

. VE  500v\ 4pogqk _
arg, =mn [max (0.09(uy' wa) ’ CDkWyZ] (2=22)
CDy,, = max (Zpaa,z ; :: gf 10‘2(’) (2-23)

Hrb, vy NS EEE

o BRI,y RO, et kil B tifiifarg &1 0, BIF =05 2y B,
USRI EEN , arg, BOK, BIF, = 1. FrCliid SST BERZRG T R AL A 18 K

Menter fiz -2 iR A, & a2 A A8 W R 3 bkl 28, (HR 20 2 Jm i Bt

PO AR
S=1/SijSij (2‘24)
KL, IR R B RE T
— paik _
He = max(a,w,V2SF,) (2-25)
Horr, 5 UF,:
F, = tanh(arg?) (2-26)
_ vk 500v _
arg, = max (2 050y yzw) (2-27)
w2, HRHEREL k TR R TR
— paik _
He = max(a,w,V2SF,) (2-28)
K o ] ok
DDLt:TijB_:-_B pwk+§[(u+akut)a—xj] (2-29)
ou; ok 8
B0 = Loy 24— o + |+ o) S| + 20(1 — ) 252 (2-30)
PA L5 R 50 BN H B BB LR 2-1:
2 2-1 SST BAY i F¥ifE
¢ a, B O Oy B 14
b1 0. 31 0.09 0.85 0.5 0.075 0. 553
b, 0. 31 0.09 1.0 0.856  0.0828 0.4403

2.3 BERRAEUKIBRIESE
B TP HIRL (two phase Flow) BLMMRHMBLI IR, BN E I RILEAE, &/
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AN IEE, 2T RCE IR RGBT oK, KB T M AR R 2 A — E 2
(), An]ZBEATE, B, Wfel i HE B e R BT AR A R — AN R . R B
TERZFE, A TSR nace-FOAM-SJTU F&/%, E&LL InterFOAM A3EAlH .
InterFOAM KH VOF (Volume Of Fluid) ¥ERHHHE B BRI,  HEIE A Ji PR AR % X A% B Hp
(AL AR DR A PRI A AR L R SR s WAL, W B BRI A, Bz e — Mg 2,
TEH AR ] LB E AR IR A . Sebr b, i EHAAE, B2, RELRX
MEERE, 2 2, winl UEEZ B B .

VOF faiiz Jy Rl h
E+v-[(U-Up)a] + V- [U,(1 - @)a] =0 (2-31)
Horr, a Mg T IR AR R RS AR, 0 < a < 1:
a=0 Kok
a=1 K (2-32)
0<a<1 FH

(23D =TI AN TR, HhEHA - o)a, X RREELIEZ A/
AR, X oAt B XA 2, 58 =T U, 2 I 4 I R 3y, ml i ad i b i
T RO

Uy s = ngmin {Ca lld;ll max (Ilsqull)} (2-33)
X, Qe EE, R PISO SR HIRE: SR IuREAER AR C L% AR
B, MRMERGETE, HAEBOK, B miimles 5 s, AR, B A sy E m 46 .
FhL, E R p MBI IR R B a s I
p=ap +(1—a)p, (2-34)
w=aw+ (1 —-au, (2-35)
Horr, 1, g 70 AR AR R <A
A (2-12) RIS F Al BE ON:

F = okVa (2-36)
Hrp, o hREMNAikE, BN iER, RARXWT:
K= —Vn = — 23 (2-37)

Vi
A, VMRS AR Thx f, RO — MR TR IR M Sp
FICRTNE R A5 np 2 ST 1 5L ) ) &

(Va)g

nf ZW (2-38)

1x10~8

<Z£V=1Vi>1/3
ERHISRIEER T, N AR HITH S HE .
il (2-36) AN (2-12) FBEIR1G 8| R A& R HI e, a2 A AT RANS J7FE:
V-U=0 (2-40)

6= (2-39)

a"”+v (pUU) = =VP — g -xVp + V- (esVU) + (VU) - Vitess + okVa  (2-41)

Horbs pepr = p(v + v)AEEA B IR R EL

%#6

=il

It 48 71
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X Exd
Al JIAO TO!

> UNIVERSTTY REAR B R E AR TR AR L S04

BZE BERE

b B RS RE BT RANS 5617 R R — A Wi AR, R T AL
I, SRARIX — RF P IRT8 7 7 A2 1o WAE R 3 . (R TH RV AR, A5 ATH
TR R SRR T, He AN R A ST A ) B R R

BIRUE, BRI S B AR BRI ), AR U — RIS 2 5 FE AR T ] B R A
ARSI IR, XEAEOTT R AR ] A AR = SR A6 il 7 T 2 I AU, I HLIX Se i DL A 2 5
B TAE EIERT), SRR K. BEEEAE LA THEIRIIEEL TR R
% WHUTRMARZ, BHEFHMEARERE (Finite Volume Method). A FRZE 732
(Finite Difference Method). HFRJt¥% (Finite Element Method) 4&. AKEENV it
IR A IRAFRE (FWD.

