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Recently the interest on wind assisted propulsion ships is increasing as the interest on eco—friendly ship for carbon neutrality is
increasing, Rotor sail, wing sail, soft sail, kite etc. are applied as wind assisted propulsion system for research and adoption to
real ship, Wind assisted propulsion ship usually operates in reduced and occasionally over propulsion loading due to additional
propulsion force by wind assisted propulsion system, And additional side force by wind assisted propulsion system is acted to the
ship, so the ship is operating in maneuvering motion with yaw rate, drift and heel motions during navigation, In this study maneuvering
model tests at the towing tank of KRISO were carried out to investigate the effect of variation of propulsion loading on maneuvering
coefficients, Target ship is KLNG2(2nd KRISO LNG Carrier), and 4 degree of freedom HPMM(Horizontal Planar Motion Mechanism)
tests were carried out on the range of 50% ~ 125% propulsion loading conditions, The maneuverability of KLNG2 for 100% propulsion
loading and design draft conditions on the speed of 15 knots of real ship was predicted and compared with free running test results,
The predicted results of turning test and zigzag tests are matched very well with free running tests, From the analyzed results
of maneuvering coefficients with the variation of propulsion loading, the effect of propulsion loading has significant effect on hull—rudder
interaction coefficients and dynamic stability lever, However the effect is not meaningful on the hull maneuvering coefficients, The
whole maneuvering coefficients will be used for the navigation simulation of wind assisted propulsion ship,

Keywords : Wind assisted propulsion system(S=5XIZX|), Variation of propulsion loading(%! 25t H3}), KLNG2(KLNG?),
Maneuverability(REAs) Maneuvering simulation(2& AZH|0|4M), Free running test(XFSEZE=AE])
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Fig. 1 Coordinates system
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Xp=0—-t)pn’ DKy, (p, )+Kr Tp )} O
Np=1yp(l— t)pn2D4{KTPT (JPPT) - KTSB(JPSB)}

0471,

Jp = w(l— wp)/ (nD)
w, = wyexp (= Cpvy),
C} when v, = 0
Cp when v, < 0
PT : port, SB : starboard, n : rps
x p * x coordinate of propeller

v,=v+Tpr

Cp=

yp +y coordinate of propeller

2E2EMMO| Elof ZfZshs RAHE2 ofefet Z0| TEFAH
A2 FSEICHKIm et al., 2007).
Xp=—01- tR>(FNFT+ Fz\i%)smé (4)
Vp=+ay)(Fy, + Fy_)cosd
Kp=2p (Fy +Fy )cosd

Np= (J:R+aHxH)(F -I-F
—yp(L—tp)(Fy, —

)0056
E,VSB)SH’I(S

0471M,

1 .
Fy= EpARUIZEfa sina p

Ap trudder area, Up, : effective inflow velocity

ap - effective inflow angle

Up= \Jul+07%
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} +(1-n)

8K,
up=€eup{/Ml+rly/1+ 5> — 1
wJ

vp="pv+l1pT)
Up = (1—w p) U
g = 06— 8, — tan" IZR”S 5 —Z—Z
n : ratio of propeller diameter to rudder height
€, k : coefficients representing propeller slip stream
fo : rudder normal force coefficient
dp : neutral rudder angle
- flow straightening coefficient
B g when (v+1izr) = 0
T vp when (v+1lzr)< 0
lpt =2zp
T p © x coordinate of rudder
yp -y coordinate of rudder
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Table 1 Principal dimensions of KLNG2

Hull Propeller
Lpp(m) 286.0 No. of blades 4
B(m) 46.2 D(m) 8.2
T(m) 11.5 P(0.7R)(m) 7.880
Trim(m) 0.0 Rudder
v(m®) 113964.0 Span(m) 7.600
S(m?) 16634.4 AT(m?) 39.52
VCG(m) 18.5 Mean chord(m) 5.200
GM+(m) 3.554 Aspect ratio 1.46

Fig. 2 Photographs of model ship
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Table 2 Resistance and propulsion test results

Vs(knots) Cr Wim Thdf Mg
13.0 0.611 0.301 0.169 0.987
15.0 0.711 0.301 0.168 0.997
19.5 0.765 0.301 0.167 1.006

