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ABSTRACT 

The purpose of this article is to evaluate the impact of air film thickness and chamber shape on the 

performance characteristics of an aerostatic thrust bearing operating at ultra-high rotational speeds, 

including pressure distribution, mass flow rate, load capacity, and stiffness. A three-dimensional Reynolds-

averaged Navier-Stokes (RANS) analysis using the SST-kω model is employed to study the effect of supply 

pressure on various operational and geometric parameters. A comparison between the numerical 
simulation and experimental data was conducted for chamber shape A to verify the model's robustness. 

Both approaches demonstrated good agreement. Pressure distribution and mass flow were examined 

across different chamber geometries, revealing the presence of inertia effects and gas vortices, which 

diminish as the air film thickness increases. Further investigation showed that the load capacity of the 

aerostatic thrust bearing decreases slightly as the rotational speed increases. Additionally, the numerical 

results indicate significant variations in the performance of the aerostatic thrust bearing depending on the 
geometry of the orifice chamber. 

Keywords-chamber shapes; aerostatic bearing; film thickness; rotational speed 

I. INTRODUCTION  

Numerous studies have been conducted to understand the 
flow behavior within hydrostatic recesses. The classical 
Reynolds equation, along with its modified forms, has served 
as the foundation for most recent investigations, particularly 
those considering turbulence and variations in flow properties. 

In both numerical and experimental research, key operational 
parameters, such as shaft speed, inlet jet pressure, and 
Reynolds number, have been thoroughly examined [1–3]. 
Authors in [4] investigated the influence of pocket depth and 
operating conditions on the performance of hydrostatic 
bearings. They numerically predicted the pressure distribution 
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by solving the two-dimensional Navier-Stokes equations for 
laminar and incompressible flow. They focused on identifying 
the nature and location of recirculation zones within the recess 
and examining their effect on the circumferential flow rate. 
They observed that the interaction between pressure 
distribution, flow pattern, and operating conditions becomes 
significantly more pronounced in deep pockets compared to 
shallow ones. Authors in [5] introduced fully three-dimensional 
Navier-Stokes calculations to model the laminar flow of an 
incompressible fluid within the deep recess of a hydrostatic 
bearing. In this configuration, the jet flow driven by the supply 
pressure dominated the behaviour within the recess, while 
Couette flow prevailed due to shaft rotation. For jet-dominated 
cases, the pressure inside the pocket remained nearly constant, 
except at the recess edges where a sharp pressure drop was 
observed, attributed to the Rayleigh step effect. Additional 
studies have further contributed to understanding the energy 
characteristics of hydrostatic bearings. Authors in [6, 7] 
presented three-dimensional models of laminar and 
incompressible flow in shallow pockets with varying height-to-
width aspect ratios, and simulated the resulting pressure 
distributions under different operating conditions. Unlike deep 
pockets, their findings showed that pressure within the shallow 
recess could no longer be assumed constant. There has been a 
growing interest in improving the modeling of flow within 
hydrostatic pockets using three-dimensional Navier-Stokes 
equations [8–10], aiming to achieve a more accurate 
understanding of the flow physics in the recess. The key 
parameters explored in these studies include supply pressure, 
lubricant film thickness, film size, and recess depth, and their 
influence on the pressure distribution in hydrostatic thrust 
bearings. The findings indicate that increasing the film size 
leads to a reduction in stiffness, while a deeper recess tends to 
produce more uniform pressure fields. Moreover, results 
concerning the influence of viscosity suggest that the pressure 
within the orifice chamber does not decrease smoothly; instead, 

a Rayleigh step effect occurs. As a result, load capacity 
increases and the film thickness outside the orifice chamber is 
altered. Authors in [11] investigated how operating conditions, 
geometric parameters, and manufacturing errors affect the 
angular stiffness of aerodynamic bearings. They found that 
angular stiffness increases with greater eccentricity. 

Rotating mechanisms have experienced a significant 
increase in power-to-mass ratio, leading to smaller sizes and 
higher rotational speeds. The use of conical bearings has 
proven to be an effective approach to enhancing mechanical 
performance. Authors in [12] reported that multilobe conical 
bearings exhibit improved dynamic stability. 

