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DISCUSSION 

W. W. Gardner2 

The type of bearing on which the tests reported in this paper 
were made is widely accepted and used by rotating machinery de
signers and manufacturers. Such bearings are frequently being re
quired to operate at increased speeds, primarily in turbomachine-
ry, so the data presented is a valuable addition to this particular 
area of machine design. 

One area of interest in the application of these bearings relates 
to. the details of the oil flow paths into, within, and out of the bear
ing and its associated housing. The author indicates the use of 
both overhead and bottom drain lines on the test rig and these are 
shown schematically in Fig. 3. The use of these drains, either both 
or only the top drain, was one of the primary test variables and ad
ditional information on the specific arrangement would be helpful. 
Could the author describe these drains including size and orienta
tion. That is, were they radially or tangentially positioned with re
spect to the bearing? 

In this same area, it is indicated in the introduction that the in
fluence of the "flooded" or "evacuated" bearing chamber on tem
peratures and power loss was investigated. All of the data present
ed is, it appears, for the "evacuated" condition. Would the author 
comment on the change found using the "flooded" condition as 
compared to the data presented? 

The decrease in pad temperature associated with the onset of 
turbulence, as shown in Figs. 5 and 6, is of interest in that it can be 
considered to confirm the theoretical prediction of higher load ca
pacity (as the author states) and it also provides direct evidence 
that this decrease occurs in thrust bearings as was previously re
ported as occurring in journal bearings (Reference [13]). Reference 
was also made to this temperature decrease in thrust bearings with 
the onset of turbulence in the author's closure of Reference [12]. 

The use of this temperature decrease to provide higher load ca
pacity in a practical application is largely discounted by the author 
due to the relatively high temperature level at which it occurs. 

For the specific bearings tested the discusser agrees, but would 
note that it may be possible to take advantage of this phenomenon 
with bearings of different materials (as high strength copper 
backed pads) or different geometries (as offset pivots), which oper
ate at lower temperature levels. Or, combinations of higher tem
perature capability bearing materials (as copper-lead) and high 
temperature synthetic lubricants, may permit this increase in load 
capacity under turbulent conditions to be used. 

One of the author's conclusions is that the ultimate design crite
ria is the maximum pad metal temperature in the loaded area of 
the bearing. The discusser has no argument with this but would 
like to add an additional comment to emphasize a point. This 
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being that the maximum allowable temperature is a variable de
pending on the specific bearing design and operating conditions. 
For example, bearing failure will occur at relatively lower pad tem
peratures (and higher loadings) at lower shaft speeds (discounting 
any turbulence effects). This was demonstrated in the work pre
viously reported.3 

Two final questions to assist in the use of the data presented in 
this paper; what was the location of the bearing metal thermocou
ples with respect to the pad surface, and, would the author com
ment on the "zero" applied load condition. Is there a fixed value of 
end clearance associated with this condition? 

R. S. Gregory4 

This current paper is one of a series of several published and 
proposed papers by this same author dealing with thrust bearing 
performance under very specific operating conditions, including 
the unusual super laminar flow regime. The test procedures out
lined in this paper are thorough and result in a large data base that 
fully delineates bearing performance under the various parametric 
conditions tested. The author is to be commended for the quality 
of his experimental technique, and further complimented for his 
restraint in publishing only a sample of the most significant data 
lest the complexity of the presentation confuse the issue. 

However, there are a number of topics, briefly mentioned in the 
text, which deserve some amplification simply because they are 
pertinent to overall bearing performance. 

(a) It is stated that the tests were performed with both "flood
ed" and "evacuated" housings. Were there significant differences 
between the two modes of operation, and were the various oil lev
els monitored visually or by other means to determine if the bot
tom oil drain was equally effective at high and low oil flow rates? It 
has been the discusser's experience that a gravity drain in the 
housing bottom must be carefully sized in order not to "starve" the 
bearing at low flow and still remain effective at high flow rates 
without choking. It seems that a valved or adjustable drain is an 
optimum solution only if the oil level is monitored to permit opera
tion at the same height, regardless of flowrate. 

