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Abstract: To investigate the static characteristics of aerostatic journal bearings with porous bushing,
the flow model—in which the compressibility of lubricating gas is considered—is established based
on the Reynolds lubrication equation, Darcy equation for porous material, and continuity equation.
With the finite difference method, difference schemes for non-uniform grids, relaxation method, and
virtual node method, the numerical method for the governing equations of compressible flow in
porous journal bearings is proposed. The effects of nominal clearance of bearings and compressibility
of gas on the static characteristics are analyzed. Under the same minimum film thickness and the same
gas compressibility, as the nominal clearance widens, the load capacity, mass flow rate, and power
consumption increase. Under the same minimum film thickness and the same nominal clearance,
with the increase in gas polytropic index, the load capacity strengthens, while the mass flow rate
and power consumption decline. This study could provide a reference for the design of porous
journal bearings.

Keywords: aerostatic porous journal bearing; compressible flow; theoretical modeling; numerical
solution; nominal clearance; gas polytropic index

1. Introduction

Aerostatic journal bearings are normally lubricated by externally pressurized gas,
holding advantages of high cleanliness, environmental protection, and low viscosity. They
are frequently used in high-precision, high-rotating-speed, and extreme conditions, such
as high-precision machine tools and high-speed machines [1]. Several restrictor types for
aerostatic journal bearings have been developed, such as porous bushing, orifices, and slots.
In contrast, porous bushing forms an approximately uniform gas film on the supporting
surface, which offers significant load capacity and stable support [2,3].

Due to a micron-scale lubrication gap, shafting alignment, and shafting rotation, it
is difficult to conduct experimental research on the static characteristics of the aerostatic
porous journal bearing [4,5]. Presently, theoretical models and numerical solutions are the
main methods to obtain static characteristics [6,7]. Sneck et al. [8] assumed that the flow in
porous bushing was one-dimensional and compressible. The radial integral of the Darcy
equation for porous material was substituted into the Reynolds lubrication equation, and a
two-dimensional nonlinear partial differential equation was obtained. Stiffening occurs
with an increasing eccentricity ratio, especially in short bearings. Majumdar et al. [9] estab-
lished a three-dimensional flow equation for the porous bushing and a two-dimensional
flow equation for the gas film. The finite difference method was used to solve the theoretical
model. The steady-state performance characteristics of a stationary and a rotating journal
bearing at various design conditions were studied. Singh et al. [10] considered the slip
velocity on the interface between porous bushing and gas film for an aerostatic porous
journal bearing. Prakash et al. [11] reported that the roughness and slip significantly affect
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the performance of hydrodynamic bearings. Naduvinamani et al. [12] investigated the
effect of constant and cyclic load on the performance of porous short journal bearings.
Under a cyclic load, the couple stress fluids provide a reduction in the journal velocity and
an increase in the minimum permissible height of squeeze films. Saha et al. [13] found
that the restrictive layer significantly influences the performance of porous journal bearing.
Elsharkawy et al. [14] investigated the effects of journal misalignment on the performance
of porous journal bearings. The effect of journal misalignment is negligible in porous
journal bearings when the permeability is high. Lu et al. [15] studied the compressible flow
in an aerostatic spherical bearing. Ruan et al. [16] used the perturbation method to solve the
gas lubrication equation, and analyzed the operation stability of aerostatic porous journal
bearings. It is found that the stability decreases with the increase in the supply pressure and
permeability. Miyatake et al. [17] applied a surface-restricted layer into an aerostatic porous
journal bearing, which improves the stiffness and stability at high rotating speed. Nicoletti
et al. [18,19] adopted the Newton—-Raphson method to solve the flow model of aerostatic
porous journal bearings. Lee et al. [20] introduced the under-relaxation method to ensure
the solution stability of compressible flow and analyzed the geometrical parameters of
gas-lubricated porous bearings. The maximum load capacity occurs in the range of feed
parameters between 0.5 and 1.0. Nishitani et al. [21] used the perturbation method to
solve the dynamic and static characteristics of hydrostatic porous thrust bearings under
small eccentricity. The hydrostatic porous thrust bearing has a higher maximum load
capacity and slightly lower stiffness in comparison with bearings with capillary restrictors.
Chien et al. [22] established a compressible thermohydrodynamic model of journal bearings
lubricated with supercritical carbon dioxide. Feng et al. [23,24] considered the effect of
temperature on gas properties and material deformation and established a temperature
model of porous bearings with a restricted layer. The maximum gas pressure increases and
the minimum film thickness decreases when the thermal deformation of the rotor is con-
sidered. Bohle et al. [25] established two-dimensional and three-dimensional flow models
of hydrostatic porous journal bearings. Bhattacharjee et al. [26] investigated double-layer
porous bearings lubricated with micro-polar fluids. Compared with Newtonian lubricants,
the micropolar fluid significantly improves lubrication quality. Substantial studies have
been contributed to the understanding of porous journal bearings. However, the compress-
ible flow model and numerical solution of porous journal bearings are still open questions.
The effects of nominal clearance of bearings and lubricant compressibility on the static
characteristics are not yet completely understood.

