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ABSTRACT

Hydrodynamic pad thrust bearings are widely used in high speed rotating
machines such as pumps, compressors, turbines, turbo generators etc. because
of their low friction, good load carrying capacity and high damping
characteristics. Due to progress in technological trends, hydrodynamic pad
thrust bearings are now being expected to be compact and work for elevated

operating conditions i.e. at high loads and high speeds.

Hydrodynamic bearings rely on bearing motion to suck fluid into the bearing,
and may have high friction and short life at speeds lower than design, or during
starts and stops. An external pump or secondary bearing may be used for startup
and shutdown to prevent damage to the hydrodynamic bearing. A secondary
bearing may have high friction and short operating life, but good overall service

life if bearing starts and stops are infrequent.

Thus, the objective of the present project is to carry out thermal analysis of the
elasto- hydrodynamically lubricated pad thrust bearing by providing water
cooling passages in the stationary thrust pad. It is pertinent to mention here that
the prediction of accurate film thickness is essential for the correct estimation of

the pressure distribution in bearing.

Keywords: Hydrodynamic pad thrust bearing, film thickness,
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Nomenclature

a = minimum film thickness, m
b = amount of taper, m
hi = inlet film thickness, m

hL = outlet film thickness, m

h = film thickness at a radius r, m

hs = convective heat transfer co-efficient of lubricant
H = non-dimensional thickness at a radius r

Kn = thermal conductivity of oil

Kp = thermal conductivity of the pad

P = dimensionless pressure

p = hydrodynamic pressure, N/m2

R = coordinate in the radial direction, m

Ri1 = inner radius of the pad, m

R> = outer radius, m

T = oil film temperature

Tp = pad temperature

tp = pad thickness, m

Tin = oil film temperature

Tam = atmospheric temperature

uie = particle velocity at z=h, m/s

uze = particle velocity at z=0, m/s

u = velocity component in tangential direction, m/s
ur = velocity component in radial direction, m/s

u = velocity component in axial direction, m/s



X = coordinate in X axis direction

y = coordinate across the oil film, m

z = coordinate along the axial direction, m

© = polar coordinate across the rotation of the runner, radians
B = pad extent angle, radians

o = angular velocity of runner and shaft, radians/s

p = density of the lubricant at p, kg/m3

y = tiltabout pitch line

Op = angular extent of the pitch line of the pad, radians

Us, n = coefficient of viscosity at pressure p, Pa-s



Chapter-1
INTRODUCTION

Thrust bearing assembly includes structure of castellated and ring type configuration, where
there is sandwich of ring like thrust washer and ring like dynamic race between the dynamic race
and castellated end. Plurality of notches as well as Plurality of support region between the
support regions are defined by castellated end configuration. On the top of the structure the thrust
washer sits on the support structure. Intermittent support as well as intermittent unsupport to the
washer is been provided by the castellated end of the support structure.

The thrust washer initially flexes elastically at the unsupported regions and make hydrodynamic
fluid wedge at the mating surface when a thrust load is been applied.

There are mainly two drawbacks of the hydrodynamic thrust bearing and they are wear and
excessive friction. In many of the bearing such as roller or ball type of bearing have some
limitation and constraints with respect to the price or cost, load capacity, durability as well as
tolerance capability.

Because of the effect of contact deformation hydrodynamic bearings are underestimated at many
places. Under the influence of load the shape of bearing changes. From a fixed position it’s been
rapidly used for positioning the member having dynamic motion and a fixed base. Moving

member have a rigid flat face confronting towards the position having fixed base.

Structure of hydrodynamic thrust bearing posses:-
e Faces of the moving member are plated by plastic’s thin film.
e Thin metal disk posses a center and on the both side of surface it’s been called disk.
e Disk area is expanded radially outward from the center and are symmetrical through the
whole surface of the disk.

e Between the fixed base and moving member flat face, disk is been positioned undulated
where disk is in contact with planer surface face and flat rigid face with the base which is
been fixed.

e After applying lubricant disk produce very thin film between the disk’s undulations and

rigid flat face of moving member which is cooperating.
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Fig 1.1 Hydrodynamic thrust bearing

Hydrodynamic pad thrust bearings are widely used in high speed rotating machines such as
pumps, compressors, turbines, turbo generators etc. because of their low friction, good load
carrying capacity and high damping characteristics. Due to progress in technological trends,
hydrodynamic pad thrust bearings are now being expected to be compact and work for elevated
operating conditions i.e. at high loads and high speeds.

