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A New Estimation Method of Wind Forces and Moments acting on Ships on the basis of Physical Component Models

by Toshifumi Fujiwara, Member
Yoshiho Ikeda, Member

Michio Ueno, Member

Summary

A new method to estimate longitudinal and lateral wind forces, and yaw and heel moments for ships is presented in this paper. The
proposed estimation procedure is based on physical component models of the wind loads acting on ships. It is assumed that the wind
forces consist of longitudinal- and cross-flow drags, and lift and induced drags. The wind moments are obtained by crossing the
moment lever to the lateral wind force. Each term of the components in the estimation equations is decided by the regression
analysis using many wind tunnel experimental data. This estimation method has the same accuracy level to the authors’ previous
method, which was more accurate than the earlier reported prediction methods, and has more rational and simple forms of

estimation rather than the previous one.
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Fig. 1 Coordinate system of wind force and moment coefficients

Table 1 Data number of coliected sample ships'>™~'7

MR | y

Sample 7,
Pasgsenger /
Ro-Ro

Author  Published

Tanker Bulk/CargoLNG/LPG Container Fishing Other Total

Wagner B 1967 4 5 0 0 2 2 2 15
AcssenGetal 1968 0 0 0 0 1 0 0 1
AageC 1971 1 5 0 0 2 1 0 9
Sezaki Y 1980 0 0 0 0 1 0 0 1
Blendermann W 1996 2 0 2 7 3 0 11 30
NorakaKetal 1999 4 0 4 0 0 0 0 [}
Appendix 0 3 0 2 1 0 1 7
Total u 13 6 9 15 3 14 71
A()I)
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Fig.2 Definitions of each parameter on ship form
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Table 2 Categorized sample ship data and specifications of
principal and non-dimensional parameters for maximum, average
and minimum values

Caegory Tan Tao Lag Con Pas Oth
n, 15 15 4 8 13 16
Secaphe Balk Bulk with craos  LNG with aphericsl ks Contimer o full losd Fary Fiskiog
Conmincrinballat  Cargo with s Cargo with cosminers Passcnger Figh spoad craft
Lacge fisking Costsimer in baliest Ro-Ro with conteiners PCC Offishore
e ‘with some comtaimors RoRo Naval
Tasker RoRo Repcarch
Tamker Tesining

Frincod st
Max Ave Mim Mmx Ave Mia Max Ave Mia Mm Ave Min Mm A Min Mz Aw Ma

loa () |3514 2387 500 2257 1700 1187 230 2785 2740 2320 1941 1187 1950 1585 847 1338 705 251
e () [3360 2273 440 2174 1602 100 2700 2650 2600 2160 1301 120 100 1467 8.0 1282 659 222

IB (m) S50 330 84 312 23] 181 472 460 443 X2 277 191 322 26 133 179 122 58
Ap(w) | 1504 9084 600 767.0 4686 321 1827 1672 1512 9602 7313 3859 8MW2 5516 1556 3158 1450 241
A ) | 8055 35@ 1783 3011 15M 1192 3314 7606 G2 4504 21 1491 4694 3136 645 1342 5162 T22
Ao (%) | 6600 4460 400 307.7 5087 271.0 3417 3267 3117 2505 1466 IGO0 2679 16@ 3450 7720 1913 200
IC () 1990 1377 255 1253 914 702 M40 1430 1420 1147 1014 701 1060 805 424 642 333 130
[Fic (m) 123 80 30 91 72 5S4 170 152 134 111 96 77 49 102 49 67 43 20
(F (20 380 264 99 291 205 142 458 428 400 305 272 199 307 232 124 175 116 46
valisbles

Mm  Ave M Mix Ave M Mm  Awe  Ma Mx  Ave Ma Mmx Ave  Ma Mm  Aw M
(Blos 0177 0S8 0138 0165 013 CJI0 0IJ72 0165 GIS8 01& G144 0110 0180 0143 0120 0212 0.186 0.100
Farflon [0.197 0118 0060 0197 0124 0073 0167 0154 G141 0181 0142 0126 €.191 0.146 0119 0226 01T €127
H/la, |0061 0036 0019 0069 0.043 0.031 0062 0055 0.047 0.065 0050 0043 0.092 0064 0053 0093 0.064 0.047
o, |-0.010 -0.045 0124 0.003 -0.042 -0.110 -0.009 -0.012 -0.015 2004 -0.035 -0.094 0.049 0.010 0046 0.128 0058 0.037
[FaaB
[CRc
3
Mo

