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Abstract. The textures on the bushing surface have important effects on the performance of journal bearing. In
this study, the effects of double parabolic proﬁles with groove textures on the hydrodynamic lubrication
performance of journal bearing under steady operating conditions are investigated theoretically. The journal
misalignment, asperity contact and thermal effects are considered, while the proﬁle modiﬁcations due to
running-in are neglected. The Winkler/Column model is used to calculate the elastic deformation of bushing
surface and the adiabatic ﬂow hypothesis is adopted to obtain the effective temperature of lubricating oil. The
numerical solution is established by using ﬁnite difference and overrelaxation iterative methods, and the rupture
zone of oil ﬁlm is determined by Reynolds boundary conditions. The numerical results reveal that the double
parabolic proﬁles with groove textures with proper location and geometric sizes can increase load carrying
capacity and reduce friction loss under steady operating conditions, which effectively overcome the drawbacks of
double parabolic proﬁles. This novel bushing proﬁle may help to reduce the bushing edge wear and enhance the
lubrication performance of journal bearing.
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1 Introduction
Journal bearing is one of the most critical friction pairs in
diesel engine, whose lubrication performance directly
affects its reliability and durability. As the journal
misalignment, deformation, machining and installation
errors are unavoidable in practice, the bushing edge wear is
found, as illustrated in Figure 1.
Earlier studies [1–5] had shown that the properly
selected bushing proﬁles can enhance the lubrication
performance and reduce the asperity contact. Recently,
Liu et al. [6] investigated the effects of bushing proﬁles on
the elastohydrodynamic lubrication performance of the
journal bearing under steady operating conditions, which
revealed that the double parabolic proﬁles can reduce the
bushing edge wear effectively. However, this proﬁle also
reduces the load carrying capacity and increases the
hydrodynamic friction loss in some extents. Hence, some
techniques should be applied to overcome its drawbacks.
For mechanical components, surface texturing has
become a feasible way to improve the contact performance
in terms of minimum ﬁlm thickness, friction, wear and load
* e-mail: luxiqun@hrbeu.edu.cn

carrying capacity [37]. Specially, studies on the effects of
surface textures on the performance of journal bearing have
attracted wide attentions to scholars. Ji et al. [7] developed
a deterministic model for micro‑dimple textured rough
surfaces to predict hydrodynamic pressure distribution,
which showed that the load carrying capacity can be
increased signiﬁcantly with optimum micro‑dimple depth
and density. Manser et al. [8] presented a detailed
investigation related to the effects of three textures,
square, cylindrical, and triangular textures, with considering the journal misalignment. Their results indicated that
square textures appeared to be superior to other cases to
improve the bearing performance. Shinde and Pawar [9]
analyzed the effects of partial grooving on the performance
of journal bearing by COMSOL software, which showed
that the maximum decrease in frictional loss is observed for
partially grooving along 90–360° region. Based on the
genetic algorithm, Zhang et al. [10,11] developed a
numerical model to optimize the texture areas on bushing
surface, and the results showed that the semi-elliptical area
is optimized than other arrangements. Meng et al. [12,13]
investigated the effects of compound textures on the
acoustic and lubrication performances of journal bearing,
which showed that the compound textures are superior to
the simple textures on the performance improvement.
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Fig. 1. Edge wear of bearing bushing.

Yamada et al. [14,15] investigated the dynamic and static
characteristics of journal bearings with square dimples
theoretically and experimentally, which indicated that the
square dimples can reduce the absolute value of crosscoupled stiffness coefﬁcients, while other dynamic coefﬁcients show insigniﬁcant change, and the dimples can also
reduce the load carrying capacity. Gu et al. [16] presented a
mixed lubrication model to analyze the performance of the
journal bearing with groove textures operating from mixed
to hydrodynamic lubrication regime, and the inﬂuences of
ﬂuid piezoviscosity and non-Newtonian behaviors are also
taken into consideration. Morris et al. [17] investigated the
effects of textured surface in a partial pad journal bearing
by experiments. Their results showed the effective load
bearing region is extended due to micro-hydrodynamic
effect, which can improve the load carrying capacity.
Zhang et al. [18] analyzed the hydrodynamic effects of
textures on the journal bearing, and their study shows that
the textures with appropriate conﬁguration can increase its
load bearing capacity and reduce its cavitation area. Wang
et al. [19] investigated the thermohydrodynamic performance of a partial texturing bearing based on a 3D
thermohydrodynamic model, and the results showed the
partial textures can positively affect the bearing performance under heavy load and high-speed operations. Matele
and Pandey [20] developed a numerical model to investigate the effects of texture locations on the bushing surface,
which showed that compared with the plain journal
bearing, the partial textured bearing with proper location
is found to be more stable. Yu et al. [21] investigated the
effects of surface texture and ﬂexibility on the performance
of journal bearing theoretically. Their results showed that
when the textures are located at the rising phase of the
pressure ﬁeld, higher texture density can increase load
carrying capacity, while the textures are located at the
falling phase of the pressure ﬁeld, it is harmful to the load
carrying capacity. Based on the ﬂuid-structure interaction
(FSI) method, Lin et al. [22] investigated the effects of
surface textures on the performance of the journal bearing
working under transient conditions, and their results
indicated that the textures locating at the pressure buildup region will enhance the load carrying capacity, while
textures locating at pressure drop region will reduce load