Operating conditions of bearing produce huge viscous heat dissipation in lubrication film. About
60 to 70 % of the generated heat is carried away by lubricant itself through convection mode.
However, remaining heat (30 to 40 %) goes in stationary pad through conduction mode. Thus,
temperature of pad rises significantly. Being in direct contact of lubricant, heated pad reduces the
viscosity of the lubricating oil significantly resulting in thinning of the oil. This causes drastic
reduction in film thickness between the mating solids (pad and runner). Such situation may lead

to metallic contacts.

An external pump or secondary bearing may be used for startup and shutdown to prevent damage
to the hydrodynamic bearing. A secondary bearing may have high friction and short operating

life, but good overall service life if bearing starts and stops are infrequent.



Fixed pad thrust bearings are available in literature having different pad shapes. Figures 1.2 (a)

to 1.2 (d) illustrate the configuration of surface profiles on pads in thrust bearings.

(a) Plane (b) Convex
L
T __{{/_//7
l —m == ::;—:_{ I-h2
I —  ——u
(c) Concave (d) Stepped

Fig 1.2 Pad profile of Hydrodynamic thrust bearing



Chapter-2

Literature Review

In this chapter, literature review have been incorporated briefly on the hydrodynamic pad thrust
bearing. Available literature is grouped under “Thermal Analysis” and “Isotheraml Analysis” as

follows:-

2.1 Thermal Analysis :-

Martin et al (2002) have studied together the principle of adjustable hydrodynamic bearing as
well as their theoretical performance. In his paper he has explained the Reynolds equation
considering non uniform fluid film thickness. In it he has also focus on advantages and

characteristics benefits of hydrodynamic bearing.

Michal et al (2007) have investigated the performance of fluid film by investigating the
temperature at the inlet. In his design he has proposed two lubricating methods for pad thrust
bearing. First is bath lubrication and other one is direct lubrication. In lubrication process he has
found that large load carrying capacity is only possible when the lubricant viscosity is high
enough in direct lubrication. Because of high viscosity there will be thicker film which will
reduce the temperature and on the effect of it deformation of the pad surface is decrease and

pressure profile improve and finally load carrying capacity increase.

Q Zhu et al (2003) has studied the non linear response of hydrodynamic thrust bearing having
sector shape in turbo- expander where the immediate load is applied. In his paper he has studied
vibration equation for the axial shaft and time dependent Reynolds equation for oil film
thickness. He then solve the time dependent Reynolds equation by applying FDM method and

vibration equation by 4" order Runge- kutta method.
He has found the following results in his analysis:-

e On the transient response two parameters have significant effect and they are thickness of
the film and the angle of inclination.

e For different film thickness and angle of inclination external excitation are non linear.



Samuel Cupillard et al (2008) has analyzed about slider bearing to keep the mechanism in
condition state and find the optimum load carrying capacity. His study is been mainly focused on
surface texture of slider bearing upon which the pressure build up and load carrying capacity
depends. He experimented it for isothermal flow and for laminar and steady case. He found that
energy is been converted into pressure where it was initially having converging contact. There is
also losses in the second counter part. He lastly finalize that for getting more pressure gradient

converging ratio should be more.
He has found the following results after the analysis:-

e Velocity profile is been dependent on the wall shape and it also finalize the pressure build
up and pressure gradient by using continuity equation.

e When the process of recirculation occurs the value of pressure gradient decreases.

e Losses is minimum at the inlet in comparison to the outlet when the energy is been

gained by the moving wall

M.Fowell et al (2007) introduced a new mechanism in the hydrodynamic lubrication called “inlet
suction”. He told that it’s been only applicable for low convergence. In his research he has found
that when the bearing surface slides on the surface its generate a lower pressure which is called
subambient pressure which is comparatively less than the outer pressure or called the
atmospheric pressure. Due to sub-ambiant pressure the lubricant is been sucked between the
surface. In this paper author has main focused in calculation of friction and supported load. In his
analysis he found that inlet suction play a vital role in load support and friction reducing. This
study is totally based on the principle of pressure drop due to which the lubricant is been sucked
between the mating surface. He also show that after increasing the flow of lubricant the pressure

which is generated can be enhanced and the load support increases and friction also reduces.

