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Design and Fluid Dynamics Analysis of Air Bearings Based on 3D Printing
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Abstract: Traditional hydrostatic air bearings, which are constrained by manufacturing process limitations, have difficulty
achieving complex flow channel structures. To meet the extremely lightweight requirements of aviation parts, a lightweight
hydrostatic air bearing was designed through topology optimization on the basis of 3D printing technology. Additionally,
Fluent computational fluid dynamics simulation software was used to analyse the bearing model, aiming to solve problems
such as the heavy weight of traditional bearings and uneven air flow distribution. The results show that there is a positive
linear correlation between the air supply pressure and the bearing capacity of the air film and that increasing the air supply
pressure can increase the bearing capacity of the air bearing. This work provides a new method for further studying the
performance and weight reduction work of aviation air bearings through relevant research.
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Fig.1 Physical design of 3D-printed hydrostatic air bearings
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Fig.4 Physical model of the extracted gas film
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Fig.2 Air inlet hole on the outer ring surface of a static pressure
air bearing
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Fig.3 Section view of the static pressure air bearing system
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° Fig.5 Grid density division of the gas film
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Fig.6 Total heat flux of the gas film at different time: (a) /=0.25 s; (b) t=0.5 s; (c) t=0.75 s; (d) =1 s
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Fig.8 Cloud map of the total pressure of the gas film: (a) wall and inner membrane; (b) inner membrane
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Fig.9 Cloud diagram of the static pressure of the gas film: (a) wall and inner membrane; (b) inner membrane
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Fig.10 Aerodynamic pressure cloud map of the gas film: (a) wall and inner membrane; (b) inner membrane
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Tab.1 Changes in temperature and pressure at different
sensor points of the shaft and bearing bush

Supply Simulated Experimental Deviation
pressure/MPa  load capacity/N  load capacity/N /%
7.5 19.98 21.5 7.6
10.0 24.30 26.1 7.3
15.0 32.50 352 8.3
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