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Design and Analysis of Air Bearing using 
Orifice and Feed Hole Pocket

* Nileshkumar T. Raval ** Prof. M.Y.Patil

Air bearings are extensively used in precision machines and equipment in recent years. Unlike conventional bearings, there is 
no physical contact between the sliding surfaces. The moving surface can glide smoothly on the other surface, minimizing the 
control effort to achieve high accuracy and precision. Finally, a three-dimensional (3D) model was built for Computational Fluid 
Dynamics (CFD) analysis to verify the theoretical result. A test set-up was designed to measure and study the performance 
of different kind of air bearings for future air bearing development. The stiffness and forces of various geometric designs of 
aerostatic thrust bearings were investigated under different operating conditions. The results also provided helpful design 
guidelines for gas-bearing in high-precision machine applications. When value of pressure increased from 5 bars to 7 bars, 
forces and stiffness value decreased for geometries. 

ABSTRACT

1 INTRODUCTION:
Rolling element bearings developed in the last century were 
a revolutionary improvement over the plain bearings that had 
been pushed to their limits in applications like electric mo-
tors and automobile wheels. Air bearings represent the next 
logical step in bearing design. Air bearings in general have 
a proven track record having been employed in coordinate 
measuring machines. The many technical advantages of air 
bearings such as near zero friction and wear, high speed and 
high precision capabilities, and no oil lubrication requirements 
are powerful advantages for today’s machine designers.

The operating principle of Air Bearings
Any air bearing uses a thin film of pressurized air between 
machine elements to support a load so there is no solid-to-
solid contact. Traditional orifice-type air bearings send pres-
surized air through a small hole in the bearing itself and then 
direct it further through the gap between the bearing and ma-
chine element.

2 METHODOLOGY:
THEORETICAL ANALYSIS 
Single orifice-type, circular-pocket air bearing is considered 
for the analysis. The entire flow can be divided into two 
parts—flow through the orifice and flow through the bearing 
surface, as shown in Figure 1.

Figure 1. Air thrust bearing with central feed hole and pocket.

A. Flow through the orifice
In considering the flow through the orifice, following assump-
tions have been made
• 	 There are no pressure losses upstream of the throat of 

the jet, i.e. the pressure at the entry to the jet is the supply 
pressure Po.

• 	 The pressure immediately downstream of the jet is the 
static pressure in the throat of the jet.

Considering the flow through a nozzle of the same throat di-
ameter as the jet, the relationship between supply pressure 
and static pressure at the throat is given by :

						      (1)

wherePdis the static pressure at the throat, Po is the supply 
pressure, v is the velocity at the throat, aois the speed of 
sound, and γ  is the ratio of specific heats for the air.

Assuming isentropic expansion, the mass flow through a jet 
is given by:

						       (2)

whereCDis the coefficient of discharge, A is the area of the 
throat, 0ρ is the air density at supply condition, R is the gas-
constant, and To is the temperature.

B. Flow through the bearing surface
In almost all practical bearings, the flow in the bearing clear-
ance is laminar and pressure losses occur due to viscous 
shearing in the gas film. Following assumptions have been 
made to simplify the problem, inertia forces due to accelera-
tion can be neglected compared to frictional forces due to 
viscous shearing; laminar flow conditions exist at all points 
in the gas film; pressure is constant over any section normal 
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to the direction of flow, and there is no slip at the boundaries 
between the fluid and the plates. 

Under these assumptions, and assuming isothermal condi-
tions in the gas film, the mass flow rate through the bearing 
surface can be given by:

						      (3)

whereh is the air gap, Pa is the ambient pressure, µ  is the 
viscosity of air, b is the bearing radius, and a is the pocket 
radius,

C. Load capacity
The load capacity can be defined as the total load supported 
by the bearing surfaces. It can be obtained by integrating the 
pressure over the whole of the bearing surface. The total load 
capacity can be given by:

					     (4)

Figure 4. Load carried by circular thrust bearing.

D. Stiffness
Stiffness can be defined as the rate of change of load capac-
ity with respect to change in air gap,

dWK
dh

= − 				    (5)

Higher stiffness means less compliance. This means there 
will be small change in air gap corresponding to large varia-
tion in load.

DIFFERENT DESIGNS OF AIR BEARING
With using of design parameters like air bearing outer diam-
eter, air supply hole diameter, orifice diameter, feed pocket 
diameter, supply pressure air bearing is designed.

CREO and SOLID WORKS 2011 soft-wares are used for 
making model of different air bearing.

FIGURE 2.3D MODEL OF 4AB60_ AIR BEARING
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Another variation in air bearing design was with rectangular 
pocket dimension, which was equivalent to circular pocket di-
ameter. Now another variation in design with combination of 
circular and rectangular pockets.

