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Analysis of ship's manoeuverability in shallow water is an important task from the perspective of the vessels navigational
safety, Since the number of ships operated in restricted water has increased due to the enlargement of vessels and ships
represent different characteristics of the manoeuverability when operated in shallow and deep water, it is significant to evaluate
ship manoeuverability at initial design stage, At the initial stage of design, the estimation of manoeuverability is generally
performed with hydrodynamic coefficients estimated based on empirical formula, However, the accuracy of estimating
hydrodynamic coefficients by the empirical formula in shallow water is poor compared to that in deep water, Therefore, the error
in the estimation of manoeuverability increases in shallow water, In this study, CFD is proposed to improve the accuracy of
manoeuverability in shallow water at the initial design stage and hydrodynamic coefficients were obtained based on PMM test in
shallow water, Furthermore, the ship manoeuverability was estimated both the proposed strategy and the empirical formula, At
last, validity of the proposed strategy using CFD for the estimation of manoeuverability was confirmed by comparison with the
manoeuverability estimation results from model test,

Keywords : Manoeuverability(R&Ms). Shallow water(F4FH) CFD(HMSA|ES). PMM test(PMM A|&)
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Table 1 Principal particulars of KVLCC2 model ship

ltem Value
Scale ratio 58
Lpp 55172 m
Breath 'm
Draft 0.3586 m
Displacement 1.6023 m®
Vertical center of gravity 0.3206m (from bottom)
Froude number Slk::aeﬁopwwve\l/;etrer 2061.324
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—

3.2 7iat

=

LD

A2 #RIA ZzO#oz RANS(Reynolds  Average
Navier-Stokes) 7[dt =%[5iA] =280l STAR-CCMHE AR
519920, STAR-CCMIM H&5k= DFBI(Dynamic Fluid Body
Interaction) ¥ SHAXP|HES &8510 7 FEEHAIY 7
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AXE 2E AlFHCH (Kim, 2017).

Sk

zof gl
Al X

Fig. 2 Numerical grid employed for calculation

Table 2 Test condition

Types Conditions

Drift angle(/3)

Static drift test 3° 6% 9° 12°. 16°, 20°, 25°

Yaw velocity(r’)

Pure yaw test 0.1, 0.2, 0.3, 0.4, 0.5, 0.6

’ r

T UL

r

Table 3 Boundary condition

Boundary condition
Inlet Velocity inlet
Outlet Pressure outlet
Side Velocity inlet
Top Velocity inlet
KVLCC2 Wall
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Fig. 3 Non—-dimensional sway force for static drift
test

Yaw moment

Fig. 4 Non—dimensional yaw moment for static drift
test

Fig. 31} 4= H& HFZ AHS Soto] 7ol ent 2HE
£ HFzt Y2 d|wsk ZI0[Ck Sung et al. (2015)2] ZEA|
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Table 4 Computed and experimental values of
hydrodynamic derivatives (static drift test)

Derivatives CFD ( 55:;) Error (Yafui[;wa ) Error
Y,U’ -0.2945 | -0.2997 | 1.7% -0.3425 12.5%
Yoo -0.8320 | -0.8185 | 1.6% -1.6060 49.0%
NL, -0.1361 | -0.1355 | 0.4% -0.1454 6.8%
M,m 0.0990 | 0.0917 |8.0% 0.1660 44.8%
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it-of-phase sway force
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Fig. 5 Non—dimensional out of phase sway force for
pure yaw test
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Fig. 6 Non—-dimensional out of phase yaw moment
for pure yaw test

Table 5 Computed and experimental values of
hydrodynamic derivatives (pure yaw test)

Derivatives CFD (SunZFeDt al) Error
Y,)—m' | -0.2522 -0.2436 3.6%
Y, -0.0145 -0.0160 9.4%
N, -0.0407 -0.0439 8.3%
N,,, 0.0042 0.0118 64.4%
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22 ERISINC (Kim et al., 2016).
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Fig. 7, 8ollM= & ®HRZ Al&ol| Cis101 h/T=1.5, 1.20]
M 2 AolM 3t CFD Z1le} Yasuakwa et al. (2014)of|
M st DEAIEe| HEZ E §nt RHEES 2oiF1 Ct

