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The growing interest in eco—friendly ships driven by zero—carbon emission regulations has led to increased attention toward
wind—assisted propulsion systems, Among these technologies, the rotor sail utilizes the Magnus effect to generate auxiliary
thrust, However, rotor sails induce constant drift forces and yaw moments, necessitating the control of both rudder angles and
the rotation speeds of the rotor sail to maintain a stable course, This study investigates the directional stability characteristics of
a rotor—sail ship under varying wind directions, The external forces generated by the rotor sail were modeled and then
ntegrated into maneuvering modeling group(MMG) model, The model was validated through comparisons with results obtained
from computational fluid dynamics(CFD) simulations, To satisfy self—propulsion conditions, a virtual disk approach was employed,
and the same PID gain values were applied to the rudder control for each simulation method, The study first examined the
convergence speed during straight—line motion, where only the surge motion was free, and then extended the analysis to
evaluate directional stability in the horizontal plane with three degrees—of—freedom(DOF), The neutral rudder angles and
convergence speeds under various wind directions were compared for each simulation model, The findings of this study suggest
that the MMG model can serve as an effective pre—screening tool for maneuvering simulations of rotor—sail ships, thereby

reducing the computational resources required for CFD—based analysis,

Keywords : Wind—assisted propulsion(S2EX3FE), Rotor sail(2E{M|Y), Directional stability(Z1FI1As), MMG model(MMG 2&),
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Table 1 Principal particulars of full-scale and model ship

Full-scale| Model
Scale ratio 1 1/100
Lo (Length between perpendiculars) [m] 320 3.20
B (Breadth) [m] 58 0.58
d (Draft) [m] 20.8 0.208
< (Displacement) [m®] 312622 | 0.313
Ar (Rudder lateral area) [m?] 136.7 |0.0137
Rudder turn rate [deg/s] 2.34 23.4
Dp (Propeller diameter) [m] 9.86 [0.0986
Table 2 Specification of rotor sail
Experiment Present
Scale ratio 1 1/33
H (Height) [m] 18.0 0.545
D (Diameter) [m] 3.00 0.091
AR (Aspect Ratio) 6.00
(Disk Ratio) 1.89
R (Spin Ratio) 3.00
Uew [m/s] 0.14 2.00
Re (Reynolds number) 2.75x10% 1.17x10*

a0

(a) KVLCC2 w/o rotor sails

D

(b) KVLCC2 w/ rotor sails
Fig. 1 Target model
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Fig. 2 Coordinate system of a rotor—sail ship
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Uy, Ship velocity

Lift

Drag

U, Apparent Wind

Measuring points
(0.5D intervals)

Fig. 3 Measuring position of true wind speed
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Fig. 5 Logistic regression model of inflow wind speed
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Table 3 Parameters of logistic regression model

Parameter Value
a 0.995
15 17.10
2 0.020
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Fig. 6 Computational domain
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(a) Top view

(c) Rotor sail view

Fig. 7 Grid configuration of rotor sail ship

Table 4 Results of grid dependency test
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Table 5 Comparison of self-propulsion point w/o rotor sail

RPS Speed (m/s)
Model test 17.5 0.7973
CFD 17.881 0.7979
Error (%) +2.17 +0.08

={F- CFD (Present) =S~ Exp. (Yasukawa and Yoshimura, 2015)
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0.02f
> 0.0 - —= —a— 5
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(a) Surge force
0.40
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020
[ L | | | | | | |
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o[l
(b) Sway force
0.0
Tz 0.00F g 5 —=
.10
[ L | | | | | | |
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o[l
(c) Yaw moment
0.04

0.2

002

| | 1 1 | 1 | | 1
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-0.04L

o]
(d) Rudder normal force

Fig. 8 Comparison of CFD and experimental results for
static rudder tests
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Fig. 9 CFD analysis of rotor—sail ship speed convergence
time in a 1DoF simulation
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