Semester — V

Course Name: Heat Transfer,

Course Code: ME 501

Prerequisite: Basic Physics, Fluid mechanics
Course Objectives:

To Study the basic principles of heat transfers like conduction, convection and radiation for analyzing all heat

exchanging devices used in industries.

Course Outcomes
Upon successful completion of this course, the student will be able to:
1. Understand the basic laws & constraints of heat transfer to analyze problems involving steady state or
transient heat conduction in simple geometries.
2. Explore the analytical solutions of free and forced convection problems to apply in modern research sectors
of heat and mass transfer.
3. Calculate radiation heat transfer between black body and gray body surfaces and obtain numerical solutions
of combined mode heat transfer problems in practice.
4. Analyze the effectiveness of several type of heat exchanger and develop skills for industrial design

solutions of complex problems.

Course content

Module Syllabus Contact
No. Hrs.
i Introduction to modes of Heat Transfer, Basic equations. 2
2. Conduction: Fourier’s law for isotropic materials. Thermal conductivity: 1-D and 3-D 4

heat conduction equations, Boundary conditions. Selution of steady 1-D conduction
problem with & without heat generation. Analogy with electrical circuits. Critical
thickness of insulation.

3. Fins, Rectangular and Pin fins, Fin effectiveness and Fin efficiency. 4

4. Introduction to transient heat conduction, Lumped parameter approach, Time constant, 4
Biot number: 1-D transient heat conduction solution without heat generation.

5. Convective heat transfer, Newton’s law of cooling and significance of heat transfer 3
coefficients. Momentum and energy equation in 2-D.

6. Non — dimensional quantities in heat transfer, Analysis for a flow over a flat plate, 3
order of magnitude analysis.

7. Boundary layer concepts, 1-D solution for Coutte flow and Poiseullie flow. Concept of 5
developing and developed flow. Velocity and thermal boundary layer.

8. Natural convection over a vertical plate. Concept and correlation. 3




9. Radiation: Physical mechanism of thermal radiation, laws of radiation, Definition of 3
black body, emissive power, intensity of radiation, emissivity, reflectivity,
transmittivity, irradiation, radiosity.

10. Radiation exchange between black bodies, concept of Gray- Diffuse Isotropic (GDI) 4
surface. Radiation exchange between GDI surfaces by radiation network and radiosity
matrix method. Radiation shielding.

11. Heat exchangers: types of heat exchangers, parallel and counter flow types, 4
Introduction to LMTD. Correction factors, fouling factor. E- NTU method for heat
exchangers.

12. Mass Transfer: Introduction, Modes of Mass Transfer, Fick’s Law. 1

Total 40L
Text Books:

1. Yunus A. Cengel, Heat and Mass Transfer, The McGraw-Hill Companies.
2. Incropera, DeWitt, Bergmam, & Lavine, Fundamentals of Heat and Mass Transfer, Wiley India Edn.

3. P.K. Nag, Heat & Mass Transfer, TMH.

Reference Books:

1. J P Holman & Souvik Bhattacharyya, Heat Transfer, TMH.
2. S.K. Som, Introduction to Heat Transfer, PHI.

3. Kreith, Principles of Heat Transfer, Cengage learning.

Course Articulation Matrix:

Course Name: DESIGN OF MACHINE ELEMENTS-I,
Course Code: ME 502

Prerequisite: Strength of Materials.

COURSE OBJECTIVES: To teach analytical methods of applying the concepts of stress analysis, theories of

failure and material science to design, analyze or select commonly used machine components.

Course Qutcomes: Upon successful completion of the course student will be able to:

1. Apply three different theories to the design of shafts subject to combined static and dynamic loads.

2. Identify, formulate and solve engineering problems by analyzing the design of spur gears with respect to

tooth bending strength and surface strength specifications
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3. Analyze and design hydrodynamic bearings using design charts and custom software and compute
equivalent radial loads for rolling contact bearings to select appropriate bearings for the application.

4. To work in teams to analyze and design various types of brakes and clutches and present their designs
orally and in writing.

Course content

Module Syllabus Contact
No. Hrs.
L. Objective and scope of Mechanical Engineering Design; Design 5

considerations; Review and selection of materials and manufacturing
processes; codes and standards;

2 Modes of failure; Design/allowable stress; Factor of safety (FoS); 6
Theories of failure — maximum normal stress theory, maximum shear
stress theory, Distortion energy theory. Choice of Failure criteria; Design
for stability : buckling analysis — Johnson and Euler columns.

