CHBHE S Sl =2 %l
Journal of the Society of Naval Architects of Korea

elSSN:2287-7355, Vol. 57, No, 2, pp. 88-95, April 2020
https://doi.org/10.3744/SNAK.2020.57.2,088

MEX-MELZEIDL st 95t Q4
Mato] Qul x{3t 23

}

Hkl

=1

|0

e,

Ol
ok

KA
ocood
SHO

sHsgstal

A2, JHXEW T

fob
1=
o
HH

rx ro ra
JE ok Ol
s 2

ol

W El
P
R

09 Lo

i
im
rQ
1
g
~
Ry,
n
&}

lce Floe—induced Ship Resistances using Explicit Finite Element Analyses
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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(F)), Ice resistance(| M), User—subroutine(AEXH MEZE), Drag—force(2f), Buoyancy(2=))

1. M =2 (ARAON)2| 5=l o+ ShllE sdlisks Set ASE w5t
1t Y oF5 Hlo[HE viEez M =ajjel 5ol ulz &4
2 Hiske d7E ASIACE Kim (2018p)2 9 5k& &

A7 Beist Ao B3 sl S5t siEA 53 :
Xigl Jhgiol EZsS|D SIck, ST 2ok Yamal wigol o0 0od speCtum SR A2 Sl o S5 E e
MAtz|E [NG(Licuefied Natural Gas)E 2P| 2I8H A4 Sh= M= H=HS MU, Cho & Cnoi (2019) 4!
ING 2rhig 2851D Ik olefeh Ay Aie =3 3 T ORIZS(ARAONDI HSEE S8 HEAS HOlEE

sz
(Nothern Sea Route, NSR)E 2&BIER 7|& 0= 23512 Erj|2 Yofa-mMEDMo| 28 ZHAIS FASISCH

—

E1j5H= 20l HI510] AlZIn} HIRE = ZE4A1Z £ QMo =5 28 2 Jist MUM(ice breakers)nt LM
= stzo| Cfst 2o ME =yt QUch (ice—strengthened ships)2 slis=2fe] XakHat ofzt F(ice

L A7 Zee AMEHEM, An et al. (2018)2 oRR2= floe)ote| SEZ 2let FIel Maks ZEsict. mEiA MUt
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navigation angle)7t &l 5150l O|x|= YW&lof| chsh o5t
AEA = 210|412 0|3t HHH2 w2 AlZioll & MES of
Egt = U= FEo| QUCE T o2 B dEAle MElol B3
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=5 & s

x| 5N dHoZE= CIEA S5 multi-body dynamics,

- =
MBD)Z} O|Ats} @48 (discrete element method, DEM) 501 |
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open source code)°| OpenFOAl\/IOH 7|gksk SNUFOAME 72t

SHI} RACE SNUFOAM2 AlA|e| Bl 515 H|0[EIS 34 CHA
Medo| 27| SAlof| 2gsl= ez Moo & 77| Mg
S FHSIGCE Liu et al. (2016)2 HEM! 2 REIS DAfE 5=

o

= DEM ZE=E JHUSICE 0152 AlM Al HAZ717]
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<
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deg pERIsH 4 2= NDEM(Non-smooth Discrete
Element Modeling) 7| & 7HEk=IH} ACH (Read et al., 2018).
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D2{5k WEMIo| Mul BAIE F= SAMS(Simulator for Arctic
Marine Structures)S 7H&SH} Ryt O[2f RAFSH I HF2=
CFD-DEM A7 |2 0|8st0 2 ufd F2|o| X} HS2)
A SES siMS £35St UCt (Song et al., 2019). DEMS
2|8t LIGGGHTS(LAMMPS Improved for General Granular and

Granular Heat Transfer Simulations)Zt CFDE 2/t OpenFOAM
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F=(inhouse code)0iA] ARSAI S2of| of DIZSIT ool
ZIE =&5P| ofz4R Tl QUck

2 AF0M= A2 feF 24 FE2! ABAQUS (Simulia,
2018)2} ARRA-AMEZE(user—subroutine) S 01835101 & st
2 FH5l= 71¥S MAISIIAL ok ABAQUSE M MAE o=z

0f 2 ARBAL 52 Efstl 7| w20, ARSAPH 4Mst
= Yol & DS, ARBAL &l @FE HAl dEY 5 9
= Zde 7= siA Z2a3olch 7ol ZA 2SS 5185t
7| 2I5t0d sl (explicit approach) 7|Ete| F5t 24 FAHS
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UVISCOE o0I&slof 71840] 7hsstet. el ot 4 oA
OlM StS2 et 27| ZZC= Holslo| AE3IEZ, A =
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Calculate physical quantities ( The information of elements
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Table 1 Information of a single ice

