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Thermal Features of Compliant
Foil Bearings—Theory
and Experiments
The paper presents an analytical and experimental investigation aimed at eliciting the
thermal characteristics of air lubricated compliant foil bearings. A Couette Approxima-
tion to the energy equation is used in conjunction with the compressible Reynolds equa-
tion to obtain a theoretical temperature distribution in the air used as a lubricant. The
effect of temperature on the thermal properties of the working fluid is included. In par-
allel, an experimental program was run on a 100 mm diameter foil bearing operating at
speeds up to 30,000 rpm employing cooling air across the bearing. The temperature rise
of the cooling air provided an indication of the amount of heat energy conducted across
the top foil of the bearing from the hydrodynamic film. The temperatures resulted from
some tests are compared with the temperatures predicted by the analysis, and maximum
over-prediction of about 19 percent was obtained. This simplified approach provides us
with reasonably predicted temperatures. By comparing the theoretical heat dissipation
obtained from the analytical predicted temperatures with the amount of heat carried away
by the cooling air it was possible to arrive at the relative quantities of heat transferred
from the bearing by convection via side leakage and by conduction via the top foil. From
these comparisons it was deduced that about an average of 80 percent of the heat energy
is carried away by conduction. The transient temperatures of the foil bearing in con-
ducted tests for various speeds and loads are also presented. �DOI: 10.1115/1.1308038�

Introduction
In view of the recent advances in the use of light-weight, high-

speed machinery the need arises for bearing systems that do not
suffer from the limitations of liquid-lubricated bearings or the
limited DN ceilings of rolling element bearings. One such bearing
is the compliant surface foil bearing �CSFB�. The elements of a
CSFB is shown in Fig. 1. This type of bearing can run on any
fluid, most commonly air. Either continuous or several top foil
sections can be arranged to form a full �360 deg� or multiplepad
configuration. The compliant foil surface readily accommodates
itself to centrifugal forces, external shocks, and to thermal expan-
sion of the rotor. Consequently, these bearings have been applied
to a wide range of rotating machinery such as cryogenic turboex-
panders, air cycle machines, compressors and turbochargers, some
of them running in excess of 100,000 rpm.
While the CSFB can tolerate high temperatures both because it

can run on gas and also because its materials can be selected for
their high temperature characteristics, there is one feature in its
construction that generally makes it necessary to resort to external
cooling. Without the external cooling the only heat removal routes
are conduction to the colder rotor and convection by side flows at
the beginning and end of bearing. Given that the top foil is very
thin and is separated from the solid housing by narrow contacts
with the bump foil, then the path for conducting away the heat
from the hydrodynamic film is greatly restricted. One method of
dealing with this problem is to employ a flow of cooling air di-
rected into the space between the top foil and the underlying
structure thus combining heat convection with the conduction tak-
ing place across the thin top foil—this in addition to the heat
convected by the side leakage of the lubricant. A viscosity-
temperature correlation incorporated into the ‘‘Couette Approxi-
mation’’ in place of the full energy equation, yielded an analytical

expression for the temperature rise in the foil bearing. Along with
this analysis an experimental program employing cooling air
across the axial extent of the bearing was conducted. A compari-
son of the test data with the calculated theoretical values of tem-
perature rise provided a reasonable estimate of the amounts of
heat energy transferred by conduction across the top foil and by
convection via the fluid film.

Theoretical Background
A brief review will be made first of the underlying equations

required to determine the standard performance characteristics of
a foil bearing. Along with the pressure distribution and total load

Contributed by the Tribology Division of THE AMERICAN SOCIETY OF ME-
CHANICAL ENGINEERS for presentation at the STLE/ASME Tribology Conference,
Seattle, WA, October 1–4. Manuscript received by the Tribology Division Feb. 14,
2000; revised manuscript received July 6, 2000. Paper No. 2000-TRIB-38. Associate
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