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L. Academic calendar 2019-20 ( Semester 1)

)

Date Day Event
5 Aug 2019 | MonpAY Term Start Date
5 Aug 2019 MONDAY Registration & Commencement of Ist Semester Classes
ia. .\\u 019 MONDAY Bakrid V Eid al Adha
135 A‘ujg‘?;ow THURSDAY Independence Day
72 Sep EQi 9 MONDAY Ganesh Chaturthi
A TUESDAY Muharram
FRIDAY Test 1 Progress Report Dispatch
SATURDAY Class Teachers Meeting
WEDNESDAY Gandhi Jayanti
THURSDAY Test 1
FRIDAY Test 1
SATURDAY Test 1
e 7 3 MONDAY Maha Navami
; 4 o e fUESDAY Vijaya Dashami
% i | A’Yi el Test 1 Progress Report Dispatch
i ':f'- ” e Class Teachers Meeting
R
1 j;—'” ;

e

BAsi
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Department of Chemistry (CHE)

15 Nov 2019

FRIDAY

-——“\—N_‘_‘_‘ e e
Date
N Day Event
26 Oct 2019 -
yels SATURDAY lest 2
fens G puw g ek Al
29 Ot 2 ) 4
Vet 2019 TUESDAY Balipadyami
I Nov 2019 FRIDAY Kannada Rajyothsava
e N
8 Nov 2019 FRIDAY Test 2 Progress Report Dispatch
Bl
9 Nov 2019 SATURDAY Class Teachers Meeting

Kanakadasa Jayanti

) 21 Nov 2019

‘ THURSDAY Test 3
| 22 Nov 2019 FRIDAY Test 3
I 23 Nov 2019 SATURDAY Test 3
28 Nov 2019 THURSDAY Test 3 Progress Report Dispatch
I 29 Nov 2019 FRIDAY Class Teachers Meeting
1 30 Nov 2019 SATURDAY Last Working Day
5 Dec 2019 | THURSDAY Test 3
6 Dec 2019 FRIDAY Test 3
7 Dec 2019 SATURDAY Test 3
12 Dec 2019 THURSDAY Test 3 Progress Report Dispatch
13 Dec 2019 FRIDAY Class Teachers Meeting
14 Dec 2019 SATURDAY Last Working Day
21 Dec 2019 SATURDAY Term End Date

Scanned with CamScanner




@ BGS Institute of Technology

Department of Chemistry (CHE) \
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2. Timetable
[[roh L MRS | : 2
{ - 09:00 AM | 09:55AM | 11:00AM | 11:55AM | 12:50 PM | 01:45PM | 02:35 PM 03:25 py,;
B 09%SSAM | 10:50AM | 1L:SSAM | 12:50 PM | 01:45PM | 02:35PM | 03:25PM | 0415 pyt
BE
18ME34
- ME
MON - :
A
‘BE
BE
3 18::51334 18ME15
if TUE | Semester3 i
3 Semester 1
-~ Pt - 'A""' : %
E o -
SR O 18ME34 18ME15
. ‘ CHE
Semester 1

BE
18ME15
CHE
Semester 1
F
S ¥ T
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BGS Institute of Technology
'

3 T __Department of € hemistry (CHE) e
- Department Details
5 . »,. . .
1 Preliminary Information
) ~
PROGRAM FDUCATIONAL OBJECTIVES
5 in mathematics,

asic engineering concept

cs, computer science and biological sciences

Peo 1 : To produc i ith i j

bt To produce engineers with in-depth knowledge of B
physics, chemistry, mechanical, civil, electrical and electroni
tor engineering application
Peo 2 : To train the students with technical skills in biotechnology and interdisciplinary field to meet the

industrial demands
er based applications in Biotechnology

Peo 3 : To upgrade the skills in microbial processes and comput
es with special emphasis on

Peo 4 : To expertise the students with analytical and problem solving abiliti

research, entrepreneurship and career

Peo 5 : To create responsible biotechnology engineers with high ethical and moral values

PROGRAM OUTCOMES(PO's)
e of mathematics,

dge : Apply the knowledg
f complex engineering problems

1. Engineering knowle
and an engineering specialization to the solution 0
search literature, and analyze complex engineering
atics, natural sciences, and

science, engineering fundamentals,

review re

2 Problem Analysis : Identify, formulate,
g first principles of mathem

problems reaching substantiated conclusions usin
engineering sciences .

elopment of Solutions : Des
rocesses that meet the specified needs w
cultural, societal, and environmental considerations

-based knowledge and research -methods
thesis of the information 0

gineering problems and design

ign solutions for complex en
public

3. DesignV Dev
system components Or p ith appropriate consideration for the

health and safety, and the

4. Conduct investigations of compl
including design of experiments, ana
provide valid conclusions

ex problems : Use research
lysis and interpretation of data, and syn

resources, and modern

select, and apply appropriate techniques,
eering activities with an

5. Modern tool usage : Create,
diction and modeling to complex engin

engineering and IT tools including pre
understanding of the limitations

6. The engineer and society : Apply reasoning inform
health, safety, legal and cultural issues and the consequ

engineering practice

7. Environment and sustainability : Understand the i
in societal and environmental contexts, and demonstrat

ed by the contextual knowledge to assess societal,
ent responsibilities relevant to the professional

mpact of the professional engineering solutions
e the knowledge of, and need for sustainable

development
8. Ethics : Apply ethical principles and commit to professional ethics and responsibilities and norms of

engineering practice
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@ BGS Institute of Technology

Department of Chemistry (CHE)

5

—

an individual, and as a member or leader in diverse

9. Individual and team work : Function effectively as
teams, and in multidisciplinary settings

10. Communication : Communicate effectively on complex engineering activities with the engineering

community and with society at large, such as, being able to comprehend and write effef:tlve reports and
design documentation, make effective presentations, and give and receive clear instructions

I1. Project management and finance : Demonstrate knowledge and understanding of the engineering and
maf‘agement_prmcrples and apply these to one's own work, as a member and leader in a team, to manage
projects and in multidisciplinary environments

12. Life-long learnin

g : Recognize the need for, and have th aration and ability to engage in
Independent and life- Shgudintig o) 3 K

long learning in the broadest context of technological change
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N VI)‘V'_I_“”“"‘"” of Chemistry (CH1E)

4. Cour
ourse Information

6. 1 Course Content
Academic Year : 2019-20

Title of the C

‘ ¢ Course : 1 M A —— ‘
Semester : 1 ENTS OF MECHANICAI [‘.N(llN"."iUN(l

L |

IA Marks : 40

Subject Code : 18MELS

Hours/week : 4 Total Hours : 50

Exam Marks : 60

blanned Date : 2019-08-20 '.‘
Approved Date 2019-08-20

IC engines and Refrigeration & Air \

| Course Plan Author : I\jigl_1chitha KM

. Approved by : Mr YUVARAJABK

Objectives:
b

' Course Outcomes (COs) :
rces, Boilers,

1 . Develop the basic knowledge of Energy sou
l conditioning systems,
| 7 . Understand the various Machine tools, Metal joining processes, Power transmission systems and

Bearings & Lubrication systems
3 . Understand the applications of various Engineering & Composite materials.

6 . Course Information
6 . 1.2 Text Books and Reference Books

TEXT BOOKS :
Sudhir Gopalakrishna, S. C. Sharma, “Text Book of Elements of Mechanical

1 . K. R. Gopalakrishna,
Engineering”, Subhas Publications, 2013.
A. K. Hajra Choudhﬁry, Nirjhar Roy, “Elements of Workshop Technology —

2 . S. K. Hajra Choudhury,

Vol-1&2”, Media Promoters & Publishers Pvt. Ltd., 2010,

REFERENCE BOOKS :
1.S. Trymbaka Murthy, “A Text Book of Elements of Mechanical Engineering”, 1K International
Publishing Pvt. Ltd., 2010.
Engineering”, Suggi Publishing, 201 3
Technical

Ramesh, “Elements of Mechanical

«Elements of Mechanical Engineering Sciences”, Sanguine

2 . Kestoor Praveen &
K. V. A. Balaji & K. Ramashastry,

Publishers,
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Semester: |

@ BGS Institute

Department 0

of Technology

{ Chemistry (CHE)

6. Course Information

Section: Y

Course: ELEMENTS OF MECHANICAL

ENGINEERING

P : Planned Executh
: "~ Date ] Tnpi_c: . F Source Date { Topic Sourc:e l
; ‘ , material|
i material obe |
= to be g
| e referred referred
.
1
1 {01508-20 Energy Sources: Text 1, |2019-08-20 | Energy Sources: Text 1,
| ‘ Introduction Text 2, Introduction ext 2, Y
l Ref 1, Ref1, W
L ( Ref 2, Ref 2, ‘
2 | 20150821 [ E Sl oL \
pos nergy Sources: Text 1, |2019-08-21 | Energy Sources: Text 1,
! Introduction Tiext 2, Introduction Text 2, \
| Ref1, Ref1, |
Ref2, Ref2, |
3 2019-08-2-3 T =i et 3 \
ypes & Examples | Text 1, | 2019-08-23 [ Types & Examples Text1, |
Trext'2, Text 2,
Ref 19 Ref 1,
Ref2, Ref 2,
: ‘Ref 3, Ref 3,
4 2019-08-24 | Solar Power Plant Text 1, | 2019-08-24 [ Solar Power Plant Text 1. |
Text 2, Text 2,
Ref1, Ref 1,
Ref 2, Ref 2,
Ref 3, Ref3, |J
2019-08-24 | Hydroelectric Power Plant | Text 1, | 2019-08-24 [ Hydroelectric Power Plant | Text 1,
& Wind Power Plant. | Text 2, & Wind Power Plant. Text 2,
Ref 1, Ref 1,
Ref 2, Ref 2,
i Ref 3, Ref 3,
| 2019-08-27 | Steam formation, Steam Text 1, | 2019-08-27 | Steam formation, Steam Text 1,
properties \u2013 Dryness .| Text 2, properties \u2013 Dryness | Text 2,
fraction, Sensible heat, Ref' 1, fraction, Sensible heat, Ref 1,
Latent heat, Total heat, Ref2, Latent heat, Total heat, Ref 2,
Specific volume & Internal | Ref 3, Specific volume & Internal | Ref 3,
energy, Types of Steam (No energy, Types of Steam (No
y ‘numerical problems). numerical problems).
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: “(‘Ll:ll tment of Chemistry (CHIE)

§ BGS Institute of Technology

e —

e —————

28 3 R
:nlllmihlv.lmn. Classification.| Text 1. 1 5019-08-28 | 'Imrmlu(;tiun.( la'.';lﬂcaﬁuﬂ Text 1, |
15t & Functions of Boiler I'ext 2, ‘ { ist & Functions of Boiler | Text 2.
| Mountings & Accessories | Ref 1, Mountings & Accessories | Ref 1,
| (No constructional details), | Ref 2, (No constructional details), | Ref2,
| |Self Study: Babecock & Ref 3, [S‘clf‘imtlyt Babcock & \ Ref 3,
S — Wilcox Boiler]. Wilcox Boiler]. | S
| ¢ 2019-08-30 1 Sream Turbines: Text 1. 3019-08-30 | Steam Turbines: \Text P
Introduction, Working Text 2, Introduction, Working | Text 2,
Principle of Impulse & Ref 1, Principle of Impulse & | Ref 1,
Reaction Turbines. Ref 2, Reaction Turbines. Ref 2, '\
Ref 3, Ref 3,
|19 ' 2019-08-31 | Introduction, Working Text 1, | 20190831 | Introduction, Working \Text 1, |
| Principle of Open and Text 2, Principle of Open and Text 2.
Closed cycle Gas Turbines. | Ref I, Closed cycle Gas Turbines. | Ref 1,
Ref 2, | Ref2
| Ref 3, | Ref3
710 | 20190831 | Introduction, Working Text 1, | 2019-08-31 Introduction, Working
) Principle of Pelton and Text 2, Principle of Pelton and
‘ Kaplan Turbines. Ref 1, Kaplan Turbines. Ref 1
% Ref2, Ref2
|| Ref3, Ref 3
i 2
11| 2015-09-03 | Introduction, Classification | Text 1, | 2019-09-03 Introduction, Classification Textl, |
Text 2, Text2, |
Ref 1, Refl, |
Ref2, Ref2, |
| Ref 3, Ref3, |
J3 | 20190904 | Parts, Terminology Text 1, | 2019-09-06 | Parts, Terminology Text1, |
Text 2, Text 2,
Ref 1, Ref 1,
| Ref 2, Ref 2,
Ref 3, Ref 3,
73 | 20190506 | P-V Diagrams of Otto and | Text1, | 2019-09-I1 [ P-V Diagrams of Ottoand | Text 1,
Diesel Cycles, Simple Text 2 Diesel Cycles, Simple Text 2,
Numerical Problems on Ref 1, Numerical Problems on Ref 1,
Indicated Power Ref 2, Indicated Power Ref 2,
Ref 3, Ref 3,
14 | 2019-09-07 | Brake Power, Mechanical | Text 1, 3019-09-18 | Brake Power, Mechanical | Text 1,
Efficiency Text 2, Efficiency Text 2,
Ref 1, Ref 1,
Ref 2, Ref 2,
| Ref 3, Ref 3,
15 [ 2019-09-07 | Indicated Thermal Text 1, | 2019-09-19 Indicated Thermal Text 1,
Efficiency and Brake Text 2, Efficiency and Brake Text 2,
Thermal Efficiency, [Self | Ref 1, Thermal Efficiency, [Self | Refl,
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Namithgowda D R P 10 Understand
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Date - 07/12/2019
Time : 15:00 - 16:00

Max Marks: 30

Part A
| Answer any 1 questions
Q.No
e B ORI
Explain the types of belt-drive with neat sketch, mention
its advantageas and dis-advantages.
110
Explain the trminologies in belt drive.
2 Jaa - s | 7 3 |12
Give brief classification on ferrous and non ferrous metals.
35 L 5 s 8 3 - K12
Explain the following, :
a)Pig Iron
| | bwroughtiron |
|| gwhite castiron
Part B J
Answer any 1 questions
Q.No Max CcO |BT/
o Marks CL
S i 15 3 |12
| | Whatare the types of steels, list its applications.
15 3 L2

Whatis composite? What s the classification of
| composites?explain.

-
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— - 1 CO,T

Date : 06/11/2019
Time : 11:00 - 12:00

Max Marks: 30

B 4 57 [ max Bg{
Q.No l Marks T
— _i - (f—f“”””,;ﬁ_ 123 L2
1 | a |
" with neat sketches , explain following opeara tions?
| @feaing btunng ¢) knurling
j l d reaming e) counter boring | el
= 8. 123 | L2
2 | a
1' / with neat sketch explain working principle and
; | constructional features of centerfess grinding machine
2 [ b g/ 123 L2
} sketch and explain oxy-acetylene welding?
Part B
Answer any 1 questions
Q.No ’ Max CO BT/
/ Marks CL
3 fim ks 7 : : 9 23 L2
what is welding? explain electric arc welding with a neat
sketch ‘
f 3 (b 6 23 wlb2
distinguish between brazing and welding
4 | a . 7 23 L2
explain the properties of lubricants
410 8 23 | L2
with neat diagram explain the follwing lubricators '
a)drop feed lubricator
bjsplash lubrication
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: joxmamo Nandan B § P 0 0 1 5 0 0 0 0 6 Understand
2019BEME059 Vidya R Gowda P 8 5 0 0 0 0 9 6 28 Understand
2019BEMEO21  Nikhil Gowda HN P 0 0 0 7 2 0 0 0 9 Undersnd
2019BEMEOI7  Mohammed Shahid P 0 0 0 2 0 0 3 0 5 NolLevel
: Pasha
2019BEMEO49 Susheelkumar H § P 0 0 | 7 | 0 0 0 9 Understand
2019BEMEOS3  VinayM P s 0 L g A : 2 e ki
2019BEMEOIS ~ ManojP P 0 0 3 0 1 0 0 0 4 NoLevel
e
, Pane 26 nf 40

)



3 a
Conpare 2 stroke and 4 stroke engine?
3| b 6 123 L2
What are the properties of good refrigerant ?
Py 9 123 | L2
. With suitable sketch explain the working of vapor
.|.. | absorption refrigeration system
N Y s
(a7 BT
' 6 123 | L2

Evaluation

Understand
0 25 Understand
6 o Understand
0 2 No Level
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6 . Course Information
. né ssessment

e Date : 05/10/2019

Internal : 1

Time : 09:30 - 10:30

Semester: 1-CBCS 2018
Subject | ELEMENTS OF MECHANICAL ENGINEERING (18MET5) Max Marks: 30
Faculty : Nishchitha K M
e —————
R
B e TV Y — any 1 questions —
BER IR IS cad 7 ﬁax co |BT/
Q.No CL
{ Marks
FETTIGT - 10 1 |12
a) Explain with neat sketch, impulse and reaction turbine.
||
/ T ‘ ‘ 5 1 L2
/ Compare impulse and reaction turbine
|
e [ 7 123 | LS
a) a single cylinder 4stroke diesel engine the following
results while running at full load. Area of indicator card
300 mm2, length of diagram 40mm, spring constant 1
bar/mm, speed of the engine 400rpm, load on the brake
370N, spring balance reading 50N, diameter of brake
drum 1.2m, fuel consumption 2.8 kg/r. CV of fuel 41800
K /kg, diameter of the cylinder 160mm, stroke of the
piston 200mm, determine the following: (a) IMEP (b)
BMEP (c)BP (d) BSFC () Brake thermal & indicated
thermal efficiencies.
21b i 8 123 | L2
‘Explain the classification of IC Engine?
PP i f

88 L T
[y [ .
| Scanned with CamScanner



Evaluation

P 7
::'n)‘;‘ ' 4 02 03 7] 1A BTCL
Absent Total e
(Ab)
2019BEMEQ3S Rakshith N ¥ e die S
3 'g Al\ n
et o 0 0 0 0 0 0 NolLevel
2019BEMEM3 Shubha Khadri | P 0 0 7 8 10 TR Understand |
2019BEMEOS 5 N— i
8 Vibha B Ab 0 0 0 0 0 0 0 No Level
s e e . i | W P L 7 } - W LT e “_______‘___J
2019BEME023 Pavankumar € G P 2 - > 3 r 3 ® Ok
2019BEME03 Varun K.s i o e - - “ e
e iy P 0 0 0 p o o 0 Nolew
2019BEMB02S p 0 0 s ¢ 3 0 19 Understand
R ki b p 0 0 A e s 0 10 35 Understand
0I9BEMENS Mohankumar G.t P o 0 7 6 8 0 2l Understand

No Level

2 8 8 2 Understand I

Pane 3R nf 40 i
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{
g 0 MNoLevel |
0 0 gl S
Al X 0 0 i 12 27 Understand
2019BEME040 Saniya Saba " 0 il s i |
- P 0 0 i o 10 Understand i
2009REMENOT Al A § 5 0
; s : tarid _
2019RENTE0S Thiwptht MN y : . P 0 10 o Uidifsm ;
> 0 ’ - :
2019RENMENM Rahuguna I 0 , 3 8 10 Understan
' 3 0 b S
20198EME0T Sinchana Aradhya 8 R P 12 :; -
S b 3 i .
2019BEMBE020 Nandan B § P 3 0 M = — _~—0
. SO : 3 - - - P
2019REMENS® Vidya R Gotwda Ab ,
4
; 5 .
2 1 o N P 10 0
2019REMBO Nikhil Gowda H sl o _ : 0 ; Fa—"
2019REMEN T Mohammed Shahid P 12 0 0 0
Pasha - e - A i
e 25 : B e E—— T : 0 10 22 Understand
2019BEMENO Susheelkumar H § P 0 0 5 i i st
. <7 =L e - = - SRS 4‘“-—*6‘“"“"“"“‘”‘ 2 0 14 Understand <>
2019BEMEDRS Vinay M P 0 0 6
4 16 Understand
2019BEMEM6 Mangj P P 12 0 0 0 0
‘ No Level
2019BEMEC4 Nayana R, Ab 0 0 0 0 0 0 0
| 2019REMEOSS Umme Ham N Ab 0 0 0 1] 0 0 0 g
2019BEMEB028 Subramanian V P 7 0 0 0 6 0 13 Uudemfi ¥
2009BEMENGS  Akshay Ab 0 0 0 0 0 0 0  NolLevel
2019BEMENOS Deepal Gowda M P 2 1 0 0 1 0 14 Understand
2019BEME07 Suhas Devanga HK P 12 3 0 0 15 0 30  Understand
Yashaswini T P

ar ‘ ' 0 = 15 i !v——-—
P 0 0 0 0 0 4 4' No Level
o g g ° 0 0 0 0 Nolewl
P 10 0 0 0 2 [} i :2 Understand
¥ 7 3 0 0 1 0 Il Understand ‘
4 i T e ¢ 8 0 15 30 Understand
Ab g 0 0 o 0 P e ia
: : 4 2 e 0 0 7 Understand
’ " e : 5 e
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Course Content:

srinpE-B.E, Program

pepartment ot Mechamcal t nEpinet

. ol
1 | Hrs./ [
| Course L T P \ wWk. \
Course Title Type a e
4 | 4
- N

Course Code |
|
Flements of Mechanical MC 3 1 0 B
| ¢ — \

|
J
|

s
ISEMERS | Engineering
| e 3 . s .;’ o
‘ Internal Assessment .‘-un(.».lerr [,n(rl_f o e 0
Prerequisites: Basic Physics 30 Marks 60 MEJFEF;_ N <]
Course Objectives:
; A - . ; . mental
Students belonging to different disciplines of Engineering are made to learn few funda
e
~\
~

topics related to Mechanical Engineering systems.

Course Qutcomes:
On successful completion of this course, the student shall be able to:

Develop the basic knowledge of Energy sources, Boilers, IC engines and Refrigeration & Air

L
conditioning systems. _
Understand the various Machine tools, Metal joining processes, Power transmission systems

L
and Bearings & Lubrication systems.
Understand the applications of various Engineering & Composite materials.

_ ::MODULE - 1: (10 Hours)
Energy Sources & Boilers: _
Energy Sources: Introduction; Types & Examples; Solar Power Plant, Hydroelectric Power

Plant & Wind Power Plant.
Steam: Steam formation; Steam properties—Dryness fraction, Sensible heat, Latent heat, Total

heat, Specific volume & Internal energy; Types of Steam (No numerical problems).
Boilers: Introduction; Classification; List & Functions of Boiler Mountings & Accessories

(No constructional details). [Self Study: Babcock & Wilcox Boiler] Turbines:

Steam Turbines: Introduction; Working Principle of Impulse & Reaction Turbines.
Gas Turbines: Introduction; Working Principle of Open and Closed cycle Gas Turbines.
Hydraulic Turbines: Introduction; Working Principle of Pelton and Kaplan Turbines.

::MODULE - 2:: (10 Hours)
Internal Combustion Engines:
Introduction; Classification; Parts; Terminology; P-V Diagrams of Otto and Diesel Cycles;
Simple Numerical Problems on Indicated Power, Brake Power, Mechanical Efficiency,
Indicated Thermal Efficiency and Brake Thermal Efficiency. [Self Study: Working of 2-Stroke
& 4-Stroke IC Engines] |
Refrigeration & Air conditioning:
Introduction; Definitions — Refrigerating Effect, Ton of Refrigeration, Unit of Refrigeration,
Coefficient of Performance (COP); Refrigerants — Properties & Commonly Used; Principle
and Working of Vapour Compression and Vapour Absorption Refrigerators; Introduction to

Air conditioning; Working Principle of Domestic Air Conditioner.

PRI R "o PSP Y PPy S NS SR T PR S SR L G T ) =
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ll(\lh\llm( I;\l;;l;lv;l]l p an ““ ||(,“|—5)
“ Turni Taper turning
g M i orformed (Turning, lap g
Turning Mach ‘|lassification and Operations pcr[nrmc( (
Parts: Classilice *y
assification and Operations performed
-

Turning Machine: e
Facing. Knurling, Thread cutting). p—
" : ) inciple of Drilling; & _
Drilling Machine: Working Principle © . ; ! .

! < & Counter Boring) doion of gurfaca Grinding,

o Counter Sinking :
g, g inding; Working OP

(Boring, Reaming, Tap st 4
Grinding Machine: Working Principle of G

Cvlindrical Grinding & Centuries Grinding, B
Metal Joining Processes: e es:  Applications; BTI€
Welding: Definition; Classification; Advantages; D‘S\‘;“;g?:‘ag f;pesr())f(}as Flames.
Discussion on Electric Arc Welding & Oxy-Acel}"e'.‘elG?;yp; ofs%élder

: ‘king Principie; g AL .
s; Working e on of Welding, Soldering &

Soldering: Definition; Application i _
Brazing: Definition; Applications; Working Principle; Comparis
Brazing.
.“MODULE — 4:: (10 Hours)

s—Velocity Ratio, Creep, Slip.

Power Transmission:
Belt Drives: Types (Open & Crossed); Definition

Pulley Drives: Types (Idler, Stepped Cone and Fast & Loose):
Gear Drives: Introduction; Types of Gear Train. [Simple Numerical

Problems] Bearings & Lubrication:
Bearings: Introduction; Types—Ball & Roller Bearings. . .
Lubrication: Definition; Purposes; Types—Drop Feed & Splash; Types & Properties of Lubricants.

::MODULE - 5:: (10 Hours)
Metals and Alloys; Ceramics and

Engineering Materials:
Introduction: Types and Applications of Ferrous & Non-Ferrous

Poiymers.

Composite Materials:
Introduction: Classification; Advantages; Limitations; Industrial Applications.

Text Books:
¢ K. R. Gopalakrishna, Sudhir Gopalakrishna, S. C. Sharma, “Text Book of Elements of

Mechanical Engineering”, Subhas Publications, 2015.
e S. K. Hajra Choudhury, A. K. Hajra Choudhury, Nirjhar Roy, “Elements of Workshop

Technology — Vol-1&2”, Media Promoters & Publishers Pvt. Ltd., 2010.

Reference Books:
e S. Trymbaka Murthy, “A Text Book of Elements of Mechanical Engineering”, IK International

Publishing Pvt. Ltd., 2010.
e Kestoor Praveen & Ramesh, “Elements of Mechanical Engineering”, Suggi Publishing, 2015.
e K.V.A.Balaji & K. Ramashastry, “Elements of Mechanical Engineering Sciences”, Sanguine

Technical Publishers, 2006.
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- TAERUTb Written e.g
By

Model Question Paper
First Semester B.E. Degree (CBCS) Examination
Elements of Mechanical Engineering

on from each module.

Max. Marks: 100

Time: 3 hrs,
\| . -
Note: 1.Answer any FIVE full questions, choosing one full questi
2. Use of steam tables is permitted.

