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Vessel' s ice speed performances will be verified in ice sea trial but environmental conditions of ice fields are changeable according
to the weather condition of ice trial area, Speed performance has to correct in the no wind, wave and current etc, after sea
trial, Especially finding ice fields which is exact the same as owner’ s ice thickness and strength requirements is not easy,
Therefore speed correction according to environment condition has to be done after sea trial measurements, Correction methods
for ice thickness, ice strength, wave, wind and ship draft, trim, ice drift etc. are checked in ice sea trial based on literature
review such as ISO standard, ITTC recommendation, journal papers and proceedings of conferences, Possibility of application
for current and ice drift correction in ice field are discussed and measuring schemes and procedures of correction methods
are described in this paper. All of correction schemes are calculated for  ‘Araon’”  which is ice breaking research vessel with
Arctic and Antarctic ice field test results, Analyzed results shows that Araon is satistied with her official ice speed performance
of 3 knots with 10OMW power at 1m ice thickness, 570kPa ice flexural strength,

Keywords : lce field trial(JsHE AI2F), Flexural strength(z=el Z5), Ice thickness(ZS S7)), Correction method( 27 BIE), Speed performance
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Table 1 Items for measurement and correction in ice trial
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Fig. 1 Procedure of ice sea trials correction
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Yok Y-MA| OHEPAIS B W2 HSVA(2007)0lA A
£ =Y 2ol g,

he
ol
3
ol
[
plg
[nng
il
El
i
bt T
Sl
0

7o
20
;
2
~
x
—
1L
Rl
0t
By
il
o
ne
+
30
n

let:lemXF1><F2><F3 (25)

ZBMo=z Al (25)0M TRl ME AR, )2 SEI=E
Al ZIE ARSsto] ASE AT &3 :
2= ASE ARF0M HZE S5, HER(Ice drift)ol|

L
ofgt 1T HE| J2|3 $40] ol MBS SEE Hifsiol 4]
26)3+ Zo| 7& 4 SUc

=~
—
)
2}

Bk gl w2t A (23)IM TolEl 2H A
2 4 (25014 T HES FAE Aol 2t
: &l &2o] sloi, 4 (26)ol4 T

o
9 = 7hel gt
Al

ﬂ nH»
e &

r
[E OBt > o

I'ﬁ
vl

gl
=
o
>
H1
]
B
K
2

wus 2
A

2 Zt Atol| 2HESHEA| OfFE B

3. HY 4ol AZ

= =20M= 220l HAIE B2 BHY dHHE XMERE
m 2tzfo| 1 Zajol| ofwiEt Hske FEX|S Tkl

Kim et al.(2011a)2} Kim et al.(2012)7} =1} 230||M =
=& HYATM of2k2(Araon) S AKSsto] $lE AN AlRM

4

I

lml
rok

m

A AiE AlR3l0] BAS $asin
HAE ASsIICh

Choi et al.(2014)= E=2| Amundsen dfollA =gt 5t
o EMX| HZE AlY Zuel HolgE t'E"jj-_ol- 1, Kim et
al.(2011a)z} Kim et al.(2012)2 S =0l 22t ASE=

=i AZo| FAE ASslo] AR %LI% 2HESH HE Ck

2+ 2y diHof|

H

Table 3 Artificial measured sea ice properties based on
Choi et al.(2014)

Temperature | Density Salinity
Place ID

‘C kg/m?® %o
A -1.45 915.3 3.8
Amundsen B -1.72 843.5 3.8
Sea (1) D -1.67 855.8 4.4
E -1.68 850.9 4.3
F -1.82 824.5 3.8
Chukchi G -1.72 852.1 4.0
Sea (Il) H -1.77 792.2 4.4
J -1.69 847.8 4.1

4T 2FHE 2l Choi et al.(2014)2] = Table 20{|A

| EMX|E &11510d Table 32} 20| Test IDE 7}
=510 ARZ3I D, Choi et al.(2014), Kim et al.(2011a), Kim
et al.(2012) &1 Z§olM MAIE AM A[2H HO[HE Y
of 5 EHg 25 Table 40l HelsIict