3. Fatigue in metals; S-N curve; Endurance limit and fatigue strength; Stress 6
concentration factors — effect of discontinuity, fillets and notches; Effect
of size, surface finish, stress concentration and degree of reliability on
endurance limit; Design for finite and infinite life; Goodman, modified
Goodman and Soderberg diagrams

with respect to fatigue failure under variable stresses; Cumulative fatigue
damage — Miner’s equation.

4, Design of (i) Cotter joint; (ii) Knuckle joint and (iii) Fillet Welded joint of 6
brackets under different types ofloading.

= Bolted joints : Metric thread, standard sizes, use of lock nuts and washers; 6
Applications in structures including brackets, turn buckle; Pre-stressed
bolts; Riveted joints : Unwin’s formula; Brief discussion on single,
double and triple row lap joints, butt joints with single or double strap /
cover plate; simple strength design; joint efficiencies.

6. Design of : 10

(i)Solid and hollow shafts, strength design of shafis, design based on
torsional rigidity;
(i1)Shaft coupling-rigid, pin-bush and geared flexible type, alignment of

coupling;

(iii)Belt drives-geometrical relations, derivation of torque and power
transmission by flat and V-belt drives, selection of belt from
manufacturers’ catalogues, pulley.

(iv)Chain drives — roller chains, polygonal effect, power rating, sprocket
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wheel, silent chain.

7 Design of: 9
(i)Transmission screw, Screw jack,

{ii)He]iéa] compression spring - stress and deflection equations, stiffness,
curvature effect : Wahl’s factor, springs in parallel and series;

(iii)Multi-leaf springs : load-stress and load-deflection equations, Nipping

Text Books:

1. V. B. Bhandari, Design of Machine Elements, TMH.

2. Shigley and Mischke, Mechanical Engineering Design, TMH.

3. Hall, Holowenko and Laughlin, Theory and Problems of Machine Design, TMH.

Reference Books:

1. P.C. Gope, Fundamentals of Machine Design, PHI.

2. M.F. Spotts, Design of Machine Elements, Prentice Hall.
3. P. Kannaiah, Machine Design, Scitech Publications.

Course Articulation Matrix:

Course Name: DYNAMICS OF MACHINES

Course Code: MES03

Course Objectives: To study the dynamic behavior of a machine like vibration, balancing, governing etc.
Course Qutcomes: Upon successful completion of the course student will be able to:

1. Analyze forced and free vibration in mechanical systems and use mathematical models to calculate
dynamic forces involved in such systems.

2. Conduct static or dynamic balancing rotating and reciprocating equipments useful in all type of industries.
Analyze the design of governors and flywheels for establishing mechanical control over rotating
mechanical linkages.

4. Propose the method of retaining the stability of Automobiles, Aeroplanes and ships using the understanding

of Course Articulation Matrix:

Module Syllabus Contact
No. Hrs.
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1.A Vibration: Definition & types of vibration; Differential equations of vibratory 6
motions (longitudinal & torsional); Natural frequency of free longitudinal
vibration-Equilibrium method, Energy method (Rayleigh’s maximum energy
principle); Effect of inertia in longitudinal vibration; Natural frequency of free
transverse vibration of a beam due to point loads - Rayleigh’s method.

1.B Whirling of shaft, synchronous whirling; critical speed - Dunkerley’s method. 2
2 Free damped vibration; Damping factor; Logarithmic decrement. 2
3 Forced vibration, concept of under damped, critically damped and over damped 4

system; Dynamic magnifier (magnification factor); Vibration isolation and
transmissibility.

4, Inertia force and inertia torque in reciprocating engine; Equivalent dynamical 6
system; correction couple (torque); Turning moment diagram and flywheel
design.

5. Balancing: Static balancing; Dynamic balancing of rotating masses - graphical 0

and analytical methods; Balancing of inline single cylinder and four cylinder
engine; Balancing of symmetric two cylinder V-engine; Swaying couple;
Hammer blow.

