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The aim of this paper is to investigate the effect of micro-grooves on the lubrication performance of gas-lubricated
inclined slider bearing. This paper is based on numerical analysis. The detailed numerical investigation is
carried out in matlab software. The grooving parameters are optimized to obtain the maximum average
pressure for various inclination angles of gas-lubricated inclined slider bearing. The results show that the
inclination angle of the micro-grooves, depth of the micro-grooves, width of the micro-grooves, and spacing
of the micro-grooves have an important influence on the hydrodynamic pressure of gas-lubricated inclined
slider bearing with micro-grooves. Besides, the influence of the sliding speed on average pressure increment
for various inclination angles of gas-lubricated inclined slider bearing is investigated. It is observed that the
sliding speed generating the maximum average pressure increment is dependent on the inclination angle of
gas-lubricated inclined slider bearing.
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1. Introduction

For improving the performance of bearing, opening micro-
grooves in the surface of bearing is an effective way [1-6].
Recently, micro-grooved bearing using an incompressible
lubricant attract the attention of researchers. Kumar and
Sharma [7] investigated the perfromance of micro-grooved
hybrid thrust pad bearing using an incompressible lubri-
cant. They found that opening micro-grooves in the surface
of bearing may cause an increase of the bearing stiffness
coefficient and bearing load-carrying capacity. They also
found that opening micro-grooves in the surface of bearing
may cause a reduction of the frictional power loss. Bhard-
waj et al. [8] studied the performance of micro-grooved

thrust ball bearing using an incompressible lubricant. The
experimental results showed that micro-grooves could re-
duce the vibration and frictional torque. Feng et al. [9]
studied the performance of micro-grooved journal bear-
ing using an incompressible lubricant. They found that
the use of micro-grooves could increase the bearing load-
carrying capacity at the smaller eccentricity ratio. Sharma
and Tomar [10] studied the performance of micro-grooved
spherical journal bearing using an incompressible lubri-
cant. Their results showed that using the micro-grooves
and magneto-rheological fluid could improve the bearing
stability. Han and Fu [11] studied the lubrication perfor-
mance of micro-grooved misaligned bearing using an in-
compressible lubricant. It was shown that the lubrication
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Fig. 1. Model of gas-lubricated inclined slider bearing with
micro-grooves

performance of bearing depends on the micro-groove posi-
tion. Fu et al. [12] studied the lubrication performance of
parallel slider bearing using an incompressible lubricant.
It was found that the lubrication performance of bearing
could be improved by using short grooves.

Micro-grooved bearing using a compressible lubricant
also attract the attention of researchers. LaTray and Kim
[13] studied the performance of micro-grooved thrust foil
bearing. Their results showed that adding the micro-
grooves on the top foil could reduce the bearing power loss.
Yu et al. [14] studied the performance of micro-grooved
gas-lubricated thrust bearing by using the chaos-enhanced
accelerated particle swarm algorithm. It was shown that a
higher load-carrying capacity could be obtained by adopt-
ing discontinuous micro-grooves.Liu et al. [15] studied the
influence of parabolic grooves on the load-carrying capac-
ity of three-pad fixing-pad aerodynamic journal bearing. It
was shown that the bearing load-carrying capacity could
be improved by using parabolic grooves. Feng et al. [16] in-
vestigated the performance of gas foil journal bearing with
taper-grooves. They found that the bearing static property
and bearing dynamic property could be improved by using
taper-grooves.

The lubrication performance of gas-lubricated parallel
bearing with micro-grooves have been systematically in-
vestigated [17]. However, the lubrication performance of
gas-lubricated inclined bearing with micro-grooves is not
investigated. The present study is intended to investigate
the lubrication performance of gas-lubricated inclined bear-
ing with micro-grooves.

2. The model

The model of gas-lubricated inclined slider bearing with
micro-grooves is shown in Fig. 1. The speed of the upper
slider is U. The lubricant of gas-lubricated inclined slider

A-A
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Fig. 2. Model of the lower slider [14].
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bearing with micro-grooves is an ideal gas. The lower slider
is fixed and the micro-grooves are evenly distributed in the
lower slider. The minimum clearance of gas-lubricated
inclined slider bearing with micro-grooves is /. The incli-
nation angle of gas-lubricated inclined slider bearing with
micro-grooves is 6,1 is the lower slider length. g is the
micro-groove depth.

Fig. 2 presents the model of the lower slider. 0 is the
micro-groove inclination angle. s¢ is the micro-groove spac-
ing. wy is the micro-groove width.