Table 4 Datum from Arctic and Antarctic sea

V (speed) Ice Snow | Measured
Place | ID thickness | thickness | power
(m/s) | (knots) |  (cm) (cm) (MW)
A ] 151 | 293 145.4 13.1 8.02
B | 1.24 | 2.4 99.1 17.6 6.10
D | 044 | 0.85 198.2 29.3 6.95
E | 099 | 1.93 192.5 29.7 7.95
F | 286 | 555 114.3 13.0 5.99
| G | 246 | 479 225.1 9.0 6.04
H | 1.75 | 3.40 190.7 8.0 5.03
J | 1.43 | 278 249.3 10.0 6.55
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Table 7 Calculation of ice strength correction factor
Table 5 Calculated results of Fn, A, Fy D Choi et al. Eq. (14) Ezror B Ep
Place | 1D | Mractal o A i (2014) %)
with snow A 205 209 -20 | 3.26 | 1.22
A 158.5 0.4808 1.35 0.538 B 292 274 6.5 3.09 1.17
B 116.7 0.3960 1.37 0.809 D) 239 227 5.3 2.58 1.27
D 227.5 0.1395 | 1.46 | 0.302 E 240 235 20 | 294 | 1.22
E 222.2 0.3176 1.40 0.328 F 302 296 2.1 412 1.1
F 127.3 0.9122 | 1.21 0.747 G 281 259 8.7 | 3.87 | 1.14
I G 2341 0.7859 1.25 0.346 H 267 261 2.4 3.42 1.16
H 198.7 0.5587 | 1.32 | 0.404 J 261 251 4.0 | 3.21 1.18
J 259.3 0.4561 1.35 | 0.275
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Table 6 Calculation of brine volume using formula
(11)~(13)

Place| ID | Eq. (11) | Eq. (12) | Eq. (13) |Eq. (14)
A 0.1051 0.1309 0.1239 0.1312

B 0.0937 0.1107 0.1050 0.1000

D 0.1088 0.1319 0.1251 0.1214

E 0.1062 0.1282 0.1215 0.1172

F 0.0903 0.1047 0.0994 0.0920

| G | 0.0981 0.1165 0.1105 0.1064
H | 0.1046 | 0.1246 0.1182 0.1054

J | 0.1008 | 0.1207 0.1144 0.1098
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Table 8 Sample calculation of ice drift

Direction (deg) Speed(Knots)
Ice Drift 200 0.49
Trajectory 209.83 3
Correction 9.83 2.51
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Table 9 Sea depth correction of Araon

ltems Value
Araon draft (m) 7.62
Sea depth (m) 15
Midship section Area (m?) 140
Ship speed (knots) 3.0
AV 0.2132
Corrected speed (knots) 2.7868

33 HiE, T, =7 ¥ &+ 2 24

folct SHR|ZH = ER0IME AIRY B =

H
Hat AR5l 2o H|2|SIACt

Table 11 Correction of current of Araon

ltems Value
Water temperature (°C) 10
Water density (Kg/m®) 999.8
Current speed (m/s) 0.1
Current direction (°) 120
Coeff. of viscosity (u, kg/m-s) 0.001317
Coeff. of kinematic viscosity(m?/s) 0.001318
Reynolds number (Re,) 7,210
Cf 0.0217
Projection area (m?, Assume) 700
ARcu (kN) 0.11
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1, =Rol| et 22 A (6)8 ARSSIICt D ” - Measured Corrected

power(MW) power(MW)

Table 10 Wind resistance correction of Araon A 0.538 1.22 8.02 4.25
ltems Value B 0.809 1.17 6.10 5.62

TA (m) 7.2 D 0.302 1.27 6.95 1.65

TF (m) 6.8 E 0.328 1.22 7.95 2.01

LPP (m) 95 F 0.747 1.1 5.99 4.52

LOA (m) 111 G 0.346 1.14 6.04 1.50

Density of air (pA) (Kg/m®) 1.292 H 0.404 1.16 5.03 1.62

Air temperature (°C) 0 J 0.275 1.18 6.55 1.22

Relative wind direction (°) 354.00

Relative wind speed (m/s) 10.2 of2k2e| dsEcth nt=eh YFmolX et & BTt ot 2

Wind force coefficient (Car, Assume) -0.744 ool AKX Aot HSE ZofEch £-E AR 3 7}
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Table 13 Speed power value of Araon after correction

ID V (knots) Power(MW)
A 2.22 4.24
B 1.71 5.61
D 0.15 1.64
E 1.23 2.00
F 4.85 4.51
G 4.08 1.49
H 2.70 1.61
J 2.07 1.21
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