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This paper compares and analyzes the influence of lubricant
supply temperature on the performance of a tilting-pad, equalizing,
thrust bearing. The paper presents experimental data for a 267-
mm (10'/2-in OD) bearing, operating at shaft speeds up to 13 000 rpm
with loads ranging up to 3.45 MPa (500 psi). The data presenied
demonstrate the relative effect that changes in lubricant supply
temperature have on bearing power loss and babbitt temperature.
Some conclusions are drawn based upon the trend in relative per-

Sformance for each lubricant supply temperature tested.

INTRODUCTION

One of the parameters that influences the performance
of a fluid film thrust bearing is the lubricant supply tem-
perature. Decisions regarding the lubricant supply temper-
ature are not only reflected in the initial cost of a project,
but also in bearing performance and, ultimately, operating
cost. Expensive energy has given bearing power loss added
importance when evaluating design alternatives. Unfortu-
nately, except for specialized bearing designs (1), (2), most
techniques employed that reduce bearing power loss in a
conventional thrust bearing design do so at the expense of
the bearing pad or “shoe” operating temperatures. Increas-
ing the lubricant supply temperature to reduce the effective
viseosity is no exception, but the question of just how much
the power loss and babbitt temperature will be affected
remains unanswered. The purpose of this paper is to pro-
vide the information necessary to evaluate the effect of lu-
bricant supply temperature changes on bearing power loss
and maximum babbitt temperature, based on actual per-
formance data.

The effect of lubricant supply temperature was evaluated
on a (lting-pad, equalizing, (6 X6) double-thrust bearing
arrangement. The bearing was tested using a light turbine
oil which had a viscosity of 0.027 Pa.s @ 37.8°C and 0.005 Pa.s
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@ 98.9°C (150 SSU @ 100°F and 43 SSU @ 210°F — 1SO
VG32). The viscosity-temperature curve for this lubricant
is shown in Fig. 1. The lubricant supply temperature was
varied from 43.3°C to 65.6°C in 5.6°C (110°F to 150°F in
10°F) increments. The shaft speed ranged from 5000 rpm
to 13 000 rpm and the load ranged from a “no-load” con-
dition to 3.45 MPa (500 psi) in increments of 0.345 MPa
(50 psi).

TEST BEARING DESCRIPTION

The test bearing was a 267-mm (10.5-in) tilting-pad,
equalizing, double-thrust bearing. Each individual element
of the double-thrust bearing consisted of six steel-backed
and babbitt-faced heavily instrumented pads or shoes on
each side of a rotating coltar for a (6 X 6) configuration. The
shoes had a babbitted OD of 267 mm (10.5 in) and a bore
of 133 mm (5.25 in), for a total bearing area of 356 ¢cm®
(55.1 in%). Details of the arrangement of the two elements
in the bearing housing can be found in Ref. (3).

Lubricant was supplied to the bearing by the conventional
pressurized or controlled flow method. A detailed descrip-
tiont of this lubricant supply method can be found in Refs.
(3) and (4). The oil llow rates supplied to the bearing were
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Fig. 1—Temperature-viscosity curve for the ISO VG32 lubricant
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the “standard flow rates” as described in Ref. (5). In addi-
tion, it should be noted that for all the lubricant supply
temperatures tested, the standard flow rate was maintained
by varying the lubricant supply pressure.

All tests were conducted with the bearing collar shrouded
by an oil control ring bored to a 3.97-mm (%z2-in) radial
clearance and htted with a 24.5-mm (1.0-in) diameter tan-
gential discharge port.

The bearings were instrumented with 43-]J-type ther-
mocouples puddled in the babbitt itself, approximately
0.8 mm (%42 in) below the actual babbitt surface. Thermo-
couples were also placed in the lubricant supply and drain
lines to measure these temperatures. The location of the
thermocouples across the babbitt face of the pads is shown
in Fig. 2.

TEST DATA

The data are presented in relative rather than absolute
terms in the form of percentage changes from a benchmark
value established at 48.8°C (120°F). The 48.8°C (120°F)
benchmark was established because it is a value represen-
tative of most industrial applications. The percentage changes
are calculated in the following manner:

V - Vg
Y = v x 100

Y = percentage change (in power loss or temperature)
from 48.8°C (120°F) for common load and shaft
speed combinations.

V' = power loss or maximum babbitt temperature re-
corded for a specified load, shaft speed and lubri-
cant supply temperature combination.

