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ABSTRACT 
This paper firstly starts from the thermodynamic theory, based on the classical heat transfer theory, 
and adopts the finite difference dichotomy method for mathematical modeling, and uses the second-
order center difference format to discretize the space, and solves the non-Fourier heat conduction 
equation. After completing the algorithmic solution of thermodynamic theory and finite difference 
method, the two are combined to deeply analyze and discuss the thermodynamic behavior of high-
speed mechanical devices represented by high-speed rotating bearings. When the bearings operate at 
high speed, with the increase of stiffness, the pressure change in the middle and rear part of the 
bearings gradually flattens out, the temperature gradually rises, and the relative bearing capacity of 
the bearings decreases. The increase in the number of bearings also brings about an increase in the 
pressure at the centerline of the bearings, and the temperature of the air film corresponds to the 
increase in the average pressure, and there is a risk of over-temperature. In the thermodynamic 
characterization, the work done by the air film under compression and the heat generation due to 
viscous shear will lead to an increase in the temperature of the air film, which will lead to the 
temperature rise of the bearings, and will have a very great impact on the bearing performance. 

Keywords: thermodynamics, heat transfer, non-Fourier heat conduction equation, finite difference 
method, high-speed mechanical devices 
 

1. Introduction 

The finite difference method is a recent achievement in the field of mathematics, which can get very 
good results in some specific cases. The so-called finite difference equation is to use the integral and 
difference formula to make the difference equation into a combination of multiple equivalent partial 
differential equations [1-4], and then apply the optimization method to solve this system of equations, 
so as to derive the approximate value of the unknown, which is of great significance in the analysis of 
thermodynamic behaviors of high-speed mechanical devices [5-6]. 
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Thermodynamics is the study of the nature of matter under the action of heat and the law of change 
of science. The object of its study is the nature of macroscopic substances and the interaction between 
them, which mainly involves the concepts of energy, heat, work, thermal efficiency, etc., and is widely 
used in various fields [7-10]. And in mechanical systems, the application of thermodynamic properties 
covers several fields. The first one is heat engines and heat energy conversion devices. Through 
thermodynamic analysis, the thermal efficiency and power output of heat engines can be evaluated to 
guide the design improvement of thermal energy conversion devices [11-14]. Next is the cooling 
system and thermal management. Through thermodynamic analysis, suitable cooling media and 
cooling methods can be determined to improve the heat dissipation efficiency of mechanical systems 
[15-16]. In addition, the application of thermodynamics in energy engineering and materials science 
is also very important to optimize energy use and material properties. The application of 
thermodynamics in mechanical systems can help us to gain a deeper understanding of energy 
transformations and analyze the power output and heat loss of a system [17-20]. The application of 
thermodynamics can not only improve the energy utilization efficiency of mechanical systems, but also 
provide guidance for the development of new energy technologies. With the progress of science and 
technology, the application of thermodynamics in mechanical systems will usher in more challenges 
and opportunities [21-24]. 

This paper puts the research attention to the high-speed mechanical devices, and takes its 
thermodynamic behavior as the entry point of this research. Firstly, the theoretical basis of this 
research - the principle of thermodynamics is discussed. Heat transfer is attributed to the module of 
the second law of thermodynamics, and it is proposed to determine the expression formula of heat 
conduction through Fourier's law in accordance with the three basic processes of heat transfer, namely, 
heat conduction, convective heat transfer and radiative heat transfer. In order to obtain the heat 
balance to calculate the friction force, heat generation per unit time and other indicators, the effective 
temperature is solved using the running curve method, and isothermal calculations are carried out 
under the assumption that the temperature in the oil film is homogeneous. The finite difference 
analysis method is used as a means of analyzing the thermodynamic behavior of high-speed 
mechanical devices in this study, and the finite difference method is used to solve the non-Fourier heat 
transfer equation. Based on the precondition that the non-Fourier heat conduction is unsteady state 
heat conduction, the solution area is discretized, the partial differential equations satisfied by the 
temperature field are calculated, the initial and boundary conditions are determined, and the solution 
of the non-Fourier heat conduction equations is finally completed. Taking the principle of 
thermodynamics as the theoretical basis, using the finite difference method and its mathematical 
model as the means, selecting the high-speed rotating bearing in the high-speed mechanical device as 
the representative, and determining the research type as the gas bearing, we carry out the 
thermodynamic behavior analysis of the high-speed mechanical device. 

