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Theoretical Analysis and Model Study of the Formation of A-Type

Segregation in Ingot

Shigeo Asar, Takahiko Sanara, and fwgo MucH!

Synopsis:

To clarify the mechanism causing ‘““channel-type” segregation, model experiments are conducted with
aqueous solutions of NH,Cl to make formation processes of the channels and flow pattern in the mushy zone

visible. -

By taking account of the observed results, theoretical analysis of the simultaneous heat, mass and mo—
mentum transfer in the mushy zone is carried out to develop a mathematical model for the “channel-type”

segregation,

The inst_laBi!ity of the system which might lead to the occurrence of the “channel-type” segregation is
qualitativel$ considered, followed by a quantitative treatment with the aid of the model.

The experimental results obtained by other investigators with regard to the formation of the “channel-
type” segregation are interpreted on the basis of the numerical results obtained from the model.
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Photo. 1. Transitional behaviors of “channel-type” segregation in the mushy
zone during freezing of NH,CI solutions,
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Photo. 2. Transitional dispersion of dye tracer in the mushy zone during the freezing
of NH,CI solutions and its schematic representation.
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Fig. 1. Thermal variations in densities of (a)

NH,CI solution and (b) Fe-C system
under the saturated state.
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Fig. 3. Calculated transitional variations of the
local liquid fractions in the mushy zone
during freezing.

Table 1. Boundary conditions and data used
for numerical computation.

Boundary conditions

$=0, aT/3X=0 at X=0, 0<Y<Y,
¢=0, T=—15°C at X=Xw, 0<Y<Y,
=0, T=—15°C at Y=0, O0<X<Xy
¢=0, aT/aY=0 at Y=Y, 0<X<Xy

Physical properties of NH,CI-H,O system

Cp=0.75cal/g°C, 2=0.016 cm?/sec
A4H=171 cal/g, #=0.01 g/cm-sec

T,=359.5°C, pofi=—4x10-4g/cm3.°C
Given data
K=0.3, S11=0.01 cm, T;=20°C
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