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ABSTRACT 
A mathematical model for the flow in the hybrid gas 

journal bearing is depicted by the transfer function in this 
paper. The average and modified parameters from the pressure 
distribution of multi-orifices aerostatic journal bearing are 
acquired to describe the characteristics accurately. The transient 
gas film forces of multi-orifices hybrid bearing is derived in the 
generalized form by analytical means, and then the dynamic 
characteristics coefficients are got by employing the Laplace 
transform. It indicates that the obtained forces can calculate the 
dynamic characteristics coefficients simply, quickly and 
accurately, which provide an efficient means for designing 
rotor-bearing systems. 

 

NOMENCLATURE 

mh
 average film thickness of the bearing 

ak
 

average pressure distribution parameter along 
the length of the bearing 

hk
 

average parameter of bearing clearance cause 
by changes of journal motion 

Lk
 zone length parameter 

k  
average pressure distribution parameter along 

the circumferential direction   of the bearing 
l  the length of the bearing  

*p  
pressure of the bearing for midline of the 
bearing 

0p
  0 s c a ap k p p p  

 

0P
 dimensionless form of 0p

, 
 
 

ap atmosphere pressure 

cp dimensionless downstream pressure at orifices 

mp
 

average pressure in bearing zone 

 0m a a ap k p p p  
 

mp dimensionless average pressure in bearing zone
*
mp

 
pressure distribution parameter of bearing for 
circumferential direction 

**
mp

 
pressure distribution parameter of bearing for 
the length direction 

*
maxmp the maximum pressure of  *

mp  
*
qmp the square average pressure parameters  

sp supply pressure for hybrid gas bearing  

sp dimensionless supply pressure 

p  
pressure increment at the center point of the 
selected zone 

0p
 

average pressure increment in the middle plane 

0p k p ＝
  

mp
 

average pressure increment for the bearing zone 

m ap k k p ＝
 

q mass flow rate of gas 
s

fi , 1i    

s  i  

y  shaft displacement in the y direction 

orificeA  the area of the orifice 

D diameter of the bearing 

xF , yF  dimensionless gas film forces on the shaft 
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L  the length of the bearing 
*L  the length of the zones for bearing 

circumferential direction  
R  the radius of the bearing 

0R  gas constant 
0T  absolute temperature 

xyW , yyW  transfer function of bearing 

  angular coordinate 
  dynamic viscosity 

a  gas density  

orifice
 

flow restriction parameter for orifices 

i
 flow function of the i th orifices 

  angular velocity 
  dimensionless frequency 

f
 

frequency 

  dimensionless bearing number   26 a mp R h  

 
INTRODUCTION 

The gas bearings are widely used in mechanical and 
aerospace engineering for their less friction and high rotating 
speeds. The aerodynamic and aerostatic effect are coupled 
together to generate the load capacity for the hybrid gas 
bearing. So the wear of the self-acting bearing during the start 
and coasting down is avoided. The hybrid gas bearings are 
employed in more application for more improved stability than 
that of self-acting bearing and higher stiffness than that of 
aerostatic bearing. It is significant to obtain the damping and 
stiffness coefficients which are the important design parameters 
for hybrid gas bearings.  

There are two ways to study the dynamic characteristics of 
gas bearing theoretically. One way is solving the gas lubricated 
Reynolds equation by analytical method, and the formula of 
gas film force is employed to depict the dynamic characteristics 
of gas bearing. Some of early researches neglected the pressure 
derivation with respect to time as the simplified means. The 
resulting quasi-static solution are quite satisfactory for 
incompressible lubrication, but cannot represent the physical 
property of gas lubricated film, so this method is only fitted for 
the cases of lower rotating speeds[1,2]. Based on the previous 
work, the linearized technique is employed to develop the 
modified analytical method considering the time term [3, 4]. 
Generally speaking, the analytical solution of gas lubricated 
Reynolds equation is hard to obtain without simplification. The 
other means is solving the gas lubricated Reynolds equation by 
numerical simulation to get the stiffness and damping 
coefficients [5, 6]. Carpino[7] employed the finite element foil 
bearing model and the perturbation means to analyze the rotor 
dynamic coefficients. Also the energy dissipation rate for the 
bearing was presented in the paper. Mihai Arghir[8] adopted 
the finite element modeling of a bump-type foil-bearing 

