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Abstract
Hydrodynamic pad thrust bearings are widely employed in high-speed rotating
machines, such as pumps, compressors, turbines, turbo-generators etc. for supporting
the axial load/thrust because of their low frictional features, good load carrying
capacity and high damping characteristics. Due to progress at the technological fronts,
hydrodynamic pad bearings are expected to work at higher load carrying capacity
having compact size. Moreover, environmental and economic concerns demand that
the hydrodynamic pad bearings should operate with minimum power loss. Thus, a
number of design modifications have been proposed over the years in order to
enhance the load carrying capacity and decrease the power consumption in the
hydrodynamic pad thrust bearings. There are indications that surface textures/profiles
can improve the performance behaviours of hydrodynamic pad bearings significantly.
Therefore, the performance study of hydrodynamic pad thrust bearings conceiving
new patterns of textures and profiles is a vital task. Hence, it is necessary to conduct
the thermohydrodynamic lubrication analyses of thrust pad bearings incorporating the
effects of different surface textures/profiles/roughness.

The primary objective of this thesis is to study the performance behaviours of
hydrodynamic fixed pad thrust bearing considering the new type of textures
(micro/macro grooves and micro/macro pockets) on the surface of pads incorporating
the thermal effects in the lubrication analysis. It involves exploring the effects of
features of the textures i.e. cross sectional shape, length, width, number, and depth of
grooves/pockets, on the performance behaviours in order to identify the best shapes
and sizes of attributes of the textures. However, the additional objectives of this thesis
are to conduct investigation for enhancing the performance behaviours of taper flatland pad thrust bearing incorporating the textures/profiles at different locations and
lastly to increase the minimum film thickness employing the textures for minimizing
the chances of electrical arcing through the lubricating film.

For meeting the objectives of the thesis, the coupled solution of governing
equations (Reynolds equation, energy equation, film thickness relation, and
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rheological relations) is achieved by discretizing the partial differential equations
using finite difference method and solving the linearized algebraic equations using
Gauss-Siedel iterative method. Based on the simulated results reported in this thesis, it
is found that the presence of the proposed textures at the conformal contacts is highly
beneficial in terms of improving the performance behaviours if the mating surfaces
have low inclinations. The texture involving the square cross-sectional shape of
micro/macro grooves has yielded substantial increase (up to 97%) in the load carrying
capacity and significant reduction (up to 51%) in the friction coefficient in
comparison to the conventional plain pad for the adopted operating conditions.

The synergistic effects of profile (catenoidal, cubic, cycloidal, plane taper,
quadratic, quartic) and pockets (elliptical, rectangular, trapezoidal, and triangular)
present on the taper portion and texture on the flat portion over the performance
parameters of taper flat-land pad are investigated. It is found that the rectangular
pocket provides lower friction coefficient in comparison to other pockets considered.
Moreover, the minimum film thickness obtained with quartic profiled pad is higher in
comparison to other profiles. It is understood that due to the electrical arcing in pad
bearing, the performance behaviours of it deteriorates. However in presence of texture
(which comprises of grooves placing towards the entry region of pad), the minimum
film thickness enhances for the same operating parameter. This indicates that with
textured pad the chances of electrical arcing can be reduced since enhanced film
thickness means better insulation.
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Ng =3, sg/wg =0.5, lg/B =0.8, wg/L =0.025, texture involves
square cross-sectional shape of groove, texture located at the
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Fig. 6.6
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Ng =3, sg/wg =0.5, lg/B =0.8, wg/L =0.025, texture involves
square cross-sectional shape of groove, texture located at the
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Fig. 6.7

Variation of performance parameters for frosty and textured
glossy pad surface (a) change in coefficient of friction (b)
change in minimum film thickness for various surface
topographies of pad [Unit load=6MPa, sh=18m, Rq =2.90
µm, Ng =3, sg/wg =0.5, lg/B =0.8, wg/L =0.025, texture
involves square cross-sectional shape of groove, texture
located at the entry edge side]
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Fig. 6.8

Variation of performance parameters for frosty and textured
glossy pad surface (a) change in coefficient of friction (b)
change in minimum film thickness for various surface
topographies of pad [Unit load=6MPa, sh=18m, Rq =4.30
µm, Ng =3, sg/wg =0.5, lg/B =0.8, wg/L =0.025, texture

126

xvii

Fig. No.

