
Congress on Numerical Methods in Engineering
Lisboa, June 29 to July 02, 2015
© APMTAC, Portugal, 2015

cmn2015  |  Congresso de Métodos Numéricos em Engenharia

Edited:  José Miranda Guedes, Nuno Silvestre, Miguel Tavares da Silva,
Jesús María Blanco, Irene Arias, Manuel Tur Valiente

RESUMO N° 85
 

ATOMISTIC MODELING OF HEAT CONDUCTION
IN NANOMATERIALS

Carlos S. Martin, csmartin@us.es
Universidad de Sevilla, Spain

Michael Ortiz, ortiz@caltech.edu
California Institute of Technology, United States of America

Pilar Ariza, mpariza@us.es
Universidad de Sevilla, Spain

Keywords: Diffusion, Coupled Problems, Discrete Kinetics

In the past two decades, extensive research has been conducted towards developing nanomaterials with supe-
rior transport properties, such as heat conductivity and mass diffusivity, for applications in various industries 
including, but not limited to, energy storage and microelectronics. In terms of modeling and simulation, a long-
standing difficulty lies in the separation of temporal and spatial scales. Indeed, many transport phenomena in 
nanomaterials are characterized by slow kinetic processes with time scale of the order of seconds, hours, or 
even years, far beyond the time windows of existing simulation technologies such as molecular dynamics (MD) 
and Monte Carlo (MC) methods. To resolve this issue, we propose a novel deformation-diffusion coupled com-
putational framework that allows long-term simulation of such slow processes, while at the same time main-
tains a strictly atomistic description of the material. Specifically, we first propose a theory of non-equilibrium 
statistical thermodynamics for multi-species particulate solids based on Jayne’s maximum entropy principle 
and the meanfield approximation approach. Unlike in MD and MC, here thermal oscillations and the individual 
hops of atoms are not tracked explicitly, but instead accounted for in a statistical sense. This non-equilibrium 
statistical thermodynamics model is then coupled with discrete kinetic laws, which govern mass diffusion and 
heat conduction at atomic scale. In this talk, we explore the capabilities and performance of this computational 
framework through its application to heat conduction problems.