MODULE —1
I a Classifydifferent sources of energy with suitable examples. (04 Marks)
b Find the enthalpy of 1kg of steam at 12 bar when (i) steam is dry saturated
Take the specific heat of (06 Marks)

(i) steam is 22% wet (iii) superheated to 250°C.

superheated steam as 2.25kJ/kgK.

With the help of T-h diagram, explain the generation of steam at constant (10 Marks)

pressure.
OR

Write short note on (i) global warming  (ii) Ozone depletion (10 Marks)
d law of thermodynamics. (10 Marks)

529 4

2 a
b State and Explain Zeroth law, first law and secon
MODULE —1I
3 a With a neat sketch, explain the working of water tube boiler. (10 Marks)

b Classify Hydraulic pumps and explain the working principle of centrifugalpump

with a neat sketch. (10 Marks)
OR
4 a Classify hydraulic turbines and with a neat sketch explain the working of Francis (10 Marks)

turbine.

b Explain the functions of (i) Water level indicator (ii) Safety valve (iil) Super (10 Marks)
heater (iv) Pressure gauge (v) Feed check valve

MODULE — III
5 a With the help of P-V diagram, explain the operation of 4-Stroke Petrol engine (10 Marks)

b Following data are collected from a 4-stroke, single cylinder at full load.
Bore = 200mm, stroke= 280mm, speed = 300 rpm, Indicated mean effective
pressure = 5.6bar, Torque on the brake drum = 250 N-m, fuel consumed = (10 Marks)
4.2kg/hour, and calorific value of fuel = 41000 KJ/kg Determine (i) Brake power
(ii) Mechanical Efficiency (iii) Indicated thermal efficiency (iv) Brake thermal
efficiency

OR

a Define the following refrigeration terms
i) Refrigerant ii) Ton of refrigeration iii) COP iv) Relative COP v) Refrigerating (05 Marks)
effect

b Define refrigeration. State the application of refrigeration (05 Marks)

¢ With the help of a flow diagram, explain the functioning of Vapor Compression

(10 Marks)

refrigeration cycle.
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{
MODULE 1V
7 ;
: le‘SS'fy and explain various types of Steel 10 Marks)
With a neat sketch explain the Arc welding method. a0 Marks)
OR
(10 Marks)

elt in open belt drive.

ve a parallel shaft at 150 rpm- The pulley on
cter. Find the diameter of the driven pulley. (10Marks)
It and the velocity ratio.

Derive an expression for length of b
A shaft running at 100 rpm, is to dri
the driving shaft is 350 mm in diam
Calculate the linear velocity of the be

MODULE -V

ining operations on Lathe machine with suitable _
(iii) Thread cutting (iv) Knurling ‘ .mmm-)

=

9 a Explain the following mach

sketches (i) Turning (ii) Facing Marks)
b With a neat sketch explain the working of vertical milling machine e
s in industries. L
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" Internal Tes n e
5 ' Test Question Paper Format - CBCS Scheme (VTU) i:\

Ni{ 7\7 o )
me of the l'ill‘llll_\“h‘: '\\N\( Wwp . .m ' il

Date: 0O . \0.(¢ |
=4 & { Signature: MQ,A— R ‘f”’ b'ﬂ

l'est Question Paper
| Date: 05.10.2019

NOTE: : 4301 b '
OTE: Only the following information is to be given to the students.

BGS Institute of Technology
Department: Mechanical Engineering
Test: ] | usn:4BW ]
Semester: ['®

Subject Name & Code: Muhufacturing Process MIEMEW)
Instructions
Duration: 60 minutes Max. Marks: 30

i) Select one question from each part.
ii) All questions carry equal marks.

Question ;
Number Questions Marks| CO | Levels
PART - A
1 la) Explain with neat sketch, impulse and reaction turbine. 10 Co1 12
;b) Compare impulse and reaction turbine. 5 CO01 L2
OR

1) a single cylinder 4stroke diesel engine the following
esults while running at full load. Area of indicator card
00 mm’, length of diagram 40mm, spring constant i
ar/mm, speed of the engine 400rpm, load on the brake
70N, spring balance reading SON, diameter of brake 7 Co2 L4

Z rum 1.2m, fuel consumption 2.8 kg/hr, CV of fuel
1800 kJ/kg, diameter of the cylinder 160mm, stroke of
he piston 200mm, determine the following: (a) IMEP
) BMEP (¢)BP (d) BSFC (e) Brake thermal &
indicated thermal efficiencies.
]b) Explain the classification of IC Engine? 8 C02 L2
PART - B
3 2) Compare 2 stroke and 4 stroke engine? 5 co2 | L2
b) What are the properties of good refrigerant ? 6 C02 L2 |
OR
4 With su.itable, s}(etch 'explain the working of vapor 9 C03 1.2
absorption refrigeration system. ST
b) Explain the following; (i)refrigeration effect (ii) Ton of | * ¢ co3 | L2
Refrigeration (iii) COP L
Note: The Choice question should satisfy same COs and levels.
06#Form#02b-0
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BGS Institute of IFechnology
Department: Mechanical I ngineering

Test: |

Se .
emester: 111 Date: 05/10/2019

Subject Name & Code: Nansfaotising Praceded EME

Instructions

Duration: 60 minutes
1) Select one question from each part.

11) All questions carry equal marks.

Question
Number

Max. Marks: 30

Questions

PART - A

CoO1

10

Mark& CO | Levels

}a) Explain with neat sketch, impulse and reaction turbine

3 CO01

F-“_'———*r*

]b) Compare impulse and reaction turbine.

OR

) a single cylinder 4stroke diesel engine the following
ults while running at full load. Area of indicator card
00 mm?, length of diagram 40mm, spring constant 1
ar/mm, speed of the engine 400rpm, load on the brake
70N, spring balance reading 50N, diameter of brake

rum 1.2m, fuel consumption 2.8 kg/hr, CV of fuel
1800 kJ/kg, diameter of the cylinder 160mm, stroke of
he piston 200mm, determine the following: (a) IMEP

) BMEP (¢)BP (d) BSFC (e) Brake thermal &

C02

L2

dicated thermal efficiencies.

Ib) Explain the classification of IC Engine?
PART -B

0

2
2

L
L

2

C
C

\
02 |

Ia) Compare 2 stroke and 4 stroke engine?
Ib) What are the properties of good refrigerant ?

OR

| .

\
iy
|

tVith suitable sketch explain the working of vapor
bsorption refrigeration system.

of

o |
|

L? Explain the following: (i)refrigeration effect (ii) Ton
efrigeration (iii) COP

CO03 \ 12

WL

Signature of Staff

QAL b

Signature of HOD
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BGS Institute of Technology, Mandya \
DEPARTMENT OF CHEMISTRY
I - INTERNAL ASSESSMENT
Semester: 1-CBCS 2018 Date: 5 Oct 2019
Subject: ELEMENTS OF MECHANICAL ENGINEERING (18ME15) Time: 09:30 AM - 10:30 AM ——
Faculty: Ms Nishchitha K M Max Marks: 30 =
Instructions to Students :
Duration: 60 minutes Max. Marks: 30 &
1. Select one question from each part. .
2. All questions carry equal marks. 1 =
MA
¥ ] Aamemaxl_aues_w_(s) L T
] | | Marks | €O BT/C
1 a a) Expiam w|th neat sketch |mpulse and react!on turblne 10 ; 22, T »Lz C
b Compare |mpulse and reactlon turblne i 3 i - C01* e | L2
2 a a)asingle cylinder 4stroke diesel engine the follownng results while running at full 7 C01,€02,CO3 L5

load. Area of indicator card 300 mm2 , length of diagram 40mm, spring constant 1 §
bar/mm, speed of the engine 400rpm, load on the brake 370N, spring balance

reading 50N, diameter of brake drum 1.2m, fuel consumption 2.8 kg/hr, CV of
fuel 41800 kJ/kg, diameter of the cylinder 160mm, stroke of the piston 200mm,
determine the following: (a) IMEP (b) BMEP (c)BP (d) BSFC (e) Brake thermal &

indicated thermal efficiencies. EE
B g Explaln the classrficatlon of IC Englne" 8 1 C01 C02 CO3 [2
L ‘" Anewenamd.gue.stten(s)
Q N‘L_,, ______ | Marks 1 co BT/(
3 a Compare 2 stroke and 4 stroke englne" |

3 a Compare 2stroke - 9 | | cot c02c03 (2
l b What are the properties of good refrigerant ? C01 COé C03 ' 7 L2

a Wuth suitable sketch explain the working of vapor absorptlon refrigeration system

6
-9 C01,C02,CO3
b Explam the following; (l)refrigeratlon effect (in) Ton of Refrlgeratlon (iii) COP 6

R S

C01,CO2,CO3
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USN :

BGS Institute of Technology, Mandya
DEPARTMENT OF CHEMISTRY

Il - INTERNAL ASSESSMENT
Date: 6 Nov 2019

Time: 11:00 AM - 12:00 PM
Max Marks: 30

Semester: 1-CBCS 2018
Subject: ELEMENTS OF MECHANICAL ENGINEERING (18ME15)

Faculty: Ms Nishchitha K M

PART A
_ Answetanyd question(s

Q.No

ajfacing b)turnng ¢) knurling
_Q d) reaming e) counter boring :
2 2 with neat sketch explain working principle and constructional features of

i.
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BGS Institute of Technology, Mandya
DEPARTMENT OF CHEMISTRY

I - INTERNAL ASSESSMENT
Semester:
Subject: alsﬁgﬁsnzg: “ Date: 6 Nov 2019
ECHANICAL ENG 3 Time: 11:00 AM - 12:00 PM
Faculty: Ms Nishchitha K M ENGINEERING (18ME 15) M::MW: -
PART A .
s fm co
1 2 with neat sketches , explain ' =y 15 .
alfacing blturnng ) knurling i
) ‘__ d) reaming €) counter boring :

2 . mummmmmmﬂam& =
| centeressgrinding machine
Jb sketch and explain ox

R e TR =
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USN : PR SE o
g
DEPARTMENT OF CHEMISTRY Q
- INTERNAL ASSESSMENT %
ap
Semester: 1-CBCS 2018 Date: 9 Dec 2019 ‘
Subject: ELEMENTS OF MECHANICAL ENGINEERING (18ME15) Time: 11:00 AM - 12:00 PM ‘
Faculty: Max Marks: 30
Instructions to Students :
Answer any one question from each part
PARTA ol RO
Answer any1 question(s) L e e
fL&aNo Marks CO BT/CL
1 a Explain the types of belt-drive with neat sketch, mention its advantageas and dis- 12 Co3 L2
‘ advantages. |
b * Explain the trminologies in belt drive. lL 3 e L2
brief ‘ T 2
8
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|| Jai Sri Gurudev ||

Adichunchanagiri Shikshana Trust (R)
BGS INSTITUTE OF TECHNOI OGY
Department of Mechanical Engineering — =
S CO-PO & CO-PSO mapping (18 Scheme)

Programme | Course Subject Credits | L-T-P- | __ Assessment Exam

Code TL | SEE Duration

B.E ISMEIS/ | Elements Of Mechanical 04 3-2-0-5 60 40 3Hrs
25 Engineering

Air conditioning systems.

Develop the basic knowledge of Energy sources, Boilers, IC engines and Refrigeration &J

systems and Bearings & Lubrication systems.

Understand the various Machine tools, Metal joining processes, Power transmission J

Understand the applications of various Engineering & Composite materials. J

PSO-1: Ability to acquire competencies in designing, analyzing and evaluating the mechanical components.

PSO-2: Ability to work professionally by applying manufacturing and management practices.

- PO11 | PO12 | PSO1

Cco [POI PO2 A PO3 | PO4 | PO5S | PO6 | PO7 | POS8 | POY | PO10

Course Owner
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\X BGS Institute of Technology

Department of Chemistry (CHE)

1. Academic calendar 2019-20 ( Semester 2)

Date Mﬂl)n;— Event - ’\
10 Feb 2020 i 1 M()—T*JI;A;( . : 'I'e&n Start li)ratc o m s
e R R
19 Mar 2020 THURSDAY \ 1st IA Test
20 Mar 2020 FRIDAY \ Ist 1A Test
21 Mar 2020 SATURDAY 1st IA Test
27 Mar 2020 FRIDAY 1st IA Progress report dispatch
27 Mar 2020 FRIDAY Test 1 Progress Report dispatch
28 Mar 2020 SATURDAY Class Teachers Meeting
20 Apr 2020 MONDAY 2nd IA Test
21 Apr 2020 TUESDAY 2nd IA Test
22 Apr 2020 WEDNESDAY 2nd IA Test
29 Apr 2020 WEDNESDAY Test 2 Progress Report dispatch\t
30 Apr 2020 THURSDAY Class Teachers Meeting
21 May 2020 THURSDAY 3 1A TEST
22 May 2020 FRIDAY 3 1A TEST
23 May 2020 SATURDAY 3 IA TEST
1 Jun 2020 MONDAY Last Working Day
8 Jun 2020 MONDAY Test 3 Progress Report dispatch
13 Jun 2020 SATURDAY Last Working Day\t
31 Jul 2020 FRIDAY : ‘Term End Date
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§ BGS Institute of Technology

—\\Ih‘l’j"""mi of Chemistry (CHE)
\

3 o % «
Dtpartmenl Details

S . 1 Prelim;j
nlnnm:u'y Information

PROG RAN

I 4’ ~ 3 Bl
} EDUCATIONAL OBJECTIVES
’e0 1 : To pr

: I e engineere with | ' . : .

hoine Ch|\ \‘ttfll.\L engineers with in-depth knowledge of Basic engineering concepts in mat}.\ematlfzs,
5 e emistry, mechanical, civil, electrical and electronics, computer science it e
Or éngineering application |
Peo2: T i S i el
: " To train the students with technical skills in biotechnology and interdisciplinary etz
industrial demands
Peo 3 : To upgrade the skills in microbial processes and computer based applications in Biotechnology
Peo 4 : To expertise the students with analytical and problem solving abilities with special emphasis on

research, entrepreneurship and career
Peo 5 : To create responsible biotechnology engineers with high ethical and moral values

PROGRAM OUTCOMES(PO's)
1. Engineering knowledge : Apply the knowledge of mathematics, science, engineering fundamentals,

and an engineering specialization to the solution of complex engineering problems
gineering

2. Problem Analysis : Identify, formulate, review research literature, and analyze complex en
and

problems reaching substantiated conclusions using first principles of mathematics, natural sciences,

engineering sciences
ons : Design solutions for complex engineering problems and design

3. DesignV/ Development of Soluti
ified needs with appropriate consideration for the public

system components Or processes that meet the spec
health and safety, and the cultural, societal, and environmental considerations

4. Conduct investigations of complex problems : Use research-based knowledge and research methods
including design of experiments, analysis and interpretation of data, and synthesis of the information to

provide valid conclusions

5. Modern tool usage : Create, select, and apply appropriate techniques, resources, and modern
engineering and IT tools including prediction and modeling to complex engineering activities with an

understanding of the limitations
ning informed by the contextual knowledge to assess societal,

6. The engineer and society : Apply reaso
health, safety, legal and cultural issues and the consequent responsibilities relevant to the professional

engineering practice
7 Environment and sustainability : Understand the impact of the professional engineering solutions

in societal and environmental contexts, and demonstrate the knowledge of, and need for sustainable

development
8. Ethics : Apply ethical principles and commit to professional ethics and responsibilities and norms of the

engineering practice
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BGS Institute of Technology

of Chemistry (€ HE)

G Department «

s s e member or leader in diverse
9. Individual and team work : Function effectively as an individual, and as a

teams, and in multidisciplinary settings

I . , s et ith the engineering
10. (“um_munu‘atmn ¢ Communicate effectively on complex engineering acthltI.CS “;-I;h tive re%orts and
;0"_‘“““"!) and with society at large, such as, being able to comprehend and wr.:te effec
esign documentation, make effective presentations, and give and receive clear instructions

" : . : d

1. Project Mmanagement and finance : Demonstrate knowledge and understanding of the engineering an
management principles and apply these to one's own work, as a member and leader in a team, to manage
projects and in multidisciplinary environments

[2. Life-long learnin

g : Recognize the need for, and have the preparation and ability to engage in
Independent and life-

long learning in the broadest context of technological change
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S LED BGS Insti :
@ *S Institute of Technology

Department of ( Themistry (CHE)

4 - %
Course lnfm‘nmtinn
6.1 Course Content

Title of th
e Course s BT TENAT NS
Semester 12 ourse : ELEMENTS OF MECHANICAL ENGINEERING
Academic Year : 2019-20

Subject Code : 1SEME25 | 1A Marks : 40
Total Hours : 50

LHOurs"\\'eek 3.

[ Exam Hours : 3

Exam Marks : 60
Planned Date : 2020-02-10

Course Plan Author : Nishchitha KM

Approved Date : 2020-02-10

Approved by : Dr Ranganatha Swamy. L

g are made to learn few fundamental topics

1 . Students belonging to different disciplines of Engineerin,

Objectives:
related to Mechanical Engineering systems.

Course Outcomes (COs) : )
¢ knowledge of Energy sources, Boilers, IC engines and Refrigeration & AIr

1 . Develop the basi
\nconditioning systems.
s and

2 . Understand the various Machine tools, Metal joining processes,

\nBearings & Lubrication systems.
lications of various Engineering & Composite materials.

Power transmission system

3 . Understand the app
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S BGS Institute of Technology

Department of Chemistry (CHE)

6 . Course Information

6.1.1 Course Syllabus
Objectives: y y
Title of the Course : I] EMENTS OF MECHANICAL ENGINEERING
Subject Code : 18SEME2S

Module 1
Energy Sources & Boilers : -
g . Wind
Energy Sources: Introduction, Types & Examples, Solar Power Plant, Hydroelectric Power Plant &
Power Plant.
am properties , Dryness fraction, Sensible heat, Latent heat, Total heat,

Steam: Steam formation, Ste
Specific volume & Internal energy, Types of Steam (No numerical problems). )
List & Functions of Boiler Mountings & Accessories (No constructional

Boilers: Introduction, Classification,
details), [Self Study: Babcock & Wilcox Boiler].
Turbines: Steam Turbines: Introduction, Working Principle of Impulse & Reaction Turbines.

Gas Turbines: Introduction, Working Principle of Open and Closed cycle Gas Turbines.
Hydraulic Turbines : Introduction, Working Principle of Pelton and Kaplan Turbines.

Module 2

Internal Combustion Engines:

Introduction, Classification, Parts, Terminology, P-V Diagrams of Otto and Diesel Cycles, Simple

Numerical Problems on Indicated Power, Brake Power, Mechanical Efficiency, Indicated Thermal
[Self Study: Working of 2-Stroke & 4-Stroke IC Engines).

Efficiency and Brake Thermal Efficiency,

Refrigeration & Air conditioning:
Introduction, Definitions , Refrigerating Effec
of\performance (COP), Refrigerants \u2013 Prop
Vapour\compression and Vapor Absorption Refrigerators,

Principle of\domestic Air Conditioner.

t, Ton of Refrigeration, Unit of Refrigeration, Coefficient
erties & Commonly Used, Principle and Working of
Introduction to Air conditioning, Working
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@ BGS Institute of Technology
|)l-|);||-||||(‘||| of ( ‘hl""i“M

Module 3
\knurling, Thread

Machine Tools: F'urning Machine:
Parts, Classification and Operations performed (Turning, Taper turning, Facing,

d (Boring, \reaming,

cutting).
i : N ; i Pt ations performe
Drilling Machine: Working Principle of Drilling, Classification and Operations pe
ding, and

Tapping. Counter Sinking & Counter Boring). o
&5 oon ' | | | )
Grinding Machine: Working Principle of Grinding, Working Operation of Surface

advantages, Applications,

C_\'lindrica!\grinding & Center less Grinding. ]
Advantages, Dis
Types of Gas Flames.

Metal Joining Processes: Welding: Definition, Classification, ¢
Brief Discussion on Electric\Arc Welding & Oxy, Acetylene Gas Welding,

Soldering: Definition, Applications, Working Principle, and Types of Solder. ‘
Brazing: Definition, Applications, Working Principle, and Comparison of Welding,
Definitions , Velocity Ratio, Creep, Shi

Soldering & Brazing.
p- Pulley

Module 4
Power Transmission:Belt Drives : Types (Open & Crossed), I
Drives : Types (Idler, Stepped Cone and Fast & Loose). Gear Drives :

Introduction, Types of Gear Train, [Simple Numerical Problems].
Bearings & Lubrication: Bearings : Introduction, Types \u2013
Ball & Roller Bearings. Lubrication : Definition, Purposes,
Types, Drop Feed & Splash, Types & Properties of Lubricants.

Module 5
Engineering Material: Introduction, Types and Applications of Ferrous & Non-Ferrous Metals and Alloys,

Ceramics and Polymers. : o
Composite Materials: Introduction, Classification, Advantages, Limitations, Industrial Applications.

6 . Course Information
6.1.2 Text Books and Reference Books

TEXT BOOKS :
1 . K. R. Gopalakrishna, Sudhir Gopalakrishna, S. C. Sharma, “Text Book of Elements of Mechanical

Engineering”, Subhas Publications, 2015.
2. S. K. Hajra Choudhury, A. K. Hajra Choudhury, Nirjhar Roy, “Elements of Workshop Technology —

Vol-1&2”, Media Promoters & Publishers Pvt. Ltd., 2010.

REFERENCE BOOKS :
1. S. Trymbaka Murthy, “A Text Book of Elements of Mechanical Engineering”, IK International

Publishing Pvt. Ltd., 2010,
2. Kestoor Praveen & Ramesh, “Elements of Mechanical Engineering”, Suggi Publishing, 2015.

3.K. V. A. Balaji & K. Ramashastry, “Elements of Mechanical Engineering Sciences”, Sanguine
Technical Publishers, 2006.
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0. Course Infor mafion

6. 2

‘ ' HANICAL
Semester: Section: e i '| INA(f‘ilI‘IJ\‘I?ITF:iJTI\;(}'M‘ |
fixecution
1 Planned : i
r‘,‘ Dare Topic Source Date Yopie
i material
o to be
d referred I
h o . Text 1
1 [ 20200211 Energy Sources: - [ 2020-02-11 | Energy S?‘“'CCS: Tth 22 |
Introduction 1 Introduction Refl, |
Ref 2,
Ref 3,
2 | 2020027 | Energy Sources: 2020-02-11 | Energy Sources: Text 1,
| Introduction Introduction Ref 2, |
3 !-' 2020-02-12 [ Types & Examples 2020-02-12 | Types & Examples "Fl"{e:;tzl,
| t]
< ‘ 2020-02-14 | Solar Power Plant 2020-02-14 | Solar Power Plant | Text 2,
‘ Text 1,
Ref 1,
' Ref 2,
| Ref 3,
|5 2020-02-15 | Hydroelectric Power Plant | - 2020-02-15 | Hydroelectric Power Plant | Text 1, J
| / & Wind\nPower Plant. & WindPower Plant. Ref 1,
{f 6 2020-02-18 | Steam formation, Steam - 2020-02-18 | Steam formation, Steam Ref 1,
properties , Dryness properties, Dryness fraction,| Ref2,
fraction, Sensible heat, Sensible heat, Latent heat, | Text 1,
Latent heat, Total heat, Total heat, Specific volume | Text 2,
\nSpecific volume & & Internal energy, Types | Ref3,
Internal energy, Types of Steam (No numerical
of Steam (No numerical problems).
problems).
7 2020-02-18 | Introduction, Classification, | - 2020-02-18 | Introduction, Classification, | Text 1,
List & Functions of Boiler List & Functions of Boiler | Text 2,
Mountings & Accessories Mountings & Accessories | Ref'1,
(No constructional details), (No constructional details), | Ref2,
[Self Study: Babcock & [Self Study: Babcock & Ref 3,
Wilcox Boiler]. Wilcox Boiler].
8 2020-02-19 [ Introduction, Working . 2020-02-19 | Introduction, Working Text 1,
Principle of Impulse & Principle of Impulse & Text 2,
Reaction Turbines. Reaction Turbines. Ref' 1,
Ref?
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@ BGS Institute of Technology

—— e e Department of Chemistry (‘l'ﬁ_).,_,,—,”/—’—zt,
{ 9 2020-02-23 ] Introduction, W orking 3070-02-22 | Introductions Wr)rkll1§i., [rZi: ;1):
j\ | Principle of Open :md‘ Principle of Open z[m;hmc" Ref 1,
" [ Closed cyele Gas Turbines Closed cyele o s Ref 2,
f Ref 3,
| W S
f 10 , 3020-0035 1 Introduction, Working 3507300323 | Introduction, \)\/nrklmzl };:)Etz],
[ Principle of Pelton :m(‘I Principle of Peiton &5 Text 2,
| Kaplan Turbines. Kaplan Turbines. Ref 1,
RS

11 | 202020303 | Introduction, Classification

B e i 7
3303 [ Tntroduction, Classification y

‘ ]
‘ {12 | 2020-03-03 ] Parts, Terminology

| 13 [ 2020:05-0¢ [ P-V Diagrams of Otto and
| Diesel Cycles, Simple
; f \nNumerical Problems on
‘ Indicated Power

14 | 20200506 | Brake Power, Mechanical
j Efficiency

"[ 2020-03-03 oty
Ref 1,
Ref 2,
Ref 3,
| )
3020-03-03 | Parts, Terminology Ref2
2020-03-04 | P-V Diagrams of Otto Text 1,
and Diesel Cycles, Text 2,
SimpleNumerical Problems | Ref I,
on Indicated Power Ref 2,
Ref3, |
5030-03-06 | Brake Power, Mechanical | Text 1,
Efficiency Text 2,
Ref 1,
Ref 2,
Ref 3,
Text 1,

Thermal Efficiency, [Self
Study: Working of 2-Stroke

2020-03-07 | Indicated Thermal
Efficiency and Brake
& 4-Stroke IC Engines].

