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ABSTRACT

Purpose: The purpose of this study is to evaluate the performance of heating equipments by implementing

the extreme environment in which ships navigating the ice zone are exposed and to study and apply the

experimental method to infer the optimized design for each factors.

Methods: It is required to verify by analysis and experiment how the environment with low temperature and

wind speed implemented through the test facility affects the heating walk—way and The optimum design of

the heating walk—-way in that extreme environment is derived using the Taguchi technique.

Results: The results of this study are as follows; It was found the effect on the condition of each factor

and derive optimized conditions that satisfy the performance condition of the heating walk-way in extreme

use environment.

Conclusion: Ships operating in Polar waters require reliable and durable facilities for all environments during

sailing.
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Figure 1. Comparison of the northern sea route and the existing route
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Figure 2. Composition and specification of Heating walk—way
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Figure 3. Comparison of heating cable installation (12 Line / 20 Line)
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Table 1. Standards for Manufacturing of facility for implementation of cryogenic environment

Test Standard Test Item
502.5(Low Temperature)
MIL-STD-810G 521.3(Icing/Freezing Rain)
524(Freeze/Thaw)
[EC 60068-2-1 Environmental testing(Cold)
[EC 60945, KS X [EC 60945 Environmental Test(Low Temperature)
(NK, LR(:/ laAS];iSffC%t\i/(?nKit,arll)(ll\?{]c}SGL eto) Environmental Test(Cold)
IACS UR E10 Environmental Test(Cold)

SAE &7 4 AdvlE WiE 27171 5,0000W) X 7,000D) X 5,000(H)¢ W P22, 5134 o] W Al
S 28 Ao 70 T 74 3o 7153tk 12]a Sirocco Circulation Fan 2 42| Wind TunnelS &3l
e R-9] F7)s=gho] o] ol £2.0 T o] LEE T LS ralgon Wrhsy B5 2 44 Aago g A
9] @A Mgl disl] AW R AEES ST 5 gle Adujojth

& AN U o] tidh AAE FREh] sl WiFel 1370¢] A el S=AA

g AAjste] 74 22 7)E
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Table 2. Wind speed measurement by position and temperature

Position for wind speed measurement
Temperature ; . -
Left#3 Left#2 Left#1 Center Right#1 Right#2 Right#3
95 4.96 4.94 4.97 5.01 4.96 5.01 4.97
(£0.14) (£0.10) (£0.10) (£0.15) (£0.10) (£0.10) (£0.10)
5m/s | -10 © 5.36 5.29 5.32 5.27 5.33 5.29 5.17
(£0.16) (£0.11) (£0.10) (£0.09) (£0.12) (£0.12) (£0.13)
50 C 5.75 5.71 5.86 5.82 5.92 5.78 5.61
(£0.20) (£0.14) (£0.15) (£0.15) (£0.09) (£0.10) (+£0.14)
95 19.29 19.13 19.31 19.99 19.87 20.32 20.14
(£0.34) (£0.28) (£0.30) (£0.35) (£0.24) (£0.19) (£0.17)
90 mfs | -10 © 21.06 20.61 21.05 21.59 21.21 21.33 20.15
(£0.37) (£0.27) (£0.20) (£0.64) (£0.30) (£0.69) (£0.28)
50 C 22.69 22.43 22.91 22.78 24.29 23.45 22.12
(£0.45) (£0.35) (£0.28) (£0.34) (£0.50) (£0.95) (£0.30)
Table 3. Variation of wind speed by temperature
Variation of wind speed
Temperature 5 m/s 20 m/s
Median value Variation Median value Variation
25 T 4.99 3.41 % 19.68 4.22 %
-10 C 5.28 4.55 % 21.05 5.60 %
-50 C 5.74 4.70 % 23.31 6.37 %
YL FA 7 AN F3) L8 B4 SHW A% F%, Table 3 7 2ol QA AR S5 A7
5 m/solA= 4.7 % old], 20 m/s oAM= 6.4 % o] Ul= SR o, /WS T A9 AA 2710] £10
olsfolm B Al AF ek £e 948 FANE D2 Uk Aoz Selugons FF 84 74
An)e] A i3k 28e AxE w3t (Korean Industrial Standards 2014; Korean Industria
Standards 2016). SHAIRF 28 T

Hiaje 751 2 B 257} UoldLE 48 2HME Fo] ¢ a4 SH
_| b 1" 0

L= o] Wste] o3 F4 2 AYYTE
E—l 1 £ A= Table 4 9+ 2t} (International

=
Holat, 1 Ak 2a STt
ol 9F& W wiolth

Organization for Standardization, 2017).
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Table 4. Influence of environmental factors on air density calculation

