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PRESIDENCY UNI ?%Q&?Y
BENGALUR

SCHOUL OF ENGINEERING

TEST -1

Sem & AY: Odd Sem. 2018-20 Date: 27.09.2019

Course Code: MEC 315 Time: 2.30 PM 1o 3:30 PM
Course Name: ’z‘a'i‘sofmy and Bearing Design Max Marks: 40

Program & Sem: (MEC) & v DE Weightage: 20%
instructions:

{7} Answer all the guestions!

Answer both the Questions. (2Q=13M

1. State whether the foliowing statements are true or false. Justify your answer.

{z
S

@"»

;) Roiler bearings are a type of antifriction bearing.
(2 Marks) (C. O. No 1) [Krniowliedge]
(o) The load carrying capacity of a rotler pearing Is greater than that of a ball bearing.
(2 Marks)(C. C.No. D) o
(C} The hydrodynamic bearing, in theory, has infinite life.
(2 Marks) (C. O. No. 1) [Knowiedge]
(d) The contact area betwsen surfaces in bearings with nonconformal surfaces
decreases with the increase in load. {2 Marks) (C. C. No. 1) [Knowledgal
juestion will test your knowledge of the various lubrication regimes in bearings
a) List the four types of lubrication regimes in mcreasmg order of josses dues fo fr cirom
{1 Mark) (C. O. No. 1) [Knowiedge]
(b} Describe the mechanisms of partial and boungary iubrication w%é* suitable figures.
(3 Marks) (C No. 1) [Knowledge
(¢) Staie the sequence of iubrication regimes seen in the life of ?z},fdm&&ynamic bearing.

{1 Mark} (C. C. No. 1} [Knowledge]
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Answer the Questi (1G=13M)

3. The me%owmg Q”SSE%O{ES will test the dept of your knowledge on the development of
Pe‘"‘ s equation from Newton’s work on fiuids.

(a} Define Newtonian fluids explaining all the terms in the definition with thai .

(3 Marks) (C. Q. No. 1) [Knowlsoge]
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{0} Expiain Newion's postulate pointing out exactly where the assumption of Newionian
fluigs fils into the posiulate. (3 Marks) (C. C. No. 1) [Comprehension]



Petrov took up Newion's postulaie acout two hundred years afier Newton arlicutaled his
postulate and derived Petrov's equation.
(c) Exolain how Peirov's eguation manipuiaies the geomelry used in Newlon's
Postulate to esiimate fictional losses in a hydrodynamics journal bearing?
(2 Marks) (C. O. No. 1) {Comprehension]
(dj State the assumptions made by Pefrov in deriving the equation.
(2 Marks) (C. O. No. 1) [Knowledge
{e) Derive Petrov's equation. (3 Marks) (C. O. No. 1) [Comoprehensiorn]
Part C [Problem Solving Questions]

fowrs

Answer both the Questions. (2Q=14M)

4.

[

A team of engineers in Kingsbury, inc. have been asked to design a journal bearing for

z steam turbine. i} is standard procedure in Kingsbury o initiate any design with first cut

analytical work and then pgroceed fo more sophisticated computations fluid dynamics

based design. As a member of the team you have been entrusied with ahv responsibility

of the determination of power loss in the journal bearing whose specifications from the

the first cut analytical design are as follows:

(i) journa! diameter = 50 mm,

(i) width of the hearing = 100 mm,

(il rotational speed = 1500 RPM,

{iv) SAE 10 jubricating oii operating at 1009 C with a viscosity of 11.877 mPa-s,

{v) ‘*\pa:’?ng ;ug{}‘ kN, and,

urnai ragivs.

