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SVMNANL

The effect of surface roughnews on the tnermoelissto-
hydrod maaic perfcrmance of journsl bearing is investig-
ated theoretically and experimentully. The performance
of infinitely long journal bearinge is predicted with
considerations of surface roughness of tha dounding solidas,
friotional hesating effecta omn both viscosity and density
of lubricant and the thermoelastic distortion of tbe

bearing components .

The thermal analysis is made through the solution
of the energy equation with sllowance of heat dissipation
by conduction, convection and redistion. The heat flow
through the bounding scolids is approximated scscording to
an existing theory and empirical formulae .,

The resulting equations are solved by iterstioms
through a special computer program .

The experimental work includee the design of a
suitable journal bearing test set-up, and the design,
production and calibration of the special besrimg dyna-

mometer .

Series of a planned experimental tests were carried
out to verify the theoretical gprk. Experimental results
showed close agreement with thb theoretically derived

equations .
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Kesults are presentec for veur.ngs NAV.NE &L avernge
surface roughneess from v.U up to 4.847 am (h.). and rucisl
Sleurances from ..v7% up to v.id5 mE, uperstin. a:
different rotational speeds . 120V, lidvu anu <d4uv r.;.m
Performance charts are presented and comparisons between
the theoretical and experimental results are made whenever

applicable .
The following points are conciuded 1 =

l. The maximum oil temperature tends to incresse with
tncreasing surface roughness. The maximum
teaperature is generslly about 1.5 - ¢ times the
inlet tempersture. Aurthermcre, the effect of
engineering surface .cughness{up to ldun. R‘) is
to increase the muximum temperature by lu - 15%
of the predicted values for smooth bearing surface.

2. The effect of surface roughnese on velocity dist=
ribution is 10 increase the maximum negative
velocity devistion of the oil at the entry point,
whilst increasing the maximum positive velocity
deviation at the point of minimuwm film thiclknees.
These phencmena tend to increase the length of the
cavitation sone of the bearing .

3. Purthermore, the sffect of engineering surface
roughness is to reduce the maximum bearing pre-
ssure, and hence the load carrying cepacity of
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5.

6.

tae besring. The recuction percent .s not linear,
though an approXimate average vailue .gete-*ec inaer
*est conaitions) mey De taxen as lU - 15% per um
of the uverage roughness (R,) of the bearing
surface.

The load oarrying oapacity of each of the testec
bearings is reduced at an average rate of 57w
K/um when the eurface roughness is incressed up

to U.) am. Purther incresse of surface rougnness
reduces the reduction rste to a some steady value
of 500 N/jum .

The predicted recuction in the load carrying capa-
city (¥) of rough desaring surfaces readiiy affecte
the 3ommerfeld number of the bearing (-Lp-!-)

Thus the Sommerfeld number of the bearing is under-
eatimated by sbout 25% per am of the R, when
calculated based on tne assuamption of smooth bear-
ing surface .

The coefficient of friction increases wiih incr-
sasing surface roughness, though an asymptotic
valus is always reached at surface roughness of
about 5 [ sveruge rougnness (R ) .
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HOMENC IATVRL

T™he following symbols are used in the theoret.cal
analyais .

A Ares of the outer surface of the bush .

c A constant in the viscosity-tempsrature
relationship.

P Diameter of the bush .

2 Modulus of elasticity .

4 Prictional force .

G Modulus of rigidity .

J Mechanical equivalent of heat .

K Overeall heat transfer coefficient .

L Bush length .

R Redius of the shaft .

R...n Mean bush radius .

T femperature .

U Surface velocity of the journsl .

w Total load .

¢ Radial clearsnce between bearing surfaces .

cp Specific heat of lubricant at conatant presaure.

] Ecoentricity between journal & bearing centres .

¢ Coefficient of frictiom .

h Fluid fila thiclkness between bearing surfaces .

k Thermal conductivity .

2 Bocentricity ratio, (e/c).

P Pressure .

u Linear velocity component in the x-direction.

v linear velocity component in the y-directiom.

w Linear velocity component in the s~direction.

X,¥,2 Cartesisn co-ordinates .

o Coefficient of thermsal expansion of the solid .

¥

E:;er sxponent in vigpecosity-pressure relation-
Pe

Central Library - Ain Shams University



»

- 1T qQ e

amb

in

out
8

vii

Temperature coe:ficlent of deneity .
Angle to & point on bearing surface, measured
from ioad line .

Power exponent in viscosity-temperature
relationehnip .

Absolute viscosity of lubricant .
Demsity of lubricant .

Poisson's retio of the bearing material
Visoous shexr stress .

Attitude angle between line of centres and
load line .

Ambiant
Lubricant film .
Inner .

Mean .

Maximus .
Minimums .

Indicate the value of the parameter at conditiom
of entry to the oil film .

Quter
Selid

Supersubsoripts : -

Dimensionless .
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lubrication iw an esusentiul feature of all modern
machinery and has been throughout the ugZes. The first
authentissted use of lubricants is found in the relics
of ancient Bgypt. 1t is probabls that the massive
stones of the pyramids were flosted into place on thin
semi-fluid layers of mortar .

The first quantitative investigations of hydro-
dynamic behaviour were carried cut towards the end of
the nineteenth century. A4s esarly as 1549, the idea of
introducing full fluid film lubrication between a shaft
and its bearing was first etudied by Von Pauli; and
later by Hinn inm 1854 . (quoted after, 0unoronl).

