
Fig. 14 Stability curves C* versus o>* for Mg/W = 1 

— — G & r 
X data obtained by S. Cooper (Rolls-Royce Ltd.) 

5 The onset of H F W is zero when Mg/W = <». (This corre-
sponds to the case of vertical rotor W = 0.) 

6 For a given rotor mass and bearing clearance the eccen-
tricity ratio at the onset of instability remains virtually constant 
even though the bearing load is varied significantly. 

7 As the bearing clearance increases so does the eccentricity 
ratio at onset of instability. 

8 For the same value of p/pa the higher the L/D ratio the 
lower the onset of HFW. 

9 Frequency of initial disturbance may not coincide with the 
onset of half frequency whirl. In this region the instability is in 
the small and any external forces tend to damp out large ampli-
tude oscillations. 
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this program and that presented in reference [1 ]. The same con-
clusions as stated previously apply. 

Unfortunately, the data for L/D = 2 presented in reference 
[1] and plotted in Fig. 12 was for C = 0.0008 in. while that for 
L/D = 1 was for C = 0.0006 in., thus direct comparison of the 
effect of L/D ratio on the onset of instability is difficult. For this 
reason, Fig. 13 was plotted which shows the effect of L/D on the 
onset of half frequency whirl. Three important conclusions 
may be drawn from this figure: 

1 The higher the ratio of p/pa the higher the onset of HFW. 
2 For the same value of p / p „ the higher the L/D ratio the 

lower the onset of HFW. 
3 For the same bearing load the higher the L/D ratio the 

lower the onset of HFW. 

Fig. 14 showB comparison between theory and experiment for 
the initial disturbance as a function of bearing clearance for L/D 
= 2 and b = 1.0. These results clearly indicate the existence of 
a clearance at which onset of half frequency whirl occurs at lowest 
speed. The comparison between theory and experiment is also 
very good for other values of b. See reference [3 ]. 

Conclusions 
1 There is good agreement between theory and experiment 

for static load carrying capacity, eccentricity ratio, and attitude 
angle for plain cylindrical journal bearings. 

2 There is a clearance which gives minimum onset speed 
for a given bearing load. On either side of this clearance the 
threshhld of H W F is greater. 

3 The onset of H F W increases almost linearly with load. 
(This leads to the conclusion that A/W = constant.) 

4 The onset of cylindrical H F W increases with increase in 
roto mass. 

D I S C U S S I O N 
S. Whitley4 

I would like to congratulate the authors on a well presented and 
easily read paper on the load capacity and vibration characteris-
tics of journal bearings. I would, however, like to make a some-
what critical comment on the technical contents, stemming from 
results we obtained at Capenhurst, England, during similar 
investigations some years ago. First I think the title of the 
paper is somewhat inaccurate since the bearings used were not 
plain but had a small orifice in the bearing surface for use during 
starting and stopping periods. It has been known for a long 
time (for example, as reported at the symposium on gas bearings 
in Washington [8]6 in 1959) that an asymmetry in a bearing can 
change the onset-speed of half-speed whirl by as much as 50 
percent particularly at low specific loads of the order of 1 or 2 
lb/in2. It is therefore unwise to rely on conclusions concerning 
plain bearings from results obtained with bearings which are not 
plain. For example, it is possible that the result that there is a 
clearance which gives minimum onset-speed may be associated 
with the effects of the orifice, since Leicester, reference [8], found 
no minimum onset-speed of bearing conical half-speed whirl for 
plain bearings of 2 in. dia between radial clearances of 4 and 22 
X 10 " 4 in. 

These comments do not apply to conclusions (3), (4), and (5) 
and Figs. 10 and 12 which are from reference [9]. However, I 
find that plotting the results from Tables 2, 3, 4, and 5 (which are 
for these bearings containing an orifice) on to Figs. 10 and 12 
(which are for plain bearings) gives poor agreement, and it is 
not clear whether these figures contain new data which are not 
given either in reference [9] or in the tables. It is also not clear 
whech value of onset-speed the authors take as representing that 

' UKAEA, Capenhurst, England. 
6 Number in brackets designate References at end of this discussion. 
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of a plain bearing—is it with the orifice vented, or blocked, or at 
the top or bottom, or the mean value? 