Commercial computational fluid dynamics software based on three-dimensional
Navier-Stokes equations is another method to predict the static characteristics of porous
journal bearings [27]. However, considerable grids are required to fill the micron-scale
lubrication gap to ensure a good quality of grids. Moreover, it would consume enormous
computational resources and time [28,29]. In contrast, the solver based on the Reynolds
lubrication equation can readily solve lubrication problems, showing advantages of low
computing resource consumption and fast solution.

This study aims to model and solve the compressible flow in porous journal bearings
and investigate the effects of nominal clearance and lubricant compressibility on static
characteristics. First, a theoretical flow model of the porous bushing and aerostatic film
is established. Then, a numerical solution method of the flow model is proposed, and
a bearing solver is programmed. Finally, analysis of lubricant nominal clearance and
compressibility is performed with the solver.

2. Porous Journal Bearings

Figure 1 shows the nomenclature of porous journal bearings. Aerostatic lubrication
means that the journal is supported by externally pressurized gas fed at the bearing inlet,
and then the lubricating gas flow exits from the bearing outlet. The nominal clearance is
one of the dominant parameters determining static characteristics such as load capacity
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and power consumption. Five porous journal bearings are designed, and the parameters
are shown in Table 1. The only difference in the bearings is the nominal clearance.
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Figure 1. Nomenclature of porous journal bearings.

Table 1. Parameters of porous journal bearings.

Parameter Case A Case B Case C Case D Case E
Journal radius Ry (mm) 15 15 15 15 15

Nominal clearance hy (mm) 0.01 0.02 0.03 0.04 0.05

Bearing inside radius Ry (mm) 15.01 15.02 15.03 15.04 15.05
Porous bushing thickness B (mm) 5
Porous bushing length L, (mm) 38

Dynamic viscosity of lubricant y (Pa-s) 1.7894 x 10~
Permeability « (m?) 1x10°13
Rotating speed 7 (r-min~1) 5000

Feeding pressure ps (bar) 4
Background pressure py, (bar) 1
Feeding pressure difference Ap = ps — p;, (bar) 3

3. Theoretical Modeling
3.1. Reynolds Lubrication Equation

The flow in porous journal bearings is assumed to be isothermal, compressible, and
laminar. The Reynolds lubrication equation is used to describe the lubricating film flow of
porous journal bearings, and the general complete form under steady condition is

3 3
P'(wa*wh)*P'”a'%*P'va‘%

where x, y, and z stand for the circumferential, axial, and radial coordinates, respectively. h
is the radial clearance function [30]. y is the dynamic viscosity. u, v, and w represent the
circumferential, axial, and radial velocities, respectively. The subscripts a and b represent
the components on the journal bearing and bushing, respectively. The following process is
to simplify Equation (1) according to the physical condition of a porous journal bearing.