Wang et al (2004) has analyzed spring supported thrust bearing by applying finite difference
method. Wang has genaralised thermo-elastic deformation equation, Reynolds equation and
energy equation by applying finite difference method. During his research he analysed many
characterial mechanism which leave their impact on bearing during hydrodynamic lubrication
theory. And he found that many of the factors such as pad geometry and its inclination as well as

the thickness of the film effect the performance of bearing.



T.Jintanawan et al (2004) has analysed, after having significant effect on some of the parameters
the nature of the bearing changes. When stiffness increases axial vibration reduces and similarly
increase in damping make the system unbalanced. The hub vibration has no motion in direct

transmission from disk to base.

Glavatskih et al (2005) investigated the effect on power loss, thickness of the film and the
operational temperature by the surface texturing. For it he has taken a large diameter bearing
whose textured surface has depth of 10 micrometers and when lubricant is been supplied at

constant flow rate there is been significant effect on power loss and thickness of film.

Tonasz woloszynski et al (2013) have taken four methods of discretisation such as finite
difference method, finite element method, finite volume method and spectral element method for
knowing pressure function and for knowing the height of film, load carrying capacity and
coefficient of friction different integration method is been considered. He has taken different
geometries of textured surface and calculated the pressure function, coefficient of friction and
load carrying capacity and found that spectral element method and gauss quadrature method
shows the accurate result that fits the bearing geometry.

2.2 Isotheraml Analysis:-

Ashour at al (2005) focused on calculating the elastic distortion of the pad of the pad thrust
bearing by solving elasticity equation and Reynolds equation. He has tried a new approach where
he was loading in stepwise format so that he could reach to load which he has targeted. They
compared their results in both the cases of lubrication flow which is along the direction of flow
and across the direction of flow where the thickness of film changes and they have validated

their results.

Khonsari and Booser (2006) researched in basically three areas :- experimental evaluations and
operating experience relating to contaminant detrimental effects to the particle size and hardness;
importance of film thickness; and self propagating damage with high chromium steel rotors and
chlorine oil additives. From avoiding damaging of flush temperature scuffing failure they have

propose a fix particle size limit.



Hashimoto (2006) has theoretically and experimentally investigated an influence of lubrication
conditions on the performance characteristics of sector shaped pad thrust bearings, which were

subjected to the effects of both turbulence and fluid film inertia.

Bryant et al. (2004) have developed a lumped parameter model for hydrodynamically lubricated
bearings: elements that feature fully lubricated contact between surfaces in relative motion. The
bearing models have been represented as bond graphs. These lumped parameter models were
synthesised from solutions of the Reynolds equation for various bearing geometries, and include

normal motion and squeeze film effects

Tala-Ighil et al (2007) have investigated the influence of textured surface on pad thrust bearing
when the operating condition were under the influence of steady state. In their work they have
quantify the evolution of the textured surface parameters characteristics and deduced their
optimized value and enhance the performance of bearing by considering optimized value

2.3 Conclusions of literature review:-
Based on the literature review mentioned above, the following points have been noted:-

> Influence of surface texturing on hydrodynamic lubrication of fixed pad thrust bearings in
terms of bearing power loss, operating temperature, and oil film thickness

» The performance of the pad bearing by progressively taking into account the optimized
values of texture parameters, especially the textures disposition.

> Investigated the influence of pad active surface geometry on main characteristics such as
temperature profile, film thickness and pressure field.

> Effect of oil viscosity on the performance of fixed pad thrust bearings in a wide range of
shaft speeds and specific bearing loads.

» Dealing with the cooling passages in the stationary pad for controlling the temperature at
the contact conjunction.

2.4 Scope of the study:-
» While computing the film thickness there will be two cases of consideration

¢ \WVithout Pad deformation

¢\Vith Pad deformation



» Thermal conductivity of the pad can be assumed independent of temperature, as well as
dependent of temperature.

» The position of maximum pressure developed along the direction of flow due to the
hydrodynamic action.

2.5 Objectives of the study:-

The objective of this project is to carry out thermal analysis of the hydrodynamically lubricated
pad thrust bearing functioning at elevated operating conditions by providing water cooling
passages in the stationary thrust pad. Various designs of water passages will be conceived for the
implementation and accordingly elastic deformation in pad will be computed for the estimation
of correct values of film thickness.