structure and studied its static and dynamic behavior under 
different load cases. San Andres [9] used a bulk flow model to 
predict rotor dynamic coefficients for a foil bearing with 
turbulent flows. Lee, et al.[10] predicted rotor dynamic 
coefficients for a gas-lubricated foil journal bearing with the 
slip flow. M.T.C. Faria, et al.[11] analyze the high-speed 
hydrodynamic gas bearing using both finite element and finite 
difference methods. The frequency-dependent force 
coefficients are calculated by the perturbation method. Stefano 
Morosi[12] presented a detailed mathematical modeling of the 
gas bearing based on the compressible form of the Reynolds 
equation. Perturbation theory is applied in order to identify the 
dynamic characteristic of the bearing. The evaluation of the 
linearized gas-film forces coefficients for gas bearings presents 
a difficult problem considering that the coefficients are 
functions of vibration frequency. Also the main modern-day 
method bases on the numerical integration of the Reynolds 
equation. 

Another way to solve the stability problem of gas bearing-
rotor system is the orbit method, which is proposed by Castelli 
in Ref[13]. In the orbit method, the complete nonlinear 
equations are included, the calculation procedures highly 
coincide with the assumed governing equations, and the 
trajectory orbit of the rotor can be obtained. So the orbit 
method enables both establishment of the stability threshold 
and prediction of the behavior of the bearing into the instability 
region. Because of the advantages as mentioned above, the 
orbit method is more and more widely employed. Castelli 
discussed the numerical method for solving the transient 
Reynolds equation in Ref [14]. The proposed method possessed 
the satisfactory numerical stability of implicit arithmetic and 
the fast convergence of the explicit method. In Ref. [15] 
Dimofte modified the alternating direction implicit method and 
developed the code for analyzing the steady and dynamic 
characteristics. Bou-Sa solved the nonlinear Reynold equation 
with time terms to simulate the dynamic characteristics of the 
rotor in Ref[16]. The proposed model was compared with 
conventional linear journal bearing model which employing the 
stiffness and damping coefficients. It indicated that the linear 
model would lead to the incorrect answers; the nonlinear model 
could forecast the rotor dynamic characteristics better. In 
Ref[17], the gas lubricated Reynolds equation with time term 
was solved by employing the finite difference method and over 
relaxation method. The dynamic behavior on horizontal and 
vertical direction of the journal was analyzed by locus diagram, 
Poincare map, power spectrum and bifurcation diagram. The 
concept of whirling ratio was imported in the solving 
procedure. But the orbit method is time consuming and the 
effectiveness is lower. 

In the Ref [18] the dynamic characteristics coefficients for 
self-acting gas bearing based on the transfer function are 
presented. The dynamic coefficients of externally pressurized 
gas bearing with four orifices are obtained based on that 
method [19]. The transfer function method mentioned above 
has the advantage of fast calculating speed, high efficiency and 
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the clear analytical form of the bearing forces. But the essence 
of the transfer function is a linear methods, so some limitations 
exist as follow: it is impossible to analyze the comprehensive 
nonlinear behavior of gas bearing-rotor system including the 
Poincare map and bifurcation characteristics; the efficiency can 
only be presented for a given rotor dynamic problem such as 
the unbalance response or stability. In Ref [19] the specificity 
on symmetry of the four calculation domain is employed and 
the deriving procedure is simplified. Based on the mentioned 
method, a more generalized means for acquiring the dynamic 
characteristics coefficients of gas bearing is proposed by using 
the transfer function to describe the flow between the 
clearances. Different from the deriving procedure in Ref.[18], 
the bearing clearance can be divided into arbitrary zones, 
without curving up the unique four calculation zone. The eight 
orifices externally pressurized gas bearing is analyzed as an 
instance and the analytical form of gas film forces is acquired. 
Finally the stiffness and damping coefficients for eight orifices 
externally pressurized gas bearing are obtained in this paper, 
which provide a compact and effective method for the dynamic 
analysis of gas bearings. 
1 DEPICTION FOR FLOW IN CLEARANCE  

The physical models for two typical journal gas bearing 
are presented: (1) self-acting gas bearing; (2) externally 
pressurized hybrid gas bearing (eight orifices which located in 
the middle line of the bearing). 
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Figure.1 Schematic diagram of the center plane of the hybrid 

gas journal bearing 
A schematic diagram of the center plane of an externally 

pressurized journal bearing with coordinate system is shown in 
Fig.1. The clearance between the shaft and the bearing is 
divided into eight zones. The coordinate x, y-axes are fixed to 
the bearing with the origin at the bearing center and pass 
through the centers of the zones where the orifices are disposed. 
The eight orifices located on the x, y axes, and the axes with 45 
degreed angels between each other. The vertical downward 
displacement in the y direction -△y is taken as the input signal. 