The objective of the present study is to gain a deeper 
understanding of phenomena occurring within the lubricating 
film, such as inertia effects and the Rayleigh step at the orifice 
boundary. Numerical simulation models of various chamber 
geometries are developed using a three-dimensional CFD 
approach to analyse the fluid field. To validate the accuracy of 
the model, the numerical results are initially compared to the 
experimental data for geometry A. Two key parameters 
supplying pressure and film thickness are selected to evaluate 
the performance of the three proposed geometries. The study 
investigates pressure distribution, load capacity, and air film 
stiffness across different chamber shapes under a range of 
rotational speeds. 

II. AEROSTATIC BEARING DESCRIPTION 

Figure 1 describes the three geometries of aerostatic thrust 
bearing proposed in this study. As shown in  Figure.1, the 
aerodynamic thrust bearing areas have the following 
dimensions: the inner diameter (���) is 23 mm and the outer 
diameter (����) is 40 mm. The backward and forward circles of 
orifice restrictors have a diameter of  �� � 28.7 mm   and 
�� � 29.3 mm,  respectively. Other main dimensions of the 
configurations are noticed in Table Ι. 

 

 
Fig. 1.  Illustration of the aerostatic thrust bearing. 
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TABLE I.  GEOMETRICAL CHARACTERISTICS OF 
AEROSTATIC THRUST BEARING 

Geometrical characteristics 

(mm) 

Orifice type 

Orifice A Orifice B Orifice C 

Orifice length inlet L (mm) 1.2 1.2 1.2 

Orifice length � (mm) / 0.1 0.2 

Gas inlet diameter ������ �mm� 0.7 0.7 0.7 

Orifice diameter ���mm� 0.4 0.4 0.4 

Chamber diameter �� �mm� 0.6 0.6 0.6 

 

For an incompressible and isoviscous lubricant film, both 
the density and the dynamic viscosity (μ) are constant. Since 
the plates are parallel, the film thickness (h) is also assumed to 
be constant. The stiffness of the thrust bearing, defined as the 
rate of change of load capacity with respect to film thickness, is 
determined by: 

� � � ��
�� � � ��

���
 �� 

��     (1) 

The stiffness can be described as: 

� � � !�
� �1 � #

�$#)    (2) 

where % is the pressure rotation equal to &� &'⁄ , &)  is the supply 
pressure, &*  is the orifice chamber pressure, h is the film 
thickness. 

The load capacity is: 

+ � &� , -.     (3) 

In the case where the thrust bearing includes a central 
circular orifice of radius R, and the pressure at the orifice is 
equal to ambient pressure, the load capacity can be expressed 

as: , � /�0�� � 0�
�� is the area of thrust bearing, and -. is the 

load capacity coefficient. 

-. � �
��123$14

3� 5 123$133

6712 13⁄ � 183$14
3

6718 14⁄ 9  (4) 

 

III. MESH AND NUMERICAL ANALYSIS 

In this study, the three-dimensional steady incompressible 
RANS equations were solved by ANSYS CFX. The equations 
were closed using the SST : � ; turbulence model represented 
in [13]. 

Continuity equation can be expressed as: 

��4
�<=

� 0     (5) 

Momentum equations can be expressed as: 

? �@�4�= A
�<4

�  

� ��
�<4

B �
�<4

CD���=
�<4

B ��4
�<=

� �
! E�F

��G
�<G

� ?HIJHKJLMMMMMMMM (6) 

where ?HIJHKJMMMMMM is the Reynolds stress. 

A steady state approach was utilized to perform numerical 
simulations on unstructured grids using the commercial code 

ANSYS CFX19.2. Closure of Reynolds averaged equations 
(RANS) is achieved through shear stress transport (SST-Kω). 
This model was chosen because it provides highly accurate 
predictions of the onset and amount of flow separation under 
adverse pressure gradients [5]. A close view of the 
computational unstructured grid at H = 0.25 μm , demonstrates 
that gridding was achieved by the ICEM-CFD mesh generator, 
which is included in the CFX-19.2 software. In addition to the 
outlet of the orifice and near the rotational wall of the thrust 
bearing, the grid is focused on the beginning of the thin film 
region to resolve the pressure pattern in this region. 

Regarding the boundary conditions, as displayed in Figure 
2, all orifice surfaces are treated as walls that satisfy adiabatic 
and no-slip conditions. The rotational speed boundary 
condition is applied to the rotating wall. At the orifice inlet, a 
constant static pressure supply is imposed, along with a laminar 
flow regime. At the outlet, the reference pressure is set to 
absolute zero (Pa). 

