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Abstract: The aim of the presented investigation is to demonstrate the influence
of lubricants local inertia forces on the bearing performance. The 2-D model of HD
journal bearing in isothermal and isoviscous conditions is considered. The bearing
shaft is covered with thin resilient layer and its elastic distortions are taken into
consideration. The elasticity part of the problem is investigated in accordance with
Winkler hypothesis. The generalized Reynolds equation is obtained by Fourier
transform methods. The results demonstrate the dynamic film effect.

1. INTRODUCTION

Most fluid film bearing analyses are based on the assumption that the
contribution of the inertia forces to the bearing performance is negligible. It is
important to note a fact that for analysis of dynamically loaded journal bearings the
effect of local inertia forces could be importance [1, 2]. This additional inertia effects
are due to the unsteady velocity changes. However, this not mean, that the so-
mentioned contribution is of the same order as the contribution of the shearing forces.
In the studies, which deal the acceleration effects, the models are referred only to one-
dimensional bearing with rigid surfaces.

The current paper presents elastohydrodynamic solution for a dynamically
loaded HD finite journal bearing (2-D problem). The bearing shaft is covered with thin
resilient layer and its elastic distortions are of the same order of magnitude as the film
thickness.

The objective is to demonstrate the influence of local inertia terms of the
lubricant on the HD pressure distribution and on the load capacity parameter values.
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It is assumed that the material of the layer on the shaft deforms linearly
according to Winkler hypothesis.

The generalized Reynolds equation for the pressure distribution is obtained by
Fourier transform methods. The differential equation is solved numerically by FDM
and iterative technique. The solution is extended to prescribed loci of the shaft centre
as the results demonstrate the dynamic film effect.

Notations:

Radial clearance;

Shaft liner thickness;

Young modulus; 7
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Film thickness
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HD pressure
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a= (Tr) - diameter to length ratio; e=2- eccentricity ratio;
C

X . .
6 == - angular coordinate measured from the centers line;
r

2 1,2 2
K, = 6776;” 21 2 a - elasticity factor; S = Wc3 - Sommerfeld number
c 7E nor’L
Re=2" . Reynolds number; A= Re - generalized Reynolds number.
v r
2. FLOW EQUATIONS

In the case of two-dimensional journal bearing the governing equations for the
incompressible lubricant flow with local inertia terms are:
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Obviously, from (1.b.) follows the independence from y of the left-hand side
terms in (1.a) and (1.c). Thus both equations become homogenous after using the
following expressions

(2) u(x, y,z,t)=u*(y,t)— f,(x,y,2,t);
3) w(x,y,z,t) =w*(y,0)— f,(x, y,2,t),
where

10 oq
4 s Vs 9t = dt:_,
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This lead to homogenous forms for (1.a) and (1.c), namely:

ou* O*u*
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In accordance with [3] one of the bounded particular solutions of equations like
(6) u (7) has a form

®)  y(nn=ac

where 4 is an arbitrary constant. Since the functions f,(x,y,z,t) and f,(x,y,z,t) are

unknown, it is necessary to use solutions of these functions in a general form, which
could be achieved by applying the Fourier integrals of (8), namely

©) w0 = [ 4(0) do+ [ 4, (o) do;

(10) w*(y,t)= _[A3(a))e¢y”w’da)+ J‘ A4(a))eftpy+ia)tda)’

—00

where

(11) (p=(1+i)\/g

and 4, (o) are the spectral densities of u*(y,7) and w*(y,¢).
The determination of 4, (i=1,2,3,4) could be performed by the application of

Fourier integral transforms, (where @ is the transform parameter) at taking into
account the actual boundary conditions:

(12.0) w(00) =u* =L = [ [ 4 0) 4, ()] d;
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(12.b) ”*(h,t)Zu,,*=uh+Z—q= IAl(a))eq’h”"”daH J 4, (0)e " dw;
x —0 —

(12.c) w*(0,)=w*(h,1) =‘2—q,
Z

(12.d) u(x 0,z t):u zv(x,O,z,t):v0 :w(x,O,z,t):W0 :w(x,h,z,t):wh =0;
(12.¢) u(x,h,z,t)=u

(12.1) v(x,h,z,t)

, =or+eésinf—eycost;

v, =a)r%+écosé?+ej/sin¢9.
Ox

In applying the following Fourier transform
13)  f(x,z,0)= o IC x,z,t)e"dw
—o0
and inverse transform

C(x,z,w) = J.f x,z,t)e""dt,

F

as after satisfying the boundary conditions (12.a, b, c¢) the expressions for the velocity
components are obtained in the form:

