= Jm BRI & B s & EDKE) AR 2 WO

ET RANS 57k ERaE! 3\ X1 AR K BYARAA
Smins ot

ke, AR, dEe T

1. TORZEAS AR, BN 430063; 2. BN FE TR Al KRG 72 R0, BIX 430063
3. EFKiE %4 TR AR T O, 5IN 430063; 4. #E THREE K E GSLi s BEsiE R, il 200240

Email: jialunliu@whut. edu. cn

WE: KEME MR RERMAEEEAN AT THRBIHEN, BAZREH Z
RATERER, EZEHSTEERAEANTIFERALEZR, BEHM M AR —MHEA
R T R, AARRBHE XS B RERTEEREEAN TR ZH, AXETIHE
TR FEWAEST HEAM, U B AFET KVLCC2 /A5 B9 & F IR AR A 38 &
RARFIA S-Cb87 AN K, ABHEIR kN EFEM R BRENF R RXFET RANS
(Reynolds Averaged Navier—Stokes) 7 ik, XA STAR-CCM+1E 4 3 45 A4 14 R A& 4 & 25,
# il ANSYS Fluent fE A K #% 28 X2 R FU AR #EAT 6P PR /7 TR, JERR A0 T 4 Bl AR A AT 25 1 U
IR, FTRKEN AT ERw BEARERTN R FIE, FRETTEKEH
AXAAMARE RN REF — 2 2m, (B30 R A R E0fm BEEIL A R E8E R T A

KERIA): RANS Fik; BB, LY, BHZR; AWK

1 515

BRENG CLIZ TN R 4 7 bzt A Y B R R 4, H R T Kt SR Y B B 1 DA
LTS, MAKS0 72 A B AR i 5 A B R A — E I R 3o g
S, EREAE AR 2 AR, T AR, 055 1 I AN D4 B P (BT VILeC
XA AR KRR UL, WA AR A PR 7 (58 3 AP, B bRk SRR T LU
ERING S I8 BN BB T 00 B, X — 5 3 ARSI HE K it S 06 Bl L S AR A
(CFD) {hEMIESE. &4 MOERI #2{) KVLCC2 /Kt seibHdE, SLibicEEch 0.142
I, SRR ERUE FAL G R I 2.7% M BT DL BN, A SO AT E SRE S
SRS EPER ) .

REE&WE: (ERARREEESEBTE (51709217) , b4 HARESEL EBTE (2018CFB640) , i T2 E 5 &H &
SeEeE (RIEASE RS JFREIE (1707) , R RFEARHILS L H (WUT:20181VA034, WUT:2018IVB079) ,
PG TR 2 — 3 H R &%)

-977 -



8 = R EUKRS S & B s & EOKE AR S WO

W% CFD J5 Al id v 5L A e, SO /K It S 56 120 1 o % BEL 10 e ) 2 2 B
2o HAEGEMSS (EFD) AL, CFD J59kml DR ARAS L RCR AR UL VR it
AT CFD J7 i L B A T4 KVLCC2 SR AR BL AR A 1 B Pk i > o A et —
AR AR B AR B I IE R B AHEEAT 7 RANS A7 3, WFFL 1 AR BR S A 2 2O AR G

PESET A /7 f 52 o

2 FEfJ U S it T

ST 5T 0 G R BRbr e AR KVLCC2 IARIR: £7%1) S-Cb87, flfk =2k3: & AA)
R BREFG IR, 2561444 S-Cb87. S-Cb87A 1 S-Cb87B. %741 S-Cb87 5 KVLCC2
M FEREWER 1R, BT LRSI an B 1 BT A SCfl F B KVLCC2 #EA % iy
SREL RANS J7yEb 47 T 3E, JEXF S-Cb87 RAUMMELEIE Tl Nkl T 2 AN FE s il AT

T CFD i Fit 5. BRI S AF IR 2 P

1 KVLCC2 5 &% S-Cb87 ARRIERE

fi 4 KVLCC2  S-Cb87 S-Cb87A  S-Cb87B SSEEE - N
I\
Lep (m) 320 178 178 178 R
B (m) 58 32.263 32.263 32.263 fNaiish :- e
D (m) 30 14.463 14.463 14.463 S .
SR
A 58 61.1875 61.1875 61.1875 it
T, (m) 20.8 11.57 11.57 11.57 e - S
S(mz) 27194 8891 8897 2906 —WLinFul  —WL. atfore partin Ballast
Bl 1 AT ARG R B A 2
2 BAREAY OFD HHEEH
i Lpp(m) Fr Re (X10% ¥V (ms™)
KVLCC2 &iF 41
55172 0.142 4.6 1.047
61.1875 2.9091 0.0966 1.5061 0.5202
61.1875 2.9091 0.1157 1.8038 0.6230
#%1] S-Cb87 5 %%
e 61.1875 2.9091 0.1354 2.1110 0.7291
61.1875 2.9091 0.1545 2.4087 0.8320
61.1875 2.9091 0.1737 2.7108 0.9354