Along the
direction of flow

Across the
direction of flow

Fig-2.1



Chapter-3
Governing Equations and Problem Formulation

In this section, a brief discussion of the realated governing equation and mathematical
formulation of the problems. Due to sector shape the governing equation is in cylindrical polar

coordinates:-

o
GO‘ i % et O
Oenl o <

Fig 3.1 Thrust Pad (Sector Shaped)

Method:-

In the entire section of study the prime focus is the pressure exerted by the lubricant on the pad
of the pad thrust bearing. For studying the behavior and the thickness of the lubricant on the
surface of the plate the best fit is reynold equation through which we can analyse the lubricant
behavior which passes between the runner and the pad. Reynolds equation heips me to find out
the pressure distribution on the entire surface. So in my thesis ore research | have decided to
solve the reynold equation which is a partial differential equation under the proper defined

condition.
In this study three consideration have been mainly included and they are:

=  Thermal effect
= Pressure distribution on entire surface

= Elastic deformation



Here is the flow chart of numerically solving the thrust baring problem:-

Input of initial
values: load, Calculate pressure Calculate Caleulate oil film
femperatures, distribution by velocity temperature
viscosity and film Yo solving Reynolds distribution in > distribution by
thickness Eq. the oil film solving Energy Eq. q
Solve Heat
Conduction
Calculate Eq.
Calculate Convergence of elastic and
l WiSCOSILY pressure and thermal
) temperature deformations

Convergence
of forees and
mMoments

End

Fig 3.2 Procedure Flow Chart
Film thickness equation (cylindrical polar coordinates):

For sector pad geometry, under isothermal condition the film thickness is a function of both
circumferential and radial coordinates.
The compact film thickness expression reported by Etsion

considers variation in tangential and radial directions both and is given by:

h=hp + yrsin (8 - 8) (3.2)
The non-dimensional form of thickness given by Eqg. (3.1) can be written by using

H= hh,, R=r/R2, ¢ =R,/ hy

H= 1+ eRsin(8,-0) (3.2)

10



Reynolds equation (cylindrical polar coordinates)

10 (h BP) 1 40 (hsap) . dh
rar Vo) T i2ae M ap) T 0950 53

Finite Difference Formulation of Reynolds equation:-

To non-dimensionalise the Reynolds equation, the above equation can be non-dimensionalised
by using the following relations:

r h pbh? 2nN
R=— H=—,P= = —
R, b NNIL2 60

where,
R2= outer radius of the sector pad,
h=film thickness,
b=amount of taper,
p=pressure,
n=viscosity of lubricant,

w=angular velocity

L.H.S.
19 3'3_?) ii( sﬂ_P)
v ar (rh ar + r2 98 h a6

140 nNLZ 9P 1 d nNL? 9P
— —| RR,H?D? —— | b ———
R, aR( b? REE%R) RR, aa( b? 38
61]NL2[6 (RHEGP)+ 1ad (HEE)‘P)]

Rz 3R R/ Rae\ a8
R.H.S

=6 oh 6nRR baH
= 6nrw——- = whb—

NO%g — PNRR290 5

dH
= 12nmNRR, — 30
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Now,

6nNNIZ [ 8 oP\ 19 oP oH
[ (RH3 —) + 239 (H3 —)] = 12nmNRR, —

R? |OR JR a6 do
[a (RH3 ap) 10 (H3 ap)] 1 R(RE)E JH
R or) T Roe o)1 =~ ™\ B0

To discretize the non-dimensional form of the Reynolds equation:-

The non-dimensional form of Reynolds equation can be put into finite difference

form by using central difference technique for each of the terms in the equation.

(i 51)

(. ’ (n,1)

Grid for a sector pad
Fig 3.2
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We can write the non-dimensionalised Reynolds equation in the following form:-

SRHE(SP)+RH382P+ 1/oH? 4 Hgﬁzp_12 R(R) 0H
dR \dR dR? R\ 08 R 067 & L/ a8

Using central differentiation each term can be written as:
aRHE_ERHg]Lj_I_l_(RHg)Lj_l a.P_ 'Pl',j+1_'PLj—1

dR 2(AR) R 2(aR)
dR?Z (&RJE ' Gl 2(A8)
267 (&9]2 ’ ae 2(A8)
@ _ Pa'+1,j - Pi—l,j
i) 2(AG)
Substituting these in equation (4) we have:
(RHELJ+1 (RHE)L; 1 [ Lj+1l 1_; 1] (RHEJ 1;+1 ZP +P1; 1]
2 (ﬂR] 2(AR) v (AR ] 2