2020-03-07 | Indicated Thermal
Efficiency and Brake Text 2,
Thermal Efficiency, [Self | Ref'l,
Study: Working of 2-Stroke Ref2,

& 4-Stroke IC Engines]. Ref 3,

2020-03-10 | Introduction, Definitions Ref2

|16 [ 2020-03-10 | Introduction, Definitions
17 ] 2020-03-10 Reﬁ'igeratmg Effect, Ton of] 2020-03-10 | Refrigerating Effect, Ton of| Ref 2,
Reﬁ'xgeratlon Refrigeration Text 1,
18 | 2020-03-11 | Unit of Refrigeration, - 2020-03-11 | Unit of Refrigeration, Text 1
Coefficient of Coefficient ofPerformance
/ \nPerformance (COP) (COP)
19 | 20200313 | Refrigerants \u2013 . 2020-03-13 | Refrigerants \u2013 Text 1,
Properties & Commonly Properties & Commonly | Text 2,
Used, Principle and Used, Principle Ref 1,
Working of Vapour and Working of Ref 2,
\nCompression and Vapour VapourCompression Ref 3,
Absorption Refrigerators and Vapour Absorption
Refrigerators
20 [ 2020-03-14 [ Introduction to Air - 2020-03-14 | Introduction to Air Text 2,

conditioning, Working

conditioning, Working Ref 2,

Principle of\nDomestic Air

Principle ofDomestic Air
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BGS Institute of

wemistry (CHE)
~Deps artment of € hemistry (€

: nd
5020.03-17 | Parts, C Iaqqiﬁcatmn a

2020-03-17 \ P“:ul.\ (. lassification and ()pcratmﬂ‘i pcrfOfmCd
o (Turning_____——+
| 3030:0317 | ]:\]‘vl lnuuninp_ 3070-03-17 | Taper urning
Al 1 Facing 7070:03-19 | Facing
| 000334 \nKnurling 70200324 | Knurling
. e m——

[ 00 Thread cutting). » 5020-03-24 | Thread cutting). ?:itzé

37| Working Principle of | - ~12020:0327 | Working Principle of ’?:itz é

| Drilling, Classification Drilling, ~ Classification

j and Operations performed and Operations performed

(Boring,\nReaming, (Boring, Reaming, Tapping,
Tapping, Counter Sinking Counter Sinking & Counter
& Counter Boring). Boring).

2020-03-28 | Working Principle of g 2020-03-28 | Working Principle of Text 1,
Grinding, Working Grinding, Working Ref2,
Operation of Surface Operation of
Grinding, Cylindrical Surface Grinding,

\nGrinding & Centerless CylindricalGrinding &
Grinding. Centerless Grinding.

2020-03-31 | Definition, Classification, | - 2020-03-31 | Definition, Classification, | Text 1,
Advantages, Disadvantages, Advantages, Disadvantages,| Text 2,
Applications, Brief Applications, Brief Ref 1,
Discussion on Electric\nArc Discussion on ElectricArc | Ref2,
Welding & Oxy,Acetylene Welding & Oxy, Acetylene | Ref 3,
Gas Welding, Types of Gas Gas Welding, Types of Gas

Flames. Flames.

2020-03-31 | Definition, Applications, | - 2020-03-31 | Definition, Applications, | Text 2,
Working Principle, Types Working Principle, Types | Ref2,
of Solder. of Solder.

2020-03-31 | Definition, Applications, | - 2020-03-31 | Definition, Applications, | Text 1,
Working Principle, Working Principle, Ref2,
Comparison of Welding, Comparison of Welding,

Soldering & Brazing. Soldering & Brazing.
31 | 20200401 | Types (Open & Crossed), 2020-04-01 | Types (Open & Crossed), | Ref2,
Definitions , Velocity Ratio Definitions, Velocity Ratio | Text 2,
32 | 2020-04-03 | Creep, Slip. 2020-04-03 | Creep, Slip. Text 2
33 | 20200404 | Types (Idler 2020-04-04 | Types (Idler Text 2
34 | 2020-04-07 | Stepped Cone and Fast & 2020-04-07 | Stepped Cone and Fast & | Text 2,
Loose). Loose). Ref 2,
Text 1,
Ref 1,
Ref3,
~ - ANIN NA N7 ¥ 1 2] ~ ANAN DA W L 2R . a® m ~ o~ [ a) . -~
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@ BGS Institute of Technology

_:—‘*ﬁ‘_“" — . Department of Chemistry (CHE) [
030-04-08 - ——
o ll"\””i‘h‘ Numerica] e == [Ref2, |
“‘Mm”\' l j lf';rl:;:ll:~|||';| Text 1, |
f Text2, |
} | Refl, |
ntroduction 3020-04-11 | Introduction Text ] \
Text2, |
Ref 1, \
38 [ 0200415 [ Types \u2013 Ball & Roller] - 50200715 | Types 2013 Ball & Rofler
Bearings. Bearings.
- |
[\ 39 [ 20200417 [ Definition, Purposes, Types| - 2020-04-17 | Definition, Purposes, Types ’
40 2020-04-18 | Drop Feed & Splash, Types | - 2020-04-18 | Drop Feed & Splash, Types Ref 2 J
f & Properties of Lubricants. & Properties of Lubricants. J
41 | 20200424 | Introduction = 2020-04-24 | Introduction Text2 |
‘42 | 20200425 [ Introduction - 2020-04-25 | Introduction Ref2 |
43 | 2020-04-28 | Types and Applications - 2020-04-28 | Types and Applications Text 1,
| of Ferrous & Non-Ferrous of Ferrous & Non-Ferrous | Text 2,
| Metals and Alloys Metals and Alloys Ref 1,
;‘ Ref 2,
| Ref 3,
‘44 | 2020-04-28 | Types and Applications - 2020-04-28 | Types and Applications Ref 2,
of Ferrous & Non-Ferrous of Ferrous & Non-Ferrous | Text 2,
/ Metals and Alloys Metals and Alloys
/ 45 / 2020-04-29 / Ceramics and Polymers. | - 2020-04-29 | Ceramics and Polymers. | Ref2,
Text 2,
[ 46 / 2020-05-02 / Introduction - 2020-05-02 | Introduction Ref 2,
Text 2,
/717 / 2020-05-05 / Classification - 2020-05-05 | Classification Ref2,
Text 2,
/718 2020-05-05 I Advantages - 2020-05-05 | Advantages Ref 2,
Text 2,
/?9 2020-05-06 / Limitations - 2020-05-06 | Limitations Ref2,
Text 2,
FO / 2020-05-08 / Industrial Applications. - 2020-05-08 | Industrial Applications. Ref2,
Text 2,
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BGS Institute of Technology

Department of Chemistry (CHE) _

6 . Course Information

6.2.1 Compliance Report

- CHANICAL
. . MENTS OF MECHA
Semester : 2 Section : C b EESG[NEEMNG

Module # of Classes Planned # of Claﬂ#
No. Planned(till Effort(till date) Executed(till date) |
date)

I
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|| Jni Sri Gurudev ||
Adichunchanagiri Shikshan

BGS INSTITUTE OF TECE
Department of Mechanic
CO-PO & CO-PSO mapping (18 5¢

o Trust (10)
- INOI 0OGY

al Engineering —
heme)

Programme | Course Subject | Credits. [ LT-P-
Code TL

B.E ISMEIS/ | Elements Of Mechanical
22 Engineering

Develop the basic knowledge of Energy sources,

Air conditioning systems.

Understand the various Machine tools,

systems and Bearings & Lubrication systems. X . :
e site materials. \

Understand the applications of various Engineering & Compo

Power transmission

Metal joining processes.

the mechanical components.

Zing and evaluating
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| | Jai Sri Gurudev | |
BGS Institute of Technology
BG Nagara — 571448, Mandya District
Department of Mec hanical Engineering
Il Semester
Assignment 1
Date of submission: 23.05.2020

With suitable sketch explain all lathe operation?

1.
2 With suitable sketch explain all drilling operation?
Explain soldering. What fluxes are commonly used in soldering? Why is

3.
flux necessary?
4. Compare soldering and brazing process and welding process.
5. With a neat sketch explain working and construction of electric arc
welding process.
6. With a neat sketch explain working and construction of oxy- -acetylene
welding process.

With a neat sketch explain, the three types of oxy-acetylene flames

i

Specify their application.
Explain the classification of engineering materials, explain

8. i

9.  Explain the types of ferrous metals with their composition
10. Explain the types of Non-ferrous metals with their composition

11. Define composite material. List the advantages and dis advantages of

composite materials.
12. Classify composites based on the types of matrix and reinforcements
List a few applications of composites in the field of composites in the field of

air craft and automobiles.
13. Write a short note on particulate and laminated composites

14, Discuss the properties and applications of (a) MMC (b) PMC (c) FRC
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o BGS Institute of Technology

Department of Chemistry (CHE)

6. Course Information
6.3 Other Assessment

ASSIGNMENT : 1
Semester:2-CRCS 2018

Subject : ELEMENTS OF MECHANICAL ENGINEERING (18EME25)
Faculty : Nishehitha K M

Answer All Questions 7
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o BGS Institute of Technology
Department of Chemistry (CHE)

INGme

Sinchana K

10 Understand

19CVEQ38 p
19CVE039 Suhas G P p 10 Understand
19CVEQ040 Suman C P 10 L et
19CVE041 Tarun M S P 10, e
19CVE042 Ummer M P 10,01 Undomrns
19CVE043 Varun N Gowda O 10 -mopieet
19CVE044 Vishwakumar A R P 10 e identine
19CVE045 Yashwanth HLB e E et Madesal
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BGS Institute of Technology

; i ‘HE
Department of Chemistry (C )

ASSIGNMENT : 2

Semester:2-CBCS 2018

. 1F 3 s 275
Subject : ELEMENTS OF MECHANICAL ENGINEERING (18EME23) Max Marks: 10

Faculty : Nishchitha K M

Answer All Questions

AQ.Noi

a — |
3 | 1\

'IE e
6 1 \3 \L2\

7 1 \3 \L?.\

8 1 3 \Lz\

9 1 3 \Lz\

10 1 2 Lu\

Evaluation

19CVE001

Aishwarya T P 10 Understand

19CVE002 Ajay HJ P 10 Understand

- 19CVE003 Arunkumar B R P 10 Understand
19CVE004 Chandan A N P 10 Understand
19CVE005 Chandana T R P 10 Understand
19CVE006 Darshan Gowda R P 10 Understand
19CVE007 Darshan M L P 10 Understand
19CVE008 Dhanush PK P 10 Understand
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Il Jai Sri Gurudev ||
Al‘f)l(?!H‘!N(:I-'fANA(‘-IRI UNIVERSITY
BGS Institute of Technology
BG Nagara - 571448, Mandya Diatrict
Department of Mechanical Engineering
2" Semester

Asslgnment 1

1. What are heat engine how they are classified.
2. How are IC engine classified.

3. With the help of schematic diagram explain the working of single cylinder 4-
stroke petrol engine; show all the Process in a cycle on PV diagram.

4. With the help of schematic diagram explain the working of single cylinder 2-
stroke Diesel engine;

5. Differentiate clearly between Si and G Engine; give an example in each case.
6. Define the following 1. Break Power

2. Indicated power
3. Friction Power

3
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BGS Institute of Technology
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Semester: 2-CBCS 2018
Subject: ELEMENTS OF MECHANICAL ENGINEERING (1BEME25) lime: 04:00 PM - 05:00 PM
Faculty: Max Marks; 30

Instructions to Students :

i)Select one question from each part.
ii) All questions carry equal marks.

PART A
Answer any.1 questlon(s)
Q.No Marks CO BT/CL
1 a witha neat sketch explain 8 co1l L2
a) solar flat plate collector b)solar pond
b Compare renewab!e and non renewable energy resources 7 7 7 co1 L2
2 a With aneat sketch explain the construction and working of impulse turbine . co1l L2
(de laval turblne) with the help of pressure-velocity dlagram"
b W"th a neat sketch explam the constructlon and w0rkmg of Kaplan turbme 7 .8 co1 L2
PART B F
QNo | e Marks CO  BT/CL
3ia Compare 2 stroke and 4 stroke engme” i =6 '_ cOo1 L2
b With the help of PV dlagram descrlbe the workmg of a 4 stroke petrol engme o ? | COl L2
4 a With suitable sketch explatn the wbrkmg of vapor absorptlon refrlgeratlon 7 | COl | L2
system.
b With suitable sketch explain the wa;king of room air condltlomng ;Ystem g :1CO1 L2
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6 . Course Information

6 . 4 Internal Assessment

Internal : 1
Date : 08/05/2020

Semester:2-CBCS 2018
lime : 16:00 - 17:00
Subject : ELEMENTS OF MECHANICAL ENGINEERING (18EME23)
Max Marks: 30
Faculty : Nishchitha K M

Part A ool St = B
Answer any 1 questions
N Max cO BT/CL
e Marks
1| a 8 | L2
with a neat sketch explain
a) solar flat plate collector b)solar pond
1|b 7 1 L2
Conpare renewable and non renewable energy resources
2| a 7 1 L2
With a neat skeich explain the construction and working of
impulse turbine (de laval turbine) with the help of
pressure-velocity diagram?
2 (b 8 1 L2
With a neat sketch explain the construction and working of
Kaplan turbine.
Part B
Answer any 1 questions
o Max co | BT/CL
Marks
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Conpare 2 stroke and 4 stroke engine?

— - 2 P——

3o |
With the help of PV diagram, describe the working of a 4
stroke petrol engine,

4w ]

With suitable sketch explain the working of vapor
absorption refrigeration system.

4 | b . 8 1 12
With suitable sketch explain the working of room air
conditioning system
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What are the engineering materials? C lassify them

suitably.
]
L2

write a short note on ,
Pcastiron ii) wrought iron.

write a short note on, i)copper ii)aluminum

Discuss the properties and application of
a) MMC b)PMC c) FRC

4 | ¢
Classify and explain in brief the various composite
materials.
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Elements of Mechanical Engineering

MODULE —1

ENERGY RE RCE

Energy Resources: energy is defined as the capacity to do work. It is primary requirement for day to

day activities of human beings.

ENERGY- Capacity to do work.

- Most of the energy that we use is mainly derived from conventional energy sources.

- Due to the vast demand of energy, the rate of depletion of these resources has reached alarmingly low

levels.

- This situation has directed us to seek alternate energy sources such as solar, wind, ocean, biomass,

Hydal etc.
ENERGY SOURCES:
» The energy existing in the earth is known as CAPITAL energy.
» Energy that comes from outer space is called CELESTIAL or INCOME energy.
» The CAPITAL energy sources are mainly, fossil fuels, nuclear fuels and heat traps.
» CELESTIAL ENERGY SOURCES ARE- Electromagnetic, gravitational and particle energy
from stars, planets, moon etc.
» ELECTROMAGNETIC ENERGY of the earth’s sun is called DIRECT SOLAR ENERGY. This
results in WIND, HYDEL, GEOTHERMAL, BIOFUEL, etc.
» GRAVITATIONAL ENERGY of earth’s moon produces TIDALENERGY.

RENEWABLE SOURCES OF ENERGY::

Energy sources which are continuously produced in nature and are essentially

inexhaustible are called renewable energy sources.

NISHCHITHA KM , MED BGSIT
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1. Direct solar energy 2. Wind energy
3. Tidal energy 4. Hydel energy
5. Ocean thermal energy 6. Bio energy
7. Geo thermal energy 8. Peat

9. Fuel wood 10. Fuel cells
11. Solid wastes 12. Hydrogen

NONRENEWABLE ENERGY SOURCES:

Energy sources which have been accumulated over the ages and not quickly replenishable when they

are exhausted.
1. Fossil fuels.
2. Nuclear fuels.
3. Heat traps.
ADVANTAGES OF RENEWABLE ENERGY SOURCES:
1. Non exhaustible.
2. Can be matched in scale to the need and can deliver quality energy.
3. Can be built near the load point.
4. Flexibility in the design of conversion systems.
5. Local self-sufficiency by harnessing locally available renewable energy.
6. Except biomass, all other sources are pollution free.
DISADVANTAGES OF RENEWABLE ENERGY SOURCES:

1. Intermittent nature of availability of energy such as solar, wind, tidal etc. is a major setback in

the continuous supply of energy.

2. Solar energy received at the earth is dependent on local atmosphere conditions, time of the day,

NISHCHITHA KM , MED BGSIT
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part of the year etc.
3. Sources such as wind, tidal etc. are concentrated only in certain regions.
4. Technology is not fully developed to meet the present energy requirements.
5. Systems such as solar cells require advanced technologies and hence costlier.
6. Application to transport sector has been found to be not viable as on today.
ADVANTAGES OF NON-RENEWABLE ENERGY SOURCES:

1. Initial cost is lower. Hence widely used.

2. Unit power costs are much lower and so are economical

NISHCHITHA KM , MED BGSIT
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3. Sources are highly reliable.

4.

Power generation technologies are well established.

DISADVANTAGES OF NON-RENEWABLE ENERGY SOURCES:

1. The sources are getting depleted and soon will be exhausted.

2. They pollute the atmosphere.

3. They are not freely available.

Petroleum based Fuels:

Formed mainly from ancient microscopic plants and bacteria that lived in the ocean and salt water

seas. These micro-organisms died and settled to the sea floor, they mixed with sand silt to form organic

rich mud which was gradually heated and compressed chemically transforming into petroleum. The

liquid petroleum gases which are less dense than water move upwards through earth’s crust. It passes

through an impermeable layer of rock which traps the petroleum creating a reservoir of petroleum and

natural gas.

Types of Fuels: - The important fuels are as follows-

1) Solid fuels, 2) Liquid fuels & 3) Gaseous fuels

Solid fuels

v Coal is the major fuel used for thermal power plants to generate steam.

v’ Coal occurs in nature, which was formed by the decay of vegetable matters buried under the
earth millions of years ago under pressure and heat.

v This phenomenon of transformation of vegetable matter into coal under earth’s crust is known as
Metamorphism.

v' The type of coal available under the earth’s surface depends upon the period of
metamorphism and the type of vegetable matter buried, also the pressure and temperature
conditions.

v' The major constituents in coal moisture (5-40%), volatile matter (combustible & or

NISHCHITHA KM , MED BGSIT
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incombustible substances about 50%) and ash (20-50%).
v" The chemical substances in the coal are carbon, hydrogen, nitrogen, oxygen and sulphur.

v In the metamorphism phenomenon, the vegetable matters undergo the transformation from peat

to anthracite coal, with intermediate forms of lignite and bituminous coal.

Liquid Fuels

* All types of liquid fuels used are derived from crude petroleum and its by-products.

* The petroleum or crude oil consists of 80-85% C, 10-15% hydrogen, and varying percentages of
sulphur, nitrogen, oxygen and compounds of vanadium.

* The crude oil is refined by fractional distillation process to obtain fuel oils, for industrial as well as for
domestic purposes.

« The fractions from light oil to heavy oil are naphtha, gasoline, kerosene, diesel and finally heavy fuel
oil.

« The heavy fuel oil is used for generation of steam. The use of liquid fuels in thermal power plants has
many advantages over the use of solid fuels.

Some important advantages are as follows:

1) The storage and handling of liquid fuels is much easier than solid and gaseous fuels.
2) Excess air required for the complete combustion of liquid fuels is less, as compared to the solid fuels.
3) Fire control is easy and hence changes in load can be met easily and quickly.
4) There are no requirements of ash handling and disposal.
5) The system is very clean, and hence the labour required is relatively less compared to the operation

with solid fuels.

NISHCHITHA KM , MED BGSIT
Page 5



Elements of Mechanical Engineering

Gaseous Fuels

* For the generation of steam in gas fired thermal plants, either natural gas or manufactured gaseous

fuels are used. However, manufactured gases are costlier than the natural gas.

* Generally, natural gas is used for power plants as it is available in abundance. The natural gas is
generally obtained from gas wells and petroleum wells.

* The major constituent in natural gas is methane, about 60-65%, and also contains small amounts
of other hydrocarbons such as ethane, naphthenic and aromatics, carbon dioxide and nitrogen.

» The natural gas is transported from the source to the place of use through pipes, for distances to
several hundred kilometres.

* The natural gas is colourless, odourless and non-toxic.

« Its calorific value ranges from 25,000 to 50,000 kJ/m3, in accordance with the percentage of

methane in the gas.
« The artificial gases are producer gas, water gas coke-oven gas; and the Blast furnace gas.
« Generally, power plants fired with artificial gases are not found.

« The gaseous fuels have advantages similar to those of liquid fuels, except for the storage problems.

NISHCHITHA KM , MED BGSIT
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 The major disadvantage of power plant using natural gas is that it should be setup near the
source; otherwise the transportation losses are too high.
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SOLAR POWER PLANT

Solar radiation is radiant energy emitted by the sun from a nuclear fusion reaction that creates
electromagnetic energy. The spectrum of solar radiation is close to that of a black body with a
temperature of about 5800 K. About half of the radiation is in the visible short- wave part of the

electromagnetic spectrum.
Solar Constant Isc:

This is the amount of energy received in unit time on a unit perpendicular to the suns direction at
the mean distance of the earth from the sun. The surface of the earth receives about 1014kW of solar
energy from the sun. One square meter of the land exposed to direct sun-light receives an energy
equivalent of about 1.353 kW of power. This constant may increase by only 0.2 percent at the of each
11 year solar cycle. The radiant solar energy falling on the earth surface is directly converted into
thermal energy. The surfaces on which the solar rays fall are called collectors.

Insolation:-Insolation is the amount of solar radiation reaching the earth. Also called Incident Solar

Radiation. Maximum value is 1000 KW/m?,
Components of Solar Radiation:

(1 Direct radiation

1 Diffuse radiation

(1 Reflect radiation
Solar Thermal Energy harvesting:

Radiant solar energy is directly converted into thermal energy (heat energy) by using a collector.
This process is called as Helio thermal process. The surface on which the solar rays fall is called a

collector. The collector may be either flat plate collector or focussing collector.
There are two types of collectors:

(a) Flat plate collectors (b) Focusing collectors.

NISHCHITHA KM , MED BGSIT
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LIQUID FLAT PLATE COLLECTORS:

Air vent

2] =< Transparent glass cover
Solar
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ib) Sectional view A - A

LIQUID FLAT PLATE COLLECTORS: Flat plate collector for water heating

It has the following components:
(@) Absorbing plate —

1 Made of Copper, Aluminium or steel.

1 Itis coated with material to enhance the absorption of solar radiation.

1 From the absorbing plates heat is transferred to tubes which carry either water or air.
(b) Water tubes —

1 These are metallic tubes through which water circulates. Which are attached to the absorber

plate.

(c) Transparent covers —
» Sheets of solar radiation transmitting materials placed above the absorbing plate.

* They allow solar energy to reach the absorbing plate while reducing

convection, conduction and re-radiation heat losses.

* Made of a toughened glass, usually 4mm thick. Which helps in reflecting the incident solar
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energy back to the absorber plate.

* Glass cover permits the entry of solar radiation as it is transparent for incoming short wave

lengths.

(d) Insulation —

* It minimizes and protects the absorbing plate from heat losses.

Working — Sun’s rays falling on the transparent covers are transmitted to the absorbing plate. The
absorbing plate usually of Cu, Al or galvanized iron is painted dead black for maximum absorption.
The collector (plate) will absorb the sun energy and transfer it to the fluid in the pipe beneath the
collector plate. Use of flat mirrors on the sides improves the output. Water from the overhead tank is
made to flow through the water tubes. Solar rays passes through the transparent cover and falls on the
absorber plate. Heat energy from the absorber plate is transferred to the cold water flowing through the

tubes. Worm water rises above the cold water because of low density and flows into the heater tank.

NISHCHITHA KM , MED BGSIT
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SOLAR POND TECHNOLOGY:

\\ \\SJF rays / Surface zone
Ground , / / / / {Fresh water|

level ™

Intermediate or gradient zone
(Increasing salt water|

Storage zone (Saturated salt water)

Cold —== —— —Hot water out

water in _Y\: — :JZ——P‘aswlnmg

Figure 1.3 Solar pond

« A salinity gradient solar pond is an integral collection and storage device of solar energy.
« By virtue of having built-in thermal energy storage, it can be used irrespective of time and season.

« Inan ordinary pond or lake, when the sun's rays heat up the water this heated water, being lighter,

rises to the surface and loses its heat to the atmosphere.
* The net result is that the pond water remains at nearly atmospheric temperature.

« The solar pond technology inhibits these phenomena by dissolving salt into the bottom layer of this

pond, making it too heavy to rise to the surface, even when hot.

* The salt concentration increases with depth, thereby forming a salinity gradient.

« The sunlight which reaches the bottom of the pond remains entrapped there.

« The useful thermal energy is then withdrawn from the solar pond in the form of hot brine.

The pre-requisites for establishing solar ponds are: a large tract of land (it could be barren), a lot of sun

shine, and cheaply available salt (such as Sodium Chloride) or bittern.
« Generally, there are three main layers. The top layer is cold and has relatively little salt content.

* The bottom layer is hot -- up to 100°C (212°F) -- and is very salty.

NISHCHITHA KM , MED BGSIT
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» Separating these two layers is the important gradient zone.

Solar pond electric power plant:-

1

solar pond electric power plant

* The energy obtained from a solar pond is used to drive a Rankine cycle heat engine.

« Hot water from the bottom level of the pond is pumped to the evaporator where the working fluid

is vaporized.

« This vapour then flows under high pressure to the turbine where it expands and work thus obtained

runs an electric generator producing electricity.

« The vapour is then condensed through a cooling system and the liquid is pimped back to the

evaporator and the cycle is repeated.
Application of solar ponds:-
A. Heating and cooling of buildings.
B. Production of power

C. Industrial process heat.
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D. Heating animal housing.
E. Drying crops on farms.
PHOTOVOLTAIC CELL:

Solar energy can be directly converted to electrical energy by means of photovoltaic effect.
Photovoltaic effect is defined as the generation of an electromotive force (EMF) as a result
of the absorption of ionizing radiation. Devices which convert Sunlight to electricity is
known as solar cells or photovoltaic cells. Solar cells are semiconductors, commonly used
are barrier type iron-selenium cells.

* Iron-selenium cells consist of a metal electrode on which a layer of selenium is
deposited.

» On the top of this a barrier layer is formed which is coated with a very thin layer of gold.

* The layer of gold serves as a translucent electrode through which light can impinge on the
layer below.

« Under the influence of sunlight, a negative charge will build up on the gold electrode and a
positive charge on the bottom electrode.

« This difference in charge will produce voltage in proportion to the suns radiant energy

incident on it.
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Basic photovoltaic system for power generation:

This system consists of the following:

1. Solar array (solar cells)

3. Battery storage

4. Inverter

5. Switches and load centre

2. Blocking diode

* Inthe solar cell array due to photovoltaic effect electrical power (D.C.) will be produced

in proportion to the suns radiant energy incident on it.

X

N
A —

PV Array

Inverter/
Charger
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3
B Electrical
Loads
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I
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[ Utility

| el
Battery j e Electric
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This generated power will be stored in the battery storage.

* A blocking diode ensures that the battery would not discharge power back to solar array during
the period when there is no sunlight.

« An inverter converter converts the D.C power to A.C. and sends it to the load centre.
 From the load centre A.C. power is distributed accordingly with the help of switches.
WIND ENERGY::

Wind energy is the energy contained in the force of the winds blowing across the earth surface.
Wind energy is defined as the kinetic energy associated with the movement of large masses of air

over the earth’s surface.

