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SUMMARY The converging hydrodynamic flow-field between stetionary porous and sliding
nonporous surfaces has been analysed by finite element method. The analysis also takes
into account tangentisl velocity slip at the interface of fluid film snd porous matrix.
The computed results which include pressure distribution, load support, and friction force
at moving surface are for two types of sliders. The results illustreste fully the effect
of porosity end tangential velocity slip on the performsnce chsracteristies of the sliders.

1 INTRODUCTION

The analysis of converging hydrodynamic
flow-field of slider bearings, in which one
surface is stationary and the other is
sliding, has conventionally been the basis
of all studies in hydrodynamic lubrication.
A slider provides geometrically and analy-
sis wise simplest bearing configuration,
yet its analysis reveals the effect of all
perameters under investigation on the per-
formence of hydrodynamic bearings. This
paper presents the analysis of the slider
bearing in which the stationary surface is
porous. The flow conditions have been assum-
ed to be incompressible leminar and iso-
thermal snd the lubricant to be Newtonian.
The flow-field in the clearance space of
the slider is governed by e modified form
of Reynolds equation (Prekash end Vij,
1974) which takes into account the flow of
lubricant from and into the porous matrix
and also the tangential veloclity slip at
the interface of the fluid film and porous
matrix in sccordance with Beavers-Joseph
criterion(1967). This modified Reynolds
equation is coupled to the Laplace egquat-
ion which governs the pressure distribu-
tion in the porous matrix. In the present
paper the solution of fluid film and parous
matrix flow fields has been obtsined by
finite element method. The finite element
method has the advantage of not only tack-
ling complex geometrical boundaries of the
field domain, but also of handling the
boundary conditions properly. Although
finite element method has now become quite
popular among lubrication engineers, it
has not received their due attention for
the gpplication of the method to porous
bearing lubricstion problems. The authors
have come gcross only one reference
(Eidelberg and Booker, 1976) in the pub-
lished litersture which only demonstrates
the application of finite element method
to porous bearing lubricstion problem. No
practical bearing configuration has how-
ever been analysed in this work. The aim
of the present work is to investigate the
effect of tangentiel welocity slip on the
slider bearing performence. Two types of
sliders, namely, plane inclined slider end
Rayleigh step slider,have been considered
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for this investigation. The computed res-
ults presented in graphical form include
pressure distribution, load support, and
friction force at moving surface, It has
been concluded that inclusion of slip
always results in decrease in both the load
support and the friction force at the mov-
ing surface.

2 NOTATION
B = length of slider in x-direction (m)
h, = inlet film thickness (m)

p,p*= pressure (N/m®)
P,Pra nondimens%onal preasure,p/(pUB/hi),
p*/(uUB/h7)

U = velocity of sliding surface (m/s)

A = aspect ratio, (beesring length in
y-direction)}B

I = sbsolute viscosity (Ns/ma)

0 = permeability parameter, QpB/h{

Qp = porosity (m°)

] ANALYSIS

3.1 Field Equations

The coordinate system and geometries of the
plane inclined slider and Rayleigh step
slider are shown in Fig.l.

The fluid film pressure in the clearance
space of stationary porous and sliding
nonporous surfaces, is governed by the
following Reynolds egquation (Prakessh and
Vij, 1974)
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The fumction £¢ and } depend on the poro-
sity of the slider (0), slip coefficient(a)
and the glider and film geometry (hl/B and



H). These functions account for tangential
velocity slip in accordance with Bearers-
Joseph criterion(1967).
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Figure 1 GBeometry of porous sliders

The nondimensional unit slot flow rates in
the fluid film are given by

Qx = IE %g(l-*&:)g& + %(1'!{0)] day
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The pressure distribution in a porous med-
ium of uniform isotropic porosity is gov-
erned by the following Laplace equation

a2p®  5%p* 5op®
+ + =0 (4)
AXE . AYT Azt

The nondimensional unit flow rates in the
porous matrix are given by
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where the above expressions follow from
Darcy's law.

3.2 Finite Element Formulation

The clearance space film pressure (P) is

a function of coordinates X and Y while
pressure in porous matrix (P®) is a func-
tion of X,Y and Z coordinates. The flow-
field for the clearance space is therefore
discretized into isoparsmetric four-ncded
rectenguler elements and that of porous
matrix into isoparametric eight-noded
hexahedral elements. The variation of pre-
ssure over these elements 1s expressed as

l:‘e = ;]glﬂjP:j
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where e designates an element. Nj and N
are shape functions for four-noded rect-
angular and eight-noded hexahedral elements
respectively (I-Ien.ﬂ:n'ua::',19'}"5).F",j and Pg are
nodal pressures.

