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ABSTRACT

To discuss the lubrication characteristics of roller-sliding bearing under oil-injected lubrication, the CFD
method was introduced into the fluid-structure interaction model to realize the transient simulation of oil-air
two-phase flow (OATPF). The volume of fluid (VOF) method is applied to capture the oil-air interface. A
sliding mesh is established between the inner flow field and outer flow field. Moreover, the two design schemes
of roller-sliding bearing are compared. A reasonable design scheme is obtained. The bearing rotation speed, oil
velocity, oil viscosity, oil ratio, and oil temperature have a significant impact on the lubrication performance of
the roller-sliding bearing. The results show that the oil distribution inside the bearing is uneven. The lowest oil
volume fraction exists in the basin, which is near the upstream of the nozzle, and gradually increases from the
inner raceway to outer raceway. The oil storing rate increases with the increase of oil viscosity. A novel method
of oil volume prediction is proposed in a deep manner. It also provides some reference for the design of roller-

sliding bearing and other bearings.
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1. INTRODUCTION

The roller-sliding bearing is a new type of bearing
evolved from cylindrical roller bearing and floating-
ring sliding bearing. Its structure mainly consists of
an outer ring, roller, slider, and inner ring. It is
especially suitable for intermittent motion and
frequent start and other working occasions (Lu 2013,
2019). For roller-sliding bearing, traditional
lubrication methods are not suitable for it, such as
pure oil or grease. Under pure oil lubrication, the
bearing will generate a lot of heat due to movement
of sliding and roller. With the situation of grease
lubrication, lubrication will be lost due to scrap and
squeeze on the slider, which increases friction torque
(Lu et al. 2021). The roller-sliding bearing often
operates under cyclic loads. It will be a challenge to
improve its lubrication characteristics. Therefore, it
is important to research the oil-injection lubrication
performance of roller-sliding bearing.

Owing to the great complex nature of flow field
during the lubrication process, the complete
calculation theory has not been given yet. In early
stage, the elastohydrodynamic (EHD) lubrication
theory was mainly used to describe the formation
mechanism of bearing oil film, and a relatively
complete theoretical system was formed (Chao-Ho

and Rong-Tsong 1994; Chu et al 2010; Chu et al
2012; Zhang 2006; Meng and Chen 2015; Feidt
2012; Awasthi et al 2014; Wei et al 2015; Chu et al.
2010). However, the elastohydrodynamic (EHD)
lubrication theory is a calculation derived from many
preconditions and has good accuracy in
characterizing lubrication contact, but it has great
limitations in describing fluid motion in whole areas
of the bearing. With the progress of computational
techniques and fluid mechanics, CFD techniques
have been widely used in various scenarios of fluid
analysis. Gao et al. (2019) investigated the
distribution of two-phase flow in cylindrical roller
bearings using CFD. Under oil injection lubrication
conditions, the flow of fluid inside the bearing is
traced using the VOF model to determine the optimal
lubrication conditions. It was found that bearing
speed, lubricant density and fluid volume have a
large effect on the oil distribution inside the bearing.
Concli et al. (2020) proposed a new method to
simulate the internal oil-air distribution of cylindrical
roller bearings using OpenFOAM CFD software.
The computational efficiency of the model was
mainly discussed, rather than analyzing the
performance of the bearings themselves. Aiming at
the problem of complex structured mesh strategy,
different models were simplified and analyzed. The
results show that for a highly symmetric bearing


http://www.jafmonline.net/
mailto:1199@ecjtu.edu.cn

J.J. Zhang et al. / JAFM, Vol. 16, No. 1, pp. 179-191, 2023.

