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ARTICLE

Hydrodynamic journal bearing with slippage sleeve surface
Haijun Chen and Yongbin Zhang

College of Mechanical Engineering, Changzhou University, Changzhou, Jiangsu Province, China

ABSTRACT
The performance of the hydrodynamic journal bearing with slippage sleeve surface is analy-
tically investigated based on the contact-fluid interfacial limiting shear strength model. In this
bearing, the interfacial slippage occurs on the whole sleeve surface in the lubricated area, but
is absent on the whole shaft surface. The calculation results show that the interfacial slippage
on the whole sleeve surface considerably reduces the load-carrying capacity of the bearing,
but also considerably reduces the friction coefficient of the bearing as compared to the
results of the conventional hydrodynamic journal bearing (without the interfacial slippage)
for the same operating condition. It was also found that with the reduction of the contact-
fluid interfacial shear strength on the sleeve surface and thus with the increase of the
interfacial slippage on the sleeve surface, the load-carrying capacity of the bearing is
improved, but the friction coefficient of the bearing is reduced. The results show the potential
application of this mode of bearing in reducing the friction coefficient and energy
conservation.
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1. Introduction

Hydrodynamic journal bearings were mainly designed
according to conventional hydrodynamic lubrication
theory (Pinkus and Sternlicht 1961), which ignores the
contact-fluid interfacial slippage. In severe operating
conditions e.g. for heavy loads, high sliding speeds and
high bulk lubricant temperatures, the load-carrying
capacity of this bearing was much lower than that
calculated from conventional lubrication theory
(Muzakkir et al. 2011; Din and Kassfeldt 1999). It
was ascribed to the lubricant film viscous heating
effect, the lubricant non-Newtonian effect and the
contact surface roughness effect (Muzakkir et al.
2011; Din and Kassfeldt 1999; Gecim 1990; Tzeng
and Saibel 1967). Rozeanu and Snarsky (1977, 1978)
as well as Rozeanu and Tipei (1980) experimentally
found that the contact-fluid interfacial slippage may be
responsible for the great reduction of the carried load
of a hydrodynamic lubricated journal bearing.

The contact-fluid interfacial slippage was found
long time ago in fluid mechanics (Schnell 1956;
Churaev, Sobolev, and Somov 1984; Thompson and
Troian 1997; Craig, Neto, and Williams 2001). It was
theoretically modelled by the slip length model (de
Gennes 2002) or the interfacial limiting shear
strength model (Jacobson and Hamrock 1984). It
was commented that the interfacial limiting shear
strength model may be more rational in describing
the interfacial slippage, which was interpreted as the
result of the interfacial shear stress exceeding the
interfacial shear strength (Zhang 2014a).

In a hydrodynamic journal bearing, the fluid shear
strength as well as the contact-fluid interfacial shear
strength may be quite low as no more than 1MPa
because of the generated relatively low hydrodynamic
pressures (Zhang 2000a; Zhang et al. 2000b; Zhang
2014b, 2015a). In severe operating conditions, the
interfacial slippage may frequently occur in this bear-
ing because of the high interfacial shear stress exceed-
ing the low interfacial shear strength. In a normal
hydrodynamic journal bearing (with the same surface
properties on the whole shaft or sleeve surfaces), the
interfacial slippage deteriorates the performance of
the bearing including reducing the load-carrying
capacity of the bearing but increasing the friction
coefficient of the bearing (Rozeanu and Snarsky
1977, 1978; Rozeanu and Tipei 1980; Yan et al.
2014, 2015).

