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Investigation of hydrodynamics of a NACA0020 section rudder
ZHANG Chen-liang1’2’3, LIU Xiao-jianl’z, XIA Zhao-danl’z, WAN De-cheng3, WANG Jin-bao'*

(1 Shanghai Key laboratory of Ship Engineering, 2 Marine Design and Research Institute of China)
(3 Shanghai Jiao Tong University, Naval Architecture and Civil Engineering, Shanghai, 200210, Email:
Jzhang_maric@163.com)

Abstract: This paper focuses on the hydrodynamic performance of NACA0020 section rudder,
aiming to study the relationship between the rudder airfoil and its lift resistance performance, and
provides theoretical support for the selection of rudder type of actual hull. This paper uses towing
tank test and CFD simulation based on overset grid and IDDES turbulence model. The rudder
type was studied. At the same time, we also studied the comparative study of our own designed
concave airfoil rudder. Due to space limitations, this paper mainly analyzes the NACA rudder
hydrodynamic performance through the flow field given by CFD method.

Key words: NACA0020, Overset, IDDES.

- 1075 -



5 Um A EDKE R 2 iR R

Fe AR E N I 327K B 10 R B 35 53 4

FH, ERE

(P EAAARLEF L, KB ERE SR, T8, 214082)

RE: REACRRTHIRERLN, EREZIHELHEL, 2TEXHREFL
Rho ASXHN | HREHEMN, AT RAERTEH, BXTHEE RERGLZIW
HETEER; ARFET ARERATRAEVHIESELBNNBZHENUTR; &R
RETRAELREEFRMEHEUAEURE A R EENWR IR H. THEEREH
TERRANE, MAERENZHMELZHAL, THARBHAHE XKL,

KR REM; RAFL; FHeEsm ST

1515

AL E AR — PR AR R R A TAREMGAR, Tz S T R e R A SR
AR LR P sz B XGRAE R 2R 183, ARk is sh il i A58, M)
Nz SR AN INEh a8, KRR S Sl Rk SRk A B R
AFIFZI o

i A S A, S E S M A R AR T e AR R, FL S AT 2 THEE
HOT RN R TS AL, ERRER. MWAR T e RS EE
PRk R 52 B XGRAE T 421830, VAR sh & B M- A 425), mYREsi ek
ISR A AN INE JI B, %E IR E S ORI MRS K, UIRRIER
LT TR LB N 3h e L A AR B A 8 A5 AL, KRR AR A iz B
X HE AR AL A BRI AN

XA S R GRS T iR, B AT T B AR RSN A B AT A DL
R RGBSR T . X RARLRE BN J AWt T, OB 7 NSRRI R 7T, 28
— IR A A AT 11 S A4 T BTN 11 Sk R AR I R, I SRAR R S B
R AR AR B, S IR N R T R AR B, A AANIEEh S
BRSNS N, LRSI AR . BOR F TR S SRR R MRS ARk T
TR G o, HRRBRE T MEAEMNZ)E, 5 HERGRHERSRY, JER%
FES Iy A AR B TR R 3 A AR AL LR AR A e R S AR,

- 1076 -



5 Um A EDKE R 2 iR R

H AT AR E DR AR, RO T, SRR E LA AT RIZ 3 LK AR
PERISENR o DR T35 —2RBN AR S AR I 1% 5 REORS fy S R XA 5 I Jp At

AHEFEAH AQWA BAFBEAT BB B, S0 1 R E A E M, @ piinEs) s mER
IR I AR, 25 R KRR BT, B L ARk ) e B S AR AN
RIS T B SsiE Bl . SRAS AR RIZ Zh AR (e U AR MR AN i s s AR LRGN, i
AL R SR KA

2 EHI

HT =B EIE, K] ANSYS-AQWA i, i EMTIT R 1 Ak sh v RETH 5
U S/ R A SR A5 BB AT o T S T e Rl S AR 43 D7 e, 3 BN T
EHERES, SRJEHRYE Bernoulli 518, 52N ERIKBIE ), IEAMAR TR, 15
BRSNS BB — BRI BRI 1 AR AR IZ SRR S (RAO) . IR 43S 45 43 47
JUFIFARE Fourier 484t (FFT), B IRWURN I B 751, K CL2 0 5E IR IR L )
I TRDAEE,  DASRAS AL 8 RN T R, AR J e P SRR 40 SR RS S8l Py 1z 3 ey 2
13BN E B FEISBIIN [T . AQWA FREATSTUEK 3 A3 43 WTied SR A (012 3y i R 2
([M]+[4])%, +[B]%, +[Clx, ={f®O}={F, + "} (D

A, [MPNFCERFE: [AD8NEE: [BINBLE 2% [C iR 25 {f]
NBARTIT T, 50 AN T1 FPORGES T FP Py
AQWA 3R F I SRR & 43 #T 5 At P

y

t
(my +14,)%,,(6)+ Cyxy (O + [ Lt = D)%, ()d 7 =F" + F® + F, (2)
0

Hoep FO A TH-FRER 71, Fx NRISIER 7. AQWA SRS TR EA IR ok
T RIALEERZ ), BARREELTTERN (3, s IeRMEPFEE. MBS
X RABEHEAT B, BUS B B R ST E R, BB R HAE 2
WA B SRR, [RIRHMBGR R TAGERIE T 0 R 7T DLt 5 S s AR F 7y
mbs BRBRRBINR MK FRANA R B 712 73 e B BOM I 1 R E .

f H .. _, wl_  HL
H=FEA (é‘i‘l)z —%—EA X:;SH’lh 1(E)+a

V=wlL T=~NH+V?

3

A, HARHLE KT 5K 75 1 ONRAKE; V N RIALTEE KT T Rk

- 1077 -



5 Um A EDKE R 2 iR R

L ARBERZICIE; AE NPLKERALNIEE; w NRLKERE, Z NRIAL
F1 2 L v

3 VA

3.1 KB IHEE
THEXT B9 1 30000t 2 [m] e i 24 B S 9 ik Xt B, i oK I e kS s g 770 1000t

A B e KRS R 008 500t, FEMVIKIR 100m. AR SSH SRR SZK B )T FARR, DAELO
FERERTH LB AR IE AL, X B AR MR A IR T5 R0, Y S BLiA A2 RN IR 1], Z il e
6] EOYIET Ao AL S AR 8 sl B e Ay 3, BARAT BN RE R A5 4 RBSE. i
HEMEERE R 1, &1 i e & LR RS E .

LA FON BK BN T FAR R A 2 B
® EEEEEMERE

I H HAK/m % /m PR /m 77K /m
ZH 138.400 41.000 10.300 6.100

K2 L EE K B R

- 1078 -



5 Um A EDKE R 2 iR R

3.2 KM
BRI AR 2 R, SRR ITTC W4

® 1 AEESHRTHRARES
13 et Hyy/m PARFHEIIT,, /s
2 7

4 LR Ko

SXof JEC EE A VR R A A 1 RN Bh A O R R MR R A F AT 5
4.1 ERRSE I AR BB shilm 52 53 4

VAT EE RS R R AU PR A B — AN B TR AL g ke d R,
ANEBOR e TSR . AR EAEA R R E KT, IR 180 B, [ T 500t
HEY), WEREFEAE0° , X 10%. 40%. 90%LA K 100% VUl 7 FPRZ&E LA 11m. 15m.
20m. 25m PURREAEL M B, ME L ME 90° MR B IS s m BT R . 1
gER LK 3~ 5 iR

HE 3 7 LLE HTERE — M BEMSR N EGE i PIRES, I ) 71 i iAI8 352 a4
ANy ERmINEGE T, ARG . MRS shabEE RTINS, YEM e
Ja, MRRIE IS/ . T EYIS SR AIZERERIZL, TE 40% N 1L R, Ak
PRMERRFE 1, MEMMNG . PRIZEHEEMIEARREE—, M2 90%InEk 1 LA _Ei,
ARSI SCRE DB, MBS KPR IE5) B EHE K.

