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A NONASYMPTOTIC MODELL ING OF HEAT CONDUCTION IN SOLI DS
REINFORCED BY SHORT FIBRESWITH FUNCTIONALL Y GRADATION OF
FEATURES

M. Chaledki, W. Nag6rko
WarsawUniversity of Life Sciences - SGGW, Department of Mecharnics andBuilding Congructions,

In the paper, the modd of hed condudion in solids reinforced by short fibres with a
fundiondly gradation of effedive feaures (fundiondly graded materials - FGM) will be
condructed. The proposd modd will contain a set of equations for an averaging temperature
(describing maaoscopic changes) and fundions cdled fluctuaions (describing the influence of a
microgructure on he hea flow). Themodd will betested on e examples of nunericd solutions

1. Conductors reinforced by fibres

We are going to condder the condudors, whos configuration in the physicd spacewith the
Cartesian orthogoral coordinae system (x, %, x,) OR® will be an area Q =M x(-h,,h,), where
M =(-h, h)*x(—h,,h,) . Those condwtors will be strengthened with thin fibres. We asaume that the
fibres are distributed paallel to theaxes x,, a =1,2.

The conductors need not to be periodicd, however in the areall is posshble to sedion off a
pat 1,x1,, where 1,=[-A,/2A,/12], a=12 and A, are the quantities charaderizing the
structure of the reinforcement.

For any (x,x)0M, let us determine the functions of a sauration by the fibres
V= V(X0 %), V,=V,(%,%), such that v,(0x,) is for every x, a A -periodic function, while
V,(0x,) isfor every x; aA,-periodic function.

An essatia asamption from the point of view of a method of modeling which we are going
to use below, is a demand, that the functions vi, v, were slowly varying with reged to the

coordinatesx,, xi, regedively, what we denate in a form: v,(x,, ) OSVA(1,), V,(%, DOSVA(,) .

The introduced way of gradation can be a consequence of a slow variability of the length of the
fibresor adow variability of the sauration of thesefibres

In the caseunder consideration, the functions v;, v, are not periodicd and the dired
application of methods of agymptotica homogenizaion is not effedive. Therefore, we are going to
usea norag/mptotic method known asthe tolerance averaging technique [1].

2. Equations of a heat conduction

For the desegibed conductors is asaimed that the hea conduction is held acording to the
Fourier'slaw, i.e. isdesaibed in the areaQ x (to, t1) by the equation
(1) 0,(K.,0,8)-cd=1, kl=123

where 8 =0(x,%,,X;,t) is atemperature, f = f(x,X%,,X;,t) —a source of hed, c, K = (Ky) —a
spedfi c hea and atensor of ahea condictionin Q, repedively, which assime the constant values
c, K} inthe matrix of the condwctor, ¢7, KT in the fibres We also assime that in the fibresa one-
dirediona hea flow isheld and K}' << KF.

The thermophysicd fedures of the medium will be descibed with functions: ¢: M - R,
K: T - Rof theform asbelow:
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Ex %X)= ¢+ C (V% X)+Vy(%,X)),
KX, %) = Kll\i + KFVl(Xl’XZ) v KX %) = szzl + KFVz(Xz!X1)v
) Kp(%, %) = Koy(%, %) = Kj3

where v, are A periodic functions with reped to x; and x;, repedively, 0<v,<1,1-v, 01,
The functional coefficients (2) are osdllating and non-continuows. They descibe a
micrononhanogeneity of the considered condLctors.

3. Averaged model

According to the tolerance averaging technique, we carry out a micro-maao-decompasition
of atemperature in aform:

®3) 0%, %,1) =90, %, 1) + O (%, %, 1) + B2 () (%, %, t)
where

4 1), ¢ ()OSV, (L) A=L2

for every t.

The function (-), occurring in (3), can be interpreted as the maaoswpic part of a
temperature field 4-), whereasthe functions ¢/(-) desaibe the microfl uctuations of the temperature
&) in any part 11 x |,. Thesefunctions are the new functions to be sough. The functions ¢(:, t)
(shape functions) are linealy independent and must be known.

According to the tolerance averaging technique, the equations for the sough functions (-,
¢/, 1), A= 1, 2, have the form [2]:

—<C> 9+ <K ;0,0 >0 0"+ <K,;>0,0,9=<f>
©) - <CPP® > PP <K y0,8°0,8° > Y- <K 0,80 20,9 =< 14" >

The equations (5) have a sense only if the functions ¢/*((1) O SVX(A), i.e. they are Slowly

varying functions. This condtion can be proved only a posteriori — when these functions are
areay known.

4. Concluding remarks

In the constructed nonasymptotic model occurs n + 1 equations for the temperature and
fluctuations, whose determination depends on certain periodic and osdll ating functions cdl ed shape
functions, which must be known. In the paper will be presated such functions, acwrding to the
tolerance averaging technique. Moreover, the mode will be numericaly tesed.
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