Vi = power loss or maximum babbitt temperature at the
same load and shaft speed as V for a lubricant sup-
ply temperature of 48.8°C (120°F).

THERMOCOUPLE LOCATIONS ON SHOE

. NOLNON

Fig. 2—Location of thermocouples puddled in the shoe babbitt

OPERATING TEMPERATURES

Comparisons of operating temperatures are made be-
tween maximum measured babbitt temperatures regardless
of location on the bearing. Figures 3 through 5 compare
the relative response, on a percentage basis, of the maxi-
mum measured babbitt temperature to changes in the lu-
bricant supply temperature for bearing loads of 0.69, 2.07,
and 3.45 MPa (100, 300, and 500 psi). Each increment of
oil supply temperature change is 5.6°C (10°F) and repre-
sents an excursion of 8% percent from the 48.8°C (120°F)
benchmark. The excursions range from 8% percent below
to 25 percent above the benchmark.

The relative response of maximum babbitt temperature
to changes in oil supply temperature for a bearing with a
0.69 MPa (100 psi) load at shaft speeds of 5,7, 8,9, 11, and
13 000 rpm is shown in Fig. 3. Although the extent of the
oil supply temperature excursions ranges from 25 percent
above to 84 percent below the benchmark, the response of
the maximum babbitt temperature is limited to 17.6 percent
and —6 percent, respectively. Maximum babbitt tempera-
ture is not ounly influenced by oil supply temperature but
also shaft speed, and both of these factors influence the
onset of turbulence in the bearing’s oil film. The various
shaft speed and oil supply temperature combinations result
in different laminar to turbulent transition points for each
oil supply temperature. This is reflected in the erratic re-
sponse of the maximum babbitt temperatures for both 8
and 9000 rpm. The remainder of the responses (5, 7, 11,
and 13 000 rpm) were very predictable for the oil supply
temperatures above the benchmark; the lower the shaft
speed, the greater the influence on maximum babbitt tem-
perature. The responses for the oil supply temperature be-
low the benchmark demonstrated no discernible pattern.

Figure 4 shows the maximum babbitt temperature re-
sponse for a bearing loaded to 2.07 MPa (300 psi). Differ-
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Fig. 3—A comparison of the percentage changes in maximum babbitt
temperature for a percentage change in oil supply temperature
for a bearing loaded to 0.69 MPa for shaft speeds of 5, 7, 8, 9, 11,
and 13 000 rpm.
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Fig. 4—A comparison of the percentage changes in maximum babbitt
temperature for a percentage change in oil supply temperature
for a bearing loaded to 2.07 MPa for shaft speeds of 5, 7, 8, 9, 11,
and 13 000 rpm.

ences in the relative temperature response attributable to
additional bearing load can be seen by comparing Figs. 3
and 4. Pronounced differences occur in the response of the
babbitt temperatures for the oil supply temperatures both
above and below the benchmark. The higher bearing load
has significantly reduced the maximum babbitt tempera-
tures excursions (17.6 vs 10.5 percent) above the bench-
mark. The overall response below the benchmark oil supply
temperature is similar in that the babbitt temperature ex-
cursions have also been significantly reduced (—6 vs —3
percent).

The higher bearing load also caused the maximum bab-
bitt temperature response for the shaft speeds above
8000 rpm to converge at about 3.4 percent when the oil
supply temperature is increased 84 percent. Additional in-
creases in the oil supply temperature cause the babbitt tem-
peratures to once again diverge. Itis interesting to note that
the effect of the additional load is almost nonexistent for a
shaft speed of 13 000 rpm. Regrettably, the erratic babbitt
temperature responses 1ecorded at the other shaft speeds
do not seem to exhibit any definitive pattern of behavior,

The response of maximum babbitt temperature to a high
bearing load (3.45 MPa-500 psi) is shown in Fig. 5. The dif-
ference in the relative temperature response attributable to
changes in bearing load can be seen by comparing Figs. 3,
4, and 5. Figurce 5 shows that, once again, the effect of
additional bearing load is to reduce the maximum babbitt
temperature excursions to 8.7 percent above and — 2.5 per-
cent below the benchmark oil supply temperature. The ad-
ditional bearing load has also increased the tendency of the
temperature response at all shaft speeds, except 9000 rpm,
and all oil supply temperatures to converge. The erratic
babbitt temperature responses evident at the lower loads
have been further moderated by the additional bearing load
for shaft speeds above 9000 rpm. The reason for this can

