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Abstract : In this study, a fin that controls ship stern flow was attached on stern hull of a 80k bulk carrier to improve resistance performance. The
rectangular cross-sectional fin was attached at several locations on the hull, and angle to streamline was changed with constant length, breadth, and
thickness. The resistance performance and wake on propeller plane of the hull with and without the fin were analyzed using model-scale computational
fluid dynamics simulation. The analysis results were extrapolated to full-scale to compare the performance and wake of the full-scale ship. First, the fin
changed path of bilge vortex that flowed into the propeller along the stern hull without the fin to transom stern. This change increased pressure of the
stern hull and upper region of the propeller, so pressure resistance and total resistance of the hull were reduced - the nearer the fin location to after
perpendicular (AP) and base line of the hull, the larger the reduction of the resistances. Second, nominal wake fraction of the hull with the fin was lower
than that without the fin. This difference was in proportion to the angle of the fin, but the total resistance reduction was in proportion until a certain
angle at which the reduction was maximum. The largest total resistance reduction was approximately 2.1% at 12.5% of length between perpendiculars

from the AP, 10% of draft from the base line, and 14° with respect to the streamline.
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g2l © 2 RANS(Reynolds-Averaged Navier-Stokes)
ok 2, A@A pE A B, w9 ui )=
19} I7(27] = 17273) HO]—BQ:OH EHT:S_]_' ‘%‘ﬁ

T
g, pe A A A

rir

z2

©.7

Reynolds &%, ¢, = < ¥7F=elth

22 HF mH

AR 79 R FE5Y A5 F
(turbulence model)2] &F2}
T(Lee and Park, 2021)° 4] Z}A|
oAM= Adn| ol F-2g Ao
Hol| A o] iFEE 7o Bxlst
25, RST(Reynolds Stress Transport)

RST 249& 2](2)9] Reynolds 5
6712] 44742 (transport equation)Z}
(isotropic turbulent dissipation rate)oll ™+ 17}
2 FAEY. WA Reynolds -5l
¥} Zo]l WA= 7HEFstAl 3 7]%¥ vH(CD-adapeo, 2018).

a9

rir

2 & M
mrfmg:tm

1
o

3}
T

%(pRHv - (RY)=V +D+P+G

2 2
- gPI’YAPL ¢+ 561

(e} i=]
=8 A&

21(3)ell -1 R Reynolds
Reynolds 53 &XxFHak(diffusion term), PT&
(production term), G©= F8 A&, [+ &4
o=
(pressure-strain term), e-> W Zx2F-E(dissipation rate)©] T},
1714 Reynolds -8 A& R vh3 2ok

)=}
c-)]Tf:

E A

= >

“(dilatation) 42t} (dissipation term), SE-Hyg e

’ ’ ’ ’
UUy UU

’ ’ ’ ’
Ul g ULUg )

’ ’ ’ ’
Ul 5 U U 5

Reynolds &% €Fa} D+ th5¥ ZTHLien and Leschziner,
1994),
m
D= (u + —t)VR ()
Ok
= o

\__J_E

2150 p= FFel A Ad(turbulent viscosity), o),

Al4=(model coefficient)®] T}.

A - g
a5 A4 P B 2
P=-—pR-vvi+vyv-RT 6)
D7 A% frEol e 58 AT G ot 2k
Hy -
G=pp, (VT g) ™

AN p=
Prandtl 9=, T= P 25, gv TE7ME5E HEolth
B 241 4,52 B 7 2 t(Sarkar and Balakrishnan, 1991).

& 3 % (thermal expansion) A<, Pr,= W

Cy ke

T =
2

®

A €2

kinetic energy), c+
SRR

Launder(1978)©] xﬂ

2A AF, ke E 250l YA (turbulent
5% (speed of sound)©]T}.
o5 Best7] A8 a3 o] Gibson and

oreH Ay A AT

o

¢ = ¢s + ¢7* + an}, + ¢1ur + ¢2’ur (9)

2@l A ot MR s slow, r< rapid, r,bi= buoyancy

contribution, 1w+ slow wall-reflection, 2w+ rapid wall
reflections & 1] g+t
ol A& mely} 3+ Rodi(1991)7F AeFEF Two-layer &

@ A8 sisted, ol

Bﬂ(wall)?%ﬁl A7} e

eTJr e A

+ % [C’d(%tr(P) + %Qstr(G))

ape | (10)
21004 C,, Cy, Cyiz B Al AL, trd ®lA 9] O

7}k (trace)S 2|1 3T},
RST Wt =} 7} gho)] tfafj4]:= STAR-CCM+ User Guide
(CD-adapco, 2018)°ll 4 AFAI3FA A 3tar )

- 1108 -



X

]

)

pis

2 el A= VOF(Volume of Fiig EEES
W (free surface)S FAFSFQ =T,

23 37145 AolA 2
o} o] 5& =T} VOF
(CD-adapco, 2018).

o 9
+ 8_%(0%“7) =0

m

ot

AADelA a, &

VOF Zdlyl fae] 273 &l daire
User Guide(CD-adapco, 2018) 4] AFA|8HA] A3l gl

3. A+ oY

3.1 o
= Ae] i Adek

S Table 1, A%

$ato] o A

A3l A

A = flotEfe]

% i]%# 7 A (interface) -3
F 29 o] &l ae ve) 2

(1D

A1 A F-&(volume fraction)©] T},

STAR-CCM+

A4 &astar = oF 220m 7 Aol
©] 80k Bulk carrier©] i, T} ke 4
(lines)Z Fig. 1°] =A8}%it}.

