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Simulation under Standard Loading Condition

ok kokokok skl sfokokokok
> >

- Hyung seok Yoon  + Chang woo Song

h*** sekokoke ok
>

Sun woo Lee - Sang hyun Kim™ - Hye woo Kim"
Joo hyung O
*, *%% Researcher, Inha University, Naval Architecture Ocean Engineering, Incehon 22212, Korea
** Professor, Inha University, Naval Architecture Ocean Engineering, Incehon 22212, Korea
**%* Republic of Korea Navy, Korea
*x3xk% Researcher, Samsung Heavy Industries Co., Ltd.

**xxxk Researcher, Korea Institute for Advancement of Technology

2 oA vlE e WS st o g ER Qg T 9 FAFA] ¥ste 2 Y fdxAS 7Rl oo By, 2T
2 Ak 3 Aol vl Fa38E AES st} A o] 9] AlarE 2022 V1 A S ARl oF 60%E A, ol & FES 2T A
FTOoE A% FEY HFx Alavt T8 Adoth 53] 108 vIRre] At A] dAek Alale AA AFaLY] oF 65%E AHA| S|, AF
ool 2Fs B 7Fo] FAlste ol& BFe] Hrietrd oy go] AUtk ol & AT = 49EF 4&F e ddHdeE A
Aslo] 3D-CADE Ry 3 & A8 X84 T2 STAR-CCM+E &8-31e] Aute]l 2385 AlEw oA 4L L5313 o
= ulgo 7 tpslt FEASNE Y FAFAS este] 107/107 2 207/ 207 zigzag test®} 35 turning testS AR oL, A A S| F}
gholl whe} WA T o]l A4St Mg Te] FAEE AFS BASGY. 1 F AES Y FEUAYE dEdA s ddidez A3
Aol =55 AdE Elstginh o] & nHlFow AP Auke] kA S3S 3t xEASMIE S FAFAES 1 2] B3t
9 e Ak xEstE 23S BT 7] oS AAESTh g 2 A 2T W Aot AP Ao 23T 3
7F 71 ARE AT V2R R E8E F AdS AoR JgEn

A E0 . =TT, 2PolAH, TFASHSE], CFD(Computational Fluid Dynamics), A+ & Al E#o]A

Abstract @ Maneuvering performance is crucial for fishing vessels, especially under operational conditions that involve frequent course changes and
weight variations due to catch. Small vessel accidents account for approximately 60% of maritime incidents as of 2022, mainly attributed to collisions
and stranding accidents due to insufficient maneuvering performance. Especially, accidents that occur on small vessels less than 10 tons account for
about 65% of all accidents. The absence of international standards presents challenges in accurately evaluating the maneuvering performance of small
vessels. In this study, a 4.99-ton small fishing vessel was selected as the target, and a 3d-cad model was created. The commercial numerical analysis
program STAR-CCM+ was employed to establish a simulation environment for the vessel’s maneuvring motion. Based on this standard loading conditions
and weight distribution were considered, 10°/10°, 20°/20° zigzag tests and 35 turning test were conducted. The results revealed a tendency for
decreased yaw and course-keeping performance and improved turning performance as the hull weight increased. However, in partial arrival and full load
departure condition, the manoeuvering performance were relatively poor. Based on this, the need for evaluation of maneuvering and standardized criteria
of maneuvering performance for safe navigation of small vessels is presented. Furthermore, it is expected that the evaluation results of maneuvering

performance in this study can serve as fundamental data for establishing criteria for evaluating the maneuvering performance of small vessels.

Key Words : Maneuvering performance, Small fishing vessels, Standard loading condition, CFD, Free running simulation

* First Author : andy3747@gmail.com 032-860-8812
¥ Corresponding Author : kimsh@inha.ac.kr, 032-860-7344

- 348 -



CFD AlEd oA 7|9 423

1. M &

7173 B A| 2~ B (MTIS, 2022)01]7\1 ZAFSE 20223
S FAtaL o] EAAR 2R A # AT
R 60%°1 1,904%] 0] o] A o]l 10E mj ko]
*d%‘oﬂ*i WA AbILE 2,058F 0 ﬂzﬂ Apat Adupe]

65%E AT Ao FRE DA A5FE Al Bk

Eal

411
2
fu
[}
r$L'
o
rg it m
_E

<) .

