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VISION AND MISSION OF THE INSTITUTE

VISION

“To impart quality technical education with ethical values, employable

skills and research to achieve excellence”

MISSION

» To attract and retain highly qualified, experienced & committed
faculty.

» To create relevant infrastructure.
> Network with industry & premier institutions to encourage emergence

of new ideas by providing research & development facilities to strive for

academic excellence.

> To inculcate the professional & ethical values among young students

with employable skills & knowledge acquired to transform the society.

VISION AND MISSION OF THE DEPARTMENT

VISION:

“To groom incumbents to compete with their professional peers in
mechanical engineering that brings recognition”
MISSION
M1 : To impart sound fundamentals in mechanical engineering.

M2 : To expose students to new frontiers.

M3: To achieve engineering excellence through experiential learning and
team work.



PROGRAM EDUCATIONAL OBJECTIVES (PEOs)

PEOL1: To produce graduates who would have developed a strong background in
basic science and mathematics and ability to use these tools in Mechanical

Engineering,.

PEO2: To prepare graduates who have the ability to demonstrate technical
competence in their fields of Mechanical Engineering and develop

solutions to the problems.

PE03: To equip graduates to function effectively in a multi-disciplinary
environment individually, within a global, societal, and environmental
context.

PROGRAM SPECIFIC OUTCOMES (PSOs)

It is expected that a student in mechanical engineering will possess an:

PSO1: Ability to apply concept of mechanical engineering to design a system, a
component or a process/system to address a real world challenges

PSO2: Ability to develop effective communication, team work, entrepreneurial

and computational skills



PROGRAM OUTCOMES (POs)

Engineering Graduates will be able to:

J . .
Engineering knowledge: Apply the knowledge of mathematics,

v

science,

engineering fundamentals, and an engineering specialization to the solution of

complex engineering problems.
Problem anzflysis.: Identify, formulate, review research literature, and analyze
complex engineering problems reaching substantiated conclusions using first

principles of mathematics, natural sciences, and engineering sciences.

Design/development of solutions: Design solutions for complex engineering
problem's and design system components or processes that meet the specified
needs with appropriate consideration for the public health and safety, and the
cultural, societal, and environmental considerations.

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

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.

The engineer and society: Apply reasoning informed by the contextual
knowledge to assess societal, health, safety, legal and cultural issues and the
consequent responsibilities relevant to the professional engineering practice.
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.

Ethics: Apply ethical principles and commit to professional ethics and
responsibilities and norms of the engineering practice.

Individual and team work: Function effectively as an individual, and as a
member or leader in diverse teams, and in multidisciplinary settings.
Communication: Communicate effectively on complex engineering activities
with the engineering community and with society at .large, such as, llaeing able
to comprehend and write effective reports and c'ies1gn c.iocumentatlon, make
effective presentations, and give and receive clear instructions.

Project ~management and  finance: Demonstrate knowledge and
understanding of the engineering and management principles and apply these
to one’s own work, as a member and leader In a team, to manage projects and
i idisciplinary environments. .
lIIjiir“Iel}lllotilg lelfz)lrni:;)é: Recognize the nfeed for, and 'hav'e the p‘reparatlon ;’:mdt
ability to engage in independent and life-long learning in the broadest contex

of technological change.
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K. S INSTITUTE OF TECHNOLOGY, BENGALURU-560109
CALENDAR OF EVENTS: I SEMESTER (2020-2021)

SESSION: December 2020 - April 2021

Week | Day
Month \
__Ne. on Mon | Tue Wed | Thu Fri Sat Days ) Activities
1 DEC 14* 15 16 17 18 19 6 14*-Commencement of |
- ’ Semester/Induction Programme
2 DEC 21 22 23 24 26 5 [25-Christmas
DEC
3 oan | 8 | 30 3 I 2 6
4 JAN 4 5 6 7 8 9 6
§ JAN 1 12 13 15 16 5 |14-Makara sankaranthi
o —— - ) e
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ASD | - i P
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9 FEB 8 9 10 11 12 13 6
10 FEB 15 16 17 IST2 (1972|2012 6
1 FEB 22 23 24 BV [25ASD| 26 27 6
12 MAR l 2 3 4 5 6 6
13 MAR 8 9 10 12 13 5 |11-Maha Shivaratri
14 MAR 15 I6 17 18 19 20 6
’
15 MAR 22 23 24 2573 26”’1':3 2773 6
s | MAR 3 | 5 [2Good Friday
APR
™ 17 APR ¢ 8 9 10¢ 6 | * Last Woking Day
J L
Total No of Working Days : 97
‘Total Number of working days ( Excluding holidays and Tests)=75
H Holiday Monday 17
Blue Book Tuesda 16
BY. Yerification %
TIT2, T3|Tests 12,3 Wednesday Y
Attendance & Thursda 15
ASD  fgessional Display y
LT/IT [LabTest [P0 Friday 15 \
‘ ¢
TA  |Test attendance Satrday 17 \9\
Total 97 CIPAL
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K.S.INSTITUTE OF TECHNOLOGY
LIST OF STUDENTS STUDYING IN I SEMESTER
FOR THE ACADEMIC YEAR 2020-2021
ELECTRONICS & COMMUNICATION ENGINEERING
CHEMISTRY CYCLE - SECTION D

SLNO |NAME OF THE STUDENT ZE:ADE?;{T MOBILE | STUDENT EMALL ID GENDER  |DATE OF BIRTH ZE:ADE?;{T AADHAR ADMISSION EGW;EZMOB'LE m%géi MOBILE
1 |ABHISHEK .J 9148909784 Abhiacchu03@gmail.com Male 03-01-2002 834490962130 MANAGEMENT 19108332157 6362850169
2 |ADITI DUBEY 9483670316 aditidubey2002@gmail.com Female |16-03-2002 991583223129 MANAGEMENT 19901768702 |9916143291
3 |AFEEFA SHARIEFF 8722100935 afeefa.mms@gmail.com Female |20-10-2002 711814434889 CET 7848078518
4 |AJAYB.G 9663870637 ajaybg2002@gmail.com Male 26-02-2002 6260 3599 0045 CET 9535128057 |9663870637
5 |[AJAY GIRISH +918660588332 |ajaygirish72@gmail.com Male 06-06-2002 265544669688 CET 9972038553 |9980761620
6 |AKASH.M 9113643268 akashtorotto@gmail.com Male 03-08-2001 284690655844 MANAGEMENT 19538482446 9980491699
7 |ASHRIT MADHAV VADIRAJ +918546813044 [madhav261102@gmail.com Male 26-11-2002 7588 1693 0131 CET 9167955657  |9930813044
8 |B.S.HEMASHREE 8553847390 hemashreekadam@gmail.com Female |24-03-2002 )26340 T |876226505: 9449204361
9 |BHARATHM 6366325889 bharath3292@gmail.com Male 09-02-2002 2068 8721 1795 CET 7090600434 |7619212525
10 |BHAVITHA.B 7676182692 bhavithapriya02@gmail.com Female |19-08-2002 404835165240 CET 8762182437 |8762182437
11 |BHUVANESHWARI.K 9731745184 bhuvik108@gmail.com Female |23-04-2002 299534272314 CET 9845978879 | 7022608417
12 |CHAITANYA. K 7204977937 Reddychaitanya401@gmail.com Male 16-03-2002 531684148181 MANAGEMENT  |9343776218 |6362534647
13 |CHAITHRA K 9964411457 jayalakshmisomayaji1971@gmail.com Female |06-04-2002 731729312281 sNQ 9964411457 19686610271
14 |CHALLAGUNDLA SAI SRUJITHA 7815834446 saisrujitha18@gmail.com Female |18-01-2002 826492538470 COMEDK 9000558141  |9390481542
15 |CHALLAGUNDLA UMADEVI 6302775314 challagundlaumadevi14@gmail.com Female |20-11-2002 847690841654 MANAGEMENT 19505737070 6303475858
16 |CHAYAS 8147025259 chayas2002@gmail.com Female |23-03-2002 6534 4122 3905 MANAGEMENT 19448561585 |9845198388
17 |CHETHAN KUMAR J 9916319428 Chethankumarchethan20@gmail.com Male 20-07-2002 577525137476 CET 9591087284 | 7349610103
18 |CHETHAN KUMAR T 8971023827 chethankumar2420@gmail.com Male 24-09-2002 696056864872 MANAGEMENT 7019722049
19 |CHETHAN. G 8310415628 gchethan866@email.com Male 30-04-2003 242387540674 CET 9066605369 |8971800934
20 [DARSHAN KUMAR 9902618252 darshu061202@gmail.com Male 06-12-2002 334415471891 MANAGEMENT  |8861840262 |8861840262
21 |DARSHAN.K 9148379478 darshan2243k@gmail.com Male 22-04-2003 555053979701 CET 6363852337 |9535250529
22 |DEEPAKS 9380662154 deepakadithya1127@gmail.com Male 27-08-2002 228590410766 MANAGEMENT  |9741857589 9035259827
23 |DHAMINI. J 9513680207 dhaminij0289@gmail.com Female |02-07-2002 858427564110 CET 7829033976 | 7760916277
24 |DHRUVA KUMAR. S 8073976871 dhruvakumar26190@email.com Male 15-02-2002 488972805041 MANAGEMENT 19448212059 |9886280175
25 [DIVYAN 8310365659 divyanmurthy09@gmail.com Female |09-05-2002 2584 0792 7811 MANAGEMENT 19945977171  |9972629197
26 |ESHWAR BIRADAR 7588247068 eshwarbb2003@gmail.com Male 03-01-2003 6394 2491 9032 CET 7588247068 |9108697635
27 |G BHAVANA PRIYADARSHINI 8296196955 bhavanagorthi@gmail.com Female |14-10-2002 441790519959 CET 9449977675 |8973709003
28 |GAGAN.H.C 6364769333 gagan888.hc@gmail.com Male 01-06-2002 267277963799 MANAGEMENT 19845440151 |9880883234
29 [GAGANAB S 6360024748 gagana8904604388@gmail.com Female |18-09-2002 3821 8246 7296 MANAGEMENT
30 [GANDHAMANIC M 9741398268 cmgandhamani@gmail.com Female |07-04-2002 6292 4686 3760 MANAGEMENT 19448233568 |8892243982
31 |[GOMITHARC 8618246907 rcgomitha@gmail.com Female |02-06-2002 2426 6738 5462 CET 9620403338 | 7892682264
32 [HARINIK 9900704653 kharinig10@gmail.com Female |24-03-2002 765401615750 MANAGEMENT  |7259806961 |6364485871
33 |HARSHITH GOWDA AR 8123266819 harshithgowdaa04@gmail.com Male 04-09-2002 725548783776 CET 9008273087 |8197111248
34 [HARSHITHA B.L 7892192846 harshithabl15@gmail.com Female |15-06-2002 5375 7342 8223 MANAGEMENT 19845757201 9740154601
35 [HARSHITHA J 9113684507 jjayaram223@gmail.com Female |23-09-2002 544 T 9980381766 9113684507
36 [HARSHITHAN 8884395624 harshithan392@gmail.com Female |22-12-2002 970382753294 MANAGEMENT  |8884951994 9448617364
37 |[INCHARA.P 6361694403 TejuPc182@gmail.com Female |24-01-2002 624993685627 MANAGEMENT 18105544866 |6361694403
38 |JAMPULA CHAITHANYA KRISHNA |778066599: chaitt 1@gmail.com Male 30-04-2003 882064083124 MANAGEMENT  |9059040509 |9705377583
39 [JAMUNA S.G 9353868269 Jamuna123@gmail.com Female |16-02-2002 946865933228 sNQ 8123389095 |7259354979
40 [JANHAVIR 8073864130 Janvirajjanvirajo42@gmail.com Female |13-02-2003 850121372273 CET 8073057764 (6366086700
41 [JAYANTH.H 9632619829 jayanth.h6174@gmail.com Male 09-02-2002 712845687141 CET 9880767316 |9141073697
42 [S. ARUN KUMAR 9480515998 rahularunkumar5@gmail.com Male 13-01-2003 235640391692 CET 9060001979  |9480515998
43 [SACHINNM 8431949810 sachinmnagol@gmail.com Male 13-07-2002 2817 8086 3559 CET 9972077572
44 |SADHANA.SRINIVAS 6361916229 sadhana.srinivasé@gmail.com Female |05-06-2002 4794 0804 3066 MANAGEMENT 19108587382 |9108287469
45 [SAKSHAM SINGH 7892803406 singh.saksham221201@gmail.com Male 22-12-2001 3136393226 T |8217679314 |9741628210
46 [SANDEEPYH 9741435215 sandeepyhsandeepyh@gmail.com Male 01-07-2002 530408564559 CET 9901889154  |9880711052
47 |SANGEETHAGS 8496954392 Sangeethareddys90@gmail.com Female |04-10-2002 527463128627 CET 8722322382 |8088038955
48 [SANJANA G. 7676947607 sanjanatantry03@gmail.com Female |14-07-2002 7174 7766 4635 MANAGEMENT 19448242991 |9844456741
49 [SANJANA T GADIKAR 7411745642 sanjanatgadikar@gmail.com Female |14-09-2002 5935 7755 1098 MANAGEMENT 19900137102 |7411724316
50 [SANJANA.G 9743932931 Sanjana.gurunaths@gamil.com Female |28-08-2002 397481751848 MANAGEMENT 19686474373 |8277201905
51 |SHAKTHI ANBAZHAGAN M 6363195088 anbumuniyappa@gmail.com Male 25-09-2002 4963 6596 9096 CET 9980122908 |9844201698
52 [SHARATHM 050032264 Sharatt il.com Male 18-09-2002 912381707743 CET 9480075656 |8277784542
53 [SHASHANK.S 08867116224 Shashanksiddaraj2002@gmail.com Male 04-05-2002 203779413522 CET 9535220016 | 7975633792
54 |SHIVAREDDY.B A 103 hivar il.com Male 10-01-2001 814334274002 CET 9731055616 |9902595576
55 [SHREYA H PADMANABHA 767 shreyah5: il.com Female |01-06-2002 380931056507 MANAGEMENT 19902308548 |9743042590
56 [SHREYAS M S 0502890 shrems0 il.com Male 21-08-2002 3522 9176 1549 MANAGEMENT  |9845447704 19900379104
57 |SHEYAS P S RAO 6364557803 sshreyas578@gmail.com Male 27-09-2002 881405628965 MANAGEMENT 19343835454 9341229890
58 [SHWETA DEEPAK K 80502890! shrems0. il.com Male 21-08-2002 35229176 1549 MANAGEMENT  |9845447704 19900379104
59 | RAMESHWAR 7411390961 makrerameshwaré@gmail.com Female |22-07-2001 5372 6183 8603 CET 9972331377
60 |[ARCHANA.M
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DEPARTMENT OF MECHANICAL ENGINEERING

INDIVIDUAL TIME TABLE FOR THE YEAR -2020-21 (ODD SEMESTER)
W.E.F.:20/1/72021
NAME OF THE FACULTY : MR. RAJESHG L

[ ]
o2 3 4 5 6 7
PERIOD :' 10.20 AM 12.25 PM |
TIME 8.30 AM 925 AM | 10.35AM | 1035 AM | 11.30 AM 1.30 PM 1. PM 2.25 PM 320PM |
DAY 9.25 AM 10.20 AM 11.30 AM | 12.25PM 2.25 PM 3.20 PM 4.15PM |
MON |
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o —1 ? _~em | Section |
5 | ELEMENTS OF MECHANICAL ENGINEERIN
Subject 1 ; 18METS !! e | D
e S S 1 R | S S—
) - 1%
{ AT ‘Lf/
. HOD Principal
Head okthe Department PRINCIPAL

Dept. of Mechanica! Engg
P Q i . o By g o -
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KSINSTITUTE OF TECHNOLOGY BENGALURU-109

OFF-LINE CLASSES TIME -TABLE FOR | SEMESTER (2020-2021)

LEARI CHEMISTRY CYCLE
Branch Electronics & Communication Engg SECTION D
Class Teacher M SHYLAJA K R
Semunar Hall Third Floor OF F-LINE Cl A S5ES Wae ! 2001 2020
1 T
PERXOO 1 f 2 3 4 5 | e
" . - - If - 1 10 QOAM L -l O 4 1225P%W » »
F— 8 30 AM 25 AM 110 35 AM 10 35 AM - 1130 AM - 15PN | s pag 210 P 3108 oWt
MEDAY | goeam | 1020am | 1130 AM 1225 PM 210PM | 304 PM 4 6PM
S . ,: - l‘ B e S — S— S — lb
MON oS CHE MATHS BE le 18 CHEL 18 D1/ 18CPL 17 C >
18CPS13 | 18CHE12 g TBMAT 11 1BELN14
- - e s S - — e e 4 »
e cHE | BE | CHE MATHS T P .
- 1SCHE12 | 1BELN14 | 18CHE 12 BMAT1Y § L raME 1S 13CPS1) '
CPS ' EME | ¥ CHE MATHS W . . .
y ! : | 18 Ci L6 02 1800 g3 >
WED | 18CPS13 | 1BME1S < 18CHE 12 18MAT1 1 X :‘ N )
| TeCPS® | ] -
— bE- ! LPS (v dd EME CHE | ' SOURSE TG -

HU 18ELN14 | 1BCPS13 m 1BME15 18CHET2 | T | Discussion MENTORS MEE
R JR I ——— - 1 Q I e T wame T
- 18 ! l z ‘ g~ < 4

Fi " CHEL 16 D3 ’BCPLWO’J' TELN4 | 3 | 18ME1S TEMAT 11 13EGH1S.
o { =2 (1 1 LA .ol
EME cPs | MATHS BE | [ CoURSE mTERAr T o
| ( SE INT WCTIVE SESSION
SAT 1BME 15 18CPS13 18MAT11 18ELN1S | .‘ COURSE INTERACTIVE SESSION
SUBJECT CODE SUBJECT NAME | FACULTY NAME
—— S S
18MATII CALCULUS AND LINEAR ALGEBRA |Mrs LAKSHMI C
18CHE12 ENGINEERING CHEMISTRY |0 KIRAN KUMAR ¢ ?\;;?m AGAKR
18CPS13 C PROGRAMMING FOR PROBLEM SOLVING IMr Knshna Gean
18ELN14 BASIC ELECTRONICS IMrs VISHALIN! DIVAKAR ]
18METS ELEMENTS OF MECHANICAL ENGINNERING [Mr RAJESH G L
TECHELIS ENGINEERING CHEMISTRY LABORATORY D ORAN KUMAR S R Mrs SHYUAA SR Mis RAOHIKAN P
18CPLYT7 C PROGRAMMING LABORATORY Mr Krishna Gudi Mr Prashants H S
18EGHIE TECHNICAL ENGLISHA [ Mrs ANURADHA M v
c -7 e
badip ' "Wl!nam B |

e g terund .
O ¢ U

] """w"’r"—u,

KX ISSTITUTE OF IECHNOLOGY
RANCALORE - Sod) (62



K. S. INSTITUTE OF TECHNOLOGY

#14, Raghuvanahalli, Kanakapura Main Road, Bengaluru-5600109
DEPARTMENT OF MECHANICAL ENGINEERING
CO-PO MAPPING 2020-2021

—
Course: ELEMENTS OF MECHANICAL ENGINEERING
Course Incharge: Mr. RAJESH G.L/ Dr. K.V.A BALAJI

| Type: Core | Course Code:18ME15
5 No of Hours per week |

eory Practical/Fi .
(Lecture Class) Work/ Allife d]//ilci]l(\jn ties Total/Week Total teaching hours

4 0 4 55

Marks
Internal Assessment Examination Total Credits
40 60 100 3

Aim/Objective of the Course:

1. Learn the fundamental concepts of energy, its sources and conversion with simple
numerical.

2. Comprehend the basic concepts of thermodynamics and find its properties by working
out simple problems.
3. Understand the working concepts of boilers, turbines, pumps, internal combustion
engines and refrigeration and study simple problems.
4. Learn and distinguish different methods of metal joining techniques.
5. Enumerate and understand the knowledge of working of conventional machine tools,
their specifications and applications.
Course Learning Outcomes:
After completing the course, the students will be able to,

Demonstrate different types of sources of energy; .
18MEI15.1 | environmental issues like global warming, Ozone depletion, Underlsg nding

Basic concepts of thermodynamics and steam. (K2)

Illustrate the Boilers and its accessories; principle of

operation of different types Turbines and pumps; types of IC Understanding
18ME15.2 engines, Refrigeration and air conditioning and its working (K2)

principle.

Explain the Properties, composition and application of

engineering metals; Joining processes, belt drive and gear Understanding
18ME15.5 drives; Machining process like Lathe and milling process; (K2)

Advanced machining processes like CNC and Robots.

Calculate the internal energy, entropy and enthalpy of

thermodynamic system; thermodynamic properties of steam; Applying
I8SME154 |\ efficiency, power and other related working parameters of (K3)

IC engines.

Derive the length of the belt in open and cross belt drive and Applying
18MELS.S solve the related problems of Belt drive and gear drives. (K3)




MODULEA
Sources of Energy Introduction and application of energy sources like
tossat tuels, hydel, solar, wind, nuclear fuels and bio-fuels, environmental
wssues ke plobal warming and ozone depletion
Basic concepts of Thermodynamics: Introduction, states, concept of work,
heat, temperature; Zeroth, 1st, 2nd and 3rd laws of thermodynamics.
Concept of nternal energy, enthalpy and entropy (simple numenical)
Steam: Formation of steam and thermodynamic properties of steam (simple
numernical).
LO: At the end of this session the student will be able to.

I. Explain the renewable and non-renewable energy sources and its

environmental impact.

2. Define basic concepts of thermodynamics
3. Understand the formation of steam and its thermodynamic
properties.
MODULE2 -

Boilcrg: lnlrodqction to boilers, classification, Lancashire boiler. Babcock
and Wilcox boiler. Introduction to boiler mountings and accessories (no

. sketches).

- Turbines: Hydraulic Turbines — Classification and specification.

Principles and operation of Pelton wheel turbine, Francis turbine and
Kaplan turbine (elementary treatment only).

Hydraulic Pumps: Introduction, classification and specification of pumps,
reciprocating pump and centrifugal pump, concept of cavitation and
priming.

LO: At the end of this session the student will be able to,

1. Classify and explain boilers with illustrations.

2. Classify and explain the working principle of hydraulic turbines.
3. Classify and explain the working principle of hydraulic pumps
MODULE —3
Internal Combustion Engines
Classification, 1C. Engines parts, 2 and 4 stroke petrol and 4-stroke diesel
engines. P-V diagrams of Otto and Diesel cycles. Simple problems on
indicated power, brake power, indicated thermal efficiency, brake thermal
efficiency, mechanical efficiency and specific fuel consumption.
Refrigeration and Air conditioning
Refrigeration - Definitions - Refrigerating effect, Ton of Refngeration, Ice
making capacity, COP, relative COP, Unit of Refrigeration. Refrigerants,
Properties of Refrigerants, List of commonly used refrigerants. Principle
and working of vapor compression Refrigeration and vapor absorption

Refrigeration. Domestic refrigerator. Principles and applications of air

conditioners, window and split air conditioners.

LO: At the end of this session the student will be able to,
1. Classify and explain the working principle of 1.C Engines.
2. Define the basic concepts and working principle of Refrigeration

Ol
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MODULE -4

P o e

I\;'?Ple‘rms. (“.ompusmon and Industria)
nm‘.\‘ — Ferrous: cast iron

alunumum. brass, brg

Ceramics - Gl

]
ring materials i
nze. Polymen . ooy and sl.uinlcss steels nm'i mmlumus:\ ~

"y Oplic;\l m)"‘ms].-‘lhcnnopluslls‘s and l.hcrnms-,j'nmg p(?ly|11crs. CO5 |
composites, Metal M"\tri' o cr g\.‘m‘ cermets, U')mposm:'s l'xbc.r reinforced | ‘
shape memory all a X Composites Sm.;m materials —Piezoelectric materials, ]l

;s 41oys, semiconductors and insulators.

Joining Processes: Solderin

metlio o . ng, Brazing and Welding Definitions, Classification and l
et ;;‘-eo\ s;g.dem}jgi,G brazing and welding. Brief description of arc welding, oxy- \
acety velding, welding, and i |
et e g, and MIG welding, 14hrs ‘l
?pen & crosseld belt drives, Definitions -slip, creep, velocity ratio, derivations for
ength of belt in open and crossed belt drive, ratio of tension in flat belt drives,
advantages and disadvantages of V belts and timing belts, simple numerical
problems.

Gear drives

Type§—spm, helical, bevel, worm and rack and pinion. Velocity ratio, advantages PO2-2
and disadvantages over belt drives, simple numer

Applications of enginee
tool stecels

- . : POS5-1
ical problems on velocity ratio. POB-2 \
. : POY-1 |
LO: At the end of this session the student will be able to, P10-] |
1. Understand the properties of common engineering materials. PSO1-2 |
2. Define different joining processes and classify them. PSO2-3
3. Understand and classify transmission systems such as belt drives and gear
drives.

Module 5 ‘1

Lathe - Principle of working of a centre lathe. Parts of a lathe. Operations on lathe \
- Turning, Facing, Knurling, Thread Cutting, Drilling, Taper turning by Tailstock Co3 \
offset method and Compound slide swivelling method, Specification of Lathe.
Milling Machine - Principle of milling, types of milling machines. Working of
horizontal and vertical milling machines. Milling processes - plane milling, end
milling, slot milling, angular milling, form milling, straddle milling, and gang
milling.

(Layout sketches of the above machines need not be dealt. Sketches need to be

used only for explaining the operations performed on the machines)
Introduction to Advanced Manufacturing Systems

Computer Numerical Control (CNC): Introduction, components of CNC, open 14hrs

loop and closed loop systems, advantages of CNC, CNC Machining centres and

Turning centres. PO1-3

2-
Robots: Robot anatomy, joints and links, common robot configurations. };(())Bi
Applications of Robots in material handling, processing and assembly and

P10-1
inspection. PO12-2
LO: At the end of this session the student will be able to, PSO1-2

1. Explain the working principle and operations on lathe PSO2-3

2. Explain the working principle and processes on Milling machine
3. Understand advanced Manufacturing systems such as CNC and Robots.




Text Books: - (specify minimum two foreign authors text books)

L. Elements of Mechanical Engincering, K. R. Gopalakrishna, Subhas Publications,
Bangalore, 2008,

2. Elements of Mechanical Engincering, Vol.-1 & 2, Hajra Choudhury, Media Promoters,
_‘Ncw Delhi, 2001 .
Rél‘éi'cm‘u Books: o \

L. Elements of Mechanical Engineering, R K. Rajput, Firewall Media, 2005. &

2. Elements of Mechanical Engineering, Dr. A. S. Ravindra, Best Publications, 7th edition,
2009.

, \
3. CAD/CAM/CIIVI, Dr. P Radhakrishnan, 3rd edition, New Age International Publishers, \

|

New Delhi.
4. Introduction to Robotics: Mechanics and Control, Craig, J. J., 2™ Ed. Addison—Wesley
Publishing Company, Readong, MA, 1989,

5. Introduction to Engineering Materials”, B.K. Agrawal, Tata McGraHill Publication, New
Delhi.

6. Thermal Science and Engineering”, Dr. D.S. Kumar, S.K. Kataria & sons Publication, New
Delhi.

Useful Websites
https://nptel.ac.in
www.icrank.com
www.howstuffworks.com
https://ocw.mit.edu/index.htm
Useful Journals
¢ International Journal of Machine Tools & Manufacture
International Journal of Manufacturing Research
Journal of Energy Resources and Technology
International Journal of Air-Conditioning and Refrigeration

Teaching and Learning Methods:
1. Lecture class: 50 hrs.
2. Self-study: 3 hrs.
3. Practical classes: 2 hrs.

Test duration: 1:30 hr
Semester End Exam(SEE): 60 marks (students have to answer all main questions)
Examination duration: 3 hrs

CO to PO Mapping
PO1: Science and engineering PO7: Environment and Society
Knowledge PO8: Ethics
PO2: Problem Analysis PO9: Individual & Team Work

. PO10: Communication
PO3: Design & Development PO11: Project Mngmt & Finance

PO12: Lifelong Learning

PO4: Investigations of Complex
Problems

POS: Modern Tool Usage

PO6: Engineer & Society

Assessment:
Type of test/examination: Written examination
Continuous Internal Evaluation(CIE): 40 marks (Average of total three tests will be considered)




PSOT: Abilily 1o -
ora pr\\gblm} '© apply concept of mecha
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SSSystem to address a real world challenges

PSO2: Ability
OAbiy 1o develc .
Y 1o develop effective ¢
_somputational skills op effective communication, team work, entreprencunial and

mecal engineering to design a system, a component

CO to PO Mapping

Co | po | poy | PO | PO | PO | PO | PO | PO | PO | PO | PO
— 2 | 3| 4|5 | 6| 7|89 ]| 10
K-
level
18ME
1 | K2 ] 3 - - 2 |2 1|1
18 ME
s2 | K23 ] -] - R !
18ME
13 | K2 | 3 -0 - - S I U S A A U |
18 ME
e | K3 3 | 2| - -|-|2]-]-|1]1
18ME
s | K3 3 1| - -|-]-]-]1-]1]1
Avera
ge 3 |15 - - - |16 2 - 1 1
Justification for CO-PO mapping
CO PO Justification
PO1 Mapped to 3 as students are able to understand engineering knowledge of
energy resources and how it is actually produced.
PO6 Mapped to 2 as students attained the engineering and society knowledge by
understanding the different sources of energy.
PO7 Mapped to 2 as students attained the engineering and society knowledge by
understanding the environmental issues like global warming. Ozone
PO9 Mapped to 1 as students participate individually and work in team in the
col interactive sessions of the class and assignment.
PO10 Mapped to 1 as students are able to communicate the knowledge gain 1n
interactive or presentation of the learnt knowledge in the class. :
PO12 Mapped to 2 as the students are required to upgrade their knowledge of the
Engineering material properties and the modern manufacturing processes.
PSO1 Mapped to 2 as the students are enriched by this module to choose and use |

the proper material and manufacturing method for the different application.
Mapped to 3 as the student are made to understand and illustrate the |
PSO2  processes and applications of the different energy resources.

Mapped to 3 as students are able to enrich their engineering knowledge with |

PO1 | the understanding of the working and constructional features of boilers, |
' turbines and IC engines \
P09 | Mapped to | as students participate ir_ldividually and work in team in the |
| interactive sessions of the class and assignment. ‘

CcO2 PO10 Mapped to 1 as studepts are able to communicat.e the knowledge gain in
'3 ' interactive or presentation of the learnt knowledge in the class. “

' Mapped to 2 as the students are required to upgrade their knowledge of the ‘\
'.

’ FOLZ ' turbines, boilers and IC engines and its applications. 1
E | Mapped to 2 as the students are enriched by this module to choose and use \
| PSOL1 | the proper setup to develop the energy for the different application in the

1 future.




1
{

understand and communicate

PSO2 Mapped to 3 as the sludgn! are m:'ndc to u o ors and IC engines,
working processes and applications of the lurl)lm‘..s oil sa T
Mapped to 3 as students are able to augment lhclrv cnglm,um;‘g,' o ?,‘.

POL | selection of materials and machining processes for the effective utilization

i

ol resources, ‘ i
7 and socicty standards of |

Mapped to | as students perceive the cnginccrllng ' for effective I
POO6 different metals, its properties and its processing operations 10 |
selection of processes and materials for different applications. |

Mapped to | as students participate individually and work in tcam in the

PO9

Cco3 | |interactive sessions of the class and assignment.
5 Mapped to | as students are able to communicate the knowledge gain in i
PO]O . . . o : h' l, o }
interactive or presentation of the learnt knowledge in the 00 TE—

POI12 Mapped to 2 as the students are required to upgrade their kpowlcdge of the |
material properties and machining processes and its applications. |

PSO1 Mapped to 2 as the students are endowed to understand the dlttcrcm;

properties and their application and the different machining operations for |
the manufacturing the efficient products. |
PSO2 | Mapped to 3 as the student are made to demonstrate the material properties
and effective manufacturing processes and applications.

Mapped to 3 as students are able to augment their engineering knowledge in

selection of materials and machining processes for the effective utilization

of resources.

PO2 | Mapped to 2 as the students are able to solve the related problems of steam

properties and power calculations of the IC engine.

Mapped to 2 as students able to use the engineering and society standards
like steam tables and calculate the different properties of the steam and
calculate the efficiency problems.

CO4 PO9 | Mapped to 1 as students participate individually and work in team in the
interactive sessions of the class and assignment.

PO10 | Mapped to | as students are able to communicate the knowledge gain in
interactive or presentation of the learnt knowledge in the class.

Mapped to 2 as the students are made understand the parameters of the

PO1

PO6

PSO1 steam and its properties and IC engine to enrol the performance of the Heat
engines.
Mapped to 3 as the student develops the capability to understand the

P502 different performance of the factors and its calculation and present them to
show case their performance.

PO1 Mapped to 3 as students are able to use the engineering knowledge to derive

the equation of the different types of power transmission methods and solve
the related problems.
PO2 | Mapped to I as the students are able to solve the related problems Belt
drives and gear drive systems.

PO9 | Mapped to | as students participate individually and work in team in the
CO5 interactive sessions of the class and assignment.

7 JN

PO10 | Mapped to 1 as students are able to communicate the knowledge gain in
interactive or presentation of the learnt knowledge in the class.

PSO1 | Mapped to 2 as the students are made understand the power transmission
system and able to calculate the parameters of the mechanical systems.

Mapped to 3 as the student develops the capability do calculation parameters
of the power transmission system and present them to show case their
performance.

PSO2




CO PO mapping for the eve

Gap Idcxn[il]c;tﬁr

Work with team an
individual in
communicating theijr
knowledge attained.

There is no
Engineering Society
and governing forum
information is
discussed.

Modern

developments of the
Turbines, boilers and
IC engines were not
covered in the

~=LVents to be conducted after gap identific

ation

o

—— )

Co1 ,C02,C03,Cc04,C05

__Relevant PO Mapping

[ Po9 and PO10 rﬁappcd to 1 a:s:\

students will participate in the
quiz session and
opportunity to present
learnings in the class.

given \
their |

CO1, C03, CO4

|

POG is mapped to 2; to cover this
knowledge transfer to understand
the engineering society’s
information to the students
particularly for material
standards and process standards.

C01,C02,C03

syllabus.

PO9 mapped to 1, PO10 mapped \
to 1 and PO12 mapped to 2 as
the students are assigned to
demonstrate the presentation on
relevant advanced or present
developments.

-
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DEPARTMENT OF MECHANICAL ENGINERRING

NAME OF THE NTAFT RAJESH G

SURIFCT CODRDE NAMI ISME 15 FLEMENTS OF MECHANK AL ENGINFERING [EME

SEMESTER YEAR 1" 1D Se

ACADEMIC YEAR 2020-2021
SL Topic to be covered Maode of Teaching Nao. of { nmulative P rogused
Ne. Delivery Platform  Periods  No. of Periods Drats

MODULE 1: Sources of Energy, Basic (‘o.cqm of Thermodynamics, Steam

Introduction 1o sources of energy ) Online Zoom ! L2020
, Application of energy sources like fossil fuels, h_\;dcl.'solu. I
2 Online Zoom 1 2 29¢ 12,2020
wind. nuclear fuels and bio-fuels
" Wind. nuclear fuels and bio-fuels ' T Online 1 Zoom | | ' ) TNy 12202
4 Ennmnmcnml issues like Global warming and ozone deplc-uon " Onlse | Zoom | | 4 TIM122020
< Introduction, states, mmepl of work, heat . " Onlne | Zoom I ! T § IR0
"6 Temperature, Zeroth, Ist, 2nd and 3rd law sof thermodynamics. | Omhne | Zoom | | 6 T 012021
T um.ep( of mternal ¢ cncrg\ enthalp\ “and enuop\ mmple Ouline Joom 1 . oL

numencal).

' 9A1

%  Formation of steam. Online Zoom 1 8 012021




16 | Principles and operation of Pelton wheel turbine

17 | Francis turbine and Kaplan turbine (elementary treatment only)

18 ] Hydraulic Pumps: Introduction,

L) r

19 l Classification of pumps

20 I Classification- contd. (In-depth discussion)

LZI ! Specification of pumps

BZ ] Reciprocating pump

L23 / Centrifugal pump, Concept of cavitation and priming.

Online l Zoor‘nﬂ"[” . ""'\7“ 9 | 6012021 |
Online ' Zoom \ 1 \ 10 ‘g\ 71012021
Online l Zoom 1] 1 \ 11 "1 8/01/2021 \

rs and Turbines \
Online . Zoom \ 1 \ 12 ‘;“ 9/01/2021 \
Online ’ Zoom \ 1 \ 13 ‘1¥ 1\/01/202\?‘
Online ‘ Zoom \ 1 \ 14 \ 12/01/2021‘»\
Online l Zoom \ 1 \ 15 \1 13/01/2021 \
Online ‘ Zoom ‘ 1 \ 16 \\ 15/01/2021 \
Online l Zoom \ 1 \ 17 \ 16/01/2021 ‘\
Online l Zoom \ 1 \ 18 \ 18/01/2021 ‘\
Online \ Zoom \ 1 \ 19 \ 19/01/2021 \
b [ BB [ 1 | 20 oo |
L+D \ BB+LCD \ 1 \ 21 \2\,01,202\4\
LD | BB BE \ 22 \ 22/01/2021 \

[ 24 | Classification, I C. Engines parts,
25

MODULE 3: Internal Combustion Engines, Refrigeration and Air conditioning

\ 23/01/2021 j

[

/ 2 and 4 stroke petrol and 4-stroke diesel engines.

L26 P-V diagrams of Otto and Diesel cycles.

\ 25/01/2021 X

Simple problems on indicated power, brake power, indicated

\ 27/01/2021 \

27

efficiency and specific fuel consumption.

thermal efficiency, brake thermal efficiency, mechanical

L+D \ BB+ LCD \ 1 \ 23

L+D \ BB \ 1 \ 24
L+D \ BB 1 \ 25
L+D \ BB LCD \ 1 \ 26
PS BB 1 27

\ 1/02/2021 J

2/02/2021




Simple problems on indicated power, brake power, indicated

28 | thermal cfficiency,

brake thermal efficiency, mechanical
efficiency and specific fuel consumption.

welding.

23/02/2021

\ 1 28 | 4022021 |
Simelepotee e ——— -
Simple problems on indicated power, brake power, indicated | \
29 | thermal efficiency, brake thermal efficiency, mechanical PS ' BB 1 \ 29 5/02/2021 |
efficiency and specific fuel consumption. ‘ I lL ‘
30 | Definitions — Refrigerating effect, Ton of Refrigeration, L+D ' BB \ 1 “i 30 61022021 |
31 | Ice making capacity, COP, relative COP, Unit of Refrigeration. L+D ‘ BB \ i ‘\ 3 8/02/2021
. Refrigerants, Properties of Refrigerants, List of commonly used LaD BB | \ 3 | 9022021
refrigerants. \1 |
23 Principle and working of vapor compression Refrigeration and LDy BB4LCD ) \ 33 \\ 11/0212021 1'
vapor absorption Refrigeration. ‘ "‘
» Domestic Refrigerator window, Principles, Applications of air . BBALCD 1 \ 34 \ ) 01 27_/.2 . \
conditioners, split air conditioners. — | |
. . . . ) S |
MODULE 4: Properties, Composition and Industrial Applications of Engineering Material #\'
i 35 2/2021
r 35 ) Metals — Ferrous: cast iron, tool steels and stainless steels. L+D l BB \ 1 \ \ 15/02/ 4\
i |
Nonferrous: aluminum, brass, bronze. Polymers Thermoplastics 14D BB \ 1 \ 16 \ 16/02/2021
36 | and thermosetting polymers. 1 = \ oY
r 37 I Ceramics - Glass, optical fiber glass, cermets. L+D \ BB \ \
Composites — Fiber reinforced composites, Metal Matrix [4D \ BB \ 1 18 20/02/2021
38 .
Composites Smart materials.
Piczoelectric materials, shape memory alloys, semiconductors L4+D \ BB 1 39 22/02/2021
39
and insulators.
F [ Definitions. Classification and methods of soldering, brazing and L+D.LW | Lab Visit ) 40
40




| a1 | Brief description of arc \vvéidinéj&:\’-dcclylcﬁc welding, TIG
E } welding, and MIG welding. L+D BB+LCD I 41 11032021
|, | Open & crossed belt drives, Defnitions -slp, creep, velocity —
‘ | ratio. L+D BB ! 42 2/03/2021
| Derivations for length of belt in open and crossed belt drive, T : ) ]
| ratio of tension in flat belt drives, L oo 1 l N 3/0372021
8 |' | Advantages and disadvantages of V belts and timing belts, | | 1 . 1 T
| | 4 R/
, simple numerical problems, LD PS ne ‘ l #3202
| 4s ’ Types—spur, helical, bevel, worm and rack and pinion. ) ‘ B CD ‘ | ‘ ‘ is
| + + | 45 §
g Velocity ratio, L+D, P i‘ B : 12/03/2021
; Advantages and disadvantages over belt drives, Simple | |
| 46 . L+D | BB+LCD | 1 46 15/03/2021
| numerical problems on velocity ratio. ' “ |

|

|

f MODULE 5:Lathe, Milling Machine, Introduction to Advanced Manufacturing Systems

| 47 J Principle of working of a center lathe. Parts of a lathe. L+D BB+LV ‘1 1 ‘, 47 18/03/2021
| Operations on lathe - Turning, Facing, Knurling, Thread \ |
| L+D BB+LV 1 48 19/03/2021 !
| Cutting, Drilling, l \ ‘
L 1
Taper turning by Tailstock offset method and Compound slide \ | |
! L+D LCD 1 49 | 200032021 |
| swiveling method, \
| 50 ) Specification of Lathe. L+D BB - \ 1 \ 50 . 22/03/2021 |
[ 51 ’ Principle of milling, types of milling machines. L+D BB \ 1 \ 51 g 23/03/2021J
["50 [ Working of horizontal and vertical milling machines. L+D BB \ 1 \ 52 | 25/03/2021
! :
| . o BB, Lab |
| 51 | Milling processes - plane milling, end milling, slot milling, L+D,LW Visit 1 53 \ 26/03/2021
! isl |
| |
I T T err T
Angular milling, form milling, straddle milling, and gang
| 5, | A g g & 41CE L+D LCD 1 54| 27/032021
milling.




52 | Introduction, components of CNC, L+D BB 1 55 29/03/2021
/ 53 | Open loop and closed loop systems, ;ldvnmagcs of CNC, L+D BB 1 se 30/()3/2021
CNC Machining centers and Turning centers, Robot anatom s
54| e S SSEEE, SONE IRy L+D BB ! 57 31/03/2021
Jjoints and links,
[ A 1
Common robot configurati icati S i
55 . obot configurations, Applications of Robots in L+D BB+LCD 1 58 9/04/2021
material handling, Applications of Robots in material handling,
56 Processing and Assembly — Applications of robots — contd. L+D BB+LCD | 59 \ 10/04/2021
Applications of robots in inspections (Quality control)

\LM/\(/\/
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DEPARTMENT OF MECHANICAL ENGINEERING
ASSIGNMENT QUESTIONS

Academic Year 2020-2021
Batch | 2020-2024
Year/Semester/section 1/1/D
Subject Code-Title ' 18ME15-ELEMENTS OF MECHANICAL ENGINEERING
Name of the Staff RAJESH G.L Dept ME
Assignment No: 1 - - o Total marks:10
Date of Issue: 25'/1/2021 Date of Submission: 30/1/2021
sl. S o ‘ K ‘
No fssignmentQuestions  pever 0 M
1. Explain briefly i) Global Warming ii) Ozone depletion K2 COl 01
. Explain briefly the principle of conversion of solar energy directly into - cov | o
~electrical energy in a solar cell. , | |
3 ,\:,“h a neat sketch explain the principle of operation of a typical ‘wind K2 CO| 01
Fxpl;{in briiﬂy any two of the following; Zeroth law, first and second [ N
4. K2 COl 01
| law of thermodynamics. |
" A stationary mass of gas at its initial state 0.4m’ and 0.105MPa was {
5 compressed at constant pressure to final state of 0.2m* and 0.105MPa. | K2 COl 01
" | The heat transfer from the gas during the process was 42.5kJ. Calculate |
f_vlhc change in internal energy of the gas. L | |
6. | [‘Xpldm thL wmcpl 01 h(,dl and work transfer with dlabrdm . K2 COl 01
7. }:xplam idler pulleys and illustrate their different configurations ‘ K2 o4 0l
8. Bmﬂy explain classification uf polymars with a neat skugh K2 o4 01
— - - — +— - |
" Explain any two engineering ‘materials bmﬂy and yvc uamplu for K CO4 01
| theiruses. — S I R I R
10.  What are transmission elements? How are they classified? 3 K2 CO4 01
Total o
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Degree
Branch

K.S. INSTITUTE OF TECHNOLOGY, BANGALORE - 560109
I SESSIONAL TEST QUESTION PAPER 2020 - 21 ODD SEMESTER

SCHEME AND SOLUTION (Assignment-1)

BE Semester : (D)

EC Course Code :

18ME15

Course Title : Elements of Mechanical Engineering  Max Marks : 30

Q. No

SOLUTION

1

MARKS

Solar energy utilization using solar pond:
Construction
* Usually solar pond is constructed below the ground level.
* There are three distinct zones in a solar pond, with salt content increasing
from top surface of the pond to its bottom.
* Storage zone: lower zone of water, rich in salt content and it is the area
where solar radiation is absorbed and stored.
* Surface zone: Upper zone of water which is cold and has very low salt
content.
* Intermediate zone: Separates the upper zone of cold water and the lower
zone of the hot water and forms an important area in the solar pond.

\ Surtace zone
Cratiend \ \ / {Fresh water)

et T o5 ] Intermediate or gradient zone
\ = R " {l ing salt wates)
\ ) : e —~ Starage zone (Saturated salt water)
A N

ol

w.tes . \\' . N ———/— Plastic hning

—= Hot water out

Operation
* As solar radiation is absorbed, the hot water in the storage zone cannot
rise due to high salt content in it while the cold water at the surface of the
pond having less salt content cannot sink, because the water below
(intermediate zone) has a rich salt content and is comparatively denser.
* The hot water thus remains in the bottom layer of the pond from which

02

02

02

useful heat may be withdrawn and used for various purpose.




o

-

“Zeroth law of thermodynamics: When two systems
equilibrium with a third system,
equilibrium with each other.

1 law of thermodynamics: When a closed system undergoes a th
cycle, the net heat transfer is equal to the net work transfer.

11

approaches zero as the temperature approaches zero.

-y

are “cach in thermal

then the two system are also In thermal

ermodynamic

faq: fsw

Law: The entropy of a pure substance in thermodynamic equilibrium

limS= 10
T-0

02

02

02

Solution : Inltial condition of gas (state 1) : Volume of gas - ¥, = 0.4 m’

Final condition (statc 2) : Volume ¥, = 0.2 m" Pressure P, = 0105 MPa - 0 108 = 10° Nim’

Note that since P, = P,, the compression process takes place at constant pressure.

Heat transfer from the gas = 0 = - 42.5 &J (-** sign indicates heat is rjected from the system)
w.k.L change in intcrnal energy = AE=Q - W

Now equation (1) becomes, AE = - 425 - (- 21)=-21.5
. Change in intenal energy = AE = - 21.5 kJ
(- sign indwales decrease in internal energy of the system)

Pressure = P, = 0.105 A/’a = 0.105 x 10° Nim? (- mega= 10" and Pa = Nim')

e (1)
But work W = ?

2
wk (. displacement work = W = JndV =Py -F)
1

N
W= (07105 x 108) (0.2 - 0.4) = - 21 = 10> — xm’ == 21 > 10" Nm
m
Work=—214/ (- kilo=10° and Nm = Jank)

01

01

02

02

4

Ozone layer depletion:

Ozone depletion refers to the gradual thinning of the earth’s ozone layer
in the upper atmosphere, caused by the release of chemical compounds
containing gaseous chlorine or bromine from industries and other
emissions from human activities.
Ozone layer is a deep layer in the stratosphere encircling the earth, that
has large amounts of ozone in it.
Ozone layer shields the entire earth from the harmful UV radiation of
the sun thereby protecting the living beings on the earth.
In 1970°s it was discovered that man made chemicals called
chlorofluorocarbons (CFC’s) that were released into the atmosphere
gradually decompose, releasing chlorine atoms that destroy the ozone
in the ozone layer.
Each chlorine atom has the ability to destroy tens of thousands of 0zone

molecules.

03
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Operation of wind mill:

Globa] Warming:

5 Wind energy and its conversion:

The dep|ef;
Pletion of o

radiation hingzl(l:ne layer thus leads to its inability to shield the UV
€ earth’s surface thereby increasing the radiation

effects like gk
€ skin
cancer, eye cataracts and damage to immune system.

A gradual j
Increase

and its oceang se }l]n the average temperature of the earth’s atmosphere
_ » @ change that is believed to be i
the carths climats permanently changing
The climatj i i
groen o ¢ change is .due to the increased volumes of CO; and other
land o s‘e gases (toxic gases) released by the burning of fossil fuel,
st C caring, agriculture and other emissions created by human
Tt;l Ivities that have occurred over past years.

&_% ga.ses form a layer in the atmosphere and trap the sun’s radiation
which in turn makes the planet warmer.
Qlobal warming leads in rising sea levels due to the melting of the polar
Ice caps as well as an increase in occurrence and severity of storms,
droughts and other severe weather events.

03

Wind
——

Twa blade -
1ofoc

The kinetic energy of the flow of wind causes the blades to rotate at
slow speeds.
The gear box comprising of many gears is used to increase the
rotational speed of the shaft to that range required to produce electricity.
The high speed of the shaft thus drives the generator to produce

electricity.
The power produced by the generator is transferred down the tower to

the power grid system and then through the transmission lines.

03

03
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Concepe of heat and work transfer:

TUCED

-
Seteeen term
* Heur
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Work:

* In thermodynamics, work refers to the SOergy transfer between the system
and s swrroundings by a mechanism through which the system can

Spoazneously exert MICroscopic foress oa its surroundings.

* Insimple words, work is the SOTYY trans

through 3 distance. Denoted 5y W and expressed in kJ.

Sign comvension

* Ifwork is done by the SYStem. 1t is considered as ~ve.
* Ifwork s done on the System 1t is considered as —ve.

Tl
C‘cw;.n:mvf’ aftee

**** Compresson
B Work dore by e svster ) ok dore on e syt

fer, associated with a force acting

3’
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01
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List ol’cnginccring minlériuls:
* Polymers - thermose
*  Metals - Ferrous

tand thermoplastics
and non ferroys metals

‘ glasses, cermets

Composites - PMC, MM, CMC

Smart materials —
Insulators and se

Ceramics -

piezoclectric, shape memory alloy
mi-conductors

Two of them explained with examples of their uses

02

04

Polymers: Group of polymers that are built from relatively simple units called
monomers through a chemical polymerization process.

Classification of polymers:

* Thermoplastics — Polyethylene, polystyrene, PVC, polypropylene,
nylon, Teflon etc.
* Thermosetting plastics — Epoxy, polyester, phenol formaldehyde etc

Any one polymer explained along with the process used to manufacture a
product

01

02

03

N S

9 Classification of transmission elements:
= Flat belts

= V-belts

= Rope drives

= Chains

=  Gears

= Timing belts

Any two explained

02

04

10 | AnIDLER Pulley is neither a driver nor a driven pulley but used in a belt drive
to increase the angle of contact and thereby the transmission efficiency.

DECREASED QCJK- BRIVE R DRIVEN

(A) INSIDE IDLER PULLEY, AT LEAST AS LARGE AS THE SMALL
SHEAVE, ON THE SLACK SIDE OF THE DRIVE

@
\]\—DRIVER -DRIVEN

(B) OUTSIDE IDLER PULLEY, AT LEAST 1.3 LARGER THAN THE
SMALL SHEAVE

02
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K |
SL | Assignment Questions ' Level 1 o | Marks
’ Explain the formation of steam at constant pressure with the help of T-H ‘
K2 | COl 01
[ dxagram. 1
,- 7 With the neat labelled diagram, explain the operation of Babcock and T -
| _ . K2 | Cco2 01
r | Wilcox steam boiler. |
! | Discuss the function/features of the following boiler mounting and 1
|3 accessories 1) Pressure gauge ii) Blow off cock iii) Steam separator iv) Air | K2 co2 | 01
L preheater.
Mention the advantage, drsadvantage and applications of Lancashire steam | ﬁ\
/ 4. /bollers K2 cO2 | 01
[ Estimate the amount of heat needed to convert Skg of water at 50°C into i,
steam at a pressure of 9bar and with 250°C of superheat. Take specific heat K2 COl ‘ 01
f at constant pressure for superheated steam as 2.1kJ/kg K and specific heat \ \
‘ of water as 4.187kJ/kg K. \ 1 |
j' / 3kg of wet steam at 6.0 bar pressure is heated. Determine the enthalpy when i
| |'itis i) 75% dry ii) Superheated to 300°C. K2 | COl | 0l ‘;
, T ) ) ! :
'L 7. f Differentiate between soldering, brazing and welding. K2 \ CO4 '1 01 |
f : , ) ‘ 5
L 8. ] Explain Oxy-acetylene welding process with a neat sketch. K2 CO4 01 ‘\
| . . o ’
|9 j List different types of gears and explain any one with its advantages. K2 CO4 01 \
L 10. / What are gear trains? How are they classified? K2 CO4 01 ‘\
L Total 10 T
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Degree : BE Semester : 1(D)
Branch : EC Course Code : 18ME15
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Q. No SOLUTION [ MARKS |

1 Steam formation at constant pressure

Consider 1kg of water at 0°C taken in a cylinder, fitted with a freely moving
piston. A weight W is placed over the piston as shown in Figure. The weight of
the piston and weight W placed over the piston exerts a constant pressure P on
the water. Let V be the volume occupied by the water in the cylinder. The
condition of water at 0°C is represented by a point A on the temperature-
enthalpy (T-H) diagram. When water is heated at constant pressure, it is

converted to steam.
- O )
e ‘:T: % l ) b conaio eyt
. | petwaned I ,'.') &+ latert bt
i [ ool B b, - waptest
‘ {

100!, = sy e vy
Gt 0, e e
[ ¢, = weahe eyt

02

. ;, "}le..z'}: i ethagry 01
’ -
D |

-~

(-
] o)
Figure V1 Formation of stcar at constat presaurs Figure 31 Temperatwe cathlyy (TH) duagram

The various stages involved in the process are
»  On heating, the temperature of the water rises and at a certain temperature

water begins to boil/evaporate. The temperature at which water starts
boiling is known as saturation temperature and is denoted by ts. The
heating of water from °C to the saturation temperature (ts) is shown by
line AB on T-H diagram. At this temperature, there is a slight increase in
the volume of water (Vy) as shown in figure.

*  When water is heated beyond the saturation temperature, there will be no
rise in temperature but evaporation of water takes place (water starts
converting into steam). At this stage, water exists as a two-phase mixture
containing saturated liquid and water vapour occupying volume V. The
steam in this condition is called wet steam.

02




at the same saturation temperature until

T« Evanorali " water continues , .
Evaporation of wa (Line BC on

the whole of the water is completely converted into steam
T-H diagram).
= At pointb C, ll)xc steam formed does not contain water vapour and hence
the steam in this state is called dry steam or dry saturated steam,
occupying volume Vy.
= Ifthe heating is further continued at point C, the temperature of the steam
increases above the saturation temperature and this temperature is called
superheat temperature (tap). The steam in this condition is called
superheated steam (Line CD on T-H diagram) occupying volume Vsup.

02

Given:- Mass of wet steam = 3kg, P = 6bar ol
From tables, t=158.83°C, he= 670.38kJ/kg, hy = 2085.8k)/kg, hg = 2756.2k)/kg
a) 75% dry (x=0.75)
hw = hf+ X hfg
hy = 670.38+(0.75%2085.8)

=2234.73x3
= 6704.19KkJ [For 3kg of steam]
b) Superheated to 300°C
hsup = hg + Cps(tsup-ts)
hsup = 2756.2+2.25(300-158.83)
= 3073.83kJ/kg[For 1kg of steam]

= 9221.49kJ [For 3Kkg of steam]

= 2234.73k)/kg [For 1kg of steam] 02

=3073.83x3 03

Advantage, disadvantage and applications of Lancashire boiler

Advantage Disadvantage 1

1. It has high thermal 1. Ithas a limited grate area

efficiency; the thermal due to the small diameter of

efficiency is about 80 to the flue tubes.

90%. 2. The steam production rate is
2. Itis easy to operate. low.
3. Easy to maintain. 3. Low-pressure type boiler, so
4. Generate a large amount of high-pressure steam is not

steam and hence more produced.

reliable. 4. Tedious maintenance of

brickwork.

Applications: Employed in sugar mills, textile and paper industries

04

02
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" Heat already in water (portion AA") = m CoAT  (m = Mass of water = 1 kg)
AT = change n temperature= 34°C - 0°C = 34°C
. Heat already in water = 1 x 4187 x 34 - 142 35 kl/kg

Step 2 When steam is wet withx = 0.8

Let K = heat required to convert 1 kg of watar at 0°C into wet steam

w.k.t enthalpy of wet steam (between points A & B) =k, - hyvoxhy,
K. =2326.02 kg

Let &, = actual quantity of heat supplicd to produce 1 kg of wet steam from water whose initial

temperature is 34°C

64011 (0 8-2107 4)

~ h; = h, - heat already in water
=2326.02 - 142.35
h, = 2183.67 kJ/kg of steam
.. to produce 3 kg of steam, heat required = A, = 3x2183.67
I, = 6551.01 kI for 3 kg of steam

Thus 6551 01 kJ of heat is requirad 1o produce 3 kg wet steam from water at 34°C,

From steam bls, at £ - 5 bar, we have 01

01

02

Babcock and Wilcox boiler
* Horizontal, externally fired, stationary, natural circulation water tube
boiler.
®= Steam pressure of 12-18bars (Range of pressure)
* Evaporation capacity 20,000-40,000 kg/hour.
= Application: generation of high pressure steam in thermal power plants.

Working:
= First water starts to flow into the water tubes from drum through down
take header.

01




—fup by the hot
in the inclined water tubes gets heated up by

) grate produces hot fl

help of baffle plates.

ater tubes, it exchan

The water presen ue gases and it
flue gases. The coal burning on lh'c

is forced to move in zigzag way with lhc'
As the hot flue gases come in contact with w
heat with water and converts it into steam.
The steam generated is moved upward throug
collected at upper side in the boiler drum.
T-tube is provided in the drum. This anti-
content from the steam and allows only
superheater.

The superheater receives the water free steam from the T-t-ube. It
increases the temperature of steam to desired level and transfers it to the

steam stop valve. .
The superheated steam from the steam stop valve is either collected in a
steam drum or made to strike on the steam turbine for electricity

generation.

ges the

h up take header which gets

water

priming pipe filters the '
r into

dry steam to ente

Antipriming Stop Valve
Safety Vak
Pressure Gauge —{(* ety Valve Plpe“ I—— ~ Drum

I— . P
Water Level |’|||'»||'H$“lm||"'| RN
Indicator L T AN T 1 ] gggg:«;_p-

Feed Check ——
Valve

t— Superheater
Tubes

Uptake Header - ’

Fire Door »»E: Grate

—{—— Downtake
Header

Mud Collector

Babcock and Wilcox Boiler

04

03

[

Solution :
Step 1 Data

Mass of dry stcam = m = 2 kg, Pressure = 7 bar  Initial temperature of water = 25°C.

From steam tables, at P = 7 bar, we have,
t = 165°C, hy =697.1 KJ/ikg, hy =2064.9 kikg & hg= 2762 k/kg

The details are plotted on the 1-H diagram as shown in figure P.17

Step 2 o find A,
Heat initially present in water (AAY) = m C,, AT (m = | kg of water & Cp, = 4.18 kl/kg K)

= 1x4.18 x (25 - 0) = 104.5 K)/kg

Lct A, = heat roquired 1o convert 1 kg of water at 0°C into dry saturated steamn
w.k.t. enthalpy of dry steam = hg = ke + hy

From steam tables, at /2 = 7 bar, we have, h, =~ 2762 kl/kg
Let 2, = actual heat required to produce 1 kg of dry steam from water ar 25°C

<. k) = h, — heat already in water = 2762 - 104.5
h, = 2657.5 kJ/kg of stcam

- to generate 2 kg of dry stecam, heat required, A, = 2 x 2657.5 = S315

h; = S315S k) for 2 kg of dry steam

01

02

02
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Oxy acetylene welding process
. Incinle. N
Principle: When OXygen and ace i
p acetylene are mixed in suitable proportions in a

welding torel ien
1 an \
and ignited, the flame resulting at the tip of the torch has a

temperature ranping fic
and fuse ll\LcI:‘J:)’i:’lf from 3100°C-3500°C which is sufficient enough to melt o
§ Kpicce metals. Filler me ay or mi i ing
the proses, iller metal may or may not be used during
* Construction details: |
] 'l"w o ovly int
0 l.ar‘gu cylinders: one containing oxygen at high pressure and the other \‘
containing acetylene gas. |
. ‘ ) . .
Two pressure regulators fitted on the respective cylinders to regulate or 1‘
control the pressure of the gas flowing from the cylinders to the welding 02 \\

torch as per requirements.
" Welding torch: Used to mix oxygen and acetylenc gas in proper
proportions and burn the mixture at its tip.
= A match stick or a may be used to ignite the mixture at the torch tip.
* Operation:
* By adjusting the pressure regulators, suitable proportions of oxygen and
acetylene gases enter into the welding torch.
* The gases get mixed in the torch and are issued from the torch to burn in
the atmosphere.
A match stick is used to ignite the gas at the torch tip. The resulting flame
at the torch tip has a temperature ranging from 3100-3500°C and this heat
is sufficient enough to melt the workpiece metals.
Since a slight gap usually exists between the two workpieces, a filler metal
may be used to supply the additional material to fill the gap.
The molten metal of the filler metal combines with the molten metal of the
workpiece and upon solidification form a single piece of metal.