The non-slip boundary condition is applied to the journal, and the squeezing effect is
considered [30,31]. Consequently, the velocity boundary conditions on the journal bearing
are given as

)

u; =Ry -w 2)
v =0 3)
Wq = Ug - % (4)

dx
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By substituting Equations (2)—(4) into Equation (1), a simple form for the flow in the
lubrication clearance is written as

ox W ox ) w ooy) — )
pu ah a p'llb a pvb
5 o (5 )+ g (5 h) —wy

3.2. Flow Model of Porous Bushing

The flow model of the porous bushing is established based on the Darcy equation for
porous material and continuity equation. The assumptions are given as:

(a) The porous bushing is a three-dimensional laminar flow, and the flow inertia effect
is neglected.

(b) The permeability of porous material is isotropic.

(c) The lubricant viscosity is constant, and the lubricant density is only related
to pressure.

The Darcy equation is given as

o _ K.,

aixi_ x Uj (6)
9(p - uj)

oy 7

where « is the permeability, i is the free index, and j is the dummy index. Equation (6) is
substituted into the compressible continuity Equation (7), and the governing equation of
porous bushings is obtained, as shown in Equation (8).

0 « dp
S (P A ) (8)
x; ( 1 axj>
According to the assumption (b), the permeability term is cancelled out, and then
Equation (8) is rewritten as
J I\ _
o, (P : 8x]> =0 ©)

In the compressible calculation of porous journal bearings, the non-conservative form
of Equation (9) is adopted and converted to the coordinate described in Figure 1, namely
the pressure Laplace equation in the cylindrical coordinate is given as

dp dp dp dp  dp OIp ?p 9%p 9%p 1 dp
ox ox dy dy 0z PR ol E)y2+p 0z2 z 82_0 (10)

3.3. Flow Model of Lubricating film

The flow model of the aerostatic lubricating film is established based on the Reynolds
lubrication equation and Darcy equation. The interface between the porous and film
domains is assumed to be a slip boundary condition [32]. Consequently, the circum-
ferential and axial slip velocities are controlled by the Darcy equation, as shown in
Equations (11) and (12).

__a op
Ups = —; 3 (11)

x« dp
=_-.2Z 12
vb,s y a y ( )
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The injection flow from the porous bushing to the lubrication clearance is modeled
by the term of radial velocity on the bushing wall, and it is also described by the Darcy
equation, as shown in Equation (13).

_x 9p
wb—ﬁ'g (13)

Equations (11)—(13) are substituted into the Equation (5), the governing equation of
aerostatic lubricating film of porous journal bearings is expressed as

a (ph®  op o (el N _ a0 w1y a(ph (a p))_
ﬁ(lz.y o) ol ay) =ale 5 h) — g7 (55
i(ﬂ.(g.al>)_p.(g.al>
ay\ 2 u oy u oz

The governing equations for the entire flow in porous journal bearings are composed
of Equations (10) and (14), and the application scope is shown in Figure 1.

(14)

3.4. Boundary Condition

The unknown variables in the above elliptic partial differential equation are pressure
and density, which can be solved with the given boundary conditions of pressure and the
correlation between pressure and density. Lubricant with certain pressure is supplied at
the inlet of the porous bushing and then discharged to the working environment from
the bearing outlet. Thus, the Dirichlet boundary condition of pressure (denoted by I in
Figure 1) is specified at the bearing inlet and outlet. There is no lubricant passing through

the porous bushing end, on which the normal velocity (axial velocity) is 0 m-s~!, as shown
in Equation (15).
I (15)
Hooy

Subsequently, the Neumann boundary condition of pressure (denoted by Il in Figure 1)
on the porous bushing end is deduced as

o _ OPa-m™! (16)
%y

It should be noted that the pressure on the porous bushing end is controlled by both
Equations (10) and (16).