6. Governors: Use and classification; Study and analysis of Porter, Proell and 5
Wilson-Hartnell governors; Sensitiveness, stability, isochronism, hunting, effort
and power of governors; Controlling force diagram and stability criteria analysis;
coefficient of insensitiveness.

& Gyroscope: Gyroscopic couple and precessional motion; Effect of gyroscopic 2
couple on acroplane and ship; Stability of two wheel and four wheel vehicles
taking turn.
Text Books:

1. W.T. Thomson, Theory of vibration with Applications, McGraw Hill.

2. Uicker, Pennocké&Shigley, Theory of Machines and Mechanisms, OUP.

3. A. Ghosh & A.K. Mallik, Theory of Mechanisms and Machines, Affiliated East-West
Publication.

Reference Books:

4. Rao &Dukkipati, Mechanism and Machine Theory, New Age Int. Pub.

5. J.S. Rao, The Theory of Machines Through Solved Problems, New Age Int. Pub.
6. S.S. Rattan, Theory of Machines, Tata McGraw Hill.
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Course Name: Metrology and Measurement
Course Code: MES04

Course Objectives: To develop the knowledge of basic Measuring devices used in industries and research.

Course Outcome: Upon successful completion of this course Students will be able to

Get detailed knowledge about length and angle measuring and apply for checking the quality of
manufactured products.

Explore the working principle of several instruments for displacement, temperature, pressure, load and
force measurement useful in variety of industries

Get knowledge of limit, fit & tolerance and calibrate some unknown parameter of engineering interest.
Check the surface texture, flatness and roughness of a given specimen which is important in all kind of

manufacturing.

Course content

Module
No.

Syllabus Contact
Hrs.

Introduction: Definition and importance of Metrology & Measurement; Methods 3
of measurements — direct, indirect, comparison, substitution, transposition,
deflection and null measurement; Errors in measurement — absolute, relative,
parallax, alignment, loading, dynamic and calibration error; Units of
measurements — SI base and derived units, SI prefixes of units.

2.A

Linear Metrology: Vernier scale; construction and use of Vernier calliper, Vernier 3
height and depth gauge, micrometer; slip gauge.

2B

Angular Metrology: Constructional features and use of protractor, Vernier bevel 2
protractor, angle gauges, sine bar and slip gauges.

2.C

Measurements of : (i) Level using spirit-level; (ii) Flatness using straight edge, 3
interferrometry (Newton’s rings) and surface plate; Parallelism, cylindricity and
concentricity using dial indicator.

Interchangeability of components; concept of limits, tolerances and fits; Hole 5
basis and shaft basis system of fits; Go and No Go limit gauges; plug, ring, snap,
thread, radius and filler gauges.

Definition, use and essential features of Comparators; working principle and 4
application of some commonly used comparators.

Measuring Instruments: Functional elements of an instrument — sensing, 5
conversion & manipulation, data transmission and presentation element;
Characteristics — sensitivity, precision and accuracy, repeatability, reproducibility,
linearity, threshold, calibration, response, dynamic or measurement error;
Transducers — definition, primary and secondary, active and passive.

Definition of surface : Primary Texture, secondary texture and form error, lay, 4
sampling length; Numerical evaluation of surface roughness: peak-to-valley
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height (Rmax), centre line average (CLA, Ra), Ten point average method (R;), E
method & M method of surface roughness measurement,average depth (Rm),
smoothness value (G); Principle of operation of a Talysurf.

2 Principle of operation of a few measuring instruments: displacement by LVDT; 7
force by strain — gauge load cell and piezoelectric load cell; pressure by Bourdon
— tube gauge; temperature by liquid-in-glass thermometer, thermocouples, optical
pyrometer; liquid velocity by pitot tube; water flow by orifice meter.

Text Books:

1. E.O. Doebelin and D.N. Manik, Measurement Systems— Application and Design, TMH
2. R. Rajendra, Principles of Engineering Metrology, Jaico Pub. House.

3. Beckwith, Lienhard and Marangoni, Mechanical Measurements, Pearson.

Reference Books:
1. Bewoor and Kulkarni, Metrology & Measurement, TMH.
2. R.K. Jain, Metrology, Khanna Publication, New Delhi.

Course Articulation Matrix:

Course Name: REFRIGERATION & AIR CONDITIONING

Course Code: MESO5A

Prerequisite: Applied Thermodynamics

Course Objective: To study and analyze various refrigeration systems along with Air Conditioning principle and

design.

