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A Study of Ship Resistance Characteristics for Ice—strengthened Vessel

by Broken Ice Channel Width and Size of Broken Ice Pieces

Seong—Yeob JeongT-Jinho Jang- Cheol—-Hee Kim-Jong—Gil Yum-Kuk—Jin Kang
Korea Research Institute of Ships and Ocean Engineering, KRISO

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons,org/licenses/by—nc/3.0)
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Ships strengthened for navigation in ice encounter level ice, ice ridge and broken ice fields, Thus, the ship resistance in ice is

a very critical concern to the designers of ice—going vessels, The objective of this study is to understand the physical aspects

of ship performance in ice and to investigate the characteristics of the ship resistance in broken ice channels, In particular, this
study identifies the ship resistance in ice associated with the broken ice channel width and the size of broken ice pieces, Model
testings of towed-resistance condition in broken ice channels with three ship speeds were conducted in KRISO ice model basin,

The influence of the ship resistance characteristics in broken ice channels for channel width and size of broken ice pieces was

analyzed,

Keywords : Ship performance in ice(ME1o] BIAS) Broken ice channel width(ZH2! Bl XS &), Size of broken ice pieces(7HE! &l
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Table 1 Ice model testing conditions

Broken ice Ice Density Flexural Avg. ice
Test . . strength :
No channel |thickness| of ice of ice floe size
. : 3
width [mm] | [kg/m°’] [kPa] [mm]
1 10.5B, 0.7B 32 870 36 200
0.5B,
2 0.78. 128 52 870 36 200
0.5B,
3 0.7B. 1.2B 32 870 36 50

X% Where B denotes the moade! ship width.

Table 2 Principal particulars of the icebreaker Araon
(Jeong, et al. 2015)

Scale (A = 18.667) Model

Length between perpendiculars (m) 5.01
Maximum beam (m) 1.02

Design waterline (m) 0.36

Stem angle (°) 35.0

Waterline entrance angle (°) 34.0
Displacement (kg) 1142
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Fig. 11 Resistance characteristics in broken ice Fig. 12 Resistance characteristics in broken ice
channel (channel width=0.5B) for difference channel for two broken ice floe sizes at
in ice thickness at Test No. 1 and 2 Test No. 1 and 3
Table 3 Summary of model test results
Test Broken ice Ice thickness Ice floe size Model ship speed Resistance in broken
No. channel Width (mm) (mm) (m/s) ice channel (N)
0.119 102.31
1 32 200 0.357 128.66
0.595 144.80
0.119 118.94
2 0.5B 52 200 0.357 1562.37
0.595 179.77
0.119 5411
3 32 50 0.357 69.11
0.595 79.26
0.119 79.47
1 32 200 0.357 96.28
0.595 119.41
0.119 93.92
2 0.7B 52 200 0.357 98.10
0.595 132.55
0.119 49 .43
3 32 50 0.357 65.16
0.595 74.49
0.119 43.59
2 52 200 0.357 56.45
0.595 60.98
1.2B
0.119 27.57
3 32 50 0.357 31.80
0.595 40.71
26 sl Atslel=SEl 755 K15 20184 28



B BRI PR BEY U=

f=ZolM ZEAREE
37| Z=AolM Ml 7t

2
e J
o=
Rl
0%
dm
"
mo 0
0!
N
0
)
o
g
ol
ol

O|I
o rH

X A Z2 Doyl thakdel2 AUoisrM o2k 2
2 ARSsiict = 7S Sof =&E Zue tisst 2ot

>
0
a1}
L
mjo
=
0
rx
]z
<)
Mo
ol
ol
F[F
o
—0

J

glMuto| MEHCE 25 A L{EMEo] o F FHoAM A5

=11 ol2fet A Mute| -IXgo| S7 kst
ashtelian, et al. (1969)ol =3 74Tl & Y
Al F Bz Hiiol 37| 4] HME

o, WUE, Wsd oREA, Mol
|

i

2
x
1o
0z
>
02t
b
0z
A o M0 oF Mt

T

oz |
5 -
i
:
2
0% >

il
M
N
oM 0
tO
%
|'II
3
HU
1A
0f0
oo
mo
e k
4
30
in
i
x
=
0x
|'>
_|II
19

T FeolA A WEHS0

=

od

|

e

>

>

:’>

i

o 2
>

<

et 2 e 5
Zi0[ sfte| tieto]

ot T S

Ut
4>

r

N
ok
=4
dh

S
1z
10
oz
Rl
oot
rlo
oy
S

ol
=
n

0z 0
A
0%k
ro
™
oz
=>£
e
2
x
10
oz
e
Lu
N

=l
H
o
o
—0
rn > ML
3

o 2 k]
> 02
ook
1o
|'|II
)
&l
i
ol
ol
e
i
Ly
S
AN|
riu
N
)
il
0
rx
=
i)