3.5. Ideal Gas State Equation

The effect of gas compressibility on the static characteristics of porous journal bearings
is considered. The temperature increase is neglected in the aerostatic lubrication [1,2,31].
The density of ideal gas is positively correlated with pressure under isothermal conditions.
By considering the variable process of ideal gas, the gas state equation is expressed as

n_ _P
where R; is the gas constant, and 7 is the gas polytropic index. The gas polytropic index
varies from 1 to 1.4. If the pressure stays constant, the larger the index is, the lower the
density is.

4. Numerical Solution
4.1. Grid Generation
The governing equations of porous journal bearings are solved synchronously by the

finite difference method. The computational domain is discretized into structured grids,
as shown in Figure 2. Uniform node distribution is adopted in the circumferential and
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axial directions. Non-uniform node distribution with geometric growth is employed in the
radial direction, which is written as

Azpiq = q- Az (18)

where i, j, and k are the indexes for circumferential, axial, and radial difference schemes,
respectively.

Dirichlet

i=Ny—1,j=Ny—1,k=0 Dirichlet i=0=Ny—1,k=0
/=Ny =Ny = Noe 1

Virtual node p, Cr---

g
Zpsn g
g
Azyiy g
Z
Z+1
Azpi “
Z ;
i=Nx—1,j=0,k=0  Dirichlet i=0,/=0,k=0 Az z, k=0 2 *
(a) (c)

Figure 2. Structured grids; (a) Grids for lubricating film; (b) Grids on xz-section; (c¢) Grids on
yz-section.

4.2. Difference Scheme

The central difference schemes are used for the first- and second-order derivatives in
the circumferential and axial directions in the governing equations, as shown in Equations

(19)-(20).
ap _ Pir1jk — Pi-1k
8P> Pij+1k = Pij—1k
) s TER (20)
<ay ijk 2- Ay
82 p 1,‘,k_2.p‘,‘,k+p‘—1,‘,k
ijk X
I*p _ Pij+rk =2 Pijk T Pij-1k -
52 ). A (22)
Yy i,jk Yy

The three-node forward difference scheme is used for the first-order radial derivative
in Equation (14) [33], as shown in Equation (23).

Ip ~ 2:Azp 1 +AZk 4y Dot
0z i,jk Azpy1-(Dzgp1+02 1) Pijk (23)
Az A2y Azjiq

Bzgy1B2kiy  PUikl ™ Ragy (Azgar Thzegg) ~ Piik+2

The central difference schemes are used for the first- and second-order radial deriva-
tives in Equation (10) [33], as shown in Equations (24) and (25).

P ~ Azgig P
(az>i,j,k N TRz utbuay  Puik-1t

24
A2k+1 7AZk . AZk . L. ( )
Azk-AZk+1 ’ pl/]rk + Azk+1-(AZk+AZk+1) pl,],k+l
( ?’p ) Az pijre1 = (Dzipr + Az) - pijk Azi - pijk1 (25)
0z2 ijk % . (AZk+12 . AZk + Azk+1 : AZkz) % . (A2k+12 : AZk + Azk+1 . Azkz)
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Equations (19)—(22) are of second-order accuracy, while the accuracy of Equation (25)
is between first-order and second-order, which depends on the grid growth ratio 4. The
grid growth ratio is set as 1.1, showing a quasi-second-order accuracy.

The pressure on the bushing end can be calculated by the one-side difference scheme
of Equation (16). However, Equation (16) with difference schemes of either first or second-
order accuracy converges slowly. As described in Section 3.4, the pressure on the bushing
end is simultaneously controlled by the Equations (10) and (16). A Laplace-Neumann
virtual node method is proposed as follows:

(a) The virtual node method is used to deal with the Neumann boundary condition [34].
A virtual node is created outside the flow domain, as shown in Figure 2c. The virtual node
combined with the central difference scheme is used to discretize Equation (16), which
holds second-order accuracy, and then the pressure at the virtual node is yielded, as shown
in Equations (26) and (27).

dp _ Po— Pij-1k 2\
i v +O(Ax)_o (26)
Pv = Pij-1k (27)

(b) The pressure on the bushing end is also governed by Equation (16). Equations
(21), (22), (24), and (25) combined with the virtual node are used to discretize Equation
(10), and then the pressure at the virtual node is replaced by Equation (27). Therefore, the
second-order axial partial derivative in Equation (10) is discretized by Equation (28).

