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Hull resistance estimation in a brash ice channel using DEM
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Summary
The Finnish-Swedish Ice Class Rules (FSICR) require ice class vessels to navigate at least 5 knots
in a brash ice channel (BIC). Therefore, BIC tests are conducted in ice tanks to evaluate propulsion
performance in a BIC. However, ice tank tests require a significant amount of time, which is a major
issue in the development of ice class vessels. Regarding this issue, we developed an estimation
method for hull resistance in a brash ice channel. In addition, calculation results and tank test results

were compared for evaluating the accuracy of the calculation.
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Fig.3 Outline of the mold for arranging BIC

4 BIC {fEskofiidL (a SFHOKEFANOKF 21E% T 5. bt
KEEAFRLT D, ¢ B—/b R L OKBROFUIKA &I
~%, & 78k L7z BIC)

Fig.4 Procedure for making a brash ice channel (a: making
brash ice pieces from a level ice, b: making an open
channel, ¢ arranging the brash ice pieces in the channel
using the mold, d: the completed BIC)
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Fig.5 Cross-section of the BIC in DEM simulation
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Fig.6 Ice pieces arrangement method for making brash ice
channel in the calculation.
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Fig.7 Ice pieces size distribution of the JMU ice tank test
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Table 1 Mean and standard deviation. of ice pieces size

radius Mean 9.68 (mm)
S.D. 2.42 (mm)
Mean 2.24

1 di

n(radius) P ™95

# 2 FHEIEA Liokhha X
Table 2 Ice pieces size for calculation
Radius (mm) 7.65 10.32 | 13.35
Mixing ratio (%) 420 | 446 | 134

* 3 FHATA—2

Table 3 List of calculation parameters

Young modules E | 11.1 MPa)*
Poisson ratio v | 033"
Restitution coef. e |05
ice-ice = 1.35™
Friction coef. Uy | icechull =0.10
ice-mold = 0.00
Density of the water Py | 1008 (kg/m?*
Density of the ice p;i | 920 (kg/m?d*
Rolling resistance coef. ur | 09
Water resistance coef. C, | 047
* Based on tank test of JMU

s

Based on pure ice property'®
**  Based on Konno?
** Based on (JSFM, 1998)1%
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Table 4 List of test model vessels (dimensions are in model scale)

) Length Breadth Draft Velocity
Name Bow-shape (mm) (mm) (mm) (m/s) Scale
A Parabola 6487 1000 404.4 0.383 1/45
B Ellipse 6487 1000 404.4 0.383 1/45
C | LEADGE-Bow® | 6487 1000 4044 | 0383 | 1/45
Ry 404.4,
D SP-Bow® 6487 1000 914 0% 0.383 1/45
338.7,
E Bulbous Bow 5742 1000 184.21, 0.462 1/31
155.2°2
*1, *2: shallow draft condition
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Fig.9 Comparison of the ice resistance obtained from the ice
tank tests (horizontal axis) with that predicted by the
numerical simulations (vertical axis)
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Numerical simulation Ice tank test

Model A

Model B
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Fig.10 Flows of ice pieces under the deep draft condition
(Models A and B)

Ice tank test
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Fig.11 Flow of ice pieces under the shallow draft condition

(Model E*2)
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