1178 0754 0437 1291 0921 0528 0970 0930 0893 1207 0990 0355 1207 1.9 0338 1269 0.3 Q689
0230 -1.455 4076 0.093 -0.958 -2.093 0148 0214 -0254 -0.087 -066] -1455 0305 -0.141 -0.71S 2268 092 0.733
@4 0016 0009 0.030 0017 0.009 0024 002 0019 0027 0420 0014 0.035 0.021 0016 0053 0.031 0012
|A 00X 0059 0028 0.103 0066 0.38 0111 0098 0087 C.J06 0086 0.07% 0163 0.116 0093 Q144 0.09% 0070
Aoolo | 0016 0002 0005 0033 0013 0.010 0.046 0042 0.039 0064 0037 0.023 0.09% 0057 0.034 0055 0.031 0.017
|Aco/Ay 032) 0152 0071 045 0277 0176 0453 0430 0411 0679 0437 0247 0612 0430 0339 0575 0327 0165
1053 0664 0314 1298 0910 049 0X20 0.790 0.760 1.193 0549 0.797 1242 1.02 0828 1289 0.916 0652
A/ LoaFae | 0362 0429 0666 0413 0529 0.737 0616 0637 06@ 0545 0606 0664 0.691 0.790 0903 0455 0553 0.706
IA/BRg |0650 0352 1105 0365 0957 1.161 0312 0849 0364 0894 0956 1059 0.92 0987 1119 0.766 0.95% 1148
IAfloyB {0146 0103 0056 0198 0123 00K 0141 0.131 0I21 €17) 0136 QI25 0.192 Cl44 0124 0234 0165 0118
ALoB  [0500 0377 0175 0676 0437 0272 0643 0594 0SS1 0.693 0599 0545 1.001 0319 0678 0.749 0536 0X8
APA, 0211 0270 0337 0216 0250 0293 0216 0220 0225 CI89 0225 0259 0.149 0175 0213 QIS8 0299 0424
FeC/A, [0.015 0099 0323 0.007 -0.081 -0217 -0.014 -0.018 -0073 -0.007 -0.057 0.161 0.069 -0.011 -0.056 0267 0.113 0.068
LoaHc/A, | 0850 0617 0491 0228 0.665 0541 0571 0554 0540 0612 0584 0556 0.61¢ 0550 0478 0805 0.674 0586
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—> Induced drag (1D)

Fig.3 Physical components of wind forces acting on a ship
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Fig. 4 Separated force components on (a) CX and (b) Gy
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Fig. 5 (a) Calculated cross-flow drag at ¥, =90°, Cgr,
comparing with experimental results and (b) averaged standard
errorson C. for each ship type
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Table 3 Coefficients of non-dimensional parameter in the
estimating equations

i j: o0 1 2 3 4
a; 0.404 0.368 0.902
A, 1 0922 0.507 1.162
o2 0018 -5.091 10.367 3.011 0.341
7. 1 0116 3.345
el 2 0446 2.192
5 1 0458 3.245 2313
i 2 -1.901 12.727 24.407 -40.310 -5.481
. 1 0585 0.906 3.239
y 2 0314 -1.117
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Table A-1 Principal particulars of experimental models
Ship  Condition Profile Lo (m) Ler (m) B (m) Ag (m’) Ay (m”) Agp () C (m) Hc (m) Hpg (m)
Bulk-A Ful Aol 1848 1770 304 5332 1997 5745 5.6 65 178
Bulk-B  Ballast Jodoldglesd 1848 177.0 304 7670 3111 5745 -08 91 228
Bulk-C  Ballast Jfoeemememend 1848 177.0 304 767.0 2810 273.4 -19 81 2238
Container-A  Full -‘-_ 232.0 216.0 322 960.2 4504 2070 -7.6 108 293
Container-B Ballast J—& 2320 216.0 32.2 1092 3587 3949 -3.7 87 311
Ro-Ro H, 1813 1695 251 7241 4223 2380 -1.8 127 258
Training _“—.} 1166 1050 179 3158 1337 450.6 09 67 175
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Fig. A-1 Wind force and moment coefficients of seven kinds of ships
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