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Course Objectives 

 To create awareness of the importance of various optimization techniques and project 

scheduling applicable to engineering techniques.  

 

Course Outcomes 

 Capable of applying optimization techniques in engineering applications.  

 Ability to use linear & nonlinear programming techniques.  

 Ability to develop schedule for projects and apply PERT & CPM techniques 

 

UNIT-I 

Single Variable Non-Linear Unconstrained Optimization: One dimensional Optimization 

methods, Uni-modal function, elimination method, Fibonacci method, golden section method, 

interpolation methods- quadratic & cubic interpolation methods. 

 

UNIT-II 

Multi Variable Non-Linear Unconstrained Optimization: Direct search method –

Univariant Method – pattern search methods – Powell’s – Hook – Jeeves, Rosen rock search 

methods – gradient methods, gradient of function, steepest decent method, Fletcher reeves 

method, Variable Metric method. 

 

UNIT-III 

Geometric Programming: Polynomials – arithmetic – geometric inequality – unconstrained 

G.P– constrained G.P 

Dynamic Programming: Multistage decision process, principles of optimality, examples, 

conversion of final problem to an initial value problem, application of dynamic programming, 

production inventory. Allocation, scheduling replacement. 

 

UNIT-IV 

Linear Programming: Formulation – Sensitivity analysis. Change in the constraints, cost 

coefficients, coefficients of the constraints, addition and deletion of variable, constraints. 

SIMULATION: Introduction – Types – Steps – application – inventory – queuing – thermal 

system. 

 

UNIT-V 

Integer Programming: Introduction – formulation – Gomory cutting plane algorithm – Zero 

or one algorithm, branch and bound method. 

 

 

M.TECH-I SEMESTER 
L T P 

INTERNAL 

MARKS 

EXTERNAL 

MARKS 

TOTAL 

MARKS 
CREDITS 

4 0 0 40 60 100 3 

ADVANCED OPTIMIZATION TECHNIQUES 
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UNIT-VI 

Stochastic Programming: Basic concepts of probability theory, random variables 

Distributions, mean, variance, Correlation, co variance, joint probability distribution, 

stochastic linear, dynamic programming 

 

REFERENCE BOOKS: 

1. Optimization theory & Applications, S.S Rao, New Age International 

2. Introductory to operation research, Kasan& Kumar, Springer 

3. Optimization Techniques theory and practice, M.C Joshi, K.M &Moudgalya,    

    Narosa Publications. 

4. Operation Research , H.A. Taha, Tata McGraw-Hill Publications 

5. Optimization in operations research, R.L Rardin, Prentice Hall  

6. Optimization Techniques, Benugundu&Chandraputla, Pearson Asia 
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Course Objectives: 

 To create awareness of the importance of thermodynamic principles in engineering 

applications such as I.C engine combustion,  

 To understand thermodynamic applications in psychometric, refrigeration and heat 

transfer  

 To understand the basic principles power cycles and its relation with combustion 

processes  

 To understand various methods of direct energy conversion  

 

Course Outcomes: 

 A student will be able to apply various laws of thermodynamics for combustion 

phenomena in IC engine  

 A student will be able to select and design air conditioning or psychometric process 

depending on application and comfort conditions.  

 A student will be able to study of combustion phenomena in IC engines  

 A student will be able to understand various energy conversion methods like fuel cells  

etc. 

 

UNIT-I 

Review Of Thermodynamic Laws And Corollaries: Transient flow analysis, Second law 

thermodynamics, Entropy, Availability and unavailability, Thermodynamic potential. Maxwell 

relations, Specific heat relations, Mayer's relation. Evaluation of thermodynamic properties of 

working substance 

 

UNIT-II  

Exergy: Concept of exergy – second law efficiency, exergy change of a system, exergy transfer 

by heat, work and mass, the decrease of exergy principle and exergy destruction, Exergy 

balance for open and closed systems. 

Irreversibility: Introduction - irreversibility for closed and open system – steady flow process 

-second law efficiency of steady flow devices. 

 

UNIT-III 

P.V.T Surface: Equation of state, Real gas behavior, Vander Waal's equation, Generalization 

compressibility factor, Energy properties of real gases, Vapor pressure, Clausius, Clapeyro 

equation, Throttling, Joule Thompson coefficient, Non-reactive mixtures of perfect gases. 

Governing laws, Evaluation of properties, Psychometric mixture properties and psychometric 

chart, Air conditioning processes, cooling towers Real gas mixture. 

 

 

 

M.TECH-I SEMESTER 
L T P 

INTERNAL 

MARKS 

EXTERNAL 

MARKS 

TOTAL 

MARKS 
CREDITS 

4 0 0 40 60 100 3 

ADVANCED THERMODYNAMICS 
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UNIT-IV 

Combustion: Combustion Reactions, Enthalpy of formation. Entropy of formation, Reference 

levels of tables. Energy of formation, Heat reaction, Adiabatic flame temperature generated 

product Enthalpies, Equilibrium. Chemical equilibrium of ideal gassed, Effect of non-reacting 

gases equilibrium in multiple reactions, the vent Hoff’s equation. The chemical potential and 

phase equilibrium, The Gibbs phase rule. 

 

UNIT-V 

Power Cycles: Review binary vapor cycle, co-generation and combined cycles, Second law 

analysts of cycles, Refrigeration cycles, Thermodynamics of irreversible processes, 

Introduction, Phenomenological laws, Onsager Reciprocity relation, Applicability of the 

Phenomenological relations, Heat flux and entropy production, Thermodynamic phenomena, 

Thermoelectric circuits. 

 

UNIT-VI 

Direct Energy Conversion Introduction: Fuel cells, Thermo electric energy, Thermionic 

power generation, Thermodynamic devices magneto hydrodynamic generations and 

Photovoltaic cell 

 

REFERENCE BOOKS: 

1. Basic and Applied Thermodynamics, P.K.Nag, Tata McGraw Hill. 

2. Thermodynamics, Holman, Tata McGraw Hill. 

3. Engineering Thermodynamics, PL.Dhar, Elsevier Publications 

4. Thermodynamics for Engineers, Doolittle-Messe, John Wiley & Sons 

5. Thermal Engineering, Soman, PHI Publishers 

6. Thermal Engineering, Rathore, Tata McGraw Hill. 
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Course Objectives 

 To understand the basic principles of mass transfer occurring in process industry and 

other applications  

 To study advanced heat transfer methods of two dimensional concepts  

 To familiarize the basic concepts of various equations and empirical laws pertaining  

 to convection and radiation and also phase transfer phenomena  

 

Course Outcomes 

 A student will be able to apply the laws of various modes of heat transfer depending on 

application  

 A student will be able to solve two dimensional equations in Cartesian coordinates by 

exact methods  

 A student will be able to calculate heat transfer rate associated with phase change heat 

transfer  

 A student will be able to estimate mass diffusion phenomena applied to process 

industries  

 

UNIT-I 

Brief Introduction to Different Modes Of Heat Transfer: Conduction: General heat 

Conduction equation-initial and boundary conditions. 

Transient Heat Conduction: Lumped system analysis, Heisler charts-semi-infinite solid-use 

of shape factors in conduction-2D transient heat conduction-product solutions. 

 

UNIT-II 

Finite Difference Methods For Conduction: ID & 2D steady state and simple transient heat 

conduction problems-implicit and explicit methods. 

Forced Convection: Equations of fluid flow-concepts of continuity, momentum equations-

derivation of energy equation-methods to determine heat transfer coefficient: Analytical 

methods-dimensional analysis and concept of exact solution. Approximate method-integral 

analysis. 

 

UNIT-III 

External Flows: Flow over a flat plate: integral method for laminar heat transfer coefficient 

for different velocity and temperature profiles, Application of empirical relations to variation 

geometries for laminar and turbulent flows. 

Internal Flows: Fully developed flow: integral analysis for laminar heat transfer coefficient-

types of flow-constant wall temperature and constant heat flux boundary conditions-

hydrodynamic &thermal entry lengths; use of empirical correlations. 

UNIT-IV 

M.TECH-I SEMESTER 
L T P 

INTERNAL 

MARKS 

EXTERNAL 

MARKS 

TOTAL 

MARKS 
CREDITS 

4 0 0 40 60 100 3 

ADVANCED HEAT AND MASS TRANSFER 
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Free Convection: Approximate analysis on laminar free convective heat transfer-Boussinesq 

approximation-different geometries-combined free and forced convection. 

Boiling and condensation: Boiling curve-correlations-Nusselt’s theory of film condensation 

on a vertical plate-assumptions & correlations of film condensation for different geometries. 

 

UNIT-V 

Radiation Heat Transfer: Radiant heat exchange in grey, non-grey bodies, with Transmitting, 

Reflecting and absorbing media, specular surfaces, gas radiation-radiation from flames. 

Gas Radiation: Radiation transfer in enclosures containing absorbing and emitting media - 

interaction of radiation with conduction and Convection. 

 

UNIT-VI 

Mass Transfer: Concepts of mass transfer-diffusion & convective mass transfer analogies 

significance of non-dimensional numbers. 

 

REFERENCE BOOKS: 

1. Principals of Heat Transfer, Frank Kreith, Cengage Learning 

2. Elements of Heat Transfer, E. Radha Krishna, CRC Press/2012 

3. Heat Transfer, RK Rajput, S.Chand 

4. Introduction to Heat Transfer, SK Som, PHI 

5. Engineering Heat & Mass Transfer, Mahesh Rathore, Lakshmi Publications 

6. Engineering Heat & Mass Transfer, Sarit K. Das, DhanpatRai 

7. Heat Transfer, P.K.Nag, TMH 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

M.TECH-I SEMESTER 
L T P 

INTERNAL 

MARKS 

EXTERNAL 

MARKS 

TOTAL 

MARKS 
CREDITS 

4 0 0 40 60 100 3 

ADVANCED IC ENGINES 
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Course Objectives 

 To create awareness of the importance of working principles of I.C. Engines  

 To familiarize various techniques to use alternate fuel technology  

 To understand different exhaust emissions with the use of alternate fuels.  

 To understand the basic concepts of recent trends with change of engine configuration 

 

Course Outcomes 

 A student will be able to differentiate the phenomena of combustion in SI and CI 

engines  

 A student will be able to apply alternative fuel technology for gasoline and diesel fuel  

 

UNIT-I 

Introduction: Engine Types – Design and operating Parameters. 

Spark Ignition Engines: SI Engine mixture requirements, Injection systems Monopoint, 

Multipoint injection and direct injection. 

Compression Ignition Engines: Direct and indirect injection systems –GDI,CRDI, 

Combustion chambers – Fuel spray behavior – spray structure, spray Penetration and 

evaporation – air motion. 

 

UNIT-II 

Gas Exchange Processes: Volumetric Efficiency – Flow through ports –Supercharging and 

Turbo charging. Charge Motion- Mean velocity and Turbulent characteristics – Swirl, Squish 

– Pre-chamber Engine flows. 

 

UNIT-III 

Recent Trends: Lean Burn Engines – Stratified charge Engines – HCCI engines– Plasma 

Ignition - Wankel engine, Stirling cycle engine, free piston Engine and Adiabaticengine. 

 

UNIT-IV 

Pollutant Formation And Control  
Pollutant – Sources – Formation of carbon monoxide, Unburnt hydrocarbon, NOx, Smoke and 

Particulate matter – Methods of controlling Emissions – Catalytic converters and Particulate Traps, 

Methods of measurements and Introduction to emission norms and Driving cycles  

 

 

 

 

 

 

 

UNIT-V 

Alternative Fuels: Liquid fuels - Alcohol, Methanol, Ethanol, Gaseous fuels –Hydrogen, 

Natural Gas and Liquefied Petroleum Gas-properties, production, storage, dispensing, fuel kits, 

Merits and Demerits, Engine Modifications, use of Bio fuels. 
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UNIT-VI 

Electric Vehicles: Introduction, EV -components, batteries, charges, drives tractive force, 

transmission, power devices and controllers-Advantages and Disadvantages 

Fuel Cell Power Vehicles: Fuel cell vehicle- Efficiency, Types of fuel cellsfuel cell hybrid 

vehicle-Fuel cell solar vehicle, solar car electrical system, Benefits, fuel regulations. 

