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ABSTRACT This paper demonstrates the modelling and simulation comparison of the static characteristics
of a porous, orifice, and multiple type aerostatic thrust bearings on the basis of load-carrying capacity(LCC)
and stiffness. The equations Navier-Stokes (N-S) are used to solve the internal distribution of pressure in
computational fluid dynamics(CFD) simulation environment. An axisymmetric model, which minimizes
the computational time and increases efficiency, is used to evaluate the static characteristics of a porous,
orifice, and multiple restrictors of aerostatic bearings. Our numerical analysis and empirical results show the
agreement with the significant effect of material and geometrical parameters on the LCC and stiffness. The
thickness of the air film is less than 10µm, the multiple orifice restrictors have more LCC than porous and
orifice restrictor. The porous restrictor’s stiffness is larger than orifice and multiple restrictors. The LCC of
porous and orifice is notably smaller than multiple orifice restrictors. Additionally, it is analyzed that LCC of
porous, orifice, and multiple orifice restrictors can be improved with an increase in the supply of air pressure.

INDEX TERMS Orifice, porous material, thrust bearings, static characteristics.

I. INTRODUCTION
TThe aerostatic bearings are used to acquire motion accu-
racy andminimum friction in numerous measuring machines,
lithography equipment, and machine tools. Several kinds of
restrictors such as porous, orifice, compound and slot usually
used in aerostatic bearings. The porous bearing has an advan-
tage over other restrictors because of its uniform pressure dis-
tribution on the surface of bearing. Due to this property, it has
more force, stiffness, and stability, which are sustained by the
porous material. Several studies have been initiated for find-
ing characteristics of aerostatic bearings. Uichiro Nishuo et
al. [1] has examined the characteristics of aerostatic bearing
experimentally and numerically. The co-efficient of discharge
can be numerically found out based on CFD using a finite dif-
ferencemethod (FDM). The co-efficient of damping and stiff-
ness of restrictors with feed-holes are larger than compound
restrictors of bearings. Cui et al. [2] carried out a study on the
pressure distribution of film, affected the porous aerostatic
bearings by manufacturing errors. Zhanga et al. [3] analyzed
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that the depression of pressure is debilitated by increasing the
diameter of orifice, minimizing the film thickness and pres-
sure supply. Huanga et al. [4] exploit FDM and iterative pro-
cesses to calculate static characteristics with vacuum pre-load
thrust aerostatic bearing. Yoshimoto and Kohno [5] proposed
two air supply methods of annular groove and hole supply
to refrain from the deflection. A theoretical study by Li and
Ding [6] showed that the performance of bearing is affected
by the pressure of a gas, film thickness, structural design,
and diameter of the orifice. They used FDM and iterative
algorithm to minimize iterative times for calculating static
characteristics with vacuum pre-load thrust aerostatic bear-
ing. Numerous studies on orifice restrictor and porous thrust
bearings provide detailed insights in terms of the impacts on
LCC of different restrictors, and aerostatic bearing’s stiffness.
Schenk et al. [7] investigated the effect of gap height and
gas load at the vacuum conditions to cause gas flow leakage.
Jeng and Chang [8] examined stiffness with a comparison of
single and double pad aerostatic bearings. Another study by
Cui et al. [9], showed that the amplitude errors could arise
with the variation of stiffness and load. The static perfor-
mance of bearing improves with a porous thickness, which is
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from 6-8mm when the film thickness decreases. The perfor-
mance comparison study [10] of concave errors of the static
characteristics with the convex error of the working surface
are better. Moreover, Cui et al. [11] proposed proportional
division method (PDM) and finite element method (FEM)
to calculate the angular stiffness. It shows that suitable film
thickness corresponds by increasing the diameter of orifice.
The CFD is adopted to examine the discharge co-efficient
without a feed pocket of the feed hole. Thematerial thickness,
air supply, and Young’s modulus have a significant effect on
the porousmaterial, and they proposed double-layered porous
restrictor. [12] The FDM method [13] is employed for the
analysis of bearing’s characteristics. Wen-Jong Lin et al. [14]
also investigated the gas supply, orifice diameter, and bearing
surface are the main elements for the performance of air bear-
ing. As compared to the other types of aerostatic bearings, the
porous aerostatic bearing has better performance in applica-
tions of high precision or speed [7], [15], [16]. Mathematical
methods for source and slip flow are applied to calculate
the static characteristics of aerostatic porous bearings [17].
According to D’Arcy law [18], the porous material in which
the flow is taken parallel through a surface of bearing. As a
little drop of gas at the inlet, stiffness improved with mul-
tiple restrictors of aerostatic bearings [19]. The study [20]
shows that the proper arrangement of the plate and porosity
parameters yield acceleratedmotion because of parameters of
viscosity. An enhanced reduced-order modelling method [21]
based on the proper orthogonal decomposition is proposed
to obtain a dynamic system. The combination of the quasi-
linearization method [22] is used to augment the strength of
the electromagnetic field due to the boundary layer flow of
an Eyring-Powell non-Newtonian fluid. A study proposes a
semi-analytical [23] approach to investigate the steady 3D
boundary layer flow of a SiC-TiO2/DO hybrid nanofluid over
a porous spinning disk subject to a constant vertical magnetic
field. The non-linear steady, [24] hydromagnetic micropolar
flow is examined with radiation and heat source/sink effects
which suggest that surface temperature magnetic field param-
eters increase microrotation. The literature review indicates
that there have been individual studies on porous thrust and
orifice restrictor type bearings and provides detailed insight
into the impacts of different restrictors on LCC, and stiffness
of aerostatic bearings. However, to the best of our knowledge,
the comparison between porous thrust and orifice restrictor
type bearing has not yet been reported.