2 —2-p: 1 +2 v
(a p) ~ pz,],k pl,] 1,k (28)
ijk

oy? Ay?

A linear algebraic equation for the flow model of porous journal bearings is created
with the above difference schemes. Then, the relaxation method and root mean square
of residuals are introduced to solve the linear algebraic equation iteratively. The Laplace—
Neumann virtual node method shows fast convergence rates and small residuals through
massive code tests.

4.3. Pressure—Density Coupling Calculation Method

Figure 3 shows the pressure—density coupling calculation strategy. First, the pressure
field is calculated with the numerical method described in Sections 4.1 and 4.2, and this
iterative process is called internal iteration. Then, the density field is updated based on the
pressure field and Equation (17), and the updated density field is entered to the following
pressure calculation, which is an external iteration. The internal iteration is converged
when the root mean square of pressure residuals is less than 1 x 107%. When the current
pressure and density fields are both less by 1 x 10~ than the previous fields, the external
iterative process is terminated.

Initialization

N ‘ External

Density o
. Inngr Pressure equation ¢—‘ iteration
iteration

| Gas state
iPressure && Density y equation
Pressure converged? Pressuref
i ?
&& Density converged? No
Yes
h 4

Output results

Figure 3. Coupling solutions for pressure and density.
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4.4. Static Characteristics

The load capacity, mass flow rate and power consumption are investigated. After the
flow field converged, the static characteristics are calculated by the following equations.
Load capacity:

L 2.1
Px:/o A p-sin(@)-Ry-de-dy (29)

L p2m
Fy = /0 /o p-cos(p)-Rp-de-dy (30)

F=,/F2+F2 (31)

Mass flow rate:

L/24L,/2 ;2-7-(Ry+B)
_ ! / w0 ~dx - dy (32)
L/2-Ly/2 Jo [ P
Volumetric flow rate:
. L/2+4Ly/2 2-m-(Ry+B)
:/ g / 2P e op -dx - dy (33)
JL/2-L,/2 Jo Bo9Z|_p,iB
Power consumption:
P=Q-Ap (34)

Case B under the minimum film thickness of 0.001 mm is selected to conduct grid
sensitivity analysis. The circumferential, axial, and radial nodes are adjusted with the same
growth ratio. Figure 4 presents the load capacity versus the number of nodes. The load
capacity is changeless when the nodes reach 240,000. To balance the calculation accuracy
and time efficiency, the number of nodes in the circumferential, axial, and radial directions
are determined as 120, 80, and 25, respectively.

130

—
[\
S

—
—_
S

Load capacity [N]

100

1 3.12 24 192 648
Number of nodes [x104]

Figure 4. Grid sensitivity analysis.

5. Results and Discussion
5.1. Effects of Nominal Clearance on Static Characteristics

Figure 5 shows the effect of nominal clearance on the load capacity. The gas polytropic
index is set as 1, which means that density linearly relates to pressure. Under the same
minimum film thickness, the load capacity increases with the increase in nominal clearance.
The eccentricity ratio is defined as the ratio of eccentricity to nominal clearance. For
example, when the minimum film thickness is 0.001 mm, the load capacity of nominal
clearance of 0.02 mm (the eccentricity ratio is 0.95) is around three times that of nominal
clearance of 0.01 mm (the eccentricity ratio is 0.9). However, with the uniform increase
in nominal clearance, the growth amplitude of load capacity gradually decreases. For
instance, when the minimum film thickness keeps 0.001 mm, the load capacity increases by



Machines 2022, 10, 171

9of 15

nearly 80 N as the nominal clearance is increased from 0.01 mm to 0.02 mm; in contrast,
with the rise in nominal clearance from 0.04 mm (the eccentricity ratio is 0.975) to 0.05 mm
(the eccentricity ratio is 0.98), the load capacity increases only by around 6 N. Under the
same nominal clearance, the load capacity decreases with the increase in the minimum film
thickness. When no eccentricity occurs, the load capacity is 0 N.

