FoLREEKSAERNEE

EF DES A3%89 VLCC SEfRME AR S R
557 th

FEE, FHER, TER

(BB RS e EEA TESE BETEREEREASRE,
AEFHASRET R ELHRE .0, ¥ 200240)
*#{5/E% Email: dewan@sjtu.edu.cn

HWE: A& CFD RAWKARFITENZERIWRE, CFD £HMEITF RELH
RBEENER. BERNCFD M THME AW T EEAEFARARE, —FERANLZRE
RZMANEREE; F— T HLREANELREGETFELT, ZETENEEHLAK
Hiw, %M RANS FABERAB Y E®. KX H DES 7k, BNRAZHAEHE
FoH LR E CFD it ER A st 32 7ol VLCC #47 7 LA AT, 3#5 RANS #it
FERMER IR HFTHERSN AXRAET KA DES FiE LM E A TB F BT A
HEE, B RIHETTIHREA.

%4@i7: DES; S-AIDDES; naoe-FOAM-SITU; SZARE 4 ##; VLCC

1 5|5

XFREARBE TR TR R MBI ROTF I — DN EEFRE. BT SM&GRERE, BirxdF
MEAERE TR K B E THREARE . AR — R R EMILEEAEN &S THITH, &
BECHIE T SRS, BT REXM, MBEEESE (4 10° 8% 5ISMEER (4 10°
B BEFEIANELENEE. A THRRNERNKEE, L TEPREET — &5
FISMERIS A, WEREAE (ZEKE) 11954 4 Hughes 32K =RWRE:, BAIMA
HEARRNB IR KR, FIASMELR A XA REE NS R B IS/ A,
XETEBEAETRE FEAMEALHYE, EEEEMTVREALREURSHIREE
BRI, MIEREIR -MR% EES HSMEHER T MRSE BN
wATIE.

BEETTENBEAFTEEFEARERE, BRATERE /%A (Computational Fluid
Dynamics, CFD) RZRAANSHE TR 12 A EERBZ I KEWEN. CFD ik
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&= bREEKF I EFITEIE

TALTT BLF 4 Z B A MRS MR B, BT DL A M R R R RN, 54 1%
AT, CFD FiEBH M E RIS . SE4ER, A CFD SR BB T L REMRAEE
P AR R AR RARL . Tahsin Tezdogan Z SR AR LI Star-CCM+. #2472 URANS,
SO T RS R KCS #E47 T SR ML BB 5, I+ 5 B Ib e RALRIHRET 1
b e )47 . Pablo M. Carrica PSR F 7 R (BB M#% kAR CFDShip-lowa v4.5 X LR
KCS B & SFRKHT T S, FEER RN REHEER MR T ARTETT
HEA. ERREEER A EOET —RANTE. B3k, EAESCNEREE
0.15-0.41 P52 R FE DTMB5415 SRELEAT T AR 8, FRSRA TETHRER
BEMCERRIAME T RETRRSE R RIS REEARAR RANS HH B =075 XSS REM
BITE 5 FORF y+ PTG, FE AR R3S TAR BRI RA R, A
BB — RN BRI y+7E 5000~10000 ITEE, IXE BRI AT R IR TN
EESEME . A, KASYREKERETHRER SHERNE TREERES S
FERREUEA IR, BAMA TGRSR, ERFME N EMERE TR
EE.,

AR, HATHET CFD 77817 AR TRk T4, RS HERA RANS ik
HAFHE. {85 RANS FEEESTE A HEEUTRA T EN AE. —HH, EREE
BT B SA R R B R AR R R B N, RI5 PR T BRI A AR R A SR
— A RIS R LR T R Ay, B PR A B R K R 5T, BTk
WL R EERE A, R NEHEE MR, BATf5% RANS FEMREE SR, X
BHERFGPEBENIREH, RANS KERBEFENBRELEMNHE.

AR FIE TR OpenFOAM T RAFBHREHF RIS MM ST TRE
Z /K3 772 17 i) RANS/DES 3R #%38 naoe-FOAM-SJTUY!, SRF S-A IDDES £ Zfl RANS
1) k- BT SST HERI%H VLCC SeARH#/KRELAHET T Hitk, R SARBRERNZ =N
WHREEBINEEHTHE., ZRILRETETIREEENER, KA T AN
& — 2R BRSNS, P RAS T RERRN VOF E#HTX B B K
2. PH A VOF Fi2R A MAR TS HE KR &K PISO BEERAE.