BEARING

SPEED DNCREASING DEVICE

HIND SPEED AND DIRECTION TNDICATORS

GENERATOR
AP

KOSE CONE

WIND MIIL TOUER

W%/W/W%’/z«z’m

Schematic Diagram of WInd Mill

The circulation of the air in the atmosphere is caused by the non-uniform heating of the earth’s
surface by the sun. The air immediately above warm area expands and becomes less dense. It is then

forced upwards by a cool denser air which flows in from the surrounding areas causing wind.

NISHCHITHA KM , MED BGSIT
Page 15



Elements of Mechanical Engineering

Wind possesses kinetic energy by virtue of its motion. Any device capable of slowing down the
mass of moving air, like a sail or propeller, can extract part of this energy and convert into useful work.

The kinetic energy of one cubic meter of air blowing at a velocity V is given by,
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No device, however well designed can extract all the wind energy because the wind would have
to be brought to halt and this through the rotor. It has been found that for maximum power output the
exit velocity is equal to one-third of the entrance velocity. Thus a maximum of 60% of the available

energy in the wind is converted into mechanical energy.

Nacelle
o
=
(.

Main Bearing Disc Brake

A windmill is the oldest device built to convert the wind energy into mechanical energy used for

grinding, milling and pumping applications. It consists of a rotor fitted with large sized blades.

Merits:

1. The wind is free and with modern technology it can be captured efficiently.

2. Once the wind turbine is built the energy it produces does not cause greenhouse gases or other
pollutants.

3. Many people find wind farms an interesting feature of the landscape

4. Remote areas that are not connected to the electricity power grid can use wind turbines to
produce their own supply.

5. Wind turbines have a role to play in both the developed and third world.

6. Wind turbines are available in a range of sizes which means a vast range of people and
businesses can use

De-merits:

1. Wind turbines are noisy.
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2. The strength of the wind is not constant and it varies from zero to storm force.

3. Only selected places it can be harnessed.

4. Hydro Power Plants:

In hydroelectric power plants the potential energy of water due to its high location is

converted into electrical energy. The total power generation capacity of the hydroelectric power

plants depends on the head of water and volume of water flowing towards the water turbine.

Head Water
Level

N
Am N

Reservoir

Water Flow

Transformer

Tower

The hyulumcuu TC PUVVET PTarT, arsuU Calleu s UarT UT TTyuUTU PUVVET PTart, 15 US

electricity from water on large scale basis. The dam is built across the large river that has

sufficient quantity of water throughout the river. In certain cases where the river is very large,

more than one dam can built across the river at different locations. The rain water flowing as river

can be stored behind dams and released in a regulated way to generate hydro power.

Working Principle of Hydroelectric power plant
The water flowing in the river possesses two type of energy:
(1) The Kinetic energy due to flow of water and

(2) Potential energy due to the height of water.

In hydroelectric power and potential energy of water is utilized to generate electricity the formula

for total power that can be generated from water in hydroelectric power plants due to its height is

given.
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The potential energy of water stored at a height is converted into mechanical energy in water
turbine. The mechanical energy produced by the water turbine is converted into electrical energy.

After doing useful work water is discharged from the turbine to the river through a water to the tail
race through a draft tube.

Merits: - environmental friendly source, large scale power generation, energy at free of cost.

Demerits: - expensive to build the dam, summer water may not sufficient to produce electricity.
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NUCLEAR POWER:-

Nuclear energy is the energy that holds the nucleus of an atom. The energy released during nuclear

fission or fusion, especially when used to generate electricity.

Nuclear Fission: - Nuclear fission is the process of splitting a nucleus into two nuclei with smaller

masses. Fission means “to divide”.

“The most common nuclear fuels are 235U. Not all nuclear fuels are used in fission chain

reactions”

Chain Reaction: - A chain reaction is an ongoing series of fission reactions. Billions of reactions occur

each second in a chain reaction.

On earth, nuclear fission reactions take place in nuclear reactors, which use controlled chain

reactions to generate electricity.
1 Uncontrolled chain reactions take place during the explosion of an atomic bomb.

Nuclear Fusion: - Nuclear fusion is the combining of two nuclei with low masses to form one nucleus

of larger mass. Nuclear fusion reactions are also called thermonuclear reactions.
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Working principle of a nuclear power station

The schematic diagram of nuclear power station is shown in A generating station in which nuclear
energy is converted into electrical energy is known as nuclear power station.
The main components of this station are nuclear reactor, control rods, steam generators, steam turbine,
coolant pump, feed pump, condenser, cooling tower.
NUCLEAR REACTOR:- A nuclear reactor is a device in which nuclear chain reactions are initiated,
controlled, and sustained at a steady rate, as opposed to a nuclear bomb, in which the chain reaction occurs
in a fraction of a second and is uncontrolled causing an explosion.
CONTROL RODS: - Control rods made of a material that absorbs neutrons are inserted into the bundle
using a mechanism that can rise or lower the control rods. The control rods essentially contain neutron
absorbers like, boron, cadmium or indium.
STEAM GENERATORS: - Steam generators are heat exchangers used to convert water into steam from
heat produced in a nuclear reactor core. Either ordinary water or heavy water is used as the coolant.
STEAM TURBINE: - A steam turbine is a mechanical device that extracts thermal energy from pressurized
steam, and converts it into useful mechanical. Various high-performance alloys and super alloys have been

used for steam generator tubing.
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COOLANT PUMP: - The coolant pump pressurizes the coolant to pressures of the order of 155bar. The
pressure of the coolant loop is maintained almost constant with the help of the pump and a pressurizer unit.
FEED PUMP: - Steam coming out of the turbine, flows through the condenser for condensation and
recirculated for the next cycle of operation. The feed pump circulates the condensed water in the working
fluid loop.

CONDENSER: - Condenser is a device or unit which is used to condense vapor into liquid. The objective of
the condenser are to reduce the turbine exhaust pressure to increase the efficiency and to recover high quality
feed water in the form of condensate & feedback it to the steam generator without any further treatment.
COOLING TOWER: - Cooling towers are heat removal devices used to transfer process waste heat to the
atmosphere. Water circulating through the condenser is taken to the cooling tower for cooling and reuse The
reactor of a nuclear power plant is similar to the furnace in a steam power plant. The heat liberated in the
reactor due to the nuclear fission of the fuel is taken up by the coolant circulating in the reactor. A hot
coolant leaves the reactor at top and then flows through the tubes of heat exchanger and transfers its heat to
the feed water on its way. The steam produced in the heat exchanger is passed through the turbine and after
the work has done by the expansion of steam in the turbine, steam leaves the turbine and flows to the
condenser. The mechanical or rotating energy developed by the turbine is transferred to the generator which
in turn generates the electrical energy and supplies to the bus through a step-up transformer, a circuit

breaker, and an isolator. Pumps are provided to maintain the flow of coolant, condensate, and feed water.
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ADVANTAGES:-

(1 Nuclear power generation does emit relatively low amounts of carbon dioxide (CO2).

(1 The emissions of greenhouse gases and therefore the contribution of nuclear power plants to global

warming is therefore relatively little.

[ This technology is readily available, it does not have to be developed first.

[0 Itis possible to generate a high amount of electrical energy in one single plant.
DISADVANTAGES:-

[ The problem of radioactive waste is still an unsolved one.

[0 High risks: It is technically impossible to build a plant with 100% security.

[0 The energy source for nuclear energy is Uranium. Uranium is a scarce resource, its supply is

estimated to last only for the next 30 to 60 years depending on the actual demand.

NISHCHITHA KM , MED BGSIT
Page 23



Elements of Mechanical Engineering

TURBINES or Prime mover- Is a self-moving device which converts available natural source of energy into
mechanical energy of motion to drive the other machines. The resulting mechanical energy will be in the form
of rotation of the shaft of prime mover.
Depending upon the type of natural source of energy used prime movers are classified into
1) Thermal Prime movers
a) Steam turbines
b) Gas Turbines
c) I.C. Engines
2) Hydraulic Prime movers
a) Pelton Wheel
b) Kaplan Turbine
c) Francis Turbine
Steam turbines
A steam turbine is a prime mover that extracts thermal energy from pressurized steam and converts it into
useful mechanical work.
Steam turbines are primarily used to run alternators or generators in thermal power plants. It is also used to
rotate the propeller of ships.
Classification of Steam Turbine
Steam turbines can be classified into two types
a) Impulse turbine.
b) Reaction turbine.
EXPANSION OF STEAM IN THE NOZZLE:

A nozzle is a passage of varying cross-section through which steam flows.
Figure shows a convergent-divergent nozzle in which the cross-sectional area of the nozzle

diminishes from the entry to throat, and thereafter diverges to the exit as shown in the figure.
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Steam is expanded in a nozzle to increase its kinetic energy. The high pressure and low

velocity steam generated in a boiler enters the nozzle, and as it passes between the entry and

Converging

part Diverging part

R—

e

s, .

. \.——/———-
Low velocity and
Eiah pressirg —— —— High velocity and
steam : \ low pressure
lhroat steam
Exit

Entry

Convergent — Divergent nozzle
the throat, the pressure of the steam drops to a lower value. In other words, steam expands to

a low pressure. This drop in pressure reduces the enthalpy (heat content) of steam.

Since there is no external work and heat transfer in the nozzle, the reduction in the enthalpy of
steam must be equal to the increase in velocity (kinetic energy) of the steam. In other words, the steam
performs work upon itself by accelerating itself to a high velocity. Hence, the steam comes out of the
nozzle with low pressure, and high velocity. Beyond the throat, the nozzle diverges to a certain length,

so as to allow any incomplete expansion of the steam to take place.

a) Impulse Turbine (De-Laval).
In this type of turbine, the steam is initially expanded in a nozzle. The high velocity jet of steam
coming out of the nozzle is made to glide over a curved vane called blade. From fig we found that the
jet of steam gliding over the blade gets deflected this causes the particle of steam to suffer a change in
direction of motion which gives rise to change in momentum and therefore a force. The resultant of
these forces acting on entire curved surface of blade causes it to move. When a number of such blades
are fitted on the circumference of a revolving wheel, called rotor as shown in figure they will be

moved by the action of steam.

NISHCHITHA KM , MED BGSIT
Page 25



Elements of Mechanical Engineering

Converging
part

Diverging part

Exhaust
steam

e

Low velocity and
High pressure —= High velocity and

steam : \ low pressure Turbine shaft /
Throat steam

Exit

Entry Moving blades

Convergent — Divergent nozzle

Fig. Impulse Turbine

High pressure and
low velocity
steam \ %e

=N
%

7

\
Blade
(a) Front view of

De laval Turbine

High pressure A
steam at inlet

Low pressure steam

at outlet
Q
(b) Pressure-Velocity graph

; R
Low velocity —— Exit velocity
steam at inlet ——p

Jet of steam

at blade exit\ o Blade

Centrifugal force

Jet of steam at (c) Forces acting on the blade

inlet of blade

NISHCHITHA KM , MED BGSIT
Page 26



Elements of Mechanical Engineering

Fig. Pressure-velocity diagram
At entry of steam at nozzle, velocity of steam is low V. having high pressure energy Pn. In nozzle, pressure of
steam drops and increase in velocity of steam takes place. Across the blades, pressure remains constant and

velocity drops suddenly as shown in Pressure-velocity diagram.

b) Reaction turbine (Parson’s turbine)
The reaction turbine, as the name implies, is turned by reactive force rather than by a direct push or impulse. In
reaction turbines, the blades that project radially from the periphery of the rotor are formed and mounted so
that the spaces between the blades will have the nozzle shape. Since these blades are mounted on the revolving
rotor, they are called moving blades. Fixed or stationary blades of the same shape as the moving blades are
fastened to the casing in which the rotor revolves. The fixed blades guide the steam into the moving blade.

| |
| F | F M
; |

F - Fixed blades

M
9 M - Moving blades
Py, - High pressure steam (Boiler pressure)
Py - Low pressure siecam (Condenser pressure)

!

| { V| - Low velocity steam
i ’“\ |
7% - L

P (Condenser

pressure)

Fig. Pressure-velocity diagram
When high pressure steam Py passes over the fixed blades, causing drop in pressure and increase in velocity
VH, in moving blades pressure further reduces along with velocity as shown in Pressure-velocity diagram. For
next set, in fixed blades pressure further gets reduced with increase in velocity. In moving blades pressure still
reduced to condenser pressure reducing the velocity.

» Comparison of Impulse turbine and Reaction turbine

Impulse turbine Reaction turbine
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Complete expansion of steam takes place in the

nozzle.

Partial expansion of steam takes place in the fixed
blades and further expansion takes place in the

moving blades.

Blades are symmetrical in shape.

Blades are non-symmetrical in shape i.e., aerofoil

section.

The rotor runs at higher speeds.

The rotor runs at relatively low speed.

The impulse turbines are used for small power
generation plant.

The reaction turbines are used in large power

generation plant.

Less floor area is required.(small power plant).

More floor area is required. (Medium and large power

plant).

The pressure of steam remains constant from inlet to
the outlet of the blade.

The pressure of steam drops from inlet to the outlet of
the blade.

Gas Turbines

Gas turbine is used in wide range of applications like, aircraft, industrial, ship and power generation

plants. In the gas turbine plant, the atmospheric air is drawn and is compressed to a high pressure, the fuel is

injected to the compressed air, the fuel burns and the energy is released, the energy is utilized to rotate a

turbine. The heat transfer to the working fluid may be through direct contact or through indirect heating

without any change in the composition of the working fluid

» Classification of Gas Turbines

a) Open cycle gas turbine.

a) Open Cycle Gas Turbine

b) Closed cycle gas turbine.
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Fig. Open-cycle gas turbine

A compressor which draws air at atmospheric pressure and compress the air and delivered to a
combustion chamber at high pressure. The fuel (liquid or gas) is injected into a stream of high-pressure air and
the combustion takes place in a combustion chamber. The combustible gases release tremendous amount of
energy, which is used to rotate a turbine. The exhaust gases from the turbine are led to the atmosphere. The
exit gas from the turbine is not recycled back to the compressor hence it is known as open cycle gas turbine. In
open cycle gas turbine, every cycle fresh air enters the compressor.
b) Closed Cycle Gas Turbine

The schematic representation of closed cycle gas turbine is shown in figure. The compressed air from
the compressor passes through the heater by means of external source, where heat transfer takes place at
constant pressure. The high pressure and temperature gases are then passed through the turbine where it
expands to lower pressure driving turbine shaft producing mechanical work. The exit gases from the turbine is
cooled to ambient temperature in heat exchanger (cooler), this cooled gas fed back to the compressor for the

next cycle. Thus, the same working fluid is circulated through the cycle.
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Hot Gasses

In Out
Cooling Water

Fig. Closed Cycle Gas Turbine

» Comparison of Open Cycle and Closed Cycle Gas Turbines

Closed cycle Open cycle

Working substance is continuously re- | Working substance is continuously replaced in every

circulated cycle

Any fluid may be used as the working | The working substance comprises of the mixture of air
substance and the products of combustion of fuel

There is only heat and work transfer takes place | There is mass transfer taking place in addition to heat
between the system and surrounding and work transfer between system and surrounding
There is no loss of working substance In every cycle fresh air is drawn

It requires a cooling medium, which is usually | The hot exhaust gases are let to the atmosphere ad
water. there is no need of any cooling medium.

Water Turbines / Hydraulic Turbines
A hydraulic turbine is a prime mover, which converts Kinetic energy and Potential energy of water into

mechanical rotary motion.

WATER TURBINES

A water turbine is a hydraulic prime mover that converts the energy of falling
water into mechanical energy in the form of rotation of shaft. The mechanical energy in turn
is converted into electrical energy by means of an electric generator.
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Water turbines are classified based on the following factors:

T f energy availabl he inlet of the turbine:

(a) Impulse turbine: The energy available at the inlet of the turbine is only Kinetic energy.
Example: Pelton wheel, Girad turbine, Banki turbine, etc.

(b) Reaction turbine: Both pressure energy and Kkinetic energy is available at the inlet of the
turbine.

Example: Kaplan turbine, Francis turbine, Thomson turbine, etc.
B ntheh nder which turbine works:

a) High head turbine: Head of water available at the inlet of the turbine ie, above
300 m. Example: Pelton wheel.

b) Medium head turbine: Head of water available at the inlet of the turbine ranges from 50
m to 150 m. Example: Francis turbine.

c) Low head turbine: Head of water at the inlet will be less than 50m. Example: Kaplan
Turbine.

he direction of flow of water t h the runner:

a) Tangential flow turbine: Water flows along the tangent to the runner. Example: Pelton
wheel.

b) Axial flow turbine: Water flows in a direction parallel to the axis of rotation of the
runner. Example: Kaplan turbine.

¢ Radial flow turbine: Water flows in a radial direction through the runner. Radial
flow turbines are further classified into inward radial flow and outward radial flow
turbines. Example: Thomson turbine, Girad turbine, Old Francis turbine.

d Mixed flow turbine: Water flows racially into the runner and leaves axially, Example:
Modern Francis turbine.

a) Impulse Turbine

In an impulse turbine the pressure energy of water is converted into kinetic energy in a nozzle before it enters

the turbine casing. The nozzle provides a high-velocity jet of water which is made to strike the blades mounted

on the periphery of the rotor of turbine. As the water flows over the blades an impulse force is generated which

drives the rotor.

Example: Pelton Wheel
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> Pelton Wheel
Pelton wheel is the most commonly used type of impulse turbine. A pelton wheel consists of a rotor mounted
on the turbine shaft. On the circumference of the rotor several bucket shaped blades are radially fitted. The
water flowing through the nozzle is converted into the high velocity jet of water when flows over the blades
sets up an impulse force which causes the blades to move. Thus, the kinetic energy of the water is converted
into the rotation of the turbine shaft. Since the rotational speed of the pelton wheel is extremely high breaking
jets are employed for the speed control as shown in figure. The nozzle is provided with spear needle to adjust

the flow rate of water into the turbine depending upon the requirement.

PELTON CUPS

PELTON WHEEL

P4

DISCHARGING WATER AT
ATMOSPHERIC PRESSURE

INLET OF WATER AT
HIGH PRESSURE

Wheel

Fig. Pelton Wheel

b) Reaction Turbines

In reaction turbine only a part of the total available energy at the inlet is converted into kinetic energy before it
reaches the turbine rotor. Here the water first passes through the guide blades which guide or deflect the water
to enter the moving blades where it’s part of kinetic energy is converted into Kinetic energy which is absorbed
by the turbine rotor. Reaction turbines are used in low and medium head applications.

Example: Francis and Kaplan Turbines

1) KAPLAN TURBINE

The Kaplan turbine is a low head reaction turbine in which water flows axially,
Figure shows the rotor and front view of a Kaplan turbine. Kaplan turbine consists of the
following parts: guide vanes, runner vanes, shaft, spiral casing, tailrace, hub, and blade.
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Working:

Kaplan turbine is an axial flow reaction turbine and is used where large quantity of
water is available at low heads. The turbine consists of a hub or boss fixed to a vertical shaft.
The runner blades attached to the hub are adjustable, and can be turned about their axis to
take care of change of load. The runner has only 4 to 8 blades. Similar to Francis turbine,
Kaplan turbine also has a ring of fixed guide blades at the inlet to the turbine. The inlet is a
scroll shaped tube surrounding the fixed blades. In operation, water from the reservoir
flows through the penstock and enters the spiral casing. A part of the potential energy of
water is converted into kinetic energy in the spiral casing.

The water then moves through the guide blades (fixed blades), gets deflected and
then flows axially through the runner blades as shown in figure. During its flow over the
runner blades, the blade passages act as nozzle, and the remaining part of the potential energy
is converted into kinetic energy. The water leaves the runner blades at high velocity, and as a
result, a reaction force is set up causing the runner to rotate at high speeds. Hence the shaft
connected to the runner also rotates thereby doing useful work. The shaft in turn drives the
generator to produce electricity. The water discharging at the centre of the runner enters the
draft tube whose end is immersed into the tailrace as in Francis turbine.

Advantages:

1) Simple in construction and requires less space.

2) Eddy losses are almost eliminated.

Disadvantages:

1) Cavitation is likely to occur due to high velocity flow of water.

Difference between impulse water turbine and reaction water turbine:

SI Reaction Water Turbine Impulse Water Turbine

No.

1. Reaction turbines are used for low and Impulse turbines are used for high heads.
medium heads. Example Francis and Example Pelton turbine

Kaplan turbine.

2. Pressure drop occurs in both fixed and No pressure change occurs at the turbine blades

moving blades.

3. Part of the pressure energy is converted to | Pressure energy is completely converted to

Kinetic energy in the spiral casing, and the | Kinetic energy in a nozzle.
remaining in the blade passages that acts as
nozzle.

4. Reaction turbines rotate faster given the Comparatively low.
same head and flow conditions.
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flow.

contain the water pressure (or suction), or
they must be fully submerged in the water

5. Reaction turbines require more Comparatively ease in fabrication.
sophisticated fabrication because of the use
of larger and more intricately profiled
blades and casings.

6. Reaction turbines must be encased to Relatively not necessary

Difference between Francis and Kaplan turbine:

S| | Francis turbine Kaplan turbine
no
1 It is a mixed flow turbine It is an axial flow turbine
2 Medium head turbine, requires Low head turbine, requires large quantity of
medium quantity of water water
3 Number of guide vanes are around 16 | Number of guide vanes are around 3 to 8
to 24
4 The runner is supported by a driving The runner is the extension of the vertical shaft
shaft
5 Guide vanes are assembled with the Guide vanes are made adjustable for smooth
help of links and levers to act as valves | flow of
water. They are so designed and fixed
around the hub
6 Requires large space Requires less space due to sloped vanes
7 Eddy losses are impossible to avoid It is almost eliminated
8 Cavitation do not occurs Cavitation is likely to occur
9 Draft tube is of simple elbow type Draft tube is of circular to rectangular type

Fig. Kaplan turbine
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» Comparison of Impulse and Reaction Water Turbine

Impulse Turbine

Reaction Turbine

Available energy is completely converted into

kinetic energy in the nozzle.

The available energy is Partially converted into
Kinetic energy in the fixed blade and partially in
the moving blades.

The water comes out from the nozzle and directly

impinges on the runner.

In reaction turbine, water first enters the fixed

blades and then enters the moving blades.

The pressure of the water flowing from inlet to

the outlet of runner remains constant

(atmospheric pressure).

The pressure of the water reduces while flowing
from inlet to the outlet of runner (less than
atmospheric).

Turbine can be installed above the tail race.

Turbine is submerged in water below tail race.

Casing is provided to prevent splashing of water.

Airtight casing is provided to prevent the pressure
leakage.

Power developed is mainly due to kinetic energy.

Power developed is partly by change in Kinetic

energy and partly due to pressure energy.

Impulse turbine requires high head.

Reaction turbine requires low head.
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MODULE 2:
IC ENGINES, REFRIGERATION & AIR CONDITIONING

IC Engines

I. C. Engines: An Internal combustion engine more probably called as IC Engine, is a heat engine which
converts heat energy released by the combustion of fuel taking place inside the engine cylinder into
mechanical work. It has advantages such as high efficiency, light weight, compactness, easy starting,
adaptability, suitability for mobile applications, comparatively lower initial cost has made its use as a prime
mover.

Classification of IC Engines:
i.  Nature of Thermodynamic cycle as:
1. Otto Cycle engine. 2. Diesel engine. 3. Dual combustion cycle engine.

ii.  Type of Fuel used as:

1. Petrol Engine 2. Diesel engine. 3. Gas engine. 4. Bi-fuel engine.
. Number of strokes as:
1. Four stroke engine. 2. Two stroke engine.
iv.  Method of ignition as:
1. Spark ignition engine, known as S.I engine.
2. Compression ignition engine, known as C.I. Engine.
V. Number of cylinders as:
1. Single cylinder engine. 2. Multi cylinder engine.
vi.  Position of Cylinder as:
1. Horizontal engine. 2. Vertical engine. 3. V- engine. 4. Opposed cylinder engine
5. Radial engine.
vii.  Method of cooling as:

1. Air cooled engine. 2. Water cooled engine.
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Parts of I.C. Engines:

Cylinder: The heart of the engine is the cylinder in which the fuel is burnt and the power is
developed. The inside diameter is called bore. To prevent the wearing of cylinder block, a sleeve will be
fitted tightly in the cylinder. The piston reciprocates inside the cylinder.

Piston: The piston is a close fitting hollow cylindrical plunger moving to-and-fro in the cylinder. The
power developed by the combustion of the fuel is transmitted by the piston to the crankshaft through the
connecting rod.
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Parts of I.C.Engine
ELEMENTS OF MECHANICAL ENGINEERING: MODULE 3

Piston rings: The piston rings are the metallic rings inserted into the circumferential grooves provided
at the top end of the piston. These rings maintain a gas-tight joint between the piston and the cylinder while
the piston is reciprocating in the cylinder. They also help in conducting the heat from the piston to the
cylinder.

Connecting rod: It is a link that connects the piston and the crankshaft by means of pin joints. It converts
the rectilinear motion of the piston into rotary motion of the crankshaft.

Crank and crankshaft: The crank is lever that is connected to the end of the connecting rod by a pin joint
with its other end rigidly connected to a shaft called crankshaft. It rotates about the axis of the crankshaft

and causes the connecting rod to oscillate.
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Crank case: It is the lower part of the engine serving as an enclosure for the crankshaft and also sump for
the lubricating oil.
Valves: The valves are the devices which controls the flow of the intake and the exhaust gas to and from

the cylinder. They are also called poppet valves. These valves are operated by means of cams driven by
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ELEMENTS OF MECHANICAL ENGINEERING: MODULE 3

crankshaft through a timing gear and chain.

Fly wheel: It is a heavy wheel mounted on the crankshaft of the engine to maintain uniform rotation
of the crankshatft.

I.C. Engine Terminology:

Clearance volume

Infet valve Exhaust valve
\ l - I ‘ / Pistion
T O P TDC
Stroke volume ‘\\ Cylinder

_L[ """""""""""" || =

Stroke: It is the distance travelled by the piston from the cover end to the crank end or from crank end to
the cover end. It is denoted by L.

Bore: It is the diameter of the cylinder or outer diameter of the piston. It is denoted by D.

Top dead centre (TDC) or cover end: It is the extreme position of the piston, when the piston is near
cylinder head.

Bottom dead centre (BDC) or crank end: It is the extreme position of the piston, when the piston is
near the crankshaft end.

Swept volume (Vs): It is the volume covered by the piston when the piston moves from TDC to

BDC. It is denoted by Vs and is given by,

nD2
4

Vs:

Clearance volume (Vc): It is the volume occupied by the charge at the end of compression stroke when the
piston is at TDC.

Compression ratio (C.R): It is the ratio of total volume of the cylinder to the clearance volume. i.e., CR
or r = Total volume/clearance volume.