0=

I
Nz
i
[m]
iz
o
0>
=)
lo
o
[olix
=
N
Rl
0Ok
Is)
o
AN
25

rel
5 F‘O
rx
R
Hu
bl
X
o
omn
ofr
F[F
o=
rkl
i
1o
I
1
=)
le}

0

0
NN

_9"]

o

ne il

o 4
30
u]
Aim

or E dr
3

e

o

o

0x

> Toh

e A o
gk
HT
|

1o

u

~
K
ogt
=
i
Y

©
i
>
H
HI

i
1
o
(e¢]
Oo -
o gl
mn 3
Rl
Ral
ofr
F[F
P
o
4
30
rir
jn)
k=)
rir
R
fnr > o

gt 1o
i
Hn
2
Hw
=)

| ooz A
2l = QoL Hske
Xl = T M
7|2 EF= Ao O &
A2 STME =%
ol2a1, el
0= 2} wE
3ol M= St b
£ 71Xl LigiMelol CisH g
2 Esfl AZFl 22(engine operation) ZEIA ME "ML Zof
2 Mute| AQniad EX0| BAEICHE 7| MAITHAHOA LY
4

YMtto| ARIE MHof =20| E A2E HEHEICE

P

I 4o r2 4 ne o
0z

> O
un
o M
et
ST
9
e
i}
il
0

=
= pe 0%
2 Mt
=3 Ir
>
1z
1o
o
3

0E

i)
|0
Hu
o>

lo
d

A
4an
T
rir
L

L
>

o
Ho

gk
ol
mo re

]
0
4>
zo
i

o

<.

I
ox M
40 g

1z
18

m
o [0
Jg HU
—_ |:|o(|) =
o &5
o=
PN
o O
or % [T
o8l LHJ I
NI}
o o
- ﬂ.||ﬂ| |'>
ng iy 1
pe
|'-'>_ ool rlll
2 > b

:>£
K
=
ES
1o
»
ox

>
0
>
oet

2 =22 gl BliuAel ‘2382 28
Miutg SisiORIAIIAIAR THZHPMS3B80)” 2 MatsERE

= 7|8t E(PES9440) 70| 2lsf =S
References

Finnish Transport Safety Agency (Trafi) and Swedish
Transport Agency, 2011. Guidelines for the
application of the finnish-swedish ice class rules.
Finnish and Swedish Maritime Administration: Helsinki.

Jeong, S.Y. Choi, K. & Cheon, E.J., 2015. An
analysis of characteristic of ice load distribution on
model ship. Journal of the Society of Naval
Architects of Korea, 52(6), pp.469-475.

Jeong, S.Y. Jang, J.H. Kang, K.J. & Kim, H.S., 2017.
Implementation of ship performance test in brash ice
channel. Ocean Engineering, 140, pp.57-65.

Kashteljan, V.I. Poznyak, I.I. & Ryvlin, A.Ya., 1969.
Ice resistance to motion of a ship. Marine Computer
Application Corporation: Leningrad.

Metrikin, . LU, W. Lubbad, R. Lgset, S. &
Kashafutdinov, M., 2012. Numerical simulation of a

[-model

floater in a broken—ice field: part

description.  37st International  Conference on
Ocean, Offshore and Arctic Engineering, Rio de
Janeiro, Brazil, 1-6 July 2012.

Wang, J. & Derradji—Aouat, A.,
performance  in

numerical  simulations.

2010. Ship
floes—preliminary
Newfoundland:

broken ice
Institute  for

Ocean Technology (I0OT) Report No. TR-2010-24.

JSNAK; Vol. 55, No. 1, February 2018

27