2. Thermodynamics of high-speed mechanical devices 

Heat transfer is the process of transferring heat due to temperature difference, called heat transfer, 
which follows the second law of thermodynamics [25-26]. Wherever there is a temperature difference, 
there must be heat transfer, and thus it is an extremely common energy conversion process in 
engineering and technology. 

If the heat transfer is not taken into account, that is, assuming that the temperature in the oil film is 
uniform, i.e., isothermal calculations, this is one of the simplest ideal processes. 

2.1. Basic process of heat transfer 

Heat transfer is a complex process that is usually analyzed and studied according to three basic 
processes: heat conduction, convective heat transfer and radiative heat transfer. Any kind of complex 
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heat transfer phenomenon, perhaps can be reduced to two or even a certain kind of heat transfer 
process and the corresponding heat transfer calculations. 

The process by which heat is transferred from a high-temperature part of an object to a low-
temperature part, or from a high-temperature object to a low-temperature object with which it is in 
direct contact, is known as heat conduction or heat transfer. It is a process of heat transfer caused by 
microscopic movements of molecules, atoms and free electrons, which takes place in gases, liquids and 
solids. In a purely thermally conductive process, there is no macroscopic motion between the parts of 
an object. 

The basic law of thermal conductivity is expressed by Fourier's law, i.e. [27]: 

 n

T
q

n
 

 


 (1) 

where nq  - density of heat flow in the direction normal to the isothermal surface, 2/W m . 

 - thermal conductivity (rate), / /W m K . 
T

n




 - temperature gradient in the direction normal to the isothermal surface, /K m . 

The negative sign in equation (1) indicates that the direction of heat transfer is opposite to the 
direction of the temperature gradient. Thermal conductivity  is a physical parameter characterizing 
the thermal conductivity of the material, which is mainly related to the type of material and 
temperature, the thermal conductivity of specific materials can be queried for relevant information to 
obtain. 

2.2. Effective temperature for isothermal assumptions 

The earliest consideration of temperature effects in the design of bearings in mechanical devices was 
based on the assumption of isothermal, using the weighted “effective temperature” as the temperature 
of the entire temperature field, which can be calculated by heat balance. The effective temperature in 
the oil film should be greater than its oil temperature, otherwise, such as low temperature, viscosity, 
calculated pressure, load carrying capacity and friction power is large, while the flow rate is small, 
which is unsafe. Therefore, it is necessary to calculate the performance of the bearing according to the 
thermal balance of the whole oil film in order to be closer to the actual value. 

In order to find the heat balance, on the one hand, the friction generated in the bearing fF  should 

be calculated, and the heat generation per unit of time t  can be obtained, on the other hand, the heat 
carried away by the lubricant from the bearing a , and the heat emitted through the rotor and bearing 
seat  , both should be equal, i.e.: 

 t a      (2) 

And: 

 t fF U   (3) 

Cole and Dawson's experiments can be seen, the bearing by the oil to take away the heat is much 
larger than the conduction heat dissipation, the higher the shaft speed is more obvious. In order to 
simplify and assume that the “adiabatic flow”, that is, all the heat is absorbed by the oil and taken away 
by the end of the leakage, heat and end of the leakage heat balance, get: 

 f b vF U Q c T   (4) 

To wit: 

  /f b vT F U Q c   (5) 



8962 L. SUN 

 

Set the inlet oil temperature inT , then the outlet oil temperature: 

 out inT T T    (6) 

In bearing design, if non-adiabatic assumptions are made, the effective temperature can be solved 
using the running curve method to take into account the effect of temperature rise. 

If the type and size of the bearing are certain, under a given operating condition, the end drain flow 
bQ   and power P  , i.e. the heat generated per unit of time, are calculated by assuming that the 

viscosity   is a constant. It is also assumed that the heat carried away by convection of the oil lk P , 

0 1lk  . The rest of the heat  1 lk P  is dissipated by heat conduction. Balance by heat: 

 b vk P Q c T 1  (7) 

At this point, the effective temperature of the bearing: 

 0T T k T    (8) 

where: k  - another constant different from lk . 

