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SYNOPSIS

enabling rupture and reformation

A caomputer program has been developed that can be used in the analysis
af steadily loaded journal bearings with a single groove at any
respect to the load line. The program incorporates Elrod’'s cavitation

which ensures mass canservation in bath the full film and the cavitated
boundaries to be
Computer resulits are plotted and checked against experimental

location with
algorithm

reglians
automatically.
measurements for

locsted

the casec af a single axial groove located at the load line and at %0° to the

loagd line. A comparison of

results of this @method of

performance predictions of ESDU Item No.84031 (1984) for bearings with a

analysis with the

axial groave at 90° to the load line is presented.
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1  INTRODLCTION

Accurate performance predictions of
mechanical components at the design
stage are cructial if an optimized design
is required ar when operating conditions
are expected to be close to the 1limits.
Far oil lubricated hydrodynamic journal
bearings flow rate and pawer loss in the
bearirg are important performance
parameters which determine the lubricant
temperature ricse and hence its
viscosity,; which in turn affects the
minimum €1ilm thickness and the bearing
load carrying capacity. In particular,
for a correct prediction of lubricant

flow rate, reformation a+ the
lubricating film in the vicinity of the
supply groave should be taken inta

account. The film of lubricant is not
continuous ail around the bearing. Film
rupture usually oaccurs scon after the

single
film profile begins to diverge. The
gisrupted film will reform 1in the

vicinity of the supply groove, depending
on the lubricant supply conditions.
Figure | shows the locatian af the
refarmation boundary (for a given groove
position and geometry) for two limiting
values of supply pressure: (a) zeroj; and
(b) a high value. Reformatiaon
considerations make thearetical analyses
based on computer sclutions complex and
time consuming. That appears to be the
reason why most aof the available data
for the design of hydrodynamic journal
bearings is based on solutions of
Reynoids’ equation which adopted
simplified reformation baoundary
conditions (sketched on Figure (-c),
usually not satisfaying mass f1ow
cantinuity. This is the case of the data
givern in the design procedure described
in ESDU Item No.B84031 (1), a commonly

used procedure for the design af
steadily loaded hydrodynamic journal
bearings. It has been shaown (2,3,4,5)
that this might result in inaccurate

predictions of flow rate in the bearing.

In a previous work (&) a numerical
analysis technique for the study of
journal bearings with a single axial
groave located at the position of
maximum Ffilm thickness has bean
developed which incaorporated Elrod’'s
cavitation algorithm (73, enabling
rupture2 and reformation boundaries to be
located automatically and allawing the
introduction aof the lubricant supply
conditions. This technigue has now been
extended by the authers to allow for the
analysis of bearings with a =single axial
groove at any locatian with respect to
the load line or two diametrically
opposed axial grooves. The lubricant was
considered to be isaviscous.

The aim at this paper is to
and discuss- the correlatiaon observed
between the performance predictions a+f
ESDU Item No.B4031 (1) for bearings with
a single axial gtroove 1located at 0°
to the load 1lime, and those obtained

present

using a computer program which takes
full account of the lubricant supply
conditions. Camputer results were
checked against experimental

measurements available.



2 COMPARISON CF COMPUTER RESULTS
WITH EXPERIMENTAL MEASUREMENTS

Published experimental data available
were mainly for journal bearings with a
single axial groove on the load line (2,
8, 9, 10). Experimental data for other
groove laocaticons (11, 12} is scarce,
especially for the case of a single
groave lacated at 90° tao the load line.
Clayton (8) has presented a few
experimental results for flow rate and
friction coefficient far this case, but
they were not suitable for comparison
over a range of variation af parameters.

Computer results were checked
against experimental measurements of
Dowson st al (10) far the case of a
single groove on the load lire (Figures
2 and 3), and of Clarc and Miranda (i3
for the case of a single groove at 90°
ta the 1load 1line (Figure 4). The
experimental canditians far each case
are shawn on Table 1.

