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Overview of Current Investigations 
Bearings or seals that work at high temperatures are both a critical necessity and a 
bottleneck for raising the temperature of the thermodynamic cycle of internal combustion 
engines. The objective of this project is to evaluate the feasibility of a new tribological 
self-lubricating bearing system that can work at temperatures in excess of 1300 C, and at 
high speeds (20-100K rpm).   Such bearings can be used in the hot sections of a jet 
engine, in power gas turbines and rocket turbopumps, or the in- and out-cylinder 
components of automobiles.  The proposed concept is cost-effective, mitigates 
environmental concerns and presents extraordinary possibilities for further and rapid 
technology transfer to the aeronautics and automotive industries, as well as the general 
population of rotating machinery.  Success in this endeavor will yield revolutionary, 
rather than evolutionary, design and product outcomes. 
 
The proposed zero-leakage, self-lubricating, tribological system consists of a 
hydrodynamic porous bearing system lubricated with a liquid Gallium/Indium mixture.  
This fluid is stored in the porous medium of the bearing race as well as the doughnut 
shaped reservoir that wraps around it.  As hydrodynamic pressure rises in the convergent 
regions of the bearing due to rotation of the shaft, the fluid tends to run out either axially, 
or radially through the porous medium.  At the axial ends of the bearing the fluid 
encounters a system of inward pumping spiral groove seals and a labyrinth seal.  These 
seals prevent axial leakage.  The radially outgoing fluid leaves the bearing through the 
porous medium in the high-pressure region, returning to the reservoir.  By continuity, 
momentum, natural and forced convection laws, the fluid will circulate in the reservoir 
and re-enter the bearing in the low-pressure region through the porous medium.  The 
result is a potentially zero-leakage device that lacks an external, pump-driven lubricating 
system.       
   
To design this self-lubricating, zero-leakage bearing we are: (i) developing mathematical 
models of flow in the bearing system; (ii) developing a model for the thermal 
management of the liquid metal lubricant, that ensures appropriate cooling in the absence 
of an external pump driven circulating system; (iii) developing an integrated computer 
code for calculations of the bearing and adjacent axial seals performance; (iv) providing a 
fundamental scientific framework for parametrically designing this novel bearing system; 
and (v) designing and constructing a bench-top prototype bearing that proves feasibility 
at the operational parameters of the aeronautics and automotive industries. 
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