H?; ;
+ i+1,j 1—1_; [ i+1.j 1 1,_;]
R;; [ 2(&9) l 2(A8)
2

3
H; [Pisry — 2P+ P 1;] 12?IR--(E) [HHL;'_ Ha’—l,j]
AL

_|_
R; ; [.ﬂﬂjz 2(A8)
Or,
ERHEJ ij+1 (RHE)Lj—l [Pi;+1 1_; 1] (RH?), [ Lj+1 2F, ; +P1; l]
2(AR) 2(&1‘3] L (ﬂR]E
+ 1 H31'+1_,r 1 1,j [ i+1.j 1 l,j]
R ; 2(&6"] 2(A8)
3 2
4 Ha’,j (Piy1;— 2P ;+ P 1;] —12%R. (&) [HHL;' - Ha’—l,j]
R;; L (ﬂﬂ']z L 2(AG)
[(RH?), . H?. .
_ 2P1 _ {: )1,_; + ij
7| (AR)? RLj[.ﬂH]
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Or,

(RHaji,ﬁl_(RHg]i,j—l [Pi;+1 1; 1] (RH?), [ Lj+1 2P ; +P1; 1]
2(AR) Zﬂﬂﬁ) e (ﬂﬁ]g

+ 1 H31'+1_,r 1—1; [1+1; 1 l,j]
Ri,j 2(&9] 2(AG)

+ HE;‘ Piyg;— 2P ;+ P 1;]_12 R, (Rz) [H1+1,;‘_ Ha’—l,j]
R ; [&3]2 L 2(AG)

ZHE AR)?

— (&5"]2 (4R) F; .
~ @Ry R, | T

Now, assuming:

2
AAL= 2H; [Rilj(&ﬂ)z + @
Lj

AA2 = (RH?), ;

(RH?)
AA3 = ——

ij+1
(RH?);;_,

AA4 = 2
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Or,

p _ (BR)* (A6’ [(AAS—AA4 ;-mz) »

= + P
v AA1 (AR)2 " (AR)?
( AA2  AA3 - AA-'—].-) | Ad6

(AR)? B (AR)? (&3]2 (P1+1; 1'—1,_;')

AA5
" 00y (Preas = Pic ”)]
A v () Pt

Piy = a7 ((&H]E (AA3 — AA4 + AA2)P,

+(A8)? (AA2— AA3 + AA4) P,,_, + AR? (AA5+ AA6) P, ;
+ AR? (AA5— AA6) P._, ;)

(AR)? (AB)? R;\*
+ YTl 12nR; (T) (Hi—l,j - HHLJ')

(AB)2(AA3 — AA4 + AA2) (AB)2(AA2 — AA3 — AA4)
Lj = AA1 S AA1 Pija
AR? (AA5 + AAG) AR? (AA5 — AAG)
AA1 i+ 7+ AA1 =1

(AR)? (AB) (R,
+ onr, S0 (B) i, -

H;., 1,;')
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Flow Chart for calculation of pressure profile:-

-
Initial values of pressure at all nodal points are assumed to be

ZCro.
J/

LKL

\

Viscosity 1s assumed to be constant as i1sothermal condition
has been considered.

STEP 3

\<

The film thickness values are obtained from the standard
expression proposed by Etsion.

STEP 4

&<

\<

The pressure values at all grid pomts are obtained from
Reynolds equation using convergence criteria.

J

Convergence Criteria for Pressure:-

T T
+
P — Py
- — < €
pE+1 P
J

i=1j=1 t

where, K= no. of iteration

16



v |y T‘\/'E

(r, =, Z)

=

Fig.3.3Radial and angular velocities
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Fig.3.4 Sector pad geometry
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Elastic deformation of pad (biharmonic equation in polar form):

a4z_+ 2 (333) 1 (azz
dR4 R R \ORZ
2 9%z 4 9%z 2 9%z
— + —w =t St 2
R?® 9RAG2 = R* 362  R2 3R239?2
Where
T
R=—
To ro-being outer radius,
Krg
Ki=——
' D
z
Z=-
t
4
I
P =P_.;|.
Dt

1 9Z
R3 OR

1 9%z
R4 994

/

Fig.3.5 Pressure Distribution across the pad

18

+KIZ:P



Thermal analysis
Besides the usual assumptions of lubrication theory, the following assumptions are made:

» The lubricating surfaces of the pad and the disk are rigid, and their thermal and elastic

distortions are disregarded.

» The velocity gradient and heat conduction in the r and 0 directions can be ignored in

comparison with those in the z direction.