Table 1 ~ Experiamental conditiors
for Figures 2, 3 and 4

Operating Figures 2 Figure 4
parameters and 3 (10) 13)
d (a) 0.1014 0.05
b/d 0.79 0.4&06
co/d 1.25-10—= $.23.10°>
a/h 0.875 0,404
w/d 0.047 0.210
W (N 2200 to 392.5
15 &00
N (r/amain) 1300 672 ta
1200
P+ (KN/@=) 275 100
(Ns /m=)
at: 40°C 0. 0250 0.0684
100°C 0.004% 0.0081
Groove at load line 90 1.14

The correlation observed was gocd
for both flow rate and power loss. The
maximum discrepancies on flow rate were
of 16.4 per cent and 21 per cent for the
cazes tepresented on Figures 2 and 4,
respectively. The maximum discrepancy
observed on power loss (Figure 3) was 11
par cent.

3 COMPARISON OF COMPUTER RESULTS WITH
THE PREDICTIONS OF ESDU ITEM No.8403%

Predictions of flow rate and power loss
of ESDU Item No.84031 (i) for bearings
with a single axial groove at 90° to the
toad line, were compared with computer
results. Various bearing and groove
geometries, and supply pressures, were
considerad.

For non—zaro values of supply
pressure a direct comparison an
dimensianless terms was nat passible.
Therefore, dimensional values of side
flow rate and power loss were calculated
for supply pressures of 50, 100, 150 and
200 kdN/m= with bearing geometry and
operating conditions as fallows:
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d=0.05mnm

N = 800 r/min

b/d = 0.5

Ca/d = 1.5-10"%

a/b = 0.8 and 0.4 (‘square hole)
w/d = 0.2

ts = 40°C

oil viscosity at:

40°C = 0.0390 Ns/m=
100°C = 0.0058 Ns/m=
(180 VG 46)
3.1 Flow rates
The comparative results for

dimensionless flow rate at zero supply
pressure are shown on Figures 3 and &.
For fixed (b/Q) and (a/b) the flow rate
predictions of Reference (1) were always
higher than those aof the computer
analysis. The discrepancies observed
increased with increasing values of (&),
(a/b) and (b/d). At a/b=0.8 and £E=0.9,
these discrepancies were of 15 and 26
per cent for values of (b/d) of 0.4 and
0.8, respectively.

A more detailed study of these
discrepancies was undertaken. Computer
results of dimensionless flaw rate <for
a/b=1 and w/d=0 (’'line’groove with axial
length equal to the bearing length)
showed to agree within 2 per cent with
the predictions of Reference (1).
Equally good correlation was obzserved
for values of (a/b) smaller than unity
with w/d=0. Therefore, it was concluded
that the discrepancies mencicned above
for pratical groove gecmetries were
mainly due to the consideration, or not,
of the hydrodynamic pressure over half
the width of the groove. The computer
analysis assumed a constant pressure
inside the groove and on the groove
boundaries equal to the lubricant supply
pressure, On the other hand, the data
used on Reference (1) to calculate side
flow rates at zero supply pressure does
nat take into account the width of the
groove, originating higher predictians
of flow rate.

It is worth noting the effectiveness
af the introduction of the carrection
factar (a/b) by the procedure of
Reference (1) to calculate side Fflow
rates, accounting for the length of the
groove. This approach has alsa proved to
give goaod results for bearings with a
single groove located at the position af
maximum film thickness (14).

The predictions of side flow rate
for values of supply pressure of 50 and
100 kN/m= are shown on Figures 7 and 8,
regpectively. For law values aof <{(a’/b)
significant discrepancies between the
computer results ard the predictions of
Reference (1) were observed, which
decreased with increasing values of
aeccentricity ratio. At a/b=0.8, a caommun
practical value, with law ta maderate
supply pressures (ps<150 kN/m3) and

values of eccentricity ratio of
practical interest (E>0.5)Y, the
carrelation obsarved was acceptable. At
P«=100 kN/m= (Figure 8) the maximum

discreparcy under thaose conditions was 9
per cent.

At higher supply pressures (ps>150
kN/m*) significant discrepancies were
observed for all values af tasbY and

(E). For instance, at p.=200 kN/m*® and
E=0.75 the computer results for alde
flow rate were 26 per cent and 30 per
cent greater than the predictions of
Reference (1), far values aof (a/b) of
0.4 and 0.8, respectively.

