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Effect of Fluid Flow on Columnar-Equiaxed Transition in Solidification

Toshio Suzukl, Yasushi Sasaxi, Takateru Umepa, and Yasuo Kmmura

Synopsis :

The effects of fluid flow and solidification conditions on the columnar-equiaxed transition are investi-
gated. The ratio, R, of heat flux at dendrite tip to that at dendrite stem is introduced as a parameter
which characterizes the columnar-equiaxed transition (For R>1, columnar grains grow, whereas for
R<1, equiaxed grains grow). This heat flux ratio, R, is calculated for Fe-0.5%,C alloy under varying
condition by using the finite element method. The heat flux ratio thus calculated indicates, in good
agreement with previously reported observation, that the columnar-equiaxed transition occurs when the
temperature gradient decreases to about 5°C/cm under natural convective flow faster than 0.3cm/ sec,
and columnar grains come to grow again as the temperature gradient further decreases to less than
1°C/cm.  For flow slower than 0.3cm/sec, only columnar grains are shown to grow.
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Fig. 1. Schematic drawing of columnar
dendrite.
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Fig. 2. Dendrite model for numeri-
cal calculation.
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Fig. 3. Supercooling at dendrite tip vs. temper-
ature gradient. The relation was reduced
using the theory by Burpen and Hunt®,
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Table 1.
Slope of the liquidus my, °C/wt, —82.3
Heat of fusion 4dH cal/g 64
Equilibrium distribution coefficient ko — 0.196
Interfacial energy o erg/ cm? 204
Diffusion coeficient of carbon in liquid iron D cm?/ sec 5x10-5
Melting point Ty °C 1536
Density (liquid) oL g/cmsd 7.2
Density (solid) 0s g/ cms3 7.5
Specific heat (liquid) C; cal/g-°C 0.176
Specific heat (solid) Cs cal/g°C 0.184
Thermal conductivity (liquid) £ cal/cm- sec.°C 0.03
Thermal conductivity (solid) £s cal/cm- sec-°C 0.06
Viscosity V » cp 6.7
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Fig."4. Stream line near dendrite tips.
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Fig. 5. Isothermal contour. Values show the
supercooling (4T=T1-T).
a) G=3°C/cm, u=1mm/sec
b) G=3°C/cm, um=10mm/sec
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Fig. 6. The relation between heat flux ratio
and temperature gradient for each
flow velocity.

Fig. 7. The change of heat flux with vary-
ing temperature gradient and flow
velocity.
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