Course Outcomes: On successful completion of the course, the student will be able to,

1. Explain different types of Refrigeration cycles and its applications in multi compressor and multi evaporator
systems.

2. Propose the selection and design of different components of Refrigeration systems
Get thorough knowledge of psychometric processes and air conditioning systems.

4. Design the air-conditioning system for a given conditions including refrigerating equipments as well as ducting

systems.

Course content




Module
No.

Syllabus

Contact

Introduction: Concepts of Refrigeration and Air-conditioning. Unit of
refrigeration, Refrigerants— Desirable Properties, Nomenclature

Simple Vapour Compression Refrigeration System (Simple VCRS): Vapour
compression cycle on ph and T-s diagrams. Cycles with subcooling and
superheating, their effects; Effect of changes in evaporator pressure and condenser
pressure on the performance of a simple VCRS; dry compression, wet
compression of refrigerant; actual Vapour Compression Cycle.

Air Refrigeration System (ARS): Bell-Coleman refrigerator. COP determination,
actual air refrigeration cycle.

Vapour Absorption Refrigeration System (VARS): Advantages of VARS over
VCRS. Working principle of simple VARS, practical VARS. Limitations of
VARS, maximum COP of a VARS, Lithium bromide - water System; Aqua-
ammonia systems.

Equipment and Control: Major Refrigeration Equipment - Compressors: Types;
reciprocating, rotary & centrifugal, volumetric efficiency, Condensers: types used
in refrigeration systems; Evaporators: expansion devices: capillary tubes and
thermostatic expansion valves.

Ventilation — Definition & Requirement, Natural & Mechanical Ventilation,
Ventilation Load Calculation.

Basic definitions and principles related to Psychometry ; Psychometric Charts &
Their Uses; Heating, Cooling, Heating & Humidification & Cooling &
Dehumidification processes. Adiabatic

Saturation, Cooling Coils, By-pass Factor.

Sensible Heat Factors. Heat Load estimation: Simple cases of Cooling and
Dehumidification.

Duct Sizing & Design.

10.

Air-conditioning equipment: Air handling units, Cooling Towers.

Recommended Books:

1. Stocker & Jones, Refrigeration and Air Conditioning, McGraw Hill.
2. C.P. Arora, Refrigeration and Air Conditioning.
3. P.L. Ballaney, Refrigeration and Air Conditioning.

Reference Books:
4. R.C.Arora, Refrigeration and Air Conditioning, TMH.
5. Arora and Domkundwar, Refrigeration and Air Conditioning, Dhanpat Rai Publication.
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Course Articulation Matrix:

Course Name: MECHATRONICS

Course Code: ME5S05B

Prerequisite: Fluid Mechanics, Basic Electronics

Course Objectives: To study various type of mechanical actuators and their control system applicable in industrial

instrumentation.

Course Qutcomes

On successful completion of the course, the student will be able to,

1. Describe Mechatronics systems and overview of actuators.

2. Differentiate between various sensors, transducers, actuators and their applications.
3. Understand the basic concept of microprocessor.

4. Relate various signal conditioning units, amplifiers, logic gates and their role in Programmable logic controllers.

Course content

Module Syllabus Contact
No. Hrs.
Introduction to Mechatronics: Definition, Mechatronics in design and 3

manufacturing, Comparison between Traditional and Mechatronic approach;
Concurrent engineering.
2. Review of fundamentals of electronics, Logic gates and their operations, Signal 6

processing devices, Data conversion devices, Input and output devices. Sensors
and Transducers, Actuators, Limit switches, Relays.

3. Control Systems: Open loop and closed loop control, block diagrams, transfer 3
functions, Laplace transforms.

4. Drives: Stepper motors, servo drives , Ball screws 3

5 Pneumatic and Hydraulic Drives: Elements of pneumatic and hydraulic drives, 5
comparison between them.Design of pneumatic and hydraulic circuits, symbolic
representations of such circuits indicating different valves, actuators, etc.

6. Basics of 8085 microprocessor, programmable register architecture, buses, 3
memory mapping, clock pulse and data transfer operations, and simple assembly
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and mnemonic programming on 8085 microprocessor.

