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Abstract: To address the lack of multiphysics coupled numerical evaluation methods and the unclear
influence law of parameters on the static and dynamic characteristics of CO, gas foil bearings (GFBs) ,
a sensitivity analysis was conducted on the foil geometrical parameters of the third-generation
bump-type CO, GFBs. Based on a full three-dimensional (3D) unsteady conjugate heat transfer
(CHT) method, a mathematical model for the convective heat transfer between the GFB gas film

and the shaft and top foil was developed. Through the coupled solution of the Reynolds equation,
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the 3D energy equation, and the 3D structural heat conduction equations for the shaft and bearing, a

multiphysics coupled numerical prediction method for the static and dynamic characteristics of the

third-generation bump-type CO, GFBs was developed. The numerical method is validated against

experimental data for the load-carrying capacity (LCC), dynamic stiffness, and damping

coefficients of air-lubricated GFBs. Subsequently, a sensitivity analysis on foil geometrical

parameters—including the bump foil’s height, half-length, and thickness, as well as the top foil’

s thickness—was performed using the central composite design (CCD) method. The static and

dynamic characteristics under high-temperature and high-pressure conditions (315 °C, 2.0 Pa)

were calculated for 25 foil geometrical parameter combinations. Main effect diagrams were

obtained with static load, direct stiffness, and the energy dissipation factor as responses. The

calculation results indicate that the static load and direct stiffness increase as the bump foil’ s

height increases and the bump foil’s half-length decreases. At an eccentricity ratio of e=0.5, the

static load and direct stiffness initially increase and then decrease with increasing bump foil

thickness, peaking at thickness levels of 30% and 20%, respectively.

Under heavy-load

conditions (¢=0.8), both static load and direct stiffness are most sensitive to the bump foil’s

thickness, with influence magnitudes of 35.1% and 76.4% , respectively. Since the regulation

laws of foil geometrical parameters on two kinds of performance indicators exhibit inverse

coupling characteristics, multi-objective optimization with direct stiffness and the energy

dissipation factor as responses should be implemented to obtain foil geometrical parameters that

make the overall dynamic performance of GFBs optimal. The findings serve as a reference for the

performance analysis and structural design of the third-generation bump-type CO, GFBs.

Keywords: third-generation bump-type CO, GFB; static characteristics; dynamic characteristics;

multiphysics coupled numerical prediction method
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