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Abstract 

The research presented in this paper is aimed at the 
design of Tilting pad journal bearing. This bearing 
generally consists of three pads pivoted with bearing 
housing. This paper provides method for simulation of the 
pressure distribution inside the bearing. The modulation of 
the back face pressure is done by the aerodynamic pressure 
developed in the clearance space between the rotor and the 
pad through the connecting holes and bleed hole. The 
pressure distribution of the gas film within the bearing is 
governed by Reynolds equation which is distinct solution 
by finite difference method. Initially computation of the 
geometry of the pad is done followed by the determination 
of pressure distribution with the help of MATLAB 
Programming.  

1. Introduction 

Cryogenic turboexpander generally run at very high 
speed and relatively low loads. It is preferred to use gas-
lubricated bearings over oil-lubricated bearings for 
cryogenic turboexpander [1]. Gas bearings are particularly 
attractive for using high speed applications because of low 
viscosity, which results in much lower power losses than 
occur in their oil lubricated counterparts. Also noteworthy 
is the increase in gas viscosity with increase in temperature 
which minimizes thermal issues and may operate at up to 
700,000 rpm with no cooling requirements [1 - 2].  

Tilting pad journal bearings has got one distinct 
advantage over the full 3600 journal bearing that it is 
almost free from half speed whirling . Pivot-less tilting pad 
gas journal bearing is invented by Jost and Trepp[3] and 
used by Sulzer Brothers, Switzerland [4]. The basic journal 
bearing system is shown in Fig. 1. Since the design 
methods of these bearings are not available in open 
literature, this chapter serves to fill in the void and provide 
a procedure for geometrical design of a pad along with a 
method for simulation of pressure variation inside the 
bearing. 
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Tilting Pads

Shaft

Pad Housing

 

Figure 1: Schematic of a pivotless tilting pad bearing 

Nomenclature 

R  Shaft radius 
r   Pad radius 
r0  Pad housing radius 
R0  Pad housing edge radius 
C  Pad clearance with rotor 
H0  Clearance with pad housing 
L  Pad length 
α′   Total pad angle 
α   Effective pad angle 
γ   Pad angle ratio 
δ   Angular extent of pad trailing edge wedge  
Dw  Wedge width 
∆  Wedge depth 

3θ          Effective angular extent   of the back face 
ξ      Angular location of pad leading edge from  

                        the position of maximum film thickness 
θincl   Included angle between connecting holes 
dcon   Connecting hole diameter 
dbleed  Bleed hole diameter 

2. Working Principle 

Each pad basically consists of a front face that forms 
the bearing surface, a back face, a network of three holes in 
one plane with two such planes located symmetrically 
across the pad length, and a trailing edge wedge is shown 
in Fig. 2. The wedge, along with the network of holes, 
forms a system that acts as a replacement for the pad pivot. 
High pressure from the bearing surface is communicated to 
the back face of the pad through the holes. This generates a 
pressure profile at the back face; the force due to that 
pressure passes through the geometric centre of the circle 
defining the face. This geometric centre can be regarded as 
the position of an imaginary pivot that divides the bearing 
area into two unequal parts due to the presence of the 
wedge. The forces coming into picture are the aerodynamic 
load on the pad, the frictional force on the bearing surface 
and the force due to pressure distribution at the pad back 
face. The modulation of back face pressure is supposed to 
be done by the aerodynamic pressure developed in the 
clearance space between the rotor and the pad. Any rise in 
bearing pressure at the bleed hole entry, due to increased 
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external load, triggers an identical response at the back 
face of the pad. 

Bleed hole

Trailing edge wedge

 

Figure 2: A single pad with its features 

3. Governing Equations 
In order to simplify the entire analysis is broken up 

into two distinct parts. The effective bearing surface along 
with the rotor is treated as a partial arc bearing while the 
back face has a pressure distribution solely contributed by 
aerostatic means.  

3.1 The partial arc aerodynamic journal 
bearing 

Considering the pad surface and the rotor as a partial 
arc bearing, the dimensionless Reynolds equation in steady 
state can be expressed in the following form [5 - 6]: 
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where, 
P = p/pa is the dimensionless pressure  
p = bearing pressure at any locationθ, z 
pa = the ambient pressure  
η = z/L is the dimensionless location in the axial  

               direction along pad length  
θ = angular location around the bearing circumference 

               measured from the position of maximum film 
              thickness,  
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Λ being the bearing number and ω the angular velocity 
        of the rotor. 

The dimensionless film thickness,  
H = h/C = (1 + ε cosθ )          (3) 
where, 
h = Film thickness at any location θ, z 
ε = e/C is the journal eccentricity ratio, and 
e = Journal eccentricity 

The boundary conditions required for solving equation (1) 
are: 
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The boundary conditions are the consequence of the 
fact that the pressure at the edge of the pad is ambient. 

3.2 Back face of the pad 

The fact that a thin film of gas surrounds the pad back 
face and separates it from the housing makes it possible to 
treat the pad-housing combination as a bearing. The 
Reynolds equation for the bearing is expressed in the form 
equation (5): 
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h  being the pad back face clearance at any angle θ 
measured from the edge of the housing  is shown in Fig. 3 
and sε the eccentricity ratio of the pad with respect to the 
housing. 

