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Nomenclature
a: radius of orifice

Bij: dimensionless damping coefficient= 2
ij

a

B C
RLP
υ

π

ijB : damping coefficient

C: concentric bearing clearance for ε=0

Cd: orifice discharge coefficient

Cp: specific heat of constant pressure of air

Cv: specific heat of constant volume of air

D: diameter of journal

e: eccentricity

F: variable of pressure F=P2

g: specific gravity

h: bearing eccentric clearance=C (1-εcosθ)

h0: dimensionless equilibrium bearing clearance=(1-εo cosθo) 

H: dimensionless bearing clearance= =(1-εcosθ)

Hw: porous wall thickness

i: imaginary number= 1−

k: specific heat ratio of air=(Cp/Cv)

K: permeability of porous bearing

L: bearing length

M: dimensionless threshold rotor mass supported per bearing= 
2 2

2 a

MC WC
gRLP

υ υ
π =

M : threshold rotor mass supported per bearing

m: mesh number in z direction  2
Lm z= ∆

N: number of orifices in a circumferential row

n: number of orifices per unit circumferential length=N/(2πR)
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Abstract
The responses to changes of bearing length-to-diameter ratio and supply pressure of hybrid air journal bearings 

are investigated numerically for rotor dynamic instability. Different types of external pressure compensations, 
including multi-array of 1, 2, 3, 4, or 5-row orifice bearings and porous bearings, are analyzed to obtain more insight 
to optimum designs of journal bearings to improve the problem of whirl instability of rotor mass. The results show 
that the long porous bearings (L/D>1.0) in the higher rotation speeds (Λ>0.5) have higher threshold load capacities 
W before the onset of whirl instability and thus are more stable than orifice bearings. On the contrary, the short 5-row 
orifice bearings (L/D ≤ 1.0) are more stable than the porous bearing in the lower rotation speeds (0.1 ≤ Λ ≤ 0.5). The 
results also show that the change of supply pressure from Ps=2.0 to Ps=8.0 makes no difference to orifice bearing 
with whirl instability of rotor but that the porous bearing is the most stable for the lower supply pressure Ps=2.0 and 
becomes unstable as the supply pressure Ps increases in the higher rotation speeds (Λ>0.5).

p: pressure

P: dimensionless pressure=p/pa

pa: ambient pressure

po: equilibrium pressure

Po: dimensionless equilibrium pressure=po/pa

P1: dimensionless perturbed disturbance pressure=p1/pa

P2: dimensionless perturbed disturbance pressure=p2/pa

ps: supply pressure

Ps: dimensionless supply pressure=ps/pa

qx, qy: dimensionless displacements of journal center in X and Y 

coordinates= , yx qq
C C

λo: orifice feeding parameter  
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λp: porous feeding parameter  12
p

w

K
CHλ =

ω: rotation frequency of journal=U/R

υ: whirl frequency of journal

γ: whirl to rotation frequency ratio=υ/ω

τ: imaginary time=iυt

Introduction
The hybrid air journal bearings have been the important parts 

of the high-speed spindle for their cleanness and low friction of air 
lubrication. As the rotor supported by the bearings whirls during 
operation it may cause rotor dynamic instability. Thus the stiffness 
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and damping coefficients of various designs of air bearings have been 
widely investigated by researchers for improving the problems of rotor 
dynamic instability.

The stability analysis of gas-lubricated hydrodynamic bearings has 
been the interest of researchers since the 1960’s. The mathematical 
analyses of the whirl instability by Galerkin’s method and by 
perturbation method were developed to investigate the threshold 
mass and threshold speed of rotor-supported bearings in the papers 
of Cheng and Trumpler [1], Cheng and Pan [2] and Castelli and Elord 
[3]. Subsequent investigations to improve the stiffness of gas bearings 
were carried out by Lund [4-5] in which the stiffness and damping 
coefficients were calculated to examine the whirl instabilities of 3-robe 
tilting pads and externally pressurized gas bearings respectively. 
Experimental investigation of hydrostatic gas journal bearings was 
also performed by Leonard and Rowe [6] in which the dynamic force 
coefficients and the mechanism of rotor whirling were investigated 
and the theoretical predictions of onset of instability by mathematical 
correlations were shown to be in good match with the experiments. 