} 51 Aute] obd gRE 98] 20021 o A S| AL
7] -+(International Maritime Organization, IMO)ol| A4 F&4 ‘“(H
3%, MAAAT, AEMAEAY T) VIS AASHA L, 2004
W o]F 100m ool BE MR IMO 2EA 7]"‘& =
Z3hof of FFTHIMO, resoulution MSC.137[76]). L1} A A}
a1 Auke] oF 65%% A 3H= 10 v Rke] A ko] s
M= IMO 2EA% 7lFo] A&HA e Aotk

oA el 2FAT EA B3 AT (Lee et al, 2018)0l wh
2H AFAE T ode 2FATe FAS IPsa,
AM A3 5 Aot xol7t 5S lsksith o= A
Ao AE EAo e AP S AHgete] 23S 74
shRaL, o el F B F 5A4S 1S gt g 2
23S AN A =3, Al WA weE FFEAS A
Elof Aol 43 of e HYA 54 (Kang et al, 2020) 4=
o) g ol whe} Huf 2w o]} MA Fell zHo]7F = o
e A, 72 ZFAS A 544 ANES JadEl A,
AF shzol 3% o’ ko] vh= AE ERlekgitt

oo & ArollA= Mute]l 2FAT W7F 7yl el
’Avd3stal, RANS 7|8k CFD AlE# o] &2l STAR-CCM+E
g8l dute] 2FeE AlEHOIAS FHFIAL 5

& AEdoIAE o E Therd

of me el WA B AR AT S 3
FErgem, b9 AEeR RAFHY AAE Bs
o £34%% BT o8 wgos, 1 A%E
stol EEAIEsE AT ANt 235 v
= Qg Basta s

zZotgd %‘M
/\é o]a}

w}eks vt

SRS W A A8t
'\:‘7}‘ St TE o=, ZigZag
A WA = A2 Overshoot angle) +
FZF2™ Overshoot angle)®] 7] &4 #ekaic)

EFAsdel hE 2345 B
2345 F ARLAPRAeIS 43 T Auke] 9
ol A48 A5 Aol A 2B FAT 5 Ut Y
ootk 15418 A4 € FHAL 0, w3
o AAFEE 1 WHoR s FlgelA ST
o, mebA Huke AA71e e Bh2he EolFotok dut

Fig 1 10°/10° Zig-Zag Test % E}ZH(S)Z} A A w912}
(w)ys e 2efolnh A 1l duke] 65 10° 59
wol 10° 7} & w74 7195ithl, 6= w7t HW 65 W=
-10° S0 W)zl -10° 7} 2 wWi7hA] A|FS wkEE T} o]
o], 1% Overshoot angle¥} 2™ Overshoot angleS AlZ3}o] 1 Fko]

A24% o) W3 A5t WEerggel EFrha Bud

¥. 8()

HEANDING ()
LEFT T
PORD L N
. /ik—\ Joverswoory | A T~
. %
w, Ny
&

vy i t(s)
$ OVERSHOOT ()
RUDDER ANGLE (5)

Fig. 1. Time trace of Zigzag manoeuvre parameters.
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Fig. 2. Definitions of Turning Test.
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Table 1. Manoeuvrability Criteria of Turning, Course-keeping and
Yaw-checking ability (IMO, resolution MSC. 137[76])
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Fig. 4. Fishing vessel (4.99ton) shape.

Table 2. 4.99%ton fishing vessel ship Specifications

Division Full Scale Model

Scale ratio 1 11
Designed speed, Vs[knot] 15.60 4.70
Desinged speed, Vs[my/s] 8.03 242
Draft, T[m] 0.65 0.06
Length overall, LoA[m] 15.60 1.42
Registered length, Lt[m] 12.20 1.11
pﬁpﬁ%‘ﬁlzzt"”z;‘;[m] 11.17 1.02
Breadth, B[m] 3.15 0.29
Depth, D[m] 0.770 0.07
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Fig. 3 Profile of 4.99 ton class coastal fishing boat.
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Table 3. Principal Dimensions of plate Rudder (Full-scale)
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Plate Rudder Item Value
Chord mean [m] 0.495
S Span [m] L1118 Fig. 5. Fishing vessel (4.99ton) Mesh Grid.
Aspect Ratio [-] 2.260
Thickness [m] 0.033 Table 4. Parameters of Virtual Disk propeller method
A, [n] 0.553 Item Applied method/value
Ap/A [%) 6.500 Virtual Disk method Body-forced propeller method
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Fig. 7. Simulation Scene.
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Fig. 8. Multi-level overset grid system.
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B34 AARE Y3k Al WHeER A 10°/10°
zigzag test®] 1" Overshoot angleS 4173},
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Table 5. Uncertainty estimations from spatial convergence study