V Vs+Ve

r:_:
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e e

Piston speed: The total linear distance travelled by the piston per unit time is called piston speed.
It is expressed in m/min and is given by,

Piston speed = 2LN m/min
L = length of stroke in m

N = speed of the engine in rpm.
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Two - Stroke Engine:

A 2 stroke engine performs only TWO strokes to complete one cycle. Crankshaft makes only one
revolution to complete the cycle. The power is developed in every revolution of the crankshaft. Based on
the type of fuel used they are classified as 2-Stroke Petrol engine and 2 Stroke Diesel Engine.

Two-Stroke Petrol Engine:
e Inlet port — admits fresh air-fuel mixture (charge) into the crankcase.
e Transfer port — transfers the charge from the crankcase into the cylinder.
e Exhaust port — discharges the burnt gases from the cylinder.

These ports are opened and closed by the reciprocating piston. The connecting rod and the crank
convert the reciprocating motion of the piston into the rotary motion of the crankshatft.

SPARK FINS
PLUG

EXHAUST

PORT ==

TRANSFER
PORT

XHAUST,
GASES -

LXHAUS T

GASES ™
| PETROL-AR _, —] \

MIXTURE
PISTON

CRANKSHAFT

CRANKCASE
A B C D
Beginning of the Piston uncovers Transfer Transfer Port Compression
First Stroke Port during the First Stroke Covered Commenced
FIRST STROKE SECOND STROKE

Two Stroke Petrol Engine
FIRST STROKE:

e Piston moves from TDC to BDC. The spark plug ignites the compressed petrol and air mixture
(charge). The hot gases are released during combustion increasing the pressure in the cylinder
which forces the piston downwards. The piston moves downwards performing the power stroke
until the top of the piston uncovers the exhaust port. The burnt gases escape through the exhaust
port. As the piston descends it covers the inlet port and uncovers the transfer port and charge flows
from crankcase into the cylinder.

e This charge entering the cylinder drives out the remaining burnt gases through the exhaust port
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and the process is called scavenging. This process continues till the piston covers both exhaust &
transfer port during the next ascending stroke. The crankshaft rotates by half rotation.
SECOND STROKE:

e Piston moves from BDC to TDC. As the piston ascends, it covers the transfer port and the supply of
charge to the cylinder is cut-off. Further upward movement covers exhaust port and compression of
the charge begins. In the meantime, inlet port opens and fresh charge enters the crankcase. Further

4
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ascend of piston will compress the charge in the cylinder. The compression ratio ranges from 7:1 to
11:1. After piston reaches TDC first stroke repeats again. The crank rotates by half rotation.

2-STROKE DIESEL ENGINE:
e Inlet port — admits fresh air into the crankcase.
e Transfer port — transfers the air from the crankcase into the cylinder.
e Exhaust port — discharges the burnt gases from the cylinder.

These ports are opened and closed by the reciprocating piston. The connecting rod and the crank convert

the reciprocating motion of the piston into the rotary motion of the crankshatft.

FUEL FINS
INJECTOR /

EXHAUST

sfaysls TRANSFER
PORT

PORT

XS] 3
GASES :

PISTON

CONNECTING
rROD

CRANKCASE /
A B C D
Beginning of the Piston uncovers Transfer Transfer Port Second Stroke
First Stroke . Port during First Stroke Covered
FIRST STROKE : | SECOND STROKE

Two Stroke Diesel Engine

FIRST STROKE:

e Piston moves from cover TDC to BDC. The injector injects a metered quantity of the diesel oil
into the cylinder as a fine spray. The high temperature of compressed air ignites the injected diesel
oil. The hot gases are released during combustion increasing the pressure in the cylinder which
forces the piston downwards. The piston moves downwards performing the power stroke until the

top of the piston uncovers the exhaust port. The burnt gases escape through the exhaust port.
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e As the piston descends it covers the inlet port and uncovers the transfer port and air flows
from crankcase into the cylinder. This air entering the cylinder drives out the remaining burnt
gases through the exhaust port and the process is called scavenging. This process is continued till
the piston covers both exhaust & transfer port during the next ascending stroke. The crankshaft
rotates by half rotation.
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SECOND STROKE:

e Piston moves from BDC to cover end TDC. As the piston ascends, it covers the transfer port and
the supply of air is cut-off. Further upward movement covers exhaust port and compression of
the air begins. In the meantime, inlet port opens and fresh air enters the crankcase. Further
ascend of piston will compress the petrol and air mixture in the cylinder. The compression ratio
ranges from 20:1 to 22:1. After piston reaches cover end first stroke repeats again. The crank
rotates by half rotation.

4-STROKE PETROL ENGINE: (S. I. Engine)

Petrol engines works on the principle of theoretical Otto cycle, also known as constant volume cycle. It
consists of cylinder, piston, connecting rod, crank, crankshaft, inlet valve, exhaust valve and spark plug.
The spark plug fitted at the top of the cylinder initiates the ignition of the petrol, hence the name spark

ignition engine.

INLET VALVE EXHAUST VALVE

PETROL-AR .,
MIXTURE

LYINDERY P
o

= EXHAUST
~""GASES

Suction Compression Working Exhaust
Stroke Stroke Stroke Stroke

Four Stroke Petrol Engine

REVERSIBLE
ADIABATIC

= 1
=
a
Ly €
g:_ d \q E
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1. SUCTION STROKE:

e During this stroke the piston moves from TDC to BDC. The inlet valve is open and exhaust valve
is closed. The crankshaft rotates by half a rotation. As the piston moves downwards, suction is
created in the cylinder, as a result, fresh air-petrol mixture is drawn into the cylinder through the
inlet valve. At the end of this stroke, the piston is in BDC, the cylinder is filled with air-petrol
mixture and inlet valve closes. Horizontal line AB on the P-V diagram.

2. COMPRESSION STROKE:

e During this stroke the piston moves from BDC to TDC. Both the inlet valve and exhaust
valves are closed. The crankshaft rotates by half a rotation. As the piston moves upwards,
the fuel mixture in the cylinder will be compressed. The ratio of compression ratio in petrol
engines ranges from 7:1 to 11:1, represented by the BC curve in the P-V diagram. When the
piston reaches TDC, the spark plug ignites the fuel mixture. Since the spark plug ignites the
fuel (air-petrol), this type of engine is also called as spark ignition or S.I Engine. The
combustion of fuel takes place increasing the pressure at constant volume, represented by the
line CD in the P-V diagram.

3. WORKING OR POWER STROKE:

e During this stroke the piston moves from TDC to BDC. Both the inlet valve and exhaust
valves are closed. The crankshaft rotates by half a rotation. The high pressure of the burnt
gases forces the piston downwards performing power stroke. The linear motion of the piston is
converted to rotary motion of the crankshaft by connecting rod and crank. It is represented by
curve on DE on PV diagram. At the end of the stroke, the piston is in BDC, the exhaust valve
opens which release the burnt gases to the atmosphere. This will bring pressure in the cylinder
to atmospheric at constant volume, represented by the line EB in the P-V diagram.

4, EXHAUST STROKE:

e During this stroke the piston moves from BDC to TDC. The inlet valve is closed and
exhaust valve is open. The crankshaft rotates by half a rotation. As the piston moves towards
the TDC, the burnt gases will be expelled out through the exhaust valve. Line BA on the P-V
diagram. When the piston reaches the TDC, the exhaust valve closes and this completes the

cycle.
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4 STROKE DIESEL ENGINE: (C. I. Engine)

Diesel engines works on the principle of theoretical Diesel cycle, also known as constant pressure cycle.
It consists of cylinder, piston, connecting rod, crank, crankshaft, inlet valve, and exhaust valve and fuel

injector. The fuel injector fitted at the top of the cylinder supplies the measured quantity of diesel at high
pressure.
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1. SUCTION STROKE:

e During this stroke the piston moves from TDC to BDC. The inlet valve is open and exhaust valve
is closed. The crankshaft rotates by half a rotation. As the piston moves downwards, suction is
created in the cylinder, as a result, fresh air is drawn into the cylinder through the inlet valve. At
the end of this stroke, the piston is in BDC, the cylinder is filled with air and inlet valve closes.

Horizontal line AB on the P-V diagram.

INLET VAL VE EXHAUST VAL VE

Suction Compression Working Exhaust
Stroke Stroke Stroke Stroke

Four-Stroke Diesel Engine

) REVERSIBLE

PRESSURE

e et ? B

Theoretical Diesel Cycle

2. COMPRESSION STROKE:

e During this stroke the piston moves from BDC to TDC. Both the inlet valve and exhaust valves

NISHCHITHA KM MED BGSIT ACU Page 51



Elements of Mechanical Engineering

are closed. The crankshaft rotates by half a rotation. As the piston moves upwards, the air in the
cylinder will be compressed. The ratio of compression ratio in diesel engines ranges from 16:1 to
22:1, represented the BC curve in the P-V diagram. As the air gets compressed its pressure and
temperature increases and attains a temperature greater than the ignition temperature of diesel.
Diesel is sprayed into the cylinder through the fuel injector. The high temperature of the air
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ignites the diesel as soon as it is sprayed and undergoes combustion at constant pressure. Line CD
on the P-V diagram. Since the compresses air ignites the diesel, this type of engine is also called
as compression ignition or C.I Engine.

3. WORKING OR POWER STROKE:

e During this stroke the piston moves from TDC to BDC. Both the inlet valve and exhaust valves
are closed. The crankshaft rotates by half a rotation. The high pressure of the burnt gases forces
the piston downwards performing power stroke. The linear motion of the piston is converted to
rotary motion of the crankshaft by connecting rod and crank. It is represented by curve DE on PV
diagram. At the end of the stroke, the piston is in BDC, the exhaust valve opens which release the
burnt gases to the atmosphere. This will bring pressure in the cylinder to atmospheric at constant
volume, represented by the line EB in the P-V diagram.

4. EXHAUST STROKE:

e During this stroke the piston moves from BDC to TDC. The inlet valve is closed and exhaust
valve is open. The crankshaft rotates by half a rotation. As the piston moves towards the TDC, the
burnt gases will be expelled out through the exhaust valve. Line BA on the P-V diagram. When

the piston reaches the TDC, the exhaust valve closes and this completes the cycle.
In 4 stroke engine, the 4 strokes constitute one cycle, hence the name 4 stroke cycle engine. The
crankshaft makes two revolutions to complete one cycle. The power is developed in every alternate

revolution of the crankshaft. 4 Stroke diesel engines produce higher power than 4 Stroke petrol engines.

COMPARISON OF 4 STROKE AND 2 STROKE ENGINE

PRINCIPLE 4 STROKE 2 STROKE
1. Number of strokes per cycle | Four Two
2 Uses Cars, trucks, tractors, jeeps, Mopeds, scooters, motor
buses, etc., cycles, etc.,

i Ineveryrevolution of the
3. Power Developed In every alternate revolution of y

the crankshaft crankshaft

4. Flywheel Heavy Light
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First to the crankcase & then

5. Admission of charge Directly to the engine cylinder | transferred to the engine

cylinder

Driven through the outlet Driven out by scavenging

6. Exhaust gases during operation

exhaust stroke

Opened & closed by

7. Valves Opened & closed by piston
mechanical valves

8. Noise Less High

9.Lubricating oil consumption Less More
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10. Fuel consumption Less More

11. Mechanical efficiency Low High
COMPARISON OF PETROL AND DIESEL ENGINE:

PRINCIPLE PETROL DIESEL

1. Cycle of operation

Otto cycle (constant volume)

Diesel cycle (constant pressure)

pressure)

2. Fuel used

Petrol

Diesel

3. Admission of fuel

During suction stroke

At the end of compression

stroke.
4. Charge drawn during Air and petrol mixture Only air
suction
5. Compression ratio 7:1to12:1 16:1t0 22:1

6. Type of ignition

Spark ignition

Compression or auto

ignition

7. Uses

Scooter, motor cycle, car, etc.,

Trucks, tractors, buses, etc.,

8. Engine speed

High about 7000rpm

Low from 500 to 3000rpm

9. Power output capacity Less More
10. Thermal efficiency Less High
11. Noise & vibration Almost nil High
12. Weight of the engine Less High
13. Initial cost Less More
14. Operating cost High Less
15. Maintenance cost Less Slightly higher
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16. Starting of the engine

Easily started

Difficult to start in cold

weather

17. Exhaust gas pollution

Less

More

10
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Performance of IC Engines

1. Mean effective pressure (MEP):

The mean effective is defined as mean or average pressure acting on a piston throughout the
power stroke. It is also the average pressure developed inside the engine cylinder of an IC engine.
It is expressed in Bar. (1 bar = 10° N/m?) pressure of an engine.

The mean effective pressure of an engine is obtained diagram. The indicator diagram is the P -V
diagram for one cycle at that load, drawn with the help of an indicator fitted on the engine.

S a
P= — N/m?

m

a = Area of the actual indicator diagram, cm?
| = Base width of the indicator diagram, cm

s = Spring value of the spring used in the indicator, N/ m?/cm

Indicated Power:

Indicated power is defined as the total power developed inside the engine cylinder due to
combustion of fuel. It denoted by IP and is expressed in KW.

PmLANKk
P.= m For 4 Stroke

60+ 2+ 1000
P _PmLANK  For 2 Stroke

60+ 1000
Pm= Mean effective pressure

L= Length of stroke, m
A = Area of cross section of the cylinder, m?
N = RPM of crankshaft

K = Number of cylinders

3. Brake Power:

The net power available at the crank shaft of the engine for performing useful work is called

brake power. It is denoted by BP and expressed in k\W.
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2nNT

T = Torque 60« *+ 1000

4. Friction power = Indicated power — Brake power.

5. Mechanical Efficiency:

It is the efficiency of the moving parts of mechanism transmitting the indicated power to the
crankshaft. Therefore, it is defined as the ratio of the brake power and the indicated power. It is

expressed in percentage.

11

NISHCHITHA KM MED BGSIT ACU Page 58



Elements of Mechanical Engineering

mech = Brake Power = 100

Indicated Power
6. Thermal Efficiency:

It is the efficiency of the conversion of the heat energy produced by the actual combustion of
the fuel into the power output of the engine. Therefore, it is defined as the ratio of power developed
by the engine by the fuel in the same interval of time. It is expressed in percentage.

Power Output

NThermal = * 100

Heat Supplied

7. Brake thermal efficiency

Is defined as the ratio of the brake power to the heat supplied by the fuel. It is expressed in
percentage.

MBThermal — Brake Power 100

CVx* mf

ms = Mass of the fuel supplied, Kg/s
CV = Calorific Value of the fuel, KJ/Kg

8. Indicated thermal efficiency

Is defined as the ratio of brake power to the heat supplied by the fuel. It is expressed in
percentage.

NThermal — |Ndicated Power 100

CVx* mf

9. Specific fuel consumption:

SFC is defined as the amount of fuel consumed by an engine for one unit of energy that is
produced. SFC is used to express the fuel efficiency of an IC engine .it measures the amount of fuel

required to provide a given power for a given period. It is expressed in kg/MJ or kg/kW — hr.
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PROBLEMS ON INTERNAL COMBUSTION ENGINES

1) A single cylinder, two stroke IC engine has a piston of diameter 105mm and stroke 120mm. The
mean effective pressure is 6Bar. If the crank speed is 1500rpm, calculate the Indicated power of the
engine. Mar1999/July 2005

2 A gas engine working on four stroke cycle has a cylinder of 250mm diameter, length of stroke
450mm and is running at 180rpm. Its Mechanical efficiency is 80% when the mean effective
pressure is 0.65MPa. Find i) Indicated Power. ii)Brake Power
iii) Friction Power July 2006

3) A four stroke IC engine running at 450rpm has a bore diameter of 100mm and stroke length of
120mm. The indicator diagram details are: area of the diagram 4cm?, length of indicator 6.5cm and
the spring value of the spring used is 10Bar/cm. Calculate the Indicated Power of the engine.

Aug 1999

4) The following observations were recorded during a test on four stroke diesel engine: Bore=200mm,
Stroke=250mm, Mean Effective Pressure=0.6MPa, Brake Drum diameter=1.2mm, Net Brake
load=500N, Speed of Crank Shaft=600rpm.

Find i) Indicated Power ii) Brake Power iii) Friction Power iv) Mechanical Efficiency
July 2011

5 A two stroke diesel engine has a piston diameter of 200mm and a stroke length of 300mm. The
engine has a mean effective pressure of 3.6Bar and a speed of 400rpm. The effective diameter of
brake drum is 1m and the load on this is 81kg. Determine Indicated Power, Brake Power and
Mechanical Efficiency. July 2007

6) A single cylinder 4 stroke engine runs at 1000rpm and has a bore of 115mm and has a stroke of
140mm. The brake load is 6kg at 600mm radius and the mechanical efficiency is 80%. Calculate
Brake Power and Mean Effective Pressure. July 2004

7) Following data are collected from a four stroke single cylinder oil engine at full load. Bore=200mm,
Stroke=280mm, Speed=300rpm, Indicated mean effective pressure=5.6Bar, Torque on the brake
drum=250N-m, Oil consumed=4.2kg/hour, Calorific value of 0il=41000KJ/kg. Determine
Mechanical Efficiency, Indicated Thermal Efficiency & Brake Thermal Efficiency.

Jan 2010

8 A single cylinder four stroke 1C engine has a bore of 180mm, stroke of 200mm and a rated speed of

300rpm. Torque on the brake drum is 200N-m and mean effective pressure is 6Bar. It consumes 4kg
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of fuel in 1 hour. The calorific value of the fuel is 4200KJ/kg. Determine i) Brake power ii) Indicated
power iii) Brake thermal efficiency iv) Mechanical efficiency July 2003

13
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9 A four stroke diesel engine has a piston diameter 250mm & stroke 400mm. The mean effective
pressure is 4Bar and the speed is 500rpm. The diameter of the brake drum is 1m and the effective
brake load is 400N. Find Indicated power, Brake power and Friction power. June 2010

10) A four stroke petrol engine of 100mm bore and 150mm stroke consumes 1kg of fuel per hour. The
mean effective pressure is 7Bar and its indicated thermal efficiency is 30%. The calorific value of the
fuel is 40000KJ/kg. Find the Crankshaft speed. Sept. 2006

11) Calculate the brake power of a single cylinder four stroke petrol engine which is running at a speed
of 400rpm. The load on the brake drum is 24kg and the spring balance reads 4kg. The diameter of
the brake drum is 600mm and the rope diameter is 30mm. Jan 2007

12) A single cylinder four stroke IC engine has a volume of 6 litres and runs at 300rpm. At full load, the
tension in the tight side and slack side of the dynamometer belt is 700N and 300N respectively. The
pulley diameter of dynamometer is 1m. The fuel consumed in one hour is 4kg with a calorific value
of 42000KJ/kg. If the indicated mean effective pressure is 6Bar, Calculate the Indicated power,
Brake power, Mechanical efficiency, Indicated thermal efficiency, brake thermal efficiency and
specific fuel consumption on brake power basis. June 2009

13) A four cylinder two stroke petrol engine develops 30KW at 2500rpm. The mean effective pressure
on each piston is 6Bar and mechanical efficiency is 80%. Calculate the diameter and stroke of each
cylinder if the stroke to bore ratio is 1.5. Also calculate the fuel consumption, if the brake thermal
efficiency is 28%. The calorific value of the fuel is 43900KJ/kg. Feb 2005/Jan 2013

14) A person conducted a test on a single cylinder two stroke petrol engine and found that the
mechanical and brake thermal efficiencies of the engine were 0.7 and 0.2 respectively. The engine
with a mean effective pressure of 6Bar runs at 300rpm consuming fuel at a rate of 2.2kg/hr. Given
that the calorific value of the fuel as 42500KJ/kg and that the stroke to bore ratio of the engine
cylinder is 1.2. Find the bore and stroke of the engine. Jan 2006

15 A single cylinder four stroke diesel engine develops indicated power of 30KW at 3000rpm. The
indicated mean effective pressure is 6.5Bar, and the piston speed is limited to 180m/min. Determine
the stroke and diameter of the cylinder. Also find the specific fuel consumption on brake power
basis, if the mechanical efficiency is 80% and the indicated thermal efficiency is 30%. Take the
calorific value of diesel as 40MJ/kg. Jan 2008

16) The following observations were recorded during a test on a four stroke engine. Bore=250mm,
Stroke=400mm, Crank speed=250rpm, net load on Brake drum=700N, Diameter of the Brake
drum=2m, Indicated mean effective pressure=6Bar, Fuel consumption=0.0013kg/s, Specific quantity
of fuel=0.78, Calorific value of fuel=43900KJ/kg. Determine i) Brake power ii) Indicated power iii)

Friction power iv) Mechanical efficiency v) Indicated & Brake thermal efficiency.
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Jan 2009/2011

14
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17) The following are the details of a four stroke petrol engine: (i) Diameter of Brake drum=600.3mm

(i) Full brake load on drum=250N (iii) Brake drum speed=450rpm (iv) Calorific value of
petrol=40MJ/kg (v) Brake thermal efficiency=32%
(vi) Mechanical efficiency=80% (vii) Specific gravity of petrol=0.82.

Determine a) Brake power b) Indicated power c) Fuel consumption in litres per second d) Indicated
thermal efficiency. Jan 2004
18) A gas engine working on a four stroke cycle has a cylinder diameter 0.25m and length of stroke
0.45m and is running at 180rpm. Its mechanical efficiency is 80% when the mean effective pressure
is 6.5Bars. Find Indicated power, Brake power and Friction power. What is the fuel consumption rate
(kg/hr) and brake specific fuel consumption (kg/KWhr) if the energy content of the fuel used is
42000KJ/kg and brake thermal efficiency is25%7? June 2008
19 A six cylinder, four stroke IC engine develops 50KW of indicated power at mean effective pressure
of 700KPa. The bore and stroke length are 70mm and 100mm respectively. If the engine speed is

3700rpm, find the average misfires per unit time. July 2013

SOLUTIONS

Mean Effective Pressure (MEP) - Pm
Average pressure developed inside the engine cylinder.

Indicator diagram is the P-V diagram for 1 cycle at that load, drawn with the help of an indicator fitted on

the engine.

a = Area of actual indicator diagram in m?
| = Base width of indicator diagram in m

s = Spring value of the spring used in the indicator in Bar/m

1 Bar = 10° Pa = 10° N/m? or 1Pa = 1 N/m?
Indicated Power — I.P.
In 4-Stroke 1 cycle will be completed in 2 revolutions of the crankshaft.

Number of cycles per minute = Half the number of rpm
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For 4 stroke I.P.
60« 2« 100
0

PmLANk

I.P. =
60«

2

For 2 Stroke 1.P:
N/m2)
60 1000

_ PmLANK

PmLANk

n = N/2 for 4 stroke
n = N for 2 stroke

KW (Pm is in N/m?)

KW (Pmis in
Bar)

KW (Pmisin

L = Length of the stoke in m

A = CIS area of the cylinder = 2D?in m?

D = Diameter of the cylinder = Bore Diameter in m

N = RPM of the crankshaft

k = Number of cylinders

15
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PmLANK ..
I.P.=——— KW (Pmis in Bar)
60
Brake Power — B.P.
2aNT
Bp. = 2NL W
60* 1000

T=W*R in N-m
W = Weight in Kg 1Kg = 9.81N
T=9.81 W*R R = Radius of Brake drum

T = Torque applied due to net load W, on the Brake drum

Torque (T) is measured by using

.. Belt Dynamometer T1 = Tension in tight side of the belt (N)
Torque = Force*Distance

T=(T1 -T2)*R N-m

T2 = Tension in slack side of the belt

(N) R = Radius of pulley (m)
ii. Rope Brake Dynamometer

T=(W-S)*R N-m
R:QDRU.M“‘_ (m)

drROPE

Friction Power — F.P.
FP.=I.P.-B.P. (KW)

Mechanical Efficiency — [ -

mech= B.P. *100

I.P.
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Thermal Efficiency - [

Nih= Power Output 100

Heat Supplied
Heat Supplied = mf * CV
mf = mass of fuel in Kg/s
CV = Calorific value of fuel in KJ/Kg
Indicated Thermal Efficiency -

I.P.
Nith=

mf+ CV

i, Brake Thermal Efficiency T

B.P.
Npth=

mf+ CV

Specific Fuel Consumption — Sfc

Describes the fuel efficiency of an engine design
mf(<9)

Sfc = hr (Kg/KW-hr)
Power Developed (KW)

isfc = L (Kg/KW-hr)
1P,
bsfc = 0 (Kg/KW-hr)

BP. 16
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Problem 1
Given: k=1, 2stroken=N | p = PmLANK KW A =1 4D?
D=105mm =0.105m
L=120mm = 0.12m

6+ 109 0.12+ 8.6+ 1073+ 150

0

- —R*1N5 —
Pm= 6Bar =6*10 I.P. KW A = 8610
N/m? 60+ 1000
N= 1500 rpm IP. = 15.58 KW
Problem 2
A =Z4D?

Given: k=1, 4 stroke
D=250mm =0.25m A =“/4* 0.25°
L=450mm = 0.45m

A =4.9%102 m?
Pm= 0.65MPa = 6.5*10°
N/m?
N= 180 rpm
Nmech= 80% _ _PmLANK
|.P. 60+ 2+ 1000 KW
6.5+ 10+°0.45+ 4.9+ 10 2« 180« 1
|.P.= 60+ 2+ 1000 KW
I.P. =21.53 KW
B.P.
=—*100 B.P.= 0.8*I.P.
mech |.P.
B.P.=17.22KW
F.P.=I1.P.-B.P. =21.53-17.22 = 4.31KW
sxa 10«4
Problem 3 Pz 0= %= 6.15Bar = 6.15*10° A=T D2

N/m?
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| 65 4
Given: k=1, 4 stroke
D=100mm =0.1m PmLANk A=Z7+ 01°
Ip=— KW
L=120mm =0.12m 60+ 2+ 1000 A =7.85*103 m?
— 2
a=dem _6.15+ !!5* 0.12x 7.85+« !!_3* 450+ 1
| = 6.5cm IP.=
s = 10Bar/cm KW
60« 2+ 100
0
Problem 4 =
|.P.=2.17 KW F.P.=1.P. -B.P. =4.7KW
Given: k=1, 4 stroke
I.P = 23.57TKW
D=200mm =0.2m B.p. = 2aNT KW Nmech = B.P. 100
L=250mm = 0.25m 60% 1000 et P
W= 500N
= \W*R = * — - —
N = 600rpm T = W*R =500*0.6 = 300 N-m 80%
DDRUM = B.P. = 18.85KW
1.2m
Pm = 0.6MPa = 6*10°
N/m?
Problem 5 |P. = PmMLANK KW
Given: k=1, 2 stroke 60+ 1000
D=0.2m I.P. =22.62 KW
L=0.3m BP = 2aNT KW T=W*R
— —_ * _
W= 81Kg = 81*9.81 = 794.61N 50+ 1000
N = 400rpm
DDRUM =
Im
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B.P. =16.64
KW

Nmech™
73.5%
17
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R =0.5m
Pm = 3.6Bar = 3.6*10°
N/m?