model, the calculation efficiency can be improved by
ignoring the rounding radius and establishing the
three-dimensional model of part of bearing region. In
2019, Marchesse et al. (2019) conducted a similar
study on cylindrical roller bearings. The authors
consider the variation of fluid viscosity and fluid
density inside the bearing, where different densities
and viscosities correspond to different oil and air
phases to realize the simulation of two-phase flow.
By analyzing the results of the bearing dynamic
simulation, they found that the change of oil-phase
volume has greatly influenced the stability of fluid
motion. Wang et al. (2017) applied ANSY'S Fluent
to conduct a numerical simulation of fluid movement
and discussed the fluid distribution in the sliding
bearing. The simulation analyzed the dynamic
characteristic coefficients through the dynamic mesh
technique. The visualization results show that the
variation of the bearing speed is with a vital role in
the oil film stiffness. The damping factor has little
effect on the changes in rotational speed. Lu et al.
(2020) proposed a CFD simulation technique for
analyzing the two-phase flow of roller-sliding
bearing. The simulation details are limited, but the
effect of pipe angle on the oil-air two-phase
distribution in the flow field is considered. The
results show that the two-phase flow of oil and air
has a good lubricating work and is suitable for roller-
sliding bearings. As the angle of the pipe increases,
the agitation in the bearing becomes more severe,
which affects the stability of the lubricating film.

The keywords in the references were exported in the
Scopus database. A correlation analysis was carried
out on the research topics in the literature (See in Fig.
1). The wider the dot area, the stronger the
correlation. Therefore, the above research shows that
it is feasible to apply CFD technology to study the
roller-sliding bearing.

This paper focuses on the prediction of oil phase
volume and oil storing rate under jet-lubrication
based on the roller-sliding bearing model. In addition,
this study compares the oil-air distribution, oil
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storing rate in the bearing cavity, slider pressure, and
air pressure of two schemes, taking into account
bearing rotation speed, oil velocity, oil volume
fraction, oil ratio, oil temperature and oil viscosity.
A novel method of oil-phase volume prediction is
proposed in a deep manner. According to the
literature review, this model is with little researches
about this configuration. Therefore, there is a need to
study its ability to assess dissipation in a correct
manner. Due to the consideration of high-speed
conditions, it can be demonstrated that the roller-
sliding bearing model with a relatively higher oil-
phase volume. The purpose of this study is to obtain
a more accurate oil-phase volume in this model by
using the CFD method, which will be introduced
later.

The organization of the article are listed below. First,
the lubrication mechanism of the roller-sliding
bearing is described. Then the equation of the VOF
model is elaborated and the prediction method of the
roller-sliding bearing is proposed. A slip mesh model
was introduced for numerical evaluation of oil
volume transfer. Finally, the oil volume fraction is
discussed.

2. DESCRIPTION OF THE LUBRICATION
MECHANISM

As shown in Fig. 2(a), it is a two-dimensional
schematic of the lubricated process of the roller-
sliding bearing. During oil injection lubrication,
lubricant is sprayed into the inner cavity through a
tiny nozzle. In the lubrication process, the lubricant
flows roughly in three ways: due to the centrifugal
force generated by the bearing rotation, part of
lubricant can be removed from the bearing; in
addition to the mutual movement between the slider
and the roller, the bearing cavity may also remain
some lubricant; due to initialization, some remaining
lubricant may move axially along the inner raceway.
The associated lubricant streamline is shown in Fig.
2(b).
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Fig. 1. Network visualization of keywords in the references.
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Fig. 2. Lubrication system. (a) Schematic diagram of lubrication mode of roller-sliding bearing; (b)
Relative streamline of lubricating oil.

3. MATHEMATICAL

NUMERICAL METHOD

MODEL AND

3.1 Two-phase Flow Mode

In the lubrication process, oil-air two-phase flow is
involved in the roller-sliding bearing. Therefore, the
VOF method is applied to obtain the oil-air
distribution. In 1981, Hirt and Nichols proposed the
VOF method (Hirt and Nichols 1981). As a fluid
analysis method, the VOF technique is relatively
accurate, small error, and capable of solving highly
complex flow fields (Mehdizadeh et al. 2011).

