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 A B S T R A C T 

Numerical investigation has been performed at several operating 
parameters for developing the graphs to design a hydrodynamically 
lubricated new micro-pocketed tilting pad thrust bearing. The 
performance parameters (minimum film thickness, friction coefficient, 
inflow, side leakage, and dynamic coefficients i.e., stiffness and damping) 
with new micro-pocketed pad have been plotted as a function of pivot 
location. The use of these graphs has been demonstrated by presenting a 
solved design problem. The performance parameters of bearings achieved 
with the new micro-pocketed pad have been compared with plain and 
rectangular micro-pocketed pads at wide range of operating parameters. 
With the new micro-pocketed pad, up to 37.4% & 7.7% increase in the 
minimum film thickness and 14.3% & 7% reduction in friction coefficient 
have been found compared to the plain and existing rectangular shape 
pocketed pads, respectively. 
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1. INTRODUCTION  
 
Fluid film tilting pad thrust bearings are widely 
employed in centrifugal compressors, hydraulic 
and steam turbines, vertical turbine pumps, large 
size helical gearboxes etc. to efficiently support 
and guide the axially loaded rotors. To avoid 
expensive and time-consuming designs of plain 
tilting pad thrust bearings by solving the coupled 
governing equations iteratively, researchers have 
developed and presented the design charts in the 
past [1,2]. It is worth mentioning here that since 
recent past, the surface texture has emerged as a 
viable technology for addressing the tribo-

dynamic concerns of machine contacts. Surface 
texture involves presence of tiny micro/nano 
dimples, micro-grooves, and micro-pockets at the 
tribo-components at the optimum locations for 
achieving the best performances. Thus, exploring 
and enhancing the performances of tilting pad 
bearings employing new conceived surface 
textures are vital research task. 
 
In the past, researchers have demonstrated that 
different tailored surface textures can 
substantially improve the bearings’ 
performances [3-13]. The advancement in 
manufacturing technologies have enabled the 
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creation of tiny micro-structures of different 
shapes and sizes, leading to the development of 
tailored textures on pad surfaces [14]. It has been 
understood that when the plain runner surface 
interfaces with the textured bearing surface in 
the presence of lubricant at favorable operating 
parameters, numerous micro-hydrodynamic 
bearings get formed, which sustains the applied 
external load energy efficiently [15-17]. In 
addition to this, the micro/tiny geometries 
present in the texture act as innumerable 
lubricant reservoirs, which trap the wear debris 
and contaminants [18-20]. This mainly reduces 
three-body abrasion in the mixed and boundary 
lubrication regimes at the time of start and stop 
of runner/rotor. The investigators have also 
attempted to enhance the performance of 
bearings by optimizing the shape and size of 
micro/nano geometries of the textures [4, 21-28]. 
Furthermore, the influences of the number of 
dimples [29], the area density of dimples [7,30-
32], geometric shape of dimples [33-34] and 
dimple sizes [35-37] etc. have also been 
investigated on the performances of the bearings 
and tribo-pairs. It has been found that the area 
density of dimples falling in the range of 5–13% 
has produced beneficial tribo-results [32]. 
 
The researchers have also investigated tapered 
land, close rectangular micro-pocket, open 
micro-pocket, and textured pad bearings using 
CFD-based simulations [38]. It has been 
concluded that the open rectangular micro-
pocket bearing performed better as compared to 
other adopted configurations. The authors have 
explored the effect of cross-sectional shapes 
(square, circular, trapezoidal, and triangular) of 
micro-grooves on the performance of thrust 
bearing, and it has been found that the micro-
grooves having square cross-section performed 
the best among all the considered cases [39]. In 
a recent publication on tilting pad bearings, the 
investigators employed four different 
configurations of pads, namely rectangular 
micro-pocketed pad, radial grooved pad, 
circumferentially grooved pad, and rectangular 
dimpled pad. The performance computation of 
these bearings using CFD simulations has 
revealed that the rectangular-micro-pocketed 
pad performed better as compared to other pad 
designs [40].  
 
