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lce Floe—induced Ship Resistances using Explicit Finite Element Analyses
with a User—subroutine

Donghwa Han'Kwang—Jun Paik'-Seong—Yeop Jeong?+Joonmo Choung"’
Dept, of Naval Architecture & Ocean Engineering, Inha University, Incheon, Korea'
Korea Research Institute of Ships & Ocean Engineering (KRISO), Daejeon, Korea®
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which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

There have been many attempts to predict resistance of vessels in ice floe environment, but they mostly have both strong and
weak points at the same time; for instance, simplified formulas are very fast but less flexible to types of ship and ice
conditions and other numerical techniques need high computing cost for increased accuracy. A new numerical simulation
technique of combining explicit finite element analysis code with a user—subroutine to control real—time forces acting on ice
floes was proposed, thereby it was possible to predict ship—to—ice floe resistance with higher convenience and accuracy than
other proposed approaches, The basic theory on how real—time hydrostatic and hydrodynamic forces acting on ice floes could
be generated using user—subroutine was explained, The heave motion of a single ice floe was simulated using the
user—subroutine and the motion amplitudes and periods were almost consistent with analytic values, Towing tests of an
icebreaker model ship were simulated using explicit finite element analyses with the user—subroutine, The ice—induced
resistance obtained from the towing experiments and simulations showed significant differences, Intentional increase of the drag
coefficient to increase the contact duration between the ice floes and rigid model ship leaded the total resistance to be
Substantially consistent between the model tests and numerical simulations,

Keywords : Ice floe(7)), Ice resistance(| XMg), User—subroutine(AEXH MEZE), Drag—force(2f), Buoyancy(2=))
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Table 1 Information of a single ice
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Displacement, A kg 128.125
Drag coefficient - 2.0
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Fig. 3 Heave motion history of single ice models
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able 3 Towing test condition
Density of sea (kg/m®) 1025.0 9
Draft (m) 0.048 ftem_ value
Equation of state RANS Ice chanlnel width (m) 4.010
Multiphase model Incompressible Ice thickness (m) 5 0.057
Densi fi ki .
Turbulence model SST k—w ensity of ice (kg/m’) 870.0
- — - - Friction coefficient bet. ice and ship 0.050
Prescribed condition Uniform surge velocity — — -
Friction coefficient bet. ices 0.081
Flexural strength of ice (kPa) 62.0
Ice concentration (%) 60, 80, 90
Towing speed (knots) 1,3, 5
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Table 4 Simulation conditions

ltem Value
Density of ice (kg/m?) 870.0
Density of sea (kg/m®) 1025.0
Ice dimensions (m) 0.28x0.28x0.057
Length of ice channel (2.5L) (m) 14.125
Sampling rate (s) 0.01
Ice concentration (%) 60, 80, 90
Ship speed (knots) 1,3, 5
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Table 5 Comparison of towing tests and simulation results Cl DS R4 Al #at op2}t EFAIS s SAof Chst
Concent. | Speed Ice resistance (N) CPU time /_\|§ﬂ|0|_/\.j% ’é'/\l_aoj AS gMo| ErElMo| M _X slof| of
rate (%) | (knots) | Model | & | Rate (min) = geks A3E 2ot qlot Rt ofz| WEME
test (%) Mg Ittt ALBARMEREIS| Jlo| 2T E )
1 16.33 7.15 56.22 144
60 3 22.49 | 13.81 | 38.60 102 _§_ 7|
5 31.67 | 33.75 | -6.58 25
1 36.92 | 9.68 | 73.79 311
80 3 4326 | 2257 | 4782 290 2 A=)t MESMARE MAATSAT | ST AN
5 4999 | 47.01 | 595 47 ‘FEEER ICE WSS, 120 SIUEHE 20 2 M8 J|s
1 4236 | 467 | 8899 436 e nEel AdESARIAFERt SEARIT|SEIS el B
90 3 5104 | 27.55 | 4602 320 SHUEUE =2H MEQIHAMAR S| X|YS Lot =
5 | 61.06 | 64.05 | -4.90 | 48 gHct

= AFoM= 7MY Q1= 7 10 =0f CPU

(central computing unit) 2! 32 GB & % 7|8te| HAFE 2
oflA AL AIZE 1A[ZE OfLlof| 13]2] o2l AlEefolMe a2

