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Abstract — A more accurate expression for effective viscosity is obtained using a linear regression of the
data from Fukui-Kaneko’s model, which are obtained through numerical calculations based on the linearized
Boltzmann equation. Veijola and Turowski’s expression is adopted as a base function for effective viscosity.
The four coefficients in that equation are optimized, and sensitivity analysis is conducted for these coef-
ficients. The results show that the coefficient for the first-order Knudsen number is the most accurate,
whereas the coefficient in the exponential of the Knudsen number is the least accurate compared with Fukui-
Kaneko’s results. The expression for effective viscosity is accurate within 0.02% rms of Fukui-Kaneko’s
results for the inverse Knudsen numbers from 0.01 to 100 and surface accommodation coefficients ranging

from 0.7 to 1.
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Fig. 1. 1-D bearing model for analysis.
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Table 1. Coefficients for effective viscosity expression of
optimized results from linearized Boltzmann eqns.

a C[ Cz C3 C4
1.0 1.59375  4.06830 0.67174  -0.03126
0.9 1.32879  5.59403  0.49423  -0.00879
0.8 1.33291  7.08117  0.39079  -0.00646
0.7 1.35442  9.11584  0.28997  -0.00478
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Fig. 2. Comparison of flow factor, Q, according to the
inverse Knudsen number (a=1).
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Fig. 3. Comparison of flow factors with optimized
coefficients and with F-K’s result according to the
inverse Knudsen number.
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Fig. 4. Sensitivity analysis of Effective viscosity coefficients.
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