03

02
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8 Different types of gears:

i. Spur gear

ii. Bevel gear

iii. Helical gear

iv. Worm gear

v. Rack and Pinion gear

01

Explanation of any one type of gear 03




. i eshing their teeth and
A gear train is two or more gear working together by md Y gd < speed and
. . . It reauce
turning each other in a system to generate power and spee p
increases torque 02
Types of gear trains
* Simple gear train
* Compound gear train 02
* Planetary gear train
Differences between soldering, brazing and welding
SI. No. Soldering Brazing Welding
1. Low temperature Base metals arc not melted, | High temperature process
process. Base metals are | but heated to suitable wherein base mcl.als arce
not melted temperature heated above their T,
2. |Filler metal is not same | Filler metal is not samcas | Filler material used is of the
as that of base metal that of base metal same material as that of basc
metal
3. Joint is formed by Diffusion of filler metal into | Solidification of the molten
diffusion of the filler the base metal associated filler metal with the molten
metal into the basc with surface alloying basc metal
metal
4. Strength of the jointis | Strength lies between that of | Much stronger than the base
comparatively low welded and soldered joint metal
5. No heat effected zone | Heat affected zonc is not too | Heat affected zone is affected
much when compared to to a large extent
welding
6. Finishing operations arc | Sometimes brazed joints Requires finishing operations
not required require finishing like grinding, filing etc 08
7. Sheet metal work and | Arts, jewellery works Fabrication and structural
electronic industrics works

‘Q)/'(\/
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1. | With a neat sketch, explain the Wworking of tangential flow turbines.

K2 CO2 01

Explain the construction and ¢

2 diagram.

Peration of reciprocating pumps with a neat K2 | CO2 01

—

3. | Discuss the concept of cavitation anq priming in centrifugal pump. K2 CO2 01
4. | Witha PV diagram, explain the working of Otto cycle engines.

K2 COo3 01

Differentiate between vapour co

mpression  refrigeration and vapour ]
J absorption refrigeration cycle. K2 Co3 01
6. | Obtain an expression for length of belt in cross belt drive, K2 CO5 01
7 Explain bltie'ﬂy the following i) taper turning, ii) boring iii) gang milling iv) K2 COs .
angular milling.

8. | What are machine tools? How are they classified? K2 COos 01

K2 COs 01
10. | Define robot. Write down the industrial applications of robot,

9. | Explain the working of horizontal milling machine with a neat sketch.

| K2 | cos | ol
f Total 10
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SCHEME AND SOLUTION (Assignment-3)

Degree : BE Semester : 1(D)
Branch : EC Course Code : 18ME15
Course Title : Elements of Mechanical Engineering  Max Marks : 30
Q. No SOLUTION MARKS
1 Pelton wheel: Tangential flow impulse turbine in which potential energy of
water is converted into kinetic energy to form high speed water jet and this jet 01
strikes the wheel tangentially to make it rotate.
Parts: Nozzle with a spear head, Runner & Buckets, Turbine Casing 01
Working:

* Water from the reservoir having potential energy flows through the
penstock and enters the nozzle.

* Potential energy of water is completely converted into kinetic energy in
the nozzle. The high velocity water jet from the nozzle impinge on the
hemispherical blades fixed around the runner wheel. 02

* The impulse force due to the high velocity jet sets the runner wheel into
rotary motion.

* The shaft coupled to the runner wheel also rotates thereby doing useful
work.

* The work produced at the output shaft is used to drive a generator to
produce electricity.

/

- ,\HJ

Buciat: 02
2 Reciprocating pump:
* In reciprocating pump, the pressure energy of fluid is increased by 01
pushing the fluid using piston/plunger that reciprocates in closed fitting
cylinder.

* Parts of reciprocating pump: Cylinder with piston and piston rod, Crank 01
and connecting rod, Suction pipe and delivery pipe.
* When electric motor is energized (switched ON), the crank rotates,
transferring motion to the piston, which reciprocates (to and fro
movement) inside the cylinder.




npoint A to C (1 80° rotation), piston

N ) "\ i o] 'r(" ¢ H 0
1 halt cyele: When crank rotate artial vacuum within the

. . o erenting
moves towards right of the cylinder, creating p
cvhinder. ) han suction
) : . . sump -~ than &
Since atmospheric pressure acting on the wmul m‘s :”m suction pipe
pressure inside the cylinder, water from sump is foreed in
to move into the cylinder. , .
G e i , alve. causing it to move into the
The force of fluid opens the suction valve, causing it .
N e . . N H la ~ lOn<
cylinder. The delivery valve remains closed during this ac

VEUVERY Pirg
I
I , DELIVERY VALVE
/
N {/ cvinoen | e
A/ MSTON CONMECTING g /(¢
v’ L LS 2N
N A= \
N T ANy io—
- n‘. /
g & PSTONROD I 4
N T SUCTION VaLVE o
l —— SUCTION PiPE Lant it ]
{ ,SUMP LEVEL

IT half ¢

ycle: When crank rotates from point C to A (180°), piston
mov

es towards left of cylinder from extreme right side.

The movement of piston towards left, increases the pressure of the
fluid inside the cylinder more than atmospheric pressure. Hence
suction valve closes and delivery valve opens.

The liquid is forced into the delivery pipe to get discharged to
required destination (tank).

Concept of cavitation in centrifugal pump:

02

02

Phenomenon of formation of vapour bubble and its subsequent collapse

in the low pressure region around the pump parts.

Identified by a clear audible noise and vibrations caused by the violent
collapse of vapour bubbles.

Bubble formation: It usually occurs when a liquid is subjected to
changes of pressure such that the static pressure goes lower than the
liquid's vapour pressure which will cause the formation of bubbles in
the liquid.

When subjected to higher pressure, the bubbles implode. When these
implosions happen near a solid material for e.g. impeller, the bubbles
implode with a micro-jet hitting the material surface, causing erosion.

Repeated bursts of micro-jets will cause further erosion which spreads
and ultimately results in catastrophic equipment failure.

The power consumption for pump operation increases and also there is
a decrease flow pressure.
Precautionary measures to avoid cavitation in pumps

a) Ensure suitable liquid level in suction pipe
b) Lower the water temperature

03
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¢) By suitable i"rr‘\w;;él_l-éf”dcsiun

d) Periodic checking of clogged strainers and blockages in pipes.

e) Ensu.n:s that the pressure of fluid at all points within the pump |
remains above saturation pressure.

' Priming in centrifugal pump:

; *  Process of ﬁ.lling fluid into the casing, suction pipe and delivery pipe

| up‘ to the delivery valve before starting the pump.

~ Priming is required in order to remove the air entrapped in the pump,

! thereby reducing the risk of pump damage during start-up.

| Pressure developed inside the pump o density of fluid in it.

| * In case, if air is trapped in the pump and the impeller is allowed to
rotate, pressure energy of fluid is not sufficient to lift up; because

1 density of fluid is less [due to presence of air particle].

= The presence of air in the pump creates a small negative pressure at the |
suction pipe that prevents suction of fluid from sump

* The suction of fuel mixture takes place at atmospheric pressure [Line
AB in pv diagram]. With this stroke, crankshaft rotates through 180° /
half revolution. [The energy required for the piston movement is taken
from the battery].

Compression stroke:

¢ Piston moves from BDC to TDC [both inlet and exhaust valve remains
closed].

1 | = In order to eliminate the trapped air, pump is filled with fluid before | 03
i ’ starting it. [when filled with fluid, the pump is said to be primed] ‘
.4 1 4-s Petrol engine:
' | = Works on Otto cycle (Otto cycle engines). ‘
{ I » Charge used: mixture of air and petrol supplied by carburettor in suitable
Z ; proponions.. o _
; , » The charge is ignited by spark generated by a spark plug (S.I engines). | 01
i l = Uses of 4-s petrol engine: scooters, motor bikes, cars, large boats etc.
} f = Four different strokes performed :
f : i. Suction stroke
f 1 ii. Compression stroke
! } iii. Power stroke/expansion stroke/working stroke
’ iv. Exhaust stroke
Suction stroke: '.
* At the beginning of suction stroke, piston is at the TDC and is about to ‘
move towards BDC [inlet valve — opened, exhaust valve — closed]. 11
» The downwards movement of piston produces partial vacuum (suction) |
in the cylinder, which draws fresh air and petrol mixture through the \
inlet valve. ‘l
*  When the piston reaches BDC, suction stroke ends and inlet valve is \‘i
closed. %\
’\ 02
l
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Power stroke: . d
* During this stroke, both valves will remain closed.

Exhaust stroke:

LRI 12y

——ompressed due
petrol mixture gets compresse

As the piston ! ’ s,

ich p and T of mixture InCreases: urve BC] o
El?h:z;“n:;)ression process is adiabatic in nature '[t?ates park that ignites
When piston about to reach TDC, spark plug in1
the air-petrol mixture.
Combustion of fuel mixture tz'ikes)
CD](constant volume cycle engines). . revolution.
Wit]}f this stroke, crankshaft rotates by another 180°/ half

place at constant volume [Line

exert
As the combustion of fuel takes place, the burnt gases €Xp ands and

a large force on the piston causing it move rapidly from TDC to BI?(;
The force/power is transmitted to the crankshaft through the connecting
rod. As a result, crankshaft rotates at high speed [Clutches — gears —
wheels of vehicle]

The expansion of gases is adiabatic in nature [Curve DE].
Power/working/expansion stroke

Towards the end of expansion stroke, the exhaust valve opens and inlet
valve remains closed.

A part of burnt gases due to their own expansion escapes out of the
cylinder through exhaust valve [drop in pressure at constant volume
inside the cylinder — Line EB]

The exhaust stroke begins when the piston starts moving from BDC to
TDC [ Energy for this stroke — flywheel]

As the piston moves upwards, forces remaining burnt gases to the
atmosphere through exhaust valve [Line BA]

When the piston reaches TDC, the exhaust valve closes and the working
cycle is completed.

next cycle, the piston starts moving from TDC to BDC, the inlet valve

open allowing fresh air to enter into the cylinder and the process continues.
Thus in 4-s engines, the working cycle is completed when crankshaft rotates
through 720° or two revolutions.

Four-stioke cycle . el
aneane 229 vahes cseg vatees cosed uluflmd alve opan V = Volume constant volume process
opee d s Sahaust vae A { "‘\5 f\! i / P = pressure

oo Coved

i
[ Xl 1
-

adiabatic process

92s¢8 | Combustion Process -|

'3

Heal Rejection
5
/
-
Compression Stroke 7 < 2‘
: /
intake power exhaust Intake Stroke Exhaust Stroke
Air-fugi mutre At mitae Eaploson lorces Pton pushay ot

1§ gravn i o sed PN down s qunes v

03




Differences between VCR and VAR (any six)

SI. No.

VCR system VAR system

1.

Vapour refrigerant is compressed Vapour refrigerant is absorbed and heated

2,

Work is performed by the compressor | System makes use of heat source such as
for the heat transfer. combustion of LPG

Mcchanical energy required is more | Energy required is less [Pump is used to
[l"efrlgeram vapours are compressed to | circulate the refrigerant]
high pressurc)

No restriction for the type of | Refrigerants which are soluble in another
refrigerants used solution arc used.

clectric power is required to run the | Not dependent on clectric power.

compressor

——

Abscnce of moving parts makes the system

Noisy, morc maintenance cost
run quiet, low maintenance cost

Built in capacity = 1000 Tons Above 1000 Tons

Coeflicient of performance of the [ At reduced loads, the system is almost as
system decreases with increase inload | efficient as at full load

9.

Chances of refrigerant lcakage No chance of refrigerant leakage

10.

Domestic, commercial and industrial Food storage in recreational vehicles

applications

Commonly used refrigerants are Ammonia, sulphur dio
freon and HFC’s

xide, carbon dioxide,

Horizontal spindle milling machine:

Part

Feature/functions

Base

Strong and a hollow part, which forms the foundation of the machines and upon

which all other parts are mounted.

Serves as sump for cutting fluid.
A pump and filtration system can be installed in the base.
Hole provided in the center of the base, houses the support for the elevating

screw that raises and lowers the knee.

Column

A vertical hollow casting combined with base to form a single casting.
The column houses the spindle, bearings and drive units [gears, clutches, shafts
and shifting mechanism)] for transmitting power from the electric motor to the

spindle at desired speeds.
Front face of the vertical column is provided with a square or dovetail type

guideways on which the knee slides up and down.

06

———

02

04

Spindle

Hollow shaft supported by the column with suitable bearings that absorb both

radial and thrust loads.

The spindle is made hallow and tapered inside, to accept standard arbors.
Spindle obtains power from the motor and transmits it to the arbor.

The arbor carrying the cutter rotates about a horizontal axis.

Overarm

Mounted on the vertical column, supports the yoke, which in tumn supports the
free end of the arbor.

Knee

Casting that slides up and down on the vertical guideways provided on the

column by means of an elevating screw. The knee supports the saddle.
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Feature/functions ——
. e OO
Mounted on the knee is provided with two guideways on 1ts 1op and b
surfaces

The slides are machined at right angles to each other. ‘
The lower slide fits the slide provided on the top of the knee and facilitates
horizontal movement of the saddle » -
The upper shde provided on the saddle accepts the slide provided on the botte
surface of the worktable

}
eed

Larger in size and rests on the saddle

The bottom surface of the table has a dovetail slide that fits in the shde on the I

top surface of saddle. This facilitates the work table to move longitudinally or at ‘

right angles to the movement of the saddle

Work table 15 provided with T-slots all along 1ts length for mounting work |
holding devices which enables the workpiece to be clamped rigidly on the table. | o
Work table may be manually controlled or power fed ‘

A dial graduated in thousandth of an inch is provided to allow table movement
and placement,

-

W'Ar'pplica?ions of robot: Used to move materials or w'o;l.(‘pans from one
location to another [pick and place application], Used to load and unload parts
at the production industry, Performing a process on a work part [welding,

grinding, coating etc] in automotive industries, Used to assemble the varnous %
components of a product like picking a part and inserting into another part with
precise placement and orientation.
‘Machine tool: Machine used 1o remove extra material from its surface by
forcing single point or multipoint cutting tool against the workpiece 1s termed
as machine tools. N

Example: Lathe, milling machine, shaping machine, grinding machine, drilling

machine.

Explanation of any one machine tool 04
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ii. Boring: )
. t?;:‘lcngt;.Process of enlargmg a hole that has already been drilled by means
achie\l/le lgnrg ttOOI (or of a boring head) is termed as boring. Boring is used to

cater accuracy of the diameter of a h
tapered hole rof a hole, and can be used to cut a

" Boring Tool 02

Boring

ii. Gang milling: Operation in which two or more cutters are mounted on the
same arbor, so that different profiles required on the workpiece can be
milled simultaneously in a single pass. All the cutters used may be of the
same type or of different types depending on the type of surface being

milled.

02
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Degree : B.E Semester : 1(D)
Branch : EC Subject Code 18ME15
Subject Title : Elements of Mechanical Engineering Date 30/01/2021
Duration : 90 Minutes Max Marks : 30
~ Note: Answer ONE full question from each part..
r | S ' co K- |
| Q No. L Question Marks mapping  Level |
PART-A e
' With a neat sketch, explain solar energy utilization using solar ‘ K2
@) | pond. ° OO woteranaioy |
b | Explain the following laws of thermodynamics by mentioning their 6 co1l K2
(b) | statements. a) Zeroth law b) First law ¢) Third law | (Understanding)
A stationary mass of gas at its initial state 0.4m> and 0.105MPa was T
© compressed at constant pressure to final state of 0.2m’ and 6 co1 K2
0.105MPa. The heat transfer from the gas during the process was | (Understanding)
} 42.5k]. Calculate the change in internal energy of the gas. |
L OR
|L 2(a) | Explain briefly i) Ozone depletion ii) Global warming. 6 Cco1 [ (Und"lfgndmg) ;
I . . . . 6
L (b) | Write a note on wind energy and its conversion. co1 “ . der}f‘zm ting) ;
. - 6 |
(c) | Explain the concept of heat and work transfer with diagram. Co1 \ Un dmm dmg) |
PART-B ;
3(a) List the various materials that find applications in engineering. 6 CO4 ‘ K2 ‘
Explain any two of them briefly and give example for their uses. | (Understanding)
b What are polymers? How are they classified? Explain any one 6 C \‘ K2 l
(b) polymer in detail how it is processed to manufacture a product. 04 | (Understanding) |
OR 1]
4(a) | Classify the transmission elements and explain any two of them. 6 C04 K2
(Understanding)
(b) | Explain idler pulleys and illustrate their different configurations. 6 Co4 K2 \
(Understanding)
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QN SOLUTION | MARKS
1 (@)  Solar energy utilization using solar pond: ‘ '
Construction

= Usually solar pond is constructed below the ground level.

* There are three distinct zones in a solar pond, with salt content increasing
from top surface of the pond to its bottom.

= Storage zone: lower zone of water, rich in salt content and it is the area |
where solar radiation is absorbed and stored.

* Surface zone: Upper zone of water which is cold and has very low salt 02
content. ‘

* Intermediate zone: Separates the upper zone of cold water and the lower
zone of the hot water and forms an important area in the solar pond.

Ao/

yo:
| T Sun rays
| |
[ \ \ Surface zone | 02
Graund \ \ // // {Fresh water) -‘
P B v .- - - W

leved ™7 5 Intermed:ate or gradient zone [
| : (i g salt water] ‘
| Storage zone (Saturated salt water) ‘
i

Cold B Py —— Hot water out
| \ B

Wil e \ B Plastic lining

' Operation

| = As solar radiation is absorbed, the hot water in the storage zone cannot .
i rise due to high salt content in it while the cold water at the surface of the '
| pond having less salt content cannot sink, because the water below |
| (intermediate zone) has a rich salt content and is comparatively denser. 1
‘ = The hot water thus remains in the bottom layer of the pond from which ‘l
| useful heat may be withdrawn and used for various purpose. !
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himS = 0
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Solution : Initial condition of gas (state 1) : Yolume of gas = ¥, - 04 m P < o)
Pressure = P, = 0105 MPa = 0108 » 10* N’ (- mega = 10° and Ja x 10 Nowr’
Final condition (state 2) : Volume ¥, = 0.2m" Pressure = P, = 0 108 MPa = 0105 /
Note that since £, = P,, the compression process takes place at constant pressure
Heat transfer from (he gas = Q) = 42.5U(-”sagnni|calcshwlsrqeddﬁ'mnikm'
w.k.\ change in intenal energy = AE=Q - W —
But work W = 9

H
wkt displacement work = W = [ P dv = P(V, - V)
i

N
W= (0105 % 10 (02  04)=-21 % |0 ;;xm‘ =21~ 10" Nm

Work = - 21 &/ (- kib - 10 and Ner = Janke)
Now equation (1) becomes, AL =~ 42.5 - (- 21) = - 21.5
*. Chanpe in internal energy = AF = - 21.5 kJ
(- sign mdicates decrease in internal energy of the system)

' Ozone layer depletion:
‘ *  Ozone depletion refers to the gradual thinning of the earth’s ozone laver
I in the upper atmosphere, caused by the release of chemical compounds
contaming paseous chlorine or bromine from industries and other
emissions from human activities.
*  Ozone layer is a deep layer in the stratosphere encircling the earth, that
has large amounts of ozone 1n it
* Ozone layer shields the entire earth from the harmtul UV radiation of
; the sun thereby protecting the living beings on the carth
* In 1970°s it was discovered that man made chemicals called
chlorofluorocarbons (CFC’s) that were released into the atmosphere
gradually decompose, releasing chlorine atoms that destroy the vzone
in the ozone layer.
Each chlorine atom has the ability to destroy tens of thousands of 0zone
molecules.
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[ Operation of wind mill:

l

lobal Warming;

Wind energy and its conversion:

* The high speed of the shaft thus drives the generator to produce

n \Tl‘ —
1¢ dcp[ct‘ . -
10n of 0z .. ) : .
radiation reaching ?}mk layer thus leads 1o it inability to shield the UV |
T o Vo ok
eftects like skin f 1¢ earth’s surface thereby increasing the radiation
ancer, eye cataracts and damage to immune system.

A : al 11 .

aniri‘glt‘i;:;;ea:ec ;]n lh,e averag,e tcn'lpcraturc of the earth’s atmosphgre
the earthy's Clir;];t ange that is believed to be permanently changing
e. ‘
;ii,:t?ilc C'hange Is -due to the increased volumes .of CO, ansi other 1
€ gases (toxic gases) released by the burning of fossil fuel, |
land clearing, agriculture and other emissions created by human ',
activities that have occurred over past years. ’
The gases form a layer in the atmosphere and trap the sun’s radiation
Wwhich in turn makes the planet warmer. 03
®= Global warming leads in rising sea levels due to the melting of the polar
ice caps as well as an increase in occurrence and severity of storms,

droughts and other severe weather events.

wind
Two blade -~
ratoc
S - Shait
GB - Gear box
C - Coupling

G - Genacator

= The kinetic energy of the flow of wind causes the blades to rotate at

slow speeds.
* The gear box comprising of many gears is used to increase the

rotational speed of the shaft to that range required to produce electricity.

electricity.

* The power produced by the generator is transferred down the tower to 03

the power grid system and then through the transmission lines.




Concept of heat and work transfer:

Heat:
. . r ace aCross ary of
[tis defined as the transfer of energy taking place across the bound y

. . e temperature difference
asystem or between two difterent bodies due to the temperature differe

,‘ (©)

between them,
* Heat is transferred naturally from
‘ of lower lemperature,
* Heat is denoted by Q and expressed in kJ.
/ Sign convention
* Ifheat is transferred from the surroundings to the system, it is considered

|
I
|
|

a body of higher temperature to a body

as +ve,
/ * Ifheat is transferreq from the system to the surroundings, it is considered
f , as —ve,
’ |
Doy - Flow of Heat out ="
‘ . atmospheric air , Surroundings
sutonndgs | Water
"""""" Low temperatura \ High temperature
liquid refriferant vapaur refrigerant
Heatin +™ Q Condenser
} (a) Heat added to convert (b Heat rejected to atmosphere
' water inlo steam by the refrigerant

' Work:
* In thermodynamics, work refers to the energy transfer between the system
and its surroundings by a mechanism through which the system can

Sign convention
* If work is done by the system, it is considered as +ve.
* If work is done on the system it is considered as —ve.

Piston \i W " work

Bound ‘ Initial
nk v Piston boundary
Cylinder j" :,5,3"3 . oundary
“‘-....‘. ’ 4 Boundary

/
] i l Cylinder] | L after
Heat compression

{a) Heat supplied o system”  {b) Work done by the system  (c) Work done on the system

02

01

02

01
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3(a) | List ofcngincerviiﬁgwmatcri:i‘l-s: -

* Polymers — thermoset and thermoplastics

®* Metals - Ferrous and non ferrous metals

* Ceramics - glasses, cermets

Composites — PMC, MMC, CMC

Smart materials — piezoelectric, shape memory alloy

* Insulators and semi-conductors

Two of them explained with examples of their uses
latively simple units called

(b) | Polymers: Group of polymers that are built from re
monomers through a chemical polymerization process.

Classification of polymers:
= Thermoplastics — Polyethylene,

nylon, Teflon etc.
= Thermosetting plastics — Epoxy, polyester, phenol formaldehyde etc
g with the process used to manufacture a

polystyrene, PVC, polypropylene,

Any one polymer explained alon

product

Classification of transmission elements:
= Flat belts
= V-belts
= Rope drives
= Chains
= Gears
* Timing belts

02

04

01

02

03

02

04

Any two explained
An IDLER Pulley is neither a driver nor a driven pulley but used in a belt drive
to increase the angle of contact and thereby the transmission efficiency.

DRIVEN

DECREASED A\ac‘Jk_
DRIVER

(A} INSIDE IDLER PULLEY, AT LEAST AS LARGE AS THE SMALL
SHEAVE, ON THE SLACK SIDE OF THE DRIVE

INCREASED ARC |

\‘DHIVEH —~DRIVEN

02

{8) OUTSIDE IDLER PULLEY, AT LEAS
et byl eite . T 1.3 LARGER THAN THE




SN pRIVEN

Dt R

{C) DUTSIDE IDLER PULLEY ON THE TIGHT SIDE OF THE DRIVE

DRIVER—

(D) INSIDE IDLER PULLEY ON THE TIGHT SIDE OF THE DRIVE

04

ey g
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PART-A
W nte a not Y CRN T
lla‘ ‘ ¢ on cnvironmental ISSUCs pentaimmg (rone laver . | 9
' ““AE‘ chion and ( liﬂf'ilﬁ 'J\,xtn'n;nl_'- Co1 et 7 ooy
(b) Explain the follow ing laws of thermodynamics by mentioning therr 01 ¥
| sMatements a) Zeroth law b) First law ¢) Second law ‘ et o selbamey
(€) Explain how electricity 1s generated using nuclear energy o1 w_'_‘
B , OR
2(a) With a neat sketch. explain solar energy utilization using solar cell co1 " "M i
(b) Define the following terms 1) Thermodynamic cvele 11) System and co1 K2
surroundings m) Enthalpy iv) Entropy of a system Vebertonton
A stationary mass of gas at its imitial state 0 4m and 0 105MPa was
() compressed at constant pressure to final state of 0.2m  and o1 K2
0.105MPa_ The heat transfer from the gas during the process was ) | mdersiunding
42 SkJ Calculate the change i internal encrgy of the gas
PART-B
What are polyimers” How are they classified” Explain any one K2
3(a) " | A 04 K2
polvmer in detail how 1t is processed to manufacture a product ) | e i g
(b) Classify the transmussion elements and explain any two of them CO4 N
: ‘ 1 adec v amduag
OR
List the vanous materials that find apphcations in engineenng K2
4(a) . . e X P . CO4 X
Explain any two of them briefly and pive example tor thetr uses | onderstamding
(b) Explamdier pulleys and illustrate their ditferent contigurations o4 e
p 1 s v ot amdbiong
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SOLUTION ]

Ozone layer depletion:
Ozone depletion refers to the gradual thinning of the earth’s ozone layer

in the upper atmosphere, caused by the release of chemical compounds
om industries and other

containing gaseous chlorine or bromine fr

emissions from human activities.
*  Ozone layer is a deep layer in the stratosphere encircling the earth, that

has large amounts of ozone in it.
Ozone layer shields the entire earth from the harmful UV radiation of the

sun thereby protecting the living beings on the earth.
In 1970’s it was discovered that man made chemicals called

chlorofluorocarbons (CFC’s) that were released into the atmosphere
gradually decompose, releasing chlorine atoms that destroy the ozone in

03

the ozone layer.
Each chlorine atom has the ability to destroy tens of thousands of ozone

molecules.

The depletion of ozone layer thus leads to its inability to shield the UV
radiation reaching the earth’s surface thereby increasing the radiation
effects like skin cancer, eye cataracts and damage to immune system.
Global warming:

» A gradual increase in the average temperature of the earth’s atmosphere
and its oceans, a change that is believed to be permanently changing the
earth’s climate.

The climatic change is due to the increased volumes of CO2 and other
green house gases (toxic gases) released by the burning of fossil fuel,
land clearing, agriculture and other emissions created by human activities

that have occurred over past years.
The gases form a layer in the atmosphere and trap the sun’s radiation

which in turn makes the planet warmer.
Global warming leads in rising sea levels due to the melting of the polar
03

ice caps as well as an increase in occurrence and severity of storms,

droughts and other severe weather events.




(b)

: ' ~evetems are cach in thermal
Zeroth law of thermodynamics: When two systems arc ul S
) , svstemn are also | z
cquilibrium with a third system, then the two system arc a

equilibrium with each other.

R s a ther ic
I law of thermodynamics: When a closed system undergoes a thermodynam
cycle, the net heat transfer is equal to the net work transfer.

faq: faw

Il Law: Kelvin-Planck statement: 1t is impossible for any device/machine that
operates in a cycle to receive heat from a single reservoir and produce a net
amount of work. There is always a degradation or loss of energy in the process
of producing mechanical work from the heat supplied.

Clausius statement: 1t is impossible for any device/machine working in a cyclic
process to transfer heat from a body at a lower temperature to a body at a higher
temperature without the aid of an external agency. [In simple words, heat cannot
flow naturally from a cold body to a hot body without the help of work input]

02

02

02

(©

Generation of electricity using nuclear energy:

* The fuel most widely used for nuclear fission is Uranium — 235.

* In nuclear fission, a small particle called neutron hits the uranium atom and

splits it, releasing a great amount of energy in the form of heat and light. Also

more neutrons are released due to bombardment.

These neutrons go on to bombard other uranjum atoms and the process

repeats over and over again resulting in a chain reaction.

The chain reaction gives off enormous heat energy, which is used to boil

water to form super heated steam.

* The steam thus formed is used to drive the turbine, which in turn drives the
generator to produce electricity.

The atom ﬁ( Lighter element

_ O Neuran

Q- : + Enerqy
Neutron : ™~ O Neutron

235 atom
U 235 aw \ Lightor element

Figure 1.7 Nuclear Fission

04
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Solar energy utilization using solar cell;

Construction

" . .
solar ellis a device thar directly converts the sun’s radiation into electrical
energy.

Iis mad.e up of at least two layers of semiconductor material like silicon
doped with impurities in order to increase the conductivity of the material.
Lne ﬁrst layer has a positive charge (p-type silicon), while the next layer a
negative charge (n-type silicon).

junction

p-type silicon
Operation

* As known, sunlight is composed of photons or particles of solar energy.
When sunlight strikes the photovoltaic cell, the semiconductor material
absorbs photons from the light.

» When enough photons are absorbed by the negative layer of the
semiconductor material, electrons get dislodged which then moves towards
positive layer. This flow of electrons constitutes an electric current.

» The electricity generated by the photovoltaic cell can be used directly or
stored in batteries.

* The power output can be increased by connecting a number of photovoltaic
cells together in a sealed package called a module.

02

02

02

i) Thermodynamic cycle: A linked sequence of processes in which the working
substance undergoes a series of state changes accompanying with heat and
work transfer and finally returning to its initial state.

ii) System: A thermodynamic system is defined as a specific quantity of matter
or region in space on which our attention is focussed for thermodynamic
analysis.

iii) Sourrounding: A three dimensional space outside the thermodynamic system
that has a direct relationship on the behaviour of the system

iv) Enthalpy of a system: Total heat content of a system. It is defined as the
sum of internal energy (U) of a system and the product of the pressure (P)
and volume (V) of the system.

H=U+P.V......... kJ/kg
v) Entropy: It is the amount of energy that is lost to surrounding at a specific

temperature.

01

01
01

02
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=), =04 m
: Volume of gas ! = Nim?) 01
T ition of gas (state 1) : =10 and Pa=] R
s c;n:l;?:u:a = 0:105 = 10° Nim? (- mega = | %a=0.105 x 10° Nim’ —

" Mba
Pressure = P, 3 ure = P, = 0,105 .
=0.2m° Press 2

al condition (statc 2) : Volume ¥5 place at constant pressurc.
Final -d“( = P,, the compression process takes place at ¢ is rejected from the system) 01
Note that since Py = Py, 0- 42.5 kJ (-** sign indicates heat is rejec P
Heat transfer from the gas = ) = ~ 42 , -

w.k.t. change in internal cnergy = AE = Q- W

But work W = 7

1 = V, -V
wkt displacement work = W = JI'P.d» P(V,-1)

] . o 02
" | C 10— Tl 21 x 10 Nm
| ( W= (0105 x 109 (02 - 0.4) = - 21 x 10" 5 xm
|
l Work = - 21 & (= kilo= 10 and Am ~ Jamie)
| Nowu;uahon(l)bcc«ncs.AE-—dl’.s—(-Z))-—2!.5
j' " Change in internal cnergy = AE = — 21.5 kJ 02
, (- sign indicates decrease in internal energy of the system)
3@ | Po 0 e 01

3(a) | Polymers: Group of polymers that are built from relatively simple units called
|
| monomers through a chemical polymerization process.

Classification of polymers:
* Thermoplastics — Polyethylene, polystyrene, PVC, polypropylene, 02

|

f nylon, Teflon etc.

| * Thermosetting plastics — Epoxy, polyester, phenol formaldehyde etc

' Any one polymer explained along with the process used to manufacture a 03

| product

| (b) | Classification of ransmission elements:

» * Flat belts 02
*  V-belts
* Rope drives
* Chains
*  Gears
* Timing belts

| Any two explained 04

4(a)  List of engineering materials:
* Polymers - thermoset and thermoplastics
* Metals - Ferrous and non ferrous metals
= Ceramics — glasses, cermets 02
* Composites - PMC, MMC ,CMC
* Smart materials — piezoelectric, shape memory alloy
* Insulators and semi-conductors
- Two of them explained with examples of their uses 04




DRIVEN

(A) INSIDE IDLER
PULLEY
EAVE, ON THE SLAC|

AT LEAST AS LARGE AS THE SMALL
K SIDE OF THE DRIVE 02

komv&a \~DRIVEN
T

(B OUTSIDE IDLER PULLEY, AT LEAST 1.3 LARGER THAN THE
SMALL SHEAVE ! ’

(o

ORIVER—~ N ORIVEN
IDLER—
(C) OUTSIDE IDLER PULLEY ON THE TIGHT SIDE OF THE DRIVE 0
DRIVER— “\—DRIVEN
(D) INSIDE IDLER PULLEY ON THE TIGHT SIDE OF THE DRIVE
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PART A
. : oy { o ars WA ¢ rempprr, PWouH sk 2 -
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neat shet ! e
kg of steam 1 genersted # Shar from smer 14°C  Determine
the guamtity of hest required when steam @ wet having drymess
- " - - LA
ih) ?‘N"‘*-" of 0K Assume Cpo = 2 280 kg K & Cpe. 4 i . —-._ . Col N
A1 Shar e 161 K" K Ha0 Th] kg by TINT AR A D
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OR
2(a) I'\.plniﬂ the formation of steam sl constan! pressure with the heiy o1 s
of T H "“"E“‘"‘ P——
b) state the advantage disadvantage and apphcations of Lancashare CO2 .
steam borers . Rt
Estimate the amount of heat needed to convert Skg ol water al
SO°C into steam at a pressure of Ybar and with 2807C of superheat
(¢) Take specific heat al constant pressure for supcrheated steam as o1 ) ,"" .
2 1k)/kg K and specific heat of water as 4 1870 kg K [ At Obar .
“ 17N 4C Wy~ T4 6kl LL h-‘ - 2029 Sk) L‘ & hy 2770 AL
PART H
i(a) Differentiate between soldenng. brazing and welding 04 e
¢ 4 i i B ]
Last different types of geans and explaim any one with '
i1 ) LO4 "o
advaniagoes e aaediang
UK
4{a) Eaplain Oxy-acetylene welding process with s neal saeln LO4 e
- . . { i ki n.wl’in‘_,
(b) What arc goar rams How are they classitiad LO4 L
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SOLUTION

[Q.No |
1 (a)

Working:

Babcock and Wilcox boiler

Horizontal, externally fired, stationary, natural circulation water tube
boiler.

Steam pressure of 12-18bars (Range of pressure)

Evaporation capacity 20,000-40,000 kg/hour.

Application: generation of high pressure steam in thermal power plants.

Antipriming
Plpo

stop Valve
Drum

5//

y . Baffle
_ Plates
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Babcock and Wilcox Boiler

(=

Header

Fire Door -+, Grate

Mud Collector

First water starts to flow into the water tubes from drum through down
take header.
The water present in the inclined water tubes gets heated up by the hot
flue gases. The coal burning on the grate produces hot flue gases and it
is forced to move in zigzag way with the help of baffle plates.
As the hot flue gases come in contact with water tubes, it exchanges the
heat with water and converts it into steam.
The steam generated is moved upward through up take header which
gets collected at upper side in the boiler drum.
T-tube is provided in the drum. This anti-priming pipe filters the water
content from the steam and allows only dry steam to enter into

superheater.
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s the water free
am 10 desired level

recei stean
« The superheater receives B st i 10
increases the emperature of ste
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rom the steam sto] Gl crec.
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= The silpcrhcnlcd steam |
to strike on the steam tu

a steam drum or made

‘ generation. -
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(b) Sep | Data +ure of water = 34‘C
= Initial temperal
Pos pa - 4187KAgK

Cpr = 225K K, C,w = Specific heat of water

|
; Mo of steam 3 ]\L’., Pressure =
' From stcam tables, at P = S bar, we have

fu ™ 1S1.8°C, hy= 640.1 KIKg. hg = 2107 4 Krkg and by = 27475 Kikg

H D
ﬁ HOf mmmmmmmmmm
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| 1 ]
LSy Enthalpy (M)
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b,
hk
~ h“

- Heat alrcady in water (portion AA) = m C,,, AT (m = Mass of water = | kg)
AT = change in temperature= 34°C - 0°'C = 34'C
. Heat already in water =1 x 4.187 x 34 = 142,35 klkg

Step 2 When steam is wet with x = 0.8
Let H,, = heal required to convert 1 kg of water at 0°C into wet steam
w.k.t. enthalpy of wet steam (between points A & B) = h,, = hy+ x hg = 640.1+ (0.8%2107.4)

K, =2326.02kl/kg
Let &, = actual quantity of heat supplicd 10 produce 1 kg of wet steam from water whosc initial
temperature is 34°C

~ hy = h,, — heat already in water
=2326.02 - 142.35
h; =2183.67 ki/kg of steam

to produce 3 kg of steam, heat required = A, = 3x2183.67
hy = 655101 kJ  for 3 kg of steam

Thus 6551.01 kJ of heat i required to préduce 3 kg wet steam from water at 34°C.

1 lrom the T-tube. It
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" () | Given:- Mass of wet steam = 3kg, P = 6bar l/’-}—_'—’—‘

From tables, 1,=158.83°C, h; = 670.38kJ/kg, hfg = 2085.8kJkg, hg =| 01
2756.2k/kg

a) 75% dry (x=0.75)
hy = hrtxhg,
hy =670.38+(0.75 x2085.8)
=2234.73kJ/kg [For 1kg of steam)
=2234.73x3
= 6704.19kJ [For 3kg of steam] i

b) Superheated to 300°C
hsup = hg + Cps(tsup'ts)
hsup = 2756.2+2.25(300-158.83)

=3073.83kJ/kg[For 1kg of steam]
=3073.83x3 .
= 9221.49kJ |For 3kg of steam] I

2 (a) | Steam formation at constant pressure
Consider 1kg of water at 0°C taken in a cylinder, fitted with a freely moving

piston. A weight W is placed over the piston as shown in Figure. The weight
of the piston and weight W placed over the piston exerts a constant pressure P
on the water. Let V be the volume occupied by the water in the cylinder. The
condition of water at 0°C is represented by a point A on the temperature-
enthalpy (T-H) diagram. When water is heated at constant pressure, it is
converted to steam.
The various stages involved in the process are
* On heating, the temperature of the water rises and at a certain
temperature water begins to boil/evaporate. The temperature at which
water starts boiling is known as saturation temperature and is denoted
by t. The heating of water from °C to the saturation temperature (ts) is
shown by line AB on T-H diagram. At this temperature, there is a slight
increase in the volume of water (Vy) as shown in figure.
»  When water is heated beyond the saturation temperature, there will be
no rise in temperature but evaporation of water takes place (water starts
converting into steam). At this stage, water exists as a two-phase
mixture containing saturated liquid and water vapour occupying 04
volume Vy. The steam in this condition is called wet steam.
Evaporation of water continues at the same saturation temperature until
the whole of the water is completely converted into steam (Line BC on
T-H diagram).
* At point C, the steam formed does not contain water vapour and hence
the steam in this state is called dry steam or dry saturated ‘steam,
occupying volume V.




i erature of the
*If the heating is further continued at point C, the temp

is temperature
steam increases above the saturation temperature andtllhS o gmon .
i
is called superheat temperature (tsup)- The steam 1n e ing volume
called superheated steam (Line CD on T- H diagram) occup

Vsup-
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Figure 3.1 Formation of stcam sl constant pressure Figert 12 1,.mmwpymum£-i
(b) Advantage, disadvantage and applications of Lancashire boiler
Advantage Disadvantage
1. It has high thermal 1. Ithas a limited grate area
~ efficiency; the thermal due to the small diameter of
efliciency is about 80 to the flue tubes.
90%. 2. The steam production rate is
2. Iti . 04
| 2. Itis casy to operate. low.
| 3. Easy to maintain. 3. Low-pressure type boiler, so
| 4. Generate a large amount of high-pressure steam is not
j steam and hence more produced.
’ ( reliable. 4. Tedious maintenance of
j brickwork.
/ Applications: Employed in sugar mills, textile and paper industries 02
(c) | Given: m = 5kg, P = 9bars, Cps = 2. 1kJ/kgK, Cpw = 4.187kJ/kgK, t; = 01
175.35°C, tep = 250°C.
1) Heat already present in water = m pr dT = 1x4.187%(50-0) = 209.35kJ/kg | 01
11) hsup hg +Cp<((sup - 15)
=2030.5 +2.1(250-175.35)
=2187.265 kJ/kg 01
iii) Let hy = actual heat required to convert lkg of water at 50°C to wet steam
at 250°C
hi = heyp - Heat already present in water
=2187.265-209.35
=1977.915k) kg [For 1kg of steam] 01

= 9889.575kJ [For 5kg of steam]

02




3@ |p
ifferences between soldering bragi
STRT— & brazing and welding
SI. No,
) Solderip Y
‘l\ & Brazng Welding
' Low lemperatyre Base metals :
Process, Bage el sure(nol melted, | High temperature process
metals are | but heated (o Suilable herein b
L | not melteq i wherein base metals are
2 | Filler ol empcerature heated above their T,
i thator :a;s notsame | Filler metal is not same as Filler material used is of the
¢ metal that of base metal same material as that of base
\3‘“’\ metal
d(i)fl;::slis font:ned by Diffusion of filler metal into | Solidification of the molten
et on of the filler the base metal associated filler metal with the molten
clal into the base with surface alloying basc metal '
L [metal
4. Strength of the joint is Strength lies between that of | Much stronger than the base
| comparatively low | welded and soldered joint | metal 08
5. No heat eflected zone Heat affected zone is not 100 | Heat affected zone is affected
much when compared to to a large extent
S welding
6. Finishing operations are | Sometimes brazed joints Requires finishing operations
not required require finishing like grinding, filing etc
7. | Sheet metal work and Arts, jewellery works Fabrication and structural
clectronic industrics works
—
(b) | Different types of gears:
i.  Spur gear
1i. Bevel gear
iii. Helical gear N
iv. Worm gear
v. Rack and Pinion gear
Explanation of any one type of gear 03
4 (a) | Oxy-acetylene welding process
* Principle: When oxygen and acetylene are mixed in suitable proportions in
a welding torch and ignited, the flame resulting at the tip of the torch has a 0
temperature ranging from 3100°C-3500°C which is sufficient enough to
melt and fuse the workpiece metals. Filler metal may or may not be used
during the process.
* Construction details:
* Two large cylinders: one containing oxygen at high pressure and the
other containing acetylene gas.
* Two pressure regulators fitted on the respective cylinders to regulate or
control the pressure of the gas flowing from the cylinders to the welding
torch as per requirements. 02

* Operation:
* By adjusting the pressure regulators, suitable proportions of oxygen and

* Welding torch: Used to mix oxygen and acetylene gas in proper

proportions and burn the mixture at its tip.
® A match stick or a may be used to ignite the mixture at the torch tip.

acetylene gases enter into the welding torch.
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(b) | A gear trainist
o ri o eﬂlcrll1 1(s)t;]\:ro .or more gear working together by meshing their teeth and -
: in a system to gen
e e toreue generate power and speed. It reduces speed 02
Types of gear trains
 Simple gear train
+  Compound gear train -
* Planetary gear train "
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;Q 1 Question Marks e .
-— v | mapping  Level
e ~ PART-A e
1(a) L_\Plﬂl" 'lhc formation of steam at constant pressure with the help | K2
U T-H diagram, | ¢ O tsseranton,
: 3kg of wet slqam at 0.0 bar pressure is heated. Determine the 6
) cnlhalpy.when itis 1) 75% dry ii) Superheated to 300°C. [At 6bar, |  co1 K2
j :\m N ]DS'SOC‘ hi = 67O4k-]/kg, h!g = 20850kl/kg & hg = ’ (U nderstanding)
| 2755.5k)/kg] .
© J\ State lhg advantage, disadvantage and applications of Lancashire 6 | o2 K2
steam boilers. ‘ (Understanding)
OR - -
‘ 3kg of steam is generated at Sbar from water at 34°C. Determine J
 the quantity of heat required when steam is wet having dryness 4 ’ ‘ K2
2(a) | fraction of 0.8. Assume Cp, = 2.25kJ/kg K & Cp. =4.187 ki/kg K. cor (Undarsiasding)
[At Sbar, tw = 151.8°C, hy = 640.1kJ/kg, hg = 2107.4kJ/kg & hy = ‘
2747.5k)/kg] f
(b) Explain the working of Babcock and Wilcox steam boiler with a 8 coz | K2
neat sketch. : | (Understanding)
How much heat energy is required to generate 2kg of dry saturated 6 K2
(c) | steam at 7bar from feed water at 25°C? [At 7bar, ts = 165°C, hf = co1 | (Understandiag)
697.1kJ/kg, hi, = 2064.9kJ/kg & h, = 2762.0kJ/kg] ,
PART-B
? T :
[ 3(a) ’ Explain Oxy-acetylene welding process with a neat sketch. 8 Co4 " nd»:hlzndina)
; (b) | List different types of gears and explain any one with its| 4 c04“ ‘ WK?_ | B
, advantages. | (Understanding)
| OR
: et a1 f) 9 4 I ‘ KZ
| 4(a) | What are gear trains? How are they classified’ Co4 | (Understandisg
! (b) ’ Differentiate between soldering, brazing and welding. 8 C04 { (Us u"}ffn ding) |
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S Steam formation Bt constant pressure

Conmder [kg of water st 0°C aken m 8 cviinder fited with 2 freel) n
mston A weight W o p}m,(:y ver the piston as shown 1t Figure Ihe warg !
the piston and weight W placed over the piston exerts 2 constant press

the water Lt V be the volume occuped by the water m (he cyiinder
condiion of water @ 0°C 13 represented by a pont A on the femperal

enthalpy (1-H) diagram When water 15 heated at constant pres

converied to steam

poperan Gt Sl W o
-

[ o v:-' [ : 'ﬁ‘ ° "v e P
- "w,. H = = % J =
! b e ‘ i o o - . Byt

|

. . [ - o
e - j’ — - -
pose - n"
1 h-—-——'—-—w"" — -
o { f"—_' R TR Lo ¥
. | . ] R
I 1.‘.. 1 |-« n L .
- -
Pigwen 10 Dorimatin ot ¢ o pr— g U T vy dag

he varous stages involved in the process are
o On heating, the temperature of the water rises and ata certan temperature
water begins 10 boil evaporate  The temperature at which waler starts
boiling 18 known as saturation temperature and s denoted by . The
heating of water from “C 10 the saturation temperature (L) s shown by
line AB on T-H diagram. At thus temperature, there is a shght mcrease n
the volume of water (Vi) as shown u ligure
»  When water is heated beyond the saturation temperature, there will be no
rse 1n temperature but evaporation of water lakes place (water starts
convertng into steam). At this stage, waler exists @s a lwo-phase muxture
contmmng saturated hquid and water vapour occupying solume Vi The

steam in Uns condition 1s called wet steam



- v
< at the same saturation temperature un W
’ ) tion of water continues at the same saturd e k!
" owtoleol ted into steam (Linc BC

| ' 18 ¢ *tely convel
| the whole of the water is completely con

T-H diagram). | ' e
] apour anc
At point C. the steam formed does not contain water vap

e s ‘ ‘ 1 or dry saturated steam,

the stecam in this state is called dry stean

| 02
I occupying volume V,,.
f . lf‘lhcl l?ca::ing is ﬁmh::r continued at point C, the 1e.mperatl1f ¢ Ofﬂ?e z:j?:;
|: increases above the saturation temperature and lhfs 1emp§rélure. i lled
superheat temperature (). The steam in this condition 1s ca
[ superheated steam (Line CD on T-H diagram) occupying volume Vsup. 0]
Given:- Mass of wet stcam = 3kg, P = Gbar
From tables, t,=158.83°C, h,= 670.38kJ/kg, hy, = 2085.8kJ/kg, hy = 2756.2kJ/kg
a) 75% dry (x=0.75)
hy = hy+ x hy,
hy = 670.38+(0.75x2085.8)
=2234.73kJ/kg [For 1kg of steam)] 02
=2234.73x3
= 6704.19kJ [For 3kg of steam|
b) Superheated to 300°C
heup=hy + Cps(tsup-ts)
hsup = 2756.2+2.25(300-1 58.83)
=3073.83kJ/kg[For 1kg of steam]
=3073.83x3 03
= 9221.49KkJ [For 3kg of steam|
Advantage, disadvantage and applications of Lancashire boiler
L Advantage Disadvantége
1. It has high thermal 1. Ithas a limited grate area 04
efficiency; the thermal due to the small diameter of
efficiency is about 80 to the flue tubes.
90%. 2. The steam production rate is
2. Itis easy to operate. low.
3. Easy to maintain. 3. Low-pressure type boiler, so
4. Generate a large amount of high-pressure steam is not
stecam and hence more produced.
reliable. 4. Tedious maintenance of
brickwork.

Applications: Employed in sugar mills, textile and paper industries

02




Sep | Data _
Ma ol sleam 3 kg, Pressure = P= S bar  Initial temperature of water
Cp = 225K/KgK, G = Specific heat of water =

=34°C
4.187K/kgK

From steam lables, at 2 = S bar, we have
tea™ 1SL8°C, hy= 640.1 kIKkg. hy, =2107.4 kg and hy = 27475 kg

e Cathalpy (1))

)=mCpdT (m= Mass of water = 1 kg)
34'C
34=142.35k/kg

. Heat alrcady in water (portion AN
AT = change in temperature= M'c-0C=
. Heat already in water =1 x4,187%

Step 2 Whmslamiswe(wilhx*O.S

Let A, = heat required to convert 1 kg of water at 0°C into wet steam

w.k{. enthalpy of wet stcam (between points A & B) = h. = byt xhg= 640.1+ (0.8%2107.4)

X, =2326.02k/kg 4

Let h; = actual quantity of heat supplicd to produce | kg of wet sicam from water whose initial

temperature is 34°C

' . hy = h,,— heat already in water
=2326.02-142.35

hy =2183.67kl/kg of steam
heat required = A; = 3x2183.67

iy = 655101 kJ  for 3 kg of steam
cam from water at 34°C.

- o produce 3 kg of steam,

551.01 kJ of heat is required fo pr(}ducc 3 kg wet st

01

01

02

(b)

Thus 6
Babcock and Wilcox boiler
» Horizontal, externally fired, stationary, natural circulation water tube

boiler. .
»  Steam pressure of 12-18bars (Range of pressure)
= Evaporation capacity 20,000-40,000 kg/hour.
* Application: generation of high pressure steam in thermal power plants.

Working:
»  First water starts to flow into the water tubes from drum through down

take header.

01




water tubes gets heated up by the hot

» The water present in the inclined

it
flue gases. The coal burning on the grate produces hot flue gases and

is forced to move in zigzag way with the help of baffle plates.

*  As the hot flue gases come in contact with water tubes, it exchanges the

heat with water and converts it into steam.

*  The steam generated is moved upward through up take header which gets

collected at upper side in the boiler drum.

*  T-tube is provided in the drum. This anti-priming pipe filters the water

content from the steam and allows only dry steam to enter Into

superheater.

* The superheater receives the water free steam from the T-tube. It

increases the temperature of steam to desired level and transfers it to the
steam stop valve.

* The superheated steam from the steam stop valve is either collected in a

steam drum or made to strike on the steam turbine for electricity
generation.

Antipriming 100 vaive

Safety Valve
Pressure Gauge- e o H—"-| I—vam
Water Level FEEPTETIIT T Stesm | | 11
Indicator AEEE /
Feed Check —— : ./ /

Vaive

Tubes

Uptake Header -

Header

- Mud Collector

Babcock and Wilcox Boiler

04

03

(c)

Solution :
Step 1 Data

Mass of dry steam = m = 2kg, Pressure= 7 bar Initial temperature of waler = 25°C.

From steam tables, at P= 7 bar, we have,
1= 165°C, hy = 697.1 KI/ke, hg=2064.9 KI/kg & hy=2762 kl/kg
The details are plotted on the T-H diagram as shown in figure P.17

Step 2 To find &;
Heat initially present in water (AA) = m C,, AT (m = 1 kg of water & Cp,. = 4.18 ki/kg K)

= 1x4.18 x (25-0)=104.5 ki/’kg

Let Ay = heat required to convert 1 kg of water at 0°C into dry saturated stecam.
w.k t enthalpy of dry steam = ke = hip+ hg
From steam tables, at P = 7 bar, we have, 4, = 2762 kd/kg .
Let h; = actual heat required to produce 1 kg of dry steam from water at 25°C
=~ hy = hp — heat already in water = 2762 - 104.5
h, =2657.5 kI/kg of stcam
. to generate 2 kg of dry stcam, heat required, A, = 2 x 2657.5 = 5315
h; = 5315 kJ  for 2 kg of dry steam

01

02

02

01




mxy-acetylene welding process

* Principle: When
Lincipie OXygen and acetylene are mixed in suitable proportions in a

welding torch and jepj
gnited, the flame resulting at the tip of
temperature ranging from 3100°C-350 s gt

_ 0°C which is sufficient enough to melt 0l

?}?d fuse the workpiece metals. Filler meta] may or may not be used during

€ process.
" Construction details:

* Two l.ar.ge cylinders: one containing oxygen at high pressure and the other
containing acetylene gas.

* Two pressure regulators fitted on the respective cylinders to regulate or
control the pressure of the gas flowing from the cylinders to the welding 02
torch as per requirements.

* Welding torch: Used to mix oxygen and acetylene gas in proper
proportions and burn the mixture at its tip.

* A match stick or a may be used to ignite the mixture at the torch tip.

* Qperation:

* By adjusting the pressure regulators, suitable proportions of oxygen and
acetylene gases enter into the welding torch.

* The gases get mixed in the torch and are issued from the torch to burn in
the atmosphere.

* A match stick is used to ignite the gas at the torch tip. The resulting flame
at the torch tip has a temperature ranging from 3100-3500°C and this heat
is sufficient enough to melt the workpiece metals.

* Since a slight gap usually exists between the two workpieces, a filler metal 03
may be used to supply the additional material to fill the gap.

s The molten metal of the filler metal combines with the molten metal of the
workpiece and upon solidification form a single piece of metal.

- L L
o 02
7777
(b) | Different types of gears:

i. Spur gear

ii. Bevel gear 01

iii. Helical gear

iv. Worm gear

v. Rack and Pinion gear

Explanation of any one type of gear 03




A gear train is tW0 or more
turning each other in a syste

increases torque

Types of gear trains
+  Simple gear train
. Compound gear train
«  Planetary gear train

(b)

Differences between solde

[stno. |

Soldering

gear working t0g
m to generate power

and

ring, brazing and welding

———r

Erndng

1. Low temperature
process. Base metals are

not melted

Base metals are not melted,
but heated to suitable
temperature

)

Filler metal is not same
as that of base metal

Filler metal is not same as
that of base metal
|

ether by meshin

g their teeth and
dquces speed and |

speed. It re

—
Welding

High temperature process
wherein base metals arc
heated above their Ta
— -

Filler material used is of the
same material as that of base
metal

3. | Jointis formed by
diffusion of the filler
metal into the bas¢
metal

| Diffusion of filler metal into
| the base metal associated
with surfacc alloying

Solidification of the molten
filler metal with the molten

base metal

4 Strength of the joint 1s
comparatively low

Strength lics between that of
welded and soldered joint

Much stronger than the basc
metal

Heat affected zone is affected

5. No heat effected zone | Heat affected zone is not oo
much when compared to to a large extent
welding
6 Finishing operations are Sometimes brazed joints Requires finishing operations
not required require finishing like grinding, filing ctc
7. Sheet metal work and | Arts, jewellery works | Fabrication and structura)
clectronic industries | works

02

02
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Subject Title : Elements of Mechanical Engineering Date : 26/03/2021
Duration ¢ 90 Minutes Max Marks : 30
- ~Note: Answer ONE full question from each part.
| r S ¢ [ K-
No. , ‘ '1
| Q No | Question Marks _mapping | Level |
~ PART- A B 7 |
1(a) Wiuth a neat sketch, explain the working of Pelton wheel 6 | COo2 ik l\‘z ing) \
L _M_,_,_.-,'_" crstanding)
(b E wplain the construction and 3 \wrkmb of mupfm.ai;]b_pumps with | 6 T Co2 @ K2 1'.
a neat diagram : | (Understanding) |
(c) Discuss the concept of cavitation and pnmmb in centnfugal pump. | 6 | co2 ‘ (l,"deh:“d"w ‘
:""A_d"“ - o O'R' o - |
l(a) With a PV diagram, explain the working of 4-s petrol engines. 10 ! Cco3 L K2 \
Bl P & P & ) S | (Understanding) 1
(b " Differentiate between 'apour comprcssmn rcl‘ngcmlmn and 6 co3 | i
Vapour absorption re fngeration cycle. ‘ [ w ndem-ndmu) ,
| bl bt -t _ ) o ) | |
(c) List any four commonly used rufngnnnlx z Co3 Re o
o T e | (Understanding)
ART B
3(a) h\plam horizontal \pmdlc~ lmllmz. machine with a neat sketch. 10 CO5 K2 v
) 1 o B S 1 ! (Understanding)
2 K2
(b) Wnte a note on applicauons of robot. CO5 o
- . | (Understanding)
OR
4(a) What are machine tools? Explain with an example. | o6 cos | K2 ,
! (Understanding) |
— ‘ !
(b) Explain the following 1) taper tuming, 11) Boring 111) gang milling 6 CO5 S
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1 (a) | Commonly used refrigerants;
1. Ammonia
2. Sulphur dioxide ‘
3. Carbon dioxide 0
4. Freon
5. HFC/CFC’s

Applications of AC’s: (any two)

* In residential buildings, including family houses, duplexes and apartments

* Institutional buildings — hospitals, computer laboratories etc. ‘

* Commercial buildings — malls, shopping centres, restaurants, office etc. 02
* Transportation — in cars, buses, ships, aircraft and space craft.

(b) | TIG welding process:

* Principle: Type of welding process in which the workpiece are joined by the
heat obtained from an electric arc struck between a non-consumable tungsten 01

electrode and the workpiece, in presence of an inert gas atmosphere.

Construction details:
% It consists of a welding torch in which a non-consumable tungsten alloy

electrode [0.5-6.4mm diameter] is held rigidly in the collet.
% Various alloy like Zr, thorium, lanthanum etc., are alloyed with tungsten
to improve arc stability, better current carrying capacity, and resistance
to contamination.
< TIG welding makes use of inert gas like argon or helium to protect the
welding area from atmospheric gasses [O, N] which cause fusion defects 02

and porosity in the weld metal.

% The shielding gas flow from the cylinder through the passage in the
electrode holder and then impinges on the work piece.

% Pressure regulator and flow meters are used to regulate the pressure and

flow of gas from the cylinder.
“ Either AC or DC can be used to supply the required current.




= Since atmospheric pressure acting on the water in sump > than suction

* The force of fluid opens the suction valve, causing it to move into the

. lh.l]luyulu Whuluank Totate from 'p('nwn'i/\to( (l8()°mldtmn) piston

moves towards right of the cylinder, creating partial vacuum within the
cylinder.

pressure inside the cylinder, water from sump is forced in suction pipe
to move into the cylinder.

cylinder. The delivery valve remains closed during this action.

DELIVERY PIPE

R

DELIVERY VALVE
// C YLINOER
\

CRANK
CONNECTING [ /1 r)
/PISTON 00 - 8

| /

& 7
. .

<z, PISTONROD  °., l ./

w || sucTion vawve -

[ |~ SUCTION PIPE b Loy ~ef

Kl =4 SUMP LEVEL

II half cycle: When crank rotates from point C to A (180°), piston
moves towards left of cylinder from extreme right side.

The movement of piston towards left, increases the pressure of the
fluid inside the cylinder more than atmospheric pressure. Hence
suction valve closes and delivery valve opens.

The liquid is forced into the delivery pipe to get discharged to
required destination (tank).