 

Figure 3: Sector under investigation at the back face of 
the pad 

Due to the symmetrical location of the holes, only one 
quarter of the back face, having a single gas feed hole, is 
considered for analysis and computation. The boundary 
conditions required for solving equation (5) are: 
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The first condition arises from the fact that the 
pressure at the edges of the pad is ambient. The second and 
the third conditions are due to the effect of symmetric 
pressure distribution along the circumferential and axial 
directions over the pad. The last condition merely states 
that the pressure at the exit of the gas feed hole Phole is the 
same as Pdyn, the pressure at the entry of bleed hole on the 
pad-rotor bearing surface. 

4. Method of solution 

4.1 Computation of pad geometry 

The schematic of a single pad and rotor geometry is 
shown in Fig. 4. With the assumption of pad centre 
coinciding with the pad front face, the pad back face radius 
can be approximately expressed as 
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The value of r computed from equation (8) is then 
corrected to nearest meaningful value r0 from machining 
considerations. The pad housing radius, r0 is computed 
from the relation: 

00 Hrr c +=                                                                  (9) 

Now, working backwards, the corrected value of α’ is 
obtained as: 
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 Figure 4: Pad and rotor geometry 

The corrected value of αc’ is not far from that of α’. 
The slot angle δ is now calculated from the relation: 
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The actual wedge width Dw is then computed from the 
formula: 
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The calculated value of Dw can be corrected to the 
nearest meaningful number Dc from considerations of pad 
machining constraints. The modified value of slot angle, δc 
is then determined by working backwards: 
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Using equations (11) and (13) the modified value of γr 
is found as: 
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Once the pad angle ratio is fixed, it is possible to 
determine the angular extent of the effective pad arc from 
the relation: 
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The angular location of the imaginary pivot is then 
determined from the formula: 

α
α

φ
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Using trigonometry, the angular extent of clearance 
between pad back face and housing is calculated from 
Fig.5. 
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Figure 5: Geometrical relationship between pad and 

housing features 

4.2 Numerical Scheme 

4.2.1 The partial arc aerodynamic journal bearing 

In order to obtain the pressure at the bearing clearance, 
equation (1) has to be solved numerically. The finite 
difference method is employed for the purpose. Equation 
(1) is discritised for solution by FDM [7] and expressed in 
the following form: 
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where, 
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M and N being the number of grids in the θ and η  
directions respectively. 

As a solution of equation (20), the pressure at any grid 
location can be expressed as: 

jijijiji FEEP ,
2
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Equation (28), when applied to all points of the 
bearing grid yields a set of simultaneous equations. These 
equations are solved iteratively using Gauss-Seidel 
iterative scheme with successive over-relaxation to obtain 
gas pressure values at all the grid locations. Typical 
bearing pressure distribution in the circumferential and 
axial directions is shown in Fig.6 and 7 respectively. 

4.2.2 Back face of the pad 

The pressure distribution at the back face of the pad is 
computed by employing finite difference methods. 
Equation (5) is discritised and expressed as:  
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From equation (45), the pressure at any grid location is 
determined from the relation: 
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2
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In a manner akin to the computation of partial arc 
aerodynamic journal bearing (pad front face), equation 
(37), when applied to all points of the bearing grid, yields a 
set of simultaneous equations, which is solved iteratively 
by using Gauss-Seidel iterative scheme with successive 
over-relaxation. This gives the gas pressure at all the grid 

locations. Numerical integration of the pressure values 
over the bearing surface gives the back face load capacity. 

5. Results 

The details of the computation process are given in the 
computational flow chart as described in Fig. 6.   By 
following the flow and taking some assumed bearing 
parameters a MATLAB program is written. This provides 
pressure characteristics of the bearing for different values 
of bearing parameters hence an optimized design can be 
selected. 
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Figure 6: Flow chart for computation process 

 

 

 
Figure 7: Pressure distribution on the pad front surface 

along circumferential direction 

 
Figure 8: Pressure distribution on the pad front surface 

along axial direction 

 
Figure 9: Pressure distribution on the pad back surface 

along circumferential direction 
For iteration, to determine pressure distribution, the 

angular dimension as well as the axial dimension is divided 

into 20 divisions. Hence nodal spacing in angular direction 
is equal to 5.5o and that in axial direction is equal to 
0.9mm. In pad front face, the pressure develops when the 
shaft rotates and the nature of the pressure distribution 
developed is shown in figures 7 and 8.The pressure at the 
edge of pad is equal to atmospheric pressure and at any 
other point it is more than that along with maximum 
pressure at some points. The distribution of pressure is 
such that it should be able to withstand the load.  

 The pressure distribution obtained for the back face is 
shown in Fig. 9 and Fig. 10. At the back face the plot of 
pressure is shown for the half of the back face in axial 
direction as well as circumferential direction. There is 2 
connecting holes are there in the half of the back face 
through which the pressure transmits to the back face. This 
is why there are 2 peaks in the plot of the pressure 
distribution at the back face in both directions. At the other 
points the pressure variation is slow except at the point of 
the connecting holes.                     

 
Figure 10: Pressure distribution on the pad back surface 

along axial direction 

  
6. Conclusion 
A theoretical analysis and numerical methods for 

predicting the pressure characteristics of the pivot less 
tilting-pad gas bearings are presented. At the same time, 
the compressible gas-lubricated Reynolds equation is 
introduced. These are very effective for calculating the 
dynamic characteristics of gas bearings. The numerical 
results obtained by means of the partial derivative method 
and the finite difference method indicates that the bearing 
parameters have important influence on the dynamic 
performances of tilting-pad bearing. The abrupt change in 
the pressure variation at back face of pad is due to the fact 
that this abrupt change is located at the location of 
connecting holes where pressure at front face is equal to 
the pressure at back face. 
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