A (main particular)

] s
| e /
o) )
: NS\ /
AP FP

Fig. 1. Body plan and side view of target ship.

Table 1. Main particulars of target ship

L Symbol .
Designation [unit] Ship Model
Scale ratio A 34.154
Froude number Fn 0.153
Reynolds number Rn 1.37¢+9 7.15e+6
. [knot] 14.0
De d
SIgh spee [ms]  7.202 1.232
Length between
perpendiculars Lgp [m] 222.0 6.500
Length of waterline Lwr [m] 225.5 6.602
Breadth B [m] 32.26 0.945
Draft T [m] 14.64 0.429
Wetted surface area S [m?] 12378 10.61
Transverse area 2
above waterline Ar [mr] >68.0 2217
Displacement volume VvV [m’] 90815 2.279
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Fig. 2. Definition of fin location and angle.

Table 2. Main particulars, location and angle of fin

Designation S[yl?n ]ﬁ) ! Ship Model
Length ¢ 0.01Lgp
Breadth b 0.002Lgp
Thickness t [m] 0.03 8.78e4
x-dir. Tp 2.5 & 3.0ST.
Location
z-dir. Zp 0.10 & 0.15T
Angle to streamline o [deg] 10, 11, 12, 13, 14, 15
4. £X|o A
B AT AE BYAL throm oD sA S Saee,
48 2ZE Q] STAR-CCM+ Ver. 13.025 AHE-3FSIT) o]
u 2N 9] {9 = Hit 3 (seawater) <=9 5
A&t 15T 2] Hr(fresh water)©] L(ITTC, 2011), thA Auke] A
7 2: 5 (design speed)$! 14.0 knotsoll thall a)4& S=33}3ict.
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A A S olAbstato] bl A o8 WEkalr] sl
ALt @ (domain)y S frehek 2F2 AR e fEA A
(finite volume method)©] A}-& % %} tH(CD-adapco, 2018). 33 ©]
Abstol = 54 7 3HA) 4 9 (cell-centered finite volume method),
tfF3(convective term) ©]Aksloll= 22 F A (second
-order upwind differencing scheme), &2+ (diffusion term) ©]Xk
3loll= 5 AU (central-differencing scheme), $43-&%
A (pressure-velocity coupling)oll = SIMPLE(Semi-Implicit Method
of Pressure-Linked Equation) ¢85, XA &5 a2 dl+=
DFBI(Dynamic Fluid Body Interaction) 5. &o] AF&¥ ] aL, A4
9] 6 A= (Degrees Of Freedom, DOF) &% % z-% H3j H
5 (heave)d} y-5 T4 3% (pitch)yS A& 3 A
T TS A A s
time step<> CFL(Courant - Friedrichs - Lewy) Z=71(Courant et
al., 1967)3} ITTC(International Towing Tank Conference)2] Hil
(ITTC, 2014)°l wa} 0.01%= 3§48+l th. CFL %713} ITTC

;

Ho

oAl A A3k AbE-> A Ab2] o] = (Lee and Park, 2021)
A A A EFA A star T
43 AM FY A FA A

AAE 4 (computational domain)@ A Z 7 (boundary

condition)S Fig. 49 A3t 27|l z gho] 091 b
THE 7o R ot g2 &, A% 99 o,

‘a7 e] RBEE(half breadthyell thalj At 4 s3lct. ol uf f-&

Inlet : velocity inlet

Side : symmetry plane
Bottom : slip wall

Outlet : pressure outlet

Fig. 4. Computational domain and boundary conditions.
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Fig. 5. Grid system used in numerical analysis.
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(ITTC, 2017)° whe} 7 Z(verification)d} 1 tF. ITTCOl Al L
= A% datel AHS AR o] = (Lee and Park,
2021)ell A AFAIEHAl A Ekar 9l

B ATedAE He R 7‘1}7419Jr ol Z J|Eow AR
Elﬂ(gn’d size) S v/2 2] 7] H] (refinement ratio)= &7} 2 7+
2R Z 3] AxpAle] tiEl wAS A, L AR
AES Fig 69 TAEITE 1 5 84 Ad2FE By
A A AN, s 3l 4=

pud

4] 9 5(convergence

v
[

w3k A

Table 3. Results of convergence study

. Ry ™ oM
Fineness  Cell number IN] [deg] (e43) [m]
Coarse 672,368 323 0.111 -6.83
Medium 1,311,609 32.0 0.109 -6.74
Fine 2,705,179 31.8 0.109 -6.69

*Trim by bow is defined to be positive.