3.1 BRIXFE

3. 1.1 THE IR

TS (R A TR P 3 700 AR ) A okl ARARTR, B fE] 31, e RENI )35
PN A TEEE A, — BAETF SRR, ) AR E A EUE, 2 O E R [P, ]
PAMEAtR AR R, 38 B HAl ZHOR IR ARV

\J

-

At t

&l 3-1 HHEIESR

Bl 3-2 SR 3 AR
AN TR ISR, Xt AR SR Y (AT BRAR ARG, S B AN TH S0 3 il — R B ¥,

8l 48T
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SE SONFEHIRR, A IEHIRIR WA BRIy, I HITE R H AR A . 3%
HRRRIEA s ZAREMIER, (ER Bt — REVIT 1 B B AL& N, &P il 2 AR
P FEAR TS o P00 50 PRl — AR AN AR R R I E I BB S, 3 — R
TSR S . B 3-2 SRR, B, P RO s IR AR R, B

Jy, G = xp)dV =0 (3-1)
N ORI AR AR oy, £ 9SS AR o, B
Jo (x=x7)dS =0 (3-2)

Bl A TR ) B S 1) 5 SR M il AR AR Fia m) AH AR 48 il A B B3 B 1%~ 1, 2B e
SCNXAN TR AR, Bz o Sim, WS w07 M & Mz s sl ia g At Bk 2 4h . A
W, BN S BAAEE A BT G GRS AR A i), BP[EAL
XM AT B o XA B v ] AR ) R B H A s A (] 1 — R AN AR, (615 11 S e,
(7] B AR 77 (6 53 e U H BRI i Ab 2

3. 1.2 iR E L

KFAE—5k D, HbniErfme T

2%+ V(pU) — V(I'V) = Sy(9) (3-3)
/E\: EP : p__%fg H
U——3H i
I—¥ B REG

S (d)——IHI.

X (3-3) W, A =I5 AN T S KR A R FEEI, 43 R R AR R b )
A AN GHIEE; BT RPEREGIERGMEE, BAERN R4 (JE
KD Fo ZJEFAE X AR AE IR 7 R IR BTV A SR A B RAARA 25 B 7 42 )
PRAR N X 1% iE T R T AR 4

”MD;W@dV+f V(pUp)av — [, vawmdﬂdt_
P, I e B AR 7 R PR AR S e (A TR S+
J, V@¢av =[ dS® ¢ (3-5)

Hrh @R X 7k B E Rz 5 . 72 A rboet T BAR I B9 AN [F) B 07 V4 A8 I 1 /N 15 AT
ik

3. 1.2, 1 XHIRLIR Y B K

ASCH, SRR M TVD (Total Variation Diminishing) "7 FRZe Myt 4746
{ERME, HrizHE| T NVD (Normalized Variable Diagram) o7 HJ X2 4& 2 LA K TVD
R B 22 e e (34D HOKE AL AL 9 AR 5 P AT AL e AL«

I, VpUp)AV = [ dS(pU) = EsS(pU)spy = X5 Fopy (3-6)
Hor, PRSI T d BRI, ¢ P £ PR
EXETFE (3-5) [OREHRART, 90 LB EEAY [, ¢dS, (HREIEHEN,

AARER U ECPIH f LR R A MeE, ZRIETHEELR, Fik, SIAHEERRIT
ESAZIE ARy, RIEXUT

t+At

|1, Sp(@)av]de (3-4)

b
©
=
b
&
=



YFEAALY
L ancru o Tona s SRR R E R A O R R T

®=[ $pdS=@S~ S (3-7)

Hrhg i BRI, TR, OB KT PRE, s i £ . WA,
] R MR AR 7 e A 2 73R TED £ DI BB . TR BUE AR 2 M5, 1ERMEXT R
TR AR, &R B TVD B77 1R K il O EUE .
I TVD A% e SO s
TV(p™) = XrldN — dpl (3-8)
Hr, ¢]§?€ﬁ<qﬁ)\5ﬂ i FENEPK § BIoHUE. [FIRS, TVD A% 2B SRR RN (] DA R 0 A
JE LU N2 2% A
TV(p™t1) < TV(¢p™) (3-9)
X (3-8) KAk, EEFATTLURA (3-9) B2 ZPrRE. — AN mEiEEs
AT AR R —AD B R E %0 Cn: —Brid )Xag =t D) Ff1 “AH IR (limited) ”
EMEIE
¢r = (D)yp + Y[(P)wo — (D)ol (3-10
Hrr: (@) yp e — Bl Rk b g 18
() o R FTILHI EBY TVD kg b i 18 s
XA R R “ BRI oL e E SR TR 0 2 TR E SRS 1 1 :

p _{qbp‘é'quo
T o F<0

Hoob, FONEET £ (REEE, F=S(oU);.
$o FERBITEHL P AU IFREEIF (F2 0):

by =0+ (y—x) (2) + 82 (28) 1y (312)

Ho, H ARSI AU (3-12) wfBUEH, 30 G-10 HRE 7288t s— i,
Bl 220 A SR —BIRs B, ARy — a2 s s I EIRHES R LAE H, — B 22904
AR RSN TT RO TSI, F B I PRI RS B IT DA, X R TVE S 2
R TTZHIN
fR4E Jasak SCE R HTIRIR, FREIAT (Limiter) Wi XN LA

r=ZCD—_ZZ (3-13)
Hrf, by den dp NIREEHIRARN o R R T, A=A R IC AR AR ol
e, [Alit:

