
Author's Accepted Manuscript

Numerical modeling for gaseous cavitation of
oil film and non-equilibrium dissolution Ef-
fects in thrust bearings

Zeng-rong Hao, Chun-wei Gu

PII: S0301-679X(14)00173-X
DOI: http://dx.doi.org/10.1016/j.triboint.2014.04.028
Reference: JTRI3318

To appear in: Tribology International

Received date: 21 February 2014
Revised date: 24 April 2014
Accepted date: 29 April 2014

Cite this article as: Zeng-rong Hao, Chun-wei Gu, Numerical modeling for
gaseous cavitation of oil film and non-equilibrium dissolution Effects in thrust
bearings, Tribology International, http://dx.doi.org/10.1016/j.triboint.2014.04.028

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal
pertain.

www.elsevier.com/locate/triboint

http://dx.doi.org/10.1016/j.triboint.2014.04.028
http://dx.doi.org/10.1016/j.triboint.2014.04.028
http://dx.doi.org/10.1016/j.triboint.2014.04.028
http://dx.doi.org/10.1016/j.triboint.2014.04.028
http://dx.doi.org/10.1016/j.triboint.2014.04.028
http://dx.doi.org/10.1016/j.triboint.2014.04.028


 1  

Numerical Modeling for Gaseous Cavitation of Oil Film and Non-Equilibrium 
Dissolution Effects in Thrust Bearings 
Zeng-rong Hao1    Chun-wei Gu 

Key Laboratory for Thermal Science and Power Engineering of Ministry of Education, Tsinghua University, Beijing, 100084, P. R. China 

 
 
Abstract 

A gaseous cavitation model, considering probable non-equilibrium dissolution effects in thrust bearings with hydrodynamic 
lubrication, is proposed. The model is a generalization of physical background of an equilibrium dissolution model upon Bunsen 
solubility. Utilizing and developing original conception of solubility, the rate of gas absorption or release process is modeled to be 
related to local variables. A simplified formulation of the non-equilibrium model is also derived adopting the approximation of quasi-
one-dimensional flow for specific situations. The model is applied to thrust bearings with groove-land type, to preliminarily explore 
the effects of limited absorption rate on their performance and flow characteristics. 
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Nomenclature 
BN  bearing number 
CV  control volume 
e  the base of the natural logarithm 
f  volume fraction 
g  non-dimensional time 
h  film thickness 
n  rotation speed (rpm) 
p  pressure 
p  average pressure 
R  radius 
r  radial position in cylindrical coordinate system 
T  temperature 
t  time 
u  component of velocity vector 
u  velocity vector 
V  volume 
V  volume, at equilibrium state 
W  thrust force 
z  axial position in cylindrical coordinate system 
α  frequency of macroscopic motion 
β  coefficient of change rate of gas dissolved amount 
γ  time scale ratio of macroscopic motion to non-equilibrium dissolution, γ β α=  

tΔ  infinitesimal time interval 
xΔ  infinitesimal distance 
δΔ  infinitesimal change of δ  
θΔ  angular grid size 
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