Literature review revealed that the rectangular 
micro-pocketed pads have performed better as 

compared to the plain, profiled [41-43], micro-
grooved, and textured (square dimples) tilting 
pad thrust bearings operating with thin film 
under hydrodynamic lubrication regime. This 
motivated the present authors to conceive new 
micro-pocketed tilting pad based on the 
numerical exploration for further improving the 
performance parameters as compared to 
rectangular micro-pocketed case. Therefore, the 
objective of this paper is set to conceive a new 
high performing micro-pocketed tilting pad 
based on numerical simulation considering the 
hydrodynamic lubrication regime. Moreover, the 
main objective of this paper is to present graphs 
for use in rapid design of the new conceived 
micro-pocket tilting pad. 
 
 
2. GEOMETRICAL DESCRIPTION OF BEARING 

PADS AND GOVERNING EQUATIONS 
 
Figures 1(a) and 1(b) show the 3D-CAD diagram 
of the tilting (pivoted) pad thrust bearing and 
coordinate system employed. Figures 2(a) and 
2(b) present the top and front sectional views of 
plain and new micro-pocketed pads.  
 

 

Fig. 1. (a) Schematic CAD model of a tilting pad thrust 
bearing system, (b) Sketch of a tilting pad interfaced 
with a runner segment with co-ordinate system. 

 

 

Fig. 2. (a) Top and front (section) views of 
conventional (plain) tilting pad, (b) Top & front 
(section) views of new micro-pocketed tilting pad. 

 
The design graphs have been developed for finding 
the performance parameters minimum film 
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thickness, load-carrying capacity, friction force, 
inflow, side leakage, bearing dynamic coefficients 
etc. Equations (1)-(9) have been employed for 
computing the performance parameters. The 
pressures at the grids in the domain have been 
achieved by the solution of the governing Reynolds 
equation. The discretisation of this equation has 
been done using the FEM (finite element method), 
as explained in the coming sub-section 2.1. 
 
The dimensionless film load carrying capacity per 
pad is found by the following equation: 

 
2

1 1

0 0
0

m
W W pdxdy

UB
                            (1) 

 
The dimensionless minimum film thickness is 
written below: 
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The dimensionless expressions used for finding 
the friction force ( F ), flow rate (

iQ ), and side 

leakage (
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The dimensionless pivot position is determined 
using the following relation [44]: 
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The dimensionless temperature rise is computed 
using the equation provided below [45]: 
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The bearing stiffness coefficient is calculated by 
the following relation [46]: 
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where W is the dimensionless film load carrying 

capacity and hp p h    

 
The bearing damping coefficient is found by the 
following expression [46]: 
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where h h t   and 
h

p p h    

 
The viscosity with the temperature rise of the 
lubricant is calculated using the following eq. [27]:  
 

( )iT T

oe
   

                 (10) 

 
It is worth mentioning here that change in 
viscosity of lubricant due to film pressure 
remains negligible for thrust bearing case as 
the generated pressure is of order of MPa [27]. 
Normally, viscosity of oil gets influenced when 
pressure exists in GPa order. 
 
2.1 Computation of film pressure  
 
The following Reynolds eq. for computation of 
fluid pressure is employed [22]: 
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Equation (11) has been discretized employing 
the FEM. The discretized form is provided as 
follows:   
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The Gauss quadrature method is used to 
evaluate the above integrals. The global 
matrices have been found using the assembly of 
the element matrices.  
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        (13) 

 
Equation (13) is written in short form as follows: 
 

        G p R R T                                             (14) 

 
The above equation has two unknowns p  and 

T . At the internal nodes, the flow vector ( )T  is 

zero, and the pressures ( p ) are not known. But 

at the boundary nodes, the pressures are 
known (zero), and the flows are unknown. 
Thus, the equation (14) has as many equations 
as unknowns, and the solution of this equation 
has been obtained. 
 
2.2 Film thickness relations 
 
The film thickness relations used in the work are 
written as follows: 
 
(i) For plain/conventional pad  
 

1 2 1 2( / ) / ( / 1) ( / )h h h h h x L                                                (15) 

 
where h1 and h2 are inlet and outlet film thickness, 
respectively (refer to Fig. 1(b) for the details) 
 
(ii) For rectangular pocketed pad 
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(iii) For new pocketed pad  
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3. SOLUTION PROCEDURE AND VALIDATION  