0T  - the initial temperature of the oil, i.e. the inlet temperature. 
Combined with the calculations carried out on the thrust tile block bearings and experimental 

evidence, the average temperature of the oil out of the oil outT  as the effective temperature of the oil 
film T  , and according to the isothermal assumptions for calculating the load carrying capacity is 
available, namely 

 outT T  (9) 

For low and medium speed bearings, it is appropriate to take slightly lower than the oil discharge 
temperature as the effective temperature, considering conduction heat dissipation, and Cameron 
recommends taking it: 

 0 0.8T T T    (10) 

3. Finite difference method and mathematical modeling 

3.1. Principle of Finite Difference Method 

Finite difference method (FDM) is an early developed and more mature numerical method, which is a 
numerical solution method that transforms differential problems into algebraic problems [28]. It first 
grids the solution domain, and then uses Taylor series expansions, etc. to carry out the derivatives in 
the equations required to be solved by the difference quotients of the function values at the grid nodes, 
thus creating a series of algebraic equations with the values at the grid nodes as the unknowns. Divided 
according to the accuracy of the format, it includes first-order format, second-order format, and 
higher-order format. According to the spatial form of the difference, it includes the center difference 
format, the backward difference format, and the upwind difference format, and so on. According to the 
division of the influence of time factor, it includes explicit format, implicit format, and explicit-implicit 
alternating format, and so on. At present, the frequently used difference format is generally a 
combination of the above formats, and different combinations can constitute different difference 
formats. The finite difference method is mainly applicable to structured meshes, and we can decide 
the step size of the mesh according to the actual geometry and the Crown stability conditions. The 
current method to construct the difference is mainly the Taylor series expansion method. Its basic 
difference expressions include the following forms: first-order backward difference method, first-
order center difference method, second-order backward difference method, and second-order center 
difference method, etc., of which the first two formats are for the first-order computational accuracy, 
and the last two formats are for the second-order computational accuracy. By combining these 
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different difference formats in time and space, different difference calculation formats can be 
combined. 

Replacing the differential quotient with the differential quotient is the mathematical basis for finite 
difference, i.e., replacing the derivative with the finite difference. If ( )f x  is a continuous function, its 
derivative can be expressed as: 

 
0 0

( ) ( )
lim lim
x x

df f x x f x f

dx x x   

   
 

 
 (11) 

A Taylor series expansion can be used to obtain a finite difference approximate expression for the 
derivative of a function. Let ( )f x  be expanded into a Taylor series, then we have [29]: 

 
2( )

( ) ( )
2!

df x
f x x f x x

dx


        (12) 

 
2( )

( ) ( )
2!

df x
f x x f x x

dx


        (13) 

Rewriting each of the above two equations gives: 

 
2 2 3

2 3

( ) ( ) ( )

2 6

df f x x f x x d f x d f

dx x dx dx

    
   


  (14) 

 
2 2 3

2 3

( ) ( ) ( )

2 6

df f x f x x x d f x d f

dx x dx dx

    
   


  (15) 

According to (12)~(15) the approximate expressions for the finite difference quotient of the first-
order forward difference, the first-order backward difference, the first-order center difference, and the 
second-order center difference of the function ( )f x  at the point x  can be written, respectively: 

 
( ) ( )

( )
df f x x f x

O x
dx x

  
  


 (16) 

 
( ) ( )

( )
df f x f x x

O x
dx x

  
  


 (17) 

 
( ) ( )

( )
2

df f x x f x x
O x

dx x

    
  


 (18) 

 2( ) 2 ( ) ( )
( )

2

df f x x f x f x x
O x

dx x

     
  


 (19) 

where ( )O x  is the error of replacing the minimizer by the difference quotient, i.e., the error caused 
by rounding off the higher order terms of the Taylor series, called the truncation error. Here O  
denotes the order of magnitude, and ( )O x  indicates that this truncation error is a small quantity of 
the same order of magnitude as x . The truncation error of the center difference format is of order 

2( )x . 
In case of cylindrical coordinate system, the finite difference quotient approximation expressions 

for first order backward difference and second order difference formats are: 

