
 Journal of Modern Mechanical Engineering and Technology, 2020, 7, 27-34 27 

 
 E-ISSN: 2409-9848/20  © 2020 Zeal Press 

Performance of Normal Geometrical Hydrodynamic Inclined Fixed 
Pad Thrust Slider Bearing with the Interfacial Slippage Occurring 
on the Stationary Surface in the Inlet Zone and on the Whole 
Moving Surface 
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Abstract: An anaysis is presented for investigating the performance of the hydrodynamic inclined fixed pad thrust slider 
bearing with a normal geometry where the interfacial slippage occurs on the stationary surface in the inlet zone and on 
the whole moving surface, based on the limiting interfacial shear strength model. The calculation results show that 
compared with the classical mode of the bearing (without any interfacial slippage), this bearing has a significantly higher 
load-carrying capacity but a much lower friction coefficient in the same operating condition. The study shows the 
considerable improvement of the bearing performance by the introduced interfacial slippage.  
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1. INTRODUCTION 

The energy-conserved bearings have been a hot 
reseearch topic [1-4]. They can prolong the longetivity 
and improve the operation of machines. It is worth 
mentioning that the wasted energy would lead to 
pollution, thus studying the energy-conserved bearings 
can also protect the environment of human beings. 

Low friction is the purpose of energy-converved 
hydrodynamic bearings. It can be realized by using 
low-viscosity lubricants [5] and/or adding lubricant 
additives [6]. In recent years, there were the attempts 
to artificially introduce the interfacial slippage for 
improving the overall performance of hydrodynamic 
bearings including reducing the friction coefficient of 
the bearings [7-10]. The interfaical slippage technology 
was suggested as an effective method for develpoing 
energy-conserved hydrodynamic bearings [11, 12].  

The interfacial slippage was ever used to improve 
the peformance of a normal-geometrical hydrodynamic 
bearing by being artificially designed on the stationary 
surface in the beairng inlet zone [7-10]. It can also be 
used for developing abnormal-geometrical 
hydrodynamic bearings with certain load-carrying 
capacities [13-16]; These bearings may have parallel 
coupled surfaces [13,14], or have divergent surface 
separations [15, 16], which is objected by classical 
hydrodnamic lubrication theory. 
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In the condition of heavy loads and high sliding 
speeds, we may have difficulty in preventing the 
interfacial slippage on other bearing surfaces because 
of the magnitude of the generated shear stress greater 
than the endurable capacity of the fluid-bearing surface 
interface. It is questioned that whether there are other 
modes of energy-conserved hydrodynamic thrust slider 
bearings which allows the interfacial slippage 
occurrence on some bearing surfaces. Undoubtedly, 
such bearings will be more easily realized. There have 
been the attempts to improve the performance of 
normal-geometrical hydrodynamic thrust slider 
beairngs by artificially designing the interfacial slippage 
on the whole stationary surface [17, 18] or on the whole 
moving surface [19]. The former kind of the bearings 
were found to be overall better than the classical mode 
of the bearings in both the load-carrying capacity and 
the friction coefficient [17, 18], however the latter kind 
of the bearing was only better owing to its lower friction 
coefficient (but with a much smaller load-carrying 
capacity) [19]. Xia and Zhang [20] developed a new 
mode of energy-conserved hydrodynamic wedge-
platform thrust slider bearing with normal goemetrical 
configuration by artificially designing the interfacial 
slippage on both the stationary surface in the bearing 
inlet zone and the whole moving surface. They showed 
that this mode of the bearing is overall better than the 
classical mode of the bearing because of the much 
higher load-carrying capacity and the much lower 
friction coefficient.  

In this paper, the new mode of energy-conserved 
hydrodynamic inclined fixed pad thrust slider bearing 
with normal geometry is proposed by designing the 
interfacial slippage on both the stationary surface in the 
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bearing inlet zone and the whole moving surface. The 
analysis for this bearing has been derived. The carried 
load and friction coefficient of this bearing were 
calculated and compared with the classical mode of the 
bearing (without any interfacial slippage) for the same 
operating conditions. Conclusions were drawn 
regarding this excellent mode of hydrodynamic bearing 
for energy conservation, which is optimistic for actual 
application.  