» The specific heat at constant pressure CP and the coefficient of thermal expansion a of

the lubricating oil are constant.

» The thermal conductivity of the lubricating oil K, and the thermal conductivity of the pad

Ks are constant.

» The coefficient of viscosity p and the density p of the lubricating oil are functions of

temperature T only.

Energy equation (Cylindrical polar coordinates):-

To consider the temperature rise in a fluid under shear, the balance of the heat produced by
viscous dissipation, the heat flow by convection and conduction, and the heat accumulated in the
fluid must be investigated. An equation that describes such a balance of energy is called the
energy equation.

During the lubrication process energy is dissipated in two ways: through the
action of viscous friction and through compression (smaller effect). Both of these sources
liberate heat which changes the fluid temperature which in turn changes the viscosity of fluid

which in turn changes the dissipation as well as flow and pressure.

K

*T 1er 19°T 9°T du\* o\’
a2 "ror g2 92" @) +G)
aT v aT aT)

— et — 4w —
pc’ﬂ(“ar a0 "oz
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The heat conduction equation within the pad under steady state condition and assuming no heat

generation is given by:-

Heat transferred from
lubricant to the pad

Heat transferred from pad
to atmosphere

Fig 3.7
Kgd’Tg = K0 ( BTE) 3%Tp _
r2a62 * yor \" oy ) VK252 =0
Or,
Kg 0°T, K, 0T, 92T, 2T,
— +——+ K —+K, —=10
r2 982 r ér T orr % 4z’

where, Tg= pad temperature,

KO, Kr & Kz = thermal conductivity of the pad material in circumferential, radial and z-

directions respectively

20



FEM Modeling & Analysis:-

In the field of Computer-aided Engineering ANSY'S software is used to construct the model of
the components or the system and there we can also apply operating loads and other design
consideration.

With the help of this software we can also study the physical responses such as
pressure distribution, Temperature distribution and the stress levels as well.

Basic procedures that been used in this analysis are :

Geometry of Problem

Discretized Fluid Domain

Physical Modelling

Applying Boundary Condition

Simulation & Iteration

Analysis & Visualization of Result
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SIMULATION:-

ANSYS FLUENT 14.5 is used for making 3D geometry of the pad thrust bearing and then after
meshing in fluent, the flow of the lubricant SAE-30 is been analyzed. In it UDF function which
means user defined function is been used which is already loaded in FLUENT 14.5 solver to
increase the features.

By using UDF we have defined our own boundary conditions and
material properties as well as we have customize the parameters of the model and initialize the
solution.

The analysis solution consist of seven major steps which are mentioned step
by step as follows:-

STEP 1—Start up & Pre analysis of problem

VEZL i‘l%fé‘ah Fluid Flow (Fluent) . 2D Geometry

STEP 2—Geometry

For the geometry of the surface:-

Concentric Dimension
. Circle (+z) Specified
Direction (1.4m,0.7m)

Clicked on
Geometry

Clicked on
Concept

’ XY Plane

Choosen

Clicked on

‘ Apply &
Generate

Length
Specified ‘ Added « Selected

Materal Surface

(0.9m)
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Inner Radius Specified

Selected The Length

Selected
Mirror
Imaging

Apply &
Generate

Now for creation of Named Sections:-

Selected the
Grooves

Named it “Outlet™

Selected the Runner

Named it “Walls” &
Apply

. Removed the

Material

Provided
Blend Angle
& Remove
Materail

Right click and
selected “NAMED
SECTION™

Right click and
select ed“NAMED
SECTION?

Right click and
selected “NAMED
SECTION~

Right click and
selected “NAMED
SECTION™
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Clicked on

Specified The
Dimension of

Front
Surface
Selected

Selected Draw
ByLine

Named it “Inlet™

Selected the Pads

Named 1t
“Rotation™

Selected the outer
surfaces



0.000 0.500 1.000 (m)
B S
0.250 0.750
Fig 3.8

t
0.000 0.500 1.000 (m) v
— ]

T
0.250 0.750

Fig 3.9
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STEP 3:- Mesh

Clicked

on Mesh Selected

in Drop Sizing
Box

Exit &
“Update”

workbenc
Coarse h

Selected Generate
Fine &

@_

Geometry 4 Print Preview/ ]

Fig 3.10

WAVAY
AV
AT

T

{j\"

Geometry A Print Preview/

Fig 3.11
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STEP 4:- Setup

Selected
. “Double

Precision”

