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The gas-lubricated thrust bearing is widely used in agriculture mechanical systems, and the groove shape plays an important role on
the hydrodynamic behavior of spiral-grooved thrust bearing (SGTB). Although the groove shape may change smaller, it is clear that
the hydrodynamic response is very sensitive to the groove parameters. This paper proposes a computational method for the analysis
of SGTB with gas lubricant, considering the effects of groove parameters. With the compressibility taken into account, the
evaluation of lubrication performance for SGTB is obtained by the CFD technology. Also, the simulation results are compared
with the published data, which indicates that the presented model of SGTB is able to obtain more realistic results of
hydrodynamic characteristics of SGTB. Moreover, the mapping relationship between groove parameter and hydrodynamic
behavior of SGTB is represented.

1. Introduction

The thrust bearing plays an important role in the agriculture
mechanical equipment. During the initial design of product,
the lubrication performance of SGTB is often performed
considering the different working conditions. However,
the groove parameter is a necessary element in the design
of SGTB, which will significantly affect the hydrodynamic
behavior of SGTB including load carrying capacity, friction
torque, and bearing stiffness [1, 2]. The modeling and
analysis of hydrodynamic characteristics of SGTB is a clas-
sical problem, and it has received great attention by
researchers. Although the variation of groove parameter
is smaller, the lubricated film flow would change and the
hydrodynamic response could produce the fluctuation.
The film flow of gas lubricant is a complex physical phe-
nomenon with the characteristics of compressibility, sensi-
bility, and surface roughness of bearing. Thus, some
problems for modeling the hydrodynamic characteristics
and lubrication performance analysis of SGTB should be
considered [3, 4]. One of the problems is related to how

to describe accurately the hydrodynamic response of SGTB
with gas lubricant. The second problem is associated with
the evaluation of the hydrodynamic behavior, namely, load
carrying capacity, friction torque, and damping coefficient,
and the issue of how to obtain the results of SGTB with
different groove parameters. The method and techniques
of modeling are improved based on the development of
faster data processing capabilities for computer. Then, it
is necessary to establish the exact model of SGTB for
studying the influence of groove parameters on the hydro-
dynamic behavior of SGTB with gas lubricant [5, 6].

Over the last few decades, the hydrodynamic characteris-
tics of thrust bearing based on the theoretical and experimen-
tal approach have been studied by many researchers [7–9]. In
the early years, Nishio et al. [10] conducted a comparison
study for describing the static and dynamic behavior of aero-
static thrust bearing, which was performed by the CFD tech-
nology. The numerical results discussed the effects of bearing
clearance on the load carrying capacity, static stiffness, and
dynamic stiffness. Based on the classical steady-state 2D
compressible Reynolds equations, the evaluated model of
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gas-lubricated parallel slider bearing was established by
Qiu et al. [11]. This method could carry out the relation-
ship between the texture shape and load carrying capacity.
It was well known that the variation of texture geometry
and density could cause the change of pressure distribu-
tion. In order to explain the effects of temperature on
the hydrodynamic response of SGTB with gas lubricant,
Zhang et al. [12] introduced the simulation model based
on the finite volume method. The simulation results
revealed that the temperature played an important role
in the hydrodynamic behavior analysis of SGTB. And the
issue of how to select a suitable model for lubrication per-
formance evaluation of SGTB was still discussed. Due to
the fact that the modeling method is the key element for
describing the hydrodynamic behavior of aerostatic bear-
ing, Chang et al. [13] conducted a comparison between
Reynolds equation and computational fluid dynamic. The
numerical calculation results showed that the Reynolds
equations could be solved more quickly and the discharge
coefficients as sensitive to the gas film thickness. Ma et al.
[14] built the mapping relationship between hydrodynamic
response and spiral groove gas face seal in the low-
pressure condition. Based on the practical application,
the results found that the proposed method explained that
higher seal pressure and clearance would provide a larger
thermal distortion. Then, Pavel et al. [15] proposed a
new simulation method of thrust bearing, which could
conduct a fast computation and analysis for transient
behavior of thrust bearing. The obtained results illustrated
the reason of how to produce the vibration and noise
issues of gas turbocharger. According to the Reynolds
equations and JFO cavitation model, Hu and Meng [16]
conducted a theoretical and experimental investigation
for evaluating the transient characteristics of SGTB. In this
model, the mass-conserving cavitation was considered and
deterministic asperity contacts were given to investigate
the tribology characteristics of SGTB. Kim et al. [17]
focused on the lubrication performance analysis of thrust
bearing by a quasidynamic lubrication model. The Reyn-
olds equations were used to define the lubrication film,
and the temperature distribution could be obtained by
the energy equation. Then, the lubricated film thickness
was measured by the experiment and the error between
simulation results and experiment data was only 5%,
which demonstrated the effectiveness of the proposed
method.