In the VOF method, the oil-phase volume fraction(
©ou) is expressed as follows: @, =0 and ¢,, =1
indicate that there are no oil phase and full of the oil
phase in the control body respectively; 0 <¢,; <1
denotes that the control body is with a state of oil-air
mixture. Therefore, the @, is defined as:
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0o =0 air phase
Do =1 oil phase 1)
0<g,;<1 interface

To trace the oil-air interface, the continuity equation
needs to be solved. The continuity equation is
described by:

0 -
a1 (Pois Poit) +V - (Poit poi V) = S, (2)

Where 7, p.i and S, are the velocity vector, oil

density, and mass source terms, respectively
(Ramdin and Henkes 2012; Banerjee et al. 2002).

In the solving process, Eq. (2) can only be solved for
oil-phase volume fraction, conversely, the air-phase
volume fraction is obtained from the constraint,
which is given by:

Doir + Pair = 1 3)
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Where ¢, and ¢, are the oil-phase volume fraction
and air-phase volume fraction, respectively. In the
VOF method, the same momentum equation based
on the oil-air two-phase flow (OATPF) property is
described as:

o, . .
2 PV (piv) =

, . 4
~Vp+pg +V [u(VV + V)] +F

Where p, g, p, F and w are the density of oil-air

phase, gravitational acceleration vector, pressure,
volumetric force vector, and dynamic viscosity (Da
Riva et al. 2012).

The two-phase flow solves the same energy equation
to obtain the fluid properties, which can be expressed
as follows:

LB+ V- [(p+pE)V]=

>

q

®)

v- (kc,,VTf > hid iyt G c)) +S,
J

Where k. is the effective thermal conductivity, 4,
is the enthalpy of substance j in phase ¢, and J,, is
the diffusive flux of substance j in phase q, S, is the

volume heat source, and E is the mass-averaged
variable.

The mass characteristics of the momentum equation
can be identified from the average volume fraction.
The fluid properties (dynamic viscosity and density)
for mixed phase can be written as:

P = Pair Pair T Poit Poit (6)

,u - gouir ,uuir + (ooil ,um'l (7)

Where p,;,. is the density of air. The w,; and .

are with represent of oil-phase dynamic viscosity and
air-phase dynamic viscosity, respectively.

During the lubrication process, most of the lubricant
flows on the inner raceway, slider and roller. As a
result, the interface of the solid and the fluid bends,
causing the curvature to change with the flow of the
fluid. Therefore, this model considers the wall
adhesion angle. The curvature of the local interface
can be determined by the static contact angle, which

is with the location between the wall and the
interface. The wall normal is given by:
n,=n,cosh, + 7,sind,, ®)

Where #,, %, , and 7, are the wall normal vector,

the unit tangent vector, and the unit normal vector,
respectively.

At different speeds of the bearing, due to the
different Reynolds numbers of oil and air, high-
speed rotation and eddy currents need to be
considered. Therefore, this study considers a
relatively higher bearing rotation speed, adopts the k-
& renormalization group (RNG) turbulence model,
and considers the high curvature and high stress
changes. This model can improve the computational
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accuracy under turbulent conditions to a certain
extent (Xiao et al. 2012).

3.2 Slip Mesh Model

For the purpose of analyzing the internal flow field,
it is necessary to determine the value of the bearing
rotational speed and set the rotational state to
transient. Considering the existence of relative
motion in the internal and external flow fields, a slip
mesh model is applied to the analysis. In this mesh
model, the sliding phenomenon occurs at the
watershed interface. There is no deformed mesh and
mesh reconstruction, which improves the efficiency
of the calculation.

The model needs to satisfy momentum conservation
and mass conservation. In each step of the
calculation, the interface of slip mesh needs to be
redefined. The relationship of the flow velocity at
any point r with respect to the rotating coordinate
system and the fixed coordinate system is described
as:

©)
(10)

o o
V.=V —1U,

=~

u,=wXx

Where v, , v and u,. are the relative velocity,
absolute  velocity, and implicate velocity,
respectively. The governing equations for fluids in
rotating coordinates are given by (Hu et al. 2014):

op =

opP . — 11
at+v pv,=0 (12)
L (V)Y (0¥, 5)+ pQd X B+ B XX F) =
-Vp+ V- [ (V¥ +VFT)+ F] (12)

Where 2o x ¥, and & xox7 are the Coriolis
acceleration term and the centripetal acceleration
term resulting from the change of bearing rotation
speed, respectively.