-978 -



F=t mEEKS AT & B U m e EKE) 1A AR S WO

3 RS ITIR

TSN 2 fros. SR RAF IR s AR IO A AT A B KERT, A AT
T X AR S 30 S RE R RE s ORI O AR Star CCMA+2E
JRARSE AN TR RS o W AL 1 55 M R = I 5 s L 1 3 s

X/Lpp .
S S CPIRE) 3 MM

=

Cy(-) and Cy(-)

: m .
54

32 4
0.5 1 L5 2 25 3 1.08 L1 112 L14 116 LI8 12 122 124 126 3 4 5
Growth ratio(-)

4 RS RSIAE A

& 3 FNARKIEIE

WARrS EFD CFD
Cy(X107) 4.002 3.971
U(C, %) -0.780
C(X107) 3.450 3.418
U(C%) -0.935
Cp(X 107) 0.552 0.553
U(Cpy %) 0.169

AHH AL A CFD #04F ANSYS 18.2 i#4T T RANS f/i 5., f# [ k- @ SST A2 o
RANS 7592 (4 FH I8 1%HE B WA 5 405 SR R0, R M 7 B AT RO R IR S PR BRATE . A S DAV
AL, A TR T SRR ST, 1S AR S A5 DA K R B iR AT T XA A N A
0T, AT R ILE 4. BB 4 0TE, AR EMKEENE 1.2 5, MEEEEKE 6.7X

-979 -



= R AR AT A B TR A K E 11 R AW

10° 2 J5, AR IS4 R C 2R/ BT RIEE . AT AR, 25
SCSACRR FE , AR SCIR BT SRR /N ] 2, 320 2 K 1,225 AN S0 6.7 X 10° /9 RANS
THRERAERI AT, BEEE R 3.

4 HR 500

4.1 FEIBAEREMEXE N RZEHZ N

Z51 S-Cb87 BAAEANE] Fr H T MR PERH /) R ECANEE KB ) R %L & S-Cb87A. B #H
X} S-Cb87 MIBH I Z R UK 4 Fin. HERATA S-Cb87 R = ANAN A B a8k & A AR 2 1 3 1t
B R E B FEARIR K, {HIZE S-Cb8TB K% B 1A% 573 A0 5 S A/

3 4 S-Cb87 RIIRRERE] Fr A THRMANZYSHER DR

S-Cb87 Diff. o Diff.5 S-Cb87 Diff. o Diff.5
(C,X107)  (C,%) (C%) | (CwX107)  (Cp%) (Cp %)
0.5202 5.032 0.0402% -0.0429% 1.171 -0.2756% -0.7234%
0.6230 4.861 0.0583% -0.1540% 1.122 -0.0766% -1.2084%
0.7291 4,758 -0.1249% -0.1184% 1.069 -0.1582% -0.7373%
0.8320 4.647 -0.1190% -0.0883% 1.032 -0.1739% -0.6613%
0.9354 4.541 -0.0914% -0.0835% 1.000 -0.0277% -0.4926%

4.2 AEIBRIR Tk BAEXTIRHE LR 2 H A3 =01 & A F200

TE Fr=0.1354 261 N1 S-Cb87 F H1| M Y g 22 48 1h Akl 1) T B = Bl W61 7 Frs . W
7 Al %1, S-Cb87 5 S-Cb87B #HXT S-CbS7A, FEMRNE N A EH KHMKEX, 3 HAE
URNE XL T BRI IR IR X, IR RS S-Cb8TA [l FE AR B AP 2% .

a. S-Ch87 b. S-Cb87A c. S-Cb878

P 7 Uik AR A5k T Ak v e

- 980 -



F=t mEEKS AT & B U m e EKE) 1A AR S WO

4.3 FARIBXTkEMEXE AR

F51| S-Cb87 MifE#HR L /137 El 8 Frzn. M 8 WA, S-Cb87 R FIMGHIER S fiff b5 47
FER R X, IXERAE BRI 7 A8 SR IS 77, JF H. S-Cb87 M # ) v s [X LE H At Y
FMER, RPERABRMBIE . BT RIAGARA T, BUARARE 7137 JLF AR

Pressure
2.70E+02
2.40E+02
2.10E+02

Pressure
2.70E+02
2.40E+02
2.10E+02
1.80E+02
1.50E+02
1.20E+02
9.00E+01
6.00E+01
3.00E+01
0.00E+00