Figure Title

Page No.
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Variation of performance parameters for frosty and textured
glossy pad surface (a) change in coefficient of friction (b)
change in minimum film thickness for various surface
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Fig. 6.11

Variation of performance parameters for frosty and textured
glossy pad surface (a) change in coefficient of friction (b)
change in minimum film thickness for various surface
topographies of pad [Unit load=10MPa, sh=12m,Rq =3.10
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Fig. 6.12

Variation of performance parameters with depth of the
grooves located towards entry side (a) reduction in coefficient
of friction (b) increase in minimum film thickness with depth
of the grooves [Unit load=6MPa, sh=3m, Ng =3, sg/wg =0.5,
lg/B =0.8, wg/L =0.025, texture involves square cross-sectional
shape of groove, texture located at the entry edge side, square
shaped dimples towards exit side]
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Fig. 6.13

Variation of performance parameters with depth of the
grooves located towards entry side (a) reduction in coefficient
of friction (b) increase in minimum film thickness with depth
of the grooves [Unit load=6MPa, sh=18 m, Ng =3, sg/wg =0.5,
lg/B =0.8, wg/L =0.025, texture involves square cross-sectional
shape of groove, texture located at the entry edge side, square
shaped dimples towards exit side]
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Nomenclature
B

Radial width of pad (m)

Bp

Width of pocket (m)

Cp

Specific heat of lubricant (J/kg-K)

dd

Depth of dimple (m)

dd

Normalized depth of dimple

dg

Depth of groove (m)

dg

Normalized depth of groove

dp

Depth of pocket (m)

dp

Normalized depth of pocket

F

Friction force (N)

F

Normalized friction force ( Fh2 /(  0 Rm3 ) )

g

Switch function

h

Lubricant film thickness (m)

h

Normalized lubricant film thickness (h/h2)

h1

Film thickness at entry edge (m)

h2

Film thickness at exit edge (m)

hc

Convective heat transfer coefficient (W/m2K)

hg

Normalized film thickness for grooved surface

hp

Normalized film thickness for pocketed surface

hpr

Lubricant film thickness for profiled pad (m)

h pr

Normalized film thickness for profiled surface

xx

hd

Normalized film thickness for textured surface with dimples

hg  p

Normalized film thickness for grooved-pocketed surface

h p  pr  d

Normalized film thickness for pocketed-profiled-textured surface

i,j,k

Node counts in three directions

ig

Land length at entry (m)

kl

Thermal conductivity of lubricant (W/mK)

kp

Thermal conductivity of pad (W/mK)

Koil

Hot oil carry over factor

L

Circumferential length of pad at mean radius (m)

lg

Length of the groove (m)

Lp

Length of pocket (m)

N

Runner speed (rpm)

Na, Nr, Nθ

Number of nodes in three directions

Ng

Number of grooves

p

Pressure (Pa)

Pc

Cavitation pressure (Pa)

p

Normalised pressure ( ph22 /(0Rm2 ) )

r,, z

Cylindrical coordinate in the film

rp,p, zp

Cylindrical coordinate in the pad

r

Normalized radial coordinate (r/Rm)

R1

Inner radius of pad (m)

R2

Outer radius of pad (m)

Rm

Mean radius (m)

R1

Normalized inner radius of pad (R1/Rm)

xxi

R2

Normalized outer radius of pad (R2/Rm)

Rf

Roughness factor

Rq

Root mean square value of surface roughness (m)

sh

Shoulder height of pad (m)

sg

Spacing between two grooves (m)

t

Taper portion (%)

tp

Thickness of pad (m)

T

Temperature of the lubricant (K)

T

Normalized temperature of the lubricant (T/T0)

Ta

Ambient temperature (K)

Tex

Temperature of the oil at exit (K)

T0

Supply temperature of the lubricant at inlet (K)

TR

Runner temperature (K)

Tin

Temperature of the lubricant at inlet (K)

Tp

Temperature in pad (K)

Tp

Normalized temperature for pad (Tp/Ta)

U

Sliding velocity of runner (m/s)

ur

Lubricant velocity in radial direction (m/s)

ur

Normalized lubricant velocity (ur/RmΩ)

vθ

Lubricant velocity in circumferential direction (m/s)

v

Normalized velocity (vθ/RmΩ)

wz

Lubricant velocity in axial direction (m/s)

wz

Normalized lubricant velocity (wz/RmΩ)

W

Load carrying capacity (N)

xxii

W

Normalized load carrying capacity ( Wh22 /(0Rm4 ) )

Wext

External applied load (N)

wg

Width of groove (m)

wp

Width of pocket (m)

z

Axial coordinate for fluid film region (m)

zp

Axial coordinate in pad along pad thickness (m)

Greek symbols



Bulk modulus of the lubricant, Pa



Viscosity of lubricant, Pa-s

0

Viscosity of lubricant at inlet temperature, Pa-s



Normalised viscosity of lubricant (  / 0 )



Temperature viscosity coefficient, K-1



Coefficient of friction



Rotational speed, rad/s



Fractional film content



Density of lubricant, kg/m3

c

Density of lubricant within cavitated region, kg/m3

 1 ,  2 , 3

Film thickness functions

2

Variance of the height distribution



Circumferential coordinate, rad



Normalized circumferential coordinate
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