It is important to note that some researchers have atten-
tion to the investigations of the groove shape effects on the
hydrodynamic characteristics of thrust bearing [18–20].
The theoretical and experimental study of load carrying
capacity for thrust bearing was studied by Fesanghary and
Khonsari [21]. In this study, the Reynolds equations were
used to represent the load carrying capacity of thrust bearing
with different groove shapes. The obtained results was not
only a demonstration for the proposed method but also illus-
trated the influence of groove shape on the load carrying
capacity of thrust bearing. For the optimum design problem
of thrust bearing, Masayuki et al. [22, 23] established a
hydrodynamic analysis model of gas-lubricated thrust bear-

ing considering the angular displacement characteristics,
and a new groove shape was obtained, which included two
curved portions. Wu et al. [24] extended a new CFD model
for researching the hydrodynamic response in the grooved
two-disc system. Then, the lubricated film flow could be
described by the presented model and the effects of groove
number were discussed by a numerical example case. More-
over, Ma and et al. [25] focused on a numerical approach
to analyze the thermoelastohydrodynamic characteristics of
gas face seal with T-grooves. Based on the analysis results,
the thermohydrodynamic effect could cause the decrease of
opening force obviously and T-groove gas face seal was more
suitable to be employed in the conditions of low pressure and
high rotational speed. Considering the effects of surface tex-
turing, Gherca et al. [26] expanded an approach for modeling
the lubrication performance analysis of thrust bearing. The
operating characteristics of friction torque, film pressure,
and film thickness were obtained by the presented method,
and the difference in behavior between steady state and tran-
sient was represented. With the geometric parameters and
operating parameters taken into account, the numerical anal-
ysis of mechanical seal was conducted by Sun et al. [27]. The
simulation results showed that the increase of pressure of
lubricated film, spiral angle, and width ratio of groove could
enhance the opening force and leakage rate. Then, the groove
parameters played a significant role on the numerical analysis
of mechanical seal. Gropper et al. [28] involved a numerical
analysis approach for optimization design of thrust bearing.
The numerical results illustrated that the surface texture
parameters would change the flow state of lubricated
medium and the groove parameter analysis was the necessary
step for the design of thrust bearing. Furthermore, Lin et al.
[29] devoted a methodology to evaluate the influence of
groove parameters on the hydrodynamic behavior of SGTB
with water lubricant. The cavitation model was introduced
in the lubrication model, and the experimental rig was estab-
lished to measure the stiffness coefficient and damping coef-
ficient of SGTB. The relationship between the geometric
properties of groove and lubrication performance was drawn
in detail.

It is widely known that gas lubrication plays an impor-
tant role in the hydrodynamic behavior analysis of SGTB
and many researchers concentrated on the modeling and
simulation [30, 31]. Thomas et al. [32] established an axi-
symmetric model of thrust bearing. The inertia terms and
compressible fluids at high pressure were considered in
the simulation. The experiment results were applied to
demonstrate the effectiveness. Wang et al. [33] proposed a
calculation method for describing the gas film distribution
of spiral groove. The results illustrated that the design of
spiral groove was advanced and practicable. Meanwhile,
Gao et al. [34] investigated the effects of orifice chamber
shapes on the lubrication performance of aerostatic thrust
bearing. The results revealed that there were many differ-
ences in the performance behavior of aerostatic thrust bear-
ing caused by the different orifice chamber shapes.
Considering the steady-state characteristics, Zhang et al.
[35] evaluated the lubrication performance of aerostatic
bearing. The simulation results represented that lubrication
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performance was more sensitive to the misalignment along
the horizontal direction.