2 HEFHEE

KT HRANRANSTEE R E HATM A TH AL, FRBALESERARMEEITHE,
Spalart217E 19974 32 T — F /R A RANS/LESHI 4 B IR #{%, BIDES (Detached Eddy
Simulation)t %!, 2 J& Xt —#$ KB NDDES® (Delayed Detached Eddy Simulation) BAR,
& ¥ b HSpalart-Allmaras (S-A) RANS MR SLESHAATEE & . FEITEETE DL R WA
X 3(Sub-Grid Scale, SGS)FFS-ABAH(TIHE, £ RALESHAT RIRBALIH . DES
A TR0 38 S 350 e 5 — b 0 P R AT 2% ALk B 5% 36 B TR ) BE B L, SR 38 4T RANS/LES 9 Y]
Bo, SXRERR AL (6B TR PO AR ST I AR (P2 ], 737 B BT [X 40 B SR ALILES I IR B 3K
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R. ATEBRETARARERERTE, FHEEMEFERET/ D TEENLES, T8
FT=41RANS.

ASCK A DESIR R 2 & 8 IEKDESHE Al ——S-A IDDESH#RY, O BETH R AS-A—
FHFERANSHERI#1TH 5. IDDES (Improved Delayed Detached Eddy Simulation) %I
Travin® #2006 E BANR K, FH7E20084F f Shur V5 — 35 K B 9 — Fh B4 DDESFIWMLES

(Wall Modeled LES) KI5,

IDDESTE P % JBEART xE S B 51\ PEEE [ 75 B8 A 82 -

A=f{A,A A, d,} =min{max[C,d,,CA..A, ] AL} )

wow? ~w max ?

YRR R A R SE, IDDESKADDESHKITE; SRFARE. BEBARS
B R DA 52 IR S - WMLES K i+ & .

DDSEZ X i R EA:

Iopgs = lpans = fa 102 {0, s = Ly} @
WMLES/ X KK EREN:

binass = Ja (U f)lpans + (1= f3)l s 3)

KA : lpgns= dy» lrgs= Cpestph o Cpps FHHL T S-A #HER— 22 1UEX 0.65, ¢ A IDDES

M REAMZB RS, LR TREFEKXT 10vEit=1; H/F 10vE LES N&xt I RER

FHEIE/ER .
DDESHISIABA T B RESDESTHE H /=4 MGIS (Grid Induced Separation) 9%,

HAEKBREFINTHAEUNE-_KERE, MARFEHALESHIERRE. XHREY,
FIsE X

f; =1-tanh(8r,)’ @

R eI, HFx Hvon Karman¥ #:
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v, +v

K*d * max| U, 9V,
v ox; Ox,
FELESXIH, ry<<l, EHd KER1, HKXENH0.
5| AWMLESHIEE B M &~ T B RELDES£MLLM (Log-Layer Mismatch) ]
. WMLESHEABERGAFEFRF R E R M B HRARANSIHE, HAFKR
RBHESRALESHE . KM LARKEE.

©)

r,=
:1071]

3 THEARR R A%

AR HE BB AHKE 32 T EE AR M VLCC (Very Large Crude Carrier), $
FLRMA K Ly A 320m, ®IHEK 20.5m, HEIRBEHRZER A 40, BtAUE 16kn. MR
SRWTE 1 i, EERDTE 1R,

RIMYVIRE

2¥% L-FivA BERE LRE

R — 40 —
LR MK Lpp/m 8 320
Witk K Ly /m 8.1498 325.992
7% T/m 0.5125 20.5
MR E M /kg 5011.57 3.207*10°
B|REH S/m? 17.9 28640
EE p/(kg/m®) 998.1 1025

(a) B ALK (b) i 2 Jay Fs HL P
B S
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F - LEEEKFAFEFITRE

ARCHBERIR EEFRE R BRI R AR EEHTTHE. HERLRRT N
it BB N: 1.0L<x<4.0L, -1.5L<y<1.5L, -1.0L<2z<I.0L.

REAEPI & )4 LB AR A OpenFOAM B 1 TR B M#% A4 i T H snappyHexMesh K58
BRo BAAFEA: BRERBISNERRLRRE FTHERME, FETEH5MESEIm
ZANEEERTT, AR\ X M (octree) MIMIEEH, REBBREHTHIMNE.

T8 4 DES 1 RANS FiERAR—EME, ATHIREMEENURE, MERHT
BOMAERE S ~BUREMKERE, BAMTEBHMEEAR 3.44X10° £RMHEK L
B E /Mg mE 2 s,

()% Jm) A% (b)Y 1 ey 3508 I 4%
B2 RS

4 WEERRIIH

BATH R HATE 16kn (Fr=0.147) TFi% VLCC ZESCARRHAIRE /13T BER, & ik
REE. ASCHEE KA T AT ATRERE TS R

1. XTAREEET CFD W8, BB =EHKEREBRLATSE S R

2. HEN L REMEHIT CFD itE.

SR 7 AR R DES. RANS #ffJ77%k. H 9 DES /¥R M K S-AIDDES
Bl; RANS HiERFKR ke SST AL,

BRRATHT TR M. BT S-AIDDES - BInBmE T EKIR S-A — 5
72 RANS #%, A7 {f DES 1 RANS WL R AR 7, BRATHERA S-A AT T
RREMTE. TR 2 PFIH 7THEIRETES =R SR T EA B MR8 IE A/ R
HELRERMHE.
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%2 BERET=MHRETHEABNETMNMAENRELER

