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In the present work, the pressure build-up mechanism of the fixed-pad parallel thrust bearing is investigated. The different                  
theories proposed in the scientific literature have been evaluated. To this end, a CFD-based thermoelastohydrodynamic               
(TEHD) model has been generated, accounting for all the physical phenomena of the lubricant, of the solid domains and of                    
their interaction. The importance of each physical phenomenon has been quantified, and a final modelling approach has                 
been proposed, for accurately evaluating the performance of a parallel surface thrust bearing. Furthermore, the generated                
model has been validated against literature experimental results. 
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1. Introduction 
In 1946, Fogg [1] published his experiments about the load          
carrying capacity (LCC) of the fixed-pad parallel surface thrust         
bearing. The ability of such a bearing to support load could not            
be explained by the classical lubrication theory; thus, he         
introduced the theory of the thermal wedge. In the discussion          
of the publication, Swift introduced the idea that thermal         
deformation of the stator could be the reason for the observed           
LCC. Since then, additional theories have been formulated and         
published; in his Thesis, Ettles [2] presented the predominant         
ones, namely: the thermal wedge, the viscosity wedge, the         
leading edge ram pressure effect, the macro roughness effect,         
the chamfer of the leading edge, and the thermal deformation          
of the bearing. In the present work, the importance of each           
theory has been quantified and a final modelling approach has          
been proposed, for accurately evaluating the performance of a         
fixed-pad parallel surface thrust bearing, by means of a 3D          
CFD-based thermoelastohydrodynamic (TEHD) model.    
Finally, the model has been validated against previously        
obtained experimental results [3]. 

 
Figure 1: Pressure profiles of a parallel surface thrust bearing 

for the different generated models. 
2. Methodology 
The TEHD model generated in the present work, is a coupled           
model, utilizing a CFD solver (ANSYS CFX) and a FE solver           
(ANSYS Mechanical). The lubricant viscosity, density, heat       
capacity, and thermal conductivity have been considered       
temperature dependent. The Rayleigh-Plesset equation has      
been utilised for cavitation modelling. Conjugate heat transfer        
has been calculated in both solid domains (stator and rotor),          
and the stator mechanical and thermal deformations have been         
taken into account, while the rotor is considered undeformed. 

3. Discussion 
After detailed investigation, it is concluded that the main         
pressure build-up mechanism of the fixed-pad parallel thrust        
bearing is the thermal deformation of the stator geometry.         
Moreover, the ram pressure effect, the macro roughness, the         
mechanical deformation, and the thermal wedge, have minor        
contributions to the LCC of the parallel surface bearing. 
A good correlation of the computational results with the         
experimental of Henry[3] has been observed (Fig.2).       
Furthermore, the inclusion of rotor deformation in the        
calculation model adds to the accuracy of the results, leading          
to a more accurate temperature distribution evaluation, and a         
better approximation of tribological characteristics of the       
parallel surface thrust bearing. 

 
Figure 2: TEHD results: Experimental Hmin correction  
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