C C,)sh C,shp(h—
(14)  u(x,y,2,0) = J‘ + S @y +Cyshp(h—y) zwzda)_@;
N2 s, shoh ox

h
! T dw(fy) 0q
(15)  w(x,y,z,t)= C, e“do——+,
V27 %, ch(pz

V4

where

(16) Cl(x,z,a)):—

Cz(x7 Z’ a))

Because of the film thickness is sufficiently small, the radial velocity
component can be presented in a linear function:

v(x,y,z,t) =D,(x,z,t)y+ D,(x,z,t),

and through (12.d u 12.1) this velocity is written as

(17) V(X,y,z,t) =%vhy :%(wr@+écose+e;}sin0jy

ox

The substitution of the expressions for the u, v, w velocity components in the
continuity equation (1.d) and integration of it across the film
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By representing the hyperbolic function th(¢h/2) with power series in  (ph/2)

and after neglecting the higher order terms, the expressions (19) and (20) could be
rewritten as

h © 3
hooh ) 0
21)  [ud (C,+20,) edo-Ln;
@) !”y [O (2 240 je ox

@

h 3
.oh A oq
22)  [wdy=—o [C,| h-iZ .. |e“dr- L.
22) !Wy Jz;;[o{ "o je o

Noting that

” 17 R Rk d . dq
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23) !Wy z;z[o{ "o di je T
The substitution of inverse transforms (16) in (24) and (25) yields
h 3 3
h> ou, h’ d|(og
26 d - ;
(26) {”y 2" " 240 o 12udx(8tj
h 3
h oq
0 Udz o

After substitution of the last two expresses into (18) is obtained the partial
differential equation for the pressure distribution, which represents a generalized form
of Reynolds equation

o( . ap) 0( . dp 8 oh I o, ou
28) —| W= |+—| K= |=6n—(h 12nu, ——12nv, —— p—| hI* —L |.
(28) ax( 8xj 62( 82) 5 Uit ) =120, =2 =121, 2pa( axj

Here
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(29) h:c+ecos£+kp:ho+5.
r

The last term on the right-hand side of (28) is connected with the presence of
inertia forces due to the unsteady linear velocity of the journal surface.

By introducing the dimensionless parameters the above equation could be
rewritten as:

2 2
(30) 8H+a817 36H8H+a18£8£ I oH %(écoséﬁte}?sin@)—

000 "o "Hoo o0 “Hos oz, H 00 H
1 1 1
Ar. ce ey A 1OHF. . ce
—E[5c059+(8}/+57)smt9:|—Eﬁg[gslnﬁ—(£y+gy)cosﬁj,

where the non-dimensional film thickness is in a form

(31) H=l+ecosO+K,IT.

3. NUMERICAL SOLUTION AND RESULTS

The solution of the differential equation for pressure distribution is done by
using finite difference method. Unknowns are the dimensionless pressure and film
thickness at every grid point (j, k). The derivates in abovementioned equation are
expressed via finite differences in two variables.

The calculating procedure presupposes at the beginning un-deformability of the
elastic layer. At this assumption the HD pressure is calculated. As result of this
pressure the radial displacements of the liner surface points and the relevant film
thickness are determined. The obtained values of this changed film thickness are base
for pre-calculation of the pressure. This process is repeated until a satisfactory
convergence rate for pressure values is reached.

The Reynolds boundary conditions are taken and because of satisfy them the
negative values of pressure are immediately put to zero.

The numerical results are obtained for Newtonian fluid at different values of the
diameter-to-length ratio and angular velocity of the precession. The other conditions
are: =314 [s'l]; r=1510" [m]; c=310" [m]; n=410" [Pas]; d=210" [m];
E=733.10"[Pa]; u=04. The presented solution and results correspond only to the
dynamic film effect (¢ =£=0).
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Fig. 2 HD pressure distribution Fig. 3 Sommerfeld number versus
precession velocity

The numerical results are shown in Figs. 2, 3. On the first of them is presented the
HD pressure distribution at three different values of angular velocity of the precession. On
the next figure is given variation of Sommerfeld number with precession velocity. The
contribution of the local inertia forces is presented by plotted curves and lines, which
correspond to 4 =1,0 (the “inertia-free” solution is marked as 4 =0,0).

4. CONCLUSIONS

On the base of the obtained numerical results can be generalized, that the
consideration of local inertia terms increases the values of HD pressure and Sommerfeld
number. The maximal inertia effects on the pressure and load capacity are of order of 10-
12 %. It 1s evident that the contribution of local inertia forces to the HD forces is small as
whole, but for the extreme values of pressure it is of significance. Obviously in a more
precise bearing analysis the inertia forces should be taken into consideration.
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The current work was presented on the II International Scientific and Technical
Conference “The Urgent Problems of the Railway Transport Development” /Session “Applied
Mechanics”/- Russia, Moscow, 24-26 september 1996.
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