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Influence of the viscoelasticity on cavitation in bearings
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The addition of polymers in lubricant mineral oils is common practice. The lubricants
become then viscoelastic due to these additives [1] and their load capacity increases.
Furthermore friction and wear can be reduced by using polymeric lubricants. Polymer
additives have a relaxation time λ, which varies between 10−4 − 10−6 s. If the lubrication
process and the polymers relaxation time scales are commensurable, a strong time depen-
dent effect is expected [2]. Deborah number, defined as De = λU

L
, where L is the bearing

length and U is the sliding speed, is used to evaluate this time dependence. Another im-
portant phenomenon occurring in bearings is cavitation, which can strongly influence the
load capacity and have disruptive effect on the bearing. For this reason, accurate predic-
tions of the cavitation appearance are fundamental. In this work we examine the effect of
the viscoelastic behaviour on cavitation. We solve then the Reynolds equations modified
by the Elrod algorithm [3] to model cavitation and the upper convected Maxwell model
to study viscoelasticity. We have analysed several bearing geometries, such as a parabolic
slider, a pocket and a ridge. Viscoelasticity has a beneficial effect by reducing the cav-
itated region in the lubricant film, as shown in fig. 1 where the pressure distribution is
shown for two different minimum film thicknesses hmin.

Figure 1: Non-dimensional pressure p∗ = p
µUL/hmax

(where hmax is the maximum of the film thickness),

for a parabolic slider with minimum film thickness (left) hmin=0.1 and (right) hmin=0.5. The lubricant
cavitates where p∗ = 0.
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