AR R A
= ORI A
B an 03 !
om0 g OO

= ©
§ PEa . > 0.3 g
o) - ]
on Q__‘»—Q’——’D\D 5]
] T
7 . . .

02
' ' ! b = e e e £
T
Hhn# 71

[ S

Heave/m
o

Pitch/(° )

058 s e e g

90% o
il TUm#R 71

B3 AR TN BCIR 2 T AL EE A A R Ais s SUE XS B

- 1079 -



5 Um A EDKE R 2 iR R

el 4 R S %5 BB B AR TH BRI SEAE R, I, Ak Ll (R B TR T
I 25m SRR, AP GOREE AWK, Sl LT SRR b, RIS )
5B TR TR K

B A [ v B s i

6.5 1.0
O R R A 0.9 —O— R AR E R
6.0 SOF TR -0 EMEY
! 08
55 I _ -
5.0 06
% s % 05
s, 4 >
E) S 04
4o T
’ 0.3
/
35 )/ 02 & ]
-0
O--------- O - 0.1
30 n! ! b
T T T T 0.0
1 15 20 25 11 15 20 25
73 5 /m T 25 /m
0.30 5
—O— R R o —O— R
025 SO EHEY SO mHEY
’ 4
0.20
—_ . ~3
o “
=~ 0.15 =
35 e £ '
~ R a2 ;
0.10 -
.7 i mmmmmm O
-9 / 1
0.05 D—,D/ e e B
0.00 ? : 0
11 15 20 25 11 15 20 25
2 1 e /m T /m

B 5 NI ) e JRE A L RS s A8 B AT SR L
4.2 IS MBS R FI R IE T R 53 4
XHEEATTGR . B 90° IR G AR RIS 5, R & 500t. i) =

- 1080 -



5 U m A EK SN ) AT 2 SR

M 25m FBREZE 15m, MBGEE 0.01m/s. B 6 NEMSERIGIERER, F72E 108
RS Rk

Bl 7 AT 8 D it F v EEIE 3 S5 A RS ) s B a3l S R B STt R . H
BRI ENZNAS T R 2 MG IR 30 A A LA MR ) KA T [ E 25m 5 20m i i
Z I8l EMYTERBOIRET, SR IBITEZHIR /D .

30

® Surge
Il Pitch

254

m
o
[
S
g E
. E
= S
S
15 3
=
=4
k=)
»n
10 T T T T T T T T T
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 od
Time(s) s
(a) 2 iy ) 3 ) 8 3 I g it 4% <w@*i%%m* @#ﬁxﬁ
B 7 EEAENES MR A A
1400 1400
—— Max
1380 A ~-O- Mean 1350
1360 1300
% 1340 %
~ 8 1250
8 &£
'-'B- 1 / b E 1200 4
2 N
3 1300 L
. 1150 -
1280 .
- o)
— 1100 T : T T
1260 2 : : 0 2000 4000 6000 8000
15m 20m 25m ;HE Time(s)

K 8 MENIITTHEIR

- 1081 -



5 Um A EDKE R 2 iR R

7 EE A AE A b A 52 BUPAB 2mr AL B (AR AL LR, X AR 1 4 (Y1328 Bl 5 i
BR o AT FUEN S R PIRAS N NG K 3w N AT IR 7T, L 1R E A KBl SR A,
M AR S R A A RO AR AT 7AUE R, S8 T LUR SR . R OYE = AR
M FE R ERAEIR AL T KA

(D) EFASEmEREST, BB mEuEm g, By . IRizsh=iEE
TR, MEY) e E, IRIZEh 2T IR/ . R s s R A iE
ENFERIZL, AE 40%MBAILL T, AERIRHEOSCR 77, MBI . IEIEz) 5 EiG
FAFE, 102 90% N 7 VLB, MR ARSRBEIISZRE B0, M ERNG LAREE R E K,
BB ma TR, O IRERE A B R R TR K, AR LA s
W B AR /)N o B PRI Bl NS B g R 1 B T K

(2) FhAMBOIREF, MEE BRI TREE 25m 5 20m &5 &EEZ
6], R E ST RE A R B (N PR IZ AT I/ o

& % X M

1 Iijima K, Shigemi T ,Miyake R, et al .A practical method for torsional strength assessment of container ship
structures[ J] .Marine Structures, 2004, 17 :355-384.

2 Sun H H, Soares C G .An experimental study of ultimate torsional strength of a ship-type hull girder with a
large deck opening [J] .Marine Structures, 2003, 16:51-67.

3  TODD M D, VOHRA S T, LEBAN F. Dynamical measurements of ship crane load pendulation [C] //
Proceedings of MTS/IEEE Conference Proceedings. Halifax, NS: IEEE, 1997:1230-1236.

4  HENRY R J, MASOUD Z N, NAYFEH A H, et al. Cargo pendulation reduction on ship-mounted cranes via
boom-luff angle actuation [J]. Journal of Vibration and Control, 2001, 7(8): 1253-1264.

5  MASOUD Z N, NAYFEH A H.MOOK D T. Cargo pendulation reduction of ship-mounted
cranes[J].Nonlinear Dynamics,2004,35(3):299-311

6 Chin C, Nayfeh A H, Abdel-Rahman E. Nonlinear Dynamics of a Boom Crane [J]. Journal of Vibration
and Control (S1077-5463), 2001, 7(2): 199-220.

7 SCHELLIN T E, JIANG T, SHARMA S D. Crane ship response to wave groups [J]. Journal of Offshore
mechanics and Arctic Engineering, 1991, 113(3): 211-218.

- 1082 -



5 Um A EDKE R 2 iR R

8 IDRESM M, YOUSSEF K S, MOOK D T, et al. A nonlinear 8-DOF coupled crane-ship dynamic model
[C]// Proceedings of the 44th AIAA/ASME/ASCE/AHS/ASC structures, structural dynamics, and materials
conference. Norfolk, Virginia: American Institute of Aeronautics and Astronautics, 2003, 1855:4187-4197.

9 CHIN C M, NAYFEH A H, MOOK D T. Dynamics and control of ship-mounted cranes[J]. Journal of
Vibration and Control, 2001, 7(6): 891-904.

10 ZR[E. Spar & LB i 581 F2 A ARG e 243 AT [D]. ME/RIE: ME/RIE LFE KA, 2013.

11 fa[5i8. Spar V& L2 BHGE iz sh BUE 2 HT[D]. Fa/RTE: M RIE LR, 2012.