The relation between the xOy coordinate system and
x40y, coordinate system is shown in Fig. 3 The angle be-
tween the x axis and x, axis is 6. The direction of the y axis
is the same as the direction of the y, axis.
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O

Fig. 3. Relation between the xOy coordinate system and
%20y, coordinate system

In the steady-state condition, the Reynolds equation is
described as:

i 3aj i 3aj _ d(ph)
ox (ph ax) + oy (ph ay =out ox @
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where / is the bearing clearance, p is the bearing pressure,
u is the bearing viscosity.
The dimensionless variables are obtained by:

X:x/wo,Y:y/wo,P:P/Pg,H:h/ho )

where wy is the reference value, p, is the ambient pressure.
In the steady-state condition, the dimensionless
Reynolds equation is described as:

J 3 0P 0 30P\  J(PH)
3% (PH ﬁ) + = (PH W) = Aiax 3)
where A = 6uUwy/ (puh%).

The dimensionless thickness H is described as:
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fix is a rounding function, Hy = hg/hg is the dimen-
sionless depth, Sg = sg/ wp is the dimensionless spacing,
We = wgq /wy is the dimensionless width, L = I/wy is the
dimensionless length.

The boundary conditions of the micro-groove list is de-
scribed as:

P(0,Y) = P(Lcos6,Y) = P(X,0) = P(X,L) =1 (10)

Eq. (3) is solved by adopting the multi-grid finite ele-
ment method [18]. After Eq. (3) is solved, the dimensionless
average pressure Py is calculated by:

b Pav f()L fOLcosé)PdXdY
aw = = T 15 5

11
Pa L2 cosf (1)
The average pressure increment P; is calculated by:
P[?'l) - PS
P=—— 12
= (12)

where P, is the dimensionless average pressure of gas-
lubricated inclined slider bearing with micro-grooves, P;
is the dimensionless average pressure of smooth gas-
lubricated inclined slider bearing.

3. Result and discussions

When the lubrication performance of gas-lubricated in-
clined slider bearing with micro-grooves is investigated,
some calculation parameters are constant. The constant are
as follows:  p,; = 0.101325MPa, ¢ = 2.5 x 10~* mm, U=
1.8 x107°Pa-s, wp=0.05mm,and ! = 2.5 mm.

Fig. 4 displays the pressure distribution of smooth gas-
lubricated inclined slider bearing. Fig. 5 displays the pres-
sure distribution of 6, = 90°. It is noted that the maximum
pressure of f = 90° is greater than that of smooth gas-
lubricated inclined slider bearing. It is also noted that the
minimum pressure of 0 = 90° is less than that of smooth
gas-lubricated inclined slider bearing. These results indi-
cate that opening micro-grooves could change the pressure
distribution of gas-lubricated inclined slider bearing.

Fig. 6 displays the influence of the inclination angle
of the micro-grooves on average pressure increment for
various inclination angles of gas-lubricated inclined slider
bearing. It is noted that there is an optimum micro-groove
inclination angle for maximizing the hydrodynamic pres-
sure. When 6 = 20urad, the optimum micro-groove in-
clination angle is 90°. When 6 = 40purad, the optimum
micro-groove inclination angle is 90°. When 6 = 60urad,
the optimum micro-groove inclination angle is 90°. These
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Fig. 4. Dimensionless pressure distribution of smooth
gas-lubricated inclined slider bearing (f = 60 yrad and

U=5m/s)
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Fig. 5. Dimensionless pressure distribution of
0 =90°(0 = 60 prad, U = 5m/s, Hy = 4, Wy = 4, and
Sg =4)

results indicate that the micro-grooves perpendicular to the
direction of the movement could generate the maximum
hydrodynamic pressure. The result is in agreement with
that obtained by Lu et al. [17].

Fig. 7 displays the influence of the micro-groove depth
on average pressure increment for various inclination
angles of gas-lubricated inclined slider bearing. When
6 = 20urad, the dimensionless micro-groove depth gener-
ating the maximum hydrodynamic pressure is 3. When
6 = 40prad, the dimensionless micro-grooves depth gen-
erating the maximum hydrodynamic pressure is 3. When
6 = 60urad, the dimensionless micro-groove depth gener-
ating the maximum hydrodynamic pressure is 2 . These
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005 g ]
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Average pressure increment P;

Micro-groove orientaion angle §; (°)

Fig. 6. Influence of the inclination angle of the
micro-grooves on average pressure increment for various
inclination angles of gas-lubricated inclined slider bearing

