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A1z I3

A1d AL

101. 38
1. o] AL Y37t A ALH UL AA & AsrtA A9 KA 9 GHY a4 Hrt Aajo| FL3t).
2. o] AL ASItA AHFHA F ASTEA AR FAAY AA A 5F U &85 KA FHL3h.
3. 0]

A4 eAe AF U 24 F29 o 2o Fvkste] 28
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A 272 8o A9
201. A&

8ol9] gol drR Hoke 492 Adstus A7 U 24 FHo) ned,

202. AA 49 A=

05, A 9 e ot Ee EF 1t QAT

X,

158 ojedt,

203. Prandtl number
&£ AASH E AAZY AHEd FAE EAGH,

G3MitE(thermal diffusivity)o] st 534S
(momentum diffusivity)2] ¥ &g YErdC}.

204. Nusselt number
A Ao gt thFe HE&S ou|git)
205. Rayleigh number
Grashof number®}t Prandtl number®] ZFAOE AAEH dAGo] ALZ WAYSI=A] &2 UiFE A= S
A
206. Reynolds number
Aol 285t "4 (viscous force)ol et #Ad 2 (inertia force)d] Hl&S QJu]ict.

207. Grashof number

Aol #-8ote "] digt 2 (buoyancy force)9] BlE ZAIRIT

D Aspha FALWA/ArFAA GAL A4 AF 2021
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A3 2 AP AL

301. AWAH

o))

)
®3)

2. &

)

o] XA F 7HA @AY 4 W HEeAh A WAe EAA 9dg o4 W (Analytical Heat
Transfer Analysis Method)o]lZ, & HAE &

Analysis Method)°]t}.

o] ARofA AAst= X 4 WY &AZ= 19 113 Zroh

AGAE T 7HA EHY A oA ol WHHE AFEIAE AAStofof gt

R

=42 g A
(1) 44 239 g2 712 993 PH4E 2oM =S Fote YHeR, d7 48 7heoid 2= g2
A& & Aot AtE ke 7 789 Fd 255 uisty o] 7Hter A Sl AA4HA HFHeR
&8 5EE AREd

239 Qe Ystel Auto) g Felo] Azl o] L&, A% L& U 42 A% "k IMO 16C
Code 3L USCGIIA AXISH: @ A8 4= vt 242 A4 98 242 Aolslolor oiul, 74, T
A, a, 7] 59 B4 LES Tejste] Agstolop gk BAH A 4

2 93 94 gol =% FuH
Ae Sasit A4 AR Qofdl 7 BEo LEE 722 so] PH 5FL

ez AgetA A B8 A4
o A Mos §8% Sl Mgt

3. g3 QUG 4 P

() febas GAD 4 PHS BA AH T2 TG B PHOR MR LE BRI ST 4 9tk AAY
7 730 o] Ao Raz $@Eo] Hao] £qs] i), st P2 HAS we Lk LES LS
AstEIT 72 549 BF LEE ANl o2 JMoR B4 57 ¥ §8% $3& ARy

(@) $3as AAY A4 PPS AAT A4S AT §F 24 A4 ALEAS ST 4 Itk ANS FHstas
S AA TEE skl 249 4 BYY L 339 A BdY AYS Sustelo} sk, X2 YL
skl Aete] g P Fxsted 7] L&, S5 2% ¥ F&E AFstelol Bk o] W IMO IGC Code
B2 USCGOIA ANSH: e AT 4 At

() QAT 42 oIe B4 2nEYolo] Yelstoiol Bt

() 814 ARz doldl 7 HRY L& JZE Sl A FFS AW Tk ofn) AgIE LEE ¥4 ¥
SEE Agdte] A $FS AW SHEL $AY WE LS Agste] AW A Sl uete] A
At