(3-11

Y =y(r) (3-14)
AN, BREIET r ik D20 A2 N IR 2R 44
0< (@,wm) <2 (3-15)

P 3-3 1 B BA S XA BRI (r) (A R A X 45K o
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YELALY
AR A S R ET R AR O R M R S AR

A
;
2 e
1 7
-
0 1 2 r

3-3 W(r) B i X 15K
3.1.2.2 FEBLIM S EL
FEROT B 0 SRR AL, B e B A (3-4) HhREHT AR
S AR TR 4+

J, VIVP)AV = [ S(TV) ~ ¥, TSV (3-16)
P f

NT BE R B HOUTIE PRSI, K da il AR o i PRI (928 Ak oR B0 s 7 5 (R AN ]
AR R
d(x) = dp + (x —xp)(VP)p (3-17)

ot + At) = ¢t + At (%)t (3-18)

A W D A R RIDAE T AR A0 A 42 ) R AR 2 T 43 A A A AT A AR o 1 1)
d ZFEE T X MAAZFE, WA d A& S RHAETATH, AN G-17) wHEFHKT
e

SVig = |5| 2a=2e (3-19)
2 Ial

A AR IEAZ S, il 3-4, BEE, FIHIERZMRGE R (3-19) MEkEEMRA, K
SV%q')iﬁﬁﬁj\ﬁﬁ:

SVip = AVigp + kV1¢b (3-20)
f f f

AL —BURRIEZ it , 28 — IR RO AR IR A2 1 A& 1R 50, Horr, m) & S|

ky AZLH 2 T
S=A+k (3-21)

IFH, BB HAE S R E d AT RSO B RS 2 JEIE S MR, PRI R 23R
IEAAAEIE™ S IAERTFE T, % B IEJ7VEA « fe/ME IEVE(Minimum Correction Approach).
IEXEIEWE (Orthogonal Correction Approach) PA R id#adtyk (Over Relaxed Approach).
N AT VIR = FEIE TV

(1) H/MEIEE

1170 3t 48
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REAR B R E AR TR AR L S04

& 3-4 B/MBIFE
5 R4

A= (e-S)-e _
NN (3-22)

SRR P A R, Hrhe =S

lal®

(2) IEAREIE

& 3-5 [EXXBIERE
7 R4 :
A=|S|-e _
{k o (3-23)
RIS TR B AN R, Hife = l‘;lo
(3) i AR 5thys:
7 R4 -

_ss
{ T se (3-23)
k=S—-A
AR AT R AN, Hde = |%|
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3.1.2.3 PRI B K
FEXSURTUREAT B B /T, Sei AT 2 MEA AL 2 .
RIG, RRIHEIE RN AT 7y, 1551
fV S(b(d)) dV = SIVP¢)P + SEVP (3_25)

3. 1. 2. 4 I 8] S0 1 B L
1B € B TR AR AN B A T AR 4, B (3-6). (3-16). (3-25) AAAR (3-4) dr, 715

ftHAt [(a(;)_t(p) Vo + Zf F‘{bf Zf FfSVf¢] dt = t+At

EAEIE TR “ R .
FREFIZN (3-18), R LLRFI ) FETGHAT 52 4L -

(59), = oo 6

(SIVPd)P + SEVP) dt (3_26>

ft+At

¢(t)dt =~ (¢° +¢™At (3-28)
Hep, o™ = ¢t +At), ¢° = p(t).

3.2 FHEAYERL

MR AR DA 25 AR ) B BT 2, AR SO A 75 R rh i A a S
RO TR S AT EUE D IR AR B . — MM =, DONAER A A FEfl AR O B B A #o
I BB BRI, LS ISR EAUONAAS, FATIAE RS 28 ¢ I ZIA0fE Bl et + Atitf
ZIRME AR SR E LR B B HESE . AR it B 2 W e A 20 (Buler
Tmplicit), ‘&Pl iI2H B R2D H{E g™

bp = Pp (3-29)
by = ¢f (3-30)
S Vep=S-Vpp" = |E|V%¢"+TV%¢" (3-31)

M EFFTUAE Y, B R A —Brke B, (B IR ST 2% i e A7 PR HE N,
7 ] AORUESR A TS RGE PR AN o DRI TAritEdia 7 A2 3K (3-26), ml BARCS lun ~

o By, S FGR — B TSVp¢™ = SVpdE + Spp (3-32)

3.3 IR EH

NV FEA A, EX T IESARR @ (Continuum Problem), 752l 4 FIVIUG2
TR, Jext Tl S oA AT A o 1O A RAE MR Bk, o] BLoy I R Dlrlchlet
1 FE AT F Neumann I 525, RIF WA “B A A%, Wi T 3o 7 B A AE L
FACRIEUE, J53# XFRA 3 RIAFFM7 U T TR R AR SR sy TETT
A, B — STt B RE, AL A TR IR S Y, PR, RR X T A
H— S T 2 X, Wil 2 5] NEUEIL A% (Numerical Boundary Conditions). I
B 3=7 5 — N1 12 ST ) S 2R R A TG
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Al JIA0 TO “‘*“"‘ ARfR s B 2 E SR I RO R M SN 9 4

&l 3-7 S4BT

ZE IO R R A, d A IERAR G PR A I O AR, d, 8 d H
TEHEEH T 7 W s E.