The porous bearings are also of interest to researchers for their 
better damping characteristics. Sun [7] investigated the hybrid 
instability of rotor whirling and pneumatic hammer effects in porous 
journal bearings. Subsequent studies, Wadhaw et al. [8], Han et al. 
[9] and Zhang and Chang [10], investigated externally pressurized air 
bearings numerically by various mathematical approaches for various 
configurations of compensation of pressurized air. Recent studies of 
rotor dynamic characteristics of both liquid and air bearings were 
conducted in the papers [11-17] and [18-20] respectively. Recently, by 
use of improved computing power, thermo-hydrodynamic lubrication 
is focused to obtain more precise analysis of the bearing lubrication in 
which the properties of lubricants are considered to be temperature 
dependent and the energy equation is included in the papers [21-22].

Although much effort has been made to investigate the mechanism 
of rotor-whirling instability of journal bearings, satisfactory results 
are not enough to interpret the interactive mechanism of rotor 
dynamic instability conclusively. Su and Lie [23-25] investigated the 
rotor dynamic instability of air journal bearings with new designs for 
compensation of pressurized air by multi-array of 1, 2, 3, 4, or 5-row 
orifices and compares the stiffness and damping characteristics with 
the porous bearings for improving rotor-whirling instability. Otsu et 
al. [26] investigated pneumatic hammer instability of the aerostatic 
porous bearing and found that a surface-restricted layer with smaller 
permeability has good damping effect to avoid pneumatic hammer 
instability. Furthermore the present study investigates the responses to 
the changes of bearing length-to-diameter ratio and supply pressure of 
the above new-designed hybrid air journal bearings with rotor dynamic 
instability for more insight in design of more stable bearings.

Mathematical Analysis
The schematic illustrations of journal bearings with multi-array of 

1, 2, 3, 4, or 5-row orifice feedings and porous feeding are shown in 
figure 1. The supply of pressurized air is restricted by the orifices in the 
orifice compensated bearings or by the porous matrix in the porous 
bearings. The orifices considered here could be stepped holes with thin 
needle throttle holes to discharge pressurized air to the lubricating 
film. A line source was used in the simulations so that predictions are 
valid for bearings having eight or more orifices in each circumference. 
The porous matrix in the porous bearings considered here could be a 
sintered material with porosity lower than 10-10 cm2. It should be noted 

that one to five rows of orifices are considered in the current study and 
that the rows are spaced equally on the axial cross sections from both 
bearing sides and arrayed symmetrically to the center cross section of 
the bearing with 1, 2, 3, 4 or 5 circumferential rows. A thin lubricating 
film and the compressibility of air like an ideal gas are considered in the 
analysis. The Darcy flow through porous wall in the porous bearing is 
assumed. The Reynolds equation which is only valid for low Reynolds 
numbers of order of unity is applicable for a thin lubricating film of 
order of 0.1 mm in a bearing. The dimensionless governing Reynolds 
equations for a journal bearing with rotation and whirl can be written 
as:

(A) Orifice feeding

2 223 3 ( ) ( )( ) 2 4PH PHDP PH H iL Z Z γθ θ τθ
  
  

      

∂ ∂∂ ∂∂ ∂+ = Λ + Λ∂ ∂ ∂ ∂∂ ∂                   (1)

(B) Porous feeding
22 2 223 3

3

( ) ( )24( ) 2 ( ) 4s
PH PHKRDP PH H PP P iL Z Z C

µ γθ θ τθ
  
  

      

∂ ∂∂ ∂∂ ∂+ = Λ − − + Λ∂ ∂ ∂ ∂∂ ∂
          (2)

where the additional term in (2) as compared to (1) comes from the 
Darcy flow velocity Vp in the radial direction through the porous 
bearing to the lubricating air film.