The shaft rotates anticlockwise with angular velocity ω. The 
mass flow conservation equation for zone ① is presented as 
follows:  

8 1 12 18 1 1 1 0a s dq q q q q q q                 (1) 
Where 8 1,q q are the mass flow rates of gas in the 

 direction produced by the rotating of the shaft in the section 

8 8   and 1 1   respectively;  12 18,q q are the mass flow 

rates of gas in the   direction generated from the pressure 
differences in zone①，②  and zone ①，⑧  respectively; 

1aq
 

is the mass flow rates in the axes z  direction produced 

by the pressure differences in zone ① and the environment 

pressure; 1sq
 
is the mass flow rated produced by the 

externally pressurized orifices; 1dq
 

is the dynamic flow mass 

rated generated from the motion of the shaft in zone①. 
 
 

1.1 SIMPLIFIED ASSUMPTION 
For the procedure of modeling with transfer function, 

several assumptions are presented: the flow in the bearing 
clearance is isothermal and perfect gas law can be employed; 
the velocity distribution in the bearing clearance produced by 
the rotation of the shaft is linear; the velocity distribution 
produced by the pressure difference is parabolic; the clearance 
of the bearing is much less than the radius of the bearing; the 
diameter of the orifice is negligibly small relative to the bearing 
radius. 

By employing the method proposed in Ref [19], several 
assumptions are employed to simplify the model as follows: 

1 In the present model we work with averaged uniform 
initial level pressure distributions in the  -direction defined 
for the center plane of the bearing as:  0 s c a ap k p p p   . 

In the z-direction beginning at the center plane a decrease of 

averaged pressure from the pressure level 0p  to ambient 

pressure ap  takes place. We can write the average mean 

pressure level for the zones as:  0m a a ap k p p p   . 

2 For each zone we define: p  is the increment 

pressure in the center of zones; 0p k p ＝  is the average 

increment pressure in the zone center plane; m ap k k p ＝  

is the average increment pressure in zone. 
3 At the boundaries between the zones in the center plane 

of the bearing we assume the increment pressure as the mean 
value between the increment pressures in the center plane of 
adjacent zones. For example, at the boundary between zones 1 
and 2 in the center plane the increment pressure can be written 
as:  1 1 1 20.5p p p     ＝ . In this case for the average 

increment pressure at the boundary we can 
write  1 1 1 20.5a ak p k p p      . 
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1.2 MATHEMATICAL MODEL OF THE FLOW 

Take the zone ①  as the instance, on the basis the 
components of Eq.(1) may be written in the following form: 

1. The mass flow rates of gas in the  direction produced by 

the rotating of the shaft in the section 8 8   and 1 1   
respectively are presented as Eq. (2): 
 
 

  1 8 0

8 0 0

0.5 2 2

2 2

a a a

m

k p p p p p R
q l h y

R T

                
 
 

＝  

  1 2 0

1 0 0

0.5 2 2

2 2

a a a

m

k p p p p p R
q l h y

R T

                
 
 

＝  

(2)

 
2. The mass flow rates of gas in the   direction generated 
from the pressure differences in zone①，② and zone ①，⑧ 
respectively are presented as Eq.(3):  
 

3. the mass flow rates in the axes z  direction produced by the 
pressure differences in zone ① and the environment pressure  
is presented as Eq.(4): 
 

  
    

3

2 2

12 0 1 0 20 0 *

2 2 2

24

m

a a a a a a

h y l
q k p p p p k p p p p

R T L

   
                 

  
    

3

2 2

18 0 1 0 80 0 *

2 2 2

24

m

a a a a a a

h y l
q k p p p p k p p p p

R T L

   
                 

(3)

 

   
3 *

2 2
1 0 10 0

4

24
m h

a a

h k y L
q p k p p

R T l 
       

 (4)

 
4. the mass flow rate produced by the externally pressurized 
orifices[20] is presented as Eq.(5):  

5. the dynamic flow mass rate generated from the motion of the 
shaft in zone① is presented as Eq.(6): 
 

  0.5

1 0 0

2
2a

s orifice s orifice i orifice s orifice i
a

q p A p A R T
p

      (5)

    
*

1 0 10 0d m h a a a

L l d
q h k y k p k p p p

R T dt           (6)

 
Multiplying the Eq. (1) with  0 04 m aR T h Rlp ,and then the 

mass flow conservation is linearized by neglecting the high 
order term:  
 

Take into account for the average film thickness in different 
zones, the mass flow conservation equations are presented as 
follows: 