6 Margs] (C. O. No 1} [Application]

ne progiem will fest your knowledge of viscous

fiow beiwean fiat plates in the context of Z % U = 1

f&ydmayramc journal bearings. U i a

Figure 1 represents two flal plates in between

which we have a fluid. The botlom plate is |
a?acﬂa“y and the itop plate moves wilth a @

s
constant velocity i,. The viscosity of the fluld 5555525555555

=

A o
between the plates is 7. its density is p and the U =u
pressure distribution in the fiuid is only a . -
P * ‘ 5 Figure 1: Viscous Fiow Between Flat
function of x. The objective of this probiem is Plates

find the velocity i of the fiuid as a function of Z.
(a) Explain how this problem is connected to design and analysis of journal bearings.
(2 Marks} {C O. No. 1} [Knowleage]
(b} Find the velocity function 1(z) assuming the ineriia and body forces are negligible
and the density and viscosity are constant. You may find the foliowing relations to be
of use in sclving the problem:

du odv Ow , du  Ov Oy Ow
o, = —p+A{—+—"+—) 7, = +—)endr, =l +—)
ox oy 0% gy  Ox 07 X
(6 Marks) (C. O. No. 1) lApplication]
The End




Annexure [: Summary of Question Distribution [C. O. Wise and Bioom’s Level Wise]
SCHOOL OF ENGINEERING
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GAMN MORT KNOWLEDGE
AEACH CREATER HIIGHTS

Semester: Odd Semester

Course Code: MEC 315

Course Name: Tribology and Bearing Design
Branch & Sem: MEC V Sem

Date: September 27, 2019
Time: 2:30 PM to 3:30 PM
Max Marks: 40
Weightage: 20%

Extract of Question Distribution [Qutcome Wise and Level Wise]

eraflrl]:'n;e - Thougnt Soi;?’zb!?rm e
y Provoking Type | ¢ ype
Q. C.0. Module N [Marks Marks ot
: .O.  Module No. | « ‘ ‘
: ‘ ; ] 1
No. No. and Title Allotted] (Marks Allotted] . Allotted] Marks
- Bloom’s Level - Bloom's Level - Bloom'’s Level
| K c A
1 8 | - : 8
2 1t Dynamics | 3 - - 3
*3* ‘;ﬁ of Particles = 3 ? “9 ) 9
e and :
4 1 - Systems of ) : 6 ) 6
5 1 Particles - : n 7 7
6 1 | - | . 7 7
' Total Marks 1 15 14 40

K: Knowledge Level, C: Comprehension Level, A: Application Level

Note: While setting ail types of questions the general guideline

is that about 60% of the

questions must be such that even a below average students must be able to attempt, About
20% of the questions must be such that only above average students must be able to aitempt
and finally 20% of the questions must be such that only the bright students must be able to

attempt.
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Annexurs li: Solutions and Scheme of Marking

o
AT,
g,

SOLUTION

GAYN FIORE KNOWH EUEE
REACK GREATER HEIGHTS

Semester: Odd Semester
Course Code: MEC 315

Course Name: Tribology and Bearing Design

SCHOOL OF ENGINEERING

Date: September 27, 2019
Time: 2:30 PM to 3:30 PM
Max Marks: 40

Branch & Sem: MEC V Sem Weightage: 20%

Part A
- B 3 (2Q=11M)
-~ Maximum
. Q. . . . Time Needed
' No. Solution Scheme of Marking for Each
f Question

1 (a) True! This is just how bearings 4 1 M for each truth value. 5 Minutes

have been classified. 4 1 M for justifying each

fruth valus.

(b) True! The bearing surfaces in ball bearings have point contact whereas the

~ bearing surfaces in roller bearings have line contact. Since roller bearings
have larger contact area they can withstand greater stresses and larger
loads.

{c) True! Hydrodynamic bearings that are designed well and run at the design
speeds with lubricants of design viscosity and design clearance and are
maintained well will have no contact between bearing surfaces. This lack of
contact between bearing surfaces ensures no wear. Therefore,
hydrodynamic bearings have infinite life in theory. ‘

{d) False! The contact area actually increases with the increase in load.

2 (a) zThe four lubrication regimes in - {a) 1 M for the correct
-increasing order of frictional order.

losses are as follows: (b) 2 M for labeled figures
! 10 Minutes

hydrodynamic lubrication,
elastohydrodynamic lubrication,
partial lubrication and boundary
fubrication

and 1 M for the
descriptions.

() 1 M for right sequence.