If the journal positions are perturbed by 1
ε  and 1

φ  from their static 
equilibrium positions identified by eccentricity ratio 0ε and attitude 
angle 0φ , the new positions are given by

 

Supply pressure PS
Load W=Mg

Load W=Mg

(a) Air journal bearing of multi-array of orifice feedings

(b) Air journal bearing of porous feeding.
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Figure 1: Illustrations of (a) multi-array of orifice (b) porous journal bearings.
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0 1 0 1
,ε ε ε φ φ φ= + = +                     (3)

Here 1
ε  and 1

φ  are subjected to a small whirling harmonic motion 
and can be defined as:

{ } { }1 11 1
,Re Ree eτ τε ε φ φ= =                    (4)

The corresponding equations for the dimensionless film thickness 
and pressure in the perturbed state are

0 1 0 0 1 0
cos sinH h ε θ ε φ θ= − +                      (5)

0 1 1 0 1 2
P P P Pε ε φ= + +                       (6)

where ho is the dimensionless equilibrium film thickness and 
expressed as: 

0 0 0
1 cosh ε θ= +                                       (7)

Substituting the perturbed quantities of (4-6) into the governing 
Reynolds equations (1-2), the perturbed governing equations are 
formulated for orifice feeding and porous feeding bearings to be (A1) 
and (B1) respectively as shown in appendices A and B. In derivations 
of (A1) and (B1), higher order perturbed terms than 

1
ε  and 1

φ  are 
ignored. In order to solve the disturbance quantities of pressures P1 
and P2, (A1) and (B1) are differentiated partially with respect to 

1
ε   

and 0 1
ε φ  and result in (A2), (A3), (B2) and (B3) in appendices A and 

B. The three common boundary conditions for the perturbed equations 
(A2), (A3), (B2) and (B3) for orifice and porous feedings are defined as 
following:

1 2
( , 1) ( , 1) 0P Z P Zθ θ= = = =                      (8)

1 1 2 2
( , ) ( 2 , ), ( , ) ( 2 , )P Z P Z P Z P Zθ θ π θ θ π= + = +                                 (9)

1 1 2 2( , ) ( 2 , ), ( , ) ( 2 , )P P P PZ Z Z Zθ θ π θ θ πθ θ θ θ
∂ ∂ ∂ ∂= + = +∂ ∂ ∂ ∂                       (10)

The continuity conditions at orifices are needed to solve the 
perturbed equations (A2), (A3), (B2) and (B3). The continuity equation 
in the locations of orifice inlets is written as:

 
3 3 ( ) ( )6 12 12 o

h hh hP P U vx z x tx z
ρ ρρ ρ ρµ µ

   
   
   
   

−∂ ∂∂ ∂∂ ∂+ = +∂ ∂ ∂ ∂∂ ∂                          (11)

where vo is the discharge velocity of air through the orifice. The 
formulations of vo are shown as in Su and Lie [24]. The dimensionless 
form of (11) is written as:

2 223 3
0

( ) ( )( ) 2 4 4PH PHDP PH H i VL Z Z γθ θ τθ
  
  

      

∂ ∂∂ ∂∂ ∂+ = Λ + Λ − Λ∂ ∂ ∂ ∂∂ ∂        (12)

The final perturbed forms of the continuity (12) are derived to be 
(A4) and (A5) in appendix A.