2. BEARING CONFIGURATION 

Figure 1 shows the studied bearing, where the 
upper contact surface is stationary and the lower 
contact surface is moving with the speed u . The 
bearing geometrical configuration is normal. The 
interfacial slippage occurs both on the stationary 
surface in the bearing inlet zone and on the whole 
moving surface owing to the hydrophobicity of these 
surfaces, but it is absent on the stationary surface in 
the bearing outlet zone owing to the hydrophilicity of 
this surface. The widths of the outlet and inlet zones of 
the bearing are respectively l1  and l2 , the film 
thicknesses on the entrance and exit of the bearing are 
respectively hi  and ho , the lubricating film thickness on 
the boundary between the inlet zone and the outlet 
zone is h1 , and the tilting angle of the bearing is ! . 
The used coordinates are also shown in Figure 1. 

3. ANALYSIS 

The analysis for the bearing in Figure 1 is based on 
the limiting interfacial shear strength model [21-23], 
which interprets the interfacial slippage as the result of 
the interfacial shear stress exceeding the interfacial 
shear strength. Under low film pressures in a slider 
bearing, the contact-fluid interfacial shear strength is 
usually low and can be taken as independent on the 
film pressure [24-27].  

The analysis is based on the following assumptions: 

(a) The fluid is isoviscous; 

(b) The fluid is incompressible; 

(c) The fluid inertia is negligible; 

(d) The fluid is in laminar flow; 

(e) The condition is isothermal. 

3.1. For the Inlet Zone 

For a Newtonian fluid, the rheological model is: 

! ="
#ux
#z

            (1) 

where !  is the shear stress, !  is the fluid dynamic 
viscosity, ux  is the fluid film velocity in the x coordinate 
direction, and z is the coordinate across the film 
thickness as shown in Figure 1.  

The momentum equilibrium equation for an 
infinitesimal film element is: 

!p
!x

=
!"
!z

            (2) 

where p  is the film pressure.  

Integrating Eq.(2) gives that: 

! =
"p
"x

z+ c1             (3) 

where c1  is an integral constant. 

Based on the boundary conditions ! |z=0 = ! sb  and 
! |z=h = ! sa , it is solved that c1 = ! sb ; Here, p

x=x2
= 0  is the 

 
Figure 1: The studied hydrodynamic inclined fixed pad thrust slider bearing with the designed interfacial slippage.  
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fluid-contact interfacial shear strength on the stationary 
surface in the inlet zone and ! sb  is the fluid-contact 
interfacial shear strength on the moving surface. Thus, 
it is obtained from Eq. (3) that: 

!p
!x

=
" sa #" sb

h
            (4) 

where h  is the fluid film thickness. 

Integrating Eq. (4) gives that: 

p = ! sa "! sb
k

lnh+ c2           (5) 

where k = tan(! )  and 2c  is an integral constant. 

From the boundary condition p h=hi
= 0 , it is solved 

that c2 = (! sb "! sa )lnhi / k . Then the film pressure in the 
inlet zone is: 

p = ! sa "! sb
k

ln h
hi

           (6) 

At h = h1 , the film pressure is: 

p1 =
! sa "! sb

k
ln h1
hi

           (7) 

3.2. For the Outlet Zone 

Substituting Eq.(1) into Eq.(2) gives that: 

!p
!x

="
!2ux
!z2

            (8) 

Integrating Eq.(8) gives that:  

ux =
z2

2!
"p
"x

+
c1
!
z+ c3

!
          (9) 

where c3  is an integral constant. By substituting Eq.(9) 
into Eq.(1) and according to the boundary condition 
!

z=0
= ! sb

 
and ux z=h= 0 , it is resulting that 

c3 = !h2 2( ) "p "x( )! h# sb . Substituting the results of 1c  

and c3  into Eq. (9) and rearranging gives that: 

ux =
z2 ! h2

2"
#p
#x

+
$ sb
"
(z! h)         (10) 

The volume flow rate per unit contact length through 
the bearing is: 

qv = ux dz0

h
! = "

h3

3#
$p
$x

"
% sbh

2

2#
        (11) 

The Reynolds equation for the outlet zone is thus: 

!p
!x

= "
3#qv
h3

"
3$ sb
2h

         (12) 

Integrating Eq. (12) gives that: 

p = 3
2k

!qv
h2

"# sb lnh
$

%
&

'