T Use of On-Off, PI and PID controllers to control different drives, 2

8. Mathematical modeling of physical systems, such as spring-mass vibration 4
system, linear and rotary motion and its Laplace Transform.

9. Basics of time domain analysis, Introduction to discrete-time systems and Z- 4
transform.
10. Introduction to Mechatronic systems, such as automatic brake, door closing and 3

opening, robot, CNCmachine, AGV, etc.

Text Books:

1. N.P. Mahalik, Mechatronics, Tata McGraw Hill Publication

2. W. Bolton, Mechatronics, Pearson Education

3. A. Smaili and F. Arnold, Mechatronics, Oxford University Press, Indian Edition
4. M.D. Singh and J.G. Joshi, Mechatronics, Prentice Hall of India Pvt. Ltd.
5. K.K. AppuuKuttan, Mechatronics, Oxford University Press, New Delhi
Reference Books:

1. HMT Ltd., Mechatronics, Tata McGraw Hill Publication

2. F.H. Raven, Automatic Control Engineering, McGraw Hill International.
3. K. Ogata, Modern Control Engineering, Prentice Hall.

4. B.C. Kuo, Automatic Control Systems, Prentice Hall.

Course Articulation Matrix:

Course Name: APPLIED FLUID MECHANICS
Course Code: MES05C
Prerequisite: Basic fluid Mechanics

Course Objectives: Understand and analyze fluid behavior through various conduits and machineries.

Course Outcomes

On successful completion of the course, the student will be able to,

1. Understand the detail of potential flows and explore basic design concept of nozzles to use in practical projects.
2. Analyze forces over an aerofoil section having huge practical application in Aviation industries.

3. Know the operating principles and constructional details of hydro turbine, compressors, fans and blowers etc.

4. Relate the knowledge gathered towards designing, testing, and installation of modern hydraulic systems.
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Course content

Module Syllabus Contact
No. Hrs.

1. Specific energy, Hydraulic Jump 3

2. Review of Compressible Flow, Design of convergent-divergent nozzle. 6

3. Ideal Fluid Flow: rotation of a fluid particle, vorticity, rotational and irrotational 5
motion; velocity potential function, circulation, stream function, flownet;
governing equation for two dimensional irrotational motion, simple two
dimensional irrotational flows like uniform flow, plane source, plane sink etc;
superimposition of simple irrotational flows, combination of a source and a sink.

Lift on aerofoil section or aircraft wings.

4. Analysis of flow through propellers and windmills — slip stream theory, actuated 5
disc theory; jet propulsion devices — analysis of thrust and other performance
parameters.

3 Similarity and model study in turbomachines: dimensional analysis of -+
incompressible flow turbomachines, flow coefficient, head coefficient and power
coefficient; non-dimensional plot of performance curves; specific speed; Cordier
diagram; specific speed as a design parameter of imcompressible flow
turbomachines; unit quantities for hydroturbines.

6. Mechanical, hydraulic and volumetric loss in a turbo-pump; different types of 3
losses in a hydroturbineinstallation; different efficiencies in turbomachines.

i Interaction of a turbomachine with the pipeline system; system head curve and B
point of operation, surging, series and parallel operation of pumps and fans.

8. Testing of hydroturbines, different performance characteristics of hydroturbines 4
like operating characteristics, main characteristics, Muschel curves; speed
governing of hydroturbines — different methods.

9. Torque converter and fluid coupling — function and performance. 2

Text Books:
1. N.P. Mahalik, Mechatronics, Tata McGraw Hill Publication
2. W. Bolton, Mechatronics, Pearson Education
3. A. Smaili and F. Arnold, Mechatronics, Oxford University Press, Indian Edition
4. M.D. Singh and J.G. Joshi, Mechatronics, Prentice Hall of India Pvt. Ltd.
Reference Books:
1. K.K. AppuuKuttan, Mechatronics, Oxford University Press, New Delhi
2. HMT Ltd., Mechatronics, Tata McGraw Hill Publication
3. F.H. Raven, Automatic Control Engineering, McGraw Hill International.
4. K. Ogata, Modern Control Engineering, Prentice Hall.
5. B.C. Kuo, Automatic Control Systems, Prentice Hall.
anoal

NARULA "n'*wmw: OF T=ren

" . ,-r'..' §

g 4‘ )




Course Articulation Matrix:

Course Name: Heat Transfer Lab

Course Code: ME 591

Prerequisite: Basic Physics, Fluid mechanics, Heat Transfer Theory

Course Objective: Practically measure the heat transfer through different kind of mediums.