Beauchamp Tower, conducted experiments to determine
the frictiop of the journal of railway car wheel, and
observed the generation of hydrodynamic pressure in the
first parsial jourmal bearing. The pressure generated
even i0 these early experimenta of 1885, were sufficiemtly
large to displace plugs or stoppers placed in 0il holes
in the bearing casing .

About the same time (1883 - 1885), Petroff carried
out experiments with bearing lubriceted with mineral oil,
and showed that the frictiom of a bearing could be emtirely
explained by shearing forces in the lubricant film. Petroff
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applied Newton's _aw of viscosity tc a rotating concentric
Journal, and expressed frictional shear in terms of jubri-
cant visocosity, speed, and phyeical dimensions., The
Petroff's equation is 8%ill in application to-day in the
case of lightly loaded journal bosrinxl::.

Later, in 188n, Osborn Roynoldlg, published his classi-
cal theory of hydrodynamic lubrication, and deduced his
well known pressure equation, whick 1s widely used in ‘Le

design of modern machinery .

Reynolds's theory for journal bearing was subsequently
developed by Sommerfeld in 1904, The Sommerfeld number is
widely recognised to-day as the most significant parameter
in bearing design® ,

In general all solutions for the pressure developed
in bearings and its power consumption Were based on
smooth round surfaces, This sssumption, however, is not
entirely wvalid due to the existence of surface texture .,

Salm", in 1950, presented both experimental and
theoretical treatment, studying the effect of the surface
texture on the performance of the parallel-faces thrust
bearing, These treatments have shown that ihe perforsance
of this type of thrust bearing is sensitive to the changes
in the surface macro-roughness profile, and thexe seems
to be sufficient justification for relating the film
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luvricat.on performunce .! th.w ly,e ! sewl.nLg to the
nyarodynamic effect o tne ol1.i pucketls snuped by ine

surface profi.e .

Though tne Jjournml bemr.ng probiem is far .iess
understood, specially when both elust.c wnd tnermal
gistortions are .nvoaved. Tnoue it .s fei*t that furinwer
study of the effect of tne primury surface texiure is

rejuired .

The aim of the present work, is to analyse theoreti-
caily and to investigate experimentally the effect of the
variation of primsry surface texture on the behaviour of
an .nfinitely long jourrai bearing &8 indicated by the
variation in pressure distribution, lomd cerrying
capacity, friction characteristic, temperat.ire dist-

riobution and oil film thicsinees .
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CHAPTZh }
sl IBRATURE [pvigW

In almost every surfece when oil is somewnere present
8 ludricant film manages to get between the surfaces and
oarry part of the load . The mechaniams by which it does
this are differeat . [n some cases the nating parts are
specially shaped to ensure ths presence of a complete
fluid fils , a8 {in thrust and journal bearings. In
others, such as gears and rolling bear.ng eslements, the
metal parts contribute in the generation of the film. In
& third cese, such as sachine tool slide ways the thermal

distortion of the metal produces a wedge. (Cameron’).

The performance of jourmal bearings when opersting
under light loads and high speeds can be accurately
described by the hydrodynamic theory where the import-
ant physical properties of the system are its gecmet~
rical dimension and the viscos.ty of the lubricant. At
higher leeds and lower speeds, however, this simple
theory ie insufficient. Although a complete theory
based on these conditions is lacking, it has been found
that many other physical propertiee of the ayatem affect
the behaviour of lubricated bearings. Theas may be
grouped as, those of the lubricant and those of the
bearing surfaces .

The firet group consiste of : -
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1. The heat capucity of the vil
2. The adsorptive ability .

J. The corrosion products with the metal surfasces.

There are & number of well known published papers
which deals with these sspects, however, for space limit-
atione will not be mentioned in this section. The second

group consiets of 1 -

1. The thermal wedge .
2. The viscosity wedge .
J. The eurface deformation .

4. The surface roughness .

1.1 ZIhe Thermal Wedge

This factor was first presented by PouG. in 1946,
who pointed out thst Reynolds, when deriving the coatin-
ujty equation assumed constant volume flow 1.s. constant
deneity and viscosity, whilst in fact the oil is therm-
ally expanding in the direction of motion due to the
increase in temperature. This expansion, aa gliven by
Fogg is equal tooc (t, - t,) where o is the coeffioient
of thermsal expansion of the lubricant and ‘2 & tl are
the outlet and inlet temperature respectively. The oil,
therefore, ls squeesed in the directiom of motion, thus
producing the same effect as decreasing the film
thickness .

Bonr7 in an attempt to explain Fogg's results
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produced an anulytical so.ution for heynoids's equation
essuming linear variation for both viscosity und density
over the bearing length. The reeults showed the effects
of viscosity and density on the load carrying capaeity

for bearing of different geometrical shapes .
These results can be summariced in the following .

1. The varistion of the dens:ty alone can support
& small load .
1i, The variation of the viscosity slone is not

capable of supporiing any lomd .

Shn-a. in 1947, also anslysed Reynolds's squation

with the assumption that the density varies linearly
along the bearing length without any variation in the
viscosity . His results confirmed the results givem by
Bower, hence, the thermal(density veriation) wedge was not
enough to explain the high loads observed by Pogg .

1.2 The vigcosity Vedge

In discuesing the work of Sh.awe, Block9 criticised
the assumption of linear temperature rise along the
bearing. He emphasised that the temperature rige, and
hence, the variation 1& density and viscosity which are
dependent on temperature, should be governed by the so
called energy equation .
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