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Offset error and its influence in the numerical solution of
phonon Boltzmann transport equation using finite volume
method

FENG Xiang-You,TAO Wen-Quan
(Key Laboratory of Thermo-Fluid Science & Engineering of MOE, Xi’an Jiaotong Univer-
sity, Xi’an 710049, China)

Abstract: In order to further clarify the error mechanism of the Finite Volume Method (FVM) in
numerically solving the Boltzmann Transport Equation (BTE), this study points out a new error, namely
offset error, in addition to the commonly recognized false scattering and radiation effect errors, and
analyzes its influence. Firstly, based on the analysis of temperature and heat flux calculation deviations
in two heat conduction cases, we defined the offset error as follows: the deviation in heat flux

calculation caused by different upstream nodes of the phonon energy in different directions at the same
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interface when discretizing the ballistic term using an upwind scheme. Then the influencing factors of
offset error were analyzed. Finally, the influence of the characteristic line of the high-order scheme on
offset error was explored. The results showed that there are three main factors that affect the offset
error: the Knudsen number based on the grid Kn, (the ratio of the phonon mean free path to the grid
width), the offset characteristics of the scheme, and the distribution of the result. Generally, for a case,
the larger the value of 1/Kn,, the greater the deviation of the characteristic line of the discretization
scheme from the zero-offset line, and the stronger the nonlinearity of the distribution, the larger the
offset error. The trend of the influence of the scheme offset error can be qualitatively determined by the
direction of the scheme characteristic line deviation from the zero-offset line. If the scheme’s
characteristic line is below the zero-offset line, the offset error will lead to overestimation of heat flux in
the calculation, and the opposite is true if the scheme’s characteristic line is above the zero-offset line.
This study provides theoretical guidance for the choice of the discretization scheme of the ballistic term
and the error assessment of the results in solving microscale/nanoscale heat transfer problems using
phonon BTE.

Keywords: phonon Boltzmann transport equation; finite volume method; offset error; discretization

scheme; microscale/nanoscale heat transfer
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