Cr: Yoix e HF (residuary resistance coefficient)
Wim @ 28M gbFH| (model wake fraction)

Thdf : FZ4 A== (thrust deduction factor)

ng . A 2MEE (relative rotative efficiency)

A
RR: [—0.5, —0.25,0,0.25] (5)
0
1
Fy=F,— ARP—:F
0{7|A,

A R: resistance increase

R, full scale resistance without propulsion loading
variation

F'y: external tow force measured during propulsion loading
variation test

F'pt skin friction correction force

A ship to model scale ratio

pg- Water density in full scale

Py water density in model test

AN £E 15.0 knotsollAl MM Xge| 50%, 75%, 100%,
125%0] &S5t 2@ Z2H? ilﬁ 4= Table 31} 20| =
Z=|ict =keE TRl M= SUsict
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Table 3 Model propeller rotation rate by propulsion
loading variation

Propulsion Propeller rotation rate(rev/s)
Vs(knots) . . ,
loading ratio(%) Left | Right
50% 5.03
15 75% 5.41
100% 5.80
125% 6.19

Fig. 3 Photograph of HPMM test
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KRISO2| HPMM(Horizontal Planar Motion Mechanism) |
£ 0|8510f =ZAIES SHSINCE Fig. 3oil= EZARIR AL
b0 e Aleloll CHEH ZEAIS AlRIO| A2 QU

ZEAE2 MM £E 150 knotsoll SliESe 28M ST
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Table 4 HPMM test conditions

Test Type Test Conditions
Static rudder Rudder angle = —30°~+30°
Static drift Drift angle = —20°~+20°

Drift & rudder |Drift angle = —20°~+20°, 3 rudder angles
Static heel Heel angle = 3°,6°,9°
Drift angle = —16°~+16°,
Heel angle = 3°,6°,9°
Pure sway v =-0.04 ~ -0.16
Pure yaw ¥ =0.15 ~ 0.6
Yaw with drift " = 0.15 ~ 0.6, Drift angle = 6°,12°,18°
Yaw with heel | ¥ = 0.15 ~ 0.6, Heel angle = 3°,6°,9°
1.205 m/s (100% loading only)

Drift & heel

Free roll decay

y =1.43901 x - 0.00086 y =-0.63130x - 0.00000
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Fig. 4 Results of static rudder test(100% loading condition)
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Fig. 5 Results of static drift test(100% loading condition)
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Fig. 6 Results of pure sway test(100% loading condition)
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Fig. 7 Results of pure yaw test(100% loading condition)
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Fig. 8 Results of free roll decay test(100% loading condition)
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Fig. 10 Comparison results of 35° starboard turning test
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Fig. 11 Comparison results of 20°/20° zigzag test
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Fig. 12 Comparison results of 10°/10° zigzag test

Table 5 Comparison results of maneuvering indices

35° Turn 35° Turn 35° Turn
(Advance) (Transfer) | (Tact. Diam.)
Free running 3.29L 1.37L 3.59L
3DOF 3.06L 1.38L 3.58L
4DOF 3.05L 1.38L 3.56L
10/10 zigzag|10/10 zigzag| 20/20 zigzag
(1st OSA) | (2nd OSA) (1st OSA)
Free running 8.43° 11.97° 11.43°
3DOF 7.69° 11.85° 12.16°
4DOF 7.68° 11.91° 12.28°

OSA: 1tz M%2 ZtT(Overshoot Angle)
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Fig. 13 Effect on dynamic stability indices by variation of
propulsion loading
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Fig. 14 Effect on rudder—hull interaction coefficients by
variation of propulsion loading
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Fig. 15 Effect on hull maneuvering coefficients by variation
of propulsion loading

Table 6 Effect on maneuvering coefficients by variation
of propulsion loading

Coefficient | Effect Coef. | Coefficient | Effect Coef.
ay -3.727E-3 cy —-2.606E-3
€ 1.211E-3 Cp -2.220E-3
K -1.259E-3 X, -1.565E-2
Zp -1.191E-3 zY, -2.866E-4
Vi 2.144E-3 z2Y, 5.001E-4
Ve -3.079E-4

FEach loading condition
100% loading condition

Effect Coef.= 8)
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