 
( ) ( )

( )
df f r f r r

O r
dr r

  
  


 (20) 

 2( ) 2 ( ) ( )
( )

2

df f r r f r f r
O r

dr r

    
  


 (21) 

3.2. Mathematical model analysis 

In order to solve numerically, we should first discretize the solution region, because non-Fourier heat 
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conduction is non-stationary thermal conductivity, and the change of temperature field is not only 
space-dependent but also time-dependent, so the discretization of the solution region involves not 
only the discretization of the spatial coordinates, but also the need to discretize the time. The finite 
difference method requires the use of orthogonal mesh in the right-angled coordinate system is a 
rectangular grid, with two families of parallel straight lines ( 1, 2, , )mx x mh m M      and 

( 1, 2, , )nt t n n N      to partition the rectangular region  0 , 0G x l t T       into a 

rectangular grid, the intersection of the mesh lines is called a node, nodes within the region is called 
an internal node, nodes falling on the boundary is a boundary node, and the distance between the lines 
of the mesh is called the step size. 

Next denote by n
mT  the function defined at node  ,m nx t . So for a one-dimensional temperature 

response ( , )T T x t  , the appropriate spatial step x   and time step t   are chosen, and the 
numerical analysis is the transformation of a problem to find a continuous function ( , )T T x t  into a 

discretized problem to find the temperature value n
mT  at a specific node at a specific time interval 

( , )x m x t n t    . 
The direction x  is the thickness direction of the plywood, assuming that the thickness of the first 

layer of material is 1L  and the thickness of the second layer of material is 2L . The initial temperature 
of the plywood is 0 °C, and the left surface ( 0)x    of the plywood is subjected to a transient 
temperature  0 0 0T T  , while the temperature of the right surface  1 2x L L   remains 0 °C. The 

temperature of the plywood at point 1 is 0 °C, and the temperature of the right surface is 0 °C. We 
denote by ( , )T x t  the transient temperature at point ( , )x t , which is a continuous function of spatial 
coordinate x   and time coordinate t  . Assuming that the heat propagates only in the thickness 
direction, the temperature field ( , )T x t  satisfies the following partial differential equation according 
to the non-Fourier heat conduction theory: 

 
2 2

1 12 2

T T T
k

t t x
   

 
  

 (22) 

 
2 2

2 22 2

T T T
k

t t x
   

 
  

 (23) 

where 1  and 2  are relaxation times, 1k  and 2k  are thermal diffusivities also known as thermal 

conductivity coefficients  2 /m s  , and the subscripts 1 and 2 refer to the first and second layer 

materials, respectively. 
The initial and boundary conditions are respectively: 

 00
( , ) , 0

x
T x t T t


   (24) 

 
1 2

( , ) 0, 0
x L L

T x t t
 

   (25) 

 1 20
( , ) 0, 0

t
T x t x L L


     (26) 

 1 20
( , ) / 0,0

t
T x t t x L L


       (27) 

Since the object is homogeneous along the thickness direction, the temperature of each part of the 
cross section perpendicular to the thickness direction is equal, i.e., the cross section perpendicular to 
the thickness direction can be regarded as a point, and by dividing the first layer of the material into 

1M   part along the thickness direction, and the second layer into 1M M  , the whole material is 
divided into M  parts, and the intersection of the two layers of material is the 1 1M  th point. 

The second order partial derivative with respect to coordinate x  is approximated by the center 
difference at moment t : 
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2

1 1
2 2

2

( )

n n n n
m m m mT T T T

x x
   


 

 (28) 

The difference quotient is approximated: 

 
2

1 1
1 1 12 2

2
, 2,3, ,

( )

n n n n n
m m m m mT T T T T

k m M
t t x

     
  
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  (29) 

 

2
1 1

2 22 2

1 1

2

( )

2, 3, ,

n n n n n
m m m m mT T T T T

k
t t x

m M M M

     
 

  
   

 (30) 

For the point at the junction of the two materials, we take 1 2

2

  
 , 1 2

2

k k
k


  then 

 
2

1 11 2 1 2
12 2

2
, 1

2 2 ( )

n n n n n
m m m m mT T T T Tk k

m M
t t x

       
   

