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ABSTRACT 
In conventional liquid lubrication it is assumed that 

surfaces are fully wetted and no slip occurs between the fluid 
and the solid boundary. Under the “no slip” condition the 
maximum shear gradient occurs at the fluid-surface interface.  
When one or both surfaces are non-wetted by the fluid, 
boundary slip can occur due to weak bonding between the fluid 
and the solid surface, which reduces shear stresses in the fluid 
adjacent to the non-wetted surface. A thrust bearing tribometer 
was used to compare the performance of “no slip” 
hydrodynamic thrust bearings with bearings surfaces that were 
made to slip at the interface between the surface and fluid. 
Hydrophobic surfaces on both runner and bearing were 
achieved with the deposition of hydrogenated diamond like 
carbon (H-DLC) films, produced by plasma-enhanced CVD on 
titanium alloy surfaces. Hydrophilic surfaces were created 
through the surface modification of DLC. A mixtures of water 
and glycerol was used as the lubricant. The tests were 
conducted using different constant bearing gaps. The normal 
load and the torque or traction force between the rotating 
runner and hydrodynamic thrust bearing were measured with 
load cells. The experimental results confirmed that load support 
is still possible when surfaces are partially-wetted or non-
wetted.  

INTRODUCTION 
In the fundamental lubrication theory based on the 

Reynolds equation, (see for example, Szeri [1]) it is assumed 
that the surfaces are fully wetted by the fluid and no slip occurs 
between the fluid and the solid boundary.  This ‘no-slip’ 
boundary condition enables the velocity gradient within the 
fluid film to be determined and hence Reynolds continuity 
equations to be derived. This boundary condition has been 
extensively verified by experiments and by kinetic theory and 

is used as the basis for design of hydrodynamic bearings. 
However, recent research with specially prepared surfaces 
[2,3,4,5] and molecular dynamic simulations [6,7] have shown 
that boundary slip is possible under certain conditions. The 
non-wetted or hydrophobic surfaces are either chemically 
prepared and molecularly smooth [2,3] or contain special 
micron-scale textures [5]. These studies have shown that when 
one or both surfaces are non-wetted by the fluid, boundary slip 
occurs due to weak bonding between the fluid and the solid 
surface, thereby reducing shear stresses in the fluid adjacent to 
the non-wetted surface. Recent experiments and theoretical 
analyses [8,9,10,11] suggest that load support is still possible, 
especially when only one surface is non-wetted, provided that 
the wetted surface is in motion relative to the other.  Numerical 
analysis of heterogeneous slip/no-slip surface (i.e, the 
stationary surface contains regions of slip and no-slip) have 
confirmed that load support is higher and the friction is lower 
compared to a conventional no-slip bearing [12,13]. 

The concept of half-wetted bearings represents a new 
opportunity for design of bearings, especially for applications 
where reductions in wall shear and friction are beneficial.  The 
purpose of the present study was to evaluate this concept 
through a comprehensive set of experiments using a water 
lubricated thrust bearing coated with hydrogenated diamond 
like carbon (H-DLC). 

EXPERIMENTAL SET-UP 
A thrust bearing tribometer was used in the study. The 

thrust bearing housing is mounted on a frictionless rotary 
hydrostatic air table. The thrust runner is mounted to a variable-
speed electric motor shaft. Bearing performance (i.e. load 
capacity, flow rate, power loss and friction coefficient) was 
assessed with a water-based lubricant having a viscosity of 3.5 
cP. Following calibration of the system, the lubricant container, 
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