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Abstract @ Marine accidents involving fishing boats, caused by a loss of stability, have been increasing over the last decade. One of the main
reasons for these accidents is a sudden wind attacks. In this regard, the wind loads acting on the ship hull need to be estimated accurately for
safety assessments of the motion and maneuverability of the ship. Therefore, this study aims to develop a computational model for the inlet boundary
condition and to numerically estimate the wind load acting on a fishing boat. In particular, wind loads acting on a fishing boat at the wind speed
profile boundary condition were compared with the numerical results obtained under uniform wind speed. The wind loads were estimated at intervals
of 15° over the range of 0° to 180° and i.e., a total of 13 cases. Furthermore, a numerical mesh model was developed based on the results of the
mesh dependency test. The numerical analysis was performed using the RANS-based commercial solver STAR-CCM+ (ver. 13.06) with the k—w
turbulent model in the steady state. The wind loads for surge, sway, and heave motions were reduced by 39.5 %, 41.6 %, and 46.1 % and roll, pitch,
and yaw motions were 48.2%, 50.6 %, and 36.5 %, respectively, as compared with the values under uniform wind speed. It was confirmed that the
developed inlet boundary condition describing the wind speed gradient with respect to height features higher accuracy than the boundary condition of

uniform wind speed. The insights obtained in this study can be useful for the development of a numerical computation method for ships.
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Table 1. Marine accidents according to vessel type in Korea

Passenger Cargo Fishing

Year Ship Ship Boat Others
2014 51 111 1,029 374
2015 66 115 1,621 560
2016 65 116 1,794 574
2017 46 127 1,939 770
2018 44 12 2,013 799
Total 272 581 8,396 3,077
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Fig. 2. Coordinate system.
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Table 2. Principal dimensions of a 9.77ton fishing boat

. LBP Breadth Draft Design Speed
Displacement
splac (m) (m) (m) (kts)
9.77ton 15.0 3.9 0.760 15.0

Mesh Model: Aft Part

Mesh Model: Fore Part

Fig. 3. Volume fractions and generated mesh model.
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Fig. 4. Results of mesh convergence for surge in head sea.
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Fig. 5. Results of mesh convergence for roll in beam sea.
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Fig. 6. Computational domain and boundary conditions.
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Table 3. Conditions of mesh convergence

Mesh Size M1 M2 M3 M4 M5
Global, G (m) 2.0 .75 150 125 1.00
Volumel (% of G) x-axis = 80, y-axis =80, z-axis =10

Volume2 (% of G)
Volume3 (% of G)
No. of Mesh (Million) 1.7 2.1 2.7 3.7 5.8

x-, y-, z-axis=10

X-, y-, z-axis =5

Area Surge 109 108 10.3 9.9 9.6
Ave. y+ Roll 808 806 803 797 792
Table 4. Average error of wind speed profile
Name of Section Below 1m Above 1m
Sectionl (z =20m) 34% 1.1%
CG (x=344) -0.4 % -0.9 %
Section2 (z =95m) 0.4 % -0.4 %
Outlet (z =120m) 03 % -0.6 %
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Fig. 7. Cross-section locations for monitoring wind speed.
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Fig. 8. Wind speed profile comparison among 4 cross
sections, Inlet, Section 1, CG, Section 2 and Outlet.
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Fig. 9. Error of wind speed profile relative to inlet wind
speed among Inlet, Section 1, CG, Section 2 and
Outlet.
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Table 5. Wind loads on a fishing boat

Roll (Nm)

'Wind Direction, u (deg)

Pitch (Nm)
g

Uniform —&—
-O=

NPD

-~
B it T T S A o

45

90

135

‘Wind Direction, a (deg)

180

2,000

Yaw (Nm)

45

Comparison of wind loads on a fishing boat.

135

'Wind Direction, o (deg)

180

Model Diieoft)ion 0 15 20 45 60 75 9 105 120 135 150 165 180
Surge (N)  -234 200  -155  -100  -60  -53 62 1 99 207 294 281 216
Sway (N) 0 213 41 69 68 679 64l 652 631 526 366 200 0
app  Heve ) 113266 59 919 1109 1172 1176 997 915 817 548 347 221
Model g1 (Nm) 0 245 497 706 789 746 679 640  -596 385 233 37 0
Pitch (Nm) -1,842 -1,938 -1,608 -1,526 -1426 -89 88 921 1487 1457 1500 1948 2,404
Yaw (Nm) 0 620 1139 133% L11l 742 174 507 806 756 -597 370 1
Surge (N) 330 -284 252 -168 -89  -88 -111 29 133 305 431 419 333
Sway (N) 0 291 641 1,054 1262 1141 L1114 1066 1040 83 576 270 1
Heave (N) 152 447 1,197 1845 2,123 2,075 2003 1,80 1762 1671 1103 698 406

Uniform
Roll Nm) 0.6 -504 917 -1422 -1,500 -L,165 -1,104 -1,103 -1076 697 376 -52 2
Pitch (Nm) -3,041 -2,978 2739 2993 -3463 2,192 309 1517 2545 2297 2377 3378 4613
Yaw Nm) -5 915 1567 2216 2057 982 110 979 -1,559 -1277 951 422 9
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