ARREREAN

— R F /) Fa—TDI7+/ VEEICET S

SFFHEVIAL—Da Y

Molecular dynamics simulations of phonon transport in finite length single-walled
carbon nanotubes
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Non-equilibrium molecular dynamics simulations are conducted to investigate the single-walled carbon
nanotube heat conduction in terms of phonon transport. On measuring the thermal conductivity by
imposing the temperature gradient, the values are typically overestimated due to the phonon reflection at
the boundary between thermostat layers and the bulk nanotube. In this study, we minimize the thermal
boundary effect by tuning the length and relaxation time of the thermostat, and properly quantify the
length-effect of the thermal conductivity. The crossover of two nanotube-length regimes with different
trends of the length-dependence of the thermal conductivity is identified. The phenomenon is explained in
terms of the length-dependent contribution of low frequency optical phonons on the heat conduction.
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Fig. 1 The influence of the thermostat length (L.) on the thermal
boundary resistance and the corresponding temperature gradient.
Ly=L-2L, is the length of the bulk SWNT.
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Fig. 2 Phonon dispersion relation of a 25 nm-long (5,5)-SWNT.
The dispersion relation was obtained by computing the energy
density. (b) provides a focused view of (a) on the lower frequency
regime. The upper right sketch (c) depicts the assignments to the
phonon branches: LA, TA and TW indicate the longitudinal,
transverse and twisting acoustic modes. LO and TO indicate
longitudinal and transverse optical modes. The subscript m
denotes modes with mth lowest frequency (at £=0).
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Fig. 3 The Ilength-dependence of the thermal
conductivity of SWNTs with various diameters.
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