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THis extensive work 18 of considerable 1mpottance to the Iu-
brication community yet unfortunately until now has 1ecerved
very hmuted cuculation Much to the fiustiation of those who
have not seen 11, 1t has been 1eferred to in the hiterature by the
few who weie able to get copies when 1t was fiist published  Be-
cause of the impoitance of the content and the thoroughness with
which the author tieats the subject, the ASME Reseaich Com-
mittee on Lubiication has made ariangements so 1t 1s now 1eadily
available

This book 15 a valuable source book of data, and provides a
ciilical 1eview of corielation studies to the date of 1ts publication
Although primai ly conceined with natural mineral oils (data on
357 muneral oils from many different 1esearcheis both in the U S
and Kwope), 1t also coveis several gioups of pure hydiocatbons,
some polymer blended mineral oils, eight impoitant gioups of
synthetic lubricating fluids (polyphenyl ether, chlorofluoio-car-
bon, polyglycol, dimethylsiloxanes, diesters, phosphate esters,
and sihcate esters), thuteen miscellaneous hiquids including nine
pure compounds (walei, mercury, gallhum, etc ) and seveiral gases
All the flluds are mecluded in the temperatwe-viscosily coriela-
tions but, because of lack of data, not all are included in the
pressure-viscosity discussions

The object of the investigation was to improve the himited
applicability of pirevious correlations while tiymg to cast the
results mto a foum that will prove convenient 1n the theory and
practice of hydiodynamie lubiication The author has dealt
almost exclusively with dynamie viscosity 1ather than kinematic
viscosity  The former 15 moie durectly involved m hydiodynamic
lubiication studies and thereby mcieases the usefulness of the
mvestigation

The basic experimental data employed 1n the mvestigation are
reviewed 1n Chapter 11

Chapters III thiough V aim at desciibing the effects of tem-
peratute and pressuie on the viscosity of liquids, notably those
cutrently used as lubiicating oils  In Chapter 111, a new equa-
tion fo1 the 1sobatie viscosity-temperatue 1elationship 1s offered
It 18 of wide general applicability, and seems to fanly well 1ep-
1esent petioleum oils, nonhydiocaibon synthetics, metal, glass,
ele In detail, 1t does not give a truly straight line on the pro-
posed generalized chait The data plots as a shght sigmoid
shape if the 1ange 1s extended The lowe1r viscosity end of the
chatt (down to 02 e¢p) gives excessively cuived Iines for samples
such as n-hexane, ot Jet fuels under opeirational presswe  Chap-
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ter IV develops a new equation for the 1sotheimal vanation of
viscosity with pressute  These new temperatwe and pressute
equations for viscosity are combined m Chapter V to give a
complete viscosity-tempei atur e-pressuie 1elationship

The 1esulting equations tequiie a mimimum of parameters for
fully characterlzing, in very wide 1anges, the effects of tempera~
twe and/o1 pressure on the viscosity of a given hiquud  They
ate shown to combine stmpleity with wide appheabibity Thus
a mmimmum amount of expetimental mformation 15 1equued for
making the desned calculations and estimates  Though designed
primanly for mimeial oils (natwal, hydiogenated, and polymei-
blended) and vatious types of synthetic oils encountered 1 mod-
ein lubiication practice, the equations apply equally well to the
other Liquids mvestigated Although both the viscostty-tem-
perature and viscosity-pressuie equations ale empnically arnived
he shows n each case the expiessions can be obtammed by starting
with the Cohen-Twinbull fiee volume model of the liqud state
and applymg Weibull’s function for desciibing the statistical
distiibution of the fiee volumes of individual molecules of a given
hqud

The 1sothermal pressu e-viscosity equation developed 15 much
mole accurate when compailed to expeiimental data than the
commonly used Barus equation (viscosity 1s an exponential
function of pressute) Relatively few fluids actually follow the
Barus expression which plots as a straight hime on a log-viscosity
veisus pressute plot  Many fluiuds exhibit behavior which gives
the 1sotherms a concave downwatrd shape on such a plot  Roe-
lands’ p1ressure-viscosity equation adequately handles this cuiva-
ture but does not prediel the tiansition at highet pressuie (about
70,000 ps1 for many minetal oils) where the 1sotherm has an
mflection pomnt and becomes concave upward according to the
data of several investigators This may not be a setious de-
ficiency of the coirelation depending on the apphcation In fact
Roelands’ conelation 1s more accurate than the Baius relation
even above this mflection pomt as 13 seen when considering a
dimethylstloxane which has an mflection pomt as low as 45,000
pst  Roelands’ equation agiees with the dala quite well up to
about 60,000 ps1 and even at 80,000 psr predicts a value one
half of that measwied Whereas the Barus equation which
predicts values highet than those measured, deviates by a factor
of two at only 30,000 ps1 and a factor of five at 80,000 ps1

Chapter IV mtioduces a convenient method fo1 classifying,
according to then atlmospheric viscosity-temperature relation-
ship, all the vaitous kinds of oils encountered m current lubrica-
tion practice The proposed method uses the “slope index’
from the viscosity-lempelatuie equation as a proposed solution
to the “wviscosity-index problem” In Chapter VII a simila
method 15 presented for classifymg lubricating oils according to
then wviscosity-pressure 1elationship  The use of a power teim
“Z7 15 suggested as a “Piessuie Index’ for classification  Both
classifieation methods a1e based on the newly developed equations
foi the latter 1elationships

