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ABSTRACT

In modeling non-equilibrium thermal transport in solids, classical molecular dynamics (MD) has the
primary strength of explicit representation of phonons and defects that scatter phonons. On the other
hand, electrons and their role in thermal transport are missing. These effects are vital in applications
ranging from laser processing of materials to thermal transport in conducting nanotubes and nanowires.
Predictive models of the phenomenology of the interactions between the charge carriers and the “atoms”
represented in MD exist. For instance, the so-called “two temperature” model (TTM) [1, 2] has been
applied on the continuum level to simulate the rapid exchange of thermal energy between electrons and
phonons in a conductor. The two temperature model, which is derived from the Boltzmann transport
equation, is simply a split of the balance of energy into the energy transmitted via electrons and that
transmitted via phonons

ρeceθ̇e = ∇ · (ke∇θe) − qe-p(θe − θp)

ρpcpθ̇p = ∇ · (kp∇θp) + qe-p(θe − θp)

with diffusive and exchange terms.
Taking the TTM as a framework for coupling and following [3, 4], we represent the phonon system
with MD and the electron system with finite elements (FE). Figure 1 shows the configuration of an
example simulation where an initial Gaussian temperature profile is prescribed for the electron temper-
ature mimicking heating with a laser pulse. This temperature field interacts with an initially uniform
phonon temperature field partially represented on the MD lattice and the FE mesh (where no atoms are
present). Figure 2 shows that the two systems come to a common average temperature and that that the
temperatures in the two systems become more uniform over time. Interestingly, Figure 2 also shows the
transition of the dominant transfer mechanism from fast electron-mediated diffusion to slower electron-
phonon exchange.
By coupling classical MD to FE based models of the missing physics, we enable the simulation of a
broad range of physical phenomena from the rapid exchange of heat between the electron and phonon



 
Figure 1: Configuration of the FE mesh and MD lattice
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Figure 2: Temperature evolution

carriers in a lattice through current induced thermal failure of nanowires. This approach is intrinsically
multiscale and multiphysics, due to the tight coupling between the MD and FE paradigms, and utilizes
the inherent strengths of each.
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