In contrast to the extensive study on the hydrodynamic
behavior analysis of thrust bearing with different working
conditions, devoting to the industrial case study with the
effects of groove geometric parameters on the hydrodynamic
characteristics of SGTB is more limited. The major emphasis
of this paper is investigating the hydrodynamic modeling and
analysis of SGTB with gas lubricant. In the simulation, it is
significant to find a suitable method for describing the hydro-
dynamic characteristics of SGTB with different groove
parameters. Then, the CFD technology is employed to estab-
lish the computational model of SGTB. The precise hydrody-
namic behavior of SGTB with different groove parameters
can be represented by the method. In order to demonstrate
the accuracy of the proposed method, the simulation results
are compared with the published data. Finally, the effects of
groove parameters on the hydrodynamic response of SGTB
are evaluated.

2. Theoretical Model

The typical SGTB is diagrammed in Figure 1, which is
employed to describe the geometric characteristics between
bearing and disc [36, 37]. It is clearly seen that the groove
parameters have an important effect on the gas film feature.
Actually, the difference of grooved structure will increase
the complexity of gas film flow, and the relative hydrody-
namic characteristics of SGTB can be changed. In the sche-
matic of SGTB, ri and ro show the radiuses of inner groove
and outer groove, respectively. The spiral angle (α) plays an
important role in the lubricant performance of SGTB. The
spiral groove line is written as

r = rbe
θ tan α, ð1Þ

where rb and θ are the base radius of spiral curve and the cir-
cumferential coordinate, respectively.

Then, the lubricated film can be defined as

h = hl, ð2Þ

h = hl + hg, ð3Þ

where hl is the land depth and hg denotes the grooved
depth.

During the calculation of SGTB, the ideal gas film is
assumed and the temperature is constant [38, 39]. The sliding
phenomenon is ignored. The continuity equation is
expressed as

∂ρ
∂t

+∇∙ ρν
!� �

= 0, ð4Þ

where ρ and ν
!

are gas density and velocity vector,
respectively.

And the momentum conservation equation is given as
[40]

∂ ρuð Þ
∂t

+∇∙ ρuν!
� �

= −
∂p
∂x

+ ∂τxx
∂x

+
∂τyx
∂y

+ ∂τzx
∂z

+ ρf x,

∂ ρvð Þ
∂t

+∇∙ ρvν!
� �

= −
∂p
∂x

+
∂τxy
∂x

+
∂τyy
∂y

+
∂τzy
∂z

+ ρf y ,

∂ ρwð Þ
∂t

+∇∙ ρwν
!� �

= −
∂p
∂x

+ ∂τxz
∂x

+
∂τyz
∂y

+ ∂τzz
∂z

+ ρf z ,

8>>>>>>>><
>>>>>>>>:

ð5Þ

where p is gas pressure, τij denotes the deviator stress com-
ponent, and f y represents the quality force component.
And u, v, and w are the velocity components.

In order to evaluate characteristics of SGTB, the load car-
rying capacity can be obtained as [41]

W =
ð2π
0

ðr2
r1

prdrdθ: ð6Þ

The friction is defined as

F = −
ð2π
0

ðr2
r1

τdrdθ, ð7Þ

where τ is the shear force of lubrication film surface.
The damping coefficient is also an important value on the

hydrodynamic behavior of SGTB, and this value is related the
load carrying capacity and rotational speed, which can be
written as

c =
W hg−Δhg

� �
−W hg

� �
ωΔhg

, ð8Þ

where ω is rotational speed and Δhg represents slight varia-
tion of groove depth. Wðhg−ΔhgÞ and WðhgÞ are the load
carrying capacity at the groove depth of hg − Δhg and hg,
respectively.

