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A Study on the Anti-Icing, De-Icing Performace Evaluation
and Design Guide for Weather-Tight Door & Ice Class
Louver of the Vessels Operating in Cold Region

Young Jun Jung

Department of Ocean Engineering

Graduate School of Korea Maritime University

Abstract

For the design guide of a vessel operating in cold region, numerical
analysis was carried out to evaluation weather-tight door and ice class
louver which installed the heating cables by using ANSYS 13.0. This study
based on the experimental results of ‘A Study on Anti-Icing Technique
for Weather-Tight Door of Ice-Strengthened Vessels” and  ‘The
Cryogenic Performance Evaluation for the Excellent De-icing Ice Class
Louver’ in KRISO. The numerical analysis of weather-tight door was
performed by considering Advection-Diffusion equation. In case of ice class
louver's numerical analysis was performed by considering RANS(Unsteady
Reynolds Averaged Navier Stokes) equation. The numerical analysis results
applying the same specifications and the position of the temperature sensor

compare with the cold-chamber experimental data for validation of

— vill —



numerical analysis. The design variable factors of weather-tight door
external environmental temperature(0, -10, -20, -30, -40C, -55C), power
output of heating cable(33, 45, 66 W/m), the thickness of pipe(0.5, 1.0, 1.5
mm) were performed total 48 cases numerical analysis. And then, the
design variable factors of ice class louver external environmental
temperature(0, -15, -30C), relative velocity(1, 4, 7m/s), power output of
heating cable(33, 45, 66 W/m), location of heating cable on blade(top,
center, behind) were performed total 81 cases numerical analysis for most
efficient and anti-icing & de-icing design guide of weather-tight door and

ice class louver.

KEY WORDS: Anti-icing 2 *}*]; De-icing 3"J; Weather-tight door F$2&; Ice

class louver o}o]2 Z#]~ FH; Heat transfer analysis €A &3j4]
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Fig. 1 Freezing of the vessels operating in cold region
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Table 1 Properties of the air

. ifi Therm E ion D i

Temp. Den51t}l heastp?:;paccity condzctiity coxelgz:sieont vi}:clzlsli]tl}cf

o/ 1 kg i0) | (WimeBd | /B | Gigfmes)

5C 1.267 1.005 0.024 0.0035 1.80e-05

0C 1.293 1.005 0.024 0.0037 1.78e-05

-10C 1.350 1.005 0.023 0.0037 1.68e-05

-20C 1.420 1.005 0.022 0.0039 1.62e-05

-30C 1.480 1.005 0.021 0.0041 1.56e-05

-40C 1.520 1.005 0.020 0.0044 1.51e-05

-55C 1.534 1.005 0.019 0.0045 1.44e-05

Table 2 Properties of the material

Material Density Specific heat capacity | Thermal conductivity
(kg/m?) (kJ/kg.K) (W/m.K)
Copper 8933 3.85e+02 401.0
Rubber 1190 4.86 0.16
Steel 7923 4.34e+02 60.5

Table 3 Information of the heating cable and the heat generation

Nominal power output Internal heat generation
Cable type
(W/m at 10C) (W/m?)
10XTV2_CT-T2 33 4.9836e+8
15XTV2_CT-T3 45 6.7959e+8
20XTV2_CT-T2 66 9.9674e+8
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Table 4 Properties of the air

Density Specific Thermal Expansion Dynamic

Temp. Cha/m®) heat capacity| conductivity | coefficient | viscosity
(kJ/kg.K) | (W/m.K) (1/K) (kg/m.s)

0C 1.293 1.005 0.024 0.0037 1.78e-05
-15C 1.385 1.005 0.023 0.0038 1.65e-05
-30C 1.480 1.005 0.021 0.0041 1.56e-05




Table 5 Properties of the material

i Density Specific heat capacity | Thermal conductivity
Material
(kg/m®) (kJ/kg. K) (W/m.K)
Copper 8933 3.85e+02 401.0
Steel 7923 4.34e+02 60.5