3.3 Fluid-Structure Coupling Model

In this study, the factors affecting the lubrication
characteristics of the roller-sliding bearing are
analyzed based on the slider shape. Table 1 shows
the specific parameters of the roller-sliding bearing.
Fig. 3 shows the design schemes of the roller-sliding
bearing. In terms of the slider shape, scheme A is the
middle prominent slider, and scheme B is the middle
concave slider. But they have the same volume.
Please note, this study only considers the case where
the outer ring is fixed, the inner ring rotates and the
rolling elements do not rotate. The slider is in a linear
contact with the inner and outer raceway. In
calculation process, the fluid-structure coupling
method is applied. The flow chart of fluid-structure
coupling simulation is shown in Fig.4. In the
coupling process, the inner flow field region and
outer flow field region are analyzed separately. The
internal flow field analyzes its flow characteristics,
and the external flow field analyzes its dynamic
characteristics. Then, the coupled analysis of the
internal and external flow fields is carried out.
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Table 1 Geometric parameters of the roller-sliding bearing.

Parameter Value
Width (mm) 20
Outer diameter (mm) 90

Ball diameter (mm) 12.186
Inner diameter (mm) 50
Contact angle(degree) 40
Number of balls 7
Number of sliders 7

@

Establish the three-dimensional model
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|

| Meshing the internal and external field|

| Liquid zone analysis | | Solid zone analysis |

| |
|

| Coupled analysis of fluid and solid zone |

!

| Lubrication characteristics of roller sliding bearings |

End

Fig. 4. Flow chart of fluid-structure coupling
simulation.

During the calculation, the external flow field is a
solid region. The interaction of the fluid and the solid
causes the solid to move or deform. In addition, the
deformation of the solid can affect the fluid
movement, which in turn affects the distribution of
the fluid. Figure 5 illustrates the flow mesh model of
the roller-sliding bearing, which is a VOF model.
According to the description of lubrication
mechanism, in this model, two pressure outlets are

(b)

Fig. 3. Design scheme comparison. (a) Scheme A; (b) Scheme B.
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applied to monitor the flow of lubricant. The nozzles
are set up as velocity inflow ports for a single inlet,
where velocity is determined by different operating
conditions. The bearing surface is set as a pressure
outlet and its pressure is set at one standard
atmosphere. According to the relative streamline of
lubricating oil in Fig. 2(b), the oil flow of two
schemes is equal in value. In Fig. 3, in terms of
meshing technology, the outer flow field area adopts
a hexahedral structured mesh, and the inner flow
field area adopts a tetrahedral unstructured mesh,
which is proposed with reference to Wu et al (2016).
Scheme A uses 895,473 cells and Scheme B uses
823,585 cells. The minimum clearance between
slider and raceway (inner and outer) is set to 0.25
mm. Meanwhile, a slip mesh is set at the interface of
inner and outer fields for data transmission. In order
to further reduce the computational errors in the
turbulent flow field at the wall, various rotating
boundaries are set on different walls. The high
Reynolds number region near the wall adopts the
standard wall function. However, the low Reynolds
number region on the far wall applies the no-slip
boundary condition.

Another study was conducted to check the reliability
of the model and the accuracy assessment of the
numerical solution, a mesh independence test is
carried out according to the change of numerical
solution. Scheme A and scheme B both use three
mesh models with different sizes. Refinement is
performed for one index, which means the mesh
refinement is based on 2.5 times the initial cell. Table
2 presents the numerical results of mesh
independence tests for two schemes. It can be seen
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Fig. 5. Flow field mesh of roller-sliding bearing.

Table 2 Mesh independence test for mean oil volume(m?).