To explain the effects of groove parameters on the hydro-
dynamic behavior of SGTB, the dimensional analysis is intro-
duced for investigating the main parameters, which includes
length ratio and width ratio [42]. The length ratio of groove
can be written as

δl =
ro − ri
ro − rb

: ð9Þ

Then, the width ratio of groove is given as

δw = wl

wg
, ð10Þ

where wg and wl are the lengths of groove and land,
respectively.
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3. Numerical Validation

In this section, the effectiveness of the proposed method for
describing the hydrodynamic characteristics of SGTB is dem-
onstrated. The simulation model is established based on Ref.
[43]. The inner radius is 69mm, the outer radius is 77.78mm,
and the base radius is 58.42mm. The spiral angle is defined as
15°, and the depths of groove are 0.005mm. In the first, the
convergence and accuracy of solution are sensitive to the
equality of mesh model [44]. Fluent is a popular software
for conducting the hydrodynamic response of fluid, which
includes abundant physical model and advanced numerical
methods. Then, the Gambit is a pretreatment software and
the higher quality of mesh could be provided for the Fluent,
which can ensure the convergence and accuracy of simula-
tion. Fluent and Gambit are employed to study the lubrica-
tion performance of SGTB. Based on the characteristics of
SGTB, the gas film is defined to the compressible fluid and
the pressure-based is employed to the solver type. For the
compressible flow, the ideal gas and segregated solver can
be used, which has the highly coupled characteristics for
velocity, density, and pressure. Then, the second-order
upwind is selected and the relaxation factor is selected to
0.3, which would provide a better convergence. Then, the
simulation model is established by the hexahedron element,
which could provide a better convergence. It is all known that
the quality of mesh can decide the calculation accuracy and
the mesh quality of spiral grooved thrust bearing is higher
0.6, as shown in Figure 2(a). In addition, the convergence cri-
teria demand that velocity residual is 10-6 and the relative dif-
ference between mass flow inlet and mass flow outlet is less
than 1%. Figure 2(b) shows the effects of oil film layer (ele-
ment number) on the pressure of SGTB. When the layer is
below 10, the error of pressure is larger. However, the devia-
tion value is only 0.9% between 10 layers and 30 layers. Then,
the gas film is divided to 10 layers and the number of ele-
ments is 288000.

In order to evaluate the effectiveness of the proposed
model, it is necessary to conduct the hydrodynamic behavior
analysis of SGTB and compare with the published results.
The model of SGTB in Ref. [43] is used, and the results are
shown in Figure 3. According to the results, it is found that
the present method could describe the hydrodynamic char-

acteristics of SGTB accurately. The gas film pressure
increases as the growth of radius, especially in the larger
radius condition. Although there is difference between simu-
lation results and experimental data, the maximum deviation
is only 5% and it is accepted in the engineering analysis.

4. Numerical Results

4.1. Description of the Spiral-Grooved Thrust Bearing. In this
section, the effects of groove parameters on the hydrody-
namic characteristics of SGTB are discussed based on the
proposed method. The geometric characteristics and simula-
tion parameters of SGTB are given in Table 1. The simulation
parameters are selected by Ref. [18], and the temperature is
defined as the constant in the simulation. In addition, the
simulation results could illustrate how the main parameters
(spiral angle, length ratio, and width ratio) affect the lubrica-
tion performance of SGTB.

Figure 4 represents the pressure distribution of gas film
for SGTB with different groove parameters. The simulation
results reveal that the influence of groove parameters on the
hydrodynamic characteristics of SGTB is not neglected. The
maximum pressure of gas film is 7:517 × 104 Pa, 7:661 × 104
Pa, and 7:188 × 104 Pa, respectively. It is known that the
pressure value plays an important role on the load carrying
capacity of SGTB. With different groove parameters, the load
carrying capacity is 51.45N, 51.8N, and 49.44N, respec-
tively. The changed trend of load carrying capacity is similar
to this of pressure value. Meanwhile, the results of gas film
stiffness are compared. The values of gas film stiffness are
1:038 × 107 N/m, 9:41 × 106 N/m, and 1:061 × 107 N/m.
Then, the simulation results illustrate that the investigation
of groove parameters effects should be conducted.

4.2. Influence of Spiral Angle. This section investigates how
the spiral angle influences the hydrodynamic characteristics
of SGTB whereby the groove length ratio and groove width
ratio are defined as the constant value equals to 0.8 in the
simulation. The rotational speeds of shaft are chosen to be
20000 rpm, 40000 rpm, 60000 rpm, and 80000 rpm, respec-
tively. Then, the simulation results are shown in Figure 5.