Environmental factors Error of measurement for factors Air density (%)
Pressure 1 hPa 0.10
Temperature 1K 0.34
Dew point 1K 0.02
Relative humidity 3.5 % 0.02
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Table 5. Initial conditions of heating walk-way

Initial conditions Specification
ambient temperature condition -20 C

wind speed condition 0 m/s, 5 m/s

Heating cable type 10XTV-2CT
Heating cable temperature 90 T
Heating cable length 20 Line

6T Stainless Panel, 1T Stainless Panel Cover

Heating walk—wa:
¢ Y (1,000 mm X 1,000 mm X 45 mm)

Insulation 19 mm
wind tunnel generator 500 mm X 1000 mm
Laboratory size (flow field) 3,000 mm X 2,000 mm X 2,000 mm

Figure 5. Heating walk-way 3D modeling
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Figure 7. Installation position of temperature sensor
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Table 6. Related factors

Classification Mark Factors Level 1 Level 2

A Number of heating cable lines 12 20

B Direction of heating cable Vertical Horizontal
Control factor - -

C Taping method Teflon Aluminum

D Additional insulating material 19 mm 38 mm

, T Temperature (C) 0 -20

Noise factor -

w wind speed (m/s) 0 5
Signal factor M Voltage (V) P1(220) P2(440)
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Figure 8. Temperature graph of data recorder (Experimental number 1, N2 condition)
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ARAH wet 8] AP AN, B FYe) FRewel thal Table 7 3 2 APAAE o
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Table 7. Experimental result of L8(27) type

) Inner array QOuter array
Expe““;emal Signal factor (M;) | Signal factor (M)
number A B C D e €2 e3 N, Ny N, Ny

1 1 1 1 1 1 1 1 21.67 -13.33 39.03 -4.70
2 1 1 1 2 2 2 2 23.20 -12.81 42.41 -4.50
3 1 2 2 1 1 2 2 25.57 -19.11 45.77 -2.36
4 1 2 2 2 2 1 1 25.70 -11.17 46.21 -2.47
5 2 1 2 1 2 1 2 53.79 -0.39 69.49 9.63
6 2 1 2 2 1 2 1 44.14 -2.04 68.61 10.27
7 2 2 1 1 2 2 1 38.27 -7.44 61.87 3.64
8 2 2 1 2 1 1 2 37.14 -7.51 62.79 4.16
4.2 A% o F3H(S/NY]) 2 77|15 B8 ¥z AA
9o AdE B2 S/NH|S} 71&7] B5 U] Table 8 & o] Al4kaqiH
Table 8. S/N ratio and slope for experimental results
Experimental Inner_array S/N ratio Slopes
number A B C D er e €3
1 1 1 1 1 1 1 1 -56.3881 0.035
2 1 1 1 2 2 2 2 -55.8654 0.0391
3 1 2 2 1 1 2 2 -56.2021 0.0424
4 1 2 2 2 2 1 1 -54.6601 0.0464
5 2 1 2 1 2 1 2 -50.7975 0.0962
6 2 1 2 2 1 2 1 -50.4889 0.0908
7 2 2 1 1 2 2 1 -52.2749 0.0736
8 2 2 1 2 1 1 2 -52.1533 0.0743
i Zb AojRlAt =l S/NHIS 7] & 7ol tigk whE-3E= Table 9, Table 10 ¢ 2t}
Table 9. Reaction table for Signal to Noise Ratio
Level A B C D
1 -55.78 -53.38 -54.17 -53.92
2 -51.43 -53.82 -53.04 -53.29
Delta 4.35 0.44 1.13 0.62
Ranking 1 4 2 3
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Table 10. Reaction table for Slopes

Level A B C D
1 0.0407 0.0653 0.0555 0.0618
2 0.0837 0.0592 0.0690 0.0627
Delta 0.0430 0.0061 0.0134 0.0009
Ranking 1 3 2 4
Main effects plot for Signal to Noise ratios Main effects plot for Slopes
Data Average Data Average
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Figure 9. Main effects plot for Signal to Noise ratios and Slopes
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Table 11. Estimate S/N ratios and Slopes at minimum and optimal conditions

Level Minimum cost condition Optimum condition
S/N ratio -55.9473 -50.7508
Slopes 0.0423 0.0947
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