A 44 AA 2021



13 33 1%
48 E2 13 4 == o3
£3E 53 113 2HE 52 43
¥
a9 1.1 @4 4 &A=
A 42 As AR
401. $V8A=E
1 H37ks A eutd/dasdd dde sf4 g7l met o ARE AEste] £ A99 $US wolop Ft
£, 97 Adge] BRI AYshe Aole ofdlel #4E A oYY 2w AEE 27 5 Ak
(1) B44 949 4 gHez AFPshe 3¢
Oh 2 o4 mdd, gAY o4 A 21 9 A4 24 5 4 B Qe AR
h 24 sf4 27
(h 24 44 23
Eh A= 244 4 274
() Asp7pA AbHeRtdel A9, sHEAEAdE =H 3 WY AAE 2w
(@) 3= A94dd $F7 ¥ A=
(b) HE 712 2d ZA =
(D) As7kA ARFUA A, duga =d 4 B AR A=
(@ 9% B3 357 ¥4 A=
(b) HE 712 2d A =9
Q) f&es AL Sf4 PHOR AYPst= 4L
Ch 9dg 4 =dY, 99 A4 HA 24 L A4 24 § 94 BA 9n A
Wb 24 4 23
(th 24 44 23
Eh e A4, &% A4 2%
() Am E44 2 2A
(Hh) AQS7EA APHLNHAQl A9 SEAGAE w9 P AR 4w
€D A3p7p2 AL/ ARSFA 219 sS4 AR 2021 3



1% 33

1%

() 3= A4y S5 o9 A=
(b) i 712 2 A =9

(D Asits dmidAdel A9 duda =Y ¥ BE A% Aw

(@ 92 93 37 2 B A=
(b) E 718 md A =8

402. A1 8RR
1. A57A A QubAle] A
(1) Ate] 20 A4Y

(2) W2+ E(cooling down speed), 3H29] A A5t &o] So| 52 8419 Ast A

(3) 7 Sl AR A=
(4) sF2AYARE X8 Aee] Au Qo A
(5) SRl 44 A% 27

2. Aske ARZANY B¢

(1) Aol 79 49

Q) ¥A&:, 329 A4 A w0l 59 o= 28449 A =4

) 42" HAx=
(4) d="a A A% 24 L

€D A3t AHE

o
Rl

HlX

RARgiy

/A=

A

“

A dAg 4 - 2021
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a9 22 Aspka A IAY NS AP 79 2

102. =9
1149 g4g 4 md
(D) 139 gAG o4 2de 247 4G 4 WS olgfsi=d g FuS AFsiy, 2349 2de 134
Zdo] BT Foleh. 149 UL 4 nde £9 % +4 ndw v, A 29 2390 EAsA

o= HH Lz A
— ' LNG -163°C
THEM
h - s HH
iz Q,
E- th7| LNG 07|
o A -163°C =
U&F =S
or
:H o= M
o&
Q ~
sl
W]
=a= DY
a9 23 139 9 9 #7 49 4 22 oA
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2% 44 gng 9y 2%

Ye=0
YR=Q+@,=0
(3) 1349 FAY |4 2P| AL AH IAY A% ALsio] The} Zo] Hojwr,

Qn: n.An.(Tl_TQ)

ox,

ofgiet.

(4) A AL A= UF7, A= 2 BAF EAE A9 2dez A9, 9 Fre o 2ol
fox]
=

1/ U2 = 1/ (hC CO/IH + h]-?‘, CO/]H) + t]H/k]H + t[A\'S/kL\'S + 1/ (hC.L\'S/LNG + hR,LVS/LA\'G)

EN : 39
OH : 7 A
IH : y& A4

INS : &dA|

co : 338

he @ U7 G449 A
hp @ BA 4G As

t FA
P B L
=1

() o7 D A(hoe &3 Zo] Atk

hC()’Il v = L

N, . Nusselt number
E o fA @dee

L : 54 Ze]
(@) B4 GAG A%(hy)e he Zo] Ak,

hrad = 80-(]712—’— j—g)(ﬂ + TZ)

o o AEHEEZRE A2(5.6703 < 107 S W/ miK™?)