3.3.1 Dirichlet I FL 464

2N AT TR E E AR R A B B AR, X PRI SR8 2 R A AE LU PR
L

Y- GRNE R SuB TR OV EIR

FALT ESCAE B HORERIIUN, 75 2L IBE BV e, ZBUE O THRL TR ZE R0 S b O HE

SVp¢ = |5 2 (3-33)

bR, HiD TP AR EE, M (3-33) AAH ks, 784 L
JIEHATIEIE

3. 3. 2 Neumann i1 54614

10 P4 T R W A 25 B R I B A TV AL BE FE g —-V1¢ X Fid G2k I8

W R RME L
BE R R T 75 I 2030 S BB ¢y, B &3 FH R HIAR A O BB A M AT
ESl|
br=dp+dy- Ve = dp +|dylgs (3-34)
BB AR T B SRR -
S Ve =|S|ge (3-35)

o, g T EH AR, ML (3-35) (U K.
3.4 PI1SO Rf#sE

ZEE TR 2 1ssalPOE i, BPRR X 7 BB

3.4.1 KT RRIIHES:

TEH ERITEREGI T REAT S W G, TR s &7 RN (2-41) FIEAL R T 1
P HOE

apUp = H(U) —Vp (3-36)

Hr, Up MEEHIARIAG P RERE, ap5HU) MR EEER RKERE, HZEEE O
AL, XANFRERRT LASR H, (HR, &I R IR R Vp A 3T B

A BIHU) BT L)Y EFE N7 “Hriziiisr” (transport part) L& “YRES 77
(source part). HJZE L& FT R AR B A7 AH SR ARAR Rk 2 afe b HOuf IR RE R R4, e+
05 b I 2 BRI 7 DA ok s 6 P S A AR S 0T . e H (U) 0T JE T 4n R =X
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A —— A B E R AL AR

uo°

g, EEME TR (2-40) AEHUNLL R R
B, AR (3-36) BRUMEER:
Up =2 _ T (3-39)

ap ap

R (3-39) AR (3-38) H, BT LAE R & 7 FETE R
v(Zvp)=v (D) =y, s (D (3-40)
(o) =7 (A2) 3,5 (1)

REFEER, B30 (3-40) Pgpiait, ArPARIERE &2 FER. X (3-40) H Y
3 A o i 7 AT DA S AR RO B O G AT B, AR, T DS BN AT IR N=-S
IR R A& B O S T

apUp = H(U) — Vp (3-41)
sl(X) ]: s (A (3-42)

2y [(a,,)f( P =25 (%),

Hop, FIHR (3-39), MHidE FitE RN

F=s-U.=5-|(AY) — (L vl] (3-43)

p=s|(4D) - (2) vip
ATLAHEC (3-36) [a) il B4 i Aok Rk 30 (3-40) vzl A B IT i L R# Z U,
Ur = (Héf))f - (i)f (Vp)s (3-44)

3. 4.2 TR B E SR

FE L=, JAIS2) T N-S TRAREHIER (3-41) (3-42), WRATjREA AT L
BHEE SR LRGN T AR AN S TR, JATH Rk BlE
R E TR SR v R B WRR: [P R (Simultaneous Algorithms) F143
2 U

3.4.2.1 [EPRARE

GITEAAE BN T FLA N [R] N SRR REA T R4, TSR e b 0 8 1 I FE R ) RS 53
gy, RAR T EER T ER, FIE SRR B th A KIS

3.4.2.2 HEAMRE

AR )2 B, R N RS VEHU I . 0 B8 SRR AE SR T AR 2
Sy LS KHEAT I PISOL SIMPLE LA FLATA: B SR A STMPLEC™™ ™ 5 i H Al LA # ]
FSRAEAS & TR BB . A T S T ST 20 0 2 A 78 I L, T A ST Y A p
OpenFOAM H7f] PISO (pressure—implicit split-operator) &y, BIRRE T E15E T,
LR AR H S R, ERIEW) T Z R T A, SRS, PISO
SEHOR ST, FAG AT —IKBIE, f&Ja TS B IR =D L, Fomtk 1A
ISP HIWSIOEEE . BRI, ASCRHA] PISO SLERBHTREG TR BRMR . T PISO
TR U 8-

(1) ZhE W (momentum predictor)

KAR SO TS B BB R ITRE (3-41), FEANFIIE B (8]0 A 1038 B2 37 FE 1310
BAEMEON, R E—AE RS R O, RIFELE, B2 E .

(2) | S35k f# (pressure solution)

MM E—2RGHITEE Y, tHEHQ), BEEREE/TTE (3-40), 152157 H [H
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AT 1.