The fourth boundary condition for the porous bearing is the 
symmetric condition in the center cross section of the porous bearing 
and expressed as:

1 2( , 0) ( , 0) 0P PZ ZZ Zθ θ∂ ∂= = = =∂ ∂                      (13)

Numerical solutions for perturbed equations

The central finite difference method is employed to solve the 
perturbed equations (A2) and (A3) with boundary conditions of (8-10), 
(A4) and (A5) for orifice feeding bearings, and the perturbed equations 
(B2) and (B3) with boundary conditions of (8-10,13) are also solved 
for porous bearings. The equilibrium pressure Po is to be solved with a 
set of fixed parameters for a certain operating condition of the flow in 
the bearing and then inserted into the perturbed equations to solve the 

disturbance pressures P1 and P2 for the disturbed flow in the bearing. 
The solution of the equilibrium pressure Po can be referred to Su and 
Lie [24]. It should be noted that double precision in programming 
is required for the disturbance pressures P1 and P2 to improve the 
numerical convergence. A mesh number of 30×180 in radial and 
angular directions makes the load capacity of the bearing converge to 
a relative error within 10-5 and is employed in the numerical schemes. 
The criterion of numerical iterating convergence is set to be that the 
accumulated relative error of all grids between two iterations is less 
than 10-5:

1
, ,

1
,

510
n n

i j i j
ni j i j

P P
P

+

+

−−
∑ <∑                   (14)

Calculation of stiffness and damping coefficients

The perturbed support force components FR along and FT 
perpendicular to the line of centers of journal and bearing can be 
determined as follows: 

 0 1 0 1R R RR RT
F F Z Zε ε φ= + +                      (15)

 0 1 0 1T T TR TT
F F Z Zε ε φ= + +                    (16)

where FR0 and FT0 are the equilibrium support force components 
and determined as Su and Lie (24). And the perturbed force coefficients 
are determined by integration as:

1 2
10 0

cos2
sin

RR

TR

Z P d dZ
Z

π θ θ
θ

      
   
      

= ∫ ∫                   (17)

 1 2
20 0

cos2
sin

RT

TT

Z P d dZ
Z

π θ θ
θ

      
   
      

= ∫ ∫                   (18)

The perturbed force coefficients for the X and Y components are 
expressed in the following matrix transformation:

 sin cos sin cos
cos sin cos sin

o o o oXX XY RR TR

YX YY RT TT o o o o

Z Z Z Z
Z Z Z Z

φ φ φ φ
φ φ φ φ

      
      
      
          

− −=               (19)

The perturbed force coefficients are complex numbers and can be 
separated in real and imaginary matrixes as:

11 12 11 12

21 2221 22

XX XY

YX YY

Z Z S S B Bi
Z Z B BS S

    
    
    

    
= +                  (20)

where S11, S12, S21 and S22 are the stiffness coefficients and B11, B12, B21 and 
B22 are the damping coefficients of the journal bearings.

Whirl instability analysis

The whirl motion q of rotor mass M can be written in linear 
differential equations as:

 11 12 11 12

21 22 21 22

.. .0 0
00

B B S SM q q q
B B S SM

                                                  
+ + = (21)

where q is a two dimensional vector of displacements of qx and qy in X 
and Y directions respectively.

The threshold mass M of rotor is determined by use of Routh’s 
criterion. The weight of rotor mass is accounted as the entire loading 
of the bearing (W=Mg) and balanced by the equilibrium support forces 
FR0 and FT0 of the bearing. 

By applying Routh’s criterion, the standard of whirl instability can 
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porous feeding parameter λp=10-8 for bearing number Λ=0.5. It is seen 
that the threshold load capacity W of the porous bearing increases 
steeply as the ratio (L/D) exceeds 1.0. It is apparent that the long porous 
bearing (L/D>1) is more stable in a medium rotation speed (Λ=0.5). 
It can be shown that the stiffness of a long porous bearing decrease as 
the slenderness ratio (L/D) exceeds 1.0 as in (23) and that the damping 
coefficient of a porous bearing is higher than an orifice bearing as in 
(24). Both low stiffness and high damping effect make a long porous 
bearing more stable. It can also be seen that 5-row orifice bearing has 
the higher threshold load capacity W and then is more stable for short 
bearings (L/D  1) in a medium rotation speed (Λ=0.5).

