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Abstract

In this paper, the Flow Control Fin(FCF) optimization has been carried out using computational fluid dynamics(CFD) techniques, This
study focused on evaluation for the performance of the FCF attached in the stern part of the ship, The main advantage of FCF is to
enhance the resistance performance through the lift generation with a forward force component on the foil section, and the propulsive
performance by the uniformity of velocity distribution on the propeller plane, This study intended to evaluate these functions and to find
optimized FCF form for minimizing viscous resistance and equalizing wake distribution, Four parameters of FCF are used in the study,
which were angle and position of FCF, longitudinal location, transverse location, and span length in the optimization process, KRISO
300K VLCC2(KVLCC2) was chosen for an example ship to demonstrate FCF for optimization, The optimization procedure utilized genetic
algorithms (GAs), a gradient—based optimizer for the refinement of the solution, and Non—dominated Sorting GA—II(NSGA—1|) for
Multiobjective Optimization, The results showed that the optimized FCF could enhance the uniformity of wake distribution at the expense
of viscous resistance,

Keywords : Computational fluid dynamics (F4AESA|ISSH, Flow control fin(S-=AM/0{ ), Multiobjective optimization(CHF=EX X&)
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Table 1 Principal particulars of KVLCC2

KVLCC2 KVLCC2 Model
Scale 58.0
Lpp(m) 320 5.5172
B(m) 58.0 1.0000
T(m) 20.8 0.3586
D(m) 30.0 0.5172
CB 0.8098 0.8098
S.C.H. (m) 5.8 0.1
Fn 0.1423
Rn 4.6x10%
Utkn) 15.5 1.047(m/s)
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Fig. 2 Coordinates system
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Table 2 Computational conditions

e

CFD program

CFX, CFX-Mesh

Govering equation

Reynolds—Averaged Navier-Stokes(RANS)

Froude No

0.1423

Reynolds No

4.6x10°

Inlet region: velocity Inlet u=1.047m/s

Qutlet region: static pressure = 0

Boundary condition

Hull surface: wall
(no—slip condition)

Remaining region: symmetry

Turbulent model

standard A& —¢ turbulent model

Mesh type

Unstructured hybrid(tetrahedral/prism)
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. Mesh - Yang, e\ 011 | o677 | 3sss | 1127
Fig. 3 Cv by number of cells for the mesh sensitivity a'-.(2010)
analysis (Lee, 2011) Kim, et 3374 | 0913 | 4287 | 1.1243
al.(2008) ' ' ' '
2 oiojAls AFRTE 23 CFXE AlRSIgon, LEes Author 3.2167 0.8563 4.073 1.183
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Fig. 4 Axial velocity distribution on the propeller of
KVLCC2 (Left: Yang, et al., 2010, Right: Author)
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Table 4 Comparison of chord and span length

Plate Fin
CHAkMEE KCS KWL.CC
L(m) 230 320
Chord length(m) 2 2.8
Span length(m) 1.5 1.4 0.7(25%) ~2.1(75%)

Fig. 5& Z7|2&Ix0M -0.85 Chord length ~ 0.85
Chord lengthe| AA|E==0f| }= FCFP(Flow Control Flat Plate)

o} FCFe| MMXset x5 LIERHC} FCFP(Flow Control Flat
Plate) 2Ct FCFE 251012 W MMXME0| &2 X7+ LIEKS
2 gRlsieict 1822 FAeel MAX|E 2| Platel®
Ct Fin0| 25517 | mi2ol Mo|FSHOIEAIZA FingAts £t
sh= Zdo| MAS|ClT TCEEIC (Wie, 2011) FCFe| THEEAL
2 NACA 0012 (Fig. 6)& ARBSICE Ol CHAMe| Moz
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% 0.12 = 0.24m o|c|.
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Fig. 5 Rv of FCF and FCFP
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Fig. 6 Profile section shape, NACA 0012

3.2 FCFe| Z7|9IA|

Fig. 7 Initial design variable of FCF (Left: 60cm,

Right: 20cm)
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Fig. 8 Ave. stdev of initial design variable
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i Fig. 71} 20| Mx|e| &
A AHEl0| 2502 sk Al
CF2l cord length/span length7}
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S.C.H(Shaft Center Height) 2 AAsICE 12|11 vy, 222 10
M5 xF0| =7 |MAHrR 20cm ~ 60cmE AMYs BERE
TETRIE S&ekr& 1o T&sIIct