02

02

()

Concept of cavitation in centrifugal pump:

Phenomenon of formation of vapour bubble and its subsequent collapse
in the low pressure region around the pump parts.
Identified by a clear audible noise and vibrations caused by the violent
collapse of vapour bubbles.
Bubble formation: It usually occurs when a liquid is subjected to
changes of pressure such that the static pressure goes lower than the
liquid's vapour pressure which will cause the formation of bubbles in
the liquid.
When subjected to higher pressure, the bubbles implode. When these
implosions happen near a solid material for e.g. impeller, the bubbles
implode with a micro-jet hitting the material surface, causing erosion.
Repeated bursts of micro-jets will cause further erosion which spreads
and ultimately results in catastrophic equipment failure.
The power consumption for pump operation increases and also there is
a decrease flow pressure.

Precautionary measures to avoid cavitation in pumps
a) Ensure suitable liquid level in suction pipe

b) Lower the water temperature

03




d blockages in pipes-
0 s within the pump

i i design
By suitable xmpeller
cci; Pgn'odic checking of clogge

¢) Ensures that the preswre 0 "
remains above gaturation pressure.

d strainers 4 )
fluid at all pomt

Priming in centrifugal PEFE® he casing, suction pipe and delivery pipe

s Process of filling fluid into t
up to the delivery valve before starting the pu.mp-t ¥

= Priming is required in order t0 remove the a1r‘ entrapp ’
thereby reducing the risk of pump damage éunng Sta'ﬂ" p:t

= Pressure developed inside the pump & density of fluid in 1 . fovied 16

= In case, if air is trapped in the pump and the 1mpelle.r is a' ow o
rotate, pressure energy of fluid is not sufficient to lift up; becau
density of fluid is less [due to presence of air particle].

= The presence of air in the pump creates a small negative pressure at the

in the pump;

suction pipe that prevents suction of fluid from sump ' 03
* 1In order to eliminate the trapped air, pump is filled with fluid before
starting it. [when filled with fluid, the pump is said to be primed] I
2 (a) | 4-s Petrol engine:
» Works on Otto cycle (Otto cycle engines). .
* Charge used: mixture of air and petrol supplied by carburettor in suitable
proportions.
» The charge is ignited by spark generated by a spark plug (S.I engines). 01
= Uses of 4-s petrol engine: scooters, motor bikes, cars, large boats etc.
= Four different strokes performed :
i. Suction stroke
ii. Compression stroke
iii. Power stroke/expansion stroke/working stroke
iv. Exhaust stroke
Suction stroke:
» At the beginning of suction stroke, piston is at the TDC and is about to
move towards BDC [inlet valve — opened, exhaust valve — closed].
» The downwards movement of piston produces partial vacuum (suction)
in the cylinder, which draws fresh air and petrol mixture through the
inlet valve.
»  When the piston reaches BDC, suction stroke ends and inlet valve is
closed.
02

from the battery].
Compression stroke:

closed].

» The suction of fuel mixture takes place at atmospheric pressure [Line
AB in pv diagram]. With this stroke, crankshaft rotates through 180° /
half revolution. [The energy required for the piston movement is taken

*  Piston moves from BDC to TDC [both inlet and exhaust valve remains




Exhaust stroke:

[
|
|
|
} .
|
|

| In the next cycle, the piston starts moving from TDC to BDC, the inlet valve
open allowing fresh air to enter into the cylinder and the process continues.
Thus in 4-s engines, the working cycle is completed when crankshaft rotates

through 720° or two revolutions.

As the piston
to whj ]
hich Pand T of mixture increases.

When pj
P1ston about to reach T initi igni
the air-petro] it ach TDC, spark plug initiates spark that ignites

CD](constant volume cycle engines).

Power stroke:

moves e .
€s upwards, air-petrol mixture gets compressed due

€ com i : .
Pression process is adiabatic in nature [Curve BC)

Com i .
bustion of fuel mixture takes place at constant volume [Line

With this stroke, crankshaft rotates by another 180° / half revolution.

During this stroke, both valves will remain closed.
As the combustion of fuel takes place, the burnt gases expands and exert
a large force on the piston causing it move rapidly from TDC to BDC.
The force/power is transmitted to the crankshaft through the connecting

rod. As a result, crankshaft rotates at high speed [Clutches — gears —

03

wheels of vehicle]
The expansion of gases is adiabatic in nature [Curve DE].

Power/working/expansion stroke

Towards the end of expansion stroke, the exhaust valve opens and inlet

valve remains closed.
A part of burnt gases due to their own expansion escapes out of the

cylinder through exhaust valve [drop in pressure at constant volume

inside the cylinder — Line EB]
The exhaust stroke begins when the piston starts moving from BDC to

TDC [ Energy for this stroke — flywheel]
As the piston moves upwards, forces remaining burnt gases to the

atmosphere through exhaust valve [Line BA]
When the piston reaches TDC, the exhaust valve closes and the working

cycle is completed.

V= Volume conslant volume process
P = pressurs .

adiabatic process

04




S e S — \
[ l Differences between VCR and VAR (any six) 7 !
f | VARsystem

' - -
‘ ! ) s 7 . -
Sl No. VCR system —— o .
| Mol frigerant is absorbed and heated
’ ! 1. | Vapour refrigerant is compressed wﬁ_ “_,»...#.5‘_:;——‘
v - Work PY akes use st source such @
'I l 2. | Work is performed by the compressor System quu} ;Jspn(;)l’hu \l
for the heat transfer. combustion ol 1} T,-“—’_—;:(r‘;
) TR auired is less [Pump is us
3. Mechanical energy required is more Energy uqum.d‘ is lc.sl‘v ( p
[refrigerant vapours are compressed (o circulate the refrigeran ]
high pressure] I -
icti i ; ich arc le in another
4. No restriction for the type of | Refrigerants which arc solubl
refrigerants used solution are uscd.

LS. electric power is required to run the Not dependent on electric power.

compressor

Absence of moving parts makes the system

6. | Noisy, morec maintenance cost
run quiet, low maintenance cost

L’- Built in capacity = 1000 Tons Above 1000 Tons
’ 8. Coefficient of performance of the | At reduced loads, the system is almost as
system decreases with increase in load | efficient as at full load

L‘)‘ Chances of refrigerant leakage No chance of refrigerant leakage
10. | Domestic, commercial and industrial | Food storage in recreational vehicles
applications

Commonly used refrigerants are Ammonia, sulphur dioxide, carbon dioxide,
freon and HFC’s
3 (a) | Horizontal spindle milling machine:

/ (©

Part Feature/functions J

Base |+ Strongand a hollow part, which forms the foundation of the machines and upon
which all other parts are mounted.

* Serves as sump for cutting fluid.

* A pump and filtration system can be installed in the base.

¢ Hole provided in the center of the base, houses the support for the elevating

screw that raises and lowers the knee.

A vertical hollow casting combined with basc to form a single casting.
* The column houses the spindle, bearings and drive units [gears, clutches, shafts
and shifting mechanism] for transmitting power from the electric motor to the

spindle at desired speeds.
« Front face of the vertical column is provided with a square or dovetail type

guideways on which the knee slides up and down.
Hollow shaft supported by the column with suitable bearings that absorb bo}

Column

Spindle
radial and thrust loads.
« The spindle s made hallow and tapered inside, to accept standard arbors.

« Spindle obtains power from the motor and transmits it to the arbor.
« The arbor carrying the cutter rotates about a horizontal axis.

Overarm |+ Mounted on the vertical column, supports the yoke, which in tum supports the
free end of the arbor.

Casting that slides up and down on the vertical guideways provided on the
column by means of an elevating screw. The knee supports the saddle.

Knee |°*




Column ™™= X)eq olovating screw

| S0P ————

=N

MEMvhwoln-hnummmlmmMn

~‘Part

Feature/functions

Saddle

Mounted on the knee is provided with two guideways on its top and bottom
surfaces.

The slides are machined at right angles to cach other.
The lower slide fits the slide provided on the top of the knee and facilitates
horizontal movement of the saddle.

The upper slide provided on the saddle accepts the slide provided on the bottom
surface of the worktable.

Work
table

Larger in size and rests on the saddle.
The bottom surface of the table has a dovetail slide that fits in the slide on the
top surface of saddle. This facilitates the work table to move longltudmally or at
right angles to the movement of the saddle.

Work table is provided with T-slots all along its length for mountm;, work
holding devices which enables the workpiece to be clamped rigidly on the table.
Work table may be manually controlled or power fed.

A dial graduated in thousandth of an inch is provided to allow table movement
and placement.

02

(b)

Applications of robot: Used to move materials or work parts from one
location to another [pick and place application], Used to load and unload parts
at the production industry, Performing a process on a work part [welding,
grinding, coating etc] in automotive industries, Used to assemble the various

components of a product like picking a part and inserting into another part with
precise placement and orientation.

02

4 (a)

machine.

Machine tool: Machine used to remove extra material from its surface by

forcing single point or multipoint cutting tool against the workpiece is termed
as machine tools.

Example: Lathe, milling machine, shaping machine, grinding machine, drilling

Explanation of any one machine tool

02
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(h) I

‘ - Process of prods
i. Taper turning: Process ol pr

S T(Tﬂc—z;lﬂ —
~eurface from a cylndric
ing conical surface from a ¢y ll
d i hves at an

' duced when the cutting tool Moves ¢
I I8 pl‘(l b

“rotati he workpiece. -

angle to the axis ol rotation of 1 I Pmmd A e

aper, Swivelling of com
) tool method

shaped workprece. A tape

Methods of producing | .
aper turning attachment and forn

N
=

(0} Tegas 800 o wOGwR

tatlstock, 1

02 |

[-)vgmd-ﬂﬂmvﬁ

ady been drilled by means

ii. Boring: Process of enlarging a hole that has alre
used to

of a cutting tool (or of a boring head) is termed as boring. Boring 15
achieve greater accuracy of the diameter of a hole, and can be used to cut a

tapered hole.
|

02

. Gang milling: Operation in which two or more cutters are mounted on the
same arbor, so that different profiles required on the workpiece can be
milled simultaneously in a single pass. All the cutters used may be of the
same type or of different types depending on the type of surface being

e
)]

milled.

02
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» (b) Withapv diagram, explain the working of 4-s petrol engines. 8 Co3 s H -~
() | List any four commonly used refrigerants. 2 co3 s hl; ,
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1 2(a) | With a neat sketch, explain the working of Pelton wheel. c02 g = ‘
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(b) Differentiate between vapour compression refrigeration and ‘ 6 €o3 K2
| vapour absorption refrigeration cycle. z (Laderstanding
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| (c) | Discuss the concept of cavitation and priming in centrifugal pump. | 6 c02 K2
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L { (Understanding
|
[ PART-B
[ T l -
: 3(a) J Explain horizontal spindle milling machine with a neat sketch. 8 COS K2
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r (b) {1 What are machine tools? Mention any two advantages of CNC's | 4 oS K2
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1(@) | Reciprocating pump:

* In reciprocating pump, the pressure energy of fluid is increased by
pushing the fluid using piston/plunger that reciprocates in closed fitting
cylinder.

*  Parts of reciprocating pump: Cylinder with piston and piston rod, Crank
and connecting rod, Suction pipe and delivery pipe.

*  When electric motor is energized (switched ON), the crank rotates,

transferring motion to the piston, which reciprocates (to and fro
movement) inside the cylinder.

* [ half cycle: When crank rotate from point A to C (180° rotation), piston
moves towards right of the cylinder, creating partial vacuum within the
cylinder.

*  Since atmospheric pressure acting on the water in sump > than suction
pressure inside the cylinder, water from sump is forced in suction pipe to
move into the cylinder.

» The force of fluid opens the suction valve, causing it to move into the | .
cylinder. The delivery valve remains closed during this action.

DELVERY PIPE

DELIVERY VALVE

. I W —

02
= I half cycle: When crank rotates from point C to A (180°), piston
moves towards left of cylinder from extreme right side.
* The movement of piston towards left, increases the pressure of the fluid
inside the cylinder more than atmospheric pressure. Hence suction
valve closes and delivery valve opens. 03

» The liquid is forced into the delivery pipe to get discharged to required
destination (tank).




W) T-&-s Petrol engine: ' t
= Works on Otto eyele (Otto eyele engines). b et ettor in i
* Charge used: mixture of air and petrol supplied by carbure -

|

. . NEInes).
® The charge is ignited by spark generated by a spark plug (S.1 ‘”5"_’1 : )
* Uses of 4-s petrol engine: scooters, motor bikes, cars, large boats etc.
* Four different strokes performed :

Suction stroke:

Compression stroke:

L]

Power stroke:

|
able

proportions.

i. Suction stroke
ii. Compression stroke

iii. Power stroke/expansion stroke/working stroke
iv. Exhaust stroke

At the beginning of suction stroke, piston is at the TDC and is about to
move towards BDC [inlet valve - opened, exhaust valve — closed].

The downwards movement of piston produces partial vacuum (suction)
in the cylinder, which draws fresh air and petrol mixture through the inlet
valve.

When the piston reaches BDC, suction stroke ends and inlet valve is
closed.

The suction of fuel mixture takes place at atmospheric pressure [Line AB
in pv diagram]. With this stroke, crankshaft rotates through 180° / half

revolution. [The energy required for the piston movement is taken from
the battery].

Piston moves from BDC to TDC [both inlet and exhaust valve remains
closed].

As the piston moves upwards, air-petrol mixture gets compressed due to
which p and T of mixture increases.

The compression process is adiabatic in nature [Curve BC]

When piston about to reach TDC, spark plug initiates spark that ignites
the air-petrol mixture.

Combustion of fuel mixture takes place at constant volume [Line
CD](constant volume cycle engines).
With this stroke, crankshaft rotates by another 180° / half revolution.

During this stroke, both valves will remain closed.

As the combustion of fuel takes place, the burnt gases expands and exert
a large force on the piston causing it move rapidly from TDC to BDC.
The force/power is transmitted to the crankshaft through the connecting
rod. As a result, crankshaft rotates at high speed [Clutches — gears —
wheels of vehicle]

The expansion of gases is adiabatic in nature [Curve DE].
Power/working/expansion stroke

01

01

02

01




Exhaust stroke:

Towards the end of ex
valve remaing closed,

L ]
pansion stroke, the exhaust valve opens and inlet

A Part of burnt gases due to their own expansion escapes out of the
?ylmder through exhaust valve [drop in pressure at constant volume
inside the cylinder - Line EB] 01
The exhaust stroke begins when the piston starts moving from BDC to
TDC [ Energy for this stroke — flywheel]
As the piston moves upwards, forces remaining burnt gases to the
atmosphere through exhaust valve [Line BA]

* When the piston reaches TDC, the exhaust valve closes and the working

cycle is completed.

In the next cycle, the piston starts moving from TDC to BDC, the inlet valve
open allowing fresh air to enter into the cylinder and the process continues. Thus
in 4-s engines, the working cycle is completed when crankshaft rotates through
720° or two revolutions.

Four-stroks cycle
constani volume process
adiabaltic process
/ Power Stroke
/' Heat Rejaction
v 02
]
2
inwke Exhaust Stroke
(c) | Commonly used refrigerants are Ammonia, sulphur dioxide, carbon dioxide, 02
: freon and HFC’s
2 (a) | Pelton wheel: Tangential flow impulse turbine in which potential energy of 01

water is converted into kinetic energy to form high speed water jet and this jet
strikes the wheel tangentially to make it rotate.
Parts: Nozzle with a spear head, Runner & Buckets, Turbine Casing 01
Working: ,
= Water from the reservoir having potential energy flows through the
penstock and enters the nozzle. :
* Potential energy of water is completely converted into kinetic energy in
the nozzle. The high velocity water jet from the nozzle impinge on the
hemispherical blades fixed around the runner wheel.
* The impulse force due to the high velocity jet sets the runner wheel into 02
rotary motion,
* The shaft coupled to the runner wheel also rotates thereby doing useful
work.,




: N i to
*  The work produced at the output shaft is used to drive a generator

produce electricity.

unnor

Vatet In - Chslng

02
Penstock
Buckats
Hand
wheo!
(b) | Differences between VCR and VAR (any six)
[s1. No. VCR system VAR system
1. | Vapour refrigerant is compressed Vapour refrigerant is absorbed and heated
2. | Work is performed by the compressor | System makes use of heat source such as
for the heat transfer, combustion of LPG
3. | Mechanical encrgy required is more | Energy required is less [Pump is used to
[refrigerant vapours are compressed to | circulate the refrigerant]
high pressure)
4. [No restriction for the type  of | Refrigerants which are soluble in another
refrigerants used solution are used.
5. |electric power is required 1o Tun the | Not dependent on electric power.
compressor
6. | Noisy, more maintenance cost Absence of moving parts makes the system
run quiet, low maintenance cost
7. | Builtin capacity = 1000 Tons Above 1000 Tons
8. | Coefficient of performance of the At reduced loads, the system is almost as
system decreases with increase in load | efficient as at full load
9. | Chances of refrigerant leakage No chance of refrigerant leakage
10. | Domestic, commercial and industrial | Food storage in recreational vehicles 06
applications
(c) | Concept of cavitation in centrifugal pump:

* Phenomenon of formation of vapour bubble and its subsequent collapse
in the low pressure region around the pump parts.

* Identified by a clear audible noise and vibrations caused by the violent
collapse of vapour bubbles.

* Bubble formation: It usually occurs when a liquid is subjected to changes
of pressure such that the static pressure goes lower than the liquid's
vapour pressure which will cause the formation of bubbles in the liquid.

* When subjected to higher pressure, the bubbles implode. When these
implosions happen near a solid material for e.g. impeller, the bubbles
implode with a micro-jet hitting the material surface, causing erosion.

* Repeated bursts of micro-jets will cause further erosion which spreads
and ultimately results in catastrophic equipment failure,

* The power consumption for pump operation increases and also there is a
decrease flow pressure.

* Precautionary measures to avoid cavitation in pumps 03

a) Ensure suitable liquid level in suction pipe
b) Lower the water temperature




;)) ?gﬁs;ldiyab]e impeller design |
ic i :

&) Ensures f}tl:t(lk;lng of clogged strainers and blockages in pipes. !

Sy the pressure of fluid at all points within the pump |

s above saturation pressure. |

Priming in centrifugal pump: |

Process of filling fluid into the casing, suction pipe and delivery pipe up i
to .lh? delivery valve before starting the pump. |
Priming is required in order to remove the air entrapped in the pump,
thereby reducing the risk of pump damage during start-up. “
Pressure developed inside the pump « density of fluid in it.

In case, if air is trapped in the pump and the impeller is allowed to rotate, |
pressure energy of fluid is not sufficient to lift up; because density of

fluid is less [due to presence of air particle].

The presence of air in the pump creates a small negat

vents suction of fluid from sump
filled with fluid before

|

ive pressure at the

suction pipe that pre
In order to eliminate the trapped air, pump is

starting it. [when filled with fluid, the pump is said to be primed]
i

3(a)

Horizontal spindle milling machine:
—]

Part

Feature/functions

Base |* Strongand a holl

ow part, which forms the foundation of the machines and upon

which all other parts are mounted.

Serves as sump for cutting fluid.
Apump and filtration system can be installed in the basc.
Hole provided in the center of the base, houses the support for the elevating

screw that raises and lowers the knee.

Column |°*

A vertical hollow casting combined with base to form a single casting.
The column houses the spindle, bearings and drive units [gears, clutches, shafts
and shifling mechanism] for transmitting power from the electric motor to the

spindle at desired speeds. .
Front face of the vertical column is provided with a square or dovetail type

guideways on which the knee slides up and down.

Spindle |*

Hollow shaft supported by the column with suitable bearings that absorb both

radial and thrust loads.
The spindle is made hallow and tapered inside, to accept standard arbors.

Spindle obtains power from the motor and transmits it to the arbor.
The arbor carrying the cutter rotates about 2 horizontal axis.

I—Overarm

Mounted on the vertical column, supports the yoke, which in tumn supports the

free end of the arbor.

[7 Knee

s up and down on the vertical guideways provided on the
ddle.

» Casting that slide
column by means of an elevating Screw. The knee supports the sa

03

03
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Feature/funcilons

!h Saddle |+ Mounted on the Kuee ix provided with two guideways onits top nud bottom
surtaces.
[ + The slides are machined at vight angles to each other
} « The lower slide fits the slide provided on the top of the knee and facilitates
' hortzontal movement of the saddle
+ The upper shide provided on the saddle accepts the slide provided on the botton
surtace of the worktable.
Work [+ Larger wnsize and rests on the saddle
table * The bottom surface of the table has o dovetail slide that fits in the slide on the

top surface of saddle. This facilitates the work table to move longitadinally or il
right angles to the movement of the saddle.
« Work table is provided with Tuslots all along its leagth for mounting work
holding devices which enables the workpiece to be clamped tigidly on the table,
+ Work table may be manually controlled or power {ed
* Adial graduated in thousandth o an inch is provided to sllow table movement
and placement,

Machine tool: Machine used to remove oxtra material from its surface by
forcing single point or multipoint cutting tool against the workpicce is termed ns

Advantages of CNC's over machine tool: ( any four)
* Higher productivity, higher precision, multi operational factlities

®
| | e
l | machine tools.
o
[ . .
; i *  Does not require a skilled operator
! ! * Improved automation
f * Repeatability and reliability
‘ *  Flexibility
4 (a)

Industrial robot: It is a reprogruu_l_{ﬁm‘b'lc. multifunctional manipulator designed
to move materials, parts, tools through variable programmed motions for the
performance of variety of tasks.
Applications of robot: Used to move materials or work parts [rom one location
to another [pick and place application], Used to load and unload parts at the
production industry, Performing a process on a work part [welding, grinding,
coating etc] in automotive industries, Used to assemble the various components
of a product like picking a part and inserting into another part with precise

placement and orientation.

it
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iv.

. Facing; ; ) L .
ing: Operation of generating a flat surface at the end of the workpiece.

Taper turpj
Ing: Pr . -
shaped workpiece, OACelss of producing

angle o the axis of rot
M.elhods of producing
tailstock, Taper turnin

a conical surface from a cylindrical
aper i o

P 18 produced when the cutting tool moves at an
ation of the workpiece
ta ivelli

per, Swivelling of compound rest, Off-setting the
g attachment and form tool method

(01 Top v U vebelnd TP (01

One end O.f the workpiece is held rigidly in the chuck/live center, while the
other end is left un-supported. The tool is fed in a direction perpendicular to
the lathe axis to produce a flat surface at the end of the workpiece. Facing is
also carried out to reduce or cut the workpiece to the required length.

Gang milling: Operation in which two or m
same arbor, so that different profiles required on't
simultaneously in a single pass. All the cutters used may be of the
or of different types depending on the type of surface being milled.

Bare cene

ore cutters are mounted on the
he workpiece can be milled
same type

Straddle milling: Operation in which a pair of side milling cutters is used

for milling two parallel vertical surfaces simultaneously. Side milling cutter
has a cutting edge on one/ both sides as well as on the periphery. Straddle
milling is accomplished by mounting two side milling cutters on the same
arbor, set apart at an exact spacing with the help of spacers, washers and
shims so that distance between the cutting teeth of each cutter is exactly equal

to the width of the workpiece area being milled.
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Branch : EC Scheme : 2018 Semester ;1
No|  USN - focnerz|inenenis|iacenir|isces s arciis)vaeisnalyamar Mg | T UEST |
1| IKs20EC001 | 7 S T BT BT | % | 1
2 [1Ks20EC002| 30 8 | 10 | 3 | m | | v
S fwswecoos| 38 |30 a0 | w | m | owm | w | o |
4 [1KS20eC004| 38 | 3 40 3 | s | 29 | om | ow T
5 [1KS20EC005| 39 16 40 40 31 37 19 %
G |IKS20ECO06| 39 | 36 | 38 | a1 | s | 29 | 3 | 36 “
7 |1KS20EC007| 40 36 10 40 35 N 39 35
8 |1KS20PC008| 38 RN 2 | | 31| _E“j “*
9 [1KS20EC009| 34 35 3 21 3 2 1| 26
10 |1KS20ECO10| 38 | 38 37 35 3 28 40 % |
- 11 [1KS20ECO11| 40 | 39 40 38 30 29 37 s |
o | 12 |1KS20EC012| 34 37 36 27 kY 31 27 3 |
13 [1KS20EC013| 38 38 37 30 33 27 35 38 |
14 [1KS20ECO14] 36 | 37 34 27 31 26 26 7 | 1
15 [1KS20EC015| 37 35 35 30 33 29 37 30
16 |1KS20EC016| 40 39 37 3 3 30 36 33 i
17 [1KS20EC017| 39 36 36 33 34 3 37 30 | :
18 [1Ks20EC018] 37 36 36 26 31 25 29 27 |
19 [1KS20EC019| 38 38 37 35 33 26 40 31 1
20 [1KS20EC020| 34 37 39 33 32 30 34 30 ‘
21 [1KS20EC021| 39 39 39 36 34 34 37 32
22 [1KS20EC022| 39 38 39 38 33 35 40 39 ;
23 [1KS20EC023| 40 40 40 37 31 35 40 35 ;
24 [1KS20EC024| 35 39 37 32 31 30 37 2 1
25 |1KS20EC025| 40 10 38 37 34 37 10 33 |
26 |1KS20EC026] 37 39 39 33 31 36 38 32 7
27 [1KS20EC027{ 40 40 40 40 35 31 40 37
0 28 [1KS20EC028| 34 36 34 27 33 2 29 37
‘ 29 [1KS20EC029] 35 39 39 31 28 28 37 29
30 [1KS20EC030| 40 40 39 39 30 31 39 35
31 [1KS20EC031| 38 40 38 31 32 26 32 34
32 [1KS20EC032| 35 39 37 29 29 23 34 23
33 [1KS20EC033| 38 38 37 28 29 26 38 28
34 [1KS20EC034| 39 40 34 33 30 28 37 37
35 [1KS20EC035| 36 40 39 30 29 30 34 34
36 [1KS20EC036| 40 40 40 36 30 34 39 36
37 |1KS20EC037| 38 40 39 28 32 2 34 28
38 [1KS20EC038| 32 38 33 25 31 21 29 29
39 [1KS20EC039| 39 39 40 33 30 34 39 38
40 [1KS20EC040| 40 38 37 27 31 25 38 31
41 |1KS20EC041| 40 40 40 37 31 36 39 38
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42 |1KS20EC042| 40 40 40 32 34 35 37 36

43 [1KS20£C043| 38 38 0 | 39 35 35 0 | 34 ]

A4 IKS20ECO44| 40 | 40 | 40 39 34 36 0 | 38 o

hs 1KS20EC015| 33 _J 38 30 23 31 26 29 37 B

46 |1KS20EC046| 40 | 40 40 38 32 35 39 37

47 [IKS20EC047| 31 | 36 ¥ | 29 | 29 28 A J

48 |1KS20EC048| 37 39 38 [ 3 33 36 40 33 |

19 |1KS20EC049| 32 | 3g 32 29 34 26 36 | 30 |

50 |1KS20EC050| 40 | 49 10 | 40 33 34 39 35 |

51 |1KS208C051] 38 | 39 90 | 40 32 ¥ | 39 [ 3|

52 |1KS20EC052] 36 40 36 36 29 36 | 39 | 33 |

53 [IKS20EC0S3| 29 | 35 | 3 22 30 20 21 | 29 |

54 [1KS20EC054| 40 39 37 39 31 36 40 38 |

55 |1KS20EC055| 27 38 38 26 | 33 | = 35 23 | |

56 [1KS20ECOS6] 32 | gy 33 26 32 21 “ [ s |

57 [1KS20EC057| 40 40 40 39 32 39 39 40 | N

58 [1KS20EC058]  3g 39 39 27 3l 36 38 29

59 |1KS20EC059| 40 | 40 0 | 40 33 34 39 35

60 [1KS20EC060| 28 36 26 27 34 21 30 2 )

61 [1KS20EC061| 40 39 40 37 34 39 40 38 S

62 |1KS20EC062| 38 40 35 38 6 | 31 | 39 | 3

63 |1KS20EC063| 27 | 35 35 22 2 | 2 | 2 27

64 [1KS20EC064| 26 35 B3 [ m [ a5 24

65 |IKS20EC065| 40 | 40 39 33 31 39 | a0 | 37 |

66 [1KS20EC066] 40 40 39 30 31 35 | 40 35

67 [1KS20EC067| 30 | 39 36 29 31 28 32 30

68 [1KS20EC068] 39 0 | 40 | 38 29 38 40 38

69 [1KS20EC069| 31 37 35 27 30 2 31 32

70 [1KS20EC070| 40 39 40 39 32 37 40 38

71 [1KS20EC071] 28 38 40 36 32 26 34 | 31

Ln 1KS20EC072| 22 36 32 24 28 21 26 21

73 [1KS20EC073| 39 38 40 37 32 38 39 | 39

| 74 [1KS20EC074| 33 37 31 22 32 | 27 22 31

75 [1KS20EC075| 33 38 39 31 34 32 38 30

76 |IKS20EC076| 34 39 36 27 31 26 35 27 &

77 |1KS20EC077| 35 39 38 34 32 31 37 38 -)"'

78 |1KS20EC078| 40 39 37 34 33 36 39 34

79 |1KS20ECO79| 31 | 36 35 25 30 2 28 31

80 |1KS20EC080| 38 | 39 38 32 31 30 33 35

[ﬂ IKS20EC081| 38 | 39 36 31 29 30 36 32

82 |IKS20EC082] 23 | 32 | 2 21 29 22 27 22

83 |1KS20EC083| 35 | 37 40 29 30 31 38 32

84 |1KS20EC084| 32 37 33 26 30 23 37 27

85 [1KS20EC085| 37 40 39 34 34 32 35 35

86 [1KS20EC086] 39 34 40 36 32 35 40 35

87 [1KS20EC087| 38 40 37 30 34 27 37 35

88 |1KS20EC089| 32 | 39 39 34 31 25 37 30

89 [1KS20EC090] 33 38 39 28 34 25 33 35

| 90 [1ks20EC091] 31 37 37 35 28 24 27 27 ,
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|91 [IRSJ0ECO92) 35 au 19 i 40 24 KK] §2 ;1 o

|92 [IKS20EC003[ 30 8 10 0 0 - oo |
| 93 [TKS0RC0N) 37 3 1 2 1 14 w | ow |
| 94 [TKSZOECO9S| 38 RH 35 13 30 36 wooar
o ALETULE ) 3 19 w | 3 | 33 | 38 oo
96 [IKS20EC097| 38 37 Ty a7 T 20 | 26 g 15
7 [IKS20ECO08| 28 |3 | w2 | a3 T |2 T
98 | IKS20EC000| 38 39 w a0 [ [ a1 | a0 | 3 |
99 [IKS20ECI00[ 38 | 39 %0 o T T3 | 30 | |
100{1KS20EC101| 35 | 38 . | 34 o T 32 | 2 | 30 | 35 - _':J
101[1KS20EC102| 39 39 39 = T . | a7 | s | ® | |
102[1KS20EC103| 35 | 40 ot o | 3 | 9 | | |
103|1KS20EC104 39 20 10 % B w1 w  w |
104|1KS20EC105| 39 39 40 37 38 40 40 35 ]
105|1KS20EC106| 32 37 2 2o | 38 | 27 35 :_gq__:_ ]
106|1KS20EC107| 26 36 38 23 35 21 LI B N
107 |{1KS20EC108| 40 40 40 40 32 40 40 | 38 !
108|1KS20EC109| 33 37 39 33 28 35 40 | 30
109|1KS20EC110] 40 | 40 39 | 36 | 3 38 0 | 38 |

2 110[1KS20EC111| 40 40 34 32 31 36 37 34

) 111[1KS20EC112| 38 39 39 37 | 29 36 33
112|1KS20EC113] 40 40 36 34 33 31 37 37
113[1KS20EC114| 38 39 39 38 33| 36 37 35
114|1KS20EC115| 36 38 38 32 33 26 34 26 ]
115|1KS20EC116| 31 37 35 25 36 26 38 25
116|1KS20EC117| 40 40 40 36 33 31 | 39 37 |
117|1KS20EC118| 40 40 39 35 34 36 38 32

\ ) g

e VN e [ V| fog |

* - values are either optional subjects or the faculty h/a’s not yet entered the marks
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Kammavari Sangham (R) - 1952
K.S. Group of Institutions

. K. S. INSTITUTE OF TECHNOLOGY
M (Accredited

by NAAC, Approved by AICTE & Affiliated to VTU, Belagavi)
Kanakpura Road, Bengaluru - 560109

DEPARTMENT OF MECHANICAL ENGINEERING
CHALLEGING QUESTIONS

MODULE 1
Explain briefly the principle of conversion of solar energy directly into electrical energy
in a solar cell.

Explain briefly the following; Zeroth law, first and second law of thermodynamics.
Explain the formation of steam with the help of Temperature-Enthalpy diagram.

- Determine the specific volume and density of 1 kg of steam at 7 bar, when the condition

of the steam is i) Wet, having dryness fraction of 0.9 ii) Dry, iii) Superheated to 250° C,
For Pabs= 7 bar, assume Tsa= 437.92 K and Vg=0.273341 m’/kg.

MODULE 2
Explain with a neat sketch, working principle of Babcock and Wilcox boiler.,
State the advantages, disadvantages and applications of Lancashire steam boiler.
With a neat sketch explain the construction and working of pelton wheel turbine.

. What are hydraulic pumps? Explain centrifugal pump with a neat sketch.

MODULE 3
With a neat sketch explain the working of 4 stroke diesel engine

A single cylinder 4-s engine runs at 1000rpm and has a bore of 115mm and a stroke of
140mm. The brake load is 60N at 600 mm radius and the mechanical efficiency is 80%.
Calculate brake power and mean effective pressure.

A 4-s IC engine running at 450rpm has bore diameter 100mm and stroke length 120mm.
The details of the indicator diagram are as follows;
i) Area of indicator diagram = 4cm?
ii) Length of the indicator diagram = 6.5cm
iii) Spring value of the spring = 10bar/cm.
Calculate the indicated power of the engine.
Explain the working principle of VCR system

MODULE 4
Explain the following i) Piezoelectric materials ii) Optical fibre glass.
Differentiate between soldering, brazing and welding.
With a neat sketch, explain TIG welding process.
With a neat sketch, explain MIG welding process.
With a neat sketch explain oxy-acetylene welding process.

I SR
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MODULE 5
Explain briefly the components of CNC machine with a neat block diagram.
Explain horizontal spindle milling machine with a neat sketch.

Define robot and explain the classification of robot based on physical configuration.
With a neat sketch explain the taper turning by swivelling method
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Academic Year

fl‘amﬂ(ﬂwﬁnwhr,, -
Course Name /Code

Activity Name

K.S. INSTITUTE OF TECHNOLOGY, BANGALORE -

Semester/Section

560109

DEARTMENT OF MECHANICAL ENGINEERING
TEACHING AND LEARNING
PEDAGOGY REPORT

Elements of Mechanical Engﬁé—ér}ﬁé'{EME] ) [

' Demonstration on '
i. Working of IC engines using cut section models/Video sessions

ii. Machine tools, operations performed on lathe and milling machine
iii. Metal joining using electric arc welding process.

202021 ODD Semester
Mr, RAJESH GL N _i

Topic Covered

Heat engines, Machine tools and Joining of engineering materials

Date

i. 15" February 2021
ii. 6™ March 2021
jii. 19" March 2021

No. of Participants

118

Objectives/Goals % To understand the working principle of 2 stroke & 4 stroke IC engine
& To discuss the various lathe and milling operations.
% To recognize the importance of arc generation in metal joining process.
ICT Used PPT, videos-cut section models of IC engine, visit to machine shop and workshop.

Appropriate Method/Instructional materials/Exam Questions.
% Working principle of 2-s and 4-s IC engine by using cut Section model.
% Visit to machine shop/ live demo on lathe and milling operations.
< Visit to workshop/live demo on arc welding process.

Relevant PO’s

PO1,P03,P0O5,P06,PO7,PO12

Significance of
Results/Outcomes

% Students understood the different types of metal joining process.

< Students showed interest towards fabrication of IC engine parts and accessories

¢ Students came to know the specific applications of lathe operation.

< Students were able to distinguish machine tool with advanced manufacturing
system like CNC’s etc.

< Students came to know how gear teeth are cut using horizontal milling machine.

¢ Students understood the concept and use of tool nomenclature in manufacturing

industries.

Reflective Critique

% Students attended few part programming courses and acquired knowledge on G
and M codes.

% Students showed interest towards NPTEL online courses related to metal joining
process.

+ Students enquired on demonstration of CNC machine.

« Students gained thorough knowledge on working of 4-s and 2-s engines and its
parameters.

% Students were able to distinguish between petrol, diesel and gas engines.

+% Students showed interest towards developing a cut section model of IC engines.

+ Students were able to identify different types of engineering materials and its
application area.
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Kammavari Sangham (R) - 1952
K.S. Group of Institutions
K. S. INSTITUTE OF TECHNOLOGY

L EERA (Accredited by NAAC, Approved by AICTE & Affiliated to VTU, Belagavi)

Kanakpura Road, Bengaluru - 560109

DEPARTMENT OF MECHANICAL ENGINEERING
MODULE WISE QUESTION BANK

MODULE 1

. With a neat sketch explain the principle of operation of a typical wind mill.

Explain briefly the principle of conversion of solar energy directly into electrical energy
in a solar cell.

Explain briefly the following; Zeroth law, first and second law of thermodynamics.
Explain the formation of steam with the help of Temperature-Enthalpy diagram.

Explain briefly i) Global Warming ii) Ozone depletion

Determine the specific volume and density of 1 kg of steam at 7 bar, when the condition
of the steam is i) Wet, having dryness fraction of 0.9 ii) Dry, iii) Superheated to 250° C.
For Pabs= 7 bar, assume Tsy=437.92 K and Vg=0.273341 m’/kg.

MODULE 2
Differentiate between water tube boiler and fire tube boilers
Explain with a neat sketch working of Lancashire boiler.
Explain with a neat sketch, working principle of Babcock and Wilcox boiler.
State the advantages, disadvantages and applications of Lancashire steam boiler.
With a neat sketch explain the construction and working of pelton wheel turbine.
What are hydraulic pumps? Explain centrifugal pump with a neat sketch.

MODULE 3

With a neat sketch explain the different parts of an IC engine.

With a neat sketch explain the working of 4 stroke diesel engine

Differentiate between 2-s and 4-s engines.

A single cylinder 4-s engine runs at 1000rpm and has a bore of 115mm and a stroke of
140mm. The brake load is 60N at 600 mm radius and the mechanical efficiency is 80%.
Calculate brake power and mean effective pressure.

A 4-s IC engine running at 450rpm has bore diameter 100mm and stroke length 120mm.
The details of the indicator diagram are as follows;
1) Area of indicator diagram = 4¢m?
ii) Length of the indicator diagram = 6.5cm
iii) Spring value of the spring = 10bar/cm.

Calculate the indicated power of the engine.

Explain the working principle of VCR system
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MODULE 4
Classify ferrous and nonferrous metals.
Explain the following i) Piezoelectric materials ii) Optical fibre glass.
Differentiate between soldering, brazing and welding.
With a neat sketch, explain TIG welding process.
With a neat sketch, explain MIG welding process.
With a neat sketch explain oxy-acetylene welding process.

MODULE 5
Explain briefly the components of CNC machine with a neat block diagram.
Explain horizontal spindle milling machine with a neat sketch.
With sketches explain briefly the following i) Gang milling ii) Thread cutting iii)
Angular milling.
Explain Vertical spindle milling machine with a neat sketch.
Define robot and explain the classification of robot based on physical configuration.
With a neat sketch explain the taper turning by swivelling method
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First/Second Semester B.E, Degree Fxamination, June/July 2019
Elements of Mechanical Engineering

Max. Marks: 100

Note: L Answer FIVE full guestions, choosing ane full gueestion from cach module.,
2 Use of Steam 1able is permitied.

Module-1

Fistand explion any one soarce ot encres (06 SMarhs)
Explam bricly 01 Global Warnung (i Ozone depletion it Marks)
Frod the enthalpy of § kg of steam an 12 har when

(1) Steam » dry saturated

(1) Stegm s 22% wet amd

(i) Super heated 1o 230°C
Assume the specific heat of the super hoated steam as 2 25 Klkgk. {08 Marks)

OR
Explain brictly anv twa of the follow ing
(i} Zerolh law of thermodynamiua
(i Fiest law of thermodynamies
() Secand kaw of thermodviamies (06 Marka)
Explain formation of steam with the help of Temperature-Enthalpy (T-h) diagram. (08 Marks)
Find the specific walume ant enthalpy sl | kg of steam at 0.8 MiPa.

f1} When the diviess fractien s b
(i When the stean s super e ted 1o a emperatuge o IN0C
The specific heat of the sone omied ceam s 2 05 K eK e Murky)

Maduyle-2
With a neat labeled diagran: explom working of Babeock and Wileox boiler (9% Vlurks;

Delme prime movers and ¢plusn working of Pelton wheel turbine swith a neat sketeh
V12 Muarky

OR
Define (1 Boiler Mountings () Boer Accessories
Explam functions ofany fise mountings or aucessories (12 Murks)
What are hydraudic pumps" £ xplazn centrifugal pump with aoneal shetehs (08 Vurks)
Modufe-3
Explam 4-s petrol engines with P-V diagram (10 Marks)
Give comparisons hetween petrol and diesel engines (5 Marks)

A four stroke 1C engine runnmg a1 450 rpm has a bore diameter o 100 mm and stroke
length 1200 mm  The indicated diagram detads are

1) Area of the dingram 4 cnr

() Eength of the indicited diagram 6.3 cm

(HipSpring valug of the <praoy used 10 har em
Caleulale the indicatel power ol the ename (0% Marks)
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applications of an candmoners. (6 Marks)

(X \larks)

Explawn swith a neat shetls sonhing vl
(1 Machs)

Define . ¢ Tnnui'l(cfll;._. RI 1t
Last commonly used relrigerants and i otan ihe

Module-4
Classtfy ferrous and pon lerrous metals (0€ Marks)
Define composies. explain amy two ol the following
(i} Shape memory alloys Gy Optwcal fibee glass
Classify mctal poming pracesses, explan TG ¢ Turgsten [t Gasy Wekding

(1 Presselectne matenals
(08 Marks)

with a neal
(10 Murky)

shetch
ORr
Denve an expression for kength of the beltm open Ixltdine (10 Marks)
Mention advantages and dradyantages oty -Belt drve (08 Vurks)
(0% Marks)

List diflerent (vpes of gears and explam any one w th s adyanages

Mogdule$

1 aplasn bricthy the folbowrg

(1 Fwrnng

(p o lacing

() Thicad cutting
Laplain the working of hotzontal mullmg e
Explam brietly

(1) Angalar milling

() Gang milling

(i Plane milling 106 Marks)

(06 Varky)

| (08 Marks)

Fime with o aimple b dugram

OR

wla ONC machine witn o nat Kook diagram 108 Marky)

Explam brclly the compaace:
Define Robots and mention ity general applications 107 Marky)
Write short note on

(08 VMarks)

CNC Machiming Center ov Turming Center
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Mednic d
1 & DM g Nt et e b e sk | pomll B ¢ oot e vt - if kv g B T
b Wk e sheroh eepie o e e gphe of wort ey Hpeloovan gl a8 goovmaw plawas [P
% i mind caprtpin thy oo h bpe oF sheey ¥y L LR
(811
i a Dtstinguinh hovween ) Open Syvuem and ¢ boued L3 Doas 1} MHeat ard woeh M e
b Define ) Sencible beat o) Latern hem i) Drymcss Factaon ) Wer e
A Mg
P Whee t'w Srymge

Find the specific volume and crahalpy of kg of veam m O EMP2
femction 5 09 n) When the seam » superheaied 10 8 tomperatare of WU The spex T
heat of superheated sieam 1 2 290 kg K . gen

ic-
Explain with 2 neat skeich. the workng of Bahcock and Wikos hader 011 Markas
b Write a briel note on
i) Priming of pumps
") Cavuation i pumps (M Neran

OR
4 a  Lstand cxplaman bocl the boider mountings and accessores (10 Varke)
b Sketeh and explamn the working of Pelon wheel (18 Marke
a  With help of PV diagram explain the working of four siroke petrol engine 108 Vlarks)
b Mention the advantages of two stroke engine over four stroke cogne (96 Varky
¢ Lt the desuable propertses of andeal refrigerant (98 Mark o
OR
6 a With neat skeich explan the working princple of vapowr absorplon reffigeralons sysiem
L L LR T
b Caleulate the brake power of & single cylinder four stroke petrol engine wheh m funmog o a
speed of 400rpm  The load on the brake drum 1 24hg and the spong balance reads dog The
dismeter of the brake drum 15 600mm and the rope diameter i J0mum (98 Varka)
¢  Define 1) Refrigeration 1) COP ) Ton of efnigerston (Be \arks)
Modyled
7 a  Differentate between forous and non ferrous metals (0% Masky
What 1s o composie” How ure compoasde mator abs classificd” Lt the spplatons of
1Ol N

camposite matcnials
Distinguish between soldening brazing and wekding 6 Markn
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OR

Descride the prancle of a0 wekimg with suatable welding dwcua Gagram (8 Mariw

What are the advantages and disadvaniages of grar amw (% Mazho!

Define ship wath reforeace 10 heltdnve Why 2 awvars cxnlamm a0 phendmenon of arp w

belt drives. (0e Marks
Module-S

Draw 2 neat sketoh of engec lathe and el the pans (12 Marks)

Explain the Rollowing with sketches.

0 Upmilling

i) Down millng

) Face milling (18 Marks

OR

Define & robot and bist the clasaiiication of roddt basad on phvscal conligenaion (M Marks
List and explain vanous componcats of UNC. What arc i sdvaniages and SIS AnERs o
ONC? {12 Marks



Timestamp Name of Student USN Section Branch 1. How strong are you in u 2. To what extent can you 3. How effectively have yo 4. How well can you solve 5. How confident are you i

4-7-2021 18:59:45 Sadhana srinivas 1KS20EC085 D ECE Very Good Excellent Good Excellent Good
4-7-2021 19:18:10 Sandeep Y H 2020054787 D ECE Excellent Excellent Excellent Excellent Excellent
4-7-2021 21:43:23 Shreya H 2020049792 D ECE Very Good Very Good Very Good Very Good Very Good
4-8-2021 8:32:56 Aditi dubey 1KS20EC002 D ECE Very Good Very Good Very Good Very Good Very Good
4-8-2021 8:33:10 Janhavir 1KS20EC040 D ECE Very Good Very Good Good Good Good
4-8-2021 8:34:08 Sanjana t gadikar 1ks20EC091 D ECE Good Good Good Very Good Very Good
4-8-2021 8:34:37 Eshwar Biradar 1KS20EC026 D ECE Excellent Excellent Very Good Very Good Very Good
4-8-2021 8:36:15 Chaitanya k 1KS20EC012 D ECE Excellent Excellent Excellent Excellent Excellent
4-8-2021 8:37:51 AFEEFA SHARIEFF 1KS20EC003 D ECE Excellent Excellent Excellent Excellent Excellent
4-8-2021 8:38:09 Rameshwar 1KS20ECO079 D ECE Very Good Very Good Good Good Satisfactory
4-8-2021 8:39:29 Harini Not given D ECE Very Good Very Good Very Good Very Good Good
4-8-2021 8:42:13 Harshith gowda AR 1KS20EC033 D ECE Very Good Very Good Very Good Very Good Very Good
4-8-2021 8:42:32 Bhavitha. B 1KS20EC010 D ECE Very Good Very Good Very Good Very Good Very Good
4-8-2021 8:43:12 Gagana B S 1KS20EC029 D ECE Good Good Good Good Good
4-8-2021 8:43:59 Ajay Girish 1KS20EC005 D ECE Excellent Excellent Very Good Very Good Very Good
4-8-2021 8:45:09 Ajay B G 1KS20EC004 D ECE Excellent Excellent Very Good Excellent Very Good
4-8-2021 8:46:09 S Arun Kumar 1KS20EC083 D ECE Excellent Excellent Excellent Excellent Excellent
4-8-2021 8:46:37 Sai Srujitha 2020064068 D ECE Good Good Satisfactory Good Satisfactory
4-8-2021 8:49:21 Darshan KS20EC020 D ECE Very Good Very Good Satisfactory Very Good Good
4-8-2021 8:49:33 Shweta Deepak k 1KS20EC099 D ECE Excellent Excellent Excellent Excellent Excellent
4-8-2021 9:01:50 SHREYA H 2020049792 D ECE Very Good Very Good Very Good Very Good Very Good
4-8-2021 9:08:45 Chethan Kumar J 1KS20EC018 D ECE Very Good Very Good Very Good Very Good Very Good
4-8-2021 9:09:48 Chaya.S 1KS20EC016 D ECE Very Good Excellent Very Good Excellent Excellent
4-8-2021 9:10:04 B.S.Hemashree 1KS20EC008 D ECE Very Good Very Good Good Very Good Good
4-8-2021 9:16:04 GaganHC 1KS20EC028 D ECE Excellent Excellent Excellent Excellent Excellent
4-8-2021 9:17:06 Divya N 1KS20EC025 D ECE Very Good Very Good Very Good Good Good
4-8-2021 9:20:35 Sanjana.G 1KS20EC090 D ECE Excellent Excellent Good Good Good
4-8-2021 9:32:23 Bharath M 10 D ECE Very Good Very Good Very Good Very Good Very Good
4-8-2021 9:33:27 Gomitha R C 1KS20EC031 D ECE Very Good Very Good Very Good Very Good Very Good
4-8-2021 10:01:33 Sachin NM 1KS20EC084 D ECE Good Good Good Satisfactory Good
4-8-2021 10:11:43 Darshan Kumar 1KS20EC021 D ECE Good Satisfactory Good Satisfactory Satisfactory
4-8-2021 10:20:25 Shreyas M S 1KS20EC097 D ECE Good Good Good Good Good
4-8-2021 10:40:19 Jayanth H 1KS20EC041 D ECE Excellent Excellent Excellent Excellent Excellent
4-8-2021 10:41:49 Sandeep Y H 1KS20EC087 D ECE Excellent Excellent Excellent Excellent Excellent
4-8-2021 10:42:21 Inchara. P 1KS20EC037 D ECE Good Good Good Good Good
4-8-2021 11:22:53 C.umadevi 1ks20eco15 D ECE Excellent Excellent Excellent Excellent Excellent
4-8-2021 14:03:29 Chaithanya krishna.j 1KS20EC038 D ECE Excellent Very Good Very Good Very Good Very Good
4-8-2021 14:54:49 Harshitha bl 1KS20EC034 D ECE Excellent Excellent Excellent Excellent Excellent
4-8-2021 15:14:06 G bhavana priyadarshini 1KS20EC027 D ECE Very Good Good Good Very Good Good
4-8-2021 15:41:24 Shashank.S 1KS20EC094 D ECE Very Good Very Good Good Good Good
4-8-2021 15:46:02 Jamuna S G 1KS20EC039 D ECE Good Good Good Good Good
4-8-2021 16:18:35 Archana.m 1KS20EC053 D ECE Excellent Excellent Excellent Excellent Excellent
4-8-2021 19:21:50 Dhamini. J 1KS20EC023 D ECE Excellent Excellent Excellent Excellent Excellent
4-8-2021 20:09:58 Shivareddy.ba 1KS20EC095 D ECE Excellent Very Good Satisfactory Very Good Satisfactory
4-8-2021 21:58:57 Shreyas p s rao 1KS20EC098 D ECE Very Good Very Good Very Good Very Good Very Good
4-9-2021 8:24:05 Harshith gowda AR 1KS20EC033 D ECE Very Good Good Very Good Very Good Good
4-9-2021 8:33:36 Sai Srujitha 2020064968 D ECE Good Good Good Good Good
4-9-2021 8:44:17 Bhuvaneshwari k 1ks20ec011 D ECE Good Good Good Good Good
4-9-2021 9:48:31 ABHISHEK j 01 D ECE Very Good Excellent Very Good Excellent Very Good
4-9-2021 9:48:57 Bharath M 009 D ECE Very Good Very Good Very Good Very Good Very Good
4-9-2021 9:54:01 Harshitha J 1KS20EC035 D ECE Excellent Good Good Good Good
4-9-2021 9:54:56 Shakthi Anbazhagan M 1KS20EC092 D ECE Very Good Very Good Very Good Excellent Satisfactory
4-9-2021 10:08:40 Chaithra k 1KS20EC013 D ECE Excellent Excellent Excellent Excellent Excellent
4-9-2021 19:26:40 HARSHITHA N 1KS20EC036 D ECE Excellent Excellent Excellent Excellent Excellent
4-9-2021 19:32:26 Saksham Singh 1KS20EC086 D ECE Excellent Excellent Excellent Excellent Excellent
4-9-2021 22:56:15 Dhruva Kumar.S 1KS20EC024 D ECE Good Good Good Satisfactory Satisfactory
4-10-2021 8:00:53 Jamuna s g 1KS20Ec039 D ECE Very Good Very Good Very Good Very Good Very Good
4-10-2021 13:18:09 Sanjana.G 1KS20EC089 D ECE Very Good Excellent Very Good Excellent Excellent
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Energy Resources

= Energy is defined as the ability or the capacity to do work.
= Application/Usage of Energy: To produce electricity from which we can cook food, light our
homes, make computers, televisions, move different versions of automobiles and space ships.

= Classification: Renewable energy (Non — Conventional) and Non- Renewable (Conventional)

energy resources

Mon-renewahble energy sources

FOSS3IL \’
FUELS
ENERGY

THE HI.HEL |:|'lF LIFE




Renewable Energy sources (Non-Conventional)
= Energy resources that are produced continuously in nature and that will not get exhausted

eventually in future.

* |tincludes;
1. Solar Energy Heat energy radiated from the sun
2. Hydel Energy Energy obtained from water
3. Wind Energy Energy from the flow of wind
4. Geothermal Energy Heat energy stored deep inside the earth
5. Tidal Energy Energy obtained from the tides in oceans Hydropower Rgg:;;?fje
6. Ocean thermal Energy | Heat energy obtained from the surface of N
water in oceans (o

7. Biomass Energy Energy obtained from the organic matter of =
plants and animals I




Non -Renewable Energy sources (Conventional)
= Energy resources that get exhausted eventually in future.

= |t includes:

Non- Renewable Energy

1) Fossil fuels (Coal, petroleum, coal gas and natural gas)

2) Nuclear fuels (Uranium)

%
ve

.

~¢h ~ o BT s
Nuclear oil

.
H'\.
.

Non-Renewable Energy



Differences

petween Renewable and Non-renewable Energy resources

| pﬂ_ﬁ_ﬁiblf:..

hence continuous supply of energy is not

gt Renewable energy resources Non —renewable energy resources

I. | Thése are inexhaustible. These are exhaustible. Example coal,
Example solar energy, wind energy etc. petroleum, natural gas efc. 1

2. | Freely available in nature and environment | Not freely available, and also not I
fnendly {(except biomass). environment friendly.

1. | They are continuously restored by nature | These sources once used cannot be
after utilization. recovered any more. B

4. | Initial cost for utilization of encrgy sources Both jnitial and maintenance costs are
is high, but maintenance cost 15 low high.

5. | Availability of energy is intermittent, and | Confinuous supply of energy is

possible with non-renewable energy
sources. ——
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Non renewable energy - Fossil Fuels

= Formed by the action of heat from the earth’s core and pressure from the rock and soil on the
remains (fossils) of dead plants and animals including micro organisms, overs millions and
millions of years ago.

= Types of fossil fuels: Coal, Oil and Natural gas.

1. Coal
= Solid type of fossil fuel.

= Highly carbonaceous matter, dug/mined from the earth’s core.

= Most abundant fossil fuel on earth.

How it is formed: Formed from pre-historic vegetable deposits, which have been decomposed

and solidified under combined effect of great pressure and bacteria.



1.1 Forms of Coal

Lignite/sub-bituminous coal

Low grade brown coal.

Soft with high moisture content and ash.
Low calorific valve.

Reservoirs: TN, Assam, Kashmir &
Rajasthan.

Applications: Domestic purposes
and generation of electricity.

Bituminous coal

75 to 90% of Carbon.

Major fuel in most of the countries
Reservoirs: Bihar, Bengal, MP and
Orissa

Applications: Industrial applications:
firing in furnaces, boilers and
thermal power plants.

Anthracite coal

92 to 98% of Carbon.

Burns slowly with great heat and releases
less smoke than bituminous coal.

Very economical.

Reservoirs: Kashmir and Eastern
Himalayas

Applications: Boiler fuel,
metallurgical furnaces.

“Coal of all types contain sulphur to some degree, which is the worst of the pollutants to cause damage to human

health and veqgetation™.




2. Oil (Liquid Fuel/Crude oil/Petroleum)
= Liquid type of fossil fuel.

= How it Is formed: Formed from remains of dead plants and animals by exposure to heat and

pressure in the earth’s crust.

2.1 Types of crude oll

Petrol/Gasoline « Derived from the fractional distillation of | Applications: As a fuel for the
petroleum/crude oil. automotive vehicles as well in some
« Lightest fuel with specific gravity (0.71- | small airplanes.
0.76)
« \olatile fuel even at room temperature.
Diesel « Obtained after the fractional distillation | Applications: As a fuel in CI
of petrol and kerosene. vehicles such as busses, trucks and
« Specific gravity : 0.82-0.96. also in airplanes.

* More dense than petrol.

* More energy / unit volume of fuel

» Calorific value of diesel is lower than
petrol.




3. Natural gas

= Usually found underground near an oil source.

= Composed primarily of methane and other light hydrocarbons like ethane, propane, butane,
pentane and compounds like CO,, He, N etc.

= Cleanest burning fossil fuel: When it is burned, it gives off less CO, than oil and coal, no
sulphur dioxide and only small amount of nitrous oxides.

= Excellent domestic fuel used for heating and cooking.

= Applications: As fuel to produce steel, glass, paper, clothing, brick, electricity; as raw material
for many products Ilke palnts fertilizers, plastlcs dyes, photographic film, medicines and

explosives.

GAS/SOURCE ROCK
(SHALE, COALBED METHANE)
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Renewable energy — Solar Energy

Heat energy radiated or emitted by the sun.
Heat energy obtained from the sun is
captured, stored and utilized for various
applications.

Utilization : It is the conversion of one form
of energy into another, so as to utilize it for
various applications.

Types of solar energy utilization: Flat plate
collector, focusing collector, photovoltaic

cell and solar pond.



2.1 Solar Energy Utilization using Flat Plate Collector

Construction

Flat plate collector consists of the following components;

Absorber plate: Usually made of copper and is coated with black
to absorb the solar rays falling on it.

Water tubes: Metallic tubes through which water circulates. The
tubes are attached to the absorber plate.

Transparent cover: Made of toughened glass (4mm thick) which
helps in reflecting the incident solar energy back to the absorber
plate.

The glass cover permits the entry of solar radiation as it is
transparent for incoming short wavelength, but is largely opaque
to the longer infrared radiation reflected from the absorber. As a
result heat remains trapped in the airspace between the absorber
plate and the glass cover.

Insulation: Resin bonded rock wool is provided below the
absorber plate so as to prevent heat losses by conduction.
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Working/operation

In operation, cold water from the overhead tank is made to flow
through the water tubes of the solar heater.

When the sun rises to a certain level, it’s energy passes through
the transparent cover and falls on the absorber plate.

The heat energy absorbed by the absorber plate is transferred to
the cold water flowing through the tubes.

The heated water being lighter than the cold water, rises and
flows into the top of the solar water tank.

The heated water can be used for various purposes. The cold
water from the overhead tank enters the water tubes and the
process repeats.

= Preferable for low temperature applications such as water heating, cooking, drying food grains

and vegetables heating etc.



2.2 Solar Energy Utilization using Focusing Collector
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Flow of hot waty /
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Solar thermal electric energy generation

Solar energy

Solar panel

)
Pump

A parabolic / long rectangular U-shaped surface designed to
reflect and concentrate the sun’s energy to a focal line where the
absorber or receiver tube will be located.

The absorbed heat energy raises the temperature of a special type
of fluid, which is then collected at a central location to get
converted into high pressure superheated steam.

The steam is utilized for generating power in steam turbines.

Solar thermal plant consists of many such parallel rows of solar
parabolic collectors to maximize solar energy utilization.

The largest 2000 MV solar park is set up at Pavagada, Karnataka.
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2.3 Solar Energy Utilization using Photovoltaic Cell

Construction

Solar cell is a device that directly converts the sun’s radiation into el sy
electrical energy.

It is made up of at least two layers of semiconductor material like
silicon doped with impurities in order to increase the conductivity
of the material.

The first layer has a positive charge (p-type silicon), while the : T
next layer a negative charge (n-type silicon).

junction

p-rype silicon

Working

As known, sunlight is composed of photons or particles of solar energy. When sunlight strikes the photovoltaic
cell, the semiconductor material absorbs photons from the light.

When enough photons are absorbed by the negative layer of the semiconductor material, electrons get dislodged
which then moves towards positive layer. This flow of electrons constitutes an electric current.

The electricity generated by the photovoltaic cell can be used directly or stored in batteries.

The power output can be increased by connecting a number of photovoltaic cells together in a sealed package
called a module.

Applications: Domestic lighting, railway signals, water pumping, street lighting etc.




2.4 Solar Energy Utilization using Solar Pond

= A solar pond is a pool of salt water which collects and stores heat radiated from sun. This heat
energy in turn can be utilized for applications like process heating, desalination, refrigeration,

drying and solar power generation.

Need of solar pond

* |n a natural pond, nearly about 30% solar radiation reaches to a depth of about 2 meters. The solar radiation is
absorbed by the water at the bottom of the pond.

= The warm water due to its low density rises to the surface and loses its heat to the atmosphere without serving any
purpose or beneficial effects.