240 —o—(0.0lmm
Z ) ——0.02mm
g 160 —£—0.03mm
3 ) ——0.04mm
§ —*%— 0.05mm
4= 80
g
— X

0 5

1 13.25 255 3775 50
Minimum film thickness [pum]

Figure 5. Load capacity under different nominal clearances.

To understand why the load capacity amplifies with nominal clearance for compress-
ible flow in porous journal bearings, the minimum film thickness of 0.001 mm is taken as
an example, and the pressure fields of lubricating film with nominal clearances of 0.01 mm,
0.03 mm (the eccentricity ratio is 0.967), and 0.05 mm are compared, as shown in Figure 6.
With the increase in nominal clearance, the maximum pressure shows little change and
occurs around the circumferential position of 180°, where the minimum film thickness
is located. The maximum pressure reaches approximately 4.01 bar under each nominal
clearance, which is slightly greater than the feeding pressure because of the aerodynamic
effect. However, the pressure at the circumferential position of 0° or 360° decreases re-
markably as the nominal clearance increases, which means the circumferential gradient of
pressure varies significantly against the nominal clearance. Thus, a greater load capacity
is generated.

Figure 7 shows the effect of nominal clearance on mass flow rate. Under the same
minimum film thickness, the mass flow rate increases with the increase in nominal clearance.
For example, when the minimum film thickness is 0.001 mm, the mass flow rate of nominal
clearance of 0.02 mm is approximately 2.3-times higher than that of nominal clearance of
0.01 mm. However, as the nominal clearance rises uniformly, the increased amplitude of
mass flow rate gradually decreases. For instance, when the minimum film thickness stands
at 0.001 mm, as the nominal clearance is adjusted from 0.01 mm to 0.02 mm, the mass
flow rate increases by around 0.05 kg-min~!; by comparison, with the nominal clearance
expanded from 0.04 mm to 0.05 mm, the mass flow rate rises by nearly 0.02 kg-min~!. The
mass flow rate of nominal clearances of 0.01, 0.02, and 0.03 mm is negatively correlated
with the minimum film thickness. Conversely, the mass flow rate of nominal clearances of
0.04 mm and 0.05 mm presents a positive correlation with the minimum film thickness.

Figure 8 shows the effect of nominal clearance on power consumption. Standing at the
same minimum film thickness, the power consumption rises with the increase in nominal
clearance. The power consumption of nominal clearances of 0.01, 0.02, and 0.03 mm
declines as the minimum film thickness increases. However, for nominal clearances of
0.04 mm and 0.05 mm, the power consumption positively correlates with the minimum
film thickness.
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Figure 6. Comparison of lubricating film pressure under different nominal clearances with the
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Figure 7. Mass flow rate under different nominal clearances.
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Figure 8. Power consumption under different nominal clearances.

5.2. Effects of Gas Polytropic Index on Static Characteristics

The nominal clearances of 0.01, 0.03, and 0.05 mm are presented to investigate the
effect of compressibility on static characteristics. The nominal clearances of 0.02 mm and
0.04 mm show a consistent conclusion. The gas polytropic indices are set as 1, 1.2, and
1.4. The load capacity is shown in Figure 9. Under the same minimum film thickness,
the load capacity strengthens with the increase in gas polytropic index. However, as the
nominal clearance increases, the increased amplitude of load capacity with regard to the
gas polytropic index diminishes. For nominal clearance of 0.05 mm, curves of load capacity
versus minimum film thickness for different gas polytropic indexes almost coincide.

