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1. Introduction

The assumption of a non-slip surface for a moving surface
over a fluid, which was first presented by Newton, is
widely accepted in the analysis. This assumption states
that the fluid in contact with an adjacent solid surface
moves at a speed equal to the speed of the solid surface.
Contrary to the widespread use of this assumption, in
experiments, boundary slip has been observed and
reported in polymeric flows, corner flow, hydrodynamic
lubrication, and  especially  elastohydrodynamic
lubrication. In this article, a model for the possibility of
fluid slippage is stated and based on that, the governing
equations of fluid movement are derived. This slip model
is based on limit shear stress. By solving the set of
equations, the behavior of the lubricant with the
possibility of slippage has been modeled and the effect of
different working parameters has been investigated.

2. Governing equations

The mathematical model includes three equations: the
modified Reynolds equation, which is derived from the
Navier-Stokes equations and the continuity principle by
considering the boundary slip condition, and relates the
pressure of the lubricant film to the contact geometry and
the surface movement speed. The film thickness equation,
which expresses the distance between two contact
surfaces by considering the elastic deformation, and
finally, the load balance equation, based on which the total
pressure created in the lubricating film must be in balance
with the total vertical load. They are as following,
respectively:
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Where p is pressure, h denotes film thickness, & represents
surface deflection, and u refers to surface velocity.

In addition, due to wvery high pressure, lubricant
properties, such as viscosity and density change.
Therefore, the presented model considers the precise
relationships that relate viscosity and density to pressure.
The analysis geometry consists of two non-conformal
surfaces including a cylinder and a plane. The desired
coordinates and geometry are according to Figure 1.

Figure 1: Contact between flat surface and cylinder

The boundary sliding model used in this study is
known as the critical shear stress model. According to this
model, boundary sliding occurs if the shear stress of the
fluid-solid contact surface is equal to a critical value as
the critical shear stress. This model is expressed as
follows:

{T=m‘/

Uy <71
=1, (4)

My =1

where 7 is the shear stress, y denotes the shear strain, and
7 indicates the limit (critical) shear stress.
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3. Results

Comparing and measuring the numerical solution data
with the data obtained from previous research is essential
in numerical modeling. For this purpose, to validate the
data obtained from the simulation, a comparison was
made between its results and the data of several similar
investigations. The current data are close to the results of
previous studies. The area of slide occurrence has a high
overlap with the study of Stahl and Jacobson [20]. The
percentage difference in hmin/R is 28% compared to
Jacobson and Hamrock's study [21] and 15.5% with Stahl
and Jacobson [20].

For supposed working conditions and initial data, the
amount of friction force is equal to 8.34 N, and the
coefficient of friction is calculated to be equal to 0.0104,
while for the same parameters with the slip condition, it is
obtained 5.33 N and 0.067 N, respectively. Therefore,
considering the condition of slippage has a great effect on
the estimation of the contact condition and friction force.
Figures 2 and 3 compare the effect of surface slip on the
friction coefficient for different surface velocities and
loads, respectively.
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Figure 2. Comparison of the friction coefficient assuming
the occurrence/non-occurrence of slip for different speeds
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Figure 3. Comparison of the friction coefficient assuming
the occurrence/non-occurrence of slip for different normal
loads

Figure 4 gives the friction coefficient variation for
different speed ratios in two states of occurrence and non-
occurrence of slip. According to the comparison made, for
all speed ratios, the amount of friction coefficients
decreased with the occurrence of slippage, that is, the
occurrence of slippage reduces the amount of friction
force.

0/04
) i COF (with slip)
0/03 | eee® e« COF (without slip) 4
£ °
2 . o
S . .
& . *
[} o 4
S 0/02 - . R
c . .
2 . o*
5 . R
L . R A
e . K /
0/01 /A
A_A
0/00
0/4 0/8 1/2 1/6 2
Speed Ratio

Figure 4. Comparison of the friction coefficient assuming
the occurrence/non-occurrence of slip for different speeds

4. Conclusion:

The results showed the positive effect of wall slip on
lubrication efficiency. The obtained results are
summarized as follows:

e Increasing the speed of the surfaces leads to a rise in
the range of sliding occurrence.

e The occurrence of sliding reduces the friction
coefficient, and the higher the speed, the greater the
reduction of the friction coefficient. Furthermore, the
occurrence of slippage leads to a decrease in the
maximum pressure and minimum thickness of the
lubricating film.

e Increased load results in a rise in the length of the
sliding range.

e The occurrence of sliding leads to a decrease in the
friction coefficient; the higher the load, the lower the
friction coefficient.

e The range of slippage occurrence is larger for large
ratios or ratios inclined to zero.

e The occurrence of sliding leads to a lower friction
coefficient, and the lowest friction coefficient per
speed ratio is close to one.

e The increase of 1o and vy results in a reduction in the
length of the sliding interval, and the effect of vy is
greater compared to To.
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Investigation of Slip Condition in the Elastohydrodynamic Lubrication
Javad Sharifi Yalameh Amir Torabi

Abstract The non-slip condition is one of the acknowledged conditions in the common fluid dynamic applications. In
some specific cases, this assumption is challenged. When high speed and pressure occur in a part of the flow near the
surface, such as in the lubrication of non-conformal surfaces, there is a possibility of slippage on the surface. In this
study, the effect of fluid slipping on the surface in elastohydrodynamic lubrication has been numerically investigated. A
numerical model was derived based on the equations governing the flow of the lubricating fluid and with the
assumption that the fluid is Newtonian and the flow is isothermal. The geometry includes an upper long cylindrical
surface and a lower flat surface. The equations were discretized by the finite difference method and solved by the least
squares method. In this investigation, in addition to proving the existence of slip, its effect was considered for various
values of problem parameters, such as the speed of the surfaces, load, the ratio of the speed of the surfaces, and the limit
shear stress. The results showed that with the increase in speed and load, a significant slip occurs and the no-slip
condition causes a deviation of 20% till 90% in the estimation of the friction coefficient. At the speed ratio near one, the
slippage is higher. As the shear stress increases, the occurrence of sliding becomes more limited. Slipping reduces the
friction of lubrication.

Key words Lubrication, Elastohydrodynamic, Slip condition, Friction, Modeling, Reynolds equation
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