Item Mesh Cells number 8000rpm 10000rpm
Scheme A Meshl 821.268 0.05415 0.05526
Mesh2 895.473 0.05421 0.05535
Mesh3 978.948 0.05434 0.05542
Scheme B Meshl 759.372 0.06221 0.06505
Mesh2 823.585 0.06243 0.06512
Mesh3 916.256 0.06252 0.06526

that the average oil volume inside the roller-sliding
bearing does not change much for different mesh
sizes. The average oil difference is less than 5%. The
number of meshes has little effect on the numerical
results.

3.4 Numerical Methods

When lubricant is sprayed into the bearing, the oil
moves along the bearing inner ring. Therefore, it is
essential to determine the value of the bearing speed,
which is defined by (Harris and Kotzalas 2006):

1 D,cosa
n,,zin 1— pl

Where D,. n. d. o are the bearing pitch

diameter, inner raceway speed, ball diameter, and
bearing contact angle, respectively.

(13)

In the VOF model, the air phase is set as the
incompressible phase as main phase with a density
of 1.225kg/m® and a viscosity of 1.79x10%Pa-s
respectively. Meanwhile, the oil phase of second
phase is a compressible phase with a density of 960
kg/m? and the viscosity is constantly changes with
the environmental temperature. During initialization,
the oil phase functions in the nozzle and bearing
cavity are 1 and 0, respectively. The solution process
of governing equations is discretized by finite
volume method. Phase function equations, second-
order windward momentum equations, and
turbulence equations are used to accurately describe
the motion of fluid. The pressure stage is in PRESTO
format. The PISO format is used separately to
account for the effect of bearing rotation on fluid
flow. Convergence condition is the conservation of
import and export masses. In addition, the
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influencing factors will be discussed as input
parameters of the model in the following sections.
For example, the bearing speed is the speed of the
inner ring of the bearing. The oil viscosity, oil
temperature, oil velocity and oil ratio are the oil
properties of the oil inlet respectively.

4, RESULT ANALYSIS

4.1 Analysis of oil-air distribution in roller-
sliding bearing

The oil-air distribution in bearing cavity was
obtained by numerical simulation, as illustrated in
Fig. 6. The bearing rotation speed is 10000r/min, the
oil viscosity is 0.14Pa-s, the oil velocity is 18m/s, the
oil ratio is 0.9, and the oil temperature is 20°C.
According to the distribution of oil-air, the bearing
has a stable flow field in the bearing cavity, but the
distribution of oil-air is uneven. The oil-phase
volume fraction at nozzle is the highest. With the
centrifugal force generated by bearing rotation, the
high-density oil phase fluid in bearing cavity is
concentrated in outer raceway. Therefore, the oil-
phase volume fraction in outer raceway is higher
than that in inner raceway. The oil-phase volume
fraction gradually decreases along the direction of
bearing rotation, and the oil-air interface can be
observed.

The blue area indicates the air phase, and other colors
describe the oil-air phase. In Fig. 6 (a) and Fig. 6 (b),
lubricant distribution of scheme B is more uniform
than that of scheme A under the same conditions.
Most of the lubricant moves in a circular motion
around the bearing due to the interaction between the
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slider and the roller. The lubricant injected into the
bearing surface leaves the cavity from the bearing
end face. Therefore, the oil-phase volume fraction is
lowest near the upstream of the nozzle. However, the
oil-phase volume fraction near the nozzle is higher
due to the splash phenomenon between the fluid
upstream of the nozzle. Fig.6 (c) shows the average
oil-phase volume fraction inside the bearing, which
is higher for scheme B compared to scheme A. In

Oil-air interface

summary, in the lubrication process of the roller-
sliding bearing, the radial velocity, axial velocity,
and circumferential velocity of lubricating oil are not
zero. The reason for this is that the centrifugal force
affects the radial movement of fluid, the speed of ail
injection affects the axial motion of fluid, and the
interaction between the slider and the roller will have
a greater impact on the circumferential movement of
fluid.
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Fig. 6. Average oil-phase volume distribution inside the roller-sliding bearing. (a) Oil-phase
distribution of scheme A; (b) Oil-phase distribution of scheme B; (c)Average oil volume in the roller-
sliding bearing.