Table 6, 70lIM= AlME RAiIcz TEEH FH o|A+E
LIERHD Qlch

Yasukawa et al. (2014)2| 2EAIY Znfet CFD Al4H ZnE
H|WSIRE Al CFDZ E£E Zip} ZgAls AnjEct Mx|x
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Fig. 7 Non—-dimensional sway force for static drift

test
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Fig. 8 Non—-dimensional yaw moment for static drift
test

Table 6 Hydrodynamic derivatives estimated from
static drift test(h/T=1.5)

h/T=1.5 CFD (Yasuklazvig et al) Error
Y, -0.835 -0.678 23.2%
Yoo -4.365 -5.306 17.7%
N,/ -0.286 -0.256 1.7%
N, -0.158 0.204 177%

Table 7 Hydrodynamic derivatives estimated from
static drift test(h/T=1.2)

EFD
h/T=1.2 CFD (Yasukawa et al.) Error
Y, —1.744 -1.550 12.5%
Y -5.590 -6.638 15.8%
N,/ -0.473 -0.380 24.4%
N, -1.250 -0.634 97.1%
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Fig. 9 Non-dimensional out of phase sway force for
pure yaw test

Out-of-phase yaw moment
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Fig. 10 Non-dimensional out of phase yaw moment

for pure yaw test

Table 80lM= ALE FACE TEE #
S

M= o|AE L

Table 8 Hydrodynamic derivatives estimated from pure

4.3 1F

4.3.1 SpHsol| e

S 3 XMz} B

Table 9, 10, 11, 120{A h/T=1.5. 1.2 F 7IX| 2lolM &

o BRZ Al 5
Slofl Zg3He SIS blmsl Bck

HFZ(B) 3°,9°,16°,2570M MSHD} MK
e ol U 2t

M 3 Lsk= Ae =l o 4= Q1 O gEe S| M

olvol 8[3jo} Alsol Tf 2| Uik Je 242 sl & 4 2ick

(Yun et al., 2014).

Table 9 Pressure distribution of drift angle 3°

Dynamic | -0 -sa -0 -4 -0 0 20 4 60 & e w0
[ D R - 'n

pressure

h/T=1.5

h/T=1.2

Table 10 Pressure distribution of drift angle 9°

Dynamic | -t4o -2 -on -8 -60 -4 -2 G 20 40 60 &1 lod I
pressure | EER—— - m

Table 11 Pressure distribution of drift angle 16°

yaw test
A I NN,
h/T =15 | -0.2395 | -0.0154 | -0.0547 | -0.0265
h/T =1.2 | -0.1544 | -0.0212 | —-0.0910 | -0.0281

Dynamic M0 - 18 - ) 4“0 [ 4 i 120
pressure [ B B e
h/T=1.5
h/T=1.2
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Table 12 Pressure distribution of drift angle 25°

Dyna m |C 680 600. 520 440 360. 280, 200 120 40, il 120
pressure | NN . |
h/T:1 5 Q
h/T=1.2 &
Fig. 11, 12= h/T=1.5 1.20{lM HFZof| w2 M=EZ 1| &
Sl BiSIE HoiF1 ok k2 f=AollAM EstEal M4 EE
ol 7tei¥ 1, HWRZIO| HZLE 1 Ro|7} S7kek= N2 &

ol o 4= 2lct.

Sinkage -2
g AhMT=15
e
f../
= .
] T
2 . A
_e" k-
.- PO
e k————k—

Fig. 11 Comparison of sinkage (h/T=1.5, h/T=1.2)

Trim @ h/T
A hfT=15
o
/’.
w’l
. »
v
- B
- -
o - A ET

Fig. 12 Comparison of trim (h/T=1.5, h/T=1.2)

4.3.2 39 ZEAD CFD AL Aot |

h/T=1.5, 1.2 & 78| $pollM 71 TEEHAEHOZ £F
=l o|A$=2} [TTC 239 Proceeding(2002)0ll MAIE! Kijima et al.