 

REFERENCE BOOKS: 

1. Internal combustion engines fundamentals, Heywood J.B., McGraw Hill 

2. Internal combustion Engines, Mathur& R.P. Sharma, DhanpatRaiPublications 

3. Hybrid and Alternative Fuel Vehicles, James D. Halderman, Prentice Hall 4th ed. 

4. Internal Combustion Engines, V. Ganesan, TMH Pub, 2008 

5. Alternate fuels, SS Thipse, JAICO Publishers, 2010 

6. Alternative Fuel Technology, Erjavec, Arias, Yesdee publications, 2007 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

M.TECH-I SEMESTER 

(ELECTIVE-I) 

L T P 
INTERNAL 

MARKS 

EXTERNAL 

MARKS 

TOTAL 

MARKS 
CREDITS 

4 0 0 40 60 100 3 
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Course objectives: 

 To create awareness of the importance of principles of various turbo machines  

 To understand the basic fundamentals of compressible flow concepts 

 To study non-dimensional numbers in compressible flow and to solve the simple 

compressible flow problems  

 To understand the effect of compressibility in nozzles and diffusers 

 To understand the design criteria of nozzles and diffusers 

 To solve isentropic compressible flow problems 

 

Course outcomes: 

 Apply the fundamental flow equations (conservation of mass and momentum and 

energy) and basic solution techniques in solving compressible one dimensional flow. 

 Obtain first order solutions for compressible internal flows for variable geometry 

ducts. 

 Obtain first order solutions for compressible internal flows with friction and heat 

transfer. 

 Evaluate basic supersonic flight and associated propulsion systems. 

 

UNIT-I 
Fundamental Aspects of Gas Dynamics: Introduction, Isentropic flow in a stream tube, 

speed of sound, Mach waves; One dimensional Isentropic Flow: Governing equations, 

stagnation conditions, critical conditions, maximum discharge velocity, isentropic relations. 

 

UNIT-II 

Normal Shock Waves: Shock waves, stationary normal shock waves, normal shock wave 

relations in terms of Mach number 

 

UNIT-III 
Oblique Shock Waves: Oblique shock wave relations, reflection of oblique shock waves, 

interaction of oblique shock waves, conical shock waves; Expansion Waves: Prandtl-Meyer 

flow, reflection and interaction of expansion waves, flow over bodies involving shock and 

expansion waves 

 

UNIT-IV 
Variable Area Flow: Equations for variable area flow, operating characteristics of nozzles, 

convergent-divergent supersonic diffusers; Adiabatic Flow in a Duct with Friction: Flow in a 

constant area duct, friction factor variations, and the Fanno line. 

 

 

 

UNIT-V 
Flow With Heat Addition Or Removal: One-dimensional flow in a constant area duct 

neglecting viscosi ty, variable area f low with heat addition, one-dimensional constant 

GAS DYNAMICS 
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area flow with both heat exchange and friction. 

 

UNIT-VI 

Generalized Quasi- One-Dimensional Flow: Governing equation sand influence 

coefficients, solution procedure for generalized flow with and without sonic point; Two-

Dimensional Compressible Flow: Governing equations, vorticity considerations, the velocity 

potential, linearized solutions, linearized subsonic flow, linearized supersonic flow, method of 

characteristics. 

 

REFERENCE BOOKS: 

1. Gas Dynamics, E. Rathakrishnan, Prentice Hall of India Pvt. Ltd 

2. The dynamics and thermodynamics of compressible fluid flow, Ascher H. Shapiro,  

     The Ronald press Co 

3. Elements of Gas Dynamics, HW.Lipmann and A. Roshko, Dover Publications 

4. Compressible Fluid Dynamics, Thomson P.A, McGraw-Hill 
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Course Objectives: 

 To create awareness of the importance of working principles of combustion, and 

familiarize the knowledge of various types of fuels  

 To familiarize various processing methods of solid fuels  

 To understand principles of refining liquid fuels, and various types of gaseous fuels and 

their production  

 To familiarize the concept of air fuel ratios for various types of fuel, their importance 

in combustion and different types of combustion phenomena.  

 

Course Outcomes: 

 A student will be able to know the processing of solid fuels  

 A Student will be able to know various methods of gasification of liquid fuels  

 A student will be able to understand the production of various methods of gaseous fuels  

 A student will be able to estimate air fuel ratio based on the fuel, adiabatic temperatures 

and understand the kinetics of combustion  

 

UNIT-I 
Fuels: detailed classification – Conventional and Unconventional Solid, Liquid, gaseous fuels 

and nuclear fuels – Origin of Coal – Analysis of coal, Coal – Carburization, Gasification and 

liquefaction – Lignite: petroleum based fuels – problems associated with very low calorific 

value gases: Coal Gas – Blast Furnace Gas Alcohols and Biogas. 

 

UNIT-II 
Principles Of Combustion: Chemical composition – Flue gas analysis – dew point of products 

– Combustion stoichiometry, Chemical kinetics – Rate of reaction – Reaction order – 

Molecularity – Zeroth, first, second and third order reactions - complex reactions – chain 

reactions, Theories of reaction Kinetics – General oxidation behavior of HC’s. 

 

UNIT-III 
Thermodynamics Of Combustion:  Enthalpy of formation – Heating value of fuel - Adiabatic 

flame, Temperature – Equilibrium composition of gaseous mixtures. 

 

UNIT-IV 

Factors influencing flame velocity and thickness flame stabilization - Diffusion flames 

Combustion Appliances: Gas burners - Functional requirement of burners, Gas burner 

Classification –Stoker firing –pulverized system of firing. 

 

 

 

UNIT-V 

M.TECH-I SEMESTER 

(ELECTIVE-I) 

 

L T P 
INTERNAL 

MARKS 

EXTERNAL 

MARKS 

TOTAL 

MARKS 
CREDITS 

4 0 0 40 60 100 3 

FUELS AND COMBUSTION 
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Laminar And Turbulent Flames Propagation And Structure: Flame stability – Burning 

velocity of fuels – Measurement of burning velocity – factors affecting the burning velocity, 

Combustion of fuel, droplets and sprays – Combustion systems – Pulverized fuel furnaces – 

fixed Entrained and Fluidized Bed Systems. 

 

UNIT-VI 
Environmental Considerations: Air pollution – Effects on Environment, Human Health etc., 

Principal pollutants – Legislative Measures – Methods of Emission control. 

 

REFERENCE BOOKS: 

1. Combustion Fundamentals, Roger A strehlow, McGraw Hill 

2. Fuels and combustion, Sharma and Chander Mohan, Tata McGraw Hill 

3. Combustion Engineering and Fuel Technology, Shaha A.K., Oxford and IBH 

4. Principles of Combustion, Kanneth K.Kuo, Wiley and Sons 

5. An Introduction to Combustion, Stephen R. Turns, McGraw Hill  

6. Combustion Engineering, Gary L. Berman & Kenneth W. Ragland, McGraw Hill  

7. Combustion, Sarkar, McGraw Hill 
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Course Objectives: 

To make the student  

 Introduce to analyze experimental error, static and dynamic characteristics of 

instruments  

 Learn the working of various measuring instruments used in the field of thermal 

engineering  

 Learn the measurement of properties like thermal conductivity of solids, liquids and 

gases  

 Learn the measurement of transport properties like diffusion, convective heat transfer  

 Introduce to electronic control systems associated with automatically controlling the 

measuring parameters 

 Introduce to applications and important features of various measuring instruments  

 

Course Outcomes: 

The student will be able to  

 Use appropriate instrument for measurement of specific parameter  

 Analyze experimental error, Static and Dynamic characteristics of instruments  

 Use appropriate instrument measurement of transport properties  

 Practically apply the principles of measurement to engineering applications / projects.  

 

UNIT-I  
Instrument classification, static and dynamic characteristics of instruments, experimental error 

analysis, systematic and random errors, statistical analysis, uncertainty, reliability of  

instruments, Variable resistance transducers, capacitive transducers, piezoelectric transducers, 

photoconductive transducers, photovoltaic cells, ionization transducers, Hall effect transducers  

 

UNIT-II  
Dynamic response considerations, Bridgman gauge, McLeod gauge, Pirani thermal 

conductivity gauge, Knudsen gauge, Alphatron guage. 

 

UNIT-III  
Flow measurement by drag effects; hot-wire anemometers, magnetic flow meters, flow 

visualization methods, interferometer, Laser Doppler anemometer,Temperature measurement 

by mechanical effect, temperature measurement by radiation, transient response of thermal 

systems, thermocouple compensation, temperature measurements in high- speed flow. 

 

 

 

 

UNIT-IV  

M.TECH-I SEMESTER 

(ELECTIVE-I) 

 

L T P 
INTERNAL 

MARKS 

EXTERNAL 

MARKS 

TOTAL 

MARKS 
CREDITS 

4 0 0 40 60 100 3 

MEASUREMENTS FOR THERMAL ENGINEERING 
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Thermal conductivity measurement of solids, liquids, and gases, measurement of gas diffusion, 

convection heat transfer measurements, humidity measurements, heat-flux meters, Detection 

of thermal radiation, measurement of emissivity, reflectivity and transmissivity, solar radiation 

measurement. 

 

UNIT-V  
Review of open and closed loop control systems and servo mechanisms, Transfer functions of 

Mechanical Systems, input and output systems. 

 

UNIT-VI 

Measurement Analysis : Chemical, thermal, magnetic and optical gas analyzers, 

measurement of smoke, dust and moisture, gas chromatography, spectrometry, measurement 

of pH, Review of basic measurement techniques. 

 

REFERENCE BOOKS: 

1. Experimental methods for engineers, Holman, J.P., McGraw-Hill, 1988 

2. Intelligent Instrumentation, Barney, Prentice Hall of India, 1988 

3. Measurements and Instrumentation in Heat Engineering, Prebrashensky.V.,Vol.1 and 2,  

    MIR Publishers, 1980 

4. Instrumentation Devices and systems, Raman,C.S., Sharma, G.R., Mani, V.S.V., Tata  

    McGraw Hill, New Delhi, 1983. 

5. Measurements System Application and Design, Doeblin, McGraw Hill, 1978 

6. Principles of Measurements and Instrumentation, Morris. A.S, Prentice Hall of India, 1998 
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Course objectives: 

 To make student to understand the basics of finite element analysis and its applications 

in engineering with one dimensional and two dimensional elements. 

 

Course outcomes: 

 Student can have knowledge on basics of Finite Element analysis 

 Student can analyze different elements like bar, truss, beam and triangular elements 

using FEM. 

 Student can solve problems related one dimensional heat transfer, fluid flow and torsion 

problems. 

 

UNIT-I 

Basic Concepts Of The Finite Element Method: Introduction, working of finite element 

method, comparison of finite element method with exact, FDM and FVM. Method of weighted 

residuals, Galerkin’s method for 1 -D heat conduction and fluid flow. 

 

UNIT-II 

Interpolation Functions For General Element Formulation: Compatibility and 

completeness requirements, Polynomial forms for 1-D elements, geometric isotropy, triangular 

elements, rectangular elements, isoparametric formulation, axisymmetric elements, Numerical 

Integration (1-D and 2-D). 

 

UNIT-III 

1-D Steady-State Heat Transfer: FE Formulation using linear and quadratic elements, 

Numerical problems in composite walls and fins of uniform cross section use linear elements. 

1-D Transient Heat Transfer: Derivation of element matrices, solution techniques, Numerical 

problem with 2 elements. 

 

UNIT-IV 

2-D Steady-State Heat Transfer: FE Formulation using linear triangle elements, Problem 

modeling and boundary conditions. 

Axisymmetric Heat Transfer: Finite element formulation using linear triangular elements, 

Problem modeling and boundary conditions. 

 

UNIT-V 

Applications In Fluid Mechanics: Finite Element formulation of 1-D and 2- 

D Steady, incompressible, inviscid, irrotational fluid flows, Problem modeling and boundary 

conditions. 