Table 6 Information of the heating cable and the heat generation

Nominal power output Heat flux
Cable type
(W/m at 10C) (W/m?)
10XTV2_CT-T2 33 1650
15XTV2_CT-T3 45 2250
20XTV2_CT-T2 66 3300

Table 4 ~ 62 & FX 3|4 A&H A5 At Table 4= =1
slo] W& &719 EAAE YUehiH, Table 5= FHo Am 9 Il A
B =4 Ao, Table 62 Al&® Ed&FE 33, 45, 66 W/m=E, °ol& @ #%F

(heat flux)2 F4kste] Yl AT



A3 fFRassfAe B HE

3.1 Weather-Tight Door9] +38434 BEAE FE

P

32
jihd
i)
o
H
o
=)
@]
]
filo

fraaside By HES 5 dungag =
=z By dES dAsAH. Bed HAEES él/\l?‘& A FELe dH8F

o] 33w/melaL, A&l FAZF Imm 7 5-olth
Fig. 12 ~ 17& x84 A3} g3t QLH A% Ax e Bl gy
A&7 R ALT) -10Ccd wo AURdAs Ax 3 2 £ 2
e AT dz(eEBelth Ay, A AUmILY A3 e
HE, e -*rilsw A3 e UEhdn. A% %il'c‘s} aE e B4
3]

oft
>

S Lol = o33 3547} UrEMXI g, ol AYnFAFHe Ax 1
P Zl Fig. 1894 B #1492 A e RIA =7} -20C =2 vy 7] &
Ao 25 = 10C ©]dt= 7tgl7]= didA, Table 79 AU RFANE Azors=

#149] 2571 10.6CE Yele AL 2 < g oAy Table 79 A=y
A Astel ARE exE AURFAP] FRAH A} go] ohg 9
FH2=7 fAE W] B 5 @S e ASE & 5 k. skA|RE o]
T FHE2E7F -10CY wWwr H8H AYS Fig 18¥ Table 79 A=
A¥ A3E BAY 292 & 5 AQY



Table 7 Numerical analysis data and experimental data of the sensor

temperature
Numerical analysis data Experimental data
Cable power output( W/m)

Temp. S.P. 33 45 66 33
#11 33.4 42.8 59.3 29.0

#12 28.5 35.0 46.5 31.1

5C #13 274 33.7 44.6 31.0
#14 174 20.6 26.4 17.8

#15 28.2 33.9 43.8 31.2

#16 103.3 135.8 192.7 99.7

#11 20.3 29.7 46.2 25.0

#12 17.7 24.2 35.6 27.5

10T #13 16.4 22.7 33.6 27.2
#14 4.8 8.1 13.9 10.6

#15 19.0 24.7 34.6 271.7

#16 95.0 127.5 184.3 97.0

#11 11.6 21.0 37.5 9.4

#12 10.4 17.0 28.4 11.8

#13 9.1 15.3 26.2 11.5

AT -35 -0.2 5.5 ~6.0
#15 12.9 18.5 28.4 12.3

#16 89.4 121.9 178.8 89.4

#11 2.9 12.3 28.8 1.0

#12 3.2 9.7 21.2 3.6

#13 1.7 8.0 18.9 3.7
0T -11.9 8.6 2.8 -13.7
#15 6.7 12.4 22.3 4.4

#16 83.9 116.4 173.2 85.2

#11 -5.8 3.6 20.0 -6.7

#12 -4.0 2.5 13.9 -4.1

#13 -5.6 0.6 11.5 -4.0
40T -20.2 -16.9 -11.2 -22.2
#15 0.6 6.2 16.1 -3.3

#16 78.3 110.8 167.7 81.7
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Table 8 Numerical analysis data of the weather-tight door: Compared
with the numerical analysis data except in the -10C: External
environmental temperature -10C

