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NUMERICAL INVESTIGATION ON STATIC STIFFNESS CHARACTERISTICS OF
POROUS AIR BEARING CONSIDERING ROUGHNESS EFFECTS

H.R. Gwon} S.H. Lee” JE. Lee®

This study aims to investigate numerically the static stiffness characteristics of porous air bearing and to
estimate appropriate permeability values of porous medium. In particular, a new roughness model is proposed and
implemented into the commercial CFD code (FLUENT Ver. 6.2) by using C language based user subroutine. The
predicted results are extensively compared with experimental data. The roughness model is also validated through
comparison with the results from open literature. It is found that the predictions for static stiffness are in good
agreement with experimental data. Therefore, the suggested model based on the roughness Reynolds number can be
used in studying the stiffness characteristics of porous air bearing effectively. In addition, numerical simulations of
various diameter size and conditions are conducted. According the results, it is expected that the static stiffness of

porous air bearing has the non-linear characteristics.
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Fig. 1 Englneerln% drawing of S10 series air bearing of
NEWWAY™.
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Fig. 2 Grids for numerical simulation.
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Fig. 3 Entire experimental setup for measuring load and gap.
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Fig. 4 Connection with load cell and porous air bearing using
stainless steel ball.
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Fig. 6 Pressure contour of porous air bearing.

25
——O—— Pressure distribution along the x-axis

=
al

Pressure (MPa)

I
o

NETE © Wi RENEE RRNES FNNE ARREY ERRE FRRN FRNA N FR
(-)50 -40 -30 -20 -10 0 10 20 30 40 50

Distance (mm)
Fig. 7 Pressure distribution along the x-axis.
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Fig. 8 Comparison of load with numerical result and curve-fitted
experimental data (Pi, = 4.1bar, k = 3.2um).
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Table 1 Relative error of load with the numerical result
(advanced model) and experiment data

Numerical result | Experimental data| Relative

Gap (um) N) N) Ermor (%)
5 1342.24 1256.18 6.85
10 542.17 535.73 1.20
15 280.68 275.24 1.97
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Fig. 9 Load capacity curve of porous air bearing (Pin = 4.1bar,

k = 3.2um).
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Fig. 10 Stiffness curve of porous air bearing (Pin = 4.1lbar,
k = 3.2um).
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Fig. 11 Load capacity curve of porous air bearing
(Pin = 5.5bar, k = 3.2um).
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Fig. 12 Stiffness curve of porous air bearing (P, = 5.5bar,
k = 3.2um).
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