Qg sS4 AR 2021 7
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(5) 78, #A9 LEE a4 19 24 FHolA A LES Toe P4 5L
Oh AR Ame WS eEe thew gol BATHL

=
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-
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o MH iz A
Q Q;
- LNG
T T,
Tsteel E‘%IH

3% 2.4 LNG 3= B39 IFolA iz E€4& 35 MdEE
Ql = UIA(TI - Teteel)’ QQ = UQA(Tsteel_ T2)

U, Uy AA @8E A
Ty 9718 2=

T, 38 2%

A Edg 9dA

(W) BIAEAA A 2= o5 Zo] Fii.

ofllt

Ql = Q? = UIA(TI - Tsteel): UZA(nteel_ TQ)

. _ UL+ 0T,
steel Ul + D'2
2. 249 EAY 4 =g
(1) £494 GAG o4 PoA AA 29 AL 22-¢4 o2 ugich. I 252 A4 &W 9 AA A9
AR A2E BAGT Uk 2% 250 BAE ¥ fAC] 52 )9 FH © QAT P B4 o
A Y AN o 1fstoiof k.
LNG -163°C
ol M L

= crany
7| TERE
A Q
i

o ol % e m—p i —QJ
or =
m——— ﬁﬁ _—— o his
s n
oi &
9l x|
Q3 Ql
sy az

a9 25 239 24 4 29 oA
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Ag s4E 2%

@ #4974 2342

DO=Q+Q+Q,+Q, =0

Ty FH 2%
Te: B% 78 2%
T @ A7t

A9 Qg A4 Rde oee AE QU dF I8

%
I
>
e
Py

gE 7ledt

=3
Oh &9 HATF Ao o3t dAdgE2 Fe(Fourier) Aol fsiA tha3t o] 7ledt

t %A
(B 4% edg
b A7 AL 2 Ao YsiA 7Iednt
q= h(T1 - TQ)

() A “41%% Nusselt numberg °©]-&sto] tiiF AL ALE A4t

N, : Nusselt number

R W L=

L EA Zo|(characteristic length)

A Fx0 SlojA, AT+ Y FoNNE FAYsk DHE FHHAE TAFI
Ao i3t Nusselt numbers ¥ 2,13 Zo] Rt

(a) AA
b =

QA H4 A 2021 0



27 243 9de |4 2%

X 2.1 33| gt Nusselt number

ki =4 o]
D
D

X

R, ¥9) ——
0.670 Ra'’"

=10 N, =0.68+

v N {0 825 + 0387R,"° }2
> .

[1+(0.492/ P, )9/16]8/21

(c) Rayleigh number(R,)= o33} Zo] FaAc}.

Ra = GT * Pr
(d) Prandtl number(P,)E th3} Zo] FajAct.

_ nCp
T k
po o G8FHE(dynamic viscosity)
Cp : ¥]¥4(Specific heat)
[ Py L

(e) Grashof number(G, )= o3} Zo] A,

G, = L9 A TBcos (0)/v*

L B4 4o

g TSR

AT : 2% Fo]

JER: b s e

0 B Z=0<6<60")

: 3= (kinematic viscosity)

10 €D 37k AR/ AeFAA A 4 AR 2021



2%

() 8o gt Nusselt numbers= ¥ 2.2 ¥ ¥ 233 go] 77}

3 2.2 3o tfgt Nusselt number
B A £4 2o
Geonv
22 =9 I 18 WY FRE B A
A2 WA ofdf B o i
R, %% Nusselt number, 2V,
10% ~ 107 N, =0.54R!*
107 ~ 10" N, =0.15R!?
3 2.3 %3] gk Nusselt number
A} A 4 4o]
) g
. A,/ P
‘1% T 9] offf FE 4 ﬁstdza
ne oo 52 AL #A9 SIHE Pél =4 20|
!
R, 99 Nusselt number, WV,
10° ~ 10" N, =0.27RM*