(b) It is reported that all six pads were equipped with thermo
couples at the same 75-75 percent location. What degree of equali
zation was determinable, based upon the identical thermocouples 
in each of the six pads? Do Figs. 5 thru 8 represent measured tem
perature values for the hottest of the six pads? In a similar test on 
a 10% O.D. bearing, the discusser has found an average tempera
ture spread of 10-15°F between the coolest and hottest pads of the 
bearing, with occasional peaks of up to 25°F difference. 
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ditional information on the specific arrangement would be helpful. 
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comment on the change found using the "flooded" condition as 
compared to the data presented? 

The decrease in pad temperature associated with the onset of 
turbulence, as shown in Figs. 5 and 6, is of interest in that it can be 
considered to confirm the theoretical prediction of higher load ca
pacity (as the author states) and it also provides direct evidence 
that this decrease occurs in thrust bearings as was previously re
ported as occurring in journal bearings (Reference [13]). Reference 
was also made to this temperature decrease in thrust bearings with 
the onset of turbulence in the author's closure of Reference [12]. 

The use of this temperature decrease to provide higher load ca
pacity in a practical application is largely discounted by the author 
due to the relatively high temperature level at which it occurs. 

For the specific bearings tested the discusser agrees, but would 
note that it may be possible to take advantage of this phenomenon 
with bearings of different materials (as high strength copper 
backed pads) or different geometries (as offset pivots), which oper
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capacity under turbulent conditions to be used. 

One of the author's conclusions is that the ultimate design crite
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like to add an additional comment to emphasize a point. This 

2 Vice President-Engineering, Waukesba Bearings Corp., Waukesha, 
Wisc. Mem. ASME. 

88 / JANUARY 1976 
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pending on the specific bearing design and operating conditions. 
For example, bearing failure will occur at relatively lower pad tem
peratures (and higher loadings) at lower shaft speeds (discounting 
any turbulence effects). This was demonstrated in the work pre
viously reported. 3 

Two final questions to assist in the use of the data presented in 
this paper; what was the location of the bearing metal thermocou
ples with respect to the pad surface, and, would the author com
ment on the "zero" applied load condition. Is there a fixed value of 
end clearance associated with this condition? 
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conditions tested. The author is to be commended for the quality 
of his experimental technique, and further complimented for his 
restraint in publishing only a sample of the most significant data 
lest the complexity of the presentation confuse the issue. 

However, there are a number of topics, briefly mentioned in the 
text, which deserve some amplification simply because they are 
pertinent to overall bearing performance. 

(a) It is stated that the tests were performed with both "flood
ed" and "evacuated" housings. Were there significant differences 
between the two modes of operation, and were the various oil lev
els monitored visually or by other means to determine if the bot
tom oil drain was equally effective at high and low oil flow rates? It 
has been the discusser's experience that a gravity drain in the 
housing bottom must be carefully sized in order not to "starve" the 
bearing at low flow and still remain effective at high flow rates 
without choking. It seems that a valved or adjustable drain is an 
optimum solution only if the oil level is monitored to permit opera
tion at the same height, regardless of flowrate. 