= However, if this warm water is allowed to remain at the bottom of the pond by some mechanism, it can be piped to
a boiler where it is heated further to produce steam that can drive a turbo-generator to produce electricity.

= In order to achieve this concept, artificially a pond is created over large area and salt is added at the bottom of the
pond. Salt used is either sodium chloride or magnesium chloride.

= The salt dissolves in water making the water too heavy to rise to the surface of the pond. Higher salt contents
(Salinity) in water will increase the density of the water allowing it to stay at the bottom of the pond. The hot water
can thus be used for various applications.




Construction of solar pond

= Usually solar pond is constructed below the ground level.

= There are three distinct zones in a solar pond, with salt content R
Increasing from top surface of the pond to its bottom. | T Sun rays N

= Storage zone: lower zone of water, rich in salt content and it is the o \ \\/ // / (resh water
area where solar radiation is absorbed and stored. \ o/ g satwaten

= Surface zone: Upper zone of water which is cold and has very low ~~ \\ ~— ——— — SO
salt content. waterw - \N—=meee T pragiic lining

= Intermediate zone: Separates the upper zone of cold water and the
lower zone of the hot water and forms an important area in the
solar pond.

Operation of solar pond

= As solar radiation is absorbed, the hot water in the storage zone
cannot rise due to high salt content in it while the cold water at the
surface of the pond having less salt content cannot sink, because
the water below (intermediate zone) has a rich salt content and is
comparatively denser.

= The hot water thus remains in the bottom layer of the pond from
which useful heat may be withdrawn and used for various
purpose.




Renewable energy — Wind Energy

= Wind energy Is the Kinetic energy of large masses of air moving over the earth’s surface.

= The kinetic energy of wind can be converted into mechanical work by a wind mill or wind
turbine.

* The mechanical work thus obtained can be used for specific tasks such as grinding food grains,

pumping underground water, generate electricity etc.

propellor blade-\\i
gearbox & generator
in rotating housing
> 4 /
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Construction of Wind mill

- = |t consists of specially designed blades that are connected to a low
speed shaft. The shaft in turn is connected to a small generator
fixed in the axis of the wind mill.

Wﬂﬁﬁrﬂmﬂ.
BEEET)
‘{! 7 i
X 3
I_"

Wind = Usually wind mill/turbine have either 2 or 3 blade which are

Mt designed large enough to extract energy from the largest possible
volume of air.

S Shaft-— = Since wind speed increases with height, the blades are mounted

. Coupling high above the ground level by means of a tower. This enables the

G - Generator

blades to capture more energy and hence generate more electricity.

Operation of Wind mill

The kinetic energy of the flow of wind causes the blades to rotate at slow speeds.

The gear box comprising of many gears is used to increase the rotational speed of the shaft to that range required to
produce electricity.

The high speed of the shaft thus drives the generator to produce electricity.

The power produced by the generator is transferred down the tower to the power grid system and then through the
transmission lines.



Renewable energy — Hydro Energy

Power

Transmassion ?}%
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: hiouse
/ Generator
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= Water power/Hydro energy is the energy obtained from the flowing water.

= Adam is built to collect the rain water in a reservoir. Gravitational potential energy is stored in the water.

= The water from the reservoir is then allowed to flow through penstock/large pipe and enter the nozzle or specially
designed passages wherein the potential energy is converted to Kinetic energy.

= The kinetic energy of water causes the turbine runner to rotate which in turn drives the generator to produce
electricity.

= The electricity is then transmitted to a sub-station where transformers increase the voltage to that level required for
residential and commercial applications.



Renewable energy — Nuclear Energy

= Nuclear power is generated utilizing the energy in the nucleus (core of an atom).

= Generation of nuclear energy:
a) As we know, atoms are tiny particles that make up every object in the universe.
b) There is enormous energy in the bonds that hold atoms together. The energy can be released if the atoms are
split apart; the process of splitting atoms is called nuclear fission reaction.
c) Enormous amount of energy can also be released when two lighter nuclei are combined to form a single heavy
nucleus; the process is called nuclear fusion reaction.

= Generation of electricity using nuclear energy:

a) The fuel most widely used for nuclear fission is Uranium — 235.

b) In nuclear fission, a small particle called neutron hits the uranium atom and splits it, releasing a great amount of
energy in the form of heat and light. Also more neutrons are released due to bombardment.

c) These neutrons go on to bombard other uranium atoms and the process repeats over and over again resulting in
a chain reaction.

d) The chain reaction gives off enormous heat energy, which is used to boil water to form super heated steam.

e) The steam thus formed is used to drive the turbine, which in turn drives the generator to produce electricity.

The ammjlﬁ?,-" @ Lighter element
D e e D Meutron .
- : + Energy
Neutron T (O Neutron
U 235 atom _
Lighiter elemant

Figure 1.7 Nuclear Fission



Renewable energy — Bio Fuels

= Liquid fuels produced from biological materials or biomass such as sugarcane fiber, corn,
cellulose or vegetable oils, agricultural residues, sewage and other waste.

= |tis considered as an alternative to the constantly and rapidly diminishing fossil fuels.

Fuel pellets * Made from wood chips, sawdust or Applications: As a co-combustion
agricultural wastes material in coal fired power plants
e Solid form of biofuels.
Biodiesel e Liquid form of biofuel produced from Applications: As a fuel in
non edible oil seeds. automotive vehicles like bus, lorry,
* Oils seeds: pongamia (honge), neem, tractor etc, heating fuel in
hippe, simarouba, red physic nut. commercial boilers
Bioethanol or ethanol * Produced from corn, wheat, sugarcane or | Applications: An alternative fuel for
cellulosic material petrol/gasoline.

However feedstocks/sources for producing biofuels in large quantities is a major problem



ENVIRONMENTAL ISSUES
= Environmental issues refer to the harmful effects created by human beings on the living

environment.
* The issues mainly relate to the climatic changes taking place in the living atmosphere.

* Increased human activity, urbanization and industrialization have led to rapid deterioration of

the environment.

= Two important global environmental issues are Ozone depletion and Global warming

teachoo.com
Ozone Layer Depletion




Ozone layer depletion

Ozone depletion refers to the gradual thinning of the earth’s ozone layer =T
In the upper atmosphere, caused by the release of chemical compounds - ‘ -
containing gaseous chlorine or bromine from industries and other
emissions from human activities.

- - - - \
Ozone layer is a deep layer in the stratosphere encircling the earth, that Solar radiation \
has large amounts of ozone in it.

Ozone layer shields the entire earth from the harmful UV radiation of the
sun thereby protecting the living beings on the earth.

In 1970°s it was discovered that man made chemicals called .
chlorofluorocarbons (CFC’s) that were released into the atmosphere CFC';F‘C
gradually decompose, releasing chlorine atoms that destroy the ozone in
the ozone layer.

Each chlorine atom has the ability to destroy tens of thousands of ozone
molecules.

The depletion of ozone layer thus leads to its inability to shield the UV
radiation reaching the earth’s surface thereby increasing the radiation
effects like skin cancer, eye cataracts and damage to immune system.

Stratosphere

Troposphere




Global warming

A gradual increase in the average temperature of the earth’s atmosphere
and its oceans, a change that is believed to be permanently changing the
earth’s climate.

The climatic change is due to the increased volumes of CO, and other
green house gases (toxic gases) released by the burning of fossil fuel,
land clearing, agriculture and other emissions created by human activities
that have occurred over past years.

The gases form a layer in the atmosphere and trap the sun’s radiation
which in turn makes the planet warmer.

Global warming leads in rising sea levels due to the melting of the polar
Ice caps as well as an increase in occurrence and severity of storms,
droughts and other severe weather events.
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Introduction

* The word thermodynamics was first coined by William Thompson.

= Thermo — heat, dynamics means power, in other words, the capacity of hot bodies to produce
work.

= Definition: A branch of science that deals with the study of energy, energy transformations and
Its relationship with the properties of matter.

» It provides important relationships among heat transfer, work interactions, Kinetic and potential
energy and properties that describe the condition of any substance.

= Applications of thermodynamics: Turbines, pumps, engines, compressors, air conditioners,
solar collectors, rocket engines, fuel cells, wind and wave energy systems and all systems that

transform energy from one form to another.



Basic concepts of Thermodynamics

1.

System: A thermodynamic system is defined as a specific quantity of matter or region in space

on which our attention is focussed for thermodynamic analysis.

Boundary: The real or imaginary surface enclosing the system through which energy and mass

may enter or leave the system.

Surroundings: A three dimensional space outside the thermodynamic system that has a direct

relationship on the behaviour of the system.

Surroundings
(@)

Boundary

Surroundings

Piston —___T ™ -_7 Boundary

Surroundings R .Systerﬁ g

Surroundings

Surroundings
(b)

Surroundings

Weight

h%*—Pismn

______________

| —— Cylinder

\ System Boundary



4. Thermodynamic state of system: The condition of the system at any specific time, which can

be identified by values of parameters like pressure, volume, temperature, mass etc.

5. Thermodynamic cycle: A linked sequence of processes in which the working substance
undergoes a series of state changes accompanying with heat and work transfer and finally

returning to its initial state.

Initial State A
Final State

|
|
|
|
|
\/ v, v
P1xV1=P2xV2 Thermodynamic cycle



6.

Internal energy of a system: The energy possessed by a body Witk (W)
or a system due to its molecular arrangement and motion of

the molecule. It 1s the sum of potential energy (PE) and Imermal Lresgy

O FE1HIE

kinetic energy (KE) of the particles that form the system.
SAfTourimg
Denoted by U or E, expressed in Joule (J). Fiest £3) i

T 1‘ 1‘ 1‘ 1‘ 1‘ 7. Enthalpy of a system: Total heat content of a system. It is

defined as the sum of internal energy (U) of a system and

the product of the pressure (P) and volume (V) of the

A4 444 system.

H=U+PV......... k/kg




8. Entropy of system: It is the amount of energy that is lost to surrounding at a specific

temperature. Also defined as a function of a quantity of heat which shows the possibility of
conversion of that heat into work. Denoted by S and expressed in Joules/Kelvin (J/K).

« The change in entropy is given by the equation gs- ETTQ- where dQ represents change in heat and 7, the temperature.

 Characteristics of entropy:
I. Entropy increases when heat iIs supplied to a system irrespective of the fact whether

temperature changes or not.
Il. Entropy decreases when heat is removed from a system irrespective of the fact whether

temperature changes or not.
1. Entropy remains unchanged for adiabatic or isentropic processes.

A

: ¥
dS=C In (% +C, ’tﬂ[ﬂﬁ-f-] in terms of pressure and volume
1 1 .
T, ) B, .
ds=C,In T - R In| =* | in terms of temperature and pressure
i) 1

- I"l Ill.a
dS=C, In [£ +R ln[ﬁ-} m terms of pressure and volume

T—I K i



Temperature

Temperature is a thermodynamic property which determines the degree of hotness or the level
of heat intensity of a body/system.
The temperature of a system is measured using a glass thermometer on Celsius scale or

F-32

The relationship between the two scales is given by —— = ——

5 9

Absolute zero temperature: Theoretically, gas will not occupy any volume at a certain

Fahrenheit scale.
C

temperature. The molecules stop moving or vibrating at all. This temperature i1s known as
absolute zero temperature.

The relationship between C and K scale is given as K = °C + 273.



Concept of Heat & Work

Heat:

o |t is defined as the transfer of energy taking place across the boundary of a system or between
two different bodies due to the temperature difference between them.

» Heat is transferred naturally from a body of higher temperature to a body of lower temperature.

* Heat is denoted by Q and expressed in kJ.

__{Ellfllf Flow of Heat out -
] atmospheric ai Y Y *J”"”“”"'”HS Sign convention

mrrmlnfhnfr W.jte_r .,\ /
S Low temperature High tamperature - .
Tﬂ fuid rfiean f[_ﬂﬂr wpourfrigernt © 11 N€AL IS transferred from the surroundings to
Hoatin +" Q Condense the system, it is considered as +ve.

(a) Heat added to convert (b} Heat rejected to atmosphere :
water into steam by the refrigerant o If heat is transferred from the system to the

surroundings, it is considered as —Vve.



Work:

 In thermodynamics, work refers to the energy transfer between the system and its surroundings

by a mechanism through which the system can spontaneously exert macroscopic forces on its

surroundings.

* In simple words, work is the energy transfer, associated with a force acting through a distance.

Denoted by W and expressed

» The displacement work from system state 1 to 2 is given by the equation

4 wurj Force

Fiston

Fiston

N T A

in kJ.
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boundary
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[c} Work done on the system

¥ = _iF.dF
]

Sign convention

If work is done by the system, it is considered
as +ve.
If work is done on the system it is considered

dS —VE.



Laws of Thermodynamics

Zeroth law of thermodynamics: If two thermodynamic system are each iIn thermal
equilibrium with a third one, then they are in thermal equilibrium with each other. [Thermal

equilibrium means a condition in which all parts of a system are at the same temperature]

Surrounding air (25 °C) oy

System A |

> A
£/$ 2\
¢ /&8 Z\ 2
NS B\ >
- -] System C
@ 2
B o c 1. A & C are in thermal equilibrium
thermodynamics 2. B & C are in thermal equilibrium
then

3.A & B are also in thermal equilibrium with each
other




First law of thermodynamics:

When a closed system undergoes a thermodynamic cycle, the net heat transfer (Q) is equal to

the net work transfer (W).
§5Q = §EFF where i; stands for cyclic intepral

The first law is also known as law of conservation of energy, which states that energy can
neither be created not destroyed.
The total amount of energy and matter in the universe remains constant merely changing from

one form to another.

According to the law of conservation of energy, total energy a£=0-w

AU=-Q-W + Food energy AU =Stored food energy

Waork

State 1 E = Intemal Energy State 2
E,-E, =Q-W

First Law of Thermodynamics



[11. Second law of thermodynamics:

« Kelvin-Planck statement: It is impossible for any device/machine that operates in a cycle to
receive heat from a single reservoir and produce a net amount of work. There is always a
degradation or loss of energy in the process of producing mechanical work from the heat
supplied.

o Clausius statement: It Is impossible for any device/machine working in a cyclic process to
transfer heat from a body at a lower temperature to a body at a higher temperature without the
ald of an external agency. [In simple words, heat cannot flow naturally from a cold body to a

hot body without the help of work input]

KELVIN-PLANCK: CLAUSIUS:
RESERVOIR| T |RESERVOIR| T [RESERVOR] T, RESTVDIR T, |RESERVOR| T, RESEEVDIR T,
©—w W w ® O wo®
Q Q
QQ Q < L
RESERVOIR| T [RESERVORR]| T
RESERVOR| T, RESERVOIR| T, L L
NO! YES YES

NO! YES YES



V. Third law of thermodynamics:
e The entropy of a system approaches a constant value as its temperature approaches absolute
ZEro.
* It can also be stated as “the entropy of a pure substance in thermodynamic equilibrium
approaches zero as the temperature approaches zero.

Third Law of
Thermodynamics

Entropy = (

Lim § =0 where S= entropy (J/K) and T'= absolute temperature (K)
el

Pertect crvstal Tmpertect crystal
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Problem 1 In an intemnal combustion engine, the heat rejected to cooling water during
compression stroke 15 50 kJkg and the work input is 100 &fkg. Calculate the change in internal
energy of the working fluid stating whether it is a gain or loss.

Solution :  Heat rejected = Q =— 50 iSikg
(~*® sign indicates heat is rejected from the system to the surroundings)
Work input = ¥ = — 100 kJfkg (~* sign indicates work is done on the system)
w.k.t. change in internal energy = AE =~ W'=-50- (- 100) = 30
AE =+ 50 kJikg (+"° sign indicates increase (gain) in internal energy of the system)

Water Cooled Engine W(—ve)
Q(+ve) ;

Spark Plug Cylinder Head
———.t

Work

State 1 E = Intemal Energy State 2
E,- E, =Q-W

First Law of Thermodynamics




Problem 2 A closed system undergoes a change in process in which 5 &/ of heat energy 1s
supplied to the system. Determine the change in internal energy under the following conditions. (i)
1 &J of work is done on the system (1) 1.25 &7 of work 18 done by the system.

Solution : Heat supplied 0 =5 kJ

Case 1 To find AF for W= -1 k/
W= ~1 kS (~* sign indicates work is done on the system )
From [ law of Thermodynamics, Change inenergy AE=0-W =5-(-1)=64&]

SoAE =0 RS
Case 2 To ind AE for W= 125 k7
whkt change menergy AE = O - W =5-(125)=3.75&J s AE=XT5 KD

W(—ve)
Q(+ve) :



Problem 3 A stationary mass of gas at its initial state 0.4 m° and 0.105 MPa was compressed al
constant pressure to final state of (.2 m® and 0.105 MPa. The heat transfer from the gas during the
process was 42.5 BJ. Calculate the change in internal energy of the gas.

Solution : Initial condition of gas (state 1) : Volume of gas = ¥, =04 m?

Pressure = P, = 0.105 MPa = 0:105 » 10° N/m* (.- mega=10° and Pa = N/m’)
Final condition (state 2) : Volume },=10.2 m?® Pressure = P,=0.105 MPa=10.105 = 10° Nim’
Note that since £, = P, the compression process takes place at constant pressure.

Heat transfer from the gas = O = - 42.5 &J (—¥* sign mdicates heat 1s rejected from the system)

w.k.t. change in infernal energy = AE=0-W e (1)

But work W = 7

Q(+ve)

p || |I] cylinder
-~ LY
w.k.t. displacement work = W = JP*‘# = PV, - V) 1
I -
.
N Piston| |:
W= (0105 % 105) (0.2 — 0.4) = — 21 % 10° —5xm’ =— 21 x [0* Nm =l Gas
m e
Work=—-21 k7 (- kilo=10° and Nm = Jonle)
) VPP oIy yyd

Now equation (1) becomes, AlF=—-425 - (- 2]1)=- 215
~. Change in internal energy = AE = — 21.5 klJ
(—** sign indicates decrease in internal energy of the system)




Problem 4 A gas occupies a volume-of 0.1 m? at a temperature of 20 °C and a pressure of 1.5
bar. Find the final temperature of the gas, 1if it 1s compressed to a pressurg of 7.5 bar and occupics

a volume of 0.04 m?. .
Solution : Initial volume ¥, = 0.1 m?  Initial temperature Fi=20°C=20+273=291 K

Initial pressure P, = 1.5 bar = 1.5 x 107 kN/m?
Final pressure £, = 7.5 bar = 7.5 x 10° tNim*
Final volume ¥, = 0.04 n® '
To find final temperature ( T, ) '

- RV, _ BV,
For a perfect gas, at condition 1 and 2, we have =TT
i - | : State 1 State 2
15x10° }{0.1 7.5% 107 }0.04 & o C
(5x10)0n) _ (15107 2r i
293 T g S—

30 |
00511 = = o T, =587 K

3 -



Problem 5 0.05 n of air at a pressure of 8 bar and temperature 2B0°C expands to eight times its
ariginal volume and the final temperature after expansion is 25%°C. Calculate the change in entropy
of air during the process. Assume specific heat at constant pressure as 1 005 ENke K and specific
heat at constant volume as 0.712 Elkg K.

- \
Solution : of§ = C In [i +C, ln[ﬁ] in terms of pressure and volume
Initial condition of air (before expamnsion) : F ) | :
Volume F, = 0.05 m®  Pressure P, = 8 Bar = 8 x 10° Nfme® (- 1 Bar = 10° N/m?) ) P
Temperature T, = 280°%C =280 + 273 =553 K dS=C,In [FU-R In[FjJ in terms of femperature and pressure
Final conditions of air (after expansion) : .
Volume ¥, = 8 F, =% (0. {}5} 0.4 m®__ ds=C, In [% +Rln [-}%-} in terms of pressure and volume
Temperature T, = 25°C =25+ 273 =298 K H
C, = 1.005 kJikg K and C,=0.712 kikg K
To find change in entropy (45)
’ . I; Fs
w.k.t. change in entropy =d5 = C_In| = |+ & In| = ‘ - {1}
AT ¥y - 0
where R = gas constant = CF — %
e, R = 1.005—0.712 = 0.293 kikg K =af %
Now equation (1) becomes, dS = 0.712 In [393_)+ﬂ193 I ﬂ] % Heat || S o0
' 333 0.05. : - : QQQ§§ 5G —> [ ? Aol
ie., dS = 0.169 Like K calculated for 1 kg of air A ngo‘i\ 4 Fq 0.0
To find mass of air (m) : @ @

w.k.t. perfect gas equation PV = m 8 T where P is in kPa
using relation P, ¥, = mRT, (23
Poo= 8 x 10° Nfm® = 8 = 107 kWM™ = 8 > 107 kPa
equation (2) becomes, {8 = 10%) (0.05) = m (0.293) (553)
mass m = 0.240 kg
Mow change in entropy 45 = 0246 (0.169)=0.0415
dS = 0.0415 EJIK
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Introduction

= All substances under suitable conditions of temperature and pressure can exist in one of the

three states — solid, liquid and gas. But water is one of the pure substance that exists in all three

phases namely, in solid phase as ice, liquid phase as water and gaseous phase as vapour.

= Water, which is liquid at normal temperature begins to boil to form steam when heated
sufficiently.

The steam thus formed is used as a working fluid in the operation of steam turbines to generate
electricity.



Formation of Steam at Constant Pressure

Consider 1kg of water at 0°C taken in a cylinder, fitted
with a freely moving piston.

A weight W is placed over the piston as shown in
Figure. The weight of the piston and weight W placed
over the piston exerts a constant pressure P on the water.
Let V be the volume occupied by the water in the
cylinder. The condition of water at 0°C is represented by
a point A on the temperature-enthalpy (T-H) diagram.
When water iIs heated at constant pressure, It IS
converted to steam.

The various stages involved in the process are discussed.

Cylind e

t 1 REEH
[

Water af boifng - Saburated Bquid - Water vapiie
at L0

Leivygs, & 90

Water
wapKnn

Ty
i Sliarated

t 1Hm“ --.1-.'.'.'.3'E;M liggusil

(11 ] [£]

apouw *'n-‘ mi

| I
| Liom

[l

Figure 3.1 Formation of steam at constant pressure

/‘

Formation of steam

IIIII

t,=Sa

o 1)

i occ

turation
t,, = Temperature of superheated steam v, = Volume of dry and saturated steam

i | l

4 Wi

temp

S W T_ i Super- 2
- i heated
]][[H]]:I]:I H | ; steam 3
A = Diry . >

= Volume of water

Veup = VOlume of superheated steam




h = sensible beat
k. = latant hwat

b, = superhat

ot = ssluwation 1emp
i, = suirheat tamp.
¢, = wpeoific heat

Figure 3 Temperature-catlalpy (TH) diagran

. On heating, the temperature of the water rises and at a certain temperature

water begins to boil/evaporate. The temperature at which water starts
boiling is known as saturation temperature and is denoted by t. The
heating of water from °C to the saturation temperature (t,) is shown by
line AB on T-H diagram. At this temperature, there is a slight increase in
the volume of water (V;) as shown in figure (previous slide).

. When water is heated beyond the saturation temperature, there will be no

rise in temperature but evaporation of water takes place (water starts
converting into steam). At this stage, water exists as a two-phase mixture
containing saturated liquid and water vapour occupying volume Vy,. The
steam in this condition is called wet steam. Evaporation of water
continues at the same saturation temperature until the whole of the water
Is completely converted into steam (Line BC on T-H diagram).

At point C, the steam formed does not contain water vapour and hence
the steam in this state is called dry steam or dry saturated steam,
occupying volume V.

. If the heating is further continued at point C, the temperature of the steam

Increases above the saturation temperature and this temperature is called
superheat temperature (t,,). The steam in this condition is called
superheated steam (Line CD on T-H diagram) occupying volume V.




'ypes of Steam / Condition of Steam

Wet steam

A two — phase mixture containing saturated liquid and vapour formed
at the saturation temperature and at a given pressure.

Wet steam formed contains small water particles held in suspension
that has not yet absorbed the latent heat and evaporated.

Dry saturated steam

Steam that exists completely in pure vapour form at the saturation
temperature and at a given pressure.
Dry steam is a pure steam that does not contain water vapours.

Superheated steam

Steam that is heated beyond its dry saturated state to a temperature

higher than its saturation temperature and at a given pressure.

The temperature at which the superheated steam is formed is called

superheat temperature and Is denoted by t,,.

Advantages of superheated steam:

a. Heat content of superheated steam is high and hence its capacity to
do work is greater.

b. Due to high temperature, superheated steam gives higher thermal
efficiency and minimizes the specific consumption of steam.

c. No moisture content; erosion/corrosion of turbine blades are
minimized.




Thermodynamic properties of Steam

1.

Dryness fraction

=
g
2 a0 b= sensi
B P : . = sengible heat
& ;,»}Q'a : h, = latent heat
E ol ... Yapourizing _— h_ = superheat
@ B [} e i
d : : I,0f {,,= saturation temp.
4;?* Liguid + vapou Es.;pen_u d {,, = superheat temp.
Y, mitur o ¢, = specific heat
Lirquid 4 H
gion | _
0°C| h hy Cull g 1) Enthalpy (H)

Ratio of mass of dry steam present in a known quantity of wet steam to
the total mass of wet steam.

Dryness fraction refers to the quality of steam, or an indication of the
extent of dryness of steam. It is denoted by X.

' mass of dry steam present in ﬁar;t steam  m

Pryness fraction (x) = - g
mass of wet steam

—_—

?‘J‘IJ- + mg

where m = mass of dry steam and m, = mass of suspended water particles.

Ior example, if 1 &r. of wet steam contains 0.9 kg. of dry vapour, then dryness fraction
v = (19, For wet steam, the dryness fraction ranges from 0 < x < 1, and for dry steam x = 1,

2. Sensible heat/Total heat of It is the amount of heat required to raise the temperature of 1kg of water
water/Enthalpy of saturated water from °C to saturation temperature (t,) at a given pressure.
It is denoted by h..
3. Latent heat of It is the amount of heat required to convert 1kg of water at saturation

evaporation/Enthalpy of
evaporation

temperature (t,) to 1kg of dry saturated steam at the same temperature
(t,) and at a given pressure.

4. Superheat

It is the amount of heat required to raise the temperature of dry saturated
steam above its saturation temperature and at a given pressure. This
process is called superheating.




5. Degree of superheat

It is defined as the difference between the superheat temperature (tg,,)
and the saturation temperature (t.).

Degrees of superheat =t -t

sup s

6. Enthalpy of steam

E
e
2 4 P
B & - = sensible heat
4 . ;Joqa 4 h, = latent heat
E gl - Vapowizing _— h_ = superheat
il B [% ' o .
F ! : : 1,00 {,,= saturation temp.
.c-"? Liguid + vapour ESu,p:lhml:edi {,, = superheat temp.
L. 1
A,é? miniure joomemn o ¢, = specific heat
Linui
Al regie ' ! -
0°C| &, hy ol 1) Enthalpy (H)
o - -

It is the amount of heat energy contained in a unit mass of steam.

It is defined as the sum of internal energy (U) and the product of
pressure (p) and volume (V), denoted by h and expressed in kJ/kg.
Enthalpy of wet steam: Amount of heat required at a given pressure to
convert 1kg of water at 0°C to 1kg of wet steam at a given dryness
fraction. Denoted by h,, .

h = ﬁ‘r-l' _r.h_& ke

Enthalpy of dry saturated steam: Amount of heat required at a given
pressure to convert 1kg of water at 0°C to 1kg of dry saturated steam at
the saturation temperature. Denoted by h,,.

where h. = sensible heat, x = dryness fraction.

h,, = latent heat or latent heat of evaporation

e =T

Enthalpy of superheated steam: Amount of heat required at a given
pressure to convert 1kg of water at 0°C to 1kg of superheated steam at
the given superheat temperature. Denoted by hg,.

I! — h + L- [! . r ] ‘ Wfl(:]'e hﬂ = eﬂmﬂlpy{]fd!}' sleam fsup=gupcrhm“cmpmmrc'
wp E F5 L sup 5 = sauraton temperature, & C_ = Specific heat* of supecheated steam




7.

Specific volume of steam

Water at boiling Saturated liquid + Water vapour
temp. ,°C at ¢"C

[ vy Water
| e

B J:*_/ 'i."ﬂpl}l"
Vel |2 =

e -

— Saturated
licpuaicd

Dry steam at 1,°C Superheated steam at ,7C

wrhimn|

] SV Vapour
HIEPAAAE
V* B - ;

It is defined as the volume occupied by a unit mass of steam at a given
temperature and pressure. It is expressed in m3/kg.

Specific volume of saturated water: Volume occupied by 1kg of water at
the saturation temperature and at a given pressure. Denoted by V..
Specific volume of wet steam: The volume occupied by the saturated
water and vapour at a given pressure. Denoted by V,,.

= v - ' ’
I"rm X I: - where  x = dryness fraction of steam F, = specific volume of dry steam

Specific volume of dry saturated steam: Volume occupied by 1kg of dry
saturated steam at the saturation temperature and at a given pressure.
Denoted by V,,.

Specific volume of superheated steam: Volume occupied by 1kg of
superheated steam at the superheat temperature (t,,) and at a given
pressure. Denoted by V

sup*
Superheated steam behaves like a perfect gas. Therefore, according to Charles law, we
v, ¥ ¥, 1

hﬂ"'-"l:' ﬂ - ____#_ - th =
! t v
H Ll

where Lo and { are i Kelvin,
up

8.

Density of steam

It is the mass of steam per unit volume of steam at the given pressure

and temperature. It is the reciprocal of specific volume.

. .[ I
~. Density of wet steam = p_ = prry and for dry steam = P, = y (- x =1 for dry stream).
L4

r




9. External work of evaporation * When water at the saturation temperature is heated at constant pressure,
It gets converted into steam by absorbing the latent heat.
« A part of this latent heat is used to move the piston due to the increase in
volume of steam during evaporation.
i smiass «wooon | @ 1NE WOTK done, due to change in volume of steam from Vi to V; is
ortnder e 7 — called external work of evaporation.

Water
\'apol]l'

Piston N

i e

o E] et External work of evaporation = W= 100.P (¥, - F’ﬂ where P = pressure in bar.

liquid

b hea At low pressure, V, is very small and hence can be neglected. Hence W= 100.P.F,
(el :

oo
" » For wel steam of dryness fraction x, Wy = 100.£.xF,
* For dry steam W, = 100.11V;

» For superheated steam, W, = 100.PV_,

Superheated steam at 4, °C

“  Internal latent heat: The remaining part of the latent heat is used to
overcome the internal resistance of water molecules to the change of
phase of substance. It is called internal latent heat.

o Itis obtained by subtracting the external work of evaporation from the
latent heat.

internal latent heat = x.h, — 100 x ¥, kiikg.




10. Internal Energy of steam.

e, D
- - N
® da(e“"b : h, = sengible heat
@ C k= latent heat
=13 . Cg‘} H ]
E [" _________ . Wapourizing =t .ooet ﬁ"‘F = 5upe.rheat
F B : ! 1,0 i, = saturation temp.
& H . _
T Superheated i, = superheat temp.
ﬁ::- : 'LIEIllldl"' vapour ! “ﬁ::mﬂ:m I. - - p e p
&, : minture 1 . ¢, = specific heat
Liuid | i H
A region ! i
0%C| By el 1) Enthalpy (H)
—— — -—
] h=hth,
k.,
o
Water at boiling - Saturated liquid + Water vapour
temp. 1,°C atC
. .
Cvlinder\
Water
Piston N vapour
G Saturated
= iquid

Every substance has definite amount of heat energy stored in it.

The actual heat energy stored in the steam is known as internal energy
of steam.

It can be obtained by subtracting the external work of evaporation from
enthalpy of steam.

For example, enthalpy of dry steam is equal to the sum of sensible heat, internal latent heat and
external work of evaporation. But work of evaporation is not stored tn the steam, as it is utilized
in doing external work, say movement of piston. Hence, infernal energy of steam is found by
subtracting external work of evaporation from enthalpy of dry steam.

[nternal energy (L) = Enthalpy of steam — external work of evaporation
» For wet steam, internal energy U, = b+ x.hy — 100..Px Vy  Elkg.
* For dry steam Uy = hy - 100.PVy,  klkg.
+ For superheated steam, Uy, = h,, — 100.PV,,

= ihz-l_ {::'-I {In.p - I!:}] - IGGP qu.l Mj}g
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Problem 1 Determine the dryness fraction of steam, which has 1.5 kg of water in suspension
with 50 kg of steam.

Solution :
Step 1 Data

Mass of water particles my = 1.5kg Mass of dry steam m; =50 kg
Step 2 To find dryness fraction x

m, B 50
my+m, 1.5+ 50

w k.t dryness fraction = x= = (.97

I
¥ | L -II ! a "r 5 ']I...I + l -l E. i
s dryness fraction = x = (1L97 bl I ST y Lo vlel |
Ll
Saturated liquid + Water vapour £ _ 5
at £ *C g @#ﬁa :
g1 vopowang Y
Water - ; E C
Vapour &/ 1 Uuid + vepour | SoPemesedy
. .*3' : mbxture ! i
l_Ir;uid: ! H
Saturated ng. ;:ﬂ'w" - _i STeT : -
FRE eI o _— 0°C| kb | Gl )| Ent
higuei : e
' lHea't _ k., |




Problem 2 § kg of wet steam contains 1.56 kg of water particles in suspension. What is the
dryness fraction of steam.

Solution :
Step 1 Data

Mass of wet steam = B kg Mass of water particles my= 1.56 kg
~. Mass of dry steam present m, = 8 —1.56 = 6.44 kg
Step 2 To find dryness fraction x

kL dryness fraction = x = — & _6M 805
WKL Gryness == i+ 155 6.44

-. dryness fraction = 0.805 ‘Lgm’- D""u:j 1A S 'l:"rj

Saturated liquid + Water vapour

LT E D
Et_ I': L Er “""“";@;%"
E! >
i Qae(”‘ .
S w
Water ks “oAB Cl
VAPOUT G e | Superheated
- -f'aylhiui i -
Saturated Al e i ;
ond liguid 0%C| k| R ot | m
-  hohhy
Heat . Fuy |




Problem 3 Calculate the enthalpy of steam at a pressure of 30 bar if its dryness fraction

15 0.75. MQP (2002 scheme) - 05 m
Solution : N
Saturated liqguid + Water vapour
Step 1 Data 41 £C
Pressure p = 30bar  Dryness fraction x=0.75
Step 2 To find enthalpy of steam (h). _ Ez% P ::;L:r'
Since x = 0,75 is less than 1, the given steam is wet. I SR
fY fmrisisaga— Saturated
whkt enthalpy of wet steam = b, = h; +x by ----[1) S i
Note Since pressure (F) is given in the probletn, the properties (k& hg) from steam tables has to 'I l”ﬂﬂ’f
read on pressure basis.”
'rom steam tables for pressure, P= 30 bar, we have, hy = 1008.3 kifkg and hy, = 1794 kl/kg €,
-, equation (1) reduces to, b, = 1008.3+(0.75% 1794]=23538 | % h
». enthalpy of wet steam h, = 23538 kl/kg g IR
v, I- Liquid + vepour Es""’l:;:::mdi
o N
0°C| b |, B el ) | Em
h=hth, B




Problem 4 Find the enthalpy of 1 kg of steam at 12 bar when steam 15 (1) dry saturated
(i1) 22% wet, and (iii) superheated to 250° C J\ssun'm specific heat of the superheated steam as

225 klikg K. July 2003 - 08m & Jan 2010
Solution :
Step 1 Data
Mass of steam =m =1 kg Pressure P = 12 bar (= ‘. i L
I rom steam tables, corresponding to a pressure of 12 bar, we have E
w1 =1B8°C, hy=T98. 4 KI/kg, hy = 1984.3 Kifkg, and h, =2782.7 kiikg g
.*-.1-_|1 2 Tﬂ- find enthalpy of dry saturated steam (/) E . - Vapourizing .
w k.1 Tor dry saturated steam, enthalpy = hy = he+ hg = 7984 + 1984.3 =2782.7 = u}" E .
h, = 2782.7 kl/kg of steam ,,!:F 'E Liquid + vepour ESU-I::;:::!E'ﬂi
Step 3 To find L‘n!h.ilp}* [h] when stearn is 22% wet ' z Uq“idi mixture 1}
w. k1 cithalpy of wel slcam hy, = he+ x hg : ----[1] Al region : : -
but .x =7 " 0°C| h | B edtr ) | En
I steam is 22% wel, then it is 100 — 22 = 78% dry. h=h+h, -
ie,x =078 T k.,
~ enquation (1) reduces to, k= 798.4+ [0.78 x 1984.3] = 2346.15 o o

h,, = 2346.15 kl'kg
Step 4 To find enthalpy when steam is superheated to 250°C.
w k1. enthalpy of superheated steam = by, = b+ Cop (lnyp = £
where  C,, =2.25kI/kgK, and t,,=250C
by =2782.7+42.25 (250 - 188)=12922.2
by, = 2922.2 kl/kg of steam



roblem 5 Fuwd the enthalpy of 0.5 kg of steam at a pressure of 1{ bar absolute for the following

conditions. (1) it is 1.5% wet, (11} it 1s dry saturated, (1) it 15 at 2 temperature of 200°C. Assume
specific heat as 2.3 klkg K. Jan 2007 - 06 m

Solution :
Step 1 Data
Mass of steamm = 0.5 kg  Pressure P = 10 bar

b
From stcam tables, corresponding to P = 10 bar, we have é fue “""'""""""_“'"""'"""_;@E‘ ED
= 179.9°C, ~hiy= 762.6 kifkg, h, =2013.6 k/kg and hy = 2776.2 Kikg i t
Step 2 To find enthalpy when steam is 1.5% wet. E. «. Vapouizing ':
w.k.t. for wet steam, h, = he+ x fig, --==[1] g Lpeees m W i
but x =7 . a q? : ' i
If steam is 1.5% wet, then it will be 100 - 1.5 = 98.5% dry T G + vepour | Sepehesned
- . dryness fraction = x= 0,985 7 i ety
equation (1) reduces to, i, = T62.6 +(0.985 x 2013.6) = 2746 ki/kg al/ rogion’ : : -
- for 0.5 kg of steam hy, = 0.5 % 2746 | _ 0°C| k| M edt ) | Ent
h, = 1373 kI hl=ﬁ;+.ﬁ* ]
Step 3 To find enthalpy of dry steam . . -
w.k.t. for dry saturated steam, enthalpy &, = ke 4+ hg = 762.6 + 2013.6 = 2776.2 e —— r 4 I

h, = 2776.2 kJ/kg of steam
- for 0.5 kg of steam, h, = 0.5 % 2776.2 = 1388.1
- hy = 1388.1

Step 4 To find enthalpy of superheated steam at 200°C.
wk.t. for superheated slcﬁm, P = Byt Cpg (= L) where Ly, = 200°C

hyg = 2776.2 + 2.3 (200 ~ 179.9) = 2822.43 k¥fkg of steam
-~ for 0.5 kg of steam, h,,, = 0.5 = 282243 = 1411 .21

by = 141121 KJ



Problem & What is the enthalpy of 5 kg steam under the following condition @ (1) 0.8 bar
absolute and 90% dry, and (ii) 20 bar absolute and at 300°C. Specific heat of superheated steam is

2.25 klkg K. Feb, 04 - 0 m
Solution ;
Step 1 Data - —
Mass of steam m = Skg Cp =225 klkg K E U [ — L

Step 2 To find enthalpy when P = 0.8 bar and 90% dry 3

Steam is 90% dry, i.e, x = 0.9 dryness fraction of steam g
Since x < 1, the steam is in wet condition £ Vapourizing =

e "

- enthalpy of wet steam = h,, = h;+ x hy

"
i Superhaated

. WE hi.l"-"l.‘.‘., |'I|,r = 3017 k]f‘kg & hr].- = 22741 HH{LE‘ regEon

r Liquid + wapour
From steam tables, at ¥ = 0.8 ba: y

O EE e e S B RS T e e

. miktrire E

.. equation (1) reduces 10, A1, = 191.7 + (0.9 x 2274.1) = 2438.4 klkg of steam :
. =h, = 4x5 | , .
- For 5 kg of steam, enthalpy = h,, = 2438 | |

k, = 12192 Kkl ﬂncf [ b o U'__ -
step 3 To find enthalpy h when PP = 20 bar & tempﬂablum 00C X B vy -
From steamn tables, at P = 20 bar, we have, i, = 212.4 C, and b, = 27972 Ic..]r g .
gince the temperature 300°C is preater than f,,, = 21 2 4'C, the given steam 15 1n superheated state. _

. ===l
wkt. for superheated steam, hy, = fy + Cos (frup = tead) [1]
o hyy = 27972+2.25 (300~ 212.4) = 29943 Klikg

- for 5 kg of steam, B, = 2004 1x5 = 14971.5

oy = 149715 KJ



Problem 7 By actual measurement, the enthalpy of saturated steam at | 90°C is 2500 kl/ke, What
is the quality of steam. _ -

Solution :
Step 1: Data

Caturation temperature i, = 190°C Enthalpy of saturated steam = h,, = 2500 kl/kg
Cince saturation temperature (f,) 15 given in the problem, the properties of steam from steam
wables hand book has to be read on temperature basis. Note thal in previous problems, the
properties of stcam was recorded on pressure basis.

From steam tables, corresponding to Ly = 190°C, we have, Saturated liguid + W
i ater vapour

p=12.551 bar, hy=807.5 Wik, kg = 1976.8 kiikg & h,=2784.3 kllkg atLme
w.k.t. enthalpy of steam= h = ket X fig, !

2500 = 807.5+x(1976.8) |l Water
x=10 Hﬁﬂi H,..-'" vapour
: Fe [FEomr i,
= Quality of steam=0.8361 100 =85.61% e g al'f""”_';“d
e AL RS == ol

L., the steam is 85.61% dry and 14.39 Yo wet ) ‘ l H
gat




Problem 8 A mixture of wet steam at a pressure of 10 bar is found to have a quality of B5%.
Determine its enthalpy, internal energy, specific volume and density.

Solution :

Step 1 Data Saturated liguid + Water vapour
Qiate of steam = WET, Pressure = P =10 bar at ¢ *C
Quality of steam = 85% -+ Dryness fraction = x = (.85 - .
¥rom steam tables, corresponding to P = 10 bar, we have, % Water
(= 179.9°C, ky =762.6 KIikg, hy = 2013.6 Kifkg, hy=2776.2 ki/ke, & ¥, =0.19430 | L vapour
: of wel stcam | i EEEE Y
ub-:_:.zfﬂii:zn::ﬁﬁyr hy+x h= 762.6+(0.85%2013.6) ' " _:_—...ﬂ""' Saturated

Enthalpy = h, = 2474.16 klkg — e liquid

Step 3 To find internal energy U, =7

w.k .t Internal energy for wet steam = U, =hetx he] - 100 Px -V, klkg f e . L
U, =(2474.16)~[100 % 10 = 0.85 * 0.19430] 2
Internal energy of wet steam = Uy, = 2309 kl/kg g -
: .. , =1 € ... . Vapourizing
Step 4 To find specific volume of wet steam F, =" g & “ofB
i . = = k) : ' :
Wkl Epﬂmﬁc m}umﬁd ﬂf wet st F'"" i FE " Ilrkg &{9? IE Liquid + wapour EEUPrrhﬂﬂtedi
Vv, =0.85 x 0.19430 £/ 1 mixture g
V, = 0.1651 m'/kg Al/ ! : . .
Step 5 Density of wet steam = i, = ? G“CL._.,_!;I, j hy et ) e
1 - . h1=hf+'ht -

. O -
wk.t. density of wet steam = £, =~ = (0.85x0.19430) 6.057 P = 6.057 kg/m' . hs




Problem 9 Steam at a pressu
enthalpv? What is its specific volume. Assume specific

re of & bar has temperature of 200°C. What 15 the specific
heat of steam to be 2,25 klikg K

July 2006 - 08 m

Superheated steam at §,°C

| P (bar) ()| v, mikg | ¥, mikg | hy Wike | By Kike | by Wike
0 | 1704 | oooris | 024026 | 7209 | 20465 | 2674 |
Solution :
Step 1: Data . . .
Pressure = P = 8 bar O, =223 kllkg K _
Since the saturation temperature f,, = | 70.4°C is less than the given temperature of steam (200°C), =

the steam is in superheated state. . Igp = 200°C
Step 2 To find specific volume of superheated steam (V)

£
=V, =—-xV, wherely,, & 1, must be in Kelvin.

L

w.k.t. Specific volume of superheated steam

200+ 273
1704+ 273

=

]

] x(.24026

Temperature (T}

" Vapourizing

Specific volume Vg, = 0.2563 mkg
Step 3 To find specific enthalpy of superheated steam ()

H
.

L9
a' n
Lirquid H
Al region

B

i Liguid + vapour

E Superhaated |
" [ M H

AniKTIre wRen

w.k.t. for superheated steam, enthalpy, Py = hg + Cps (fp = Loa) = 2767.4 + 2.25 (200 - 170.4)

U“Cf ,h

Ent

et U_I

Enthalpy = h,, = 2834 kl/kg




problem 10 Caleulate the specific volume and enthalpy of 8 kg of steam at 1.2 MPa (1) when the
e 1 1% wet (o} when the steam s superheated at I00°C.  MOP (2002 scheme) - 08 m

Bl snm e [ I N Y I'n'i‘l"lln Wowr
Solwtiom o I V- v?j’ .
Step 1 Trata Saturated liguid 4+ Water vapour a
Pass ol stesuimn e = 8 kg Pressure = = 1.2 MPa qat {*C Superheated steam at 4,.%C
| £ o= 1.2 = 10% N/m? (Mega = 109 & 1 Pa = 1 N/m?)

P = 12 bar {"." 1 Bar = 10% N/m?)

Water -
Fromny stesan Bables, an 70 - 12 bar, we have

vapour

(o VWO By T9KA Kk, g 19843 Kiikg, kg = 2782.7 kifkg, and ¥ = 016321 m/kg v, o ates i
Step I When stoeam s I 2% wel liquid [T
el =hesmnn s 1 2%6 wet, it will be 88% dry. . dryness fraction = x = .88 - 1
wk tospecitic volume of wel steam = F,=x F,= 0.8 = 0.16321 1 Heat
¥, =-0.14362 m¥%kg of steam
S Fen kol steam, specific volume = 8 x 0.14362
¥, = 1.149 m?
wk [ Enthalpy of wet steam = A = b+ x by, = 7984 + (0.88 = 1984 .3) ~
J, = 2544358 KJ/kg of steam B for fmer e 0
o For % ke ol steam, enthalpy = 2544 58 = B 5 a5 :;
k, = 20356.67 kJ 5 - f
Step 3 Whaen steam 15 superheated at 300°C £ o ______..-.IE Spavare ! :E
- e, (3004273 | R4 T
w k.t Speaific volume of superheated steam V., ;J:-H = []EE +E?3] * 0.16321 = 020286 a!}““ . Liq.u:i‘i:;u\::;mur 5 "'":__‘wm I
Ve = 020286 m*kg of steasm o 3 1_|q5|iu|§ 15 :
. For 8 kg of steam,  F,,,~ 8= 020286 = 1.622 ﬂngf ;ﬂ“’ e NPT . Er;
Ve = 1.622 ma® S I -
wk.t. enthalpy of superheated steam = b, = hy + Cpg (fp — fsar) ) h=hthy, - ]
Assume Cp, = 2.25 kl'kg K when not specified in the problem . By I

Myp = 2TB2.7 + 2.25 (300 — 188) = 3034.7 kl/kg of steam
- For8 kg of steam, b, = 8 = 3034.7 = 24277.6 B = 24277.6 kJ



Feasllsle-ryw 11

Deternune the specific volume & density of 1 kg of steam at a pressure of 7=10° Pa

wirearn the conditton of steam is, (1) wel, having dymess fractions OU9, (i) doy, and () superheated

Py O M roecpuired, use the extract of the steam table provided belows

Sy 2T — O rae

- ; - _! [ o i:""_g ]
7T bar 4JZ T 9> K | 0. 273341 ke i

Solution -
Step 1 Dala

Mass ol steam = m
FPressure

i

1 kg )

= P =7 = 10°Pa=7=x 10° N/m? (IPa =1 N/m?)

= T bar (1 Bar = 10° N/m®)

Step 2 When steam is wet with x = 0.9
w.k.t. specific volume of wet steam = V. =x F, — 0.9 = 0.273341]

., = 0.246 m'kg
IDensity of wet steaan = = - = ! = 4 _{ M5
¥ P = AW, T (09=0273341)
e = 4065 keglm?

Step 3 When steam 15 dry
we k. t., Specific volume of wet
o Specific volume of dry steam

steam = P, = x V. Butl, for dry steam x =1
¥, =0.273341 m/kg (from extract of steam tables)

E 1

density of dry stcam = g, = ‘_"i = F"g_ = D asal F.658
L = 3658 kg/m?
Step 4 When steam is superheated to 250°C
kt S ifn 1 i heated ¥, Crvp ¥, (M)
w k.t. Specific volume of super t sbeam = VF,, B = E » Vg = 437 97 » (3.273341
Vi = 0.3264 m¥kg
L [ £ heated = S ! = 3.063
ensity of superhea steam s = 7 = 03264  2-06:

e wym

= 3.063 kg/m®

Saturated liquid + Water vapour

Vl

at £ *C Dry steam at 1,°C
AL P Wapour AR D
i v, 7
| Saturated B [ RESR
liquid

.

Superheated steam at ¢, °C




Problem 12 Determine the condition of steam in the following cases
(a) at a pressure of 5 Bar, the total heat is 2654 kikg

(b} at a pressure of 10 bar, the total heat is 2832 kJ/kg

(¢) at a pressure of 20 bar and temperature 222°C.

4
(d) at a pressure of 10 bar & specific volume 0.23 m*/kg c L D
=0 o
Solution : = ;
Step I When P =5 bar ‘g B [
,  Totalheator enthalpy =k = 2654 Kl/kg £ Japoures i
’ From steam tables, at P = 5 bar, we have, i, = 2747.5 kl/kg (enthalpy of dry stcam) - E E
.- P Superhaatad |
Since the given total heat or enthalpy of steam (&) is less than the cnthalpy of dry steam (hg}, the L'q":i:tu‘::m"f é “quic-n ::
steam is in WET condition. : :
Step 2 When F = 10 bar | : : i
Total heat or enthalpy = k = 2832 kl/kg 0eC| hy | Epltu™ £ Ent
From steam tables, at P = 10 bar, we have, b, = 2776.2 kl'kg h‘ h+ ;,* ]
Since the given total heat h > i, the steam is in superheated state. e 5 -
Step 3 When £ = 20 bar and temperature = 222°C I — — |
From steam tables, at P = 20 bar, we have, i, = 212.4°C

Since the temperature of the given steam (222°C) is greater than the saturation temperature
(212.4°C), the steam is in the superheated state.

Step 4 When P = 10 bar & specific volume 0.23 m*/kg

From steam table, at P = 10 bar, specific volume of dry steam = ¥, = 0.19430 m/kg

Since the specific volume of the given steam (¥ = 0.23 m'/kg) is greater than the specific volume
of dry steam (¥, = 0.19430 m’/kg), the steam is in the superheated state.



Problem 13 By actual measurement, the enthalpy of saturated steam at 190°C is 2500 klikge.

What is the quality of steam. If 500 kJ of heat is added al constant pressure, what is the final state
ol steam. Also determine its himal temperature.

Solution :

Step 1 To determine quality of steam
Saturation lemperature = [, =

190°C  Enthalpy = = 2500 kl/kg

From steam tables, corresponding to £, = 190°C, we have, he = 2784.3 kKlkg
Since the enthalpy of given steam b < h, the steam is in WET condition.

WET, for wet steam h, =

From tables, att,,, = 190°C, hy = 807.5kl/kg & hg=1976.8 ki/kg

. cquation (1) becomes, 2500
~ Quality of steam =

Step 2 Heat addition process

hf_i- X .hjrr

N

807.5 + (x x 1976.8)
85.6%

or x=0856

If 500 kJ of heat is added, then total enthalpy = 2500 + 500 = 3000 kI/kg

Since 3000 klkg 1s greater than &,

SUPERHEATED.

(27843 kJ/kg), the steam after heat addition becomes

To find temperature of superheated steam (1,,,) = 7

w.k.l. for superheated steam, b, = h, + C, (1, -

fsar)

Assume Cp, = 225 kl/kg k

». 3000

benp

2784.3 +2.25 (1,,,, — 190)
285.86°C

Tempearature {T)

L

Awg 2001

Y RE—— —t——a
o Vapourizing
[, S 1
by i H i
,;F v Liguid + vapour 55""'::;:::“3'3:
a3 ' . i
= : mrture ]
Lirguid H ! :
B ragicn H a
nCl; h, hy, Cul Loy 1) Ent
- =1 -—
h =h+th, N
k




Prablem 14 A steam initially will be at 9 bar and dryness fraction 0.98. Find the final quality and
temperature of the steam at each of the following operations. (a) when steam loses 50 klfkg at
constant pressure (b} when steam receives 150 klfkg at constant pressure Jan 2000 & July 05

Solution :

Step 1 Data

Pressure = P = 9 bar, Dryness fraction = x = (.98

From steam tables, at £ = 9 bar, we have,

fuae = 175.4°C, by = 742.6 kl/kg, hg = 2029.5 ki/kg and h, = 2772.1 kl/kg

Step 2 To find the enthalpy of given steam
Since x = (.98 is less than 1, the given steam is WET

wk.L. for wet steam, enthalpy = h,, = hy+ x b, = 742.6 4 (.98 = 2029.5)

h, = 2731.51 kl/kg
Step 3 When steany loses 50 kl/kg of heat
Let k; be the enthalpy in this condition
When steam loses 50 kJ of heat, the total enthalpy is b, = k- 50
hy = 2731.51 - 50 = 2681 .51
o hy = 268151 klikg
Since h; < h,, the steam is wet.
To find gquality of steam:

| For wet steam h = hy+ x hy, where h=h, = 2681.5 kg

2681.51 = 742.6 + (x x 2029.5)
x = (1955
Quality of steam = 95.5%,

Saturated liquid + Water vapour

Superheated steam at ¢, °C

at ¢ *C
- [ VapoLr 5
SRR S y SaeenLiee %
F ] U e @
LI 4.~ Saturated tate E‘ . “ Wapoudizing
liquic AR - g T ofB c
- XL LN L o i E erhaa ;
‘ tHeat &/ b vau + vepour } SHTCENEE
= ' aniture H .
HE’Et Liruid ! H H
F region _ I M
0°C| h, |_ by el &) Ent
h =hh,
k.,
|

Step 4 When steamTeceives 150 kikg of heat
Let h; be the enthalpy in this condition. -, A, = A, + 150

h;

2731.51 +150= 288151
.e .hir = 253]5] ng

Since h; > h,, the steam is superheated
To find £, =7
wkt hg, = h, + C, (15, - 1)
Assume C,, =2.25 kifkg K
howp = hy =2881.51 kl/kg
-, equation (1) becomes, 2881.51 = 2772.1 +2.25 (¢,,,— 175.4)
loy = 224°C



_Prt}l.lIEm 15 2 kg of wet steam 15 heated at a constant pressure of 2 bar until its temperature
mcreases to 150 G, The heat transferred 1s 2100 kJ. Find the initial dryness fraction of steam.

Assume Copam =

2.1 ki/kg K. If required use the extract of the steam table provided below.

Jan 2006 - 08 mt
[P [ 1 (O | ¥y (weike) | ¥, (m¥kg) | By (WAkg) |y (kg)
} 20 12023 | 0.001061 0.8857 504.5 2706.5

Saturated liguid + Water vapour
at ¢ G

E
o - - m———t—
=5
=
B
&
=1 .
E ¢ o Wapourizing
[+ " T 'B
E_ - 1

7

&S H .- lEu.perhuu!Ed,

) ' 'LI|:|.u|d.+ vepour 1T gion
L] H e H
l,lr;l_lid: H :
Al region' : : -
G“Cf h, L ol lug £} Ent
o =il —
ke =hth, N
&J

Water
\'Epﬂl.]l'

Saturated
licpri

Golution : In the present problem, the enthalpy of wet steam has to I:H: calculated, which in turn
helps us to obtain the dryness fraction of steam,

Step 1 Data
Mass of wet steam = 2 kg
lop = 150°C (" given temperature > £, 120.23°C)
Pressure = F =2 bar
Heat transfered = enthalpy= 2100 kJ for 2 kg of steam

2100
oo for 1 kg nFslr:atn - T = 1050 kIkg ——

Cueam = Cps = 2.1 KIkg K

Step 2 To find initial drymess fraction of steam

wht iy =ty + Cpg (layp — e} = 2706.5 + 2.1 (150 - 120.23)
= hy,, =2769.01 Kikg
Feat supplied for 1 kg of wet steam = 1050 kJ
= Heat initially present in wet steam = 2769.01 - 1050 = 1719.01 kl/kg
i.e., enthalpy of wet steam = h, =1719.01 kl/kg
wkt. hy, =he+xhg —
Note Value of kg is not provided in the extract of steam tables. However hg can be obtained by
using by, = b, = by (7 k= bt hy) _
ie, hg =2706.5-504.5=2202 kl’k
-, equation (1) becomes, 1719.01 = 504.5 + (x = 2202)
N x =0.55
~. initial dryness fraction of steam was  x = 0.55



Problem 16 3 kg nf. steam is penerated at 5 bar from water at 34'C. Determine the quantity of
heat required when, (a) steam is wet, having dryness fraction 0.8, (b) steam is dry saturated, and
(c) steam is superheated to 240°C. Assume C,, = 2.25 kl/kg K and C,,, = 4. 187 Ki/kg K

Solution :
Sep 1 hata
M of sleam 3 kg, Pressure = P =35 bar  Initial temperature of water = 34°C
Cpe = 225 kl/kg K, C . = Specific heat of water =4, 187 kl/kg K

Temperature (T)

B —

From steam fables, at P = 5 bar, we have 1518} ————— -
o = 151.8°C, hf: 640.1 klkg. he =2107.4 kikg and h, = 2747.5 kl/kp R

MO -~ —
Note In all the previous problems, the properties of steam were determined for water at 0°C. !

. . aa . 4 . 0°C . Enthalpy (H)
However, in the present problem, the initial temperature of water is 34 C, which means that there Ao |
15 some amount of heat already present in water. The problem can be best understood by plotting UL N DU - Y T
the T-H diagram as shown in figure. P.16 below. | k= S

- Heat already in water (portion AA) =m C, AT (m = Mass of water = | kg)
AT = change in temperature= 34°C — 0°'C = 34'C
- Heat already in water = [ x 4. 187 = 34 = 14235 klkg



Saturated liquid + Water vapour Step 2 When steam is wet with x = 0.8
at 1 *u

Let H,, = heat required to convert 1 kg of water at 0°C into wet steam

Wrtssr w.k.t. enthalpy of wet steam (between points A & B) = h,, = hiy + x hi, = 640.1+ (0.8x2107.4)
vapour K, =2326.02 kl/kg
EIaturated Let h, = actual quantity of heat supplied to produce 1 kg of wet steam from water whose initial
liquid temperature is 34°C

= hy = h,, — heat already in water
=2326.02-142.35
h, =2183.07 kl/kg of steam

Temperaturs (T)

____________________ 3]
) / -, to produce 3 kg of steam, heat required = fi; = 3x2183.67
1518 - =~ -~ — - 13 ‘“:’ i h; =6551.01 kJ  for 3 kg of steam
wel -5 E i i - Thus 6551.01 kJ of heat is required to produce 3 kg wet steam from water at 3MC,
0 oy : " T L : Enthalpy (H)

heat in b
L[ . —




Step 3 When steam is dry saturated

Let h, =heat required to convert I ke of water at (°C into dry steam

Let h;= actual heat required to produce 1 kg of dry steam from water at 14°C
. h; = h_ - heat already in water
=2747.5 - 142.35
hy =26035.15 kl/’kg of steam
- To produce 3 kg of steam, heat required = 3x2605.15
h, = 781545 k1 for 3 kg of steam
Thus 7815.45 kJ of heat is required to produce 3 kg of dry steam from water at 34°C.

Step 4 When steam is superheated to 240°C.
Let = heat required to convert [ kg of water al 0°C to superheated steam

whit fgy = kb + Co (fup — bia) = 274754 2.25(240 -
b = 294595 kl/kg of steam
Let hiy = actual heat required to produce 1 kg of superheated steam from water at 347C.
o hy = hg,, ~ heat alrcady in water
= 294595 - 142.35
hy = 2803.6 kl/'kg of steam

~ To produce 3 kg of steam, heat required = 3 x 2803.6 = 8410.8 kJ.