 

 

M.TECH-I SEMESTER 

(ELECTIVE-II) 

 

L T P 
INTERNAL 

MARKS 

EXTERNAL 

MARKS 

TOTAL 

MARKS 
CREDITS 

4 0 0 40 60 100 3 

FINITE ELEMENT METHOD FOR THERMAL ENGINEERING 
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UNIT-VI 

Mesh Generation & Fem Software: Convergence requirements-mesh generation using 

tessellation method, Quadtree method and Octree method-Mesh refinement-h, p, x and r 

refinement band width- preprocessor – solution- post processor-use of software. 

 

REFERENCE BOOKS: 

1. Introduction to Finite elements in Engineering, Chandraputla & Belagondu, Universities  

     Press.PHI, Third edition, 2002 

2. The finite element method in Heat Transfer, Lewis R.W. et al, Wiley-Blackwell, 1996 

3. Finite element method in Heat transfer and fluid dynamics, J.N. Reddy, CRC press,  

      third edition, 2010 

4.   The Finite Element Method for Fluid Dynamics, Olek C Zienkiewicz, Robert L Taylor,  

       P. Nithiarasu, Elsevier, 7th edition, 2013 
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Course objectives: 

 To enlighten on various technological advancements, benefits and prospects of utilizing 

hydrogen/fuel cell for meeting the future energy requirements. 

 To detail on the hydrogen production methodologies, possible applications and various 

storage options 

 To discuss on the working of a typical fuel cell, its types and to elaborate on its 

thermodynamics and kinetics 

 To analyze the cost effectiveness and eco-friendliness of Fuel Cells 

 

Course outcomes: 

 Good understanding of hydrogen as alternate fuel for present and future engines 

 Fundamentally strong understanding on the working of various fuel cells, their relative 

advantages/ disadvantages and hydrogen generation/storage technologies 

 

UNIT -I  

Hydrogen – Basics And Production Techniques  

Hydrogen – physical and chemical properties, salient characteristics. Production of hydrogen 

– steam reforming – water electrolysis – gasification and woody biomass conversion – 

biological hydrogen production – photo dissociation – direct thermal or catalytic splitting of 

water 

 

UNIT-II  

Hydrogen Storage and Applications  

Hydrogen storage options – compressed gas – liquid hydrogen – Hydride – chemical Storage 

– 

Comparisons, Carbon-Nano tubes– Safety and management of hydrogen 

 

UNIT-III 

Applications of Hydrogen 

Hydrogen fuel applications–internal combustion engines–turbines and jet engines.  

Hybrid elective vehicles–ships and submarines 

 

UNIT-IV 

Fuel Cells  

History – principle - working - thermodynamics and kinetics of fuel cell process – performance 

evaluation of fuel cell – comparison on battery Vs. fuel cell 

 

UNIT-V  

Fuel Cell–Types: Types of fuel cells – AFC, PAFC, SOFC, MCFC, DMFC, PEMFC – relative 

merits and demerits 

 

M.TECH-I SEMESTER 

(ELECTIVE-II) 

 

L T P 
INTERNAL 

MARKS 

EXTERNAL 

MARKS 

TOTAL 

MARKS 
CREDITS 

4 0 0 40 60 100 3 

HYDROGEN AND FUEL CELL TECHNOLOGIES 
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UNIT-VI 

Application of Fuel Cell And Economics  

Fuel cell usage for domestic power systems, large scale power generation, Automobile, Space. 

Economic and environmental analysis on usage of Hydrogen and Fuel cell, Future trends in 

fuel cells 

 

REFERENCE BOOKS: 

 

1. Fuel Cells – Principles and Applications, Viswanathan, B and M AuliceScibioh,  

    Universities Press (2006) 

2. Hydrogen and Fuel Cells: A Comprehensive Guide, Rebecca L. and Busby,  

    Penn Well Corporation, Oklahoma (2005) 

3. Hydrogen and Fuel Cells: Emerging Technologies and Applications, Bent Sorensen  

    (Sorensen),, Elsevier, UK (2005) 

4. Fuel Cell and Their Applications, Kordesch, K and G.Simader, Wiley-Vch, Germany  

    (1996) 

5. Fuel Cells: Theory and Application, Hart, A.B and G.J.Womack, Prentice Hall,  

    NewYork Ltd., London (1989) 

6. The Hydrogen Economy, Jeremy Rifkin, Penguin Group, USA (2002) 
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Course objectives: 

 To create the awareness of working of thermal and nuclear power plants along with 

economics   

 To understand the importance of steam power plants, their limitations and to familiarize 

the working principles of boilers, condensers and steam turbines  

 To familiarize the working principle of gas turbine plants, stress the need for waste heat 

recovery and various methods of nuclear power.  

 To understand the principles of various flow meters in power plants and stress the need 

for pollution control  

 

Course outcomes: 

 A student will be able to analyze the flue gases  

 A student will be able to opt various methods for waste heat recovery  

 A student will be able to justify the economics for requirement of nuclear power plants  

 A student will be able to measure various parameters involved in power plants and 

suggest various remedies to control pollutants. 

 

UNIT-I 

Introduction: Sources of energy, Type of Power plants. Direct energy conversion system, 

Energy sources in India, Recent developments in power generation, Combustion of coal, 

Volumetric analysis, Gravimetric analysis, Fuel gas analysis. 

 

Steam Power Plant: Introduction. General layout of steam power plant, Modern coal, Fired 

Steam, Steam power plant, Power plant cycle, Fuel Handling, Combustion equipment, Ash 

handling, Dust collectors 

 

UNIT-II 

Steam Generators: Types, Accessories. Feed water heaters, Performance of boiling, Water 

treatment, Cooling towers, Steam turbines. Compounding of turbines, Steam condensers, Jet 

and surface condensers. 

 

UNIT-III 

Gas Turbine Power Plant: Open and Closed cycle gas turbine plants, Cogeneration. 

Combined cycle power plant, Analysis, Waste heat recovery, IGCC power plant, Fluidized bed, 

Combustion, Advantages, Disadvantages 

 

 

 

 

UNIT-IV 

M.TECH-I SEMESTER 

(ELECTIVE-II) 
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Nuclear Power Plant: Nuclear physics, Nuclear Reactor, Classification, Types of reactors, 

Site selection, Method of enriching uranium, Application of nuclear power plant. Nuclear 

Power Plant Safety: Bi-Product of nuclear power generation, Economics of nuclearpower plant, 

Nuclear power plant in India, Future of nuclear power. 

 

UNIT-V 

Economics of Power Generation: Factors affecting the economics, loading factors, 

Utilization factor, Performance and operating characteristics of power plant, Point economic 

load sharing, Depreciation, Energy rate, Criteria for optimum loading. Specific economic 

energy problem 

 

UNIT-VI 

Power Plant Instrumentations: Classification, Pressure measuring instrument, 

Temperature measurement and Flow Measurement, Analysis of combustion gases, Pollution 

types, Methods of control. 

 

REFERENCE BOOKS: 

1. Power Plant Engineering, P.K.Nag, TMH Publications 

2. Power Plant Engineering, R.K.Rajput, Lakshmi Publications 

3. Power Plant Engineering, P.C.Sharma, Kataria Publications 

4. Power Plant Technology, M.M. EI-Wakil, TMH Publications 
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Course Objectives:  

To make the student learn  

 Measurement of compressibility factor of real gases  

 Estimation of dryness fraction of steam  

 Analysis of exhaust gases and flame propagation  

 Performance test of variable compression ratio diesel engine , R& AC systems and heat 

pipe  

 Pin fin experiment under forced and natural convection  

 Double pipe heat exchanger performance under parallel and counter flow conditions  

 Evacuated tube concentrator  

 

Courses Outcomes:  

The student will be able to  

 Measure the compressibility factor of real gases  

 Estimate the dryness fraction of steam  

 Analyze exhaust gases and flame propagation  

 Conduct performance test on variable compression ratio diesel engine , R& AC systems 

and heat pipe  

 Conduct performance test on pin fin under forced and natural convection  

 Conduct performance test on double pipe heat exchanger under parallel and counter 

flow conditions  

 Test the evacuated tube concentrator  

 

LIST OF EXPERIMENTS:  

Any TEN Experiments 

1.  Compressibility factor measurement of different real gases.  

2.  Dryness fraction estimation of steam.  

3.  Performance test on a variable compression ratio (VCR) diesel engine.  

4.  Exhaust gas analysis with gas analyzer.  

5.  COP of refrigeration system.  

6.  Performance of an air-conditioning system.  

7.  Pin fin experiment under natural convection heat transfer conditions.  

8.  Pin fin experiment under forced convection heat transfer conditions.  

9.  Double pipe heat exchanger with parallel and counter flow.  

10. Finned tube heat exchanger.  

11. Performance of heat pipe.  

12. Evacuated tube concentrator. 

 

 

M.TECH-I SEMESTER 
L T P 

INTERNAL 

MARKS 

EXTERNAL 

MARKS 

TOTAL 

MARKS 
CREDITS 

0 0 6 25 50 75 3 

ADVANCED THERMAL ENGINEERING LABORATORY 
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Course objectives: 

 To understand basic concepts and principles of fluid mechanics  

 To develop various types of flows, models and develop algorithms  

 To study various methods of grid generation  

 To create the awareness of the importance of principles of fluid dynamics in 

engineering  

 

Course outcomes: 

 A student will be able to apply the knowledge of CFD, which is useful for engineering 

applications such as aerodynamic, heat transfer, turbo-machinery etc,.  

 A student will be able to apply his knowledge of CFD for advanced topics like 

conjugate heat transfer and use effectively different software packages relevant to CFD. 

 A student will be able to understand CFD modeling  

 A Student will be able to write algorithms for CFD techniques for steady flows  

 

UNIT–I 

Introduction to Numerical Methods: Finite Difference, Finite Element and Finite Volume 

Methods, Classification of Partial Differential Equations – Solution of Linear Algebraic 

Equations – Direct and Iterative Approaches. 

 

UNIT-II 

Finite Difference Methods: Taylor’s series – FDE formulation for 1D and 2D steady state 

heat transfer problems – Cartesian, cylindrical and spherical co-ordinate systems – boundary 

conditions – Un steady state heat conduction – Errors associated with FDE - Explicit Method 

– Stability criteria – Implicit Method – Crank Nicolson method – 2-D FDE formulation – ADI 

– ADE 

 

UNIT–III 

Finite Volume Method: Formation of Basic rules for control volume approach using 1D 

steady heat conduction equation – Interface Thermal Conductivity - Extension of General 

Nodal Equation to 2D and 3D Steady heat conduction and unsteady heat conduction  

 

 

UNIT–IV 

FVM to Convection and Diffusion: Concept of Elliptic, Parabolic and Hyperbolic Equations 

applied to fluid flow – Governing Equations of Flow and Heat transfer – Steady 1D Convection 

Diffusion – Discretization Schemes and their assessment – Treatment of Boundary Conditions 

 

UNIT–V 

M.TECH-II SEMESTER 
L T P 

INTERNAL 

MARKS 

EXTERNAL 

MARKS 
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MARKS 
CREDITS 

4 0 0 40 60 100 3 
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Calculation of Flow Field: Vorticity & Stream Function Method - Staggered Grid as Remedy 

for representation of Flow Field - Pressure and Velocity Corrections – Pressure Velocity 

Coupling - SIMPLE & SIMPLER (revised algorithm) Algorithm. 

 

UNIT–VI 

Turbulent Flows: Direct Numerical Simulation, Large Eddy Simulation and RANS Models  

Compressible Flows: Introduction - Pressure, Velocity and Density Coupling. 

 

REFERENCE BOOKS: 

1. Computational Fluid Flow and Heat Transfer, Muralidharan & Sundarajan, Narosa Pub 

2. Numerical heat transfer and fluid flow, S.V. Patankar, Hemisphere Pub. House 

3. An Introduction to Computational Fluid Dynamics, FVM Method – H.K. Versteeg,  

    W. Malalasekhara PHI Publications 

4. Computational Fluid Dynamics, Anderson, TMH Publications 

5. Computational Methods for Fluid Dynamics, Ferziger, Peric, Springer 

6. Computational Fluid Dynamics, T.J. Chung, Cambridge University 

7. Computational Fluid Dynamics, A Practical Approach–Tu, Yeoh, Liu (Elsevier) 

8. Text Book of Fluid Dynamics, Frank Chorlton, CBS Publishers 
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Course objectives: 

 To create awareness of the importance of Heat exchangers design,  

 To understand the basic principles of design and modelling of heat exchangers  

 To familiarize principles of design of heat exchangers pertaining to industry 

 To understand the basic principles of different types of heat exchangers and cooling 

towers  

 

Course outcomes: 

 A student will be able to select heat exchanger as per its application in engineering  

 A student will be able to do root design heat exchanges  

 A student will be able to understand selection and design of cooling towers  

 A student will be able to select and design of heat exchangers for advanced applications 

like process industry  

 

UNIT-I 

Classification Of Heat Exchangers: Introduction, Recuperation & regeneration, Tabular heat 

exchangers, Double pipe, shell & tube heat exchanger, Plate heat Exchangers, Gasketed plate 

heat exchanger. Spiral plate heat exchanger, Lamella heat exchanger, extended surface heat 

exchanger, Plate fin and Tabular fin. 