From the perspective of the design, the well hydrody-
namic characteristics and high lubrication performance are
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Figure 1: The schematic of spiral-grooved thrust bearing.
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expected. The maximum pressure value is employed to
reveal the pressure distribution of gas film, and it is closely
related to the load carrying capacity of SGTB. As shown in
Figure 5(a), when the spiral angle increases from 15° to
30°, the peak value of maximum pressure appears to the
spiral angle that reaches to 20°, particularly at a higher
rotational speed. From the simulation results, it is also
known that the various trend of load carrying capacity is
similar with the path of maximum pressure. The reason
of this phenomenon can be concluded that the pressure
value and load section play the important roles in the load
carrying capacity. A higher pressure value will present a
larger load carrying capacity. However, the pressure value

of gas film is more sensitive to the value of spiral angle.
Thus, in order to ensure the effects of spiral angle on
the lubrication performance of SGTB, the hydrodynamic
characteristics should be performed with respect to spiral
angle and rotational speed.

In order to illustrate the influence of spiral angle on the
friction torque of SGTB, the cases are conducted based on
the presented model. Figure 5(c) shows that the simulation
results of friction torque are evaluated with consideration of
different spiral angles and rotational speeds. When the spiral
angle is 20° and the rotational speed is 20000 rpm, the devia-
tion value of friction torque is 1:62 × 10−3 Nm. As the rota-
tional speed reaches 80000 rpm, this value increases to
6:699 × 10−3 Nm. It is obtained that a higher rotational and
a bigger spiral angle will cause a larger friction torque. Then,
Figure 5(d) shows that the friction loss of SGTB is enlarged
by the increase of spiral angle and rotational speed, particu-
larly the higher rotational speed. It is clearly illustrated that
the effects of spiral angle on the friction loss become strong
at a higher speed due to the increase of mechanical system
energy. The reason of this phenomenon can be illustrated
that the flow field intensity changes as the increase of spiral
angle and rotational speed, which could be the decrease of
velocity gradient gas and friction force. Therefore, the analy-
sis of friction torque and friction loss should be conducted
during the design of SGTB.

According to the plot in Figure 5(e), the effects of spiral
angle on the bearing stiffness are employed to evaluate the
resistance capability of deformation for SGTB. It is seen that
the increase of spiral angle will decrease the bearing stiffness.
However, the value of gas film stiffness increases as the
growth of rotational speed. The reason of this phenomenon
lies in the fact that the variation of groove geometric model
will cause difference of gas film pressure distribution. More-
over, the damping coefficient of SGTB is displayed in
Figure 5(f), which can reflect that gas film stiffness and
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Figure 2: The mesh model and mesh sensitivity of spiral-grooved thrust bearing.
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rotational speed play the important roles on the damping
coefficient. Evidently, as the spiral angle and rotational speed
increase, the damping coefficient decreases. In other words,
the damping coefficient is independent of the pressure at
equilibrium position.

4.3. Influence of Groove Length Ratio. The intention of this
study is to explore the relationship between groove length
ratio and hydrodynamic behavior of SGTB. The initial condi-
tion assumes that the spiral angle is 20° and the groove length
ratio is 0.8. The rotational speeds are 20000 rpm, 40000 rpm,
60000 rpm, and 80000 rpm, respectively. It is important to
note that the results of hydrodynamic simulation for the
SGTB are shown after the value is convergence.

Firstly, in this section, the effects of groove length ratio on
the hydrodynamic characteristics of SGTB are analyzed. In
the simulation results, the coupling effects of groove length
ratio and rotational speed are acquired and plotted in
Figure 6. Figures 6(a) and 6(b) represent the maximum pres-
sure and load carrying capacity of SGTB. Compared with the
trajectory of SGTB with different spiral angles, the character-
istics of these values have a difference. It is clear to see that
the value of maximum pressure keeps a stable value when
the groove length ratio is lower than 0.7. However, the value
of maximum pressure decreases obviously as the increase of
groove length ratio. Although the deviation value is not

greatly affected at a lower rotational speed, this value is still
changed, which may decrease the load carrying capacity.
Meanwhile, it also represents the relationship between pres-
sure value and load carrying capacity. And the hydrodynamic
response analysis of SGTB with different groove length ratios
should be conducted during the design.