Page 2 of 5



2 (b)

The three figures starting from the left show us fluid film lubrication, partial
lubrication and boundary iubrication. In the fluid film lubrication we see that the

2 (b)

bearsrg surfaces are not in contact with each other because the fluid film is
thick enough to create a separation. In the figure on partial lubrication (the
figure in the middle) we see that the bearing surfaces are closer and may come
in contact during operation because the fluid film is very thin. In the right most
figure on boundary lubrication we that the bearing surfaces are not separated
by any fluid film and are in direct contact.

2(cy The life of a hydrodynamic bearing begins in the hydrodynamic lubrication
regime after which it shifts to the partial lubrication regime. The bearing ends its
 life in the boundary lubrication regime. ‘
PartB
- - (2Q=15M)
Maximum
Q. . Scheme of  Time Needed
No. Solution Marking ~ for Each
Question
3 i{a) In 2 Newtonian fluid the shear stress ata  (a) 3 M for the
~ point is directly proportional to the strain explanation
rate at the point. The constant of i of Newtonian
proportionality is called viscosity. Let7 = fluidsin
denote the shear stress ata point, sbe ~ Wordsandin
. . . mathematicai
the strain rate and # be the viscosity of form. i
T
h id. Th = ~ for i
the fluid. Then s or a Newtonian (b) 2 M for the
fiuid. . explanation
(b) Newton’s postulate helps us determine ~ of Newton’s
the frictional force at a point in the fluid. - postulate.
This is done as fon]?ws. We write the 1 Mfor 15 Minutes
. linking it to
hear stre = — where [ is the
shear stress 7 " here fis t * Newtonian
frictional force and A is the area on which = fiuids.

u
the stress is acting, the strain rate 5 = e

where u is the velocity of the moving’

plate at the top and % is the distance
between the plates. When we assume the

fluid between the plates is a Newtonian
nAu

fluid we get f =

Page 3 of 8



3 (c) Petrov's equation gives us an estimate of | (c) 2 M for the |

frictional losses in a journal bearing. it . explanation.
creates an analog between the circular  (d) 2Mforthe
geometry in journal bearings to ~ assumptions. |
rectangular geometry in the flow between (e) 3Mforthe |
flat plates seen in Newton's postulate. ! derivations |
 (d) The assumptions made in the derivation = with ;
of Petrov’s equations are: the radial load ~ definitions of
on the shaft is small, the viscosity ofthe '  eachterm.
lubricant is high and the journal spins at a
very high speed.

.{e) For a journal bearing with width b,
clearance ¢, with the journal of radius r

rotating at N RPM the frictional force
acting on the journal is given by

7 4n*r’yNb
T 60c
Part C
(2Q=14M)
‘ Maximum
Q. . - Scheme of | Time Needed
. No. Solution Marking for Each
‘ - Question
4 ' Petrov’s equation to determine the frictional 4 3 M for three
o L An’r*qNb  formulas.
force fin a journal bearing is f = ————mmmme
60c 4 3 M for three
.where 7 is the radius of the bearing, 7isthe ' values.
viscosity of the lubricant in the bearing, NV is
the angular speed of the journal in RPM, b is
the journal width and c is the clearance in the
journal. We find the frictional force ;
4725 x 1073H%(11.877 x 1073)1500(100 % 1072) ,
f= | 10 Minutes

60(3—5—— x 10-3)
‘ 100
= f =2.93 N. The torque due to this
friction is force is 7, = fr = 2.93 X .025
- =0.07325 N-m. Finally, the power loss in
 the bearing is P, = I}-——f-—-

| 272(1500
=007325 ‘-1’5-6-8-_-1 = 115W.[]
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of frictional losses in a hydrodynamic
vearing as shown by Petrov but it goes a
step further. The solution to this problem
will give us a more accurate means of
determining strain rate and will lead to &
more accurate determination of frictional
losses in journal bearings.

(b) The Navier-Stokes (N-S) equation in the

X~—direction is:

5Gx aTxy a’[xz DL{
+ + +pg =p—.
ox ay 0z Dt

Since the body forces and inertia forces
are negligible we reduce the N-S equation

do. Ot Or.
{0 —% o et % = (). Since the
0x ay 074

density of the fluid is constant and the
velocity i is not a function of x and y the

(o)

S (&) This problem is linked to the determination (a) 2 M for

explaining
the link.

1 M for
reducing
the N-S
eguation.

1 M for

integrations.