In this paper, we investigate the porous restrictors, orifice,
and multiple orifice restrictors. We also compare the stiffness
and LCC of aerostatic porous thrust bearings. The LCC and
stiffness are determined with internal distribution of pressure;
the fluent CFD is used for internal distribution of pressure
in the clearance of bearing. The impacts of supply pressure,
a diameter of orifice, air film thickness, parameters of the
material, and on LCC, and stiffness of the porous thrust aero-
static bearings are investigated. We find that an axisymmetric
method is effective to minimize time and increase efficiency
during the simulation process. The simulation results are

TABLE 1. Nomenclature.

validated with experiments. The remaining parts of the paper
are arranged in the following sequence, consisting of several
tasks as follows: The numerical modelling sections present
the design and mathematical calculation of porous, orifice,
and multiple restrictors aerostatic thrust bearings. The perfor-
mance of bearing is evaluated in the section of modelling for
different parameters. The permeability of porous material and
load are tested in a section of an experimental setup. The sim-
ulated results of the porous, orifice, and multiple aerostatic
thrust bearings are validated with experimental results in the
section of experimental verification with numerical analysis.

II. NUMERICAL MODELLING
This section discusses the preliminaries, including restrictors
construction, governing equations, and mass flow rate.

A. RESTRICTORS CONSTRUCTION
The ANSYSworkbench is used to establish the finite element
of the thrust bearing. The key object of fluent software is
performing fluid simulation, as gas is flowing in the bearing,
which is composed of two parts: gas film and porous. The
basic geometric design of porous restrictors, orifice, and
multiple restrictors are depicted in Fig 1. Through a porous
material, gas flows to the film of bearing with a supply of
pressure, and leaves out from an edge of the film to the
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FIGURE 1. Geometrical construction of different types of restrictors.

atmosphere, as illustrated in Fig 1a. To support the pad, the
thrust film was applied, the load capacity of bearing was
determined by the film thickness. By way of the orifice and
multiple restrictors, gas flows to the film and outflows to the
atmosphere, as depicted in Fig 1b and 1c, respectively.

B. GOVERNING EQUATIONS
The pressure distribution calculation is of two parts of porous
and the gas film. In the porous material, flow is viscous
laminar, and according to Darcy - Forchheimer law, pressure
drops as below.

