Department of Mechanical Engineering

National Institute of Technology Raipur
(Institute of National Importance)
G. E. Road, Raipur-492010 (CG)

B. Tech. in Mechanical Engineering

V Semester CBCS Scheme

SI.No | Course Title Course Code Course Name Type | L | T | P TA MSE ESE Total Credits
Max | Min | Max | Min | Max | Min | Marks
1. Program Core ME105101ME | Heat and Mass Transfer T 3 (1|0 | 20 0 30 0 50 0 100 4
2. Program Core ME105102ZME | Refrigeration and Air Conditioning T 3 (1|0 | 20 0 30 0 50 0 100 4
3. Program Core ME105103ME | Machine Design - 1 T 3 /10| 20 0 30 0 50 0 100 4
4. Program Elective-I As per given in list T 31010120 0 30 0 50 0 100 3
5. Program Elective-II As per given in list T 31010 20 0 30 0 50 0 100 3
6. Open Elective-I As per given in list T 3 10110 ] 20 0 30 0 50 0 100 3
7. Laboratory ME105401ME | Mechanical Lab - 5 P 0|0 |2 40 0 20 0 40 0 100 1
8. Laboratory ME105402ME | Mechanical Lab - 6 P 0 [0 |2 | 40 0 20 0 40 0 100 1
9. Internship ME105701ME | Summer Internship 1 P 0 |0 |2 50 0 0 0 50 0 100 1
Total 18|13 | 6 900 24
The List of Program Elective-I The List of Program Elective-II The List of Open Elective-I
SN | Course Code | SubjectName SN | CourseCode | Subject Name SN | Course Code | Subject Name
. ME105202ME | Industrial Engineering & Management n MELOS211ME Design and Optimization of 1 ME105302ME CompOS.lte Materials and
2. ME105203ME | Introduction to Aerospace Energy Systems Mechanics
Engineering 2 ME105212ME | Measurement and Control 2. ME105304ME | Design Thinking and
3. ME105204ME | Fluid Mechanics II- Fluid Machinery : S— Production Innovation
3. ME105213ME | Dynamics and Vibration 3. ME105305ME | Smart Manufacturing




Department of Mechanical Engineering

National Institute of Technology Raipur
(Institute of National Importance)

G. E. Road, Raipur-492010 (CG)

Semester-V
1. Department proposing the Mechanical Engineering
course
2. | Course Title Heat and Mass Transfer
3. | L-T-P Structure 3+1+0
4. | Credits / # of period 4
5. | Course Number (Code) ME105101ME
6. | Status (Core/Elective) Program Core
7. Pre-r.equlsltes (course Thermodynamics, Fluid Mechanics
no./title)
8. | Frequency of offer Once per Academic Year
9. | Course Objectives (CO):
At the end of the course, the students will be able to:

1. Distinguish different modes of heat transfer and solve steady-state conduction
problems.

2. Analyze finned surfaces and (assess how effectively and efficiently fins enhance
heat transfer) solve transient heat conduction problems.

3. Apply convective heat transfer correlations (Forced and Natural convection) for
external and internal flows.

4. Perform energy analysis on heat exchangers and obtain LMTD and effectiveness
relations. Also, calculate mass-diffusion through-plane layer under steady-state
conditions.

5. Identify two-phase heat transfer and obtain relations for radiative heat transfer
between surfaces.

10. | Course Syllabus

UNIT I - Conduction

Introduction: Various modes of heat transfer, Fourier's, Newton's and Stefan
Boltzmann's Law, Combined modes of heat transfer, Thermal transfer, Thermal
diffusivity, Overall heat transfer coefficient. Conduction: The thermal conductivity of
solids, liquids and gases, Factors influencing conductivity measurement. The general
differential equation of conduction, one dimensional steady-state conduction, Linear heat
flow through a plane and composite wall, cylinder and sphere, Critical thickness of
insulation, Effect of variable thermal conductivity. Conduction with heat generation in slab
and cylinders, Spheres.

UNIT II - Fins and Transient conduction

Fins: Conduction convection system, Extended surfaces rectangular, triangular,
circumferential and pin fins, General conduction analysis, Fins of uniform and non-
uniform cross-sectional area. Heat dissipated by a fin. Effectiveness and efficiency of fins,
approximate solution. Design of fins for maximum heat transfer, Solution for different
boundary conditions, Use of fin analysis for measuring temperature error of




Thermometer.

Transient/Unsteady State Heat Conduction: System with negligible internal resistance
Lumped capacity method and its Validity. Unsteady state conduction through finite and
semi-infinite slab without surface resistance, convection boundary conditions. Solution
through Heisler's chart.

UNIT III - Convection

Forced Convection: Physical Mechanism of Forced Convection, Dimensional analysis for
forced convection, velocity and Thermal Boundary layer, Flow over plates, Flow across
cylinders and spheres, Flow in tubes, Reynold's analogy.

Natural Convection: Physical Mechanism of Natural Convection, Dimensional analysis of
natural convection; Empirical relationship for natural convection. Natural convection
over Surfaces (vertical and horizontal plates, vertical and horizontal cylinders, spheres)

Two Phase Heat Transfer: Boiling heat transfer, Pool boiling, Boiling regimes and boiling
curve, Next transfer correlations in pool boiling, Condensation heat transfer, Film
condensation, Derivation for the average heat transfer coefficient 'h' for the case of
laminar film condensation over vertical plate, Heat transfer correlation for inclined plates,
Vertical tubes, Horizontal bank tubes.

UNIT IV - Heat Exchangers, Thermal Radiation and Mass transfer

Heat Exchangers: Different types of heat exchangers; Determination of heat exchanger
performance, Heat exchanger transfer units, Analysis restricted to parallel and counter
flow |heat exchanger (LMTD and NTU method).