(g) AAro] that Nusselt numbers 6 < 60 ° 91 A-20], £ Rayleigh number?)
o{A] A4tgitt,

g5 gcosfE v

a% 26 A 4= A9

A &4 AH 2021

11
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(th A 9%HF+= Nusselt numbers

N, =0.037 « RY° . pl/3
R, : Reynolds number
P, . Prandtl number

(a) o 29 FRAAG YRANE st

QG Ao FFE 1, I BAE o5 A 2ol 28T 5 Ut
hy =P ¢ h
ho: HF T A
o9 A g
(b) BAASE 93 22 9L shy, ¥ A= o 4o B Y 4 Yo
(Aunfin + 77/‘2'71‘4/‘2'71 )(Tb - TOO )

Anofin(Tb_ Too)

Npin © B A3}
T, : #¥ 2%
T, : Y% 78 2=
Appin © B BES W Uojn 38 93
A, ppin - WOl gl BE WH
App s W B3
(© T-bar % A ARtE TefT BYO Adslol U £AE D3fof T,
= £ - 4
i ,41
| fe 3
| Az
i [ S
i Ayntin=Ar#+Az+A;s
Apoti Ag e an,
o
|
A

(4) A de
Oh EAtel sl dxdgo] oo A m, 1 A4

q=eo(T'—T)

12

%]\

S A(McAdams’s formula)S ARE-3lo] AARSHT

o o] RS2 HF

Ag 44 23 2021



2% 244 24 4y 2%
o AEmEZTE A2 56703 <10 S W/ miK?
e I HARE
7, BAEH 2%

103. A& B4X
1. gut

() AR = 49 sfiAdo] "ast Ar EFAE dojof it
(2) AAA= d3PtA AL 84 adE 2ttt A5 EGE Bristoiof gt
(3) ZHE =X hlh A5 F54, s2E Holg = AE AFE B4 dojdl g2 AMgstojof gt} o] o] oy
A 5°c}7}1]4 e FHE AR 5 Qo
2. A %’“
1) ZA @A=E2 B 245 FFu
B 24 A9 A&
A EE[W/mK]
A=
0°C -100°C -163°C
EH$HAT 59
2.5% NiZ 38 33
3.5% NiZ% 34 29 21
5.0% NiZ 31 26 19
9.0% NiZk 28 23 16
(2) A AR (emissivity)> B 2.55 xS
B 2.5 A4 &4 B WANE
372 FH 2= 1K) WAL
Polished Sheet 300~500 0.08~0.14
Commercial Sheet 500~1200 0.20~0.32
Heavily oxidized 300 0.81

) 28 A2 2 AEHB6%NIZ) Het

Liss

QHEEE thg Ao oA ok, Bl

ArE B 269 FS AHE

log ok = a+b(logyy T) +c(logy, T)* +d(logy, T)* + e (log,, T)* + f(log,, T)° + g (log,, T)° + h(logy T)" +i(log,, T)®

D N37p2 LA /AR @

E.';l(-_]E

g o4 =3 2021

13



2%

# 2.6 2H ALY & A¥BO%NID)

A4 2H A 273304, 3041, 316) Q1HK36% NiZd)
a -1.408 22.0061
b 1.3982 -127.5528
c 0.2543 303.647
d -0.6260 -381.0098
e 0.2334 274.0328
f 0.4256 -112.9212
g -0.4658 24.7593
h 0.1650 -2.239153
i -0.0199 0
AL e 2x(K) 1~300 100~300
3. 94 EA
1) % 4z ¥ 2.7 Fx3ch
B 2.7 84 9x[kg/m’]
AZ (%]
B4 &[°C
I £=0C] 20 30 40
0 1016.0 1024.0 1032.0
10 1015.2 1023.0 1030.9
20 1013.4 1021.1 1028.8
30 1010.7 1018.2 1025.8
) 4 v B 2.8 IR
H 2.8 34 v AlkJ/kgK]
_ AE[%)
gl =2&[°C]
20 30 40
0 4.080 4.020 3.963
10 4.079 4.023 3.969
20 4.078 4.025 3.974
30 4.079 4.028 3.979
(3) A GAELEE # 292 FRo
¥ 29 34 AEE[W/mK]
Az (%)
o 2E[°C
5 2=0C) 20 30 40
0 0.570 0.570 0.569
10 0.587 0.587 0.586
20 0.602 0.602 0.601
30 0.616 0.616 0.615