 
The fluid domains for plain and new pocketed 
bearings have been discretised using linear 
quadrilateral elements as shown in Figs. 3(a) 
and 3(b). The number of elements used to 
discretize each fluid domain is 260 x 260. It 
has been selected by mesh independent test. 
The nodal pressure values are obtained by 
solving eq. (14) using the boundary condition 
that gage pressure values are zero at the 
edges of the pads. The eq. (14) has been 
solved using the Gauss elimination method. 
For developing the confidence in the present 
model based numerical results, validation of 
the proposed model has been done with the 
prior published work of the researchers [1]. 
In Figs. 4(a)-4(d), comparisons between the 
performance parameters (minimum film 
thickness, friction coefficient, flow (

iQ ), and 

flow ratio ( /s iQ Q )) of a tilting pad bearing 

have been presented. A good matching 
between both the results with ± 1% error can 
be seen in these figures. It is understood that 
the minor errors might have occurred due to 
different discretization techniques adopted 
by the authors of these two works. However, 
in light of the good correlation of the results, 
the model is considered validated and used 
herein for the study. 
 

  

Fig. 3. Schematic diagrams of finite element mesh of 
fluid domains, (a) Film between conventional pad 
and runner, (b) Film between new pocketed pad and 
runner. 
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Fig 4. Validation of present numerical results with the 
work of the authors [1], (a) Dimensionless minimum 
film thickness, (b) Dimensionless friction coefficient, (c) 
Dimensionless flow, (d) Dimensionless flow ratio. 

3.1 Validation with experimental work 
 
In Fig. 5, the present model based computed 
minimum film thickness has been compared 
with experimentally measured minimum film 
thickness reported by researchers [47]. A fair 
agreement between the results can be seen. The 
small differences (an average error 5%) in the 
results in Fig. 5 have happened due to the 
consideration that all the heat produced 
because of oil smearing is accountable for the 
mean temperature increase of the fluid film. 
 

 

Fig 5. Validation of present’s model based results with 
experimental results of the authors [47]. 

 
 

4. METHODOLOGY FOR GENERATING 

THE CHARTS 

 
It is found that the load carrying capacity of 
tilting thrust pad bearings lie in the range 
corresponding to film thickness ratios (h1/h2) 
varying in the range of 1.05 to 6 [48]. 
 
Step 1: At first take (h1/h2) ratio 1.05 to 
calculate the film thickness at various grids in 
the computational domain using the equations 
(15)-(19).  
 
Step 2: After calculation of film thickness at 
grid points, the dimensionless steady state 
pressure is found by employing Gauss 
elimination method in the solution of eq. (14) 
by employing boundary condition at the edges 
zero (gage pressure). It should be noted that 
the time dependent term on right side of eq. 
(14) is made zero for computing the steady 
state pressure in the domain.  
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Step 3: After getting the pressure at the grids, the 
dimensionless performance parameters are 
computed employing the equations (1)-(9).  
 
Step 4: This process is repeated with an increment 
of 0.05 in h1/h2 ratio (i.e., for second time take value 
of this ratio as 1.10) and terminated when h1/h2 
ratio reaches value of 6. 
 
Step 5: The method to plot design graphs after 
computing the dimensionless performance 
parameters is provided herein.  

 
The bearing design graphs can be presented in 
many ways but plotting the graphs which have the 
performance parameters varying with the bearing 
number is probably one of the good methods as this 
number contains bearing geometric and operating 
parameters. The bearing number is as follows: 

2
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B
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                                (20) 

where sh = h1-h2 

 
Equation (19) is further expressed as below: 
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1
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                 (21) 

where P =W/(L x B); m = sh / L 
 
It is worth noting here that for a tilting pad bearing, 
the moment of force (due to film pressure) about 
pivot position needs to be calculated, which 
prevents the choice of bearing number. Hence, in 
the case of tilting pad bearing, the slope (m) is not 
known. Therefore, for tilting pad case, a number 
known as performance number (K) is defined as 
follows: 

2

TB m
U

K
PL


                 (22) 

Hence, equation for m is as follows: 

Tm K B                (23) 

Step 6: The basic design variable for a tilting pad 
bearing case is the pivot position. Calculate the 
pivot position using eq. (5).  
 
Step 7: Redefine the performance variables of 
tilting pad bearings by inserting expression of m 
from eq. (23) to eqs. (2), (3), (4), (5), (8) and (9) and 
then plot these as a function of pivot position. The 
method to use these plots is provided in section 5.2.  