Thermal Radiation: Introduction, absorption and reflection of radiant energy, Emission,
Radiosity and irradiation, Black and non-black bodies, Kirchhoff's law, Intensity of
radiation, Radiation exchange between black surface, Geometric Configuration factor.
Grey body relation exchange between surface of unit configuration factors, Electrical
analogy to thermal radiation simple problems. Errors in temperature measurement due
to radiation.

Introduction to Mass Transfer: Mass and mole concentrations, Molecular diffusion,
Eddy diffusion, Molecular diffusion from an evaporating fluid surface, Introduction to
mass transfer in laminar and turbulent convection Combined heat and mass transfer, the
wet and dry bulb thermometer.

11. | Text Books-
1. Fundamental of Engineering Heat & Mass Transfer R. C. Sachdeva- New Age
Publishers.
2. Heat Transfer - ].P. Holman - Tata McGraw Hill
3. Heat transfer- C P Arora, Tata McGraw Hill.
4. Heat Transfer - R.K. Rajput.
12. | Reference Books-

1. Fundamental of Heat & Mass Transfer - Incropera and De Witt.
2. Heat Transfer- A Practical Approach - Yunus A. Cengel - McGraw Hill.
3. Heat Transfer a Basic Approach - M. Necati Ozisik.




Department of Mechanical Engineering

National Institute of Technology Raipur
(Institute of National Importance)

G. E. Road, Raipur-492010 (CG)

Semester-V
1. Department proposing the Mechanical Engineering
course
2. | Course Title Refrigeration and Air Conditioning
3. | L-T-P Structure 3+1+0
4. | Credits / # of period 4
5. | Course Number (Code) ME105102ME
6. | Status (Core/Elective) Program Core
7 Pre-requisites (course Thermodynamics, Fluid Mechanics, Heat and Mass
" | no./title) Transfer
8. | Frequency of offer Once per Academic Year
9. | Course Objectives:

1. To make students capable to analyze Vapour Compression Refrigeration System
and its performance, its evolution, its modification and learn to evaluate effects of
various parameters affecting the system.

2. To learn how to recommend multi-stage compression and multi Evaporator
systems with different arrangement of expansion devices and inter cooling
arrangements including cascading systems.

3. To learn analyzing Gas cycle refrigeration, its evolution and understand different
types and their comparison with its application in Aircraft Refrigeration with
suitability.

4. To learn designing of suitable indoor conditions for thermal comfort of human
beings for any outdoor conditions with the understanding of psychrometry and
various psychrometric processes.

Course Outcomes (CO):
At the end of the course, the students will be able to:

1. Analyze Vapour Compression Refrigeration System and its performance, its
evolution, modifications and evaluate effect of various parameters affecting the
system.

2. Recommend Multi-stage compression and Multi Evaporator systems with different
arrangement of expansion devices and inter cooling arrangement including
cascade systems.

3. Analyze Gas Cycle Refrigeration its evolution and different types and their
comparison with Application in Aircraft Refrigeration.

4. Design suitable indoor conditions for thermal comfort of human beings for any
outdoor conditions with the understanding of psychrometry and various
psychometric processes.

10. | Course Syllabus
UNIT I

Refrigeration and second law of thermodynamics, Reversed Carnot Cycle and It's
practical limitations, Standard Vapor compression Refrigeration System and its
performance analysis. Effect of evaporator and condensing temperatures. Modifications,




its effects, Liquid-to-Suction heat exchanger, Effect of Superheat and criteria for optimum
superheat, Actual vapour compression refrigeration systems, Limitations of single stage.

UNIT II

Multi-stage systems: Concept of flash gas removal using flash tank, inter cooling with
flash gas removal and inter cooling, use of flash tank for flash gas removal only, limitations
of multi-stage systems.

Multi-Evaporator systems: Applications, Comparison, advantages, Systems using single
compressor and a pressure reducing valve with: Individual expansion valves & multiple
expansion values, Systems with multi compression, inter cooling and flash gas removal,
with individual compressors and multiple expansion valves, Cascade systems.

UNIT III

Gas Cycle Refrigeration: Limitation of Carnot and reversed Carnot Cycle, Modified Cycle,
Reversed Bell- Coleman, Actual Bel-Coleman Cycle, Application of Aircraft Refrigeration,

Different methods: Simple, Evaporative, boot strap, boot strap with evaporative, Reduced
ambient, Regenerative and comparison of different air-cooling system in Aircraft.

UNIT IV

Psychrometry, estimating properties of moist air: psychrometry chart, Straight-line
law, adiabatic saturation and thermodynamic wet bulb temperature, psychrometer and
the precautions, psychrometric processes and their representation, various
psychrometric processes, equations for heat and mass transfer rates, Concept of SHF, By-
pass factor and ADP, Air washer and its use.

Inside and Outside Design Condition: Fixing suitable indoor and outdoor design
conditions, Psychometric calculations, Simple summer air conditioning system with 100%
re-circulated air, various summer air conditioning systems with ventilation and with zero
and non-zero by-pass factor, with re-heat for high latent cooling load applications,
Selection guidelines for supply air conditions.

