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Abstract

An experimental study has been performed on natural convection heat transfer with a rapid crust formation
in the molten metal pool of a low Prandtl number fluid. Two types of steady state tests, a low and high
geometric aspect ratio cases in the molten metal pool, were performed. The crust thickness by solidification
was measured as a function of boundary surface temperatures. The experimental results on the relationship
between the Nusselt number and Rayleigh number in the molten metal pool with a crust formation were
compared with existing correlations. The experimental study has shown that the bottom surface temperature
of the molten metal layer, in all experiments, is the major influential parameter in the crust formation, due to
the natural convection flow. The Nusselt number of the case without a crust formation in the molten metal
pool is greater than that of the case with the crust formation at the same Rayleigh number. The present
experimental results on the relationship between the Nusselt number and Rayleigh number in the molten
metal pool match well with Globe and Dropkin's correlation. From the experimental results, a new correlation
between the Nusslet number and Rayleigh number in the molten metal pool with the crust formation was

" developed as Nu = 0.0923 (Ra)*** (2x10* < Ra < 2x10").
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Fig. 2 Schematic diagram of the problem definition.
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Fig. 3 Schematic diagram of the experimental facility
in the high aspect ratio case.



8 g4 a%% 37 AdHR AR WA I 229

£ AYy 9 FAFNE I A¥YI,
HE g @gd vjgos TAHSS WAE AW
W3 ¥oe AU 3Ed 422 JdYE
W S8 dN YAY 229 W4T 24
HER 3l A9 27234 HFAAF =
5 35t B¢ FF AL APYaRg
B Jog AQ47182 Ay FYste dv @
2g7) 22808 Yiog FANE wi@o
T Xt Ad987) 47 e §
o) %% 124 kg/min & 7}2 605 DR UJN Y HZ
¥ dA3n By fEe UG AP A
o] dA% 22 fAW ¢ U=® {3

B AYe F8 A= 29 I /%
olth, §8EH YA R=HAHL QultAl A
#2 TY dAUE AHR3%ey, dagz F
UHE FGF %L T S8 SFH2 B
et FYn|7F AL APolMs dQE7] W
9] £4EY T =R &4 AHAA T
o AR 30 AR TR H 259 FAde A
WE7) R Foda 34 A mAG e,
B3 JlEE 9o 2 A, AR B Fee e
3 9 2 A, AR @) 47 R &7 2
A, ¥2t4 A AT £ &7 2 7, IGs

A 1 71, 48& drgB 17 F &,

40 7he] AAUNE X3 AYFA AA oA
BEE B850 A8 dide 4483
W AAd Aoz AU Fasod &
$#e 22 & £4%o 1gH AL /32E ¢
=R Bch TN E Uy JE Ll
1/4, 172, 34 AR 4z 4AE FA¢ €T
& AAsglen, d¥gxe} HA¢ 2 TH
A 2YH7F AL HAewc 157) @& 55
e AR AYE7] R LE2FY FUE
& =3t

£ AgFadde d94719 ¥k sty
L7 4ARA KAHER 3H 4T du
#2228 B4 fHE& AFR AN =3
Hck Aol 43¢ ABE N0 He A
dAg M2 FHL T HFEQ 486 IBM
PC 9} AA(sensor) R AMEEEY o= AT §
HA 7] A% A= o)(hardware) 2 T BT
AYL A4 UsEd F40A Ad947 W
2 F5n B4 43I Jldd 4de
& £8€ N2 FYHEA A zEAY. ol X
AYE7) o AR NEe ARY 37 wg
B o] &3t A3 AANL & 9 3
e ANy =@ JAEAAE HARE A7)
& o83 sEe G =AU} duYr] 2

Adog FYHE I & ZANEA A
A4e Ae& TRHAG & AdgdAM 907t
A Aee S48 SR 4dALZ7E 80 -
100 €, 37 e 4ALx=7F 25 - 50 T
uteh, 27 & A$E 75 - 100 C, IG5+ 4
By dARE7 30-60 T wat 71 AA A
AY& sYPeH, T AAY Rz Y
0.5°C ®# WM FAEZ® HAc.