1 i for
using the
boundary
conditions.
1 M for

u(z).

15 Minutes

dp d’u ‘
N-S reduces to ——— + 77— = (. This
dx dz*
. d*u _dp _ |
can be rewritten as y—— = ——  Integrating this once with respect to z
dz?2  dx
. ou 1dp o .
gives us — = —-—7 + ;. Integrating this again with respect to 7 gives
6z ndx
1 dp 7 S -
us u = - + ¢z + ¢, . Using the boundary conditions #(0Q) = 0 and
nax f
, u, ldph
u(h) = u, gives us ¢; = — — ————and ¢, = . Therefore,
h ndx?2
@ ldpz> u, ldph
u{z) = ——— +f — - ————
ndx 2 h ndx?2
The End
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Roll No. | !

PRESIDENCY UNIVERSITY
BENGALURU

TEST -2
Sem & AY: Cdd Sem, 2018-20 Date: 16.11.2019
Course Code: MEC 315 Time: 2:30 PM 1o 3:30 PM
Course Name: TRIBOLOGY AND BEARING DESIGN Max Marks: 40
Program & Sem: B. Tech. (MEC) & V DE Weightage: 20%
instructions:
(i} Answer all the guestions.
BPart A [Memory Recall Questions]
Answer the Question. (1Q=12M)

1.

State whether the following statements are true or faise. Justify your answer.
{8) The velocity vector funclion is one of the unknowns in the Navier-Stokes equations
when analysing hydrodynamic bearings for frictional iosses.
(2 M) (C. O. No. 2} [Knowledge]
{(b) The continuity equation is added fo the Navier-Stokes equations in order to match
the number of unknowns and the number of equations to analyse hydrodynamic

bearings. (2 M) (C. O. No. 2) [Knowledge]
(c) Our analysis of hydrodynamic bearings is based on the assumption that the bearings
operate in the partial lubrication regime. (2 M) (C. O. No. 2) [Knowledge]

{d) Analysis of hydrodynamic bearings using analylical methods, when such methods
are available, lead to resulis that are not as accurate as the results from
computational methods. (2 M) (C. O. No. 2) [Knowledge]

{e) The Reynolds equation is the common starling point for the ansalysis of
hydrodynamic thrust bearings and hydrodynamic journal bearings.

(2 M) (C. O. No. 2) [Knowledge]

() The Reynolds equation s obtained from the Navier-Stokes and continuity eguations.

(2 M} (C. O. No. 2) IKnowledge]

Part B [Thought Provoking Questions]

Answer the Question. (1Q=14M)
2. The following questions will test the your knowiedge of the hydrodynamic thrust bearing

and how to initiate an analysis of the losses in these bearings.
(a) Explain the set-up and working of the hydrodynamic thrust bearing with a neat

skeich. Label all the paris in your sketch. (8 M) (C. O. No. 2} [Knowledge]
{b) Bring out one difference between a hydrodynamic thrust bearing and a
hydrodynamic journal bearing. (2 M) (C. O. No. 2) [Comprehension]



(c) Explain how the Navier-Stokes equations, the continuily equation and the Reynolds
equation fit into the determination of frictional losses in a hydrodynamic thrust
bearing? (6 M) (C. O. No. 2) [Comprehension]

Part C [Problem Solving Questions]
Answer the Question. {(1Q=14M)
3. This guestion will test your problem solving skills in the context of the derivation of the
Reynolds equation from the Navier-Stokes and the continuity equations. Answer the

following guestions on the Navier-Stokes equation in the X-direction, which is:

Du ap 2(3( 49 ( &uw ’[Iéuuéw(h\}J“d{ ou ciww
R el ) e } h,—-—/w—«- e 17 L et M ~—[f (= 4 —)].
f Dt PE ox 3 0x 1%a) i ox ; dy  ox oz ' 0z  ox
(a) Define the quantities x, vy, z,f, i, v, w, and p from the Navier-Stokes equation in
the X-direction. [1 M] (C. O. No. 2) [Knowledge]
(b} Non-dimensionalize these quantities. 2 M1{C. O. No. 2) [Application]
Du
{c) Show that the term p-g—w can be non-dimensionalised to obtain:
i
K@J! @ﬁ‘vf i w, ¢, 0i

ORGP . J— ..L,“...,._._.....,.,'

u,t, 0T (}X N u, b, oY u, h, @7 ,
[4 M} (C. O. No. 2} [Application]
(d) Define the Reynolds number and state the mathematical expressions for this number
inthe X — , ¥~ and Z~—directions. [2 M1 (C. O. No. 2) [Knowiedge]
{e) State the mathematical expression for the squeeze number o,.