% SUgick

dekg Ex|et

EJ_
>
=
[T

_O'I_
.ﬂ]lOzﬂJ
H

™

U
- [0
0

o T
o 12
|t
)
n

E 0
7
-\>
U
El
0%
rok
o]

J

0

>
el

N
H

:oé
1
> 1[0

r
H
on
i
o
mo

0

A ™
0|2A Mz

He A7
AlSIRACL.

sgfojdel xo7t 2

o
ol ol
4 D
o N2 I'_?ﬂ

SHAd

I
lo
w2

fod

£Q
[l

-

A

a1l

fa:
t

ne 0x rir
Mo Mo

mo rx
4>
I'E :‘0
m> ol
=

=2
ofr
F[F

>
o
]
o

S
=

it

A
mjo
o

AElE

Ju
L
L
not

i
4> &
29

At
>

%

Il

il

N
X

10 0x

Qi
<

)
1o & o

0!
[

M ok
ol J
0%
mo > n% rx
-— T
B kI oM > >

N
4>
bas)
£Q
in

foi
0
2
x
>
il

F

=
=2

r
0

50| Jk53/0 of
ol CHaIM S
#H 248

It HE 515

References

An, WS, Lee, TK., & Hwang, M.R., 2018. Calculation of fatigue
life of bow frame of ARAON considering navigating in ice and
open waters. Journal of Ocean Engineering and Technology,
32(6), pp.458-465.

Cho, S., & Chai, K., 2019. Madification of local ice load prediction
formula based on IBRV ARAON's arctic field data. Journal of
Qcean Engineering and Technology, 33(2), pp.161-167.

Det Norske Veritas (DNV), 2010. DM~RP-C205 Environmental
conditions and environmenital loads. DNV,

Kim, H., & Lee, J.B., 2018 Estimation method for ice load of
managed ice in an oblique condition. Jounal of Ocean
Engineering and Technology, 32(3), pp.184-191.

Kim, J., Park, J.C., Kim, S.P., Kim, H.S., & Cho, Y.G., 2018a
Multibody dynamics simulation on ice resistance of ship in pack
ice environment. FProceedings of the ASME 2018 3rth
International Conference on Ocean, Offshore and Arctic
Engineering, Madrid Spain, 12(S1), pp.88-99.

Kim, Y.S., Kim, J.H., Kang, K.J., Han, S., & Kim, J., 2018b
|ce load generation in time domain based on ice load spectrum
for arctic offshore structures. Journal of Ocean Engineering
and Techrology, 32(6), pp.411-418.

Liu, J., Liu X, & Chen Y., ABS, 2016. Numerical simulations
of ice loads on fixed and floating offshore structures using
the discrete element method. Froceedings of the Offshore
Techriology Conferernice 2016, Newfoundland Canada.

Poznyak, 1., & lonov, B., 1981. The division of icebreaking
resistance into components. Proceedings of the 6th STAR
Symposium, New York US, pp.249-252.

Read, L., Sveinung, L., Wenjun, L., Andrei, T., & Mamnix, N.,
2018. Simulator for arctic marine structures (SAMS).

94

[
o el
il

AMSS|=2E! N 573 MP2S 2020 4



FProceedings of the ASVME 2018 37th International Conference
on Ccean, Offshore and Arctic Engineering, Madrid Spain.
Seok, W.c., Seo, J.H., &Rnee, SH., 2018. Application of ice—fluid
interaction analysis considering external force term for 6dof
motion of an icebreaker. Froceedings of Korean Society for
Computational Fluids Engineering, pp.98-99.

Shimansky, Y., 1938. Conditional standards of ice qualities of
a ship, Northern Sea Route Administration Publishing House,
vol. 130.

Simens, 2019. Star COM#+ user manual. Simens.

Simulia. 2018. ABAQUS user marnual. Providence (RI): Dassault
Systemes Simulia Corp.

Song, S., Jeon, W., & Park, S., 2019. Flow and scour analysis
around monopole of fixed offshore platform using method that
couples computational fluid dynamics and discrete element
method. Journal of Qcean Engineering and Technology, 33(3),
pp.245-251.

Spencer, D., 1992. A standard method for the conduct and analysis
of ice resistance model tests. FProceeding of the 23d American
Towing Tank Conference, New Orleans US, pp.301-307.

JSNAK, Vol. 57, No. 2, April 2020

95