——

151.8)

Thus 8410.8 kJ of heat is required to produce 3 kg of superheated steam from water at 4°C.

hy = 8410.8 kJ

Temperature (T)

Superheated steam at ¢, 7C
"'w] i

2

151.8

M- -

0*C

Dry steam at 1,°C

wtmn

S

b e

L Vapour

.~_-_.'.-,;;.1.r.f
}1 s

heat

Enthalpy (H)



Problem 17 How much heat energy is required to generate 2 l::E,, of dry saturated stcam at

7 bar from feed water at 25°C. Jan 07 - 05 m
Solution : B Dry steam at 1,°C
Step 1 Data ' =
Mass of dry steam = m = 2 kg, Pressure= 7 bar Imtaal temperature of water = 25°C.
From steam tables, at P= 7 bar, we have, = E%
ty= 165°C, hy = 6971 kIikg, hy=2064.9 kilkg & hy= 2762 klikg | s L Vapour
The details are plotted on the T-H diagram as shown in figure P.17 o B RS (,r
[ TEnm L

Step 2 To find A, I

Heat

Heat initially present in water (AA) = m C,,, AT (m = 1 kg of water & Cp, = 4.18 Kl/kg K)
— 1x4.18 % (25 - 0) = 104.5 ki/kg

Let h, = heat required to convert 1 kg of water at 0°C into dry saturated steam.

w.k.t. enthalpy of dry steam = h, = i, + Ay

From steam tables, at P =7 bar, we have, h, = 2762 ki‘kg

Let b, = au:lr_ml heat reguired to produce } kg of dry steam from water a1 25C o Y
. hy = h, — heat already in water = 2762 ~ 104.5 '

c/
|
|

. i
I
I
i

h, = 2657.5 kifkg of steam 0°CKg I — En

65°Ck-—=-——-;

i =

Temperature (1)

walEr

~. to generate 2 kg of dry steam, heat required, h, = 2 x 2657.5 = 5315 g b
h; = 5315 k] for 2 kg of dry steam




Problem 18 What amount of heat would be required to produce 4 kg of steam at a pressure of
6 bar and temperature of 250°C from water at 30°C. Take C,, = 2.2 kl/kg K, specific heat of
water = 4.18 kl/kg K. At 6 bar b= 670.4 klfkg, he, = 2085 kl/kg, T, = 158.8°C. Jan 2009 - 06 m

Solution :

Step 1 Data o
Mass of steam = m =4 kg, Pressure = 6 bar Superheated steam at {
Since 250°C > T, (158.8°C), the steam is in the superheated state
lr'I tmp — 15“ C
Temperature of water =30°C
Cpe = Cps=2:2 klikg K, b= 6704 kg, by = 2085 kd/kg, 1= 158.8°C, & C,,, =418 kV/kg K

The details are plotted on the TH diagram as shown in figure.P. 18,

Step 2 To find &,

Heat already present in water (AA") = m C,, AT t 1 Heat
=1x4.18x(30-0) (m=1 kg of water)
=125.4 kifkg

Let h,,, heat required to convert | kg of water at (°C into superheated stcam

I
wk 1. for superheated steam= Ay, = by + Cyy (L = L) L 5
he = hy + by, = 6704 + 2085 (from data) . 1588 B L

h, = 2755.4 10/kg

maeraiume O]

1
S by = 27554+ 2.2 (250 - 158.8) = 2956.04 k1/kg of steam wek - - i
let iy actual heat required to produce 1 kg of superheated steam from water at 30°C. : :
- hy = hy,, — heat already in water = 2956.04 — 125.4 o ' Enthalpy (H)
h; = 2830.64 kl/kg of steam Peat In , _l
. 1o pencrate 4 kp of steam, heat required = h; = 4x2830.64 T Th, T

By = 11322.56 kJ for 4 kg of steam



Problem 19 Find the internal energy of 2.5 kg of steam at 20 bar, when (1) it is wet, its dryness
faction being 0.9, (i) it is superheated, its temperature being 350°C. (lake the specific heat of
steamy as 2.3 ke K). Feb 2005 - 06 m

Solution :

Step 1 Data Saturated liguid + Water vapour

. " Superheated steam at {,.°C
Mass of steam = m = 2.5 kg, Pressure = 20 bar att"e
From stcam tables, at P = 20 bar, we have, W - EE%
. _ ater RO
fow  22.4°C, ke =908.5 Kkg, hy, = 1888.7 kl/kg, h, =2797.2 klikg, & F, = 0.09955 m*/kg ) m%f vapour " Lrhein
Step 2 To find internal energy. of wet steam (7). v o : S. ; - HERNATE
Ciiven, dryness fraction =x =09 . _ ! ~ a;;;ide S
w b U B wel steam, mternal energry, U, = A, — 100 Px. I"'g klfkg ----[1] ; 1 1
but &, =7 Heat

for wet steam b, = e+ x b = 908.5 + (0.9=1888.7) = 260833
T (TR TN 1y b, Uw = 260833 — { i Dﬂxiﬂxﬂgxﬂmgiﬁ} = 24239 14 k.]ﬂ{g of steam

. for 2.5 kg of steam, [, =2.5 = 2429_14= 6072 85
= S U, = 607285 k] for 2.5 kg of steam
ol Step 3 Internal energy of superheated steam = U/, = 7 .
% w.k.t. for superheated steam, mternal energy = U, = A, — (100.2F, ) klfkg - - - = [2]
EL E but o, = 7= Vo,
g & _ Wkt fgy = byt Coy (f — ) = 2797.2 + 2.3 (350 — 212.4)

& Liquid + vapour gsuﬁ:;:ﬂﬂ:mdi B =3113.68 klikg

7 s’ " : Wkt Vo, = 22 p = [MJ x 0.09955

al/ region | - : _ Sl Fap =0 T Pe = 21244273 )7 Y
ST/ . " Glto O | Em Vap = 0.1277 m¥/kg of steam
h=hth, . equation (2) becomes, [/, 3113.68 — (100x20~0.1277) = 285828 ki/kg of steam
By | <. for 2.5 kg of steam, U= 2858.28 x 2.5 '

Uiy = T145.7 kI for 2.5 kg of steam



Problem 20 Determine the density of 1 kg of steam watially at a pressure of 10 bar absolute,

having a dryness fraction of 0.78. If 500 kJ of heat 15 added at constant pressure, determine the
condition and internal energy for the hinal state of steam. Take specific heat of superheated

steam = 2.1 klikg K.

Solution :

Step I Data
Mass of steam =m = | kg, Pressure = 10 bar, Dryness fraction = x = 0.78
Heat added to steam =500k), C,, = 2.1 kiigK
From steam tables, at  F = 10 bar, we have, '
laae =179.9°C, hy =762.6 klikg, hg = 2013.6 kdikg, h, = 2776.2 ki/kg, & ¥, = 0.19430 m'/kg
Step 2 To find density of steam
Since x < 1, the steam 18 WET

] 1 1
w.k.t. for wet steam, density = Pu= T3 " (0.78x0.19430) = §.598
£

Approximately p, = 6.6 kg/m?
Step 3 Condition of steam on heat addition
By data, 500 kJ of heat was added to wet steam
w.k.t. Enthalpy of wet steam = b, = ky + x hy =762.6 +{0.78 =« 2013.6) = 23332 klikg
Let k; be the enthalpy after heat addition
' sohy =500+ 2333.2
hy =2833.2 ki/kg

Jan 2003 - 1§ m

Since by > kg [.’%?_?6.}! klfkg), the steamn ts superheated after heat addition
co by = by, = 28332 klkg
To find internal energy of superheated steam -
wkit Ugp = by — 100 BV,

=7
but Vg, =1
)
dup
wkt Vo, = T xF,
Jar
But byp = 1

using Ay, = b+ C,, (fop — L), We have,
2833.2 =2776.2 + 2.1 (1, - 179.9)
lap = 207.04°C

. 20704 4 273
o, equation (2) becomes, V= {_— % (). 10430
@ A 1?9-9+z?3J

Vi =0.2059 m¥/kg
Substituting ¥, in cquation (1) we have, Usyp = 2833.2 = {100=10%0.2059)
Uy = 2627.3 kJ/kg



Problem 21 A mixture of saturated water and saturated steam at a temperature of 250°C is
contained in a closed vessel of 0.1 m* capacity. 1f the mass of saturated water is 2 kg, find the mass

ol steam in the vessel. Also find the pressure, specific volume, dryness fraction and the enthalpy of
July 08 - 10 m

the muxture. Use the properties of the steam given the table below.

Saturation Saturation Specific Specific Specific | Specific B Solution :
temperature | pressure | enthalpy of | enthalpy of | volumeof | volume of .
C bar saturated | saturated saturated. | saturated Step 1 Data collection
Liquid Vapour Liquid Vapour Saturation temperature = {,, =250C
kifkg klfkg mkg miikg _ 3
250 39.77 1085.8 28004 | 0.0012513 | 0.05004 Volume of vessel =0.1 m
- Mass of saturated water =2 kg
Step 2 To find mass of steam in the vessel
—_— o
tsat =250°C The vessel contains a mixture of saturated water and saturated steam (dry steam).
/”’—\\ ~. Total volume = m; v + m, ¥, T
o L JEE
\\-// saturated water  Saturated vapour
where  my = mass of saturated water = 2 kg :
Saturated vy = volume of saturated water = 0.0012513 m*/kg (by data)
Vapor m, = mass of saturated steam = ?
Fy = volume of saturated steam = 0.05004 m*kg (by data)
<. equation (1) becomes, 0.1 = (2x0.0012513) + (m, x 0.05004)
mass of saturated steam in the vessel m, = 1.948 kg
=, Total mass of mixture = my+ my,=2+1.948
mass of mixture = 3,948 kg
m; = 2kg

Step 3 To find pressure P
From the extract of steam tables provided in the problem, we have,
at d,, = 250°C, pressure= P= 3977 bar—




Step 4 To find specific volume of mixture

Specific volume of the mxiture is the volume of unit mass of mixture at the given temperature and
pressure

, , 0.1 -
-, Specific volume of mixture= TR 0.02532

Specific volume of mixture = 0,02532 m'/ke
Step 5 To find dryness fraction of the mixture

m 1948

k1. dryness fraction = x= = =) 49
11; dryness action = x . 1HL96 0.4934

dryness fraction of mixture = x = (.4934

Step 6 Enthalpy of mixture .
enthalpy of mixture = enthalpy of saturated water + enthalpy of saturated steam
= myghy +mg hy |
=(2x1085.8)+(1.948%2800.4)
enthalpy of mixture = 7626.78 kl
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STEAM BOILERS

= A closed metallic vessel in which steam at the desired pressure and
temperature can be generated from water under the application of heat.
= Applications: Generation of electricity, industrial purpose like sugar

factories, breweries.

= Also called as “Steam generators”
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Classification of steam boilers

= According to the circulation of hot gases
1.Fire tube boilers — Lancashire boiler, locomotive boiler, Cochran
boiler, scotch marine boiler
2.\Water tube boilers — Babcock and Wilcox boiler, stirling boiler,
Yarrow boiler
= According to the location of furnace
1. Internally fired boiler — All fire tube boilers
2.Externally fired boiler — Water tube boilers
= According to the circulation of water
1. Natural circulation boiler — All low capacity boilers
2.Forced circulation boiler- High pressure and high capacity boilers
= According to the axis of the shell
1. Vertical boilers — Cochran boiler
2.Horizontal boilers — Babcock and wilcox boiler, Lancashire boiler
= According to their uses
Stationary boiler, locomotive boiler and marine boiler.




Babcock & Wilcox boiler

AR
— N NN

AN 2
#

It was discovered by George Herman Babcock and Stephen Wilcox in the
year 1967.

Horizontal, externally fired, stationary, natural circulation water tube boiler.

Steam pressure of 12-18bars (Range of pressure)

= Evaporation capacity 20,000-40,000 kg/hour.

Application: generation of high pressure steam in thermal power plants.



Construction S

Water Level

1. Steam drum: Horizontal axis drum " = [ o~
which contains water and steam. praketeader” P
2. Down Take Header: It is present )
at rear end of the boiler which g N
connects the water tubes to the rear |
end of the drum. It receives water
from the drum. Babcock and Wilcox Boiler

3. Up Take Header: It is present at front end of the boiler and connected to the
front end of the drum. It transports the steam from the water tubes to the drum.

4. Water Tubes: Tubes in which water flows and gets converted into steam. It
exchanges the heat from the hot flue gases to the water. It is inclined at angle of 10-
15 degree with the horizontal direction. Due to its inclination the water tubes do not
completely filled with water and the water & steam can be separated out easily.

5. Baffle Plates: Placed in between the water tubes and it allows the zigzag motion
of hot flue gases from the furnace.

6. Mud Collector: Placed at the bottom of down take header used to collect the
mud present in the water.



7. Superheater: It increases the temperature of saturated steam to the required
temperature before discharging it from steam stop valve.
8. Safety Valve: It is a valve which acts when the pressure of steam within the

boiler drum increase above the safety level. It opens and releases the extra steam in
the environment to maintain the desired pressure within the boiler.

Steam Stop Valve

Safety Valve
Drur\n \'\ Anti-priming pipe Man Hole .
\ 8 / Chimney

Pressure : /
gauge
Water level A

Indicator

Feed Check Valve ——
|—— Superheater
Up Take Header  — —
— Water Tubes

|~ DownTake Header

Fire Door — — Damper

—— Blow Off Valve

Grate ~

Baffle Plates

Mud Collector
Ash Pit



Working of Babcock and Wilcox boiler

o = First water starts to flow into the
oo [ o water tubes from drum through down
zz//zresdar take header.
7] wpener ™ The water present in the inclined
| ™ water tubes gets heated up by the hot
[ flue gases. The coal burning on the
' LHeade* grate produces hot flue gases and it Is
wacteme forced to move in zigzag way with the
help of baffle plates.

Antipriming

Pressure Gauge

Water Level
Indicator

Feed Check
Valve

74
7 S—
A ARt
Uptake Header~

Doors
Babcock and Wilcox Boiler

= As the hot flue gases come in contact with water tubes, it exchanges the heat with
water and converts it into steam.

= The steam generated is moved upward through up take header which gets collected
at upper side in the boiler drum.

= T-tube is provided in the drum. This anti-priming pipe filters the water content from
the steam and allows only dry steam to enter into superheater.

= The superheater receives the water free steam from the T-tube. It increases the
temperature of steam to desired level and transfers it to the steam stop valve.

» The superheated steam from the steam stop valve is either collected in a steam drum
or made to strike on the steam turbine for electricity generation.



Advantage Disadvantage
It occupies less space. 1. High maintenance cost.
Replacement of defective 2. It 1s not much suitable for
tubes is easy. Impure and sedimentary
Inspection of boiler can be water.
done anytime during its 3. Continuously supply of feed
working. water is required for the

working.

BABCOCK & WILCOX BOILERS

Saftety valve

Steam and St
Pressure J water drum \h ¥ vaive ]
gauge
Fusible Antl priming pipe -~} |3 Ma
Water level plug e e T A At K
indicator ) St ik hmmi- s e A 3
Feed Risar 4 iJ %
water inlet C_M 4
f R é/ Down comer
Header é ;
i .
: 9 ¥ é'\ Header
'2 Balfles / / ?
Blow-off
é 4 Fu\rtnacef Water tubes Mud box a p.pew %
- +
2 4N o
Stoker N \ A
— o1 Damper
P4 To stack
o = e
N O —




|_ancashire boiler

= |ancashire Boiler was invented In
the year 1844, by William Fairbairn.

» Horizontal, Internally fired,
stationary, natural circulation fire
tube boiler.

= Steam pressure of 14bars (moderate
pressure)

= Evaporation capacity 9,000 kg/hour.

= Application: Employed in sugar

mills, textile and paper industries.



Construction of Lancashire boiler

Safety
Valve

Steam Stop Valve
Steam Space Fire tubes Boiler

Furnace
Door

Arens e T
AR
ittt tated

S Spmemes
LR e

i
Side Channel 2
Bottom Central Channel

Asphit

\
Blow Off Furnace Gate
Bottom Central  gara Exit Passage

Valve Fire Tube Channel

11111111111111111111111111111 Side Channel 1
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("’ » Rare Enclosed

44— Chamber
4 - =

7 : S Rare Exit
Passage
Bottom Central
Channel

Side Channel 1

Chimney

= |t consists of a horizontal cylindrical shell placed on a brick work set-up.

= Two flue tubes having dia 0.4 times that of boiler shell are placed inside the boiler

shell and in each of these tubes, two furnace grates are provided.

= At the rear end of the boiler shell, the flue tubes are enclosed by brick work. While

designing brick work, some narrow space is left underneath the boiler shell, which

IS termed as bottom channel. (Side channel 1 & 2)



Working = Boiler shell is filled with water upto

Safety

| 75% of its volume so that the flue tubes

= Se=  get fully submerged in it.

Coal is charged into the grate through

o
/ Side Channel 2

T et O senencencicomd AL £ rngce door. The hot gases pass through
("’ » Ra(r;;:\ckl)oied
- ey . the flue tubes from front to the rear end
/I / l | s of boiler shell. Water surrounding the
flue tubes gets heated.

= From the side channels, the hot gases pass to the rear end of the boiler shell and
pass out through the chimney.

= The steam thus formed gets separated from the surface of the water and collects in
the steam space.

= The steam from the steam space is taken out through the steam stop valve and then

used for various applications.



Advantage

Disadvantage

o

It has high thermal
efficiency; the thermal
efficiency is about 80 to
90%.

It IS easy to operate.

Easy to maintain.

Generate a large amount of
steam and hence more
reliable.

It has a limited grate area
due to the small diameter of
the flue tubes.

The steam production rate Is
low.

Low-pressure type boiler, so
high-pressure steam is not
produced.

Tedious maintenance of
brickwork.

DO HO I

I N Bottom
i flue

[T T T T ITITTITTITIT] [ T T T 11

(c) Side view of Lancashire boiler




Differences between water tube and fire tube boilers

Water tube boilers (Babcock and
Wilcox )

Fire tube boilers (Lancashire)

O N O

(o)

Water circulates inside the tubes and
the hot gases surround the water tubes
Furnace is situated outside the boiler
shell

Combustion space is large, 100%
combustion of fuel

Water circulates between the drum
and the tubes maintaining a closed
circuit.

Steam generation rate is fast

Rate of evaporation is high

High thermal efficiency

Parts are easily accessible for
cleaning, inspection and repair.
Capital investment is high

. High pressure steam at a very fast

rate; used in power plants

1. Hot gases pass inside the tubes
and water surrounds the tube.

2. Furnace is situated inside the
boiler shell

3. Combustion takes place in a

small space within the boiler

shell.

Water circulates within the boiler

drum only.

Slow steam generation rate

Evaporating capacity is slow

Thermal efficiency is low

Inspection and repairing is

difficult

Low cost of investment

10. Used in process industries or
Industrial plants
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Boiler Mountings (Boiler Fittings)

° Purpose TO ensure Babcock and wilcox t[))grir!erSafew\\,aIVE - Steam"S(topVaIve
= Safe operation |
= Efficient working -
= Controlled steam generation *™" -

|~ Down Take Header

= Easy maintenance

i
| Damper

e _} e L Blow Off Valve

. List of boiler mountings e

1. Water level indicators

2. Pressure gauge

3. Safety valve and Feed valve

4. Blow-off cock

5. Fusible plug




Boiler mountings

Functions/Features

Water level
Indicator
( Two in numbers)

To Indicate the level of water inside the water
drum.

Enables the operator to control the flow of
water as when required.

Pressure gauge

It indicates the pressure of the steam developed
within the boiler.

Usually mounted in the front end and at top of
the boiler shell.

Safety valve

To maintain a constant safe pressure inside the
boliler.

When pressure of steam within the boiler
exceeds the critical pressure, safety valve opens
and discharges the excess steam to atmosphere.
Placed on the top of boiler shell




Boiler mountings

Functions/Features

Steam stop valve
or Junction valve

To control the flow of steam from the boiler to
the steam pipe or form one steam pipe to other
pipe.

If valve iIs placed directly over the boiler —
Junction valve.

If valve iIs placed in between the steam pipes —
stop valve.

Feed valve or feed
check valve

To control the supply of water into the boiler

To prevent water escaping back from the boiler
In case of feed pump failure.

Fitted over the shell below the water level of the
boliler.

Blow-off cock

To empty the boiler, during cleaning or
Inspection.

To remove sediments periodically which are
collected at the bottom of the boiler.




Boiler mountings

Functions/Features

Fusible plug

To ensure safety of boiler from being damaged
by overheating due to decreased water level Iin

the boiler.

Fitted over the combustion chamber

Steam cock

‘Water level

Water :
to boiler

Water in

Dial (8)

Bourdon Tube (C)
Pinion (D)

 Boiler Plate
/

Steam In
— Water Level Inside
Boiler Drum

learnmechanical.com

Syphon (S)

Pressure gauge

Gland (G)

N -
N

%
g
)
g
g Asbestos packing (AP)
%
Casing (C) z
a3 Valve
7§ . body (V)
>\‘.’s\\\\\\\\\\\\§

Drain pipe ¢

Spindle

i i Hand wheel
Weight carrier _— Bidloiord

\ \\ Gland
Stud ! l =

E Dead weight "' |l.|. <
% s SR
C.l. cover s % g § . Spindle
Body AU
Valve

] ~ Flange
Steam in \Flange

Solid Copper plug

77

From Boiler Furnace

Fusible Plug




Boiler Accessories

 Auxiliary/supplementary/additional parts of steam boiler.
* Purpose:

= Smooth functioning
= To increase overall efficiency of the boiler

« List of boiler accessories

1. Economizer

2. Air-preheater

3. Superheater

4. Steam separator
5. Steam trap

6. Feed pump



> Economizer

a. Device used to heat the feed water
by extracting the heat from the
gases that are passing out of the
chimney.

b. Placed in between the boiler exit
and the chimney entrance.

I

L

> Alr-preheater
a. Extracts the heat from the gases | —— ‘JEH_'

passing out of the chimney and is T
utilized for heating the air supplied LenUEE
- - -1 ’
for combustion of fuel in the sartes [Q-LL L [ Tuses
Fresh airin ‘-- [ -\)
furnace. narn |

b. Placed in between the economizer
and the chimney entrance.

] Flue Gas to Stack




» Superheater

a. Increase the temperature of steam
above Its saturation temperature
(dry steam to superheated steam)

b. Placed below the boiler drum and is
exposed directly to the hot gases
coming from the furnace. i

AT RRRRRRRRS

» Steam separator

a. Device which separates the water
vapours present in steam before it
enters the engine or turbine.

b. Placed closer to the engines or
turbines.

Condensale lo seam rap

Fig 12,63 A cyclonic type separator



> Steam trap

a. Automatic valve used to drain off
the condensed water accumulated ’
In steam pipes and steam separator. | |

b. Hinders the escape of high pressure \ B e

steam from steam separator. < Dichaging WS

\ Condensate ’

- -

> Feed pump

a. Pump the water at high pressure
Into the boiler drum.

b. Reciprocating pump and centrifugal
pumps
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WATER TURBINE

= A device/machine that converts Kinetic energy of flowing water into
mechanical energy, which in turn converted into electrical energy by

means of electric generator.

= General principle:
a. Force « change in momentum (Newton Il law)
b. Turbine blades are placed against the flow of water, which changes the momentum
In it.
c. If there is any change in momentum of fluid, a force is generated. This force is

used for rotation of shaft coupled with electric generator.



Classification of hydraulic turbines

Type of energy Direction of Head under
available at the flow of water which turbine
turbine inlet through runner works

Tangential Axial Radial Mixed High MediumLow

Impulse  Reaction
flow flow flow head head head

turbine turbine flow

Pelton  Kaplan. Per:to'? fag!an Thg_msgn, Modern
wheel,  Francis wheel  turbine turll;?ne Frak?_us
Banki turbine turbine
turbine




Pelton Wheel

= Tangential flow impulse turbine in which potential energy of water Is
converted into Kinetic energy to form high speed water jet and this jet

strikes the wheel tangentially to make it rotate.

. W : e Parts:
e e 1. Nozzle with a spear
nnwi;,f- if;  ¢_i ' head
‘ _ " 2. Runner & Buckets

ARSI B S01 3. Turbine Casing



1. Nozzle with a spear head
* Pipe/tube of varying cross sectional
area attached to the penstock.

e Arranged around the runner wheel

PENSTOCK

such that water jet emerging from a
NOZZLE

nozzle Is tangential to the
' :;.;..\;;;;,,,;.,; .;i-rff:a"a,’;_f_

—

circumference of the runner wheel.

 Flow of water through the nozzle is JET OF WATER

WHEEL SPEAR
controlled by a spear head, which is

operated by means of hand wheel.
« Smooth flow of water with

negligible energy losses.



2. Runner and buckets

e Circular disc on the periphery of which a number of buckets are mounted
with equal spacing between them. The runner is coupled to the rotating shaft
as shown in the figure.

e The buckets mounted are either double hemispherical or double ellipsoidal
shaped.

e Advantage of double hemispherical buckets:

a) Water jet splits and leaves symmetrically on both sides of the bucket
b) Eliminate the end thrust/axial thrust on the bearing and the shaft.

Mozzle
) |

L Spearhaad

Hemispherical
shaped Bucket




3. Turbine casing

 The whole arrangement of runner and buckets, inlet and braking jets are

covered by the Casing.

» Prevents the splashing of water and also helps to discharge the water into

the tailrace.

Water in

I

P
[

Hand Con e

Penstock

wheel et Tailrace T

e e e e S s S e e




Working of Pelton wheel

= Water from the reservoir having potential energy flows through the penstock
and enters the nozzle.

= Potential energy of water is completely converted into kinetic energy in the
nozzle. The high velocity water jet from the nozzle impinge on the
hemispherical blades fixed around the runner wheel.

= The impulse force due to the high velocity jet sets the runner wheel into

rotary motion.

www mekanizmalar.com PC ltDﬂ Tl]l'bi ne 4
Reset Fetation Speed
Breaking
whed =& spear Pusition
Buckel
[z

Penstock

I k.
Hand T L Bl T LI T
wheel Tt T == Tl T :

© Seyhan Ersoy 2013 . voutube. com/mekanizmalar
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* The shaft coupled to the runner wheel also rotates thereby doing useful work.

(Kinetic energy of water ——— Mechanical work)

= The work produced at the output shaft is used to drive a generator to produce

electricity.

S E B
1




Advantage

Disadvantage

N

No cavitation problem
Overall efficiency Is high
Intake and exhaust of water
takes place at atmospheric
pressure hence no draft tube
IS required

It can work on low
discharge

Requires high head of
operation

Turbine size is generally
large




Francis Turbine

= Reaction turbine, combines radial and axial flow, operating head range

10m to several 100m.

= Used widely in hydro power stations.

Main Shaft Operating Ring

Water Guiding Device

Water Inlet

\ | | !lh ' Spiral case Parts :

J >

Head Cover

Guide Vane

1. Runner
2. Guide Wheel

Stay Ring Guide Vane 3 , Spi ral CaSi ng

Draft Tube %

Runner

Francis Turbine 4. Draft tube



1. Runner Flow of

Water

Circular wheel on which series '
of curved blades are fixed. ’
The number of blades usually
varies between 16-24.
The runner in turn coupled to a
rotating vertical shaft.

Moving blade
frunner blade)

¥

Spiral Casing
(Volute)

Guide blade

{fixed blade) Guide Wheel

2. Guide wheel

Stationary wheel around the runner of the turbine.

A number of blades are fixed around the circumference of the guide
wheel (guide blades).

Guide blades allow the water to strike at a certain angle on to the moving
blades.

The blades are designed In such a manner that the water while flowing
through the blades will be subjected to nozzle effect (potential energy to
Kinetic energy)



3. Spiral casing (Scroll/volute casing)

* Closed passage surrounding the guide blades.
 The cross section area of the spiral casing gradually decreases along the

flow direction in order to distribute water uniformly around the entire
perimeter of the runner.

4. Draft tube

 Tube or pipe of gradually increasing area used for discharging of water
from the exit of the turbine to the tailrace at low pressure.

e It does not allow water to fall freely to tailrace as in case of Pelton wheel.

Flow of Gui FE
Spiral casing uide blade
(Volutel i

Maoving blade 4 |
{runner blade) 4

Runner

Spiral Casing tube

Volute)

Y I ——

Guide blade

{fixed blade) Guide WHeet ~ mmmmeses - = —-_--:-F:-:_.-.- r - :_:__-_':':'r'}:



Working of Francis turbine

= Water from the reservoir flows through the penstock and enters the
spiral casing.

= As the water flows through the tapered spiral casing, a part of its
potential energy Is converted into kinetic energy.

= Water flows through the guide blades, gets deflected and then flows
radially inwards to the outer diameter of the runner.

= During its flow over the runner blades, the blade passage acts a nozzle

and the remaining part of the potential energy is converted into Kinetic

energy.

]

!
%
!

Spiral Casing
(Volute)

b
fluid outlet
il
runner bladesl 1gu|de vanes

Guide blade

(fixed blade) Guide Wheel



= |t is important to note that, the jet of water does not impinge on the
runner, in fact water leaves the runner at very high velocity. Hence
there Is a reaction force on the runner which set runner to rotary
motion.

= The shaft connected to the runner also rotates thereby doing using
work. The shaft in turn drives the generator to produce electricity.

www mekanumalar com Francis Turbine Top View

MakeAGIF.com
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Advantage

Disadvantage

1. Variation in the operating
head can be easily
controlled.

2. Mechanical efficiency of
turbine in high

3. Runner size is small.

Water which is not dirt free,
can cause extremely rapid
wear of turbine parts.
Cavitation Is ever-present
hazard.

Repair and inspection is
difficult.

) Shafy
Spiral casing Guide blada
(Vaolute) ; Rurngs

|
'

1|
1

{ | T Draft

&

R : |

Spiral Casing

tube (Volute)

Moving blade
{runner blade)

Shaft

Runner

Guide blade

{fixed blade) Guide Wheel




Kaplan Turbine/Axial flow turbine

= propeller type, axial flow reaction turbine with adjustable blades.
= |t is suitable for low head (10m) and high flow applications. It is an

evolution of Francis turbine.

Shaﬁ

Seroll casing
wuae vane . I
(Wicket gate)™ 7 _x"MHm shat Scroll casing %ﬁl‘* i?@ l
: , f 7 / o Runner— -Guidevar!a
. E . . vane | A Draft tube
| : : i | Hub \ﬂm&
. SO W) (i S e e S | . | ra

Section X-X

Waler inlet

Guide vanes fram pqnstnck

Runnarvane /L~ 4§




Main parts of Kaplan turbine

1. Scroll casing

» Spiral type of casing with decreasing
cross sectional area.

» Scroll casing protects the runner, runner
blades, guide vanes and other internal

Scroll casine

sutde wheel

parts of the turbine from external 4
damage.
2. Guide vanes ~ —
* It is the controlling part of turbine which
opens and closes depending upon the -
power requirement. x
« From guide vanes, water turns through link” 4

90° and flows axially through runner.

e Mechanism: High power requirement —
opens wider to allow more water to hit
the runner Dblades. Low power
requirement — closes to cease the flow of
water.

Guide vane

/

Runner blade



3. Hub or boss with vanes

* Hub/boss: Part on which blades/vanes are attached.

 Vanes have twist along its length. (To achieve
greater efficiency of turbine)

» Vanes of the hub are adjustable to an optimum angle
of attack of water for maximum power output. (For
all cross sections of vanes/blades)

4. Draft tube

« Used only in reaction type turbines.

« At the exit of the hub, the pressure
available is generally less than
atmospheric pressure, so water cannot be
directly discharged to tailrace.

* One end of the tube iIs connected to the
outlet of hub while the other end is sub-
merged below the level of water in the
tail-race.




Working of Kaplan/Axial flow turbine

= Water from the pen-stock enters into the scroll casing. The water moves into
scroll casing and the guide vanes directs the water from casing to the vanes
of hub (through 90° and water flows axially to hub).

= As the water moves over the vanes it starts rotating due to reaction force of
the water. (Potential energy & Kinetic energy of water - rotation of
hub ~ Useful work).




= From the hub blades, the water enters into the draft tube where its pressure
energy and Kinetic energy decreases. Here the K.E. gets converted into
pressure energy results in increased pressure of the water. Finally the water
discharged to the trail race.

= Rotation of the hub with vanes rotates the shaft of generator for electricity

Sumleerd B v s acesrmelae omm

production.
Advantage Disadvantage
1. It can works at low head. 1. Cavitation is a problem.
2. Less number of bladesand |2. Water flow rate is low.
adjustable vanes. 3. EXxpensive to design,
3. Less construction space. manufacture and install.




Specification of water turbines

Hydraulic Turbine Specification
-5~ |+ Power generation - 400MW
B £, h  Speed rate of runner wheel — 65 to 800rpm
AT 32 L . Efficiency — greater than 90%
R DA e Runner diameter — 0.8 to 6.0m

= * Operational Head — 15 to 1800m

e Power generation — 800MW
e Speed rate of turbine — 75 to 1000rpm
o Efficiency — 90%
oy * Runner diameter — 0.91 to 10.6m
s R e Operational Head — 40m

e Power generation — 5 to 200MW

« Speed rate of hub — 69.2 to 429rpm
« Efficiency — 85%

e Runner diameter —2 to 11m

o Operational Head — minimum 10m




Differences between impulse turbine and reaction turbine

SI. No.

Impulse turbine

Reaction turbine

1

All hydraulic energy (potential &
pressure energy) is converted to kinetic
energy by a nozzle

Only some amount of energy (pressure
energy) is converted to Kinetic energy

2 Operates at high hydraulic head | Operates at medium and low head ( less
(greater than 100m) than 100m)

3 Water flow regulation is done by means | Water flow regulation is carried out by
spear head fitted in nozzle means of guide vane assembly

4 Water flows in tangential direction to | Water flows in radial and axial direction to
runner wheel runner wheel

5 Hydraulic efficiency is more (>90%) Relatively less efficiency (<90%)

6 Always installed above the tailrace. | Generally connected to tailrace through a
Hence no draft tube used draft tube
Requires low discharge of water Medium to high discharge of water

8 Water strikes the surface of blades only | Water is admitted over the entire
in the form of high velocity jet circumference of the runner

9 No cavitation problem Cavitation is ever-present hazard.

10 Requires less maintenance Repair and inspection is difficult.
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Hydraulic pump

e Device that transfer energy to raise liquid from lower level to a
higher level or circulate a liquid in a closed system. (Mechanical
energy to hydraulic energy)

e Examples of pump : pumping of water from sump to an overhead
tank, circulation of lubricating oil/coolant to various moving parts of

machine.
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» General Applications of pumps:
» Agriculture and irrigation works
» In steam power plants for condensing water
» Feed water to the boiler drum (steam boilers)

> Circulate water in machine tools

» In drainage system.

______________________

ondenser

Steam power plant Coolant in machine tool




Classification of pumps

= Centrifugal pump: Pump which uses the
centrifugal force of a rotary element/impeller
to impart energy to the liquid.

» Reciprocating pump: Pump which imparts
energy to the liquid by the reciprocating
action of a piston inside the cylinder.

= Rotary pump: Pump which uses rotating
members like gears, vanes or screws to
Impart energy to the liquid.




Centrifugal pump
« Centrifugal pump make use of centrifugal force of a rotary element

(Impeller) to impart energy to the fluid.
« Applications: Agriculture, water and wastewater plants, power

generation plants and automobile industries.

" hg = Suction head

hy = Delivery head
Delivery pipe ———

hy Delivery valve

Impeller
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Parts of centrifugal pump

1. Impeller

= Principal rotating part of pump. It is a
wheel (rotary element) with a series of
backward curved blades/vanes.

= Mounted on a shaft, which is connected
to the shaft of motor.

2. \olute casing

= Air tight chamber surrounding the
Impeller.

= Designed with its cross sectional
area gradually increasing (velocity
of flow decreases — increase In the
fluid pressure)

casina



3. Suction pipe
= Circular pipe with its upper end connected to the centre of impeller
(Eye of impeller).
= Lower end of pipe immersed in the sump/reservoir from where the
fluid is to be lifted up.
= Lower end of suction pipe is fitted with a foot valve and strainer.
I. Strainer: Avoids the entry of any foreign matters into the suction
pipe.
Il. Foot valve: one way valve or non-return valve, opens only in the
upward direction, to prevent draining out In suction pipe when
pump Is stopped. |

| I\a__1 : .a
® | Suction pipe /
{r . Free surface of liquid—™——




4. Delivery pipe

Circular pipe with its lower end connected to the outlet of the pump
(casing).

Upper end is connected to the tank where the fluid is to be pumped or
stored.

Delivery valve : provided for regulating the fluid flow. The valve is
closed prior to starting and stopping of pump; to prevent any possible
backflow from delivery pipe and consequent damage to pump

assembly. T

Delivery
pipe
Friming valve

Deliver
walve lll—i

Impeller

Casing



Working of centrifugal pump

When electric motor is energized (switched ON), the impeller rotates
creating suction at the suction pipe. Due to suction created, the water
from the sump/reservoir starts flowing into the casing through the
impeller eye.

The centrifugal force created by the rotating impeller acts on water

causing it to flow radially outward and towards the outlet of the
casing.

= Delivery head

Delivery pipe ———

Deliveryvalve \

Impeller

...........

rainer




As the water flows through the casing, its velocity decreases due to
Increasing cross sectional area of casing.

The decrease In the velocity increases the pressure of water and
reaches to maximum at the outlet of the casing.

The water flows through the delivery pipe into the overhead tank.
When the fluid is discharged to the delivery pipe, a partial vacuum is
created near impeller eye, which causes the fluid in sump (at
atmospheric pressure) to rush through suction pipe to replace the fluid
that Is being discharged.

Thus the water is pumped continuously from sump to overhead tank
through delivery pipe. 5




Advantages Disadvantages

1. All types of fluids can be used | 1. Pump must be primed before

2. Output flow Is steady and pumping can begin
consistent 2. Develops cavitation resulting

3. Can be mounted vertically or In failure of parts
horizontally 3. Not suitable for gases

4. Simple and compact design 4. Loss of energy due to
magnetic resonance

Centrifugal pump system




Reciprocating pump
* In reciprocating pump, the pressure energy of fluid is increased by

pushing the fluid using piston/plunger that reciprocates in closed
fitting cylinder. (Reciprocating motion of piston/plunger — flow

pressure of fluid)

« Applications: (low discharge rate with high pressure) water jet cutting,
salt water disposal, well services, descaling, hydraulic fracturing,
Inflating tyres etc.

Reciprocating Pump



Parts of reciprocating pump

1. Cylinder with piston and piston rod

* A hollow cylinder made of steel alloy or cast iron. Arrangement of
piston and piston rod is inside this cylinder.

« Both suction and delivery pipes along with valves are connected to the
cylinder.

e Piston Is a solid type cylinder part which moves backward and

forward inside the hollow cylinder to perform suction and deliverance

of liquid. Piston rod helps the piston to move in linear motion.

Hydraulic cylinders
Design

Piston




2. Crank and connecting rod

 Crank is a solid circular disc which is connected to power source
(motor, engine) for its rotation.

» Connecting rod connects the crank to the piston. The rotational motion
of crank gets converted into linear motion of the piston by means of

connecting rod.

ié
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3. Suction pipe and delivery pipe
ke Cylindar ailin Crarldp
d Pista %%11H i
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The lower end of suction pipe Is immersed in sump/reservoir from where the
fluid 1s to be lifted up while the upper end of the pipe links to the cylinder
Inlet.

Lower end of the delivery pipe is connected to the cylinder outlet while the
upper end is connected to the discharge point or where the fluid is to be
pumped.

Both the pipes are provided with control valves i.e. suction valve and
delivery valve which are non-return/one-way valves allowing water to flow

In single direction only:.



Working of reciprocating pump

When electric motor is energized (switched ON), the crank rotates, transferring

motion to the piston, which reciprocates (to and fro movement) inside the cylinder.

| half cycle: When crank rotate from point A to C (180° rotation), piston moves

towards right of the cylinder, creating partial vacuum within the cylinder.

Since atmospheric pressure acting on the water in sump > than suction pressure

inside the cylinder, water from sump is forced In suction pipe to move into the

cylinder.

The force of fluid opens the suction valve, causing it to move into the cylinder. The

delivery valve remains closed during this action.
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= |l half cycle: When crank rotates from point C to A (180°), piston
moves towards left of cylinder from extreme right side.

= The movement of piston towards left, increases the pressure of the
fluid inside the cylinder more than atmospheric pressure. Hence
suction valve closes and delivery valve opens.

= The liquid is forced into the delivery pipe to get discharged to required

destination (tank).

Discharge
d Connecting rod
t Fiston

Crosshead
Discharge \
valye

i Crankshaft
Suction vake 77

Suction



Advantages

Disadvantages

High discharge pressure can
be obtained

High suction lift

Priming is not required
Air/Gases can be pumped.

N =

Low flow rate
Heavy and bulky in size

Wear and tear of reciprocating
parts. (High maintenance)
High investment cost.




Cavitation in centrifugal pumps

Phenomenon of formation of vapour bubble
and its subsequent collapse in the low
pressure region around the pump parts.
Identified by a clear audible noise and
vibrations caused by the violent collapse of
vapour bubbles.

Bubble formation: It usually occurs when a
liquid Is subjected to changes of pressure
such that the static pressure goes lower than
the liquid's vapour pressure which will
cause the formation of bubbles in the liquid.
When subjected to higher pressure, the
bubbles implode. When these implosions
happen near a solid material for e.qg.
impeller, the bubbles implode with a micro-
jet hitting the material surface, causing
erosion.

- ROTATION

——— COLLAPSING BUBBLES

S . VAPOR BUBBLES




= Repeated bursts of micro-jets will cause further erosion which spreads
and ultimately results in catastrophic equipment failure.

= The power consumption for pump operation increases and also there
IS a decrease flow pressure.

* Precautionary measures to avoid cavitation in pumps

I. Ensure suitable liquid level in suction pipe

1. Lower the water temperature

I, By suitable impeller design

Iv. Periodic checking of clogged strainers and blockages in pipes.

v. Ensures that the pressure of fluid at all points within the pump remains
above saturation pressure.

Rotation
of Impeller




Priming of Centrifugal pumps
= Process of filling fluid into the casing, suction pipe and delivery pipe

up to the delivery valve before starting the pump.

= Priming Is required in order to remove the air entrapped in the pump,

thereby reducing the risk of pump damage during start-up.

Priming Port Priming

Discharge

F Jr;
Alr N - P

Centrifugal
Pump
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Need for priming

Pressure developed inside the pump o« density of fluid init.

In case, if air is trapped in the pump and the impeller is allowed to
rotate, pressure energy of fluid is not sufficient to lift up; because
density of fluid is less [due to presence of air particle].

The presence of air in the pump creates a small negative pressure at
the suction pipe that prevents suction of fluid from sump

In order to eliminate the trapped air, pump is filled with fluid before

starting it. [when filled with fluid, the pump is said to be primed]




Specification of hydraulic pumps

Hydraulic pumps are generally specified by the following criteria;

Maximum discharge pressure — the maximum pressure that the pump
IS designed to generate

Maximum discharge flow — the maximum flow that the pump is
designed to generate

Discharge size — size of pump discharge or outlet connection

Pump type and its features — reciprocating or centrifugal pump

Power source — AC/DC

HP (horse power) — rate at which mechanical energy Is expended
Housing material — Al, cast iron, stainless steel etc.
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Differences between centrifugal pump and reciprocating pump

SI. : : :
NG Centrifugal pump Reciprocating pump
1 | Pumps which uses mechanical energy of Pump which uses force exerted by piston
impeller to transfer fluid to transfer fluid
2 | Flow rate decreases with increase in the The pressure does not affect flow rate in
pressure of fluid reciprocating pumps.
3 | Discharge is inversely promotional to the | viscosity of fluid does not affect the
viscosity of fluid. discharge rate.
4 | Efficiency of these pumps are low compare | Efficiency is high
to reciprocating pump.
5 | Discharge of fluid is continuous It does not discharge the fluid
continuously.
6 | Centrifugal pump have problem of It does not have any problem of priming
priming.
7 | Easy to install, requires less floor space Difficult to install, more floor space
required
8 | Requires less maintenance (low cost) More maintenance (High cost)
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|.C Engines

e An engine or heat engine: Device/machine that converts chemical

energy of a fuel into heat energy by combustion of fuel and utilizes
developed heat energy to perform useful mechanical work

[Chemical energy Combustion,  Heat energy - Mechanical work]

o Examples : Vehicle engines (Petrol / Diesel), steam engines, gas

engines, steam turbines, gas turbine engines etc.

4-wheeler Engine

Steam engines used in Aircraft engine
(Diesel engine) (petrol engine) trains



Types of heat engine:

Il. External combustion engine (EC engine)

Internal combustion engine (IC engine)

Internal combustion engine

If the combustion of the fuel takes place inside the
engine cylinder, the engine is called internal
combustion engine. (petrol/diesel engine and gas
engine)

In IC engines, burning gas inside the engine
cylinder expands and exerts force to the movable
part called piston.

The linear motion from the piston is converted into
rotary motion of crankshaft by means of connecting
rod and crank.

The motion at the crankshaft can be used to drive
any machines or devices or perform other useful
work.
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External combustion engine

If the combustion of the fuel takes
place outside the engine cylinder, the
engine Is called external combustion
engine. (steam engine, steam turbines
and closed cycle gas turbines)

In EC engines, heat obtained by
burning the fuel outside the engine
cylinder is used to convert water into
steam.

The steam expands within the cylinder
which produces linear motion of
piston.

Further, linear motion of piston is
converted into rotary motion of
crankshaft which drives a machine or
perform useful work.



Classification of 1C engines

SI. No.

Categories

Types

Type of fuel used

Petrol engine
Diesel engine
Gas engine
Bi-fuel engine

Method of ignition

Spark ignition engine (SI engines)
Compression ignition engine (CI engines)

No. of strokes/cycle

4-stroke engine
2-stroke engine

Cycle of combustion

WhEIMEINE R WD e

Otto cycle engine (constant volume cycle)

Diesel cycle engine (constant pressure cycle)

Dual combustion cycle engine (initially constant V and
finally at constant P)

No. of cylinders used

Single cylinder engine (one cylinder)
Multi cylinder engine (2 to maximum of 12 cylinders)

Arrangement of cylinder

Sk whdEIDNE

Vertical engine
Horizontal engine
Inline engine

Radial engine
V-engines

Opposed type engine




Marine engines

SI. No. Categories Types
: 1. Air cooled engines
! Method of cooling 2. \Water cooled engines
1. Stationary engines
8 Uses g Automobile engines
4,

Aircraft engines




Parts of 1C engines

Cylinder (cylinder block)
Cylinder head

Piston

Piston rings (compression rings & oil rings)
Connecting rod

C ran k ‘ Combustion chamber
Crankshaft Piston ings
Crankcase b | Piston
. Flywheel o
10 Inlet & exhaust valve L

© 0o NOo Ok oW

Connecting rod

Big end bearing

" - — .\\
house | B Crank
J(Ir f_i_; el ol Crankshaft (rotates)
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Spark plug (or fuel injection)

Inlet valve

TD.C

|-— Stroke —-i

<-Bore —

P

Exhaust valve
Cylinder head

+———— Cylinder

Piston rings
Piston pin
(Gudgeon pin)
Connecting rod

Crank case



Part of IC engine

Features/Functions

Cylinder

Cylinder shaped component in which combustion of fuel
takes place. (Gray cast or steel alloy — to withstand high
pressure and temperature).

Functions :

I. To contain working fuel under pressure.

11.To guide the piston while reciprocating inside cylinder.

Cylinder head

Top portion of the cylinder is covered by a removable
component called cylinder head.
Designed to incorporate inlet and exhaust valves, spark plug

Piston

Cylindrical shaped component placed inside the cylinder

(cast iron and aluminium alloys).

Functions:

I. To receive the force/impulse produced by combustion of
fuel and to transmit force to crankshaft through
connecting rod.

ll. Acts as a supporting member for upper end of connecting
rod.

lii. To compress the fuel during working cycle.

Iv. Serves as a carrier for the piston rings.




Part of IC engine

Features/Functions

Piston rings

Piston
= compression rings
control rin

Metallic split rings that are attached to the outer diameter of
a piston.

Types : Compression rings & oil rings

Compression rings : Usually 2 in numbers. These rings press
hard with the cylinder walls maintaining a tight seal between
piston and cylinder (Prevents escaping of high pressure
gases into crankcase).

Oil rings: Extracts excess of lubricating oil from the cylinder
walls and send it back to oil source through the holes (oil
holes) provided on the piston.

Connecting rod

A link between piston and crankshatft.

Upper end of the connecting rod is connected to the piston
by piston pin while lower end is connected to the crankshaft
through crank.

Converts the reciprocating motion of the piston into rotary
motion of crankshaft.

Crank

An arm attached at a right angle to a rotating shaft.
One end connected to lower end of connecting rod and other
end connected to crankshaft.




Part of IC engine

Features/Functions

Crankshaft

. R
r A2
oS ST
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Rotating shaft which converts reciprocating motion of piston
Into rotational motion.

Transmits the power developed by engine through flywheel,
clutch, transmission and differential to drive the vehicle.
Usually made of steel and nickel alloys

Case or covering that encloses the crankshaft

Crankcase Provides a reservoir for lubricating oil

Large disc or a wheel mounted on the crankshaft

Provides an inertial mass that stores rotational energy and
Flywheel

supplies the same for the piston to reciprocate during
subsequent strokes.

Inlet and exhaust
valve

Fresh air and/or fuel mixture enters the engine cylinder
through the inlet valve

Burnt gases are discharged outside the cylinder through
exhaust valve

Both the valves are opened and closed by means of cams
driven by the camshaft through a timing gear/chain so that
charge enters or discharges at the right time.




|C Engine Terminology

1.

Bore: It is the inner diameter
of the cylinder. Denoted by ‘d’.
Top dead center (TDC): The
extreme position of the piston
near to the cylinder head is

called TDC.

Inlet

Manifold _"I_:\

Clearance
Volume __3

Stroke

'

Cylinder Head
/ Exhaust

----- Top Dead Center (TDC)

-----------------

_________________

Piston

l«—— Cylinder

..... -Bottom Dead Center (BDC)

Bottom dead center (BDC): The extreme position of the piston near to the

crankshaft is called BDC.

Stroke or stroke length: The linear distance travelled by the piston when it moves

from BDC to TDC is called stroke or stroke length. Denoted by ‘L.

Stroke volume/swept volume/piston displacement: The volume swept by the

piston when it moves from BDC to TDC is called stroke volume (V,).

Clearance volume: The volume of the cylinder above the top of the piston when the

piston is at TDC is called clearance volume (V)



7. Compression ratio: Ratio of total cylinder volume to the clearance volume.
Total cylinder volume = stroke volume (V,) + clearance volume (V)

V o+
Therefore, compression ratio = & >

“Higher the compression ratio — more powerful the engine and higher the efficiency”

« Example: The R, of petrol engine is 8:1. It means fuel mixture is compressed
inside the engine cylinder to about 1/8™ of its original volume. In case of diesel
engine R, is 16:1. Thus diesel engines are capable of producing more power than
petrol engine and hence more efficient.

* However, the compression ratio should not exceed the limit in order to avoid pre-
Ignition of the fuel mixture, which causes engine knocking resulting in damage to
the engine.

8. Piston speed: The average speed of the piston as it moves from BDC to TDC is

called piston speed. Piston speed = 2.L.N ......... (m/min) where L — stroke

length in meters, N — engine speed in revolutions per minute (rpm)



Four stroke (4-s) engines

« Working cycle is completed in four different strokes of the piston or
two revolution of crankshaft

 Four different strokes performed :

1. Suction stroke

2. Compression stroke

3. Power stroke/expansion stroke/working stroke
4. Exhaust stroke

« Types of 4-s engines: 4-stroke petrol engine and 4-stroke diesel engine

4-stroke petrol engine:

* Works on Otto cycle (Otto cycle engines).

e Charge used: mixture of air and petrol supplied by carburettor In
suitable proportions.

« The charge is ignited by spark generated by a spark plug (S.1 engines).

« Uses of 4-s petrol engine: scooters, motor bikes, cars, large boats etc.
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Suction stroke

At the beginning of suction stroke, piston is at the TDC and is
about to move towards BDC [inlet valve — opened, exhaust
valve — closed].

The downwards movement of piston produces partial vacuum
(suction) in the cylinder, which draws fresh air and petrol
mixture through the inlet valve.

When the piston reaches BDC, suction stroke ends and inlet
valve is closed.

The suction of fuel mixture takes place at atmospheric pressure
[Line AB in pv diagram]

With this stroke, crankshaft rotates through 180° / half
revolution. [The energy required for the piston movement is

taken from the battery].

valves closed

compression
Ajr-fuel mixture
is compressed.

Compression stroke

Piston moves from BDC to TDC [both inlet and exhaust valve
remains closed].

As the piston moves upwards, air-petrol mixture gets
compressed due to which p and T of mixture increases.

The compression process is adiabatic in nature [Curve BC]
When piston about to reach TDC, spark plug initiates spark that
ignites the air-petrol mixture.

Combustion of fuel mixture takes place at constant volume
[Line CD](constant volume cycle engines).

With this stroke, crankshaft rotates by another 180° / half
revolution.
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Power stroke

During this stroke, both valves will remain closed.

As the combustion of fuel mixture takes place, the burnt gases
expands and exert a large force on the piston causing it move
rapidly from TDC to BDC.

The force/power is transmitted to the crankshaft through the
connecting rod. As a result, crankshaft rotates at high speed
[Clutches — gears — wheels of vehicle]

The expansion of gases is adiabatic in nature [Curve DE].
Power/working/expansion stroke

iNntake exhaust
wva closed walwe ofpean

—_———

slug Sl | exhaust

= | |[gases

exhaust
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Exhaust stroke

Towards the end of expansion stroke, the exhaust valve opens
and inlet valve remains closed.

A part of burnt gases due to their own expansion escapes out of
the cylinder through exhaust valve [drop in pressure at constant
volume inside the cylinder — Line EB]

The exhaust stroke begins when the piston starts moving from
BDC to TDC [ Energy for this stroke — flywheel]

As the piston moves upwards, forces remaining burnt gases to
the atmosphere through exhaust valve [Line BA]

When the piston reaches TDC, the exhaust valve closes and the
working cycle is completed.

In the next cycle, the piston starts moving from TDC to BDC, the inlet valve open allowing
fresh charge to enter into the cylinder and the process continues.
Thus in 4-s engines, the working cycle is completed when crankshaft rotates through 720° or

two revolutions.




Four-stroke cycle
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4-stroke diesel engine

Works on diesel cycle [diesel cycle engines]
Working principle is similar to that of 4-s petrol engine, except a fuel

Injector is used in place of spark plug.
Only air enter the cylinder during suction stroke and gets compressed
In compression stroke [compression ignition engines].

Four different strokes performed :

1. Suction stroke

2. Compression stroke

3. Power stroke/expansion stroke/working stroke
4. Exhaust stroke

» Used for heavy duty applications such as in buses, trucks, tractors,

bulldozers, marine and industrial applications.
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Suction stroke

At the beginning of suction stroke, piston is at the TDC and is
about to move towards BDC [inlet valve — opened, exhaust
valve — closed].

The downwards movement of piston produces partial vacuum
(suction) in the cylinder, which draws fresh air through the inlet
valve.

When the piston reaches BDC, suction stroke ends and inlet
valve is closed.

The suction of fuel mixture takes place at atmospheric pressure
[Line AB in pv diagram]

With this stroke, crankshaft rotates through 180° / half
revolution. [The energy required for the piston movement is

taken from the battery].

Compression stroke

Injection
Combustion

L

—

Piston moves from BDC to TDC [both inlet and exhaust valve
remains closed].

As the piston moves upwards, air in the cylinder gets
compressed due to which p and T of air increases.

The compression process is adiabatic in nature [Curve BC]
When piston about to reach TDC, metered quantity of diesel
fuel is injected in the form of fine spray into the hot
compressed air by a fuel injector.

Combustion of fuel takes place at constant pressure [Line
CD](constant pressure cycle engines). With this stroke,
crankshaft rotates by another 180° / half revolution.




Fuel
Injector

Power stroke

During this stroke, both valves will remain closed.

As the combustion of fuel takes place, the burnt gases expands
and exert a large force on the piston causing it move rapidly
from TDC to BDC.

The force/power is transmitted to the crankshaft through the
connecting rod. As a result, crankshaft rotates at high speed
[Clutches — gears — wheels of vehicle]

The expansion of gases is adiabatic in nature [Curve DE].
Power/working/expansion stroke

ﬁ-*
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Exhaust stroke

Towards the end of expansion stroke, the exhaust valve opens
and inlet valve remains closed.

A part of burnt gases due to their own expansion escapes out of
the cylinder through exhaust valve [drop in pressure at constant
volume inside the cylinder — Line EB]

The exhaust stroke begins when the piston starts moving from
BDC to TDC [ Energy for this stroke — flywheel]

As the piston moves upwards, forces remaining burnt gases to
the atmosphere through exhaust valve [Line BA]

When the piston reaches TDC, the exhaust valve closes and the
working cycle is completed.

In the next cycle, the piston starts moving from TDC to BDC, the inlet valve open allowing
fresh air to enter into the cylinder and the process continues.
Thus in 4-s engines, the working cycle is completed when crankshaft rotates through 720° or

two revolutions.
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Two stroke (2-s) engines

Introduced by Dugald clerk in 1878.

Working cycle will be completed in 360° or one revolution of
crankshaft.

In 2-s engines there are no separate suction and exhaust strokes,
Instead they are performed while the compression and power strokes
are in progress.

Two different strokes performed:

1. Downward stroke
2. Upward stroke

Cylinders are provided with openings called ports (acts as valves)

1. Inlet port — through which charge enters the crankcase

2. Exhaust port — through which burnt gases are discharged out of the
cylinder.

3. Transfer port — through which charge is transferred from crankcase
to cylinder.

Used In light duty vehicles — mopeds, some motor cycles



Two stroke (2-s) petrol engine

Spark plug

Compressed
charge in cylinder
Defiector

Exhaust porl T o= eyl
ylinder

Air ¢ peirol mourg
entemng the E-'MHCM#:
theough inlet pon

Transler porl

Connecting rod

Crankcase
(Hermetically sealed

Crankshaft

becilf

=il Exfuausst -+ Coormpres s oo
cCharge e cranikocase

(b)

1. Downward stroke

To begin with the working cycle , let us assume piston is at
TDC [figure (a)]

The air + fuel mixture that has entered the cylinder in the
previous cycle is compressed to high pressure and temperature.
Inlet port will be opened , fresh charge of air — fuel mixture
enters the crankcase. The exhaust port and the transfer port
will be closed. [figure (a)]

The compressed charge in the cylinder (above the piston head)
Is ignited by means of an electric spark by the spark plug.

As the combustion takes place, burnt gases expands and exerts
a large force on the piston causing it move rapidly from TDC
to BDC.

The force/power is transmitted to the crankshaft through the
connecting rod. As a result, crankshaft rotates at high speed
[Clutches — gears — wheels of vehicle]

Meanwhile , when the piston is pushed downwards by the
expanding gases, the movement of piston from TDC to BDC
uncovers the exhaust port [figure (b)]

A part of burnt gases due to their own expansion escapes out
of the cylinder through exhaust port to the atmosphere. Further
downward movement of the piston uncovers the transfer port.




During the downward movement of the piston, the air + petrol
mixture present in the crankcase is compressed by the
underside of the piston.

The pressure exerted causes the charge from crankcase to rush
into the cylinder through transfer port [Figure (c)]

The fresh charge enters the cylinder and drives away the
remaining burnt gases through the exhaust port [exhaust
stroke takes place when power stroke is in progress].

When piston reaches BDC, downward stroke is completed
and crankshaft rotates by 180° or half revolution.

. Upward stroke

During upward stroke, the piston moves from BDC to TDC,
as the piston moves upwards, covers the transfer port thereby
stopping the flow of fresh charge from crankcase to cylinder.
Further movement of piston covers the exhaust port and actual
compression of charge begins [Figure (d)]

In the mean time, inlet port opens and the upward moving
piston creates suction in crankcase due to which fresh charge
from carburettor is drawn into crankcase.

Thus the intake of fresh charge takes place when compression
stroke is in progress [Figure (a)]

When the piston reaches TDC, the upward stroke is completed
and crankshaft completes 360° or one revolution.
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Differences between 4-s petrol engine and 4-s diesel engine

Sl. No. Description Petrol engine Diesel engine

1. Cycle of Otto cycle or constant volume | Diesel cycle or constant pressure
operation cycle cycle

2. Fuel used Petrol or Gasoline Diesel

3. Admission of | Air + fuel mixture enters the Only air enters the cylinder during
charge cylinder during suction stroke | suction stroke. Diesel is injected at

the end of compression stroke

4, Compression | Ranges from 6:1 to 10:1 16:1to 22:1
ratio (R,)

B. Ignition of Fuel is ignited by spark plug Heat of compressed air ignites the
fuel (Generation of spark) fuel

6. Power Less (low R,) Comparatively high

7. Fuel More Comparatively less
consumption

8. Weight / Light weight and also occupies | Heavier and stronger [To sustain
space less space high T and P during compression
occupied stroke]. More space

Q. Speed Runs at high speed Low to medium speed

10. Torque Low torque High torque [can pull heavy loads]




SI. No. Description Petrol engine Diesel engine
11 Running/oper | Running cost is high [cost of Low running cost
ating cost petrol is high]
12, Maintenance | Low [Repair and service cost] | More maintenance
cost
13. Engine life Comparatively low [ Petrol Diesel has better lubrication
destroys lubrication] properties, improves engine life
14, Noise & Negligible due to low Noise and vibrations are high
vibration operating pressures
15. Starting of Easily started even in cold Difficult to start in cold conditions
engine conditions
16. Governing Quantitative method Qualitative method
17, Pollution Exhaust pollution is more Comparatively less pollution
18. Uses Scooters, motorbikes, cars, Heavy duty application such as
large boats bus, trucks, tractors, bulldozers,
marine and industrial applications
19. pv diagram

[ ]
gy
\




Differences between 4-s and 2-s engine

SI. No. Description 4-s engine 2-S engine
1. Working 4 different strokes of piston or | 2 different strokes of piston or one
cycle two revolution of crankshaft revolution of crankshaft
2. Valves Valves [inlet and exhaust Consists of ports / openings
valves] [opened and closed by piston]
3. Admission of | Charge directly enters the Charge enters the crankcase first
charge cylinder through inlet valve and is then discharged into the
cylinder
4, Discharge of | Pushed out during the exhaust | Fresh charge from the crankcase
burnt gases | stroke by piston movement pushes burnt gas through exhaust
port
B. Suction and | Takes place in separate strokes | Takes place while compression
exhaust of piston and power stroke is in progress
6. Power Developed for every two One revolution of crankshaft
revolution of crankshaft
7. Fuel Low fuel consumption More fuel consumption [ charge
consumption mixes with the exhaust gas during
scavenging]
8. Weight Comparatively heavy and Light and compact

bulky




SI. No. Description 4-s engine 2-S engine

9. Mechanical | Low [ 4- strokes/ cycle, valve | Comparatively high [2-strokes /

efficiency mechanism] cycle, no valves]

10. Pollution Less pollution More [Fresh charge escapes with

the exhaust gas]

11. Flywheel Heavy flywheel is required Lighter flywheel is used [ Power is
[since power is produced in produced in every revolution of
alternative revolutions, torque | crankshaft, torque will be more
will not be uniform] uniform]

12, Uses Bikes, cars, trucks, aircraft etc. | Mopeds, motorcycle, lawn

movers, marine engines etc.




|C engine parameters

Mean effective pressure (MEP) - P,

Defined as mean or average pressure acting on the piston throughout the power
stroke

Also defined as average power developed inside the engine cylinder of an IC engine.
Expressed in Bar

MEP of an engine is obtained from the indicator diagram.