carrying capacity. Shinde and Pawar [23] used a multiobjective optimization method to determine the optimal
texture design to increase the load carrying capacity and
reduce frictional torque. Tala-Ighil and Fillon [24,25]
investigated the texture location effects on the bushing
surface of a journal bearing under stationary loads, which
indicated that compared with the smooth case, full
texturing arrangement poorly affect the bearing performance, while partially texturing arrangements have a
positive effect. The texture locations have been proved to
be a key inﬂuence factor on the bearing performance.
Despite of remarkable progress in research of journal
bearings with surface textures, there is few studies has been
devoted to apply the textures to enhance the performance
of journal bearing with bushing edge wear. Based on the
research of Liu et al. [6], this paper theoretically
investigates the effects of double parabolic proﬁles with
groove textures on hydrodynamic lubrication performance
of journal bearing under steady operating conditions,
which aims to overcome the drawbacks of double parabolic
proﬁles mentioned in the second paragraph of introduction.
The journal misalignment, asperity contact and thermal
effects are considered in this study, and the numerical
results reveal that, compared with the double parabolic
proﬁles, the double parabolic proﬁle with groove textures
with proper location and geometric parameters can
effectively increase the load carrying capacity and reduce
the friction loss under steady operating conditions, which is
conducive to reduce bushing edge wear and enhance
journal bearing performance.

2 Theoretical formulation
2.1 Geometric model
Figure 2 illustrates the three bushing proﬁles investigated
in this study, plain proﬁle, double parabolic proﬁles and
double parabolic proﬁles with groove textures.
In Figure 2a, B is the width of plain proﬁle, d the
thickness of plain proﬁle. In Figure 2b, double parabolic
proﬁles deﬁned by axial width Ly and radial height Lz
distribute along the axial direction symmetrically, and the
parabolic equation is dz = (Lz/Ly2) y2. In Figure 2c, a
certain number of grooves distribute along the axial
direction in speciﬁed region, which will be introduced in the
following sections. Note the proﬁle modiﬁcations due to
running-in are not considered here.
2.2 Film thickness
Figure 3 illustrates a misaligned journal bearing with
double parabolic proﬁles and groove textures, whose
lubricating oil is supplied through the axial oil feeding
groove. For simplicity, only the misalignment in vertical
plane yoz is considered.
As the hardness of the journal is much higher than that of
bearing bushing, only elastic deformation of bushing surface
is taken into consideration. Thus, the ﬁlm thickness h is
h ¼ hg þ de

ð1Þ
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variation clearance caused by the groove textures.
Obviously, for the journal bearing with plain proﬁle,
dz = dtex = 0, and for the journal bearing with only double
parabolic proﬁles, dtex = 0.
In this study, the elastic deformation de is obtained by
the Winkler/Column model [26], which provides a simpler
way than ﬁnite element method [27] to estimate elastic
deformation and has been used in some literatures [21,28–30].
The utilized model assumes that the local elastic deformation
is only dependent on the local ﬁlm pressure, as expressed in
equation (3)
de ¼

ð1 þ nÞð1  2nÞ d
p
ð1  n Þ
E

ð3Þ

where n is the Poisson’s ratio of the bushing, E the elastic
modulus of the bushing, p the ﬁlm pressure applied on the
bushing surface.
2.3 Reynolds equation
The Reynolds equation based on average ﬂow model is
utilized to determine the roughness effects on the
lubrication performance of journal bearing [31,32], as
expressed in equation (4)




∂
h3 ∂p
∂
h3 ∂p
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⋅
⋅
þ
∂x
∂y
12m ∂x
12m ∂y
¼
Fig. 2. (a) Plain proﬁle, (b) double parabolic proﬁles, (c) double
parabolic proﬁles with groove textures.
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ð4Þ

where m is the viscosity of lubricating oil, p the ﬁlm pressure,
U1 and U2 the velocities of two surfaces, s the standard
deviation of combined roughness, fx, fy the pressure ﬂow
factors, fs the shear ﬂow factor, hT the local ﬁlm thickness.
For the journal bearing under steady operating
conditions, equation (4) can be expressed as followed by
the variable transformation x = Ru
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∂
h3 ∂p
f
f
⋅
⋅
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∂hT
∂f
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∂u
∂u

