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Summary. Efficiency of hydrodynamic thrust bearings used in a wide range of power
machines is characterized by including the load capacity of an oil wedge, which has nonlinear
dependence on gap size. In this study we consider the different types of lubricant layer
microgeometry profiling with the aim of optimal design of the hydrodynamic bearing
characteristics for ensuring the maximum load capacity using advanced numerical models and
methods. We enlarge the results of significant research works of J.W. Rayleigh and S. Y. Maday
in relation to the hydrodynamic sector self-aligning acting thrust bearings based on advanced
numerical methods. Different geometrical parameters which define profile curvature were used
as optimization variables. The maximum of pressure integral over the lubricant layer surface as
objective function was used. Hydrodynamic problems using Navier-Stocks equations were
solved based on numerical approach and commercial CFD code ANSYS/CFX using the
St.Petersburg Polytechnic Supercomputer Center.

1 INTRODUCTION

Nowadays, in the field of mathematical modelling thrust bearing characteristics and in face
of growing demand of effective thrust bearings with optimal characteristics, advanced
numerical procedures and methods are widely applied for bearing design. For different type of
bearings one of the important problems is the load capacity maximization, which determines
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the efficiency of the bearings. The load capacity maximization problem generally is equivalent
to the problem of profiling the microgeometry of the thrust bearing lubricating layer.

In this study, the problem of optimal design is considered in relation to the design of a thrust
bearing with self-aligning segments using numerical models of working fluid domain.

Typical design of thrust bearing with self-aligning segments produced by Kingsbury Inc.
[1,2] are shown in Figure 1. For this type of bearing hydrodynamic characteristics were
considered in detail in previous works [3,4].

Figure 1: Typical thrust bearing design

2 MATHEMATICAL MODELS

In this study, to determine the pressure fields in the lubricating layer computational fluid
dynamics methods are used, based both on the models of the Navier-Stokes equations and their
development — models turbulent flows based on the Reynolds equations and on the basis of the
equations hydrodynamic theory of lubrication.

Dimensionless form of Navier-Stokes equations was used (1), where V is the velocity vector,
p is the pressure, P and L=R ¢ pressure and size scales, p and v are the density and kinematic
viscosity. For the velocity scale ®R, is chosen, and for the pressure scale, the pressure of the
external medium is pa:

1
(V- V)V = —Eugradp +E\72V

divV =0 (1)
W = —fpd.()
(]
Ploa =0
Euler and Reynolds numbers:
Eu=P/pV?
Re=|V|L/v 2)

The working fluid domain is represented in Figure 2. The left part of this figure illustrates
area Q. For equations (1), (2) » €Q. The right part shows the working domain investigated using
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ANSYS CFX software

N 4

Figure 2: Single segment assembly and working fluid domain

Dimensionless form of Reynolds equation (3) for compressible fluid in Q
div(h3pVp — AphV) = 0 3)

Here, dimensionless pressure p and coordinates r and ¢ are normalized by ambient pressure

pa, and by Lr u Lo values. Profile function h is normalized by hmin Velocity vector V=(1,0)
normalized by value |V]|.

The typical mesh of fluid domain is represented in Figure 3. It is important that the lubricant

layer zone has not less than 40 elements and also has mesh thickening toward the rotating
surface.

o=

Figure 3: Fluid domain mesh
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3 OPTIMIZATION PROBLEM STATEMENT

Consider the formulation of the optimization problem for a bearing segment in a liquid with
the criterion of the maximal bearing capacity based on the Reynolds model of the lubricating
layer [4,5].

The optimization problem formulation is represented below (4):

div(h3pVp — AphV) = 0 in 12

Plan

W=—J-pd.(2
)

where, p and the coordinates r and ¢ are normalized by the ambient pressure pa, and the
corresponding dimensional values L and L, characterizing segment dimensions. The profile
function h is normalized by hmin. The velocity vector Vo=(1,0) normalized by the maximum
value of [Vo|.

The optimization problem for sector region was solved. Thrust bearing profile was
approximated by curve consisted of two parts: straight line and generalized ellipse. Sector
region was received by transformation from rectangular region and four geometrical parameters
defined the generalized ellipse.

4 NUMERICAL RESULTS

To solve the optimization problem, the CFD mesh for investigated fluid domain was
generated and the hydrodynamics problem, using Navier—Stokes equations, was solved using
ANSYS CFD software in combination with commercial optimization code 10SO. As an
objective function, the maximum of pressure integral over the lubricant layer surface was used.

The 10SO software uses its own algorithm. The main step is to divide each iteration of the
Pareto frontier search into two stages: the construction of functions approximating the objective
functions in a certain area and the extremes search of these approximation functions. Below
are the results obtained using the 10SO software.

The numerical simulation of the problem was carried out using St. Petersburg Polytechnic
Supercomputer Center. In Figure 4 the typical pressure distribution received for single segment
is shown.
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Figure 4: Pressure distribution

4.2 Optimization results

Initially dependences of pressure are received separately for each of the optimization
variables. Based on these preliminary results variable’s ranges were defined.

As a result of numerical solution, the optimal parameters and thrust bearing design were
found. In Figure 5.the dependence of lifting force on generalized ellipse parameters is
represented.
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Figure 5: Dependence of lifting force on generalized ellipse parameters
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Obtained results demonstrate the greatest impact on the load capacity value and are discussed
in detail in previous works of authors [3,4] with more results with different optimization
algorithms using [6-8].

5 CONCLUSIONS

We considered the solution to the optimal design problem for thrust bearings with respect to
the lifting force maximum. As a mathematical model the Reynolds model for an incompressible
lubricant was used. To obtain the results, it is important to use modern software tools efficiently
both for solving the problem of the pressure field determination and for the optimization. The
results obtained are well correlated with results obtained earlier in the framework of full scale
variational problem and can be used in design process of wide range of thrust bearings.
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