5. RESULTS AND DISCUSSIONS 
 
The charts have been presented for surface 
profiles, namely, (a) new pocketed pad, (b) and 
plain pad, at three (B/L) ratios, i.e., 0.5, 1.0, and 
2.0. In the proposed design charts, dash lines 
indicate the case of the plain pad; however, 
solid lines correspond to new micro-pocketed 
pad. In the charts for new pocketed pad tilting 
pad bearing, the solid curves have been drawn 
for the values of different dimensionless 
circumferential extents (Lc/L) while the values 
of dimensionless radial extents (Br/B), pocket 
depth (hd) and angle (β) were taken 0.7, 0.9 x 
h2 and 15o, respectively. These values of Br/B, 
hd, and β have been optimized employing the 
trial-and-error method [40]. 

 
5.1 Charts for new micro-pocketed tilting pad 

bearings 

 
Figures (6)-(8) show the design charts for new 
pocketed (refer Fig. 2(b) for the geometry) and 
plain tilting pad thrust bearings. It is worth 
mentioning here that the use of these charts has 
been demonstrated in the solved design 
problem-1 given in sub-section 5.2. 
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Fig. 6. Variation of performance parameters with 
pivot position for new pocketed tilting pad thrust 
bearing having B/L = 1, (a) Dimensionless minimum 
film thickness, (b) Dimensionless friction coefficient, 
(c) Dimensionless flow, (d) Dimensionless flow ratio. 

 

 

 

 

 
Fig. 7. Variation of performance parameters with 
pivot position for new pocketed tilting pad thrust 
bearing having B/L = 0.5, (a) Dimensionless minimum 
film thickness, (b) Dimensionless friction coefficient, 
(c) Dimensionless flow, (d) Dimensionless flow ratio.  
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Fig. 8. Variation of performance parameters with 
pivot position for new pocketed tilting pad thrust 
bearing having B/L = 2, (a) Dimensionless minimum 
film thickness, (b) Dimensionless friction coefficient, 
(c) Dimensionless flow, (d) Dimensionless flow ratio. 

 
5.2 Design guidelines of the new micro-

pocketed tilting pads 
 
Step-1:List the operating parameters such as 

load, speed, shaft diameter, bearing 
application, etc.  

 
Step-2: Determine inner radius (R1). 
 

The inner diameter of the bearing is kept 
larger than the shaft for assembly purpose, 
and to deliver any oil flow to the thrust 
bearing at its inside diameter. Typically, the 
diametrical clearance varies in the range 8-
30 mm, corresponding to shaft diameters of 
40-250 mm [49]. For finding the 
diametrical clearance at the intermediate 
values of shaft diameters, linear 
interpolation may be adopted. 

 
Step-3: Determine outer radius (R2) of bearing.  
 

The unit load for the tilting pad varies 
from 1.5 - 5.0 MPa for larger size pads (R2 

lying in the range of 50-1500 mm). It is 
worth mentioning here that micro-
pockets are cut on the carbon-steel pad 
surfaces in the absence of any coating.  
 
Circumferential gap (Cg) between the two 
consecutive pads can be taken in the 
range of 10-20% of the circumferential 
length of a pad. 

 
Step-4:Determine mean radius (Rm) and decide    

the number of pads. 
 

- The mean radius is calculated using the 
relation: Rm=(R1+R2)/2 

- Number of pads (Np) = 2π Rm (1- Cg) /L 
 

where, B = (R2 - R1); B/L=1 [initially select 
a finite pad (if nothing is mentioned in the 
problem) because it yields reasonably 
good performance in comparison to 
longer and shorter pads]. 

 
Step-5:Calculate surface speed of runner using 

the relation: U=Rm (2π N / 60). 
 
Step-6:Select the lubricant from the Lubricants 

handbook [50].  
 

Guidelines: ISO VG 32 (SAE 10W), ISO VG 
46 (SAE 20), and ISO VG 68 (SAE 20W) are 
commonly used industrial oils for the 
lubrication of thrust pad bearings.  
 

Thicker oils are usually used at low 
speeds and thinner ones at high speeds. 
Initially chose ISO VG 32 oil for medium to 
high surface speeds and for low speeds 
chose higher viscous oil, i.e., ISO VG 68.  

