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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.
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Fig.1 Schematic figure of electromagnetic levitated
liquid droplets under the static magnetic fields.

ZOFHE AN U, BRI USRI I
ZEIINTC&E 5 X 92 Fig2 128 L7234 @E 2 Bk L 7=,
KEBEY ¥ 7y MEx @ SUS 8IF v o R — % Bl
~ 7' % v F(NbTi-coil, Max 10T)NIZ AR, EMETFIE
NBZRz b X Lz, @ OBRFIEETIE,
B INEND . CRUBHEEE 2 281 S 5 2%, ARLEE
TiX AC 1 a Y 2 R Y & 8RB O T I
BIRz5 X5, HEAL—PF— (140W,808nm)
WCEDMEALBZ 2D X912 Tn b, 3 EHAE
FE VRSB R GE S &, 1350nm) % FV T, 5k}
DO FIHFNBRETS. £, ZmES & BENED
7o DO, RHIRBEHEEHE D A 7 % 2 BikiE L
TV 5. FZERENANE B o B S iR IR
EEETE X OICHE L, BEE R RN 2
DRI IR 2B TE D LI ICHBEINTNDS. &
FE I E TR AR 2 BRI RH T D L E R H Y, &
IREA DL, Eii TIRETE O B O3 TRV
DTy VNERLTTLEY 2D, SN L—
Pt 532nm) FE—ATF AR X —TIRITFT-
WATHRZ BT 23y 7 T4 M REHAL,
R O 2 e LINELZSHT 5.

__High-speed camera
Ll Top view

__Laser for modulation
- ori

Fig.2

property
electromagnetic levitation method.

Schematic

diagram of thermophysical

measurement  system  based on

3. L—Y—A#mEEIC & 5 BMEERIE

AWIEZ BT D L—P =AML e U A R U —
TV, BT 507> & IE5RE CHREEZETH L7z L —
P—a AL, WK TE S 2 OIREINE 2 JET

This document is provided by JAXA.



5. ZOBOEROWN%E Fig. 31277 . BZEHRH D
W AR TR 2 RilEER S, BB B D,
AR 0 TEF LI L —F —Z RS LA M
B 27\, BB R TR A R E R A
WTHIE L, L —F—DFHEINENC X 2508 T T
DOIREIRE AT HEEZRET S, ZOWENS, B
AR LR L BREROENE 5N 5. Figd 12
ZOREIZL VBT, WL ST KO Fe OEITEE
VAR B OIRFERF M 2 R T, JIE S L7215 i
IRV, WIS, BfERIRERAEIIRD b
RN, BT — X OV E Lo TIROEZ 13724,
5].

Si:C, =24.121.4] / mol-K (1500—1960K)

Fe:C, =45.5%4.11/mol-K (1816—1992K)

ZIZT, MBI A RHENSIL, BT —XITH
T HEMERAED 25 L Liz. B7aAIZ, NIST-JANAF
BT — X6l S LTV D3R EE Si KON Fe
DENVEAREOBMSICE T AEIR, EhEh
27.196) /mol-K & 46.024] /mol-K T&H U, Fe [ZD\»
TIE, FHENSOHFHANTE S —EH L TWN5 753,

Si [ZOWVWTiE, RN EWERELR, EHICH
MNBNETHD.

Radiative heat
transfer

-
Laser irradiation Laser irradiated
part: Sh, Vh
.
Conductive heat Heat transfer Heat
transfer in melt through gas phase | bath
— (1-Sh)Ah
¢ Laser non-irradiated
Pyrometer part: (1-Sh), (1-Vh) (1-Sn)Kr
Radiative heat
transfer
Fig.3 Heat flow model for noncontact modulated

laser calorimetry in a gas stream.

0
60
. 50
3 coef o9
-l
= 30
B S o ¥
¢ )|
+ Silicon
10
@ lron
0
1500 1600 1700 1800 1900 2000
Temperature F K
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.7 Molar volume of molten Fe-Si alloys with
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