For zone① 

     20 1
8 2 1 2 8 1 0 12 2

2 2
2 1 2 2 0fa m L L

a L a h L m
L c

ck p k k p k d p d y
k p p p p p p p p Tk k k Tk k p

k a a c dt dt



 

              
   

 

(7)

For zone②: 

       2
020

1 3 2 1 3 2 0 22 2 2

3 12 21
2 1

2 2

L h fa m L L
a m

L c

k k p ck p k k p k
k p p p y p p p p p y p

k a a a c



               

    
 (8)
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22 2 0L a h L m

d p d y
Tk k k Tk k p

dt dt
 

    

For zone③: 

       2
020

2 4 3 2 4 3 02 2 2

3 12 22
2 1

2 2

L ha m L L
a m

L

k k pk p k k p k
k p p p y p p p p p y

k a a a



             

   
 

3
3 2 2 0f

L a h L m
c

c d p d y
p Tk k k Tk k p

c dt dt
 

    


 

(9)

For zone④: 

    0
3 5 4 3 5 42

2 21
2

2 2

a m L
a m

L

k p k k p
k p p p y p p p p

k a
          

 
 

   2
02 4

0 42 2

3 1
1 2 2 0

L h fL
L a h L m

c

k k p ck d p d y
p y p Tk k k Tk k p

a a c dt dt

  
        

  
 

(10)

For zone⑤: 

     20
4 6 5 4 6 5 02 2

2 2
2 1a m L L

a
L

k p k k p k
k p p p p p p p

k a a
         

  
 

 2
0 5

52

3 1
2 2 0

L h f
L a h L m

c

k k p c d p d y
y p Tk k k Tk k p

a c dt dt

  
      

 
 

(11)

For zone⑥: 

    0
5 7 6 5 7 62

2 21
2

2 2

a m L
a m

L

k p k k p
k p p p y p p p p

k a
          

 
 

   2
02 6

0 62 2

3 1
1 2 2 0

L h fL
L a h L m

c

k k p c d pk d y
p y p Tk k k Tk k p

a a c dt dt

  
        

  
 

(12)

For zone⑦: 

    0
6 8 7 6 8 72

2 22
2

2 2

a m L
a m

L

k p k k p
k p p p y p p p p

k a
         

 
 

   2
02 7

0 72 2

3 1
1 2 2 0

L h fL
L a h L m

c

k k p c d pk d y
p y p Tk k k Tk k p

a a c dt dt

  
        

  
 

(13)

For zone⑧: 

    0
7 1 8 7 1 82

2 21
2

2 2

a m L
a m

L

k p k k p
k p p p y p p p p

k a
           

 
 

   2
02 8

0 82 2

3 1
1 2 2 0

L h fL
L a h L m

c

k k p c d pk d y
p y p Tk k k Tk k p

a a c dt dt

  
        

  
 

(14)

 
 
 
 

2. NONLINEAR GAS FILM FORCES WITH ANALYTICAL 
FORM  

By subtracting Eq. (7) from Eq. (11), subtracting Eq. (8) 
from Eq. (12), subtracting Eq. (9) from Eq. (13), subtracting 
Eq. (12) from Eq. (14), and the variations are defined as 

follows:
1 7 3xp p p   , 1 1 5yp p p   , 2 6 2

2 2

2 2xp p p     ,

2 2 6

2 2

2 2yp p p     , 3 8 4

2 2

2 2xp p p     , 3 8 4

2 2

2 2yp p p     . 

And then the following equation is as follows: 
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     2
00

3 2 1 2 3 1 12 2

6 12 2
2 2 2 2

L h fa m L
a x x y x x y y

L c

k k p ck p k k p
k p p p p p p y p

k a a c



              

   
 

12 4 0y
L a h L m

d p d y
Tk k k Tk k p

dt dt

 
    

(15)

     2
00

1 1 2 1 1 2 22 2

6 12 2 22
2 2 2

2 2

L h fa m L
a y x m y y x y y

L c

k k p ck p k k p
k p p p y p p p p y p

k a a c



                

   
 

22 2 4 0y
L a h L m

d p d y
Tk k k Tk k p

dt dt

 
    

(16)

         10
2 3 1 2 3 1 12

2 2
2 2 2 2 2 0f xa m L

a y y x x x x x L a
L c

c d pk p k k p
k p p p p p p p Tk k k

k a c dt





               

  
 (17)

         
2
00

1 1 3 1 1 3 32 2

6 1 22 2 22
2 2

2 2

L h fa m L
a x y m x x y x x

L c

k k p ck p k k p
k p p p y p p p p y p

k a a c



                 

   
 32 2 4 0x

L a h L m

d p d y
Tk k k Tk k p

dt dt

 
    

(18)

 
 
By employing the Laplace transforming to Eq. (15), Eq. 