 
Step-7:Assume inlet temperature of lubricant 

(Ti). Find the viscosity of selected oil at Ti 
using the Lubricants handbook [50]. 

 
Step-8:Determine the dimensionless 

circumferential extent of a pocket 
followed by the location of the pivot from 
the chart-1 of dimensionless minimum 
thickness or chart 2 of dimensionless 
friction coefficient (corresponding to B/L 
ratio of 1 and case of new pocket) 
depending upon whether maximum load 
or minimum power loss is more 
important in the particular application. 
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Step-9:Now calculate the bearing performance 
number (K) from the given data using eq. 
(21). 

 
Step-10:Read the dimensionless friction coefficient 

value from chart 2 (new pocketed case 
and B/L ratio of 1) corresponding to the 
dimensionless pivot position and 
dimensionless circumferential extent of 
pocket determined in the step-8. 

 
Step-11:Read dimensionless flow value from 

chart 3 and calculate the value of flow Qi. 

 
Step-12: Now calculate the temperature rise using 

the eq. (7) and then determine the new 
viscosity using eq. (10) or from the 
viscosity-temperature chart & then find 
the new value of K corresponding to the 
new viscosity value. 

 
Step-13:Repeat the steps (10)-(12) until the 

difference between values of two 
consecutive temperature rise becomes 
less than 0.5 0C. 

 
Step-14: Find the value of minimum film 

thickness (h2). Is relation (h2) calculated > 
2 2

1 210    hold? ( 1 and 2  are  

surface roughness of the runner and 
pad, respectively). This condition 
ensures that bearing is working in the 
hydrodynamic lubrication regime. If this 
condition is satisfied, go to step-15, else 
do corrective actions such as change of 
lubricating oil, decrease the inlet oil 
temperature, improve the surface finish 
on the runner, etc. and then go to step-3 
for iterations. 

 
Step-15:Find out all performance parameters 

from the charts corresponding to 
minimum film thickness, friction 
coefficient, inflow, side leakage, etc. 

 
Now, the use of these charts/graphs is 
demonstrated through an example. 

 
Problem 1:  
 
Design a new micro-pocketed tilting pad thrust 
bearing for carrying the maximum load in a steam 
turbine for data provided below: 

Thrust load (W) = 50 kN,  

Rotational speed of rotor= 3600 rpm,  

Journal diameter of rotor = 40 mm,  

The roughness of runner and pad surfaces are 0.5 
µm and 1.0 µm, respectively 

 
Solution: 
 

Step-1: 

Thrust load (W) = 50 kN, Rotational speed of rotor 
= 3600 rpm, Journal diameter of rotor = 40 mm. 

 

Step-2: 

Inner radius of the bearing (R1) = 0.5 x 40+4=24 mm. 
 

Step-3: 

Taking an average unit load (Pavg) of 3 MPa on the 
bearing, the outer radius of bearing can be 
determined. 
 

Since Pavg = W/A, 

A=Circumferential length x (1- Cg ) x width (B),   

B = (R2-R1) & CL=0.5 x 2 x π x 0.85 x (R1+R2) 

 = π x 0.85 x (R1+R2) 
 

Now A = (R2-R1) x π x 0.85 x (R1+R2) 

               = (R2^2-R1^2) x π x 0.85 
 

Therefore, R2 = (R1^2+W/( π x 0.85 x Pavg))^0.5 
which yields R2 as 83 mm. 
 

Step-4: 

Now bearing pad width (B)= 83-24 = 59 mm and 
number of square pads with B=L becomes 
284.57/59 ≈ 5. 
 

Step-5: 

Surface speed (U) at the mid radius = π x (83+24) 
x 3600 x 10^-3/60=20.17 m/s 
 

Step-6: 

Based on the speed calculated in step-5, ISO VG32 
is selected as a lubricant. 
 

Step-7: 

Assuming an inlet temperature of 40oC for 
feeding of lubricant to the bearing. At the inlet 
temperature oil has viscosity of 0.026 Pa-s (ref. 
[49]). 
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Step-8: 

For maximum load condition, pivot location is 
selected as 0.56 (Chart 1), corresponding to the 
dimensionless circumferential extent of 0.7 as it 
provides the highest minimum film thickness. 
 