Table 5= FCFe| y=1} z50| FAR(R|, ZT2A =T|AAHH
£=o| DME|0Ql= FXIE LIEKACE Fig. 82 FCFE xZS 2}
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X|A A S Zolck xE0] 40.004cmollAM 7FEF &R
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Table 5 Restrictive condition of initial FCF
Z Position Angle
7.8cm 10cm 0

Y Position

Initial FCF

Table 6 Coordinates of Initial position FCF

X Position | Y Position | Z Position Angle
40.004 7.8 10 0°

Initial FCF(cm)

4. z[X5}
2 ol7olM A3 Z2age Ham faeixlel wye

Design Modeler, Fx|AAR2 CFX, ZZX3l 7[#He Ansysel
GDO(Goal Driven Optimization)2 AR50 £aSIFCEH

Table 7 Design variable of FCF

Design variable
X Position —0.85 Chord length ~ 0.85 Chord length
Y Position | —Radius of Propeller/2 ~ Radius of Propeller/2
", Span/Chord length = 0.25 ~
Z Position Span/Chord length = 0.75
ZAngle | -25° ~25° (HMA|AeERE ZtTol ako| gl
4.2 SHe
HTE FCFO| Aol SXse2 BHAXIST} RS

T
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=
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Programming by Quadratic Lagrangian, Schittkowski, 1985/86)
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0fZl FCFo| S&te|x|2f M|2S Table 81} 2T},

Table 8 Location of FCF with minimum Rv

Y Position

-0.42671

X Position

-3.6765

Span length
3.5729

Z Angle
21.994

Fig. 10 Limiting streamlines of FCF with minimum Rv

Fig. 102 #2 MMXNEE JIKl= FCFe| F&M2(x|2t H-2lof
Me| s (limiting streamlines)2 LIER| T Ct

Table 9 Comparison of hydrodynamic data of bare hull
and hull with Rv optimized FCF

oo [ oo [ | 25, T 2,

Bare hull | 9.1965 | 7.2477 | 1.9488 | 0.12763 | 0.37453

Rv Opt hull| 9.1965 | 7.2562 | 1.9403 | 0.13456 | 0.38084
Table 9= E4 HAMEES JIRls FCFE Al Mot
Bare hulle| MMAen} HiREHSS H|wsh 2o/t MMXER
e £XE UL, HHREAST(Ave.stdev)= 0.006932H &
7P°|— ZE Jpgten] g AR 442 0.0063¢HE 37t

IACt FCFe| F&kol| 2[5t0{ ORI EHRf)-2 0.0085N 71615

I”._F HAMQlAX{sF2 0.0085N ZAsict FCFe| of2iTHol|A
212o| LoRRlof w2t fL0| WEIK|HA gERelRe| Mo
oI5t 3x12l 2h2|(ordinary separation)&Alo| ZEO{E ZHo = Tt

ElCk(Fig. 11) FCFel Ralez ols niEixah2 S7tsIX|gt

Bl2|az olslol HAA2AXE0] 20150 Bare hullel EaA
TS HACK EEEEICE

g1t 2

Fig. 11 Comparison of limiting streamlines
(Left: Bare hull, Right: Rv opt hull)

5.2 UHFEZ z[X3}

Table 10 Location of FCF with minimum Rv

X Position Y Position

2.8133

Span length
2.1188 1.268

Z Angle
-23.089

Fig. 12 Limiting streamlines of FCF with minimum
Ave. stdev

Table 11 Comparison of hydrodynamic data of bare hull
and hull with Ave. stdev optimized FCF

Rv(N) Ave. stdev | Ave. wake

Bare hull 9.1965 0.12763 0.37453

Ave. stdev opt hull 9.2465 0.11683 0.38073
Table 112 £ WRERSEE JIXIE FCFS LAk Myt
2} Bare hulle| MK &} SEREASS H|WEt Ziolct HRE

st 0.01082H8 AasiRn HHX 2 0.05N Slsks
xS Euen, Yo SR 42 0.00628H S7F5ICt,

Fig. 13 Comparison of wake distribution at propeller plane
of bare hull and hull with Ave. stdev optimized
FCF (Left: Bare hull, Right: Ave. stdev opt hull)