12 733, BT AR, ORI A [l B b R 7K 3l g i 3 q7 S0 A R 245,2016,38(11):21-27

Hydrodynamic response analysis for the operation of crane vessel in

time domain

FANG Tian, KUANG Xiao-feng,

(China Ship Scientific Research Center, Wuxi 214082, China, Email: cssrcft@163.com)

Abstract: The coupled movement between crane vessel and crane load in waves will occur in the
operation and effects the safety of the ship. To estimate the influence of the crane load lifting
process, this papers firstly established the calculation model in time domain of the crane vessel
with crane load which considered the influence of the environment load. The time domain
simulation study of static lifting process and dynamic lifting process is carried out, which
obtained the response effect between the ship and crane load. The calculation results show the

movement between ship and crane load are strongly relevant.

Key words: crane vessel; lifting operation; coupling analysis;
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3.1 MRRZEMLILIEN

T R A T R B /K B I ) CED AL AT WAZ AR 2 B R 43 B ek, 5 B
HIEEBIIE 90%, 4561 R SBAE Lo BT iz A B 4 Y = BEAEAE DU R ) /L

(1) MARFER IR (20kn) B 2P=A 80K R, EMMERE 3.5° LAk, Sk
ARSI Re A RAFI S

(2) EIB KRG EIKART 11°, HIRMariAE R, HIRHCRHS @M,
R IR, H G AR A AR

(3) MERTT R % CB Bk, it 0.7, MZMAHK R IREZN 0.567, 7EILE KRE
0 RIS BH 77 o5 BRI 7 T8 S 3 R AR Y ik BT AR

(4) MR ESLBAR T EH I, BERIIRR/N, HESHZKAER SRR, &
BB O R AL E A IR, AR T RS AR

(5) FRKBELL L/B N 9.57, AHXS T XU 5 /b, KRR AT X 44 E) PR
2C0/B N 1.88, ARITWRARZBIIZKBN ST, W0 DB 1= AR5 o 2] T 1%
FERIE 29 24, DA EASS 2R #E 2S AR /N, R X AR 2R T BE AT AR AL i FE
X A B LT A ) R BN T

BT LAl 8, AR JUANS T T AR e B AT oAk . (O LR L 2 i Mk v £ AR
MU, BT K PR AN E] 7.5° , SOl @il R E R
&M, EHBUKERRIE Im 4, WIKERREER, HRZKE T, R
RFOALE, BRI 250G O InRERUTR, SRR L I TN, MaERE
R E W OXRHRBEAREA, SCEEMAETTES, w0, SEERHME.
3.2 MEEMEUAR—HREEBEEML

RPN AR SR E=P )AL P S I RAN =4 PR &5 Qi a) - AL A 3 L NP % N e
Iz K. T AR, BREESEM MO, BEBORIRE N 20cm, X TARE R
IR, A0 8 11.29m2, Al A 11.9 m2, /N 5.4%. [FIREE R IRES R 2 A 1Tk, H
e 8 Ik 38 8 A AR I T AR A B B 2 AR ' M e 3 B2 0 R YR A R A R AL I 8, gt T ek
HRRERMYT, FARMIARDS U . SR EER, SR 7% Al
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3.3 MRBUMEUAREZ—H IR ERE& ML

FBARNARTT T RA MREAAR BT A 56 AF, BB AR B 2Rt T B . TR T &
Z R A T B, SR A Ao R e s, B RN, SEUTTE REL
K. BREBRIAEETE, RN FERETEREG RARMS T, Bl 5 5 1238
K, &G K, IR RBEE 0.7, BSIANE T RGN R A, B AR
BH AT AT, SR EH 1R 1B
3.4 MREMMUAR=—KTEBEE

AT AN T R TR R (LR 5), REBIRIE i Sk Bk, %
MRDLUR SR AR, (HE LRI E . N Bl e, PR DLUR I Fy, ik gk
MBS BT ARtk A — e 7° -10° T R U AR 3E R A — e T N . AR
ARER) T RBEELR, KB K &t iE 7.5° , RN/ o SRS fm i, it
R AR BT, REBRIREFERAE I 20em, $EHRILTT S A3,
3.5 MREUMEHARN—REHRRILIT

TR R INZ T ST e R AN, A BT eGE, R AU A N,
2] 3.8° AR 3.4° BRER. Nt —DECEM AT RS, 7T L5 ERH R E IR
SRR AR RN E . T AR EARER N, UL HERR B RIRIR, FERH R
BRI B SR K AR B A M FE A2 3 Ime i T 58 B A2 B PR, ANAE BB R 5
RN, BIRSCE REREE T, A 0.15m, SRR R A4,
3.6 MREUMEU A RA—FARMEHB[MNE RiFKAB+EERRILIT

7 A4 AL E, B AR TR 200mm, 0B FRR, g m LG T TR
100mm, FEEBHEKMECN 15° , BRMLTTE A5,
3.7 MR A RAN—FHAEAMERE B EIRIR LT

R A2 FIRALEE 3R, RATRIL, fEHEKE 356t I, FEBOHITRAFE A B HE s
31, MARRIRUTRAREM 2° RE, FBREIBME KM, 1F A2 f5ak L, nZEEE
Wi, BRI TT RIS A6,
3.8 kB RSH

AISCH, FRATEIE X A0~A6 AREYBH /I THE, FEITEAFMREAFHDKE . AFRVF
B THIEIE . W — TR A2 E N (R 5.
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®5 BAHFRBKEHSHRHEER

i PAC B L A Hokana RN BEMEAN SBESIN BHREINE/KW  EHIERKW

0 379.6 261870 38174 300044 3086 280.46
0 356 244212 38873 283085 2912 454.94
Al 2 356 260949 38160 299109 3077 290.08
2 366 273013 37452 310465 3194 173.26
0 379.6 274305 36707 311012 3199 167.63
0 356 241447 36727 278174 2861 505.47
Az 2 356 257580 34772 292352 3007 359.60
2 366 269792 35210 305002 3137 229.46
0 356 258664 39401 298065 3066 300.83
A3 3.4 356 284610 37053 321663 3309 58.05
0 356 268074 35036 303110 3118 248.93
At 1.3 356 281889 35793 317682 3268 99.33
s 0 356 277038 33843 310881 3198 168.97
2.1 356 290213 36609 326822 3362 4.97
A6 0.9 356 140273 17533 157806 3247 120.33
4 g

AHE TR L AR R AR AL TT %, BRI A0 TS, 1931
FIHERER AO FER K B 2 BB 0L, S5 & MR A0 PG, 1R JLAILLTT &, IR
P JUR AR AL T S0 T AR sz, 15 AR A5

(D) MR, SRR SRR T xS T N ERARE 71, SRTHERRMUAT TERE R &
BIRAER, fEJ5 SR — D M RO T B SEAR AL B s, SR RER

(2) A3 i E A RN, MR R Bl (BAROR &7 AL 50™ 51 e fil»
Nt BN R, Ad #5275 R R I IR AR SRR S i, el 115, AR R
af

(3) A6 JHIAE A2 IFERE BN REGRR, BGE T AR, (HFKH A BT
FEN, A EESRIR S T R R AR P R, IR R K.

