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Abstract. In this paper the description of an unsteady teatsfer for one-dimensional
problem is presented. It is assumed that all thphysical parameters (specific heat, mass
density and heat conduction) are given as interddle problem discussed has been solved
using the T scheme of the boundary element method. The irteBaaiss elimination
method with the decomposition procedure has beeliegpto solve the obtained interval
system of equations. In the final part of the paperresults of numerical computations are
shown.

1. Interval arithmetic
Let us consider an interval, which can be defined as a set of the form [4]
%=X, X}::{XDRusst} (1)

where x and X denote the lower and the upper bounds, respegtial interval
is called thin if X =X and thick if X <X.

The sum of two mterval%z(a a and l%'< > can be written as

&% & 0% (a+b a+b) 2)
The difference is of the form
&% & 3% (a-b,a-b) (3)
The product of the intervals is described by thenfida
@/e;axa%<min(g[p,§[6,atpm3), maxatb alb ab —[6)> (4)

The inversion of the interva¥ can be expressed as

&1/8%(yb, yb), (b b) (5)
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The quotient of two intervals can be written as

&= a3 aa/t>  0D(b.b) (6)

2. Formulation of the problem

Let us consider a plate domain of thicknes3he transient temperature field is
described by the following linear energy equatibnd]

O<x<L: (9,6>%=<A,X>%+Q(&t) (7)

where Q, X>, {c, ) denote the interval values of the thermal conditgtand the

volumetric specific heat, respectivellys the temperature) is the heat source,
is the spatial co-ordinate ahik the time.
The equation (7) can be expressed as follows

6T(x,t):<a,_>62T(x,t)+ 1

O<x<L: Y Ix? (g,E}

Q(x,t) (8)

where(a, @) =<A, X>/<g,6> is the interval diffusion coefficient and its lomand

upper bounds can be defined according to the onfld®e interval arithmetic as

a=min(A/c,A/C,X/c,A[T) o
- 9
a=max(A/c,AC X fc A )

The above equation is supplemented by the followimgndary-initial conditions

x=0: T t)=T, (x,t)
x=L: T 1) =T, (x1) (20)
t=0: T, t)=T,(X)

where Ty; and Ty, are the known boundary temperatures dgds the initial
temperature.
3. Interval boundary integral equation

Let us introduce the time grid

0=t°<t'<t?<K <t '<tf <K <tF <o (11)
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with a constant time stefit =t" -t ™.

Taking into account the criterion of the weightessidual method (WRM) the
following interval boundary integral equation istained [1-3]

‘H 2T(xt) AT, 1

% f -
N o <9'6>Q(x,t)}f €, x,t" t)ydxad=0 (12)

where P8(Z, x,t ", t) is the interval fundamental solutiod,is the point where

the concentrated heat source is applied. The iatdnnction T8(E, x,t',t) is
expressed as

% foey—/T0 F0\ = 1 _ o (x-gy
P x 0 =(1°T) 2Jn<g,a>(tf—t)ex{ 4(§,§>(t’—t)} 49

where

T"=min ! exp{— (x—fE)z } ! ex;{— Ex—f&)z } ,
- 2mat’ -t) datt’ -t) ] 2/mat’ -t) dat' -t)

SO R 3 B S S
2Jrai -ty | 4at'-t)] 2/me -t) | 4at' -t)] 1)
T =max ! exp_— (X_TE)Z | , ! ex _— (_x—fE)Z _,
2Jmat’-t) | 4at' -t)] 2/mt’-t) | 4at’ -t)]
1 [ (x=&) ] 1 L (x=&Y

ex exf

2ymag’ -t) il datt' -t)| o frae -t) | 4at'-t)

The fundamental solutio®(E, x, t ', t) fulfils the properties

|
—

0*POE, x,t", 1) OTPE, Xt 1) _ gn _cyap .
R P T GRL S (15)

lim PAGE, xt',1)= &x-¢)

whereg/(m is the interval Dirac’s delta function.

The interval heat flux corresponding to the fundatak solution results from
the following formula
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%
%(E,x,t‘,t)z@ q> -2, ;\>%

2(x=¢) ex (x- 5)
¢ _t)4<a ayt' -t) 4<a ayt’

2 )(x 3) exp{_4< (x=&)° }

amf(aa)e -0 aat' -t

and the lower and the upper bounds®f(&, x,t",t we can define as

ol BTED ey ]
- 4\/Tr[<a aye -u]” 4(a,a) " -t)

} = (16)

R

(17)
4°=max (A X)(x=8) { (x- E)f }
4l (a,a) ' —t) 4a,a)' -t)
In this way we obtain the following criterion
Lk a7T(x,1) AT (%, 1)
tu@, 8) U BGE, x.t e - jl T poe o 1 tyok de+ .