Figure 4 shows threshold load capacity W of rotor mass vs. bearing 
length to radius ratio (L/D) for orifice feeding parameter λo=10-4 and 
porous feeding parameter λp=10-8 for bearing number Λ=1.0. It is seen 

be derived from the (21) of motion as:

11 11 12 12

21 21 22 22

0
0

x

y

qM B S B S
qB S M B S

                     

+ + + =
+ + +                    (22)

The neutral stability criterion for existence of solution of (22) 
requires the coefficient determinant to be zero:

11 11 12 12

21 21 22 22

0
M B S B S

B S M B S

+ + +
=

+ + +

                    (23)

The iteration procedure with Newton-Raphson correcting 
algorithm is employed to determine the threshold rotor mass M by 
correcting the values of whirl to rotation frequency ratio γ under a 
certain set of fixed operation parameters that define an equilibrium 
flow in a bearing. The convergence criterion is set for the residue of the 
determinant (23) to be less than 10-5.

Results and Discussions
The responses to changes of bearing length-to-diameter ratio and 

supply pressure of hybrid air journal bearings are analyzed numerically 
for the whirl instability of rotor mass. The various external pressure 
compensations of air, including the bearing of multi-array of 1, 2, 3, 
4, or 5 circumferential rows of orifice feeding and the porous bearing, 
are analyzed to obtain more information for the optimum designs. The 
threshold rotor mass M , which constitutes the load capacity w (= M  
g) of supporting bearings, is defined as the measure of whirl instability. 

Figure 2 shows threshold load capacity W of rotor mass vs. bearing 
length to radius ratio (L/D) for orifice feeding parameter λo=10-4 and 
porous feeding parameter λp=10-8 for bearing number Λ=0.1. It is seen 
that the threshold load capacity W increases with bearing length to 
radius ratio (L/D) almost linearly in a lower rotation speed (Λ=0.1). 
It can be seen that 5-row orifice bearing has the higher threshold load 
capacity W and thus is more stable than the porous bearing in a lower 
rotation speed.

Figure 3 shows threshold load capacity W of rotor mass vs. bearing 
length to radius ratio (L/D) for orifice feeding parameter λo=10-4 and 

Ps = 3.0
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Figure 2: Threshold load capacity W of rotor mass vs. bearing length to 
radius ratio (L/D).
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Figure 3: Threshold load capacity W of rotor mass vs. bearing length to 
radius ratio (L/D).
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Figure 4: Threshold load capacity W of rotor mass vs. bearing length to 
radius ratio (L/D).
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that the threshold load capacities W of all types of bearings increase 
similarly with the ratio (L/D) until L/D=1.5 and that the threshold load 
capacity W of 5-row orifice bearing decreases as the ratio (L/D) exceeds 
1.5 in a higher rotation speed (Λ=1.0). It can be seen that there is no 
significant difference with the threshold load capacities W of all types 
of bearings for short bearings (L/D  1) in a higher rotation speed 
(Λ=1.0). It can also be seen that the long porous bearing (L/D>1) 
has higher threshold load capacity W and thus is more stable than 
the orifice bearings in a higher rotation speed (Λ=1.0) for the same 
reason that the stiffness of a long porous bearing decreases steeply as 
slenderness exceeds 1 (L/D>1) as shown in (23).

Figure 5 shows threshold load capacity W of rotor mass vs. 
supply pressure Ps for orifice feeding parameter λo=10-4 and porous 
feeding parameter λp=10-8 for bearing number Λ=0.1. It is seen that 
the threshold load capacities W of orifice bearings have no change as 
supply pressure increases from Ps=2.0 to Ps=8.0 and that the threshold 
load capacity W of the porous bearing has no significant change in 

average in a lower rotation speed (Λ=0.1). It is also seen that the porous 
bearing has the lower threshold load capacities than the orifice bearings 
for the porous bearing has the higher stiffness than the orifice bearings 
in a low rotation speed. It is also seen that the odd-row orifice bearings 
have the higher threshold load capacities and then are stabilized by 
locating a row in the bearing center cross section.