(3) BGHFEIE (explicit velocity correction)

RG2S (3-43) BRFERN RPN 5 R i —8hima s, BEHNE %, R
JaRIA (3-39) X FE AT HE R AU IE.

(4) BEPER (20, FFMEET RA—AMBIER, E R L8 B IR P4

Mﬁ<&w>mu%m,ﬁ§%mﬁmaﬁﬁ%ﬁ=~%m%gﬁﬁ§miwmaﬁ

TS ARIIEIE; — & i T HIAR A AR i 37 ) el A T 31 AR S IE o (E MR E SO

FERNMIEE =20, JATRIE , 3B I A2 1E 2 8 3Cr, R B3R 38 —AMEIERR 7 i 3RA T2 W& 117,
FAILbr ERRFIE T I IR Z SR R 2, X5 PRI IR 20, Pt
i BAEIE H(U) B A 20ET RIS 758, SRR ER LR LM . SRR EL, — R PISO
FHEAOR AR RIS 1 — KSR TN — R B 5 75 R R A LU i O B I, SR it
e PP R BRI 7 SR A 25 RN . G EEAB 1 1 25 BRI 1R 2258 I JR S8 € R

AN, HEIERRE HQ) T RER KB TEER N, - -UOREE, aRE— R
FURIEEAE, AERATR T EEF A HU) MR (H2, b ERATIR AR FE I
B0, DUOBAMBE AR R A R I & B2, DRIEAERE IR PISO 1
W FEF, rEFap M HQU) YRR, AT T JOEA, H BRI K ap A1
H(U) [ 25

N 3-8 BIRaR T PISO KAFIURE:

Solve Velocity Implicity

)

Solve Pressure Poisson
Equation

I

Update Velocity
Expliticy




\-r

ats
NIVERSITY R AR BB F E A IR R IR ORI SR 53 7

A

q>\

3.5 KRB

AT FEZRR 7 AU B T R T BB T i O TR RANS J5FE, K
OV R A IR PR B BT REEAT VA, A B W BAR T RO AR AT 1 ik, JF HLAt
AT B A S A TR AT AL BE, B E BT 7 PTSO J5 il e SR B 5 1 7 (g b iod
.
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)’,Féi@/f:g@‘
L ancru o Tona s SRR R E R A O R R T

EME HHEUEGE

AETHG, B IEAN AR B RSN B S R AsE Sk Tk 5 5E
CLR RS BEAT IR, AT BURGR K 52 J3 R 038 LA BRI R 2 IS SIPIRES AR5 AR A P 75 21
Mas R, HHEEE /8L KIrE R EEE S LLAT e B AT X L, RN EE R IR E A
FVFIEEIZ N .

4.1 FF/EIE

FEBEAT AR SR B — VIO S AT, 75 561 e A% LA T ST VR I IE s M, sk
72 7 B IS (M 45 BT LU AE A 1A SCOCIR RS, ORISR IR R AN T =
YRR S TR PE (T ST R EATH T Tkeda 78 1977 R4 R FRIGAE 90T EE .

Tkeda f£ 1977 50 T W FEMRE ARG 1 R B UL A4 FE i i R, JEAT 7 R E IR
P e THARGS, X R 60 AP AN [ i 4 (4 IR 50 T AR A [R] AL P R e A
AT 75, $24t T REARIR R, AR Ch, BRI SR N RE s

Mg = B16 + B,0|0| (4-1)

Hrr, By B3 NMHJE R Hoh 58— T 5 BE AR A AU I A, T 08 A v LA
B TESE I o BRIy T A LA G T B SRR AR IR0, JE 0%, JUIBHJE Z%mT A
L BRI 7 B R, (ARG, R R A AT 7EA S, I8 A Ursell-
A VEREAT VH B, TR R R I A AT THE . 940, W T aia MRt alae, HBE M
FEO = O, Rl R HE A B IR ], U R RE BB J1HE Mg, P LIS B —FP R
PERIBHIE R KBy, RIEWT

B;, = MR (4-2)

44 = o0
TR G, FTLAMGRITCH BE e R %51B;, -

D* 314 E _

Ho: Mp——HBERRMEEN O B, MEANSZ B AR R RE S 1% s

w——HEREAIE ;

Oo——MERENRFE

p—— MR JE] B8 3 v P R A 5

V—— AR HE A AR

B—— i .

Tkeda fEFT T — RINRB 2 5, W TH—FMEERATHE T HER R 240, H4:0H)
BT B, AT T T

KRN E R Tkeda 0560 A FE—REEY, AR A (RS TR A2 3047 7150, 15 BIREREH
RIVFER IS Hi2k, 35 Tkeda 356 3EAT X EL

=

18 W L 48 ;W
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GHAL JIA

E‘-\\Q\

v REAR B R E AR TR AR L S04

4.2 HESHETR

Tkeda Xf FANFIAF BB HEAT T 1HE, TEIEELAE A ELRT, IFE T 2 TME R, H%k,
PR AL SR A 1 LA SR AL s LUK, SR ) 25 M0 B U T2l IR, DURAIE XA 14 5 2
THEIHERYE: &)E, RS RNERIAVCHE. A RIEBRIEY, 2R BAER,
HREIEZEREARVVEEZ N FAR TR G, KN RENERT Tkeda
I Series 60 AFE, FHHEME T RERIIRESH UL BT R LRER, Z TR+
TEVE R IR S Tkeda iRIG 45 RARA —EMIRZEN, HRRLANTEEGHIRZEHEN,
DRI, ARSI T 3 SR AE S 0 R AR, &%Eﬂmmmx¢m&iLEMg_awﬁ
Series 60 M7, & T BELE A (T 545 TR ZE MK R NIFHARZEHHMT IR, DMRIER
ZEAEAETE N . ZME B S M S E A TR 4-1:

# 4-1 Series 60 MMM SH
L,,(m) B (m) d (m) Cg
Series 60 121. 92 16. 256 6. 502 0.6
RIS R 4 2 S5 AT AT RS, MV S AS SRR B 4 R 4-2:
R 42 HEBEH AR
Model L (m) B (m) d (m) v(m?) Roll axis

SS 5 0.8 0. 237 0. 096 0.01775 0

ERIEH, AEEMAIZS), ER%E A RRENAAE, JEH - M RsRR, 5l
HOR UL FARAR R, BUBERR A x ill, RERE (190 %00 O DM ARRE 350 T 110 w0 2 5 M AR 350 T
IR KR IIAE s o BT T RS AN EUE T S, IRIGR BERE AN 5. 2745rad/s, FEREIR
FEIEHL 0. 105 0.15. 0.17+ 0.22, 0.25 X JUANEUE, HEINEE ¢ B 9. 8m? /s, {EIX—1
BT, Tkeda fil T AFIEERIZ/NTHE, BREMRBT —NEMEMEHIZ, W35 keda Frik
FH ARG, A% SCH R A naoe-FOAM-SJTU AT T 2 kTHE . 3 4, J A 7 % FEHL 998. 2kg/m?,
IAIZ R BE 73 3 EL 1. 0x 1076m? /s.

SR, ARE Tkeda 7E 1978 S5 T MAA T 52 BELJE B AR BRI A B 8, AT LAAS KA i 52 2]
(R PR BE e A5 24U B JE « IR LIS LA A BEHRRH 8, (HR ARSI b b, FrsRAG 1R
JE BRHR AR LRI E 240,

HAR ESRIF, Tkeda %FT Series 60 ffyfA — 2k ) i R 56 4d 40 R & 4-3:

£ 4-3 Tkeda RKHIE

x (EERINE) 0.10 0.15 0.17 0.22 0.25
y (EREWKEE REO 0.001714 0. 002014 0. 002639 0. 002639 0. 002721

R NXF T Series 60 MR 4RSS TH 0 TH AR I N £ 4-4:
R 44 BRFENTHEHE

x BERIE) 0.10 0.15 0.17 0. 20 0.25
y (EHEKEERED 0. 001986 0. 002122 0. 002476 0. 002993 0. 003293

4.3 AR

AR KR I 2 B A A& AR, ¥R A OpenFOAM  H Ji $2 £ 1 I 4% A= Bl T A
snappyHexMesh A2 4% . Sl MiiR RS, RAF M. stl #3, SR/5i8H snappyHexMesh,
FERERY b A B R 7S TN 23 3N TR ZH AR S5 i A B A W%, snappyHexMesh 77 {5 4% (1 0
%, R R T, R A AR RS R R R S RS L, S SRS R B 4-1 B

19 7 F£48 1T



A%
£ B
S W
TESN
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A0 Tows UnvasSTY AR AR R B E R BRI RS M R A

Bl 4-1 HRM#E

B R IR AR T ] 4-2:

Bl 4-2 MM
MR Y, H T B i A AR G R T M AR R T SRR, RN
G NS RE N TR L SuR S B

4.4 HHEZER

T, BOER R KON 0.0005s, —HLiH5L 7s WRATAANIIZS), MR, 58] 4E
FE AR P T BT 52 2R A0« J3REANREAN I TR DA R AR 9 S s Bt - A SO 5 2R B 2
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.f
et SHANGHAIJAD TONG UNIVERSITY ARAR LAY R E R R IR RO I R S 4

MERE AN 0 FERS, 4R i Br 2 2000 704 . B T 2B IR A /N BT LOR R — A
FAFER 0 B IR 2], PR, 256 M RIZ shi & — AN u (a2 D K RERE A R, IR IR e
0 FEMI— RFIIFE Y S CRER MR B A ), SR EUX SR [R) 06 B (M BTS2 i 0%, HEAT
AT, 133 J5EM,, AR A (4-2) (4-3) BB ME, BAREME I T % 4-5:

R 4-5 THEFTRBE /15 R B &A%

case 1 2 3 4 5
w 5. 2745 5. 2745 5. 2745 5. 2745 5. 2745
rad 0.10 0.15 0.17 0. 22 0.25
My 0.01215 0.01916 0. 02340 0.03387 0.04177
My 0. 00909 0.01461 0.01790 0. 02631 0.03124
My 0.01252 0.01924 0. 02258 0. 03083 0. 03740
My 0.00834 0.01348 0.01653 0.02425 0. 02969
My 0. 00648 0.01081 0.01343 0.02308 0. 03082
My 0.01144 0.01742 0. 02035 0. 03062 0. 03852
My 0.01044 0. 01635 0.01961 0. 02571 0. 03051
My 0. 00480 0. 00855 0.01147 0. 02354 0.03116
My 0. 00515 0. 00946 0.01249 0. 01994 0. 02704
P14 0. 00893 0.01434 0.01753 0. 02646 0.03313
FHJE R¥ 0. 00187 0. 00200 0. 00210 0. 00249 0. 00280

RTINS T 9 SRR Ay 0 BER, 4 A AR #9152 2 KRERE /)
i, SERR EAE Ts W, NAZA 11 AMBERE AN 0 FERIIE L A5 BT ERI BiRE M B2 0 B2
oL, FaRy, tHROERAEE), EREANIEZ P EG TR S G R RO RIF AR
E R, HAEUME S HAREME ALK, Bk, EHBC T, A%, A IEREA L
WHMANIRA, &EZPIA, SR EERNSIR, B3R 4-5 REMEE 2 R ME R,

BAT VI 5, 75 2R EdE 5 e B i U 2 5 A S R NPT A5 R 5t
B ) LU ZE S R 3R 4-6:

F4-6 BRAFELSR. REURKR

Tkeda AIHIE Openfoam T+ £ 4 RE paper H I THE LR wRE

X y X v % X y %
0.10 0.001714 0.10 0.001871 9.141394 0.10 0. 001986 15. 872460
0.15 0.002014 0.15 0. 002003 0.526914  0.15 0. 002122 5. 405217
0.17 0. 002639 0.17 0.002104 20.286725 0. 17 0. 002476 6. 185735
0. 22 0. 002639 0. 22 0. 002486 5.814068  0.20 0. 002993 —

0. 25 0.002721 0. 25 0. 002800 2.899941  0.25 0. 003293 21. 000040
H: X—BERIE Y —TRERARIEE RS

=R PR BT ] 4-3:



@) rFiirt
LR O Tono s ARAR AR S E R AR M T S A

REERS5HELIESHT
0.0035 : : : :
| | —=— IkedaiR B %1iE s
—e— AXHHLR / |
wmmm—dfﬁ%ﬁﬁ%A#E%%m+ ....................... —
=
NS
E; 0.0025 -
=
=
0.0020 -
0.0015 i ; ; ; £ : ;
0.10 0.15 0.20 025
BEEE

Bl 4-3 AR GIHEER IR

o, MBS R B T, A P5R 2N 7. 733808%, 1 s 58 NITHHE 455
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THE ANALYSIS OF VISCOUS EFFECTS
ON THE FLOW FIELD WITH TYPICAL TRANSVERS
SECTION ROLLING

During the design of ship, the accurate calculation of ship seakeeping, stability,
maneuverability is of great importance as they influence the function of the ship. At the same time,
these properties are severely affected by ship rolling. As we know, it is most likely to roll on the
sea with large angle, which also influence the life of the sailors. So the study of rolling is crucial
to the design of ship. However, in reality, analysis of the flow field is extremely complex, which
require a large amount of computation, and the result is not precise. So, analysis of the study of
flow field is mostly based on potential flow.

After consulting a number of literatures on viscous flow, the flow field in this paper are
performed by the solver naoe-FOAM-SJTU developed based on the open source
CFD(Computational Fluid Dynamics) toolbox OpenFOMA programmed with C++ langurage.
CFD method takes flow viscosity into consideration while the potential theories don’t. CFD
method is used in this paper to finish the simulations. Flows around ships are high Reynolds
number flows. There are mainly three numerical methods to simulate turbulence: DNS, LES,
RANS.The computations of the solver are based on the RANS(Reynolds-averaged Navier-Stokes)
approach with the VOF method to capture the free surface and a k-w SST(Shear Stress Transport)
model with wall function for the turbulent viscosity. In this paper, the motion of ship is
implemented by employing a moving-mesh technique, and to describe the ship motion accurately,
a 6DoF motion solver is used. RANS approach is widely used in engineering fields, because a few
quantitative properties of a turbulent flow is needed to know in engineer and in RANS methos the
unsteadiness is averaged out, so it is sufficiently accurate for practical engineering problem. The
k-w SST turbulent model is a blended numerical turbulent model which combines the advantages
of both standard k-e model(independent of free surface effect) and k-w(robust in the near-wall
region) model. And the VOF(Volume of Fluid) method with bounded compression technique is
used by introducing a fluid volume fraction function. The CFD method is widely in commercial
CFD codes and capable of resolving sharp interface while conserving mass well. In addition, the
PISO(Pressure-Implicit Split-Operator) algorithm is used to solve the coupling of velocity and
pressure in the incompressible N-S momentum equation with a predictor-corrector approach to
advance the speed of calculations. Compares with other methods, such as SIMPLE and SIMPLEC,
PISO has a freat advantage on dealing with the unsteady problems with two correcting steps,
which makes velocity and pressure satisfy the continuity equation and momentum equation better
and convergence faster.