. 10°/10° zigzag
Spatial No. Cells | 1% overshoot angle | Uncertainty
convergence

[deg]
Coarse 540,922 12.61

. U .,(Fine)

grid

Medium 776,385 13.79 =~ 0.099%

Fine 1,172,594 13.92

Table 6. Uncertainty estimations from temporal convergence study

10°/10° zigzag
Tem 4t [s] I overshoot angle | Uncertainty
convergence

[deg]
Coarse 0.04 12.74

. U,,(Fine) =

Medium 0.02 13.92 0.040%

Fine 0.01 13.85
3.32 A28ojd (2Y) rEY 5
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Table 7. Comparisons of C,, of vessels from CFD simulation

olxe] FEAs el me 2245 P}

Table 10. Simulation conditions

CTM
Cru (CFD, (Choi, | Discrepancy
(Present CFD) 2023))
Bulbous 12.42E-03 1247E-03 0.4%
Bow

Types Full Scale Model

Full load departure,
Fishing ground departure,
Full load arrival,
Partial arrival

10°/10° Zigzag
Test

4. EEXSHIENO OE =Fds Fot

4.1 BEM SHE

Ministry of Land, Transport and Maritime Affairs(2013)2] A8
oA o e FEASLEHE whAl F3, o, vk
;A A Wl A e e & Rekivh el whE o
o] erHA B AR 7oA EEol P e EEASHSH
Table 8, o] W& wiFES 2 FAFA o Wsh= Table
93} Zr} mF, & ATl A 2 2T AlEdeld
©] 71 Table 109} Zth

oo o by

Table 8. Loading standards according to standard goods status

classification
Loading
condition Payloads
Full load |- Consumables such as fuel, fresh water, provision

departure are fully loaded

- 75% of consumables such as fuel, fresh water,
provision are used.

Fishing ground

departure | Eiches are fully loaded.
- 90% of consumables such as fuel, fresh water,
Full load .
. provision are used.
arrival

- Fishes are fully loaded.

- 90% of consumables such as fuel, fresh water,
provision are used.
20%(or 40%, if unusual operation) of fishes are
loaded.

Partial arrival

Table 9. Initial conditions according to loading conditions model-

scale

Loading Displacement

coniien kel | Draft ml | CoGexy.) [m

Full load

departure 11.44 0.037 (0.393,0.000,0.077)
Fishing ground 13.97 0.065 (0.469,0.000,0.066)

departure

Full load 13.70 0.064 (0.472,0.000,0.067)

arrival
Partial arrival 12.60 0051 (0.456,0.000,0.069)

Full load departure,

20°/20° Zigzag Fishing ground departure,

Test Full load arrival,
Partial arrival
S;arb(.)ard Full load departure,
urning P
35° Turning Test Fishing ground d_eparture,
Portside Full load arrival,
Turning Partial arrival
2 2545 Bt

4.2.1 10° /10" Zigzag Simulation

ETAEEH O 2 HAAdsS Frkekr] 938 10°/10°
Tttt AlEeeld A3 Fig 99
Table 110 23} 2™, 1% Overshoot angles 714 XA &
ol & ok Aejel A 7Hd 22 ol ASE AT 1Y
1} 2 Overshoot angle> o743 Aejoll A 714 2 Fkol A=
AL, 1 Lol AA FEFo] & Fo® e AEgS B
ol &= A& gl

zigzag simulations

I Overshoot angle®] W& ZL& 2.92° oA 385° 0], 2™
Overshoot angle®] W& 2+ 4.79° oA 434° 2, 1% Overshoot
angleo| A o] W& o] vjuA T Z1& FRlaginh

A e Uve 1.39[8]01131, Table 19 W&k IMO ZFA 5
71ES ESE AS ERIsSit

4.2.2 20° /20 Zigzag Simulation
10° /10 * zigzag simulation®l] ©]©] 20°/20 ° zigzag simulation
Feystglct. AlEw o] A A= Fig 107 Table 129 4 2]
3k 0™, 1% Overshoot angle> 7Hd XA FaFo] 2 o3t
FEjel A 7HE 2 ghol AlSE AT
10 ° /10 ° zigzag simulation Z ¥}9} 7-0] 2™ Overshoot angle =3k
ot el A 7 2 gkol ASHAL, 1 Q= AA
TFol T TOo = e AYES HolE 7/4\% gelsksit.
2 9.58° ol 4] 10.98° ©]ar, 2™
1206° oA 1490° =, 2™
A2 A ISkt