A #1 & OE

3.1 2T ¢t

Fig. 4 & T8u)7} 2& -5 Q87 4
B LT# 30 TE 2ARUE W 3y _%
Aol wtd A¥E7] R LZNE 2o
Ak 2o P49 R 7.5 cmE FFEF O
I A9 75 cmv YR, 448 FAA
257} 70 € o3 afdoln 70 T ol o
A dogoitt aelM RE sl ol K84 W
Bo AU %o B4 HY 257 &%
& U¥ 2xvnd Be 94 uAs er
vEldel AP sHpds] &x7F 80 T A
S+ $FE9 BE R¥o] AfEH THEF Y
A8F7) o] SEEe] F¥old wE LEA}o
7wl velgou SRy JPLE) 85 T
e 889 AQUR QA 9% GF &
&9 wolo wah ExAelst W2 e &
strh 88E9 ey FQdM9 £ EXE
Agl Ay el ¢F A @AW AW
o A& ¥ T o

180 ¢
E —— ot Tamp. =100 * ©
e i }.P --o--lmr::.-oo I
f H —y- BLTH0.x M ' G
1004 'Y ‘l‘ — BotTemp.= 80 O
] NS
78 ‘ ™
i \."’m .
80 A
*v
- "
[ AR Q
W koo
00 . . v v LNSLINCCH
% “ ® © b © % 100

Fig. 4 Expcﬁrnéntal .data on the central temperature
distribution, as a function of the bottom surface
temperature in the low aspect ratio case.



230 g -

Temparature (" G)

distribution, as a function of the bottom surface
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Fig. 6 Experimental data on the central temperature
distribution, as a function of the top surface
temperature in the high aspect ratio case,

Table 1 Experimental results on natural convection from
literature survey,
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Fig. 7 Comparison of the present experimental data on
the natural convection heat transfer rate of the
metal pool with & without crust formation in the
low aspect ratio case, with other correlations.
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Fig. 8 Comparison of the present experimental data on
the natural convection heat transfer rate of the
metal pool with & without crust formation in the
high aspect ratio case, with other correlations.
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Table 2 Heat transfer rate of the metal pool in the low aspect ratio case.

Bottom Surfece | Top Surfece | Heat Flux Ra t " AR Nu
Temp. (°C) Temp. (°C) (W/m?) {cm)

100 50 3.28E4 7.38E5 0.0 0.167 6.8
100 40 3.80E4 8.54E5 0.0 0.167 8.7
100 32 4.29E4 1.13E6 0.02 0.166 5.7
100 30 4.30E4 1.09E6 0.11 0.164 5.8

80 60 2.36E4 7.13E6 0.0 0.167 5.0

90 425 2.66E4 7.58E6 0.01 0.167 5.1

80 40 2.63E4 7.31E5 0.18 0.165 5.4

90 30 2.83E4 8.11E5 0.52 0.155 5.2

90 25 2.81E4 5.27E5 0.86 0.148 5.1

80 60 9.64E3 2.38E5 0.0 0.167 42

80 57.5 1.04E4 3.42E5 0.25 0.161 4.0

80 50 1.08E4 1.20E8 2.38 0.114 29

80 40 1.12E4 5.28E4 3.61 0.086 23

80 30 1.43E4 2.95E4 4.30 0.071 24

80 25 1.50E4 2.01E4 4.68 0.063 2.2

Table 3 Heat transfer rate of the metal pool in the high aspect ratio case.
Bottom Surface | Top Surface | Heat Flux Ra t AR Nu
Tomp.(°C) Temp.(°C) (W/m?) {cm)
100 60 1.63E4 9.54E8 0.0 0.8 13.0
100 50 2.28E4 1.27E7 0.0 08 13.8
100 40 2.92E4 1.38E7 0.0 0.8 15.8
100 30 3.57E4 1.62E7 0.0 0.8 16.8
80 60 1.34E4 9.00E6 0.0 0.8 12.0
80 50 1.73E4 1.06E7 0.0 0.8 124
90 40 2.19E4 1.34E7 0.0 0.8 12.5
90 30 2.23E4 1.41E7 0.12 0.795 1.7
85 60 1.00E4 7.21E8 0.0 0.8 14
85 50 1.88E4 1.06E7 0.0 0.8 12.8
1) 40 1.77E4 1.01E7 043 0.783 115
85 30 1.77E4 9.89E6 0.57 0.777 11.8
80 60 8.27E3 6.84E6 0.0 0.8 111
80 60 1.05E4 6.62E6 0.55 0.778 10.8
80 40 1.26E4 6.25E6 0.92 0.763 10.7
80 30 1.30E4 5.61E6 1.59 0.736 10.8
75 60 3.13E3 2.62E6 1.68 0.734 6.1
75 60 3.32E3 1.44E6 4.74 0.610 6.4
75 40 3.49E3 9.52E5 7.18 0.514 4.8
75 30 4.08E3 3.52E5 10.78 0.369 4.0
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