2 E M|

1 BROE R R AR K B ) [ 35 1 1T M. WG 7RV 7RV T2 K 4% HE i, 2009

2 SRR, I RAR T i A A BEL 7 1 R PR 92 [J]. 9 T F2,2006(6):20-23

3 MBS R, 2R e AR SRR S IR R 7 S T A AR ARG AT (0], e 4 B K Bl F 2 A
242015
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4 TR, B AR SR U HEK 2R P BE AR AR BE 71t BE X LU 78 [0].9 ZE R R 2424 4,2006,18(1): 34-41

The study on optimization of catamaran resistance based on CFD
FU Li-ning, SUN Shu-zheng, GU Nan

(College of Shipbuilding Engineering, Harbin Engineering University, Harbin 150001,
Email: 15754516561 @163.com)

Abstract: Ship resistance is an important factor affecting the rapidity of ships,in order to
improve the hydrostatic resistance of catamarans,a numerical pool was established based on the
CFD method to calculate the hydrostatic resistance of the catamaran and optimize the ship
type.In the hydrodynamic calculation, the effect of viscosity is taken into account, and the
influence of the navigational attitude of the hull at high speed is modified.Free surface using the
VOF method can capture the exact shape of the free surface. The K-Omega SST model with
good turbulence simulation is used for calculation,since the hull hydrostatic resistance and
Reynolds number of the hull are large.In order to improve the computational efficiency, a coarser
grid is used to calculate the degree of freedom of the longitudinal movement of the model, and
then the hull navigation posture is determined.Then a finer mesh is used to fix the attitude of the
model and calculate the hydrostatic resistance of the hull.It’s found that rational design of the
inflow angle and bottom rake angle, increasing the vertical depth of the tail seal plate and
smoothing the bottom line pattern of the stern, and adopting the tail closure plate technology can
reduce the hydrostatic resistance of the hull and improve the wave resistance performance.
Comparing and analyzing the hydrostatic resistance of several types of ships, the optimal design

of catamarans is obtained.

Key words: Catamaran; Hydrostatic resistance; Navigation;Profile optimization
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P &) RFF A R E T Dt

W77, WA, Bk, & 5%

(REERE: KF TR ES 22 E K E AR =, REE, 300072, Email: xuwanhai@tju.edu.cn)

R

WE: ZHREE M RBIRSZ - LR-EBeI g, 23l REMET RGN
EEFE. ERREAT, ZFHEAEEH2ZIARREAFANER. FAFIREMER
REAWIEZD, TRREMRBRIWEFTRENERSEZ —. IR TENAY, AESE
MBEEUZEHANH LA, EFHFAHARZ—HERZNHEAFX, BERANRRAEL
RS EMP XS R ERADNRH. CHERARASZ REFARAFEALEEY, T
PR UL LB R AE N R R RBITT 2B AR 5 & B AR 5 i 30 69 # 5 A AR
Bsly, HRRT EMEmE N ERNERE. B R 7ER RSN R, FFat
—F O MEMEENTFAA N ZHEACREANEMAE, URANRBEAEE M E
W AE, B REA, FA 2/ Z/ RN RBE TR, RIFHAREE
TR B EAFFIHAEY THEMIE,

XA MRS JFF S EAE; A AYS FHEAE

1 HENH

AR, BEEEE LREE A E RN, %Ki BRI MERE & AR, EiXfE b
gitprd, SHHAIS AR T T2 N, 1S HEAR 2 o — R E N HEA T .
MRS (Flow-induced Vibration, FIV) {EN—Fa WA -GN R, &M Z A4,
PP ST B B R R . T+ REUE RLR BRSNS, R Ak o g 3,
SRR RSN FAEAL,  Sebr EARILEE MR AR 2 R RE R AR IR R R

KT T RBUE RO, B A MR CIFJE T &5 TAF. Gopalkrishnan''3z I NI
G EN [ RS R el A s A 7 I T 1 2 A o R U S T Rl TN YA a7 B
JE [RIARAE (10 T+ 23 R0 5 ekt P R AR (A5 14 0, &bl T AR R AR ) B8 . AHEL 15
YEDIRRGY s T+ I3 5 A B A7 AR B (R AH DG, 17 5 e AT 23R PR AF S AR B 55 - T
JIRESER bR BT BAE S SIRAARTERR M R R SR . IEME T REURER BE & B A
FRILBN R, XA RN ZIWUIEH, T UE T ) R B RE & 25 AL s Bk, X
SERIPRBIE BN EIER, X Shr BRI T ISR I BB — E BRI R . AH EG T NI
B, KKAR L AR RS R I 1 A 2 15, e IR, BLASH #5554 o Sannaati
A KatoPJF & 7 2 ME A BRE R R S8, RPLER RSN, BEELEE R BT, THh
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SRS e N J TSR 1 5 PR R P T IR T8N o« Huera-Huarte 25570 1 2 HE [
T R B IRE IR R, S5 RR Y] 38 Z I T AR -

SRR, 502 R RGP & R AR T R a2 B AR AR A
R A 0 PR B (A 0E 4% A 1 T ) R R A E — 5 22 57 Alam M IF 70368,
FER UM AR RIS OL T, JFFUR A o R 98 1 [ BRI 1 AR S R T 70, AR 1 [
FEI 32 B8 NTEF7 o Han %50E 4 ASAREIRGTEEE LR PEARTTE T 3510 MR R RE (K37 4 77
FAH WA RRWISAEBAE R T 1 R AR A A et KR, RS X A A
FasE HL AR A RAL . BOK AN ER EE R SR XS AL 18] AR B2 AR R . CRRIRTIH IR
BRI TR 2 SIS AT LG, XEF =, Y25 2 B S R mE b .
FEI=, DUEAE T MR BRI AR, AR RIRE ST T R BRI IR 2% . 9ok
KRR TEI A AL, AR T T R KAR LESRNEIF 91 2 AR R sl A A S8, IR0 F
FIZ IAAE RGPS RAEAE T R 8, SRR I — Ve A U BRI, Dl
TREH 2 LM R E S5 .

single system 2-cylinder system 3-cylinder system

= - - - ]
Flow I_> Lq—i— Flow |:> S Flow |:> { é H Flow \_:> s

1B AE AN 51 2 AT T 0l s

2 PRSI

N TR A LGRS 2 A R G AR T R AR, T ORER KR TR
7 B 2 4 ] 5 B S & 4 KM HEAT T — RSB SIS . HE R K 137.0m, 5
7.0m, ¥R 3.3me SEEG AT FH A0 23 0 IR A TR Py S 0 0 A R A A ek PR AL
TRl ) SRV FE AR IC 7 AN AT, TE NI R B IR [ AU ) 35 A B — 2SR SRS [ A
B AR A R o AR RE R B A (R B A AR T SR T G A SE G 2 A AR A8 F T H
PRV A . PR BARSHNR 1 Fion . SEIGEHT AR BUAR A Y B TR0 |, [k
AR P — ity FH 73 1) By = 380 ] — 00 0 S b, 5 —— e DA o 40 22 4 A K O e L5
VTR AR DL AR R, AT R CR AT AR 2 A T e SRR . KN B TR
BN oSG I I HE 4 S0 HE B SRR SRR A . AL [ SRR 1A 4% T DL 2
ZCHR[6].
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R, JFF T, =, DHBIRESE 4 FP 00N & BAE R (0 B ARAE e & . R
T BRI FE VS N 0.05-1.00m/s, S FZ ]RGN 0.05m/s, RFEI AN 50s, {5 5 REMHR
N 100Hz. FFAIZ AT, S REVSEEEAAE, RN S/D=6.0.