∇p = −
µū
α

(1)

where µ is a kinematic viscosity, α is the permeability co-
efficient, ∇p is the change in pressure, and ū is the vector of
velocity.

The change in pressure of x, y, z coordinates of the porous
section is:

∇px =
3∑
j=1

µūj1Hx
αxj

∇py =
3∑
j=1

µūj1Hy
αyj

∇pz =
3∑
j=1

µūj1Hz
αzj

(2)

where, αxj, αyj, αzj are the porous material’s co-efficient of
permeability in the coordinates. The1Hx ,1Hy,1Hz are the
thicknesses of porous material in the three directions ∇px ,
∇py, ∇pz are the pressure drop in three directions x, y, z and
ūj is the velocity in three coordinate directions.

In this paper, the permeability of porous material was taken
as isotropic in the manufacturing process, as the cold isostatic
pressingwas conducted. It means thatαxj,αyj,αzj have similar
values.

The conservation laws of momentum and mass are given
below:

∂(γρ)
∂t
+ div(γρEu) = 0 (3)

∂(γρu)
∂t

+ div(γρEu× u) = −γ∇p (4)

As γ is the porosity, the density of the gas is ρ, and t is the
time.

The fluid motion is mostly governed by conservation laws
of mass, energy, and momentum in fluid mechanics, which
can be formed by N-S equations. The continuity equation is
also familiar as the conservation law of mass, is given as:

∂ρ

∂t
+
∂(ρu)
∂x
+
∂(ρv)
∂y
+
∂(ρw)
∂z
= 0 (5)

∂ρ

∂t
+ div(ρEu) = 0 (6)

where, ρ is the gas density, t is time, and ū is the vector
velocity of cartesian coordinates (x, y, and z), components
of velocity u, v, and w are in the 3 coordinate directions.
As Newton’s second law states, that the equation for conser-
vation of momentum in directions of x, y, z is derived as:

∂(ρu)
∂t
+div(ρEuu) = −

∂p
∂x
+
∂τxx

∂x
+
∂τyx

∂y
+
∂τzx

∂z
+Fx ,

∂(ρv)
∂t
+div(ρEuv) = −

∂p
∂y
+
∂τxy

∂x
+
∂τyy

∂y
+
∂τzy

∂z
+Fy,

∂(ρw)
∂t
+div(ρuw) = −

∂p
∂z
+
∂τxz

∂x
+
∂τyz

∂y
+
∂τzz

∂z
+Fz

(7)

Here, ρ is the density of a gas, τ is the viscous fluid stress,
Fx is the force towards x-direction, Fy is a force on the body
towards y-direction, and Fz is the force on the body towards
z direction.
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The τ is proportional to the fluid deformation, derived
as [25]:



τxx = 2µ
∂u
∂x
+ λdiv(Eu); τxy = τyx = µ

(
∂u
∂y
+
∂v
∂x

)

τyy = 2µ
∂v
∂x
+ λdiv(Eu); τxz = τzx = µ

(
∂u
∂z
+
∂w
∂x

)

τzz = 2µ
∂w
∂x
+ λdiv(Eu); τyz = τzy = µ

(
∂u
∂z
+
∂w
∂y

)
(8)

where dynamic viscosity is µ, and λ = − 2
3 .

According to the thermodynamics 1st law, the law of
energy conservation is given by:

∂(ρT )
∂t
+ div(ρEuT ) = div

(
k
cp

gradT
)
+ S (9)

where k is the co-efficient of heat transfer of fluid, gradT is
the gradient of temperature, specific heat capacity is cp, and
viscous dissipation energy is S.
By solving equations 6, 7, 8, and 9, the distribution of

pressure in the clearance of bearing of orifice restrictors can
be gained. The distribution of pressure of porous thrust aero-
static bearings can be attained by solving equations, 1,2,3,4,
and 9.