(16), Eq. (17), Eq. (18), and then add the Eq. (16) with Eq. 
(18), subtract the Eq. (16) from Eq. (18), and then the 
following equations are as follows: 

 

1 1

2 3

0
2

2 2
2 ( ) ( )

( ) ( )
4 2

2

a m
a y x

L
x x

fa m L
L a

L c

k p
k p s p s

k
p s p s

ck p k k p
Tk k k s

k a c




   


   
 

      

 
(19)

 2
0

21 1

2 3

0 0
2 2

6 2 12 22 2 4 2 ( )2 ( ) ( )
2 2

( ) ( )
4 2 4 2

2 2

L h
a m m h L m

a x y
L

x x
f fa m L a m L

L a L a
L c L c

k k p
k p p Tk k p s y sk p s p s ak

p s p s
c ck p k k p k p k k p

Tk k k s Tk k k s
k a c k a c

 
 

 
              

   
                

 (20)

 
The total gas film pressure is as follows: 

1 3 2x x x xp p p p       ,
1 2 3y y x xp p p p      

And then the dimensionless gas film forces acted on the 
shaft are presented: 

 

    2x a xF k k p ＝ ; 2x a xF k k p ＝  

Where the xp and yp  are presented in Eq.(21): 

 

      3 1 2 4 5 6

2
( ) ( ) ( ) ( ) ( ) ( ) ( )

8
L

x
m

k
p D s D s D s C s D s D s D s F s y s

p A

           
  

 

   1 2 3 4 5 6 7( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )yp C s D s D s D s D s D s D s D s y s          

(21)

 
 
The denotations are listed in Table.1. 

 
 
 



 7 Copyright © 2011 by ASME 

 
 
 

Table1 definition list for hybrid gas bearing gas film forces based on the transfer function 
notation expression 

 A s  0
2

4 2
2fa m L

L a
L c

ck p k k p
Tk k k s

k a c


  
  

 

 C s  
 2

24 8
LmL

m L a m

k A spk

p k k p


 


 

 B s  
     

28 a m

L

k p
E s C s

k A s



 

 E s  
 

       
2 2

2

8 2a m a

L

k p k
A s

A sk A s
 


 

 F s  
 2

0

2

12 14
8

2 2

L h

m h L m

k k p
p Tk k p s

a


 


 

1( )D s  
 

 
   

2
0

2

6 12 2 4
1

L ha m h L m

L

k k pk p Tk k p s

k A s a B s B s

  
        

 

2 ( )D s  
       2 2 2

1a m a m

L L

k p k p
F s

k A s B s k A s

 
    

 

3 ( )D s  
       2 2

1
8

a mL

a m L

k pk
E s F s

k p B s k A s

 
   

 

4 ( )D s  
 

 
   

2
0

2

6 12 4L ha h L m
k k pk Tk k p s

A s a B s B s

 
 
  

 

5 ( )D s  
 
   

 
2

2

2 2 a m

L

k p
F s

k A s B s
 

6 ( )D s  
       2

8
L

m

k
E s F s

p A s B s


 

7 ( )D s  
 

 
   

2
0

2

3 1 2 21 2 2
2 2 4 2 1

82 2

L h a mL
m h L m

a m L

k k p k pk
p Tk k p s F s

A s a k p k A s

               
 

From the detail derived procedure, it is obviously that no 
specificity on symmetry of  the calculation domain is 
employed. So the more generalized deducing method is 
proposed in this paper. For the generalized means, several key 
issues should be noticed: 
1. for different dividing zone numbers, the average film 
thickness is different, which should be identified by the 
geometry of the zone; 

2. after the mass flow conservation equations are obtained, the 
equation of different zones should subtract from the zones of 
corresponding opposite direction; 
3. before the Laplace transforming, the equations should be 
simplified by defining the pressure difference of each double 
opposite zones. 
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3. THE DYNAMIC COEFFICIENTS OF JOURNAL GAS 
BEARING  

From the definition of the transfer function, the 
dynamic characteristics with transfer form are shown in 
Eq.(22): 

   
        3 1 2 4 5 6

2
( ) ( ) ( ) ( ) ( ) ( )

8
x L

xy
m

F s k
W s D s D s D s C s D s D s D s F s

y s p A

 
       


 

   
    1 2 3 4 5 6 7( ) ( ) ( ) ( ) ( ) ( ) ( )y

yy

F s
W s C s D s D s D s D s D s D s D s

y s


       


 
(22)

 

    By denoting the dimensionless frequency f T   

and s i , the transfer function are presented. 

