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The application of wind—assisted propulsion systems(WAPS), such as rotor sails and wing sails, has gained increasing attention
as an effective solution for reducing fuel consumption and greenhouse gas emissions in the maritime industry, While these
systems generate beneficial longitudinal thrust that contributes to ship propulsion, they simultaneously produce unintended lateral
force acting on the ship, From a ship manoeuvring perspective, these longitudinal and lateral forces can interfere with the ship’ s
ability to maintain the desired course and alter the ship's attitude, including the drift angle, These unintended attitude variations
can change the hydrodynamic resistance characteristics of the ship, potentially reducing the overall energy—saving benefits of
wind—assisted propulsion, Furthermore, externally generated lateral forces may significantly affect ship manoeuvrability, particularly
course—keeping characteristics, In this study, free running model tests, including straight—line and zigzag manoeuvre tests, were
conducted using the KLNG2 hull form to experimentally investigate the influence of lateral forces associated with wind—assisted
propulsion devices on ship manoeuvrability, In addition, a mathematical manoeuvring model capable of representing the
effects of external lateral forces was employed to study the influence of the initial attitude on course—changing performance,

Keywords : KLNG2(KLNGR), Manoeuvre(XZ), WAPS(SEEXRFXIEX)), Lateral force(2l2), Free running model test(AFRSTERSAS)
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Table 2 Position & Magnitude of wind generating device

Table 4 Results of straight-line tests at model-scale

Position (m) | +1.48[F, STN.18] ‘ -0.76[A, STN.6]

Magnitude (N)

1.40(32%) | 2.83(65%) | 4.17(96%)

Table 3 Manoeuvre tests details

. . Position
Test item|Speed(knot) | Rudder angles(®’) ————
Magnitude(%)
, F, A
Straight PD control
15 32, 65
Zioza +20/20, +10/10 F, A
gzad +5/5, +3/3 | 32, 65 96
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Straight-line tests
States &
control input w/o w/ w/
0.00N(0%) | 1.40N(32%) | 2.83N(65%)
F 0.06 F 0.12
Yavl/ rate 0.00
(°/s) A | -0.40 | A | -0.47
i F | -293 | F -4.42
Drift r)angle 0.80
() A | -259 | A | -3.55
F 0.31 F 0.67
Roll oangle 0.00
) A | 047 | A 0.77
Rudder angle F [-036 | F | -1.02
. 0.57
) A | 547 | A | 9.45

Table 5 Zigzag indices at full-scale without lateral force

Index STBD/PORT mean value
Zigzag manoeuvre | 20/20 | 10/10 5/5 3/3

First OA(°) 1.4 8.4 5.6 4.9
Time to reach

first OA(s) 109.7 | 122.2 | 134.0 | 164.6
Second OA(°) 9.6 12.0 - -
Time to reach
second OA(s) 290.7 | 330.9
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Table 6 PORT -20/20, —10/10 zigzag indices at full-scale
(wind generating device at A position)

Index PORT & A position
Zigzag -20/20 -10/10
manoeuvre 32% 65% 32% 65%
First OA(®) 13.6 16.2 18.0 NA
Time to reach
first OA(S) 114 133 189 NA

Table 7 PORT -5/5, —=3/3 zigzag indices at full-scale
(wind generating device at A position)

Index PORT & A position
. -5/5 -3/3
Zigzag manoeuvre
32% 32%
First OA(®) NA NA
Time to reach
first OA(s) NA NA

Table 8 STBD +20/20, +10/10 zigzag indices at full-scale
(wind generating device at F position)

Index STBD & F position

Zigzag +20/20 +10/10
manoeuvre | 32% | 65% | 96% | 32% | 65% | 96%

First OA(") | 13.8 | 16.7 | 21.2 | 10.4| 13.6 | 14.9

Time to reach

first OA(S) 116 | 123 | 133 | 129 | 137 | 132
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Table 9 STBD +5/5, +3/3 zigzag indices at full-scale
(wind generating device at F position)
Index STBD & F position
Zigzag +5/5 +3/3
manoeuvre 32% | 65% | 96% | 32% | 65% | 96%
First OA(®) | 5.1 | 6.8 | 9.7 | 3.1 | 4.9 | 14.4

Time to reach
first OA(s)

129 | 128 | 143 | 111 | 128 | 268
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Table 10 Comparison results of manoeuvre indices

35 turn 35 turn 35 turn
Ad(L) Tr(L) TD(L)
Free running 3.29 1.37 3.59
Simulation 3.05 1.38 3.56
10/10 zigzag|10/10 zigzag| 20/20 zigzag
1st OA(®) 2nd OA(®) 1st OA(®)
Free running 8.43 11.97 11.43
Simulation 7.68 11.91 12.28
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Table 11 Comparison results of initial state value
F position, 32%

Rudder Roll Yaw Drift
angle(®) | angle(®) | rate(°/s) | angle(®)
ranfiig 0.023 | 0262 | 0015 | -2.307
Sim3 -0.343 0.436 0.095 -2.076
F position, 65%
Rudder Roll Yaw Drift
angle(®) | angle(®) | rate(°/s) | angle(®)
rul::iig ~1.233 | 0402 | 0.037 | -3.430
Sim3 -0.828 0.774 0.046 -4.329
F position, 96%
Rudder Roll Yaw Drift
angle(®) | angle(®) | rate(°/s) | angle(®)
ranr:iig 2127 | 0.591 0.062 | -4.166
Sim3 -1.104 1.265 0.054 -6.507
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