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A Study on the Anti—lcing Performance Evaluation and Design Guide for
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For the design guide of a vessel operating in cold region, numerical analysis was carried out to evaluate the weather—tight door which
installed the heating cables by using ANSYS 13,0 Transient Thermal, The numerical analysis was performed by considering

Advection—Diffusion equation, This study based on the experimental results of

‘A study on Anti-lcing Technique for Weather—Tight

Door of lce—Strengthened Vessels  (Jeong, et al,, 2011a) in KIOST. For validation of the numerical analysis results, the cold chamber
experimental data measured by the heat sensors in certain location of the weather—tight door was used, The external environmental
temperature which varies from 5C to —55°C was considered in numerical analysis, Also three different heating cables which have the
heat capacity of 33 W/m, 45 W/m and 66 W/m were adapted for the design parameters to be the most efficient and guidelines for

anti—icing design of the weather tight door,

Keywords : Anti—icing(ZHIRIX])), Heat transfer analysis(EXE6HAY), Ice—strengthened vessels(RISHATEY, Weather—tight door(E2Y =)
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X X2| "ot 7| 0 (Ministry of Knowledge economy,
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St Mg AUAEeZ AEUH2 ofzliet 2ot

X 22H{(4,700mm X 2,500mm < 3,300mm )0l LiEMet
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-30C, ~40°C)2 HIolo{ ZUHX| J|&2 HIleiict Y
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W/mel SMg Melst &, 71d5i0f 231 2E0M2

AT,

Fig. 1 Photography of the weather-tight door installed
heating cable in the cold—chamber

#11 on the door
#12 on the circular bar
#13 on the circular bar
#14 on the door
#15 on the frame
#16 on the heating cable

HEE 2571 FEE 7K L™YAIZESeH 2EES| UIREREE
FXIAZACH (Jeong, et al., 2011a).

3.1 X|ufaFE4]

= x5 o= ofeliel 20| oF—-2kAt B Al(Advection—
Diffusion Equation)S X[ujdAloz XM ESIQCY

d
E('yp@)Jr Voe(pK « UD)—V » (I'K+ V) =78 (1)
2lof gyAle xlet 1A Afole] REF 2EX0I7F UCE O

A2 H|E gy 2dol=22 ThQl Lief 2 ShAll| CHEt Exo

07|M, , =1—+, 2|10 FAH2t 1 Alo|e] AW AxE
(interfacial heat transfer)?l @, & ARS3I0 TA| STE A=

=ES Zdeict

B

Qfszist:hAfs(jl-*Tf) (

07IM, h= A2t A Alole| HME AI0|L, 4, = 7

AHet 0H| Afole] HH HAUEZO[EHANSYS 13.0 MANUAL).

=N = |
KIOSTollA 3=l AMUjAlSolN E<2U 211 20| Mx|=
sensore| =0[7 S5, GMo| didof oI5t Z7|9| CHFIt
GMo| ZFMol AMEECE MA(sensor)2| 20| o|xl= Het
2 o|ofSlE2 A ERY 2ol AEMso gsks & =+ %Us
Fig. 2 Sensor location in the weather—tight door 2o} 250| U= FECRS 24 HHOZ £xlsiM S aI5IRl
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Table 1 Properties of air

SE gio| 3ol w

i Specific | Thermal ) )
o . .. |Expansion| Dynamic
Density heat conductivit L ; )
Temp. . coefficient| viscosity
(kg/m?®) | capacity y W/K) | (hafms)
(kJ/kg.K) | (W/m.K) gl
Outdoor
(5 ~ -40°C)
Door P——— 5C 1.267 1.005 0.024 0.0035 | 1.80e-05
Rubber | -10°C 1.350 1.005 0.023 0.0037 | 1.68e-05
Genevaggv;\gwnn DY
.\~ —20C | 1.420 | 1.005 | 0.022 | 0.0039 |1.62e-05
In Air ndoor
1(2';°C) -30C 1.480 1.005 0.021 0.0041 | 1.56e-05
-40°C 1.520 1.005 0.020 0.0044 |1.51e-05
Frame
Perfectly Tnsulated -55C 1.534 1.005 0.020 0.0045 | 1.44e-05

Fig. 3 Cross—sectional diagram of weather—tight door
in the cold—chamber

Adetdg Oz Feish| oA XEERl R eEREE

S|
FRIGHFAL, 2R HH ofAo|=2z chHol A5iHRt Dooret
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FrameoflA{ Outdoor} Indoor7t BHIX| b= &2 250 2|5t
osks x| T2 2PMEtd(perfectly insulated) 2 X|[A519 T,

Coil Mol Z¥zte| AM g2l w2} Table 30l E7[St Internal
heat generationS M&3sI%Ct Lot ZRU 22 TMsk= 2 A
Fojcle| M EAHZthermal conductivity)?| CH27| th2o| =
7|1ete] HEM2 Mol b Zk24e| ck2 o (convection) &t

Table 2 Properties of material

. Specific heat Thermal
) Density ) o
Material (kg/m?) capacity conductivity
grm (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 heating cable and heat generation