®1 RERAERESH

LY/EL b ZH

KA L 5.60m
MR, D 0.016m
KAz, L/D 350
NI, EI 17.45N-m?
Mgk /1, T, 450N
AR A, my 0.3821kg/m
FiE L, m* 1.90

3 T RBHHE Ik

SR G ) SRARE 7 ¥ e o T AR 5 R IR Bl 1) T ) B e T T AR S SR A 4 (1 AR
G R, RS 7 AR S5 40 N AR A5 B A AR A I, o ARAE 25 W ARSI e AT 26 RO A A%
R A BR 32308 1 sRAA 25 KA RV AR 7, B s AR AR I i f /s — vk sRAF E5 i M T 70 R 80
T, R AT {5 6A Euler-Bernoulli JEARAL . R A i BIIR 30 R 4% 1 7 A2 T RoR M-
EIy'"'—Ty”+cyj/+mSj}Z%C,pDU2—Cay%pD2j} (1)
Hoy AR AN, o MR WBLE, CoATH RS, Co AEEHIBEI A BN 5
BRY, UK. ¥ Fds s ha Rook U
MY+CY+(K,+K,)Y=F, )
Horb Mg NRESERE, Cy BRI S HBB R, K G5 M il NI EEAERE, Kp N H
] 151 RN EEAE RS, F, RS R A SR AR R . 25 R BE R R R Cy SR B I BELJE T2 3
C=aM +p(K,+K,) 3)
Horp o 0 g oS A, PTLAE B ARSI e o AR BR T PR Q) SR AR )
AT RE F,y BESRAFIRAKT D £0 f, 0 R4S 20 1 5 38 FE TR AR A 1) 1 4 B R aAE 1 7 )

DI 1 i}
1= . \//Oiy' UZCIy—Z prDC, § )
ot | LR TR . € AT B iR A,
S NEEID M 00 D N IS ) SN I ) M0 5)

!

pOIUS ()= iR
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4 R

2.5 25
o Cylinder #1 Two-cylinder System o Cylinder #2 Two-cylinder System -
2.0t - - Single 2.01- - - Single -
Q ; ‘ Q
N LS SN N LS SN
g o e e et o N g Jo o -
= ! . o O E e ° . ‘e
glﬂ T o ® . 310 o« e . .
y \\,'I g N ° . .
= s e . = s y o« "
PR .6
- L] -
0.0 -&-® 0.0 &-°
0 5 10 15 20 25 0 5 10 15 20 25
Vr Vr
Bl 2 IR FRRE R A 1) e R RS 5 7 A
2S5 - 2.5
o Cylinder #1 Three-cylinder System . o Cylinder #2 Three-cylinder System.
2.0F - - Single © 20p--Single 1
Q 2
Sis o <15 ® e
2 / o -0 0"."/0 .- o T e-® :—3' e
N o ® . ° . =< ° ° \
=10 - v - 10 e Sie ® :
g 4 . .8 > N ° o
E 05 K | E 0s / 9
0.0p % -* 0.0} ¢ o
0 5 10 15 20 25 0 5 10 15 20 25
Vr Vr
Kl 3 JR50 = R AR AL 1) B R L R 2T AR
25— 25
o Cylinder #1 Four-cylinder System . e Cylinder #3 Four-cylinder System .
20(--Single | . 2.0{} --Single |
L] Q L]
Q{Al.S . I,\__\ e e \MIS .," . S :_ »
3 S e @ TNl T T 5 ° . . ®-¢” ~--
& LY - . RS e
~1.0 - ° 1.0 PR ) »
g ¥ e § k -
E 0 5 Ul 0 5 L )
00 & 00 o ®
0 5 10 15 20 25 0 5 10 15 20 25
Vr Vr

B 4 JF5 DU BRI IR B R AL A% 247 AR

4.1 GElHHE

Bl 2 2 ] 4 53 5l g o 40 =/ =/ DY (B0 A 2 495 Hp 86 B AR A 9 1) PR e o7 35 7 R B 240 4 Tk
FERARAE GEFI =M O R 158 3 SRR &AL, 51 DY BEAE T 5N PO 3
FEFIAMI G [ A AR R A AL, MR RoR 3 Ko 2 —) o AE AR, S ETPRRE&AR
R T IR R B R TR . LIS v, =Ulf,D, HoH f; NP B AR
FK I — B E A AR . 3 PR FIHEAT T, mi AR Bl 2040 53 P AR fh e A AR — B
TES AT X, I AR 2 77 MR 20 A0 B 38 I i 3 ok, BB “ B g, [
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MR IRB IR . RS IX, AT IR R E R IE N IR — AN RUIME, S S
IR BSIREAS [ m PASAS A. SURIRE TOL R, 2 5 BAE AL R 3 7 MR AR e IS, (E 7 o
PR E IR L. =R TR, V>12.5 1, 2 5B BER A B NERT . TY
FAE TOLR, & B RIALRE S 7 IRAE i 2 e, (R R ST A .
4.2 ANEH

AN Z BT, SRR RECR R BT ) R ECHE AR .
SEE 7, EBUEX, BEAMWERRIIEM, F7 REGCIEETIG I B ILEAE, 15 PR R
REPEMTIZHTR N FERSHAL XA, T RECN A BIMAME, 5@ W&, N
TprgEs . WE s P, SERE TR, BB ALRE A ) R BRI U E A
ZERIRR, IR AT R A BT R BRI AE P ) o BRI AL R BRI BRI, TR BRI ) ARt 2
X PR A () 7K B0 g e o AR B SRS o TR I 51 U R 7K 30 5 R M RT L SCHR[S 1A SC
HR[6].

1.0

Cylinder 1
¢ oK

04 VS r $
0.2 . '
Two-cylinder'system

Cylinder 2
0.8 o

z/L

' ‘3 ° s‘l:
Two-cylinder system o0

25 o : 5 10 15

25
B 5 IFFIUE AR [ T 71 R 5

1.0
Cylinder 2

z/L

x

02 (1

00 5 10 15 20 25

K6 I8 =B T 1 R %

“FEETT, 158 3 SEET )RRG5 R FEE T BN, TH R
B APz . W 6 Fon, 2 SIRAERITH ) R B 5 H R IAEAF AR BRORZE 5
V>13.75 1, 2 5 R SRR BRI T BIAILH R, 2 5 BA: A 5 O =
IS . KT REUMG SR AT L, BN B ROk . V,=11.25 B =
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(58 257 b B Al 1 00 2 B L RS VMR, 5T R m B T ) R BOEE AR B, 7,
=13.75~15 N, PEHARBN ) F PR EVRE T BUE S W5 REOZHTC S s LR 70 A7 B
FHNLZIE FE N LS [FIRE e V(B T Arid i BB v,=21.25 I, A Al 2 SRR
I KRB TR A N R, BEABCGS X T R FIRE R 2 5 BT dn it
N H =B DU AR S AL X . ALRE A AT 1 R B A 2B R4 5t

4.0 1.0

Cylinder 1 . Cylinder 3
20 -1.0

25 . 25

z/L

K7 FE5I DY BRI [ T 71 R %

FRE R AEE T IO AE T, Wil 7 fioR, V=11.25 BRALESIG AT 1 2%
WEAEXSRL. V,=13.75~15 BF, ERHIRHE S E RSN A 1) REIAL R 00T F &
#o 5ZFENTRARPE, PR TH T & BN R BN EHERL, KRB
BONRE R FEPREAE TR, V,=11.25~20 I, 2 5B RAL R AR/, XS A
T+ 1 2B A BON LR, w2 H A R AL E BRI REUE. V=125, 15
FEHIL T BRI WEAE, XA ) R B s B s B R, it R 2 A
FEA IO RS VR (A AN T 7 R

5 45

(1D FFFN 2 BIRE R G P SR B (T 0 R 80 SR MR T 0 R R A — R 1A
AR BUEIX N, BEELMLERE LT, T RE e ETHFRA RN, 151280 T B
TESFALX NI R ECT B FARIME, TR Z 8T BTN T —BriRaiiizs .