ð5Þ

where v is angular velocity of journal.
Fig. 3. A misaligned journal bearing with double parabolic
proﬁles and groove textures.

where hg is the ﬁlm thickness without elastic deformation,
which is given by
hg ¼ c þ ðe þ y tan g Þ cos ðu  ’Þ þ dz þ dd

ð2Þ

where c is the radial clearance, e the eccentricity of the
midplane, ’ the attitude angle of the midplane, y the axial
coordinate, g the misalignment angle, dz the variation
clearance caused by the double parabolic proﬁles, dtex the

2.4 Asperity contact pressure
The asperity contact model proposed by Greenwood and
Tripp [33] is utilized here to estimate interaction effects of
asperities, which is widely used in the analysis of rough
surfaces contact of the journal bearing. The asperity
contact pressure Pasp is given by
pﬃﬃﬃ
rﬃﬃﬃ
16 2p
2 s
ðhbs Þ
⋅Ec ⋅F 2:5 ðh=s Þ
ð6Þ
P asp ¼
15
b
where h is the number of asperities per unit area, b the
mean radius of curvature of the asperities, s the standard
derivation, Ec the composite elastic modulus, F2.5 (h/s) the
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Gaussian distribution function. Note the surface pattern
parameter g is assumed as 1 here, which means the
roughness structures are isotropic.
2.5 Friction loss
It is assumed that when the journal bearing operates in the
mixed lubrication regime, the total friction force consists of
hydrodynamic friction force arising from the shearing of
lubricating oil and asperity contact friction force [34].
Hence, the total friction force f is

Z BZ 2p

mU 
h ∂p
ff þ ffs þ ffp
þ masp ⋅pasp Rdudy
f¼
h
2R ∂u
0
0
ð7Þ
where U = vR, ff, ffs, ffp are the shear stress factors, masp
boundary friction coefﬁcient. The friction loss Pf can be
calculated by
P f ¼ fU:

ð8Þ

2.6 Leakage ﬂowrate
The leakage ﬂowrate Q1 from the front-end plane of
bearings and the leakage ﬂowrate Q2 from the rear end
plane of bearings are [27]
8

Z 2p
>
h3 ∂p 
>
>
¼

f
Rdu
Q
> 1
y
<
12m ∂y y¼0
0
ð9Þ

Z 2p
>
h3 ∂p 
>
>
>
fy
Rdu
: Q2 ¼ 
12m ∂y y¼B
0
The total leakage ﬂowrate Q is
Q ¼ jQ1 j þ jQ2 j:

ð10Þ

2.7 Thermal effects
As well known, the temperature of lubricating oil will
increase and its viscosity will decrease exponentially during
the operation, so it is more accurate to adopt a variable
viscosity model in the calculation. In this study, an
effective temperature is obtained based on the adiabatic
ﬂow hypothesis of the lubricating oil, as shown below
Pf
Te ¼ Ti þ k
Qrcl

ð11Þ

where Te is the effective temperature of lubricating oil, Ti
the inlet oil temperature, Pf the friction loss, Q the total
leakage ﬂowrate, r the density of lubricating oil, cl the
speciﬁc heat of lubricating oil, k the correction factor and
k = 0.9 [35]. This simple fast method avoids the complex
computation of thermohydrodynamic lubrication and has
been used in the literatures [25,30].

CD40 lubricating oil is used here and its viscositytemperature equation can be expressed as


1
ð12Þ
ln lnð1000mÞ ¼ bT e 2 þ cT e
a
where the unit of m is Pa. s, and a = 6.163, b = 8.721  105,
c =  0.0455, respectively. Once the effective temperature
is obtained, the effective viscosity can be calculated by the
equation (12).
2.8 Load equilibrium
In this study, the external load is applied on journal in the
form of pure moment whose direction is parallel to x axis,
which only leads to the journal misalignment in vertical
plane yoz. The static equilibrium of the journal center can
be described as
Me þ Mt ¼ 0

ð13Þ

where Me is the external moment, Mt the resultant
moment of hydrodynamic moment Moil and asperity
contact moment Masp, namely Mt = Moil + Masp.
The load equilibrium equations along x and z axis are


M ex þ M tx ¼ 0
M ez þ M tz ¼ 0

ð14Þ

where Mex and Mez are the external moment along x and z
axis, Mtx and Mtz the resultant moment along x and z axis,
which can be expressed as follows


M tx ¼ M oilx þ M aspx
M tz ¼ M oilz þ M aspz

ð15Þ

where Moilx and Moilz are the hydrodynamic moment along
x and z axis, Maspx and Maspz the asperity contact moment
along x and z axis, which can be calculated by
8
Z B Z 2p
>
>
> M oilx ¼ þ
ypR sin ududy
>
<
0
0
ð16Þ
Z B Z 2p
>
>
>
>
: M oilz ¼ 
ypR cos ududy
0