Indicator diagram : p-v diagram for one cycle at that load, drawn with the help of an
mechanical indicator on the engine.

Indicated mean effective pressure is calculated using the formula

Indicator
Drum
Mechaniam o poous oieeiy g
paper ]
N Stylus
( spring valueof the spring uf‘d] [ netareaof theindicator | oV diagram
lkiﬂffli'liﬂtﬁr:‘dfﬂf{ﬂ]fﬂbﬂ'r /m diagram(a)in m’
MEP =P = lengthof theindicator diagram([)in m C d
ﬁ ord to
Sﬂ Calbrated engmne pistion
P =— Bar I.f' Caer

- !
" Indicator
piston

= Connected to the
engne cylinder head

Engine
cyhnder
pressure



2.

3.

Indicated power (1P)

Defined as total power developed inside the cylinder during combustion of fuel.
Denoted as IP and expressed in KW [kilo watts]

e -
3 10
G [P = nP_LANK | —
._r-— =3 C,' e {Cad L] ﬁ :
L_t_]_:. L= 5 3 Pe——
I a2 where n = number of cylinders
™ :_'.‘ J _4__\‘ e S fgeon pin -
'~H]J||‘I','H N P_ = Indicated mean effective pressure in Bar
il — : » 1
“r'|'!"| \Ill = L. = Length of stroke mm
I v _
r'l.-'.-” II 4 = Cross-sectional area of the cyhnder m m’
N T e~ "
Tn) E?‘ X P % N = Engine speed i rpm
Il'l' ‘.- \ L-' - ._ i - k -
7 “J‘a T'} b L : | ) | K = a factor used for casy simplificabion
f |\5"%,' < 3t : e |
i o o K 172 1or 4-stroke engine and
K

1 for 2-stroke engine

Brake power (BP)

Net power available at the crankshaft of the engine for performing useful work.
Denoted as BP, expressed in kW

2NT
G0 x 1000

where N = speed ol engine i rpm

BP s given by, BF kW

I lorque wn N-m



Note

» Power developed inside the engine cylinder is transmitted to the crankshaft through
piston, connecting rod and crank. Hence a fraction of indicated power [actual
power] developed is lost due to friction experienced by the moving parts.

» Thus the net power available at the crankshaft is the true output of the engine.

* The power available at the crankshaft is measured by applying brakes of some kind
to the pulley attached to engine, and is therefore called brake power.

3.1 Measurement of torque (T) by belt dynamometer

/-_\ * A belt wound around a pulley of radius R.

¢ « If T, and T, be the tight side and loose side tensions of the
belt, then engine torque is calculated using

lorque (1) Force = distance
| (1, |"_.j “ 8 MN-m

lension m the tight side of the belt (V)

f, = tension in the slack side (V)

R racdus of ['-u!i"f fim}




3.2 Measurement of torque (T) by rope brake dynamometer

4.

wheel/drum/pulley.

» The torque is calculated by using

lorque (7))
 §
i
where W
§
R

f jﬂ A

d

Friction power (FP)

« Arope wound around the circumference of the

* One end of the rope is attached to a spring balance reading,
while the other end carries dead load (W).

Force = distance

eflective brake load * drum radius
(W-5R Nm

suspended weight im N

Spring balance reading in N

effective radius, measured from the

center of pulley to the center of rope

D,,.+d

diameter of pulley/drum in m and

= diameter of the rope in m

The amount of power lost due to friction of the various moving parts such as piston,

connecting rod, crank etc., is called friction power.

Difference between the indicated power and brake power. Expressed in kW

FP=IP-BP......... (kW)



S.

Mechanical Efficiency (necp)

Ratio of brake power to the indicated power.

Expressed in percentage.

Nmecn, deNOtes the efficiency with which the moving parts of the engine can transmit
the power developed inside the cylinder to useful motive power.

¥

TL-r.—ir ],;‘p. '.]””

Thermal Efficiency (ny,)

Ratio of power output to the heat supplied by burning fuel.
Expressed in percentage.
Power output in the formula may be BP or IP

power outpif
s ————— %100
s = hear supplied
w.k.L Heat supplied = (m) = CV
where m, = mass of fuel in kg/sec,

C¥ = calorific value® of fuel in k/kg.

Indicated thermal effiiciency = Ny = L %100

m, % Ch

—> "'
BF

Brake thermal efficiency = ——x 100



7. Specific fuel consumption(SFC)

o Term used to describe the fuel efficiency of an engine.

» It measures the amount of fuel needed to provide a given power for a given time
period.

» Ratio of mass of the fuel consumed per KW power developed per hour.

* Power developed can be based on BP or IP

Le, SF m (kg hr) |
Mower il Inped | kW hr kI¥-hr
where m mass of fuel (ke

wel corsumed in kg |

15F ke ! kW
‘ bt

il Coretanieyd am ke V| s -
| - I.L"Ll‘:qr
e i EH
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Problem 1 A four stroke dicsel engine has a piston diameter 250 mm and stroke 400 thm. The
mean effective pressure is 4 bar and speed is 500 rpm. The diameter of the brake drum 1s 1000 mm

and the effective brake load is 400 N. Find 1P, BP & FP. June 2010 & Jan. 2015 - 10 m
Given:
..
Engine type = 4-s diesel engine. . K= 3. Effective brake load = (W - 8) = 400 N.
Approximately Piston diameter = Cylinder diameter = d = 250 mm = 0.25 m Assume single cylinder '.’.I'Igil]f:‘. L=l

" T
Area = A = :d“ = (0.257 = 0.049

Stroke=L =400 mm =04 m MEP = P, = 4 bar, Speed = N = 500 rpm
Diameter of brake drum = D = 1000 mm= 1 m

Radius of brake drum = R= - =0.5m

1
2

, To find Indicated power (IP)
5 10 110
wkt /P=nP, LANK -ﬁ“ = [ ud (. 4=0. 049=500= 2_ 4 ﬁ

IP = 3266 kW
Pistean (Cul porion)
To find Brake power (BF) . ;
2T NT W i b0
601000
Torque T = (W —S)R=(400)0.5=200 N-m

wht BP =

23w 500 2000
BP = 0% 1000 =1047 kKW

"BP = 1047 kW

To find frictional power (FP)
Cwkt.  FP=IP-BP =32.66-1047 f
FP = 1219 kW T




Problein 2 Calculate the Brake Power output of a single cylinder four stroke petrol engime which
is running at a speed of 400 rpm. The load on the brake drum is 24 kg and the spring balance reads
4 kg. The diameter of the brake drum is 600 mm & the rope diameter 15 30 mm. Feb 2007 - 005 m

Given:

1
Single cylinder engine=n = 1, 4-sengmne=K= 3 Speed = N = 400 rpm
Load on brake drum = W=24 kg =24=981 =23544 N
Spring balance reading =5 = 4dkg=4x981=3924 N

Diameter of brake drum = D, = 600 mm= 0.6 m Rope diameter = d,,, = 30 mm = 0.03 m
To find BP
whkt BFP = 601000 kW ----[I]
. Dy 0.6+0.03
= (W-S)R where R= ————"% - =0315m

2 2
I = (235.44-39.24)0.315=61.8 Nm

2 400x61.8
- - =7 58 kW
£ 60 1000 2.58

BP = 158 kW

S=4kp=4x981=39.24N

W=24kp=24x98] =23544 N



-ﬁuhlem 1 A single cylinder 4-s engine runs at 1000 rpm and has a bore of 113 mm and a stroke

of 140 mm. The Brake load s 60 N at 600 mm radius and the m_u::haniual

Calculate brake power and mean effective pressure.

Given:

. Single cylinder = n = 1, Speed = N = 1000 rpm

b | =

Engine type = 45 K=

i
“Bore = d=115mm=0115m. .. A= E(ﬂ.llﬁ)z=ﬂ.{}lﬂm2

' Stroke = L =140 mm=0.14 m, Brake load= ¥ =60 N
Radius of brake drum = R = 600 mm = 0.6 m, mechanical efficiency = My = 80% = 0.8

To find BF
InNT W
60x1000

T=(W-S)R. Nm.
Meplecting value of S, we have, T = (60 - 0) 0.6=36 Nm

wkt BP =

2100036
P = ——

=13, BP =377 kW
<3000 3.77

o lind MEP (P)
10
wkt IP=nP LANK (?J

but IP =7 & P,=7, Bl Myes=0238

o il
We have -Tper = P
3.97
L IP = Bp 2 =4.71 kW
Tmech 0.8 R
1 10
471 = 1% P x0.14x0.01%1000x - =— P, =4 Bar

276

efficiency 15 80%.
Dec, 2000 - 6 m

Indicalor

Wheed

Bore (d)
115 mm

Piston al exireme
bottom position (BDC)



Problem 4 The average piston speed of a 4-stroke petrol engine having piston diameter of
150 mm is 3.5 m/sec. The mean effective pressure acting on the piston is 0.786 MPa. Determine
the power developed inside the engine cylinder. :

Given:
i _1 Cyindechosd
Engine type = 4-stroke. L R= 2 -1m f 1 AR
e e oy
P volume I.E?.mdﬂsnmm - —I Pislon at exireme
Diameter = d =150 mm=015m, .~ area=A= 34" = = (0.15)=0.0176 m’ T b
Average piston speed = 3.5 m/sec = 3.5 * 60 m/min = 210 m/min — 0.0176 m? \CW
w.k.t average piston speed =2 LN  m/min . _ . STTe s | Qe
Le,2LN =210 m/min or L N=105m/min S f ______ bottomn position (BDC)
MEP = P, =0.786 MPa = 0.786 x 10° N/m® (1 Pa=1 N/m’) Bore (d) L

P, =7.86Bar (1 Bar=10°N/m’) Assume n= 1 (number of cylinder)

To find power developed in the cylinder.

10 ]
whkt IP=nFP,LANK [?] = li?-EﬁHIESKD-UI?EHE RE

IP = 12.10 kW



Problem 5 A 4-stroke IC engine running at 430 rpm has bore diameter 100 mm and stroke length
120 mm. The details of the indicator diagram are as follows. Area of indicator diagram = 4 em?.
Length of the indicator diagram = 6.5 cm, and the spring value of the spring used is 10 Bar/fcm.

Calculate the indicated power of the engine.

Given:
1
Engine type = 4-5. K= 2 Speed =N = 450 rpm
Bore = cylinder diameter = d = 100 mm = 0.1 m

Area=d = Zd¥ = Z(0.1)= 7855107 m?

Stroke=L =120mm=0.12 m

Area of indicator diagram = a = 4 cm?  Length of the indicator diagram = /= 6.5 cm
Spring value = s = 10 Bar/em, Assume single cylinder = n = 1

August 1959 - 05 m

Note: An engine indicator is an instrument for graphically
recording the pressure versus piston displacement through an
engine stroke cycle. A mechanical indicator consists of a piston,
spring, stylus, and recording system. The pressure of the cylinder
deflects the piston and pushes against the spring, creating a linear
relationship between the gas pressure and the deflection of the
piston against the spring. The deflection is recorded by the stylus
on a rotating drum that is connected to the piston.

o Cylinder hoad !
Inlet {
. l [_ Y Jt_ejmrm | .‘-._ To find [P _ _
ohnd Piston at extreme ol | .
I;““’" 7? 1op posien(TOC) o \} wkt IP=nP LANK (%]
120 mm 5”?" 78510 w2 | Oyt o N But P_=7
\ . ) 2 m N
s = o A Piston al extreme W ) . )
I i - ) 10x4
" W r _____ ;| bottom pOSﬂ.ICﬂ(BDC) s S - ‘T w.k.t. Pm - E — ai —_ 61]5 Bar
Bore (d) 6.5 cm sl I 6.5
100 mm s 10

: 1
L AP = 1x6.15x0.12%(7.85x 107 )x450x riary

IP = 21T kW




Problem 6 Following data are collected from a 4-stroke single cylinder oil engine at full load.
Bore = 200 mm, stroke = 280 mm, speed = 300 rpm, indicated mean effective pressure = 5.6 bar,
torque on the brake drum= 250 Nm, oil consumed = 4.2 kg/hour and calonfic value of oil 41,000 kI/
kg. Determine mechanical efficiency, indicated thermal efficiency and brake thermal efficiency.

Given:
Enginetype = 4-S . K=

Single cylinder =n =1

Il AT

F.a 7 I N -
Bore = cylinder diameter =d=200mm =02m .. Arca=4 = Ed = E{{].Z}’--—ﬂ.ﬂjl-ﬂr m? Pich ;h tJ:rﬂﬂm
3. )
Stroke = L = 280 mm = 0.28 m, Speed = N =300 rpm 280 mm {]0314“2 Pt
MEP =P_ —Sﬁbar,Turque T =250 Nm l m _anitng
472 o r ______ botiom position (BDC)
Oil consumed = m, = 4.2 kg/hour =. Eﬂ_ﬂ = 116710 kg/sec B
' 200 mm
C.V. of fuel = cv = 41,000 Klkg
To find mechanical efficiency n,,,., To find indicated thermal efficiency (1, ,,)
Br . LF‘
WKL Mmeek = T kt = 23 =0257 * 100 = 25.7%
WKL Ny = mpxcev (1 |6?x|ﬂ‘3}x41{m 2 '
But BP=IP =17

10 10
IP=nF L-INK[ ] Kﬁﬁx{}ZEx{]{EHXBDDK—'K?

P =123KW
BP = 2rNT _ 2xax300x 250 785 kW
©60x1000 60000 o
BP -7.85
Momeck = 7 123 =0.638 or 0.638=100 = 63.8%

Ny = 251%

To find brake thermal efficiency (1,,,)

_ BP 7.83
o™ mxev (11675107 <4100

=0.164 or 0.164<100 = 16.4%

Mgy = 164%



Problem 7 A person conducted atest 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 6 bar ran at 300 rev/min, consuming fuel at a rale ol
2.2 kg/h. Given that the calorific value of the fuel is 42500 kJ/kg and that the stroke to bore ratio off

the engine cylinder is 1.2. Find the bore and stroke of the engine in cm. Feb. 2006 - 10 m
Given:
. ) _ _ ) - . _ Cyinderhosd T
Single cylinder=n = 1, Enginetype=2-5 .~ K=1 | ] e

Mot = 0-7 & Mgy = 0.2 MEP =P _ =6 bar, Speed = N =300 rpm v [;mr T ]| poton t s

22
mr=2_2kg.ﬂ1m1|_'=—-—-=6.llxl{}4kgj5m L=12d see| 6bar, PNy

1600
! ‘ jmmmmm=me-- Piston al extreme
C.V. of fuel = cv = 42,500 ki/kg, Stroke to bore ratio = = =12 A .
To find bore (d) & stroke (L) wkt IP=nP LANK [%] KW
BP
Nomy = m xev 747 = luﬁ“[.x[%-dz]x}ﬂfm“¥
BP = My M ev=02(6.11x107) % (42500) = 5.19 kW 3.15%107 = L
BP ‘But % =12 o L=12d " This d =138 em and L =16.58 cm
wkt Mo = 7p
3.15x 1073 = (1.2 d) ¢?
6P _ 519 d=0138mor 13.8cm
P = -I']T_ =- ﬂ =742 kW — d )
mirch .

L=12d=12(138)=1658 cm



Problem 8 A 4-cylinder two-stroke petrol engine develops 30 kW at 2500 rpm. The mean
llective pressure on cach piston is 8 bar & mechanical efficiency is 80%. Calculate the diameter
il stroke of each eylinder, stroke to bore ratio s | 5 Also calculate the fuel consumption if brake
theninal elliciency is 28%. The calorific value of the fuel is 43900 kl/ke. Jan, 2013 - 10 m

Given:
4 cylinder engine =n = 4, 2-stroke engine = K = | -
Power developed = BP = 30 kW, Speed = N'= 2500 rpm, MEP =P, = 8 bar | e '*I?__M

L
M., = 80%=08 Stroke to bore ratio = i 1.5
L=15d swe 2 bar g

N = 28% =0.28, cv= 43900 ki/kg |

To find L &d - ; -

BFP
wki Now = 75

B3 3sww
IP = Mook 08 .

10 Fuel consumption (m J}
Also IP=nP LANK [?] KW .
BP 30—

wki Ny = nyxe’ 028 = m

375 = 4naxu(2-d3]xz5mxlx%
m, = 244 % 107 kg/sec. or  m, = 8.78 kg/hr

3158 x 1074 = Ld?
L
from data, i 1.5 0r L=15d
. 3.58x10% = (1.5d)d* or 4=0062m or d=62mm
and . = 1.5d=15(62),or L =93 mm




Problem 9 A single cylinder 4-s IC engine has a swept volume of 6 litres and nens at a rated speed
of 300 rpm. At full load, the torque developed was measured with a belt dynamometer whose
pulley diameter is 1 m. The tension in the tight side and slack side of the beit is 700 N & 300 N
respectively. 4 kg of fuel was consumed in one hour. The indicated mean effective pressure 1s
6 bar and the CV of the fuel is 42000 kl/kg. Calculate the BP, IP, mechanical efliciency, indicated
thermal efficiency, brake thermal efficiency & brake specific fuel consumption. Aug. 2009 =12 m

Given:

. 1 Pulley diameter = I m .. Radius=RK=0.5m
Single cylinder =n =1, 4-5 engime = & =7 Tight side tension = T, = 700 N, Slack side tension = T, = 300 N
Swept volume* = L-A = 6 litres = 6x10* m* (1 m® = 1000 litres)

|
i N = 300 Mass of fuel = m, = 4 kp/hr = 30 =1.11x107 kg/sec
. Speed N = 3Wpm

MEP = P_ = 6 bar, cv = 42000 kl/kg

To find BP
Kt BP = — .
WAL B S0x1000 To find Mgy,
Torque T = (T, - T,)R =(700 - 300)0.5 =200 N-m ) B . 628 0.134
wkin, = ——— = =)
- 2xax300%200 Mo mpxev (L11x107)x(42000)
s BP = —/————— =628kW ,
6051000 ,
Mgy = 134%
X T To find IP
700 N, J00 N _ .
10 11
Cyinderhoad 3 wkt IP= HPMIAW[E} = Ixﬁx{ﬁx]ﬂ-i)x{:}m}x_x_ﬂ =0 kW

““ “ 2 6 . ]

B ol 1" To find 1., To find brake specific fel consumption (BSFC)
i [;lon ? ¢ Im BP 6.78 . :
1 ; _ B Bt _ - Fuel consumed inkg/hr 4 kglh
T 6 bar wkt M., e - 0.697 = 69.7% wkt BSFC = HBP inkg!hr = ?:;E ¥
e \cm To find 14, . - '
| | 6x10°m? BSFC = 0.63 ke/kW-hr

)= = = ENS R | Pﬁltl'ldall';!‘x wkit T'i _ IF _ 9 0.193

(N - botiom position ) UL = = =),

""" i T mexev (L11x1077) % (42000)

Pore (d)

Ny = 19.3%



Problem 10 During a trial on a 4-5 petrol engine, the following results were obtained: Indicated
power =26 kW, Brake power =22 kW, engine speed =400 rpm, Fuel/BP hour =0.33 kg, CV of
petrol = 44300 k)/kg. Determine the following parameters: (a) mechanical efficiency, (b) Indicated
thermal efficiency, and (c) Brake thermal efficiency

Given:

| .
Engine type=4-5, .. K= 7, /P=26kW, BP =22 kW, N =400 ipm, Fuel/BP hour = 033 kg

Fuel consumed in kg/hr = mi, = BSFC > BP =033 = 22 =726 kg/hr

or m = 2006 = 1073 kglsec v of fuel = 44300 kikg
To find L] T
BP M
wktn, . = ek 0.846 Noeer = 54.6%
26 KW
To find 1,
w1, = —— = 2 0.2911
I mexer - (2.016x107 )k (44300)
TNy = 29-11%
To find 1, T
2P » 22 KW
Wkt Ty = — = .2463

myxer (2016107 )x(44300)

Mgy = 24.63%




-thlen_u. 11 fﬁu_di-ﬂﬂ-ﬂl engine develops 5 kW. Its indicated thermal efficiency is 30% and
mechanical efficiency 75%. Estimate the fuel consumption of the engine in (a) kg/hr and (b) litres/
hr. Also find (a) ISFC and (b) BSFC. Take cv of fuel = 42000 kJ/kg and specific gravity of

fuel =0.87.

Given:

BP=35kW, Ny, =30% =031, , =75%=
Specific gravity of fuel = (.87

0.75, ev of fuel =

42000 klikg

Case (a) Fuel consumption {m) in kg'hr

P
whkt Mg, = m; Xcv
IP
Loom
r = r}m,. xev
But IP =7
Usi BP BP 5
meg Moean ™ P o we have, (P= _—— Meeh = o7 = 6.67 kW
6.67
M 0342000 =5.293 = 1074 kp/sec

mg = L2905 kg/hr

Case (b) To find fuel consumption mt, in litres/hr

1905
Divide m, by specific gravity to obtain mass of fuel m, in litres/h, i.., my = _{];]? =2189Li{ hr

e = 2.189 Lthr

Note Mempd to obtam m,in Lihr

‘ _ Density of fuel
wk.t. specific gravity of fuel = Densityof water
. _ Density of fuel
ie, 087 = 1000

Density of fuel = 870 kg/m’

mass of Suel (m )
 volume of fuel

w.k.t. Density of fuel =

iy

Volume of fucl or fuel consumption = 7y ey =

- Fuel consumption = 2.189 litres/hr

(density.of water = 1000 kg/m?)

1.905 kg hr
870 kg /m’

(1 m® =1000 litres)

=2.189=103 m*

Tur i 1SFC
Fuel consumed in kg ! br {m
wkt ISFC= gl tmy)
iP
To find BSFC
Fuel consumed in kg /hr (m
wkit BSFC= - kgl { f}-

BP

1.905
T 667

1.905 Q{I'S
K

= 0.285 kg/kW hr

= 0.381 kg/kW hr



Problem 12 A single cylinder 4-8 petrol engine has bore 200 mm, stroke 400 mm & runs at
400 1y The indicated MEP is 7 bar and the fuel consumption is 10 litres'hour. Taking cv of petrol
5000 k)/kg and specific gravity of petrol 0.8, determine the indicated thermal efficiency.

Given:

Single cylinder = n = 1, 4-S engine =K = fuel consumption is given in litres/hr. It should be expressed in kg/sec.
#

e | =

Bore=d = 200mm=02m - A= J; e % (0.2 = 0,0314 m? Muliply fuel consumption by specific gravity to obtain mass of fuel m in kg/sec,

i.e., Mass of fuel m, = 10x0.8 = 2.22x107 kg/sec.
Stroke L = 400 mm = 0.4 m, Speed N =400 rpm

MEP = £_ = 7 bar, ¢v of petrol = 45000 kikg
Fuel consumption = 10 litres/hour, Specific gravity of petrol = 0.8

To find 17,y . Densityof fuel

" e wk.L Specific gravity = 7,7 :y—of waler
Wkt Ny = xey  ButiP=7 . Density of fuel = 0.8 x 1000 =800 kg/m® (Density oTwWater = 1000 kg/m’

. Multiplying fisel consumption by density of fuel, we have

E

6

10
IP=anL-{NK[ ]r ]x?xﬂ.tixﬂ.l]:ﬂdxdﬂ{]‘:c%x—ﬁ- =293kW 10 litres . 800 kg 10 Jitrés y 300 &z

i A . .
hour m' hour 1000 [itrés (Im 1{.}09 litres)
29.3 . .
ST = - e = (),2932 = 0.2932x100 = 29.32% ] E ) _E:_ E
T (2225107 )x(45000) N 85 360 sec
M = B3 »_Fuel consumption = mass of fuel = m,= 2.22x10~ kg/sec

e s Exhaust valve
R i i
Sl R
I'7 bar
400 mm  spoke B
s“i' 0.0314m? | O .
)=~ "N i|  Piston al exireme .
[ s L T ______ botiom position (BOC) {.




Pf" oblem 13 Following observations are taken during a trail on four stroke diesel engine. Cylinder
giﬂmﬁtﬂr-— 25 cm, stroke = 40 cm, speed = 250 rpm, brake load = 70 kg, brake drum diameter =
0 g’lgs mean effective pressure = 6 bar, diesel oil consumption = 0.1 Lt/min, specific gravity of fuel =

.78, ov of fuel = 43900 k)ke. Determine (i) IP (i) BP (iii) FP (iv) Mechanical efficiency (v) Brake

lh!:rm:a_l efficiency (vi) Indicated thermal efficiency.

Feb. 2009 - 08 m

Given:
1
e = K= — ; ; = = Cyinderhend
4-Sengine =K =7, Cylinder diameter = 25 cm = 0.25 m s
rl“
. Ara=4 =0 = 20257 =0019
ok~ L = 40 cm =04 m, Speed V=250 rpm  Spesigriyoffel =08 R m g .
: = W= = ()= = 01x078 | SRS T B TR botor positon (BOC) o
Brake load = W=T0kg =70x9.81 = 686.7N Missof el = = PTSTRTRES R ﬂ ?.Srcm P
Brake drum diameter =0 = 2m .. Radius £ = Im (,) . /
MEP = P, = 6 ba, Oil consumption = 0.1 Lt/min ev of fuel = 43900 1kg T0kg)
To find TP Tofindn__,
wkt IP=nP IA]‘#{{E] kW = 1x6x0.4%0 049x250% — x Bp _ 1797 : - 73.39%
e " 6 U 27 6 wktn ., = P 24s =0.733 Motk = 13-3%
IP =245 kW
To find BP
_ 22 NT To find Ngpy
wki BP = -~ kW and .T =(W-S)R BF 17.97
60x1000 wkt gy = — e = 0314
' BT mpxev (1.3x107)x(43900)
neglecting spring value S, we have, torque T = (686.7)1 = 686.7 Nm
2% %250 686.7 Npry = 314%
BP = = =17.97 )
60000 To find M7y

BP = 17.97 kW

To find FP

Friction power FP = IP - BP = 24.5-17.97=106.53
FP =653 kW

w.k.L Mg =~ mp )c_.’_“l.'- = {].31('0_3}5‘{439‘]0:'

" Ny = 42.9%



' The following observations were recorded during atestona 4-5 engine: Bore = 25
:;]bs:*;“kli ﬂ: cm, -:rankgﬁpev:d =250 mpm, Net load ur_lbrakﬁ dram = 7(H) Nr Ummt:!::r ofbrakc
drum =2 m, Indicated MEP = 6 bar, Fuel consumption= 0.0013 kg/sec., spﬂmﬁ_r: gI':l"l.'ll"_'y'lﬂf fuel -

0.78. ev of fuel = 43900 klkg. Determine (a) BP (b) IP (c) FP {d) Ms:x.:hamu.::al cfliciency ()
Im:'l'tr;aled thermal efficiency (f) Brake thermal efficiency. Feb. 2003 - 12 m

Given:

d = 25cm = 0.25m, stroke = 40cm = 0.4m , N = 250rpm W = 700N Dy, = 2m, P, = 6bar
m, = 0.0013kg/sec, specific gravity of fuel = 0.78, CV = 43900kJ/kg

To find BI - s oo
_ _2aNT d.T =(W-S)R Wn = e (00013)x(43900)
wkt. BP = o kW and . y
= BP 1832 _ 3510
BP = 1832KkW, BTH " ko (00013)x(43900)
To find IP
. : 10 A mgxzjnxixﬂ ’ Rl
wht IP = n P, LANK |~ | kW =1x6x0.4x0. 2%s | | o 5
IP =245 kW o B =
Tl L " :w- 9 ] || Pokmatesrene 1
To find FP >/\t-;\ ! ; 1o oskn10C)
/ / 40om Bbar o
Friction power FP= [P~ BP= 24.5-18.32 = 6.18 kW N s
\‘__//i P f ______ bt mw:!'lﬂm ) \ S 1)
“Id it At K
To find Ty ‘EJZ) ~25cm 250rpm
Wkt f, = o = 147% 3



Problem 15 The following are the details of a 4-5 petrol engine. Diameter of brake druny - 60.03
cm, Full brake load on drum =250 N, Brake drum speed = 450 rpm, Calorific value of petrol -

40 MJ/kg, Brake thermal efficiency = 32%, mechanical efficiency = 80%, specific gravity of petrol
=().82. Determine (i)i3rake power, (ii) Indicated powe, (iii) Full consumption in litres per secomnd,

and (iv) Indicated thermal efficiency

Given:

Tt | ==

4-5 petrol engine=K =

Brake drum diameter = D = 60.03 cm = 0.6003m .. Radius #=03m
Brake load = W = 250 N, Speed = N = 450 rpm
cv = 40 Mikg

cv = 40x10° kg =40 x 10° kikg  (kilo= 10%)

Feb, 2004 - 12 m

Mgy = 32% =032, N = 80% = 0.8 Specific gravity of petrol = 0.82
To find BP Fuel consumption in lt./sec.
BP
2zNT B ~
= kt= =
wkt BP = =0 kW WKL E gy = o xev
T = (W-SR

neglecting S, we have, 7'=(250)%0.3 =75 Nm

2 450=7
p o ZEXBUTB 353 pP=353KW

60000 L
To find IP
use 1, to find IP. BP
Maset = 77
: 53 .
o= PP 4 IP = 4.41 KW
 lmeck 0.8

BP 33 sx10k
MerrXov — 032x40x10° glsec

il'il“lf =
To convert kg/sec to litres/sec, divide mfh:,r specific gravity.

2.75x10 4

1.e.,

= 3.363 x 107" lt/sec.
Fuel consumption = 3.363x107* litres/sec.

To find T\,

P 44 -
mpXev [2.?5x|ﬂ‘4}x4ﬂxlﬂ!‘

wkt =Ty =

Ny = 40%



Problem 16 A 4-5 petrol engine delivers a power of 35 kKW with & mechanscal efficiency of 80%.
The fuel consamad by the engine is 0.4 kg per kWotr af the power developad. Calculate, indicated
porwer, Erichion power, Brake thsermal efficiency, indicated thermal efciency, & fusl consumpion
per houwr. [FiEwe aic-focl ratio is 14§, Calcubste the pir consamption per hoar, The beating value of
the fivel is 43000 kl'kg. .

Given:
. 1
4-5 engine =k = E.BP=35L—W,T1”NJ=SIJ%=H.E
Fuel consumptionkW-hr = BSFC = 0.4 kg/kKW e
. . _ massofair {mg) _ o
Air-fiel ratio (A/F ratio) mass af fuel (m,) 14:1
evof fuel = 43000 klfkg, Assume singléTylinder engine =n=1
To find T To find MWy
BP -
= wht 1 = ==
T = Jp mect =
3
08 =+ & 1P =4375 kW ) gy 02097
i o T 0.2621
To find FP ek
wkl FP=[P-BP=4375-15 FP=815kW Ty = 26:21%
To God Mgy To find air uunsumptimﬂmr
B
Mgrre = ey xcv . _ ly
But m, = ? whki ATF o = my
wit BSFC = F“‘;“;_‘::;.J”" ) o
04 = 55 1y
n5,=ﬁ-:1mmm_rpﬁmpum—umh:m3.asxuﬂtgm w4 % 14 % 14= 196
= 33 =
Mere = {J.Eﬂniﬂ'j}xﬂlﬂm 020594
MNgre = 2097% Air consumed per hour = m, = 196 kg/hr



Problem 17 A large diesel engine rans on four-stroke cycle at 200 rpm. The engine has a
displacement of 25 litres and a brake mean effective pressure of 0.6 MMM, Tt consumes 0018
kp's of fuel, (Calorific value = 42000 klkg). Determine the brake power and brake thermal

efficiency.

' il s
i ak
""l / |t e

I sk § Prslon at exireme
I

Given:

1
4-S engine=K = -i,N=?.l]ﬂﬂrpm

1 op

e di ey = Zd x =251 (P N
Engine displacement =V, = 4 » L =125 litres 25%10% m Cyboder

L ¥, =25x10 m’ (1 m* = 1000 litres) - |
Brake MEP = BMEP = P, = 0.6 MN/m? = 0.6 x 10° N/m? =6 x 10° N/m? - 7? botiom poston BOC)
or th = { bar s Bore (d)

m= 0.018 kg/sec, v = 42000 kl/kg, Assume single cylinder=n =1

To find BP

When BMEP is given, use equation of IP for expressing BP,ie, BP=1IP

ie, BP=nP LANK {%] =1xﬁxu%xa‘1x2ﬂﬂ{1x%xl§—
To find Warw
T2
BP = [‘--ﬂ‘ L] = 10000 BP 250
'4 — — — T
WL R = 7, pxev 001842000 03306
b
But E’dz - 'FS: 252107 m* Ny = 33.06%

BE = 25x10-¥> 10000 = 250 kW



Problem 18 A 4 cylinder, 4-stroke spark ignition engine develops a maximum brake torque of
160 Nm at 3000 rpm. Calculate the engine displacement, bore-and-stroke. The brake mean
effective pressurc at the maximum engine torque point is 960 kPa. Assume bore is equal to stroke.

Given:

. &mJ. v | st )
|
4-cylinder engine =n = 4, 4-stroke engine. = K= 3 MT e ],? 1] o101
Torque =T = 160 Nm, Speed N = 3000 rpm - ™
BMEP =P, =960 kPa = 960  10° N/m? = 9.6 Bar R - o | s
Bore d = stroke L pr, i
e

To find Vg, d & L
Power developed = BP = IP (for BMEP)

27N P rANK |19 |
=n —1.
601000 mibs 6 )
) 2ENT 10
For 4-cylinders, 4 * "0 = n P LANK [ ﬁ]
4 2% % 3000160 b 1 10
- = —d” x — =
601000 4 = 9 6xLx " 3000 = 7 X
2667 = 107% = L&
ButL = d
oot = 2667x103

d =0.1386 m =L

To find Engine displacement ¥
Note Engine displacement = stroke volume

s
=,"'|L1':.=:e1="'-l:‘..ngth“'d**‘jl xL

Fi 3 T i 4
w k1. stroke volume = ¥; = E‘iz x [ = gd] =% (0.1386)°

V, =209 % 107 m



Problem 19 Calculate the brake specific fuel consumption of a diesel engine having a brake
98%. The calorific value of the fuel used 1s 42500 kl/kg.

thermal efficiency of

Given: Ny = 28% =028, cv =42500 KK

To find BSFC .
Fuel consumed in kglhr

wlkt BSFC = BP
. er kgﬂlhr
FC = -
BS BP KW
But m = BP=1

BP ..
KL —. ]
wkl. Tigm mgXcv My 15 ml-:g-"ﬂ-’.‘:ﬂl

m e xcy [mflsmnvtﬂ ngm)

BP 3600
= o DI
T 028 x42500

gpy3g0o 3600 '

_ Bpad R 3005

we have, BSFC 02842500 028x42500 :
BP

BSFC = 0.3025 keg/kW-hr




I'roblem 20 Asingle cylinder 4-stioke diesel engine gave the following results while running at full
load. Area of indicator card 300 mm?, length of diagram 40 mm, spring constant 1 bar/mm, speed of
{he engine 400 rpm, load on the brake 370 N, spring balance reading 50N, diﬂ_metf::r of brake drum
.2 m. fuel consumption 2.8 ke/hr, CV of fuel 41800 k)/kg, diameter of the cylinder 160 mm, stroke

of the piston 200 mm. Determine the following: (a) IMEP (b} BMEP (c¢) BP (d) BST'C () brake
thermal & indicated thermal efficiencies. -

leen . single cylinder=n = 1, 4-§ engine =K = %
- area of indicator card = 300 mm?, length of diagram = /=40 mm Ta find BSFC
spring constant = s = 1 bar/iumn, engine speed = 400 pm : . _
brake load = W = 370 N, spring reading =S = SON wkt BSFC = Fuel m'ﬂun;&d in kglhr-_ % — 0348
Drum diameter=D = 1.2m . Dmum radius = % = 0.6 m BSFC = 0.348 [igfkw—hl' _
Fuel consumption = m, = 2.8 kghr=7.77 x 107 kgfsge
cv of fuel = 41800 kl/kg
P To find Ngpp & Nyryy
diameter of cylinder = d = 160 mm = 0.16 m = A= Id = (.020 m?* ap 8,04
stroke =1 = 200m = 0,2m wkt Mgy = m-{; = 7.7?x1{)""x4130{! ={).247
To find IMEP
: B sa D300 oo Mg = 247%
wkt IMEP=F = T T4 ar p
= and, My = 25
P“ = [MEP = 7.5 Bar . §
When BMEP (P, ,) is asked, use, BP=n P, L ANK {‘_:] ButIP = ?
= 10 ) i 1 10
But BP =1 NT t. IP=n P‘MLJ NK [“E] = IKT.SID,ZKD.UEMQW’CEKE' =10 kW
ir
wkt BP = oo kW
T=(W-5R 10
T = (370-50)=0.6= 192 Nm My = TR0~ xA1800

_ 2xax400x192
60x1000

1 10
8.04 =1xP,,;¥020.02x400<5 %" BMEP=P,, = 6.03 Bar

8.04 BP = 8.04 kW

e = 30.79%



Problem 21 A single cylinder, fo

The indicated mean effective pressure is 6.
stroke and diameter of the cylinder. Also find brake specific

efficiency is 80% and indicated thermal efficiency is 30%.

40,000 kI/kg.

Given:
IP = 30 kW, speed N = 300 rpm

! o . 1
number of cylinders = n =1 ; 4-stroke engine = K = )

[MEP = P, = 6.5 bar, Piston speed = 3 LN = 180 m/min

ur-stroke engine develops indicated power of 30 kW at 300 rpm.
bar. The piston speed is 180 m/min. Determine the
fuel consumption, if the mechanical
Take the calorific value of diesel as

Jan 2008 - 08 m

s = 80%=08 ; Tm=30%=03  CVF=40000kkg
To find stroke (L) and diameter (d) of cylinder Tofind m and BP
By data, piston speed 2 LN = 180 m/min f » |
180 180 03 wlt. Wy = X CF Note that m s in kg/sec.
L=—="m0 =03m - stroke L=03m
2N 2(300) » .

10
To find d wkt IP = nP,LANK [F]

30 = 1(6.5)03 ‘ %{a’:)}m{ﬂlg]

- diameter of cylinder = d =028 m

To find BSFC
Fuel consumed inkg ! hr{m,
B

wkt BSFC =

ooy —— = = 251 107 =9 Kp
my M X CV 03(40000) 2.5« 107 kpfsec = 9 kg/hr

BP '
WK Tk = 55 OF BP = Tyt (/P) = 0.8 (30) = 24 kKW

9
BSFC = — =0.375
24

BSFC = 0375 kg/kW-hr



Problem 22 A gas engine working on a four stroke cycle has a cylinder diameter of 0.25 m and
length of stroke of 0.45 m and running at 180 r/min. Its-mechanical efficiency 15-80% when mean
effective pressure is 6.5 bar. Find indicated power, brake power, and friction power. What 1s the

fuel consumption rate (kgfhour) and brake speci
content of the fuel used is 42000 kJ/kg and brake t

Given:

fic fuel consumption (kg/kWh) if the encrgy
hermal efficiency is 25%.

July 2008 - 10 m

1 .
4-stroke engine = K = —1' . diameter d = 0.25 m, stroke length =L = 0.45 m,.speed N = 180 rpm

Ny = 80% = 0.8 ; Py=6.5 bar, CV of fuel = 42000 k/kg ; Nary=25% = 0.25

To find IP, BP and [P

10 Y10
wket. indicated power [P = nP,LANK [F} =1(6.5)(0.45) [;(DJS}I}IE[{EIE-]

IP = 2153 kW
BF
wkl Mpeck = F
Brake power BP = Tpecs (IP) = 0.8 (21.53) = 17.22
BP = 1722 kW
wk, Eriction power FP = [P—BP =2153 - 17.22 =431
FP = 431 kW

To find fuel consumption rate myin kg/he

BP

wkt Torn = oy whre m is in kg/sec.
f

f

R N > S
oMy (v, 025(42000)—

my = 1.64x 107 kefsec or  1.64 107 (3600) ke/hr

_ Fuel consumplion rate m, = 5.904 kg/hr

To find BSFC
o mfinkg.’hr _ 5,504
wlht BSFC = BPin kW 1722
BSFC = 0.342 kg/kW-hr




IC engine develops 50 kW of indicated power al MEP of 700
ively. If the engine speed is 3700
July 2013 - 06 m

Problem 23 A six-cylinder 4-stroke .
bt The bore and stroke length are 70 mm and 1010 mm respect

. Fud e averagc misfires per wmt tuoe.
I 1
Given: number of cylinders = 1 = 6 ;4-stroke engine = K= > ; [P=50kW

MEP = P, = 700 kPa = 700 = 10° E"g'.-"'.rr:1 (1Pa=1 Nim?)
bore d = 70 mm=0.07Tm ; stroke L =100 mm = 0.1 m

Actual engine speed N' = 3700 rpm

e _ o Misfire — one or more cylinders are not igniting the fuel

To find average number of misfires/unit time mixture at the right time.  This occurs due to

wkt. [P = nP,LANK [%] malfu_nc_tioning of th(_a fu_el injectqr/spark plug or due to
insufficient compression in the cylinder

ip(6) _30(8)
n P_LAK(10) 5{1{1}{0.1][%{0-‘3?}2]%“03

Theorelical engine speed N =

Theoretical speed N = 3712pm

N i

For a 4-S enging, number of c:.rc]m‘{rm or number of explosions / min = ?- - 1856

[

Actual cxplusiﬂm#rqin =5 ", = 1850

.. Number of misfires = 1856—1850=6
Approximately number of misfire / min = 6



Problem 24 A 6-cylinder, 4-stroke IC engine with a stroke volume of 1.75 litres, develops 26.3
kW of indicated power while runming at 504 rpm. The MEP is found to be 6 bar. Calculate the

average number of times each cylinder misfires n one minute.

Given:
n=06,and 4-5 engiﬂeK=%

stroke volume = ¥y = L.A = 1.75 litres = 1.75%107% m? (1 m?® = 1000 It)
P =263 kKW, Actual-speed =N'=504 ipm  MEP =P, = 6 bar

To find number of misfires per minute/cylinder | ”I:i " ¥

10 oy & P t—] Pelon o exree

W_k_.t.fP:H.FmL.-"IHK 3 T"“" P 1o posen(TCC)

. 6 bar
svome | 1.75% 107} m? \W
| IPx6 26.3%6 [pm2es ey

. Fngine speed =N= - = = 500.95 rpm e

o P L-AKXI0 gt 75x107 %2 x10 B

N = 500.95 pm

=
2
B

. Actual explosions/min = == = == = 252

. Number of misfires = 252 — 250.47 = 1.53
Approximately number of misfire/min = 2
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Refrigeration

= The process of cooling or reducing the temperature of a substance below that of the
surrounding atmosphere and maintaining lower temperature within the boundary of
a given space is called refrigeration.

» The machine or device employed to produce refrigeration effect is called
refrigeration machine or refrigerator.

= Need of refrigeration:
I. Food stuff, medical supplies and other important products have to be kept cool to

stay fresh and usable.

I1. By cooling or reducing the temperature, the growth of bacteria and enzymatic

activity can be redu

ced which helps to preserve the products for longer time.
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Principle of refrigeration

The primary purpose of refrigeration is to keep the substance cold. In order to keep
the substance cold, heat must be continuously removed from it.

According to the law of thermodynamics, heat naturally flows from a hot substance
to a cold substance. But if heat has to flow from cold to hot substance, some form
of work has to be performed.

Principle of refrigeration: Heat is continuously extracted from the low temperature
substance by performing mechanical work and rejecting this heat to the surrounding
atmosphere or high temperature substance.

A carrier substance is used to extract the heat known as refrigerant (chemical
substance which includes ammonia, CO,, methyl chloride etc.)

The refrigerant in the liquid state is made to circulate in a cycle, through a series of
events where it undergoes a change of phase from liquid to vapour and again back
to the liquid state.

During its change of phase (L Vapour) it absorbs heat from the substance & a
change from vapour L phase helps in rejection of heat to the surroundings.
The process repeats again and again thereby maintaining low temperature in the
given space or substance.




Types of refrigerators

1. Vapour compression refrigerator (VCR)

2. Vapour absorption refrigerator (VAR)

1. Vapour compression refrigerator

» \Works on vapour compression cycle.

« Uses: Domestic/ household purpose, large ,l ;;—'——_,]W’
ot |

commercial and industrial refrigeration. '_ J_P
 Basic components: — —ﬁl

i. Evaporator oess (29 25 & wiote b

.. '| — J lt . ’ '.r:..-,e.‘,.’,\.

1. Compressor Lﬂ_&”}" — bqudreing

iii. Condenser Vapour compression refrigeration cycle

Iv. Expansion valve



Construction of VCR

I. Evaporator: A component located inside the
cabinet in which the substance has to be cooled.
It consists of serpentine or coiled set of pipes
through which the refrigerant flows.

11.Compressor:

» A reciprocating compressor with a piston -
cylinder arrangement is placed at the bottom
portion of the refrigerator.

» The compressor is driven by an electric motor
from an AC power supply.

* Functions:

1) compress the vapour refrigerant to high
pressures and temperatures

2) Circulate the refrigerant in a circuit —
refrigerant can perform heat absorbing
function again and again.




1il. Condenser =
e Similar In appearance to the evaporator,
usually placed at the back of the refrigerator.
» Acts like a heat exchanger — vapour
refrigerant while flowing through it gives
away heat to the cooling medium [air or
water] circulating around the coils.
» The vapour refrigerant after rejecting heat
gets condensed to liquid state.
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Iv. Expansion valve SENSING BULD
« Small orifice/tiny openings. L:,M
 Functions:
1) Reduce the pressure of the refrigerant as I
it flows through it. B —— et SO
2) Regulate the flow of refrigerant to the

evaporator. e u_f
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Working of VCR

= Let us assume that the low pressure and low s pii
temperature liquid refrigerant (partly vapour) in ( )
the evaporator absorbs the heat from the inside of = )
the cabinet and undergoes a change in phase from )

Alr entering passenger

L — Vapour. .
— ‘ compartment is cooled

= The vapour at low temperature and pressure is
drawn into the compressor, where it s
compressed/squeezed to high pressure and
temperature.

= The compressor compresses the vapour to such
high pressures, than its saturation temperature will
be higher than the temperature of the cooling
medium [work is performed by the compressor for
the heat transfer to take place].

= The high temperature and pressure refrigerant
flows through the condenser, gives away its latent
heat to the cooling medium [either air / water &
flowing around the condenser] (Vapour refrigerant Mo =
L). The temperature of the refrigerant decreases, =t
but its pressure remains same.

Suction line

Condenser

== Liquid line Heat is shed here



= The high pressure and low temperature
liquid refrigerant coming from the
condenser passes through the expansion
valve, where it 1S expanded to low
pressure and temperature.

= The low pressure, low temperature
liquid refrigerant now enters the
evaporator where it absorbs heat from

Evaporator

the cabinet and changes to vapour 1€ %
phase. The low pressure, low : )

Air entering passenger
— ‘ compartment is cooled

temperature vapour refrigerant is drawn
into compressor and the cycle repeats.

= Thus heat is continuously extracted
from the cabinet thereby keeping the
substance at the required low
temperature.

H Expansion
valve

Compressor

3

Suction line

Condenser

Liquid Receiver (( )>

=+ Liquid line

Metering
Device

Heat is shed here

[ High pressure liquid refrigerant [ Low pressure vapor refrigerant

[0 High pressure vapor refrigerant



2. Vapour absorption refrigerator

« Similar in working to the vapour compression system except for the method of

raising the pressure of the refrigerant vapour.

» Uses: Recreational vehicles that carry LP gas, industrial environments where exhaust
waste heat can be used to provide the energy needed to drive the cooling system, as
chiller in office buildings and in hospitals to chill a brine solution.

« Basic components

I. Evaporator

1. Absorber _— —_
lii.Pump Absorption system s ﬁ
Iv.Generator

v. Condenser |
vi.Expansion valve A ff




Construction of VAR

* In the absorption system, the compressor (VCR) is replaced by an absorber,

generator and a pump.

» Absorber: consists of refrigerant which is highly soluble in liquid (absorbent). The
most common combinations are ammonia (refrigerant) & water (absorbent), water

(refrigerant) & lithium bromide (absorbent).

» Generator: The system makes use of heat source such as combustion of LPG,
kerosene-fuelled flame, solar energy or an electric heating element. These heat

sources make the system work smoothly and quietly.

« Pump: Circulates the refrigerant — absorbent solution from the low pressure absorber

to high pressure generator.

VAPOR-ABSORPTION REFRIGERATION
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Working of VAR

Let us assume that the liquid ammonia
refrigerant in the evaporator absorbs heat
from the cabinet and undergoes a change of
phase from liquid to vapour [L Vap].
This low pressure and low temperature NH,
vapour is passed to the absorber, which
contains weak solution of NH; + H,0.

Since water has the capacity to absorb
ammonia vapour, low pressure ammonia is
dissolved in NH, + H,O resulting in a strong
ammonia solution.

The strong ammonia solution is then
pumped to a generator through the heat
exchanger at high pressure [using pump].
While passing through the heat exchanger,
the strong ammonia solution is warmed up
by the hot weak ammonia solution flowing
from the generator to the absorber.
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The ammonia solution from the heat exchanger enters the generator, where it is
heated by an external source. Due to heating, the vapour gets separated from the
solution.

The ammonia solution (hot and weak solution) flows through the heat exchanger to
the absorber.

The high pressure and high temperature ammonia vapours from the generator enters
the condenser, where it gives away its heat to the circulating cooling medium. The
vapour refrigerant gets condensed to liquid state.

The high pressure and low temperature ammonia liquid refrigerant enters the
expansion valve where it is expanded to low pressure and temperature.

The low pressure and low temperature liquid refrigerant enters the evaporator where
It absorbs heat from the cabinet and evaporates.

The ammonia vapours now enters the absorber and the cycle repeats again and again.

VAPOR-ABSORPTION REFRIGERATION
condenser | generator |

I:I ammaonia gas

ammonia-water
solution

I:I ammonia liguid

heater -
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heat exchanger
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3. Domestic refrigeration

* A house hold or domestic refrigerator works on vapour compression refrigeration
cycle.

Construction of DR

« Compressor used — reciprocating type, hermetically sealed [compressor and the
electric motor are a single unit enclosed in a container].

« Condenser — natural air convention type [small refrigerators], forced air convention
type [large refrigerators]

« Expansion valves — small capillary tube made from copper with very less diameter
and longer length [increases friction , high pressure liquid refrigerant low
pressure , due to pressure drop in capillary itself].

Working of DR — same as the working of VCR N eopion it

% Condenser
{1nsid¢ coils (ouiside
refrigerator) [Sensopaassa 1T  relrigerator)

TNt {g.)H
(10 outside)




Difference between vapour compression system and vapour absorption system

SI. No. VCR system VAR system

1. Vapour refrigerant is compressed Vapour refrigerant is absorbed and heated

2. Work is performed by the compressor | System makes use of heat source such as
for the heat transfer. combustion of LPG

3. Mechanical energy required is more | Energy required is less [Pump is used to
[refrigerant vapours are compressed to | circulate the refrigerant]
high pressure]

4, No restriction for the type of | Refrigerants which are soluble in another
refrigerants used solution are used.

B. electric power is required to run the | Not dependent on electric power.
compressor

6. Noisy, more maintenance cost Absence of moving parts makes the system

run quiet, low maintenance cost

7. Built in capacity = 1000 Tons Above 1000 Tons

8. Coefficient of performance of the | At reduced loads, the system is almost as
system decreases with increase in load | efficient as at full load

Q. Chances of refrigerant leakage No chance of refrigerant leakage

10. | Domestic, commercial and industrial | Food storage in recreational vehicles

applications




Refrigerants

A chemical substance that absorbs heat from a substance or given space by

evaporating at a low temperature and pressure, and rejecting the heat by condensing

at a high temperature and pressure.

» Refrigerant does not undergo chemical change during the process, instead undergoes

a change of phase from liquid to vapour by absorbing heat and vapour to liquid phase

by rejecting heat.

« Different types of refrigerant: NH, sulphur dioxide, carbon dioxide, methyl chloride,

Freon etc.

Sector Type of equipment used Refrigerants Typical
currently being used refrigerant charge
(kg)
Domestic Domestic refrigerators R-134a 0.05-0.25
Refrigeration Hydrocarbons
(limited)
Domestic Air Window and split type air R-22, R-134a 05-15
Conditioning conditioning unit
Commercial Display cabinets and R-134a, R-502, R- 0.2-5
Refrigeration refrigerated or  chilled 404A, R408C, 15 -25
furniture. R-22
Cold Rooms:
Industrial Food Large chest freezers and R-502, 5-250
Processing cold rooms R-22, Ammonia
Commercial air - Large split type air R-22, R407A, 1.2-2.0
Conditioning conditioning units R-134a, R 410a, 125-270
- Water chiller systems R407c
Vehicle Air Vehicle air conditioning R-134a 0.8-1.0

Conditioning

system



Properties/characteristics of refrigerants

SI. No

Properties

Description

1.

Thermodynamic properties

Low boiling point

Low freezing point

High latent heat of vaporization
High critical temperature

Physical properties

Low viscosity

Low liquid specific heat
Low specific volume
High thermal conductivity
High electric insulation

Chemical properties

Non toxic

Non flammable and non explosive
Non corrosive

Good chemical stability

Miscible with lubricating oil

Other properties

Availability

Low cost

Ease of handling

No impact on the ozone layer




Types of refrigerants

Type

Properties

Applications

Ammonia

Oldest and widely used refrigerant
Boiling temperature of -33.3°C
Soluble in water, produce high
refrigeration effect

Cost less, hazards free

Highly toxic, not miscible, explosive
Moderately flammable, irritating and
corrosive

Not suitable for domestic refrigerators

Ice manufacturing
plants, packaging plants,
cold storage etc.

Sulphur dioxide

Non flammable, non corrosive

Absorbs a lot of heat in evaporation.

High boiling point of -10°C

Low refrigerating effect

Suffocating and irritating odour

In presence of moisture, it forms sulphuric
acid.

In domestic refrigerators
in olden days, but now
no longer used

Carbon dioxide

Non toxic, non flammable, inexpensive
odourless gas and low specific volume
Boiling point of -77.6°C.

1.53 times heavier than air [high operating
pressures — low efficiency]

Large ships, theatre AC
systems [where space
consideration is more
important]




Type Properties Applications
Freon » Highly efficient
« Two types of Freon refrigerant
I. Freon-12 (R-12)
Ii. Freon-—22 (R-22)
I. Freon-12(R12) Small capacity
*  Chemical formula — CCI,F, — dichloro equipment such as
difluromethane domestic refrigerators,
* Non flammable, non expensive, non- water coolers, AC etc
corrosive and odourless
* Boiling point of -29.8°C
il. Freon —22(R22) Large capacity plants
« Chemical formula CHCIF, — chloro like packaged AC units
difluoromethane Low and medium
 Boiling point of -40.8°C temperature refrigeration
* High pressure refrigerant
HFC (Hydro » Family of hydrocarbons containing one or Medium temperature

fluoro carbon)

several fluorine atoms
» Favourable thermodynamic, health and
safety properties.
* R134A — tetra fluoromethane (CH,FCF,)
—no chlorine content. (BP = -15°C)
Non corrosive, non toxic, non flammable

applications such as AC
and commercial
refrigeration.

Modern car AC

R407C, R410A —
variants of HFC




Terms used in refrigeration

Sl. No. Terms Description
1. Refrigeration The process of reducing the temperature of the given space, below
that of the surrounding atmosphere and maintaining lower
temperature within the boundary of the given space.
2. Refrigerating The amount of cooling produced by the refrigeration process in
effect (RE) known as refrigerating effect.
Rate at which heat is removed from the system in one cycle of
operation.
Also called as capacity of refrigerator
Expressed in kJ/sec or kW
3. Ton of Unit of refrigeration.
refrigeration The capacity of a refrigerator can be expressed in terms of TOR.
(TOR) Definition — Amount of heat absorbed in order to produce 1 ton of
ice in 24 hours from water whose initial temperature is 0°C.
In S1 unit, 1TOR = 210kJ/min = 3.5kJ/sec or 3.5kW
TOR is a measurement of the rate of heat transfer and not a unit of
mass, i.e., one TOR will not produce 1 ton of ice.
The rate of removal of heat in a cooling operation was expressed
In terms of tons of ice required per unit time (24hr)
4, Ice making The capacity of a refrigeration system to remove heat from water

capacity

to make ice.




SI. No.

Terms

Description

5. Refrigeration |+ Describes the changes that take place in the refrigerant as it
cycle alternately absorbs and rejects heat while circulating through a
refrigerator.
6. Co-efficient |+ Ratio of the amount of heat removed from a given space to the
of work supplied for the heat removal.
performance « COP= amount of heat removed/absorbed — e KJ/sec or KW
(COP) . Work supplied W. _ _
» Basic parameter used to measure energy efficiency of heating /
cooling and refrigeration appliances.
* Higher the COP, the more efficient is the device.
7. Relative COP |« Ratio of actual COP to theoretical COP of a refrigerator.

actual COP

Relative COP = , ;
Theoretical COP

Actual COP = %, where Q and W are measured during a test

Theoretical COP = %, where Q. and W, are obtained by applying

th

theoretical equations (laws of thermodynamics) to the refrigeration
cycle.




Applications of refrigeration

SI. No. Area Applications
1. Food processing, Storage of raw fruits, vegetables, fish, meat and poultry.
preservation and Storage of dairy products like milk, butter, ice creams
distribution Production and cooling of liguor and concentrated fruit juices
Processing and distribution of frozen food.
2. Chemical and Used in petroleum refineries, petrochemical plants, paper pulp
process industries industries etc [very large cooling capacities]
3. Special Ice manufacturing
applications Cold treatment of metals
Manufacturing and preservation of medicines, chemicals
Medical laboratories for storing test samples
Desalination of sea water
4, Air conditioning Indoor cooling

Vehicular AC

Laboratories, printing, textile, pharmaceutical and mechanical
Industries.

Power plants




Air conditioning (AC)

The process of simultaneous control of temperature, humidity, cleanliness and air
motion of the confined space.

Introduced by Stuart Cramer in 1905 [father of air conditioning]

Principle of AC

Similar to that of refrigeration, except without an insulated box.

Cooling is achieved using a vapour compression refrigeration cycle (VCR).

A refrigerant is made to circulate through evaporator, compressor, condenser and
expansion valve to complete the working cycle.

During the flow of refrigerant through the evaporator coils, it absorbs heat from the
warm air, which is drawn from the inside the room and undergoes a change of phase
from liquid to vapour state.

The heat absorbed by the refrigerant is discharged to the atmosphere during its flow
through the condenser coils and gets condensed back to liquid state.

Thus heat Is continuously drawn from the room and dissipated to the atmosphere
thereby maintaining relatively low temperature inside the room.
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Types of AC

1. Room AC/window units

2. SplitAC

1. Room AC/Window units

» Simplest form of AC designed to cool a single room.

« Basic components :
I. Compressor
Ii. Condenser
lii.Expansion valve
Iv.Evaporator
v. Air filter
vi.Control panel
vii.Double shaft motor.

Thermostat

Function Selector

Condenser Coil
Condenser Fan
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+ Fan Motor

Control Panel
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Construction of room AC

The evaporator and expansion valve are located at the room side (indoor) while the
compressor and condenser are located at the outdoor side.

The room side and the outdoor side of the unit are separated by an insulated partition
wall within the casing of the AC.

A double shaft motor is used to drive a fan at one end and a blower at the other end.

Working of room AC

The blower draws the warm air from the room through the air filter and over the
evaporator coils.

The low pressure and low temperature liquid refrigerant (partially vapour) flowing
through the evaporator coils absorb heat from the warm air and undergoes a change
of phase from liquid to vapour.