11. | Text Books-

1. Refrigeration And Air Conditioning by C.P. Arora, Tata McGraw-Hill.

2. Refrigeration And Air Conditioning by R.K. Rajput, Kaston Publication.

3. Refrigeration And Air Conditioning by Arora & Domkundwar, Dhanpat raj Sons.
12. | Reference Books-

1. Basic Refrigeration and Air Conditioning, Ananthanarayan, Tata McGraw-Hill.

2. Refrigeration And Air Conditioning by Stooker W.F.

3. Refrigeration And Air Conditioning by Ahmadaul Ameen, PHI publication.

4. Handbook of Air Conditioning and Refrigeration by Shan K. Wang, Tata McGraw-
Hill.




Department of Mechanical Engineering

National Institute of Technology Raipur
(Institute of National Importance)

G. E. Road, Raipur-492010 (CG)

Semester-V
1. Department proposing the Mechanical Engineering
course
2. | Course Title Machine Design -1
3. | L-T-P Structure 3+1+0
4. | Credits / # of period 4
5. | Course Number (Code) ME105103ME
6. | Status (Core/Elective) Program Core
7 Pre-requisites (course Engineering Mechanics, Engineering Graphics, Mechanics
" | no./title) of Solid, Material Science, Kinematics of Machine
8. | Frequency of offer Once per Academic Year
9. | (A) Course Objectives:
The course is intended to teach students, design of basic mechanical elements based on
available theories of failure. The focus is on blending fundamental concept development
with practical implementation. This will enable the students to familiarize with the basis
of decisions taken for use of mechanical components.
(B) Course Outcome:
At the end of this course, the students are expected to be able to
1. Apply the various stress based theories to design machine components.
2. Design basic machine elements like keys, joints, couplings, transmission shaft and
mechanical springs.
3. Design various types of threaded joints and power screws.
4. Design permanent joints riveted and welded.
10. | Course Syllabus

UNIT I - Design Considerations

Mechanical engineering design, dimensions and tolerances, Selection of Materials, Stress
and strength, Factor of Safety, Theories of failure for ductile and brittle materials. Design
for variable and repealed loading, Stress concentration factor in tension, bending and
torsion, Fatigue stress concentration factor, Notch sensitivity, Endurance limit and fatigue
strength, Endurance diagrams, Introduction to fracture mechanics.

UNIT II - Design of Keys, Joints, Couplings, Shafts and Springs

Keys, Joints and Couplings: Design of keys, Cotter joints and Knuckle joint, Design of
mulff, flange and flexible couplings.

Shaft: Design of transmission shaft, Design against static load, Design for strength,
Rigidity and stiffness, Design of shafts under continuous loading or Fatigue

Mechanical Springs: Design of helical coil springs of circular section for tension,
compression and torsion, Design of helical coil springs under fatigue loading, Design of




Leaf springs, Design of Disk springs.
UNIT III - Design of Screws, Fasteners and Non-permanent Joints

Threaded fasteners: Geometry of thread forms, Terminology of screw threads and
thread standards, Specifications of steel bolts, Initial tension, Relation between bolt
tension and torque, Design of statically loaded tension joints, Design of bolted joints due
to eccentric loading.

Power Screws: Power screws, Force analysis for square and trapezoidal threads, Collar
friction, Stresses in screw, Coefficient of friction, Efficiency of thread, Design of power
Screw.

UNIT IV - Design of Permanent Joints Riveted and Welded Joints

Riveted Joints: Failure of rivets and riveted joint, Strength of rivet joint, Efficiency of
riveted joint, Design of riveted joint, Eccentrically loaded riveted joint.

Welded joint: Stresses in butt and fillet welds, Strength of welded joints, Location and
dimension of weld design, Eccentrically loaded joint, Welded joint subjected to bending
moment, Design procedure, Fillet welds under varying loads, Stress relieving techniques.

11. | Text Books-
1. Shigley's Mechanical Engineering Machine Design by R.G. Budynas & J.K. Nisbett
McGraw Hill Education.
2. Design of Machine Elements by V.B. Bhandari - TMH Publications.
3. Design Data Book - Data Book of Engineers by PSG College of Coimbatore.
12. | Reference Books-

1. Machine Design by P.C.Sharma and D.K. Agrawal - Kataria & Sons Publications.

2. Principles of Mechanical Design by R. Phelan - McGraw Hill Pub.

3. Machine Design - An Integrated Approach by Robert L.Norton Addison Wesley
Longman.

4. Machine Design by M. F. Spott - PHL

Machine Design, Theory & Practice - J. Michels Walter, E. Wilson Charles MacMilan

Publishers.

6. Machine Design Data Book by V B Bhandari - McGraw Hill Education

U




Department of Mechanical Engineering

National Institute of Technology Raipur
(Institute of National Importance)

G. E. Road, Raipur-492010 (CG)

Semester-V
1. Department proposing the Mechanical Engineering
course
2. | Course Title Industrial Engineering & Management
3. | L-T-P Structure 3-0-0
4. | Credits / # of period 3
5. | Course Number (Code) ME105202ME
6. | Status (Core/Elective) Program Elective-I
Pre-requisites (course .
7 no./title) Nil
8. | Frequency of offer Once per Academic Year
9. | Course Objectives (CO):
The course is intended to provide the concepts, knowledge, objectives, functions,
contributions and place of industrial engineering and management to the students, so that
students will be able to
1. Provide strategic decisions regarding location, site selection, plant layout and line
balancing for the industries.
2. Understand the concept of work study, method study, work measurement and
able to provide the solution in this regard for the industries.
3. Recognize the need and furnish the solutions of maintenance, replacement
policies and inventory planning issues for the business organization.
4. Identify, formulate, and solve the managerial problems of the design, planning,
control, and improvement of both manufacturing and service operations.
10. | Course Syllabus

UNIT I - Introduction

Definition of Industrial engineering, History & development, Objective of Industrial
Engineering, Function of Industrial engineer, Definition of Management, System approach
to Management, Social responsibility, ethics and management, Functions of Management,
Nature and purpose of organizing, Formal and informal organization, Types of
organizational structure and their selection.

