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ABSTRACT. The one-phase Stefan problem is studied numerically in a layer of semitransparent 
medium with different emissivity degrees at the right, moving boundary. The effect of optic 
properties of irradiated surface on formation of the temperature and radiation flux fields is 
shown.  
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Introduction 

The one-phase Stefan problem in a layer of semitransparent medium models the complex 
processes of non-stationary radiative-conductive heat transfer in semitransparent lining of glass 
furnaces, in heat-protecting technical coatings, semitransparent for thermal radiation, at their 
melting (crystallization) and following entrainment (supply) at interaction with the ambient 
medium (ablation – condensation). 
 The mathematical model of the problem is reduced to the equation of radiative-
conductive heat transfer in the studied semitransparent phase with the Stefan condition at the 
interface. It is assumed for traditional solution to the one-phase Stefan problem that a heat flux 
from the phase with a constant temperature equals zero [1]. In real problems the boundary 
conditions coincide with the Stefan condition, which includes the resultant (radiant, conductive 
and convective) heat flux, different from zero and changing during interface travel. 
Simultaneously, the mentioned boundary is assumed infinitely thin and high-conductive. 
Therefore, the real one-phase problem occupies an intermediate position between the one-phase 
and two-phase classical Stefan problems [2]. 

Statement and method of solution  

This study deals with heating and following melting of an infinite plane-parallel sample 
of semitransparent medium with coefficient of volume absorption α  and heat conductivityλ . 
The boundaries of a flat sample absorb, reflect and transmit radiation partially, to 
achieve 1=++ iii DRA , 2,1=i , where iA , iR , iD  are the values of semispherical coefficients of 
absorption, reflection and transmission, respectively. Simultaneously, it is assumed that 
Kirchhoff law iiA ε=  is true, where iε  is a degree of boundary emissivity [3].  

The processes of radiation transfer are considered in approximation of the gray medium. 
This approximation allows qualitative investigations on the basis approximated numerical 
modeling of the complex processes [4].  

The solution to the boundary problem includes two stages. The first stage is reduced to 
consideration of non-stationary radiative-conductive heat transfer at heating of a grey 
semitransparent sample with plane-parallel boundaries by radiation and convection. At the 
second stage, when the right boundary of sample reaches melting temperature fTttLT =)),(( , the 
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