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ABSTRACT-In itself, there is a very thin boundary layer physically adsorbed to the bearing surface. When the bearing
clearance is far larger than the thickness of this layer, the boundary layer effect in the bearing is negligible, and conventional
hydrodynamic lubrication theory just addresses on this topic. However, with the worsening of the operating condition, the
bearing clearance can be largely reduced and comparable to the thickness of the adsorbed boundary layer. For this case, the
effect of the adsorbed boundary layer must be considered. The present paper presents the multiscale analysis for the
performance of the hydrodynamic journal bearing in a wide range of bearing clearance considering the effect of the
physically adsorbed boundary layer. The calculation results indicate for how low bearing clearances the adsorbed boundary
layer effect should be incorporated. When the minimum bearing clearance is on the same scale with the thickness of the
adsorbed boundary layer, the hydrodynamic pressure in the bearing is locally largely increased by the effect of the adsorbed
boundary layer, and the load-carrying capacity of the bearing is correspondingly largely increased. This is particularly
significant for a strong fluid-bearing surface interaction. The study shows the great contribution of the physically adsorbed
boundary layer to the performance of the hydrodynamic journal bearing in the condition of low surface clearances, and
indicates the necessity of the multiscale analysis for this bearing.
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NOMENCLATURE the bearing
On :dimensionless mass flow rate per unit contact
ao, a1, > constants length through the bearing
c : bearing clearance, R-r r : radius of the shaft
C, : pZ;f /p R : radius of the sleeve
C . 77e fr /n u : shaft circumferential speed
¢ 1 b{l lecule di w  :load per unit contact length carried by the bearing
D -l EO i;u ?ﬂllalgete,r W :dimensionless load per unit contact length carried
e : eccentricity of the bearing by the bearin
h : continuum fluid film thickness Xy C(})]ordinates g
be thicknesses of the adsorbed boundary layer ,5 -an gel, Equation (20)
o bf : critical thickness y - exponent
Hy hoglhersy & : eccentricity ratio, e/c
K . hf’f/ ¢ g  :parameter, Equation (28)
mo, my, My, msz . constants . . . Do “ hylh
N : numbers of the discretized points é  angular coordinate
b hydrodynamic P oymamic pressure g0 :angular coordinate of the location where the
) . maximum pressure occurs in the bearing
Peony : }Lydrodynarmc plrﬁss(;lredcalculgteﬁ from Pe : angular coordinate of the exit of the bearing
tAe /cznventlona ydrodynamic theory A¢  :envelope angles of the two neighboring discretized
q0 AV VIAY; .
: ) points
qm + mass flow rate per unit contact length through A.  :separation between the neighboring fluid molecules
in the circumferential direction in the adsorbed layer
A;  :separation between the (j+1)" and / fluid
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molecules across the layer thickness