UNIT II -Location, Layout, Line balancing & Work Measurement

Facility Location and Layout: Need for a suitable location, Factors affecting location,
Quantitative method for evaluation of plant location, Objectives & Principles of plant
layout, Types of layout and their suitability, Line balancing concepts, Line balancing
techniques, Work Study, Method Study & Work Measurement: Productivity, Definitions,
Recording techniques, Flow Process Charts, man-machine chart, Motion economy
principles, Micro motion study - Therbligs, Work measurement techniques, Rating,
Allowances, Normal and standard time determination, Work sampling.

UNIT III -Maintenance Management and Inventory Planning & Control

System Objectives and need for maintenance, Types of maintenance, Breakdown,




Predictive and Preventive Maintenance, Condition based maintenance system, reliability,
Work study for Maintenance, Total Productive Maintenance (TPM), Equipment
replacement policy: Overhaul and Replacement, Reasons for replacement, Deterioration,
Obsolescence, Depreciation, Methods for depreciation calculation, Inventory Control:
Scope, purchasing and storing, economic lot size, ABC analysis.

UNIT IV - Production Planning & Control

Functions, Sequencing, forecasting, routing, Product selection & Process selection,
Production Control: Gantt chart, work order, CPM and PERT techniques. Inspection and
Quality control: Types of inspections, statistical quality control; Control charts for
variables and attributes: X bar, R, p and c charts; Sampling, concepts and scope of TQM and
QFD

11. | Text Books-
1. Essential of Management- H. Koonz and H. Weihrich, McGraw-Hill.
2. Modern Production / Operations Management- Buffa, E.S., and Sarin, R.K,, John Wiley
& Sons.
3. Industrial Engineering and Production Management- Martand Telsang, S Chand &
Company.
4. Industrial Engineering Handbook- Maynard, H.B., McGraw-Hill
12. | Reference Books-

1. Industrial Engineering & Management-A new perspective, Philip E Hicks,
McGraw-Hill

2. Comprehensive Industrial Engineering- N. . Manek, Laxmi Publications.

3. Industrial Engineering and Management Systems - S. Dalela, Mansoor Alj,
Standard Pub.




Department of Mechanical Engineering

National Institute of Technology Raipur
(Institute of National Importance)

G. E. Road, Raipur-492010 (CG)

Semester-V

Department proposing the

1. Mechanical Engineering
course
2. | Course Title Introduction to Aerospace Engineering
3. | L-T-P Structure 3-0-0
4. | Credits / # of period 3
5. | Course Number (Code) ME105203ME
6. | Status (Core/Elective) Program Elective-I
Pre-requisites (course .
7 no./titﬁe) ( Nil
8. | Frequency of offer Once per Academic Year
9. | Course Objectives (CO):
At the end of this course, the students will be able to
1. Demonstrate knowledge on evolution of plates, functioning of different
components, role of regulatory and authorities and safety aspects of flight.
2. Gain knowledge on aerodynamic behaviour of rigid curved surfaces and their
significance in controlling flight
3. Exercise good command on structured anatomy and strength aspects of different
components of aircraft.
4. lIdentify different types of engines that suit the needs of different aerospace
vehicles
5. Exhibit the science of flying an aerospace vehicle and controlling of crucial
subsystems that make a full-fledged flight.
10. | Course Syllabus

UNIT I - Introduction

Introduction Evolution of planes, pre-Wright brother era to present plane, progress in
structure airplane design and applications, classification of aircrafts and space vehicles,
functions of major components of an airplane, conventional control and power controls,
role of DGCA in air safety and regulatory authority, accident investigation, human factors
in flight safety, Introduction to FAA.

UNIT II

Basic Aerodynamics Aerospace atmosphere, types, characteristics, pressure, temperature
and density variations, lapse rate, aerofoil nomenclature, forces acting on aerofoil,
characteristics of aerofoils. Flight Control Surfaces: Aircraft principle axes, main control
surfaces- ailerons, elevators, rudders, spoilers and flaps, use of flaps during take- off,
landing and maneuvering.

UNIT III

Structures Structural arrangement of monocoque and semi-monocoque structures,




geodesic construction. Structural layout of wing, fuselage and tail plane, types of wings,
monoplanes, biplanes, triplanes and multiplanes, wing geometry - different types and
purpose.

UNIT IV

Propulsion Piston engines and gas turbine engines, various means of thrust production,
comparative merits. Ramjet, pulse jet and scramjet. Rockets - principle of operation, types
and applications. Helicopters: Rotorcraft, types of rotorcraft, autogyro, gyrodyne.
Helicopters, main rotor system, fully articulated, semi rigid and rigid rotor system,
transmission system.

11. | Text Books-
1. Introduction to Flight, ]. D. Anderson, 6/e, McGraw Hill,2010.
2. Fundamentals of Flight, R. S. Shevell, 2 /e, Pearson, 2004.

12. | Reference Books-

1. Flight Without Formulae, A.C. Kermode, 5/e, Pearson, 1989.
2. Helicopter Engineering, L. Gupta, Himalayan Books, 1996.

3. Interactive Aerospace Engineering and Design, D. Newman, McGraw Hill,
2002.

4. Aircraft Flight, R. H. Barnard and D. R. Philpot, 3 /e, Pearson, 2004.




DepartmentofMechanicalEngineering

NationallnstituteofTechnologyRaipur
(Institute of National Importance)

G. E. Road, Raipur-492010 (CG)

Semester-V
1. Department proposing the Mechanical Engineering
course
2. | Course Title Fluid Mechanics-II-Fluid Machinery
3. | L-T-P Structure 3-0-0
4. | Credits / # of period 3
5. | Course Number (Code) ME107204ME
6. | Status (Core/Elective) Program Elective-I
Pre-requisites (course :
7 no./title) Nil
8. | Frequency of offer Once per Academic Year
9. | Course Objectives (CO):
At the end of the course, the student will be able to
1. Understand the concept of relative velocity and velocity diagrams of Jets and
calculate the Vane angles, power transfer and efficiency.
2. Understand the concept of axial, tangential and radial flow in turbomachinery
3. Understand the concept of different type of Turbines.
4. Understand the concept of different type of Pumps
10. | Course Syllabus UNIT I

IMPACT OF JETS: Impulse momentum principle, force exerted by the jet on stationary and
moving plate. Concept of relative velocity and velocity diagrams. Vane angles, power
transfer and efficiency.