. ) Numerical Analysis Data except
Numerical Analysis Data .
in the -10°C
#11 20.3 20.1
#12 17.7 17.3
#13 16.4 16.2
#14 4.8 4.5
#15 19.0 18.7
#16 95.0 94.8

Table 9 Estimated experimental data of the weather-tight door: Compare
with the experimental data except in the -10C: External
environmental temperature -10C

Estimated Experimental Data

Experimental Data except in the -10C
#11 19.0 17.2
#12 22.3 19.4
#13 22.4 18.8
#14 6.6 3.2
#15 22.5 19.5
#16 95.0 93.5
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Table 11 Numerical analysis of weather-tight door: External
environmental temperature -40C

Sensor point
Cable #11 #12 #13 #15 #16
power output
33W/m -5.8 -4.0 -5.6 0.6 78.3
45 W/m 3.6 2.5 0.6 6.2 110.8
66 17/ m 20.0 13.9 11.5 16.1 167.7




Table 12 Numerical analysis of weather-tight door: External
environmental temperature -55C

Sensor point
Cable #11 #12 #13 #15 #16
power output

33W/m -18.9 -14.9 -16.6 -8.7 70.5

45 W/m -9.5 -8.3 -10.4 -3.0 98.9

66 177/ m 6.9 3.1 0.5 6.9 148.6
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Fig. 21 Numerical analysis of the weather-tight door for
each cable power output: External environmental
temperature -40C
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Fig. 23 Numerical analysis of the weather-tight door for each thickness of

the circular bar:

Heating cable power output 33 W/m(External

environmental temperature: 0°C (top left), -10C (top center), -20°C (top
right), -30°C (bottom left), -40°C (bottom right)

Table 13 Numerical analysis of the weather-tight door for each thickness of

the circular bar: Heating cable power output 33 W/m

0cC -10C -20C -30C -40C
0.5mm 22.475 21.677 20.882 20.085 19.293
1.0mm 21.606 20.808 20.015 19.221 18.426
15mm 21.353 20.558 19.767 18.974 18.181
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Fig. 24 Numerical analysis of the weather-tight door for each thickness of
the circular bar: Heating cable power output 45 W/m(External
environmental temperature: 0C (top left), -10C (top center), -20°C (top
right), -30°C (bottom left), -40°C (bottom right)

Table 14 Numerical analysis of the weather-tight door for each thickness of
the circular bar: Heating cable power output 45 IW/m

0C -10C -20C -30C -40C
0.5mm 23.194 22.392 21.595 20.807 20.009
1.0mm 21.883 21.137 20.386 19.641 18.893
1.5mm 21.666 20.874 20.077 19.284 18.484
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Fig. 25 Numerical analysis of the weather-tight door for each thickness of
the circular bar:

Heating cable power output 66 I#/m(External

environmental temperature: 0C (top left), -10C (top center), -20C (top
right), -30°C (bottom left), -40°C (bottom right)

Table 15 Numerical analysis of the weather-tight door for each thickness of

the circular bar: Heating cable power output 66 IW/m

Bl %
3z

0C -10C -20C -30C -40C
0.5mm 24.450 23.659 22.866 22.058 21.264
10mm 22.491 21.744 20.998 20.246 19.499
L5mm 22.212 21.420 20.628 19.830 19.037
219] Fig. 23 ~ 259} Table 13 ~ 15+= A &30] 33, 45, 66 W/md o,
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Fig. 26 Numerical analysis of the ice class louver: External temperature
0C, relative velocity 1m/s, heating cable power output 33 W/m
(Location of heating cable: front(left), center(center),
behind(right))
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Fig. 27 The graph of the ice class louver numerical analysis:

