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Figure 1 Schematic diagram of pressure variation and relaxation time
in fluid particle (compression case).
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Figure 2 (Color online) Rotation relaxation time and collision
numbers of Nitrogen molecule.
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Figure 3 (Color online) Nitrogen molecules in rotational mode: (a)
The bulk viscosity coefficient £ in the kinetic and continuum theories;
(b) the viscosity ratio ¢/ in the kinetic and continuum theories.
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Figure 4 (Color online) Vibration relaxation time and collision
numbers of Nitrogen molecule.
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Figure 5 (Color online) Nitrogen molecule in vibrational mode: (a)
The bulk viscosity coefficient ¢ in the kinetic and continuum theories;
(b) the viscosity ratio ¢/ in the kinetic and continuum theories.
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The continuum theory of bulk viscosity in compressible fluids

LI XinDong, HU ZongMin & JIANG ZongLin"

Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China

A new theoretical formula of bulk viscosity in compressible fluids is derived by the continuum medium assumption,
which first indicates a macroscopic physical interpretation that the bulk viscosity coefficient is equal to the product of
bulk modulus and relaxation time. For nitrogen in the rotational and vibrational energy modes, the bulk viscosity of
the present continuum theory shows slightly higher results than that of the kinetic theory, but the theories provide a
same predicted trend. In the vibrational relaxation process, the relaxation time, collision number and the bulk
viscosity coefficient are several orders of magnitude larger than that in the rotational mode.

compressible fluids, Stokes assumption, bulk viscosity, relaxation time, rotational mode, vibrational mode
PACS: 47.10.ad, 51.10.+y, 51.20.+d, 51.35.+a
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