INTRODUCTION TO TURBO MACHINERY: positive displacement and rotodynamic or
turbomachines, types of turbomachines, axial, tangential and radial flow, impulse and
reaction types, degree of reaction, velocity diagrams, Eulers equation.

UNIT II

INTRODUCTION TO TURBINES: Hydroelectric power plant, location, major
components, surge tank, classification of turbines, specific speed,

PELTON TURBINE: major components and their function, specific speed, nozzles, force, power,
losses of power, different efficiencies, bar diagram.

UNIT III

REACTION TURBINES: Francis turbine, construction, major parts, working, work done,
efficiency, cavitation, role of draft tube, advantages and disadvantages. Kaplan and
propeller turbine working and comparison, model analysis.

UNIT IV
CENTIFUGAL PUMP: Construction, working, velocity diagram, work done, power,
efficiency, pumps in series and parallel, cavitation, specific speed

RECIPROCATING PUMP: classification and working, single acting and double acting, slip,
indicator diagram, work done and power, air vessel, use, cavitation.




11.

Text Books-
1. Mechanics of fluid - Massey B S - English Language Book Society (UK)
2. Fluid Mechanics -Yunus A. Cengel and John M Cimbala - McGraw Hill

12.

Reference Books-

1. ATextbook offluid mechanics—R KRajput—S Chand and Co, Ltd
Introduction to Fluid mechanics and machines --- S K Som and GBiswas --- McGraw Hill




Department of Mechanical Engineering

National Institute of Technology Raipur
(Institute of National Importance)

G. E. Road, Raipur-492010 (CG)

Semester-V
1. Department proposing the Mechanical Engineering
course
2. | Course Title Design and Optimization of Energy systems
3. | L-T-P Structure 3-0-0
4. | Credits / # of period 3
5. | Course Number (Code) ME105211ME
6. | Status (Core/Elective) Program Elective-II
7. Pre-r.equlsltes (course Thermodynamics, Fluid Mechanics, Numerical Techniques
no./title)
8. | Frequency of offer Once per Academic Year
9. | Course Objectives (CO):
At the end of this course, the students will be able to
1. Understand the procedure of Designing the Energy System
2. Estimate the design cost of the propose system
3. Model and simulate the Thermal System
4. Apply different optimization Techniques for suggesting the suitable Energy
Systems.
10. | Course Syllabus

UNIT I - Introduction

Introduction to design and specifically system design, Morphology of design with a flow
chart, very brief discussion on market analysis, profit, time value of money, an example of
discounted cash flow technique., Concept of workable design, practical example on
workable system and optimal design.

UNIT II - System Simulation

Classification, Newton Raphson method-one unknown, Newton Raphson method, Gauss
Seidel method, Data Analysis, Rudiments of finite difference method for partial differential
equations with an example.

UNIT III - Single Variable Optimization

Introduction, Formulation of optimization problems, Calculus techniques- Search
Methods - Concept of interval of uncertainty, reduction ratio, reduction ratios of simple
search techniques like exhaustive search, Fibonacci search and Golden section search
method.

UNIT IV - Multi Variable Optimization

Evolutionary Optimization Method, Cauchy’s steepest descent method. Lagrangian
multiplier method for constrained/unconstrained optimization, Linear programming-
two variable problem-graphical solution, Modern optimization techniques




11. | Text Books-
1. Essentials of Thermal System Design and Optimization, C. Balaji, Ane Books.
New Delhi in India and CRC Press in the rest of the world.
12. | Reference Books-

1.

Design and optimization of thermal systems, Y.Jaluria, Mc Graw Hill, 1998.

2. Elements of thermal fluid system design, L.C.Burmeister, Prentice Hall, 1998.
3. Design of thermal systems, W.F.Stoecker, Mc Graw Hill, 1989.

4,
5

Introduction to optimum design, ].S.Arora, Mc Graw Hill, 1989.

Optimization for engineering design - algorithms and examples, K. Deb,
Prentice Hall, 1995.




Department of Mechanical Engineering

National Institute of Technology Raipur
(Institute of National Importance)

G. E. Road, Raipur-492010 (CG)

Semester-V
1. Department proposing the Mechanical Engineering
course
2. | Course Title Measurement and Control
3. | L-T-P Structure 3-0-0
4. | Credits / # of period 3
5. | Course Number (Code) ME105212ME
6. | Status (Core/Elective) Program Elective-II
7 Pre-requisites (course Basic Electrical and Mechanical Engineering, Engineering
" | no./title) Mechanics, Engineering Drawing
8. | Frequency of offer Once per Academic Year
9. | Course Objectives (CO):
At the end of this course, the students will be able to
1. To understand the characteristics, functioning and calibrations of various
measuring instruments.
2. To understand the use of instruments for measuring displacement, velocity,
pressure, and temperature.
3. To understand the working of strain gauges and their use for measuring force and
torque.
4. To understand the use of instruments for measuring flow rate, noise, and
vibrations.
5. Tounderstand the data acquisition system for enhancing the productivity
6. To understand the surface characteristics and their measurement using
mechanical and optical instruments.
10. | Course Syllabus
Unit-I

Generalized Measurement System: Definition, application of measurement
instrumentation, functional elements of a generalized measuring system, measuring
standards, types of measurement, types of input to measuring instruments and instrument
system, classification of measuring instruments, merits and demerits of mechanical
measuring systems, Errors: Introduction to error, types of error, Sources of error, Sensor
and Transducers- Types of sensor and Transducers and their characteristics.