Pressure

2.70E+02
240E+02
2.10E+02
1.80E+02
1.50E+02
1.20E+02
9.00E+01
6.00E+01
3.00E+01
0.00E+00
-3.00E+01
-6.00E+01

1.80E+02
1.50E+02
1.20E+02
9.00E+01
6.00E+01
3.00E+01
0.00E+00
-3.00E+01
-6.00E+01
-9.00E+01
-1.20E+02

-3.00E+01
-6.00E+01
-9.00E+01
-1.20E+02
-1.50E+02

a. S-Cb87 b. S-Cb87A c. S-Cb87B

<9.00E+01
-1.20E+02

-1.50E+02 -1.50E+02

8 M HR I 7137

AW FLHT RANS JjEXS S-Cb87 RFME | BAAIMTT 5, oM 13 21U T 4518
O T S-Cb87 R FI MM LA Z2 AT BLN, RiE B 7 R B Z2 B AN G o ASHIT ST AL
H ) R AUREEE) RECTRERZ B CFD JHERI AN € PRI . @S-Cb87 RAIMMETE LI T
xR 2 H Fr SR AR R B PERE, IX R BR MG BT I A B AR AR 7K I 3h 28 451
T8 T/ N 1 FEL AT o

& % X M

1 Sharma, R., and Sha, O. P., 2010. “Practical hydrodynamic design of bulbous bows for ships”. Naval
Engineers Journal, 117(1), pp.57-76.

2 Kracht, A. M., 1978. “Design of bulbous bows”. SNAME Transactions, 86(1), pp.197-217.

3 Ahmed, Y., and Soares, C. G., 2009. “Simulation of free surface flow around a vlcc hull using viscous and
potential flow methods”. Ocean Engineering, 36(9), pp.691-696.

4 Sadat-Hosseini, H., Wu, P.-C., Carrica,P.M., Kim, H., Toda, Y., and Stern, F., 2013. “Cfd verification and
validation of added resistance and motions of kvlcc2 with fixed and free surge in short and long head
waves”. Ocean Engineering, 59(1), pp.240-273.

5 Pereira, F. S., Ec,a, L., and Vaz, G., 2017. “Verification and validation exercises for the flow around the
kvlcc2 tanker at model and full-scale reynolds numbers”. Ocean Engineering, 129(1),pp.133-148.

6 Toxopeus, S., 2013. “Viscous-flow calculations for kvlcc2 in deep and shallow water”. In International

- 981 -



8 = R EUKRS S & B s & EOKE AR S WO

Conference on Computational Methods in Marine Engineering, Springer Netherlands, pp.151-169.

7 Crepier, P., 2017. “Ship resistance prediction: verification and validation exercise on unstructured grids”. In
VII International Conference on Computational Methods in Marine Engineering.

8 Kim,W.J.,Van,S.H.,andKim,D.H.,2001. “Measurement of flows around modern commercial ship models”.

Experiments in Fluids, 31(5),pp.567-578.

Rans study on the flow around a high block coefficient ship with

different shapes of bulbous BOWS

ZHANG Yan-yun ', KAN Jin-yu ', LIU Jia-lun ***
1.School of Transportation Wuhan University of Technology Wuhan, 430063, P. R. China;
2.Intelligent Transportation Systems Research Center Wuhan University of Technology Wuhan, 430063,
P. R. China; 3.National Engineering Research Center for Water Transport Safety, Ministry of Science and
Technology, Wuhan, 430063, P. R. China;4.State Key Laboratory of Ocean Engineering, Shanghai Jiao Tong
University, Shanghai, 200240, P. R. ChinaEmail: jialunliu@whut.edu.cn

Abstract: Bulbous bows have been applied to a large variety of ships to reduce resistance and
fuel consumption. The mechanism of how to optimize the bulbous bow remains unsolved.
Furthermore, the impacts of the bulbous shape on resistance deduction are commonly not
available from the public. Three scaled models, which are modified from the standard KVLCC2
tanker, with different bulbous bows have been built and tested in the towing tank of Hiroshima
University. Based on which, double-model tests are performed through Computational Fluid
Dynamics (CFD)simulations and presented in this paper. Reynolds-Averaged Naiver-Stokes
(RANS) simulations are carried out with unstructured hexahedral trimmed grids generated by the
commercial code Star CCM+. The commercial solver ANSYS Fluent is used with a k-w SST
turbulence model. Simulations are performed to show the relationship between performance and
bulbous bow shapes and catch the “hook™ shape at propeller plane. The results show that the
different bow shapes have a certain effect on the Cp,, but have little effect on C, and Cf.

Key words: RANS method, bulbous bow, double-model test, resistance prediction
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