C, Cr C R, SHEARE
EFD 0.00098 0.00297 0.00395 59.02 —
S-A 0.00138 0.00312 0.00450 68.236 15.6%
S-A IDDES 0.00117 0.00287 0.00404 61.198 3.69%
k- SST
0.00124 0.00294 0.00418 63.375 7.37%

SR 2 ERTUES, S-A BRI EERSTREMERK. T S-A fEA—
HFEH RANS B8, EAEREHERRRNFE—EM &, S-AIDDES BMEFTEER
S E RN, S RERMNHE L, BRH T HXRH RANS HAEFEHKEE.
S-A IDDES #WAETHEH, (VA S-A HAE LRI RAENH#ITHE, TREZRAAS-A
BT RS, HEARNTRT S-A BHEHRE,

SRR AT EE R U RMEE P = FHREEER TR 3 fin. EMEEIH=
RkZEHES, BRET 1+F IFMERBAC R SMELRARNE. HE 3 SR
UEE, WRsCAE AR ES SHEA L = HKERES I NEME NS REE. £
WRABLRETENEREREENELRENER, S-A IDDES EATIRKEHSN i
SST HABR/DN 6%ERK, RIFT —Fik.

®3 MWASAMAATRA ZSHRRRBHREER T

Cim 1+k o RE
ACf
MR =R RERE 0.00395 1.280 0.00031 0.00221 —
S-AIDDES St REHE — — — 0.00215 2.71%
k- SST SERBHHHE — — — 0.00229 3.62%
S-AIDDES ZH&EHEE  0.00404 1.280 0.00031 0.00217 -1.81%
k- SST ZHWREHRE 0.00418 1.280 0.00031 0.00230 4.07%
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k-w SST k-w SST

S-A IDDES S-A IDDES
(MR (O INGS
3 F A BRI X LR

S-A IDDES 1 k-SST WA H HABRM B hmE LB WE 3 fror. ATETHE, &
LM EETEE R AR ER 40 12 (MERE). TUFRSEMNE RN EER
BRTHURE, ZREACEERERTERT, UFBREEENEX, MEERIERT
Mk iERR /N, FR, S-AIDDES AR B HEAX k-eSST A E MM, 57
fERLEAL, S-AIDDES iHE 4 RHE HmHEN RHERE T FFI5E.

S-A IDDES 1 k-eSST FifpiE Al B & RO R B HE R H LB E 4 Frn. ARBHESE
KFHERPRNTUEY, BTFETHFHEETHERERENES, SBHRBEEIR
ETES; MALMHARDAEERREART —ENKRYS, HAXERIL L, Xt
REGEHE TN TR SR . FAHTLURIR, S-AIDDES HAHEBEN
KB ERIGHENT k-eSST MAEMEE, EEHRRTEEMHE.
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FoTLREEEKSNIEFNENE

k-w SST k- SST

S-A IDDES S-A IDDES
(a)SEAR R (b)RET R
B 4 R R
S-A IDDES M k-w SST FFEEIHH HARNMEREH RN TE 5 Fir. b
REFEMBE TR, MEERAHE, WARMGHERREHRREREMSTE. B
Q=50 H&TH, RAMMEFELRE., NEFTUEE, S-AIDDES HAEMW BRI THRE
RIRE I UL R B R EITRERILA, T ko SST HEEIN JL B8 A BIRBIm R IR .
K REFIER REF DES it &+ RANS/LES X1 F & 6 fik. i UER], kST —
SE T B A N X SR SR F RANS S-S0, T30 B BETH (48 K 304 (X SR 4 2 S8 LES MRk
. HNEERE, TRETEHTOREEHS, HITEHK RANS it EEEtE .,

S-A IDDES

k- SST

B s ERIR G L

- 1066 -



FoH-EREEKSNEFITEE

S-A IDDES S-A IDDES

(QLMRE OEMRE
& 6 DES i+# 414 RANS/LES X, #fa#%/R LES itHXR, KEERR RANS (HE X

5 M4

AXFAETFENAR OpenFOAM FF& B 1iEH T MHASHE TREK3N /120 &
) RANS/DES R##28 naoe-FOAM-SITU, %f VLCC Sz/REMH /13847 T HETH, HE5HEE
TR =RREREERFTTHRRIE. 68U LEBEMTHER, RIBRUTER:

(1) TEXFHEERE VLCC Wit &, DES HiEAEXT RANS HEEEEKREE: &
STSERE VLCC WitEH, BARBZ LML EEHE, {2 DES AN RANS iR E
TEINSMMTK G, AT DES FEEHLE, HiER T KA El.