Step-9: 

Now the steps for calculating the performance of 
tilting pad bearing case are as follows: 

6

6

0.026 20.17
2.96 10

3 10 0.059

U
K

PL

 
  

 
  

 

and 0.0017K  . 
 
Steps-10, 11 & 12: 

The friction coefficient, inflow and temperature 
rise using the charts are provided below in Table 
1 respectively.

 
Table 1. Iterations using charts. 

Iteration no K /f K (Chart 14) f Qi/(BLU K ) 

(Chart 15) 
Qi (m3/s) ΔT (0C) 

1 2.96E-6 2.40 0.0041 0.262 3.16E-5 15.37 

2 1.87E-6 2.40 0.0032 0.262 2.51E-5 15.42 

Step-13: 

The difference between two consecutive average 
temperature rise is less than 0.5 0C . Hence, these 
iterations can be stopped here.  
 
Step-14: 

Using chart 1 minimum film thickness (h2) = 
27.14 µm 
 

Since (h2)calculated>
2 210 0.5 1 11.11   µm, hence 

go to step-15 
 
Step-15: 

Now all performance parameters of new pocketed 
bearing can be calculated and given below in 
Table-2. 
 

Table 2. Performance parameters of new pocketed bearing. 

h2/(L K ) h2 (µm) /f K  f Qi/(BLU K ) Qi (m3/s) Qs / Qi Qs (m3/s) ΔT (0C) 

0.341 27.14 2.40 0.0032 0.262 2.51E-5 0.275 6.903E-6 15.42 

 
Figures 9(a) and 9(b) present the 3D film shape 
and pressure profiles for this solved problem of 
new pocketed pad bearings for ready reference to 

the readers. It can be seen from the Fig. 9(b) the 
maximum pressure generates towards the outlet 
side where the pocket ends.

 

 
Fig. 9a. 3D film thickness profile for the case of solved 
Problem 1.  

 
Fig. 9b. 3D pressure profile for the case of solved 
Problem 1.  
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5.3 Charts for bearing dynamic coefficients 
 

The charts for dynamic coefficients of both 
pocketed & plain tilting pad bearings are 
presented in this subsection, and their use is also 
demonstrated through a numerical problem. 
 
Bearing dynamic coefficients charts for the 
new micro-pocketed tilting pad thrust 
bearings 
 
Figures 10(a)-10(f) depict the bearing dynamic 
coefficients for new pocketed tilting pad thrust 
bearings having different B/L ratios.  
 
Problem 2:  

Determine the bearing dynamic coefficients of 
both the micro-pocketed pad bearings using the 
input parameters given in Problem -1. 
 
Solution: 

Stiffness coefficient: From chart 13, dimensionless 
stiffness coefficient corresponding to pivot position 
of 0.56 and Lc/L=0.7 is given as follows: 

1.5
/ 6.4BSK L U   

S = 6.4 x 0.0164 x 20.17/(1.87E-6)^1.5  

   = 8.28 x 108 N/m 
 
Damping coefficient: From chart 16, dimensionless 
damping coefficient corresponding to pivot position 
of 0.56 and Lc/L=0.7 is given as follows: 

1.5 / 4.5CK B   

Therefore,  

C = 4.5 x 0.0164 x 0.059/(1.87 E-6)1.5  

      = 1.70x 106 N-s/m 
 
5.4 Proposed interpolation relation 
 
If the value of B/L lies between 0.5 and 2.0 (i.e., 
0.5< B/L <2.0), then the following interpolation 
formula can be used to calculate the performance 
parameters of the bearings:  

   

  

   

0.5

1.0

2.0

 8 / 3 1 / 1 0.5 /

– 2 1 2 / 1  0.5 /

1 / 3 1 / 1 2 /

Y B L B L Y

B L B L Y

B L B L Y

  

 

  

 

 
Where Y is a performance parameter at the 
required B/L ratio 

Y0.5= performance parameter corresponding to 
B/L = 0.5 

Y1.0 = performance parameter corresponding to 
B/L = 1.0 

Y2.0= performance parameter corresponding to 
B/L = 2.0 
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Fig. 10. Changes in bearing dynamic coefficients with 
pivot position for new pocketed tilting pad thrust 
bearing, (a) Dimensionless stiffness coefficient for B/L=1, 
(b) Dimensionless stiffness coefficient for B/L=0.5, 
(c) Dimensionless stiffness coefficient for B/L=2, 
(d) Dimensionless damping coefficient for B/L=1, 
(e) Dimensionless damping coefficient for B/L=0.5, 
(f) Dimensionless damping coefficient for B/L=2. 
 

