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ABSTRACT Based on the non—Fourier heat transfer theory, non—equilibrium theoretical models
during rapid solidification process (RSP) of metals are put forward and simulations are done for melt
spinning of pure aluminum and laser surface remelting and solidification of pure nickel and aluminum,
which include establishing the non—Fourier equations of the processes, non-Fourier simulation of heat
transfer and phase transformation during the processes. Simulation results show that RSPs of the
metals is within the range of transient heat transfer and the non-Fourier effects can be characterized
by the non-Fourier heat transfer modes: (1) When a droplet falls on the surface of a running roller
under the condition of melt spinning, the larger the interface heat transfer coeflicient, the faster the
interface cooling rate and interface velocity. When the interface heat transfer coefficient is the same,
with the solid/liquid interface elevation, the interface cooling rate increases and then decreases, which
is different from that obtained by Fourier model. In addition, the calculated cooling rate is less than
that by the Fourier model; (2) Under the condition of laser heating, the solid/liquid interface velocity
increases rapidly and then becomes slow. The simulation results also show the superheating and
undercooling of the metals are related to their thermophysical properties.
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Table 1 Physical properties for the pure metals used in the calculation

Metal To, L AH, Al As Cp,1 Cp,s fl Ps ) as AHn/RT2 AS/R v, i
105  10% 10-% 1075 1074
K J/kg J/mol W/(m-K) W/(m-K) J/(kg'K) J/(kg-K) kg/m® kg/m? m?/s m?/s K-t m/s m/(s-K)
Al 9336 3.97 1.05 105 210 1080 1180 2390 2550 41 7.0 14.4 1.35 4688 1.74
Cu 1356.0 2.00 1.30 170 244 495 473 8000 8900 4.3 5.8 8.5 1.15 3485 0.94
Ni 1728.0 292 1.70 43 74 620 595 7900 8900 0.9 1.4 6.9 1.19 4036 0.85
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Fig.1 Interface location d as a function of distance from
the upstream meniscus H; for aluminum spun on
a copper wheel
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Fig.2 Local cooling rate R at the interface as a.function
of distance from the wheel H; for aluminum spun

(HHC model-—non—Fourier model, PHC model—

Fourier model)
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Fig.3 Interface velocity during laser surface melting of
‘ pure aluminum vs the solid/liquid interface loca-
tion for three laser fluxes (HHC model)
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Fig.4 Deviation of the interface temperature from its
equilibrium value as a function of the solid/liquid
interface location non—dimensionlized by the max-
imum melt depth (HHC model)
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