Clicked Selected Selected

Create/Edit

“Setup” “Material”

Rotational Selected

and : "Boundary
specified « . Condition
the speed

Selected Specified Wall-
the Radial surface bo
velocity A\

Choosen Select ed
Reference reference velocity
Value frame to ' specificatl
absolute on
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STEP 5:- Solution

Choosen
the option
“First
Order
upwind”

Choosen
Solution Clicked on
Initializat: Initialize
on

Seclected
the option
Momentu

ol

Choosen
Solution
Methods

Filled all Choosen
the values “Monitor”
to le-6 &“Resals”

Runned
calculation

Verificatio

n&
Validation

Number of

Trerations( [ X Caloulated Saved the

1000) project
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Chapter-4

Results & Discussion

This chapter deals with the results obtained from the computed film thickness and pressure
profile under isothermal condition:-
Table 4.1: INPUT DATA

PAPARAMETERS SYMBOL VALUE
Pad extent angle in radians 3 B /6
Pad thickness in m. tp 0.097
Inner radius of the pad in meter R1 0.7
Outer radius of the pad in meter R, 1.2
Nodes in theta direction (tangential direction) n 10
Nodes in radial direction m 10
Min. film thickness in meter a(=R2/2.38) 0.5042
Max. film thickness/min. film thickness (at+b)/a 2.19
Tilt parameter e (=yYRo/ h)) 0.74732
Tilt about pitch line in radians Y 2 radians
Dynamic co-efficient of viscosity of SAE 30 lubricant n 0.04305
at 50°C NSm™
Specific gravity of SAE 30 lubricant at 50°C S 0.898
Thermal Conductivity of SAE 30 lubricant at 50°C K, 3.03385*10™

: 3.03385in S.1

Using Cragoe’s formula: k = 222 (1-0.00054t)*10° n
{in C.g.S. units(t in °C)}
Thermal Conductivity of the pad in W/mK K, 50
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The result obtained as a result of FDM analysis using MATLAB software has been plotted and
tabulated as below:

Table 4.2: NON-DIMENSIONAL FILM THICKNESS AT DIFFERENT NODAL POINTS

(For 8X8 grid of the pad)

Radius Angles in radians
In meter

0 00582  0.1745  0.2327 0.2909 0.4072  0.4654  0.5236
0.7000 1.2617 1.2271 11912 11543 1.1165 1.0780 1.0391  1.0000
0.7714 1.2884 1.2503  1.2107 1.1700 1.1283 1.0860 1.0431  1.0000
0.8429 1.3151 1.2734 1.2302 1.1858 1.1402 1.0939 1.0471  1.0000
0.9143 1.3418 1.2966  1.2498 1.2015 1.1521 1.1019 1.0511  1.0000
0.9857 1.3685 1.3198  1.2693 1.2172 1.1640 1.1098 1.0551  1.0000
1.0571 1.3952 1.3430 1.2888 1.2330 1.1759 1.1178 1.0591  1.0000
1.1286 14219 1.3661 13083 1.2487 1.1878 1.1258 1.0631  1.0000
1.2000 14486 1.3893 13278  1.2645 1.1997 11337 1.0671 _ 1.0000
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Film thickness in m

Film thickness in m.

Plot of film thickness at different radius

145 T T T T T I
—&— Film at 0.7m
7 Film at 0.7714m
1.4/ ~— % Film at 0.8429m H
i £+ Film at 0.9143m
Film at 0.9857m
Jask ~—&— Film at 1.0571m ||
= —*— Film at 1.1286m
f Film at 1.2m
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q
1.25 y
1.2 1
1.15 x
11 =
1.05 B
1 ] ! !
0 0.1 0.2 0.3 04 0.5 0.6 0.7
angular position of the pad(theta in radians)
Fig 4.1
Plot of film thickness at different angles
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. at 0 rad
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. at 0.4072 rad
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1.1
g
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12
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Radial position of the pad
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Film at Different Nodal Points

3-DPLOT OF FILM THICKNESS AT DIFFERENT NODAL POINTS

Y\

Angular Position
1'3 1.4 '

0.7 08 0.9

Radial Postion

Fig4.3 Film thickness at different nodal points

Table 4.3: NON-DIMENSIONAL PRESSURE DIST. AT DIFFERENT NODAL POINTS:-

10" iteration result (for 8X8 grid of the pad)