I Overshoot angle®] W&
Overshoot angle®] W& Z&
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Table 11. Comparisons of 1% and 2™ Overshoot angle (10 °/10°

zigzag simulation)

Loading 1** Overshoot angle | 2™ Overshoot angle
condition [deg] [deg]
Full load departure 3.85 4.34
Fis?;ﬁ““d 292 479
Full load arrival 3.46 4.51
Partial arrival 3.63 4.54

Table 12. Comparisons of 1% and 2™ Overshoot angle (20 °/20°

zigzag simulation)

Loading 1** Overshoot angle | 2™ Overshoot angle
condition [deg] [deg]
Full load departure 10.98 12.06
Fis?;ﬁu“d 9.58 14.90
Full load arrival 10.04 14.08
Partial arrival 10.67 12.57

10°/10° zigzag(Fullload departure) 10°/10° zigzag(Fishing ground departure)

Heading angle/Rudder angle (Deg]

Timelsec]

sngle —— Rudder angle ——resdngsngle  —— Rudder angle

10°/10° zigzag(Full load arrival) 10°/10° zigzag(Partial arrivaly

— Headng ang

—— Rudder angle: ——Hesdngangis  —— Rudder arg

Fig. 9. Heading angle/Rudder angle in 10 ° /10 ° zigzag simulation.

20°/20° zigzag(Fullload departure) 20°/20° zigzag(Fishing ground departure)

/Rudder angle [Deg]

Fig. 10. Heading angle/Rudder angle in 20 ° /20 ° zigzag simulation.
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4.2.3 35° Starboard Turning Simulation

EFAsHIH e e W3S Hrkekrl sl 35
starboard turning simulationS 4~ S} Th Al EH ol A=
Fig. 113} Table 13l “gelatglomn, wbaidal el o]
Advance®} Tactical diameter’} 7H8 22 78 HeY 1 &
2y AA FHo] F w22 T glo] AL AIS HAY.

Advance?] W& -2 4.08 Lppol Al 4.91 Lpp©]il, Tactical
diameter®] W& %2 5.04 Lppoll A 6.66 Lpp=, 7} A3} H
o & 7] WM3}le] +L Tactical diameterol] Al W] nla &}
Ach

9] Length(Lpp)E 71 o2, o 4 o} whAlg
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4.2.4 35° Portside Turning Simulation

35 ° starboard turning simulation®] ©]©]4] 35 ° portside turning
simulationg 4=3J3} it AlEd ol A3 Fig. 129} Table
149 Al o, HAA XS 2 starboard turning simulation .
th 22 gho] ASE=u), o= At 27 A Z2Hy 3
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s Bl
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X}

[
3l Auke] Advance?} Tactical diameter’} 2} AL &<ls}
it} ol AgHo| FAIFAe AT A4, Ag E

2]
=
(trim by the head : B/H)©] HAYste] F-A4le] 9Ix]7} M4Zo
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| F40] A8m

HEZ 4k /\] 7]

Aupe] whsh wWol AW 13l %S §44717] dEoluh

Table 13. Comparisons of advance and tactical diameter (35°

starboard turning simulation)

Loading Advance Tactical diameter
condition [Lppl [Lpp]
Full load departure 491 6.66
Fis};;)gani‘;““d 427 5.36
Full load arrival 4.08 5.04
Partial arrival 4.69 6.11

Table 14. Comparisons of advance and tactical diameter (35°

portside turning simulation)

Loading Advance Tactical diameter
condition [Lppl [Lpp]
Full load departure 4.07 4.81
Fis};;)gani‘;““d 3.49 3.80
Full load arrival 3.50 3.88
Partial arrival 3.76 423

Table 15. Comparisons of advance and tactical diameter (35°

2 o] A wE =445 Bt

Starboard +35deg Turning trajectory

o 1 7 3 s 6 7 8

/Lol

Fig. 11. Trajectory in 35 ° starboard turning simulation.

Port -35deg Turning trajectory

AfLppl:]

2 7 - Kl E 2 1 0

/o]

starboard turning simulation with different LCG
conditins)
LCG Trim Advance i:f:etczlr
condition [deg] [Lpp] [Lpp]
-5% 3.36 443 5.83
0% 0.20 427 5.36
5% -2.32 3.85 4.68

* -(minus) trim means trim by the head(B/H)
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Fig. 12. Trajectory in 35 ° portside turning simulation.
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Fig. 13. Trajectory in 35 ° Starboard turning simulation with
different LCG conditions.
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