Following the Galerkins method(Heubner,

1975), the element field equetions may be
written as
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for the Reynolds equation, and
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for the Laplace equation.

In the above equations A€ and V® represent
the area and volume elements, respectively,
of the discretized domains.

After substituting Equations(6) in Equat-
ions (7) end (8) and simplifying, following
element equations are obtained.
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Using the usual assembly procedure of
finite element method, the element wise
contributions of Eqs.(9) and (10) result
in following global equations for the
entire domains of the field wvariables.

CrI{e} = {1} - (o) (11
= (P} - -{ox} (12)

33 Solution Method

It is obvious that at the interface (Z=HB)
of the fluid film end porous matrix, the
two flow-fields have common nodes and
would have common pressure at these nodes
so that the pressures of the two flow-
fields match at the interface. Thus, Equa-
tion (11) can be merged with Equation (12),
so that the elements of Equations (11) and
(12) corresponding to the common nodes are
algebraically added.

The boundary conditions of two flow-fields
are:

(i) Pressure at the surface X=0,X=l,Y=0
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and Ys)\ is zero.

(i1) Flow at all internal nodes =nd across
the surface Z=0 is zero.

The number of unknowns are as many as the
number of equations, since at a particular
node either pressure or flow is known. The
unknown pressures and flows may thus be
obtained via linear simultaneous equations
(11) and (12).

2.4 Load Support and Friction
The nondimensional loaed support of the
slider is given by

ir
W= e'él IJ'A o PodXaY (13)

where N denotes the number of rectangular
elements at the interface.

The nondimensional friction force at the
sliding surface is given by (Cusano,1979)
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L RESULTS AND DISCUSSION
The geometrical data of the two sliders
analysed in this work are as follows

A = 1.0, hy/hy= 2.0, hp,/B = 0.2
B1/B = 0.5 (for step slider)

The porosity of the porous matrix is acc-
ounted by the permeability parameter (.
The tangential velocity is characterized
by slip coefficient a¢ and its value
depends on the porous material.For laminar
channel flow, the value of a estimated by
Beavers, Sparrow and Magnuson(1970) is
approximately O.1 and the ssme value has
been adopted here. The function £3 and £,
accounting for velocity slip,also involve

and B/hj ratio. For a detailed study of
the_effects of slip, the following rasnges
of § end B/h; ratio have been chosen

9 = 0.0,0.001,0.005,0.01,0.,05,0.1 end 0.5
B/hy= 500,750,1000,1250 and 1500,

where § = 0.0 refers to the nonporous
slider. For a porous slider in which slip
is disregarded, £, and £; are zero.

The computed results of present investig-
ation are given in the graphical form in
Figures 2 through 7. The pressure distri-
butions (Figures 2 and 3) are plotted on
the mid-plane Y=\A/2 as pressures in Y-
direction are symmetrical about this
plane. The results are given here in a
manner to show a comparison of the slider
performance characteristics (pressure dis-
tribution,load support and friction force)
for three cases of stationary surface,
nemely, nomporous, porous without slip and
porous with slip. It is seen that pressure
and load support decrease with increasse in
permeability and further reduction results
by inclusion of slip. The effect of slip
on pressure and load_support seems to be
most pronounced for § = 0.01 end on either
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side of permeability range, the effect of

slip tends to decrease. In fact, for (=0.5,
the load support curves for without and
with slip condition overlap each other.
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Figure 3 Mid-plane pressure distribu-

tion in Rayleigh step slider

The friction forces for nonporous and
porous without slip cases are almost the
same. However friction force decreases with
the inclusion of slip. Unlike pressure dis-
tribution and load support,the effect of

slip on friction force increases with per-
meability.

It may be seen from Equations (2) that &,
and £, decresse with incresse in B/hy
ratio. Thus it is also seen from all the
performance characteristics curves that
slip effects decrease with increase in
B/h; rstioc.

S CLOSURE
The finite element analysis of the porous

slider presented in this paper is entirely
general and can be conveniently gpplied
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to any hydrodynamic porous bearing confi-
guration. It is hoped that present analysis
would help in providing design data for
porous bezring configurations such as sec-
tor shaped thrust =nd grooved journal bear-
ingse.
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