(b) It is reported that all six pads were equipped with thermo
couples at the same 75-75 percent location. What degree of equali
zation was determinable, based upon the identical thermocouples 
in each of the six pads? Do Figs. 5 thru 8 represent measured tem
perature values for the hottest of the six pads? In a similar test on 
a 10% O.D. bearing, the discusser has found an average tempera
ture spread of 10-15°F between the coolest and hottest pads of the 
bearing, with occasional peaks of up to 25°F difference. 
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(c) It is stated that the 75-75 percent location is "near enough 
the maximum temperature to give good protection. . .". Fig. 4 
indicates that a generous quantity of thermocouples were distrib
uted over the pads, especially the bottom pad. Have the individual 
temperature values been evaluated to determine the location of 
the peak temperature occurring on the pad surface? The discusser 
has found that the highest measured pad babbitt temperature 
moves with different operating conditions, yet is located somewhat 
closer to the pad trailing edge. For example, at shaft speeds of 94.2 
m/s, one thermocouple (TR86-C89) exceeded the 75-75 percent 
location (TR75-C75) by 10-15°F for some low load conditions, 
while another thermocouple (TR50-C89) exceeded the 75-75 per
cent location by 30-40°F at high loads. This is mentioned so that 
the reader is aware that local hot spots on the pad surface possibly 
can exceed even the high temperatures reported in this paper for 
the 75-75 percent location. 

(d) Finally, the discusser is pleased to see some correlation be
tween the evidence of transition as typified by the power loss 
curves Figs. 13 and 14 and the temperaure curves of Figs. 5 and 6. 
While more work remains to be done on establishing a definite cor
relation, it appears that simple temperature measurements can be 
used to identify the transitional point between laminar and super-
laminar flow. The sharp drop in temperature at the supposed tran
sitional point is a dramatic indication of an abrupt change of state 
in the fluid film. 

It is felt that the author's test work contains much information 
that would prove useful to bearing users and designers, and future 
technical papers on this topic are awaited with interest. 

Authors' Closure 

The author would like to thank Messrs. Gardner and Gregory 
for their comments and for sharing several insights developed in 
similar test programs. 

As indicated in the discussions, the operation of the test stand in 
the "flooded" and "evacuated" modes was one of the major areas 
of investigation. Both the overhead and bottom drains were 4 in. in 
dia and were constructed such that they were tangential to the test 
housing. The discharge was then tangential with the 17 in. bearing 

installed in the housing. For the smaller bearings tested (15 and 12 
in.), the housing construction remained constant; thus the dis
charge flow became a combination of radial and tangential flow. It 
is important to note, that at all times, the periphery of the shaft 
collars were sealed by teflon seals to reduce parasitic losses. Gener
ally, it was observed that the power loss consumption in the 
"flooded" mode was appreciably greater and the bearing babbitt 
temperatures were higher than in the "evacuated" mode. Although 
the oil levels were not monitored, the size of the drains insured 
that the housing was either "flooded" or "evacuated" and the au
thor agrees completely that gravity drains must be carefully sized 
as not to "starve" the bearing. 

The second area of interest pointed out in both discussions, was 
the pad babbitt temperatures. The conclusion that the ultimate 
design criterion is the maximum pad metal temperature in the 
loaded area of the bearing is still valid at lower shaft speeds, where 
bearing failures have occurred at relatively lower pad tempera
tures. This phenomenon has been observed in several test pro
grams [2, 3] and can be explained by the mechanical properties of 
the babbitt surface [7]. To achieve true "hot-spot" temperature 
readings a broad range of thermocouple locations were used. The 
majority of the thermocouples were puddled directly in the bab
bitt using a construction previously documented in the literature 
[8, 9]. Based upon a pad metal temperature distribution, using the 
TR75_C75 thermocouples on all six pads, the load equalization was 
approximately ±5 percent from an average. This average tempera
ture has been used for presentation purposes, Figs. 5-8. Further 
data analysis is in progress, so that it will be possible to plot the 
isotherms across the pad surfaces from the leading to trailing 
edges. This analysis will be the subject of future publications. Dur
ing the test program, it was observed that the "hot-spot" tempera
ture did move with different operating conditions. The author 
would like to note however, before any direct comparison can be 
made to other test results, that all the parameters describing the 
bearing geometry (pad construction details) and operating condi
tions (oil inlet and discharge configuration) arrangements must be 
compared to the actual bearings tested. 

The "zero" load condition was considered to be a point of zero 
travel on the loading mechanism and zero pressure in the hydrau
lic load pistons. No attempt was made to actually measure the end 
clearance associated with this condition. 
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