
!"#$%&"'()*+,-./0123456 
789:(;<=>?@),ABCD,EF>G(;<=>?HIJ;),KBLM(;<=>?@),NOPQ,R R R R
STUV(WX>?YZ3[\),]^_`,abcd(WX>?e),Sfgh(ij>Wk?lmnopqrs),
tuvwg(xyz{>?SDM)  

Thermophysical properties measurement of high-temperature liquids by electromagnetic 
levitation technique combined with static magnetic fields 

Masahito Watanabe1), Mitsuhiro Tanno1), Hiroya Kawauchi1), Akitoshi Mizuno1), Hiroyuki 
Fukuyama2), Hidekazu Kobatake2), Takao Tsukada3), Kenichi Sugioka3), Shumpei Ozawa2), 
Taketoshi Hibiya 3)!
1) Department of Physics, Gakushuin University, Mejiro, Tokyo 171-8588!
2)Institute of Multidisciplinary Research for Advanced Materials (IMRAM),Tohoku University, 

Katahira, Aoba-ku, Sendai 980-8577 
3) Graduate School of Engineering, Tohoku University, Aramaki, Aoba-ku, Sendai, 980-8579 
4)Department of Aerospace System Engineering, Tokyo Metropolitan University, Hino, Tokyo 

191-0065 
5)Graduate School of System Design and Management, Keio University, Hiyoshi, Yokohama 
223-8526 

E-Mail: masahito.watanabe@gakushuin.ac.jp  
!

Abstract: Thermophysical properties of high-temperature melts are indispensable for numerical 
simulations of materials processes. Accurate data are necessary to improve the process modeling, 
which leads to cost-effective production of high-quality products. However, crucial obstacles 
make measurements of thermophysical properties difficult at elevated temperatures because of 
high chemical reactivity and fluidity of melts. From the background mentioned above, the 
levitation technique, which provides containerless conditions during the measurements, is applied 
into the thermophysical property measurement. We are planning thermophysical properties of 
high-temperature melts using electromagnetic levitation technique under microgravity. Under 
microgravity conditions, convections in the levitated melts are suppressed, so we can accurately  
measure the transport properties, such as thermal conductivity. On the other hand, if we can 
suppress the convection on the ground conditions, we can evaluate the measurement data under 
microgravity conditions. Thus, we have been developed the system of thermophysical properties 
measurement by EML with a static magnetic field.  The static magnetic field can suppress the 
convection in the levitated liquid metals droplets. Using the system, we have been measuring heat 
capacity, thermal conductivity, emissivity, surface tension and density of high-temperature 
metallic melts. Comparing the data obtained by the method to the data obtained under 
microgravity conditions, we can evaluate the accuracy of measurement data, and also we exactly 
know the effect of convection on the thermophysical properties measurements.  
Key words; Electromagnetic Levitation, magnetic field, thermophysical properties 
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Fig.1â Schematic figure of electromagnetic levitated 
liquid droplets under the static magnetic fields. 
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Fig.2 Schematic diagram of thermophysical 
property measurement system based on 
electromagnetic levitation method. 
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Fig. 3 Heat flow model for noncontact modulated 
laser calorimetry in a gas stream. 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4 Temperature dependence of isobaric 

molar heat capacities of liquid Si and Fe. 
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Fig.5 Temperature dependence of thermal 
conductivities of liquid Si (4 T and 5 T) and Fe (9 T 
and 10 T). 
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Fig.6â Temperature dependence of molten Fe-Si 
alloys density. 
Fig.7â Molar volume of molten Fe-Si alloys with 

different compositions. 
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