! * = 5,000 RPM

& 1 ] +=7,000 RPM
S 1254 . O = 8,000 RPM
g 4 A=
5 | 9,000 RPM
= ! 0= 11,000 RPM
& ] [ O = 13,000 RPM
8 10 :
E ] BEARING LOAD 3.45 MPa (500 PSI)
@ ] |
@ 754 ‘
P I
3 |
! ]
2 5] |
« ] ]
= ¢ |
Z ] 1
g 257 J
2 i
<
& |
© d )
B 0 S i e
< )
&
g |
=
& 2.5 :
& |
A

' i

B B B R T TN
-0 -5 0 5 10 15 20 25 30

PERCENTAGE CHANGE IN OIL SUPPLY TEMPERATURE

Fig. 5—A comparison of the percentage changes in maximum babbitt
temperature for a percentage change in oil supply temperature
for a bearing loaded to 3.45 MPa for shaft speeds of 5,7, 8, 9, 11,
and 13 000 rpm.

be attributed to the oil film thickness. The high sliding ve-
locity generates high film temperatures which, in turn, re-
duce the effective viscosity of the oil in the film. Beyond a
certain temperature, the temperature viscosity curve be-
comes fairly flat (See Fig. 2) thereby stabilizing the effective
viscosity and, therefore, the oil film’s response to changes
in bearing load.

The contrast in turbulent transition points between the
various oil supply temperatures produces a very interesting
result: At a shaft speed of 9000 rpm, the maximum babbitt
temperature excursions ranged from --0.75 to —2% per-
cent. This occurs because of the differences in babbitt tem-
perature peaks (6), (7), (8). The explanation for this is that
babbitt temperatures for the oil supply temperatures above
the benchmark peak at 8000 rpm, while, for the benchmark
and below, the peak occurs at 9000 rpm. This results in the
maximum babbitt temperature of the benchmark being the
highest at a shaft spced of 9000 rpm. Therefore, it should
be noted that under a certain set of operating conditions
(load, speed, oil Aow rate, and oil supply temperature), in-
creasing the oil supply temperatures may actually reduce
babbitt temperatures. Replotting Fig. 5 so that shaft speed
is the independent variable, yields Fig. 6.

The influence of shaft speed on the maximum babbitt
temperature excursions from the benchmark oil supply
temperature can be seen in Fig. 6. The most significant

events on this plot are the turbulence induced “V's” at

9000 rpm. The “V’s” result because the various combina-
tions ol operating conditions produce the different peak
temperature points that have been previously mentioned.

The influence of bearing load on the maximum babbitt
temperature excursions for the four oil supply tempera-
tures can be summarized as follows: The low-load (0.69 MPa
= 100 psi) bearing exhibited the greatest sensitivity (o changes
in the oil supply temperature both above and below the




The Effect of Lubricant Supply Temperature on Thrust Bearing Performance 223

MAXIMUM MEASURED
3 BABBITT TEMPERATURE
3 @ 3.45 MPa (500 PSI)

] -0
| / 48.8°C
o * e @ o

O

» 43.3°C

B

o

S 10-

o 1 o
) : 65.6 C
=

= i

= 7:57

8 R

& | 60°C

g s

2 2

-

oo

(&) -

o 2.5 54.4°C
= i

<

=

Z

=

(&}

[s9]

=

Ay

T T T T
5 6 7 8 9 10 11 12 13

SHAFT SPEED RPM x 10-3
Fig. 6—A comparison of the percentage changes in babbitt temperature

to changes in shaft speed for a bearing loaded to 3.45 MPa at oil
supply temperatures of 43.3, 54.4, 60 and 65.6°C.

benchmark. Almost without exception, the greatest excur-
sions were those of the low-load bearing. The medium
(2.07 MPa — 300 psi) and high (3.45 MPa — 500 psi) bear-
ing loads were generally less sensitive to changes in the oil
supply temperature. The higher bearing loads have a sta-
bilizing effect on bearing temperatures. This is because, at
the higher loads, the load-induced changes in oil film thick-
ness are not as severe as the changes when the bearing is
only lightly loaded.

POWER LOSS

Bearing power losses were established by the familiar en-
ergy balance technique whereby the loss is computed as a
direct function of the measured oil temperature rise (supply
to discharge), measured oil flow rate, and the specific heat
of the lubricant. Omitted from this analysis were radiation
losses from the housings and conduction losses via shafting
and foundation because they are small and constant for the
entive series of tests.