4.2 Influence of Bearing Rotation Speed and Oil
Velocity on Bearing Lubrication
Characteristics

Figure 7 shows the lubrication characteristics of
roller-sliding bearing at different oil velocities and
bearing rotation speeds. In this section, the oil
temperature is 20 ‘C . The lubricant viscosity is
0.14Pa-s. The oil ratio is 0.9. The bearing rotation
speed cases are 4000, 6000, 8000, and 10000r/min,
respectively. Meanwhile, the oil velocity cases are
18, 28, 38, and 48m/s, respectively. In addition, the
oil storing rate in bearing chamber, the bearing
rotation speed, the oil velocity, the oil volume and
the pressure on slider are considered. Figure 7 (a) and
Fig.7 (b) show the effect of bearing rotation speed on
oil-phase volume. With the bearing speed increasing,
the oil-phase volume in the bearing chamber
gradually increases. However, for scheme A, with
the increase of bearing rotation speed, the oil volume

in the bearing first decreases and then increases
under the oil velocity of 48m/s, which may be caused
by unstable air pressure at high flow velocity. For
scheme B, the internal oil volume changes evenly
with bearing rotation speed. When oil velocity is
18m/s, the oil-phase volume in bearing cavity is the
largest. Fig.7 (c) and Fig.7 (d) show the effect of oil
velocity on oil-phase volume. The oil velocity is
negatively correlated with the oil volume in bearing
cavity, which means that the oil volume decreases as
the oil velocity increases. When the bearing rotation
speed is 10000r/min, the oil-phase volume in bearing
cavity is the largest. Fig.7 (e) shows the oil storing
rate in roller-sliding bearing chamber of scheme A.

Here, the oil storing rate » in bearing cavity is

calculated as 4 =[5/(a + )] x100%, where a is the

oil-phase volume in outer flow field and b is the oil-
phase volume in bearing cavity. When the bearing

185
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Fig. 7. Lubrication characteristics of the roller-sliding bearing at different oil velocities and bearing
rotation speeds. (a) Effect of bearing rotation speed on the volume of oil-phase of scheme A; (b) Effect
of bearing rotation speed on the volume of oil-phase of scheme B; (c) Influence of oil velocity on the
volume of oil-phase of scheme A; (d) Influence of oil velocity on the volume of oil-phase of scheme B; (e)
Oil storing rate in the roller-sliding bearing chamber of Scheme A; (f) Oil storing rate in the roller-
sliding bearing chamber of Scheme B; (g) Average pressure on the slider of scheme A; (h) Average
pressure on the slider of scheme B.
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rotation speed is constant, the oil storing rate slightly
decreases with the increase of oil velocity. When the
oil velocity is 18m/s and the bearing rotation speed
is 10000r/min, the oil storing rate is the highest. Fig.7
(9) shows the average pressure on slider of scheme
A. The average pressure on slider surfaces is strongly
influenced by bearing rotation speed. When the oil
velocity is 18m/s and the bearing speed is
10000r/min, the pressure is lower than other three
cases.

Figure 7 (f) illustrates the oil storing rate in roller-
sliding bearing chamber of scheme B. The oil storing
rate in bearing cavity varies with the bearing rotation
speed. When the oil velocity is 18m/s and the bearing
speed is 10000r/min, the rate of oil storing is the
highest. Fig.7 (h) denotes the average pressure on the
slider of scheme B. The average pressure on slider
appears to be higher in scheme B compared to
scheme A. However, there is a smooth pressure trend
of slider in scheme B. In other words, scheme B has
a stable pressure and the interaction between slider
and roller is weakened. The slider can share some
pressure for roller to a greater extent.

From the results in Fig. 7, it can be seen that the
bearing speed and the oil speed have opposite effects
on the oil-phase volume in the roller plain bearing,
which is positively related to the bearing speed and
negatively related to the oil velocity. Under the same
working conditions, the oil-phase volume in the
bearing cavity of scheme B has a more stable
pressure trend on the slider surface, which is higher
than that of scheme A. In scheme B, when the oil
velocity is 18m/s and the bearing rotation speed is
10000r/min, there is a relatively higher oil storage
rate and a lower pressure on the slider surface in
relation to other working conditions. Therefore, the
roller-sliding bearing has good lubrication
characteristics in this case.

