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Abstract− The radiative contribution to thermal 
conductivity in plastic foams is studied through two 
different approaches.  Both consist in close forms 
derived from the heat transfer equation governing 
the intensity of radiation in foams, where scattering 
can be treated as isotropic.  While one approach is 
based on the solution of the equation for a continu-
ous medium, the other one is based in the solution 
for a discrete medium.  Predictions are contrasted 
for typical values of thermal properties of foams, 
and a possible explanation for the found differences 
is proposed. 
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I. INTRODUCTION 
Heat is transferred in foams through four distinct 
mechanisms: convection in the gas phase, conduction 
along the solid polymer, conduction through the gas 
within the cells, and thermal radiation.  Conduction 
through the gas is the principal mechanism, but radia-
tion is also important, especially for low-density foams.  
There is a consensus regarding the contributions due to 
the first three mechanisms to the total thermal conduc-
tivity.  The modeling of the thermal radiation, on the 
contrary, continues to be controversial (Collishaw and 
Evans, 1994; Sirdeshpande and Khanpara, 1993). 

The radiative contribution to the thermal conductivi-
ty in plastic foams is usually studied through two basic 
different approaches.  On one hand, Glicksman 
developed an expression using the mean extinction 
coefficient of the foam (Schuetz and Glicksman, 1984; 
Glicksman, 1994).  This will be referred as the 
continuous medium approach (CMA).  On the other 
hand, Williams and Aldao (1983) considered a model 
that takes into account reflection and transmission of 
radiation through a stack of parallel layers perpendicular 
to the direction of heat flow.  This will be referred as the 
discrete medium approach (DMA). 

The present work was motivated by a previous work 
(De Micco and Aldao, 2004) where we found that the 
values of kr determined with the CMA have a tendency 
to be much lower than those experimentally found.  
Conversely, the values for kr determined with the DMA 
present a very small average error.  That work was 

based on the foams studied by Almanza et al. (2000) 
who reported the thermal conductivity for polyolefin 
foams manufactured by means of a high-pressure 
nitrogen gas solution process.  Resulting materials are 
excellent to check models as they present a much 
simpler morphology than usual foams. 

After presenting the two approaches that lead to ex-
pressions for the radiative contribution to thermal con-
ductivity, we address two main points.  First, we con-
trast the resulting thermal conductivity due to radiation 
using the two described models with recently published 
experimental results, expanding a recent paper (De 
Micco and Aldao, 2004).  Second, we present a way to 
figure out the transmissivity of a stack of parallel plates.  
Thus, we show the inherent limitations in measuring the 
extinction coefficient using an infrared spectrometer and 
discuss the appropriateness of applying the Rosseland 
diffusion approximation. 

II. THE TWO APPROACHES FOR THE 
RADIATIVE THERMAL CONDUCTIVITY 

In the first approach to determine the radiant heat flux 
through a cellular material, the foam is treated as a 
continuous and isotropic medium.  Fortunately, in the 
case of commercial foams, it is possible to simplify the 
equation of radiative heat transfer for an absorbing, 
emitting, and scattering medium.  In particular, 
properties are considered wavelength independent 
(Glicksman et al., 1987).  Thus, for an optically thick 
foam, the diffusion model for radiant transport can be 
easily applied.  With these assumptions, the Rosseland 
equation for radiant heat transfer can be derived: 

qr = −
16σT 3

3K
d Temperature( )

dx
 , (1)  

where K is the mean extinction coefficient, σ the Stefan-
Bolzmann constant, and T  the mean absolute tempera-
ture.  The extinction coefficient is related to the radiati-
on lost due to scattering and absorption per unit distance 
in a given material.  The radiant thermal conductivity is 
then given by (Glicksman, 1994) 

kr =
16σT 3

3K
. (2)  

The second approach consists in applying the 
equation of heat transfer for each cell wall that 
constitutes the foam, taken into account the discreteness 