32

16

Load capacity [N]

1

Minimum film thickness [pm]

3.25

(a)

5.5

210 240
—e—n=1 : —o—n=1 | —o—n=1
——n=1.2 Z —a—n=1.2 Z —a—n=1.2
—s—n=1.4 = 140 —s—n=14 > 160 —e—n=1.4
Ei Ei
g g
= 70 = 80
g g
2 A
v 0 . 0
7.75 10 1 8.25 15.5 2275 30 1 13.25 255 37.75 50

Minimum film thickness [pm]

(b)

Minimum film thickness [pm]
()

Figure 9. Load capacity under different gas polytropic indexes; (a) lp = 0.01 mm; (b) /1y = 0.03 mm;
(c) hg = 0.05 mm.

Figure 10 shows the effect of gas polytropic index on mass flow rate (denoted as M) and
power consumption (denoted as P) under nominal clearances of 0.01, 0.03, and 0.05 mm.
Under the same minimum film thickness, the mass flow rate and power consumption
decrease with the increase in gas polytropic index. It is opposed to the effect of gas
polytropic index on load capacity. That is to say, within the scope of this study, the static
performance can be improved by using lubricant with less compressibility. For nominal
clearances of 0.01 mm and 0.03 mm, the mass flow rate and power consumption under
different gas polytropic indexes are negatively correlated with the minimum film thickness.
However, for nominal clearance of 0.05 mm, the mass flow rate and power consumption
expand as the minimum film thickness widens.
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Figure 10. Mass flow rate and power consumption under different gas polytropic indexes;
(a) hyp = 0.01 mm; (b) hy = 0.03 mm; (c) iy = 0.05 mm.

6. Conclusions

The theoretical model of aerostatic porous journal bearings is established based on the
Reynolds lubrication equation, Darcy equation, and continuity equation. The numerical
method for the bearing model is proposed with the finite difference method, difference
schemes, relaxation method, and virtual node method. Under the same minimum film
thickness and the same gas polytropic index, with the increase in nominal clearance, the
load capacity strengthens due to the rise in pressure circumferential gradient. Meanwhile,
the mass flow rate and power consumption expand. As the nominal clearance widens
uniformly, the increased amplitude of load capacity gradually decreases. Under the same
minimum film thickness and the same nominal clearance, as the gas polytropic index rises,
the load capacity amplifies because the pressure circumferential gradient increases, while
the mass flow rate and power consumption decline. The effect of gas polytropic index on
load capacity diminishes with the increase in nominal clearance.
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Nomenclature
B porous bushing thickness

E  eccentricity
Fx  X-direction load capacity
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Greek symbols

fEe R cS=D

Superscripts
n
Subscripts

N = R ®» TS D

Y-direction load capacity

load capacity

radial gap function

nominal clearance

index for circumferential difference scheme
index for axial difference scheme

index for radial difference scheme

porous bushing length

mass flow rate

rotating speed

circumferential grid node number

axial grid node number

radial grid node number

power consumption

pressure

feeding pressure

backing pressure

virtual node

internal node

feeding pressure difference (Ap = ps — pp)
grid growth ratio

journal radius

bearing inside radius

gas constant

temperature

circumferential velocity

journal circumferential velocity component
bushing circumferential velocity component

bushing circumferential slip velocity component

axial velocity

journal axial velocity component
bushing axial velocity component
bushing axial slip velocity component
radial velocity

journal radial velocity component
bushing radial velocity component
bushing radial slip velocity component
circumferential coordinate

axial coordinate

radial coordinate

grid thickness of layer k

density

lubricant dynamic viscosity
lubricant kinematic viscosity
permeability

circumferential angle
journal angular velocity

gas polytropic index

journal component
bushing component
free index

dummy index

slip velocity
circumferential
axial

radial
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