  
 (31) 

Eqs. (28), (29), and (30) can be written as respectively: 

 

   
1 1

1

1 1

1

1 1 1
2 2 2

1

0 0 0 1 0

2
0

( ) ( ) ( )

n n
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n n
m m
n n
m m
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m
n
m
n
m

T T

T T

T T

T
k k k

T
x x x

T


 

 





   
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   
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   

 
  

         
 

 

 

 

 (32) 

Among them: 

 11, 2, ,m M   (33) 
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 
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 (34) 

Among them: 

 1 12, 3, ,m M M M     (35) 
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T

x
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


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

   
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 
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 

 

 
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 (36) 

Among them: 

 1 1m M   (37) 

Since 1 0
nT T   is constant when 1m  ; and 1 0n

MT     is the initial boundary condition when 

1m M  , there is: 
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Jointly (23)~(27) yields: 
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Order: 
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where K  is a tridiagonal matrix of order    1 1M M   : 
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Then we can write (42), (43) jointly with (44) as: 
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4. Thermodynamic analysis of high-speed mechanical devices based on the 
finite difference method 

High-speed mechanical devices are usually required to operate at high rotational speeds to achieve 
higher productivity and processing accuracy. At present, there are more and more ultra-high-speed 
operation scenarios represented by new energy automobile electric drive system, aviation engine, etc., 
and the performance requirements for high-speed mechanical devices and components are also 
increasing. High-speed rotating bearings, as one of the commonly used core components in high-speed 
mechanical devices, have been put forward with higher requirements for temperature rise control. 
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Based on thermodynamic principles, this study will analyze and discuss the thermodynamic behavior 
of high-speed mechanical devices represented by high-speed rotating bearings through the finite 
difference method. 

The selected high-speed rotating bearing type is gas bearing. Gas bearings have the advantages of 
high speed, low power consumption, no pollution, wide range of operating temperature and so on, 
which get rid of the limitations of liquid lubricated bearings in terms of rotational speed and 
temperature, and the application prospect is broad, which has high research significance. 

4.1. Bearing performance impact analysis 

4.1.1. Effect of stiffness and temperature on bearing performance. When the bearing carries out 
high-speed operation, the pressure at the centerline of the bearing and the change of the rigid part are 
shown speciϐically in Fig. 1. Figures (a) and (b) show the pressure change at the centerline of the 
bearing and the average pressure change, respectively. From the ϐigures, it can be seen that at low 
stiffness, the pressure at the middle and rear part of the bearing is higher, resulting in larger local 
deformation of the foil. With the increase of stiffness, the pressure change in the middle and rear part 
of the bearing gradually ϐlattens out. As the stiffness continues to increase, the bearing tends to be a 
rigid bearing, making the maximum pressure at the junction of inclined and ϐlat surfaces. 

  

(a)Pressure change in the middle of the bearing (b)Mean pressure variation 

Fig. 1. Change of pressure with stiffness 

The variation of temperature and stiffness during the operation of the bearings is specifically shown 
in Fig. 2, Fig. (a) shows the variation of temperature at the centerline of the bearings, and Fig. (b) shows 
the variation of the average temperature. From the figure, it can be seen that the stiffness of the bearing 
shows a positive correlation with the temperature, with the increase of the stiffness, the temperature 
also increases gradually. 



ANALYSIS OF THERMODYNAMIC BEHAVIOR OF HIGH-SPEED 8969 

 

  

(a)Temperature change in the center of the bearing (b)Mean temperature variation 

Fig. 2. Change of temperature with stiffness 

The variation of relative bearing capacity with respect to stiffness is specifically shown in Fig. 3. It 
can be clearly seen that as the stiffness increases, the relative bearing capacity of the bearing decreases 
continuously, which is consistent with the variation of the average pressure above. 

 

Fig. 3. Relative bearing capacity varies with stiffness 

Integration of the above analysis, bearing design needs to consider the stiffness of the elastic foil, in 
order to ensure that the support structure does not fail for excessive deformation under the 
appropriate reduction of the stiffness requirements can not only improve the load carrying capacity 
and adaptability, but also reduce the temperature, reduce the risk of high temperature during high-
speed operation of the bearing. 