1M M] (C. O. No. 2) [Knowledge]
£, oil o

_._.,_..1’ (5‘_.........,

ut, 0T ' oT
[4 M] (C. O. No. 2) [Application]

(i Show that these numbers help reduce

The End
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Annexure I Sume

Sem & AY. Odd S8em, 2018-20 Date: 16.11.201¢
Course Code: MEC 315 Time: 2:30 PM to 3:30 PM
Course Name: Tribclogy and Bearing Design Max Marks: 40
Program & Sem: B. Tech. (MEC) & V (DE) Weightags: 20%
Extract of Question Distribution [Outcome Wise and Leve! Wise]

Memory Recall
Type

Thought Probiem |
Provoking Type = Solving Type

- Module ~ Total
Q@  COo No. and | [Marks Allotted]  [Marks Allotted] | [Marks Aliotted] ' Marks
No. MNo. Title 1 ,

Bloom's Level
K | c | A

1 - | 12 f ] | ]

Cea
BN

he
2 1 . Reynolds - 14 - 1
3 4 Equation ) ' _ | 14 14
Total ‘
o 12 14 j 14 40

Marks ,

Ko Knowledge Level, C: Comprahension Level, A: Application Level
Note: While sefting all types of guestions the general guideline is that about 80% of the
guestions must be such that even a below average students must be able io attempt, About
20% of the guestions must be such that only above average students must be able 1o attempt
and finally 20% of the guestions must be such that only the bright studenis must be able io
attempt.
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Annexure i Solutions and Scheme of Marking

SCHOQOL OF ENGINEERING

SOLUTIONS
Sem & AY: Odd Sem, 2019-20 Date: 16.11.2019
Course Code: MEC 315 Time: 2:30 PM to 3:30 PM
Course Name: Tribology and Bearing Design Max Marks: 40
Branch & Sem: B. Tech. (MEC) & V (DE) Weightage: 20%
Part A
] (1Q=12m)
: - Maximum
@ Solution . Scheme of Marking Time Needed
- No. ‘ . for Each
‘ Question

1 (a)True! They are the true 4 1 M for each truth value. 10 Minutes
 unknowns after writing terms, 4 1 wj for justifying sach |
like stresses, as functions of  yyth vaiue.

veiocity. ‘

(b) True! The Navier-Stokes equations are three in number and have four
; unknowns. The continuity equation is the fourth equation to help solve for
the four unknowns.

{¢) False! Hydrodynamic bearings operate in the hydrodynamic lubrication
regime. '

{d) False! Analytical methods lead to exact sciutions to differential equations
whereas computational methods lead to approximate soiutions.

{e) True! The Navier-Stokes equations and the continuity equation lead to the

' Reynolds eguation which is the starting point of cur analysis. 1

(f) True! We know this from the derivation of the Reynolds equation.

Part B
e (1Q=14M}
 #aximum
Q. No. Solution S;he::%e of ~ Needed
;' : ; Aring  sor Each
| - Question |
2 (2) From the figure we see that the bearing takesﬁ
" up thrust loads in machinery. The thrust load This detail is on the
- can be vertical of horizontal so the bearing must. following page!

be placed accordingly.

Page 2 of 4



i%é@Mfcrth%

bearing and the shaft
there is a film of

the thrust load.

The hydrodynamic thrust bearing is used to

take up thrust loads, which act along the axis of
the shaft. The hydryodynamic journal bearing is
used {o take up radial ioads.

The shaft is located
above the bearing.
- pad. Between the

lubricant to take up

figure with

ali the parts
iabelled. |
1'% 2 M for the 10 Minuies
explanation.

4 2 M for
explaining
the
difference.