(2) FEFN 2 A 2 Gt rh 5 SRR R AL IR A A58 5 7 70 R B AR AR AR i) — Bk 2R
PE A K282 5 T 0 2 B0 (AT i (1 S

(3) HTEBRIEE, JPDREETOT, WEAERKS) R E 57 IF
FIZTRETOLN, PRl AT R B A 5 R AL ] A7 2 2 57, HIE R SR
ToprERss FEAINERE T AN, BRI R EEF AL .

ot
ATEWERAR TGS T ER B4AR¥E4 (51479135 F2 51679167) % By, &M
For R
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Lift coefficients of multiple side-by-side cylinders in uniform flow
XU Wan-hai, ZHANG Shu-hai, MA Ye-xuan, GAO Xi-feng

(State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin, 300072.

Email: xuwanhai@tju.edu.cn)

Abstract: Flow-induced vibration is one common type of fluid-structure interaction and may lead
to the fatigue damage of the structure. When the flexible cylinder is placed in the flow field, it
will be affected by the lift force and present marked oscillation in CF direction. Multi-cylinder
system is more widely employed in practical engineering applications, in which side-by-side
arrangement is an important arrangement form. However, relevant investigations on multiple
side-by-side flexible cylinders composed of more than two cylinders are still very limited. The
present work obtains the lift force coefficients through a series of inverse calculation methods.
Further investigation on the relationship between the lift coefficients and oscillation displacement

amplitude, reduced velocity are also presented.

Key words: Flow-induced vibration; Side-by-side; Lift coefficient; Flexible cylinder.
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T EHE R R A AR AR )
LS

B, RES, ORI, HAE

L=

(L RERE KA TR RS %8 EZKE S L0, KiE, 300072, Email: xuwanhai@tu.edu.cn; 2.9 EE
2R LT RS A SRR =, EE 100190)

WBE: SFIEFNIEMRAASEAETIUARENBESRREFE—EWAAZ.
HTHE KRN EE, BABREREKRSIVIVELTZEREE A E 2. W VIV
FEHMH —ERIBAAFARARRENELFAAZ —. AARRITT EAERAMER X
I, #EEEZERA 0.05m/s, 6E A 0.05~1.0m/s. Wl T 524 5 An 1= AT i KK 2
(L/D=350, L AEHEKE, D ARESER)EEREERE VIVIVIHZR, T £EH
R A (@=0°, £+ a HHEA) AR S (@=45) M HME L EWEAER RS E. LB+ X
F A HEE. SR EA A A 17.5D/0.25D W e HIA . 4= &|AF N B T WAR 3K 5 34 A7
BEAE SR HEA AR, BHEFERL A 025D, BEEAEEME 05D, B EEAEA TER
B E RN R, RBEEE B R T d N R B IR, FERAESEN B HTEN, &
BT BRE A E R4, R VIV ITFREE., FAR LI BrRFIRA 45° Z A4 E
HRBRAMHARERREARSTHAERK, EE 2 ABENR WA, WHERHE S &
F AT HEZ T R AE 45 F AT AR 7 B0 AR B i AT e R Bk 2

KR AERe; MM EAE; RAIHE; EEAIR; EHAF

1 515

e LR R R AEEE ) (i E L . BEEFEMRPHELS) AAHIE S
H IR EIRS LS. (Vortex-induced vibration, VIV). SN 7 & FREE . 4% ) X P - [ 55 & 20
GO R TR IR R bc ik, M FRAEERDHR SRS LB B [F I, IR KBS T % Fh
VIV $#Z 6 5L 5T . Horp, B ahis il 07 ik RIAME Bhah St e S 35 6 75 1) A A AR
Ty ST RE RO S s AR 2 R o

BEHEFIMR (helical strakes) 5#%Hi|#f (control rods) & LFEH % K FIFFH VIV #i5)
IR E o TR A S AT A i R 5 A T U AR e M s i A (B A R, e
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Comparative study of different VIV suppression devices on inclined
flexible cylinder

XU Wan-hai', QIN Wen-qil, LUAN Ying-senl, XUJ ing-yu2

(1.State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin, 300072.
Email: xuwanhai@tju.edu.cn; 2.Key Laboratory for Mechanics in Fluid Solid Coupling Systems, Chinese
Academy of Sciences, Beijing, 100190)

Abstract:  In this paper, laboratory experiments were carried out to investigate and compare the
VIV suppressing effect of helical strakes and multiple control rods on 45° inclined cylinder.
Square-sectioned helical strakes with 17.5D pitch and 0.25D height and circular array of four
control rods with 0.25D diameter were applied on the model respectively. During the test, the
model with L/D of 350 was towed in water basin to generate uniform current, the corresponding
flow velocity is ranged from 0.05m/s-0.1m/s with an interval of 0.05m/s, and the VIV response in
CF direction such as strain, displacement and suppressing efficiency were attained through
collection strain gauge and model analysis method. At the same time, the data on bare cylinder
and vertical cylinder was also presented for benchmarking. The results indicates that the suppress
effect of helical strakes deteriorates when the model 45° inclined, and it can even enhance the
vibration on yawed main cylinder. In contrast, the multiple control rods shows good VIV
mitigating results on both vertical and inclined cylinders.

Key words: VIV; Inclined cylinder; Vibration suppression; Control rods; Helical strakes.
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B T R WAR B, AN B ST AR ViR v L R 7 N AL AR Vi A L R TR B A A T R AL A
EWREE, AR TAEREEN RE L) AW AEH#RTT EIE.