(
)+ c4         (13) 

where c4  is an integral constant. From the boundary 
condition p

h=ho
= 0 , it is solved that 

c4 = !3(qv" / ho
2 +# sb lnho ) / (2k) . Then the fluid film 

pressure in the outlet zone is: 

p = 3
2k

qv!
1
h2
"
1
ho
2

#

$
%

&

'
(+) sb ln

ho
h

*

+
,

-

.
/         (14) 

At h = h1 , the film pressure is: 

p1 =
3
2k

qv!
1
h1
2 "

1
ho
2

#

$
%

&

'
(+) sb ln

ho
h1

*

+
,

-

.
/         (15) 

3.3. Volume Flow Rate and Carried Load of the 
Bearing 

Solving the coupled equations (7) and (15) gives the 
volume flow rate per unit contact length through the 
bearing as follows: 

qv =

2
3
(! sa "! sb )ln

h1
hi
"! sb ln

ho
h1

#
1
h1
2 "

1
ho
2

$

%
&

'

(
)

        (16) 

The load per unit contact length carried by the 
bearing is: 

w = pdx+
0

l1! pdx
l1

l1+l2!

=
3
2k2

[qv"
2
ho
#
1
h1
#
h1
ho
2

$

%
&

'

(
)+* sb h1 ln

ho
h1
+ h1 # ho

$

%
&

'

(
)]

+
1
k2

* sa #* sb( ) h1 # hi + h1 ln
hi
h1

$

%
&

'

(
)

      (17) 

where on the right-hand side the first integration is for 
finding the load component in the bearing outlet zone 
and the second integration is for finding the load 
component in the bearing inlet zone.  
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3.4. Shear Stress, Friction Coefficient and Film 
Slipping Velocity  

The shear stress on the upper contact surface in the 
inlet zone is: 

! a,i = ! sa          (18) 

The shear stress at the lower contact surface in the 
inlet zone is: 

! b,i = ! sb          (19) 

The shear stress at the upper contact surface in the 
outlet zone is: 

! a,o = "
! sb
2
"
3qv#
h2

        (20) 

The shear stress at the lower contact surface in the 
outlet zone is: 

! b,o = ! sb          (21) 

The friction force per unit contact length at the 
upper contact surface in the bearing is: 

Ff ,a = ! a,o0

l1" dx+ ! a,i dxl1

l1+l2"

=
1
k
3qv#

1
h1
$
1
ho

%

&
'

(

)
*+! sa hi $ h1( )+ ! sb

2
ho $ h1( )

+

,
-

.

/
0
      (22) 

The friction force per unit contact length at the lower 
contact surface in the bearing is: 

Ff ,b = ! b,o0

l1" dx+ ! b,i dxl1

l1+l2" =
! sb hi # ho( )

k
      (23) 

The friction coefficients at the upper and lower 
contact surfaces in the bearing are respectively: 

fa =
Ff ,a
w

， fb =
Ff ,b
w

        (24) 

The film slipping velocity on the upper contact 
surface in the inlet zone is [21]: 

!ua,i =
qv
h
+
2" sa +" sb( )h

6#
        (25) 

For ensuring the occurrence of the film slippage on 
the upper contact surface, it should be satisfied 
that[21]: 

!ua,i < 0          (26) 

Substituting Eq.(25) into Eq.(26) and rearranging 
finally gives that: 

!" >

4 ln Hi

H1

+ 2 H 2 #
H 2

H1
2

$

%
&

'

(
)

4 lnHi + 2 lnH1 +
H 2

H1
2 #H

2$

%
&

'

(
)

       (27) 

where !" = " sb " sa , H1 = h1 ho , Hi = hi ho , and 
H = h ho . 

The film slipping velocity on the lower contact 
surface in the inlet zone is: 

!ub,i =
qv
h
"
# sa + 2# sb( )h

6$
+u        (28) 

where u is positive. For ensuring the occurrence of the 
film slippage on the lower contact surface in the inlet 
zone, it should be satisfied that [21]:  

!ub,i > 0          (29) 

Substituting Eq.(28) into Eq.(29) and rearranging 
finally gives that: 

!" <

6
" sa

H #
H
H1

2

$

%
&

'

(
)+ 4 ln

Hi

H1

# H 2 #
H 2

H1
2

$

%
&

'

(
)

4 lnHi + 2 lnH1 + 2 H 2 #
H 2

H1
2

$

%
&

'

(
)

      (30) 

where ! sa = ! saho u"( ) . 

