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The study adopted a freezing prevention method of the upper deck which used heating coil, and carried out numerical analysis by

using ANSYS 13,0 CFD for design guide of the vessel operating in cold region, It is based on the experimental results of the anti—icing

performance tests which were carried at cold room chamber in MOERI, Numerical analysis for the design guide was performed by

considering S.S.T. (Shear Stress Transport) turbulent model for flow separation effects and the turbulence which occurred in interfaces

of the numerical model in order to express appropriate heat transmission phenomenon, The numerical result shows average temperature

of the upper deck surface appeared similarly compared with the indoor chamber test, The design guide for optimum freezing prevention

presented through heat transmission capability and interval of the heat coil in various outdoor temperature(10°C~-30°C) and wind

speed(im/ s ~7m/s),

Keywords : CFD(TASX|HS). Anti—icing(ZHIEEX]). Shear Stress Transport(S.S.T.). Heat transmissions(@&E). Heating coil(&A)
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Table 1 Properties of air
Density SZZZTC Therm.all Expapgion Dynamic
Temp. (kg/m?) | capacity io;{/d/ﬁtlgycogf;l%nt (V/LS(;OSW)
(k.J/ kg K) ' g
10C | 1.240 1.005 0.025 | 0.0035 [1.80e—05
0C | 1.293 1.005 0.024 | 0.0036 [1.71e-05
-10°C| 1.350 1.005 0.023 | 0.0037 |1.68e-05
-20°C| 1.420 1.005 0.022 | 0.0039 |1.62e-05
-30°C| 1.480 1.005 0.021 0.0041 |1.56e-05

Table 2 Properties of material
Densi Specific heat Thermal
, ensity ‘ .
Material (kg/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 Heat flux

Nominal electric

heating power

Product power output capacity

(W/m at 10°C) (W/m?)

10XTV_CT 33 970.00
15XTV_CT 49 144117
20XTV_CT 65 1911.76
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Wind speed 5
(m/s)
Interval(mm,) 33 65 110
Heating cail
(W/m)
33 49 65 33 49 65 33 49 65
Temp.(C)
10 62.2 87.7 12 40.8 56.2 56.8 37.7 51.1 73.6
0 53.9 80.7 106 32.1 48.7 62.1 28.2 41.8 69.5
-10 43.9 68.2 92.8 21.7 37.1 51.4 19.0 33.8 59.5
=20 33.5 59.9 86.1 1.7 26.9 41.3 9.5 23.8 495
=30 24.0 49.9 76.1 1.6 16.7 31.2 -0.4 13.9 39.5
544 CBERATBIEI=2E] M40 2 M6 5 20124 122



OIFEH MIT- OEF

Table 5 Experimental of the average temperature: Case?

Wind speed 5
(m/s)
Interval(mm) 33 65 110
Heating cail
(W/m)
33 49 65 33 49 65 33 49 65
Temp.(C)
10 53.2 36.4
0 46.3 26.7
-10 37.2 17.0
-20 27.8 10.5
-30 18.2 -2.0

Table 6 Numerical Analysis of the average temperature: Case4

Wind speed
(m/s) >
Interval(mm,) 33 65 110
eating coil
W/m) 33 49 65 33 49 65 33 49 65
Temp.(C
10 44.6 61.4 80.1 30.4 40.0 51.2 29.6 39.0 52.6
0 35.4 52.7 69.7 21.0 31.7 42 .4 19.8 29.4 43.2
-10 25.5 42.7 58.8 10.9 21.5 32.3 9.9 19.6 33.7
-20 15.4 32.1 48.8 0.8 10.7 21.9 0.1 9.8 23.8
-30 5.1 22.2 39.1 -9.4 0.54 11.8 -9.7 1.0 15.6
Table 7 Experimental of the average temperature: Case4
Wind speed 5
(m/s)
Interval(mm) 33 65 110
Heating coill
W/m) 33 49 65 33 49 65 33 49 65
Temp.(C)
10 37.8 27.2
0 28.7 20.5
-10 21.2 10.0
-20 11.3 0.0
-30 2.1 -10
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Table 8 Numerical Analysis of the average temperature
at —20°C, 33W/m

' d speed(m/s) 1 » 3 5 5
inter.(mm)
33 414 | 35| 255|154 | 91
65 189 | 116 | 64 0.8 | 25
110 266 | 9.6 6.0 0.1 =3.1

Table 9 Numerical Analysis of the average temperature
at —20°C, 49W/m

ind speed(m/s)

1 2 3 5 7

inter.(mm)
33 78.4 | 59.9 | 476 | 32.1 | 23.2
65 38.4 | 269 | 200|107 | 7.3
110 324 1239|186 | 98 | 53

Table 10 Numerical Analysis of the average temperature
at —20°C, 65 W/ m

ind speed(m/s)

1 2 3 5 7

inter. (mm)
33 109 | 86.1 | 69.7 | 48.8 | 37.3
65 69.4 | 59.5 | 38.1 | 23.8 | 15.9
110 572 | 41.3 | 333 | 21.9 | 142

Table 11 Numerical Analysis of the average temperature
at -30°C, 33W/m

' d speed(m/s) ' » 5 5 7
inter. (mm)
33 314|240 | 155 5 -0.9
65 158 16 | 35| 94| -126
110 9.1 | -0.4 | 39| 9.7 | -13.0