   
 

x
xy

F s
W s

y s



 ,    

 
y

yy

F s
W s

y s





     (23) 

Separating the real and imaginary parts of the transfer 
function, we can write: 

     2 2Re Imxy xy xyG           (24) 

   
 

Im

Re
xy

xy
xy

arctg





 
    

 
        (25) 

     2 2Re Imyy yy yyG            (26) 

   
 

Im

Re
yy

yy
yy

arctg





 
    

 
           (27) 

Then the dimensionless stiffness and damping coefficients 
are expressed as: 

      cosxy xy xyK G            (28) 

       1sinxy xy xyC G             (29) 

      cosyy yy yyK G            (30) 

       1sinyy yy yyC G           (31) 

For the central static equilibrium position of the shaft we have 

   yy xxW s W s ,    xy yxW s W s  ,this can be extended to the 

Eqs.(23)-(30), so the    xx yyK K  ,    xy yxK K   ; 

   xy yxC C  ;    yy xxC C   so for the numerical 

analysis, only the  xyK  ,  yyK  ,  xyC  ,  xyC   are 

presented. 

4. IDENTIFICATION OF THE MODIFIED PRESSURE 
DISTRIBUTION COEFFICIENTS 

The gas film forces in each zone are depicted by defining 
the average parameters. The pressure distributions in 
circumferential direction of different section are defined by the 
following parameters: 

2* *

0

1

2mp p d





  ; ** * *
maxm m mp p p  

*
maxmp  is the maximum value of *

mp  in the bearing length 

direction. The *
mp can be employed to calculate the pressure 

distribution parameter 
sk  that located on the middle plane of 

the bearing along the circumferential direction; the **
mp  can be 

employed to calculate the pressure distribution parameter 
ak  

along the length of the bearing. By applying the results of 
pressure distribution of hybrid gas bearing in Ref[20], and 
fitting the simulated pressures, we can obtain: 

(1)the average parameter ak for pressure distribution along the 

length of the bearing depends on the downstream pressure of 

orifices ak , or  a a ck k p ; 

(2)the static average parameter sk  for pressure distribution 

along the circumferential direction depends on the downstream 

pressure cp  and the bearing length diameter ratio L D , or 

 ,s s ck k L D p ; 

(3)the static square average parameter sqk  for pressure 

distribution along the circumferential direction depends on the 

bearing length diameter ratio, or  sq sqk k L D ; 

(4) the average pressure distribution parameters *
mp , **

mp  and 
*
qmp  have no relation with the dimensionless bearing number 

 . Base on the study in Ref. [20], the detail relationship are as 
follows; 

  0.5433077 10.31322453 1 0.4cp
ak e     

0.4924 0.4115
1

c
L

p
D

sk e
 

   

0.9093
1

L

D
sqk e


   

Investigations show that it is possible to use these 
assumptions in the range of the bearing parameters with 
changes of the bearing number   from 1 to 1000, the ratio 
L/D from 0.5 to 2, the ratio of downstream pressure at the 

supply orifice to the ambient pressure cp  from 2.795 to 3.512, 

sp  from 2.026 to 5.974. 

 

5. THE ANALYTICAL FORM FOR OUTPUT PRESSURE 
OF ORIFICES 

From the form of the gas film forces, it is observed that 

the downstream pressure cp is the key parameter to determine 
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the characteristic of hybrid gas bearing. So the relation between 

the supply pressure sp  and the downstream pressure cp  is 

critical for establishing the analytical form of the gas film 

force. In Ref [19], the cp is taken as the structure parameters 

for hybrid gas bearing, which make the analysis complicated. 

So the analytical relationship between sp  and cp  will be 

derived and help making the supply pressure sp  as a structure 

parameter. 
By employing the assumption in Ref [19], the mass flow 

rate in the axial direction generated from the pressure 
difference should be equal to that generated from the externally 

pressurized orifices, 1 1s aq q
 

And then, 

   
3 2

0.5 2
0 0 00 0

2 1
12

L m a
orifice s orifice i

k h p
p A R T p

R T a
 


    

From the definition of pressure square average parameter: 

 2 2
0 1 1sq cp k p   : 

   
3 2

0.5 2
0 0 0 0

2 1
12

L m a sq
orifice s orifice i c

k h p k
p A R T p

R T a
 


    

Finally
 

 
0 0

0.5

0 0 3 2

12
2 1c orifice s orifice i

L m a sq

R T a
p p A R T

k h p k

    

It indicates that the downstream pressure of bearing 
clearance can be obtained directly by specifying the supply 
pressure. 