The load capacity results should not be affected by the orifice 
and the results presented are in reasonable agreement with those 
of Raimondi [10] which, we have found, gives excellent agreement 
with our experimental data [9] which extends up to a compres-
sibility number of six. In this respect, I think it is a pity that the 
authors have departed from the practice of plotting specific load 
divided by ambient pressure against compressibility number. 
The Sommerfeld number has an important position in the theory 
of incompressible lubricants but no logical position in compres-
sible lubricant theory. By plotting the inverse Sommerfeld 
number (which equals 12 w-p/pa- 1 /A ) against A or 1 /A it is 
admittedly easy to read off the load capacity for an incompressible 
lubricant (A = 0), but it becomes increasingly difficult to do so at 
the more interesting end of the compressibility range. For ex-
ample, it is at high compressibility numbers that one can dis-
tinguish clearly between isothermal and adiabatic conditions in 
the gas film. The measurements in this paper are nearly all for 
A less than one, and probably not sufficient in themselves to 
justify the conclusion that the results will agree well with iso-
thermal theory at higher compressibility numbers (although we 
know that they will from previous evidence). 
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Authors' Closure 
We wish to thank Dr. Whitley for his comments and answer 

some of the points that he raised. With reference to the title we 
feel that, in general, no title describes the complete contents of any 
technical paper. The title should, however, describe the main 
subject matter and is intended primarily for indexing and cata-
loging. The accepted terminology for ungrooved cylindrical 
journal bearing is "plain." In this paper we feel justified to call a 
cylindrical bearing with a 0.020-in-diameter orifice as a "plain" 
journal bearing. The orifice was either open or closed and could 

be regarded as an imperfection. The main reason for including 
Table 1 and comparing Figs. 11(a) to 11(6) is to show the effect of 
orific elocation and load on the threshold of Half Frequency Whirl. 
The conclusions that we drew are based on bearing in which the 
orifice was plugged and in 180 deg position as shown in Fig. 2, 
and we consider these results to be for "plain" bearings. The 
differences shown in Table 1 for plugged orifice in 0 and 180 deg 
position may be due to imperfection, out of roundness, etc. Our 
observation is opposite to that reported in reference [1]; we find 
that the higher the load the greater the difference in threshold of 
H F W (refer to Table 1). 

The conclusion that there is a clearance which gives minimum 
onset-speed has been further verified in reference [11] which com-
pares several theories and experiments. Unless there is more 
known about the complete test system and instrumentation em-
ployed by Leicester, reference [1], it is impossible for us to com-
ment on the differences in observation. 

Our experimental data which are plotted in Figs. 10 and 12 
were obtained with the orifice plugged and in 180 deg position. 
We consider these results as those for plain cylindrical j ournal bear-
ings and, therefore, compare them to the data given in reference 
[1]. The points for Fig. 10 are given in Fig. 9 for C = 0.0006 in. 
and Mg/W = 1, 1.5, and 2 and for Fig. 12 from Fig. 11(a). 
We consider the comparison good and are surprised with the 
comment made in the discussion, "gives poor agreement." 

There are several reasons why we prefer to use inverse Sommer-
feld number as the dimensionless parameter rather than P/pa. 
In the first place, such a graph makes comparison between incom-
pressible and compressible results easy. Second, the threshold of 
Half Frequency Whirl is lower for low A than for high A, there-
fore, this region is of considerable interest. In the third place, the 
A = 0 corresponds to the incompressible solution which is the 
limit for the compressible results and these solutions are available 
for numerous bearing geometries. 

The results in our paper extended to A = 5 and not less than 
one as indicated by Dr. Whitley. We do not understand why Dr. 
Whitley raises the question of isothermal versus adiabatic condi-
tions in the film and then in the last sentence he states that isother-
mal conditions exist (although we knowthat they will from previous 
evidence). We agree that isothermal conditions are present. 
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