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An accurate solution is given of the problem of the temperature
field in a crystal when radiative heat transfer is taking place on
tes surface and the thermophysical characteristics depend on tem-
perature range below the Debye temperature (T < 8p).

In the growth and annealing of crystals it is im-
portant to avoid sudden temperature changes, since
these cause irregular crystal growth, give rise to
defects, and do not completely remove the residual
stresses in the grown crystal, The quality of a crystal
depends to a considerable extent on the temperature
field in it [5].

The heat diffusion within a crystal results from
the nonstationary thermal conductivity, which in the

simplest case is described by the following system of

differential equations:
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with the boundary condition
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Here A =A(T), C = C(T). Substitution of
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reduces differential equation (1) to the form
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while the initial conditions (2) and the symmetry
condition (3) are, respectively,
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For many crystals at temperatures below the
Debye temperature the thermophysical character-
istics are proportional to the cube of the absolute
temperature [4], i.e.,
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Under conditions (A) and (B) a = const. Taking
account of (A), the boundary condition (4) can be
written
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In solving the system (1’)-(4’) it is possible to
use the integral transform given by the expression
(1, 3]
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where p is the positive root of the transcendental
equation p - tgpR = w.

The numerical values of the roots are given in
[6]. Integration by parts, taking account of (3’) and
(4’), gives

Pn(x, ©)

R
[ cos prx —5———dx = g, () cos pR — p*@ (p, ). (5)
¢

By applying transformation (C) to both parts of
equation (1’) and taking into account {5), we obtain
the ordinary differential equation with respect to
the transform
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the solution of which
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Then the solution in transforms is
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Passing from the transform to the original, by
means of the conversion formula [2, 3],
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we obtain
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Finally, the temperature distribution is given by the
relationship
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Particular cases:
a) If T(x, 0) = Ty = const, and the constant source
of radiant heat q,(T) = q; = const, then
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b) Linear variation of radiatbr temperature
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c) Exponential law of temperature of the radiating
medium
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Two~ and three-dimensional problems can be
solved by the above method. The problem presented
for heating can be adapted for cooling by a simple
change of variable [6].

Principal notation: g = £,C,/10%—apparent coef-
ficient of radiative heat transfer; e;—the reduced
emissivity of the system; Cyg~black-body radiation
constant; C—heat capacity; A—thermal conductivity.
q.(T)-radiator heat flux; T(x, T)-variable absolute
temperature; Tpp—absolute initial temperature of
the radiating medium; Tyyax—maximum absolute
temperature of radiator.

REFERENCES

1, G. A. Grinberg, Selected Problems in the
Mathematical Theory of Electrical and Magnetic
Phenomena [in Russian], AN SSSR, 1948.

2. 1. Sneddon, Fourier Transforms in Mathe-
matical Physics [Russian translation], GITL, 1952.

3. C. J. Tranter, Integral Transforms in Math-
ematical Physics [Russian translation], GITTL, 1952.

4, Van Beuren, Imperfections in Crystals [Russian
translation], I1, 1962,

5. Collection Processes of Growth and Develop-
ment of Single Crystals [Russian Translation], IL,
1963,

6. A, V. Luikov, Theory of Heat Conduction [in
Russian], GITTL, 1952.

7. H. Carslaw and J. Iager, Conduction of Heat
in Solids, Oxford, 1962.

Kirov Polytechnic Institute,
Tomsk

25 April 1964