Elements of Mechanical Engineering

ELEMENTS OF MECHANICAL ENGINEERING: MODULE 3

Problem 6

Given: k=1, 4 stroke

D=115mm=0.115m
L= 140mm= 0.14m

W= 6Kg = 6*9.81 = 58.86N

B.P.= 2aNT KW T=W*R

60+ 1000
B.P. =3.7 KW

mech = B-P x109

I.P.= 4.62KW
N = 1000rpm |P. —
_ —> —_—
- - I.P. = I.P.x 60* 2% 1000

R = 600mm=0.6m KW pm= PP e Y g 96%105 N/m?

PmLANK
Nmech = 0-8 60+ 2+ 1000 LANK
Prob'em 7 IP: 123KW
Given: k=1, 4 stroke B.P. = 7.85KW
D=200mm=0.2m Nmech= 63.9%
L= 280mm= 0.28m
N = 300rpm nith: |.P. _ 12.3 =25.7%
Pm = 5.6Bar = 5.6*10°

, mfs C 1167+ 103+ 41000
N/m* T= 250N-m Vv
7.85
B.P.

mf = 4.2Kg/hr = 1.167*10" 8Kg/ls CV = 41000K JK g
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Nbth™ ~ 1167: 10+ 41000
mfx C 3 16.4
\Vj %
Problem 8 Bp. =™ kw=6.28KW
Given: k=1, 4 stroke 60+ 1000
D= 180mm= 0.18m KW = 7.63KW
I.P. =
PmMLANK
L=200mm=0.2m -
N =300rpm 60+ 2+ 1000
Pm = 6*10° B.P.
2 N =——=135%
N/m? T= 200N-
bth mfx CV
m
mf = 4Kg/hr = 1.11*10° Tmech BP- w100 = 82 2%

3Kgls CV = 42000KJ/Kg

I.P.
Problem 9 PMLANK
Given: k=1, 4 stroke I.P. = 50 2 100 KW = 32.73KW
D= 250mm= 0.25m 0
L=400mm= 0.4m BP = 2aNT KW T= W*R
N = 500rpm 60+ 1000
Pm = 4Bar = 6*10° B.P. =10.47KW

N/m? Dp=1m, Rp =
0.5m
W= 400N

F.P.=1.P.- B.P. = 22.25KW
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ELEMENTS OF MECHANICAL ENGINEERING: MODULE 3
Problem 10

Given: k=1, 4 stroke

D=100mm=0.1m Nith= .. I.P.= mfx CV
| — —_—
L=150mm=0.15m mfs C nith
V
- — 7%10°5 2
Pm=7Bar = 7*10° N/m 1P = PmLANKk KW N = I.Px 60* 2% 1000
= = B e — -
mf = 1Kg/hr = 2.77*10 60+ 2+ 100 PMLAK
*Kg/s CV = 40000KJ/Kg 0
Nith= 30%
ith N =483.7rpm
Problem 11
2nNT
Given: k=1, 4 stroke B.P.= KW
W= 24Kg 60+ 1000
S=4Kg T = (W-S) *R N-m = (24-4) *9.81*315*107°
L=400mm= 0.4m T =61.8 N-m
N = 400rpm B.P. = 2.59KW
Db = 600mm, Rp =
300mm DR = 30mm, RR
=15mm
Problem 12 Lp. = PMLANK 1\v/ = gk P
Given: k=1, 4 stroke 60« 2+ 100
mfx C
0
v—

= 6li 2aNT
Volume = 6litres BP = N KW ap
A*L = 6000cm’= 6*10°3m? 60% 1000 n =
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= 13.46%
N=300rpm T= —T2)*R N-m=200N-m bt mfx CV
(T1 h
T1 = 700N, T2 = m :
! 2 B.P. = 6.283KW bsfc= "1 (m¢in kg/hr)
300N -
Dp =1m, Rp=0.5m
Pm = 6*10° N/m? Nmech = 69.8% bsfc = 0.6366 Kg/KW-hr
mf = 4Kg/hr = 1.11*10
$Kg/s CV = 42000KJ/Kg
Problem 13 n _B.P., -
mech= 100 I.P.= 37.5KW
B.P. B.P.
— |:>
- Mhth= . mf =
Given: k= 4, 2 stroke PmLANK mx* CV n «CV
1P, =
h
B.P.= 30KW 60+ 1000 mf = 2.44*103Kg/s = 8.78Kg/hr
N=2500rpm
P 6+ 10% 1.5D+ m+ D2 2500
x 4
Pm = 6*10° 37.5= KW bsfc = mf (m inkg/hr)
N/ 60+ 1000+ 4
n =08 Bp. f
mech p3 - 375+ 60000 .\, bsfc = 0.2926 Kg/KW-hr
L
—=15,L=15D 6+ 109 1.5+ m+ 2500
D
=28% D= 0.068m or 68mm,
Npth

CV=43900KJ/Kg L=1.5D= 102mm or 0.102m
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Problem 14

Given: k=1, 2 stroke

CV= 42500KJ/Kg
N=300rpm

Pm = 6Bar = 6*10° N/m?
mf = 2.2Kg/hr = 6.11*10
*Kgls

ELEMENTS OF MECHANICAL ENGINEERING: MODULE 3

P.

Npth= © B.P. = 5.19KW
mf+x CV
B.P.
Nmech= *100 I.P.= 7.42KW
I.P.
PmMLANK
ILP. = KW
60+ 1000

D =137mm or 0.137m

L=1.2D =1.2*137=164mm or 0.164m

Problem 15

Given: k=1, 4 stroke

Mmech= 0-7

|.P.= 30KW

Njth = 30%

CV=40MJ= 40000KJ/Kg
N=3000rpm

Velocity of the Piston

V =2LN

3000

3=2L*
60

OR

h
180=2*1*3000=0.03m

PmLANk

= B.P.
Nmech =
oth )
nit
h

Npih=0-24 B.P.= 24KW

bt

mf = 2.5*10°Kg/s or 9Kg/hr

mf
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Pm = 6.5*10° N/m? I.P. = KW bsfc=  (msinkg/hr)
Velocity of Piston = 2LN 60+ 2+ 1000 B.P.
=180m/min D=0.28m bsfc = 0.375 Kg/KW-hr
Problem 16 B.P.=18.32KW
|.P.= 25.54KW

Given: k=1, 4 stroke
D= 250mm= 0.25m
L=400mm=0.4m
W=700N

N = 250rpm

F.P.=6.218KW

nmech =74.7%

D=2m Nith = 43%
Pim=

6Bar

mf= Npth= 32-1%
0.0013Kg/s

s.0.=0.78

CV=43900KJ/Kg

Problem 17

Given: k=1, 4 stroke Exercise Problem

N =450rpm

Db = 600.3mm, Rb =
300.15mm W= 250N
CV=40MJ/Kg

Npth= 32%

Nmech= 80%

S.G6.=0.82
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ELEMENTS OF MECHANICAL ENGINEERING: MODULE 3

Problem 18
Given: k=1, 4 stroke I.P.= 21.54KW
D=0.25m B.P.= 17.2KW
L=45m F.P.=4.3KW
N= 180rpm mf = 1.969Kg/hr = 5.469*10
Pm = 6.5Bar = 6.5%10° *Kg/s bsfc= 0.3428Kg/KW-hr
N/m? CV = 42000KJ/Kg
Mpth= 25%
Nmech= 80%
Problem 19
b PmLANKk KW

Given: k=6, 4 stroke 60+ 2+ 1000
Pm = 700*10°% Pa = 7*10° Theoretical Speed N= 3712rpm
N/m? D= 0.

b=007m N _3712
L=0.1m For 4 stroke engine — =——— = 1856rpm
N'=3700rpm 2 2
|.P.= 50KW Actual explosions per minute = a700 = 1850rpm

N T30
2 2

Therefore, number of misfires = 1856-1850 = 6

NISHCHITHA KM MED BGSIT ACU Page 81



Elements of Mechanical Engineering

REFRIGERATION AND AIRCONDITIONING

Refrigeration: It is defined as a method of reducing temperature of a system below that of the surroundings

and maintaining it at the lower temperature by continuously abstracting the heat from it.

Refrigerant: The medium or working substance that continuously extracts heat from the space within the
refrigerator which is to be kept cool at temperature less than atmospheric by rejecting heat to atmosphere is

called refrigerant.
Refrigeration concepts:

1. Heat flows from a system at higher temperature to a system at lower temperature.

2. Fluids absorb heat, change from liquid phase to vapor phase and condenses back to liquid while by
giving off heat.
3. The boiling and freezing temperatures of fluid depends on its pressure.

4. Heat can flow from a system at lower temperature to a system at higher temperature only with the aid

of external work.
Refrigerating effect; The rate at which the heat is absorbed in a cycle from the interior space to be cooled is

called refrigerating effect.

Unit of refrigeration: The capacity of refrigeration system is expressed in tons of refrigeration.

A ton of refrigeration is defined as the quantity of heat absorbed in order to form one ton of ice in 24hours

from water at 0°C.

21
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In S.I System

1 ton of refrigeration = 210 kJ/min
= 3.5 Kw

Coefficient of performance: The coefficient of performance (COP) of a refrigeration system is defined as

the ratio of the refrigerating effect (heat absorbed or removed) to the work supplied.

If Q = Heat absorbed or Removed, kW
W = Work supplied, kW

_Q
Then, COP = /VV

Ice making capacity

The capacity of a Refrigerating system to make ice beginning from water (at water temperature) to solid ice.

It is usually specified by kg/hr.

Relative COP
It is defined as the ratio of Actual COP to the Theoretical COP of a refrigerator.
Relative COP = Actual COP/Theoretical COP

Refrigerants commonly used:

1.Ammonia — in vapor absorption refrigerator.

2.Carbon dioxide — in marine refrigerators.

3.Sulphur dioxide — in household refrigerators.

4.Methyl chloride — in small scale & domestic refrigerators.

5.Freon — 12 (Dichlorodifluoromethane) — in domestic vapor compression refrigerators.

6.Freon — 22 (difluoromonochloromethane) — in air conditioners.

Properties of a good refrigerant:
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e Must have low boiling point.

e Must have low freezing point.

e Evaporator & condenser pressure should be slightly above the atmospheric pressure.
e Latent heat of evaporation must be very high.

e Specific volume must be very low.

e Toxicity - should be non-toxic.

e Flammability - should not be flammable.

e Corrosiveness - should be non-corrosive.

e COP must be high.

e Odour - must be odourless.

e Leakage should be easily detectable.

22
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VAPOUR COMPRESSION REFRIGERATOR

EVABORATOR. COTERD TUHES C Lot o o o _IREEZING COMPARTHENT
e Sy Ty e T e P
N = AR S RS ), '
= —
! (C"‘"'”"‘“’" B LIOUID REFRIGERANT
. ; - : e : JARILYL VAPOUR AT
FAIRLY DRY REFRIGERAN — o) LOW TEMPERATURE
VAPOUR AT LOW PRESSURE (@ Froog AND PRESSURE
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e W HIGH PRESSURE LIOUID
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Ll S S e e s b APPROXIMATELY AT
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T TT Y 17
1 el B
CIT It J)
CONDENSER

COMPRESSOR SUCTION . .
Vapour Compression Refriaerator

« It mainly consists of a compressor, a throttle valve, a condenser and an evaporator made of coiled
tubes installed in the freezing compartment of the refrigerator.

»  The refrigerant at low pressure and temperature passing in the evaporator coiled tubes absorbs heat
from the contents in the freezing compartment and evaporates.

» This lowers the temperature of freezing compartment.

* The vapour refrigerant at low pressure from evaporator is drawn by the compressor which
compresses it to high pressure.

* This increase in pressure increases the saturation temperature of the refrigerant higher than the
temperature of the cooling medium (atmospheric air) in the condenser so that vapour can reject heat
in the condenser.

* Inthe condenser it gives off its latent heat to the atmosphere air and condenses to liquid.

« The high pressure liquid refrigerant now flows to the throttle valve in which it expands to a low
pressure.

«  Temperature reduces to -10°C and vapour will be wet.
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«  This wet vapour now passes to the evaporator coils where it absorbs heat from the surrounding and
the cycle repeats.

« Thus heat is continuously removed from the contents of the refrigerator in the evaporator and
rejected in the condenser to the atmospheric air.

« This will keep the contents of the refrigerator at lower temperature.

«  The most commonly used refrigerant in vapour compression refrigerator is dichlorodifluoromethane
popularly known as Freon 12.
VAPOR ABSORPTION REFRIGERATION SYSTEM

FREEZING EVAPORATOR COILED TUBES

COMPARTMENT ™~

g

LIQUID AMMONTA AT LOW
PRESSURE AND TEMPERATURE

EXPANSION VALVE

DY AMMONIA VAPOUR
AT LOW PRESSURE ™~

HIGH PRESSURE

|\~ Znmionia 0o

ABSORBER l/
I CONDENSER
™
HEATER-SEPARATOR
STRONG AMMONIA SOLUTION
AT LOW PRESSURE

WEAX AMMONIA SOLUTION ~_ HEATING (OIL

WARM STRONG AMMONIA
SOLUTION AT HIGH PRESURE

ORCULATION PUMP

STRONG AMMONIA SOLUTION S
AT HIGH PRESSURE Vapour Absorption Refrigerator Al EXCHANGER

» This refrigerator mainly consists of an absorber, a circulating pump, heat exchanger, generator,

condenser, expansion valve and evaporating coiled tubes.

» Low pressure ammonia vapor is dissolved in the cold water contained in the absorber, which will

produce a strong ammonia solution.

« The strong ammonia solution from absorber is pumped to heat exchanger where it is warmed by the
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warm weak ammonia solution flowing back from the heat separator.

«  The warm high pressure ammonia solution now passes to the heat separator where it is heated by
heating coils.

*  The heating will drive out the ammonia vapor from it. Now the solution in heat separator becomes
weak and flows back to the heat exchanger where it warms up the strong ammonia solution passing
through it.

* The high pressure ammonia vapor from heat separator now passes to a condenser, where it rejects
heat and is condensed. (liquid)

. The high pressure ammonia liquid is now expanded to low pressure and low temperature in the
throttle valve.

. The low pressure condensed ammonia liquid at low temperature is passed onto the evaporator
coils provided in the freezing compartment, where it absorbs the heat and evaporates.

. The low pressure ammonia vapor from freezing compartment is passed again to the absorber

and the cycle repeats.
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Comparison Between Vapor Compression and Vapor Absorption Systems

Principle Vapor compression Vapor absorption

Working Refrigerant vapor is Refrigerant  vapor is

method compressed absorbed and
Heated

Type  of Mechanical Heat

energy

supplied

Work or To compress To run the pump

energy refrigerant

supplied

COP Higher Relatively low &
remains same

Capacity Up to 1000 tons Above 1000 tons

Noise More Almost quiet

Refrigeran Freon-12 Ammonia

t

Leakage Chances are more No leakage

problem

Maintenan High Less

ce

Operating High Less

cost
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PASSING THROUGH CAPILLARY TUBE

Air Conditioner

AIR CONDITIONING:

Providing a cool congenial indoor atmosphere by cooling, humidifying, or dehumidifying, cleaning
and recirculating the surrounding air is called air conditioning. The artificial cooling of air and

conditioning it to provide maximum comfort to human beings is called comfort air conditioning.

The artificial cooling of air and conditioning it to provide a controlled atmosphere required in some

engineering, manufacturing and processing is called industrial air conditioning.

ROOM AIR CONDITIONER AND PRINCIPLES OF AIR CONDITIONING:

An air conditioner continuously draws air from an indoor space to be cooled, cools it by the
refrigeration principles and discharges back into the same indoor space that needs to be cooled.
It mainly consists of an evaporator, condenser, compressor, two fans one each for evaporator and condenser
units usually driven by the single motor, capillary, etc. It is generally mounted on a window sill such that the

evaporator unit is inside the room and the condenser part projecting outside the building.
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* The high pressure, high temperature liquid refrigerant from the condenser is passed to the evaporator
coils through the capillary tube where it undergoes expansion.

. The refrigerant in evaporator coils absorbs heat from the air passing over it from the interior and
evaporates.
. The high temperature evaporated refrigerant is compressed to high pressure by a compressor and

delivered to the condenser, where it is cooled or condensed to liquid by giving off the heat to the
atmospheric air passing over it.
. The cooled high pressure refrigerant now passes through the capillary tube where it undergoes
expansion and again re-circulated to repeat the cycle continuously.
ABSOLUTE HUMIDITY: It is defined as ratio of water vapour contained in a given volume of air.
SPECIFIC HUMIDITY: It is defined as the ratio of weight of water vapour to the total weight of air.
RELATIVE HUMIDITY: Itis defined as the ratio of the actual vapour content of the air to the vapour

content of the air at the same temperature when saturated with water vapour
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MODULE 3
INTRODUCTION:

Several metal cutting operations are carried out to produce a mechanical part of required
shape and size. The metal cutting operations may be carried out either manually by using hand
tools such as chisels, files, saws etc... or using metal cutting machines. When machines perform
the metal cutting operations by the cutting tools mounted on them, they are called machine tools.
A machine tool may be defined as a power driven machine which accomplishes the cutting or
machining operations on it. The fundamental machine tools that are used for most of the

machining processes are given below

1. Lathe Machine.

2. Drilling Machine.
3. Grinding Machine.
LATHE MACHINE:

A lathe is a machine tool which turns cylindrical material, touches a cutting tool to it, and cuts the
material. It is said to be the mother of all the machine tools. The lathe is the oldest of all machine
tools and the most basic tool used in industries. A lathe is defined as a machine tool is primarily
used to produce circular objects and is used to remove excess material by forcing a cutting tool
against a rotating work piece. Lathes are also called turning machines, since the work piece is
turned or rotated between two centers. since it is so versatile, that almost all the machining
operations which are performed on other machine tools like, drilling, grinding, shaping, milling,

etc., can be performed on it.
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WORKING PRINCIPLE OF LATHE:

Chuck Jaw

\ Workpiece Support
e — <3

Tool

Longitudinal
fecd

A lathe, basically a turning machine works on the principle that a cutting tool can remove
material in the form of chips from the rotating work pieces to produce circular objects. This
is accomplished in a lathe which holds the work pieces rigidly and rotates them at high
speeds while a cutting tool is moved against it. Work piece held rigidly by one of the work
holding devices, known as chuck, and is rotated at very high speeds. A cutting tool held
against the work piece opposite to its direction of rotation when moved parallel to the axis of
the work piece produces circular surfaces as shown in figure. The material of the tool will be

harder and stronger than the material of the work piece.

LATHE OPERATIONS: All most all the basic machining operations can be performed

on a lathe. They are

1. Turning, 2. Taperturning 3.Thread cutting, 4. Boring, 5. Facing, 6. Drilling, 7. Reaming,
8. Knurling

9. Milling, 10. Grinding
A variety of operations can be performed on a lathe. A few of them are discussed briefly below.

Turning: - Fig shows the principle of a metal cutting operation using a single-point tool on a
lathe. The work piece is supported in between the two centres which permit the rotation of
the work piece. A single point cutting tool is fed perpendicular to the axis of the work piece
to a known pre-determined depth of cut, and is then moved parallel to the axis of the work
piece. This operation will cut the material which comes out as shown fig. This method of

machining operation in which the work piece is reduced to the cylindrical section of required
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diameter is called 'Turning’.
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Facing: - Facing is defined as an operation performed on the lathe to generate either flat
surfaced or shoulders at the end of the work piece. In facing operation, the direction of feed
given is perpendicular to the axis of the lathe. The work piece is held in the chuck and the

facing tool is fed either from outer edge of the work piece progressing towards the centre or

Rotating
Speed

Tool A

Sending:Speed

vice versa. The cutting tool is held by a tool holder in a tool post.

Knurling: - Knurling is defined as an operation performed on the lathe to generate serrated
surfaces on work pieces by using a special tool called knurling tool which impresses its
pattern on the work piece. A typical knurling tool consists of one upper roller and one lower

roller on which the desired impression pattern can be seen. The serration or impression

pattern can be straight lines or diamond pattern.

NISE

Chuck

Workpiece

Tail stock centre

L

STRAIGHT
PATTERN

A\
7l

ANGULAR
PATTERN

DIAMOND
PATTERN
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Thread Cutting :- A thread is a helical ridge formed on a cylindrical or conical rod. It is cut
on a lathe when a tool ground to the shape of the thread, is moved longitudinally with
uniform linear motion while the work piece is rotating with uniform speed as shown in Fig.
By maintaining an appropriate gear ratio between the spindle on which the work piece is
mounted, and the lead screw which enables the tool to move longitudinally at the appropriate
linear speed, the screw thread of the required pitch can be cut. The pointed tool shown in Fig
is employed to cut V-threads. When square threads are to be cut, the tool is ground to a
squared end.

Chuck /,Spmde&Chuck
Jaw
p /Wolk
\ Dead center
Workpiece
Feed —e— ﬁ Tool

Taper turning: - Taper is defined as a uniform increase or decrease in diameter of a piece of
work measured along its length. Taper turning is an operation on a lathe to produce conical
surface on the work pieces.

Methods of Taper Turning: - 1) Taper Turning by setting over the tail Stock.
2) Taper Turning by swivelling the Compound Rest (Tool
Post).

3) Taper Turning by a Taper turning attachment.

NISHCHITHA KM, MED, BGSIT Page 96



Elements of Mechanical Engineering

Taper Turning by the Swivelling the Compound Tool Rest:

Chuck Jaw

Circular base wilh
graduations

[
Hang wheel

{a) Top wew of swivelled compourd rest

{b) Taper portion of workpiece

This method of taper turning shown in Fig. It is more suitable for work pieces, which
require steep taper for short lengths. The compound tool rest is swivelled to the required
taper angle and then locked in the angular position. The carriage is also locked at that
position. For taper turning, the compound tool rest is moved linearly at an angle so that the

cutting tool produces the tapered surface on the work piece. This method is limited to short

tapered lengths due to the limited movement of the compound tool rest.

The angle at which the compound rest to be swivelled is calculated using the equation given

below
D-d { D-d
tano = = or o =tan * =—
2XL 2XL

Where

D = larger diameter of taper in mm

d = smaller diameter of taper in mm
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m
m

o = half of
taper angle

in degree
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DRILLING MACHINE

INTRODUCTION: Drilling is a metal cutting process carried out by a rotating cutting tool
to make circular holes in solid materials. The tool which makes the hole is called a drill. It is
generally called as twist drill, Since it has a sharp twisted edges formed around a cylindrical
tool provided with a helical groove along its length to allow the cut material to escape
through tithe sharp edges of the conical surfaces ground at the lower end of the rotating twist
drill cuts the material by peeling it circularly layer by layer when forced against a work
piece. The removed material chips get curled and escapes through the helical groove
provided in the drill. A liquid coolant is generally used while drilling to remove the heat of

friction and obtain a better finish for the hole.

DRILLING MACHINE: Drilling machine is a power operated machine tool, which holds
the drill bit in its spindle rotating at high speeds and when manually actuated to move

linearly simultaneously against the work piece produces a hole, is called drilling machine.
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A twist drill shown in Fig.it is the cutting tool that is employed in the drilling machines. Two
long diametrically opposite helical flutes are formed throughout its effective length. A twist

drill is composed of three major parts-point, body and shank.
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DRILLING MACHINE OPERATIONS: Apart from drilling, a number of other operations

that can be performed on a drilling machine using the various tools are:
1) Reaming, 2) Boring, 3) Counter boring 4) Countersinking, 5) Spot facing & 6) Tapping.

Drilling is a cutting process that uses a drill bit to cut or enlarge a hole of circular cross-

section in solid materials. The drill bit is a rotary cutting tool, often multipoint. The bit
is pressed against the work piece and rotated at rates from hundreds to thousands
of revolutions per minute. This forces the cutting edge against the work piece, cutting
off chips (swarf) from the hole as it is drilled.

Reaming: - Reaming is the process of smoothing the surface of the drilled holes with a

reamer. A reamer is similar to the twist drill, but has straight flutes. After drilling the hole to
a slightly smaller size, the reamer is mounted in place of twist drill and with the speed
reduced to half of that of the drilling, reaming is done in the same way as drilling. It removes

only a small amount of material and produces a smooth finish on the drilled surfaces.
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Boring: - Boring is done on a drilling machine to increase the size of an already drilled hole. When a suitable
size drill is not available, initially a hole is drilled to the nearest size and using a single point cutting tool, the
size of the hole is increased as shown in Fig. By lowering the tool while it is continuously rotating, the size of
the hole is increased to its entire depth. Fig shows when the boring operation is in progress. It will be

continued till the lower surface of the work piece.

BORING
TooL

V' /

Counter boring: -Counter boring is to increase the size of a hole at one end only through a small depth as
shown in Fig. The counter boring forms a larger sized recess or a shoulder to the existing hole. The cutting tool
will have a small cylindrical projection known as pilot to guide the tool while counter boring. The diameter of

the pilot will always be equal to the diameter of the previously drilled hole. Interchangeable pilots of different
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diameters are also used for counter boring holes of different diameters. The speeds for counter boring must be
two-thirds of the drilling speed the corresponding size of the drilled hole. Generally the counter boring is done

on the holes to accommodate the socket head screws, or grooved nuts, or round head bolts

NISHCHITHA KM, MED, BGSIT Page 102



Elements of Mechanical Engineering

COUNTERBORED
HOLE

COUNTERBORE TOOL

Countersinking: -Countersinking shown in Fig. it is the operation of making the end
of a hole into a conical shape. It is done using a countersinking tool shown in figure.
The countersinking process may also be employed for de burring the holes. The
cutting speeds for countersinking must be about one-half of that used for similar size
drill. The countersunk holes are used when the countersunk screws are to be screwed

into the holes so that their top faces have to be in flush with the top surface of the

work piece.

COUNTER SINK
TOO!

COUNTERSINK
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Tapping: - The tapping, shown in Fig. it is the process of cutting internal threads with a
thread cutting tool called tap. A tap is a fluted threaded tool used for cutting internal threads.
Before tapping, a hole which is slightly smaller than the size of the tap is drilled. For cutting
the threads, the tap is fitted in the tapping attachment which in turn is mounted in the drilling
machine spindle, and the threads are cut in the same way as drilling. While tapping in a
drilling machine the spindle has to rotate at very slow speeds. The tap will be held in a
collapsible type of tapping chuck, which is inserted in the spindle of the drilling machine.
Generally tapping is done on a drilling machine when identical threading is required on large
number of parts.