Static and Dynamic characteristics of Instruments

Introduction, Static characteristics: accuracy, error and correction, calibrations, precision,
resolution, static sensitivity, linearity, hysteresis, dead zone, backlash, and drift, Selection
of measuring instruments, Mechanical and Electrical loading. Transient and steady state
analysis of Zero, first and second order system. Time Domain specifications. Step response
of second order system. Steady-state error, error coefficients, steady state analysis of
different type of systems using step, ramp, and parabolic inputs.




Unit-II

Displacement Measurement: Transducers for displacement, displacement
measurement, potentiometer, LVDT, Capacitance Types, Digital Transducers (optical
encoder), Nozzle Flapper Transducer

Strain Measurement: Theory of Strain Gauges, gauge factor, temperature Compensation,
Bridge circuit, orientation of strain gauges for force and torque, Strain gauge-based load
cells and torque sensors

Measurement of Angular Velocity: Tachometers, Tachogenerators, Digital tachometers
and Stroboscopic Methods.

Acceleration Measurement: Theory of accelerometer and vibrometers, practical
accelerometers, strain gauge based and piezoelectric accelerometers.

Measurement of flow: Obstruction meters, Variable head meters, Hot wire and
magnetic meters, Ultrasonic flow meters. Vibration and noise measurement: Seismic
instruments, Vibration pickups and decibel meters.

Unit-III

Metrology: Linear and angular measurement devices and systems limit gauges,
Gauge blocks. Measurement of geometric forms like straightness, Flatness, Roundness
and Circularity, principles and application of optical projectors, Microscope,
Autocollimators etc. Principle and use of interferometers, Comparators, Measurement of
screw threads and gears, Surface texture measurement.

Data acquisition system: Introduction to data acquisition systems, Single and
multichannel systems, Microprocessors and PC based data acquisition systems. Input
- output devices signal transmission and Processing, Devices, and systems.

Unit-1V

Control: Introduction to control systems, Classification of control system. Open loop and
closed loop systems. Mathematical modeling of control systems, concept of transfer
function, Block diagram algebra.

Stability analysis: Introduction to concepts of stability, The Routh criteria for stability,
Experimental determination of frequency response, Stability analysis using Root locus,
Bode plot and Nyquist Plots, State space modeling, Process control systems, ON-OFF
control. P-I-D Control.

11. | Text Books-
1. Measurement Systems, Application and Design - E.O. Doebelin - McGraw Hill
2. Mechanical Measurements and Control - D.S. Kumar - S.K. Kataria & Sons
3. Mechanical Measurements - G. Beckwith &Thomas G. - Pearson Education
4. Experimental Methods for Engineers - J. P. Holman. - McGraw Hills Int. Edition
5. Instrumentation & Mechanical Measurements - A.K. Thayal.

12. | Reference Books-

1. Engineering Metrology - K.J. Hume - MacDonald and Company

Engineering Metrology - I.C. Gupta - Dhanpat Rai & Sons

Mechanical & Industrial Measurements - R.K. Jain - Khanna Publishers
Mechanical Engineering Measurements - A. K. Sawhney - Dhanpat Rai& Sons,
New Delhi.
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Department of Mechanical Engineering

National Institute of Technology Raipur
(Institute of National Importance)

G. E. Road, Raipur-492010 (CG)

Semester-V
1. Department proposing the Mechanical Engineering
course
2. | Course Title Dynamics and Vibration
3. | L-T-P Structure 3-0-0
4. | Credits / # of period 3
5. | Course Number (Code) ME105213ME
6. | Status (Core/Elective) Program Elective-II
7 Pre-requisites (course Physics, Engineering Mechanics and Kinematics of
" | no./title) Machines
8. | Frequency of offer Once per Academic Year
9. | Course Objectives (CO):
At the end of this course, the students will be able to
1. Apply the concepts of Newtonian and Lagrangian Mechanics in deriving the
Equation of Motion of a Discrete System.
2. Model an Equivalent Single Degree of Freedom (SDOF) System and Analyze the
characteristics.
3. Understand the concept of Eigen values and Eigen vectors in the context of Multi-
Degree of Freedom (MDOF) system and predict the motion characteristics of the
same.
4. Get a preliminary understanding of the Dynamics of Rotors and the Vibration
responses of continuous systems.
10. | Course Syllabus

UNIT I - Review of Dynamics

Review of Newtonian Mechanics, Dynamics of Rigid Bodies. Degrees of Freedom and
Generalized Coordinates, Coordinate Systems (Cartesian, Polar, Cylindrical and Spherical
coordinate Systems), Velocity and Acceleration in different coordinate systems, Velocity
and Acceleration in different frames of references. Constraints and Types of Constraints.

Introduction to Analytical Dynamics: Lagrangian and Hamiltonian Dynamics,
Conservative Force Fields Euler- Lagrange Equation of Motion, Deriving the Equation of
Motion of the given system, Variational Approach, Extended Hamilton’s Dynamics,
Introduction to Rayleigh Dissipation Function. Coordinate Coupling.

UNIT II - Single Degree of Freedom (SDOF) System

Response of first order and second order systems, Free vibration of SDOF Spring mass
system, Introduction to Harmonic oscillator, Solution to the SDOF Spring Mass system,
Introduction to Damping, types of damping (Viscous, Coulomb and Quadratic Damping
models), Response of SDOF Spring Mass and Damper System, Nature of Damped System
(underdamping, Critical damping and Over damping). Solution to the Equation of motion
of SDOF spring mass and damper system.