2 Minutes

- 3.(a)
-coordinates, 7 represents time, i, v and w are

First, the Navier-Stokes (N-S) equations ars
‘derived by applying Newton's second law of
‘motion, ZF = ma, to an infinitesimal element
‘in the lubricant of the bearing. This gives us
‘three partial differential equations in terms of
viscosity, pressure, velocity and siresses. if we
-are able tc determine the stresses, then we can
determine the forces, especially the frictional

forces, which give us the losses.

the velocity components inthe X — |, Y— and

Z~—directions, 7 is the viscosity of the fluid and |
pis the density of the fluid. i

4 2 M for
explaining
the role of
the N-S
equation
4 2 Mfor

| explaining

the role of 5 Minutes

Unfortunately, the (N-S) equations are three in. the
number and we have four unknowns. So we continuity
add the continuity eguation o match the »
’ , . eguation
number of uninowns and the equations. :
‘Next, we non-dimensionalize these equations 4 2 M for the
and drop the terms that have very litlle role of the
~contribution to the dynamics. Dropping the Reynolds
terms leads to the Reynolds equation, which . equation
-can used to analyse hydrodynamics bearings. E
Part C
(1Q=14M)
- Maximum
Solution Scheme of Time Needed
) Marking ~  for Each
Question
- The variabies x, y and 7 are spatial 4 1 Mfor all
definitions.

5 Minutes
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Mn ST L TUL + Vo Ly +do wo WAL .
Uste 4T SX by Ua Y hp e Qf%««

‘ X Y oL Z ;
asfollows: X = —, V= - Z = — - entire
f o b, Ity ~ solution.
f_uw v o w o _
L U, v W, 1,

‘We can non-dimensionalize these quantities 4 2 M for the

5 Minutes

uft&éﬁ. @Qum‘ua&\ 4 4 M for the

YN % ay oz’ _ entire
F 2 f T o I 4 uST o OW 4T U 3T solution,
SN aT I 5% bpaY
fi R e SN,
: ho 27 ) ‘

Mgl tie by é@/?w T e g Mi

}1

10 Minuies

rf/ﬁ“wﬁmw: olisle . ath way Y gy e

W&W Wmﬁxu [T e

"‘:Mf@%’

o

39 s ot U

~’Ef>' e number.
g vy = tﬁu Lm o ‘
Npbo
. \,«;\3, —-
_ 432 . Do@é”yLO “ -
D
) L oy e
Fra %ﬁm&;g M‘ﬁ;w(f’gg‘“ N
— . gk, -
o

3. ()

| N

w ‘

&%% m;lw &,ﬂ [ w”‘“"j&fm B ’@f solution,
;ﬁ\m “fa?\m,}w :{Ez;%;: m . mﬁmﬁm(f :z} j,\),z’ {'\W

;fmam?f\%mm (7 ;) ,%;g yas wuyg Mﬂ,\% ¢4Mf0rthe

entire

E 8{_‘2%‘_@_«*“ e »__Ai_..; o ..;‘J‘&Q. T

3 Minules

5 Minutes

The End
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Roll No.

PRESIDENCY UNIVERSITY

=
——. BENGALURU

———

GAIN MOBE KROWLEDGE SCHOOL OF ENGINEERING

REACH GREATER HEIGHTS

END TERM FINAL EXAMINATION

Semester: Odd Semester: 2019-20 Date: 23 December 2019
Course Code: MEC 315 Time: 9:30 AM to 12:30 PM
Course Name: TRIBOLOGY AND BEARING DESIGN Max Marks: 80

| Program & Sem: B. Tech. (MEC) & V (DE-II) Weightage: 40%

Instructions:
(i) Answer all the questions.