The interfacial slippage was also found to be
beneficial for the performance of a hydrodynamic
journal bearing including increasing the load-
carrying capacity of the bearing and reducing the
friction coefficient of the bearing when it is
designed on specific areas of the lubricated surfaces
(Fortier and Salant 2005; Zhang 2013). The appli-
cation of this interfacial slippage effect relies on the
use of the non-uniform surface properties of the
lubricated surfaces such as by coating. Zhang
(2015b) analytically showed that when the interfa-
cial slippage is artificially designed on the station-
ary surface in the inlet zone, the performance of
a hydrodynamic journal bearing can be overall sig-
nificantly improved. Chen and Zhang (2019)
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analysed the performance of a hydrodynamic jour-
nal bearing when the interfacial slippage occurs on
the whole lubricated rotating shaft surface but is
absent on the stationary sleeve surface. They found
that such an interfacial slippage severely deterio-
rates the performance of the bearing.

In a hydrodynamic journal bearing, the sleeve is
normally made of non-steel materials such as bronze
compounds and plastics. The shear strength on the
interface between the fluid and the sleeve may be
significantly low so that the interfacial slippage may
often be present on the sleeve surface. The present
paper aims to analytically study the effect of the
interfacial slippage on the sleeve surface on the per-
formance of a hydrodynamic journal bearing when
the interfacial slippage occurs on the whole lubricated
sleeve surface but is absent on the rotating shaft sur-
face. The study may be of significant interest to
understanding and application of the interfacial slip-
page effect in a hydrodynamic journal bearing.

2. Bearing configuration

Figure 1 shows the studied hydrodynamic journal
bearing where the shaft is rotating with the circum-
ferential speed u and without the interfacial slippage,
while the sleeve is stationary with the interfacial slip-
page present on the whole lubricated surface. In this
bearing, the radii of the shaft and the sleeve are
respectively r and R, the angular coordinate of the
location where the maximum pressure Pslip;max

� �
occurs is ϕ0;slip, the angular coordinate of the exit is

2π � ϕ0;slip

� �
according to the Reynolds boundary

condition, the load per unit contact length carried
by the bearing is wslip, and the attitude angle of the
bearing is γslip. In operation, there will be the distance

e between the shaft centre and the bearing hole cen-
tre. The used Cartesian coordinates are also shown in
Figure 1.

3. Analysis

3.1. For the present bearing

An analysis was made for the bearing in Figure 1
based on the modified Reynolds equation according
to the interfacial shear strength model (Zhang 2014a).
In the analysis, the following assumptions have been
taken:

(1) The condition is isothermal;
(2) The fluid is isoviscous and incompressible;

(3) The fluid is in laminar continuum flow;
(4) The effects of the shaft and sleeve surface

roughness are negligible;
(5) Within the lubricating film, the fluid is

Newtonian;
(6) The fluid inertia effect is negligible.

3.1.1. Basic equations
According to the interfacial shear strength model
(Zhang 2014a), since the fluid film slips on the
sleeve surface in the bearing in Figure 1, the shear
stress on the sleeve surface in this bearing should
be equal to the fluid-sleeve interfacial shear
strength τsb. On the other hand, since the fluid
film does not slip on the shaft surface in this bear-
ing, the film velocity on the shaft surface is equal to
the shaft circumferential speed u. Thus, according
to the Newtonian fluid model within the fluid film,
the shear stress on the sleeve surface in this bearing
is calculated as (Pinkus and Sternlicht 1961):

τsb ¼ η
u� �ub

h
� h
2r

dpslip
dϕ

; for 0 � ϕ � 2π � ϕ0;slip

(1)

where h is the fluid film thickness in the radial
direction, η is the fluid dynamic viscosity, �ub is
the fluid film velocity on the sleeve surface, ϕ is
the angular coordinate, and pslip is the fluid film
pressure.