4.3 Influence of Oil Ratio and Oil Temperature
on Bearing Lubrication Characteristics

Figure 8 describes the lubrication characteristics of
roller-sliding bearing with different oil ratios and
different oil temperatures. Here, the oil ratio is
defined as 4= c/(c+d), where c is the volume of oil-
phase of inlet and d is the air-phase volume of inlet.
In this section, the oil velocity is 18m/s. The oil
viscosity and bearing rotation speed are 0.14Pa-s and
10000r/min, respectively. The oil ratio cases are 0.1,
0.3, 0.6, and 0.9, respectively. Meanwhile, the oil
temperature cases are 20°C, 24°C, 28°C, 32C,
respectively. The oil ratio, oil temperature, oil
storing rate in the bearing cavity, and pressure on the
slider are considered. Fig. 8(a) and Fig. 8(b) illustrate
the influence of the oil temperature on the volume of
oil-phase of the bearing cavity. It is observed that the
oil temperature has little effect on the volume of oil-
phase in scheme A and scheme B. Fig. 8(c) and Fig.
8(d) show the effect of oil ratio on oil-phase volume.
In comparison with scheme B, the volume of oil-
phase in the bearing cavity of scheme A is more
sensitive to the change of oil ratio. Fig. 8(e) gives the
oil storing rate in roller-sliding bearing cavity of
scheme A. The oil storage rate reaches a higher level
when the oil temperature and oil ratio are 20°C and
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0.9, respectively. Fig. 8(f) illustrates the oil storing
rate in roller-sliding bearing cavity of scheme B.
Compared with scheme A, the oil storing rate of
scheme B is relatively higher in terms of maximum
oil storing rate. The oil storage rate reaches the
highest level when the oil temperature and oil ratio
are 20°C and 0.9, respectively. Fig. 8(g) describes
the average pressure on slider surface of scheme A.
The maximum oil storage rate is considered in this
case, where the oil temperature is 20°C and the oil
ratio is 0.9. For scheme A, the pressure on slider
surface is the largest, but the oil storing rate reaches
a higher level (according to Fig. 8 (€)), which may be
due to the high air pressure inside the bearing at this
time. Fig. 8(h) gives the average pressure on slider
surface of scheme B. Compared with scheme A,
when oil ratio is 0.9 and oil temperature is 20°C, the
pressure on slider surface is relatively small in
scheme B.

From the results in Fig. 8, it can be concluded that
the oil temperature has little effect on oil-phase
volume fraction in the bearing cavity. But the oil
ratio has a greater influence on the change of oil
volume. When oil temperature is 20°C and oil ratio
is 0.9, in comparison with scheme A, scheme B has
the lower pressure on slider surface and the higher
oil storing rate, which means the lubrication
performance of roller-sliding bearing is better than
other working conditions.