0

8
Z B Z 2p
>
>
>
M
¼
þ
ypasp R sin ududy
aspx
>
<
0
0
Z
>
>
>
>
: M aspz ¼ 

0

B

Z
0

2p

ð17Þ

ypasp R cos ududy

3 Numerical procedure and veriﬁcation
Apply the ﬁnite difference method to discretize the
equation (5), then solve the difference equations by
overrelaxation iterative method. The Reynolds boundary
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conditions are adopted to determine the rupture zone of oil
ﬁlm, while the pressures in the oil feeding groove and both
bearing ends are set to zero (ambient pressure) [14,15]. All
negative pressures are set to zero during the solution and
the discretized ﬁlm pressure can be calculated by
ðkp þ1Þ
ðkp Þ
¼ pi;j  vs
pi;j
2
0
1
3
ð kp Þ
ðkp þ1Þ ,
DD

CS
⋅p

CN
⋅p
i;j
i;j
i;j
iþ1;j
i1;j C
6 ð kp Þ B
7
4pi;j  @
A CC i;j 5
ð kp Þ
ðkp þ1Þ
CEi;j ⋅pi;jþ1  CW i;j ⋅pi;j1
ð18Þ
(kp + 1)
where pi,j
is the ﬁlm pressure for node (i, j) at the
(kp)
the ﬁlm pressure for node (i, j)
(kp+1)th iteration, pi,j
at the kpth iteration, vs the overrelaxation factor, here
vs =1.5. DDi,j, CSi,j, CNi,j, CEi,j, CWi,j, CCi,j are the
difference coefﬁcients during the pressure solution.
The ﬁlm pressure convergence criteria at the kpth iteration
is given by


ny 
nu X
X
 ðkp þ1Þ ðkp Þ 
p
−pi;j 
 i;j
j¼1 i¼1
ny
nu X
X

ðkp þ1Þ
pi;j

 ep

ð19Þ

j¼1 i¼1

where ep is the allowable precision for the solution of
pressure, here ep = 105. nu and ny are the nodes numbers
along the circumferential and axial direction.
Based on the equation (11), the effective temperature
convergence criteria at the kt th iteration is given by
 ðk þ1Þ

T t −T ðkt Þ 
e

e

T ðekt þ1Þ

 et

ð20Þ

where et is the allowable precision for the solution of the
effective temperature, here et = 104.
When journal bearing is in the steady operations, it can
be assumed that the resultant moment of hydrodynamic
and asperity contact moments is approximately equal to
the external moment, speciﬁcally, the motion of journal can
be obtained by correcting the eccentricity ratio e (e = e/c),
attitude angle ’ and misalignment angle g. The correction
strategies can be expressed as follows


M tx
’ ¼ ’ þ v’ arctan
M tz



8
Mt
Mt
>
>
e ¼ e  ve
1
≥1
>
>
Me
Me
<



>
>
M
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>
>
: e ¼ e þ ve 1  t
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Me
Me

ð21Þ

ð22Þ

5

8
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>

1
≥
1
g
¼
g

v
>
g
<
Me
Me



>
Mt
Mt
>
>
<1
: g ¼ g þ vg 1 
Me
Me

ð23Þ

where Me is the amplitude of Me, Mt amplitude of
Mt,v’,ve,vg correction factors of ’, e, g. The initial values
of ’, e, g are ’0 = p rad, e0 = 0.9, g 0 = 2  104 rad, and
v’ = 0.9, ve = 1  102, vg = 1  105, respectively.
As mentioned previously, the external load is a pure
moment whose direction is parallel to x axis. So, the
equilibrium convergence criteria can be given by


 M tx 


ð24Þ
 M   errxz
tz
jM t  M e j
 errM
Me

ð25Þ

where errxz and errM are allowable precisions for the
equilibrium calculation, here errxz = 103, errM = 103.
The whole computational process is shown in Figure 4.
The MATLAB R2015b is used to conduct the numerical
solution, and the conﬁgurations of computer are: Intel
Xeon CPU E5-2690, 2.90GHz, RAM 256G.
Before the analysis of double parabolic proﬁles with
groove textures, it is necessary to validate the calculation
model. The calculated ﬁlm pressures of the journal bearing
with plain proﬁle are compared with Ferron’s experimental
results [36], as illustrated in Figure 5. The comparisons
show that the calculated results agree well with the
experimental ones, which conﬁrms the validity of this
model.