 

UINT-II 

Basic Design Methods of Heat Exchanger: Introduction, Basic equations in design, Overall 

heat transfer coefficient, LMTD method for heat exchanger analysis, Parallel flow, and Counter 

flow, Multi pass, cross flow heat exchanger design calculations: 

 

UNIT-III 

Double Pipe Heat Exchanger: Film coefficient for fluids in annulus, fouling factors, calorific 

temperature, Average fluid temperature, The calculation of double pipe exchanger, Double 

pipe exchangers in series parallel arrangements, Shell & Tube Heat Exchangers: Tube layouts 

for exchangers, Baffle heat exchangers, Calculation of shell and tube heat exchangers, Shell 

side film coefficients, Shell side equivalent diameter, The true temperature difference in a 1-2 

heat exchanger. Influence of approach temperature on correction factor. Shell side pressure 

drop, Tube side pressure drop, Analysis of performance of 1-2 heat exchanger and design of 

shell & tube heat exchangers, Flow arrangements for increased heat recovery, the calculation 

of 2-4 exchangers. 

 

 

 

 

 

M.TECH-II SEMESTER 
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MARKS 
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UNIT-IV 

Condensation of Single Vapours: Calculation of horizontal condenser, Vertical condenser, 

De-Super heater condenser, Vertical condenser-sub-Cooler, Horizontal Condenser-Sub cooler, 

Vertical reflux type condenser, Condensation of steam. 

 

UNIT-V 

Vaporizers, Evaporators and Reboilers: Vaporizing processes, Forced circulation 

vaporizing exchanger, Natural circulation vaporizing exchangers, Calculations of a reboiler, 

Extended Surfaces: Longitudinal fins. Weighted fin efficiency curve, Calculation of a Double 

pipe fin efficiency curve. Calculation of a double pipe finned exchanger, Calculation of a 

longitudinal fin shell and tube exchanger. 

 

UNIT-VI 

Direct Contact Heat Exchanger: Cooling towers, relation between wet bulb & dew point 

temperatures, The Lewis number and Classification of cooling towers, Cooling tower internals 

and the roll of fill, Heat Balance. Heat Transfer by simultaneous diffusion and convection, 

Analysis of cooling tower requirements, Deign of cooling towers, Determination of the number 

of diffusion units, Calculation of cooling tower performance. 

 

REFERENCE BOOKS: 

1. Process Heat Transfer, D.Q.Kern, TMH Publications 

2. Cooling Towers, J.D.Gurney and I.A. Cotter, Maclaren Publications 

3. Heat Exchanger Design, A.P.Fraas and M.N.Ozisicj, John Wiely& sons 
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Course objectives: 

To enable the student  

 Understand the principles of refrigeration and air conditioning.  

 Calculate the cooling load for different applications.  

 Select the suitable equipment for a particular application.  

 Design and implement refrigeration and air conditioning systems using standards.  

 

Course Outcomes:  

The student will be able to  

 Differentiate between various refrigeration systems  

 Apply refrigeration and air conditioning principles  

 Design refrigeration systems  

 Design air conditioning systems  

 

UNIT –I 

Vapour Compression Refrigeration: Performance of Complete vapor compression system. 

Components of Vapor Compression System: The condensing unit – Evaporators – 

Expansion valve – Refrigerants – Properties – ODP & GWP - Load balancing of vapor 

compression Unit. 

Compound Compression: Flash inter-cooling – flash chamber – Multi-evaporator & 

Multistage systems. 

 

UNIT–II 

Production Of Low Temperature: Liquefaction system; Cascade System – Applications.–

Dry ice system. 

Vapor Absorption System: Simple and modified aqua – ammonia system – Representation 

on Enthalpy –Concentration diagram. Lithium – Bromide system Three fluid system – HCOP. 

 

UNIT–III 

Air Refrigeration: Applications – Air Craft Refrigeration -Simple, Bootstrap, Regenerative 

and Reduced ambient systems – Problems based on different systems 

Steam Jet Refrigeration System: Representation on T-s and h-s diagrams – limitations and 

applications 

Unconventional Refrigeration System: Thermo-electric – Vortex tube & Pulse tube – 

working principles. 

 

 

 

 

UNIT–IV 
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Air-Conditioning: Psychometric properties and processes – Construction of Psychometric 

chart. Requirements of Comfort Air –conditioning – Thermodynamics of human body – 

Effective temperature and Comfort chart – Parameters influencing the Effective Temperature. 

Summer, winter and year round air – conditioning systems. 

 

UNIT-V 

Cooling Load Calculations: Psychometric– Comfort air conditioning -Factors affecting 

human comfort – Cooling Load calculations. 

 

UNIT–VI 

Air-Conditioning Systems: All Fresh air, Re-circulated air with and without bypass, with 

reheat systems – Calculation of Bypass Factor, ADP, RSHF, ESHF and GSHF for different 

systems. 

Components: Humidification and dehumidification equipment – Systems of Air cleaning – 

Grills and diffusers – Fans and blowers – Measurement and control of Temperature and 

Humidity. 

 

REFERENCE BOOKS: 

1. Refrigeration & Air Conditioning, C.P. Arora, TMH Publications 

2. Refrigeration & Air Conditioning, Arora&Domkundwar, DhanpatRai Publications 

3. Refrigeration and Air Conditioning, Stoecker, McGraw Hill Publications 

4. Principles of Refrigeration, Roy. J. Dossat, John Wiley Publications 

5. Refrigeration and Air Conditioning, Ananthanarayana, TMH Publications 
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Course objectives: 

 To make student to acquire knowledge on power generation through gas turbine. 

 To make student to gain knowledge in the application of gas turbine in the field of jet 

propulsion. 

 To make student aware of combustion chambers 

 

Course outcomes: 

 Student can know the methods of improving thermal efficiency and specific power 

output of a gas turbine cycle. 

 Students can aware working of various military profiles like Ramjet, Pulse jet, Turbojet 

and Turboprop etc. 

 Student can study drawing velocity triangles of turbine blades and compressor blades. 

 

UNIT-I 

Introduction: Cycles for Gas turbine, Performance of Gas turbines, open and closed cycle gas 

turbine analysis, Components of Turbine, Combustors for gas turbine, fuel requirements. 

 

UNIT-II 
Axial Flow Compressors: Principle of operation, Momentum or Filament analysis and energy 

transfer in rotors, Losses & coefficients of performance, cascade characteristics, overall 

performance, compressor characteristics, surging, choking and stalling. 

 

UNIT-III 

Axial Flow Gas Turbines: Elementary Theory, Turbine and nozzle efficiencies, Degree of 

reaction, Impulse turbine analysis, Reaction turbine analysis, comparison of Turbine types. 

 

UNIT-IV 

Applications of Gas Turbines: Typical applications of gas turbines-electric power generation 

applications-marine application locomotive applications automotive applications aircraft 

applications-process applications, additional features of gas turbine engines-trends in future 

development. 

 

UNIT-V 

Jet Propulsion: Introduction, Air breathing Jet engines, classification-Ram jet, pulse jet, Turbo 

jet, Turbo prop, Thrust, Efficiency-Ram, Thermal, Transmission, overall. Effect of forward 

speed, altitude, Thrust augmentation - After burning, wateralcohol mixtures, Bleed burn cycle 

 

 

 

M.TECH-II SEMESTER 
L T P 

INTERNAL 

MARKS 

EXTERNAL 

MARKS 

TOTAL 

MARKS 
CREDITS 

4 0 0 40 60 100 3 

GAS TURBINES AND JET PROPULSION 



 
 

Page 29 

 

UNIT-VI 

Rocket Propulsion: Principle, classification-chemical, rocket-solid propellant, liquid 

propellant, advantages, free radical, Nuclear, Electro dynamic, plasma, photon propulsion. 

 

REFERENCE BOOKS: 

 

1. Gas Turbines, Ganesan V, TMH, 3rd Edition 

2. Gas turbines and propulsive systems, KhajuriaP.R. DubeyS.P, DhanpatRai pub. 

3. Gas turbines and jet & rocket propulsion, Mathur M.L, Sharma R.P. Standard Publishers 

4. Gas Turbine Theory, Cohen H, Rogers and Saravanamuthu H, John Wiley 

5. Turbines, Compressors and Fans, Yahya S.H, Tata McGraw-Hill.  

6. Aero-thermodynamics of gas turbine and rocket propulsion, Gordon Oates,  

    AIAA Education series 
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Course objectives: 

 To create awareness of the importance of the energy auditing and determination of 

evaluation methods of engineering projects 

 To understand the principles of energy management for various types of industries  

 To understand the need and necessity of energy auditing and estimate the budget for 

industry  

 To understand the importance of renewable energies in the scenario of depletion of 

conventional energy resources  

 

Course outcomes: 

 A student will be able to grasp the importance of energy auditing  

 A student will be able to estimate the requirement of any proposed industry  

 

UNIT-I 

Introduction: Principles of energy management. Managerial organization, Functional areas 

for i) manufacturing industry, ii) Process industry, iii) Commerce, iv) Government, Role of 

Energy manager in each of these organizations. Initiating, Organizing and managing energy 

management programs 

 

UNIT-II 

Energy Audit: Definition and concepts, Types of energy audits, Basic energy concepts, 

Resources for plant energy studies, Data gathering, Analytical techniques. Energy 

Conservation: Technologies for energy conservation, Design for conservation of energy 

materials, Energy flow networks, Critical assessment of energy usage. Formulation of 

objectives and constrains, Synthesis of alternative options and technical analysis of options, 

Process integration. 

 

UNIT-III 

Economic Analysis: Scope, Characterization of an investment project. Types of depreciation, 

Time value of money. Budget considerations, Risk analysis. 

 

UNIT-IV 

Methods Of Evaluation Of Projects: Payback, Annualized costs, Investor's rate of return, 

Present worth, Internal rate of return, Pros and cons of the common method of analysis, 

Replacement analysis. 
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UNIT-V 

Alternative Energy Sources: SOLAR ENERGY: Types of devices for solar energy 

collections, Thermal storage system, Control systems. Wind Energy, Availability, Wind 

Devices, Wind Characteristics, performance of turbines and systems. 

 

UNIT-VI 

Energy Conservation In Electric Utility And Industry : Energy  cost  and two part tariff, 

energy conservation in utility by improving load factor, load curve analysis energy efficient 

motors, Energy conservation in illuminating system, importance of power factor in energy 

conservation power factor improvement methods, energy conservation in industries. 

 

REFERENCE BOOKS: 

1. Energy Management Principles, CB Smith, Pergamon Press 

2. Energy Management, W.R.Murthy and G.Mc.Kay, BS Publication 

3. Management, H.Koontz and CyrillDonnel, McGraw Hill 

4. Financial Management, S.C.Kuchhal, Chaitanya Publishing House 
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Course objectives: 

 To understand the students potential and importance of non-conventional energy 

sources  

 To understand the concept of Solar radiation and Energy conversion  

 To understand PV technology principles and techniques of various solar cells / 

materials for energy conversion. 

 To understand Economical and environmental merits of solar energy for variety of 

applications. 

