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Comparative Analysis of the Parabolic and Hyperbolic Heat
Conduction and the Damped Wave in a Finite Medium

4 & 7.0l 8 B

S. K. Park and Y. H. Lee

Key Words : Thermal Wave(@ A =3}), A Periodic Surface Heating(F71%<¢l EW 7€), Thermal
Relaxation Time(& o] €A

Abstract | The wave nature of heat conduction has been developed in situations involving extreme
thermal gradients, very short times, or temperatures near absolute zero. Under the excitation of a
periodic surface heating in a finite medium, the hyperbolic and parabolic heat conduction equations
and the damped wave equations in heat flux are presented for comparative analysis by using the
Green's function with the integral transform technique. The Kummer transformation is also utilized
to accelerate the rate of convergence of these solutions. On the other hand, the temperature
distributions are obtained through integration of the energy conservation law with respect to time.
For hyperbolic heat conduction, the heat flux distribution does not exist throughout all the region in
a finite medium within the range of very short times( £&(7, ). It is shown that due to the thermal

relaxation time, the hyperbolic heat conduction equation has thermal wave characteristics as the
damped wave equation has wave nature.

2154y T, : initial temperature

€ : thermal wave speed v T  temperature gradient

> . . x . space variable
g( »,H : volumetric energy source

G(7n, | 1y, &) : Green’s function

L, : linear differential operator

. L ) a  thermal diffusivity

L’ : formal adjoint differential operator of L, '
n . dimensionless space variable

q * heat flux vector n,  dimensionless thickness of slab

: intensity of surface heatin . )
% ensity & (75, £) : dimensionless temperature

Q(7n, & : dimensionless heat flux A, : eigenvalues
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7 - space vector & . dimensionless time variable

¢ time variable r ' thermal relaxation time
qaol ;19999 49 29 w, - dimensionless frequency
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