Molecular dynamics simulations of non-Fourier heat conduction in single
walled carbon nanotubes
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Non-equilibrium heat conduction in single walled carbon nanotubes was investigated by applying a
local heat pulse with duration of sub-picoseconds. The investigation was based on classical molecular
dynamics simulations, where the heat pulse is generated as coherent fluctuations by connecting the local
cell to a thermostat. Results of the simulations exhibit non-Fourier heat conduction in the spatio-temporal
temperature field. Wavelet transformations of the simulation data allow us to visualize the heat wave of
selected phonon bands traveling outwards from the central heated region of the nanotube. Among the
phonon bands with dominant energy, the one with the longest life time was found to belong to the radial
breathing mode of the nanotubes. The band-pass filtered component of the heat wave shows a good
agreement with the hyperbolic equation of Cattaneo. Finally, the heat wave was characterized with the
relaxation time and the phase speed.
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Fig. 1 Spatio-temporal isotherms of a (5,5)-SWNT subjected
to a heat pulse at the origin. Dotted lines on the positive and
negative side represent the phase speed of the heat wave and
the acoustic waves.
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Fig. 2 Time sequence of temperature profiles averaged over the
low frequency band.
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Fig. 3 Comparison of MD results with the hyperbolic equation.
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