4 Results and discussions
The detailed parameters of the journal bearing investigated
in this study are listed in Table 1.
Mesh reﬁnement analysis is conducted based on the
journal bearing with plain proﬁle. Various mesh schemes
and corresponding minimum ﬁlm thickness (hmin) are listed
in Table 2. It can be seen that hmin is converged when the
mesh is 1441  181. Considering the solving time and
accuracy, 1441  181 mesh is adopted.
As mentioned in [6], the journal bearing with double
parabolic proﬁles has a better performance than that with
plain proﬁle regarding reducing edge wear. Here one typical
case is conducted to illustrate the performance comparisons between plain proﬁle and double parabolic proﬁles
(axial width Ly = 0.1B, radial height Lz = 2mm), then the
double parabolic proﬁles with groove textures are mainly
discussed. Parameters used to evaluate the performance
are listed in Table 3, and the relative variations of each
performance parameter is deﬁned as below
ddpp X ¼

Xdpp  Xpp
 100%
Xpp

ð26Þ
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Fig. 4. Flow chart of the computational process.

where ddppX is the relative variation of parameter X, pp
means plain proﬁle while dpp means double parabolic
proﬁles.
Table 4 lists the comparison results. Note the absolute
values of hmin and Q are rounded to four decimal places as
their differences are too small, while other results are
rounded to two decimal places (the same as below). As
expected, the hmin sharply increases and the Paspmax
reduces to zero, which conﬁrms the validity of double
parabolic proﬁles regarding reducing edge wear. However,
as the double parabolic proﬁles lead to a less capacity area,
the load carrying capacity is reduced. So greater Pmax is
generated to balance the external load, and the hydrodynamic friction force also increases which causes a greater Pf.
It is obvious that Q is increased as the double parabolic

proﬁles increases the ﬁlm pressure gradient at bushing
edge, so the comprehensive effects of greater Pf and Q lead
to a tiny increase of Te based on equation (11).
The main motivation of this study is to increase load
carrying capacity and reduce friction loss of the journal
bearing with double parabolic proﬁles by using surface
textures. Here the groove textures with rectangular
sections are adopted as they are relatively easy to
manufacture. As mentioned in the literature [24], textures
locating at the downstream of the ﬁlm pressure ﬁled have a
positive effect on the lubrication performance, so here the
groove textures are set in this region of the journal bearing
with double parabolic proﬁles, corresponding to the red
rectangle in Figure 6, from 200° to 350° in circumferential
direction and 0.1B to 0.9B in axial direction. The detailed
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Fig. 5. Comparisons with Ferron’s experimental results (a) Speed = 2000 rpm, (b) Speed = 4000 rpm.

Table 1. Detailed parameters of the journal bearing.
Parameters

Values

Lubricating oil
Oil feeding temperature (°C)
Bearing diameter D (mm)
Bearing width B (mm)
Bearing bushing thickness d (mm)
Radial clearance c (mm)
Oil feeding groove (°)
Standard deviations of the roughness
of the bearing surface s b (mm)
Standard deviations of the roughness
of the journal surface s j (mm)
Elastic modulus of copper-lead-tin alloy Ea (GPa)
Poisson’s ratio of copper-lead-tin alloy na
External moment Me (Nm)
Rotary speed (rpm)

CD40
70
230
90
5
0.14
18
0.8
0.4
97
0.3
2000
1080

deﬁnitions of groove textures are illustrated in Figure 7,
and the effects of various groove sizes on lubrication
performance will be discussed in the subsequent analysis.
4.1 The effects of various groove depths
In this section, the effects of various groove depths are
discussed. The parameter conﬁgurations for this section are
listed in Table 5, and corresponding calculated results are
listed in Table 6.
The relative variations of each performance parameter
between plain proﬁle and double parabolic proﬁles with
groove textures is deﬁned as below
ddppgt X ¼

Xdppgt  Xpp
 100%
Xpp

ð27Þ

where dppgt means double parabolic proﬁles with groove
textures. In order to show the performance variations
between double parabolic proﬁles and double parabolic
proﬁles with groove textures more clearly, the ddppX and
ddppgtX are compared and listed in Table 7.
According to Tables 6 and 7, it is obviously that the
groove textures positively affect the lubrication performance. Compared with the case of plain proﬁle, the grooves
with 20 mm depth give the best results regarding increasing
load carrying capacity and reducing friction loss, as the
Pmax only increases by 1.60% and the Pf has reduced by
3.19%. These variations can be explained that, the groove
textures locating at the downstream of the ﬁlm pressure
ﬁled can be seen as oil conservators, which extend the full
ﬁlm region and reduce the cavitation area, hence the
hydrodynamic effect of the lubricating oil is strengthened
and a recovery of the ﬁlm pressure is generated, as
illustrated in Fig. 8. The similar conclusions can also be
found in the literature [8]. The pressure recovery effect is
more evident with deeper groove depth, so the load
carrying capacity increases more signiﬁcantly.
Moreover, the hydrodynamic friction force arising from
the shearing of oil reduces with the thicker oil ﬁlm, which
causes less friction loss. It can also be seen that, the grooves
with shallower depth increase the leakage ﬂowrate a little
while for the grooves with 20 mm depth, the increase is even
less than that of the double parabolic proﬁles. Based on
equation (11), the comprehensive effects of the reduced
friction loss and increased leakage ﬂowrate lead to a tiny
decrease of the effective temperature.
4.2 The effects of various groove lengths
In this section, the effects of various groove lengths are
discussed. The parameter conﬁgurations for this section are
listed in Table 8, and corresponding calculated results are
listed in Table 9. Similarly, the ddppX and ddppgtX are
compared and listed in Table 10.
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Table 2. Mesh schemes for mesh reﬁnement analysis.
Scheme

