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Self-Acting Gas Foil Bearings (GFBs)
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Source: rotorlab.tamu.edu/tribgroup/Proj_GasFoilB.htm (adapted)

® High-speed rotor supported by gasdynamic lubrication wedge

m Oil-free machinery offers high energy
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efficiency and low wear
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Foil Structure Friction Model

m Elasto-plastic bristle friction Z;,(t) = Uy, (t) — an(7)Bu(7)|Uy(T)]
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® Triangular spring—mass—rod arrangement with superposed elastic beam model

07Zn(T)
un(T) f1 0(T)

m System optimized by using refrigerant as lubricating fluid

@ Fluid film thickness

H(p,7)= 1
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Application: Vapor-Compression Refrigeration
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Challenge: Self-Excited Vibrations
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m Stationary operating points
tend to become unstable at
elevated rotational speeds

llll......
L
L 4

m Occurrence of self-excited
rotor vibrations with large
amplitudes (fluid whirl)
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m Vibrations calmed down by deliberately introduced friction?
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Stationary operation:
Static bump deflection

Moderate excitation:
Stiction predominant
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m Reynolds equation for compressible fluids (density D, pressure P, viscosity V)
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Computational Analysis

m Finite difference discretization on computational grid Ny X Nz = 469 X 15

m Simultaneous subproblem solution by means of collective state vector

s(T)

a Nonlinear ODE system s'(7) = k{s(7), A} with k: R" x R — R”
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Results and Conclusions

m Elastic horizontal rotor symmetrically mounted on two GFBs
m Small proportion «/2 of total mass shifted to each journal

m Constant vertical load
and unbalanced disk
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m Coordinate transformation
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I (1) = /X(1)2 + Y(7)?
- v(T) = atanZ{—X(T), —Y(T)}

Strong excitation:
Dissipative sliding
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1 Fluid pressure build-up limited by local vapor—liquid phase transitions
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2 Characteristic stick—slip transitions in the contacts
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3 Vibrations calmed down by deliberately introduced friction
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