The fluid film velocity on the sleeve surface in the
present bearing is solved from Equation (1) as:

�ub ¼ u� hτsb
η

� h2

2ηr

dpslip
dϕ

; for 0 � ϕ � 2π � ϕ0;slip

(2)

The average velocity of the fluid film on both the shaft
and sleeve surfaces is thus (Zhang and Wen 2002):

lu ¼ uþ �ub
2

¼ u� hτsb
2η

� h2

4ηr

dpslip
dϕ

; for 0 � ϕ � 2π � ϕ0;slip

(3)

Since the fluid within the lubricating film is Newtonian,
the Reynolds equation for the fluid in the present bear-
ing is (Zhang and Wen 2002):

dpslip
rdϕ

¼ 12luη
h2

� 12qv;slipη

h3
; for 0 � ϕ � 2π � ϕ0;slip

(4)

where qv;slip is the volume flow rate through the
present bearing per unit contact length.
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Define the following dimensionless parameters
(Zhang 2015b):

W ¼ wc2

uηr2
; P ¼ pc2

uηr
; Qv;slip ¼

qv;slip
uc

; �Fx ¼ Fxc2

uηr2
;

�Fy ¼
Fyc2

uηr2

�Ff ;h ¼
Ff ;hc2

uηr2
; �Ff ;s ¼

Ff ;sc2

uηr2
; �τ ¼ τc2

uηr
; DU ¼ Δu

u
;

Kτ ¼ τsbc
uη

where p is the lubricating film pressure, c is the
bearing clearance and equal to (R-r), Fx is the
component of the film force in the x coordinate
direction, Fy is the component of the film force in
the y coordinate direction, Ff ;h is the friction force
on the sleeve surface per unit contact length, Ff ;s is
the friction force on the shaft surface per unit
contact length, τ is the shear stress, and Δu is
the interfacial slipping velocity on the sleeve
surface.

By using the above dimensionless parameters,
substituting Equation (3) into Equation (4) and
rearranging gives the following final form of the
dimensionless Reynolds equation for the present
bearing:

dpslip
dϕ

¼ 3

ð1þ ε cosϕÞ2 �
3Kτ

2ð1þ ε cosϕÞ
� 3Qv;slip

ð1þ ε cosϕÞ3 ; for 0 � ϕ � 2π � ϕ0;slip

(5)

where ε is the eccentricity ratio and equal to e=c, and the
subscript ‘slip’ denotes the present bearing (same in the
following).

3.1.2. For the pressure, carried load and friction
coefficient of the bearing
Integrating Equation (5) yields the film pressure:

PslipðϕÞ ¼ 3ðθ� ε sin θÞ
ð1� ε2Þ3=2

� 3Kτθ

2ð1� ε2Þ1=2

� 3Qv;slip

ð1� ε2Þ5=2
θ� 2ε sin θþ ε2

1
2
θþ 1

4
sin 2θ

� �� 	

(6)

for 0 � ϕ � 2π � ϕ0;slip;where θ ¼ arccos½ðεþ cosϕÞ
=ð1þ ε cosϕÞ�:

Since ðdPslip=dϕÞjϕ¼ϕ0;slip
¼ 0, it is equated accord-

ing to Equation (5) that:

3

ð1þ ε cosϕ0;slipÞ2
� 3Kτ

2ð1þ ε cosϕ0;slipÞ
� 3Qv;slip

ð1þ ε cosϕ0;slipÞ3
¼ 0

(7)

It is thus solved from Equation (7) that:

Figure 1. The studied hydrodynamic journal bearing with the slippage sleeve surface.
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Qv;slip ¼ 1� ε2

1� ε cos θ0;slip
� Kτ

2
1� ε2

1� ε cos θ0;slip

� �2

(8)

where θ0;slip ¼ arccos½ðεþ cosϕ0;slipÞ=ð1þ ε cosϕ0;

slipÞ�:
On the exit, the fluid film pressure vanishes, and

according to Equation (6) and by substituting
Equation (8), it is thus equated that:

3ð2π � θ0;slip þ ε sin θ0;slipÞ
ð1� ε2Þ3=2

� 3Kτð2π � θ0;slipÞ
2ð1� ε2Þ1=2

�

3 2π � θ0;slip þ 2ε sin θ0;slip


þε2ðπ � 1

2 θ0;slip � 1
4 sin 2θ0;slipÞ

�
ð1� ε2Þ3=2ð1� ε cos θ0;slipÞ

þ

3Kτ 2π � θ0;slip þ 2ε sin θ0;slip



þε2ðπ � 1
2 θ0;slip � 1

4 sin 2θ0;slipÞ
�

2ð1� ε2Þ1=2ð1� ε cos θ0;slipÞ2
¼ 0

(9)