14

D s g

/AR 20 28 4 QY 2021



@) s 54

T (kinematic viscosity)= & 2.10

# 2.10 314 SHE[107m?/s]

A2 2w o] AE (%]
T 20 30 40
0 18.23 18.43 18.65
10 13.35 13.51 13.69
20 10.29 10.43 10.58
30 8.23 8.36 8.49
(5) 34 Prandtl number:= ¥ 2.115 X3}
¥ 2.11 3|4 Prandtl number
Ax (%]
¢ 2E[°C
I 220 20 30 40
0 13.25 13.31 13.40
10 9.41 9.48 9.56
20 7.06 7.12 7.19
30 551 5.57 5.63
4. 7] B4
(1) 97l 248 & 2.128 st}
B 2.12 97] BAA
kinematic ol ml %
o 3 ]| AL . . A g% Prandtl
W71 E=0C | dElke/mT | gk [W/mK] egosiy [10°/K] Number
-150 2.793 1.026 0.0116 3.08 8.21 0.760
-100 1.980 1.009 0.0160 5.95 5.82 0.740
=50 1.534 1.005 0.0204 9.55 451 0.725
0 1.293 1.005 0.0243 133 3.67 0.715
20 1.205 1.005 0.0257 15.11 3.43 0.713
40 1.127 1.005 0.0271 16.97 3.20 0.711
60 1.067 1.005 0.0285 18.9 3.00 0.709

D Asts AR LWA/AREA

1 Q4e 4 A3 2021




2% 244 A9 4y 2%
5. 3¢ &4
(1) 3% BALS #2132 #Zxe0
B 2.13 F5 EAA
er ke dAEE EAE Prandtl Ho B3
[°C] lkeg/m?] k, W/m - k] [, kg/m - sl Number, Pr A, 1/K]
0.01 999.8 0.561 1.792x 107 13.5 -0.068x 107
10 999.7 0.580 1.307x 107 9.45 0.733%107
20 998.0 0.598 1.002x107? 7.01 0.195%x107
30 996.0 0.615 0.798x1073 5.42 0.294x107?
40 992.1 0.631 0.653%107 432 0.377x107
50 988.1 0.644 0.547x107 3.55 0.451x107?
60 983.3 0.654 0.467x1073 2.99 0.517x107
70 977.5 0.663 0.404x 1073 2.55 0.578x107°
80 971.8 0.670 0.355x107 2.22 0.653%107
90 965.3 0.675 0.315x107 1.96 0.702x107°
100 957.9 0.679 0.282x 1073 1.75 0.750x 107
104. A4 =4
1. A=A
(1) SHE2=7F -10°C "9l A%, AA 2o AgEe # 2 B339 Aa 53 ZA57] st ZE
P4 ds] 2% ALLS Sstoof gtct ALE Al th29] A4 24 F-gstojof it
O A4S dior 6}% Mute] e ﬁlﬁﬂhﬁ S5 AHE stofof gt
(W 2 B2 9 dAG2 ZAHA Hgota, e dele 1EohA] Yot Ett.
(th ZE 839 11} W SE2E R 7HYstofof gt
@) AASES FL2EZ 7HRE
() (hzoll F7tste, &4 Ee= 3% ZF Hrelo] g E= 221 2 Q19l9] 17] B3] s EEH
ollAl SHE2E 9 Zrhal 7Hstofof OPE}
Cly) %oH%wﬂOl AR Fe A9, FALEF d7]= 5°C 2 4= 0°CE stojof gt 2] Ago] AAst
£ 49 89 FEE Yok Ad doiME w2 FHREE HET & At W, A0 o 22
257t A A9 2Fots Aol dsie 2 Adge] ¢ 22 258 87 4 itk 98 A
B 2148 #2g 5 Yot
¥ 2.14 IGC 2 USCG Code € A4 874
T+ 7] 2% [°C] e Z&[knots]
IGC Code 5.0 0.0 0.0
IGC Code, 11-& 27 45.0 32.0 0.0
USCG, €327} 8 A9 24 -18.0 0.0 5.0
USCG, €Azt o 24 -29.0 -2.0 5.0
(Ab di7] & st 2R 240 & spgstoiof stttk & A diFol gk 27go] glojof gt
(oD di4L 9 1,025kg/m® @ 1A -2.5°CE sl ol H49h e A= s1Asict
) @ 2 7IA4 w538}, Ya-E(compaction), A5 I I A5 F2 342 gt Aute] £E

