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Abstract. In the paper the parametric inverse problem [Ica?icerning the identification of
latent heat is considered. This parameter appeateienergy equation in the source term if
the one domain approach is taken into accounilf4§. identification of latent heat is possible
under the condition that one disposes the addltiof@mation concerning the temperature
field in the casting domain (cooling curves at fedected set of points). In order to solve
the problem the algorithm using the sensitivityfficents and least squares criterion has been
used. The numerical example is presented in tia¢dirt of the paper.

1. Formulation of the problem

The casting-mould systef@ = Q; U Q, is considered. Let us assume that the
one-dimensional transient temperature field indasting domairf; is described
by the equation concerning only conductional heanhdfer (the convection is
neglected). Then
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wherec,, A; denote volumetric specific heat and a thermal ootidity, T (x,t) is

a temperaturel. denotes a volumetric latent he#,is a solid state fraction at
the neighborhood of considered point from castiomain, X, t denote the spatial
co-ordinates and time.

The temperature field in the mould dom&lpis described by the equation
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wherec,, A, denote volumetric specific heat and a thermal ootidity.
The following boundary-initial conditions are assdn
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where 0/0n is a normal derivativey, is a boundary heat fluxy is a heat transfer
coefficient, T, denotes an ambient temperatuReis a thermal contact resistance,
To denotes an initial temperature distribution.

It is assumed thdg is a known temperature-dependent function fronstape [0,1].
Then
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and equation (1) can be written in the form
dfg |aT (x,t)_, 82T (xt)
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Parameter
df
C(T)=¢(T)-L—2 9
(M=a(M)-L47 (9)
is called the substitute thermal capacity. Becdlusaew equation
2
C(T)GT(x,t):}\ 0 T(X,t) (10)
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concerns the whole conventionally homogenizedreaskbmain therefore this approach
is called one domain method or fixed domain metpgd If T, and Ts denote
the temperatures corresponding to the beginningtaménd of solidification then

C. , T>T,
c(T)=14co - %% , To<T<T, (11)
Cs , T<T,

wherecy, Cp, Cs are the volumetric specific heats of molten metalshy zone and

solidified part of casting. In literature (e.g. J4Ine can find the different formulas

determining the mushy zone thermal capacity. s faiper we used the function
T-Tg

C(T) = CS + (Cmax _CS)T -T ’ T |:l[TS’TL] (12)
L S
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where

_ 2L
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(13)

There are also known ‘measured’ temperatures asdéhected set o control
points

T(xt")=T, ,i=12,..,M and f =12,..,F (14)

The problem consists in the calculation of unkndatant heat..

2. ldentification of latent heat

Let Z denotes the sensitivity function [1, Z]= dT/dL. Distribution of this
function results from the solution of the followibgundary-initial problem

c 0Z(x,t) _ \ 9°Z(x,t) _aC aT(xt)
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xar, _Alazg(z,t):zl—Rzz:_)\Zazg(;gt) (19)

t=0 : Z(xt)=0 (20)

Because the temperature field is continuous onaritbe expanded in a Taylor
series about an arbitrary but known vallie
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wherek is the index of iteration.
Thus

T :(-I-if)k+(zif )k(Lk+1_Lk) 22)
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where Z/f :Z(xi ,tf).
The least squares method is used in which the $wquares

F M
s=>Y(r' -1/ f (23)

f=1i=1

is minimized with respect to the paramdter
Following the usual procedure of differentiatiomBh respect td.* we obtain

=0 (24)

Substituting Eq. (22) into Eq. (24) and using sienphnsformations yields.

S et e )i Je ) <o (25
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EqQ. (21) can be written in the matrix form [2]

(ZT)kaLk+l:(ZT)kaLk+(ZT)k(Td -T k) (26)
where
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3. Example of computation

The presented solution concerns the 1D problem. sEgmentQ; = [0;0.05]
corresponds to the sub-domain of solidifying cashi(0.3%6 C), while the
segmentQ, = [0.05;0.1] corresponds to the sub-domain of legtit sand-mix
(high-silica sand + % bentonite). The following thermo physical parametare
assumed fof;: A; = 27.5 W/mK,L = 1984.5 10° J/n?, T, = 1505C, Ts= 1470C,
the volumetric specific heat for solid state = 4.875- 1¢° J/n? - K and for
the liquid onec, = 5.292- 1P J/n?- K, the initial temperaturd, = 1550C.

It has been assumed that the substitute thermactitgps in the form [3, 4]

5.292010° T >1505
C(T)={-481046401510° +3.275674510° [T  1470<T <1505  (28)
4.87500° T <1470

The parametens, = -4810.464015 1, p, = 3.2756745 1Cf have been identified.
There have been assumed following values for sardarea:A, = 0.5 W/mK,
C, = 1.639- 10 J/nt- K, the initial temperaturd,’ = 40°C.
The parameters of the boundary conditions haveahes: forx = 0: g, = 0 W/nf,
for x = 0.1:a = 60 W/nfK, T, = 40°C, forx = 0.5R=0 R is the thermal contact
resistance).

Table 1

Case Number of simulation L
269999.99997
254516
276456
259523
258498
273174
279389
275076
268521
10 279887
Mean value 269503.9
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In numerical realization (FEM [5]) the domafa has been divided into 100
linear finite elements, time steyd = 1 s. the cooling curves at five control points
(X, = 0.05 m,x; = 0.051 m, x3 = 0.052 m,x, = 0.053 m,xs = 0.054 m) are
registered untilt = 800 s. The results presented have been obtdore8-th
iteration (starting pointp, =1, p? = 1).

In Table 1 the results df J/kg- K identification for undisturbed temperatures
(case 1) and disturbed temperatures (case 2 -athrdbviations = 0.1) are
presented.

Conclusions

The example presented is significant from practipaint of view. The
identification of latent heat for solidifying casgj is possible only on the basis of
temperature measurements at mould locations. Isettecations the values of
temperature are lower and it is easier to placesttieermocouples.
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