(2) RANS I FKERENAEN FHEHEECRECERMITEFESR, XB—KE
SEFRHE DRI AHE; DES HEREFHITREN T RANS AR, 7T ARG ARE40
FgE Bt RiHeE, XA TEMRBRIBRBLIROIAR.

(3) TMAMAMNERREE KRN, XRFACHRNLFEEE, MERRESS.
EERNEERANBRAN It S B ESR R ESE, EXEL.

22 FETR, AOCHE L RFIT T RA CFD HiR, #5IR DES HFik7ESLAME MRS
BRIt . B AT RSN A T AR-R-Re A EAE R BUE R 2 .

g

AXTIHESIHNEREAR¥XSTE (Grant Nos 51379125, 51490675, 11432009,
51411130131), KT ¥ # % FitX| (Grant No. 2014099), L#EBEREEHZ (KF¥#H)
B 4L B B2t % (Grant No. 2013022), EXRE & XA XK EITR] (973 X)) HE (Grant
No. 2013CB036103), TfE#HEHEAMMMATEN KB . Eh—FRTHELRH.

& %F XM

1 Tezdogann T, Demirel Y K, et al. Full-scale unsteady RANS CFD simulations of ship behavior and
performance in head seas due to slow steaming [J]. Ocean Engineering, 97 (2015) 186-206.
2  Carrica P M, Castro A M, et al. Full scale self-propulsion computations using discretized propeller for the

- 1067 -



B EEEEKEE 2R

KRISO container ship KCS[J]. Computers & Fluids, 51 (2011) 3547.

3 B3N, IKAEBBTE. ESMEARRGBERBTEI]. BRELIEXEER, 2014, 35(5):
532-536.

4 REERKCAEZETF%E. ETCFDBATILMILANTIMM—FMFTHIEC]. BABEEKS H1¥EE
AR&WBE -+ EEEK A EPT R, H E,2010.

5 Shen ZR, Cao H J, Wan D C. Manual of CFD solver naoe-FOAM-SJTU[R]. Shanghai Jiaotong University,
Shanghai, China, 2012.

6 Issa R L Solution of the implicitly discretized fluid flow equations by operator-splitting [J]. Journal of
Computational Physics, 1986, 62(1): 40-65.

7  P. Spalart, W. Jou, M. Strelets, and S. Allmaras. Comments on the feasibility of LES for wings, and on a
hybrid RANS/LES approach. Advances in DNS/LES, 1, 1997.

8  Spalart P R, Deck S, Shur ML, et al. A new version of detached-eddy simulation, resistant to ambiguous grid
densities. Theoretical and Computational Fluid Dynamics, 2006, 20: 181-195.

9  A.Travin, M.Shur, P.Spalart, et al. Improvement of delayed detached-eddy simulation for LES with wall
modelling. In P.Wesseling, E.Ofiate, and J. Périaux, editors, Proceedings of the European Conference on
Computational Fluid Dynamics ECCOMAS CFD 2006, Egmond aan Zee, The Netherlands, 2006.

10 M.L. Shur, P.R. Spalart, M.Kh. Strelets and A.K. Travin. A hybrid RANS-LES approach with delayed-DES
and wall-modeled LES capabilities, International Journal of Heat and Fluid Flow, 29: 1638-1649, 2008.

Full scale VLCC resistance prediction and flow field analysis
based on DES method

YIN Chong-hong, WU Jian-wei, WAN De-cheng

(State Key Laboratory of Ocean Engineering, School of Naval Architecture, Ocean and Civil Engineering,
Shanghai Jiao Tong University, Collaborative Innovation Center for Advanced Ship and Deep-Sea Exploration,
Shanghai 200240, China)

*Corresponding author, Email: dewan@sjtu.edu.cn

Abstract: With the development of CFD technology and the improvement of computing capacity,
CFD is playing an increasingly important role in ship design. However, at present CFD
computations of ships are typically performed in model scale due to the lack of experimental
results in full scale, and the increasingly complexity of numerical simulation at very high
Reynolds numbers that RANS is hard to solve. In this paper, a DES solver for naval architecture
and ocean engineering named naoe-FOAM-SJTU, which is developed from OpenFOAM, is
applied to carry out the numerically simulation of VLCC. For model scale, we adopt the
three-dimensional extrapolation method, and full scale calculation is carried out on the cruise
speed of VL.CC. Results are compared with the three-dimensional extrapolation results from
model experiment. Analysis results show reliability and validity of our DES method in ship
resistance prediction. This paper also made a discussion on the flow fields of full scale ship.

Key words: DES; S-A IDDES; naoe-FOAM-SJTU; full scale resistance prediction; VLCC
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