4.1.2. Effect of bearing number and temperature on bearing performance. The variation of pressure 
at the bearing centerline with respect to the number of bearings is speciϐically shown in Fig. 4. Figures 
(a) and (b) show the variation of pressure at the centerline of the bearing and the variation of average 
pressure, respectively. From the ϐigure, it can be seen that the number of bearings has a greater effect 
on the pressure, with the increase of the number of bearings, the pressure increases and mainly in the 
middle and rear of the bearing. 
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(a)Pressure change in the middle of the bearing (b)Mean pressure variation 

Fig. 4. The pressure varies with the number of bearings 

The variation of temperature during bearing operation with bearing number is specifically shown 
in Fig. 5, Figs. (a) and (b) show the variation of temperature at the centerline of the bearing and the 
variation of average temperature, respectively. At a certain number of bearings, the pressure at the flat 
foil can reach a uniform distribution, and the gradient of the growth of both the average pressure and 
the average temperature will increase after exceeding this value. 

  

(a)Temperature change in the center of the bearing (b)Mean temperature variation 

Fig. 5. Temperature varies with bearing 

The relative load carrying capacity varies with the number of bearings as shown in Fig. 6. The trend 
of change of load carrying capacity with the number of bearings is consistent with the change of 
average pressure, and the friction torque is positively and linearly correlated with the number of 
bearings. 
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Fig. 6. Relative bearing capacity varies with bearing 

Obviously, the number of bearings increases, the temperature of the air film also increases, and the 
average pressure also increases. Bearing design needs to consider the design of the number of bearings, 
under the premise of ensuring that the bearing can realize high-speed operation, the number of 
bearings can be increased appropriately to improve the bearing capacity of the bearings and reduce 
the high temperature of the existence of hidden dangers and risks. 

4.2. Characterization of thermodynamic behavior of bearings 

Under normal high-speed operating conditions, there is flow work and action in the gas film between 
the rotor thrust disk and the bearing surface, which will lead to an increase in the temperature of the 
gas film. Foil gas thrust bearing lubrication gas film temperature rise will cause lubricating gas density 
and viscosity changes, the bearing performance has a very big impact. In addition, the temperature 
rise of the gas film will cause thermal deformation of the bearing element, and the high temperature 
may even lead to thermal failure of the bearing. Combining the thermodynamic principle of high-speed 
mechanical device and finite difference method proposed in this paper, the temperature field inside 
the bearing is predicted and analyzed more accurately with thermodynamic behavioral characteristics, 
which can provide design guidance reference for the temperature management of the bearing. 

4.2.1. Analysis of air ϐilm temperature and density distribution. The temperature distribution of the 
air ϐilm in the middle section of the air ϐilm in the direction of rotation is shown in Fig. 7. As can be 
seen from the ϐigure, the temperature of the gas ϐilm increases along the ϐilm thickness direction from 
the stationary top foil side to the rotating thrust disk side. This is due to the fact that the gas ϐlow rate 
near the rotor side is greater than that near the top foil side (the gas ϐlow rate in contact with the top 
foil is zero when slip is not considered). In addition, the temperature of the gas ϐilm near the outer 
diameter is higher than the temperature of the gas ϐilm near the inner diameter. 
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Fig. 7. Gas ϐilm temperature proϐile 

The density distribution in the middle cross-section of the gas film in the rotational speed direction 
is shown in Fig. 8. In the radial direction, the gas density increases and then decreases because the 
pressure of the gas film increases and then decreases in the radial direction, while the temperature of 
the gas film increases along the radial direction. In addition, since the pressure gradient in the film 
thickness direction is neglected in the calculation of the pressure distribution, the temperature near 
the top foil side is lower than that near the thrust disk side. Therefore, in the film thickness direction, 
the density of the gas near the top foil is slightly higher than that of the gas near the thrust disk. 