The low temperature and low pressure vapour refrigerant from evaporator is drawn
by the suction of the compressor, which compresses it to high pressure and
temperature.

The high pressure, high temperature vapour refrigerant now flows through the
condenser coils. The heat contained in the refrigerant is dissipated to the atmosphere
[Vapour Liquid].

The high pressure, low temperature liquid refrigerant enters the expansion valve
where its is expanded to low pressure and temperature.



The low pressure , low temperature liquid refrigerant enters the evaporator coils,
absorbs heat from the warm air and the cycle repeats until the desired temperature
inside the room is achieved.

After the desired room temperature has been achieved, the thermostat in the AC unit
cuts the power supply to turn the compressor OFF.

As the room warms up, the thermostat initiates the power supply and the cycle
repeats till the desired temperature in the room is achieved.

Note:

Thermostat - a component which senses the temperature of a physical system and performs

actions so that the system's temperature is maintained near a desired set points.

Blowers and fan

I. Blowers have the same function as a fan, differs in construction.

I1.Fans are normally located at the outdoor side while blowers are located at the indoor side.

ili.Fans operate by displacing air perpendicular to its rotation while blower operate by
displacing air parallel to its rotation.

Blower < Fan



2. Split /ductless AC

« Similar in operation to a window /room AC system except the components are split
Into two separate units instead of being entirely enclosed in a single unit.

Construction of split AC

« Split AC consists of two self contained units namely indoor unit and outdoor unit.

* Indoor unit is located inside the room and outdoor unit located outside the room.

« The indoor unit encloses the evaporator and blower, while the outdoor unit encloses
the compressor, condenser and fan.

« The two units are connected with a set of electrical wires and tubing(lines) used to
transport air between the two units.

» et Insulated pischarge
. suction line Condenser
- line
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Working of Split AC

The thermostat detects warm air inside the room and activates the compressor
enclosed in the outdoor unit.

The compressor which has received the vapour refrigerant from the evaporator in
the previous cycle, compresses the refrigerant thereby raising its pressure and
temperature.

The refrigerant then pass through the condenser coils where it gives away its heat to
the air drawn from the atmosphere by the fan. The temperature of the refrigerant
reduces causing the vapour refrigerant to change its phase to liquid state.

The liquid refrigerant is pushed through the tubing indoors where its pressure reduce
(due to expansion process) and in turn passes through the evaporator coils.

The low pressure, low temperature liquid refrigerant now circulates through the
evaporator coils.

Inside the room, the blower draws the warm air and passes it through the evaporator
coils where it gives away the heat to the circulating low pressure low temperature
refrigerant.

The cold air is forced into the room by the blower. The refrigerant after absorbing
heat changes its phase from liquid to vapour state. If the thermostat still detects air
that is warmer than desirable, the process continues.
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Applications of AC

Categories

Applications

Comfort application (comfort
for human beings)

In residential buildings, including family houses, duplexes
and apartments

Institutional buildings — hospitals, computer laboratories etc.
Commercial buildings — malls, shopping centres,
restaurants, office etc.

Transportation — in cars, buses, ships, aircraft and space
craft

Process application(controlled
environment for industrial
activities)

Hospitals — in operation theatres

Production of integrated chips, microprocessors, computers,
aircraft parts, nano material fabrication

Breeding laboratory animals

Nuclear power plants

Pharmaceuticals, chemical & biological laboratories
Textile, printing factories, mines

Food processing centres
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Engineering materials

« Solid substances which are manufactured and used for various engineering
applications.
« Selection of material for a specific application depends on the set of properties

possessed by the material.

Classification of engineering materials

» Polymers — thermoset and thermoplastics

= Metals — Ferrous and non ferrous metals

Composite

= Ceramics — glasses, cermets
= Composites — PMC, MMC, CMC
= Smart materials — piezoelectric, shape memory

= |nsulators and semi-conductors




1. Plastics/polymers

Group of polymers that are built from relatively simple units called monomers

through a chemical polymerization process.

Polymerization process - The process of reacting monomer molecules together in a

chemical reaction to form polymer chains or three-dimensional networks.
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= Thermoplastics — Polyethylene, polystyrene, PVC, polypropylene, nylon, Teflon etc.

» Thermosetting plastics — Epoxy, polyester, phenol formaldehyde etc.



Thermoplastics

Linear or branched structure where carbon atoms in the material are connected to
molecules of H, O, N, Cl and S in a continuous long chain of molecules.
Thermoplastics are meltable [ soften on heating and harden upon cooling]

Uses — Telephone, receivers, electric plugs, TV cabinets, switch panels, aircraft and
automotive parts etc.

jit: 3 [~ ol
H H M )4 o K

Linear Structure Branched

Structure
Polyethylene structure

Thermoset

Cross — linked structures of long chain molecules to form two and three dimensional
networks.

Not being meltable [permanently hard when heated and do not soften upon
subsequent heating]

Uses — Toys, photographic films, insulating tapes, electric insulation etc.
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Difference between thermoplastics and thermoset plastics

Sl. No. Thermoplastics Thermoset plastics

1. Exhibits linear and branched structures Cross-linked molecular structure

2. €v¢§arlr]’2 g;engeld together by weak Vander Strong primary covalent bond

3 Soften on heating and harden _when Permanently hard when hea’ged and do not

' cooled. [processed any number of times] | soften upon subsequent heating.

4, Suitable only at low temperature Low and high temperature

B. Soft and flexible Harder, stronger and brittle

6. High strains to failure Low strains to failure

7. Poor resistance to fluids and solvents Good resistance to fluids and solvents

8. L_ow _ electricgl_ resistance and B_etter _ electrif:gl resistance and
dimensional stability dimensional stability

Q. High material cost Low cost

10. Indefinite shelf life Definite shelf life

11. Recycled [Hence economical] Cannot be recycled

12. Short cure cycle Long cure cycles

13. Toys, photographic films, etc. Electric plugs, automobile parts etc.




2. Metals

« Opaque, lustrous elements that are used in engineering applications.
» Types of metals
I. Ferrous metals — Fe as chief constituent

1. Non-ferrous metals — very negligible or absence of Fe content

5L T Forraus metals Mon-ferrous metals Aluminium
Ne. ] Brass Cast Iron

1 F‘ig]rm1_ ) Copper and its alloys

e

Birass (alloy of copper and 2inc)
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Ferrous materials

Cast iron

Composition

Properties

Applications

90-92% Fe, 2-4.5% C,
1-3% Si, S, Mn, P

Low T, good fluidity, castability
and machinability, resistance to
deformation and wear resistance

Hard tools, pipe fittings electrical
fittings

Gray Cast iron

Composition

Properties

Applications

3.2-3.5% C, 1.3-2.3%SI,
S, P, Mn

Excellent castability, machinability,
vibration damping characteristics, wear

Automotive engine parts,
gears, flywheel, brake

resistant, brittle, low tensile strength and | discs, frames, as a base in
shock resistance, good fatigue resistance | machines

White Cast iron

Composition Properties Applications
1.8-3.6% C, 0.5-2.0% | Extremely hard, brittle, wear resistant, Mill liners, hot-blasting
Si, S, P, and Mn cannot be machined easily, high tensile | nozzles, car wheels, brick

strength and low compressive strength

making equipment,
crushers, sprockets etc




Malleable Cast iron

Composition Properties Applications
2-3% C, 0.6-1.3% Si, S, | Malleable, easily machined, good | Connecting rods, transmission
Mn, P castability, moderate strength, gears, compressors, crankshaft,
toughness, corrosion resistant marine, heavy duty applications

Spheroidal/nodular Cast iron

Composition Properties Applications
3.2-4.2% C, 1.1-3.5% Good fluidity, castability, Crankshaft, punches, dies used in
Si, S, Mn, P machinability, wear resistance, sheet metal work, heavy duty
shock resistance gears, automobile door hinges
Tool steels

* Primarily used to make tools in manufacturing process [for machining metals, wood,
plastics]

« Capable of withstanding high loads and remain stable at elevated temperatures

» Types of tool steels
I. High speed steel(HSS)
li. Stainless steels



High speed steels

Composition

Properties

Applications

Alloy of steel consisting

of W, Mo, Cr, V [Co-

Improves hardness]

Types of HSS

e T-type: 12-18% W,
4% Cr, 1% V, 0.7%C

*  M-type: 6%Mo,
6%W, 4%Cr, 2%V,
0.7%C

Excellent hardenability [600°C],
shaped easily, relatively tough,

hot hardnese

Manufacturing drill bits,
reamers, counter bore, milling
cutters, single point cutting tools

Stainless steels

Composition

Properties

Applications

Fe-C alloy with 11.5% -
25% Cr. [resist
corrosion]

Good corrosion resistance

NS

Manufacturing of kitchen sinks,
food processing equipment,
architectural applications,
chemical plant, knife blades,
surgical equipment, shafts,
spindles, marine applications,
desalination plants, heat
exchanger




Non-ferrous materials

Copper and its alloys

« Malleable, corrosion resistant, good conductor of heat and electricity.
» Pure copper is ductile and very weak.
« Alloys of copper — Brass and Bronze

Brass

Composition

Properties

Applications

Cu + 5-45% Zn, Pb,
Sn, Si

Good strength, ductility,
machinability, formability, electrical
and thermal conductivities, wear and
corrosion resistance, spark
resistance, non-magnetic

Manufacturing nuts, bolts,
threaded parts, taps, injectors,
valve bodies, condensers and heat
exchangers tubes, pump bodies,
pump fittings

Bronze

Composition Properties Applications
88% Cu + 11% Sn, | Soft, corrosion resistant, better Manufacturing springs, electrical
P, Al, Si, Be hardness and fatigue properties, contacts, clutch disc, marine

better heat and electrical
conductivity, good ductility and
malleability

pumps, condenser tubes, valve
parts etc




Aluminum and its alloys

Composition

Properties

Applications

Silverish white
metal extracted
from bauxite
material,

Alloyed with Cu, Si,
Mg, Sn

Light metal, easily machinable
highly reflective to heat and light,
good heat and electrical
conductivity, can be cast, rolled,
extruded, forged, excellent corrosion
resistance, very ductile material

Aircraft, automotive vehicles,
marine applications, electric
wires, windings of motor,
generators, transformers, house
hold utensils

Classification of Al alloys

« Cast alloys

. 1xx.xseries are minimum 99% aluminium
Il. 2XX.X series copper

1. 3xx.x series silicon, with added copper and/or magnesium

IvV. 4xx.x series silicon

V. 5XxX.X series magnesium
Vi. 6XX.X unused series

Vil. 7XX.X series zinc
VIIiL.8XX.X series tin

IX. 9xx.x other elements

« Wrought alloys - 1xxX, 2XXX, 3XXX, 4XXX, 5XXX, 6XXX, 7XXX, 8xxx series alloys




3. Ceramics

Inorganic solid materials containing compounds of metals and non metallic elements
such as oxides, nitrides and carbides

Examples —Al,O,, Zirconium oxide, Tungsten carbide, B,C, SiC, SiN; etc.

Ceramic materials may be in crystalline state [atoms bonded together in a regular
pattern] or amorphous/glassy state [atoms having no regular arrangement]

Properties

Applications

High compressive strength

Structural and building applications — pipes, bricks, roof and floor
tiles etc.

High hardness

Cutting tool applications

Excellent wear resistance

Brakes, clutches, bearings etc.

High melting point

Heat resisting components for automobile, aerospace, heat sinks
for electronic packages, furnace linings etc.

Low electrical and thermal
conductivity

Electrical and electronics applications

Chemical inertness

Biomedical applications like orthopaedic prostheses and dental
implants

Major demerit — extremely brittle in nature




Optical fiber glass

A flexible, transparent fiber made by drawing (forming process) silica glass or
plastic to a diameter slightly thicker than that of a human hair.
« Used most often as a means to transmit light between two ends of the fiber and fiber

optic communications, field of telecommunication, automobile, aviation, medical
and in industries.

» Basic elements of optical fiber transmission system
I. Transmitter — converts electrical energy into optical energy
Ii. Optical fiber — through which light is transmitted
lii. Photo-diode — converts back the light energy to electrical energy

~ Strength
Member

- Jackesicoatrg
Cladding

{Radding

/

Core lopteal ihen Outer
Jacket
Coating Core

» It consists of silica glass core surrounded by a similar material called cladding, but
with low refractive index and in turn the cladding is enclosed in a plastic jacket or a
coating.

« Glass material used in optical fiber: fluoro-zirconate, fluoro-aluminate, chalcogenide
glass, sapphire.



Cermets

« Combination of ceramics (Cer) and metals (met).
« Ceramic materials used are either oxides, carbide or boride.
» Metallic materials used is usually cobalt.
» Most widely used cermet is tungsten carbide (WC) or cemented carbides [6% Co]
 The ceramic constitute imparts high hardness to the material [wear resistance,
chemical and temperature resistance]
« The metallic constituent imparts ductility to the material to undergo plastic
deformation.
« Other cermets — Titanium carbide [Co + Ni]
« Applications :
I. Fabrication of cutting tools
1. Components of airplane jet engines, space rockets
lii. Manufacturing of resistors, potentiometers, capacitors
Iv. Used as insulators
v. Material for fillings and prosthesis [dentistry]




4. Composites

A combination of two or more constituent materials having different
physical/chemical properties separated by a boundary (interface) is called a
composite material.

It possesses properties that are superior to those of the individual materials.

Example: plywood — wood product manufactured out of many sheets of wood
veneer (plies), pressed together and glued [Very sturdy and durable wood].
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Composites are made up of two materials — matrix(binder) and
reinforcement(dispersed phase).

Matrix surrounds and binds a cluster of fibers, particles or fragments called
reinforcement. It holds the fibers together and keep them aligned in predetermined
direction.

The reinforcement carry load along the length of the fiber to provide strength and
stiffness to the composite.

Example: concrete = cement + sand + stones; steel reinforced concrete; radial car
rubber tyre = rubber + steel.



Classification of composite material

(a)

Composite materials
(based on matrix)

Y

y

¥

Ceramic- matrix composites

IPul:mlf:r-matrix composites I Metal-matrix composites

i

¥

Thermoplastic-matrix composites

T'hermoset-matrix composites I

(b)

Composite materials
(based on reinforcement)

Fibre-reinforced composites I Particulate composites

I Structural composites

 —

"

Thermopl astic-matrix composites I

Thermoset-matrix composites ISand wich composites Laminated composites




Metal matrix composites

Composition

Properties

Applications

Matrix — metal alloys,
reinforcement — fibers,
particulates made of
ceramics

Metal alloys — Ti, Al,
Mg, light metals

Low density, high strength,
fracture toughness and stiffness,
low coefficient of thermal
expansion

Aircraft, automotive parts like
piston, push rods, brake
components, shafts, electrical and
electronic components etc.

Fiber reinforced composites

Composition

Properties

Applications

Reinforcement — form
of fibers [elongated
thread like structure]
Types — glass fibers,
carbon fibers and
aramid fibers

Matrix - polymers

Circular in cross section in the
form of tubular, rectangle or
hexagonal [0.0001inch —
0.005inch]

Continuous fiber reinforced
composites — L > d
Discontinuous fiber reinforced
composites — L<d

Manufacturing of doors,
windows, bathtubs, boats, pipes,
tanks and vessels, internal parts of
rail, automotive and aerospace
applications

[k} Discontivuse foes




. Smart materials

Designed materials having one or more properties that can be significantly changed
In a controlled fashion by stress, temperature, moisture, pH, electric or magnetic
field.

The change in properties is reversible and can be repeated any number of times.
Example: plastic material, an insulator at normal condition can be made to behave as
a conductor by applying compressive force. Upon removal of the force, the plastic
material returns to its insulating state.

Example: a photosensitive glass, darkens when exposed to sunlight and returns back
to initial state when protected from sunlight.
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Types of materials used in smart materials
I. Pilezoelectric materials

1. Shape memory alloys



Piezoelectric materials

Materials that produce an electric current when they are subjected to mechanical
stress.

When a piezoelectric material is deformed by applying stress, it gives off a small
electrical discharge. Alternately, when an electrical current is passed through a
piezoelectric material it experiences a significant deformation.

Common piezoelectric material — lead zirconium titanate (PZT), Barium titanate,
lead zirconate titanate, lead zirconate, potassium niobate, polyvinylidene fluoride.
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Shape memory alloy

Unique class of metal alloys which exhibit two properties; shape memory effect and

pseudo-elasticity/super-elasticity, based on change in internal stress

Shape memory effect:

I. when a shape memory alloy is in its cold state, the metal can be bent or stretched
and will hold those shape until heated above the transition temperature of the
alloy.

li. Upon heating, the metal changes to its original shape. When the metal cools, it
will remain in the original shape until deformed again [alloy appears to have a
memory of returning to its original shape]

Pseudo-elasticity/super-elasticity:

I. A mechanical type of shape memory. A force induces deformation in the alloy,
but when the force is removed, the material automatically recovers its original
shape without the need for heating.

1. Observed when alloy are strained just above their transition temperature.

\_' Tmluesdry Applications
. )
[ L e
Automiotive | Aubom 1t ve thermostats, wibration dampess, cold stan ve Sh
== | achmsiors, 1= l _____ ape memory
2 | Medical Used t'wd aribadentic treatment for wid |.l tal mavements,
filter }Ns |h_l= wravel inside the bl odsiream, healing process of al IOyS. Cu_Zn_AI
Broken and frachared bomss, neuramuscular reh: hhl tion like spastic - . y
wloy
limh ¢ -:pﬁsu oming, of residuz] voluntary mavemnen u( newrnlogac .
rrlmln:ﬁ Antertal ¢ I[‘ﬁ'llcyl ke susgery instruments, cie._ _ CU'NI'AI, Cu_Be_
Aircraft sl in vibration dampers to dis 1|1 eneTRy rsdd.:mp: vibira _l : :
for baunch vehicles and mmnu.-ma jet engine pelusons e I S
engines to reduce weight and beost effic ciency; in ball bear and A , Fe-Mn- I’ NI_
landing gear fix 5 hmk_EEcal:msm .
3. | Others Used in rabot sctuatess to mimic U smoath 1 ovement of haman AI TI _Pd Au-Cd
museles, solar aa.tuamrs chectrical gircuit breakers, Il-nI || y y y
cou |:J ing, mabile phone antennas, satellite antenna deployment, . .
cetacle f ames, rntr r\-:u.|:| lens moumt, structural applications NI_TI al IOyS
s eptible to ssiEmic activity, column- foundation belted jainks,
-zl-:n-.',c structures for conirol of buckling and vibrations, ete.




6. Insulators

« Material which is a poor conductor of heat and electricity.
« Examples: wood, plastics, ceramic materials like glass, porcelain and plastics
* |t possess high resistivity [charges do not flow freely as in case of conductor and
semiconductor]
» |t works as electrical protectors.
« Applications:
I. Electric wires and cables are often coated with insulated materials
Il. Printed circuit boards are made from epoxy plastic and fiberglass
li.Power distribution or transmission lines make use of glass, porcelain to protect
living beings from dangerous effects of electricity.
IvV.Prevent the passage of sound from one location to another [Fiber glass, plastic
foam, mineral wool, cellulose etc]
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7. Semiconductors

« Materials having electrical conductivity between that of conductors and insulators.

« Examples: Si, germanium, gallium arsenide, cadmium selenide.

« The conducting properties of a semiconductor can be altered by the inclusion of
Impurities in to the crystal structure called doping.

» Doping greatly increases the number of charge carriers within the crystal causing
electricity to pass through them easily.

» Applications:
I. Used for amplification, switching and energy conversion
1. Used for making integrated circuits (1C), diagnostic equipments
1. Refrigerators, AC, programmable machines and robots etc.

Element(s) Material Group Il Group Il Group IV Group V Group VI 5
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Joining processes

Processes by which two or more parts/materials can be joined together.
Joints obtained by these processes may be temporary or permanent.

Temporary joint — brazing, soldering, bolts and nuts, screw etc

Permanent joint — \Welding, riveting etc.

Soldering Brazing Welding

Nut and bolt Studs and nut



Soldering

1. Principle of soldering

1. Joining process used for joining similar or dissimilar metals by means of a filler
metal whose T, is below 450°C.

1. Filler metal: Solder — an alloy of tin and lead

li1.Soldering involves melting of filler metals/solder and allowing it to flow into the
gap between the two workpieces/materials.

Iv.The solder cools down and solidifies forming a joint.

v. The principle by which the filler metal is drawn throughout the joint is by
capillary action [A pulling force draws the molten filler between the surfaces of
the metals to be joined]

vi.Solder joints has adequate strength, electrical conductivity and water tightness.
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2. Surface preparation in soldering
I. It includes thoroughly cleaning the workpiece surfaces to remove contaminants
like oil, rust, scale, paint and other impurities either mechanically or chemically.
1i. Mechanical method — wire brushing, abrasion techniques.
111.Chemical method — Soaking, cleaning or acid etching.
Iv.Once the contaminants are removed the next step is to apply a suitable flux.
v. Flux — A substance either in a liquid or semiliquid state.
vi.Functions of Flux:
» Helps base metal from oxidizing while they are being heated to the soldering
temperature.
»+ Acts as a wetting agent in the soldering process, reducing the surface tension
of the molten solder and causing it to better wet out the parts to be joined.
+» Cleans the surface, dissolving the metal oxides.
vii. Types of flux: rosin-alcohol, zinc chloride, aniline phosphate etc.
viil.The flux may be applied on the metal surface by brushing, dipping, spraying

3. Types of solder

« Solder - An alloy which melts at low temperatures (less than 450°C).
* Types:

I. Soft solder

Il. Hard solder



Soft solder

Composition Properties

Applications

An alloy of tin and lead; | Low melting points [150°C - 190°C],
lead = 37%, Tin =63% | Addition of antimony <0.5%

Improves the mechanical properties.

Low load and temperature
applications

Hard solder

Composition Properties Applications
An alloy of silver and lead; lead = | melting points ranges To make strong joints that
97.5%, silver=2.5% between 300°C - 600°C can resist high temperature
Or
Silver = 50%, Cu=34%, Zn = 16%

4. Types of soldering

Soldering methods are classified based on the mode of heat application.
Heat supplied should be such that it should melt the solder and permit the molten

solder to flow quickly into the joint.
Soldering method:

I. Soldering iron method

Ii. Torch soldering

ii.Wave soldering




a) Soldering iron method

Most common and widely used method of soldering.

Tool — soldering iron with a Cu coated tip which may be heated electrically or by oil/gas
flame.

The tip of the soldering iron stores and conduct heat from heat source [electrical energy] to the
components being joined.

Surface preparation:

¢+ Cleaned thoroughly to remove the contaminants.

% Flux used are Zinc chloride, HCI and alcohol-rosin

Joining processes:

¢ Soldering iron is heated to a suitable temperature, solder melts at the tip of the soldering
iron[bit].

¢ Then bit is brought at the joint and the molten solder is deposited.

*+The molten solder flows into the joint by the capillary force.

s+ The solder cools down and solidifies forming a joint.

“*The joint is cleaned to remove flux residues in order to prevent corrosion.
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b) Torch soldering

Utilizes the heat of a flame issued from an oxy-fuel gas
torch.

The torch mixes a fuel gas like acetylene with oxygen in
suitable proportions and burn the mixture at its tip.

The flame generated at the torch tip is directed at the
workpiece with a flux applied on their surfaces.

When the workpieces are heated to a suitable temperature,
the solder is fed into the joint region to melt and flow into
the gap between the two workpieces.

The solder cools down and solidifies forming a joint.

c) Wave soldering

Very popular approach for soldering through-hole
components on printed circuit boards.

Method used a tank filled with molten solder.

The solder is pumped and flow in a form of wave of
predetermined height.

The printed circuit boards pass over the wave touching it
with their lower sides.




5. Advantages, disadvantages and applications of soldering

Advantages

Disadvantages

Applications

* Low power requirement

« Low temperature process

* No thermal distortions
and residual stresses in
joints

 Dissimilar parts can be
easily soldered

« Thin parts can be joined
easily.

Flux residues should be
removed after soldering
[causes corrosion]

Thick parts can be
efficiently joined.

Solder joint cannot be used
In high temperature
applications

Strength of the joint is low.

Assembling electronic
components to printed
circuit boards

making connections
between copper pipes in
plumbing system,

Joining of sheet metal
objects like food cans, metal
containers,

Used as a semi-permanent
patch for a leak in a
container or cooking vessel.




Brazing

1. Principle of brazing
I. Method of joining similar or dissimilar metals by means of a filler metal whose
T, 1s above 450°C, but below the T, of workpiece to be joined.
1. Filler metal: Spelter — an alloy non-ferrous metal or alloy [Cu, Al and its alloys]
111.The flow of molten filler material into the gap between the two workpiece is
driven by the capillary force.
Iv.The filler material cools down and solidifies forming a strong metallurgical joint.




2. Flux used in brazing
I. Performs its usual function as in soldering, i.e., it melts during the preheating
stage and spreads over the joint area, wetting it and protecting the surface from
oxidation.
li. Also cleans the surface, dissolving the metal oxides.
111.The flux used In brazing is available in powder, liquid and paste form.
Iv.Method of applying the flux:
s Powered form- The heated end of the filler rod is dipped into the container of
powdered flux and allowing the flux to stick to the filler rod.
¢ Liquid form — The base metal is heated slightly and powdered flux is sprinkled
over the joint, allowing the flux to partly melt and stick to the base metal.
+» Paste form — Powdered flux is mixed with clean distilled water and applied
over the joint.
v. Flux in either the paste or liquid form can be applied with a brush to the joint.
vi. Types of flux used: borax, borax with small amounts of P, halogen salts of iodine,
bromine, fluorine, chlorine, astatine etc.




3. Types of brazing

a) Torch brazing

Most commonly used brazing process wherein the two metals are joined by the heat obtained

from a gas flame and by using a non-ferrous filler metal [T, >450°C], but below the melting

temperature of the workpiece to be joined.

Surface preparation:

¢ Surface to be joined are cleaned thoroughly in order to remove dirt, grease and other
oxides.

¢ After cleaning, flux is applied at the joint [Borax, boric acid, fluorides or chlorides].

The workpiece to be joined are broadly heated by an oxy-acetylene welding torch.

The filler metal is then placed at the joint and is heated with a carburizing flame [type of

flame obtained by supplying excess acetylene with oxygen in the torch].

The filler metal melts and flows through the joint by capillary action.

The workpiece is allowed to cool for sometime and the joint is then cleaned to remove flux

residues in order to prevent corrosion.

Diree 1Eh

?‘“ (e et 1

M

Workpiece [Base matals]

ja| Broad haal to bass mitals b Fiber matal placed al the it & meled



b) Furnace brazing

The process in which bonding [joint] is produced by using the furnace heat and a non ferrous
filler metal [T, >450°C], but below the melting temperature of the workpiece to be joined.
The filler metal is distributed in the joint by capillary attraction.

Suited for fabricating complete brazements and does not require a highly skilled operator.
Pre-fluxed/pre-cleaned parts with filler metal pre-placed at the joints are heated in furnaces.
Brazing can be done in an air furnace with a flux, though a protective atmosphere usually is
needed.

The type of atmosphere required depends on the materials being brazed and the filler metals
being used.

Base metals with readily reducible oxides can be brazed in an atmosphere of combusted
natural gas or cracked ammonia.

Dry hydrogen, a powerful reducing agent can be used for brazing stainless steels, nickel,
cobalt and iron-base alloys

Filler Metal Filler Metal
Melts and Flows Brazed Joint
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c¢) Dip brazing

* The temperature of the molten flux bath can be controlled
[used on aluminium assemblies].

 The molten bath serves as both heating medium and
fluxing agent.

« Uniform heating to brazing temperature is achieved
rapidly.

 Parts are cleaned, assembled and held together in fixtures
during brazing.

« Parts are normally preheated before immersion and
residues are removed after brazing in order to prevent
corrosion.

d) Resistance brazing

 Suited for special joints where heat must be restricted to a
localized area without overheating surrounding parts.

« The required for brazing is produced due to the electrical
resistance offered by the joint members to the flow of
current through them,
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e) Induction brazing

Utilizes alternating

electromagnetic field of high

frequency for heating the workpiece together with the flux
and the filler metal placed in the joint region.

The technique is used only in those applications, where
the entire assembly would be adversely affected by heat.
Induction brazing reduces unwanted part distortion or
annealing since the workpiece is heated selectively by the

coil.

Induction heating brings the joint rapidly to brazing

temperatures.

Advantages, disadvantages and applications of brazing

Advantages

Disadvantages

Applications

Low thermal distortions
and residual stresses in
the joints.

Easily automated process
Dissimilar parts can be
joined.

Flux residues must be
removed after
brazing[causes corrosion].
Large and thick sections
cannot be brazed effectively.
Relatively expensive filler
materials

Automotive, aerospace and
tool industries, fastening
pipe fittings, tanks, carbide
tips on tools, radiators, heat
exchangers, electrical parts,
bicycle frames, rims.




Differences between soldering and brazing

SI. No. Soldering Brazing
1. Filler metal used is solder Filler metal used is spelter
2. T, of filler metal is below 450°C T, of filler metal is above 450°C, but
below the melting point of the
workpiece
3. Strength of the joint obtained in | Stronger joints can be obtained in
soldering is comparatively low brazing
4, Soldered joints does not exhibits | Brazed joints resist corrosion
resistance to corrosion
B. Soldering equipments are economical | Slightly costlier




Welding

 Fabrication process in which two or more workpiece [metals or even thermoplastics]

are joined permanently to form a single component.

1. Principle of welding

» Welding process is carried out by heating the edges of the workpiece to a suitable
temperature and then fused [combine] together with or without the application of
pressure.

« Asslight gap usually exist between the edges of the workpiece, a filler metal is used
to supply additional material to fill the gap.

« However, welding can also be carried out without the use of filler metal.

« Filler metal is melted in the gap, combines with the molten metal of the workpiece
and upon solidification forms an integral part of the weld.

— Welding machine AC or DC
)
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2. Classification of welding

« Plastic welding:
I. The metal parts to be joined are heated to the plastic state or slightly above and
then fused together by applying external pressure.
11.No filler metal is used in this process.
lii.Examples — Forge welding, friction welding, resistance welding etc.
Iv.Also called as pressure welding process.

* Fusion welding:
I. The metal parts to be joined are heated above their melting temperature and then
allowed to solidify by cooling.
1. A filler metal may or may not by used during the welding process.
lii. Examples — Arc welding, gas welding, laser welding etc.

»
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Forge welding Friction welding Resistance welding Laser welding



Edge preparation in welding

Before starting the welding process, the edges of the two workpiece to be welded

should be prepared well to obtain a good weld.

Edge preparation in welding process involves two operations

I. Joint preparation

¢ Involves cutting or bevelling the edges of the two workpieces to suitable shapes so that

the heat would be able to penetrate to the entire depth of the workpiece.

¢ Types of joint: square/straight joint, VV-joint, U-joint, double V and U symmetrical joints.

il. Cleaning of joint

s Workpiece surfaces are often chemically contaminated by dirt, grease, oxides etc.

» Most metals are very reactive and in presence of air they forms an oxide layer on the
workpiece.

» This layer prevents intimate contact from being made between the two metal surfaces.

» Hence the edges of the workpiece and the area adjoining them should be cleaned
thoroughly to remove the contaminants.

» Cleaning in done either chemically [acetone, carbon tetrachloride solution] or
mechanically [wire brush, hand files, grinding].
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Arc welding process

Principle: A fusion method of welding that utilizes the high intensity of an electric
arc to melt the workpiece metals. A solid continuous joint is formed upon cooling.
Either AC or DC can be used to supply the required current for welding.

Construction details:

**In this process, the electrode holder holding the electrode firmly forms one pole of
the electric circuit while the workpiece to be welded forms the other pole.

s The electrode serves both to carry the arc and also acts as a filler rod to deposit the
molten metal into the joint.

s The electrode used in arch welding process is metallic wire which is made of the
same material or nearly the same chemical composition as that of the workpiece
material.

**The metallic wire is coated with a suitable flux material like titania, calcium
fluoride, cellulose, iron oxide etc., which gives off gases as it decomposes thereby
preventing oxidation of the molten metal during welding process.

Consumable electrode

Fluz covering
Core wire

Evolved gas =hield
Sla;““\

B Parent

‘weld metal material

‘weld pool
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* An arc is struck by touching the tip of the electrode on the workpiece and
instantaneously with electrode separated by a small distance of 2-4mm.

» The temperature of the arc ranges from 5000°C - 6000°C.

» The high heat at the tip of the arc melts the workpiece metal forming a small molten
metal pool.

» At the same time, the tip of the electrode also melts. The molten metal of the
electrode Is transferred into the molten metal of the workpiece in the form of
globules of metal.

» The deposited metal fills the joint and bonds the joint to form a single piece of metal

» The electrode is moved along the surface to be welded to complete the joint.

» The arc is extinguished by increasing the arc length i.e., by widening the gap
between the workpiece and the electrode.

» Advantages, disadvantages and applications of arc welding
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Advantages Disadvantage Applications
« Simple and inexpensive « Slow process, weld « Building and bridge
 Skilled labour not required spatter, poor fusion, construction, ship building,
« Low maintenance shallow penetration, boiler and pressure vessel
« Can weld Fe and non Fe cracking were fabrication, joining of large
metals observed. pipes, penstock etc




Electrodes used in arc welding

I. Consumable electrodes — Electrodes which get consumed during the welding
process. These electrodes help to establish the arc and also act as a filler metal to
deposit additional material to fill the gap between the workpieces.

a) Coated electrodes:

*» The metallic wire, called core is coated with a flux. Coating is done by dipping the
heated end of the metal rod in the constituents of flux.

% Flux materials used: titanium oxide, cellulose, manganese oxide, calcium
carbonates, mica, iron oxide etc.

% Functions of flux coated over core:

1) Stabilizes the arc

2) Prevents oxidation of molten metal

3) Helps in removing the oxides from the surface of the workpiece
4) Chemically reacts with the oxides and forms a slag

5) Eliminates weld metal porosity

6) Helps to produce minimum spatter adjacent to the weld.
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Plain or bare electrodes:

The core wire is left plain or uncoated with flux.

These electrodes do not prevent oxidation of the weld and hence joint obtained is
weak.

Welding processes that makes use of plain electrodes utilizes inert gases for
shielding of weld metal from atmospheric oxidation.

Tubular electrodes:
Hollow materials containing flux constituents inside the core wire.
Used in flux-cored arc welding process.

It consist of a wire made of low carbon steel sheet surrounding a core of flux and
alloying materials.

Non-consumable electrode: Electrodes which are not consumed during welding
process. Usually made of carbon, tungsten, graphite. They serve only to strike and

maintain the arc during the welding process.
__F__a-L':l.rI war i

Bare electrodes Tubular electrodes




Tungsten inert gas welding process

Principle: Type of welding process in which the workpiece are joined by the heat

TIG WELDING . {

obtained from an electric arc struck between a non-consumable tungsten electrode
and the workpiece, in presence of an inert gas atmosphere.

Construction details:
It consists of a welding torch in which a non-consumable tungsten alloy electrode[0.5-
6.4mm diameter] is held rigidly in the collet.

Various alloy like Zr, thorium, lanthanum etc., are alloyed with tungsten to improve arc
stability, better current carrying capacity, resistance to contamination.

T1G welding makes use of inert gas like argon or helium to protect the welding area from
atmospheric gasses [O, N] which cause fusion defects and porosity in the weld metal.
The shielding gas flow from the cylinder through the passage in the electrode holder and
then impinges on the workpiece.

Pressure regulator and flow meters are used to regulate the pressure and flow of gas from
the cylinder.

Either AC or DC can be used to supply the required current -
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The workpieces to be joined are cleaned to remove dirt, grease and other oxides
chemically or mechanically to obtain good weld.

The welding current and inert gas supply are turned ON. An arc Is struck by
touching the tip of the tungsten electrode with the workpiece and instantaneously the
electrode is separated from the workpiece by a small distance of 1.5-3mm .

The high intensity of the arc melts the workpiece metal forming a small metal pool.
Filler metal in the form of a rod is added manually to the front end of the weld pool.
The deposited filler metal fills and bonds the joint to form a single piece of metal.
The arc i1s extinguished by widening the gap between the workpiece and the
electrode.

The shielding gas is allowed to impinge on the solidifying weld pool for a few
seconds even after the arc is extinguished [increases the strength of weld joint].

» Advantages, disadvantages and applications of TIG welding

Advantages Disadvantage Applications
 Suitable for thin metals  Difficult process, shortarc |+ To weld SS and non Fe
» Clear visibility of the arc, length, Chances of tungsten metals

greater control over the weld inclusion in weld joint » Aerospace, refrigerators,
« Strong and high quality joint | « Skilled operator required. AC, chemical plants
» No flux is used. No slag  Slower process, not suitable

formation, clean weld joints. for thick metals




Metal inert gas (MIG) welding process

Principle: Type of welding process in which the workpiece are joined by the heat
obtained from an electric arc struck between a bare (uncoated) consumable electrode
and the workpiece, in presence of an inert gas atmosphere. The consumable
electrode acts as filler metal to fill the gap between the two workpiece.

Construction details:

It consists of a welding torch in which a bare (uncoated) electrode in the form of wire
[0.7-2.4mm diameter] is held and guided by a guide tube [electrode material is of the
same material as that of the base metal]. The electrode is fed continuously at a constant
rate through feed rollers driven by an electric motor.

MIG welding makes use of shielding gas like [argon + carbon dioxide = 75-80% + 25-
20%] to protect the molten weld pool from atmospheric contamination.

The shielding gas flow from the cylinder through the passage in the electrode holder and
then impinges on the workpiece.

MIG makes use of DC power source [electrode — positive pole of the power source]
resulting in faster meltlng of the electrode greater weld penetratlon and weldlng speed.
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The workpieces to be joined are cleaned to remove dirt, grease and other oxides
chemically or mechanically to obtain good weld. The tip of the workpiece is also
cleaned with a wire brush.

The control switch provided in the welding torch is switched ON to initiate the
electric power, shielding gas and the electrode feed.

An arc is struck by touching the tip of the electrode with the workpiece and
Instantaneously the electrode is separated from the workpiece by a small distance of
1.5-3mm .

The high intensity of the arc melts the workpiece metal forming a small metal pool.
At the same time, the tip of the electrode also melts and combines with the molten
metal of the workpiece thereby filling the gap between the two workpiece.

The deposited metal upon solidification bonds the joint to form a single piece of
metal.

» Advantages, disadvantages and applications of MIG welding

Advantages Disadvantage Applications
« Fast and economical. * Equipment is costlier « Sheet metal
» Electrode and inert gas are automatically | = Gas entrapment in the industries and
fed. weld pool automobile
« Weld deposition rate is high sectors.
* No flux is used, Thin and thick metals
can be welded. Automated process.




Gas welding process
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Principle:

A fusion welding process in which the workpieces are joined by the heat of a strong
flame generated by the combustion of a fuel gas and oxygen.

When the fuel gas and oxygen are mixed in suitable proportions in a welding torch
and ignited, the flame resulting at the tip of the torch is sufficient enough to melt the
edges of the workpiece metals. A solid continuous joint is formed upon cooling.
Fuel gas used — acetylene, hydrogen, propane or butane.

Types of gas welding process:

a) Oxy-acetylene welding process — mixture of oxygen and acetylene gas
b) Oxy-hydrogen welding process — mixture of oxygen and hydrogen gas

Oxy-acetylene welding is the most versatile and widely used gas welding process

p rocess [ZSOOOC] “ﬁ)li:lrr\‘g Pressure Regulators

Gas Welding



Oxy-acetylene welding

e Principle: When oxygen and acetylene are mixed in suitable proportions in a
welding torch and ignited, the flame resulting at the tip of the torch has a
temperature ranging from 3100°C-3500°C which is sufficient enough to melt and
fuse the workpiece metals. Filler metal may or may not be used during the process.

« Construction details:

s Two large cylinders: one containing oxygen at high pressure and the other containing
acetylene gas.

s Two pressure regulators fitted on the respective cylinders to regulate or control the
pressure of the gas flowing from the cylinders to the welding torch as per requirements.

s Welding torch: Used to mix oxygen and acetylene gas in proper proportions and burn the
mixture at its tip.

¢ A match stick or a may be used to ignite the mixture at the torch tip.

FresEirg
rigulatar Hoao

OXY-ACETYLENE WELDING

I—i |
Valve A -+— Mixture of C,H, + O,
- Drrect on of travel
— Welding torch tip
Filler rod
7 4— Flame
Chaygen . ‘/' /
_ Acelylene Base metal Solidified weld metal
7 yliswl i
Molten weld metal
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% By adjusting the pressure regulators, suitable proportions of oxygen and acetylene
gases enter into the welding torch.

% The gases get mixed in the torch and are issued from the torch to burn in the
atmosphere.

% A match stick is used to ignite the gas at the torch tip. The resulting flame at the
torch tip has a temperature ranging from 3100-3500°C and this heat is sufficient
enough to melt the workpiece metals.

% Since a slight gap usually exists between the two workpieces, a filler metal may be
used to supply the additional material to fill the gap.

% The molten metal of the filler metal combines with the molten metal of the

workpiece and upon solidification form a single piece of metal.

* Advantages, disadvantages and applications of Oxy-acetylene gas welding

Advantages Disadvantage Applications

« Simple and inexpensive. « Acetylene gas is slightly  Joining of thin Fe and

» Eliminates skilled operator costlier. Non-Fe metals,

» Flame temperature can be |+ Not suitable for thick and high automotive, aerospace
controlled depending on T, metals and manufacturing
the thickness of material  Refractories metals can not be industries.
being welded. welded. » Fabrication of sheet

« Acetylene is highly explosive. metal parts.




Flames produced in Oxy-acetylene welding

a) Neutral flame:

Produced when approximately equal volumes of oxygen and acetylene are
burnt at the torch tip.

All the carbon supplied by C,H, is being consumed resulting in complete
combustion.

The flame has a nicely defined inner whitish cone surrounded by a sharp
blue flame.

The temperature of the neutral flame is around 3260°C.

Applications: welding mild steel, cast iron, Al, Cu, metal cutting.

It has least chemical effect on the heated metal.

b) Oxidizing flame:

If the supply of oxygen is further increased after the neutral flame has been
established, the result will be an oxidizing flame.

It is a flame in which there is excess oxygen than the required for complete
combustion.

It appears similar to neutral flame but with a shorter inner white cone and
the outer envelope being narrow and brighter in colour.

The temperature of the oxidizing flame is around 3500°C.

Applications: Welding Cu-base metals, Zn-base metals etc.

It should not be used for welding steels [burns some of the metal being
welded].




¢) Reducing flame:

If the volume of oxygen supplied to the neutral flame is reduced, the
resulting flame will be carburizing or reducing flame [rich in acetylene].
Combustion is incomplete with unconsumed carbon being present in the
flame.

The flame has an acetylene feather which exists between the inner cone
and outer envelope. The outer flame envelope is longer than that of the
neutral flame and much brighter in colour.

The temperature of the reducing flame is around 3066°C.

Applications: welding hard surfacing, Ni-Cu alloy, few non-Fe metals.

It should not be employed for welding steel, as unconsumed carbon may
be introduced into the weld to produce hard and brittle deposit.

Underwater welding

Wet welding: It entails the welder to perform the weld
directly in the water using a specially designed welding
rod.

Dry welding: A chamber is sealed around the structure that
Is to be welded. It is then filled with a gas[He+Q], which
then forces the water outside of the hyperbaric sphere
which allows a dry environment for performing the weld.
Very risky and dangerous for welder.




Difference between soldering, brazing and welding process

SI. No. Soldering Brazing Welding
1. Low temperature Base metals are not melted, | High temperature process
process. Base metals are | but heated to suitable wherein base metals are
not melted temperature heated above their T,
2. Filler metal is not same | Filler metal is not same as Filler material used is of the
as that of base metal that of base metal same material as that of base
metal
3. Joint is formed by Diffusion of filler metal into | Solidification of the molten
diffusion of the filler the base metal associated filler metal with the molten
metal into the base with surface alloying base metal
metal
4, Strength of the jointis | Strength lies between that of | Much stronger than the base
comparatively low welded and soldered joint metal
5. No heat effected zone Heat affected zone is not too | Heat affected zone is affected
much when compared to to a large extent
welding
6. Finishing operations are | Sometimes brazed joints Requires finishing operations
not required require finishing like grinding, filing etc
7. Sheet metal work and Arts, jewellery works Fabrication and structural

electronic industries

works
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Belt drives
« Belt drives are used to transmit power or motion from one shaft to the other by

means of a thin inextensible belt running over two pulleys.

Mechanism of belt drives

» Belt drive arrangement consists of two pulleys
mounted on two different shafts.

 One shaft called the driving shaft receives
power from the mains and transmits it to
another shaft called driven shaft.

 The pulley mounted on the driving shaft is
called driving pulley or driver.

* The other pulley mounted on a shaft to which
the power is to be transmitted is called the
driven pulley or follower.

» The belt passing over the two pulleys is kept in
tension so as to avoid slip over the pulleys.

« This helps In transmitting power effectively
from one shaft to another.




Materials used for belts

Properties of belt material: Strong, flexible and durable. It must have a high
coefficient of friction
COF: Dimensionless value, ratio of frictional force between two bodies and the force

pressing them together, denoted by p.
w = Mg
F Motion at Const. Veloeity
. k =
ko R
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Types of belts:

I. Leather belts — cut from the back bone of steer hides [animal skin]

Il. Cotton/fabric belts — folding canvass to three or more layers and stitching together
lii.Rubber belt- layers of fabric impregnated with rubber.

Iv.Balata belt - similar to rubber belt except that balata gum is used in place of rubber

Types of belt drives

I. Open belt drive

1. Closed belt drive



I. Open belt drive

Open belt drive are used to connect two shafts that are parallel and rotating in the
same direction,

The driver pulls the belt from the lower side CD and delivers it to the upper side AB.
Therefore “fension in the lower side belt CD will be more than the tension in the
upper side belt AB”.

The lower side, because of more tension, it is known as tight side whereas the upper
side belt, because of low tension, it is known as slack side

Limitation: Due to the lesser tension on the slack side, the belt sags due to its own
weight.
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Cross belt drive

Cross belt drive are used to connect two shafts that are parallel and rotating in the
opposite direction.

The driver pulls the belt from the lower side BD and delivers it to the other side AC.
Therefore “tension in the belt side BD will be more than the tension in the belt side
AC”.

The belt side BD, because of more tension, it is known as tight side whereas the belt
side AC, because of low tension, it is known as slack side.

Dirrven Holloveer]
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Length of belt for open belt drive

Let r, = radius of larger pulley.
ry = radius of smalker pulley.
€ = center distance belween the two pulbeys.
L = wotal length of belt,
L, = Length of beht in comtact with Larger pulley
L, = Length of belt in contactwith smalkes pulley
L, = Length of belt, which ia mod in comfoct with either of
the palicys.

I A <o [

‘T calculate L and -L!
From the gﬁ:umh‘_l.rnfﬂ'l'l.‘.ﬁ_gum L =im+2abr, | Arclength = rx (central angle)

L=in-2u)r, =r, (180° + 2a)
L, =, (n+ 20)

‘To calculate Ly
From Oy draw a line O,F parallel to the bel AR, which is not in contacl with either of the

PSS o rsngle 0,02, 0 =i00,) ~(OF) = T (n—r)

:l
n=n)
multiplying susnernior & denominator by %, wie have, P = (et [ { . -|

o OF= J7 chrjjl
or- (2]

Expanding the leeen in brackels using binomial theosm and neglecting kigher powers, we have

[‘ '{5'—"’]2]'2 _ l;[ﬂ%’a]t op= C[]_il[jg_ri]al

s
Line (2,P is parallel to the length of belt AB. Smmilirly by drawing a fine: from €, parallel wo the
behl CI:I wr ohiain the equatbon similar b CLF as given above.

T
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Toiad bength L, = 2 O = 2
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b
a+b=c
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&
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The Binomial Theorem

1+ x)' ="Cy+"Cx+"Cox* +.. +"C,x* +.. +"C,x"

M
il E r.".:-t x.'.'
k=il
n!
where "C, = ——— and n 15 a posilive integer
kKl(n—k)

NOTE: there are (n + 1) terms
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- hypotenuse
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For small valoes of @, sin e = @ o)

— Ny
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~
S o

. (n=n) (n ) < >
Substinging (81 ia (6), L = mir, +r)+ 25 I_E! 420 - 'r::- Ol 02

)
L=r{r +r)+ '—L’+ 20
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(i-n)

Rearranging L = 20+ ufr+n )+ -

— 2
Length of open belt drive = 2C + m(ry+r,) + 82" Crz)




Length of belt for cross belt drive

Let v, = radius of larger puliey.

= radius of smaller pulley.

= center distance between the two pulleys.

L = total length of belt.

L, = Length of belt in comtact with berper pulley

L, = Length of belt in contact with smalks pulley
= Length of belt, which is nof in comfoct with either of

thve pualleys. ‘
A A A ]

‘T calculate L and -L!

From the geometry of the figuse Ly =i{s+2ar | Arc length = rx (central angle)
L, = (x+2a)r, = 1, (180° + 20)

L, =, (n+ 20)

To calculate L,
From (0, draw a line O, P paraliel o the belt BD as shown in the figure.

Foainge 0,07, 0 - 30 {0FF - [T
mubtiplying numerator & denominator h:.- l:"“ we hove,

or o.p = f[l-["f’:—ﬁjzr

Expanding the term within the brackets by using binomial thearem and neglecting kipher powers,
1
o b 1 : If{r&r ?
4 kR S P
wa v, ["[%] T e L[* 2[4#”
1 +r, :

Total length L, = 20, = EE["‘[T]]
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The Binomial Theorem

1+ x)'="C,+"Ca+"Cox* + .. +"C,x* +.. +"C x"

M
s Z r.'..:- X
k=l
n! )
where "C, = W and n is a posilive integer
n

NOTE: there are (n + 1) terms
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Velocity ratio in belt drive

» Ratio between the speed of the driven pulley [follower] and the speed of the driving
pulley [driver].

Let o, = Diameter of doving pulley {driver).
iy = Dhameter of dnven pulley (follower § drven).
m, = Speed of the driving pulley and », = Speed of driven pulley

Assumang, thal there is no slip between the beht and the pulley ram, the lincar spoed at every ponl
on the bell must be the same. Hence, Bd r, = mdn, VY,

Slac side
Let d,.d, -Diameters, m ‘ _'_i ;\
or dlnl - dl!"l N, N, - Speeds, rpm ! ( d:
N

d V,.V,,V, -Velocities, m/min \ e
: 3 Vo=V,
ar = For no slip Tight side b=V,
o I
||T| "

Length of the belt l i length covered l
passing over driver pulley [ =4 by a point ondriver pulley

gpeed of doven  diameler of driver inone minute
speed of dover  chameter of driven V,=mdN,
) [ Length of the belt l | length covered l

in one minute J

L.,

passing over driven pulley by a point on driven pulley

inone minute ‘ in one minute J

V, =rd,N,

| :
The ratio %:‘ =3 i5 called welocily ratio of speed ratio Of frarsmision raiio of bell drves,
¥

Thus, in hell drives, the speads are mversely proportonal to the diameter of pulleys.
Note When thickness (t) of the belt = consadered, then, velocity Tatmris given by

i, d, +1
R, - |:|'1.-1-.I'



Creep in belt drive

In belt drives, the driver pulls the belt from the driven and hence receives more
length of the belt [The belts gets stretched as it comes out of the driven pulley]

The driven pulley receives less length of the belt as it comes out from the driving
pulley and hence there is a contraction in the belt.

The belt being an elastic material stretches out more compared to contraction and
hence the increase in the length of the belt results in a relative motion of the belt on
the pulley surface.

This relative motion is called creep in the belt.

Effects of creep in belt drive: Increases with load, reduces the speed of the driven
pulley, which in turn results in loss of power transmitted.

pping line of symmmety
Belt Creep () ()
Oz i\
2 Line of cantres e
As the belt moves from slack side to vaind B
( ©) mitia 0 vl 7\
5 ; ; 3 e e ' /%)
tight side the tension increases. That cennie YU
< 010, f{ 2 - /‘
is tension is less in slag side and high , T —
( €) part-load
in tight side. This results in :

5 : 3 % ( ( )\T ‘r‘( .\
elongation of belt in tension side 2 \ )
resulting in less thickness on tension R ———

. e F, e \
side. This is called creep " e\
(d) part frsetion ¥ \
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Slip in belt drive

» The power transmitted from one shaft to the other depends on the frictional grip
between the belt and the pulley rim.

« There is always some amount of slip between the belt and the pulley rim that results
In a slight reduction in the velocity ration of the belt drive.

« Definition: Relative motion between the pulley and the belt passing over it.

« Expressed as a percentage.

T r - = . JT_; ':f| Irfm—;_:l-
velocaty ratio (when slip i considered) ;'I| = .:'_z,_ﬁ'

where 5 = %5 slip.
b

b d e "a]':l”__i
. When thickness of bell is considered, velociy ratio “ © = L 100 J

V.-V,
Vi | Sslip at driver, s, Bxpressed in % of driver speed, -‘ﬁ',‘ﬁf':’TJ’le slip E Creep
v — -
: 2 Slack side ! It s the relative movement of belt | Duetodifferenceof tension in tight side and
; — on the surface of pulley. It 38 | slack side, more length of belt approaches
i N, caused due fo - thie flriwinf_ |'|L|I1-[':r' and less h;'nglh lpaves.
N, aX’) (1) Low coetticient of friction Thus the belt moves backward on the
; P (i) Less angle of lap. driving pulley, This relative motion of belt
\ Tioht side (i) High ratio of tension in tight side | % CFP ]
8 s o slack side of belt. Creep also results m decreass in velocity of
slip at driven, &, Expressed in % of belt speed ) . . |
vV _V vV It reduces the velocity of driven | drven pulley.
8, % =——2%100 . . ' ||
: v, pulley, |




Power transmitted in a belt drive

Let T, = tension in tight side of the bielt {maximam tengion) in Mewton (M)
T, = tensica in glack side of belt m N
d, = diameter of drover in m
d, = diameter of diriven or follower in m _ _
The effective turming force acting on he circumbzrence of ihe follower is the differcnce m
tengions on the tight side (T, ) and slack side {T;) ofths heli.
Driving force is given by F = {T, — T;) Newton.

= {TLTL}W ____II]
EELA
we know that, Power (F) = F v, where v = velocity of the belt in m/sec,

(=T} i
equation (1) becoimes F'o- IIEILI:ZI. kW, where v = @ ™ & mfsec

F

S’“k gldc I-.'
-

(21 )
I ¥

Tight side !
I Follower



Ratio of belt tensions for flat belt drive

» Consider a flat belt wound around a driven pulley as shown in figure.

 Let the driven pulley rotate in clockwise direction.

« Let T,= tension on tight side of the belt, T, = tension on slack side of the belt, 6 = arc
of contact between the belt and pulley.

e Consider a small element PQ of the belt. Let 60 be the angle subtended by the
element PQ. The element PQ is in equilibrium under the action of the following
forces
I. Slack side tension (T) acting at P
1. Tight side tension (T+0T) at Q
Ii.Normal reaction (R) exerted by the pulley on the belt element PQ
Iv.Frictional force (F=R) acting perpendicular to the normal reaction (R)

{Slack pide| . .
Tl'-i.

Doy pusfley
tiolawe|

- T 45T
(Tight sidol

fh) Foroes pcling on belt elomai ]

fal Fist belt wound argund driven guilisy



I. Resolving all forces horizontally

- ba .
jl'mE-l-{T-l-ﬁT]i:ln?—ﬂ'

G i
T!-ii.ﬂ?+f$il'l¥d %I’*sm? = &

-

58 be _ b
Smce Ih-:an;gl-u — i5 very small, sm — )

)
-, exuation (1) becomcs, F%+Tﬁf + 61 ?=R

] £
= i r=
}E!:I'IHE-2

Meglecting ,51% for small anghss, weget K - Tad
I1. Resolving all forces vertically
T cos E;i-u.ﬁ:' = (T4 E-]"}u:nms'I?'?"HI

af
T eog E+ILR = oo 5 4 BT eoa —

F,=Fsin A

F,.=FcosA

z z i
&0 Ga
T ETmai?;E since - is small, cos = =]
& ol
WR = Br o R=7,
of AT
Tae - " Elf_?=uﬁﬁ

. ry AT
Integrating between limats T, and T, and from 0 to B regpectively, we have, L:?

A T
hﬁe'“-z Heor Tr gl

= [ so




Angle of contact for flat belt drive

a)

b)

Open belt drive

When power is transmitted between two pulleys of different diameters, then the
angle of contact at the smaller pulley must be taken into consideration.

The belt will slip first on the pulley having smaller angle of contact i.e., on the

smaller pulley. (r-r.)

i -[Ia:-;l—iicin' = ]ﬁ radians,

where = radias of larger pulley
ry = tadius of smaller pulley
" = center distance between two pulleys.

Cross belt drive
When two pulleys of different diameters are connected by means of a cross-belt

drive, the angle of contact on both the pulley will be same.

s
drtn) ] n

- T — | — rad
L] L]l‘.'ﬂi-?ﬁ‘m c 50

where £y, = radias of larger pulley, v, = ds of smaller pulley
C = center distance between two pulleys.
14!![ TOSS iD! >

a M

)2 > 0 Nl.rl
$ £ 01

drven 02 o 0 driver

N2, r2 01 Nl1.rl

a

Note: always measure angle of contact from smaller pulley



Initial tension In belt drive

* When the belt is wound around the two pulleys, the two ends of the belt are joined
together tightly and are fixed over the pulleys so as to maintain a tight grip between
the belt and the pulley rim.

» Thus even when the pulleys are stationary, the belt is subjected to some tension and
this tension is called initial belt tension.

* Denoted by T,

h+4

7
-

I, =

where T, = Initial belt tension, T, = Tight side tension, and I7, = Slack side temsion

Advantages and disadvantages of flat belt drive

Sl. No. Advantages Disadvantages

1. Used when the center distance between | Not efficient when center distance between
the two shafts is large the two shafts is small

2. Speed can be varied by varying the Due to slip in belt drives, exact velocity
diameter of the pulley ratio cannot be maintained

3. Simple in construction and operation Moderate power transmission

4. Low operating costs Due to slip, driven pulley rotate at a lower

speed
5. Smoothness of operation and ability to Used for transmitting power only between

absorb shocks.

parallel shaft




V-Belt drives

» V-belts are used to transmit power between two shafts when the center distance between
the shafts is relatively small.

» Usually endless and trapezoidal in cross section.

» The included angle for the belt is usually 30°-40°.

* The belts are made from fabric and cords moulded in rubber and covered with fabric and
rubber.

 In case of flat belt drive, the belt runs over the pulley whereas in V-belt drive, the rim of
the pulley is grooved so as to accommodate the V-belt.

» The effect of the groove is to increase the grip of the V-belt on the pulley, thereby
reducing chances of slipping. - |

« For a V- belt drive, ratio of tensions is given by 7 =« e e s
Advantages: transmits more power, negligible slip, can
transmit power for short center distance, high velocity ratio can
be obtained, smooth operation, shaft axis may be
horizontal/vertical/inclined, no joint trouble.

Disadvantages: Not suitable for large center distance,

construction of belt and pulley are complicated. b= it of b

— 1 Fabric an
=] sibbar cove

o T Fakrie

t-thicknaas of heh
W ; Fri=geooved angle of pulley




Timing or toothed belt drives

Disadvantages: Complex design of belt and pulley, high
cost, requires accurate alignment of the belt with the
pulleys for efficient operation. e

It consists of a flexible belt having a flat outer surface and evenly spaced teeth moulded
on its inner surface designed to run over matching toothed pulleys or sprockets.

The toothed pulley looks like a spur gear, but the tooth profile is not involute.

The belt being jointless is used made form rubberized fabric reinforce with steel wires to
take the load during operation.

When correctly tensioned between the pulleys, this type of belt has no slippage [used to
transfer motion for indexing or timing purpose]

Applications: automobile or motorcycle engines to coordinate the rotational motion of the
engine crankshaft with cam shaft, sewing machines, photocopiers, treadmills etc.

Advantages: compact and synchronous transmission, no e 2
slippage, high torque carrying capacity[gripping power],
power transmission at constant speed, no creep effect in
belt, low noise and vibration, no lubrication required, less
weight of belt and pulley.
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Problem 1 Ina belt drive, the velocity ratio is 3. The driving pulley runs at 400 rpm. The diameter
of the driven pulley is 300 mm. Find the speed of the driven pulley and the diameter of the driving

pulley. Jan 06 - 06 m
Given: -
My Driving Driven
velocity ratio = " I T — -
d,=? d, =300 mm = 0.3 m

Speed of driven n; = ?

Iy
From data, n_ =

400 - 'i'ulll'n] shafi

w.k.t. velocity ratio = ~~ = -d: —_—

sdp = = ———— =0.9m d; = 0.9 m or 900 mm



Problem 2 11 is required to drive a shaft A at 600 rpm by a belt using a pulley of 150 mm diameter
o another parallel shaft B running at 240 rpm. What would be the diameter of the pulley on the
shall A. Find also the velocity ratio. ' Jan 2008 - 08 m

Given: Shaft B (driver) | Shaft A (driven)
ng =240 rpm na = 600 rpm
dB'_—lsomsﬂlSm dﬁ_-?

