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Abstract

The oil film pressure in a step dider bearing is difficult to obtain because the
discontinuous clearance leads to a discontinuous velocity profile. In this paper, the
pressure distribution in a step dlider bearing is obtained numerically by introducing
avirtual clearanceto satisfy the continuity of the velocity at the step. The governing
equation is discretized using central difference method for each internal node in
the flow volume and the resulting system of eguations solved using Gauss Seidel
scheme with a convergence criterion of 0.0001. The result obtained with the present
method is in good agreement with analytical solution for the Rayleigh step dlider.
The method is also applied to a multi step slider bearing for which no analytical
solution exists. The solution converges when the mesh isrefined.

Nomenclature

h film thickness (m)
h,h, ,h_; nodalfilm thickness
p Pressure (N/f)
Prax pressure at step land interface
P.P..P_;  Nodal pressures NAn
U slider velocity
U Viscosity of lubricant film
AX grid spacing
1.0 Introduction

Reynolds’ equation plays an important role in analy the hydrodynamic operation of slider bearirigsough
the analytical solution for the pressure distribotin a Rayleigh step slider bearing is availahléhe literature, the
increasing use of numerical schemes for solving rdyghamic lubrication problems has been observed.
Additionally, to analyze some phenomena, we needotmulate some model problem correspondingly using
appropriate numerical methods. There are a numbenumerical models that can be used to construct an
approximate solution. These include the finite edam finite difference, perturbation and boundatgnent
methods. Perhaps, no other method of approximdtasihad a greater impact on the theory of hydradima
lubrication than the finite difference method. Heeg the use of the method in simulating step sltEarings is
scanty in the literature. This situation is consaguwpon the discontinuity occasioned by the disnaity in film
thickness.

The computation of the pressure distribution inlides bearing without clearance discontinuity isrlfa
straightforward and has been considered by a nuofhesearchers using different numerical schef3¢sbtained
the pressure field in an infinitely wide plane psliler bearing. [2] used a finite volume method fmerical
modeling of a Rayleigh step slider bearing. [4]laggpthe finite control volume method to simulatgdlodynamic
lubrication problems.
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In this paper finite difference method is used tonerically model the pressure distribution in a IRegh step
slider bearing by introducing a virtual clearancel gradient as suggested by [1] to cater for tlseaditinuity in
film thickness. Having established the accuracythef model, the method is extended to solve forptessure
distribution in a multi step slider bearing

Equation Of Motion

The oil film pressure in an infinitely wide Rayléigtep slider bearing shown in Figure 1 is obtaimgdolving
Reynolds equation.

d( ,dp

dx dxj 'UU dx @
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Figure 1: Infinitely wide Rayleigh Step slider biegr

The boundary conditions are a specification offfesssures at the inlet and outlet of the step bgas shown in
equation (2). The oil film pressure is obtainedsbiving equations (1) and (2). In equation {2)s the length of the
bearing

P=0 atx=0,L 2)
DISCRETIZATION OF GOVERNING EQUATION
Differentiating the left hand side of equation (eads to

dh dp d’p
3 —-C+h’— — 3
dx dx dx? 'UU @

Considering the flow of lubricant through three secutive sections namely,—1, i andi +1, respectively,
equation (3) can be rewritten for the cross sadtiooughi as

2 AN (Py =Py P.=2P + P h
3 dx( 2Ax j+h ( AX? j 6'UU “
Equation (4) can be simplified further without munlthematical rigor to obtam
- (Lyﬂj {1 Mh]p _3un¢ dy
"2 4n d 2 4y o e dx
Equation (5) is the pressure relation between tboesecutive nodes in the flow field.