 

Course Outcomes:  

 Knowledge on radiation principles with respective solar energy estimation  

 Be familiar with various collecting techniques of solar energy and storage  

 PV technology principles and techniques of various solar cells / materials for energy 

conversion will be learnt  

 Economic and environmental merits of solar energy for variety of applications will be 

understood  

 

UNIT-I  

Solar Radiation: Source of radiation – Sun earth relationship- extraterrestrial radiation.– 

Atmospheric attenuation – Terrestrial radiation-radiation on a horizontal surfaces and inclined 

planes - relations between monthly, daily and hourly radiation and components of the 

radiations– solar charts – Critical radiation-Measurement of global, direct and diffuse solar 

radiation - pyroheliometer, pyranometer, pyrogeometer, sunshine recorder – an overview of 

solar radiation data in India.  

 

UNIT-II  

Solar Flat Plate Collectors: Design considerations – classification- Flat plate collectors- air 

heating collectors liquid heating –Temperature distributions- Heat removal rate- Useful energy 

gain - Losses in the collectors-for efficiency of flat plate collectors – selective surfaces. 

 

UNIT-III  

Solar Concentric Tube Collectors: Tubular solar energy collectors analysis of concentric tube 

collector – testing of flat plate collectors. Concentric collectors - Limits to concentration – 

concentrator mounting – tracking mechanism - performance analysis focusing solar 

concentrators: Heliostats.  

  

 

 

 

UNIT-IV  

M.TECH-II SEMESTER 
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Photovoltaic Systems: Conversion of Solar energy into Electricity - Photovoltaic Effect, 

Photovoltaic material - Solar Cell – Module – Silicon solar cell, Efficiency limits, Variation of 

efficiency with band-gap and temperature, Efficiency measurements, High efficiency cells, 

Recent developments in Solar Cells- PV systems - applications  

 

UNIT-V  

Energy Storage: Sensible Heat Storage – Liquid media storage – Solid media storage – Latent 

heat storage - Phase change materials – Chemical storage  

 

UNIT-VI  

Industrial Applications Of Solar Heat: Solar Thermal Power Plant, Solar Desalination, Solar 

Water Heating, Solar Air Heating, Solar Drying, Solar Cooking, Solar Greenhouse technology: 

Fundamentals, design, modeling and applications  

 

REFERENCE BOOKS: 

1. Solar Cells and Their Applications, L D. Partain, L M. Fraas, John Wiley and Sons, 2010  

2. Solar Energy Engineering, SoterisKalogirou, Academic Press, 2009 

3. Solar Energy, Sukhatme S P, Tata McGraw-Hill Education, 2008 

4. Handbook of Photovoltaic Science and Engineering, A Luque, S Hegedus, John Wiley and  

    Sons, 2003  

5. Solar Energy Fundamentals, Design, Modeling and Applications, G. N. Tiwari,  

    Narosa Publishing House Pvt. Ltd., 2002  

6. Solar Energy- Fundamentals & Applications, H.P. Garg and J. Prakash, Tata McGraw-Hill,  

    2000.  
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Course Objectives:  

 To understand the students potential and importance of non-conventional energy 

sources  

 To under the methods of extracting solar energy, wind energy ocean energy and 

geothermal energy.  

 

Course Outcomes:  

 Student can know the working of flat plate collector, concentrating collectors to extract 

solar energy. 

 Student can know the power generation through horizontal and vertical axis wind 

turbines.  

 Student can know the extraction methods of OTEC, Wave energy and power generation 

through MHD.  

 Student can aware of applications of solar energy  

 

UNIT-I 

Introduction: Energy Scenario – Survey of Energy Resources – Classification – Need for Non-

Conventional Energy Resources.   

Solar Energy: The Sun - Sun-Earth Relationship –Solar radiation – Attention –Radiation 

measuring Instruments. 

 

UNIT-II 

Solar Energy Applications: Solar water Heating, Space heating – Active and Passive heating 

– Energy storage – selective surface – solar stills and ponds – solar refrigeration – photovoltaic 

generation. 

 

UNIT-III 

Wind Energy: Wind – characteristics – wind energy conversion systems – types – Betz model 

– Interference Factor – Power Coefficient – Torque Coefficient and thrust coefficient – Lift  

machines and drag machines – matching – electricity generation.. 

 

Geothermal Energy: Structure of Earth – Geothermal Regions – Hot springs – Hot Rocks – 

Hot Aquifers – Analytical Methods to estimate Thermal Potential – Harnessing Techniques – 

Electricity Generation Systems.  
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UNIT–IV 
Energy from Oceans: Tidal Energy; Tides – Diurnal and Semi – Diurnal Nature – Power from 

Tides.  

Wave Energy: Waves – Theoretical Energy Available – Calculation of period and phase 

velocity of waves – wave power systems – submerged devices. 

Ocean Thermal Energy: Principles – Heat Exchangers – Pumping requirements – Practical 

Considerations 

 

UNIT-V 
Bio–Energy: Biomass Energy Sources – Plant Productivity, Biomass Wastes – Aerobic and 

Anaerobic bio-conversion processes – Raw Materials and properties of Bio-gas-Bio-gas plant 

Technology and Status – The Energetic and Economics of Biomass systems – Biomass 

gasification – Biodiesel 

 

UNIT-VI 
Direct Energy Conversion Systems: Fuel Cells and Solar Cells–Thermionic and 

Thermoelectric Generation – MHD Generator-Open and Closed Systems. 

 

REFERENCE BOOKS: 

1. Renewable Energy Resources, JohnTwidell&Tony Weir, Routledge Publishers 

2. Non-Conventional  Energy Sources, G.D Rai, (4th ed.), Khanna Publishers 

3. Renewable Energy Resources, G.N.Tiwari and M.K.Ghosal, Narosa Publication Ltd 

4. Renewable Energy Resources, G.N.Tiwari and M.K.Ghosal, Narosa Publication Ltd 

5. Non-Conventional Energy, Ashok V Desai, Wiley Eastern 
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Course objectives: 

 The course has been designed to improve the understanding of the students about 

different pollution control strategies and the skills of application of remediation 

techniques to combat pollution in three environmental compartments i.e. air, water and 

soil. 

 The course will also be dealing about the sources of pollution in air, soil, water, thermal 

and noise and the impacts these sources on the environment and health.  

 In addition, the students will be given the training to develop the particular kills required 

in pollution related structured research. 

 

Course outcomes: 

 Understanding of air/water pollution regulations and their scientific basis  

 Apply knowledge for the protection and improvement of the environment 

 Ability to monitor marine and nuclear land/soil noise and thermal pollution control 

systems  

 

UNIT-I  

Introduction: Classification of Pollution and Pollutants, Causes, Effects and Sources of 

Pollution 

 

UNIT-II  

Air Pollution: Primary and Secondary Pollutants, Automobile Pollution, Industrial Pollution, 

Ambient Air Quality Standards,  Air pollution sampling and Measurement-types of pollutant 

sampling and measurement-Ambient air sampling-collection of gaseous air pollutants-

collection of particulate pollutants- stock sampling, analysis of air pollutants-sulfur dioxide- 

nitrogen dioxide, carbon monoxide, oxidants and ozone hydrocarbons-particulate matter. 

 

UNIT-III  

Water Pollution: Point and Non-point Source of Pollution, Major Pollutants of Water, Water 

Quality Requirement for Different Uses, Global water crisis Issues. 

 

UNIT-IV  

Marine And Nuclear Pollution: Misuse of International Water for Dumping of Hazardous 

Waste, Coastal Pollution Due to Industrial Effluents, Nuclear Power Plants, Nuclear Radiation, 

Disasters and Impacts, Genetically Disorders. 
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Land/Soil Pollution: Effects of urbanization on land degradation, Impact of Modern 

Agriculture on Soil, Effect on Environment and Life sustenance, Abatement measures. 

 

UNIT-VI  

Noise and Thermal Pollution: Sources of Noise, Effects of Noise, Industrial Noise - 

Occupational Health Hazards, Thermal Comforts, Heat Island Effect, Radiation Effects 

 

REFERENCE BOOKS: 

1. Introduction to Engineering and Science, Manster, G.M, Pearson Publishers, 2004. 

2. Environmental Pollution Control Engineering, Rao, E.S, Wiley Eastern Ltd., 1991 

3. Pollution Control in Process Industries, Mahajan, S.P., Tata McGraw-Hill, 1985 

4. Air Pollution Control Theory, Crawford, M., TMH, 1976. 
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Course objectives:  

 To enhance the knowledge of the students on aircrafts and space propulsion 

 To gain insight on the working principle of rocket engines, different feed systems, 

propellants and their properties and dynamics of rockets. 

 

Course outcomes: 

 On successful completion of this course the student will be able to understand the 

working of different types of aircraft and rocket propulsion systems and their 

performance characteristics. 

 

UNIT-I  

Gas Dynamics 

Wave motion - Compressible fluid flow through variable area devices – Stagnation state Mach 

Number and its influence and properties, Isentropic Flow, Rayleigh and Fanno Flow, 

Deflagration and Detonation – Normal shock and oblique shock waves 

 

UNIT-II  

Thermodynamics of Aircraft Engines  

Theory of Aircraft propulsion – Thrust – Various efficiencies – Different propulsion systems 

– Turboprop – Ram Jet – Turbojet, Turbojet with after burner, Turbo fan and Turbo shaft. 

Variable thrust- nozzles – vector control 

 

UNIT-III  

Performance Characteristics of Aircraft Engines 

Engine - Aircraft matching – Design of inlets and nozzles – Performance characteristics of 

Ramjet, Turbojet, Scramjet and Turbofan engines. 

 

UNIT–IV 

Rocket Propulsion 

Theory of rocket propulsion – Rocket equations – Escape and Orbital velocity – Multi-staging 

of Rockets – Space missions – Performance characteristics – Losses and efficiencies 

 

UNIT-V  

Solid Propellant Rocket Engines- Combustion of solid propellants– stability of the burning 

surface– solid propellant composition preparation– design of propellant grains– trends in solid 

propellant rocket development 
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UNIT-VI 

Liquid Propellant Rocket Engines 

Introduction-Performance analysis of ideal rocket motor– departure from ideal performance– 

theoretical specific impulse calculations– combustor design principles– cooling of rocket 

motors– liquid rocket-systems 

 

REFERENCE BOOKS: 

 

1. Mechanics and Thermodynamics of Propulsion, Philip G. Hill and Carl R. Peterson,  

    Wesley Publishing Company, New York, 2009 

2. Principles of Jet Propulsion and Gas Turbines, Zucrow N.J., John Wiley and Sons  

    New York, 1970. 

3. Aircraft and Missile Propulsion, Zucrow N.J., Vol. I and Vol. II, John Wiley and Sons Inc,  

     New 

4. Fundamentals of Compressible Flow, S. M.Yahya, New Age International Pvt Ltd, 2003. 

5. Principles of Guided Missile Design, Bonney E.A. Zucrow N.J., Van Nostranc Co., 1956 

6. Jet Propulsion Engines, Lancaster O.E., Princeton Legacy Library 
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Course Objectives:  

At the end of the completion of the course the student will be able to 

 Understand the mechanism of variation of properties of materials at low  temperatures  

 Apply the principles of thermodynamics to analyze the low-temperature air separation 

systems. 

 Apply the principles of thermodynamics to the analyze gas liquefaction systems. 

 Understand use of effective and environmentally safe cryogenic technology for 

applications in industry, construction, agriculture, medicine and living organisms. 

 

Course Outcomes:  

 Student can know the working of flat plate collector, concentrating collectors to extract 

solar energy. 

 Student can know the power generation through horizontal and vertical axis wind 

turbines.  

 Student can know the extraction methods of OTEC, Wave energy and power generation 

through MHD.  

 Student can aware of applications of solar energy  

 

UNIT-I 

Introduction To Cryogenic Systems: Mechanical Properties at low temperatures, Properties 

of Cryogenic Fluids 

GAS LIQUEFACTION: Minimum work for liquefaction, Methods to protect low 

temperature, Liquefaction systems for gages other than Neon, Hydrogen and Helium 

 

UNIT-II 

Liquefaction Cycles: Carnot Liquefaction Cycle, F.O.M. and Yield of Liquefaction Cycles, 

Inversion Curve - Joule Thomson Effect, Linde Hampson Cycle Precooled Linde Hampson 

Cycle, Claudes Cycle, Dual Cycle, Helium Refrigerated Hydrogen Liquefaction Systems. 

