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ABSTRACT

Theoretical field of study of combined effects of surface roughness and couple stress on journal bearing considering
cavitations condition is analyzed. The modified Reynolds equations accounting for the couple stress and surface
roughness, using deterministic theory. It is applied to study the effect of couple stress; Expressions for Load
capacity are studied by evaluating them numerically, for various parameters. From the numerical computation of
the result it is observed that the effect of cavitations point is increase the load carrying capacity decreases. The
cavation point is inversely proportional to the load; A parameter characterizing different type of roughness is
identified. It is also observed that load capacity diminishes, and cavation point for longitudinal increase for
roughness pattern.
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INTRODUCTION

In general additives are added to the base luliricaimprove the bearing characterstics.Variousties have been
proposed for this. These additives are generaltgHchain organic compounds and they may form a kigtous
layer near the surface .In most of the theoretivatstigation of hydrodynamic lubrication, it issheeen assumed
that the bearing surface are smooth .This is aealistic assumption for the bearing operating veithall film
thickness. In the recent years, a considerable atrafuribology research has been devoted to theysof surface
roughness on hydrodynamic lubrication, this is nyabecause of the fact that all solid surfacesratgh to some
extent and generally the height of roughness asgeris of the same order as the mean separatiomebe
lubricated contacts. Hence, the effect of surfacghness plays a significant role in the develogroéthe science
and technology of lubrication. In the determinigtjfgproach, the effect of surface roughness is takemaccount in
the usual Reynolds equation by considering thatfithethickness is a function of surface roughnedsch may
represent by a series of sine and cosine wavesg@n1971) has applied this procedure to studybimring
characteristics of rollers; spiral groove bearitg (shukla 1978) gave deterministic theory to stuthe effects of
surface roughness when the mean height of theitispas of the same order of magnitude as theérmim film
thickness.Interation between lubrication and tethgyhas become important owing to increase denfantigh
speed highly loaded machines. Various materialeérform of solid particles and long-chain polymars added to
oils to enhance their lubricating properties. Thenginent feature of such a lubricant is an incrdastective
viscosity, especially in thin films. Rheological refsmalities are mainly observed in lubricants wlibhg-chain
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molecules, lubricants with additives and contang@ddtibricants. Various theories have been postlitatelescribe
rheological abnormalities. The Stokes micro contimumodel which based on the classical conception
hydrodynamics is the simplest form and allows fwpiection of polar effects, such as the existericeoaple

stresses, body couples and non symmetric tensaddpted widely (stokes 1966) .The cavitations ocdn the

lubrication of partial bearing which is considetadimposing Reynolds Boundary Conditions at thditgaend of

the pressure curve.(Sinha et al.1981) studied tuple stress in journal bearing lubricant; (praBahha and
Chandan Singh 1981) analyzed the effect of coupéss in the lubrication of rolling contact beasngpnsidering
cavitation.(Ariticle et al.1985) improved the arsly of starved journal bearing including tempematand

cavitation.(Vaidyanathan and Keith 1989) investgathe Numerical prediction of cavitation in nocalar

bearings. (Mokhiammer et al.1999) studied the jalibearing lubricated by fluids with couple stresssidering
the elasticity of the linear. On the performancawyhamically loaded journal bearing lubricated withuple stress
fluids is studied by (Xiao-L Wang et al.1997). (j@®en Lin 2002) obtained the effects couple streshes
lubrication of finite journal bearing .Transverseughness in short journal bearing under dynamidit@a is

presented by (Raj and Sinha 1983). (Raghavendrd) 28®roved on roller bearing under lightly load=zhditions.

(T.V.V.L.N.Rao 2005) has studied the stability aiséd of a rough journal bearing considering caigtaeffects. In
this study the effect of couple stress and surfaaoghness on journal bearing using cavitation bamdonditions
with respective load has been discussed.