Forced response of SDOF spring mass system, Response of system to periodic forcing,
impulse forcing and step forcing. Forced response of SDOF spring mass and damper
system, Response to rotating Imbalance problem, base excitation, and shock. Single
cylinder engine vibration analysis.

UNIT III - Multi-degree of Freedom (MDOF) System

Concept of Eigen Values and Eigen vectors, Eigen Frequencies, modelling a CO2 molecule
for Stretch as MDOF system, Principle of Orthogonality of Eigen values, Coordinate
coupling, Solution to Equation of motion of MDOF Spring Mass Damper System. Response
of two degree of freedom system under harmonic excitation, Modal Analysis.

Vibration Absorber: Concept of Undamped Vibration Absorber, Tuned Mass Damper,
Dynamic Vibration absorber, modelling a MDOF system consisting of Rotor imbalance,
Forced Response of MDOF System

UNIT IV - Dynamics of Rotors and Vibration of Continuous Systems

Dynamics of Rotors: Whirling Speed, Critical Speed, Vibration response of Eccentrically
mounted Rotors, Response of Rotors modelled as Vibrating System.

Vibration of Continuous systems: Introduction to continuous systems, Axial Vibration
of Bars and Bending Vibration of Beams and Bars, Orthogonality of Natural Modes,
Expansion Theorem, Rayleigh ritz method, Rayleigh’s Quotient, Introduction to vibration
of plates and Shells.

11. | Text Books-

1. Engineering Dynamics, ] H Ginsberg, Cambridge University Press.

2. Elements of Vibration Analysis, Leonard Meirovitch, Tata McGraw Hill.
12. | Reference Books-

1. Advanced Dynamics, | H Ginsberg, Cambridge University Press.
2. Mechanical Vibration, S. S. Rao, Addison Wesley Publishes 2nd Edition.

3. Vibration and Waves in Continuous Mechanical Systems, Peter Hagedorn and
Anirvan DasGupta, Wiley Publishers.




Department of Mechanical Engineering

National Institute of Technology Raipur
(Institute of National Importance)

G. E. Road, Raipur-492010 (CG)

Semester-V
1. Department proposing the Mechanical Engineering
course
2. | Course Title Composite Materials and Mechanics
3. | L-T-P Structure 3-0-0
4. | Credits / # of period 3
5. | Course Number (Code) ME105302ME
6. | Status (Core/Elective) Open Elective-I
Pre-requisites (course .
7 no./title) Nil
8. | Frequency of offer Once per Academic Year
9. | Course Objectives (CO):
At the end of this course, the students will be able to
1. Discuss the benefits and disadvantages of using composites in aerospace and other
applications
2. To identify the properties of different materials (fibres, resins, cores) used in
composites, select the most appropriate manufacturing process for fabricating
composite components
3. To predict the elastic properties of both long and short fibre composites based on
the constituent properties.
4. Calculate the elastic and strength properties of unidirectional laminates using
micromechanics theory
5. To apply failure criteria and critically evaluate the results of the failure strength of
a laminated composite plate.
6. Get knowledge on issues in fracture of composites and environmental degradation
of composites
10. | Course Syllabus

UNIT I

Basic concepts and characteristics, Geometric and Physical definitions, natural and man-
made composites, applications, types and classification of composites. Reinforcements,
Particulate composites, Polymer composites, Thermoplastics, Metal matrix and ceramic
composites.

UNIT II

Characterization of composite properties. Manufacturing methods. Micromechanics,
Unidirectional composites, elastic properties of a lamina, properties of typical
composite materials, laminate characteristics and configurations.

UNIT III

Coordinate transformation, Hooke’s law for two dimensional unidirectional lamina,
Transformation of stress and strain, Numerical examples of stress strain transformation,




Graphic interpretation of stress-strain relations. Elastic behaviour of unidirectional
composites, relationship between engineering constants and reduced stiffness and
compliances, analysis of laminated composites, constitutive relations.

UNIT IV

Failure mechanics. Application of composite materials in different areas of engineering
with case studies.

11. | Text Books-
1. Mechanics of Composite Materials, R. M. Jones, McGraw Hill.
2. Mechanics of Composite Materials, Autar K. Kaw, CRC

12. | Reference Books-

1. Advanced Mechanics of Composite Materials, Vasiliev and Morozov, Elsevier.




Department of Mechanical Engineering

National Institute of Technology Raipur
(Institute of National Importance)

G. E. Road, Raipur-492010 (CG)

Semester-V

1. Department proposing the Mechanical Engineering
course
2. | Course Title Design Thinking and Product Innovation
3. | L-T-P Structure 3-0-0
4. | Credits / # of period 3
5. | Course Number (Code) ME106304ME
6. | Status (Core/Elective) Open Elective-I
Pre-requisites (course .
7 no./title) Nil
8. | Frequency of offer Once per Academic Year
9. | Course Objectives:
1. To provide the basic concepts and techniques of engineering, process of design,
analytical thinking and ideas.
2. To understand design ideas through different techniques and innovative product
design.
3. To get exposure of exhibiting their creativity in terms of an innovative product
development in a structured process through this course.
4. Importance of reverse engineering and understanding the new products.
Course Outcomes (CO):
Upon the successful completion of the course, students will be able to
1. Gather deep insights of design thinking and appreciate various design process
procedure.
2. Develop design ideas through different technique and Analyse innovative product
design.
3. Identify the significance of reverse Engineering to understand products.
10. | Course Syllabus

UNIT I - DESIGN THINKING

Introduction to Design Thinking, What is Design Thinking? What is Innovation, Best-
Suited for Design Thinking, Visualization Tool? Preparing Your Mind for Innovation, The
Physics of Innovation, How Prepared is Your Mind?