1

2

3

4

5

nung
hmin (mm)
Solving time (hour)

721121
1.9417
0.5064

1081151
1.9347
1.4835

1441181
1.9095
3.4378

1441211
1.9103
3.8427

1801211
1.8974
5.5708

Table 3. Parameters used to evaluate performance.
Parameters

Names

Minimum ﬁlm thickness
hmin
Maximum asperity contact pressure Paspmax
Maximum ﬁlm pressure
Pmax
Friction loss
Pf
Leakage ﬂowrate
Q
Effective temperature
Te

Units
mm
MPa
MPa
W
104 m3/s
°C

Table 4. Performance comparisons between plain proﬁle
(pp) and double parabolic proﬁles (dpp).
X

pp

dpp

ddpp X ð%Þ

hmin (mm)
Paspmax (MPa)
Pmax (MPa)
Pf (W)
Q (104m3/s)
Te (°C)

1.9095
0.66
60.03
4130.50
1.2720
86.68

3.2277
0.00
62.67
4178.78
1.2818
86.75

+69.03
–100.00
+4.40
+1.17
+0.77
+0.08

Fig. 6. Texture region of the journal bearing with double
parabolic proﬁles.

Fig. 7. Detailed deﬁnitions of the groove textures.
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Tables 9 and 10 show that, compared with the case of
plain proﬁle, the Pmax reduces by 3.08% in the 40 mm case,
while increases by 12.01% in the 60 mm case, which is much
greater than that of double parabolic proﬁles. The reason
for this phenomenon is that the pressure recovery effect,
as explained previously, is more evident than other cases
when the groove length is 60 mm, and the maximum
recovery pressure is even greater than the maximum ﬁlm
pressure in untextured region, as illustrated in Figure 9.
Moreover, it can be seen that all the grooves textures
reduce the friction loss in different extents, speciﬁcally,
the longer groove length leads to thicker oil ﬁlm, which
causes less friction loss. It can also be seen the leakage
Table 5. Parameter conﬁgurations for Section 4.1.
Names

Values

Groove width (mm)
Groove gap (mm)
Groove length (mm)
Groove numbers
Mesh of single groove

wg
we
lg
ng

3
2
50
60
6  100

Groove depths (mm)

dg

ngu  ngy
ðcircum  axialÞ

5, 10, 15, 20

9

ﬂowrate increases a little in all cases, while these
increases show no obvious regularity. As mentioned
before, the effective temperature shows a tiny decrease
due to the comprehensive effects of the friction loss and
leakage ﬂowrate.
4.3 The effects of various groove densities
In this section, the effects of various groove densities are
discussed. Note the total area of groove textures, Sg =
wg  lg  ng, are constant, while the wg, we, and ng are
various among cases. Here the groove numbers ng is used to
represent the density, and greater ng means denser grooves
and vice versa. The parameter conﬁgurations for this
section are listed in Table 11, and corresponding calculated
results are listed in Table 12. Similarly, the ddppX and
ddppgtX are compared and listed in Table 13.
Tables 12 and 13 show that, compared with the case of
plain proﬁle, the case of 60 grooves has a superior
performance than others on increasing load carrying
capacity and reducing friction loss, while followed by the
case of 20 grooves, which is contrary to our expectation.
This phenomenon shows that there is no obvious linear
relationship between the groove densities and lubrication
performance, which may be more dependent on the speciﬁc
operating conditions and geometric parameters of the
journal bearing. For the bearing investigated in this study,
the case of 60 grooves within given densities can meet our

Table 6. Calculated results of double parabolic proﬁles with groove textures with various groove depths.
X

dg = 5 mm

dg = 10 mm

dg = 15 mm

dg = 20 mm

hmin (mm)
Paspmax (MPa)
Pmax (MPa)
Pf (W)
Q (104m3/s)
Te (°C)