Due to the symmetry of the flow at the ends of the model, 
only one-sixth of the geometry in the radial direction is 
considered, and a symmetry boundary condition is applied. 
Convergence was achieved when the residuals of all flow 
variables (u, v, w, and p) fell below 10-5. 

 

 
Fig. 2.  Perspective views of the computational domain done with the 

ICEM.CFD. 

 
Fig. 3.  Illustration of computational meshes. 

Figure 3 portrays the computational domain used in this 
study. Initially, a grid independence test was performed by 
evaluating three different mesh densities for chamber shape A 
at a rotational speed of 200.000 rpm and a pressure ratio of β = 
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0.998. As illustrated in Figure 4, the results obtained using 
meshes with 1.8 × 10⁵ and 2.3 × 10⁵ elements were nearly 
identical. Therefore, the mesh with 1.8 × 10⁵ elements was 
selected as the optimal grid size. 

The total number of elements and nodes used in this 
configuration were 180,342 and 145,540, respectively. The 
three chamber shape models, labelled as A, B, and (c), 
correspond to those presented earlier in Figure 1. 

 

 

Fig. 4.  Mesh independence verification at N = 200.000 rpm and % �
0.998. 

IV. NUMERICAL RESULTS  

To verify the robustness of the CFD model, the numerical 
results were compared with the experimental data in [14], using 
identical geometrical and operational parameters. As presented 
in Figure 5, the numerical values generally agree well with the 
experimental data, except in the region near the orifice. This 
discrepancy is attributed to the difficulty of experimentally 
measuring the pressure directly beneath the orifice. 

 

 
Fig. 5.  Comparison of radial pressure distribution between numerical 

values and experimental data of orifice restrictor C. 

A. Effect of Film Thickness and Chamber Shapes at Pressure 

Distributions 

The pressure distributions in the radial direction along the 
line, as depicted in Figure 6, for various chamber shapes, with 
respect to two values of air film thickness O � 25 μm  and 
O � 17μm  at a speed of 200,000 rpm are, respectively, 
illustrated in Figure 7. It is observed that as the thickness of the 
air film decreases, the pressure of the air film increases 
accordingly. The maximum pressure of the air film has been 
discovered to be located at the center of the orifice outlet, and it 
gradually decreases to ambient pressure along the radial 
direction. Pressure depression, pressure drop, and recovery 
effects occur in the gas film, which can decrease the load 
capacity of the air film. 

By comparing the pressure levels in the radial direction of 
line a–a, it is noted that the operating speeds demonstrated in 
Figure 7 are displayed for chamber shapes with air film 
thicknesses of 25  μm  and 17  μm . The value of pressure 
distributions differs significantly for different types of chamber 
shapes. The pressure ratio increased from 0.1 to 0.35 as the 
film thickness reduced from 25 μm  and 17  μm  around the 
orifice exit diameter, and atmospheric pressure reached the 
outlet of the aerostatic bearing. Orifice B has close values 
around it, and the pressure ratio dropped from 0.21 to 0.1 due 
to the increase in film thickness from 25μm and 17 μm at the 
bearing outlet. Regarding orifice C, the behavior of pressure 
fields differs from that of other configurations. With the film 
thickness decreasing, the pressure ratio between the orifice and 
bearing exit ranged from 0.25 to 0.4 and from 0.2 to 0.12, 
respectively. This result is a consequence of the inclination 
effect caused by the shape of the exit of the orifice chambers. 

 
Pressure distributions in the three chamber shapes at N=200,000 rpm, 

O � 17 μm and  O � 25 μm. 
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Fig. 6.  Comparison of pressure ratio distributions for various chamber shapes and film thickness at N = 200000 rpm. 

 
Fig. 7.  Turbulence kinetic energy at N = 200,000 rpm for H = 25 μm and 

17 μm. 

The proposed configurations influence the variation of the 
local turbulent kinetic energy, as depicted in Figure 8. Chamber 
type A, B, and C sequences have a local turbulent kinetic 
energy increase, with an air film thickness range between 17 
μm and 25 μm. This is essentially due to the exit orifice 
chamber. The first configuration A has a strong deviation in 
film thickness. For the second configuration "B", the cone 
diminishes the deviation by approximately 50% in comparison 
to the shape "A". The third one "C" has a smooth deviation in 
comparison to other outlet chamber shapes. 