X FHEXTE; RS 2 BREN; BRFIE; nace-FOAM-SITU

1 515

PR W AT RIREE RGN, 0 SR 8 — M 07 & 7R v TR USRS 2
TN o Rz AT Gl i B OO G 2K B35 508 1A SR 0 G BUE ) &
Vil shVERE, SR BE 2 1T R AR I ) S S A A RN K E P 1 R 5 B b e i VA S 1 EE )
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(a) R=0m (b) R=0.031m
B s

3.2 iHETR
TR I R T R R AETE R A 45° 380 & imiazs s, Rt & Tk
KIMAE R 45° o PrE#E (Ur) MR REEEEATENSE, HE T

U =U/(f,D) (6

H, U RERESE, £ R FEEFKTMGEIINEAMZE, D RREWEE TR
FIT R AE K o 37 3 B VU BRI R B 4~20. AN T T R K34 600s,
THE A EKAIRE 0.01s.
3.3 iHEH S Mgl

HHESRTE EAE 2 R, SEBCE G T RO AT R R A, TR A -150<x
<40L, -15L<y<15L, -9L<z<0, Hrh L fRF A% F,

K2 iR

FIFH SnappyHexMesh i -8 37 & R i X 84T W A& R 3 LA S & Rl 7= M)
BN, AR MR 8, AT MM EE KL 330 Ji. KBl 3 MKl 4 50 fe
7~ 1 z/H=-0.5 B B THE RS AR AR B LA R 6 A5 B P ] A o

- 1107 -



5 Um A EDKE R 2 iR R

K3 z/H=-0.5 #IH V5 PRS0 K4 Yy

TR A BAR BB R BN RS RIREEA L, R DR E
TRy N, T BRI R ML SR T2 [ BE i 5, HAid SRR ORI 5 241
Wi CFr) BURAK, DRI B R R 28 m] LA, R T P83 5 [R) AR BBUR K
Pt

4 FREHE

4.1 BEFRIRE

H AR 1 H A T B0 24 5T R 1 R A R SR P S AR 0 A [F 4 3L
WIEE . BEARLRLE M RIH R SR E R AT SRR G R A ALZES), CFD M
KHBESHE = A HEREG (RS AGRERE KNERETF&igsh, RANR
A K 7 2k R B S B T 5 s 3 I S 85 L 5 13 5 BOHA s Rk, i R AR
BE SR, 2 SANREG 10 AR B0, BAEENIE 2% Chen. JEITES H B
SRR — ANPGRS, 7 &K A HIEmizsh, WTUEREERCFE S HBE
Wizsh A A . B S BoR T iR R RS 30 75 17 00 B RE IR 7 i 28 5 45 i 1 1
%o £ 2 BRI 3 A AR B B E A E RS R SR04 R

0.16 0.030
——R=0m ——R=0m
====R=0.031m

0.025 |-

0.020 -

0.015 -

1% (m)
Wi (m)

0.010 -

0.005 -

1 1 1 L L 0.000 1 T
0 50 100 150 200 250 300 0.05 0.10 0.15 0.20

I {8l (s) B (Hz)

K5 HEE dEmas R

- 1108 -



5 Um A EDKE R 2 iR R

*2 EERAH
A (s) NG ] fiE 4%
Experiment(2007) 15.77 24.50 5.85
R=0m naoe-FOAM-SJTU(2018) 15.78 24.99 6.25
RZE(%) 0.05 1.97 6.20
CFD (2012) 14.82 23.30 5.50
R=0.031m naoe-FOAM-SJTU(2018) 14.99 23.06 5.92
RZE(%) 1.16 1.04 7.12

4.2 RiEIKR
il BB G 3 R AR AN 1 A 2T 6 e o B R 2 S R AT DU TG B AR AR T 8
KFoR, HE T

Nominal Ay / L=~/20(Y(¢))/ L @)
Hrb, o(Yo)REREG ARSI JIRIbRHEZE . F 1 R Cp 8 LR
C,(1)=2F,(t)/ (pU’ 4) (8)

Hep, FOREIIONPIER, p RRREEE, 4 RETGEE TR B,

K 6 J7 T AP AL TR 2185 301 65 A B2 B AR R 3 i IS 47 5 38 FE 1) 32 il 26
PRSI xSt dE 6 A%, AHT BRI A RS R R & R, EW
TARSCHUERAT I FR O G IBOE s KT e, [ 7 JROR T RS IR I - 7
AP ETH N RBEEST S E LRI . 45 6 MK 7 KA, f£45° KM T,
B P B RS SR W BAE ST SR 5 B 8 Y R A A E B BIE X TR], EBUE X TR,
5 T LR S T ) R RGBT, IR SLAETAR T 6 1 e R i S
{6 VLK T A 8 KBS L R T 3 B A BT IX ), REAE T A s i 301 5 i s KR i
ISR AR RN T ) SR B AR LR &3 Ur 4309 7 F0 6, 1 B A oAk g P B i —
FX LT ETEE Ur 735008 6 A1 5 AHICRATRSLAER, KT S 8O L 3T 38 2
)R FREG A RAE TR B B . PRI, ASSCHUEAR S RG] 15 20 G imiis s
T+ 5 G s BB R KIAFLE

- 1109 -



5 Um e EDKE A 2 1R S

0.5 0.8
—— R=0m (Experiment by Waals et al.) —O— R=0m (naoe-FOAM-SJTU)
—V— R=0m (CFD by Chen et al.) —0—R=0.031m (naoe-FOAM-SJTU)
- —0— R=0m (naoe-FOAM-SJTU)
! —O— R=0.031m (naoe-FOAM-SJTU) 06k
Q03
~
3 1 § 0.4
.8 1 18
£o02 ] A
z ! 1
! |
| 0.2 {
0.1 | |
! |
| 1
(] | "
0.0 P L L L L L L 0.0 L L L L ! I I 1 1
2 4 6 8 10 12 14 16 18 20 22 2 4 6 8 10 12 14 16 18 20 22
Ur Ur
— e o w
Bl 6 bR e v 7 THIR%

4.3 WIHSTH

T IR I AR T LA AR i oz s, Rt sl i T SR I 5
7R B SR AT T A2 H T 2 SO TR e o Bt v O AE BT AR AR S AR 3R 201 6 D il
K 8 fers VIR I Gk, BT & Ur 9 5 A1 6 I z/H=-0.5 i A B 1 &40 &
Cw.D/U) I PR . AEIX— I 8] BN B P R 3T & T8 B2 IO 5738 31 LA ST 0 28 2 7 ith 2
XFECanE 9 Fra, HE 9 RN i T RS (8] Be A PR 0L ia3h U7 s, DLt A
ARl

(b) Ur=6
B8 ERARE (0DU) NIEEG

- 1110 -



5 Um A EDKE R 2 iR R

—Ur=5

0.1 1 = . 1 1
570 580 o 590 600 570 580 . 590 600
1t 1) (s) i) (s)

(a) YL (b) C;
B9 BEGiEa 5 ) R A P2k

T PR IR b I ST AR VR BEIR A T ST AT T SEARVS TR 2 TR A LT, W R R e
PRETE RO BRI E N . 255 E 8 AIE 9 nUE M U HE U=5 i, BT FarisEn
BB IR E AR A, BRI b SrAS: R 0 PR J5E 2 IR 1) Wit A Je s 1T 44T & FE Ur=6,
W5 1835 0 B R B Rk — D3 K, R A VS iR TE ) R e sh I AR R, A T BRI
PRNSEAE, S50 SEAE BVS R = A AR B AR A, /N 7 1l AR S i B RS 1) 1 41K
HIPER, FEREE B FE 2 YA R R ) 0 A E s, (R SRR TS 2 S 1)
T B
4.4 NHFREENDRY

R T BIEFLIA) T VS B R - 6 ST ARV W AR 1 T A 6 ST AR TR 43 A (1) 5
ma, P11 IR T bR — S A R T ) REH S . B 1 e DUE R, BT
A LEXT LU ZI S sh T 3280k, DR ST AR 3R THT ) R E4 i KARTE A R, (H5Z 1l Sr
FEVS IR sEm, TR S AR R T ) RES A B TR, MR &
A=Y L 8