2 X™eFIct 2 £xslMoMe| AXIe| 7= . i
S AEstFEalch FABHAlIME] ARl 371 0.5mm 2 Cable t Nominal power output |Internal heat generation
UXSH| FUoM, node?| 7H4=E 909,4987H0(04, ZAXRIe| 7H% avle type (W/m at 10°C) (W/m?)
= 161,896702 3 =[QiCt
10XTV2_CT-T2 33 4.9836e+8
3.3 #—ﬂﬁﬂﬁ?}% 51=| XHE %é',lﬂ 15XTV2_CT-T3 45 6.7959¢e+8
20XTV2_CT-T2 66 9.9674e+8
3.3.1 Fls|AES
CEAl A
Z<29l 21} 2E0| Zdldix| ol sglo| 7|=2 AESP| Sist 4. El'o S ak
M2 & 183|(PMe| 3 3 Case X 2F 2E=71 6 Case)
o £x[5iA0| A= o0 ZiZto| 2ol S K 2o 2A 2 FAlAe] Bl HEE 2lo KIOSTOAM b=l LM
x| 9 HAXHS MBsiD, =2z S MAQ| QX2 A HE 9L 2o Z2YLUKR| 71¥ A7 (Jeong, et al., 2011b)Q]
25i0] 99! 21} 20| ZYEX| =H = 0°C ojAle| 2% AU 2SAS A Table 5)E EOZ EIEN AES AASICE
2 2x|gtmjo| AMo| 2Ek2 MAIGl0] ESXol dAMo| 282 EI AES At Al g2 gM 830 33 17/mol1,
T&519c) QEsiAR T} Hak= Aolch
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Table 4 Numerical analysis data and experimental
data of the sensor temperature

Numerical analysis data :::e;l:ti
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 3141
. #13 27.4 33.7 44.6 31.0
5¢ #14 17.4 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
10 #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 27.7
#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
o0 #13 9.1 15.3 26.2 11.5
#14 -3.5 -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
30¢C #13 1.7 8.0 18.9 3.7
#14 -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
_40C #13 -5.6 0.6 11.5 -4.0
#14 -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
#11 -18.9 -9.5 6.9
#12 -14.9 -8.3 3.1
. #13 -16.6 -10.4 0.5
#14 -32.7 -29.4 -23.7
#15 -8.7 -3.0 6.9
#16 70.5 98.9 148.6
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Qutside of Temperature( )

—&— Experiment Data
- Numerical Analysis Data
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Temperature(t)
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Qutside of Temperature{ iC)

—e— Experimental Data
-.&. Mumerical Analysis Data

Fig. 4 Numerical analysis data of #11: Compared with
experimental data(left). Numerical analysis data
of #11: Compared with experimental data
except in the =10°C(right)
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Temperature{C)
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OQOutside of Temperature( )

—#— Experimental Data
-.cr.. Numerical Analysis Data

Fig. 5 Numerical analysis data of #12: Compared with
experimental data(left). Numerical analysis data
of #12: Compared with experimental data
except in the —=10°C(right)
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Temperature(%)
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of #13: Compared with experimental data
except in the =10°C(right)
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Fig. 7 Numerical analysis data of #14: Compared with

experimental data(left). Numerical analysis data
of #14: Compare with experimental data except
in the —10°C(right)
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Fig. 8 Numerical analysis data of #15. Compared
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with experimental data(left). Numerical analysis
data of #15. Compared with experimental data
except in the =10°C(right)
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Fig. 9 Numerical analysis data of #16: Compared
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data of #16: Compared with experimental
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Table 5 Numerical analysis data: Compared with
numerical analysis data except in the -1

0°C: External environmental temperature
-10°C
Numerical Numerical Anlalysis
Analysis Data Data exceE)t in the
-10C
#11 20.3 20.1
#12 177 17.3
#13 16.4 16.2
#14 4.8 4.5
#15 19.0 18.7
#16 95.0 94.8

Table 6 Estimated experimental data. Compare with
experimental data except in the -10°C:
External environmental temperature —10°C
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Table 7 Numerical Analysis of sensor temperature:
External environmental temperature —40°C

Sensor point

Cable #11 #12 #13 #15 #16
power output
33W/m -58 | -40 | -5.6 0.6 78.3
45 W/m 3.6 2.5 0.6 6.2 110.8
66 W/m 20.0 | 139 | 11.5 | 16.1 | 167.7

Table 8 Numerical Analysis of sensor temperature:
External environmental temperature —55°C

Estimated Experimental Data Sensor point
Experimental Data except in the —10°C
#11 19.0 17.2 Cable w1 | w2 | w3 | w5 | #6
power outpu
#12 22.3 19.4
#13 22.4 18.8
#14 6.6 3.2 33W/m -1889 | -149 | =166 | 8.7 | 705
#15 22.5 19.5 45W/m 95 | -83 | -104 | -3.0 | 989
#16 95.0 9.5 66 17/ m 69 | 3.1 05 | 69 | 1486
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Fig. 11 Numerical Analysis of sensor temperature for
each cable power output: External environmental

temperature —40°C
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Fig. 13 Design guide of heating cable power
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