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Abstract: The microsegregation process proceeding in the single grain volume is analyzed.
The distribution of aloy component in the domain considered is described by the broken line
(boundary layer and the remaining part of liquid subdomain). The temporary solidification
rate of grain results from the macro model of thermal processes proceeding in the casting
domain (the temperature in the casting volume is assumed to be equalized and only time-
dependent). In the final part of the paper the example of computations is shown.
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1. MODEL OF CASTING SOLIDIFICATION

We consider the solidification process proceeding in the casting volume assuming that the
temperature field in domain considered is only time-dependent and equalized. Such
assumption quite good corresponds to conditions of volumetric solidification proceeding in
typica sand mould.

The casting volume equals V, while this part of the boundary from which the heat is
flowing away equals AS. Theratio V/A'S corresponds to the solidification modulus. In the
paper [1] is shown that the final form of differential equation describing the thermal processes
in the system considered is of the form

M c(T)dL—Et) =ML, dfs(t)

+a[T,-T(t)] (1)

where c(T) is a volumetric specific heat, fg is the volumetric solid state fraction, a is
a subdtitute heat transfer coefficient, L, is a latent heat per unit of volume, T, is an ambient

temperature. The value of f, results from the Mehl-Johnson-Avrami-Kolmogorov theory,
namely

f(t) =1-exp[ -o(t) ] 2

where
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w(t) =

ﬂNHu(r)drT 3

wlhs

In the last equation the constant density N of nuclel is assumed - it results from the
assumption concerning the equalized temperature in casting domain. Let us

dR(t
u(t) =% = uAT2(t) (4
where R(t) is a grain radius, 4 is a growth coefficient, AT undercooling below the

temporary liquidus temperature T, . Taking into account the equation (2) we obtain
dw
Mc(T)—-2=ML, exp(—a))a+a[Ta—T(t)] (5)
In numerical realization the last equation can be solved using the Euler method

T(t+At) :T(t)+exp(—a))[a)(t+At)—w(t)}+#$t(t)]ﬁa “T()] ©)

At the same time the value of w(t +At) equals
w(t+At) :gﬂN[R(t)ﬂJATz(t)AtT (7)

For t=0:T(0)=T,, where T, is the pouring temperature. For T(t)>T_ the capacity of
internal heat sourcesis equal to O (because fg =0=const).

2. MODEL OF MACROSEGREGATION

The changing with time temperature T, can be determined on the basis of the

microsegregation model concerning the single grain. We consider the spherical control volume
which external radius L results from the nuclel density N. Additionally we assume that the mass
transfer takes place only in the liquid state subdomain [2]. The concentration of alloy component
in this subdomain is described by the broken line [3] - Figurel. On the contact surface between
liquid and solid we have [4]

0z (X,
x=£&(t): -D, ZLG(: )

=(1-K)uz (xt) (8)
where z is the concentration of aloy component in the liquid subdomain, k is the partition
coefficient, D, isthediffusion coefficient, u isthe solidification rate.

On the external surface of spherical control volume we have
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and for time t =0: z (x, 0)=z,.

(9)

Figure 1. The broken line model (spherical geometry)

The parameters of broken line can be found as follows [3].
The dope of the sector corresponding to boundary layer is defined

m = D,

(10)

and the following function describes the first and the second part of broken line

{ZLl(X)=a +m(x=x) xO[x, x +J]
z,(X)=z+mo xO[x +9, L]

where o isthe boundary layer.
Using the balance

zovo:jijszdv+jvjsjzsdv

we obtain

ZO[L3+)§3(k—1):|+IT| 5(4>g3’+6xfc5+4>g52 -1 +c)'3)—kz z, (xf+l—x.3)

(11)

(12)

i-1

J

10 (13)

Zi:

L3 _ )§3

Above equation alowsto find the boundary value z .
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3. EXAMPLE OF COMPUTATIONS

As an example the casting made from Al-S aloy (z, =0.05) which modulus is equal to
M =0.01[m] is considered. The thermophysical parameters of the material considered are

collected in [5]. The different densities of nuclei (N =10, 10" and 10%) are taken into
account. The thickness of boundary layer was assumed on the basis of ‘exact’ solution presented
in [6] (the distribution of z has been found using the approximate solution of adequate

boundary-initial problem). In Figure 2 the distribution of aloy component concentration
found in [6] is shown, while in the next Figure the solution obtained on the basis of broken
line model is presented. One can notice that the proposed simple model gives the results close
to the essentially complex one. Summing up, it seems that the proposed method of
microsegregation modelling is sufficiently exact from the practical point of view. The model
presented concerns the case of volumetric solidification and it is the limitation of its
application. From the other hand, however, this type of solidification is very typical,
especially for the technologies in which the typical sand molds are used. The numerical
solution of the problem discussed gives a lot of essential information concerning the course of
the process but in this paper we show only the small part of the results.
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Figure 2. Concentration of z (N =10"- [6]) Figure 3. Broken line solution (N =10%)
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