Table 4. Results of numerical error and uncertainty analysis

study) 2} =% %4 @ X}(numerical error) 3 & £ A (uncertainty) R v Tm
B7Fe sttt TG V2
G 0.190 7.98¢-04 -5.25¢-05
€G, 32 0.317 1.30e-03 -8.75e-05
R 0.598 0.613 0.600
861 0.190 79804  -525¢-05
U, 0.092 4.65¢-04 2.63¢-05
Ug, (%5Sg.1) 0.29 0.43 0.39

(a) Coarse grid

(b) Medium grid

(c) Fine grid

Fig. 6. Grid systems used in convergence study.

Subscript ‘G’ means grid size and ‘C’ means corrected value.

THA A7) AIE Table 3, 73
7+e] A3}E Table 40 =A8F 3L, =% H](convergence ratio,
Rp7h 25 03} 1 Apo]om @ X4 ©3K(dy, )9 B3
’d(Ug, )+ generalized RE(Richardson Extrapolation) '8 & AF-8-
3 F4stivk. 2 A3 P H A (Rpy)Tt B
(o), A3t (oo FAA =40

medium AXAIE Aol A&7 )

SEEE L REE:

1% o3t oz

o
My
K

15°C o] G<rol A AA 452 14.0 knots(Fn =0.153, Rny =
7.15e+6)°ll dial B Ao A F CFD 3lA4S F3si8la
wd g ZE oo Fo] RS wjo] By d Ay o)E
%2 %] S (pressure resistance, Rpy) B A & (shear resistance,
Rg)o-2 TE31o] Table 59 EAIFAT) o] 2H5-E 249
A AN RS 537 a8l 2@ He A3 ITTC
1957 "3 (Harvald, 1983)S AH&ato] 24 Hgatgls, 1 2
7+5 Table 69l =AISFSITE ITTC 1957 -2 Azke] o] A
it (Lee and park, 2021)0'”7\1 ZAEHA A skar ¢lar, o] uj
w}z %] & (frictional resistance) 7|4~ Reynolds <=2 5-E(Todd,

1957), 28 4-2 779 (model-ship correlation allowance)
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Table 5. Resistance components of target ship in model-scale

-4

]

Location ap Ry Rpy Ry
[deg ] [N] [N] [N]

Bare hull 31.975 5.829 26.146

Zone 1 10 31.820 5.638 26.182
10 31.767 5.601 26.166

Zone 1I 11 31.760 5.585 26.175
12 31.763 5.575 26.188

10 31.721 5.576 26.145

11 31.691 5.538 26.153

Zone 1T 12 31.655 5.495 26.160
13 31.655 5.484 26.171

14 31.661 5.478 26.183

10 31.684 5.545 26.139

11 31.647 5.503 26.144

Zone TV 12 31.622 5473 26.149
13 31.590 5.432 26.158

14 31.585 5413 26.172

15 31.589 5.401 26.188

Table 6. Resistance performance and running attitude of target
ship in full-scale

. Q R * og
Location [deg ] [klfa [ ng.] [ ms] RR%
Bare hull 757.93 0.109 -0.230
Zone 1 10 751.50 0.109 -0.229 -0.85
10 749.32 0.110 -0.229 -1.14
Zone 11 11 749.05 0.110 -0.229 -1.17
12 749.15 0.109 -0.229 -1.16
10 747.44 0.109 -0.229 -1.38
11 746.23 0.110 -0.229 -1.54
Zone 111 12 744.71 0.110 -0.229 -1.74
13 744.71 0.109 -0.229 -1.74
14 744.95 0.109 -0.229 -1.71
10 745.92 0.109 -0.228 -1.59
11 744.39 0.110 -0.229 -1.79
12 743.39 0.109 -0.229 -1.92
Zone IV
13 742.07 0.110 -0.229 -2.09
14 741.86 0.110 -0.230 -2.12
15 742.04 0.110 -0.229 -2.10

*Trim by bow is defined to be positive.

2l

X

L
L

A A o] wll <= (displacement) ©. 2 5-E] (Harvald, 1983), & 7] A
Hair resistance) AlTE A2 4 AFE T A (ransverse
area above waterling). > Z -8 24 T I THITTC, 1999). Table 6
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Nominal wake fraction
10419

yIR,
(a) Zone II (ap = 11°)

Nominal wake fraction
10419

yIR,
(¢) Zone IV (ap = 14%)
Fig. 7. Comparison of wake distribution and nominal wake fraction

on propeller plane with fin and without fin (Left: Hull
without fin, Right: Hull with fin)

Sk = w
P 2

Fig. 8. Comparison of pressure distribution and streamline
on stern hull with fin and without fin.
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