The film slipping velocity at the lower contact 
surface in the outlet zone which is in the x coordinate 
direction is finally: 

!ub,o =
3qv
2h

"
# sbh
4$

+u         (31) 

For ensuring the occurrence of the film slippage on 
the lower contact surface in the outlet zone, it should 
be satisfied that [21]: 

!ub,o > 0
         (32) 

Substituting Eq.(31) into Eq.(32) and rearranging 
finally gives that: 

!" <

4
" sa

H #
H
H1

2

$

%
&

'

(
)+ 4 ln

Hi

H1

4 lnHi + 2 lnH1 +H
2 #

H 2

H1
2

       (33) 

According to Eqs.(27), (30) and (33), it should be 
satisfied that: 
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4 ln Hi

H1

+ 2 H1
2 !1( )

4 lnHi + 2 lnH1 +1!H1
2 < "# <

4
# sa

1! 1
H1

2

$

%
&

'

(
)+ 4 ln

Hi

H1

4 lnHi + 2 lnH1 +1!
1
H1

2

(34) 

4. NORMALIZATION 

For generality, the following dimensionless 
parameters are defined: 

W =
w
u!

， P = pho
u!

，Qv =
qv
uho

， ! sa =
! saho
u"

， ! sb =
! sbho
u"

， ! =
!ho
u"

， Ff ,a =
Ff ,a
u!

， Ff ,b =
Ff ,b
u!

， Du = !ua
u

，

X = x
l1 + l2

，! =
l1
l2

， H =
h
ho

， Hi =
hi
ho

， H1 =
h1
ho

，

! =
ho

l1 + l2  

where u is positive. 

4.1. For the Present Bearing 

The dimensionless volume flow rate per unit contact 
length through the bearing is: 

Qv =

2
3
(! sa "! sb )ln

H1

Hi

+! sb lnH1

1
H1

2 "1
#

$
%

&

'
(

       (35) 

The dimensionless film pressure in the inlet zone is: 

P = ! sb "! sa
k

ln Hi

H
        (36) 

The dimensionless film pressure in the outlet zone 
is: 

P = 3
2k

Qv
1
H 2 !1
"

#
$

%

&
'!( sb lnH

)

*
+

,

-
.        (37) 

The dimensionless load per unit contact length 
carried by the bearing is: 

W =
3
2k2

[Qv 2!
1
H1

!H1

"

#
$

%

&
'+( sb H1 !H1 lnH1 !1( )]

+
( sa !( sb( )
k2

H1 !Hi +H1 ln
Hi

H1

"

#
$

%

&
'

     (38) 

The dimensionless friction force per unit contact 
length at the upper contact surface in the bearing is: 

Ff ,a =
1
k
3Qv

1
H1

!1
"

#
$

%

&
'+( sa Hi !H1( )+ ( sb

2
1!H1( )

)

*
+

,

-
.      (39) 

The dimensionless friction force per unit contact 
length at the lower contact surface in the bearing is: 

Ff ,b =
! sb Hi "1( )

k
        (40) 

The friction coefficients at the upper and lower 
contact surfaces in the bearing are respectively: 

fa =
Ff ,a
W

， fb =
Ff ,b
W

        (41) 

4.2. For the Conventional Hydrodynamic Inclined 
Fixed Pad Thrust Slider Bearing 

For comparison, the results for the conventional 
hydrodynamic inclined fixed pad thrust slider bearing, 
where is assumed no interfacial slippage, are 
presented in this section.  

The dimensionless volume flow rate per unit contact 
length through the conventional bearing is: 

Qv,conv = !Hi (Hi +1)         (42) 

where Hi =1+ k !  

The dimensionless hydrodynamic pressure in the 
inlet zone in the conventional bearing is [28]: 

Pconv =
k
6
1
H
!
1
Hi

+Qv,conv
1
H 2 !

1
Hi

2

"

#
$

%

&
'

"

#
$$

%

&
''       (43) 

where H =1+ kX !   

