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Abstract: Based on the electron beam cold hearth furnace (EB furnace) with the total power of 3200 kW and C-type
cold hearth, a numerical model coupled with flow field, heat transfer, solidification and evaporation of molten titanium
was established. The metallurgical behavior of molten titanium in melting hearth and refining hearth under different
processes was investigated. The results show that the thermal radiation is the main way of heat loss during the stable
melting process, accounting for 77.63%, the heat loss via thermal conduction accounts for 22.36%, and that via

evaporation can be ignored. The evaporation of molten titanium mainly occurs in the melting hearth. With the same

melting power, increasing melting rate can reduce the superheat and evaporation rate of molten titanium in melting

hearth. When the melting rate increases from 1000 kg/h to 2000 kg/h, the superheat of molten titanium decreases from

210 K to 8 K, and the maximum evaporation rate decreases from 0.0022 kg/s to 0.0004 kg/s.
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Fig.1 Schematic diagram of C-type EB furnace structure
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Table 1 Physical parameters and process conditions

Parameter Value
Power of gun 1#/kW 700
Power of gun 2#/kW 700
Power of gun 3#/kW 800
Density of molten titanium/kg m* 4150
Viscosity of molten titanium/kg m™* s 0.0037
Solidus temperature/K 1940
Liquidus temperature/K 1943
Melting rate/kg h™* 1000, 1500, 2000
Latent heat of melting/J g * 2.95X10°
Latent heat of vaporization/J kg™ 9.7x10°
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Fig.3 Molten pool morphology predicted by model (a)

and result in literature (b)
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Fig.4 Temperature distribution nephograms in melting hearth and refining hearth under various melting rates:

(a) 2000 kg/h; (b) 1500 kg/h; (c) 2000 kg/h
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Fig.6 Morphologies of solid-liquid interface in melting hearth and refining hearth under various melting rates:

(a) 1000 kg/h; (b) 1500 kg/h; (c) 2000 kg/h
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Fig.7 Average casting temperature of mold overflow ports
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Fig.8 Molten titanium velocity distribution nephograms in melting hearth and refining hearth under various melting rates:

(a) 1000 kg/h; (b) 1500 kg/h; (c) 2000 kg/h
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Fig.9 Streamline diagrams of molten titanium in melting hearth and refining hearth under various melting rates:

(a) 1000 kg/h; (b) 1500 kg/h; (c) 2000 kg/h
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Fig.10 Evaporation rate contours of molten titanium in melting hearth and refining hearth under various melting rates:

(a) 2000 kg/h; (b) 1500 kg/h; (c) 2000 kg/h
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