For given ε and Kτ , θ0;slip can be solved from
Equation (9). Once θ0;slip is known, Qv;slip and Pslip
can respectively be calculated from Equations (8) and
(6). The angular coordinate of the location where the
maximum film pressure occurs is calculated
as: ϕ0;slip ¼ arccos½ðcos θ0;slip � εÞ=ð1� ε cos θ0;slipÞ�.

The component of the dimensionless film force
in the x coordinate direction is:

�Fx;slip ¼ �
ð2π�ϕ0;slip

0
PslipðϕÞ cosϕdϕ (10)

Substituting Equation (6) into Equation (10) and
rearranging gives that (Zhang 2015b):

Fx;slip ¼ 3Kτ

2
þ 3Qv;slipð1þ ε2

2Þ
ð1� ε2Þ2 � 3

1� ε2

" #

½I1ð2π � θ0;slipÞ � I1ð0Þ�

þ 3ε
1� ε2

� 6εQv;slip

ð1� ε2Þ2
" #

½I2ð2π � θ0;slipÞ � I2ð0Þ� þ
3ε2Qv;slip

4ð1� ε2Þ2
½I3ð2π � θ0;slipÞ � I3ð0Þ�

(11)

where

I1ðθÞ ¼
ð
θðcos θ� εÞ
ð1� ε cos θÞ2 dθ

¼ θ sin θ
1� ε cos θ

� ln 1� ε cos θj j
ε

(12)

I2ðθÞ ¼
ð
sin θðcos θ� εÞ
ð1� ε cos θÞ2 dθ

¼ ε2 � 1
ε2ð1� ε cos θÞ �

ln 1� ε cos θj j
ε2

(13)

I3ðθÞ ¼
ð
sin 2θðcos θ� εÞ
ð1� ε cos θÞ2

dθ ¼ 2
ε2

ðε2 � 1Þ ln
1
ε
� cos θ

����
����þ 1

1� ε cos θ

� ��

�ε cos θ� ln
1
ε
� cos θ

����
����
	

(14)

The component of the dimensionless film force in the
y coordinate direction is:

�Fy;slip ¼
ð2π�ϕ0;slip

0
PslipðϕÞ sinϕdϕ (15)

Substituting Equation (6) into Equation (15) and
rearranging gives that (Zhang 2015b):

F y;slip ¼ 3

ð1� ε2Þ1=2
� 3Kτð1� ε2Þ1=2

2

"

� 3Qv;slipð1þ ε2

2Þ
ð1� ε2Þ3=2

#
½I4ð2π � θ0;slipÞ � I4ð0Þ�

þ 6εQv;slip

ð1� ε2Þ3=2
� 3ε

ð1� ε2Þ1=2
" #

I5ð2π � θ0;slipÞ � I5ð0Þ

 �� 3ε2Qv;slip

4ð1� ε2Þ3=2
½I6ð2π � θ0;slipÞ � I6ð0Þ�

(16)

where

I4ðθÞ ¼
ð

θ sin θ

ð1� ε cos θÞ2 dθ ¼ θ

εðε cos θ� 1Þ

þ 2

ε
ffiffiffiffiffiffiffiffiffiffiffiffi
1� ε2

p arctan

ffiffiffiffiffiffiffiffiffiffiffi
1þ ε

1� ε

r
tan

θ

2

� ������
�����

" #

(17)

I5ðθÞ ¼
ð

sin2θ

ð1� ε cos θÞ2 dθ ¼ sin θ
εðε cos θ� 1Þ

þ 2

ε2
ffiffiffiffiffiffiffiffiffiffiffiffi
1� ε2

p arctan

ffiffiffiffiffiffiffiffiffiffiffi
1þ ε

1� ε

r
tan

θ

2

� ������
�����

" #
� θ

ε2

(18)

