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Verification of Convection Effect on Thermal Conductivity Measurement of Molten
Metals by Hot-disk Method using Drop Tower

Hideaki NAGAI

Abstract

Microgravity circumstance is useful for measurement of thermal conductivity of molten metals, because thermal
convection is suppressed. To measure the thermal conductivities of molten metals systematically under microgravity, it
needs many chances for the microgravity experiments. The short-duration microgravity of drop tower experiments is
suitable for this purpose. In this study, the thermal conductivities of several molten metals were measured by hot-disk
method under short-duration microgravity of drop tower experiments to study the influence of convection, limitation of time
and space. In addition, the thermal conductivities of molten metals without convection effect were compared with those
derived from Wiedemann-Franz law. The thermal conductivities of Hg and Bi melts were good agreement with those
derived from Wiedemann-Franz law, but those of Sn, Si and InSb melts were different from those derived from Wiedemann-

Franz law.
Keyword(s): Thermal conductivity, Molten metal, Hot-disk Method, Drop tower, Convection
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Fig. 1 AIST 10m drop tower.
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Fig. 2 Hot-disk equipment for drop tower experiments.
(a):System components of hot-disk
equipment. (b):Set up configuration of drop
tower experiments.
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Fig. 3 Hot-disk sensors for thermal conductivity
measurement of molten metals.
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Table 1 Sample list for drop tower experiments of
thermal conductivity measurements.

Purity
Sample Product company
(%)
Hg Wako Pure Chemical 99.5
Bi ‘Wako Pure Chemical 99.999
Sn Wako Pure Chemical 99.999
Si Shin-Etsu Handotai 99.999999999
InSb Koujyundo Chemical 99.999
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Fig. 4 Typical plots of resistance profile of hot-disk
sensor as a function of measurement time
for molten InSb at 977 K.
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Table 2 Data for calculating Ra Table 3 Data for calculating 6 and A,.
The@al Thermal Kinematic A X
Sample Temperature PN | iusivity” | Viscosity” ! R Thermal | Characterisic|  Measurement area | 001
coefficient Temperature | . ime (0 depth(Ap)
5 3 Sample diffusivity time (6) (t=1.35)
(K) 10™* UK) |(10° m¥s) | (10 m¥1s)| (K) ) Start point| End point
Hg 295 1.80 39 0.12] 45| 136. ®) (10° m’/s) ©®) ) () (mm)
Bi 997 1.40 12.8 01| 88| s He 285 37 274] 025] 120 44
Sn 977 0.99 235 0.144| 58| 1. 295 3.9 263 025) 120 4.5
. 108 005 1.00
Si 1713 159 17.8 0315 69| L Bi 371 8.6 6.7
InSb 977 116 14.4 0254 87| L 1083 13.3 gzj EE: :)EE 84
a) These data were estimated from density data Sn 521 14.6 : : : 8.7
(refs 18'20) 1083 26.5 0.35 0.05 0.60 117
b) These data were measured by the hot-disk si 1690 16.9 055 080 120 94
method in microgravity (refs. 11-14). 1713 17.8 052] 080) 120 9.6
c) Refs. 18,20 and 21. InSb 824 14.6 0.64| 005] 1.00 8.7
977 14.4 0.65 0.05 1.00 8.7
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a) These data were measured by the hot-disk

method  in microgravity (refs. 11-14).
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Fig. 5 Typical plots of resistance profile of hot-disk
sensor as a function of dimensionless time
function for molten InSb at 977K.
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Fig. 6 Comparison between the thermal conductivities

of molten metals without convection and those
derived from Wiedemann-Franz law.
Red marks were the values measured by hot-
disk method in microgravity. Blue marks
were the values derived from Wiedemann-
Franz law. Electrical resistivities of sample
were referred from refs. 18,20, and 22.
Green and yellow marks were the values
measured in non-convection environments
referred from refs. 5-10
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