The dimensionless load per unit contact length 
carried by the conventional bearing is [28]: 

Wconv =
6
k2

lnHi +
H1

Hi

!H1 +Qv,conv 2!
2
Hi

+
H1

Hi
2 !H1

"

#
$

%

&
'

"

#
$$

%

&
''  (44) 

The dimensionless friction force per unit contact 
length on the stationary surface in the conventional 
bearing is [28]: 

F f ,a =
1
k
2 ln 1

Hi

+ 6Qv,conv
1
Hi

!1
"

#
$

%

&
'

(

)
*

+

,
-        (45) 

The dimensionless friction force per unit contact 
length on the moving surface in the conventional 
bearing is [28]: 
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F f ,b =
1
k
4 lnHi + 6Qv,conv 1!

1
Hi

"

#
$

%

&
'

(

)
*

+

,
-        (46) 

The friction coefficients on the stationary and 
moving surfaces in the conventional bearing are 
respectively: 

fa,conv =
F f ,a

Wconv

, fb,conv =
F f ,b

Wconv

       (47) 

5. RESULTS 

The calculations were made for the typical case 
! = 2.5"10#4  and ! sa = 0.1  for widely varying 
operational parameter values. The obtained results are 
discussed as follows. 

5.1. Film Pressure Distribution 

Figure 2 shows the dimensionless film pressure 
distributions in the present bearing for different !"  
when ! = 0.6  and ! =1.0"10#3o . They are compared 
with the dimensionless film pressures ( Pconv ) calculated 
from the conventional hydrodynamic lubrication theory 
for the same operating conditions. The pressure in the 
present bearing is much higher than that in the 
conventional mode of the bearing for the same case; 
Also, it is significantly increased with the increase of 
!" .  

 
Figure 2: Dimensionless film pressure distributions in the 
present bearing and their comparisons with that calculated 
from the conventional hydrodynamic lubrication theory when 
! = 0.6  and ! =1.0"10#3o . 

5.2. Carried Load of the Bearing  

Figure 3a shows the dimensionless carried loads of 
the present bearing for different ! and !"  when 

! = 0.6 . They are compared with those (Wconv ) 
calculated from the conventional hydrodynamic 
lubrication theory for the same cases. The carried load 
of the present bearing is much greater than that of the 
conventional mode of the bearing for the same case; It 
is slightly increased with the increase of ! ; However, it 
is significantly increased with the increase of !" . 

Figure 3b shows that the carried load of the present 
bearing is linearly increased with the increase of !"  in 
the slope nearly independent on the wedge angle ! . 
Figure 3c shows that the carried load of the present 
bearing is significantly reduced with the increase of ! . 

5.3. Friction Coefficients 

Figures 4a and b show that the friction coefficients 
fa  and fb  on the upper and lower contact surfaces in 

the present bearing are much lower than those ( fa,conv  
and fb,conv ) in the conventional mode of the bearing for 
the same cases. The values of both fa  and fb  are on 
the scale of 0.001. The present bearing is thus 
obviously of low friction and energy-conserved. Both 
the values of fa  and fb  are significantly reduced with 
the increase of !" , however they are almost 
independent on ! .  

6. CONCLUSIONS 

An analysis is presented for the carried load and 
friction coefficient of the hydrodynamic inclined fixed 
pad thrust slider bearing with the specially designed 
interfacial slippage based on the limiting interfacial 
shear strength model. In this bearing, the geometrical 
profile is normal, the interfacial slippage is designed on 
both the stationary surface in the inlet zone and on the 
whole moving surface.  

The condition for the formation of the bearing was 
obtained. The calculation results show that the film 
pressure and carried load of the present bearing are 
much higher than those of the conventional mode of 
the bearing (without the interfacial slippage) for the 
same operating conditions; They are significantly 
increased with the increase of !" , which is the ratio of 
the interfacial shear strength on the moving surface to 
that on the stationary surface in the inlet zone.  

Compared with the conventional bearing for the 
same operating condition, the calculation results show 
that the present bearing is obviously advantageous 
owing to its much higher load-carrying capacity and 
very low friction coefficient on the scale 0.001. The 
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Figure 3: Dimensionless carried loads of the present bearing. 

 

          
     (a)       (b) 

Figure 4: Friction coefficients fa  and fb  on the upper and lower contact surfaces in the present bearing and their comparisons 
with those ( fa,conv  and fb,conv ) calculated from the conventional hydrodynamic lubrication theory when ! = 0.6 . 
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present bearing thus has an excellent performance with 
significant energy conservation.  
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