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Abstract. In the paper the inverse heat conduction problsndiscussed. The energy
equation contains the term determining the capadityolumetric internal heat sourcg&)

(x is a geometrical coordinate) and this parametadestified. The solution of inverse
problem bases on the least square criterion in twhie sensitivity coefficients are
introduced. In the final part of paper the exampleacerning 1D and 2D problems are
shown.

1. Governing equation

The heat conduction process proceeding in the dmiidy is described by
the following energy equation [1]

c(T)%:D[/\(T) OT(x t)]+a(x) (1)

where ¢(T) is a volumetric specific head(T) is a thermal conductivityg(x) is

a capacity of internal heat sourcds,x, t denote the temperature, geometrical
co-ordinates and time.

The equation (1) is supplemented by the boundandition in a general form

0T(x, t)|_ 0
|7

CD{T(X, t), (2

and an initial one
t=0: T(x 0)=T,(x) (3)

It is assumed that the functiayix) is dependent on geometrical coordinates and
the parameters appearinggx) will be identified.
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2. Formulation of inver se problem

At first the 1D task is discussed. Assuming thestamnt values ot and A
the equation (1) takes a form

2
CaT(x,t) 30 T(xt),

o Ao Ta) @
Let us assume thgtx) is given by formula
q(x) = py + Pox+ pox° (5)

and the parameteps, p., ps are unknown [2-4].

In order to solve the identification problem thedigidnal information concerning
the temperature field in domain considered is rem®s So, we assume the
knowledge of cooling (heating) curves at selectedo$ pointsx, i = 1,2,...,M,
from domain analyzed. The cooling (heating) curaesgiven in discrete manner,
namely

chli =T(Xi1tf)1 |:1’ 21"'1M b f = 1’ 21E (6)

wheret?, t, t?,...,t" are the successive levels of time.

The method proposed requires the constructiongmdigvity models of problem
discussed with respect to unknown parameiens,, ps. So, the basic equation and
conditions (2), (3) should be differentiated widspect tq,, w=1, 2, 3.

The sensitivity model with respectpg is the following

oU _ (xt 0%U (Xt
x[@Q : c ol )—/1 W(2 )+ v
ot 0x
ouU ,(x t)
xr ® U, (xt),—F 0 @)
on
t=0: U,(x,00=0
whereU,,(x,t)=aT(x,t)/dp,,.
The least square criterion is introduced
M F
s=X> 3 (T -T,)) -~ MIN (8)

i=1 f=1

where T, are the temperatures corresponding to arbitrasyiraed values ofpy,
w=1,2.3.
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The necessary condition of functional (8) min ledadsthe following system
of equations

S M oT,'
rywls ZZ Z:(Tif -T,, ) . =0 9)
a pe i=1 f=1 a pe _ Kk
pe—pe
FunctionT =T(x,t) is expanded into Taylor series
39T'
Ti=(T")"+ ' K pk 10
=T ;apw k(pw ps) (10)

Pw=Pw

where p¥, w=1, 2, 3 are the arbitrary but known values of parametéribek is

iteration number.
Introducing (10) to (9) one obtains

> [(Tif)k-TJi}Ui’ﬁiiiuiuui‘e(paﬂ—p;):o (12)

F
i=1 f=

1

Equation (11) can be written in a matrix form

Apk+1:Apk+Bk (12)
where
M F 2 M F Co M E . f_
Z:lle:;L(Ull) ;;Uiluﬂ Z;sz;lUIlUIs
M F co W F 2 M F C
A= ZZUiZUil ZZ(UiZ) ZZUiZUiS (13)
i=1 f=1 i=1 f=1 i=1 f=1
Sha R o - R R 12
ZZU|3U|1 ZZUiSU|2 ZZ(U|3)
L i=1 f=1 i=1 f=1 i=1 f=1 i
EM:ZF:_Tdfi_(Tif)k—qul
i=1 f=1- -
B = ii—Tdfi _(Tif)k—Uifz (14)
i=1
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k k+1

p; P
p“={ps| p“=|ps" (15)
p:I; p|§+1

Equation (12) allows to determine vecff* on the basis of the knowledgemf.
The iterative process starts from arbitrary valokg,?, p;, p5 and the sequence

{p}, { P2}, { p3} (if the process is convergent) tend to valpe,, ps.
As an example of 2D tasks parameters of Iineart'l’tmmcq(x, y) =p, P X+ P,y

has been considered [5].
The algorithm of inverse problem solution is veimitar to algorithm presented
previously.

3. Example of computation

The plateL =0.01 m for which A =1.1 W/ mK, c¢=2.874 MJ ni K and initial
temperaturel, = 1000C has been considered. FR=0 the non-flux condition
while for x =L the Robin one have been assumed- 60 W/ m*K, T, = 100C).

Both the basic problem and the additional onewlfieg from sensitivity models)
have been sold using FDM. The basic solution hasn bebtained under the

assumption thaty(x) = -50000k? + 1000( and the parameters appearing in this

formula have been identified on the inverse probkstution. In Figure 1 the
obtained temperature is shown.

The positions of sensor (control points) corresptmg;, = 0.002 mx, = 0.02 m,

X3 = 0.05 mx, = 0.08 mxs = 0.098 m. The cooling curves resulting from Fegtr
have been disturbed in random way in order to siteuthe real measurements.
After 10 simulations the mean values of unknownapseters are equal to
p. = 9999.08,p, = 48.1, ps = -50463.5. One can see that the iteration is
convergent and the identified parameters are clmsethe real values of

p¥, w=1, 2, 3. In Figure 5 the real and identified course ofrseufunction is

shown.
In Figure 2-4 the distributions of sensitivity fuimms are marked.

The example illustrating 2D problem concerned tbmain shown in Figure 6.
Thermophysical parameters of material have beamass the same as previously.
Along the internal boundary the temperatilisge= 1000C while along the external
surface the Robin condition have been taken intmwa. The identified source
function is of the formg(x,y) = 9950 + 1000 — 100Q. In Figure 1 the temperature
field after 1000 s is also shown. After 10 simwdatithe mean value of source
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function parameters have been found close to tla velues, in particular
p1 = 9948.9p, = 1009.3p; = -992.7.
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Fig. 5. Identification ofq(x) Fig. 6. Temperature distribution for
t=1000s
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