Figure 6 shows threshold load capacity W of rotor mass vs. supply 
pressure Ps for orifice feeding parameter λo=10-4 and porous feeding 
parameter λp=10-8 for bearing number Λ=0.5. It is seen that the porous 
bearing has the higher threshold load capacity W for the lower supply 
pressure Ps=2.0 and the threshold load capacities W of orifice bearings 
have no change as supply pressure increases from Ps=2.0 to Ps=8.0 in 
a medium rotation speed (Λ=0.5). The more stable porous bearing at 
low pressure Ps=2.0 comes out with its low stiffness and high damping 
effect.
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Figure 5: Threshold load capacity W of rotor mass vs. supply pressure Ps.
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Figure 7 shows threshold load capacity W of rotor mass vs. supply 
pressure Ps for orifice feeding parameter λo=10-4 and porous feeding 
parameter λp=10-8 for bearing number Λ=1.0. It is seen that the 
threshold load capacities W are almost the same as supply pressure 
increases from Ps=2.0 to Ps=8.0 except that the porous bearing has 
the higher threshold load capacity W for the lower supply pressure 
Ps=2.0 in a higher rotation speed (Λ=1.0). It is apparent from figures 
6 and 7 that the porous bearing has the higher threshold load capacity 
W for lower supply pressure Ps=2.0 and thus is more stable in the 
higher rotation speeds (Λ  0.5) by its low stiffness and high damping 
effect at the lower supply pressure Ps=2.0. It can be considered that 
the limitation of the critical pressure ratio ( Po/Ps=0.53 ) of air flowing 
through an orifice causes no substantial change is observed with rotor 
instability as supply pressure Ps increases from 2.0 to 8.0.
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Figure 9: Threshold whirl frequency ratio γ vs. bearing length to radius 
ratio (L/D).

Figure 8 shows threshold load capacity W of rotor mass vs. supply 
pressure Ps for various bearing length to radius ratio (L/D) for porous 
bearings for porous feeding parameter λp=10-8 for bearing number 
Λ=1.0. It is seen that the long porous bearing (L/D  1) has the higher 
threshold load capacity W for the lower supply pressure Ps=2.0 in a 
higher rotation speed (Λ=1.0). It can be said that the porous bearing 
is relatively stable for lower supply pressures and becomes unstable 
rapidly as supply pressure increases. This is because the stiffness of the 
porous bearing increases substantially as the supply pressure Ps increases 
and the higher stiffness would degrade the stability of rotor whirl. But 
the orifice bearing differs from the porous bearing for its stiffness does 
not increase significantly as the supply pressure Ps increases because 
of the limitation of critical pressure ratio (Po/Ps=0.53) of air flowing 
through an orifice. The stiffness of an orifice feeding bearing no longer 
increases as the supply pressure ratio exceeds the critical pressure ratio. 
Therefore the threshold load capacities W of orifice bearings have no 
significant change as supply pressure increases from Ps=2.0 to Ps=8.0 as 
shown in figures 5-7.

Figure 9 shows threshold whirl frequency ratio γ vs. bearing 
length to radius ratio (L/D) for orifice feeding parameter λo=10-4 and 
porous feeding parameter λp=10-8 for bearing number Λ=0.1. It can be 
seen that the 5-row and 4-row orifice bearings have relatively higher 
threshold whirl frequency ratios γ than the porous bearing in average 
in a lower rotation speed (Λ=0.1). In addition, the 5-row and 4-row 
orifice bearings have relatively higher threshold load capacity W than 
the porous bearing as shown in figure 2. It is concluded that the 5-row 
and 4-row orifice bearings are more stable than the porous bearing in a 
lower rotation speed (Λ=0.1).

