572 % ¢ W % 78 4 (1992) & 4 &

© 1992 1SJ
I

a3

I

H

I— )V R 7 V= TV BT HBEEED
M EARBICE T 255270V

% EE BE—YZ.Hmm gt

Mathematical Modelling on Liquid Metal Flow in a Cold Crucible

Coupled with Heat Transfer

Tsutomu TANAKA, Koichi KURITA and Atsuhiko KUrRODA

Synopsis :

An advanced mathematical model of a cold crucible capable of describing the fluid flow coupled with heat
transfer limited by the free boundaries of free surface and a solidification front has been developed.
Validity of the model was confirmed through measurements of a solidification front, surface velocity of the

melt and surface temperature.

Effect of parameters during operation, such as coil current, dome height and casting velocity on the fields

of velocity and temperature has been investigated.

Generally, two kinds of recirculation are expected to appear in the melt. They make a collision slightly

above the contact point between the melt and the crucible wall.

Appropriate geometrical relation between

the dome height and the position of a coil exists to promote melting of scraps fed onto the dome.

A titanium ingot consisting of completely melted scraps was continuously cast aided by the proposed
operation condition obtained through the numerical calculation.
Key words : cold crucible; electromagnetism; liquid metal; continuous casting; solidification front; fluid

flow ; free surface.
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Fig. 1. Relation among mathematical models.
Symbols and — mean the existence of an interac-
tion and the direction of data flow, respectively.
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Fig. 2. Flow chart in the calculation of velocity
field coupled with heat transfer during solidifica-
tion.
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Table 1. Physical properties of Ti used in the
calculation. Impurities of C, H, O, N and Fe con-
tained in Ti are 0.10, 0.015, 0.40, 0.05 and 0.5
wt %, respectively. :

Solidus temperature Ts 1630°C
Melting temperature Tm 1645°C
Liquidus temperature T 1660°C
Thermal conductivity A 21.7W/m-°C
Specific heat at room temperature Cy 0.807 kd/kg*"C
Latent heat during solidification AH  418kJ/kg
Density p 4510 kg/m?
Electric conductivity I 0.688 MS/m
Surface tension a 1.51 N/m
Kinematic viscosity in liquidus 173 1.6 umz/s
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Table 2. Standard calculation condition.

Frequency of an applied AC field f 20kHz
Effective coil current J 1290A

Melt volume above slit bottom V, 52 um3
Casting velocity v, Om/s

Heat transfer coefficient h 0.73kW/m?°C
Emissivity eg 0.15[—]
Kinematic viscosity in solidus vg 160 p,mz/s

Parameter in the temperature dependence of viscosity P, 5°C
Parameter in the temperature dependence of enthalpy Py 50 [—]
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Fig. 4. Contour lines of joule heat generation and
distribution of magnetic body force in a charge.

Fig. 5. Fields of temperature and velocity in a
charge.
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as a tracer.
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Fig. 6. Dispersion of melt surface velocity.
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Fig. 7. Comparison of the calculated surface
temperature with the experimental one in the varia-
tion of coil current.
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Fig. 10. Effect of heat transfer coefficient on the
fields of temperature and velocity.
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V,: 57— VoEE [m°]

V,: 29 v F Tk 0 EEoaRKE (']
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v=0v(i): HE~XZ bV [m/s]

ve: BhIEEIE  [m/s]

v, RSB ORE~Z v [m/s]

x;: EAZE [m]

AH : SRR [kJ/ke]

6: FTHESE [m]

e: FHENRZ MLOREL [1/s]

—”AH LU NE—DREELEET S
”Cp(PH_'l) 5 X — [°C]

g - WREHEE [—]

0: EHEMKF L EEAHMORTH [rad)
A BEERE [kW/m-°C]

w: EEE [H/m]

v BEEARE [(m?/s]

vy : WA B 2 EIHYELR SR [m?/s]
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& MR [m]
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