(1990)2| 4= & o|Al4 FHEHACE ATl MY o|A+E
Yasukawa et al. (2014)2] =20llM 370 ZEAIH Zufet
Table 13, 140|A H|mSIUC}. Al (5)= [TTC 23 Proceeding
(2002)01] MA=l Kijima et al. (1990)2] M= & o|Al¢+ £ &
galolct

T
Dshallow = f(F)Ddeep (5)
D: Y, N/ N/

):—T_

(1- T)n

D=Y,/=n=0.40 CBg

T
e

1
h

D= N,/=n=0.425 OBg

D= N,/=n=—17.14k+1.5

k=2T/L
DY,
FER =1+ ay (50 + ay () +ay (0

D=Y,—(m'-X,)
B B
a, =— 5.5(037)2 +26Cprr— 315
B B
=qa, = 37(037)2 — 185 Cy—s+ 230

B B
ag =— 38(0,97)2 +197 Cs— 250

Table 13 Comparison of hydrodynamic derivatives

(h/T=1.5)
h/T=1.5 EFD EMP Error CFD Error
Y, -0.678 | -0.640 6% -0.835 | 23%
N, -0.256 | -0.302 | 18% | -0.286 | 12%
Y, 0.185 | 0.062 66% 0.054 71%
N/ -0.065 | -0.059 9% -0.055 | 15%

Table 14 Comparison of hydrodynamic derivatives
(h/T=1.2)

356

h/T=1.2 | EFD EMP Error CFD Error

Y, -1.550 | -1.327 | 14% | -1.744 | 13%

N/ -0.380 | -0.651 | 71% | -0.473 | 24%

Y,/ 0.317 | -0.020 | 106% | 0.139 56%

N/ -0.122 | -0.096 | 21% | -0.091 | 25%
ChstaMstsl=27! X 55 ¢ H|4& 2018 82
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Table 15 Simulation for maneuverability verification

Article Simulation Evaluation
factor
Course 10°/ 10° zigzag 1st, 2nd
stability simulation overshoot angle
. . 35°turning Advance,
Turning ability simulation tactical diameter

Table 16 Hydrodynamic derivatives
simulations (Y,",N,",Y,",N,")

Case Model | e | emp Note
test
Case 1 o % v

(Model test)
Case 2 (CFD) X O X
Case 3 (EMP) X X O

Case 4 CFD : Y/,N,/
(CFD+EMP) EMP : ¥/, N/

Y, ,N,/,Y,',N, ol t§5lo{ Case 12 Yasukawa et al.

cases for

(2014) o470l ZHEl REAIES o|8slo] TEE oS U2
ARSI 0|AHS T30 ARRSH DEHA|SIS MK W27t Al
S 2= (Circular motion test)0lCh. Case 2£ 7 HAl7L5 28
Aoz T&E o4, Cased2 Kijma et al. (1990)2] FH
ZEAMES o|83l0 TESH 0|ATE ARZsi0] AlSallold §
1jolc}, Cased= M S o|AL £ AAle| @
Y., N,/ 22 CFDE T&& 0|42 ALZ3ioi AlSa o
T Zojoct MY R olA$E Mels HldE 74
O|A|g=, Z23e], Bl 24 Hl$= Yasukawa et al. (2014)2]
TN SHE 2k ARBSIICE

=l

S -
e I mo ru my

q

P

5.2 =Z2= AlSelold &3t

Ol Yo wE Azekdy 4 Y& X0l H|uwst
7| 1504 10°/10° X| M2 AlZ2f0ld S F=ISIFIE Fig. 13,
Table 172 h/T=1.50llA{2| OfA iﬁtc',*t“oil = AIgEJIOIM
HAHo A einlf T i QE{GE 2k2, Fig. 142} Table 1

h/T=1.20iA2| Z1lE HoiF1 Qlct.

h/T=1.5

e{deg)

ading angle

Hez

Time(s)