Figure 10 shows threshold whirl frequency ratio γ vs. bearing 
length to radius ratio (L/D) for orifice feeding parameter λo=10-4 and 
porous feeding parameter λp=10-8 for bearing number Λ=0.5. It is seen 
that all the threshold whirl frequency ratio γ are close to each other as 
the ratio (L/D) exceeds 0.5 and the whirl frequency ratio γ of 5-row and 
4-row orifice bearings are higher than that of the porous bearing when 
the ratio (L/D) is less than 0.5. As referred to figure 3, it can be seen 
that the 5-row orifice bearing has the higher threshold load capacity 
W with the higher whirl frequency ratio γ and thus is more stable than 
the porous bearing for a short bearing (L/D  1) in a medium rotation 
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speed (Λ=0.5) and that the long porous bearing (L/D>1) has much 
higher threshold load capacity W with a little lower whirl frequency 
ratio γ and thus is more stable than orifice bearings in a medium 
rotation speed (Λ=0.5).

Figure 11 shows threshold whirl frequency ratio γ vs. bearing 
length to radius ratio (L/D) for orifice feeding parameter λo=10-4 and 
porous feeding parameter λp=10-8 for bearing number Λ=1.0. It is seen 
that all the threshold whirl frequency ratio γ are close to each other as 
the ratio (L/D) exceeds 1.0 and the whirl frequency ratio γ of 1-row and 
2-row orifice bearings are higher than that of the porous bearing when 
the ratio (L/D) is less than 1.0.

As referred to figure 4, It can be seen that the 1-row and 2-row 
orifice bearing has both higher threshold load capacity W with the 
higher whirl frequency ratio γ and thus are more stable than the porous 
bearing for a short bearing (L/D  1) in a higher rotation speed (Λ=1.0) 
but that the long porous bearing (L/D>1) has much higher threshold 
load capacity W with a little lower whirl frequency ratio γ and thus is 
more stable than orifice bearings in a higher rotation speed (Λ=1.0). 

Figure 12 shows threshold whirl frequency ratio γ vs. supply 
pressure Ps for various bearing length to radius ratio (L/D) for porous 
bearings for porous feeding parameter λp=10-8 for bearing number 
Λ=1.0. It can be seen that the short porous bearing (L/D=0.25) has 
higher threshold whirl frequency ratio γ but much lower threshold load 
capacity W as referred to figure 8, so that the short porous bearing is 
unstable even with the higher threshold whirl frequency ratio γ.

It can also be seen that the long porous bearing (L/D  1) has 
lower threshold whirl frequency ratio γ but much higher threshold load 
capacity W as referred to figure 8 for the lower supply pressure Ps=2.0 
for bearing number Λ=1.0. Thus it can be said that the long porous 
bearing (L/D  1) is more stable for the lower supply pressure Ps=2.0 
in a higher rotation speed (Λ=1.0).

Conclusions
Comparing multi-array orifice feeding air journal bearings with 

porous air journal bearings, some conclusions for the responses to 

changes of bearing length-to-diameter ratio and supply pressure with 
rotor whirl instability of hybrid air journal bearings are obtained as 
follows:

1. A long bearing is more stable than a short bearing generally for 
the threshold load capacity increases with the bearing length to radius 
ratio (L/D). 

2. The 5-row orifice bearing is more stable than the porous bearing 
for a short bearing (L/D  1) and in the lower rotation speed (0.1  Λ 
 0.5).

3. The porous bearing is more stable than the orifice bearings for a 
long bearing (L/D>1) in the higher rotation speed (Λ>0.5).

4. The orifice bearings are insensible to the change of external 
supply pressure with rotor whirl instability and their threshold load 
capacities of rotor mass have no significant change as supply pressure 
increases from Ps=2.0 to Ps=8.0. 

5. The long porous bearings (L/D  1) is more stable for the lower 
supply pressure Ps=2.0 for the threshold load capacity drops rapidly as 
the supply pressure increases from the lower Ps=2.0 for the long porous 
bearings.
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