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1. Introduction

The themal processes in the system casting-mould are consdered. In paticular, the inverse
problem consgsting in the estimation of bounday hea flux flowing from casting sub-domain to
themould sub-domain is andyzed. To solve the problem the globd fundion spedficaion methodis
applied. The additiond information necessry to solve an inverse problem results from
the knowledge of cooling curves at the point seleded from casting sub-domain. The solidificaion
model bases on the equaion correspondng to the one domain method As an example, the 1D system
creded by sted casting and sand mix mould is considered. On the stage of numericd solution of
direda problem and additiond onethefinite diff erence method has been appli ed.

2. Governing equations

The thermal processes proceealing in the casting sub-domain are described by the following
energy equaion

C(T)%—I = div[A(T)grad T]

where C(T) = c(T) - Ldfs /dT [¥m’K] is cdled a volumetric substitute thermal cagpadty [1], c(T) is
a volumetric spedfic hea of casting material, fs is a volumetric solid state fradion at the point
considered, L is a latent hed. From the mathematicd point of view the eguetion determines
the transient temperature field in the entire, conventionally homogeneous casting domain and this
approach is cdled 'aone damain method [1].

A similar equation, namely

c. (T % =div[A,(T,)orad T,

determines a temperature field in amould sub-domain (cr, is a volumetric spedfic hea of mould, A is
atherma conductivity of the mould).
On a contad surfacebetween casting and mould the continuity condtionis given

xOF,: —ARgradT =\, AlgradT, , T=T,

while on the fragments of externa boundry the Dirichlet, Neumann or Robin condtions can be
acceted [1]. The initia temperatures (pouring temperature and initial mould temperature) are also
known. The simpler model of hea exchange between casting and mould consists in the approximation
of mould influence by the Neumann condtion (in this way the mould sub-domain is conventionally
negleded).

To determine the time dependent substitute Neumann conditi on the codling curves at the paints
seleded from the casting domain are appli ed and they constitute the additiona information necessary
to solve the inverse problem considered.
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3. Global function spedfication method

It is assumed that the time dependent boundxry hed flux qg(t) onthe external surfaceof casting
isunknovn. Thetimeinterval [0, t"] is divided into intervals[t' ™, t] with constant step At=t"—t"
and for tO[t" ™, t"]: q(t) = q(t’) = g'. In the global function spedficaion method [2] the unknavn
vauesql, g2 ..., d % q, ....,d areidentified smultaneously.

Let us asuume that the temperatures T4 at the points X are given. Applying the least squares
criterion[2] one obtains

F M 2
S(d. ... )= (T -T,) - MIN
f=1i=1
where M is the number of sensors, T; " are the caculated temperatures obtained from the solution of
the dired problem by using the current avail able estimate for the unknavn valuesq’, f=1, 2, ...,F.

At first the dired problem shoud be solved under the asauimptionthat q"=q'*, =1, 2, ...,F a
the same time ¥ for k= 0 are the arbitrary assumed values of hea fluxes, while for k > 0 they result
from the previous iteration. The solution oktained this means the temperature distribution at the paints
x for timest’, f=1, 2, ..., Fwill bedenoted as T/~

Function T; " is expanded into Taylor series at the neighbouhood of this solution, and using
the necessry condtion of severa variables function minimum, after the certain mathematicd
manipulations one obtains

F M f F M
Zzzzif,szf,p(qs _ qsk) — zzzf,p(-l—dif _-Efk)’ p=12,..,F
f=pi=1l s=1 f=pi=l
where z "S= aT; 19q°, z " P = T, /0P are the sensitivity coefficients [2]. This system of equations
adlows to find the values q*, o, ...,.q".

4. Example of computations

The 1D system casting - mould is considered. The dimensions of layers correspondng to
casting and mould: 2L; = 0.03m, Lo —L; = 0.045m. Initial temperatures equal T, = 1550° C (casting)
and Ty = 20° C (mould). The remaining data have been taken from [1]. In Figure 1 the codling curves
from casting domain are shown, while Figure 2 ill ustrates the course of red and identified boundary
hea flux.
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9. 1. Codingcurves Fig. 2. Red andidentified hea flux
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