Fig. 13 Comparison of time histories of heading
angle in 10°/10° zigzag simulation
(h/T=1.5)

Table 17 Comparisons of 1st and 2nd overshoot
angle (h/T=1.5)

h/T=15 1st Z\rl]zrlsehoot 2nd ;ngzlr;hoot
Case 1 3.7° 4.3°
Case 2 10.4° 14.0°
Case 3 13.8° 19.5°
Case 4 12.8° 6.0°
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Mk Z7|MA Aol CFDE 0|88t M & =Z4s T80l

m A" 2 CFD Zufet AlE|= ZEE LIERD U0 0|2 25t
' 0f =pl0| YolRILE M3|Eido| Zdshe ZAnE LiEk = A
O HCIEICE S Z2Ep g Bt 2 AlSTL Mg SolAe|
E MA|, B ¥ Z28Po| MSZHY e FES| ®Ht QUK
E"’ 2ot AT Yoloz MZIEICE e oMol =3Ms Hot ™
< T SIS oI5 UMl L 8% TeE Mo moiet
@ -10
h/T=1.5
Tir
Fig. 14 Comparison of time histories of heading
angle in 10°/10° zigzag simulation(h/T=1.2)
Table 18 Comparisons of 1st and 2nd overshoot h
angle(h/T=1.2)
h/T=1.2 1st overshoot 2nd overshoot
angle angle
Case 1 1.1° 1.1°
Case 2 2.5° 2.6° —— - - o —
Case 3 29.5° 35.6° Fig. 15 Comparisons of 35° turning simulation
Case 4 5 g 31° trajectory(h/T=1.5)
Table 19 Comparisons of advance and tactical
Case 11} H|WsIUE Al, CFDZ E% oAHFE AkESt diameter (h/T=1.5)
Case 2, Case 47} dglrloz =&5t 0|AI+E ARZSt Case 30| Tactical

= axXSE AT = 72 35 Sk A O] == = h/T=1.2 Advance .

H|5l0 ZEEH ZUE Hol= A2 &l & 4= QUct £98| 1 AJ0] diameter
= h/T=1.501 H[5104 h/T=1.20lM FA| LIEIICE Ol= h/T=1.5 Case 1 315 Lep 3.81 Lop
off HIglod h/T=1.20lM2| V", Y, &I o[HIe] F4 Mot
_ Case 2 2.74 Lpp 2.91 Lpp
FYASA| d[510{ CFD7t =7| WiEel Aoz mElECE

Case 3 2.74 Lpp 2.90 Lpp
522 M3l 85 Case 4 274 Lep 291 Lep
O[A S| w2 M3|Ms £ HE XI0[E H|wsp |
2|510{ 35° §| AlZ8lolMde T35I¥CE Fig. 15, Table 19 /T=1.
h/T=1.50{A2] o[Al%= FEUH| w2 AlZalo|M H&zt Mz
Helef MaMs|HidE, Fig. 162 Table 202 h/T=1.20{1A2]
ZuE 2031 qct
h/T=1.50lM= Case 12} H|W3IS Al Case 2, Case 3
Case 4°| &8 Mot d I%E A 2ol & £ ULt h/T=1.2
olM= Case 3, 42| FHHTI} Case 29| FHHETO| H|stod

=2 N8 2ol & = Uch 0l h/T=1.501 H|5}01 h/T=1.20{[A
o N, Y, S olAFe] Y Tt FHAEA H|sto
CFD7} =7| 2l ZHeZ EHEtEIC)

SHd, AgAlo2 TEE 0|AFE 08510 M3| AlZ201M

Tl Al, A0| YolEE M3l BiHo| E0{EE eIeEE= —- -a- . —

45 Al = 4 SEA 15{Al , , . , , ,
deitloz BEE v, o Zalel Xo|2 HekEnt ZEMe Fig. 16 Comparisons of 35" turning simulation
2 5E5 v, 3% $Ao| LolEE ok, ol 28 trajectory(h/T=1.2)
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Table 20 Comparisons of advance and tactical
diameter (h/T=1.2)

h/T=1.2 Advance ;Zfr:iectaelr
Case 1 3.87 Lep 5.08 Lpp
Case 2 1.98 Lep 1.71 Lpp
Case 3 2.88 Lep 3.24 Lep
Case 4 2.87 Lep 3.16 Lep

d= oRNDL MENSS 3N B B, hT=1.50IM ot
h/T=1.20IM &2 o170llM Fotsks Wi AgSH: %ol o &
8Mo= Lieits %2 ol ¥ 4 Uich