To figure out the influence of groove length ratio on
the hydrodynamic response of SGTB, different compara-
tive models (SGTB with different groove length ratios)
are established, as shown in Figures 6(c) and 6(d). Appar-
ently, the increase of groove length ratio leads to the
decrease of friction torque and friction loss slowly. Due
to transformation of geometric parameter, the state of
gas flow has a difference at every section, and the friction
force is also changed. In addition, although the deviation
values of friction torque and friction loss are small, this
phenomenon is not neglected and the operation efficiency
of SGTB will come down.

As mentioned before, the gas film stiffness plays the cru-
cial role on the hydrodynamic behavior of SGTB. With the
growth of groove length ratio, the gas film stiffness increases
gradually, as shown in Figure 6(e). However, when the
groove length ratio exceeds 0.8, the value of gas film stiffness
decreases suddenly. During the design of SGTB, the designer
should conduct a perfect investigation of lubricant perfor-
mance and the mapping relationship between groove geo-
metric parameters and gas film stiffness. Figure 6(f)
indicates the variations of damping coefficient with respect
to groove length ratio at different rotational speeds. It is
important to note that the various groove structural parame-
ters can affect the flow state of gas and then the pressure dis-
tribution, density, and flow direction of gas film would
change. The value of damping coefficient is related with the
load carrying capacity of gas film and rotational speed. The
value can represent the ability of opposed load variation for
gas film, and it is decided by the pressure and thickness of
gas film. When the groove length ratio is 0.8, the damping
coefficient reaches to the peak value by the simulation results.
Then, a reasonable structural parameter of spiral groove can
contribute to a higher lubrication performance of SGTB.
When the groove length ratio is 0.8, the damping coefficient
reaches to the peak value by the simulation results. And the
minimum value that appears under the groove length ratio
is 0.9. Meanwhile, the value of damping coefficient decreases
as the increase of rotational speed. Then, a reasonable struc-
tural parameter of spiral groove can contribute to a higher
lubrication performance of SGTB.

Table 1: Simulation parameters of the spiral-grooved thrust bearing.

Parameters Value Parameters Value

Based radius rb (mm) 12.5 Inner radius rin (mm) 13.75 (0.6), 15.6 (0.7), 16.25 (0.8), 7.5 (0.9)

Outer radius rout (mm) 25 Spiral angle α (°) 15, 20, 25, 30

Groove number (n) 16 Rotational speed ω (rpm) 20000, 40000, 60000, 80000

Land depth hl (mm) 0.011 Groove width ratio 0.6, 0.8, 1, 1.2

Groove depth hg (mm) 0.033 Gas viscosity ν (mPa·s) 0.0185

Temperature (°C) 20 Thermal conductivity (W/mK) 0.0256

𝛼 = 20°, 𝛿l = 0.8, 𝛿w = 0.8

𝛼 = 20°, 𝛿l = 0.8, 𝛿w = 1.2

𝛼 = 20°, 𝛿l = 0.6, 𝛿w = 0.8

Pressure (Pa)
75169.5703

0.0000

Pressure (Pa)
76612.6328

0.0000

Pressure (Pa)
71878.2891

0.0000

Figure 4: The pressure distribution of spiral-grooved thrust bearing
with different groove parameters.
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4.4. Influence of Groove Width Ratio. In this section, the
hydrodynamic behavior of SGTB with different groove width
ratios is discussed based on the proposed method. To obtain
the influence of groove width ratio on the lubrication perfor-
mance of SGTB, the rotational speed is also defined as a var-
iable. In the simulation model, the spiral angle and groove

length ratio are 20° and 0.8, respectively. And the values of
rotational speed are 20000 rpm, 40000 rpm, 60000 rpm, and
80000 rpm.

Figure 7(a) illustrates the maximum pressure of gas film
considering the effects of groove length ratio. When the
groove length ratio increases from 0.6 to 1.2, the maximum
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Figure 5: The lubrication performance of spiral-grooved thrust bearing with different spiral angles: (a) maximum pressure, (b) load carry
capacity, (c) friction torque, (d) friction loss, (e) gas film stiffness, and (f) damping coefficient.