6. THE DYNAMIC CHARACTERISTIC OF HYBRID GAS 
BEARING  

To verify the accuracy of the proposed analytical gas film 
forces of the hybrid gas bearing, the comparison with the self-
acting gas bearing will be carried out first. For the self-acting 
gas bearing, the model can be obtained by replacing some 

parameters with constant values. The detail process is as 
follows: 

0 1P  , where 1mP  . Take the above equation into the gas 

film forces, and then the bearing characteristics of self-acting 
bearing are obtained. The same parameters as Ref [18] are used 
with different analytical model, where 0.5ak  . Because the 

clearance of the bearing is divided into eight zones, the 
parameter / 4Lk  . 

The dimensionless static stiffness obtained by the 
proposed model in this paper and by model in Ref [18] is 
compared in Fig.2, where the bearing length diameter ratio 
equals to 2.0, 1.5 and 1.0. As the increment of the 
dimensionless bearing number, the static stiffness of self-acting 
gas bearing increases.  As the rotating angular velocity 
increases to certain value, the static stiffness with different 
bearing length diameter ratio goes constant value 1.5. It 
indicates that the static stiffness increases as the bearing length 
diameter ratio increases with unchanged rotating speed. As 
shown in Fig.2, the results obtained by the proposed method 
agree well with the literature’s results. 

The attitude angle obtained by the proposed model in this 
paper and by model in Ref [18] is compared in Fig.3, where the 
bearing length diameter ratio equals to 2.0, 1.5 and 1.0. As the 
rotating angular velocity remains small, the attitude angle 
nearly equals to 90 degree. As the rotating speed increases, the 
attitude angle decreases. As the rotating speed reach higher 
enough, the attitude angle comes into 0 degree. So as the 
increment of the bearing length diameter ratio, the attitude 
angle decreases, where the rotating speeds keep constant. As 
shown in Fig.3, the great accuracy between the proposed model 
and literature model is presented. 

The detail data for the comparisons of the stiffness and 
attitude angle are presented in Tab.2. It indicates that the 
numerical results of this paper are in good agreement with the 
reference’s results, which make the foundation for the analysis 
of the gas bearing rotor system.   
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Fig.2 Comparison of dimensionless stiffness for different model varying with bearing numbers 
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Table.2 the comparison of the dimensionless stiffness and attitude angle 

Dimensionless  
bearing 
number 

L/D=2.0 L/D=1.5 L/D=1.0 
Dimensionless stiffness Attitude angle Dimensionless stiffness Attitude angle Dimensionless stiffness Attitude angle 

In 
Ref.[18] 

In this 
paper 

In 
Ref.[18] 

In this 
paper 

In 
Ref.[18]

In this 
paper 

In 
Ref.[18]

In this 
paper 

In 
Ref.[18] 

In this 
paper 

In 
Ref.[18]

In this 
paper 

0.01 0.0069 0.0068 89.77 89.80 0.0069 0.0068 89.70 89.85 0.0069 0.0068 89.68 89.90 
0.2409 0.1675 0.1648 83.64 83.82 0.1205 0.1183 84.01 84.61 0.0667 0.0653 87.48 88.62 
1.165 0.7161 0.7132 58.01 58.63 0.5444 0.5438 63.40 64.20 0.3157 0.3120 72.23 73.04 
10.4 1.4680 1.4601 10.16 10.29 1.4420 1.4407 12.59 13.08 1.3310 1.3283 19.24 19.80 
39.96 1.4980 1.4913 3.25 3.26 1.4960 1.4932 3.34 3.40 1.4860 1.4842 5.19 5.36 

 
 
The static stiffness of the hybrid gas bearing can be 

obtained by assuming that 0s  . The static stiffness varying 
with dimensionless bearing number for different supply 
pressure is acquired in Fig.4. As the dimensionless bearing 
number increases, the static stiffness increases a little, reaches 
the peak value and then decreases severely, where the bearing 
length diameter ratio keeps constant. As the supply pressure 
increases, the static stiffness gets bigger. The reason for this is 
as follows: when the dimensionless bearing number remains 

small, the aerostatic effect plays an important role in the load 
capacity of hybrid gas bearing, which generates most of the 
stiffness; as the bearing number increases, the aerodynamic 
effect raises the stiffness; as the bearing number reaches big 
enough, the aerodynamic effect suppresses the aerostatic effect, 
which attenuates the stiffness. When the dimensionless bearing 
number reaches nearly 1000, the stiffness mainly generates 
from the aerodynamic effect, so the supply pressure has nearly 
no influence on the static stiffness. 
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(d) 2.0L D   