For a slider bearing without step(s) equation @) de written for all internal nodes in the flovelfi and the
resulting system of equations solved using GausdeBenethod. However, the discontinuity in the cteae
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occasioned by the step in the bearing complicétesléfinition of the clearanch and its gradient at the step. To
overcome this challenge, a virtual clearance aadignt at the step, as suggested by [1], are &sedh grid pointi
at the step, the clearances at neighboring ndgesand h,, are used to define virtual clearance by

+
h :\/h+l h+]:.3h 1 h 1 (6)
The gradient at the step is given by

dh _ 2n (rﬁl - hi] -

3 3
dx - 3Ax| hy, +hZ

In solving equations (1) and (2) over the entirarlvey domain including the step and land, we usatgn (5) and

note that when the internal node for which equagiris to be written is not at a step, equatignrégluces to

P= ot (®)
i 2 i+1 2pi—1

If the node under consideration is at a step, #wprations (6) and (7) are substituted into equddjn
ANALYTICAL SOLUTION
Reynolds equation governing the hydrodynamic presgiven by equation (1) can be written as

i[h_?)% —U_hj = (9)
dx(12udx 2
The integration of equation (9) over each flow oegin Figure 1 gives
W dp _Uh __ 1 dp, Uh, __ (10)
2udx, 2 ° 12udx, 2

In equation (10),, is known as the volumetric flow rate which is camitand equal in the two flow domains. For
the step and land regions, the boundary conditoass given by

x =0, pl(O)ZO and X =L, p1(0)= Prax (11a)
%=0, p(0)=pun and x=L,, p,(0)=0 (11b)

The step pressure can be determined by equatiniiptheates in the step and land regions givengoation (10),
noting that the pressure gradients in the steplam regions are given by equations (12a) and (IPHg pressure
at the step shown in equation (13) is obtained.

P, _ Prax (12a)
dx, L
P, _ _ Prex (12b)
dx, L,

6,/ JL
Prva = % P (@, B) (13)

In equation (13)F’Step (a,,B) is defined by equation (14), whe® is defined as the film thickness step to land
ratio and 3 is defined as the step to land length ratio.
_a-1

“ 1rap

NUMERICAL EXAMPLE 1
Consider a Rayleigh step bearing with the followdtaga. Compute its pressure distribution and legzhcity
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h, =50um,

h, =25um,

L, =50mm, L,=50mm U =10m/s, x=0.INs/n?,

The flow domain is divided into a mesh of 9 noddthwode spacingAX being equal tal2.5mm. Writing
equation (5) for all nodes in the flow domain, ngtithat equation (5) for a node not at a step eamvtitten as
equation (8) the system of equations shown belabiained.

:Ep +Ep p:ip+£p p:ip +Ep P =
pl 2 0 2 2, 2 2 1 2 3, 3 2 4 2 2, 4

p=1p
> 2

1 1 1 1 1
6+§p4 p6_§p7+_2p5, p7_§p8+_2p6

1 8

5 P, 5 P,—1.33% 10

Imposing the boundary condition§d, = Pg = O on the system of equations above and represetitengesulting
condensed system in matrix form, equation (13pigined.

2 -1 0 0 O O O
-1 2 -1 0 0 0 O
0 -1 2 -1 0 0 O
0 0 -8 9 -1 0 O
0 0 0 -1 2 -1 0
0 0 0 0 -1 2 -1
0 0 0 0 0 -1 2

p, 0
P, 0
Ps 0
p, |=| 11.99x 10
o 0
Ps 0
p, 0

(15)

Equation (15) exhibits diagonal dominance and w&sesl using Gauss Seidel method to obtain the isollelow.

