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Test research on ice and water force acting on the
hull for medium and high floe ice concentration

GUO Wet, ZHAO Qiao—sheng, ZU Yong—heng, YANG Zong—yu
(National Key Laboratory of Hydrodynamics, China Ship Scientific Research Center, Wuxi 214082, China)

Abstract: Prediction of ice force acting on the hull is a key to assess the navigation performance of ice-going
ships. An ice—going ship was used to conduct the manoeuvring oblique test, the circular synthetic ice made
of polypropylene was adopted, the forces of hull in water and medium and high floe ice concentration region
were given by model test, the characteristics of force under different speeds and drift angles were investigat-
ed, the data repeatability was analyzed based on typical conditions, and the synthetic ice model test technolo-
gy was developed. The model test results show that increasing ice concentration, speed and drift angle will
cause the larger force acting on the ship, the contact area of the ship and ice is larger in higher ice concentra-
tion and larger drift angle, the repeatability of data is also better.
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Tab.1 Parameters of ship model and floe ice
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Fig.1 Ship model
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Tab.2 Oblique test cases without ice
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Tab.3 Oblique test cases with floe ice
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Tab.4 Hydrodynamic force of ship

g () JULHE 0.244 m/s JiLH 0.407 m/s i3 0.569 m/s
X/N Y/N N/(N+m) X/N Y/N N/(N+m) XIN YIN N/(N+m)
-2 -0.522  -0.018  -0246  -1267  -0.493 -0.582 2503 -1.161  -1.066
0 -0.546 0.028 -0.066  -1.412 0.037 0.080 -2.539  -0.033  -0.110
2 -0.687 0.501 0.217 -1.449 0.728 0.587 2599  1.014 1.266
4 -0.613 0.495 0.572 -1.413 1.066 1.391 2760  1.862 2.855
6 -0.605 0.715 0.641 -1.613 1.517 2.020 -2.998 2713 3.911
8 -0.810 1.102 0.891 -1.696 2.362 2.548 3264  4.180 4.832
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Fig.2 Hydrodynamic force of ship model varying with drift angles
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Tab.5 Repeatability statistics of model test data
Tk fiL/ S — it o it EICR e
AL I (m-s™) X/N Y/IN N/(N*m) X/N YIN  N/(N-m) X% Y% Nl%
0.244 -0.599  0.066 -0.024 -0.811 0.227 0.110 150 — —
0° 0.407 -1.938 0.014 -0.109 -1.963 0.266  -0.158 0.6 — —
0.569 -3.645 -0.050 -0.165 -2.243 0.081 -0.058 238 — —
0.244 -0.737  0.435 0.401 -0.945 0.404 0.545 124 37 152
50% 4° 0.407 -2.302  1.210 1.241 -2.095 1.048 1.303 4.7 7.2 2.5
0.569 -3.879  1.996 2.626 -3.869 2.535 2.483 0.1 119 28
0.244 -1.207  0.608 0.808 -1.433  1.028 0.910 85 257 59
8° 0.407 -3.451 3.378 2.358 -3.335 2996 2.415 1.7 6.0 1.2
0.569 =5.117  4.856 4.487 -4.144 4762 4.263 10.5 1.0 2.6
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ko Lt/ B— YR 5Bk R
SR (m-s') XN YN  N/(N'm) X/N YN  N/(N'm) X/% Y% NI%
0.244 -1.491 0.269 -0.026 -1.278 0.088 -0.139 7.7 — —
0° 0.407 -3.018 -0.171 -0.130 -2.949 -0.11 -0.061 1.2 — —
0.569 -5.439 -0.778 0.003 -5.007 -0.96 -0.505 4.1 — —
0.244 -1.803 1.245 1.172 -1.932  0.969 0.907 3.4 125 12.8
70% 4° 0.407 -3.471 1.880 2.156 -3.272 1.619 1.617 3.0 7.4 14.3
0.569 -6.068 3.739 3.292 -5.599 3.651 3.428 4.0 1.2 2.0
0.244 -3.477 4.731 2.788 -3.527 4.786 3.307 0.7 0.6 8.5
8° 0.407 -5.315 7.067 5.198 -5.258 7.105 4.762 0.5 0.3 4.4
0.569 -7.979 13.829 8.887 -8.238 11.68 8.111 1.6 8.4 4.6

F T AR O P00 ia) g R i T 3 REET g /N DAL IR AN 8T A O° R 00 sy g R i 0 0 R P R A2

M ST M T 70% 582 1, 50% % 5 0 B A2 PR 2% | 3t T T 50% % 52 JEE 19 7 DK s B 4
R, S B AT ORI Tl o S 2 B , (A 32 o 25 R A 25 . SR, 2R AL B B

HBTE10% LA o

RS R AL B B2 J1 R AT B 50% A 70% %551, BN 4R B HAT N4
A B R X = ANMITE , 3 6 FIFE 74145 T IR VKB FE 50% A1 70% T WA ) F7 A i)

T3 BAwFI 15
6 IFIKEEE 50% BRI AREE KK 3h 71
Tab.6 Total force of model ship with 50% ice floe concentration
Sl A% 0.244 m/s A% 0.407 m/s A% 0.569 m/s
(°) XIN YIN N/(N'm)  X/N YN N/(N'm) XN YN N/(N-m)
-2 -0.984 -0.028 -0.317 -1.850 -0.498 -0.669 -3.489 -1.217 -1.577
0 -0.705 0.147 0.043 -1.950 0.140 -0.133 -2.944 0.015 -0.112
2 -0.821 0.353 0.236 -2.132 0.513 0.670 -3.316 0.716 1.292
4 -0.841 0.420 0.473 -2.199 1.129 1.272 -3.874 2.266 2.554
6 -0.944 0.701 0.483 -2.319 1.949 1.962 -4.107 3.745 3.643
8 -1.320 0.818 0.859 -3.393 3.187 2.386 -4.630 4.809 4.375
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Tab.7 Total force of model ship with 70% ice floe concentration
&/ fTE 0.244 m/s fiii 0.407 m/s fiftk 0.569 m/s

(°) X/IN Y/N N/(N-m) X/IN YN N/(N-m) XN YN N/(N-m)
-2 -1.546  -0.442 -0.476 -3.283 -1.171 -1.321 -5.324 -2.499 -2.416
0 -1.384 0.179 -0.082 -2984  -0.139 -0.096 -5.223 -0.869 -0.251
2 -1.584 0.548 0.528 =-3.195 0.978 0.972 -5.743 2.087 2.331
4 -1.867 1.107 1.040 -3.372 1.749 1.887 -5.834 3.695 3.360
6 -3.090 2.813 1.885 -4.465 5.454 3.381 -6.367 8.828 6.146
8 -3.502 4.759 3.048 -5.287 7.086 4.980 -8.109 12.756 8.499
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Fig.3 Total force of ship varying with the drift angles with 50% ice floe concentration
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Fig.4 Total force of ship varying with the drift angles with 70% ice floe concentration
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Fig.5 Ice force of ship varying with the drift angles with 70% ice floe concentration
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Fig.6 Floe ice distribution and interaction phenomenon of ship and ice
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