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Heat Transfer Analysis on the Rapid Solidification Process
of Atomized Metal Droplets
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Abstract

A mathematical model has been developed for predicting kinematic, thermal, and solidification
histories of atomized droplets during flight. Liquid droplet convective cooling, recalescence,
equilibrium-state solidification, and solid-phase cooling were taken into account in the analysis of
the solidification process. The spherical shell model was adopted where the heterogeneous
nucleation is initiated from the whole surface of a droplet. The growth rate of the solid-liquid
interface was determined from the theory of crystal growth kinetics with undercooling caused by
the rapid solidification. The solid fraction after recalescence was obtained by using the integral
method. The thermal responses of atomized droplets to gas velocity, particle size variation, and
degree of undercooling were investigated through the parametric studies. It is possible to evalu-
ate the solid fraction of the dropiet according to flight distance and time in terms of a dimension-
less parameter derived from the overall energy balance of the system. It is also found that the
solid fraction at the end of recalescence is not dependent on the droplet size and nozzle exit -
velacity but on the degree of subcooling.
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Schematic representation of gas atomization

Fig. 1
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Fig. 2 Enthalphy-temperature diagram during solidi-
fication
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Table 1 Thermophysical properties of pure Al, Ni, Cu, Fe
Properties ! ! Unit Al Ni Cu | Fe
Melting temperature T | K- 933 1728 1256 | 1810
Heat of fusion L | U/kgxlo- 395 2.93 202 | 272
Specific Heat | U/kg-K)x10-3 1
Liquid S 1.09 0.60 049 | 0764
Solid c 1.19 0.59 049 | o787
Thermal conductivity (W/m-K)
Liquid k, 90.8 30 165 34.6
Solid ks 2108 60 244 40.3
Thermal diffusivity (m?/s)x 10°
Liquid o 3.4 0.556 4(‘)4.37 0.638
Solid as 7.18 1.1 5.35 0.712
Density 0 (kg/m?) 2700 8900 8933 | 7610
Kinetic coefficent Ky (m/s-K) 0.02 0.012 0.021 ! 0.02
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Fig. 3 Gas velocity along the center-line axis of the
gas atomizer (gas flow rate=2.7x10"3m3/s)
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