Table 12 Numerical Analysis of the average temperature at
-30C, 9W/m

. d speed(m/s) ' » 3 5 ;
inter.(mm)
33 68.3 | 499 | 37.7 | 222 | 13.3
65 28.4 | 16.7 | 9.9 05 | 2.2
110 224 | 139 | 85 10 | 4.7
Table 13 Numerical Analysis of the average temperature at
-30°C, 65 W/m
' d speed(m/s) ' » 3 5 7
inter.(mm)
33 988 | 76.1 | 59.9 | 39.2 | 27.3
65 495 | 395|282 | 156 | 6.1
110 469 | 312 | 23.3 | 11.8 | 4.2
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Fig.9 Surface temperature considering condition: Heating
cable:49 W/ m — Amb. Temperature:—30°C
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@Mo| ZHHo| 33mm el B 22te| gkgol -30°C, 7m/s
£ 123192 mf 33 W/ molM thHEE ZYEX|7} o|R0IRS
& 4= Ak ABA| 65mm, 110mm el ZRMT SUeH M
£ 13IS 1 A MHHS oflake = UM 65mm Y &
< 52 W/m olAke] M2o|, 110mm Y B 57 W/m olae]
Mol MHets & & Uck

Ud
il
% it
30

ki r%
J
20
x

>

o

ne rir

>

ol
=
ol
=

Ofm
ol
2

MY

nx
x
N
=
>

gl
ng of
rx
|0
ol
]

]
g4
=)

e
-
t||:>|'_|'

|d

2
o
A

2 o
ro m
i

nx
X
N

—
N

—
ol

=

r Iz

z
r
Ju

mn

Ml

®
re
s
el

n
)
i

2 4
> N = o0z
B Jo 12
o g rr
b H
e 3

o

_O'L

¥R

n

4>

Rall

:lol__l

1=

N

19]

—
[

4 A
8~138 &
2°CollM A=

s2ke 2o

[l — YR |
2o| B7fsle
25| s

s
Rl
ofr
El]

10
nx I
ik
>
09
|
i)
2

I

5
I
0

£

r
0

b
i

]
=l
U
i

ox
H

N
5
Ql
]

S N
O

0l
N

-

ol
=
r_I.L
s

0
—o

—

Inl

|

0

F[_

33mm ~ 65mmAfo[olA 2=}
l= gUAo] 720l S25=

Hchwol| of2t o] 245kl B7tslo] ZdsIg
AtzEn] £ 7ol Sass g

olstof ZRIAE Aol £EHOR HWsIA0| wiEt

ol T
HI
o

[e]
e
> o

q

o

548

CHEIEMEIS=F% R 49 # M6 = 20128 128



OIFEH MIT- OEF

OF HoiE|Lf JMFHTO HRRE Hels Moz AL
g= 20| E0IFE 2 7 U0 FEHQ ZLUX| FA| 755t
Tl EHEREC

(5) FxlsiA &= & 10C ~ ~10CAlole] EE2ToM=
TE2E o] 2F Joof 25 EXct v -20°C, -30C2
oI e2roME FEHLZ Jote| ERT {2 EUCt

w2iA ofef 22 2dg 12t Table 8~132 O BSICid Muf
q

= =
5h 2MZH J|FEg MAlEteRM RiTEh sixIMA L SRS
AIE mg 5 2o, ZHHol S84l uix|7t JksEt 7|
F0| 2 Ae= AtzEct

£ AAAXMT| ST ARl “His|MEto
2x|atz o |s o IHR YMEs Al "It | Jjey
Z" X2 M MH L Winterization B717|=(PNS133C)"2HH|
o| oi7| X|gloz $al=l Zmjo|c),

dned
ANSYS Inc., 2010. ANSYS User’s Manual Fluent

Theory Guide. Version 13.0..

ANSYS Inc.: USA.

Choi, K.S., 1995. Prospects of the Domestic and
Foreign Academic Research in the Polar
Engineering. Journal of the Society of Naval

Architects of Korea, 32(32), pp.27-32.

Jeong, S.Y. Lee, C.J. & Cho, S.R., 2011a. A Study
on Anti—icing Technique for Ballast Water of
Icebreaking Vessels Operating in Ice—covered Water.
Journal of the Society of Naval Architects of Korea,
48(1), pp.93-97.

Jeong, S.Y. Chun, E.J. Cho, S.R. & Lee, C.J.,
2011b. A Study on Anti—icing Technique for
Weather-Tight Ice—Strengthened Vessel.
Journal of the Society of Naval Architects of Korea,
48(6), pp.575-580.

Door of

Juen, H.Y. Lee, C.K. Bae, H.J. & Lee, S. J., 2005.
A Study on Performance Test and Verification of
Heat Transfer characteristics in Automobile Rear
Window Heater. Journal of the Korea Society for
Power System Engineering, 9(2), pp.73-80.

Kang, H.K. Kim, K.P. & Kim, D.H., 2010.
Requirements of Mechanical and Environmental
Conditions on Winterization of Vessels Intended for
Cold Climate Operation. Collection of dissertations
of The Korea Society of Marine Engineering,
2010(10), pp.83-86.

Kim, K.P. Kang, H.K. Kim, D.H. & Ha, T.B., 2010.
International Convention & Class Requirement of
Equipments for Ice Class Vessels Collection of
dissertations of The Korea Society of
Engineering. Journal of the Korea Society for Power
System Engineering, 2(), pp.73-80.

Kim, Y.K. Yang, J.S. Kim, K.C. & Ji, H.S., 2011.
Numerical Study on the Performance Assessment for

Marine

Defrost and De-lcing Modes. Journal of mechanical

science and technology, 35(2), pp.161-168.
Ministry of Knowledge Economy, 2012. Cold Region

Design Specification and Winterization(PNS133C).

JSNAK; Vol. 49, No. 6, December 2012

549



	01. 49_6_447
	02. 49_6_461
	03. 49_6_469
	04. 49_6_478
	05. 49_6_484
	06. 49_6_491
	07. 49_6_498
	08. 49_6_504
	09. 49_6_512
	10. 49_6_521
	11. 49_6_528
	12. 49_6_534
	13. 49_6_541

