344

sequently quantified by calibration against Gardner’s curves.
Table 1 shows these values of simulated A for various samples
of laminate. These values were then used in the simulation
of square and rectangular fins. Derived values of fin efficiency
are shown compared with numerical results in Fig. 3.

Table 1. Derived values of 1 for various samples of-laminate

No. of paper  Derived A A mean

Sample No.  thicknesses (m™YH (m~1)
1 3 49-606

2 3 48:819 } 49675
3 3 49:600
4 4 42-323
5 4 42-520

6 4 43-307 42717
7 4 42-520
8 4 42913
9 5 34-646

0 5 33858 } 34252

i
—
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CONCLUSIONS

The accuracy obtainable with this analog is determined
by the error in the calibrated value of A. This can, with
care, be kept within 10 per cent, and by varying the
number of paper thicknesses in the lamination, a wide range
of A may be simulated. A comparison of analytical and
numerical data with analog results shows a deviation of less
than +7 per cent, and this technique has been used success-
fully in the evaluation of sheet fins which have not been
amenable to analytical or numerical solution.
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NOMENCLATURE

A(N,1), B(N,7), (N,7), time dependent boundary
functions defined on §;

fo(M), initial distribution in V;

k(M,7), w(M, 1), P(M,7), p(M, 1), prescribed functions
defined in V;

M, pointin V;

N. pointon S;

n, outward normal of S;

T(M,7), unsteady potential distribution defined in
equation (1), (2) and (3);
B(x), y(r), prescribed function defined in t;

T, time variable;
¥; (M, 1), eigenfunctions;
w(7),  eigenvalues.

IN A RECENT paper [1], the author presented an analytical
solution for a large class of heat-transfer problems. The
present communication complements [1] applying the
method of finite integral transforms for the solution of a
more general mathematical model of transfer process with
time and space dependent parameters.

Consider the following boundary value problem in a finite

homogeneous region of arbitrary geometry V

0T(M, .
HOW(M, ) (a %) _ div [k(M, 7) grad T(M, )]
T
+[Bm)w(M, 1)~ p(M, )] T(M, 1) + P(M, ),
MeV, 720 (1)
subject to the initial condition
1M, 0) = fo (M) )
and the boundary conditions
dT(N,
a9 D TN = o). )

on

In [1] is solved the particular case where w(M, 1), k(M, 1),
p(M, 1), A(N, 1) and B(N, t) are not functions of the time 1.

It is supposed that the solution of the problem can be
represented in the form of an eigenfunction expansion, with
the assumption that the eingenvalue problem

div [k(M, 7)grad ¥;(M, 7)]
+f WM, D)~ p(M, )]Y: (M, 1) =0 (4)
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subject to the boundary condition

A(N, 1:)6‘/,%"1—)-+B(N, DY (N, 1) =0 (5)

is granted for known.

Equations (4)«5) do not belong to the conventional
Sturm-Liouville family because the eigenfunctions (M, 1)
and eigenvalues y;(t) depend on 7. The idea of time
dependent eigenvalues we borrow from Vidin, who presented
in [2] an approximate method of temperature field
calculations in an infinite cylinder that the convective heat-
transfer coefficient is an arbitrary time function.

To solve equation (1) at the conditions (2) and (3), the
finite integral transform

T = J wM, (M, ) T(M, ) dV (6)
v

is to be used.
It follows, from the orthogonality of eigenfunctions

W (M, 1), that T(M, 7) can be expanded into a series as
U . L . T
i=t j w(M, WM, 1) dV
14

Some mathematical operations fully analogous to these in
[1] leads to:

dv

0
o) f WM, T (M. ) T‘é" 1)

T

+[H@-BO] T () = gi () (8)

where

Yi(N,7)— [0y (N, 1)/on]
A(N,t)+B(N, 1)

g:(v) = J kK(N,D)o(N, 1)
s

+f Vi(M,T)P(M,7)dV. (9)
v

From the relation

dT(M, 1)
ot

¢
E[W(M’ WM, OT(M, 7)] = wiM, 1)y, (M, 7)

+T(M, T);%[W(M, (M, 7)] (10)

follows

dT(M, T)dV _ dT:(7)
ot ot

f WM, (M, )
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]
- j T(M, 7) 3 [w(M. (M. 0] dV. (1)

Substituting equation (7) in (11) and the result obtained
in (8), one gets

d§(1)+uf @ )ﬂ(t)mr)_ 5 QUT@
' v "=1J WM, DM, ) dV
v
L e
()
where

Qﬁ(z)=j WM, r)a'ir[w(M, DM, 9]dV.  (13)
vV

The functions 7;(t) being obtained from (12}, the desired
function T(M, 1) straight forward determined by the
inversion formula (7).

If w(M,1), k(M,1), p(M,7), A(N,7) and B(N,t) were
independent of time, i.e. ; (M, 1) and y; (1) were independent
of time too, the system (12) would have been a system of
uncoupled ordinary, first order, linear differential equations,
which are solved in [1].

The method presented here can easily be applied to
problems analogous to the ones treated in [3,4] but with
time dependent coefficients. In [5] are presented the solu-
tion of the particular case when y(r) =1, f(zr)=0 and
w(M, 1), k(M, 1), p(M, 1), A(N, 1) are time independent. In
the same paper a method is described for the solution of
the system (12) through s-order approximation.
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