HzorMe| A2 h/T=1 50lAS ZEAlD} A

e
@

o
iCy
o
Rall

2% d
Ol7} FAX| QAOLE, WT=1.20IAs HElAle] 2 X i, &
B QHIAE 7t 25 REAE Aol 5ol | Liskich
DEAIES M W QHAE 2D} £ ) QuAE 2 22t
0.9°, 1.00[eL}, ZHAZ 45, 151°2 HA=UCH
N/, Y, OFD 22 x| sige 22 & vl QuinE 2t

2 1.6°, F ¢ 245

=
= p—
2ol 2= A2 =l o 4 AUch
Z

M3| ds2o| 49 h/T=1.50lAM= ZedAnt ®eket 2ol X}
o7t 3X| giteLt h/T=1.20IM= Z-AIS 0|88t M3| &5

O A0 d|st0d 27t 3| LIEKTE ReAlEe| MEA
2|t MeMalHig 2 2424 3,15, 3.81L0|%¥ 2o HEAlS| e
1.98L, 1.71L2 AX=RICE N, C
R AP MAAH2l= 2742, HE MIUEe

Al ZToll THBIE 22 el & 4+ 2ick

tu

6. 2 &

2 A0 E Mut ZT|MACHoIM H & =BMs £
YT E £0/7| #l5t0f CFDE 0|8310{ £ MTE Hakshs &
e HeIgCt 0|2 £510{ CFDE 0|83510] MA| R4l o]
A=E EEsk=d A== ARIEH, ZgAnte o852
Al BSHE S2iM et o2 23 £ nE =3Ms F
M HEE 2HE VM & $ US HoZ HElEich

£ o70l|lM Hekst CFDE o|&3to] 34 & =M s F8
HEE Hekhs WS fI5l0d My 5 Ao APt 2 7
HE o|AE &olslkn, CFD AlAo| |2I5H o|AIRE 3| &
5101 CFD 7[8le] 7t 528 Alg2olde 3lisin, A
Al DAY Znfet HlwsiRict M & o[AS &g flst
A2 Kijma2l ZdEAls ARSsIFL, ZEAlE Zik=
Yasukawa et al. (2014)2| o370l SIHE AE ARBsiict

Lok = AF0IM Feksts 2ol Rede AEsP| fIst
0f =52 AlSeold 2HS FH5I, Fokeh S nt ZEA|
oz TEE o|AlTE ol8et =52S AlEaold 2t vl
£ Sofl Z¥AlE, Fzok g5 % Malds FE Zns v
SIACE.

0| S3lof ozl 222 k2t &t

A, M= &off, h/T=1.5011A{

5 JlTERsAlEe] 2Tt
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Aofl Blsto] Felet AE 2fel e 4= Ut
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S 20| EAIY Al sk A2 =l B 4 YA
S3| Azor Bl RESS ol & & At

A, 2] A EPoIM =5 M5 FHHES 017 Sl
NE =B FAE 0P E N, Y2 M5 2 5 st
70| Lestct

S5 B4 GeoIM MAol ABste RAHS B Easls
ME 52 RAE oIS £F ZEMel £52 siME CFD
Akt 2 BEAIES 0183 FAI Mt 2 AS Aldlo] Cletet

2 o7 NRIKIRSAR RIS SHAIAY Aeisiap|

STHLAIY “MEto| REta g Ste fIE FUIMEol aE M
1

o = AI_-|_|
I3t Al 7|s WL (RHHE: 10073215), ‘BEAI
gl Autel T M| W (2R 100524202 K|
SH

References

Ankudinov, K., 1990. Manoeuvring performance of
tug/barge assemblies in restricted waterways.
Proceedings MARSIM & ICSM 90, Tokyo, 1990.