Bearing power losses are inlluenced by the oil supply
temperature because of the temperature-viscosity relation-
ship. (See Fig. 2.) As mentioned before, the higher the oil
temperature, the lower the eftective viscosity and, there-
fore, the lower viscous shear and power loss. Comparisons
ol the power loss responses for the various oil supply tem-
perature and load combinations are shown in Figs. 7
through 9.

The power loss excursions (percentage) for the various
supph temperatures at a bearing load of 0.69 MPa (100 psi)
are plotted on Fig. 7. The response of all shalt speeds, ex-
cept 7 and 13 000 rpm, to an 8% percent increase in oil
supply temperature is higher, not lower, power loss. An
additional increase in oil supply temperature of 8% percent
puts all except 8000 rpm into the negative category. In-
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Fig. 7—A comparison of the percentage changes in bearing power loss
and for a percentage change in oil supply temperature for a bear-
ing loaded to 0.69 MPa for shaft speeds of 5, 7, 8, 9, 11, and
13 000 rpm.

creasing the oil supply temperature 25 percent finally puts
the 8000 rpm excursion on the negative side. The maxi-
mum power loss excursion is only 7% percent compared to
the 25 percent increase in oil supply temperature. As was
the case with the babbitt temperature responses, the power
loss responses are erratic and seem to follow no particular
pattern, except for 8 and 9000 rpm. Comparing the tem-
perature response of 8 and 9000 rpm in Fig. 3 with the
power loss response would suggest that these two shaft speeds
are in the turbulent transition range.

The power loss response to a moderate load (2.07 MPA/
300 psi) can be seen in Fig. 8. The additional load, with the
exception of 5000 rpm, has caused the power loss responses
of the individual shaft speeds to group themselves within a
range of 3% percent. In fact, the response of both 11 and
13 000 rpm remained almost unchanged. Although the
maximum power loss excursion has increased Lo almost — 11
percent when the oil supply temperature is increased 25
percent, this increase is attributable solely to the response
of 5000 rpm. Unfortunately, as was the case for the babbitt
temperature excursions at this load, no definitive pattern
seems to be suggested. One possible explanation for the
large excursions at 5000 rpm is that, at this low shaft speed,
the primary effect on bearing power loss is oil film shear
and not pumping and churning losses.

The effects of a high bearing load (3.45 MPa/500 psi) on
the power loss response for the various oil supply temper-
atures is plotted in Fig. 9. Once again, the excursions at 11
and 13 000 rpm are almost identical to those of the previous
two loads (Figs. 7 and 8). One consequence of the additional
load is the onset of the turbulent transition at 9000 rpm.
The correlation between minimum babbitt temperature and
maximum power loss is excellent (Figs. 5 and 9). The re-
mainder of the shaft speeds tested do not yield very pre-
dictable responses. This can only be attributed to a shifting
laminar-turbulent transition point.




224 A. M. MikuLA

2.5 ‘
i BEATING LOAD 2.07 MPa (300 PSI)
7] i [
@0 0 R i —
3 .
5 ] \
E-zs—' '|
[ v |
= ] H
= ]
e
= | |
- ) ]
3]
g ~7.57 |
[E 1}
& |
g ]
-10—
£ = |*=5o
1 !+ =7.000 RPM
| o = 8,000 RPM
-12.5- | A=9.000 RPM
1 | o= 11,000 RPM
] io= 3,000 RPM
o o o et MU
46 5 9 5 1o 15 4b 95 30

PERCENTAGE CHANGE IN OIL SUPPLY TEMPERATURE
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rpm.

It is hoped that the information herein presented will
prove useful to both the designers and users of rotating
machinery in making decisions regarding changes to the oil
supply temperature.

CONCLUSIONS

1. Oil supply temperature is one of the variables, as well
as load and speed, that can change the laminar-
turbulence transition point.

2. Oil supply temperature changes that shift the laminar-
turbulent transition point make the effect of that change
extremely difficult to predict.

3. The influence of oil supply temperature changes can
be predicted if the transition point is not shifted. In-
creases in the oil supply temperature result in higher
babbitt temperatures and lower power losses and vice
versa.

4. The percentage changes in babbitt temperature and
power loss are less than the percentage change in oil
su;iply temperatures.

5. The higher bearing loads moderate the babbitt tem-
perature excursions that result from oil supply tem-
perature changes.
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Fig. 9—A comparison of the percentage changes in bearing power loss
for a percentage change in oil supply temperature for a bearing
loaded to 3.45 MPa for shaft speeds of 5, 7, 8, 9, 11, and 13 000
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