ltems Unit Value
Length, L mm 1000.0
Breadth, B mm 500.0
Depth, D mm 500.0
Draft, T mm 250.0
Thickness mm 20.0
Shell density ton/mm? 2.5625x107°
Sea water density ton/mm?® 1.025%107°
Displacement, A kg 128.125
Drag coefficient - 2.0
Case 12 20t g5t AR0|0, Xt £=H(:=0)2 42
2 Z2[gl0| M5t SR2It BIEEl= A Fig 3.(a) 2FE Felst
£ QICL =, 20| F1t g o|FHAM, 7| &7I Zo|
125mme| XZECZ kst QU HIEEE= A Eole £ Uk
Case 2= F21} g0 SAlol| 225 Z<0|ckFig 3. (b) &
x). oz 2l5l0] Aty $H(2=0)S AR L2lotHA &
st SQUt HigE= AU golg 4= Aot o|2{st 2ol 21lE
oI5| 2510 Coarse 2o 82 A& 3.022 EIIA7]
H0|A(Coarse (Cd=3.0))E Fig 3.(b)oll F7IHo= MA|SIHC
3 Ao Bk TIEE HAAIZIX|EE Aet S FTlol &
Of5kK|= &= AHe=z Holct
150.00 —Coarse ---Fine
100.00
’E‘ 50.00
E
o 0.00
>
151
< -50.00
-100.00
-150.00
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O
2 5000
-100.00
-150.00
0.00 1.00 2.00 3.00 4.00 5.00 6.00
time (s)
(b) Case 2

Fig. 3 Heave motion history of single ice models
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ARBA-MEREID Qi 6+ 24 fiMS o|Ss Mute| 74l Mk X
= 471 (=] A HEE] _.c_.)_g X O|_o o - —_
st IL dul AMSA-MEREIS 0|88 MA XM = 4 éHI:CIDI OI_—_I-UIK_'I E%Q_I tc';' X-I%F _7|<_7§5|
siA S S5 MA Mak 2 Xjo|E EOlX] 23S Fig. 52FH
=olg = UAct L
4.1 MY AT BEe| ofel AE x7
R
Ca= 1 ®) AlH] o AlS{© AdHbslio b, A HE A
—p A’UZ H o:‘:I'LAJ—'I 01|ol_| =BT AujﬂOHoaal_HE(-)j:l'L—l— ooH T=
2 oflAf *snimcr. offol Alsl2 AlMol 18.667H| S4 2ol Cis}
. . . |k ofel AlE T=AH2 1} Zron{ 29| &M
Table 2 CFD simulation conditions 01 TR ofi2l &E ZUE Table 32+ 2o &
o Valle _L(|ce concentration rate) 35==2} 0421 &% (towing speed) 3%
zof| o of Wl 42 ojfel Alslo| 4BE|IC
Ice dimensions (m) 0.28%0.28%0.057 Fol et & 93lel Yo = of | et
Density of ice (kg/m®) 870.0 Table 3 Towing test condit
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
4.2 oflel AlZalo|lMd =
' H| i IMS =4S DEIMo|| CHEH ool AHS AlSolM
(a) Square ice HO 1_?'|_ E O“ H :"n_ =2o= |'§_E'"O||_
57| 2/5109 Fig. 60l Eoldtel 0| MBIt ASS /e 24
2 MMFIICH 2EIMol 24 E=2= oxfel UAH 24R3D4
and R3D3 eIements)OE‘EF AlA| ofolnt SsH AlEks RBsH |
2lsto] Ak ZAS ZA ol A= MEo=z AXSI0] o] &
z= HHof| off2l OEE HMelet LIHX| dako| XAREE 25 +
£5iQict
(b) Grid for the square ice AlF| ofol AlElolAM e} Eh| ofjol A|Sa)|o|MolAM s MARLE
Fig. 4 Model for computational fluid dynamics simulations o e HAIS AIRSIYLC) Rl ¥=9| 7S x=HsDZ
M SEZ 5= 43 AMTE 2 5 AUCk of2l AlE20]
10.0 CFD M2 25l M8st 32l F7|, Lk S2 Table 28 F8s
—e— User-subroutine Feh A3l ARSE 24 24 2| 24(R3D4 element) %
8.0 onf, cil A3 Mk FAof| A= HES XAZ|D B=xE BN
0.9305
= | = of A2k QAMASS element) I A2F 2X} ZHIE 24
g 60 g S (ROTARYI slemen)S ARBSI0Y il igel Zgf HEE o
é 09301 S slict
‘@ 4.0 o
o} ©
© o
- 4 09294 251 j
09279 Bl !l‘l"“f ‘} ) [ H llii "
1 S, i, i
v il I
Velocity (m/s) PR

Fig. 5 Total resistances and drag coefficients of an square
ice

Fig. 6 Finite element model for towing simulation of a
research icebreaker
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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
7Y dHollMe| zE Zolet E2 Zizt mEIMOl 2uf2t 2.5

igtc), 22| RIS ti2} 21 12 Wisisho] 2ol A9
LisollAt OIS 3kD, AL 9l OlSE 4 eiRict 4% 3
el Znlee) ol w2 03| Taislon, et i
2 0.92855 ARZSIQIcH ZHM
o] B SRl x 2 MRS SofB2EA PEMS) ool @

4.3 o2l AlE2fold Zat

M| Mozt 7Y Kol ZISIE W (Fig. 7 (a))FE
M7HAE 2 m ol =2E m (Fig. 7(b) 7KK REM2
Bl o2 F&5i0] gl Y MEez ZFSICt ol
7 HHT & M50l w2t H2[510] Table 50f HMAISIKIE,
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e P 2255 Tkie dee 2%, I1+°'1E
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Fig. 7 Two effective positions for ship resistance calculation
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ABA-MESEDL 26l 7ot 24 siAZ 0|8%H Mute| 7Y M =X
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