16

TG 549 Q5HE THgstolol G,

() AP B9, AAFBRRE LAHE B FUF2 AT YA} RefE oo} et
O AL 239 (D WUFHE A9, 289 (DE0] TE AAZA] Y RS2 Bk
(=) 28 (V2] 7148 AL, Polo) e A gk

Ho=
‘l“e

g 314 =3 2021



2% 244 93 A4 2%

@) gL, AR 59 FBHTGRS TR AARES FYHA B 02 APt
@) B ol9l9 A7 EABE 78 ol AAgFIE H1 Ak A0 AU
) ETIWY AL BULER At

(o) B2 Wil 705 Qi AoR TPt

() $719 A Y Aoz A

£ 21500 YeRd A58 488 #92
g 4 908, of 390 Akl Ol AT

B 215 4% BAHS AA HGE

A7 AW/ m™C)
A2 7\A e AA] EE o 5.8
A o5 o A7) 1163

312 37] ~ 3719 qe 4 116
(#) 5 ¥ FE oo SAL QuHoz WPl g #A Ao s
() FRAAE D(Enow AFE 5 At
(o) AENRS sBHTA AF 2P FY 24N Uk A 24U BAZ A3 + At

@) Axte] fgos s BYaY S4S ol BEt te, YL 3 EYFIA G4 Col B 32

99 &4 s ol ok
Ob SHEPaE AR PPF S Y BE BB £4% A0 Bk ok, AR PuHol
ARl FEAA o) 2] o] FHOR B B A7 FHAYY BE Ao
Hgaet.
(Wb B2 EAAL AYEE BE SR By,
() YR AL AARBH FHRESIE AOR BT 3B 93 AXTE U HXEB So| WY E:
shEA g AS PP,
() @4 23 Welo] 278 A9 Solo] RUGEL 2HOR Yol 4R FAN Wolat 52
79 0 fEAE wE FAdu] Dot 3
(D) SRR SN 2% 9 LRl ISkl glolde) SHEEEE B BgHe YA 1 A4
LER JPgUTh B8, 29I L2444 JoIHE AL 3F 4HE R4S A0R AT 5 Unk
(3) 27 WEe 305 34 PAANAE 7158 942 FHAA Gk,

A

2. 7FERA
(1) Az9 2=7F # 2.160] FAE AR SHol wet S §HALE otz HojAA FLF 51| Hsto] F2A
7ol 7FEAA7E AHEE & Tk 1.9 (DZ AtelA ol2fet 7t AduE o539 Ao 13T & Sl
Oh 999 FLF AAT=
(W) 7HEel Hid AxdE 2skA ko, A=t ti7] F 5°C 2 S5 0°C9] F2=xdd A F¢, 2
o W22 FHRE7 872 BY, 13 Q2 #45hks $HF A=
(th 371 (HE diAlste], 9 &2 dsptads g3 Aol FAH s, weF Ag7t -30°CY] A
AALE B 7M9E TEeta 19 (D30l wet 24E 22HEY 30°C ¥ F2 2%, & 5 o B2 2%
oA HAsHA A, 7k s g 4 qlrh
2) (DZ] WE 7HEpTES o 874 ThEstofof it
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