Critical components in Liquefaction Systems 

 

UNIT-III 

Separation of Cryogenic Gases: Binary Mixtures, T-C and H-C. Diagrams, Principle of 

Rectification, Rectification Column Analysis – McCabe Thiele Method. Adsorption Systems 

for purification 

 

UNIT-IV 

Cryogenic Refrigerators: J.T. Cryocoolers, Stirling Cycle Refrigerators, G.M. Cryocoolers, 

Pulse Tube Refrigerators, Regenerators used in Cryogenic Refrigerators, Magnetic 

Refrigerators. 
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UNIT-V 

Handling of Cryogens: Cryogenic Dewar Construction and Design, Cryogenic Transfer 

Lines.  Insulations used in Cryogenic Systems, Different Types of Vacuum Pumps, 

Instrumentation to measure Flow, Level and Temperature. 

 

UNIT-VI 

Applications: Applications of Cryogenics in Space Programs, Superconductivity, Cryo 

Metallurgy, Medical applications. 

 

REFERENCE BOOKS:  

1. Cryogenic Systems, Randall F.Barron, McGraw Hill 

2. Cryogenic Engineering, Scott R.B., Van Nostrand and Co 

3. Cryogenic Technology, Robert W.Vance, Johnwiley& Sons, Inc., New York, London 

4. Cryogenic Process Engineering, Klaus D.Timmerhaus, Plenum Press   New York 
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Course Objectives:  

To make the student understand  

 Solution of problems of heat conduction using fem software  

 Solving problems involving heat transfer from fins by writing program codes in MAT 

lab software  

 Solving problems containing flow and heat transfer using FVM software  

 

Course Outcomes:  
The student will be able to  

 Write program source codes to some heat transfer problems and solve them using MAT 

lab  

 Solve some heat transfer problems using FEM software  

 Solve certain problems involving flow and heat transfer using FVM software  

 

LIST OF NUMERICAL PROBLEMS 

Any TEN numerical problems 

The following problems are solved using MATLAB, FEM and FVM software.  

1.  Two dimensional steady state heat conduction in a slab.  

2.  One dimensional unsteady state heat conduction in a slab.  

3.  Heat transfer from a rectangular fin.  

4.  Heat transfer from a triangular fin.  

5.  Laminar flow through a rectangular duct.  

6.  Laminar natural convection from a vertical plate.  

7.  Parallel flow double pipe heat exchanger.  

8.  Counter flow heat exchanger.  

9.  Solution of a Tridiagonal matrix (TDM) using Thomas algorithm. 

10.Solution of a second order ordinary differential equation by fourth-order Runge- 

Kutta Method.  

11.Solution of simultaneous first order ordinary differential equations by fourth-order Runge 

Kutta Method. 
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Course Objectives: 

 Know how to solve system of equations, ordinary differential equations and partial 

differential equations numerically.  

 Understand correlation and regression.  

 Know optimization techniques in solving linear, integer and fractional programming 

problems.  

 

Learning Outcomes: 
Student will be able to 

 Find the solutions of system of linear and non linear equations.  

 Solve ordinary and partial differential equations numerically.  

 Find correlation coefficient and regression.  

 Optimize linear, integer and fractional programming problems.  

 

UNIT-I  

Introduction to numerical methods applied to engineering Problems: 
Solving system of linear equations by Gauss Seidel and Relaxation methods. Solving system 

of non-linear equations by Newton-Raphson method. 

 

UNIT-II  

Numerical Solutions of Ordinary Differential Equations: 
Boundary Value Problems: Shooting Method–solution through a set of equations - derivative 

boundary conditions - Rayleigh Ritz Method. 

 

UNIT-III  

Numerical Solutions of Partial Differential Equations: 
Finite-Difference Approximations to Derivatives, Laplace Equation – Jacobi Method - ADI 

Method, Parabolic Equation – Crank Nicolsen method. 

 

UNIT-IV  

Applied Statistics: 
Correlation Analysis - Correlation Coefficient – coefficient of Correlation for grouped bi-

variate data – coefficient of determination – Test of significance for correlation coefficient. 

Regression Analysis - Simple linear regression - Multiple linear regression. 

 

 

 

UNIT-V  
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Optimization Techniques: 
Linear Programming Problem – Simplex Method, Artificial variable method –Big-M Method, 

Integer Programming Problem – Branch and Bound Method, Linear Fractional Programming 

Problem. 

UNIT-VI  

Curve fitting and approximation of functions: 

Least square approximation fitting of non-linear curves by least squares –computer programs 

HYPERBOLIC PARTIAL DIFFERENTIAL EQUATIONS: Solving wave equation by 

finite differences-stability of numerical method – method of characteristics wave equation in 

two space dimension-computer programs. 

 

TEXT BOOKS: 
1. Steven C.Chapra, Raymond P.Canale “Numerical Methods for Engineers” Tata Mc-Graw 

Hill 

2. Curtis F.Gerald, Partick.O.Wheatly,”Applied numerical analysis” , Addison-Wesley,1989 

 

REFERENCE BOOKS: 
1. Douglas J.Faires,RichedBurden”Numerical methods”, Brooks/Cole  publishing 

company,1998.Second edition.  

2. Ward Cheney and David Kincaid “Numerical mathematics and computing” Brooks/Cole 

publishing company1999, Fourth edition.  

3. Riley K.F,.M.P.Hobson and BenceS.J,”Mathematical methods for physics and 

engineering”, Cambridge University press,1999.  

4. S.S.Sastry, Introductory Methods of Numerical Analysis, PHI.  

5. Basic Statistics – Agarrval, B.L. Wiley 1991, 2nd edition.  

6. Operations Research – S.D. Sarma.  
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Course Objectives: 

 To familiarize with the concepts of stresses and strains in un symmetric bending and 

torsion using classical methods.  

 

Learning Outcomes: 
Student will be able to 

 Apply the theory of elasticity including strain/displacement and Hooke’s Law 

relationships.  

 Analyze solid mechanics problems using classical and energy methods.  

 Solve torsion problems in bars and thin walled methods.  

 Solve for stresses and deflection beam under unsymmetrical loading.  

 Assess various failure criteria in engineering problems.  

 

UNIT-I 
Theories of Stress and Strain: Definition of stress at a point, stress notation, principal 

stresses, differential equations of motion of a deformable body, deformation of a deformable 

body, strain theory, principal strains. 

Stress–Strain Temperature Relations: Elastic and non-elastic response of a solid, Hooke’s 

law, anisotropic elasticity, Isotropic elasticity, initiation of yield, yield criteria. 

 

UNIT-II 

Shear Center: 
Bending axis and shear center-shear center for axi-symmetric and unsymmetrical sections 

 

UNIT-III 

Unsymmetrical bending: 
Bending stresses in Beams subjected to nonsymmetrical bending; deflection of straight beams 

due to nonsymmetrical bending 

 

UNIT-IV 

Curved Beam Theory: 
Winkler Bach formula for circumferential stress –limitations – correction factors –radial 

stress in curved beams – closed ring subjected to concentrated and uniform loads-stresses in 

chain links. 

 

UNIT-V 

Axi-Symmetric Problems: 
Rotating Discs- flat discs, discs of uniform thickness, discs of uniform strength, rotating 

cylinders 
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UNIT-VI  

Torsion: 
Linear elastic solution, Prandtl elastic membrane (Soap-Film) analogy, narrow rectangular 

cross section, hollow thin wall torsion members, multiple connected cross sections. Hollow 

thin wall torsion members, Thin wall torsion members with restrained ends.  

 

TEXT BOOKS: 
1. Boresi& Sidebottom, “Advanced Mechanics of materials” Wiely International, 6th edition.  

2. Dr Sadhu singh , “Strength of materials” Khanna Publication, 1st edition  

 

REFERENCE BOOKS: 
1. Timoschenko S.P. and Goodier J.N., “ Theory of elasticity”, McGraw- Hill Publishers, 

3rd Edition.  

2. L.S Srinath, “Advanced Mechanics of Solids”, McGraw Hill Education(India)Pvt. Ltd. 

3rd edition.  
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Course Objectives: 

 To introduce the concepts used for kinematic analysis of planar and spatial 

mechanisms.  

 To familiarize with the concepts of force analysis and synthesis of mechanisms.  

 

Learning Outcomes: 
Student will be able to 

 Determine the displacement, velocity and accelerations of links of mechanism.  

 Apply path curvature characteristics in analysis of mechanisms.  

 Apply analytical and synthesis techniques in design of mechanisms.  

 Determine the forces and torque acting by performing force analysis.  

 Apply forward and reverse kinematic analysis techniques in performance evaluation of 

manipulators. 
 

UNIT-I 
Introduction: Elements of Mechanisms,degrees of freedom,Kutchback equation and grublers 

criterion -applications of Grublers criterion, transmission angles- extreme values of 

transmission angles , toggle positions. 

Displacement, Velocity and Acceleration Analysis (Analytical methods only): Analysis 

for four bar and single slider crank mechanisms. 
 

UNIT-II 
Path Curvature Theory: Introduction , fixed and moving centrodes , inflection points and 

inflection circle ,Euler Savary Equation , Bobilliers Construction , Collineation axis , 

Bobillier theorem ,Hartmann construction , Bresse circle , Return circle , Cusp Points , 

Crunode points. 
 

UNIT-III 
Kinematic Synthesis: Introduction , type, dimensional and number Synthesis , synthesis for 

function generation, path and motion generation ,Chebyschev Spacing of accuracy points 

Graphical Synthesis Techniques: Motion generation for two prescribed positions and three 

prescribed positions – path generation for three prescribed positions without and with 

prescribed timing – function generation for three prescribed positions. 
 

UNIT-IV  
Analytical Synthesis Techniques: Four bar and slider crank function generator with three 

accuracy points– use of complex numbers and dyads – three prescribed positions for motion, 

path and function generation using dyad. 

 

 

UNIT-V  
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Static Force Analysis: Static equilibrium , equilibrium of two and three force members , 

equilibrium of four force members , static force analysis of four bar and slider crank 

mechanisms. 

Dynamic Force Analysis: D Alembert Principle , dynamic analysis of four bar mechanism 

and single slider crank mechanism – dynamically equivalent system – inertia of Connecting 

Rod – inertia force and torque in reciprocating Engine ( Analytical Method only). 

 

UNIT-VI  
Spatial Mechanisms: D-H transformation matrix; forward kinematic analysis of serial 

manipulators–Reverse kinematic analysis – iterative solution techniques. 

 

 

TEXT BOOKS: 
1. Erdman and Sandor ,”Advanced Mechanism Design (Vol II )”,Prentice Hall International 

1984.  

2. S.S. Rattan, “ Theory of Machines”,TataMcGraw Hill, 2011  

 

REFERENCE BOOKS: 
1. Uicker, Pennock and Shigley,” Theory of machines and Mechanisms”, Oxford Univ 

Press,2010.  

2. AmitabhaGhosh and Ashok Kumar Mallik, “ Theory of Mechanism and machines”, East 

West Press pvt Ltd,2nd edition.  

3. Robert L.Norton,” Design of Machinery”, Tata McGraw Hill 3rd edition.  
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Course Objectives: 

 Formulate mathematical models of problems in vibrations using Newton's second law 

or energy principles.  

 Determine a complete solution to the modeled mechanical vibration problems.  

 Correlate results from the mathematical model to physical characteristics of the actual 

system.  

 Design of a mechanical system using fundamental principles developed in the class.  

 

Learning Outcomes: 
Student will be able to 

 Understand the causes and effects of vibration in mechanical systems and their 

classification.  

 Develop schematic models for physical systems and formulate governing equations of 

motion.  

 Understand the role of damping, stiffness and inertia in mechanical systems.  

 Analyze rotating and reciprocating systems and design machine supporting structures, 

vibration isolators and absorbers.  

 Calculate free and forced vibration responses of multi degree freedom systems using 

modal analysis.  

 Analysis and design for the control/ to reduce vibration effects in machinery.  

 

UNIT-I 

Fundamentals of Vibrations Analysis 
Introduction; Elements of vibration; classification of vibration; vibration analysis procedure; 

spring elements – equivalent stiffness; mass or inertia elements; damping elements – 

equivalent damping; types of damping; definitions and terminology; simple harmonic motion. 