Diameter of pulley on shaft A=dy=?

n ﬂ' Sagang baly —_—
k.t \Fﬁ}mit‘j' ratio= f = "d.i Glack skde B
B_ e - 7_\"'& DOrvaain g Tillgweer
. d}i — ﬂﬂ 'ds - 24‘]':": U+15 P o [rreen shaili
o fy 600 o Tight side -
240rpm + 600rpm

d, = 0.06 m or 60 mm

Velocity ratio = ?

ny 600

o mg 600 5
w.k.t. velocity.ratio = ny 240 2

"y

velocity ratio = ny 3:2



Problem 3 Two pulleys are connetted by a cross belt, the velocity ratio of the drive being 3. The
driver runs at 1000 rpm and has a diameter of 120 cm. Find the speed and diameter of the driven
pulley. July 05 - 06 m

] . .
Given: Drive - cross belt type, velocity ratio= 7~ =3

1

Driver Driven
n, = 1000 rpm n="7
d1='12{}|:m=1.2m d]=?
To find dj =7 ) . A %ﬂ
1 . dl Driven ilolower]
tio — - =,
—wk.t. velocily ra n o d,
L
3 - dz Diriving shadn . ?ann shalt
d; = 0.4 m = 400 mm 1000rpm
= 9
. wkt — =13

=3 -y =3000 rpm



Problem 4 A shaft running at 100 rpm is to drive a parallel shaft at 150 rpm. The pulley on the
driving shaft is 35 cm in diameter. Find the diameter of the driven pulley. Calculate the lnear

velocity of the belt and also the velocity ratio. Jan 10 - 06 m
Given: Driver Driven B
Dvi Do g 1ellowesr
l'l| = lm rpm t.: = 15{] r_pm - F ™ Dreeen shaft
d,=35cm=035m =7 e e ¢
: % - 150rpm
dy="? - - -
) Angular Velocity Linear Velocity
ot = 2 2 U —
w.k.t. velocity ratio = n = d, . ? r
150 035 b= %6
100 & w in radians per unit time b= o
100%0.35 ¢ in radians =
d:! = 150 - =0233m d} =0.233 m or 23.3 cm velocity = di:jt::;ce
velocity ratio = ? _ -
. omp 150 3
w.k.t. velocity ratio = T

fiy

velocity ratio” = " =3:2

N

wk.t. Linear velocity at every point on the belt is same. Hence, V= mdn, = mdyn,
Taking V = adyn; = m(0.35)(100) = 109.95
V = 10995 m/min  or V =183 m/sec



Problem 5 An engine shaft running at 240 revolutions per minute is required to drive a generator
by means of a flat belt drive. Pulley on an engine shaft has 160 cm diameter & on the generator
shaft 60 cm diameter, Determine the speed of the generator shaft in the following cases.

(a) Neglecting thickness. of belt,

(b) When belt thickness 1s 6 mm

(c) Considering thickness 6 mm & a slip 3%. (d) Velocity of belt with thickness 6 mm.

Given:

- Driver (Engine shaft)

Driven (Generator)

nl?240rpm nz'—'? L

d; =160 cm= 1.6 m dy =60 cm=0.6m

iving shafi

t = 6mm=6x10"m, andslip=S=3%

Englne shatts™ smcZgnerator or shaft

... "= Dirreen shadt
C

Tigha sl

o
240rpm -7

). To find n, by neglecting belt thickness,

0) 2 To find , by when belt thickness = t = 6 mm

In this case, velocity ratio = = =

n dl

w.k.t. velocity ratio = ‘;f = d_z

3 dy-n B 1.6x240
2 = d; T 06

n; = 640 rpm

n (d, +1)
”1 (dz"l‘f)

[1.6+(6><m‘3}]><24u

(d +0)n )
1 [0_6.1.'[15;(10'3)] m = 636.04 rpm

.'- ﬂ1 = (d1 +£] =

d):

C): Tofindn, whent=6 mmandS = 3%.

. N * :
w.k.t. velocity ratio (d, +1) 100

m
|:!ﬂ{]-3}
4
100

- [Lﬁ+(6x1<}‘3 )}

240 [n,6+(ﬁxm‘3)]

h; = 616.9 rpm

To find velocity of belt with t = 6 mm
Linear velocity of belt at any point remains same
re, V = mdn, = mdn,
:n thickness is considered, V = #(d+f)n, = a{dy+fn,
Taking V = m{d+f)n; we have,
V = n[1.6+(6x107%)]240
V = 1210.89 m/min
or V = 20.18 m/sec



Problem 6 The sum of diameter of two pulleys is 1000 mm and the pulleys are connccted by a
belt. If the pulleys rotate at 600 rpm & 1800 rpm, find the diameter of each pulley. Aug 99 - 04 m

Given: d, (driver) +dz{|:lriv;.'z|} = 1000 mm or d,+d;=1m

Note Since the speeds of driver & driven are not specifically mentioned in the given problem, one
can assume speeds in 2 different combinations resulting in 2 different belt drive arrangements.

i.€., if n; = 600 rpm (driving); and n; = 1800 rpm (driven), then diameter of driving pulley (d;) will

be preater than that of driven pulley (4;) resulting in speed reducing arrangement of belt drive
{Speeds are inversely proportional to diameters according to velocity ratio).

Case 1 Assuming n, = 600 rpm & ny = 1800 rpm (Case 2 Assuming n; = 1800 rpm & my = 600 rpm
S . | ' oom 4 -
wk.L. velocity ratio = n T od, w.k.t. velocity ratio = E = “T—z
1800 (1-d;) ' ; .
LA e ds s = 600 (1-dy)
600 'dl { d] d] 1 IT]} m = - &'1 { n‘, +dy=1m)
|Eﬂﬂd2 = {1 - d,) 600 or 4'.'-;2= 0.25m . f-ﬂﬂdz _, 1800 - [gmdz
anr.’:, d] = I "d1= 1 —{}.25 = ﬂ.?ﬁ or d. =ﬂ.?5 im R frl’; = L75m
Thus when n, = 600 rpm & ny = 1800 rpm, we have, and, d, = 1 —dp=1-0.75=023
d; =075 m & dy=0.25m for speed increasing arrangement, dy =025m

Thus when ny = 1800 rpm & 1y = 600 rpm, we have,
d, = 0.25 m & d, = 0.75 m for speed reducing arrangement.

~iving shafi

Tigha #idd

-1800rpm




Prollem 7 An engine shafi running at 200 rpm is required to drive a generator at 300 rpm by
means of a flat belt drive. Pulley on the driving shaft has 500 mm diameter. Determine the diameter

of the pulley on the generator shaft if the belt thickness is 8 mm & slip is 4 percent.
: March 1999 - 10 m

Given: Driver Driven Engine shafs-s s
ny = 200 rom " ny =300 rpm o
d, =500 mm=05m dy="7? Dwiu

Generator shaft

Slack side

Belt thickness = t=8 mm= 8=107m, and slip = 5 = 4% riving shaft

To find d; when t = 8x 10~ m and 5 = 4%

m _(d+) [I_DH]

w.k.t. velocity ratio = = @y +1) - -

|

100

= |

|

300 _
200 [d1+{3x1ﬂ‘3ﬂ

0.5+ [:E.:r:lﬂ"] ]J [ tﬂ}wd"
*1 100

dy+(8x107%) = 0325
' d, = 0317 m or dy =317 mm



Problem 8 Ina cross belt drive the difference in tension between tight and slack sides is 1200 N.
If the angle of contact is 160° and the co-efficient of friction is 0.28, find the tension between slack

and tight sides.

GIVeN:  Tight side (T,) - Slack side (T;) = 1200N
. lo0xx

Jan 04 - 06 m

Radians = [

LI degrees
180"

angle of contact = 8= 160" = TR 2.792 radians (180" = & radians) 180° .
: - Degrees = x radians
co-officient of friction = p=0.28 -
Tofind Ty & T e—— .k
i 2 T

T
i — I"E
w.k,t_._ 7 e
ﬂ = g (D 2R=2 792)
I

T, = 21857,

wehave 1200+ T, =2185T,

lrI_ = lﬂll.ﬁﬁ N slack side tﬂ“ﬁi{ln . Duiver

Ty = 1200+ 1012.65=2212.65N

T, = 2212.65N tight side tension Oriving shatr

T

Corjyrim pisllinyg
{mlower]

T T+ &7

Driven Hobower

Dnvam ghal



Problem 9 In a belt drive, the angle of lap on a driven pulley is 160" and the coefficient of friction
is 0.3. If the maximum tension in the belt is 10000 N, find the initial tension in the belt drive.

Given: - 0= 160 = 160 % JT
angle of lap = €= 1060 = ™

u = 0.3, Maximum tension = T, = 10000 N

= 2.792 radians

7|.

To find initial tension (Ty) o )
h+14

5

whkt Ty =

but I, = 7

10000

Using 5 e wehave — = g 03272 M harert
I T,
T, = 432T4ATN ' T'H,d._, L.
(Tighit sidol
10000 + 4327.47 10000N
STp = T e —7163.T3N

2
- Initial tension = Ty = 7163.73 N



Problem 10 In a belt drive the ratio of tensions is 2, and the slack side tension is 500 N. If the
speed and diameter of the driven pulley are 200 rpm and 120 cm respectively, find the power

transmutted. _ Jan 03 - (G m
Given: ——

5,

I

T, = 500N

ny = 200rpm,and d; =120ecm =12 m

i 500N
To find power transmitted (P) {Slack, side)
(5, -73)-v
= kW
wk L Pu"ﬂ:"ﬂ‘ P 1000

From equation (1) & (2), T, = 1000N ; But V=17
w.k.t. V = Jﬁﬂﬂl = ﬂh‘:ﬂj Iﬂlﬂiﬂ

Taking V = mbn; we have, V = mx1.2x200. Deiven puley
V = 753.98 m/min, or V= 1256 m/sec
I.'I'@'::Im:lt'l T
1000 - 500)x12.56 1000N
p- ! ) =6.28
_ 1000
Power transmitted = P = 6.28 kW o —

Slack side B

% % D or Teligwer

"= Dirreen shadt

iving shafi




Problem 11 Two pu]]e*_','s of 50 cm and 25 cm diameter are to be coupled by a belt drive. IT the
distance between their axis is 1.5 m, find the lengths of the belt for (a) open and (b) cross drives.

GIVEN:  Assuming diameter of larger pulley d; =50 cm =0.5m .. radiusr; =025m
dy = 25em=0.25m .. radius r;=0.125m
center distance = ¢=1.5m

To find L for open belt drive

angth of belt for open belt drive = L 2e+ mlrytr) + {r }
0.25-0.125
. L =2(1.5)+ r{0.25+0.125) + [T } 4. 1K¥ -
Length of open belt = L = 4188 m
To find L for cross belt dnve
(n+n) Al 3
length of belt for cross-belt drive = L = 2¢ + & (rtry) + ~—2 PNy
FPylley radms
"lr. Pullay fadnis
o {025+0125)° "
= (1.5} + m{0.25+0.125) + j' —— =4.271

Length of cross belt = 4.271 m




Problem 12 Two parallel shafts 6m apart are provided with 300 mm & 400 mm diameter pulleys
& are connected by a cross-belt. The direction of rotation of the follower pullcy is to be reversed
by changing over to an open belt drive. How much length of the belt should be changed.

Given: .
Type of drive = cross belt type  assuming larger diameter dy=400 mm =04 m; .. radius r, =02m

c=6m smaller diameter = dy = 300 mm=03m . radivs r,=0.15m

To find L for cross belt drive

htn)o .
wkt. L = 2c+ mirtr) + { +1) for cross-belt drive
c

1
(0.2+40.15)°

L = 2(6) + #(0.2 + 0.15) 4 =13.12

= 13.12 m for cross belt drive

To find L for open belt drive

W—kJ- L = e+ R’(rﬁr;] +

]

7
{i:.il_ for open-belt drive
[

(02-015)" *

L = 2(6)+ x(0.2+0.15)+ = 13.1

—

L = 13.1 m for open belt drive

Change in length of belt (AL)
-, change in length of belt = AL=13.12-13.10= 0.02 m = 20 mm

change in length of belt = AL =20 mm



] "
di'l"'"“
Jistanee between the
il
Given: Power = P=20kW <c=27m p=025
Driving Driven
ny = 150 rpm ny = 250 rpm
d; =7 dy=60cm =0.6m

o find length of belt

2
ive, L = (n-n)
for open belt drive, L = 2c + (1) + r3) + -—-—
d 0.6
Fy = "EI =T=ﬂ‘3m But r!=?
om 4
w.k.t. velocity ratio = w4,
dy  250%0.6 |
- -dl— H:n 2 __I;:_ﬂ__ Im or rl=—-__E:UI5m
|
(05-03)°

L=2Q7N+7(05+03)+—

L = 7.92 m for open bell drive

seoblem 13 T01s desired to transmit a power of 20 kW between 2 parallel shafis by means of belt
arvangement. The driving shaft rotates at 150 rpm, while the driven shaft at 250 rpm. The
centers of the two shafts 15 2.7 m. and the pulley mounted on the driven shaft
g (0 cmdimmeler Assuming the co-efficient of friction between the belt & the pulley rim as 0.25,
aeernnne e length of the bekl and belt tensions for open belt drive &Iﬂms-hﬂh _dI"I"-"l:.

150rpm

To find belt tensions, Ty & T, =7

Tl -
_—t = ciﬂl'lii'?'?}} - el 0.5-03 i B .
T 0 = [IEU _25111 [ 57 JIED = 2.997 radians
N =2137 . ; {?]—Tl:l-'t'

e T oo

-"f=rrdtn|=n'd1n; m'min )
V = mdyny =mx 0.6 x250=471.23 m/min or V="7.85 m/sec.

(1, —T3)%7.85

20 = 1000

2130, -1, ) =785
0= 243
1000

11137, = 2547.77
~ T, = 22891 N
Ty = 211375 =2.113 x 2289.1 = 48368 N
T, = 48368 N



To find length of belt

1 ’ 2
wk.t. for a cross belt drive, L =2c+ a(rtr)+ {—ri :&—} =2(2.7)+x (0.5+03)+ [D‘j—;-SS_L
L = 8.15 m for cross bell .drive.
To find belt tensions Ty & T, =7
Tl .
il S ﬂ{ﬂ.EHB.H}j - 05+03Y | =
I g = | 180+2smn ] — 57 |80 = 3.743 radians
T, = 2.549T)
-1 v
o =B)v o
1000
20 = (T, ~T3) =785

1000

Note Velocity 7.85 m/s remains same for both open belt and cross belt drive.

2= [M__j’;} w TRS
1000

1.549 7, = 2547.71 or T, =1644.7TN
= and T; = 25497, =2.549 % 1644.7= 41923 N

T, = 41923 N

Fulley radms

Cross Belt drive

Open Belt drive
L=792m L=E§15m

T, = 48368 N T,=41923N

Tl =HE‘?-1 N T1= 1644.7 N




Problem 14 Two pulleys of diameter 300 mm and 750 mm mounted on two parallel shafis 1.5 mis
apart are connected by leather belt 150 mm width. If maximum safe tension of belt is 14 N per mm
width, determing maximum power iransmitted #n case of (i) open belt drive, and {ii‘j cross belt
drive. Assume speed of the belt as 540 m/min & 1 = 0.25 Jan 09 - 08 in

Given: Assuming larger diameter = d| =750 mm =075m .. ry=0375m
d,=300mm =03m - rp=015m C = 1.5 m, width of belt = W = 150 mm
Maximum safe tension = T, = 14 N/mm width. '
- For 150 mmwidth = Ty =14x150=2100N v=540 mimin & =025

! Thickness

Power P for open belt-drive

T,-T3) 54( /
k.t. Power =P = (T-h)v kW where v =540 m/min = 2L g misec Width

1000 _ 60

(2100 T, )9 150mm
- T W ol BELT DRIVE

but T = ? it -

k.t L ne '

WKL Tz =g

But@ = ?7-
PP (0375015 &
. - _ {180 -2sin™! A5 " lrp—2sin | S —C ]
_ for open belt drive, 8 { - [ o Jiso =107 s J]iso
0 = 2.84 radians
Ilﬂﬂ N o (Shack gidn| . E
*}2— = g (0=184) or 1,=10324 N e §
(2100 -10324)=9 _
p— _— Dy puflley
P= 1000 =06kW P = 9.6 kW for open belt drive -
14N/mm = T+8T




Power P for cross belt dnive
Arc of contact will be different for open and cross belt drive.

T
= = Epﬁl
wk.t T.

0375+013

i +£' t t R85t
For cross belt drive, 8= {!EIZH' S [H; JJIBI] llﬂﬂﬂsm[ i3 ]JIE e

B = 3.836 radians

2100 & (D.25%3.856) or Ty = BO0.BG N

I

~ (2100-800.86)x9

= 11.69 kW
1000

P = 11.69 kW for cross-belt drive.

Dirjwiin sy
ifolower]

T, T+ &
[Tight sidel

14N/mm




Problem 15 A v-belt drive transmits 10 kW power at 200 rpm. The grooved pulley has a mean
diameter of 1.2m and the groove angle is 45 Taking the co-cilicient of friction as (.25, and the
angle of lap as 190", determine the tension on each side of the belt.

GIVEN:  ype of drive - V-belt drive, Power= P=10kW speed n=200 rpm |
imean diameter of pulley = d= 1.2 m ; groove angle=20c=45" .. semi-groove angle = o= 22.5

——

. 190xx )
=025 6=190 = T 3.316 radians

To find hﬂ-‘!t lensions T] & Tg

I [EM}EJ
: P 1 (it o) s B sim 2.5
4 V-helt drive, belt tensions = &% =€ or e
T -1y b= widih of bok

t-thickness of el
Fra=gronved angle of pulley

I
T 2166 or T, =871T;

But T’I = T] =T Jod Crpmg-gaction ol w.gFoowed pullay

_n-n)v
10040

wk.t Power = F kW —e=

V = mdn (general equation)
V = g% 1.2 %200 = 753.98 m/min or V = 12.56 m/sec.

(T, - L) %1256

10 = ==
1000
(8.72 I, — T3 )=12.56 .
0= = 1
! 1000 from equation (1)
T, = 103.13 N
T, = 8.72 T,=8.72x103.13 =899.31

T, = 89931 N
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Gear drives
« Transmission of power or motion from one shaft to another by means of gears is
called gear drive.

o Gears are toothed wheels mounted on shafts.

Mechanism of gear drives Hole for

pooomeEdmling shalt
e The gear mounted on the shaft to which power

source Is connected is called driver gear.

« The gear which is driven by the driver gear Is
called driven gear.

« Apart from transmitting power from one shaft to
another, gears are also used for following
reasons:

I. To reverse the direction of rotation

Il. To increase or decrease the speed of rotation
111.To move rotational motion to a different axis
Iv.To keep the rotation of two axes synchronized

DRIVER DRIVEN



Types of gears
a) Spur gear

» Simplest and most commonly used gears designed to transmit motion between two
parallel shafts.

» The axis of driving shaft and driven shaft are parallel to each other.

» The teeth are cut straight on the periphery of the wheel and they are parallel to the
axis of wheel.

« Applications: Machine tools, gearboxes, wind-up alarm clock, watches, precision
measuring instruments.

« Limitation: Not used in automobiles [vibration and noise]

Sidie view Froenl wiaia



b) Bevel gear

Designed for transmitting power between two intersecting shafts.

They are usually mounted on shafts that are 90° apart, but can be designed to work at
other angles as well.

The teeth are cut on the outside of the conical surface and vary in cross section
throughout their length.

The teeth will be thicker at the base, since the diameter of the cone is greatest at its
base.

The teeth on bevel gear can be straight, spiral or hypoid.

Spiral bevel gear: If straight teeth is used in bevel gear, as each tooth engages, it
imparts the corresponding tooth all at once. In order to overcome this, gear teeth are
made slightly curved and such gears are called spiral bevel gears.
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c) Helical gear

Designed to transmit power or motion between two parallel or non parallel, non
Intersecting shafts.

The teeth are curved and helical in shape.

When two teeth on a helical gear engage, the contact starts at one end of the teeth
and gradually spreads as the gears rotates until the two teeth are in full engagement.
This gradual engagement makes helical gears run much smoothly and quietly than
spur gears.

Application: Automobile power transmission systems

Halical taath
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d) Worm gear

Designed to transmit power or motion between two shafts having their axis at right

angles and non intersecting.
Type of screw gearing that consists of a screw meshing with a spur gear.
The screw is called worm and the gear wheel meshing with the screw is called worm

wheel.
Uses: When large gear reductions are needed, steering mechanism, lifts, conveyors

Wi |screw




e) Rack and pinion gear

« Avrrack is a gear having teeth cut along a straight line, while a pinion is a gear with
teeth cut along its periphery.
« With help of rack and pinion rotary motion can be converted into linear motion.

A
w7

Advantages and disadvantages of gear drives

SI. No. Advantages Disadvantages

1. Can transmit power or motion between Not efficient when center distance
parallel, non-parallel, intersecting and non | between the two shafts is large
Intersecting shafts

2. Centre distance between two shafts is small | Requires some kind of lubrication
3. Power can be transmitted with a constant Production cost of gears is high.
speed ratio
4, Higher power transmission efficiency Noise and vibration is a major problem

Low, medium and high power transmission | Damage to the single teeth affects the
whole arrangement




Velocity ratio of gear drives

 Ratio between the speed of the driven gear and the speed of the driving gear.
» Consider the spur gear drive arrangement as shown in figure.

Let d, = pitch circle diameter of the drivimg, gear. (deiver)

d, = pitch circle dizmeter of the driven gear. {follower)

T, = oumber of teeth oo driving gear.

T, = oumber of teeth o driven gear.

i, = speed of the driving gear. E—

ny = speed of the driven geas.
Assuming hat there is no slip between the mating tecth, the linear speed of the driving gear must
he the same o that of the driven gear. Hence, xdny = madny

or dl"l = g,
TR —
" d,

_ speed ofdriven  diameter of driver
L8 speed of driver diamseter of driven

The cireular pitch for both the nuating (meshing) ears remains same.
Hence, cireular pitch () of driver = circular pitch of driven pear.

nd, _md, d T,
A A A ool
a4 _ 5

d, T,
The rafio ii"=j =FI i called the velocity ratio or speed ratio of trensmission ratio of
1 I

gear drives, Thus, in gear drives, the speeds are inversely proportional o the pilch circle diameter,
ar inversely proportional to the mumber of teeth.

Diriwar
Diiwizn
Ry |

Gzar 1

Clearance ]

7 >
“~Fillet K& N
radius / e
Dedendum~  LClearance
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Velocity ratio for simple gear trains

An arrangement of gears in which each gears is mounted on its own shaft.

Used to transmit power between the driver and driven shaft that are at large distance.
In the figure, gear 2 and gear 3 are called intermediate or idler gears.

The idler gears do not affect the velocity ratio of the gear drive, instead serve to fill
the gap between the driver and driven shaft.

Also helps in achieving the desired direction of rotation for the driven shaft.

Gear 2 Jidlen) Copae 4
lidier]

Gaar 1 —

DRIVER IDLER DRIVEN

-.'
i w -
-.@ . | Driven orver | - %_- L. ._..,%_ Driven
Gear 3
) Gow 2 o

Gear 4
fdlord o

) lidlar]
Goar 1

b Ghpar ran with ok ke - Gaar train vath two idles



Letm, ny, ny #nd a, bethe speedsand T, T, Ty and T, be the mamber of (ceth on pear 1,
23 a-ui4n:.sl:-=1:ln.-:l;|.- Avisimne st gear- I rcdal:cs m:l-:l:kwmc direcixmn.

Mow gear-1 drives gear-2. Hence gear-1 is driver and gear-2 is driven.

w 1

velocity ratio = 'r:“ = T i
Further, pear-2 drives gear-3. Now gear-2 is driver and gear-3 is driven.
mmwmm-1=% — ---- (1)
Similarly pear 3 drives gear 4 Divver Driwan
n, T, _
x'wmmmh-;=f _ - -3

Giriar 3

Gaar & il {opae 4
fidizr|

Gaar 1 —

The velocity ratio af the gear train shown in figure 12.9 is obtained by multiplying squations (1),
(2) and {3).

Ry B X, =;}':T::"':?;
mxmxm Ty,

Le, Velocity ratio =

Space  Tooth
Addendum Width
Welocity mtio = L Y
™ T; Circular tooth
lhndmess\
speed of last gear{driven)  number of seeth on first gear|driver) Top, Ny,
iﬂ., ""'¢I|.':'|:|t'_||' ratio = i dri = mber F ﬂ_ﬂl last W[dnwn] -{4] i Working
speed of first gear(driver]  nu of teeth on last g Face” "Nf ool ot depth
. L : thickness Whol
It is clear from above equation that the definition for velocity ratio remains the same and does l aAtom ({iogodt’) ,-‘ depth

not dieperd on the idler gears beng uged. The dler gears serve 1o fill the gap, ard help in
achieving the requined direction of rotation Ffor the driven wheel.

land /\, ,\, fillet

Line of centers

Note: If odd number of idlers are used — 15 and last gear rotates in same direction.
If even number of idlers are used - 15t and last gear rotates in opposite direction




Velocity ratio for compound gear trains

An arrangement of gears in which two gears are mounted on a common shaft.

Used to transmit power between the driver and driven shaft that are at large distance
and higher or much lesser speed is desired.

In the figure, gear 1 and gear 4 are mounted on separate shafts (A & C), but gear 2
and gear 3 are mounted on a single shaft B. Hence gear 2 and gear 3 are called
compound gears.

Since gear 2 and gear 3 are keyed to same spindle, they rotate at same speed.

COMPOUND GEAR

OUTPUT
GEAR
Compnird

QUATS

r‘\

C
4

Frond view
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i
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1
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I
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. [
Let ,, my, my and , be the speeds, and T, T,, T and ¥, be the number of tech on gear 1, 2, 3
and 4 respectivedy.

I- [}
Gear-1 drives gear-2. = velocily rals = = }" )
. h

Mode that, gear-2 and gear-3 are mounted on & comemaon shaft B. Hence when gear-2 rotates,
pear-3 also rotabes in the same directicn and at the sane speed,

P H

n, I,
Mo, gear-3 drives geard, . velocity ratio = E‘ T—* s 12
The velocity ratio of the gear train is obtamed by multiplying equatians (1) and (Z).
L, mxm, Gl
: _ _ - M
L., Velpcety ralio nxm  Txd, [3]

but n, = nysince pear 2 and gear 3 are keyed 1o the same spindle.

1 - e PL:EE-L
equation (3) becomes, velocity ratio = n T,

) _ ~ gpond of last gear( driven ) prn-iumnfnumbur_?’r: I:i:n:!h-ﬂ-n driwer
L., welocity mein= speed of first gear {driver)  product of pumber of teeth on driven




Differences between belt drives and gear drives

SI. No. Belt drives Gear drives

1. Non positive drives [reduction in power | Positive drives
transmission due to slip]

2. Efficient when the centre distance Efficient when the centre distance
between two shaft is greater between two shaft is small

3. Used to transmit power between two Parallel, non-parallel, intersecting and non
parallel shafts Intersecting shafts

4, Due to slip, exact velocity ratio cannot Constant velocity ratio can be maintained
be maintained [absence of slip]

5. Only moderate power can be transmitted | Low, medium and high power

transmission.
6. Low power transmission efficiency High power transmission efficiency
7. Lubrication is not required Requires some kind of lubrication.
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Problem I The velocity ratio of a gear drnive is 2. Driving wheel has 16 teeth and turns at 120 ¢/

min. Find the r/fmin and the number of teeth on the driven wheel. July 08 - 05 m
Given: Driver Driven
T, =16 T,=17 velocity ratio = ?: =2
m=120mpm | ny=7
% ~Halical waath
To find T, 3
i
l I . . H_I i ‘_ N
velocity ratio for simple gear train = m T, =
. 18 T, =8 tecth i
= T » = § teet %._

To hind n,

. e S
using — - = T, we have,

h

O

f; = 240 rpm

Front wuma

GEAR NOMENCLATURE




Problem 2 A simple gear train consists of 3 gears. The number of teeth on the driving pear 15 60,
on the idler 40, and on the driven gear 80, If the driving gear rotates at 1200 rpm, find the speed of
the driven gear, and also the velocity ratio, sketch the arrangement of the gear drive. 20 :

60 40

Given: idler
Driving gear Idler gear Driven gear
T, =60 Ty =40 Ty=80
- = h —
n; = 1200 rpm ' me Drjving gear

120 rpm Driven

Note MNumber of teeth is proportional to diameter of gear. Hence, while sketching the drive
arranpement, the diameter of the gears should be proportionate to the numerical values given.

To find 1y & velocity ratio

Assuming driver to rotate in clockwise direction, we have, velocity ratio for simple gear train as:

mo_ 4
no 0
n__ 60 .
1200 80 ny =900 rpm
om0 3
velocity ratio = 7" = 1000 = 3
velocity ratio = 2 =3:4 —_—

n



Probleny3 A simple gear train consists of four gears having 30, 40, 50 and 60 tecth respectively
Determine the speed and direction of rotation of the last gear if the first pear makes 600 rpm in

clockwise direction. MOP 2002 scheme - 06 m
GIVGI’\: Gear 1 | Gear 2 Gear 3 Gear 4
T, =30 T, =40 T;=50 T4=60
my = 600 rpm fy =1
ng =7
' . . n, T
w.k L. for a simple gear train, velocity ratio = ;’ =T
4
ng 30
600 60

ny = 300 rpm in anticlockwise direction



Problem 4 A simple gear train of wheels consists of 4 gears A; B, C and D having 20, 40, 60 and
70 teeth respectively. Gear A is mounted on the driving shaft, while gear D on the dnven shaft.
Gears B and C are idler gears. If gear A rotates at 500 rpm in clockwise direction, calculate: (a)
Speed and direction of gear D. (b) Train value of the gear train. (c) Speed and direction of
intermediate gears. Sketch the arrangement of the gear train using simple circles.

Given:

Diiven

Consider pears A & B

Gear A drives gear B Train value of gear train

{ velocity at ny Ty ng 20 ' I
k.t atios —~ =5 Or T = o Tai =
wk L veloclty fatios - =1, " S00 7 40 whct Train valve = oot (velocity) ratio

spueﬂ of first idler ng = 250 rpm in anticlockwise direction

a . - " .T . H EU
Now Gear B drives gear C speed ratio of simple gear tram = 2 o £ =
n, Ta "y 70
. ) ne A
- velocity ratio = 77 = 0 Of oo = Ty ny | ‘
£ ¢ Y = 0.285 = Speed ratio of given drive

3.
~ speed of second idler nme = 166.67 rpm in clockwise direction i

= 3.5

- T i v o= I 4 i = ——— =
.~ Train value nverse of speed ratio 0.285

Now gear C drives gear D

T np _ 9
ne  Ip o 16667 70

142.86 rpm in anticlockwise direction

. velocity ratio

i

Ry



Problem 5 A gear train consists of four gears A, B, C and D of 20, 25, 50 and 73 teeth
respectively. A meshes with C and B is a compound gear with C. B meshes with D. If A has a
speed of 300 rpm, what is the speed of D. Sketch the gear train. Jan 10 - 08 m

—

Given: Gear A Gear B Gear C Gear D Dirver

TA=20 T =125 Te= 50 Ty =75 e

Gear A

Dirven

n, = 300 rpm np =7

Gear C

Gear D

np = 7

Assume gear A to rotate in clockwise direction. Hence, Gear A drives Gear C, and Gear B drives
Gear D. Gear B and Gear C are compound gears, which rotate in same direction and speed.

= Velocity ratio for Compound gear train —
) Speed of last gear(dri PEH:I _ Product of teethondriver

o b

. omy TXTy np 20325
Y w, T TexTy T mg T 50%75

itp = 40 rpm




Problem 6 A compound gear train consists of 4 gears P, Q, R, § having 20, 40, 60 and 80 teeth
respectively. The gear P is keyed to driving shafi; gear S to driven shaft, O and R are compound
pears, () meshing with P and R meshes 5. IFP rotates at 150 rpm what is the rpm of gear 57 Show

gear arrangement.

Jan 04 - 06 m

e

G Iven: Gear P (Driver) | Gear () Gear R | Gear 8 (Driven) )
1 — Driven
Tp=20 Tg=40 Tp = 60 Ts=80 Driver /~ —
np = 150 rpm - g ="
Gear P
Tofindng =7

Assume Gear P to rotate in clockwise direction. Hence, Gear P drives Gear Q, and Gear R drives
Gear 5. Gear Q & R are compound gears.
. Velocity ratio for Compound gear train = .

Le., —

Speed of last gear (driven)  Product of teethondriver

np IpxTy

or

ng  20x60

150 40x80

- Speed of first gear(driver) - Product of teethondriven

ne = 56.25 rpm



Problem 7 [lustrated in figure below is the gear drive arrangement used in a machine tool. A
motor drives gear A at 950 rpm. Gears B, C, D and E are fixed to parallel shafts rotating tngether.

The number of teeth on each gear is piven below. Determine the speed of gear F whi ch i5 mounted
on the output shaft of the machine tool.

Y

-y

Gear A | B C D | E F

No. of Teeth | 20 50 15 | 75 25 65

Assume Gear A as driver & Gear F as driven. Hence, Gear A drives Gear B, Gear C drives
Gear D, Gear E drives Gear F.

' ng = 950 rpm
Speed of last gear (driven) _ Product of teethondriver
Speed of first gm’r{:dn'vfr} Product of teethondriven

- Velocity ratio =

” ne o TJK?};K?‘E or ng EIDHES}:Ii
Yo, T TyxTpxTx 950  50x75%65

. #ip = 48.7 rpm
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_athe

* Oldest of all machine tools and most basic tool used in industries.

« Alathe is used to remove excess material by forcing a cutting tool against a rotating
cylindrical work piece.

» Used to produce cylindrical, plain and tapered surfaces.

[t can perform several operations such as knurling, thread cutting, drilling, boring
reaming etc.

« Lathes are also called as turning machines [ work piece is turned or rotated between

two centres].




Working principle of center lathe

» Lathe works on the principle that when a cutting tool is moved against a rotating
workpiece, tool removes material from the workpiece.
« This is accomplished by rotating the workpiece between two rigid and strong

supports, while the cutting tool is fed against it.
« Basically three types of surface can be produced depending on the movement of the

cutting tool with respect to the rotating workpiece.

1. Cylindrical surface — when the tool moves parallel to the axis of rotation of the
workpiece, a cylindrical surface can be produced [cylindrical/plain turning]

2. Flat surface — When the tool moves perpendicular to the axis of rotation of the

workpiece, a flat surface can be produced [Facing]
3. Tapered surface — When the tool moves at an angle to the axis of rotation of the

workpiece, a tapered surface can be produced [Taper turning]

—_— Chuck o= half angla

Sappat .--.- :- Wiarkpince SLfipo Chiuck - _Ff of taper
[3}-_-?.? 5 I = | Tird
- = i —  LE e S
I -l. & i' o il ]_ - Wiark .
e P S ] 4 & il
'.I - f’
EI ip
Transverse fom | ke
|Diaach of cwil ~ Tool

L-:lng I:-udnul

bl Facing |c} Tapsd turning

Plain turning Facing Taper turning



Parts of lathe
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Bed

Headstock (live center)
Tailstock (dead center)
Carriage

Legs



Part Features/functions
Rigid structure which forms the base or foundation to support all the other parts.
Bed Usually made of gray cast iron
At the top of the bed are the guideways which guides for accurate movement of
carriage and tailstock
Mounted at the end of the lathe bed serves as a housing for the spindle, driving
Headstock )
(Live gears [by means workpiece rotates].
The headstock spindle is provided with a live center or chuck to support one
center) : L
end of the workpiece while it is being rotated.
Mounted at the right end of the lathe bed
Functions:
: I. Provide support to the other end of the rotating workpiece.
Tailstock . : : : . :
il. Hold a tool for performing operations like facing, taper turning.
(Dead : :
It can slide along the bed and can be clamped at any location so as to
center) : :
accommodate workpiece of different lengths.
It can also be shifted laterally on the bed so as to make it offset for producing
taper surfaces.
Cutting tool is supported, moved and controlled with the help of carriage.
Parts of carriage — saddle, cross-slide, compound rest, tool post, apron, feed rod
Carriage and lead screw.

Saddle — made to slide along the bed-ways. It supports the cross-slide,
compound rest and tool post.




Part

Features/functions

Cross slide — Mounted on the saddle. It can move in a direction perpendicular to
the saddle movement or perpendicular to the lathe axis providing the necessary
depth of cut to the workpiece.

Compound rest — Mounted on the cross-slide and supports the tool post. It has a
circular base graduated in degree which helps the cutting tool to be swivelled at
any angle to obtain taper surfaces.

Tool post — Mounted on the compound rest, used to hold/support the cutting tool
firmly in position during machining.

Apron — Fitted beneath the saddle facing the operator. It houses the gears,
levers, hand wheels and clutches to operate the carriage by hand or by
automatic power feed.

Feed rod — Long shaft the gives automatic feed to the carriage for various
operations namely turning, facing etc.

Lead screw — Long shaft with square threads cut on it. The rotation of the lead
screw facilitates the movement of carriage during thread cutting operations.

Legs

Acts as supports which carry the entire load of the machine over them.
They are firmly secured to the floor by means of foundation bolts in order to
prevent vibrations of machine during operation.




Specification of center lathe

Senndle

L / I _DialBneg between ceoiars Talstock
SN | S -
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TR Ly - TS L.:.I;hl:-E-Eu s
i — Lengih of b - -

[ I

1. Distance between centers — It is the maximum length of workpiece that can be held
between the live center and dead center.
2. Swing diameter — It is the maximum diameter of the workpiece that can revolve
without touching the guide ways.
. Height of centers — Height measured from the bed to the lathe center axis.
Length of bed — Indicates the approximate floor space occupied by the lathe.
. Range of spindle speeds — 1000 to 4000 rpm

g~ w



Lathe operations

1. Cylindrical turning

« Also called as plain turning, straight
turning. N —
. - . Suppet PRI Warkpince Support
« It Is the operation of removing excess Colot it — }cg
F T f o I

material from the workpiece to produce a A e——H,
) ] p p _;:E__Ehip
cylindrical surface. transvesse fou | i
. . L. iDgrh of cuth Tool
« The workpiece is held rigidly and rotated et
feomad

between the live center and dead center.

« The cutting tool is fed against the revolving
workpiece; in direction parallel to the lathe
axis to produce cylindrical surface.

* Rough turning — excess material form the
workpiece is removed rapidly by giving a
deep depth of cut and a high feed rate.

* Finish turning — excess material is removed
by giving light depth of cut and small feed.

« A smooth surface with the specified
tolerance can be produced in finish turning.




. Facing

Operation of generating a flat surface at the
end of the workpiece.

One end of the workpiece is held rigidly in
the chuck/live center, while the other end is
left un-supported.

The tool is fed in a direction perpendicular
to the lathe axis to produce a flat surface at
the end of the workpiece.

Facing is also carried out to reduce or cut
the workpiece to the required length.

. Taper turning

Process of producing a conical surface from

a cylindrical shaped workpiece.

A taper is produced when the cutting tool

moves at an angle to the axis of rotation of

the workpiece.

Methods of producing taper

I. Swivelling of compound rest

1. Off-setting the tailstock

lii. Taper turning attachment and form tool
method

Chixck

Lathe ets v | I
mds T e et
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Taper turning by swivelling or rotating the compound rest

——

[} Top view of swivelied compound rast

The compound rest supporting the cutting tool is swivelled to the desired angle at
which the taper is to be produced. This angle is called half —taper angle (o) is
calculated using the equation

u—#]

. =1
badl:taper angle iz = tan [ 7L

where [} = larger diameter of taper in mt
d = smaller diameter af laper inmm & [ = Length of taper m mm

The compound rest has a circular base graduated in degrees.

The rotation of the compound rest to the calculated taper angle, will cause the tool to
be fed at that angle, thereby producing the corresponding taper on the workpiece.
This method is suitable for producing steep taper with short lengths.



Taper turning by off-setting the tailstock
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The taper is produced by shifting the axis of rotation of the workpiece at an angle to
the lathe axis and then the tool is moved parallel to the lathe axis.

The angle at which the axis of rotation of the workpiece is shifted is equal to half
angle of the taper.

This 1s done by offsetting the body of the tailstock with respect to its base by an

amount equal to (D-d)L,

(ffact = ., where [ = Largs diameter of workpieoe .

2L . .
7 = armaller dinmeter of workpiees, L, = lengzth of taper, & L_= Iurl.gﬂw-!'emm::wmhpl-_u

This method is used for producing small tapers on long workpieces.



Knurling

Process carried out on a lathe whereby a
visually attractive criss-cross pattern is cut
or rolled on the surface of workpiece.

In operation, workpiece rotates at a slow
speed.

The knurling tool is pressed against the
rotating workpiece and pressure is slowly
increased until the tool produces a pattern.
Depending on the knurling tool selected, a
variety of knurled pattern can be produced.
Produced pattern allows human hands to
get a better grip on the knurled object.

i B

{ramand 5l
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[

(b Enuaing prafters

. Thread cutting

Thread cutting or threading is a operation for cutting screw threads on workpiece.

In operation, a suitable tool which gives the required thread profile is mounted on
the tool post.

The carriage is connected to the lead screw with the help of a split nut.

The rotation of the lead screw gives the required motion to the carriage relative to
the rotation of the workpiece.



The speed of the spindle in thread cutting is much lower than that used in cylindrical
[flat/taper turnings. Hence the speed of the workpiece should be initially adjusted.
The depth of cut is selected and the tool is made to move parallel to the axis of
rotation of the workpiece by means of automatic arrangements.

By dis-engaging the split nut, the carriage is brought back to its initial position to

start another cut.
C W\\“\“\
3 * Yorkpiece i

Feed

\\/f

Thread cutting is carried out in a number of passes. The final cut is a finishing cut
with a very small depth of cut to obtain good surface finish.

6. Drilling on lathe

Operation of producing a cylindrical hole by means of a revolving tool called twist
drill or drill bit.

One end of the workpiece is held in a chuck, while the other end is left free.

The tool is held in the tapered hole of the tailstock sleeve and is fed into the rotating
workpiece with the help of hand wheel of the tailstock.



Chuck I

L

Drilling on lathe is limited to holes through the axis of rotation of the workpiece.
Although drilling operation can be done on lathes, it is best performed on drilling
machines.

. Boring on lathe

Process of enlarging a hole that has already

been drilled by means of a cutting tool (or

of a boring head) is termed as boring. e
Boring is used to achieve greater accuracy

of the diameter of a hole, and can be used

to cut a tapered hole.




Milling Machines
Milling

 The process of shaping work materials by feeding the work material against a
multipoint rotating cutter.

» The machine used for the purpose of milling is called milling machines.

« Used for producing flat, angular or curved surfaces, for cutting threads, gears, slots

etc.
» The type of cutter used in milling depends on the shape desired on the workpiece.
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Principle of milling

In milling, the cutter is held in the spindle of the machine and made to rotate at

suitable speeds.
The workpiece is also held rigidly by a suitable device and is fed slowly against the

rotating cutter.
The workpiece can be fed in two different directions with respect to cutter rotation.
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In up milling process, the workpiece is fed in the direction opposite to that of the

rotating cutter.
In down milling process, the workpiece is fed in the same direction as that of the

rotating center.



Up milling and down milling process

SI. No. Up milling Down milling

1. Workpiece is fed in the direction Workpiece is fed in the same direction as
opposite to that of the rotating cutter. that of the rotating cutter

2. Thickness of chip — minimum at Thickness of chip is maximum at the
beginning of cut and reaches to a beginning of cut and reaches minimum
maximum when the cut ends when the cut ends.

3. Greater clamping force for the Lesser clamping force required
workpiece IS necessary.

4, Damage to the surface finish of the No damage to the surface finish of the
workpiece can be observed workpiece.
[accumulation of chips at T-W interface]

b. It is difficult for efficient circulation of | Coolant can easily reach the cutting zone.
coolant. Hence efficient cooling of tool and

workpiece can be achieved.
6. Preferred for rough cuts [method Used for finishing operations and small

enables the cutter to dig-in and start the
cut below the hard upper surface]

work like cutting slots, grooves etc. [No
dig-in of the cutter]




Classification of milling machines

I. Column and knee milling machines
I. Plain column and knee type
= Horizontal spindle type
= Vertical spindle type
1. Universal column and knee type
I1. Bed type milling machine
[11. Planer type milling
V. Special purpose milling machine
I. Tracer-controlled milling machine
li. Thread milling machine

1ii. CNC milling machine



Horizontal spindle column & knee milling machine

* One of the most popular type of milling machine.

« Commonly called as horizontal milling machine, because of the horizontal position
of the spindle.

« Used to cut grooves, slots, keyways, gear teeth etc.
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Part

Feature/functions

Base

Strong and a hollow part, which forms the foundation of the machines and upon
which all other parts are mounted.

Serves as sump for cutting fluid.

A pump and filtration system can be installed in the base.

Hole provided in the center of the base, houses the support for the elevating
screw that raises and lowers the knee.

Column

A vertical hollow casting combined with base to form a single casting.

The column houses the spindle, bearings and drive units [gears, clutches, shafts
and shifting mechanism] for transmitting power from the electric motor to the
spindle at desired speeds.

Front face of the vertical column is provided with a square or dovetail type
guideways on which the knee slides up and down.

Spindle

Hollow shaft supported by the column with suitable bearings that absorb both
radial and thrust loads.

The spindle is made hallow and tapered inside, to accept standard arbors.
Spindle obtains power from the motor and transmits it to the arbor.

The arbor carrying the cutter rotates about a horizontal axis.

Overarm

Mounted on the vertical column, supports the yoke, which in turn supports the
free end of the arbor.

Knee

Casting that slides up and down on the vertical guideways provided on the
column by means of an elevating screw. The knee supports the saddle.




Part

Feature/functions

Saddle

Mounted on the knee is provided with two guideways on its top and bottom
surfaces.

The slides are machined at right angles to each other.

The lower slide fits the slide provided on the top of the knee and facilitates
horizontal movement of the saddle.

The upper slide provided on the saddle accepts the slide provided on the bottom
surface of the worktable.

Work
table

Larger in size and rests on the saddle.

The bottom surface of the table has a dovetail slide that fits in the slide on the
top surface of saddle. This facilitates the work table to move longitudinally or at
right angles to the movement of the saddle.

Work table is provided with T-slots all along its length for mounting work
holding devices which enables the workpiece to be clamped rigidly on the table.
Work table may be manually controlled or power fed.

A dial graduated in thousandth of an inch is provided to allow table movement
and placement.
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Vertical spindle column & knee milling machine

« Similar in construction to the horizontal milling machines except that the spindle is
held in a vertical position.
» Used to perform end milling and face milling operations.
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Part

Feature/functions

Base

Strong and a hollow part, which forms the foundation of the machines and upon
which all other parts are mounted.

Serves as sump for cutting fluid.

A pump and filtration system can be installed in the base.

Hole provided in the center of the base, houses the support for the elevating
screw that raises and lowers the knee.

Column

A vertical hollow casting combined with base to form a single casting.

The column houses the spindle, bearings and drive units [gears, clutches, shafts
and shifting mechanism] for transmitting power from the electric motor to the
spindle at desired speeds.

Front face of the vertical column is provided with a square or dovetail type
guideways on which the knee slides up and down.

Spindle

Located vertically, parallel to the face of the column and perpendicular to the
top of the worktable.

Mounted in the spindle head and carries the cutter at its end. Spindle head
houses the motor & feed controls [fixed type and swivelling type]

Fixed type — Spindle head is fixed and hence spindle remains vertical.
Swivelling type — spindle head can be adjusted to any angle to workpiece
surface. This permits working on angular surface of workpiece

Overarm

Mounted on the vertical column, supports the yoke, which in turn supports the
free end of the arbor.




Part Feature/functions
Knee Casting that slides up and down on the vertical guideways provided on the
column by means of an elevating screw. The knee supports the saddle.
Saddle Mounted on the knee is provided with two guideways on its top and bottom
surfaces.
The slides are machined at right angles to each other.
The lower slide fits the slide provided on the top of the knee and facilitates
horizontal movement of the saddle.
The upper slide provided on the saddle accepts the slide provided on the bottom
surface of the worktable.
Work Larger in size and rests on the saddle.
table The bottom surface of the table has a dovetail slide that fits in the slide on the

top surface of saddle. This facilitates the work table to move longitudinally or at
right angles to the movement of the saddle.

Work table is provided with T-slots all along its length for mounting work
holding devices which enables the workpiece to be clamped rigidly on the table.
Work table may be manually controlled or power fed.

A dial graduated in thousandth of an inch is provided to allow table movement
and placement.
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Milling operations

1.

Plain/slab/surface milling

Operation of producing a plain horizontal
surface with a milling cutter whose axis is
parallel to the surface of the workpiece.
Plain/slab milling cutter is mounted on the
arbor of a horizontal milling machine to
carry out the machining process.

The cutter has straight or helical teeth
formed on the periphery of a cylindrical
surface.

Helical tooth cutter removes greater amount
of material and produces a smooth surface
finish.

End milling

Operation performed for producing flat surfaces, slots, grooves or finishing the
edges of the workpiece by means of end mill or end milling tool.

The cutter has teeth on the end as well as the periphery(sides).

End mill are also used to produce flat surface by using end side of cutter.

The cutter is typically mounted vertically and have straight or spiral flutes.

Straight flute cutters — milling both soft and tough material




» Spiral flute — used for cutting steel.
* The surface produced by end milling may be horizontal, vertical or inclined with
respect to the top of the machine table.
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3. Slot milling

» Operation of producing various types of slots — T slot, plain slots, dovetail slot etc.,
In workpieces.
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T — slots: Two separate milling cutters are required for milling T slots. Initially a
side or an end mill is used to cut the throat or open slot starting from one end of the
workpiece to its other end. A T — slot milling cutter is then used to cut the head space
to desired dimensions

Dovetail slots: a dovetail slot cutter is used in place of T-slot.

. Angular milling
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Operation of producing all types of angular cuts like V-notches, grooves, serrations
and other angular surfaces.

Angle milling cutter or angle cutter has peripheral teeth which are neither parallel
nor perpendicular to the cutter axis.

Angle cutter may be either single angle or double angle type depending upon the
type of surface to be machined.

Single angle cutter — angled on one side to produce an angle or chamfer on
workpiece edge

Double angle cutter — angled on both sides of the cutter to produce double angle cuts
Angle cutter may also be used to produce dovetail slots in workpieces




. Form milling

Operation of producing curved profiles with a variety of shapes like concave,
convex, spline etc., using cutters whose edge is shaped to produce a special
configuration on the surface of the workpiece.

Form mill has teeth on its periphery and it is designed in various shapes to suit the
type of surface being machined.

Example of form mill — gear tooth cutter [to cut gear teeth on workpiece]

. Straddle milling

Operation in which a pair of side milling cutters is used for milling two parallel
vertical surfaces simultaneously.

Side milling cutter has a cutting edge on one/ both sides as well as on the periphery.
Straddle milling is accomplished by mounting two side milling cutters on the same
arbor, set apart at an exact spacing with the help of spacers, washers and shims so
that distance between the cutting teeth of each cutter is exactly equal to the width of
the workpiece area being milled.
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Straddle milling
7. Gang milling
e Operation in which two or more cutters are mounted on the same arbor, so that

different profiles required on the workpiece can be milled simultaneously in a single

pass.
« All the cutters used may be of the same type or of different types depending on the

type of surface being milled.
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Advanced manufacturing

« Advanced manufacturing refers to the use of new innovative technologies, processes
and methods for producing the desired products.

 Traditional manufacturing is based on the use of dedicated plant and production lines
with little or no flexibility.

» Advanced manufacturing involves versatile production methods that fully utilize
capital plant and are more effective, efficient and responsive.

« Advanced manufacturing system includes the following technologies
1. CNC machines
2. Rapid prototyping/additive manufacturing/3D printing

3. Industrial robotics




CNC Machines

* CNC — Computer Numerical Control

« A computer controller that accepts a program or a set of instructions and stores it in
the memory of the computer, which in turn controls the working of the machine tool.

« The program can be modified or edited while it is in the computer memory as and
whenever required [Great degree of flexibility in manufacturing].

Components of CNC Machines

« Similar to that of a NC machine.

* Basic components
1. Part program and program input device
2. Controller unit/Machine control unit (MCU)
3. Machine tool
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Component

Features/functions

Part program and
program input device

Part program is done either manually or with the aid of
computer softwares that automatically generates the
program required to produce the desired part.

Machine control unit

It consists of a microcomputer and related control
hardware that stores the program of instructions and
executes it by converting each command into mechanical
actions of machine tool.

MCU also includes system software, calculation
algorithm and transition software to convert the part
program into a usable format.

Also acts as a feedback controller for precise positioning
of machine table or spindle.

Machine tool

Performs the actual machining operations [Lathe, milling
machine, drilling machine etc ]

It consists of work table and tool spindles whose
movement can be controlled by driving system that
receives commands from the MCU.

A part with the desired features is produced by the
machine tool




Types of control unit (MCU)

1. Open loop control system

2. Closed loop control system

Open loop control system

A control system without a feedback from the output to the input.

In a CNC machine, the programmed instructions fed into the controller unit gets
converted to electrical signals by the controller which energize the motor.

As the motor moves to the desired position, there is no feedback to the controller
system to verify the action.

The controller system will just continue performing the next step as if there is no
problem until the operator resets the machine.

Risk of overloading the machine and losing sequential steps of the program that can
ruin the workpiece.

Systems without feedback elements are not accurate and reliable [variations cannot

be measured and rectified]. ,
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Closed loop control system

Control system makes use of a servo-motor which has feedback sensor to monitor
the output of the motor.

Feedback element pick the signal from the output response i.e., the signal in turn is
measured and compared with the input signal.

Any variations found is rectified accordingly.

The system is thus able to correct any errors in position, velocity, acceleration and
large errors.

Closed loop system improves the accuracy of operation [variations/errors — feedback
sensors — rectification]

Comparatar

C amd .
mpmd; =t Mator F—{ Machine slide
signa Position
signal Feedback
. signal
Feedback elerment

{sensor/transducer)

Displacement measurement unit

CNC Machining centers

A CNC machine controlled by a computer program that can perform multiple milling
operations [form milling, straddle milling etc.,] by a variety of tools with automatic
tool changer (ATC) unit.

Also called as CNC milling machines.



Types of CNC milling machines

Type Description

Vertical machining |« It consists of vertical spindles, used for flat type of work
centers (VMC) [plates — milling on only one face of the workpiece]

« With the use of rotary tables, more than one side of a
workpiece can be milled without operator intervention.

« VMC which uses rotary table have four axes of motion [3 are
linear motion, fourth is the table’s rotary axis]

Horizontal |t consists of horizontal spindles, used for heavy rectangular
machining centers parts [milling on more than one face of workpiece]
(HMC) * In HMC, cutting tools are large in size [bulk metal removal
rates]

« High maintenance cost

« HMC have multiple axis table movements as VMC.

« HMC is capable of rotating to all four sides of workpiece
during tooling.

Note:

A machine tool is a machine for handling or machining metal or other rigid materials, usually by
cutting, turning, milling etc.

Machining is process in which a workpiece is cut into a desired final shape and size by a
controlled material-removal process.




CNC turning centers

A CNC machine controlled by a computer program that can perform multiple turning
operations [cylindrical turning, taper turning, thread cutting etc.] by a variety of tools
mounted on a turret with automatic tool changer (ATC) unit.

Also referred as CNC lathe.

All the operations are similar in principle to that performed on a traditional lathe
except the operation with relevant tools and process parameters like speed, feed,
depth of cut are all controlled by the computer program.

Advantages of CNC machines

Higher productivity, higher precision, multi operational facilities

Does not require a skilled operator

Improved automation

Repeatability and reliability

Flexibility

Motion control — motion of cutting tool in 2 or more directions (X, y and z-axis) by
means of servomotors.

Increased machine utilization

Disadvantages of CNC machines

High initial cost of the machine, high maintenance cost, requires skilled programmer



Industrial robots

It is a reprogrammable, multifunctional manipulator designed to move materials,

parts, tools through variable programmed motions for the performance of variety of

tasks.

Acts as an artificial agent acting as a substitute for human operator.

Basic parts of robot

1. Manipulators — links and joints

2. Sensors

3. Actuators

4. Controller unit

Need of industrial robots

I. Preferred in those applications that are too dangerous or difficult for human
operator to implement directly.

1. To perform repetitive tasks in order to improve the accuracy and productivity of

work.



Robot anatomy

the manipulator’s physical construction.

* Robot anatomy deals with the study of different joints and links and other aspects of

Robot joints

Robot links

Provides restricted relative motion between
two links of the robot.

The arm and body of a robot are used to
move and position parts or tools within the
work space of robot.

The motion in the joint can be linear/sliding
or rotary, about or along the Cartesian axis.

Rigid member connecting the joints of the
robot.

Link maintains a fixed relationship between
the two joint axis through a kinematic
function.

This relationship can be described by two
variables — length of the link and twist of
the link.

Links are numbered starting from the base
of the robot.
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Robot Configurations

 Industrial robots are designed to have various arm manipulations so as to have
motion in different directions.
« The possible types of arm movements that a robot is designed with, defines the
configuration of a particular robot.
« Arobot can have any one of the following configurations
1. Cartesian configuration robot
2. Cylindrical configuration robot
3. Polar or spherical configuration robot
4. Jointed arm robot
5. Selective compliance assembly robot arm (SCARA)

Note
Cartesian coordinate system Cylindrical coordinate system
* Provide a method of rendering graphs and |« Three-dimensional coordinate system
indicating the positions of points on a two- that specifies point positions by the
dimensional (2D) surface or in three- distance from a chosen reference axis.

dimensional (3D) space.




1. Cartesian configuration robot

The arm movement of the robot is designed to move parallel to the x, y and z-axis of
a Cartesian coordinate system.
It is capable of moving its arm to any point linearly within a rectangular work space.

Since the arm movement is linear, the robot is also called as rectilinear or gantry
robots.

RAectangular

weok SpEcE
---"-J{i K
e __:'-""j

___1—1.—-

T -

ST
|;

b

fal Ficgoiial wiave _ (bl Waork spaci Il Z-10 vierey

Advantages Disadvantages Applications
« Simple controls due to  Arm movement limitedto |+ Assembly of parts,
linear movements small rectangular work welding, machine loading
« High degree of mechanical space. and unloading, surface
rigidity, accuracy and * Occupies large area [low finishing, inspection etc.
repeatability ratio of robot size to
« (Can carry heavy loads operating space]
« Motion of the wrist end is
smoother




. Cylindrical configuration robot

The arm movement of the robot is designed to move according to the cylindrical
coordinate system.

It consists of a vertical column and a slide that can move up and down along the
column.

The column can rotate about a vertical axis and hence is capable of achieving
approximates cylinder shape work space.
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Advantages Disadvantages Applications
Larger work space than « Low mechanical rigidity » Pick and place operations,
Cartesian configuration » Repeatability and accuracy machine loading and
robot. Is less unloading, forging
Relatively easy to program | * Requires more operation, assembly,
sophisticated control coating applications
system




. Polar configuration robot

The workspace within which a robot can move its arm is a partial sphere [spherical
configuration].

It consist of a rotary base and a pivot that can be used to raise and lower a
telescoping arm similar to the formation of an arc movement.

The sliding arm can be extended or retracted to provide required work space.
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Advantages Disadvantages Applications
Can generate large working | = Reduced mechanical » Die casting, injection
space. rigidity moulding, forging, material
Simple in design, easy to » More sophisticated control transfer applications
program system
Good weight lifting « Limited vertical movement
capabilities




. Jointed arm configuration robot

Similar to that of human arm.

It consists of two straight components corresponding to the human arm, upper arm is
mounted on a vertical pedestal that can be rotated about the base so as to provide the
robot with the capacity to work within a quasi-spherical space.

This configuration has joints that give rise to 3 rotational movements
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Advantages Disadvantages Applications
Most flexible * Requires complex  Painting, welding,
configuration programming automatic assembly, pick
Large working space » Control actions are difficult and place operations
Versatile configuration » Less stable, as the arm
approaches maximum reach




Advantages and disadvantages of industrial robots

Sl. No. Advantages Disadvantages
1. Robots can perform operations with | High initial investment and
precision and repeatability every maintenance
time
2. Ability to work continuously at Incapable of performing task outside
constant speed without pausing for | their predefined programming
breaks
3. Increase the workplace safety Cannot move easily [degrees of
freedom to move their joints]
4, Reduces production costs, time and | It requires considerable human
material waste. intervention to perform some complex
tasks
b. Can be programmed to perform Use of robots can lead to increase in

variety of tasks

unemployment




Applications of industrial

robots

Categories

Applications

Material Handling(material
transfer, machine loading and

Used to move materials or work parts from one
location to another [pick and place application]

unloading) Used to load and unload parts at the production
Industry [Kuka KR 60-3]
Processing Performing a process on a work part [welding,

grinding, coating etc] in automotive industries.
Robot is programmed to hold and manipulate a
tool to perform the desired operation [Motoman
HP20-6, Kuka KR 16]

Assembly and inspection

Used to assemble the various components of a
product like picking a part and inserting into
another part with precise placement and
orientation [Fanuc N410]

Used iIn part inspection applications; robot
positions a sensor with respect to the work part
and determines whether the part is consistent with
the quality specifications.




Robot used for part inspection

SIMTAZE. 5

Robots used in automobile sectors Robot used for welding parts
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