External temperature 0C, relative velocity 1m/s, heating
cable power output 33 W/m

did

b

=
4

"E';r' )b)"’ml

II
|
|

x

2 = —~

Fig. 28 Numerical analysis of the ice class louver: External temperature

-15C, relative velocity 1m/s, heating cable power output 33
w/m(Location of heating cable: front(left), center(center),
behind(right))
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Fig. 29 The graph of the ice class louver numerical analysis:

External temperature -15C, relative velocity 1m/s,

heating cable power output 33 W/m

Fig. 30 Numerical analysis of the ice class louver: External temperature
-30C, relative velocity 1m/s, heating cable power output 33
w/m(Location of heating cable: front(left), center(center),
behind(right))
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Fig. 32 Numerical analysis of the ice class louver according to the
relative velocity: Heating cable power output 33 W/m

(Location of heating cable:
, behind(bottom))

right)
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Table 16 Numerical analysis of the ice class louver according to the
relative velocity: Heating cable power output 33 W/m
Top Center Behind
0cC -15C | -30C 0cC -15C | -30TC 0C -15C | -30TC
1m/s | 1378 | -1.21 | -16.22 | 581 | -9.19 | -2419 | 7.02 | -7.98 | -22.98
dm/s | 9.48 | -552 | -2052 | 3.73 | -11.27 | -26.27 | 4.61 | -10.39 | -25.39
Tm/s | 778 | -7.13 | -2213 | 289 | -1211 | -27.11 | 3.74 | -11.26 | -26.26
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Fig. 33 Numerical analysis of the ice class louver according to the

relative velocity: Heating cable power output 45W/m

(Location of heating cable:

right), behind(bottom))

front(top

left),

center(top

Table 17 Numerical analysis of the ice class louver according to the
relative velocity: Heating cable power output 45 W/m
Top Center Behind
0cC -15C | -30C 0cC -15C | -30TC 0C -15C | -30TC
1m/s | 1874 | 374 | -11.26 | 7.86 | -7.14 | -2214 | 952 | -5.48 | -20.48
dm/s | 1288 | -2.12 | -17.12 | 503 | -9.97 | -24.97 | 6.23 | -8.77 | -23.77
Tm/s | 1068 | -4.32 | -19.32 | 389 | -11.11 | -26.11 | 5.05 | -9.95 | -24.95
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Fig. 34 Numerical analysis of the ice class louver according to the
relative velocity: Heating cable power output 66 IW/m

(Location of heating cable:
right), behind(bottom))

front(top left),

center(top

Table 18 Numerical analysis of the ice class louver according to the
relative velocity: Heating cable power output 66 W/m
Top Center Behind
0cC -15C | -30C 0cC -15C | -30TC 0C -15C | -30TC
1m/s | 27.39 | 1239 | -2.61 | 11.47 | -353 | -1853 | 13.90 | -1.10 | -16.10
4m/s | 1852 | 381 | -11.19| 730 | -7.70 | -22.70 | 9.07 | -5.93 | -20.93
Tm/s | 1559 | 053 | -14.41 | 563 | -9.37 | -24.37 | 7.33 | -7.67 | -22.67
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Table 19 Numerical analysis data of the sensor temperature(Location of
the heating cable: front)

Room | Wind

Temp. | speed Chl Ch2 Ch3 Ch4 Chs Ché Ch7 Aver.
(C) | (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 -12.50 | -7.74 | -7.74 | -10.33 | -10.33 | -3.60 | 43.15 | -8.71

V;/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 2.99 1.95 1.95 425 | 2312 | 255

7 0.71 2.06 2.06 1.29 1.29 252 | 1270 | 1.66

1 -11.82 | -5.32 | -5.32 | -8.85 | -8.85 | -0.11 | 60.63 | -6.71

V;/E)m -15 4 -13.81 | -12.01 | -12.01 | -13.05 | -13.05 | -10.75 | 8.12 | -12.45

7 -14.29 | -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 4.52 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 | 513 | 86.92 | 3.55

V;/Gm -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 | -25.79 | -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
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