C. THE RATE OF MASS FLOW THROUGH AN ORIFICE
The configuration of the aerostatic thrust bearing, in which
the orifices are used as restrictors. One row of orifices is
evenly and equally spaced put around the bearing circumfer-
ence. Taking into account, the flow through an orifice, bellow
suppositions have been obtained [26]:

• The losses are not of upstream pressure of the jet throat,
i.e., the ps is supply pressure of jet at entry.

• The static pressure of the jet in the throat quickly goes
down.

In general, the rate of mass flow of gas through the orifice
is produced as an ideal nozzle. Since the pressure supply ps is
decreased pd through an orifice. Derived from the ideal mass
flow rate [27]:

mr = Cd × mt (10)

mr = APS

√
2ρa
Pa

9r ∵ A =
πd2

4
(11)

where Pa is the atmospheric pressure. d is the diameter of
orifice, Pd is the outlet pressure of orifice, Ps is the pressure
supply, specific heat ratio is the k , and k = 1.4 is the value
for gas, ρ is the gas density, in actual condition mr is the rate
of mass flow,mt is the theoretical rate of mass flow, and Cd is
the co-efficient of discharge. And 9s is the function of mass

flow and is described as bellow:

9s =



[
K/2(2/K + 1)(K+1)/(K−1)

]1/2
;

Pd /Ps ≤ (2/K + 1)K/(K+1)

{
K/K − 1

[
(Pd/Ps)2/k − (Pd/Ps)(k+1)/k

]}1/2
,

Pd/Ps > (2/K + 1)K/(K+1)


(12)

By solving equations (10)-(12), the flow of gas mass
through an orifice can be obtained. Fig 2 shows a flow chart,
calculation of static characteristics of a thrust bearing.

III. METHOD OF CALCULATION
Characteristics of flow field calculated of aerostatic bearings
by using key methods that are FEM and FDM [28]. However,
FEM and FDM cannot effectively solve the N-S equations.
In this article, based on the CFD, FLUENT 16.0 is used to
resolve N-S equations. The fluent is selected to calculate the
equations for viscous laminar. In this research, the mass flow
rate is minimal through porous. Hence, the model is a laminar
described in the viscous state. An axisymmetric model is used
to minimize the time during a simulation. The simulation is
performed on NVIDIA Quadro K620-GPU(GM107) using
memory 112GB.

A. GRIDS CALCULATION
In numerous antecedent research, the aerostatic pad bearings
design was made simple to the symmetric model [29]. The
boundary conditions and grids utilized for porous and orifice
restrictors are shown in Fig 3.
The gas supplies through porous and outflows from film

thickness to the atmosphere, as indicated at A and B, respec-
tively. The C and D show the porous material through which
gas supplies. An air film is shown at E and F respectively.
In the orifice and multiple restrictors, the inlet, outlet, and air
film are shown at A, B, and C, respectively. In CFD numerical
simulation, the quality and number of grids have a significant
influence on the simulation time and results. Therefore, the
simulation time must be shortened, and the simulation output
improved while ensuring the grid quality, the accuracy of
the simulation results, and machine resources. The grid of
porous material and film is divided into three directions:
axial, circumferential, and radial (a, c, r). In this paper, for the
minimizing time, and to increase the computation efficacy,
the axisymmetric model is applied to evaluate characteristics
of a porous, orifice, andmultiple restrictors aerostatic circular
pad bearings, as depicted in Fig 3a, 3b, 3c, respectively. The
consideration of bearing mesh quality, computer operation
speed, and solution efficiency take a relatively small amount
of computational memory, which can guarantee the grid qual-
ity. Themesh of the symmetrical body of the bearing is treated
as follows:We determine the grid by using the sweepmethod,
the number of units of thrust bearing diameter is set to 260,
and the number of cells is 80 in the film thickness direction,
32 units are taken in symmetrical boundaries. The type of

121302 VOLUME 8, 2020



M. P. Sahto et al.: Modelling and Simulation of Aerostatic Thrust Bearings

FIGURE 2. The flow chart determining the load capacity and stiffness.