ITTC, 2002. Manoeuvring committee: Final report and

recommendation. FProceedings of 23th ITTC, Venice,
skfWk Italy, 8-14 September 2002, 3, pp.204-205.

ITTC, 2011. Manoeuvring Committee: Final report and

recommendation. Proceedings of 26th ITTC, Rio de
Janeiro, Brazil, 14-20 September 2008,

pp.143-208.

JSNAK; Vol. 55, No. 4, August 2018

359



e

st o7

Mub =T7|MACHIAM CFDE 0186t M= & =M T8l
Jebsen, J.J. & Papakonstantinou, V.C., 1997,

Evaluation of the physical risk of ship grounding,
master's  thesis, Institute  of
Technology. pp. 1-239.

Kijima, K., Nakiri, Y., Tsutsui, Y. & Matsunaga, M.,
1990, Prediction methods of ship manoeuvrability
in deep and shallow water. Proceedings MARSIM
& ICSM 90, Tokyo, 1990. pp.311-318.

Kim, D.Y., Kim, I.T., Han, J.S., Kim, S.J. & Kim,
S.H.,, 2016. A study on the
derivatives estimation of KVLCC2 using virtual
captive model test. Proceedings of KAOSTS
Academic Conference, Pusan, Korea, 15-20 May
2016, SNAK pp.510-513

Kim, D.Y., 2017, A study on the analysis method of
ship maneuverability in waves considering the
wave drift force. master's thesis, Inha university,
pp. 1-156.

Kim, D.Y., Kim, S.H., Han, J.S., Kin, S.J. & Paik,
K.J., 2017. A study on the sensitivity analysis of
the hydrodynamic derivatives on the
maneuverability of kvlcc? in shallow water. Portal
of Scientific Journals of Croatia, 68(4), pp.1-22.

Kim, S.W., Yeo, D.J., Rhee, K.P & Kim, D.J., 2008.
Prediction of manoeuvrability of a ship. Journal of
the Society of Naval Architects of Korea, 45(3),
pp.280-287.

Matsumoto, K. & Suemitsu, K., 1980. The prediction
of manoeuvring performances by captive model
tests. Journal of the Kansai Society of Naval
Architects. Japan, 176, pp.11-22.

SIMMAN, 2008. Part G: Comparison of results for free
manoeuvre simulations - Systems and CFD
basedmethods. Proceedings of SIMMAN 2008,
Lyngby, Denmark, 14-16 April 2008,
pp.G1-G277.

SIMMAN, 2014. Instructions for CFD-Based method,
Copenhagen, Denmark 8-10 Dec. 2014, pp.1-22

Sheng, Z., 1981. Contribution to the discussion of the
manoeuvrability committee report. 76" /TTC
proceedings, Leningrad, Soviet Union, 31 Aug — 9
Sept. 1981, pp.249-298.

Massachusetts

hydrodynamic

Sung, Y.J. & Park, S.H., 2015. Prediction of ship
manoeuvring performance based virtual captive
model tests. Journal of Society of Naval
Architects of Korea, 52(5), pp.407-417.

Yasukawa & Sano, 2014. Maneuvering prediction of a
KVLCC?2 model in shallow water by a combination
of EFD and CFD, Preprints of Workshop
Proceeding  SIMMAN 2014, Copenhagen,
Denmark, 8-10 Dec. 2014, pp.115-121.

Yoshimura, Y., 1988. Mathematical model for the
manoeuvring ship motion
mathematical model at slow forward speed.

in shallow water—

Journal of Kansai Society of Naval Architects of
Japan, 210, pp.77-84.

Yun, K.H., Park, K.R. & Park, B.J., 2014. Study of
ship squat for KVLCC2 in shallow sater. Journal
of the Society of Naval Architects of Korea,
51(6), pp.539-547.

360

CHetEMEISI=2%] X 55 ® X4 2018 8





