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2.   Objectives: 

Formulation of adequate geometrical models of micro structures of foam 
materials, 
Development of the numerical methods for the calculation of physical fields in 
the representative volume element of the foam material, 
Evaluation of the macro mechanical and physical properties of carbon and 
metallic foams on the basis of numerical experiments with the representative 
volume element, 
Comparison   of  the   results   of numerical   simulations   and   experimental 
measurements of physical properties of foam materials. 

3.   Status of effort: 
In the reported period, the main progress was achieved in simulation of thermo and 
electro conductive properties of open-cell foam materials. An asymptotical method for 
calculation of temperature and electric fields in a slim highly conductive ligament was 
developed. This asymptotic solution was used in the framework of a finite element 
method for the calculation of stationary temperature and electric fields in all the 
ligaments of open-cell foam materials and evaluation of the effective thermo 
conductive, dielectric, and electro conductive properties of the foam representative 
volume element. The theoretical predictions were compared with experimental data 
presented in the literature. 
We started to work on a new approach to the solution of the homogenization problem 
for open-cell foams. In this approach, every typical cell of foam is considered as 
embedded in a medium with effective properties of the foam. These effective properties 
connect the mean values of the field and field flux inside the elementary cell of the foam 
(self-consistent effective medium method for open and close-cell foams). 

4.   Annual accomplishment: 

The developed methods of simulation of the microstructure of the open-cell foams and 
solution of the homogenization problem allowed us to obtain the following new results. 

1. For reliable calculations of conductive properties of the open-cell foams, the 
representative volume element (RVE) should contain about 1000-1200 cells. 
This RVE is similar to the RVE for the calculation of the effective elastic 
properties. 

2. The method allowed us to perform studying dependences of the effective 
properties of the open-cell foams on the distribution law of the cell sizes, and on 
the form of a typical ligament in the RVE. It turns out that the influence of the 
cell-size distribution on the conductive properties is much less than such an 
influence on the elastic properties. A similar fact was discovered in relation to 
the influence of cross-section forms of the ligaments on the effective properties 
of the open-cell foams. The effective conductivity is much less sensitive to the 
ligament cross-sections than the effective elastic modules. Only the total area of 
cross-section and the distribution of this area along the ligament axes are 
important characteristics for the effective conductivity. 

3. The predictions of the method are close to experimental data existing in the 
literature.   Finally,   the  method   allows   us  to   give   reliable   predictions   of 



conductive properties of open-cell foams with low volume concentration of the 
hard phase. In the method, the conductivity of the gas or liquid phase inside the 
foam is also taken into account. It helps material engineers to create foam 
materials which properties are optimal to the exploitation conditions. 
An original numerical method for the calculation of fields inside an isolated 
inclusion with complex structure embedded in a homogeneous medium was 
developed. The method will be used in the framework of a self-consistent 
effective medium method for the solution of the homogenization problems for 
foam materials. 
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