FIGURE 3. Mesh model of aerostatic thrust bearing.

element is used hexahedral mesh, and mesh size is set by
default. We have presented the nodes and elements in Table 3.
The effect of grid numbers on simulation results is shown in
Table 3 under the conditions of pressure supply is 0.4MPa,
the porous thickness is 8mm, and the number of nodes and
elements are 520020 and 494160, respectively. The lengths
in X , Y , and Z direction are 8.e − 002m,4.e − 002m,and
6.0045e−003m, respectively. The volume is 7.6964e−006m.
The numerical convergence parameters in the fluid domain
and the different number of iterations are set to get the simula-
tion results, and the results are not affected by using different
iterations. We have fixed the same number of iteration to
save time. For the convergence criteria, we have set 1e − 6

in residuals of continuity, x, y, and z velocity. Finally, the
actual result is obtained into the results module for post-
processing. The model is selected as periodic axisymmetric
for the orifice restrictors, as depicted in Fig 3, and for the
calculations, the slice of the geometric structure is essential.
For the computation of the different types of restrictors, the
conditions used, as stated in Table 2.

IV. EXPERIMENTAL SETUP
A. TEST OF PERMEABILITY OF POROUS MATERIAL
The permeability co-efficients are majorly effecting on the
CFD results and performance of porous bearings. The perme-
ability co-efficient gives consideration throttle performance
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TABLE 2. Computational conditions and input parameters of CFD for
different restrictors.

TABLE 3. Grid division information of aerostatic thrust bearing.

of the restrictor, which changes from 10−6m2 to 10−15m2.
In Fig 4. the porous material is utilized by test equipment
to acquire the permeability co-efficient with a diameter of
80mm and thickness of 8mm, porous graphite material is the
measured specimen. The test platform comprises on preci-
sion pressure regulating valve, gas tank, flowmeter, fixture,

FIGURE 4. Experimental setups for the permeability of porous material.

FIGURE 5. The relation of pressure and rate of flow of porous material.

porous material, voltage line, pneumatic pipeline, and dried,
pressurizes air supply system, etc.

The air compressor supplies clean gas; the gas storage tank
has the purpose of holding stable pressure of the gas, the
flowmeter is used for calculating volume flow of gas through
the porous material. The precision regulating valve has the
function of accurately adjusting and reading the pressure. The
fixture is used for sealing and supporting the porous material
to be tested. The diameter of the inlet area of the fixture is
40mm. The porous material is sealed with epoxy resin to
prevent leakage of gas, and then it can be put into water for
sealing test.

The gas flow and its flow-rate are measured by the flowme-
ter. The pressure sensor is used for measuring pressure. The
pressure change and flow-rate give the internal flow of the
material, as shown in Fig 5.
In Fig 5 relation between change in pressure and rate of

flow is linear and fulfills the condition of Darcy-Forchheimer
law. The gas flows through porous material governed by the
law of Darcy-Forchheimer, given below.

9 =
QηH
1pa

(13)

where a is the surface area along the direction of gas flow,
η is the kinematic viscosity of the gas, 1p is the change
in pressure between front and back porous material surface,
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FIGURE 6. Experimental and simulation results of porous aerostatic
thrust bearings.

H is the thickness of porousmaterial, and9 is the co-efficient
of permeability of porous material. Q is volume flow through
the porous material.

B. LOAD CAPACITY TESTS OF POROUS THRUST
AEROSTATIC BEARINGS
The LCC of porous thrust aerostatic bearings is measured by
the experimental setup. For reducing the environmental dis-
ruption, the equipment of measurement is put on a platform
of vibration isolation. The static performance test platform
comprises of load precision pressure regulating valve, porous
thrust bearings, fixture, gas tank, flow meter, pneumatic
pipeline, etc. The load applied to porous thrust aerostatic
bearings is measured by load transducers. The displacement
sensors are used to measure a change in the thickness of a
film.