3.2637
0.00
62.52
4130.28
1.2840
86.51

3.2878
0.00
62.36
4110.51
1.2843
86.43

3.3592
0.00
62.15
4113.68
1.2922
86.34

4.0175
0.00
60.99
3998.57
1.2812
86.02

Table 7. Comparisons between ddppX and ddppgtX with various groove depths.
X

ddpp X ð%Þ

ddppgtX (%)
(dg = 5mm)

ddppgt X ð%Þ
(dg = 10mm)

ddppgt X ð%Þ
(dg = 15mm)

ddppgt X ð%Þ
(dg = 20mm)

hmin
Paspmax
Pmax
Pf
Q
Te

+69.03
–100.00
+4.40
+1.17
+0.77
+0.08

+70.92
–100.00
+4.15
–0.01
+0.94
–0.20

+72.18
–100.00
+3.88
–0.48
+0.97
–0.29

+75.92
–100.00
+3.53
–0.41
+1.59
–0.39

+110.40
–100.00
+1.60
–3.19
+0.72
–0.76
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Fig. 8. Film pressures of double parabolic proﬁles with groove textures with various groove depths (a) dg = 5 mm, (b) dg = 10 mm,
(c) dg = 15 mm, (d) dg = 20 mm.

Table 8. Parameter conﬁgurations for Section 4.2.

Groove width (mm)
Groove gap (mm)
Groove depths (mm)
Groove numbers
Groove length (mm)
Mesh of single groove

Names

Values

wg
we
dg
ng
lg

3
2
20
60
30, 40, 50, 60
6  60, 6  80,
6  100, 6  120

ngu  ngy
ðcircum  axialÞ

purpose well. As expected, the variations of leakage
ﬂowrate and effective temperatures are all tiny which
have been explained previously.

5 Conclusions
A numerical analysis is conducted to investigate the effects
of double parabolic proﬁles with groove textures on the
hydrodynamic performance of a speciﬁc journal bearing
under steady operating conditions. The grooves are set in
the downstream of the pressure ﬁeld and the effects of
various groove depths, lengths, and densities are discussed.
Following conclusions can be drawn from the numerical
results:
– Compared with the case of plain proﬁle, the double
parabolic proﬁles can sharply increase the minimum ﬁlm
thickness and reduce the asperity contact pressure to
zero. However, the visible drawbacks of this proﬁle are
that it also reduces the load carrying capacity and
increases friction loss.
– Compared with the case of plain proﬁle, the double
parabolic proﬁles with groove textures with given depths
affect the lubrication performance positively due to the

C. Liu et al.: Mechanics & Industry 21, 301 (2020)
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Table 9. Calculated results of double parabolic proﬁles with groove textures with various groove lengths.
X

lg = 30 mm

lg = 40 mm

lg = 50 mm

lg = 60 mm

hmin (mm)
Paspmax (MPa)
Pmax (MPa)
Pf (W)
Q (104m3/s)
Te (°C)

3.4925
0.00
60.97
4114.87
1.2931
86.34

3.716
0.00
58.18
4049.50
1.2783
86.26

4.0175
0.00
60.99
3998.57
1.2812
86.02

4.2763
0.00
67.24
3954.67
1.2804
85.87

Table 10. Comparisons between ddppX and ddppgtX with various groove lengths.
X

ddpp X ð%Þ

ddppgt X ð%Þ
(lg = 30 mm)

ddppgt X ð%Þ
(lg = 40 mm)

ddppgt X ð%Þ
(lg = 50 mm)

ddppgt X ð%Þ
(lg = 60 mm)

hmin
Paspmax
Pmax
Pf
Q
Te

+69.03
–100.00
+4.40
+1.17
+0.77
+0.08

+82.90
–100.00
+1.56
–0.38
+1.66
–0.39

+94.61
–100.00
–3.08
–1.96
+0.50
–0.48

+110.40
–100.00
+1.60
–3.19
+0.72
–0.76

+123.95
–100.00
+12.01
–4.26
+0.66
–0.93

Fig. 9. Film pressures of double parabolic proﬁles with groove textures with various groove lengths (a) lg = 30 mm, (b) lg = 40 mm,
(c) lg = 50 mm, (d) lg = 60 mm.
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Table 11. Parameter conﬁgurations for Section 4.3.
Names
Groove width (mm) wg
Groove gap (mm)
we
Groove numbers
ng
Groove length (mm) lg
Groove depths (mm) dg
Mesh of single groove n

Values

gu  ngy
ðcircum  axialÞ

3, 4.5, 9
2, 3, 6
60, 40, 20
50
20
6  100, 9  100,
18  100

Table 12. Calculated results of double parabolic proﬁles
with groove textures with various groove densities.
X

ng = 60

ng = 40

ng = 20

hmin (mm)
Paspmax (MPa)
Pmax (MPa)
Pf (W)
Q (104m3/s)
Te (°C)

