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Numerical Investigation for Measuring Molten Slag / Molten Iron Interfacial Tension
by an Oscillating Drop Technique in the International Space Station
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Abstract

The measurement of interfacial tension between molten slag and molten iron under microgravity in the International
Space Station (ISS) is planned, where an oscillating drop technique with an electrostatically-levitated compound droplet will
be used. In this work, numerical simulations for oscillation behaviors of a compound droplet composed of molten iron core
and molten slag shell phases were performed using OpenFOAM, to determine the operational conditions for measuring the
interfacial tension under microgravity. Here, the effects of viscosity and radius ratios of shell to core phases on the oscillation
frequency of the compound droplet, i.e., on the interfacial tension evaluated from the frequency, were investigated. As a
result, it was found that the oscillating drop technique is available to measure the interfacial tension if the appropriate
condition of the radius ratio is selected.
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Table 1 Physical Properties and Geometrical Parameters used in Numerical Simulations.

Physical properties Molten iron (i = 1) Molten slag (i = 2)
Density p;lkg/m?] 7.03%107 2v 2.85x10% 22
Viscosity u;[mPa-s] 5.50 20 21.4,107,214 29
Surface tension o;[N/m] 1.76 0.45029
Interfacial tension o;,[N/m] 1.30 22

Geometrical parameters

Equilibrium radius R;[mm]
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0.988
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1.20,1.50
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Fig. 2 Free Oscillation Behaviors of Molten Iron and
Molten Slag Droplets.
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JER BT DFE R, wyd D WX DA NIR > 725
A W2, /=198 X Cuy /u=39 (281} DR, /Ri=1.2)
WZOWTIIR LTV W, X225, Ry/RyDOEIANT Y,

500 : ——
<o~ Eq.(12) —o— H4/1=39
—_ — =19
N 400} ” - Ll @./21 -
T 39
E 300F 1
S
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<
3 100}
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Fig. 8 Effect of Radius Ratio of Shell to Core Phases
on Oscillation frequencies of a Compound
Droplet for Three Different Viscosity Ratios.
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Fig. 9 Effect of Radius Ratio of Shell to Core Phases
on Interfacial Tension Evaluated by Eq.(12)
for Three Different Viscosity Ratios.
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Table 2 Effect of Radius Ratio of Shell to Core Phases
on Oscillation Frequency of a Compound
Droplet and Interfacial Tension Obtained by
Eq. (12) for p,/u;=3.9.

(b/a), = 1.2

(b/a), =1.5
w,/2n | /21 | o, |w./2n| 0 /21| o
[HzZ] [Hz] | IN/m] | [Hzl [Hz] | [N/m]
1.3 280 125 1.28 275 120 1.24
1.4 300 142.5 1.23 295 142.5 1.19
1.6 350 160 1.20 345 160 1.17

Ry/Ry

Vx VHOMMEORBICLVPEBRENSRELIRD
Z &, F7 Egry HOFEICE Y REEHERET D2,
Ry/RIZHILBIIRET DMENDH D Z LD,

Table 2 (ZHHHEIRE TR (b1 /a)o = (by/az)e = 1.2 KXY
1.5 CBAL, ¥y, /u, =3.9 DHFED 2 5D — 7 B
B, B PR (ZRIZ TR, /R DFEEZE R LTz, (b/a) DN
WfEV, Fig, 8 & AERICw, K Qo 2 L, 122 LY
BHNLREEAOME G E/NHE SN DA, Z0ETEN
IFEEREL RN EBbND.

5 BhHYlIc

EEFHEAT—va VOMMNENRESFIR LIZES
R OB R IEERIC L DA T 7/ Vi agk S g /)
BIEICET D720, WA T 7/ Wiahekns & 72 D EE1ETH
OIRTHRBIET DHME S I = L— 3 U&7, RRE
THE IR & o g (RQ12) DM PEIZ OV TR
AL, IREVERENC KT T v = V8 a TR L, v
= VAR 3 T AR R R OB TR D R B 2 it L
TR, WM ORGE HIZ B W T b ) A R H 0 @R
v, RADITESW = RERTBIENRFRETH D Z &N
binoT-.

HiEE

AWFFEE, Rk 24 L TX1T5 ) FARET —~ [H
ETREE 2 O T SRS 37 0 2 2 O FLRERF T ~ iR Al
ROBWME L RS~ | OBEERER L L TE/SH
72b0THY, BREIITEHZLET.
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