This paper selects two typical transvers sections, three frequencies, four or five amplitudes,
four kinematic viscosities to calculate and compare. At first, calculating the model with the same
parameters with which Ikeda selected in his experiment in 1977, and calculate the damping
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coefficient with the formula Ikeda used to compare with the results Ikeda got in 1977. The
deviation in the results is 7.7%, while the deviation in the paper Professor Huang wrote is 12.1%,
which proves the moving-mesh and naoe-FOAM-SJTU solver used in this paper is qualified and
can be used in other models. Then, this paper changes frequency, amplitude, transvers section and
kinematic viscosity one by one with controlling variables method. When the new transvers section
is used, the mesh is drawn again. During the comparison, the moment(include the pressure part
and shear part), the value and distribution of vorticity and the damping coefficient is calculated to
analyzed and compared.

Firstly, with analyzing a single case, it can be conclude that the pressure part of the moment
is a big part of the total moment, which is influenced by the value and distribution of vorticity.
Meanwhile, the shear part occupies a small part of the total moment, which is influenced by the
velocity of the spot on the surface of the ship. The quickly the spot on the surface moves, the
higher value of the shear part is. In addition, when the angle of ship rolling reaches the maximum,
the total moment and the pressure part reach the maximum, as the distribution of vorticity is not
balance and the value of vorticity reaches maximum. The shear part reaches maximum later,
because the max relative velocity appears later when the ship turns back. On the other hand, the
vorticity form on the surface of the ship and with the transvers section rolling, the vorticity moves
to the free surface and the bottom of the transvers section along the surface of the section. Finally,
there are four vorticity center in the flow field, which are distributed near the free surface and the
bottom of the section.

Next, this paper changes the amplitude with other parameters invariant. With the frequency
invariant, the increase of amplitude means the increase of velocity of the spot on the surface of the
section, which lead to the increase of the shear part of the total moment as the result showing. In
the other hand, the increase of amplitude means that the spot on the surface can touch more
position in flow field, which also mean that more vorticity will appear. The vorticity appears when
the spot on the surface moves, and as the spot moves further, the vorticity appears more. In
addition, the position of the vorticity centers also changes. The vorticity center get closer to the
free surface and the center of the bottom of the section when the amplitude increases. One of the
reason is the velocity of the spot on the surface influences the velocity of the vorticity center, so
the vorticity center moves quick and in the same time, it will move further. Another is that the
bilge of the section is closer to the center of the bottom of the section and the free surface, which
limits the range of movement of the vorticity center. And the damping coefficient increases with
the increase of the amplitude.

Then, this paper changes the frequency with other parameters invariant. With the frequency
increasing, the total moment, the pressure part and the shear part increase at the same time. The
increase of the frequency means the increase of the velocity of the spot on the surface of the
section, so the shear part of the total moment increases. As the picture shows, the vorticity around
the section increase and the maximum of the vorticity increases with the frequency increasing, so
the pressure part of the total motion increases. It is clearly that the total moment increases as two
part of it increase. And as the picture shows, the distribution of vorticity is much wider when the
frequency increases, as the quick velocity influences widely. The vorticity center get closer to the
free surface and the center of the bottom of the section when the frequency increases. The reason
is the same as the first reason described above when the amplitude changes.

In the next moment, this paper changes the transvers section, and a new section with
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right-angle bilge is used to calculate and compare. It is obviously that the spot on the surface of
the section with right-angle bilge can touch more position in flow field and the max velocity of the
spot on the section with right-angle bilge is greater, so more vorticity appears and the distribution
of vorticity is wider, the max value of vorticity is higher, which lead to the increase of the pressure
part of the total moment. On the other hand, as the result shows, the shear part of the total moment
of the section with right-angle bilge is smaller. The reason is about the shear velocity. As the
picture shows, although the velocity of the section with right-angle bilge is greater, the velocity of
the spot on the bilge is divided into two part, the vertical part and the shear part. And only the
shear part affects the relative velocity. It is clear that the shear part of the spot on the section with
circle bilge is nearly equal to the total velocity while the shear part of the spot on the section with
right-angle bilge is nearly half of the total velocity, and the loss can not be recovered by the
increasing part caused by the longer distance between the spot and the center of rotation of the
section with right-angle bilge. However, the shear part of the total moment occupies little and
influences little in the total moment, so the total moment is bigger as the pressure part.

Finally, this paper changes the kinematic viscosity with other parameters invariant. As the
result shows, the pressure part and the total moment almost stay the same, and the shear part of
total motion increases with the kinematic viscosity increases. Because the kinematic only
influences the friction on the surface of the section, which lead to the change of the shear part of
the total moment. And the shear part of moment occupies little and influences little in the total
moment, so the total moment almost stays the same.

This paper does much calculation, comparison, analysis about different models and ship
rolling with different parameters, but these are not enough, the parameters this paper selects and
their value is not enough. The lack of data and information will lead to a mass of undiscovered
phenomenon and laws. And although naoe-FOAM-SJTU solver can calculate the case in this
paper, the calculation of some cases with high frequency and large amplitude is not accurate and it
will not do the trick. So more accurate and suitable solvers and methods should be searched to
deal with other more complex problems.