4.0175
0.00
60.99
3998.57
1.2812
86.02

3.2984
0.00
61.90
4116.86
1.2763
86.56

3.3414
0.00
61.61
4098.00
1.2779
86.46

Table 13. Comparisons between ddppX and ddppgtX with
various groove densities.
X
hmin
Paspmax
Pmax
Pf
Q
Te

ddpp X ð%Þ ddppgt X ð%Þ ddppgt X ð%Þ ddppgt X (%)
(ng = 60)
(ng = 40)
(ng = 20)
+69.03
–100.00
+4.40
+1.17
+0.77
+0.08

+110.40
–100.00
+1.60
–3.19
+0.72
–0.76

+72.74
–100.00
+3.11
–0.33
+0.34
–0.14

+74.99
–100.00
+2.63
–0.79
+0.46
–0.25

pressure recovery effect in textured region. This effect is
more evident with deeper groove depth, which increases
the load carrying capacity more signiﬁcantly. Meanwhile, the thicker oil ﬁlm reduces the friction force arising
from the shearing of lubricating oil, which causes less
friction loss.
– In the case of longer groove length, the maximum
recovery pressure in textured region may even be greater
than the maximum ﬁlm pressure in untextured region
due to the pressure recovery effect.
– The groove textures with various densities improve the
lubrication performance in different extents. However,
there is no obvious linear relationship between the groove
densities and performance enhancement, which may be
due to the speciﬁc operating conditions and geometric
parameters.

– Compared with the case of plain proﬁle, the variations of
leakage ﬂowrate and effective temperatures are all tiny,
which shows that setting increasing load carrying
capacity and reducing friction loss as the main
optimization purposes is reasonable.
– For the journal bearing investigated in this paper, the
double parabolic proﬁles with groove textures with
wg = 3 mm, we = 2 mm and lg = 50 mm, which are located
in the region from 200° to 350° in circumferential
direction and 0.1B to 0.9B in axial direction can meet
our purpose well.
The cavitation area of oil ﬁlm determined by Reynolds
boundary conditions may be less accurate than massconservative treatment, which is a limitation of this study.
In future work, cavitation effects will be treated in massconserving way, and some optimization methods will be
adopted to determine the optimal texture design.

Nomenclature
D
B
d
Ly
Lz
h
hg
c
e
’
g
dz
dtex
de
E
n
m
p
U1, U2
s
fx,fy
fs
hT
v
Pasp
h
b
E
F2.5 (h/s)
ff, ffs, ffp
masp
f
Pf
Q1
Q2
Q
Te

Bearing diameter
Width of plain proﬁle
Thickness of plain proﬁle
Axial width of double parabolic proﬁles
Radial height of double parabolic proﬁles
Film thickness
Film thickness without elastic deformation
Radial clearance
Eccentricity of the midplane
Attitude angle of the midplane
Misalignment angle
Variation clearance caused by double parabolic proﬁles
Variation clearance caused by groove textures
Elastic deformation of bushing surface
Elastic modulus of the bushing
Poisson’s ratio of the bushing
Viscosity of lubricating oil
Film pressure
Velocities of the two surfaces
Standard deviation of combined roughness
Pressure ﬂow factors
Shear ﬂow factor
Local ﬁlm thickness
Angular velocity of journal
Asperity contact pressure
The number of asperities per unit area
The mean radius of curvature of the
asperities
Composite elastic modulus
Gaussian distribution function
Shear stress factors
Boundary friction coefﬁcient
Friction force
Friction loss
Leakage ﬂowrate from the front end plane
Leakage ﬂowrate from the rear end plane
Total leakage ﬂowrate
Effective temperature of lubricating oil
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Ti
r
cl
Me
Mt
Moil
Masp
Mex, Mez
Mtx, Mtz
Moilx, Moilx
Maspx, Maspz
vs
ep
et
e
Me
Mt
v’
ve
vg
errxz, errM
sb
sj
nu , n y
hmin
Pmax
Pasp max
wg
we
lg
ng
ngu  ngy
dg
Sg

Inlet oil temperature
Density of lubricating oil
Speciﬁc heat of lubricating oil
External moment
Resultant moment
Hydrodynamic moment
Asperity contact moment
External applied moment along the x and z
axes
Resultant moment along the x and z axes
Hydrodynamic moment along the x and z
axes
Asperity contact moment along the x and z
axes
Overrelaxation factor
Allowable precision for the solution of ﬁlm
pressure
Allowable precision for the solution of the
effective temperature
Eccentricity ratio of the midplane
Amplitude of external moment
Amplitude of resultant moment
Correction factor of ’
Correction factor of e
Correction factor of g
Allowable precision for the calculation of
load equilibrium
Standard deviations of the roughness of the
bearing surface
Standard deviations of the roughness of the
journal surface
Numbers of nodes along the circumferential
and axial direction
Minimum ﬁlm thickness
Maximum ﬁlm pressure
Maximum asperity contact pressure
Groove width
Groove gap
Groove length
Groove numbers
Mesh of single groove
Groove depth
Total area of groove textures
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