V. EXPERIMENTAL VERIFICATIONS WITH NUMERICAL
ANALYSIS
A. EXPERIMENTAL VALIDATION
The experimental LCC results of a porous aerostatic bear-
ing are depicted in Fig 6. The experimental results indi-
cate the agreement with simulated results. Therefore, in this
paper, we adopt the numerical method for validation
purpose.

The 17.11% of LCC of porous aerostatic thrust bearing is
the maximum variance between the results of experiments
and simulation. The benefit of the porous restrictor is better
when the film thickness is below: 5µm. LCC is decreasing
with an increase in film thickness, and with the supply of

0.4 MPa pressure.With a 0.5MPa supply of pressure, the load
capacity is more than 0.4MPa

B. NUMERICALLY ANALYSIS
In this study, we choose the viscous laminar, ideal gas model,
CFD, and SIMPLEC by using FLUENT software. In Table 2,
the boundary conditions and geometrical parameters are
given. The LCC of porous aerostatic bearings decreases with
the increase of air film thickness, whereas, with increasing
thickness of porous, LCC decreases. In contrast, the LCC
increases with the rise of supply pressure. The LCC is smaller
with a smaller co-efficient of permeability. The LCC gradu-
ally decreases when the 15µm is the thickness of a film, while
the porous thickness is 6 mmwhen the thickness of an air film
is 5µm, the load is high. For keeping a comparatively high
load of bearings under the minimum usage of gas, it requires
to reduce a diameter of porous restrictor aerostatic bearing.
The load-carrying capacity is delicate to vary in diameter.

As depicted in Fig 8, the aerostatic bearing’s stiffness
decreases, when the thickness of air film decreases. The
porous restrictor thickness can affect the stiffness of aero-
static bearings. The stiffness increases, as the porous restric-
tor thickness increases. The bearings have different stiffness
relative to varying air film thickness. The stiffness is del-
icate to vary in thickness. The high value of stiffness can
be obtained with a large thickness of porous thickness. For
determining the porous aerostatic bearing’s performance, the
material permeability is the key parameter. Generally, it is
taken between 10−14m2 and 10−12m2 [30].

The rate of mass flow increasing with decreasing of porous
thickness, as shown in Fig 9. The flow of mass is especially
affected by the variation of porous thickness, diameter, and
film thickness of porous restrictor, whereas the thickness of
the film is more affecting on stiffness. Generally, it is easy
to guarantee the accuracy of impact machinery with air film
thickness greater than 15µm, but if its restrictor thickness is
too low, the restrictor may be damaged. [31]. The boundary
conditions for orifice type aerostatic bearings are the same
as for porous aerostatic bearings. The static characteristics
of orifice type bearings are obtained by using CFD Fluent.
In Fig 10, the LCC increases as the thickness of air film
decrease, but the bearings have different load-carrying capac-
ity with different diameters of orifice. The LCC increases
by increasing the diameter of the orifice; it decreases as the
thickness of air film is more than 15µm but increases with
increasing air pressure.

With an increase in air film thickness, first, the stiffness
increases then decrease, as shown in Fig 11. The different
sizes of orifice diameter and the film thickness bring the
change in the results of stiffness. The stiffness reduces when
the diameter of an orifice is 0.5mm. Moreover, the results
also show that the stiffness is high when the thickness of air
film is between 5µm and 15µm, and it reduces uniformly
after 15µm air film thickness. Furthermore, by taking the
less than 100µm diameter of the orifice and less than 10µm
thickness of air film is optimal. The reduction in the diameter
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FIGURE 7. Load capacity versus film thickness (h) of porous restrictor of the bearings.

FIGURE 8. Stiffness versus film thickness (h) of porous restrictor of the bearing.

FIGURE 9. Mass flow versus film thickness (h) of porous restrictor of the bearings.

FIGURE 10. Load capacity versus film thickness (h) of orifice restrictor of the bearings.

of orifice and film thickness creates hard processing. In this
section, we determine that bearings can take full advantage
when working between 10µm and 15µm film thickness.