WORKPIE(CE
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SOLDERING, BRAZING AND WELDING

Soldering: - Soldering is a method of uniting two thin metal pieces using a dissimilar metal
or alloy by the application of heat. The alloy of lead and tin is called soft solder, is used in
varying proposition for sheet metal work, plumbing work and electrical junctions. The
melting temp of the soft solder will be between 150 to 50 C. To clean the joint surfaces and to prevent
oxidation a suitable flux is used while soldering. Zinc chloride is the flux that is commonly used in soft
soldering. A soldering iron is used to apply the heat produced from the electrical source. An alloy of copper,
tin, and silver known as hard solder is used for stronger joint. The soldering temp of hard solder ranges from
00to 00 C
Method of soldering
a. Cleaning of joining surfaces
b. Application of flux
c. Tinning of surface to be soldered
d. Heating
e. Final clean-up

() Cleaning of joining surfaces: Firstly, the joining surface are cleaned mechanically to make free from dust,
oil scale, etc. and ensure that the molten filler metal wets the surfaces.

(i) Application of flux: Then the joining surfaces are coated with a flux usually rosin or borax. This cleans
the surfaces chemically and helps the soldering making bond.

(i) Tinning of surface to be soldered: before carrying out the soldering operation, the soldering iron must be
tinned. This is to remove a thin film of oxide that forms on the copper bit, which in turns does not allow
the job to be heated and thus it becomes difficult to solder. In tinning the copper bit is heated and then
rubbed with a file to clean it properly and then rotating with solder using resin. This causes the
formation of a thin film of solder over the copper bit. This whole process is called tinning

(v) Heating: the soldering iron is then heated and flowing molten filler metals fills the joints interface. Allow
the soldered area to cool and then solidify thus making the joint.

(V) Final clean-up: after completing the soldering and joints are formed, clean it with steel wool or solvent

to remove left over flux. After this clean the soldering iron using a damp sponge.
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Advantages of soldering

1. Low cost and easy to use

2. Soldered joints are easy to repair or do rework

3. The soldered joint can last for many year

4. Low energy is required to solder

5. An experienced person can exercise a high degree of control over the soldering process
Disadvantages of soldering

1. Not suitable for heavy sections

2. Temperature is limited
3. Strength is limited.

NISHCHITHA KM, MED, BGSIT Page 107



Elements of Mechanical Engineering

Brazing:- Brazing is the method of joining two similar or dissimilar metals using a
special fusible alloy. Joints formed by brazing are stronger than that of soldering. During
the brazing, the base metal of the two pieces to be joined is not melted. The filler metal must
have ability to wet the surfaces of the base metal to which it is applied. Some diffusion or
alloying of the filler metal with base metal takes place even though the base metal
does not reach its melting temp. The materials used in brazing are copper base and silver
base alloy. These two can be classified under the name spelter.

Method of brazing

1. Cleaning the surface of the parts.

2. Application of flux at the place of joint.

3. Common borax and mixture of borax and boric acid is used as flux.

4. The joint and the filler material are heated by gas welding torch above the melting

temperature of the filler material.

5. It flows into the joint space and a solid joint is formed after cooling
Advantages of Brazing

1. Itis easy to learn.

2. ltis possible to join virtually any dissimilar metals.

3. The bond line is very neat aesthetically.

4. Joint strength is strong enough for most non-heavy-duty type of application.
Disadvantages of Brazing

1. Brazed joints can be damaged under high temp.

2. Brazed joint require a high degree of cleanliness.

3. The joint colour is often different from that of the base metal.
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Welding: - Welding may be defined as the metallurgical joining of two metal pieces
together to produce essentially a single piece of metal. Welding is extensively used in
thefabrication working which metal plates, rolled steel sections, casting of ferrous materials
are joined together. It is also used for repairing broken, worn out, or defective metal
part.Principle of welding A welding is a metallurgical process in which the junction of the
two parts to be joined are heated and then fused together with or without the application of
pressure to produce a continuity of the homogenous material of the same composition and
characteristics of the part which are being joined.
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Types of welding
Welding are classified in to two type
* Pressure welding
» Fusion welding

In Pressure welding the parts to be joined are heated only up to the plastic state and then
fused together by applying the external pressure. Ex: forge welding, resistance welding

In Fusion welding which also known as non-pressure is welding, joints of the two parts are

heated to the molten state and allowed to solidify.

Ex: arc welding, gas welding.

Arc welding: - The arc welding operates under the principle that when two conductor of an
electric circuit are touched together momentarily and then instaneously separated slightly,
assuming that there is sufficient voltage in the circuit to maintain the flow of current, an
electric arc is formed. Concentrated heat is produced throughout the length of the arc at a
temperature of about 5000 to 6000°C. In arc welding, usually the parts to be welded are
wired as one pole of the circuit, and the electrode held by the operator forms the other pole.
When the arc is produced, the intense heat quickly melts the work piece metal
which is directly under the arc, forming a small molten metal of the electrode is

carried over by the arc to the molten metal.
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Pool of the work piece. The molten metal in the pool is agitated by the action of the

arc, thoroughly mixing the base and the filler metal. A solid joint will be formed
when the molten metal cools and solidifies. The flux coating over the electrode produces
an inert gaseous shield surrounding the arc and protects the molten metal from oxidizing

by coming in contact with atmosphere.

Arc welding machine

Both AC and DC are used for arc welding. For AC arc welding a step down
transformer is used. It receives AC supply between 200 to 440V and transforms it to
required low voltage of 80 to 100V. A high current of 100 to 400A is suitable for arc

welding.

In DC arc welding work piece is connected to positive pole of DC generator and the
electrode to the negative pole in order to melt greater mass of metal in the base metal, this
setup is called straight polarity When the heat required is less in the base metal then the

polarity is reversed Due to this option in DC arc welding it is possible to melt many metals In
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AC there is no choice of polarity since the current changes every cycle.

Arc welding electrodes

There are two types of electrodes that are used in arc welding
(A) Consumable electrodes

(B) Non- consumable electrodes

Consumable electrodes are the electrodes which also melts along with the work piece and
fill the joint Consumable electrodes could be either bare or coated. When bare electrodes are
used globules of the molten metal while passing from the electrodes absorb oxygen and
nitrogen from atmosphere Which gets trapped in the solidifying weld metal and thereby
decreases the strength of the joint Electrodes are made up of soft steel or alloy steel The
coating consists of chalk, starch, Ferro manganese and binding agents.
Coated electrode facilitates:
(@ Protection of molten metal from oxygen and nitrogen by providing a gaseous shield around the arc
(b) To establish and maintain the arc throughout the welding
(c) The formation of the slag over the joint thus prevents from rapid cooling
(d) Addition of alloying element
Non- consumable electrodes
When these are used, an additional filler material is also required Advantage in using this electrode is that

amount of metal deposited can be controlled which is not possible in other type of electrode.
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Resistance welding: - This type of welding employs the principles of both the pressure and
fusion welding methods. It consist of heating of the Parts to be welded are heated up to the
plastic state and joined by applying mechanical pressure. Heating is done by passage of
heavy localized electric current, the current flowing from one part of joint to other encounters
a high resistance and temp increases. This method is employed for fastening thin metal sheets

and wires.

Gas welding: - It is a fusion welding, in which a strong gas flame is used to raise the

temperature of the work piece to melt them. As in the arc welding, a filler metal is used to fill

the joint. The gases that can be used for heating are

(i) Oxygen and acetylene

(i) Oxygen and hydrogen.

Oxy-acetylene gas mixture is most commonly used in gas welding

Oxy-acetylene welding

When Right proportions of oxygen and acetylene are mixed in the welding torch and then
ignited. The flame produced is called as the oxy-acetylene flame. The temperature attained

in this welding is around 3200°C hence has an ability to melt all commercial metals.
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Types of oxy-acetylene flames

The types of flames depends on the gas ratio i.e. ratio of the parts of oxygen to the
parts of the acetylene Depending on the gas ratio following flames are obtained.

(1) Neutral flame

(i) Oxidizing flame

(iif) Reducing flame (carburizing flame).
(i) Neutral flame:-

= A neutral flame is obtained by supplying equal volume of oxygen and
acetylene

= |t consists of a small whitish inner cone surrounded by sharply defined

blue flame
= Most of the gas welding is done using the neutral flame
(i) Oxidizing flame
» This is obtained by supplying excess of acetylene in the gas ratio

» It has 3 cones, an inner white cone ,surrounded by an intermediate
whitish cone known as “ intermediate flame feather” and a bluish envelope

flame

» This flame is used for welding alloy steels, cast iron, aluminium
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(ilf)Reducing flame:-
= This is obtained when there is excess of oxygen, gas ratio

= |t appears to be similar to that of neutral flame but the inner white cone

flame is shorter than that of neutral flame

= This flame is generally used in metal cutting rather than welding since

weld metal gets oxidized
Advantages of oxy-acetylene welding
1. Most versatile process of welding with wide use in various manufacturing process
2. Low cost of the equipment and low cost of maintenance of the equipment

3. Because of separate heat source and filler metal the control can be

exercised on the rate at which the filler metal deposits.

4. The rate of heating and cooling is slow. This help in retaining the structural

homogeneity.

5. The equipment is portable and multi-functional because, apart from gas
welding, it can also be used in torch brazing, braze welding, preheating and

post heating.
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Disadvantages

1. Difficult to attain low cost target while joining heavy section.

2. Handling and storage of gases not an easy job.

3.

It takes long time for the flame to heat up the metal piece than

compared to the arc welding.

4. Possible hazards due to explosion of gases.

Hence the process 15 used for
fabncaton  and  struchral
applications

weak & hence used m hght
sheet metal applications &
electrome mdustries.

51 No. Welding Soldering Brazing

1. It 15 a high temperatwre process|Low temperature process. Base| The base metals are not melted,
wherem the base metals are heated) metals are not melted. but broadly heated to a swtable
above ther melting temperature. temperature.

2 Filler metal used 15 of the same | Filler metal 15 not the same as | Filler metal 1s not the same as
matenal asthat of the base metal | that of the base metal that of the base metal

3. Jomt 15 formed by the sohdification | Jomt is formed by means of | Jomt 15 formed by means of
of the molten filler metal with the | diffusion of the filler metalmto | diffusion of the filler metal mto
molten base metal. the base metal. the base metal associated with

surface alloying.

4. Strength of welded jomt 15 much | Strength of the soldered jomt 1z | Strength of the brazed jomt lies
stronger than the base metal. comparatively low. between that of welded and

soldered jomt.

3. Smce weldng takes place at lugh | There 15 no heat affected zone, | Although base metals are
temperatures, the metal adjacent to | as the process is camied at low | heated the heat affected zone is
the weld portion called the heat | temperatures. not too much when comparedto
affected zone is affected to a large weldng.
extent.

6. Welded  jomts  requure certam | Jomts canbeused asis, without | In some cases, brazed jomts
fimshing operations like gndmg, | any fimshmg operations. require fimshing operations.
filing etc.

7. Weldng produces stronger jomts. | Jomt formed is comparatively | Used in arts, jewelry works and

1 some ndustnes.
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MODULE —4

Lubrication and Bearings
3.1. Introduction:

Whenever two metallic surfaces move over each other friction is produced due to direct
contact. Friction is produced due to irregularities on the two moving or rotating surfaces.
The main aim of lubrication is to avoid the direct contact between the parts. The life ofthe
component depends on, how effectively the lubrication is applied to the parts (Ex: Life of
scooter engine is about 50,000 to 75,000 km, but without lubrication the engine fails
(seizure) within 1 to 3 km). The main purpose of lubrication is to reduce friction between
the two or more moving parts.

3 o, Functions / Purpose of Lubrication:

The following are the functions of lubrication.
1 To reduce friction which consequently reduces the power required to overcome the
same.
To reduce wear and tear between the rubbing and wearing surface.
To cool the surfaces by carrying away heat generated due to friction.
To carry away the particles of worn metal and carbon.
To seal space adjoining the surfaces such as piston moving in a cylinder.
To reduce the engine noise and to increase the engine life.
To avoid corrosion and deposits.

~NOo ok wiN

3 3. Properties of Lubricants:

The various properties of lubricants are listed below.

1 Viscosity: It is the measure of the degree of fluidity of a liquid. Viscosity of lubricating
oil decreases with increase in temperature.

2 Flash point: Flash point is the temperature at which the oil gives off sufficient vapor
to ignite momentarily on introduction of a flame.

3 Fire point: Fire point is the temperature at which the entire fluid will catch fire.

4 Pour point: It is the lowest temperature at which the oil ceases to flow is known as
pour point.

5 Cloud point: It is the lowest temperature at which oil becomes cloudy is known as
cloud point.

6 Oiliness: It is the property of a liquid due to which it wets the surface and adheres to it.

3 4. Requirements / desirable properties of a good lubricant are as follows:

1 The lubricant should have good viscosity to maintain a thin film at various pressure
and temperature conditions.

The lubricant should have high flash and fire point.

The lubricant should have low cloud and pour point.

The lubricant should be free from acids.

The lubricant should be highly resistant to emulsion.

The lubricant should be chemical stability against oxidation.

S OB W
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3.5. Types of lubricants used in various needs are listed below:

1 Animal oils:
These are obtained from animal fat. These lubricants get easily oxidized causing them
to become gummy after use. Hence this lubricant is not advisable to use for machines.

2 Mineral oils:
Mineral oils are derived from petroleum are perhaps used in various applications. The
main constituents of mineral oils are hydrocarbons. According to their molecular
structure they may be further classified into paraffin’s, naphthenes, aromatics and
olefins. Few advantages of mineral oils are
a. Greater chemical stability.
b. Less tendency to form emulsion with water.
c. Do not attack the metals or cause chemical reaction.

3 Vegetable oils:
These oils are obtained from plants, seeds and fruits. Various vegetable oils available
are olive oil, linseed oil castor oil etc., except castor oil all vegetable oils gets oxidizes
easily, makes them unsuitable for engines.

4 Synthetic lubricants:
These are the lubricants prepared by synthetic process. These lubricants possess
excellent lubricating properties; hence it is widely used in almost all the applications.
The synthetic lubricants are silicon fluids, polyglycol ethers and aliphatic diesel.

5 Solid lubricants:
These lubricants are used where speed is low, pressure and temperature are high.
Generally used solid lubricants are graphite, molybdenum disulphide and mica.

6 Greases:
Grease is essentially lubricating oil having certain thickening agents like calcium or
sodium soaps. Grease is widely used in lubricating automobiles. Greases are classified
according to the purpose for which they are used, and the kind of soap base. Calcium
base greases are widely used for chassis lubrication and for lubrication for wheel
bearings. Sodium based greases can with stand high temperatures and is suitable for
lubricating universal joints and for lubricating brake cables.

3 6. Drop Feed Lubricator:

Snap lever —{]  Adjusting screw
1l

™~ Cup

Needle
valve ™
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Figure 1

Figure 1 shows a drop feed lubricator. It consists of a glass cup containing oil, needle,
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adjusting screw, glass window, lever, etc. When the snap lever is raised, the needle is lifted
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and oil flows through the hole. The flow of oil is observed through a glass window. This
type of lubricator is mounted directly above the part to be lubricated. One advantage of this
lubricator is that the oil flow can be easily visualized through the window, and the oil level
can be checked frequently through the glass container.

k-

o Piston

3 7. Splash lubricator

| —— Cylinder

Lubricating oil Connecting rod

Crank case

Scoop

Figure 2

The splash lubricator is used in four stroke internal combustion engines. Figure 2 shows
the splash lubrication method. In this method of lubrication required amount of lubricant is
filled in the crankcase. A hook, casted or bolted onto the crankshaft, dips into the oil in the
sump and splashes it around the inside of the engine. The splashed oil reaches cylinder
liner, piston, piston ring and connecting rod bearings and thus lubrication is achieved.

Bearings
3.8. Introduction:

Bearing is a universal component used in almost all machineries we see in our daily life. It
is a machine element which supports the rotating shaft. All rotating shafts will be supported
by bearings. Bearing may be a bush bearing, thrust bearing, collar bearing, roller bearing,
needle bearing etc., The bearings should permit smooth rotation of the shaft. To reduce the
wear of the bearing lubrication is provided. All the bearings are designed to run lakhs of
revolutions without any slackness. In partial lubrication, the coefficient of friction lies
between 0.14 to 0.4, according to this the bearing is not completely separated by a thin film
of oil. In fully lubricating bearings, the coefficient of friction lies between 0.02 to 0.1,
according to this the bearing is completely separated by a thin film of oil and grease. In
such bearings the wear is almost eliminated.

3 9 Requirements of bearings:

a. They should provide minimum deflection under loads.

b. They should have sufficiently long service.

c. They should provide simple and convenient assembly.

d. They should possess adjustability to obtain minimum radial and axial slackness
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3.1@lassification of bearings:
Bearings are classified according to the nature of contact surfaces as follows:

[
ol

Bearings

| Y ‘
i ¢

Shiding Contact Bearings Rolling Contact Bearings
— iv }
Journal Bearing Thrust Bearing Ball Bearing Roller Bearing

3.1Bliding Contact Bearings

In sliding contact bearings, the motion between the shaft and the bearing is purely sliding.
The friction in sliding contact bearings is quite high hence more lubrication has to be
provided. The sliding contact bearings are classified according to the type of load acting on
the bearings. Different types of loads acting on the bearings are transverse load and axial
load.

3111 Journals:

A journal bearing is one in which load acts perpendicular to the axis of the shaft. Portion
of the shaft which is in actual contact of the bearing is known as journal. Commonly used
journal bearing are Bushed bearings and Plummer block.

Bushed Bearing:

Oil hole
Cylindrical
block

Bush of
ductile metal

- ol w ales =

Rectangular base Holes for bolt

Figure 3

It is the simplest types of journal bearing. Simplest type of bushed bearing is as shown in
Figure 3. The bearing may be only a hole in a block, where the load to be carried is always
in one direction. These are also called as plain bearings. The main parts of the bushed
bearing are bearing block, bush and shaft. The bearing (bush) is fitted in the bearing block
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either by a screw or by press fit. The shaft is supported by a bushed bearing, which is
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lubricated by oil or grease. When the bush worn out it can be easily replaced by a new one. The bush is made of
soft material like brass or bronze.

Rolling Goptact or Antifriction Bearing:

The term “‘rolling element bearings’’ is used to describe that class of bearings in which the moving surface is
separated from the stationary surface by elements such as balls, rollers, or needles that can roll in a controlled
manner. These bearings are often referred to as ‘‘antifriction’” bearings. When a rolling element bearing is
properly lubricated, its load capacity and life are limited primarily by the fatigue strength of the bearing steel.
Rolling contact bearings are classified into ball bearings and roller bearings.

Roller Bgaﬁnﬂ:

INNER RACE ROT:
INNER RACE ROTATES & ROTATES

- WITH THE SHAFT
WITH THE SHAFT ( o CAGE
Vo /
N

SHAFT
\\
CAGE
\ )/ RADIAL LOAD [}
_RADIAL LOAD |} ROLLER OUTER RACE FITS TIGHTLY v
JWTER RACE FITS TIGHTLY T IN THE HOUSING
IN THE HOUSING
R 7
// /" i ;/]
BEARING HOUSING BALL
EARING HOUSING Radial Ball Bearing
(@) (b)

Figure 4 (a). Roller bearing and (b). Ball bearing

Roller bearing is as shown in Figure 4a. The essential parts of roller bearing are inner race, outer racer, and a set
of rollers. The rollers are held between the inner and outer racer. The rollers are held in position by a cage. The
inner racer is drive fit on the shaft and the outer racer is firmly secured in the bearing housing. The roller bearings
are designed to take more loads than ball bearings.

Ball Beagi'rﬂg_z'

A ball bearing is a type of rolling-element bearing that uses balls to maintain the separation between the bearing
races (Figure 4b). The purpose of a ball bearing is to reduce rotational friction and support radial and axial loads.
The essential parts of ball bearing are inner race, outer racer, and a set of balls. The balls are held between the
inner and outer racer. The balls are held in position by a cage. The inner racer is drive fit on the shaft and the
outer racer is firmly secured in the bearing housing.
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Belt drives

Belt drives are one of the common methods generally employed whenever power or rotary motion is to be
transmitted between two parallel shafts.

Open Belt Drive

» This type of belt drive shown in fig. is employed when the two parallel shafts have to rotate in the same
direction.

» When the shafts are placed far apart, the lower side of the belt should be the tight side and the upper side
must be the slack side.

» This is because, when the upper side becomes the slack side, it will sag due to its own weight and thus

increases the arc of contact which in turn increases the capacity of the drive.

ARC OF 00,  SLAK sipg
—
TI g 20T
Ll e AT HT SIDE -
A ST pprvew

_ DRIVING

Crossed Belt Drive

»  This type of belt drive shown in fig. is employed when two parallel shafts have to rotate in the opposite
direction.

> At the junction where the belt crosses, it rubs against itself and wears off.

» To avoid excessive wear the shaft must be placed at a maximum distance from each other and operated at

very low speeds.

22

NISHCHITHA KM, MED, BGSIT Page 124



Elements of Mechanical Engineering

ARC OF 0

DRIVING

Definitions:

Slip: It is defined as the difference between the tensions in the tight and slack sides of the belt is equal to the
force of friction.

Creep: Inthe belt drive, the straight portions of the belt will be alternately subjected to higher and lower tensions.
The slack side of the belt, having the lower tension T2 as soon as it enters the driven pulley, will be subjected
to a gradual increasing tension from T2 to T1.

Velocity ratio: It is defined as the ratio of the speed of the driving pulley to the speed of the driven pulley.

Velocity ratio=_%
y ratio==5

Open Belt System.

Let the two pulleys P and Q be connected by an open belt as shown in Fig. from the centre O, of the smaller

pulley draw a line O2G parallel to CD.

Let, r1 = radius of the large pulley P
r2 = Radius of the smaller pulley Q

X = Distance between the centers of the pulleys

From the geometry of the belt drive shown in fig. the length of the belt is given by,
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L = Arc Length ABC + Length CD + Arc Length DEF + Length FA

= 2[Arc length BC + Length CD + Arc length DE]

= 2WH+¢\r+|engthc:D+(H—¢\r1
2 L2 )]

#rzrl(Hw' - BgthG +|”J—¢>\|r21| (veD=GC)
2 RGN

#rzrmw 1XC05¢+”—I—¢\r 2( GC :Cos¢\

LL? Jl L? JZJ Li —x— J
S vy s pr—ry+ X Cosp 11

212 12 |
= [I(n +r2)+24r1 —r2)+2X Cosg

From the triangle GC1C2

Sing='1""2
X

p=sint1” _r- (s small) 2

r r2

X
Cosg :’ﬂ—Sin2¢]1/ 2
1 2¢—| (By Binomial Theorem and neglectinghigher power)

X

|1-;Sin |J
I 1(r—r 2—|

=l1- 1 2
| 2Ux 3

Substituting equ”. (2) and (3) in (1)

r—r ) " o]
L=TI(r +r)+2r ' (r—r)+2X|1—u|
12 oy 12 | 2x? |
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§2 ) (r —r (r—r)2
boyox - 1

1
= r r 2
H1+2+X X

L:HI(TI’ 2)+W+2X
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Crossed Belt Systems

Let the two pulleys P and Q are connected by a crossed belt as shown in Fig. from the centre C2 of the smaller

pulley, draw a line C2G parallel to CD.

DISTANCE BETWEEN CENTRES = X

Let,

r1 = radius of the larger pulley P
r2 = Radius of the smaller pulley Q

X = Distance between the centres of the two pulley

From the geometry of the belt drive shown in Fig., the length of belt is given by.
L = Arc length ABC + Length CD + Arc length DEF + Length FA

= 2[Arc length BC + length CD + Arc length DE]

= Zl_(H +¢\r + Length CD +(H +¢\r !

. ) 2 )

:ZF(H+¢\(r +r)+LengthCD—|

2
o) ]

=r2|_(]:[+¢\ +r)+LengthGCT (OCD=GC)
| |1 2 2 | 2
2 ) ]
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(:rzr(l_[+¢\ +r)+XCos¢1 [ GC =Cos¢\
|
N 0 ——
1 J =z )
= [[T+2¢)(rp +r2 )+ 2X Cosg] Equ".(1)

From the triangle GC1C2,

25
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Sin¢: ri+ro
X :r1+
¢:Sin-1 rn+ rZT
7
X

Cosg =[1— Sin2¢]1/
2

%r - 1Sin2¢

|
2
F 1(r+J\2—|
S 5 D
[ 2Ux )]
Substituting (2) (3)in (1)

(D gis small)
Equ".(2)

(By Binomial Theorem and neglecting higher powers)

L;l—n_'_j n+ro J(i'_r )+2X||_1_(I‘1+ I’2)2|—|

L Ux | x?
’_(FTI’)Z [(r +r)?]
_ 1
L=TIr +r)+2
H(l 2) | 22 42X -] 1x2 |
L X ]
N 2
L=T1(r + r2)+|r(rl-|r ) +2X
| X
RATIO OF TENSIONS IN BELT DRIVES:
SLACK TENSION . (80
SLACK s1pe / T FS t[TJ 6
X\ 56
T'\t\Sfa_'LTCOS[-'Z‘]
N duR
A
e
; "™\ 5
/ 50
A T+6T)cos(——'}
T+61/%02 2 4
AT +6T

ETAR
_ (T+6T)sm[gj
The ratio of tensions on the tight sigé to that of the slack side is called‘the ratio of tensions.

Let upper side be the tight side and lower side be the slack side.
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Let,
T1 = Tension on the tight side

T2 = Tension on the slack
side e = Angle of contact in

ratios

26
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Consider an elemental length CD of the belt as shown in fig. Let the angle of contact of this element be de. Let

T and 6T be the tensions on slack side and tight sides respectively.

Let p = coefficient of traction between the belt surface and the pulley surface. The acting on the element are:

i) Tension on the slack side =T

if) Tension on the tight side =T + 8T

iif) Normal reaction force existed by pulley on the belt =R
iv) the force of friction UR acting perpendicular to R

For the equilibrium of the element, the resultant force along horizontal and vertical directions must be equal to

Zero.

i.e, YFH =0and SYFy =0
> 2 sF =R-Tsin% (T +6T)sin %2

H 2 2
i.e., R=Tsin@+(T+éT)sin5—0
2 2
=2T sin5—9+(5l')sin5—9
2 2
Since the angle de is very
9 50 small. 5
Sin— ~ "~ and the product 6T sin — can be neglected
2 2 2 50
R=2T"—
2
R=T56 Equ. (1)
Now =0
P 50 50
ie. HUR+TCos — —(T+oT)Cos— =0
2 2
€., UR — (8T )Cosﬁez 0
2
or, LR = (8T )Cos uid
56. 2
7 angle > is small
Cos i9:1
2
LR =T Equ. (2)
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From Equ. (1) and (2
w- () @) UT o0 = Equ. (3)
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For the total length of contact AB, of the belt for which the angle of contact varies from 0 to &and the tension
varies from T2 to T1, integrating the equation (3).T1 puy

e

i.e. Inl  |=

He nszb Ho
(Tl\l p
— |=e
\T.)