Course Outcomes: Upon successful completion student will be able to:
1. Conduct investigation of problems involving steady state heat conduction in simple geometries.
Develop experimental solutions for problems involving free and forced convection

Differentiate radiation capabilities of black and grey surfaces by practical observation.

CNE

Analyze performance of basic types of heat exchangers and solve complex industrial problems.

Course content
1) Determination of dryness fraction of steam by combined separating and throttling calorimeter.

2) Study and performance test of a single acting reciprocating air compressor.

3) Determination of thermal conductivity of a metal rod.

4) Determination of thermal conductivity of an insulating powder/or an insulating plate.
5) Determination of ‘h’ for forced convection over a pin fin.

6) Verification of emissivity of a plate.

7) Study of a shell and tube heat exchanger and determination of LMTD.

Course Articulation Matrix:

5 125 | 05| &S 1 2.5

125 11715 L5 2.




Course Name: Dynamics of Machines Lab
Course Code: ME 592
Prerequisite: Theory of machines, Dynamics of Machine Theory
Course Objective: To practically observe the dynamic behaviors of machines and their components.
Course Qutcomes: Upon successful completion of this course students will be able to
1. Experimentally verify knowledge of several types of vibrating systems by using vibration measuring
instruments, vibration of continuous systems, random vibrations.
2. Observe the method of balancing of rigid rotors, reciprocating machines, flywheels, planar linkages and
instrumentation.
Visualize the working principle of gyroscope and governors to apply in future projects

4. Get practical knowledge on Cam dynamics used in various industrial applications.

Course content

1. Studying and designing different mechanisms for performing specific tasks in a machine tool, and for common
engineering applications.

2. Studying vibratory systems of single and more than one degree of freedom in linear and rotory systems;

3. Static and dynamic balancing of rotating masses;

4. Balancing of reciprocating masses;

5. Experiments on working of governor, operation and analysis.

6. Experiments on working of gyroscope, operation and analysis.

7. Designing cam,

8. Studying operation of cams and its analysis.

Course Articulation Matrix:

1.5 25025 0.25 251 1 | 05|05 1 | R P

Course Name: Metrology & Measurement Lab;
Course Code: ME 593
Prerequisite: Metrology & Measurement Theory, Physics.
Course Objective: Hands on experience with various measuring instruments to utilize in industries.
Course QOutcomes: Upon successful completion of this course Students are able to
1. Use different length measuring instruments like vernier calipers, micrometer

2. Use different angle measuring instrument like universal bevel protractor, sine bar
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3. Calibrate some unknown quantity or parameter of engineering interest.

4. Check the surface quality of a given specimen which is important in all kind of manufacturing.

Course content

1. Taking measurements using following instruments :

(i) Vernier height & depth gauge, (ii) Dial micrometer, (iii) Thread gauge, (iv) Radius gauge, (v) Filler gauge, (vi)
Slip gauge.

2. Measurement of angle of a component using :

(i) Vernier bevel protractor, (ii) angle gauges , (iii) Sine-bar and slip gauges.

3. Checking / measuring parallelism, cylindricity and concentricity of components using dial indicator.

4. Measurement of surface finish by a Talysurf instrument.

5. Use of profile projector for checking profile of saw teeth, thread etc.

6. Calibration of cantilever type dynamometer.

Course Articulation Matrix:

Course Name: Seminar
Course Code: ME 582
Prerequisite: Basic Communication Skill

Course Objective: Train students to deliver an effective technical presentation in front of any audience.

Course Outcomes: On successful completion of the course, the student will be able to,

1. Get thorough knowledge of preparing a technical seminar presentation in power point format which will be
visually effective to reach any number of audiences.

2. Understand the methods of delivering and explaining technical terms through effective diagram selection and
white board.

3. Review all core areas of Mechanical Engineering for variety of topics and enhance presentation skill by
increasing level of detailing.

4. Achieve confidence to face any audience and communicate with them in a disciplined manner, face and reply

queries patiently.

Course content Q&)
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