I6ðθÞ ¼
ð

sin θ sin 2θ

ð1� ε cos θÞ2 dθ ¼ sin 2θ
εðε cos θ� 1Þ

þ 8� 4ε2

ε3
ffiffiffiffiffiffiffiffiffiffiffiffi
1� ε2

p arctan

ffiffiffiffiffiffiffiffiffiffiffi
1þ ε

1� ε

r
tan

θ

2

� ������
�����

" #

� 4 sin θ
ε2

� 4θ
ε3

(19)

The dimensionless load carried by the bearing is:
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Wslip ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�F2x;slip þ �F2y;slip

q
(20)

The attitude angle of the bearing is:

γslip ¼ arctan
�Fy;slip

�Fx;slip

� �
(21)

The dimensionless shear stress on the shaft surface
is (Zhang 2015b):

�τs;slip ¼ c
r

3
1þ ε cosϕ

� Kτ

2
þ 3Qv:slip

ð1þ ε cosϕÞ2
" #

;

for 0 � ϕ � 2π � ϕ0;slip

(22)

The dimensionless friction force on the shaft sur-
face per unit contact length is:

�Ff ;s;slip ¼
ð2π�ϕ0;slip

0
�τs;slipdϕ ¼ c

r

3ð2π � θ0;slipÞ
ð1� ε2Þ1=2

"

� Kτ

2
ð2π � θ0;slipÞ

� 3Qv:slipð2π � θ0;slip � ε sin θ0;slipÞ
ð1� ε2Þ3=2

# (23)

The dimensionless shear stress on the sleeve sur-
face is:

�τh;slip ¼ Kτ
c
r
; for 0 � ϕ � 2π � ϕ0;slip (24)

The dimensionless friction force on the sleeve sur-
face per unit contact length is:

�Ff ;h;slip ¼
ð2π�ϕ0;slip

0
�τh;slipdϕ ¼ Kτ

c
r
ð2π � ϕ0;slipÞ (25)

The friction coefficients on the shaft and sleeve sur-
faces are respectively (Zhang 2015b):

fs;slip ¼
�Ff ; s; slip
Wslip

; fh;slip ¼
�Ff ; h; slip
Wslip

(26)

The dimensionless interfacial slipping velocity on the
sleeve surface is:

DU ¼ 3Qv;slip

2ð1þ ε cosϕÞ �
1
4
Kτð1þ ε cosϕÞ � 1

2
;

for 0 � ϕ � 2π � ϕ0;slip

(27)

3.1.3. Condition for the studied bearing
It should be satisfied that DU > 0 (Zhang and Wen
2002). According to this condition, substituting
Equation (8) into Equation (27) and rearranging
finally gives that:

Kτ <
3ð1� ε cos θ0;slipÞð1� εÞ � ð1� ε cos θ0;slipÞ2

2ð1� ε2Þð1� εÞ
(28)

According to Qv;slip > 0, by using Equation (8), it is
finally obtained that:

Kτ <
2ð1� ε cos θ0;slipÞ

1� ε2
(29)

According to Pslip;max > 0, by using Equation (6), it is
finally obtained that:

Kτ <
�2ðεþ cos θ0;slipÞð1� 2ε cos θ0;slipÞ

ð1� ε2Þð2εcos2θ0;slip � ε� 4 cos θ0;slipÞ (30)

By comparison among Equations (28)–(30), it is
obtained that the condition for the studied bearing is:

Kτ <
�2ðεþ cos θ0;slipÞð1� 2ε cos θ0;slipÞ

ð1� ε2Þð2εcos2θ0;slip � ε� 4 cos θ0;slipÞ ;

for 0< ε< 0:40

(31)

Kτ <
3ð1� ε cos θ0;slipÞð1� εÞ � ð1� ε cos θ0;slipÞ2

2ð1� ε2Þð1� εÞ ;

for 0:40 � ε< 0:58

(32)

or

Kτ <
2ð1� ε cos θ0;slipÞ

1� ε2
; for 0:58 � ε< 1 (33)

3.2. For conventional hydrodynamic lubricated
journal bearing

For comparison, the results for the conventional
hydrodynamic lubricated journal bearing are pre-
sented as follows.