There are three cases 4AB60_, 6AB60_, 8AB60_ butbest op-
timized case is described here. we give only description for 
case 4AB60_

4AB60RC_1

•	 Description of air bearing name 4AB60RC_1
4 stands for 4 nos. of orifices
AB stands for Air Bearing
60 stands for 60 mm. bearing outer diameter

R stands for rectangular feed pocket with 1.08 mm side and 
depth of feed pocket with height 3 mm.

C stands for circular feed pocket with 1.2 mm diameter and 
depth of feed pocket with height 3 mm.

CASE 1: 4AB60_

Table 1: Description of 4AB60_ type air bearing
ORIFICE 
DIAMETER
(mm.)

POCKET 
DIAMETER/
SIDE (mm.)

POCKET 
HEIGHT
(mm.)

4AB60C_1 0.5 1.2 3
4AB60C_2 0.5 1.2 2
4AB60C_3 0.5 1.2 1
4AB60C_4 0.5 1.4 1
4AB60C_5 0.5 1.4 2
4AB60C_6 0.5 1.4 3
4AB60R_1 0.5 1.08 3
4AB60R_2 0.5 1.08 2
4AB60R_3 0.5 1.08 1
4AB60R_4 0.5 1.27 1
4AB60R_5 0.5 1.27 2
4AB60R_6 0.5 1.27 3
4AB60RC_1 0.5 1.08 1.2 3
4AB60RC_2 0.5 1.08 1.2 2
4AB60RC_3 0.5 1.08 1.2 1
4AB60RC_4 0.5 1.27 1.4 1
4AB60RC_5 0.5 1.27 1.4 2
4AB60RC_6 0.5 1.27 1.4 3

3. RESULTS AND DISCUSSION
Table 2: Results for Forces and Stiffness of 4AB60_ type 
air bearing with 5, 6, 7 bar pressure values.

5 bar 6 bar 7 bar 5 bar 6 bar 7 bar
Sr 
No. Description Force (N) Maximum Stiffness (N/mm)

1 4AB60C_1 581.04 412.7 300.9 154.944 103.175 94.03125
2 4AB60C_2 389 397.4 299.2 103.733333 99.35 93.5
3 4AB60C_3 464.6 405.5 331.3 123.893333 101.375 103.53125
4 4AB60C_4 172.4 146.8 120.8 45.9733333 36.7 37.75
5 4AB60C_5 149.6 121.5 96.86 39.8933333 30.375 30.26875
6 4AB60C_6 174.7 146.8 116.3 46.5866667 36.7 36.34375
7 4AB60R_1 1250 901 739.6 333.333333 225.25 231.125
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8 4AB60R_2 943.5 945 756.2 251.6 236.25 236.3125
9 4AB60R_3 1239 1179 928.4 330.4 294.75 290.125
10 4AB60R_4 993.5 934.5 734.4 264.933333 233.625 229.5
11 4AB60R_5 742.8 684.9 564.2 198.08 171.225 176.3125
12 4AB60R_6 687.1 648.4 530.2 183.226667 162.1 165.6875
13 4AB60RC_1 974.2 730.3 645.6 259.786667 182.575 201.75
14 4AB60RC_2 748.3 532 605 199.546667 133 189.0625
15 4AB60RC_3 619.6 555.2 427.5 165.226667 138.8 133.59375
16 4AB60RC_4 525.6 443.6 508.6 140.16 110.9 158.9375
17 4AB60RC_5 574.8 471.3 509.6 153.28 117.825 159.25
18 4AB60RC_6 755.7 627.9 565.4 201.52 156.975 176.6875
As shown in table supply pressure was increased from 5 bar 
to 7 bar, Force value were decreased for one design of bear-
ing. Also as shown in table for one kind of bearing whensup-
ply pressure was increased value of stiffness also decreases. 
So we can conclude that for one kind of air bearing at pocket 
end force value and stiffness values decrease when supply 
pressuresincreased.

Among all air bearings with circular pockets 4AB60C_1 air 
bearing with 3 mm pocket depth has maximum force and stiff-
ness values.

Among all air bearings with rectangular pockets 4AB60R_3 
air bearing with 1 mm pocket depth has maximum force and 
stiffness values.

Among all air bearings with combination of circular and rec-
tangular circular pockets 4AB60RC_1 air bearing with 3 mm 
pocket depth has maximum force and stiffness values.

CONCLUSION:
If pressure is increased from 5 bar to 7bar force value de-
creases at same moment stiffness value also decreases. If 
pocket height of air bearing increases at same moment force 
value also increases and stiffness value will be variable. 
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