4.4 Influence of Oil Viscosity on Bearing
Lubrication Characteristics
Figure 9 shows the bearing lubrication

characteristics for different oil viscosities. The oil
temperature is 20°C. The oil ratio and the bearing
speed are 0.9 and 10000r/min, respectively. In
addition, the oil viscosity cases are 0.02, 0.06, 0.10,
and 0.14Pa-s, respectively. In this section, the oil
viscosity, oil storing rate in the bearing cavity, oil-
phase volume, and air pressure are considered. Fig.
9(a) and Fig. 9(b) show the effect of different
viscosity cases on oil-phase volume. It can be
observed that the viscosity of the oil has an certain
effect on the volume of the oil phase within the
bearing. However, the change of oil-phase volume in
bearing cavity becomes more stable with the
increases of oil viscosity. When the volume of oil-
phase in bearing cavity is the largest, the oil viscosity
case is 0.14Pa-s. According to the results of Fig. 9(a)
and Fig. 9(b), the oil viscosity has a similar effect on
oil-phase volume under the same working
conditions. But the rate of change in oil volume is
different. Compared with scheme A, the volume of
oil-phase in the bearing cavity of scheme B is a larger
one. Fig. 9(c) illustrates the oil storing rate for
different oil viscosity cases. In terms of the influence
of oil viscosity on oil storing rate of bearing cavity,
scheme A and scheme B have similar changing
trends. With the increases of oil viscosity, the oil
storing rate in the bearing cavity slightly increases.
The oil storing rate in bearing cavity is higher than in
other cases when the oil viscosity case is 0.14Pa-s.
Moreover, the scheme B has a higher rate of oil
storing than scheme A. In other words, the lubricant
volume in the bearing cavity of scheme B is
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relatively larger. Therefore, it has better lubricating
properties. Fig. 9(d) gives the air pressure for
different oil viscosity cases. It can be found that the
air pressure has the same trend of the changing with
oil viscosity in the bearing cavity and the air pressure
of scheme B is less than scheme A.

The viscosity of the oil has a relatively large impact
on the air pressure in the bearing cavity according to
the above analysis, which affects the lubrication
performance of the bearing. For both design
schemes, the oil viscosity has same influence trend
on oil-phase volume in the bearing cavity. Moreover,
the oil storing rate and air pressure in the bearing
cavity will also be affected to a certain extent. When
the oil viscosity case is 0.14Pa-s, compared with
scheme A, scheme B has a larger oil volume, a higher
oil storing rate and a lower air pressure, which means
the lubrication performance is better in scheme B.

5. CONCLUSIONS

To investigate the lubrication characteristics of
roller-sliding bearing under oil injection lubrication,
the VOF model and CFD method are used to study
the effects of bearing speed, oil velocity, oil
temperature, oil viscosity, oil storing rate, slider
pressure, and air pressure inside the bearing on the
lubrication characteristics of the roller-sliding
bearing. The following conclusions were drawn:

1. Under the condition of oil injection lubrication, the
oil and gas distribution inside the rolling bearing was
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uneven. The volume fraction of the oil phase inside
the bearing gradually increased from the inner
raceway to the outer raceway and was lowest near
the upstream of the nozzle due to the centrifugal
force generated by the high-speed rotation of the
bearing.

2. The influence of bearing speed and oil speed on
the volume of the oil phase in roller-sliding bearing
was the opposite. With the increase of the bearing
speed, the oil phase volume inside the bearing
gradually increased. However, as the oil supply
speed increased, the oil phase volume inside the
bearing gradually decreased.

3. Oil injection lubrication of roller-sliding bearing
should consider the oil viscosity. The oil storing rate
of the bearing cavity increased with the increase of
the oil viscosity. As oil viscosity increased, the air
pressure in the bearing cavity decreased.

4. The oil temperature had little impact on the oil-
phase volume in the bearing cavity. When the
bearing rotation speed case was 10000r/min, the oil
velocity case was 18m/s, the oil temperature case

was 20°C, the oil ratio case was 0.9, and the oil
viscosity case was 0.14Pa-s. Compared with scheme
A, scheme B had a higher oil storing rate in the
bearing cavity, a higher oil storing rate, and lower
pressure on the slider surface. Therefore, the
lubrication performance of scheme B was better than
other working conditions.
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Furthermore, on the one hand, our future work will
focus on the dynamic lubrication properties,
computational rheology, and fluid heat transfer
properties of high-speed roller-sliding bearings
under oil injection lubrication conditions. On the
other hand, there is a small gap between the slider
and the raceway, so the near-wall meshing of the
turbulent region will be the biggest challenge in the
future. Therefore, in future studies, the author will
further optimize the model to obtain more accurate
results. Besides, as the oil ratio has a great influence
on the complexity of fluid motion inside the roller-
sliding bearing, the author will also consider the
rheological behavior of the fluid in the roller-sliding
bearing cavity to reveal the impact of non-Newtonian
fluids on the lubrication characteristics of the roller-
sliding bearing.
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