—Ur=5
------ Ur=6,

0° (360° )

. . . . . . .
0 45 9 135 180 225 270 315 360
FBEC)

K10 AR E 1 REUE B4 A

- 1111 -



5 Um A EDKE R 2 iR R

5 45

KT IHEF S OpenFOAM H K1 naoe-FOAM-SITU Kffds, FIHHET SST
B ) DDES ZEiR 43 SR S T7 1, XA R SLAE TR AR 1) 218 O 6 7E 45° SRiRA T,
a8 4~20 i [l 2 8] s iaa kAT 1 BUE A, #F 5 H iZE T A A CFD #1587 1%
X RCF GRS B P ) S 2 R RR L R A AR, I LA A

(1) BUEREIGE BRI T B0 G 1E 45° KWLM TOL N RS ST )1 5k
G B BRI R o PRI AR B 208 207 G iR IS 3B I &l B IR, 70 R4
P15 T FR RIS 373 Vi 23 3 e R AE

(2) AT, B ERER LI SLAT IR VR B TFB, & R ) 5 2 AR IR
FHEFR R T BTS2 A RS R BT, HhFREREH T 9P 618523
AR AR, RIS VA CE )R IEIZ BN AT R s R U S AT, S PN A
(RS R AH ELEZ MR, W 2 35 AR 1 — U SE A R R TH R ) R 3L BB &2 &
AR 76

RIEAR TR, G iREuE s ) 50608 REE I R 2 i T 2 ST 2 )i
JOi 8 AR ELTHRE S, DR TN R R B G ) AR T e S AL AR R BE LA E R R, ML kE
[ EE ECINR, SEAEZ AR B4R P REFEAIS, 5 LA A IEs Bt va 1 0L 5 S AEAHZE L, [
AR RE LT, BRI REA 2 I, BRI TAEE 7 T3 — 2D 15 IE .

i

RITEFBER AR/ FELTH (51490675, 11432009, 51579145) . KiLF¥H £ 5
TR (T2014099) , L & & R 77 % & R B #0855 AL IR BR 41T X (2013022) , LW fE % % KA
Sk AR (17XD1402300) , AR T Az #B40E A €] 3% 30 VIV/VIM 5 E (2016-23/09) % Bh .
W — IR E QRS

& % X M

1 Kim J W, Magee A, Guan K Y H. CFD Simulation of Flow-Induced Motions of a Multi-Column Floating
Platform. Proceedings of the ASME 2011 30th International Conference on Ocean, Offshore and Arctic
Engineering. Rotterdam, The Netherlands, 2011.

2 LiuMY, Xiao L F, Lu H N, et al. Experimental Study on Vortex-Induced Motions of a Semi-submersible
with Square Columns and Pontoons at Different Draft Conditions and Current Incidences. International
Journal of Naval Architecture and Ocean Engineering. 2016, 9(3): 326-338.

3 Liang Y, Tao L. Interaction of Vortex Shedding Processes on Flow over a Deep-draft Semi-submersible.

Ocean Engineering. 2017, 141: 427-449.

- 1112 -



5 Um A EDKE R 2 iR R

4 Shen Z, Cao H, Ye H, et al. The Manual of CFD Solver for Ship and Ocean Engineering Flows:
naoe-FOAM-SJTU. Shanghai, China, Shanghai Jiao Tong University, 2012.

5 Spalart P R, Jou W H, Strelets M et al. Comments on the Feasibility of LES for Wings, and on A Hybrid
RANS/LES Approach, Advances in DNS/LES, 1997, 1, 4~8.

6 Spalart P R, Deck S, Shur M, et al. A New Version of Detached-Eddy Simulation, Resistant to Ambiguous
Grid Densities. Theoretical and Computational Fluid Dynamics, 2006, 20: 181-195.

7 Zhao W W, Wan D C. Detached-Eddy Simulation of Flow Past Tandem Cylinders. Applied Mathematics and
Mechanics. 2016, 37(12): 1272-1281.

8 Waals O J, Phadke A C, Bultema S. Flow Induced Motions of Multi Column Floaters. Proceedings of the
26th International Conference on Offshore Mechanics and Arctic Engineering. California, USA, 2007.

9 Chen C R, Chen H C. Simulation of Vortex-Induced Motions of a Deep Draft Semi-submersible in Current.
Ocean Engineering, 2016, 118: 107-116.

10 RS, R ANFET G T ERIZ K S Bes sh R BUE B, 5 Jm s i 5 T & %
B RFRIE IR SC4E, 2017, ¥, pp. 133-142.

The hysteresis phenomenon between force and motion in
vortex-induced motion of semi-submersible platform

LI Si-ming, ZHAO Wei-wen, WAN De-cheng

(Collaborative Innovation Center for Advanced Ship and Deep-Sea Exploration, State Key Laboratory of Ocean
Engineering, School of Naval Architecture, Ocean and Civil Engineering, Shanghai Jiao Tong University,

Shanghai, China, Email: dcwan@sjtu.edu.cn)

Abstract: The hysteresis phenomenon refers to the peak lift force coefficient occurs earlier than
the peak transverse motion as the reduced velocity increases in VIM of semi-submersible
platform. Numerical simulations of VIM of platform with two different column shape were
performed with naoe-FOAM-SJTU, which is developed on the open source platform
OpenFOAM. SST-DDES model is used to simulate the three-dimensional flow separation. The
numerical simulation results verify that the hysteresis phenomenon will occur in VIM of
semi-submersible platform under 45° current heading. Based on the advantages of CFD method,
the causes of the hysteresis phenomenon are analyzed from the interaction of vortex shedding
between the upstream and side columns, and it is verified by the surface pressure coefficient

distribution of the column.

Key words: Semi-submersible;  Vortex-induced motion; Hysteresis phenomenon;
naoe-FOAM-SJTU solver
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Ship hull optimization of a container ship based on minimum wave
making resistance

WANG Jin-kai, MIAO Ai-qin, WAN De-cheng’

(State Key Laboratory of Ocean Engineering, School of Naval Architecture, Ocean & Civil Engineering,
Shanghai Jiao Tong University ,Collaborative Innovation Center for Advanced Ship and Deep-Sea

Exploration, Shanghai 200240, China
*Corresponding author: dewan@sjtu.edu.cn)

Abstract: Resistance is one of important hydrodynamic performance of a ship. It is closely
related to practical ship building engineering, good ship hull with low resistance can be designed
by ship hull optimization. In this paper, based on the ship hull optimization software
OPTShip-SJTU solver developed Independently by our group, an actual container ship model is
used as parent ship, and the front body and after body of this ship are optimized at the same time.
The ship hull is deformed by free-form deformation method (FFD). The displacement is strictly
restricted (variation range is £0.4%) during the optimization process, and the optimal ship hull
with low wave making resistance under the speed of 18kn is found. Ship resistanse is evaluated
by NMShip-SJTU solver which is based on Neumann-Michell theory and is developed
Independently by our group. Genetic algorithm is used as optimization method. Finally, the
optimal ship hull is got, and the wave making resistance is reduced by 33.5% compared with
parent ship. The rationality and reliability of ship hull optimization based on NM theory are
validated.

Key words: Neumann-Michell; OPTShip-SJTU; Resistance performance; Ship hull optimization.
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