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A Study on the De—Icing Performance Evaluation and Design Guide
for Ice Class Louver of the Vessels Operating in Cold Region
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For the design guide of a vessel operating in cold region, numerical analysis was carried out to evaluate the ice class louver which

installed the heating cables by using ANSYS 13,0 CFX  The numerical analysis was performed by considering Unsteady Reynolds

Averaged Navier Stokes (RANS) equation, This study based on the experimental results of 'The Cryogenic Performance Evaluation for

the Excellent De—icing Ice Class Louver' in KRISO, For validation of the numerical analysis results, the cold chamber experimental data

measured by the heat sensors in certain location of the ice class louver was used, The external environmental temperature which

varies from 0C to -30°C was considered in numerical analysis, Also the design guide for optimum de—icing presented through heating
cable power capacity(33 W/m, 45 W/m, 66 W/m), location of the heating cable(front, center, behind on the blade) and relative velocity(1

m/s, 4 m/s, 7 m/s).

Keywords : De—icing(GHR), Heat transfer analysis(Z@TIE6HAY), Heating cable power capacity(EME2f) Ice—strengthened vessel
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Fig. 1 Longitudinal section of the cold-chamber

experiment

Fig. 4 Location of the heating cable(behind)
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Fig. 5 Grid generation of the ice class louver for

analysis
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Table 1,
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Table 1 Properties of the air

JSNAK, Vol. 52, No. 4, August 2015

. Specific Thermal |Expansion | Dynamic
Density| heat . . : .
Temp. . |conductivity| coefficient | viscosity
(ra/m?)| capIY | T )| rgs)
(IcJ/lcg.K) m. g/m.s
0°C | 1.293| 1.005 0.0243 0.00367 |1.78e-05
-15°C| 1.385 | 1.005 0.0225 0.0038 |1.65e-05
-30°C| 1.480 | 1.005 0.021 0.0041 |1.56e-05
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Table 2 Properties of the material

) Specific heat Thermal
) Density : .
Material (ka/m?) capacity conductivity
grm (kJ/kg.K) (W/m.K)
Copper 8933 3.85e+02 401.0
Steel 7923 4.34e+02 60.5

Table 3 Information of the heating cable and heat

generation
Nominal power Heating power
Cable type output capacity

(W/m at 10DC) (W/m2)
10XTV2_CT-T2 33 1650
16XTV2_CT-T3 45 2250
20XTV2_CT-T2 66 3300

3. Alj A8

= AAE2 KRISOOIM M3l oA7E ‘SH2 4A 2 =24
UXIME| GOt Tls Tl dstoz ZIE olo|A Sa F
H‘I—O—l 3HHIA—IiE47|. J\EILHAI64O§ Al I-I:H% o|.E|.|g|. 7EF|_—_|..

oOocoo =0a—

Fig. 6 Photography of the ice class louver installed
heating cable in the cold—chamber
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Location of sensors

Cchi the first line from the top
on the blade
Ch2 the second line from the
top on the blade
the second line from the
ch3 top on the blade
the third line from the top
cha on the blade
the third line from the top
Chd on the blade
the last line from the top
ché on the blade
Ch7 on the heating cable of
blade

Fig. 7 Sensor location on the blade of ice class
louver

4. EIE AE

FxlaAle] EIFM HEE KRISOOIM $3#= ‘lce Class
Lower®| De-lcing X2 M5 Alg HE10A (Korea Research
Institute of Ocean Science & Technology, 2012)2| AlLjZSAl
HZE EMZ BN HEES SIQICE Bl ZES st A
LjalSo| skde R RE —15Col| EMEZF 33 W/m, &Meo| &
|z 22| E7ie] MHF0|L, ATHES0] -4 n/sO|ct

0f7|M, Ch12 7H ¢le| ol F&ks1d1, Ch2, Ch32 2
Hu lof| 225141, Chd, Choe 3EHA Holol| £251990,
Che2 OIX|2} ool SR, Ch72 LMol FASIICE

Table 4= AL ZEHASOIM T2 A1} gt FR[EHM S Sal
P2 2t 2EHMoM H2 $ER250[Ct Ch7g HM2lsh - I
2EHAMollMe] Znt 7S H|wRHS o +IEH At 440 0.39°
7ol @xp} gl 27| Faksi, LMol £k %E’.‘_W&
ChroliMel 2= Xfo[7} 2F 10C =2 LiER-R=H|, Ol._ H