Part A [Memory Recall Questions]

(4Q=23M)
Answer all the Questions.
1. (a) Define tribology. (2 M)(C. O. No. 1) [Knowledge]
(b) List the unknowns in the Navier-Stokes equations used to analyse hydrodynamic
bearings. (4 M)(C. O. No. 2) [Knowledge]
(c) List the types of antifriction bearings. (2 M)(C. O. No. 1) [Knowledge]

(d) List the lubrication regimes in increasing order of frictional losses.
’ (4 M)(C. O. No. 1) [Knowledge]

2. List the assumptions made in the analysis of hydrodynamic thrust bearings.
(4 M)(C. O. No. 3) [Knowledge]

3. Sketch a hydrodynamic bearing showing all its salient features.
(4 M) (C. O. No. 1) [Knowledge]

4. Sketch a hydrostatic bearing and explain how it is an improvement on the regular
hydrodynamic bearing. (3 M) (C. O. No. 1) [Knowledge]

Part B [Thought Provoking Questions]
Answer all the Questions. (2Q=24M)

5. (a) Comment on the accuracy of the results from Petrov’s equation when applied to the
analysis of bearings in comparison to the results from more sophisticated analyses
that have their foundations in the Reynolds equation.

(6 M)(C. O. No. 3) [Comprehension]

(b) Determine the power loss in a journal bearing whose specifications from the first cut
analytical design are as follows:
(i) journal diameter = 50 mm,
(i) width of the bearing = 100 mm,

Page 1 of 2



(iii) rotational speed = 1500 RPM,
(iv) SAE 10 lubricating oil operating at 100° C with a viscosity of 11.877 mPa-s,

(v) bearing load 3 kN, and,
(vi) the bearing clearance is one-hundredth of the journal radius.
(6 M)(C. O. No. 1) [Application]

(c) With the first cut analytical work done suggest the next steps to be taken to refine the
results in the context of the contents of this Course. (4 M)(C. O. No. 3) [Application]

6. (a)Explain the set-up and working of the hydrodynamic thrust bearing with a neat
sketch. Label all the parts in your sketch.
(6 M)(C. O. No. 2) [Knowledge]

(b) Bring out one difference between a hydrodynamic thrust bearing and a
hydrodynamic journal bearing.

(2 M)(C. O. No. 2) [Comprehension]

Part C [Problem Solving Questions]
Answer all the Questions. ' (2Q=33M)

7. Derive an expression for power loss in a sector of a hydrodynamic thrust bearing in
terms of bearing clearance A, lubricant pressure p, bearing length £, lubricant viscosity

#n and shaft speed 1,
The following information may be useful to you.

a b
J uv'dx = (uv) Is - J u'vdx.
a

b
o= =50 T
(sz>|Z=h0 - - —Z—E + 777 .

(10 M)(C. O. No. 3) [Application]

8. The following questions will test your ability to analyse hydrodynamic thrust bearings.

(a) Determine an expression for the pressure distribution in a paraliel surface slider
bearing. (4 M)(C. O. No. 3) [Application]

(b) Based on the expression for pressure distribution comment on the suitability of the

parallel surface slider bearing in a hydrodynamic thrust bearing.
(2 M)(C. O. No. 3) [Comprehension]

(c) Determine an expression for the pressure distribution in a fixed-incline slider bearing.
(15 M)(C. O. No. 3)[Application]

(d) Based on the expression for pressure distribution comment on the suitability of the

fixed-incline slider bearing in a hydrodynamic thrust bearing.
(2 M)(C. O. No. 3) [Comprehension]

The End
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GAIN MORE KROWRLEDGE

¥ SCHOOL OF ENGINEERING
R n)

Ay,

REACH GREATIR HIIGKYS

END TERM FINAL EXAMINATION

Extract of Question Distribution [Outcome Wise and Level Wise]

The numbers and titles of the modules in this Course are:
Unit 1: Fundamentals of Tribology,

1.

2. Unit 2: The Reynolds Equation,
3. Unit 3: Analysis of Hydrodynamic Thrust Bearings.
Memory
Recall Type Thought SoFI:/ri(r)wbli'm o
' Mark Provoking Type g1yp
arks
Q. C.O. Module No. A"Otted] [MarkS A”Otted] [MarkS Total
No.  No. and Title Allotted] Marks
Bloom’s Bloom's Level ,
Bloom’s Level
Level
K C A
1 1,2,3 Units1,2and 3 12 - - 12
2 3 Unit 3 4 - - 4
3 4 - - 4
1 Unit 1
4 . 3 - - 3
5 ' 1,3 Unitstand3 - 6 10 16
6 2 Unit 2 6 2 - 8
7 - - 10 10
3 3
8 - 4 19 23
Total Marks 29 12 39 - 80

K: Knowledge Level, C: Comprehension Level, A: Application Level

Note: While setting all types ©of guestions the general guideline is that about 60% of the
questions must be such that even a below average students must be able to attempt, About
20% of the questions must be such that only above average students must be able o attempt
and finally 20% of the questions must be such that only the bright students must be able to

attempt.