7International Journal of Rotating Machinery



pressure of gas film decreases from 7:952 × 104 Pa to 7:188
× 104 Pa at 80000 rpm. The maximum pressure of gas film
for the SGTB with a lower groove width ratio is larger than
that of a larger groove width ratio. Moreover, the maximum
pressure of gas film increases as the growth of rotational
speed. Combined with the influence of groove width ratio,

the variation of maximum pressure of gas film is obvious at
a higher rotational speed. That is to say, the groove width
ratio makes the maximum pressure of gas film decrease espe-
cially under the high rotational speed condition. Generally, in
the lower gas film pressure, the load carrying capacity is
smaller, as shown in Figure 7(b). The simulation results
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Figure 6: The lubrication performance of spiral-grooved thrust bearing with different groove length ratios: (a) maximum pressure, (b) load
carrying capacity, (c) friction torque, (d) friction loss, (e) gas film stiffness, and (f) damping coefficient.
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illustrate that the change of pressure value leads to significant
effects of load carrying capacity. Then, the groove width ratio
plays an important role on the hydrodynamic response of
SGTB.

The friction torque of SGTB with different groove width
ratios is shown in Figure 7(c). When the groove width ratio

is 0.6, the friction torque is 1:589 × 10−3 Nm at the rotational
speed 20000 rpm. While the groove width ratio is 1.2, the
friction torque increases to 1:656 × 10−3 Nm, which is quite
different of the effects of groove length ratio. And also, the
friction torque of SGTB at a lower rotational speed is much
smaller than that at a higher rotational speed. Then, the
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Figure 7: The lubrication performance of spiral-grooved thrust bearing with different groove width ratios: (a) maximum pressure, (b) load
carrying capacity, (c) friction torque, (d) friction loss, (e) gas film stiffness, and (f) damping coefficient.
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effects of groove width ratio and rotational speed on the fric-
tion loss are listed in Figure 7(d). Apparently, the influence of
rotational speed is obvious, which makes the friction loss
increases especially at a higher rotational speed. According
to the simulation results, we can also see that the increase
of friction loss is more gently as the growth of groove width
ratio. For example, when the groove width ratio is 0.6, the
friction loss of SGTB is 3.328W at 80000 rpm. As the groove
width ratio increases to 1.2, the value of friction loss is
3.468W.

Figures 7(e) and 7(f) discuss the effects of groove width
ratio on the gas film stiffness and damping coefficient. It
can be seen that the groove width ratio affects the damping
coefficient obviously, compared with the gas film stiffness.
As the groove width ratio increases, the gas film stiffness
increases slowly. When the groove width ratio is 0.6 and rota-
tional speed is 20000 rpm, the gas film stiffness is 2:691 ×
106 N/m. As the groove width ratio gets to 1.2, the value of
gas film stiffness is 2:905 × 106 N/m and the increased per-
centage is only 7.95%. However, the fluctuation phenomenon
of damping coefficient appears under the different groove
width ratio. When the groove width ratio is 1, the inflection
point of damping coefficient occurs during the groove width
ratio. Therefore, the relationship between lubrication perfor-
mance of SGTB and groove geometric parameters should
considered in the design.

5. Conclusions

In this work, a comprehensive method to evaluate the
hydrodynamic characteristics of SGTB with gas lubricant is
presented. The numerical investigations are implemented
as a general example to explain the method and procedures
adopted throughout this work. For this objective, the simu-
lation results are compared with the published data, which
demonstrates the effectiveness of the proposed model.
Meanwhile, the results also represent that the presented
method could provide a fast and accurate way for investigat-
ing the hydrodynamic behavior of SGTB. The introduction
of CFD technology is to develop the universal simulation
method, which can achieve structural geometrical model.
With the groove geometric parameters taken into account,
the lubrication performance analysis of SGTB is performed.
The simulation results reveal that the groove plays an impor-
tant role in the lubrication performance analysis of SGTB. In
particular, compared with the rotational speed condition,
the variation of hydrodynamic characteristics is more sensi-
tive. In addition, the investigation of groove parameter on
the hydrodynamic behavior of SGTB makes sense to engi-
neering applications, which could be helpful for optimiza-
tion design of thrust bearing.
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