ol

_|+
ru|o £§

Table 4 Numerical analysis data and experimental
data of the sensor temperature

Numerical analysis data Experimental data
Cht -14.08 -13.77
Ch2 -12.75 -13.14
Ch3 -12.75 -12.76
Ch4 -13.52 -12.43
Ch5 -13.52 -12.84
Ché -11.81 -11.52
Ch7 2.1 12.10
Aver. -13.07 -12.74
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Fig. 9 Time history of temperature (numerical analysis)
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Fig. 10 Numerical analysis: External temperature 0°C,
relative velocity 1 m/s, heating cable power

output 33 W/m
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Fig. 11 Numerical analysis: External temperature —1
5°C, relative velocity 1 m/s, heating cable
power output 33 W/m
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Fig. 12 Numerical analysis: External temperature -3
0°C, relative velocity 1 m/s, heating cable
power output 33 W/m
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Fig. 13 Numerical analysis according to the relative
velocity: Heating cable power output 33
W/m(Location of heating cable: front(top
left), center(top right), behind(bottom))

Temperature| )

Fig. 14 Numerical analysis according to the relative
velocity: Heating cable power output 45
W/m(Location of heating cable: front(top
left), center(top right), behind(bottom))

olot 22 IS Erhz Yshiiute] Titaidol wet QM)
SASIK U NUSYS DSI0l WS ABSICIH LT

Wind spoed fm | 5}

Fig. 15 Numerical analysis according to the relative
velocity: Heating cable power output 66
W/m(Location of heating cable: front(top
left), center(top right), behind(bottom))

Table 5 Numerical analysis data of the sensor
temperature(Location of the heating cable:

front)
Room | Wind
Temp. | speed Cht Ch2 Ch3 Ch4 Ch5 Che Ch7 Aver.
(0 |(m/s)
1 2.50 7.26 7.26 4.67 4.67 11.40 | 58.16 6.29
0 4 0.92 2.26 2.26 1.49 1.49 3.20 17.10 1.94
7 0.56 1.55 1.55 0.99 0.99 1.90 9.38 1.26
1 -1250 | =7.74 | =7.74 | -10.33 | -10.33 | -3.60 | 43.15 | -8.71
MS/Sm -15 4 -14.08 | -12.75 | -12.75 | -13.52 | =13.52 | -11.81 | 2.11 |-13.07
7 —14.44 | -13.45 | -13.45 | -14.01 | -14.01 | -13.11 | -5.63 | -13.75
1 —27.50 | —22.74 | -22.74 | -25.33 | -25.33 | -18.60 | 28.16 |-23.71
=30 4 -29.08 | =27.74 | -27.74 | —28.51 | -28.51 | —26.80 | —12.90 | —28.06
7 —29.44 | —28.45 | —28.45 | —=29.01 | —29.01 | —28.10 | —20.62 | —28.74
1 3.18 9.68 9.68 6.15 6.15 14.89 | 75.63 8.29
0 4 1.19 2.99 2.9 1.95 1.95 4.25 | 23.12 2.55
7 0.71 2.06 2.06 1.29 1.29 2.52 12.70 1.66
1 -11.82| -5.32 | -5.32 | -8.85 | -8.85 | -0.11 | 60.63 | —6.71
I;;m -15 4 -13.81 | -12.01 [ -12.01 | -13.05 [ -13.05 | -10.75 | 8.12 |-12.45
7 -1429 | -12.94 | -12.94 | -13.71 | -13.71 | -12.48 | -2.3 |-13.35
1 —26.82 | —20.32 | =20.32 | -23.85 | -23.85 | -15.11 | 45.63 |-21.71
=30 4 -28.81 | -27.01 | -27.01 | =28.05 | -28.05 | -25.75 | —6.88 | —27.45
7 —29.29 | —27.94 | -27.94 | -28.71 | -28.71 | =27.48 | -17.3 | -28.35
1 452 13.52 | 13.52 | 8.51 8.51 20.13 [101.92| 11.45
0 4 1.64 4.21 4.21 2.73 2.73 6.02 | 33.49 | 3.59
7 0.98 2.95 2.95 1.82 1.82 3.61 18.47 2.36
1 -10.47 | -1.48 | —1.48 | -6.49 | —6.49 5.13 | 86.92 3.55
w6/6m -15 4 -13.36 | -10.79 | -10.79 | —12.27 | -12.27 | -8.98 | 18.49 |-11.41
7 -14.02 | -12.05 | -12.05 | -13.18 | -13.18 | =11.39 | 3.47 |-12.65
1 —25.47 | -16.48 | -16.48 | —=21.49 | -21.49 | -9.87 | 71.92 | -18.55
-30 4 —28.36 | —26.79 | =25.79 | =27.27 | =27.27 | -23.98 | 3.49 |-26.41
7 —29.02 | —27.05 | -27.05 | -28.18 | —28.18 | —=26.39 | -11.53 | -27.65

CeiRMelsi=R2% M52 ¥ X4 5 20154 8¢
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