Figure 9 presents a comparison of the pressure ratio for 
different film thicknesses and chamber shapes at a rotational 
speed of N=200,000 rpm. For regions outside the chambers, the 
pressure in chamber type A reaches atmospheric levels at both 
H = 17 μm, h = 25 μm. It is also observed that chamber shape 
A exhibits lower pressure compared to the other configurations 
at H = 25 μm, and an inertia effect is noticeable around the 
injection zone. Chamber type C shows the highest pressure 
ratio overall, while type B displays nearly identical pressure 
values across different film thicknesses. 

B. Effect of Rotational Speed in Pressure Distribution 

The chamber type A is used to simulate the pressure ratio of 
the air film for various chamber shapes at different operating 
rotational speeds. Figure 10 demonstrates the pressure 
distributions (along the line a–a) of type A for the air film 
thickness of 25 μm  when rotating at different speeds. It is 
apparent that aerostatic bearing pad pressures remain consistent 
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regardless of the rotational speed, and the peak pressure around 
the injection zone increases with the rotational speeds. 
Furthermore, the pressure distributions outside the chamber 
almost remain unchanged at different operating speeds. 

C. Effect of  Film Thickness and Rotational Speed on Load 

Capacity 

Figure 11 (a) illustrates the influence of air film thickness 
on the load capacity for various chamber shapes at an operating 
speed of 200,000 rpm. The results show that load capacity 

decreases as air film thickness increases for all chamber 
configurations. This behavior is attributed to the pressure drop 
within the air film as its thickness increases, as also shown in 
Figure 6. Among the tested geometries, chamber type A 
consistently exhibits lower load capacity compared to the 
others. At a film thickness of 13 μm, the load capacities of 
chamber types A and B are nearly identical. Similarly, at 
25 μm, the load capacities of types B and C are comparable. 
However, across the film thickness range of 13–25 μm, 
chamber type B shows slightly lower load capacity than type C. 

 

 
(a) (b) 

Fig. 8.  Comparison of pressure distributions for various chamber shapes at N = 200,000 rpm, film thickness: (a) H = 25 μm and (b) h = 17 μm. 

 
(a) (b) 

Fig. 9.  Pressure ratio at various rotational speeds for chamber type A (h = 25 μm), (a) general view and (b) enlarged view. 
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(a) (b) 

Fig. 10.  Load capacity for various chamber shapes, (a) N = 200,000 rpm, (b) H =25 μm. 

Figure 11(b) presents the variation of load capacity with 
rotational speed for different chamber shapes at a constant film 
thickness of H = 25 μm. The results indicate a slight decrease 
in load capacity for each chamber as rotational speed increases. 
This reduction is mainly due to a drop in the average pressure 
within the air film, with the Bernoulli effect becoming more 
dominant at higher rotational speeds. 

V. CONCLUSION 

In this study, a three-dimensional CFD model was 
developed using ANSYS CFX to investigate the influence of 
rotational speed and film thickness on the pressure field of an 
aerostatic thrust bearing supplied by an orifice restrictor. The 
analysis focused on how three different orifice chamber 
geometries affect the key performance characteristics of the 
bearing under ultra-high-speed operating conditions. 

The results demonstrate that chamber geometry plays a 
crucial role in ensuring effective shaft lubrication. Rotational 
speed was found to gradually affect the pressure distribution on 
the aerostatic pad, creating a transitional zone between low and 
high pressure at the boundary of the injection area. A distinct 
pressure peak consistently appears at the center of the orifice 
across all configurations and operating conditions. 
Furthermore, as the rotational speed increases, the load 
capacity of the air film tends to decrease across all chamber 
types. Although the overall performance of the three 
geometries is comparable over the tested film thickness range, 
a gradual reduction in load capacity is observed from chamber 
A to chamber C. Each configuration exhibits different 
behaviour in terms of load capacity and stiffness as rotational 
speed varies, with chamber C emerging as the most suitable for 
high-load applications due to its superior pressure recovery at 
reduced film thickness. 

To maintain effective lubrication, the air film should not be 
excessively thick. It was observed that increasing film 
thickness results in a pressure drop and amplifies the inertia 
effect near the injection zone, ultimately reducing the load 
capacity. This research contributes to a deeper understanding of 
the flow behavior in orifice-type aerostatic thrust bearings and 
opens new perspectives for standardizing pressure distribution 

in the orifice feedline. Such optimization can enhance the 
operational stability and improve the performance of aerostatic 
bearings in terms of both load capacity and lubricating film 
stiffness. 
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