Fig. 132 Bare hulz} &2 U5
Zbst Muto| HEE Ex= LlEfHC

REASTE JWlE FCFE 7
FCFe| SiztoflAf of2tieo]
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HISI0] HE FE5S 7FK17| {20l Bare hullol H|S10 12A] 7
ko] METZIo] E0IE AS &ele & 2A2n] pAlTIe| &

P
70| ZOIE AE £ 7 Ach 22|10 YT MEFUY

5.3 HUAE} BiREEe| CiSH /X 3}

2 d7oMs BEXES| FTIet HiREAS HTE SME
T2 Sh= FCFe| Ci=4 £[&351E alsk| flsl H(X|ul HEs
782 sl Ch=EA g £& 5 ZHof 2l ARSEl= NSGA-
Il (Non—dominated Sorting GA-II, Deb, et al. 2002)& AREs}
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Table 12= =7V[%I%|2] FCFE F=tet M8t} Bare hulle| &
AxXE giREdSS dlwst Zolch FCFe| =V|FER|Rl=

Zolgrekel xFo| XV|H=of e YREdS TRVt AT} 5|

= 9x|z MESIICH TR BREFSEE 000520048 24
45T HARES 0.0462N Z7fHs 45 2iglond, B
SAEER 282 0.002922+2 S7ISI%ct

2|20| MAKET} HIRSRSTE SA0] RSB aiMe
2x{5iro| J1EAE Tl £ CIRXAASIE 2851 Z0|

Table 12 Comparison of hydrodynamic data of bare hull
and hull with Initial FCF

Rv(N) Ave. stdev Ave. wake
Bare hull 9.1965 0.12763 0.37453
Initial FCF hull 9.2427 0.12234 0.37745

TSEE T 38Ho| FCFo| MIYnt £2IR(X|E MENSI0] SHA|
FM(limiting streamlines) 2t BFREZE 2I5IC|

Table 13 Comparison of optimum FCF and objective

function
X Y Span z RY(N) Ave. | Ave.
Position|Position| length | Angle sdtev | wake

—

3.9992 | 2.125 | 1.2014 |-24.495| 9.2277 |0.1186|0.38215

2(3.9992 |2.0264 | 1.2014 |-24.495| 9.2564 |0.12001/0.38158

3|2.8133|2.1132| 1.2378 |-22.763| 9.2337 O.116890.38049|

Fig. 14 limiting streamlines of Multiobjective optimized
FCF

Fig. 14= #|2o| MANED BIREASTE SAll UEsSH=
FCFo| S&2(x|2t H|RlofAe
LIERHT UCt Table 142 %[22
SAlol| 2HEske FCFE F&I5H Mufnl Bare hulle| HAX
HERE24SS v|wsh Zo[ct BFREFSE= 0.010742H
31¥ 0 AMAER2 0.0372N B7I5kE %12 e, Wi 3

=

=

e 0.005962H2 B7tsIiC

SHAIM(limiting  streamlines)
HMXs HiREdSE

nu mo

oo
=

N
B

Ok

L

Table 14 Comparison of hydrodynamic data of bare hull
and hull with Multiobjective optimized FCF

RV(N) Ave. stdev | Ave. wake

Bare hull 0.12763 0.37453

Multiobjective opt hull 0.38049

Fig. 15= Bare hullnt £Ao| MMX SN HREdsT
Alof| oiFSk= FCFE F&5H Mufo| HiER BZE L

FCFe| SiHollM of2iddof H|lo] W2 R&S
Bare hulloll 1|01 12A] F21e| X&EFZ10| E0
= qlon] 6A|TZIe| &P E0lE HE B

T EYRTe| MaT7iHE S0l £ %S 8 4 o)

r

Fig. 15 Comparison of wake distribution at propeller plane
of Bare hull and hull with Multiobjective optimized
FCF (Left: Bare hull, Right: Multiobjective opt hull)

2iCt 0.3ROIM= Bare hull2Ct BFRER T} 52 $£X|5 LIE
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