The dimensionless pressure in the conventional
bearing is (Zhang 2015b):

PconvðϕÞ ¼ 6

ð1� ε2Þ3=2
θ� ε sin θ½

� θð2þ ε2Þ � 4ε sin θþ ε2 sin θ cos θ
2ð1þ ε cos βÞ

	
;

for 0 � ϕ � 2π � ϕ0;conv

(34)

where ϕ0;conv is the angular coordinate of the location
where the maximum film pressure occurs in the
conventional bearing, ϕ0;conv ¼ arccos½ðcos θ0;conv �
εÞ =ð1� ε cos θ0;convÞ�, θ0;conv ¼ π � β, and β is solved
from the following equation:

ε sin β cos βþ 2ðπ þ βÞ cos β� εðπ þ βÞ � 2 sin β ¼ 0

(35)

The dimensionless carried load of the conventional
bearing is (Zhang 2015b):
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Wconv ¼ 3

ð1� ε2Þ1=2ð1þ ε cos βÞ
ε2ð1þ cos βÞ4

1� ε2
þ 4½ðπ þ βÞ cos β� sin β�2

� �1=2

(36)

The attitude angle of the conventional bearing is
(Zhang 2015b):

γconv ¼ � arctan
2ð1� ε2Þ1=2½sin β� ðπ þ βÞ cos β�

εð1þ cos βÞ2
( )

(37)

The friction coefficient on the shaft surface in the
conventional bearing is (Zhang 2015b):

fs;conv ¼ c
r

2π

Wconvð1� ε2Þ1=2
þ ε sin γconv

2

" #
(38)

The friction coefficient on the sleeve surface in the
conventional bearing is (Zhang 2015b):

fh;conv ¼ c
r

2π

Wconvð1� ε2Þ1=2
� ε sin γconv

2

" #
(39)

4. Results

4.1. Location of the maximum film pressure

Table 1 shows the values of the angular coordinate
ϕ0;slip in the present bearing where the maximum film

pressure occurs, for different ε and Kτ . These values
are also compared with the values of the angular
coordinate ϕ0;conv in the conventional hydrodynamic
journal bearing where the maximum film pressure
occurs. It is shown that the value of ϕ0;slip consider-

ably depends on the eccentricity ratio ε but is weakly
dependent on the dimensionless interfacial shear
strength Kτ on the sleeve surface. For a given ε, the
value of ϕ0;conv is equal to the value of ϕ0;slip for

Kτ= 0. For given ε and Kτ , there is no considerable
variation of the location in the present bearing where
the maximum film pressure occurs, as compared to

that in the conventional hydrodynamic journal bear-
ing for the same operating condition.

4.2. Dimensionless mass flow rate through the
bearing

Figure 2 shows the variations of the dimensionless
mass flow rate Qv;slip per unit contact length through
the present bearing with the eccentricity ratio ε for
different Kτ . The value of Qv;slip is also compared with
the value of dimensionless mass flow rate Qv;conv per
unit contact length through the conventional hydro-
dynamic journal bearing for the same ε. In the pre-
sent bearing, the value of Qv;slip is considerably
reduced with the increase of ε but is considerably
increased with the reduction of the dimensionless
interfacial shear strength Kτ on the sleeve surface.
For a given ε, the value of Qv;slip is normally signifi-
cantly greater than the value of Qv;conv. It is shown
that the interfacial slippage in the present bearing
significantly enlarges the mass flow rate through the
bearing, which is beneficial for passing away the fric-
tional heat and reducing the temperature rise in the
bearing.