PT:(1.333(1(3 2.668 10 3.999 10 5.382710 3.999'10 2666 1.33X 1(5)

The solution obtained using analytical method impared with the numerical solution in

Table 1
Table 1: Comparison of results using anadyt@d present method
Node Position 0.0125 0.0250 0.0375 0.0500 0.0625 0750 0.0875
Analytical Method

1.333x10| 2.666x10 | 4.000x10 | 5.333x10 | 4.000x10 | 2.666x10 | 1.333x10
Present Method 1.333x10| 2.666x10 | 3.999x10 | 5.332x10 | 3.999x10 | 2.666x10 | 1.333x10
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NUMERICAL EXAMPLE 2
Compute the pressure distribution in the multipstider bearing shown in Figure 2
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Fig. 2: infinitely wide Rayleigh multi step slidbearing

The flow domain of the multi step slider bearingdisided into a mesh of 7 nodes wix =0.025n. Writing
equation (5) for all internal nodes at a step efitiulti step slider and equation (8) for all inedrnodes not located
at a step, and subsequently imposing boundary tongli(equation (2)) namely specification of tmegsures at the
inlet and outlet of the multi step slider bearitigg following system of equations cast in matrisiat results

2 -1 0 0 0 \p 0
-0.745 1 -0255 0 O |p, 16083395.3
0 -1 2 -1 0 |p|= 0
0 0 -0733 1 -0.267p, 30769230.7
o 0o o0 -1 2 Jp 0

Solving the forgoing equation, the following sodutiis obtained

p, =2.94305x10 p,=5.88611x10 p,=8.17724x10 p, =1.04684x10
p, =5.23418x10

In order to verify the convergence and reliabitifiythe forgoing numerical solution for the multeptslider in the
absence of analytical solution, the mesh is refiiuether into 13 nodes and the finite differenceaipn written for
each node in the flow domain once again. The falgvsystem of equations is obtained.
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2 -1 0 0 0O 0 O 0 0 O ) 0
142 -1 0 0 0 0 0 0 0 0p 0
0o -1 2 -1 0 0 0 0 0 0 0op 0
0 0 -0745 1-0255 0 0O O O O Qp,| |8042x16
o0 0 -1 2 -1 0 0 0 0 0fp 0
o0 0 0 -1 2 -1 0 0 0 Opl=s| ©
o0 0 0 O0 -1 2 -1 0 0 0p 0
00 0 0O O 0-073 1-027 0 @p,| |1538x10
o0 0 0 0O 0 0 -1 2 -1 0fp, 0
o0 0 0 0 0 0 0 -1 2-1p, 0
o0 o o0 0o 0 0 0 o0 -1 2p, 0

Solving the system of equation above using GaugteBmethod the following solution is obtained.

p =1.47142x10 p, =2.94284x10 p,=4.41426x10 p, =5.88568x10
p, =7.03081x10 p,=8.17594x10 p, =9.32107x10 p, =1.04662x10
p, =7.84965x10 p,,=5.23310x10 p,, =2.61655x10

Table 2 Solution obtained using present methodrfalti step slider using two different meshes.

Node position 0.025 0.050 0.075 0.100 0.125

2.94284x1

7 node Solution 5.88568x10 8.17594x140 1.04662x16 5.23310x10

13 node Solution 2.94305x1( 5.88611x10 8.17724x10 1.04684x14 5.23418x10

DISCUSSION OF RESULTS

The result obtained using the present method ®mRAayleigh step bearing is shown in Table 1 withdahalytical

solution. Point wise comparison of the two indepartdsolutions shows a close agreement. Refinenfgheanesh

only increases the computational cost and timenbtithe accuracy of the result. The multi stepeslidearing in

numerical example 2 has no analytical solution. déerthe convergence characteristic of the solutiethod was
investigated by mesh refinement. Table 2 showsititlal pressure at selected points using a mesfand 13 nodes
respectively. The result shows clear convergenak improvement in the solution as the number of sode
increased. It has been shown that the present mhetfamluces stable and convergent results and carsdx to

further predict the performance characteristicthefstep slider bearing.

Conclusion

A finite difference method which successfully hargithe discontinuity in clearance at the step c&ll&gh step and
multi step bearing has been developed and appisdlve Reynolds equation. The method has beentossalve
for the pressure distribution in the bearing comfegions. The method has been demonstrated to pecatimirable
close solution to the analytical solution whereyth&ist and it is also convergent with mesh refiram
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