(U=5m/s,Hy =4,W; =4,and S, = 4)

results show that when the maximum hydrodynamic pres-
sure is obtained, the micro-grooves should be properly
fabricated, neither too deep nor too shallow. The result is
in agreement with that obtained by Lu et al. [17]. These
results also show that the micro-groove depth maximizing
the hydrodynamic pressure is dependent on the inclination
angle of gas-lubricated inclined slider bearing.
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Fig. 7. Influence of the micro-groove depth on average
pressure increment for various inclination angles of
gas-lubricated inclined slider bearing
(U=5m/s,0; =90° Wy =4,and S, = 4)

Fig. 8 displays the effect of the micro-groove width on
average pressure increment for various inclination angles
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of gas-lubricated inclined slider bearing. It is observed
that both too wide micro-grooves and too narrow micro-
grooves could not obtain the maximum average pressure.
Therefore, a proper micro-groove width should be cho-
sen for maximizing the hydrodynamic pressure. It is also
observed that the micro-groove width maximizing the hy-
drodynamic pressure is dependent on the inclination angle
of gas-lubricated inclined slider bearing.
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Fig. 8. Effect of the micro-groove width on average
pressure increment for various inclination angles of
gas-lubricated inclined slider bearing
(U=5m/s,0; =90° Hy = 4,and S, = 4)

Fig. 9 displays the effect of the micro-groove spacing on
average pressure increment for various inclination angles
of gas-lubricated inclined slider bearing. When 6 = 20yurad,
the dimensionless micro-groove spacing maximizing the
hydrodynamic pressure is 46 . When 6 = 40urad, the di-
mensionless micro-groove spacing maximizing the hydro-
dynamic pressure is 46 . When 6 = 60yurad, the dimension-
less micro-groove spacing maximizing the hydrodynamic
pressure is 46 . These results are in agreement with those
obtained by Lu et al. [17]. These results also show that
the micro-groove spacing maximizing the hydrodynamic
pressure is independent on the inclination angle of gas-
lubricated inclined slider bearing.

Fig. 10 presents the influence of the sliding speed on
average pressure increment for various inclination angles
of gas-lubricated inclined slider bearing. It is observed that
opening micro-grooves could increase the average pres-
sure of gas-lubricated inclined slider bearing for any given
sliding speed. It is also observed that the average pressure
increment first increases and then decreases with increasing
the sliding speed. This result indicates that an optimum
sliding speed should be chosen in order to maximizing
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Fig. 9. Effect of the micro-groove spacing on average
pressure increment for various inclination angles of
gas-lubricated inclined slider bearing
(U=5m/s,0, =90° Hy = 4,and W, = 4)

the average pressure increment. When 6 = 20urad, the
optimum sliding speed is 8 m/s. When § = 40urad, the
optimum sliding speed is 9 m/s. When 6 = 60urad, the
optimum sliding speed is 11 m/s. This result implies that
the optimum sliding speed is dependent on the inclination
angle of gas-lubricated inclined slider bearing.
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Fig. 10. Influence of sliding speed on average pressure
increment for various inclination angles of gas-lubricated
inclined slider bearing
(6 =90°,Hy = 4, Wy =4 and S; = 4)
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4. Conclusions

The lubrication performance of gas-lubricated inclined
slider bearing with micro-grooves is investigated in the
present study. The following conclusions are obtained:

1. The hydrodynamic pressure is controlled by the incli-
nation angel of the micro-grooves. The micro-grooves
perpendicular to the direction of the movement could
maximize the hydrodynamic pressure.

2. The depth of the micro-grooves maximizing the hy-
drodynamic pressure is dependent on the inclination
angle of gas-lubricated inclined slider bearing.

3. The width of the micro-grooves maximizing the hy-
drodynamic pressure is dependent on the inclination
angle of gas-lubricated inclined slider bearing.

4. The spacing of the micro-grooves maximizing the hy-
drodynamic pressure is independent on the inclination
angle of gas-lubricated inclined slider bearing.

5. The sliding speed maximizing the hydrodynamic pres-
sure is dependent on the inclination angle of gas-
lubricated inclined slider bearing.

The results of this study is beneficial for designing micro-
grooved gas-lubricated inclined slider bearing. In this
paper, the influence of the geometrical shape of micro-
grooves on the lubrication performance of gas-lubricated
inclined bearing with micro-grooves is not studied. In fu-
ture work, we will investigate the effect of the geometrical
shape of micro-grooves on the lubrication performance of
gas-lubricated inclined bearing with micro-grooves.
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