4.3. Pressure distribution

Figure 3 shows the distributions of the dimensionless
hydrodynamic pressure Pslip in the present bearing for
different Kτ when ε= 0.25. The reduction of the dimen-
sionless interfacial shear strength Kτ on the sleeve sur-
face considerably increases the hydrodynamic
pressures in the present bearing. This shows that the
reduction of the interfacial shear strength on the sleeve
surface and thus the strengthening of the interfacial
slippage on the sleeve surface are beneficial for the
generation of the hydrodynamic pressure and the load-
carrying capacity of the present bearing. However, for
the same ε, the pressures in the present bearing are
normally significantly lower than those (Pconv) in the
conventional hydrodynamic journal bearing.

4.4. Carried load of the bearing

Figure 4(a) shows that for a given Kτ , the dimension-
less carried load (Wslip) of the present bearing is
linearly increased with the increase of ε; For a given
ε, the dimensionless carried load of the present bear-
ing is normally significantly lower than that Wconvð Þ
of the conventional hydrodynamic journal bearing
especially for large ε values. Although the occurrence
of the interfacial slippage on the sleeve surface results
in the load-carrying capacity of the present bearing
obviously lower than that of the conventional hydro-
dynamic journal bearing for the same operating con-
dition, Figure 4(a) shows that for a given ε, the

Table 1. Values of ϕ0;slip and ϕ0;conv .

εϕ0;slip Kτ ¼ 0:08 Kτ ¼ 0:01 Kτ ¼ 0 ϕ0;conv

0.025 104.66 104.64 104.63 104.63
0.05 106.76 106.71 106.7 106.7
0.075 108.84 108.76 108.75 108.75
0.1 110.89 110.79 110.78 110.78
0.125 112.92 112.8 112.79 112.79
0.15 114.93 114.79 114.77 114.77
0.175 116.92 116.75 116.73 116.73
0.2 118.88 118.7 118.67 118.67
0.225 120.82 120.62 120.59 120.59
0.25 122.73 122.52 122.49 122.49
0.275 124.62 124.4 124.37 124.37
0.3 126.49 126.25 126.22 126.22
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reduction of the dimensionless interfacial shear
strength ðKτÞ on the sleeve surface and thus the
strengthening of the interfacial slippage on the sleeve
surface increases the dimensionless carried load of
the present bearing. Figure 4(b) shows that for
a given ε, the dimensionless carried load of the pre-
sent bearing is linearly increased with the reduction
of the dimensionless interfacial shear strength ðKτÞ
on the sleeve surface.

4.5. Friction coefficients of the bearing

Figure 5(a,b) shows that for a given ε, both the fric-
tion coefficients (fs;slip and fh;slip) of the present bear-
ing respectively on the shaft and sleeve surfaces are
linearly increased with the increase of the dimension-
less interfacial shear strength ðKτÞ on the sleeve sur-
face; While, for a given Kτ , the friction coefficient
fs;slip of the present bearing on the shaft surface is
increased with the increase of the eccentricity ratio ε,

Figure 2. Variations of the dimensionless mass flow rate Qv;slip per unit contact length through the present bearing with the
eccentricity ratio ε for different Kτ and their comparisons with the values of Qv;conv for the conventional hydrodynamic journal
bearing.

Figure 3. Distributions of the dimensionless hydrodynamic pressure Pslip in the present bearing for different Kτ and their
comparisons with those (Pconv) in the conventional hydrodynamic journal bearing when ε= 0.25.
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however the friction coefficient fh;slip of the present
bearing on the sleeve surface is reduced with the
increase of ε. Figure 5(a,b) shows that for the same
operating condition, the friction coefficients of the
present bearing both on the shaft and sleeve surfaces
are normally significantly lower than those of the
conventional hydrodynamic journal bearing espe-
cially for small ε and Kτ . The results show that the
present bearing is friction-reduced and thus energy
conserved.