The reason far these discrepancies



was not completely understood and the
matter is being investigated further. 1t
was thought, towever, that they could he
the result of a combination of two
effects: (a) the discrepancies which
accur at zero supply pressure (Figures S
and &): and (b) the hydraostatic effect
of the supply pressure on the groove
region which was accounted Ffor in the
computer analysis, resulting an higher
attitude anglaes and, therefore, higher
clearences at the groove location than
those determined according to Reference
(1Y. Figure ? shaows the effect of supply
pressure on the attitude angle. A
similar effect has been reported for the
case of a single gracve lacated at the
pesition of maximum film thickness (14).

3.2 Power loss

Predictions of power loss were compared
using results for: (i) zearo supply
pressure, with b/d = 0.4 amd 0.8: anad
(ii) supply pressures of 50, 100, 150
and 200 kM/m=2, with b/d = 0.5.

Figures 10 and 11 shaow comparative
results for zero supply pressure (with

b/d=0.4) and for p=100 KN/m=,
respectively.
The correlation observed was

acceptable fer both zero anrd non-zero
values of supply pressure.

At p+=0 the discrepancies only had
some significance €for high values of
eccentricity ratio (£>0.8), increasing
with increasing values af¥ (a’/b). Maximum
discrepancies were abserved for &=0.9
and a/b=0.8, being of 10 per cent far
b/d=0.4 and 13 per cent for b/d=0.8.

At non-zero values of supply
pressure, the observed discrepancies
were mainly affected by (E) and (p+). A
maximum discrepancy af 13 per cent was
observed for p+=150 kN/m=, at E£=0.9.

4 CONCLUSIONS

Results of side flow rate and pawer loss
for hydradyramic jaurnal bearings
with a single axial groave at 907 to the
load tina provided hy a computer
analysis taking +full account of the
lubricant inlet conditions, have bheen
compared with the predictions aof ESDU
Item Nao.84031 (1).

(i) Computer results have been checked
against available experimental
measurements. Good correlation wWas
observed.

(ii) Results of the caomputer analysis
for dimensionless side flaw rate have
been compared with thase of Reference
(1) . At zero supply presswe, the
carrelation observed was good for low
values of (&) and (a/b). An lncrease of
these parameters has resul ted in
increased discrepancies which were
higher for high values af (b/d). Far
a/b=0.8 and &=0.9, the discrepancias
were of 15 per cent and 26 par cent for
values af (b/d) of 0.4 and 0.8,
respectively. Such differencies have
been explained by the fact that the
procedure of the ESDU document uses a
correction factar ta account for the
length of the groove but neglects its
width. Greater values of (w/d) will
ariginate higher discrepancies on side
flaw rate.

(iii1) For non-zera values of supply

pressure and low values ot (a/b), the
carrelation on side flow rate was
generally nat good. At a/b=0.8, a commun
practical value, with 1low to moderate
supply pressures (p:<150 kN/m=) and
values of () of practical interest
(E>0.5), the correlation observed was
acceptable. The maximum discrepancy
under these conditions was 9 per cent,
at p.=100 kN/m=. At higher supply
pressures significant discrepancies have
been abserved far zall values of (asb)
and (). The discrepancies occurring at
fon~zera values of supply pressure
appeared to be due ta the cambinatior of
two effects: (a) the conditians
aoriginating the discrepancies mentioned
in (ii) above; and (b) the Hhydrostatic
pressure ar the groove region, which bas
been accounted for 1in the computer
soglution, resulting on higher attitude
angles and, therefore, higher clearences
at the groove location than thaose
predicted by Reference (1).

{iv) The predictions of power loss of
Reference (1) showed good agreement
(within {0 per cent) with the camputer
results for commun values of bearing
aoperating parameters. However, at very
high eccentricity ratios (£>0.8) higher
discrepancies have been observed, with a
maximum of 15 per cent at &=0.9.

The study presented in this paper is
cne part of a broader research groject
concerning the analysis of hydrodynamic
journal bearings fed via axial grooves,
which inrcludes an experimental pragramme
for wvalidation of the theoretical
results.
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