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Galerkin method as a weighted residual method is one of many possible approaches to solve a
partial differential equation whose solution is approximated by combination of trial functions.
These functions are mutually linearly independent and satisfy boundary conditions.

Pressure field in a circular journal bearing is governed by Reynolds equation in the dimen-
sionless form [2]
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where p(ϕ,Z) is the dimensionless pressure field, ϕ and Z are the circumferential and axial
coordinates, respectively, ω is the angular speed, R is the radius of a bearing shell, L is the
length of a bearing, h is the dimensionless height of thin oil film, ε is the relative eccentricity
and ε̇ and γ̇ are the velocities of relative eccentricity and attitude angle, respectively.

Unknown pressure distribution in the circular journal bearing is approximated by Fourier
series in circumferential direction and by goniometric sinus function in axial direction. Final
form of the pressure field approximation [1] is written as
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where pamb is the dimensionless ambient pressure, ai,j, bi,j are unknown coefficients of Fourier
series and NO, NA ∈ N are the numbers of trial functions in the circumferential and axial
direction. Aim of weighted residual methods is to minimize a residuum [1]
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In the case of the Galerkin method, weight functions are the same as the trial functions and
final generalized scalar multiplication is defined as follows
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After consecutive generalized scalar multiplication by all weight functions, final system of
algebraic equations can be rewritten into matrix form [1]
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where all unknown coefficients ai,j, bi,j from Eq. (2) are associated into corresponding sub-
vectors a ∈ RNANO,1 and b ∈ RNA(NO+1),1. Coefficients a0,j = 0 for j = 1, 2, . . . , NA.
Submatrices A ∈ RNANO,NANO and B ∈ RNA(NO+1),NA(NO+1) are sparse, diagonal and regu-
lar. Each element of submatrices results from solution of each integral (4) and similarly for
right-hand side subvectors f1 ∈ RNANO,1 a f2 ∈ RNA(NO+1),1. Based on mutual orthogonality of
goniometric functions, the elements of submatrices and subvectors are analytically derivable.

Hydrodynamic force is determined by the hydrodynamic pressure and the force components
are obtained from pressure integration
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where µ is the dynamic viscosity, c is the radial clearance and pressure field p̂ satisfies half-
Sommerfeld boundary condition [2]. Components of the hydrodynamic force can be written in
the closed form using previously calculated coefficients ai,j, bi,j from Eq. (5). The hydrody-
namic force can be expressed in Taylor series and linearized stiffness and damping coefficients
of fluid film can be found. Stability of a rotor-bearing system is then determined based on
Routh-Hourwitz stability criterion [2].

Presented Galerkin method (GAL) was applied on chosen bearing system with following
parameters: R = 50 mm, L = 100 mm, c = 0.8 mm, µ = 0.04 Pa.s, pamb = 0 Pa and
bearing load F0 = −147.15 N. In-house software [3] with implemented solver based on finite
difference method (FDM) was also used in order to perform comparison with obtained results.
Comparison of journal trajectories and stability borderlines for both applied methods is depicted
in Fig. 1. Intersection point of these two curves is a moment when system becomes unstable.
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Fig. 1. Comparison of journal trajectories and stability borderlines

Acknowledgements
This publication was supported by project SGS-2019-009 and by project 17-15915S of Czech
Science Foundation entitled Nonlinear dynamics of rotating systems considering fluid film in-
stabilities with the emphasis on local effects.

References
[1] Chatzisavvas, I., Efficient thermohydrodynamic radial and thrust bearing modeling for transient

rotor simulations, Ph.D. thesis, Darmstadt, TU Darmstadt, 2018.
[2] Chen, W. J., Practical rotordynamics and fluid film bearing design, Trafford Publishing, 2015.
[3] Rendl, J., Software for investigation of dynamic behaviour of rotating systems supported on jour-

nal bearings, Proceedings of the conference Applied Mechanics 2019, Ostrava, VSB – Technical
University of Ostrava, 2019, pp. 184-188.

165


	Rendl J.: Galerkin method for approximate modelling of finite-length journal bearings