 

UNIT-II 

Free Vibration Analysis - Single Degree Of Freedom Systems : 
Undamped Vibrations: Different methods for equation of motion– Newton’s second law, 

D’Alembert’s principle, principle of virtual displacement, principle of conservation of 

energy, Rayleigh’s method.  

Damped Vibrations: Differential equation of motion; critical damping coefficient and 

damping ratio; damped natural frequency; logarithmic decrement; energy dissipated in 

viscous damping 
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UNIT-III  
Forced Vibration Analysis (Single Degree Of Freedom System): Response of damped and 

undamped systems to harmonic excitation; frequency response curve; magnification factor; 

harmonic excitation of the base, vibration isolation, transmissibility, force transmission to 

foundations. 

Vibration measuring instruments – working principle of Seismic mass, vibrometer, 

accelerometer 

 

UNIT-IV  
Damped and Undamped Vibrations – Two degree of freedom system Free and forced 

vibration analysis of a two degree of freedom system – different methods for the formulation 

of equation equations of motion, natural frequencies, principal modes - physical 

interpretation and orthogonality; general method, eigen value method 

 

UNIT-V  
Torsional Vibrations: Torsional vibration of one, two and three rotor system; Equivalent 

shafting; torsional vibration of a geared system; coordinate coupling – static and dynamic 

coupling; whirling of rotating shafts 

 

UNIT-VI 
Vibrations of continuous systems :Vibrations of springs, bars and beams, formulation of 

equation of motion, characteristic equation, eigen values, identification of node and mode 

shapes. 

 

TEXT BOOKS: 
1. G.K. Grover & Nigam , “Mechanical Vibrations”, Nem Chand and Brothers, 8th edition  

2. S.S. Rao , “Mechanical vibration”, pearson India, 4th edition.  

 

REFERENCE BOOKS: 
1. Thomson, “ Theory of Vibration with Application”, pearson India, 5th edition.  

2. V.P.Singh,”Mechanical vibration” DhanpatRai& Co.  

3. Schaum Series,” Mechanical vibration” McGraw-Hill, 1st edition.  

4. F.S. Tse, Morse &Hinkle,”Mechanical Vibration”, CBS Publisher, 2nd edition.  
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Course Objectives: 

 To introduce the basic concepts of theory of elasticity 

 

Learning Outcomes: 
Student will be able to 

 Determine stress distribution and strain components for simple and symmetric 

problems 

 analyze three dimensional problems using equilibrium and compatibility equations 

 Determine stresses induced in beams of different cross sections  

Apply concepts of plasticity to determine the shear stresses and strain energy 

 

UNIT-I 
Elasticity : Two dimensional stress analysis - plane stress - plane strain - equations of 

compatibility -stress function - boundary conditions. 

Problem in rectangular coordinates : Solution by polynomials - Saint Venent's principles – 

determination of displacement - simple beam problems. 

 

UNIT-II  
Problems in polar coordinates : General equations in polar coordinates - stress distribution 

symmetrical about axis - strain components in polar coordinates - simple and symmetric 

problems. 

 

UNIT-III  
Analysis of stress and strain in three dimensions :Principle stresses–homogeneous 

deformations -strain spherical and deviatoric stress - hydrostatic strain. 

General theorems : Differential equations of equilibrium and compatibility - displacement – 

uniqueness of solution - reciprocal theorem. 

 

UNIT-IV  
Bending of prismatic bars :Stress function - bending of cantilever beam - beam of 

rectangular cross-section - beams of circular cross-section. 

 

UNIT-V  
Plasticity : Plastic deformation of metals - structure of metals - deformation - creep stress 

relaxation of deformation - strain rate condition of constant maximum shear stress - condition 

of constant strain energy - approximate equation of plasticity. 
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UNIT-VI 
Methods of solving practical problems : The characteristic method - engineering method – 

compression of metal under press - theoretical and experimental data drawing. 

 

TEXT BOOKS: 
1. S.P. Timoshenko & J.K Goodier , “Theory of Elasticity”, MGH,3rd Edition 

 

REFERENCE BOOKS: 
1. E.P. Unksov ,”An Engineering Theory of Plasticity”, Butterworths scientific 

publications,1961  

2. Hoffman and Sacks , “Theory of Plasticity” , McGraw-Hill, New York, 1953.  
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Course Objectives: 

 To know the selection of lubricating system for different types of bearings in various 

environmental conditions;  

 To understand the principles of design of Hydrostatic and Hydro Dynamic bearings.  

 

Learning Outcomes: 
Student will be able to 

 

 

 Select the appropriate bearing materials.  

 Select the rolling element bearing for the given conditions.  

 Design hydrostatic, hydrodynamic and air lubrication systems used in bearings.  

 Minimize the boundary friction and dry friction.  

 

UNIT-I  
Introduction: Nature of surfaces and contact-surface topography, friction and wear 

mechanisms, wear maps, effect of lubricants- methods of fluid film formation. 

Lubrication: Choice of lubricants, types of oil, grease and solid lubricants- additives- 

lubrication systems and their selection. 

 

UNIT-II  
Selection of rolling element bearings: Nominal life, static and dynamic capacity-equivalent 

load,probabilities of survival- cubic mean load bearing mounting details, pre loading of 

bearings, conditioning monitoring using shock pulse method. 

 

UNIT-III  
Hydrostatic Bearings: Thrust bearings–pad coefficients- restriction optimum film thickness-

journal bearings – design procedure –aerostatic bearings; thrust bearings and journal bearings 

– design procedure. 

 

UNIT-IV  
Hydrodynamic bearings: Fundamentals of fluid formation– Reynold’s equation; 

hydrodynamic journal bearings – Sommer field number, performance parameters – optimum 

bearing with maximum load capacity – friction – heat generated and heat dissipated. 

hydrodynamic thrust bearings; Raimondi and Boyd solution for hydrodynamic thrust bearings 

- fixed tilting pads, single and multiple pad bearings-optimum condition with largest 

minimum film thickness. 

 

UNIT-V  
Seals: Different type-mechanical seals, lip seals, packed glands, soft piston seals, mechanical 
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piston rod packing, labyrinth seals and throttling bushes, oil flinger rings and drain grooves – 

selection of mechanical seals. 

 

UNIT-VI  
Failure of Tribological components: Failure analysis of plain bearings, rolling bearings, 

gears and seals, wear analysis using soap and ferrography. 

Dry rubbing Bearings: porous metal bearings and oscillatory journal bearings–qualitative 

approach only. 

 

TEXT BOOKS: 
1. Rowe WW& O’ Dionoghue,”Hydrostatic and Hybrid bearing design” ,Butterworths& Co. 

Publishers Ltd,1983. 

2. Collacott R.A, “Mechanical Fault diagnosis and condition monitoring”, Chapman and 

Hall, London ,1977.  

3. Bernard J. Hamrock, “Fundamentals of fluid film lubricant”, McGraw-Hill Co., 1994.  

 

REFERENCE BOOKS:  
1. Neale MJ, (Editor) “Tribology hand Book” ,Neumann Butterworths,1975.  

2. Connor and Boyd JJO (Editors) “Standard hand book of lubrication engineers” ASLE, 

McGraw Hill Book & Co.,1968.  

3. Shigley J, E Charles, “ Mechanical Engineering Design”, McGraw Hill Co.,6th Edition.  
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Course Objectives: 
 To develop expertise regarding rotor dynamics and vibration in rotating machinery.  

 To expose the concepts of rigid rotor dynamics, rotor vibration and critical speeds.  

 

Learning Outcomes: 
Student will be able to 

 Analyze vibrations in rotating machinery.  

 Determine the whirling speed of rotor.  

 Identify the effect of bearings on rotor vibrations.  

 Monitor the condition of rotors  

 

UNIT-I  
Introduction to Vibration and the Laval-Jeffcott Rotor Model: Co-ordinate systems, 

steady state rotor motion, elliptical motion, single degree of freedom systems, free and forced 

vibrations.  

 

UNIT-II  
The two degrees of freedom rotor system, translational motion, natural frequencies and 

natural modes, steady state response to unbalance, the effect of flexible support. 

 

UNIT-III 
Torsional Vibration in Rotating Machinery: modeling of rotating machinery shafting - 

multi degree of freedom systems - determination of natural frequencies and mode shapes - 

branched systems - Holzer method. 

 

UNIT-IV  
Rigid Rotor Dynamics and Critical Speeds: rigid disk equation - rigid rotor dynamics- 

rigid rotor on flexible rotor - the gyroscopic effect on rotor dynamics - whirling of an 

unbalanced simple elastic rotor, simple shafts with several disks - effect of axial stiffness - 

determination of bending critical speeds - Campbell diagram. 

 

UNIT-V  
Influence of Bearing on Rotor Vibration: Support stiffness on critical speeds- stiffness and 

damping coefficients of journal bearings-computation and measurements of journal bearing 

coefficients - mechanics of hydro dynamic instability- half frequency whirl and resonance 

whip- design configurations of stable journal bearings 
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UNIT-VI  
Balancing and Condition Monitoring of Rotors: Single plane balancing, multi-plane 

balancing, balancing of rigid rotors, balancing of flexible rotors noise spectrum, real time 

analysis, knowledge based expert systems. 

 

TEXT BOOKS: 
1. J. S.Rao, “Rotor Dynamics”, New Age International Publishers, New Delhi, 2004.  

2. S.Timoshenko, D H.Young and W. Weaver , “Vibration Problems in 

Engineering”, John Wiley,2000.  

 

REFERENCE BOOKS: 
1. WengJeng Chen and J Edger Gunter, “Introduction to Dynamics of Rotor – Bearing 

Systems”, Trafford Publishing Ltd., London 2007.  

2. T. Yamamoto and Y.Ishida , “Linear and Nonlinear Rotordynamics: A Modern Treatment 

with Applications”, John Wiley and Sons Inc, New York, 2001.  

3. J. S.Rao, “Vibratory Condition Monitoring of Machines”,NarosaPubulishing House, 

2000.  
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Course Objectives: 

 To introduce the design factors this will ease the manufacturing and assembly. 

 

Learning Outcomes: 
Student will be able to 

 Incorporate the process constraints & other influencing factors for design.  

 Design a metal casting product considering trouble shooting elements.  

 Design a defect free weldment.  

 Select appropriate material and manufacturing process for product development.  

 Plan an assembly for ease of manufacture and automation.  

 

UNIT-I  
Design for manufacturing: Reduce the cost of manufacturing process, understanding the 

process and constraints, standard components and process, consider the impact of DFM 

decisions and other factors. 

 

UNIT-II 

Machining processes: Overview of various machining processes general design rules for 

machining-dimensional tolerance and surface roughness-Design for machining – ease –

redesigning of components for machining ease with suitable examples. General design 

recommendations for machined parts. 
 

UNIT-III 
Design consideration in metal casting: Mold and gating system design, directional 

solidification, and trouble shooting. 

 

UNIT-IV 
Design for Welding: Selection of materials for joining, welding defects, minimize the 

residual stressesetc. design for forging and sheet metal and powder metal process. 
 

UNIT-V  
Plastics: Visco elastic and creep behavior in plastics-design guidelines for plastic 

components-design considerations for injection moulding– design guidelines for machining 

and joining of plastics 
 

UNIT-VI  
Design for assembly and automation: Application of design for manufacture and assembly 

with selection of materials and ranking of processes like casting, injection moulding, sheet 

metal working, die casting, powder metal process, investment casting and hot forging, design 

for assembly and automation. 
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TEXT BOOKS: 
1. George E. Dieter, “Engineering Design – A Material Processing Approach”, McGraw 

Hill International ,2ndEditon, , 2001  

2. GeofreyBoothroyd, Peter Dewhurst, “Product Design for Manufacture and Assembly”, 

CRC Press, 3rd Edition, 2010.  

 

REFERENCE BOOKS: 
1. O. Molloy , “Design for Manufacturing and Assembly: Concepts, Architectures and 

Implementation”,Chapman and Hall, 1998  
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Course Objectives: 

 To know the design of gears like spur, helical, bevel and worm gears against different 

types of failures.  

 To learn the concepts of gear box design along with optimization parameters.  

 

Learning Outcomes: 
Student will be able to 

 Select and design appropriate gear for the given application and against the failure.  