5] HQ(x ) TAE, x,t", t)dxd =0

Integrating twice by parts the first componenttu equation (18) and integrating
by parts with respect to time the second compoaogtitis equation and then using
the properties of the fundamental solution finallg obtain the interval boundary
integral equation

f/ez,tf)+[ jf/@(zxt t)@/@xt)d] =

{ﬁ tf B(E, x,t ,t)'lg/ex,t)d] +f1%(§,x,tf T ) e+ (19)
)

where §& —<A, X>6'P/;Z‘6x and @, t") is the interval function of the temperature.

x=0

jQ(x TAE, x,t ", t)dx d

t -1
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4. Numerical approximation

Let us consider the constant elements with respedime, which can be
defined as follows

ol Pox ) =Tfx,t") 20)
' Gox, t) = §ox, t )

The equation (20) can be written as

f/ezt)+[< >e@xt)j1%(zxt t)d} =

x=L

{ﬁf/&,t')l%(&,x,tf,t)d] +j1%(§,x,tf,t“1)1"/e<,tf-1)d<+ (21)

x=0

1 fQ(xt”){j Ph(E, x 1! t)d}dx

tf -1
At first, we calculate the integrals

j%(&xt t)ot_sgng‘ E)erf{ [x-¢ J 22)

.= (@)t

(c,T)

= min) S9n&=8) [ X8 | sgnk-€) [ [x~§

h mm{ 5 {er 5 erf{z@

e S B st |
2 2,/ant 2 2,/ant

G, x)=——— [ POE, x,t" t)d=
ool

Jat exp{_ (x-8) ] x-¢ f({ x-¢ J 9
Jax)ee) aflaaye -] 2% | 2/(a a)at

where

(23)

and
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g =min Lex{— (x-&)° ]_
B (A X)(e.T) 4/(a,a) " -t)

where

(25)

et

After introducing the obtained results (22) and)(2d the equation (21) one
obtains

e, t')+[ 86, 0G0t )] =[HE, )Pt )]+ 6
e, ')+ 2, ')
or
e t7)+ 86, L)GE.t')- 9, O)pO.t" )= 27)
M, L)AL, t")-1E, oypot "+ PEL T 2B 1)
where
Pee, t f‘l)sz/@(z, x,t1, Yt ) dx
L ( E) @9
- Xz Pt ) dx
2m(a’,a At o p{ 4{a t] )
with
P mln{ jex{ (X E) ]T(thl)dx}
2. /n{a",a )Ato 4(a
(29)
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and

2,1 =[Q(x t ') 86, x)dx (30)

with

n{jQ(x,tf‘l)g(a, x)dx, [Q .t "™)g € ,x)ok}

) ) (31)
ax{jQ(x,tf‘l)g@ X)0[Q &t T E X )d&}

For £ -~ 0" and &£ - L~ one obtains a system of two equations. Taking into

account the defined boundary conditions (10) we thet following system of
equations

H o H 2y
(P(O,t""),P(0t"™) . (Z©Ot"™).Z (0t"™)
(P(L ™), PL ™M) | [(Z(L ™), Z(L,t'™)

where the elements of interval matricd@&and 1%t are defined as

e

&% =-§0, 0) 3%, =§,L)

33
&, =-¢6L, 0) h,=-94.,L) 3
and
%}1:_0-5 I%ZZP%O,L)
(34)

Ho,=-ffL0  H4,=-05

The interval Gauss elimination method with the deposition procedure
[4, 5] has been used to solve the system of equa(i82). After determining the

'missing’ boundary values the functio¢, t ') at internal nodes of the domain
considered are calculated using the formula
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e, ') =, )T, (L,t")-KE, 0T, (Ot )-

35
G, )G, t')+ OE, O)O,t " )+ PE L 1 2 ') 59

5. Results of computations

Let us consider a plate domain of dimensior 0.1 m. The following input
data have been introduced: = 35 W/(mOK), A = A — 0.020A W/(m OK),
A =\ + 0.020\ W/(m [K), ¢ = 75000650 J/(M [K), c=c - 0.02[t J/(n? [K),
€= c + 0.020c J/(n? OK), Q = 10 000 W/r, initial temperaturel, = 500°C,
boundary value$,, = 100°C, T, = 200C.

The domain considered has been divided into 2(atirdements, the time step
At=0.5s.
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Fig. 1. Temperature distribution
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Fig. 2. Cooling curves
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In Figure 1 the distribution of temperature for tirae 25, 50 and 75 s is shown
(Tem_L, Tem_R denote the first and the second entpof the interval).

Figure 2 illustrates the cooling curves obtainedtla pointsx; = 0.02 m,
X, = 0.05 m ands = 0.08 m in the domain considered.
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