4.6. Interfacial slipping velocity

Figure 6 shows the distributions of the dimensionless
interfacial slipping velocity Du on the sleeve surface in
the present bearing for different Kτ when ε ¼ 0:25. All
the values of Du are positive and rationally verify the
physical correctness of the interfacial slippage in the
present bearing. The magnitude of Du is increased with
the reduction of the dimensionless interfacial shear

strength Kτ on the sleeve surface. It is shown that in
the present bearing, the interfacial slippage on the
sleeve surface in the outlet zone is nearly one times
greater than that in the inlet zone according to the
magnitudes of Du in these two sub-zones.

5. Conclusions

An analysis is presented for the carried load and friction
coefficient of the hydrodynamic lubricated journal bear-
ing where the interfacial slippage occurs on the whole
lubricated sleeve surface but is absent on the shaft sur-
face, based on the interfacial limiting shear strength
model. The calculation results show that for the same
operating condition, the load-carrying capacity of the
present bearing is usually significantly lower than that
of the conventional hydrodynamic lubricated journal
bearing, but the friction coefficient of the present bear-
ing is normally significantly lower than that of the
conventional hydrodynamic lubricated journal bearing.

(a) (b) 

Figure 4. Dimensionless carried loads ðWslipÞ of the present bearing and their comparisons with those ðWconvÞ of the
conventional hydrodynamic journal bearing for the same operating conditions.

(a) (b) 

Figure 5. Friction coefficients (fs;slip and fh;slip) of the present bearing respectively on the shaft and sleeve surfaces and their
comparisons with those (fs;conv and fh;conv) of the conventional hydrodynamic journal bearing for the same operating conditions.
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The results show the advantage of the present bearing
with friction reduction and energy conservation.
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Nomenclature

c bearing clearance, R-r
DU dimensionless interfacial slipping velo-

city on the sleeve surface, Δu=u
e distance between the shaft centre and

the bearing hole centre
f friction coefficient
Fx component of the film force in the x

coordinate direction
Fy component of the film force in the y

coordinate direction
Ff ;h friction force on the sleeve surface per

unit contact length
Ff ;s friction force on the shaft surface per

unit contact length

�Ff ;h dimensionless friction force on the
sleeve surface per unit contact length

�Ff ;s dimensionless friction force on the shaft
surface per unit contact length

�Fx dimensionless force component in the x
axis direction of the hydrodynamic fluid
acting on the shaft per unit contact
length

�Fy dimensionless force component in the y
axis direction of the hydrodynamic fluid
acting on the shaft per unit contact
length

h fluid film thickness in the radial
direction

I1, I2, I3, I4, I5, I6 respectively integrations
Kτ dimensionless interfacial shear strength,

τsbc=ðuηÞ
�ub fluid film velocity on the sleeve surface
u shaft circumferential speed
p fluid film pressure
Pslip;max maximum film pressure in the present

bearing
P dimensionless film pressure
qv;slip volume flow rate through the present

bearing per unit contact length
Qv dimensionless volume flow rate of the

fluid through the bearing per unit con-
tact length

r,R radii of the shaft and the sleeve
respectively

w load per unit contact length carried by
the bearing

W dimensionless carried load per unit con-
tact length of the bearing

x,y Cartesian coordinates respectively
φ0;slip angular coordinate of the location where

the maximum pressure occurs.

θ0;slip arccos εþ cosϕ0;slip

� �
= 1þ ε cosð

h
ϕ0;slip

�i

Figure 6. Distributions of the dimensionless interfacial slipping velocity Du on the sleeve surface for different Kτ when ε ¼ 0:25.
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τsb fluid-sleeve interfacial shear strength
η fluid dynamic viscosity
φ angular coordinate
τ shear stress.
Δu interfacial slipping velocity on the sleeve

surface
ε eccentricity ratio, e=c
θ arccos εþ cosϕð Þ= 1þ ε cosϕð½ �
�τ dimensionless shear stress
β angle, Equation (35)
γ attitude angle of the bearing

Subscript

conv conventional bearing
h on the sleeve surface
s on the shaft surface
slip present bearing
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