 Design the gear box to an application.  

 Optimize the parameters of gear like weight, space etc.  

 

UNIT-I  
Introduction: Principles of gear, Nomenclature, types of gear teeth profiles - Cycloid and 

Involute, gear manufacturing processes and inspection, selection of right kind of gears. 

Gear Failures: Gear tooth failure modes - tooth wear, tooth breakage, pitting, scoring, 

lubrication failures, gear box casing problems. 

 

UNIT-II  
Spur Gears - Tooth loads, Principles of Geometry, Design considerations and methodology, 

Complete design of spur gear teeth considering Lewis beam strength, Buckingham’s dynamic 

load and wear load, Design of gear shaft and bearings. 

 

UNIT-III  
Helical gears- Tooth loads, Principles of Geometry, Design considerations and methodology, 

Complete design of helical gear teeth considering Lewis beam strength, Buckingham’s 

dynamic load and wear load, Design of gear shaft and bearings. 

 

UNIT-IV  
Bevel gears - Tooth loads, Principles of Geometry, Design considerations and methodology, 

Complete design of bevel gear teeth considering Lewis beam strength, Buckingham’s 

dynamic load and wear load, Design of gear shaft and bearings. 

Worm gears - Tooth loads, Principles of Geometry, Design considerations and methodology, 

Complete design of bevel gear teeth considering Lewis beam strength, Buckingham’s 

dynamic load and wear load, Design of gear shaft and bearings. 

 

UNIT-V  
Gear trains: Simple, compound and epicyclic gear trains, Ray diagrams, Design of a gear 

box of an automobile – Constant Mesh and sliding type. 
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UNIT-VI  
Optimal Gear design: Optimization of gear design parameters, Weight minimization, 

Constraints in gear train design- space, interference, strength, dynamic considerations, 

rigidity etc., Compact design of gear trains. 

 

TEXT BOOKS: 
1. T.V.Sundarajanmurthy, N.Shanmugam,”Machine Deisgn”, Anuradha Agencies Pub- 

Chennai  

2. Maleev and Hartman, “Machine Design”, C.B.S. Publishers, India.  

3. “ Design Data Hand Book”, International Book House (P).Ltd Delhi  

4. “ Design Data Hand Book”, Anuradha Publications - Chennai  

 

REFERENCE BOOKS: 
1. Henry E.Merrit, “Gear engineering” ,Wheeler publishing,Allahabad,1992.  

2. Darle W. Dudley ,“Practical Gear design”, McGraw-Hill book company.  

3. Norton, "Machine Design - An Integrated Approach", 2nd Edition, Pearson Publications, 

2000.  

 

Note: Design data book is allowed for the examinations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 
 

 Page 19 

 

 

 

 

Course objectives: 

 To understand the principles behind various NDT techniques. 

 To study about NDT equipment and accessories. 

 To learn working procedures of various NDT techniques. 
 

Course Outcomes: 

After Completion of this course students will be able to 

 Demonstrate good grounding in the area of NDT. 

 To select proper NDT Method for his application 

 Understand the utilization of test and measurement appropriate to the area of his 

study/problem 
 

UNIT-I 

Ultra Sonic Hardness Testing: Flaw Detection Using Dye Penetrants. Magnetic Particle 

Inspection introduction to electrical impedance, Principles of Eddy Current testing, Flaw 

detection using eddy currents. 

 

UNIT-II 

Holography: Principles and practices of Optical holography, acoustical, microwave, x-ray 

and electron beam holography techniques. 
 

UNIT-III 

Introduction to X-Ray Radiography: The Radiographic process, X-Ray and Gamma ray 

Sources, Geometric Principles, Factors Governing Exposure, Radio graphic screens, 

Scattered Radiation, Arithmetic of exposure, Radiographic image quality and detail visibility, 

Industrial X-ray films. 
 

UNIT-IV 

X-Ray Radiography processes: Fundamentals of processing techniques, Process control, the 

processing Room, Special Processing techniques, Paper Radiography, Sensitometric 

characteristics of x-ray films, Film graininess signal to noise ratio in radiographs, the 

photographic latent image, Radiation Protection 
 

UNIT-V 

Introduction to Ultrasonic Testing: Generation of ultrasonic waves, Horizontal and shear 

waves, Near field and far field acoustic wave description, Ultrasonic probes- straight beam, 

direct contact type, Angle beam, Transmission/reflection type, and delay line transducers, 

I M.TECH-I-SEMESTER 

(ELECTIVE-II) 

L T P 
INTERNAL 

MARKS 

EXTERNAL 

MARKS 

TOTAL 

MARKS 
CREDITS 

4 - - 40 60 100 3 

NON-DESTRUCTIVE EVALUATION 



 
 

 Page 20 

 

acoustic coupling and media, Transmission and pulse echo methods, A-scan, B-scan, C-scan, 

F-scan and P-scan modes. 

 

UNIT-VI 

Ultrasonic tests: Flaw sizing in ultrasonic inspection: AVG, Amplitude, Transmission, 

TOFD, Satellite pulse, Multi-modal transducer, Zonal method using focused beam. Flow 

location methods, Signal processing in Ultrasonic NDT; Mimics, spurious echos and noise. 

Ultrasonic flaw evaluation. 

 

Applications  

1. NDT in flaw analysis of Pressure vessels, piping  

2. NDT in Castings, Welded constructions, etc., Case studies. 

 

TEXT BOOKS:  
1. Ultrasonic testing by Krautkramer and Krautkramer 

2. Ultrasonic inspection 2 Training for NDT : E. A. Gingel, Prometheus Press.  

 

REFERENCE BOOKS:  

1. ASTM Standards, Vol 3.01, Metals and alloys.  
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Course Objectives: 

 To gain and understanding of the relationship between the structure, properties, 

processing, testing and applications of strengthening mechanism, modern metallic, 

smart, non-metallic, advanced structural ceramic and composite materials so as to 

identify and select suitable materials for various engineering applications. 

 

Course Outcomes: 

After Completion of this course students will be able to 

 Students will get knowledge on mechanism of plastic deformation and strengthening 

mechanism. 

 Students will be able to learn the structure, properties and applications of modern 

metallic materials, smart materials non-metallic materials and advanced structural 

ceramics. 

 Students will be able to understand the importance of advanced composite materials 

in application to sophisticated machine and structure of components. 

 

UNIT-I 

Classification of materials and their properties, Bonds in Solids, Crystallographic planes and 

directions, Elasticity in metals and polymers, mechanism of plastic deformation, role of 

dislocations, yield stress, shear strength of perfect and real crystals, strengthening 

mechanism, work hardening, solid solution, grain boundary strengthening. 

 

UNIT-II 

Poly phase mixture, precipitation, particle, fiber and dispersion strengthening, effect of 

temperature, strain and strain rate on plastic behavior, super plasticity, deformation of non-

crystalline material. 

 

UNIT-III 

Modern metallic Materials: Iron-Iron Carbide Diagram, TTT Diagram, Dual phase steels, 

high strength low alloy (HSLA) Steel, transformation induced plasticity (TRIP) Steel, 

maraging steel, intermetalics, Ni and Ti aluminides.Smart materials Classification, shape 

memory alloys, metallic glass, quasi crystal and nano crystalline materials. 

 

UNIT-IV 

Non-metallic materials: Polymeric materials Classification, properties and applications, 

production techniques for fibers, foams, adhesives and coatings, structure, properties and 

applications of engineering polymers. 

 

 

 

 

UNIT-V 

Advanced structural ceramics: Ceramic materials Classification, properties and applications, 
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WC, TiC, TaC, Al2O3, SiC, Si3 N4, CBN and diamond-properties, processing and 

applications. 

 

UNIT-VI 

Advanced structural composites: Introduction, types of composite materials, properties, 

processing and application. Motivation of selection, cost basis and service requirements, 

selection for mechanical properties, strength, toughness, fatigue and creep. 

 

TEXT BOOKS: 

1. Mechanical behavior of materials/Thomas H.Courtney/2nd Edition, McGraw-Hill, 2000 

2. Mechanical Metallurgy/George E.Dieter/McGraw Hill, 1998 

3. Introduction to Physical Metallurgy, Sidney H. Avner, US, 2nd Edition, 2007 Tata  

    McGrawHill, Noida, 1985. 

 

REFERENCE BOOKS: 

1. Selection and use of Engineering Materials 3e/Charles J.A/Butterworth Heiremann. 

2. Materials Science and Engineering, William D. Callister, 8th Edition, 2010. 

3. Material Science and Metallurgy, kodgire V.D, 12th Edition, Everest Publishing House  

    2002. 
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Course Objectives: 

 Model the 3‐D geometric information of machine components including assemblies, 

and automatically generate 2‐D production drawings, understand the basic analytical 

fundamentals that are used to create and manipulate geometric models in a computer 

program. 

 Improve visualization ability of machine components and assemblies before their 

actual fabrication through modeling, animation, shading, rendering, lighting and 

coloring. 

 Model complex shapes including freeform curves and surfaces. 

 Integrate the CAD system and the CAM system by using the CAD system for 

modeling design Information and converting the CAD model into a CAM model for 

modeling the manufacturing Information. 

 Use full‐scale CAD/CAM software systems designed for geometric modeling of 

machine Components and automatic generation of manufacturing information. 

 

Course Outcomes: 

After Completion of this course students will be able to 

 Understand the concepts of wireframe, surface and solid modeling. 

 Understand part modeling and part data exchange standards (VDA, IGES, and STEP). 

 Develop knowledge in 2D-Transformations, 3D Transformations. 

 Understand the Assembly Modeling, Assembly tree, and Assembly Methods. 

 The Students become experts on Visualization and computer animation Techniques. 

 

UNIT-I 

Introduction to CAD: Introduction to CAD, CAD input devices, CAD output devices, CAD 

Software, Typical Product Cycle, Implementation of CAD process, Application of CAD, 

Benefits of CAD, Requirements of geometric modeling, Geometric construction methods, 

Modeling features: Drafting features, modeling features, editing features, annotations, 

dimensioning, tolerance and hatching features, display control features, analysis and 

optimization features, programming features, plotting features. 

 

UNIT-II 

Modeling Tools: Coordinate system, limits, grid, snap, line type and line weight, basic 

geometric commands, layers, display control commands, editing commands.Feature based 

Modeling: Introduction, Feature Entities, Parametric, and Feature Manipulations. 

Geometric Modeling: Types of curves and curve manipulations, Types of surfaces and 

surface manipulations, 

Solid modeling: Geometry and Topology, Boundary representation (B-rep), Constructive 

Solid Geometry (CSG) – Euler – Poincare formula - examples, Sweeping, Solid 
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manipulations. 

 

UNIT-III 

Transformations and Mechanical tolerance 

Transformations: 2D and 3D Transformations. 

Product data Exchange: Evaluation of data – exchange format, IGES data representations 

and structure, STEP Architecture. 

 

UNIT-IV 

Geometric tolerance: Datum’s, types of tolerances, tolerance modeling and representation, 

tolerance analysis: worst-case arithmetic method, worst-case statistical method, Monte 

Carlo simulation method. 

 

UNIT-V 

Mass properties and Mechanical assembly 
Mass Property Calculations: Mass, centroid, Moment of inertia, second moments and 

product of inertia, property mapping. 

Collaborative Design: Traditional design, Collaborative Design, Principles and Approaches. 

Assembly Modeling: Introduction, Assembly Modeling, Assembly Tree, Assembly 

Planning, 

Mating Conditions, Bottom – Up and Top – Down Assembly Approaches with examples 

 

UNIT-VI 

Visualization and Computer animations 

Visualization: Introduction, Model clean up, Hidden -Line Removal, Hidden Surface 

Removal, Hidden Solid Removal, Shading, Colors. 

Computer Animation: Introduction, Conventional animation, Computer animation, 

Entertainment animation, Engineering animation, Animation types, Animation techniques. 

 

 

TEXT BOOKS: 
1. Mastering CAD/CAM, Ibrahim Zeid, TMH, New Delhi 

2. CAD/CAM Concepts and Applications, Alavala, PHI, New Delhi 

 

REFERENCE BOOKS: 

1. CAD/CAM, PN Rao, PHI 

2. Computer Graphics, