
D I S C U S S I O N 

H. Horowitz1 

I last published in this area in the early 60's (refs. [D1-D3]) 
in what may have been the first paper on non-Newtonian 
lubricants in journal bearings. I am impressed by how much 
progress has been made in the mathematical ability to solve 
such problems of increasing complexity, although the results 
are pretty much the same: the shear thinned oil performs as 
if it had a viscosity somewhere between the low shear value 
and the high shear (base stock) value. Our old work was at 
steady state only, whereas the present work includes dynamic 
loading, viscoelasticity and compressibility and probably could 
include pressure and temperature effects. 

One interesting effect that we noted was that while there is 
only one local viscosity at every point in the lubricant film, 
defined by the resultant of the shear rates at that point, just 
as in the present paper, the effective apparent viscosity in the 
circumferential direction is lower than in the axial or side 
leakage direction. This shows up more dramatically with 
greases, which shear thin much more than lube oils [D3]. Per
haps this shows up in the factors called F2 and F3 in the present 
paper. 

As shown in Fig. 4 of the paper, the constitutive equation 
chosen to relate viscosity to shear rate makes the transition 
from the high to the low viscosity more rapidly than the ex
perimental data. Our measurements with polyisobutylene and 
methacrylate polymers showed that it took about four decades 
of shear stress for this transition, rather than the - 1 . 5 decades 
of Fig. 4. (Shear stress is a convenient parameter, because the 
degree of shear thinning of the polymer contribution to vis
cosity versus shear stress is virtually independent of temper
ature (4) and pressure (5).) Why not use the more accurate 
data as long as the computer program is so versatile? Along 
this same line I would urge the author to apply his mathematics 
to 5W-30 oils, which have a higher ratio of the low to the high 
shear viscosity than the ones shown in Fig. 4, and might show 
larger effects. 

There are not many terms dealing with time effects and so 
I wonder whether the "squeeze film" effect has been simulated 
adequately or whether the calculations come closer to gener
ating a succession of steady-state solutions. Has the mathe
matics ever been applied to the case of zero rotation speed to 
determine whether a reasonable "squeeze film" solution is 
obtained? 

It seems to me that one of the difficulties in dynamically 
loaded bearing calculations is that there are configurations 
where a sudden change in the size and direction of the load 
could produce a large change in eccentricity. 

In the case of non-Newtonian lubricants a large number of 
trial-and-error solutions would appear to be necessary to es
tablish the correct eccentricity. The author has circumvented 
this problem by introducing an admittedly minor term having 
to do with the inertia of the journal. He then uses this term 
to calculate the eccentricity when the load changes. Is this not 
a case of the tail wagging the dog? Inclusion of this term may 
help the robustness of the solution, but is it also possible that 
it helps to damp out the occasional extreme changes in eccen
tricity that cause the metal-metal contact often observed? Fig
ures 5(a) and 6(b), and 8 all show hefty minimum oil film 
thicknesses, for example. 

In the end the bearing performs as if it were operating on 
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a lubricant of lower viscosity than the low shear value. The 
power loss is reduced "despite the fact that the film thickness 
is reduced." There should be no surprise here. Reducing the 
film thickness under hydrodynamic conditions always gives a 
friction reduction, but at a sacrifice in the margin of safety 
against wear. In real bearings capacitance measurements show 
that when the film thickness falls to values within the r.m.s. 
roughness values of the surfaces, metallic contact is made. 
Most auto drivers would feel that the danger of this situation 
outweighs the benefit of the power loss reduction, which is 
small in journal bearings, in general. 
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Author's Closure 

I would like to thank the discusser for his insightful com
ments and will try to respond to the questions raised in the 
discussion. 

It is not clear how "effective apparent viscosity in the cir
cumferential/axial direction" is defined by the discusser. We 
treat viscosity as a scalar which is considered mathematically 
sound. The factors F0, F2 and F3 are cross-film integrals of 
viscosity and have no direction associated with them. 

In response to the discusser's call for application of this 
analysis to a 5W-30 oil with more accurate data we present 
additional results for a 5W-30 oil where the Cross equation 
was used for representing the shear-rate dependent behavior 
of the oil (Cryoff et al.). The Cross equation parameters used 
are shown in Table A. l . Figure A.l (a) shows the film thick
ness and Fig. A.l (b) the power loss as a function of crank 
angle for a 5W-30 non-Newtonian oil. Curves for two New
tonian oils with viscosities evaluated at zero shear (Newtonian 
1) and at infinite shear (Newtonian 2) are also included for 
comparison. The results are similar to the cases discussed in 
the paper. The only difference is that in this case the non-
Newtonian oil is very close in its response to a Newtonian oil 
at infinite shear. 

Table A.l 

Cross equation parameters for 5W-30 oil 
(Oil No. 22 Cryoff et al, 1990) 

Mi(/*o) = 8.822x10 - 3 Pa.s 
ft>(M°°) = 4.829x10 - 3 Pa.s 

. 4 = 2 x 1 0 - 1 1 
C= 2207.24 
N= 0.92346 
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