Faculty Signature:

Reviewer Commend:
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Annexure ll: Solutions and Scheme of Marking
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=
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SCHOOL OF ENGINEERING

SOLUTION

GAIN MORE ENOWLESLE
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Sem & AY: Odd Sem, 2019-20
Course Code: MEC 315

Course Name: TRIBOLOGY AND BEARING DESIGN
Program & Sem: B. Tech. (MEC) & V (DE-ll)

Date: 23.12.2019
Time: 9:30 AM to 12:30 PM

Max Marks: 80
Weightage: 40%

we assume density and
viscosity of the lubricant to be
constant.

Part A
(4Q=25M)
Maximum
Q. . . Time Needed
No. Solution Scheme of Marking for Each
Question
1. (a) Tribology is defined as the science, <4 2 M for the definition 5 Minutes
technology and practices related to
interacting surfaces.
1. (b)  The lubricant pressure p andthe 4 4 M for naming the 4 5 Minutes
three velocity components of the unknowns
fubricant u, v and w.
1. (c) | Roller bearing and ball bearing. 4 2 M for naming the 2 5 Minutes
bearings
1. (d) Hydrodynamic lubrication, 4 4 M for the right 5 Minutes
elastohydrodynamic lubrication, sequence
partial lubrication, boundary
lubrication.
2 1. We assume no side leakage in 4 4 M for the 2 5 Minutes
our analysis using the Reynolds assumptions
equation.
2. We assume the effects of
pressure and temperature on
density and viscosity of the
lubricant to be negligible. I. e,
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isf =

47 r’yNb

“ 60c

‘journal.

where ris the

radius of the bearing, # is the
viscosity of the lubricant in the
bearing, N is the angular speed of
the journal in RPM, b is the journal
width and c is the clearance in the

Petrov’s work
-4 2 M for discussing
© the accuracy of
results from the
Reynolds
equation

Maximum
Q. . . Time Needed
No. Solution Scheme of Marking for Each
Question
3 4+ 2 M for a sketch 10 Minutes
4+ 2 M for the labels
4 4 1 M for a sketch 10 Minutes
4+ 1 M for the labels
4+ 1 Mfor the
| Bexing explanation
CHIE ket
Pump 1
This set-up reduces frictional losses
-and wear when starting and stopping
- the shaft.
Part B
(2Q=24M)
Maximum
. . Time Needed
Q. No. Solution : Scheme of Marking for Each
Question
5.(a), Petrov’s equation to determine the 4+ 2 M for accuracy 30 Minutes
(b), (c) frictional force f'in a journal bearing of results from
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s
(b), (¢)

e 47325 x 1073%(11.877 x 1073)1500(100 x 107%)

.4 2 M for comparing

the accuracy from

60(% x 107%) the two methods

= [ =2.93 N. The torque due to # 3 M for three
this friction is force is formulas.
Tf =fr =2.93x.025 =0.07325 4 3 M for three
N-m. Finally, the power loss in the values.
bearing is P, = T, gﬂ 4 4 M for discussing

’ f the steps after the
= 0.07325 M)_ = 11.5W first cut solution.
L]

6. (a), (b) N 4+ 2 M for sketch

4 2 M for labels

4 2 M to explain the
working principle
of the
hydrodynamic

\ _ thrust bearing 10 Minutes
ol R L .
.4 2 M to bring out
A hvdrod L | bearing the difference
ydrodynamics journa
takes loads in the radial direction between the_
while a hydrodynamic thrust bearing hydrodynamic
takes loads in the normal to the journal and thrust
radius. bearing
PartC
(2Q=33M)
Maximum
] Scheme of  Time Needed
Q. No. Solution Marking for Each
Question
7 4 4 Mforthe 25 Minutes
figure
4 6 M for the
derivation of
the final
expression
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