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ABSTRACT

Normally, a h igh  velocity  combined with low 

kinem atic v iscosity  (an unconventional lubricant) leads to 

h ig h  Reynolds numbers resultin g  in  e ith er  super laminar 

flow  or turbulence . The conventional laminar lubrication 

theory can not p redict  the behaviour of the system accurately, 

when the bearing  is  operating  in  turbulent regime. Therefore 

turbulent  lu b ricatio n  theory is  required to establish basic  

understanding of lu b r ic at io n  in  turbulent zone of operation. 

Three o f  the most commonly used models o f turbulence applied 

to  lu b r ic at io n  problems are I ( i )  mixing length theory 

developed by C onstantinescu  ( i i )  the eddy viscosity theory 

developed by Elrod, Ng and Pan and ( i i i )  the bulk flow 

theory adopted by Hirs*

A com parision between these theories  are made f ir s t , 

f o r  p la in  journal b earin gs  with  that of experimental data#
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Constanttnescu1 s load capacity curve is  found in  excellent 

agreement with the Sm ith and F u l le r 's  experim ental data. 

Therefore this theory has been choosen fo r  furth er  d e ta ile d  

analysis of the bearings.

The aim of the present work is  to in v estigate  and 

predict theoretically  the steady state and dynamic charac

teristics  of hydrodynamic p la in  metal journal bearings, s e l f  

acting porous journal bearings and hybrid  porous journal 

bearings. Conical whirl in s ta b ility  of s e l f  acting porous 

journal bearing has also been investigated*

For porous bearings, the flow  through the porous 

matrix is  assumed to be viscous, la n in a r  and governing equa

tion  of flow is  obtained by Darcy* s law* The lubricant flow  

in  the clearance space of the bearing  is  turbulent*

With these assumptions, the gen eralized  d if fe r e n t ia l  

equation for porous bearing  alongwith turbulent Reynolds 

equation (satisfy ing  appropriate boundary conditions) in  

f in ite  difference  form, have been solved sim ultaneously by 

Gauss-Siedel iteration  with successive overrelaxation  scheme 

and steady state pressures have been obtained* For dynamic 

pressure, first  order perturbations o f  e c c en tr ic ity  ratio  and 

attitude angle are used. A knowledge o f steady state and 

the perturbed pressures enable one to o b ta in  steady state 

characteristics  v iz . dim ensionless load  cap acity , fr ic t io n
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param eter and end flow? and the dynamic characteristics 

in  terms of st iffn e ss  and damping coeffic ients . Fran these 

dynamic c o e ffic ie n ts  c r it ic a l  mass parameter for threshold 

o f  in s ta b ility  has been obtained for a system consisting 

o f  balanced  r ig id  rotor supported by two equal bearings 

sy.tmet ri ca 1 ly •

I f  two bearings are closely spaced and transverse 

moment o f  in e r t ia  is  high , then conical whirl onset speed 

can  occur before the cylindrical whirl onset* Therefore co n i

c a l  whirl in s t a b ilit y  o f bearing has become an important 

param eter in the design of single rigidly  mounted bearing 

supporting a r ig id  rotor* Conical whirl in stab ility  has been 

studied  only fo r  self acting turbulent porous journal 

b e a r in g s , in  the analysis , i t  is  assuued that the journal 

i s  unloaded and the mean steady state position  of the 

journal is  concentric .

In  general, a parametric study has been made for  the 

bearing  characteristics  by varying the design parameters 

and the results  are presented in  the form of graphs and 

ta b le s .

Cop
yri

gh
t 

IIT
 K

ha
rag

pu
r


	PERFORMANCE CHARACTERISTICS OF PLAIN AND POROUS METAL JOURNAL BEARINGS IN TURBULENT REGIME
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	Fig ,3.15Variation in stiffness coefficients with eccentricity ratio for different values of Re(L/D=1.0)
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	Fig.5.11 Variation in critical mass parameter with bearing feeding parameter
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