The multiple restrictors are usually designed to upkeep the
load of the aerostatic bearing. So, the number of restrictors
certainly is the key factor for the bearing objective. In the
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FIGURE 11. Stiffness versus film thickness (h) of orifice restrictor of the bearings.

FIGURE 12. Mass flow versus film thickness (h) of orifice restrictor of the bearings.

FIGURE 13. Load capacity versus film thickness (h) of multiple orifice restrictor of the bearings.

results, Fig 12 shows that the decrease in air film causes an
increase in mass flow. However, an increase in the orifice
diameter decreases the mass flow of gas. The 80mm and
56mm are the outside and inside diameters of the aerostatic
thrust bearing, respectively. The orifices are placed around
a circle of reference diameter of 68mm. We use the similar
boundary conditions of multiple orifice restrictors.

The characteristics of aerostatic thrust bearing with mul-
tiple orifices as illustrated in Fig 13. However, the LCC of
multiple restrictors can increase by increasing the orifice
diameter.

It is analysed that the stiffness increases by increasing air
film thickness, but it decreases with increasing film thick-
ness (see Fig 14). Whereas the stiffness of aerostatic bearing

decreases by increasing the number of orifices, but it rises by
reducing the diameter of the orifice. The stiffness of multiple
orifices increases by increasing the supply of air pressure, but
it is maximum as the air film thickness is between 10µm and
15µm.

The mass flow reaches a high rate due to the maximum
pressure supply, but by reducing air film thickness, the con-
sumption of gas is minimum. The increment number of ori-
fices causes the increase of mass flow, as shown in Fig 15.
By taking the large orifice diameter, the gas consumption
is high, but mass flow decreases as the diameter of orifice
decreases.

The comparison of three types of restrictors reveals that
the LCC of the porous is 8.8% greater than a single orifice by
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FIGURE 14. Stiffness versus film thickness (h) of multiple orifice restrictor of the bearings.

FIGURE 15. Mass flow versus film thickness( h) of multiple orifice restrictor of the bearings.

taking 5µm as the air film thickness. However, the stiffness
is similar to the single orifice as the air film thickness is
5µm. The LCC of multiple orifice restrictors is higher than
both porous and single orifice restrictor aerostatic bearings.
The stiffness is more than the porous bearings by increasing
the number of orifices. At the 10µm air film thickness, the
stiffnesses are higher than the porous restrictors.

VI. CONCLUSION AND FUTURE WORK
This work investigates the advantages and disadvantages,
which are based on the factors optimization of porous and
orifice type bearings. Several findings are given as follows:

The stiffness of porous restrictors regularly decreases by
reducing the thickness of porous; for single and multiple ori-
fice restrictors, it slowly rises at the highest value of thickness
then declines with an increase of thickness of air film. The
material and geometrical factors are effecting meaningfully
on aerostatic bearing’s stiffness.The change in air film thick-
ness influences the stiffness of porous restrictors.

The multiple restrictors have stiffness ominously better
than single orifice restrictor. When the thickness of air film is
less than 5µm, the porous restrictors have benefits for stiff-
ness. Therefore, the stiffness of porous is better as compared
to a single orifice restrictor. When an air film thickness is
more than 5µm, the stiffness of multiple restrictors decreases.

The LCC of multiple orifice restrictors is larger than porous
and single orifice restrictors. The multiple orifice restrictors
havemore load capacity than porous and single orifice restric-
tor as the air film thickness is less than 10µm. By increasing
pressure of the gas, the stiffness and LCC of porous, single,
and multiple orifice restrictors can be better. The material
thickness and supply of pressure are affecting LCC, stiff-
ness of porous, single, and multiple orifice restrictors. How-
ever, by increasing the diameter of multiple orifice restrictor,
the stiffness of aerostatic thrust bearing is improved. This
research work is based on the experimental and simulation
design of porous aerostatic thrust bearing. Simulation is
performed for orifice and multiple orifice aerostatic thrust
bearing. In the future, we aim to conduct an experimental
study on the orifice and multiple orifice restrictor bearings.
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