Fig.4 the dimensionless stiffness varying with dimensionless bearing number for different supply pressure  
 
The static stiffness varying with dimensionless bearing 

number for different bearing length diameter ratio L/D is 
acquired in Fig.5. It is observed that the variation of the L/D 
does not affect the total tendency of the static stiffness: As the 
dimensionless bearing number increases, the static stiffness 
increases a little, reaches the peak value and then decreases 
severely. As the supply pressure equals to 6.0, and 
dimensionless bearing number is smaller than 5, the static 
stiffness of L/D equaling 1.5 is the biggest, whereas that of L/D 
equaling 2.0 is smaller, that of L/D equaling 1.0 is the smallest. 
The static stiffness of the hybrid bearing with the supply 
pressure of 4.0 has the same trend as that with the supply 
pressure of 6.0, whereas the amplitude is smaller. So it can be 
concluded that the bearing with bigger length diameter ratio 
L/D may not have bigger static stiffness when the supply 
pressure remain constant. As the dimensionless bearing number 
comes into high, the length diameter ratio has little influence on 
the stiffness. 

The dynamic coefficients varying with bearing length 
diameter ratio for supply pressure equaling to 6.0 and bearing 
number of 5.27 are presented in Fig.6. It is observed that the 
dimensionless coupling stiffness Kxy increases and then 

decreases, as the dimensionless frequency decreases in Fig.6 
(a). In Fig.6 (b), the dimensionless damping coefficients are 
negative. The amplitude of the coupling damping with L/D of 
2.0 is the biggest for the case that dimensionless frequency is 
smaller than 0.2. As the frequency becomes bigger than 0.2, the 
amplitude of the coupling damping coefficients with L/D of 1.0 
is the biggest. The damping coefficients become zero as the 
increments of the frequency with different bearing length 
diameter ratio. As shown in Fig.6 (c), the dimensionless direct 
stiffness increases first and then attenuates as the dimensionless 
frequency increases, and reaches the peak value with frequency 
of 1.0. The difference of the direct stiffness between different 
bearing diameter ratios becomes obvious. It indicates that the 
direct damping coefficients Cyy increases to positive value and 
then decrease to negative value, finally comes into zero in 
Fig6.(d). As the dimensionless frequency remains small, the 
direct damping coefficients with L/D of 2.0 are the biggest; 
those with L/D of 1.5 are smaller; and those with L/D of 0.5 are 
smallest. As the increment of the dimensionless frequency, the 
direct damping coefficients become negative, and the 
difference between coupling damping with different bearing 
length diameter ration comes into negligible.  
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Fig.5 the dimensionless stiffness varying with dimensionless bearing number for different L/D 
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(b)coupling damping 
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(c)direct stiffness 
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(d)direct damping 
Fig.6 the dynamic coefficients varying with bearing length diameter ratio for supply pressure equaling to 6.0 and bearing number of 5.27 

 

CONCLUSION  
The flow in the hybrid gas journal bearing is depicted by 

the transfer function in this paper, and the gas film force of 
hybrid gas bearing is derived by analytical form. Based on the 
original work in the literature, a more generalized means for 
deducing procedure is carried out. The downstream pressure of 
bearing clearance at the orifice can be obtained directly by 
employing the supply pressure with the developed method. By 
using the Laplace transform the dynamic coefficients with 
frequency as variations are acquired, which provide a reliable 
and effective method to analyze the static and dynamic 
characteristics of eight orifices hybrid gas bearing.  

Based on the proposed analytical method, the influence of 
bearing length diameter ratio, supply pressure and the bearing 
number on static and dynamic characteristics is presented. It 
indicates that when the dimensionless bearing number remains 
small, the aerostatic effect play an important role in the load 
capacity of hybrid gas bearing, which generates most of the 
stiffness; as the bearing number increases, the aerodynamic 
effect raises the stiffness; as the bearing number increases to a  
certain value, the aerodynamic effect suppresses the aerostatic 
effect, which attenuates the stiffness. For the cases of dynamic 
coefficients, as the bearing number keep constant, the variation 
of bearing length diameter ratio does not only affect the 
amplitude of the dynamic coefficients, but also affect the 
distribution laws for the coefficients that vary with the excited 
frequency. 
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