MATHEMATICAL ANALYSIS AND METHOD OF SOLUTION

The problem is considered is that of the steadyiramflow of an incompressible fluid between twaocestric
cylinders in uniform elative motion. The gap orar@nce, (the difference between the two radii) betwthe two
cylindrical surface is small compared with the tedof inner cylinder (journal).Below fig.1 showgoairnal bearing
operating with a constant external load ,W and @péender the physical conditions imposed the jaloperates
at an eccentricity!.

The cavitations occurs in the lubrication of parbaaring which is considered by imposing Reyndidaindary
Conditions at the trailing end of the load curee,iit is assumed that the load is positive amthinates to zero
with a zero load gradient. Thus it is assumed tih@tfilm is continuous only in the region of posiipressure and

of

that it capitates at some positiér= 0 > w, where L = % = 0, forming a discontinuous mixture of air, vapors and

lubricant in the cavitated regiof®* < 6 < 2m). these conditions have been applied externallyinnal bearing
analysis (Sinha et al.1981)

Caviated Region

Film Region

Line of Centres

Fig.1 Schematic view of journal bearing operatingvith a constant external load.

The generalized Reynolds equation which accounth barface roughness and couple stress propertyeof
lubricant is given by (Ragavendra 2007).
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If the bearing is assumed to be infinitely longhe axial direction, the one-dimensional Reynolgisation reduces
to

d (hn3F dl\ _ ,, d
= ( - ) = U (hy + 2h) e 1)
x = RO,dx = Rd6
d (hndFpdl\ _ . d _ 2hg
E(Wa) = de(l-l—ﬁ) v v e Where § = s (2)
Integrating equation (3)
d (hn®F, dl — UR(1L+ )
ao\ 12u dx) g

dl  12URu(hy, + 2hy)
de F,hn3
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wo fg*H .
12uUR? = . HF sinfdé ... ... ........(6)

0* =
H—-H
Wy = fo °F sinfd@ ... ... ........(D)

From Equation (B) and (D) we get
W' = (W Wo)'?
2

9* T 9*
H—-H H-H
w* =f — sinfdo +f
. T sin . I°F Cos6d6

- S . 1/2 o2
w* = [23;’]2 {fog sindg + fog cosede} After simplification we get the result is where ﬁ%}z ands = 2

W* =K(2cos0* + 1)Y2 ... cce e o0 (7)

RESULTS AND DISCUSSION

1.74 y = -0.089x + 1.73
173 - ~ Rz =0.933
1.72 ——L

1.71 N —Linear (L)
1.7

Load

0 0.2 0.4

Cavitaion point

Fig.2 Variation of Load with cavitaion point.

The Observation of couple stress owing to the tatimg substance blending with some long chaintaedi and
surface roughness on the performance characteofstiearing system are evaluated on the idea dfe%tdheorem
the couple stress impact is specified by the cosfrlss parameter L*. The dimensionless load cagrgapacity L*
with cavation poind* at eccentricity ratiore the massive price of cavation point is that tha foad obtained ,thus
the couple stress impact lead to an improvemelaad (W*) particularly at the cavation point is deases then the

load capacity increase, then the pressure is ingpf@hown in Fig.2). Mean whereas the roughnesxtsfboosts
the load capability over that of sleek matter
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Table.1 Analytical Value of load and cavitaion poih

6 L
0.01 1.73202
0.0t 1.731
0.1 1.7291
0.15 1.7255
0.2 1.7205
0.25 1.7140
0.3 1.7060

CONCLUSION

In this paper the generalized Sir Joshua Reynajdat®n obtained for additive and surface roughiespplied to

review the consequences of surface roughness amiecstress in bearing take into account cavatiqmession of
load capability and purpose of cavation are derie@dl numerically estimated .The impact of couplesst
,eccentricity magnitude relation and mean heightoofyhness asperities on cavation is calculablis fitund that
the impact of couple stress is to decrease tha timcavation and it decrease more because thdecatness
parameter increase .The impact of surface roughedesdecrease cavation purpose for transversiajhess and
increase for longitudinal roughness. The impaatafple stress parameter ,roughness parameter iematically

derived on the load capability.
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