Radius | 0.0582 [0.1745 | 02327 | 02909 |[04072 | 04634 |0.5236

Inmeter
0.700 0 0 0 0 0 0 0 0
0.7714 |0 0.0786 |[0.1245 [0.1233 | 0.1165 [ 0.0714 | 0.0394 |0
08429 |0 0.1404 0.2445 0.2649 0.1945 0.1616 0.0900 |0
09143 0 0.1507 0.2857 0.2975 0.2495 0.1855 0.1037 |0
09857 |0 0.1527 (02986 |03092 | 02958 |[0.1958 |[0.1098 |0
1.0571 0 0.1430 0.2814 0.2543 0.2857 0.1901 0.1068 |0
11286 ([0 0.0861 0.1547 |[0.1643 | 0.1562 | 0.1041 0.0587 |0
1.2000 |0 0 0 0 0 0 0 0
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20" iteration result:-

Radius 0 0.0582 0.1745 0.2327 0.2909 0.4072 04654 | 0.5236
Inmeter
0.700 0 0 0 0 0 0 0 0
0.7714 0 0.0912 0.1561 0.1590 0.1494 0.0927 0.0510 |0
0.8429 0 0.1685 0.3361 0.3438 0.3290 0.2123 0.1167 0
09143 0 0.1826 0.3641 0.3849 0.3687 0.2401 0.1327 0
0.9857 0 0.1824 0.3689 | 0.3922 0.3774 0.2481 0.1375 |0
1.0571 0 0.1704 0.3443 0.3666 0.3528 0.2338 0.1300 (O
11286 |0 0.0901 0.1781 0.1867 0.1789 0.1191 0.0669 |0
1.2000 0 0 0 0 0 0 0 0
Plot of pressure at different radius
Lol z ! ! ! ! '
: : ; : i | —=— prat0.7000 m
‘\ S prat0771am
0.40 — = prat0.84Z9mH
—— gagais
| e
. g - : — gmmmi
N T —— prat1.2000m|]
:
.E 0.25 =)
; |
& 020 -
0.15 , ..............
0'10 ......,....,....% ..............
0_05 “ e s aias sasdeesanamiesms smb wrsamsinonssadecansaseassa antosssas e - ‘.....‘......; ............ -
I |

e I Ll
0.2

ol
03
Angular position of the pad (theta in radians)

Fig 4.4
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Pressure in Pa

Plot of pressure at different angles

0.45 . atarad
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.at0.1164 rad
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. at 0.2327 rad
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Fig 4.5
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0.1
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0.05 -

Angular Position
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FEM Analysis Result:- The result obtained as a result of FEM analysis using ANSY'S software
has been plotted below:

Pressure Contour:-

0.700 (m)

0.700 (m)




Radial Pressure Profile:-

o 0 o T 12 1
Radial Position of Pad (m)
‘Total Pressure Apr 22,2015
ANSYS Fluent 14.5 (3d, dp, phns, lam)
Fig 4.9

Angular Pressure Profile:-

o w W o s w5
Angular Position of pad(radian)
Total Pressure Apr 22,2015
ANSYS Fluent 14.5 (3d, dp, phns, lam)

Fig 4.10
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Validation of Pressure Profile Obtained By FDM using MATLAB software &
FEM Analysis using Ansys software:-

05
045
04
0.35
0.3
0.25
02
0.15
01
0.05

0 -

A

Q" A

¥ . |

Q7 Q7 Q° QY N N ‘\
Radial Postion of the Pad

%‘o%‘\%bq'bq‘o@«& NI

—&4— Matlab Pressure
Profile

~— Ansys Pressure Profile

Fig 4.11
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Chapter-6
Conclusion and Future work

Conclusions: Isothermal analysis

» Film thickness increases from inner radius to outer radius at a fix angle.
> Both in radial as well as in tangential direction the film thickness varies.

> At a given radius film thickness decreases linearly from maximum to minimum in the
direction of rotation.

» The pressure developed along the direction of flow due to the hydrodynamic action is
maximum corresponding to the mean radial (0.9857 m.) position.

» The pressure developed across the direction of flow due to the hydrodynamic action is

maximum corresponding to the mean angular (0.2327 rad.) position.

Future Work:-
» Development of program with thermal effect
» FEM Analysis of Pad thrust bearing and comparing with FDM Analysis result in case
when Dynamic Viscosity, Thermal Conductivity are dependent on Temperature.
> Developing empirical relation for film thickness, Temp rise, and Traction Coefficient in

case of thermal effect.
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