5.5 Comparison between the performances of 
tilting pocketed and plain pads 

 
This subsection presents the comparison of the 
performance of tilting pocketed pads. 
 
Comparison between rectangular, new 
micro-pocketed and plain pads 
 
Figure 11(a) presents the comparison of the 
dimensionless maximum-minimum film 
thickness of rectangular, new, and plain pads at 
different B/L ratios with performance number 
(K) (which is related to predefined or applied 
load). It can be seen that both the micro 
pocketed pads achieve higher min film 
thickness compared to plain case. New 
pocketed and rectangular pocketed pads can 
have up to 37.4% and 28.23% higher film 
thickness for B/L =0.5. Moreover, a maximum 
decrease up to 14.3% and 7.7% can be achieved 

with the new and rectangular pocketed pads, 
respectively (Fig. 11(b)). It can also be noticed 
from Fig. 11(a) that the new pocketed pad 
attains up to 7.70 % better minimum film 
thickness as compared to the rectangular-
shaped pocketed case. It is also seen from this 
figure that as the B/L ratio increases from 0.5 
to 2, the variation between the min film 
thickness of both micro-pocketed pads 
decreases. This occurs because with an 
increase in B/L ratio, the circumferential length 
of a pad reduces, which diminishes the 
geometrical shape effect of the trapezoidal part 
of the new pocketed pad. A reduction of up to 
7% in friction coefficient can be achieved with 
new- pocketed pad compared to rectangular-
shaped pocketed pad for B/L =0.5 as observed 
from Fig. 11(b). 
 

 

 
Fig. 11. (a) Comparison of minimum film thickness 
among rectangular, new micro-pocketed & plain pads, 
(b) Comparison of friction coefficient among 
rectangular, new micro-pocketed & plain pads. 

 
As it can be noticed from the above figures that 
both the micro-pocketed pads achieved better 
performance than the plain pad. The reason can 
be explained with the help of Fig. 12.  
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Fig. 12. (a) Film-pressure profiles (at mid-radius 
plane) comparison of both the micro-pocketed pads 
with pressure profile of plain pad, (b) Schematic of 
plain pad, (c) Rectangular-shaped pocketed pad (d) 
New-pocketed pad. 

 
In Fig. 12(a), comparisons of pressure profiles 
of the plain pad (Fig. 12(b)) have been shown 
with both micro-pocketed pads (Fig. 12(c) and 
12(d)). It can be seen from Fig. 12(a) that both 
the micro-pockets develop higher pressure 
than the plain pad. This is due to the formation 
of micro-dams at the end edges of both the 
micro-pockets (see Fig. 12(c) and 12(d))) 
which restrict the flow of lubricant in the 
circumferential direction leading to the 
generation of higher pressure than the plain 
pad. Moreover, it is also noticed from Fig. 12(a) 
that pressure in the case of the new pocketed 
pad is higher than the rectangular pocket. This 
happens because the trapezoidal portion (see 
Fig. 12(d)) of the new pocketed pad gradually 
restricts the flow of lubricant in the inlet zone 
as compared to the inlet region of the 
rectangular pocketed pad, which leads to the 
generation of higher pressure in new pocketed 
pad case. 
 

5. CONCLUSIONS 
 
The analysis presented in this paper revealed that 
the proposed new micro-pocketed pad performed 
better in comparison to the conventional 
rectangular pocketed and conventional (plain) 
pads. Up to 37.4% and 7.7% increase in minimum 
film thickness and 14.3% & 7% decrease in friction 
coefficient have been found as compared to the 
conventional and rectangular pocketed pads, 
respectively. Based on the work presented in this 
paper for the proposed new micro-pocketed tilting 
thrust pad bearing, the design charts for the rapid 
calculation of minimum film thickness, friction 
coefficient, inflow, side flow, bearing stiffness 
coefficient and damping coefficients, have been 
provided. Moreover, two solved problems have 
also been provided demonstrating the use of 
proposed approach of design. 
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