Taking logarithm on both sides,

le\

logl |=u6loge
T2 )
T1 3

logl |=p6@log2.718281
T2
T1

logl |=.6%*0.4343
\ 72

Iog(;:-_l_) = 0.4343* 16

2

Stepped Cone Pulley or Speed Cone Pulley:
e A stepped cone pulley also called a speed cone, shown in

fig.
e Itisused when the speed of the driven shaft is to be changed

very frequently as in the case of machine tools such as lathe,

drilling machine etc.,

e A stepped cone pulley is an integral casting having three or  STEPPED (ONE PULLEY /

more number of pulleys of different sizes one adjacent to the

other as shown in fig.

e One set of stepped cone pulleys is mounted in reverse on the v
driven shaft.
STEPPED CONE PULLEY
e An endless belt will be wrapped around one pair of pulleys. % =
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e By shifting the belt from one pair of pulley to the other, the
speed of the driven shaft can be varied.

e The diameters of the driving and driven pulleys are such that
same belt will operate when shifted on different pairs of

pulleys.

28
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Fast and Loose Pulley:

e When a number of machines obtain the drive from a Wider Driving Pulley
main driving shaft, often it may require to run some — TT‘T\:_A
of the’ machines intermittently without having to Main Driving Line Shafi
start and stop” the main driving shaft every time.

e This can be accomplished by mounting two pulleys - H R ™
known as fast and loose pulley. Fork Bele Shifter [

e When the belt is on the fast pulley, the power is pE
transmitted to the machine shaft. el Ry

e When the machine shaft is to be brought to the rest, —
the belt is shifted from the fast pulley to the loose _J Machine Shat
pulley. Loose Pulley

e The axial movement of the loose pulley towards the fast pulley is prevented by adjacent to its boss that

of the fast pulley

Jockey Pulley:
In an open belt drive arrangement, if the centre distance is small, or if driven pulley is very small, then the

arc of contact of the belt with the driven pulley will be SRR Bilrtiy
very small, which reduces the tensions in the belt, or if L,
the required tension of the belt cannot be obtained by
other means, an idler pulley, called jockey pulley is
placed on the slack side of the belt as shown in fig. This
increases the arc of contact and thus the tensions which

results in increases power transmission

/

DRIVING PULLEY/

V- Belts:
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V-Belt in Groove

Section of V-Belt
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» These appear trapezoidal in cross section. These are moulded as endless loops from rubber, reinforced with
fibrous material.
These belts run in the VV-grooved pulleys or sheaves.

Multiple V-belts are used when the power transmitted is too great for a single belt.

YV V V

Power from 0.5 to 150 kW can be transmitted using V-belts

> Itis used for general engineering applications, from domestic appliances to heavy duty rolling machines.
Advantages

1. It can transmit higher power

2. It can be used for smaller centre distances

3. It can permit large speed ratios

4. There is no slipping of the belt from the pulley

5. Inan emergency it is possible to continue the drive temporarily even if one of the belts snap
6. Itis possible to operate with the shaft axes in any position

7. Several machines can be driven from a single driving shaft
Disadvantages

1. The pulley construction is more complex in a VV-belt drive when compared to flat belt drive
2. Durability of V-belts is less compared to flat belts

3. Not suitable for large center distances

4. It is a costlier system than flat belt drive.

Gear drives

» Gear drives find a very prominent place in mechanical power transmission.

> Gear drives are preferred when considerable power has to be transmitted over a short centre distance
positively with a constant velocity ratio.

Types of Gears

There are various types of gears to suit various applications. They differ in the shape of the gear wheel like

cylindrical or conical or elliptical, the orientation of their axes and the angle at which the teeth mesh, Gear

drives transmit power between the shafts when their axes are: 1) parallel or 2) intersecting or 3) neither

parallel nor intersecting. The different types of Gears used in these cases are:

1. Spur Gears - For parallel axes shafts

2. Helical Gears - For both parallel and Non-parallel and Non-intersecting Axes shafts
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3. Bevel Gears — For Intersecting Axes shafts

30
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4. Worm Gears — For Non-Parallel and Non-co-planar Axes shafts.
5. Rack and pinion — For converting Rotary motion into linear motion.
1. Spur Gears:

» When the axes of the driving and driven shafts are parallel and co-

planar as shown in Fig. 1. and the teeth of the gear wheels are /l* VG ey
parallel to the axes, the gears are called Spur Gears.
» Teeth of the spur gears are cut on the circumference of the
cylindrical discs.
» The contact between the mating gears will be along a line, hence
spur gears can transmit higher power.
> Because of the instantaneous line contact when the teeth mesh,
noise will be very high.
» They are widely used in machine tools, automobile gear boxes and “ORIVEN GEAR

in all general cases of power transmission where gear drives are

preferred.

N

. Helical Gears:

> Helical gears are similar to the spur gears except that the teeth are cut in the form of the helix around the
gears as shown in Fig. 2.

> Helical gears are used for transmitting power between two parallel shafts and also between non-parallel,

non-intersecting shafts. _ X
DRIVING GEAR

» The curvilinear tooth contact is progressive, i.e., it extends diagonally
across the meshing teeth starting first at one end of a pair of engaging
teeth, then, a little further along and so on, progressively to the end of the
particular tooth.

> Helical gears are preferred to spur gears when smooth and quite running
at higher speeds are necessary.

» The main disadvantages of the helical gears are that it produces and
thrusts on the driving and driven shafts.

» Generally they are used in automobile power transmission.
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3. Bevel gears

» When the axes of the two shafts are inclined to one another, and DRIVING GEAR
interest when produced, bevel gears shown in Fig. 4. rd

» Teeth of the bevel gears are cut on the conical surfaces. /_,,/-.~<_\

» The most common examples of power transmission by bevel gears / T\
are those in which the axes of two shafts are at right angles to each ‘\ " b
other. \"'

» When two bevel gears have their axes at right angles and are of N 15

DRIVEN GEAR

equal sizes, they are called miter gears.

4. Worm and Worm Wheel

» Worm gears are used to transmit power between the driving and
driven shafts having their axes at right angles and non-coplanar as
shown in fig. 4.

» A worm drive consists of a worm (essentially a screw) which may
have one or more number of helical threads of trapezoidal shape cut

on it and a worm wheel ---a gear wheel with the tooth profile

consisting of a small segment of a helix which engages with the worm.

> Worm gears are suitable for transmission of power when a high . WORM
. b
velocity ratio as high as 60:1 is required.
» They are generally employed in machine tools, like lathe, milling, drilling machines etc. to get large speed
reduction.
» Another important characteristic of the worm and worm wheel drive is that it offers itself locking facility

between the driven and the driving units when the direction of the drive is reversed.

5. Rack and Pinion

» When a rotary motion is to be converted into a linear motion, rack and PINION
pinion arrangement is used.

» Rack is a rectangular bar with a series of straight teeth cut on it as shown
in fig.5.

» Theoretically rack is considered to be a spur gear of infinite diameter.

» Rack and pinion arrangement finds their application in machine tools,
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such as, lathe, drilling, planning machines, and on some steep rail tracks.

32

NISHCHITHA KM, MED, BGSIT Page 144



Elements of Mechanical Engineering

MODULE 4: ENGINEERING MATERIALS AND JOINING PROCESSES

» Where the teeth of the locomotive wheel mesh with a rack embedded in the ground, offering the
locomotive improved traction.

Velocity Ratio of Gear Drives

The velocity ratio of a gear drive is defined as the ratio of the speed of the driven gear to the speed of the
driving gear. Let d1 and d2 be the pitch circle diameters of the driving gear respectively. Let T1 and T2 be

the number of teeth on the driving and driven gears respectively. Let N1 and N2 be their speed in
revolutions per minute.

Since there is no slip between the pitch cylinders of the two gear wheels, the linear speed of the two
pitch cylinders must be equal.

_ ['Linear Speed of the pitch cylinder | [ Linear Speed of the pitch cylinder |
h [representing the Driving Gear J Lrepresenting the Driven Gear

ie., [1d1 N1 =11d2 N2

ie., N1 _ Equ". (1)
d2

N2 dp
The circular pitch for both the meshing gears remains same.

i.e., pC: HA = w
LI b
ie., d _T2 Equ". (2)
2 T1
From equations 1 and 2, (i
Velocity Ratio of a gear Drive = N1 = d ? Equ". (3)
2 'z
N2

1
Velocity ratio of the worm and worm wheel is expressed as:

[VelocityRatio]= _ RPMoftheworm _ Numberof TeethonWormwheel
RPM of theWormwheel Number of TeethontheWorm
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MODULE -5
ENGINEERING MATERIALS

Engineering materials and joining processes: Engineering Materials: Types and applications of Ferrous
& Nonferrous metals and alloys, ceramics and polymers

Composites: Introduction: Definition, Classification and applications (Air craft and Automobiles)

Introduction:

materials are various kinds are developed and it is difficult to describe all of them in a single text. Here,
it is confined to study of those materials which are commonly used for various engineering applications.
These materials have also a set of properties which are used for specific applications. Selections of

materials for specific project/applications is an important activity for success and failure of that project.

Metals :-A metals a material that is typically hard, opaque, shiny, and features good electrical and thermal
conductivity. Metals are generally malleable: they can be hammered or pressed permanently out of shape
without breaking or cracking well as fusible and ductile Metals can be either ferrous or non-ferrous. Ferrous
metals contain iron while non-ferrous metals do not both ferrous and non-ferrous metals are divided into

pure metals and alloys.
A pure metal is an element — Ex: iron, copper, gold- unalloyed (not mixed) with another substance.

An alloy is a mixture of two or more elements (Ex: iron and carbon) to make another metal with

particular properties (EX: steel).
Classification and Selection of Materials:

The first module deals with the classification of the engineering materials and their processing techniques.

The engineering materials can broadly be classified as:

a) Ferrous Metals
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Non-ferrous Metals (aluminium, magnesium, copper, nickel, titanium)
Plastics (thermoplastics, thermosets)
Ceramics and Diamond

CompositeMaterials
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Ferrous metals: - Ferrous metals contain iron. Examples are cast iron, mild steel, medium carbon steel,

high carbon steel, stainless steel, and high speed steel.
Atomic number of iron is 26. Fe.

Non-ferrous metals: - Non-ferrous metals do not contain iron. Some common on-ferrous metals are

aluminium, copper, zinc, tin, brass (copper + zinc), and bronze (copper + tin).

Type of Ferrous metal

Pig iron: - is the intermediate product of smelting iron ore with a high-carbon fuel such as coke, usually

with limestone as a flux. It is the molten iron from the blast furnace, which is a large and cylinder-shaped
furnace charged with iron ore, coke, and limestone. Charcoal and anthracite have also been used as fuel. Pig

iron has a very high carbon content, typically 3.5— 4.5%, along with silica and other constituents of dross,

which makes it very brittle and not useful directly as a material except for limited applications.

Wrought iron: - is an iron alloy with a very low carbon (less than 0.08%) content in contrast to cast iron
(2.1% to 4%), and has fibrous inclusions known as slag up to 2% by weight. It is a semi-fused mass of iron
with slag inclusions which gives it a "grain™ resembling wood that is visible when it is etched or bent to the
point of failure. Wrought iron is tough, malleable, ductile, corrosion-resistant and easily welded. Before the
development of effective methods of steelmaking and the availability of large quantites of steel, wrought

iron was the most common form of malleable iron.

Cast iron;- Composition Alloy of iron and 2-5% carbon, 1-3% silicon and traces of magnesium, sulphur

and phosphorus

Cast iron is iron or a ferrous alloy which has been heated until it liquefies, and is then poured into a mould

to solidify. It is usually made from pig iron. The alloy constituents affect its colour when fractured: white

cast iron has carbide impurities which allow cracks to pass straight through. Grey cast iron has graphite

flakes which deflect a passing crack and initiate countless new cracks as the material breaks. Carbon (C)
and silicon (Si) are the main alloying elements, with the amount ranging from 2.1-4 wt. % and 1-3 wt. %,
respectively. Iron alloys with less carbon content are known as steel. While this technically makes these

base alloys ternary Fe—C-Si alloys, the principle of cast iron solidification is understood from the
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binary iron—carbon phase diagram. Since the compositions of most cast irons are around the eutectic point
of the iron—carbon system, the melting temperatures closely correlate, usually ranging from 1,150 to 1,200
°C (2,100 to 2,190 °F), which is about 300 °C (572 °F) lower than the melting point of pure iron.

Properties and characteristics: -Hard skin, softer underneath, but brittle. It corrodes by rusting.

Application: -Parts with complex shapes which can be made by casting
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Gray iron, or grey cast iron:-is a type of cast iron that has a graphitic microstructure. It is named after the
gray colour of the fracture it forms, which is due to the presence of graphite. It is the most common cast
iron and the most widely used cast material based on weight.

Application:-automotive engine blocks, gears, flywheels, frames.

White cast iron displays white fractured surface due to the presence of cementite. With a lower silicon
content (graphitizing agent) and faster cooling rate, the carbon in white cast iron precipitates out of the melt

as the metastable phase cementite, FesC, rather than graphite.

Composition:-1.8 to 3.6%carbon, 0.5t02.0%silicon. Along with sulphur.
Application: - car wheels, sprockets, rolling mills rolls.

Malleable iron starts as a white iron casting that is then heat treated at about 900 °C (1,650 °F). Graphite
separates out much more slowly in this case, so that tension has time to form it into spheroidal particles

rather than flakes.
Composition: -2.0 to 3.0%carbon, 0.6 to 1.3%silicon. Along with sulphur.
Applications: - universal joints, yokes, differential gears, compressors, crankshaft and flanges.

Mild steel: - Composition: -Alloy of iron and 0.15 - 0.3% carbon, Properties and characteristics: -Tough,

ductile and malleable. Good tensile strength, poor resistance to corrosion

Application: -General-purpose engineering material.

Steels: - are alloys of iron and carbon, widely used in construction and other applications because of their

high tensile strengths and low costs. Carbon, other elements, and inclusions within iron act as hardening

agents that prevent the movement of dislocations that otherwise occur in the crystal lattices of iron atoms.

The carbon in typical steel alloys may contribute up to 2.1% of its weight. Varying the amount of
alloying elements, their formation in the steel either as solute elements, or as precipitated phases, retards
the movement of those dislocations that make iron so ductile and weak, or thus controls qualities such as

the hardness, ductility, and tensile strength of the resulting steel. Steel's strength compared to pure
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iron is only possible at the expense of ductility, of which iron has an excess.

Low carbon steel: - 0.05-0.1% carbon content.

Application: -valves, small gears, screws, rivets, nuts, pins etc...
Medium carbon steel; - Composition: -Alloy of iron and 0.35 - 0.7% carbon

Properties and characteristics: -Strong, hard and tough, with a high tensile strength, but less ductile than

mild steel.
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Application: -springs; any application where resistance to wear is needed
High carbon steel; - Composition: -Alloy of iron and carbon: 0.7 - 1.5% carbon

Properties and characteristics: -Even harder than medium carbon steel, and more brittle. Can be heat-treated

to make it harder and tougher
Application: -Cutting tools, mechanical elements

Stainless steel:-Composition: -Alloy of iron and carbon with 16-26% chromium, 8-22% nickel and 8%

magnesium

Properties and characteristics: -Hard and tough, resists wear and corrosion Application: -Cutlery, kitchen
equipment
High speed steel:-Composition: -Alloy of iron and 0.35 - 0.7% carbon (medium carbon steel) with

tungsten, chromium, vanadium, and sometimes cobalt

Properties and characteristics: -Very hard, high abrasion- and heat resistance Application: -Cutting tools for
machines

Type of Non Ferrous metal

Aluminium: - Aluminium (or aluminium; see spelling differences) is a chemical element in the boron

group with symbol Al and atomic number 13. It is a silvery white, soft, nonmagnetic, ductile metal.

Aluminium is the third most abundant element (after oxygen and silicon), and the most abundant metal in

the Earth's crust. It makes up about 8% by weight of the Earth's solid surface.
Composition: -Pure aluminium (an element)

Properties and characteristics: -Good strength-to-weight ratio, light, soft, ductile, good conductor of heat

and electricity
Application Kitchen equipment, window frames, general cast components

Copper: - Copper is a chemical element with symbol Cu (from Latin: cuprum) and atomic number 29. It is

a ductile metal with very high thermal and electrical conductivity. Pure copper is soft and malleable; a

freshly exposed surface has a reddish-orange colour. It is used as a conductor of heat and electricity, a
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building material, and a constituent of various metal alloys.

Composition: -Pure copper (an element), Properties and characteristics: -Malleable and ductile, good
conductor of heat and electricity, resistant to corrosion

Application Water pipes, electrical wire, decorative goods

Zinc: - Zinc, in commerce also spelter, is a chemical element with symbol Zn and atomic number 30. It is

the first element of group 12 of the periodic table. In some respects zinc is

chemically similar to magnesium: its ion is of similar size and its only common oxidation state is +2. Zinc

is the 24th most abundant element in Earth's crust and has five stable isotopes.

Composition: -Pure zinc (an element), Properties and characteristics: -Weak metal, extremely resistant to
corrosion

Application; - Usually used for coating steel to make galvanised items

Brass: - Brass is an alloy made of copper and zinc; the proportions of zinc and copper can be varied to

create a range of brasses with varying properties. It is a substitution: atoms of the two constituents may
replace each other within the same crystal structure.

Composition: -Alloy of copper and zinc, Properties and characteristics: - Resistant to corrosion, fairly
hard, good conductor of heat and electricity

Application; - Cast items such as water taps, ornaments
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Bronze:- Bronze is an alloy consisting primarily of copper and the addition of other metals (usually tin)

and sometimes arsenic, phosphorus, aluminium, manganese, and silicon. These additions produces an alloy

much harder than copper alone. The historical period where the archaeological record contains many

bronze artifacts is known as the Bronze Age.

Composition: -Alloy of copper and tin, Properties and characteristics: -Fairly strong, malleable and ductile
when soft

Application; - Decorative goods, architectural fittings

Tin: - Tin is a chemical element with the symbol Sn (for Latin: stannum) and atomic number 50. It is a

main group metal in group 14 of the periodic table. Tin shows a chemical similarity to both neighbouring

group-14 elements, germanium and lead, and has two possible oxidation states, +2 and the slightly more

stable +4.

Composition: -Pure tin (an element), Properties and characteristics: -Soft, weak, malleable, ductile and

resistant to corrosion
Application; - Usually used for coating steel to form tinplate
Polymers

Polymers are materials that consist of molecules formed by long chains of repeating units. They may be
natural or synthetic. Many useful engineering materials are polymers, such as plastics, rubbers, fibers,
adhesives, and coatings. Polymers are classified as thermoplastic polymers, thermosetting polymers

(thermosets), and elastomers.
Thermoplastic Polymers:

Classification of thermoplastics and thermosets is based on their response to heat. If heat is applied to a
thermoplastic, it will soften and melt. Once it is cooled, it will return to solid form. Thermoplastics do not

experience any chemical change through repeated heating and

cooling (unless the temperature is high enough to break the molecular bonds). They are therefore very well

suited to injection molding.
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Thermosetting Polymers:

Thermosets are typically heated during initial processing, after which they become permanently hard.
Thermosets will not melt upon reheating. If the applied heat becomes extreme however, the thermoset will
degrade due to breaking of the molecular bonds. Thermosets typically have greater hardness and strength
than thermoplastics. They also typically have better dimensional stability than thermoplastics, meaning that
they are better at maintaining their original dimensions when subjected to temperature and moisture
changes.

Elastomers:

Elastomers are highly elastic polymers with mechanical properties similar to rubber. Elastomers are
commonly used for seals, adhesives, hoses, belts, and other flexible parts. The strength and stiffness of
rubber can be increased through a process called vulcanization, which involves adding sulfur and subjecting
the material to high temperature and pressure. This process causes cross-links to form between the polymer

chains.
Ceramics:

Ceramics are solid compounds that may consist of metallic or non-metallic elements. The primary
classifications of ceramics include glass, cement, clay products, refractories, and abrasives. Ceramics
generally have excellent corrosion and wear resistance, high melting temperature, high stiffness, and low

electrical and thermal conductivity. Ceramics are also very brittle materials.

Glass: Glasses are common materials and are seen in applications including windows, lenses, and
containers. Glasses are amorphous, whereas the other ceramics are mainly crystalline. Primary advantages
of glasses include transparency and ease of fabrication. The base element of most glasses is silica, and other

components can be added to modify its properties. Common processes used to form glass include:

. heating until melting, then pouring into molds to cast into useful shapes
. heating until soft, then rolling
. heating until soft, then blowing into desired shapes
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Composites
Definition of Composite Materials

A composite is combination of two materials in on a Macroscopic level and are not soluble in each other in
which one of the materials, called the reinforcing phase, is in the form of Fibres, sheets, or particles, and is

embedded in the other materials called the matrix phase.

The reinforcing material and the matrix material can be metal, ceramic, or polymer. Composites

typically have a Fibre or particle phase that is stiffer and stronger
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than the continuous matrix phase and serve as the principal load carrying members. The matrix acts as a
load transfer medium between Fibres, and in less ideal cases where the loads are complex, the
matrix may even have to bear loads transverse to the Fibre axis. The matrix also serves to protect the
Fibres from environmental damage before, during and after composite processing. When designed
properly, the new combined material exhibits better strength than would each individual material.
Composites are used not only for their structural properties, but also for electrical, thermal, tribological and

environmental applications

Classification of composite material

Composite material

|
l l

According to Base- Matrix material According to shape of reinforcement
i.Polymer composite 1.Fibre composite
11.Ceramic composite ii.Laminate composite
ii1.Metal —matrix composite ii.Particulate composite

l. Polymer composite: - It consists of polymer resin as the matrix material. The term resin is used
in this context to denote a high molecular weight re-enforcing plastic. These material are used as matrix
material in great diversity of composite application, as well as in large quantities because of their
excellent room temp properties, ease of fabrication, highly economical costs. Thermoplastic polymer and

thermosetting polymers are used extensively as matrix material.

Thermoplastic are soften when heated and hardened when cooled. Processes are totally reversible.

Thermosetting are become permanently hard when heated and do not soften upon subsequent heating.

1. Ceramics composite:- Ceramics materials are very well known for their high temp properties as

well as their resistance to oxidation. But they are very brittle which limits their application. Ceramics
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which are commonly used as matrix material are silicon nitride, silicon carbide, alumina, zirconium

dioxide but it is fact that ceramics make better reinforcement material than matrix material.

1. Metal- matrix composite: - Metal matrixes composite are those where metal or alloys are used
as matrix material. Metals used are usually ductile in nature and reinforced with strong and low density
material of all shapes-fibres, whiskers and particulate. Such combination helps in obtaining materials with
improved stiffness, abrasion resistance, creep resistance, thermal conductivity and dimensional stability.
Some of the advantages of

metal matrix composite over polymer-matrix composite include higher operating temperature, non-
flammability and greater resistance to degradation by original fluids. But MMC’s are more expensive.
la). Fibre reinforced composite:- Fibre reinforced composite are those where the reinforcement in
form of fibre. A natural example for fibre reinforce composite is wood in which strong cellulose fibre are
aligned in a base matrix of lignin which bind the fibres. A Fibre is characterized by its length being much
greater compared to its cross- sectional dimensions. The dimensions of the reinforcement determine its
capability of contributing its properties to the composite.

Technologically the most important type of composites is fibre reinforced ones because of their wide
range of application. The characteristics of fibre reinforced composite are expressed in terms of specific
strength and specific modulus parameters. Specific strength is nothing but the ratio of tensile strength to
specific gravity whereas specific modulus is the ratio of young’s modulus to specific gravity. Fibre
reinforced composites with exceptionally high specific strength and moduli have been successfully

produced using fibres of different material.
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a close-up of what
a compostie might
look like

fibers matrix

il. Laminated composites:-fibre —reinforced composites, if the fibres are of uniform alignment, the
composites show anisotropic properties i.e., different properties along different direction. But if
layers of such composites are stacked and bonded together in such a way that successive layers have
their fibres aligned in different direction, the composite on the whole will have high strength and

uniform properties in all direction.

larmna or ply -\ﬂi‘ Arise: 7
Sovriiiii =

lammnated

Figure 1 Lanwnated composite matenals
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The best example for a laminated for laminated composites is plywood where successive layers of wood
having different orientation of grains are cemented together and composite on the whole has better
strength in all direction.

Particulate composites In particulate composites the reinforcement is of particle nature. It may be spherical,
cubic, tetragonal, a platelet, or of other regular or irregular shape. In this type of composites, particles of
varying shape and size of one material is dispersed in a matrix of second material. Particulate composites
are similar in construction to dispersion strengthened alloys but differ in particle size and percentage by

volume.

Coarse
. Aggrepaio
Particles

095 m

Black

Asphalt
Matrix

Application of composite material Fibre reinforced composites
I.  Fibre glass which is a composite consisting of glass fibres within a polymer matrix is
extensively used to make pipe, roofing’s, storage container, industrial floorings, automotive
and marine bodies.
Il.  Carbon reinforced polymer composites are widely utilized in making sports and recreational
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VI.

equipment, pressure vessels, aircraft structural components.

Boron fibre reinforced polymer composite have been used in military air craft components,
helicopter rotor blades and some sporting goods

Silicon carbides and alumina fibre reinforced composites are utilized in tennis rackets,
circuit boards and nose cone.

Filament winded fibre reinforced plastics which have extremely high tensile strengths are
used to make chemical and fuel storage tanks, pressure vessels.

Hybrid composite which is obtained by using two or more different kind of fibres in a
single matrix. They have a better all-around combination of properties than composites
containing only a single fibre type. A polymer composite reinforced with both carbon and

glass fibre is used in sporting goods and light weight orthopaedic component.

Ceramics composites

A.

B.

Concrete which contains steel rods in a matrix of cement, sand and crushed stones is
extensively used in construction.
Silicon carbide particles reinforced in titanium-di-boride matrix has good wear and

corrosion resistance and hence can be used to produce heat exchangers.

Metal-Matrix composites

2)

3)

Boron fibre reinforced aluminium alloy matrix composite is used as a material to make
some structural members in space shuttles owing to its very high strength to weight ratio.
Particulate alumina reinforced in aluminium matrix finds application in producing

sporting

NISHCHITHA KM, BGSIT

Page 162



