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Melt Flow and Characteristic Dimensions of
Dendrite in Unidirectional Solidification

Yasunori MIYATA and Sigeru NAGASAWA

Abstract

The effect of melt flow, coming to dendrite tip, is studied analytically on the morphology of needle dendrite during
unidirectional growth. The melt flow around the paraboloid body is analyzed under Oseen approximation for Navier-
Stokes flow equation. Solutions of diffusion equation for temperature and solute distribution are studied under melt flow.
The tip radius of curvature of needle dendrite is predicted by perturbation analysis just before for the growth of seconda-
ry arms of the needle. It is shown that the melt flow decreases the tip radius of curvature of dendrite and the effect
becomes significant in low growth rate. The predicted radius is compared with experimental one and the correspondence

between them is fairly well.
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Fig. 1 Morphological development of interface with evolution o= P& (6)
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minimum value when secondary arms begin to grow
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the growth rate of critical (marginal) dendrite.
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Table 1 Conditions between parameters derived from boundary conditions
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; and 4; in conditions mean that the condition is derived by constraint corresponding power 7%, 72 and 4 in the expansion of functions.
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Table 2 Physical properties for Succinonitrile-0.3 mol% Ace-
tone alloy used in calculations. The temperature
gradient is 4.0 K/mm

Property

Ty [K] Melting point 331.24
o [m?:s™1] | Thermal diffusivity of liquid 1.134x1077
% [—] Ratio of thermal conductivity 1.009

L
AH . .

A [K] Latent heat of fusion for unit mass 24.19

P
D [m?s™!] Diffusivity of solute in liquid 1.27%x107°
ALS [K-m] Capillary constant 6.167 X108
k=] Redistribution coeflicient 0.103
my [K/mol% ] Liquidus slope —2.16

The density of melt in liquid is assumed same to that in solid in
calculations.
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Fig. 2 Predicted tip radius of curvature vs. growth rate with

melt flow. U shows the velocity of melt flow coming to
the dendrite tip. Circles show experimentally observed
tip radius of curvature of dendrite.
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(A.14)

LD, COHBRKROMEL T
T, =Be &1 (A.15)
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Appendix II

Y(m+1,m+1;x)

(-1 o (—1)k—1)!
L g 4 § 0
m. k=1
D(m+1,m+1;x)=¢" (A.16)
ASLFTHEHN AR ORI
F,(x)=¢*¥Y(m+1,m+1;x)
G,(x)=¢*®(m+1,m+1;x) (A.17)
THY, dAHEICHCON HBEIT EEEOFE e HWT
x aFm(x):(—l)”Hml/{x i (—1)* (k—l)l}
F,(x) ox x™ =
x  0G,(x)
Gu(x) ox (A.18)
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