 

Fig. 8. Density proϐile 

4.2.2. Parametric analysis of thermal characteristics of bearings. The effects of different rotational 
speeds on the average temperatures of the top foil, the middle gas ϐilm and the thrust disk rotor of the 
foil gas thrust bearings with an axial load of 100 N and no cooling are shown in Fig. 9. The graphs show 
that the temperatures of the top foil, the intermediate gas ϐilm and the thrust disk rotor all increase 
parabolically with the increase of rotational speed. Under the same rotational speed, load and cooling 
conditions, the temperature of the thrust disk is higher than that of the intermediate air ϐilm, and the 
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temperature of the intermediate air ϐilm is higher than that of the top foil, and this trend is more 
obvious at higher rotational speeds. 

 

Fig. 9. The effect of the speed on the temperature of the thrust bearing 

The effects of different initial minimum film thicknesses on the average temperatures of the top foil, 
the intermediate gas film and the thrust disk rotor of the foil gas thrust bearing are shown specifically 
in Fig. 10. In the calculation, the effect of cooling flow is not taken into account, and the rotor speed is 
30 krpm. It can be seen from the figure that, with the decrease of the initial minimum film thickness 
(the axial bearing capacity increases), the temperatures of the top foil, the intermediate gas film and 
the rotor of the thrust disk basically increase linearly, and the magnitude of the increase is small. The 
temperature of each element of the foil gas thrust bearing increases linearly and slowly with the 
increase of axial load. 

 

Fig. 10. The initial minimum ϐilm thickness effect 
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The one-dimensional temperature distribution along the radial direction of the thrust disk at 
different rotational speeds is shown in Fig. 11. From the figure, it can be seen that at the same 
rotational speed, the temperature of the thrust disk increases parabolically from the inner diameter to 
the outer diameter. With the increase of rotational speed, the temperature of the rotor of the thrust 
disk increases very obviously. 

 

Fig. 11. Radial temperature distribution of thrust disc at different speed 

The heat generated by the viscous friction of the lubricant film in foil gas thrust bearings may cause 
thermal deformation of the bearing, which has a very significant effect on its performance. Excessive 
temperatures in the lubricant film may even lead to thermal failure of the bearing. In engineering, 
temperature management measures are often used to reduce the internal temperature of the bearing 
by means of a cooling stream to the bottom of the top foil. The effect of cooling flow on the temperature 
of the foil gas thrust bearing at different speeds is shown in Figure 12. As shown in Fig. 12, the 
temperature with the cooling flow has a very obvious decrease compared with the average 
temperature of the top foil without cooling flow, and the average temperature of the top foil decreases 
rapidly with the increase of the cooling flow. The results show that the cooling flow to the bottom of 
the top foil is very effective in reducing the internal temperature of the bearing at different speeds. 
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Fig. 12. The effect of cooling ϐluid ϐlow on the foil temperature 

5. Conclusion 

This paper relies on the principle of thermodynamics, using the finite difference method to carry out 
an in-depth discussion and analysis of the thermodynamic behavior of high-speed devices. The 
research object of the core analysis of this paper is a typical representative of high-speed mechanical 
devices - gas bearings in high-speed rotating bearings. In the analysis of the impact of bearing 
performance, when the stiffness increases, the pressure change in the middle and rear of the bearing 
gradually flattens out, the temperature will also gradually increase, and the relative bearing capacity 
of the bearing is also consistent with the lack of changes in the average pressure, which is constantly 
decreasing. Obviously, the bearing design needs to consider the stiffness of the elastic foil, in order to 
ensure that the support structure under the premise of the original reduction of stiffness, to reduce 
the risk of high enough temperature when the bearing high-speed operation. As the number of 
bearings increases, the average pressure increases and the temperature of the air film rises, which has 
an impact on the performance of the bearings. Under the premise of ensuring high-speed operation, 
the bearing design should appropriately increase the number of bearings to improve the bearing 
capacity and reduce the risk of high temperature. Further in-depth analysis of the thermal 
characteristics of the bearing parameters, it can be understood that the rotational speed has a greater 
impact on the temperature of the air film, under the same load, the temperature of the air film 
increases rapidly with the increase in rotational speed. At the same rotational speed, the air film 
temperature increases linearly with the increase of load, but the effect of load on the air film 
temperature is much smaller than the effect of rotational speed on the air film temperature. The 
temperature of the lubricating air film can be effectively reduced by passing cooling gas at the bottom 
of the top foil. 
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