Fuither, the piesent equalions have pioved suitable as an
analytical fiamework for corielations aiming at the prediction of
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the eltecls of temperature and pressure on the viscosity of hquds,
either fiom then chemical consititution o1 from easily assessable
physical constanls The 1elevant corielational attempts have
been concentiated upon mineral oils, which, notwithstanding then
great varlety and complexity, are intenielated i being essentially
built up from hy droearbon compounds

Chapter VII presents convenient correlations for predicting, to
a good approximation, the complete atmospheiic viscosity-tem-
perature 1elationship of mmeral oils, erther fiom then chemical
constitution—characterized by then ecabon-type composition
according to the “Watetman analysis” i the form of the so-
called n~d-M method—o1 fiom physical constants that are easily
assessable at atmospheric presswme  In addition to the viscosity
grade of the o1ls—defined as the viscosity at atmospheric pressure
and at some standard 1eference temperatuie—the 1esulting coi-
1elations only 1equate erther then total pet cenlage of ca1bon atoms
m 1mg stiuctwre o1 one of the following atmospheiic phys cal
constants—density, 1efiactive mdex, o1 molecular weight

Chapter IX provides similar conrelations for piedicting, at
any conventional 1eference tempeirature, the complete viscosity-
pressuie 1elationship of mimneral oils The cotrelations estab-
lished employ, viscosity grade of the oils, either then total pei-
centage of caibon aloms m 1mg stiuctire o1 then atmospherie
density and/o1 1efiactive index

Fmally, Chaptet X discusses the duect correlation between the
viscostty-presswe 1elationship of mineial oils and then atmo-
sphetic viscosity-temperatwie 1elationship  The sigmificant con-
clusion has emerged that the complete family of viscosity-pressure
1sotheims of all the various kinds of mmeral oils considered can
indeed be predicted, to a good approximation, solely fiom then
atmosphetic viscosity-lemperatwie 1sobars  The 1elevant coi-
1elation 15 unique m that 1t does not involve, n contiadistinction
to the aforementioned conielations, any additional physical o1
chemical data

The correlations developed for mineral oils become substan-
tially simphfied when adapted to any paiticular homologous
group of synthetic lubicating o1ls o1 pme compounds because of
the well-known 1egulaiities observed within each such group
This has been demonstiated fo1 vaiious interesting homologous
groups of synthetic lubiicating o1ls included

Chapter XT touches upon cet tamn basic problems m the field of
o1l viscosities in being devoted to the corielation of viscosity grade
of mmeial oils and puie hydiocarbon both with then chemical
ronstitution and with vatious easily assessable physical constants
Startmg friom a newly developed additive viscosity-density func-
tion, various significant cortelations could be achieved Mote
paiticulaily, these coirelations have proved to permit a 1ehable
statistical constitution analysis of the very complex muxtures
1epresented by mmeral o1ls

Chapter XII mtioduces convement methods—based on the
viscosity-temperatwie equation developed i Chapter ITI—for
predictmg the viscosity grade as well as the complete atmospheric
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viscostly temperatwe 1elationship of mixtuwes of mmeral oils
solely fiom those of the components A wo1thw hile discussion 13
given on the companison of previous methods of predicting
viscostlies of o1l blends

The concluding Chapter XIII elaboiates several applications
of the piesent findings m hydiodynamic lubiication, special
attention bemg devoted to the 1so0thermal viscosity-pressure effect
which should be of imteiest to 1eseat chets 1n elastohydiodynamie
lubiication  Because he has shown m Chapter X that the vi~-
cosily-pressure varation of mineral oils 1s correlated quantita-
tively with then atmospheiic viscosity-lemperature vaiiation,
he suggests thal m problems wheie both the temperatwe and
pressme varation of viscosity of mmeral oils effect the hydio-
dynamic lubiication peirformance 1t cannotl be unambiguously
concluded which paiis ate played by the temperatie and presswie
vanations In other woids, fiom the combmed effects measwed
on the film profile o1 on the tiaction the nfluence on one vanation
cannotl be sepaiated experimentally fiom that of the other

In Chapter XIII Roelands also discussed the impot tance of the
asymplotic 1soviscous pressw e obtamed fiom Weibulls’ transfor-

mation, P,, . = f M/N AP This 1s the pressure predicted
0

m 1s0viseous hydiodynamic lubiication theoty at which the actual
pressute m a fluid for which the viscosity varles with pressme will
tend to mfinily Blok and Roelands suggest that mn elasto-
hydirodynamic lubrication the 1eapiocal of P, ., should be used
1ather than the piesswie-viscosity coefficient from the Baius
equation which 15 cumiently used Roelands also gives a table
for detetmming the asymptotic 1soviscous pressuie given the
almospheric viscosity and the pressuie-viscosity mdex used 1n
Roeland’s correlation

In summary we be'leve the woirk 15 a significant contiibution
to the field of lubiication and belongs m the libirary of every
ser1ous lubiication 1esear ch person o1 lubiication design engmeer

The book 1s now available ($20) in mited supply from the autho
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