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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 Iongitudinal 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 collected sample ships'?~1"
Sample n,
Author Published Passenger/

Tanker Bull/CargoLNG/LPG Container ' 'p B ' Fishing ~ Other  Toml

o-Ri¢
Wagner B 1967 4 5 0 0 2 2 2 15
Acnissen Getal. 1968 [ 0 0 [ 1 ] 0 1
AageC 1971 1 5 0 0 2 1 0 9
Sezaki Y 1980 ] [ 0 0 i 0 0 i
Blendermarn W 1996 2 [ 2 7 8 o 11 30
Nonska K etal. 1999 4 1] 4 [ 1] ] 0 8
Appendix 0 3 0 2 1 0 1 7
Total 11 13 6 9 15 3 14 71

At Co wr Al

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

Category Tan Tao Log Con Pas Oth
ns 15 15 4 8 13 16
Ssuple Bak Bulkwithcrmes  LNG with spbarical ks Containarin £l load Fery Fishing
Contrincrinballast  Cago with masts Cargo with contsivers Passcnger High spocd eruft
Large fisking Container in ballast Ro-Ro with conziners PC Ofisbare
6 with sevnc contsiners RoRo Naval
Tentes RoRo Regearch
Tanker Trminiog.
Tog
Pmcxpa.l ‘particulas

Max  Ave Min Mmx  Ave Min_ Max  Aw Mag  Ave Mim Mm  Ave Min Mo Ave M
Loa(m) |3514 2387 500 2257 1700 1187 2830 2S5 2740 2320 1541 1IR7 1950 1585 847 1338 705 251
L (@ 3360 2273 440 2174 1602 1030 2700 2650 2500 2160 150 1030 1800 1467 3.0 1282 659 222
B (m) 580 380 84 312 231 181 472 460 448 322 277 191 322 26 133 179 122 58
Ay (o) 1804 9084 600 7670 4686 3021 1827 1672 1532 9602 7313 3859 8982 5516 1556 3158 1450 240
A, () | 8055 352 1783 3111 1874 1192 8514 7606 692 4504 XR1 149) 4694 3136 7645 1342 5162 22
Ao () | 6600 4360 400 807.7 5087 271.0 3417 3267 3117 2505 1466 3680 2679 1602 3450 7720 1918 200

C (m) 190 1377 255 1253 914 02 1440 1430 1420 1147 1014 70] 1060 805 424 642 333 130
[He () 23 80 30 91 72 54 171 152 134 111 96 77 149 102 49 67 43 20
Ha(m) | 380 264 99 290 205 142 458 428 400 305 272 199 307 232 124 175 116 46
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Mix Ave Min Max Ave Min M Ave Min Masx Ave M Mm Ave Min Mmx  Avwe M
[®Lg, 0177 Q158 0138 0165 0136 0110 0172 0165 0158 0162 0144 0110 0180 0143 0120 0232 0186 0.100
Amflon {0197 0113 0069 0197 0124 0073 0167 0154 0141 0181 0142 0126 0191 0M6 0119 0226 0I7T1 0127
A/, |006] Q@36 0019 0069 0043 0431 0062 0055 0047 0065 0050 0043 0.092 0.064 0053 0093 0064 0.047
Loa
B
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LI78 0754 0437 1291 0921 0.528 0970 0930 0893 1207 0990 0859 1207 L@9 0888 1269 0948 0.639
o 0230 -3.455 4.076 0093 -0.958 -2.093 -0.148 0214 -0254 -0.087 -0.661 -1.455 0305 -0.14) -0.71S 2263 092 -0.733
Ao | 0024 0016 0009 0030 0.017 0009 0.4 002 0019 0027 0020 0014 0.5 0.21 0016 0053 0.031 0012
Ao 002 0059 0028 0103 006 0033 0.11) 0098 0087 0106 0085 0076 0.163 0116 0093 Q144 0.05 0.070
Acoflos’ | 0016 0008 0.005 0033 0018 0010 0046 0042 0039 0054 0037 0023 0.09¢ 0057 0034 0055 0.031 0.017
Aoc/A, | 0321 Q152 0.07) 0459 Q277 0176 0453 0430 0411 0679 0437 0247 0612 0450 0339 0575 0327 0165
APB! 1053 0654 0314 1238 0910 0496 0520 079 0760 1193 0949 0797 1242 1.@2 0328 1289 0916 0.652
AloaFl | 0362 0489 0.666 0413 0529 0.737 0616 0637 0662 0545 0605 0.664 0.691 0.790 0903 0455 0553 0706
A/BH, |0650 0252 1105 0265 0957 1161 0832 0849 0864 03% 0956 1050 €922 0087 1119 0766 095 1148
A/ic,B | 0145 0103 0056 0198 0123 008 0141 G131 QI21 G171 Q136 0125 0.192 0144 0124 0234 0165 0.118
A/Lg,B | 0500 0377 0175 0676 0487 0272 0643 05% 0351 0693 0599 0545 1.00] 0819 0678 0749 0536 0328
AJ/A, 02311 0270 0337 0216 0250 0293 0216 6220 0225 C.IR9 0225 0259 0.149 C.I75 0213 0158 0299 0424
RaxCiA,  |-0.015 -0.099 -0323 0.007 0.081 -0217 -0.014 -0.018 -0.023 -0.007 0.057 061 0069 0011 0056 0267 0.113 -0.068
LosFlc/A, [ D550 0617 0491 O0R28 Q665 0541 0571 0554 0540 0612 0584 0556 0610 0.550 0478 0205 0674 0586
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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) Cy
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Fig. 5 (a) Calculated cross-flow drag at ¥, =90°, Cgz,

comparing with experimental results and (b) averaged standard
errors on Cy. for each ship type
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Table A-1 Principal particulars of experimental models

Ship  Condition Profile Loa (m) Lye (m) B (m) Ag (m”) Ac(m’) Aop @) C (m) He (m) Blzg (m)
Bulk-A Full jﬂ:::—& 184.8 177.0 304 533.2 1997 5745 -5.6 65 178
Bulk-B  Ballast Mololelclesd 1848 177.0 304 767.0 3111 5745 -08 91 228
Bulk-C Ballast i - 1848 177.0 304 767.0 2810 2734 -19 81 228
Container-A  Full dm 232.0 216.0 322 960.2 4504 2070 -7.6 108 293
Container-B  Ballast H 2320 216.0 322 1092 3587 3949 -3.7 8.7 311
Ro-Ro “ 1813 1695 251 7241 4223 2380 18 127 258
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Fig. A-1 Wind force and moment coefficients of seven kinds of ships
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