UNIT II - IDEA GENERATION AND DEVELOPMENT

The Idea Generation Process, Create Thinking - Generating Design Ideas - Lateral Thinking
- Anologies - Brainstorming - Mind Mapping Tool- National Group Technique -
Development of work - Analytical Thinking - Group Activities Recommended

UNIT IIT - PRODUCT DEVELOPMENT

Creativity, Innovation and Invention - differences; Creativity types; Innovation types -
Jugaad Innovation, Social Innovation, Sustaining Innovation, Disruptive Innovation, Open
Innovation. Product Design, Usability and User experience design; Product Architecture;
Industrial Design; Design for Manufacturing.




UNIT IV - REVERSE ENGINEERING

Introduction - Reverse Engineering Leads to New Understanding about Products -
Reasons for Reverse Engineering - Reverse Engineering Process - Step by Step - Case
Study.

11. | Text Books-
1. Engineering Design, John. R. Karsnitz, Stephen O’'Brien and John P. Hutchinson,
Cengage learning (International edition) second Edition, 2013.
2. New Products Management, Anthony Di Benedetto and Merle Crawford,
TataMcGraw Hill
3. Innovators Dilemma, Clayton Christensen, Harper Collins Publishers
12. | Reference Books-

1. Engineering Design Process, Yousef Haik and Tamer M.Shahin, Cengage
Learning, Second Edition, 2011.

2. Product Design & Development, Karl T Ulrich, Steven D Eppinger and Anita
Goyal, Tata McGraw Hill.




Department of Mechanical Engineering
National Institute of Technology Raipur

(Institute of National Importance) G. E. Road, Raipur-492010
(Cq)

Semester-V

Course Overview: This course provides an introduction to the concepts, technologies, and applications
of Smart Manufacturing. It focuses on the integration of advanced technologies, data analytics, and
automation to optimize manufacturing processes and improve productivity and efficiency.

Department proposing the course Mechanical Engineering

Course Title Smart Manufacturing

L-T-P Structure 3-0-0

Credits / # of period 3

Course Number (Code) ME105305ME

Status (Core/Elective) Open Elective-1

Frequency of offer Once per Academic Year

XN U W=

Course Objectives:

1. Toimpart knowledge on the fundamentals of manufacturing and Industry 4.0

2. To provide a comprehensive understanding of Smart Manufacturing, its relevance in the
modern industrial landscape, and practical application knowledge for effective
implementation of SmartManufacturing solutions.

3. 3.To explore the key technologies, tools, and data acquisition techniques employed in
Smart Manufacturing, enabling students to understand the implementation of advanced
technologies anddata-driven decision-making processes in manufacturing environments.

4. To examine the challenges and opportunities associated with implementing Smart
Manufacturingsystems.

5. To give the exposure on ML algorithms in manufacturing and data analytics.

UNIT-I: Introduction to Smart Manufacturing

Definition, objectives, benefits of Smart Manufacturing, Evolution of manufacturing
systems, Key components and technologies in Smart Manufacturing, Industrial
Automation and ControlSystems. Basic principles and technologies of a Smart manufacturing,
Digitalization and the Networked Economy, Globalization and Emerging Issues. Cyber-Physical
Systems and Cyber-PhysicalProduction Systems, smart work piece, Digital Twins in production,
Assistance systems for production.

UNIT-II: Smart Design & Fabrication

Smart Design/Fabrication - Digital Tools, Product

Representation and Exchange Technologies and Standards, Agile (Additive) Manufacturing
Systems and Standards. Mass Customization, Smart Machine Tools, Robotics and Automation
(perception, manipulation, mobility, autonomy), Smart Perception - Sensor networks and
Devices. Online Predictive modelling, Monitoring and Intelligent Control of
Machining/Manufacturing and Logistics/Supply Chain Processes; Smart Energy Management of
manufacturing processes and facilities.

UNIT-III: ML in Manufacturing

ML - Concept of Al, Conceptual Learning, Al & Augmented reality in Manufacturing. ANN in
Manufacturing-Biological Neuron, Artificial Neuron, Types NNs, MLApplications in
Manufacturing. Human-Robot Collaboration. Communication Systems in Cloud Manufacturing,
Cloud Applications in Manufacturing, and allied factory.

UNIT- IV: Application
Factories and Assembly Line, Food Industry, Medical, Power Plants, Inventory Management &
Quality. Data Acquisition and Analysis.




Sustainability and environmental considerations in Smart Manufacturing, Energy efficiency,
Waste Reduction and Recycling, resource optimization, Ethical and social implications of
automation and Al,LEmerging trends in Smart Manufacturing.

10. | Textbooks:
1. Masoud Soroush, McKetta Michael Baldea, & Thomas Edgar (2020). “Smart
Manufacturing:Concepts and Methods”, Elsevier, 2020.
2. Smart Manufacturing Innovation and Transformation: Interconnection and Intelligence
Luo,
Z.ed., 2014 IGI Global.
3. Smart Manufacturing: Integrating Transformational Technologies for Competitiveness and
Sustainability. Shemwell, S.M. and Quazi, H.A., CRC press
4. Gilchrist, A, “Industry 4.0: the industrial internet of things”, A press, 2016
5. Automation, Production Systems and CIM/Groover M.P./PHI/2007
11. | Reference Books:
1. Rawat, D. B, Brecher, C,, Song, H., & Jeschke, S. (2017)., “Industrial Internet of
Things:Cybermanufacturing Systems”, Springer, 2017.
2. M. Kuniavsky, Smart Things: Ubiquitous Computing User Experience Design, 1st

edition,Morgan Kaufmann, 2010,\ ISBN-10: 0123748992.




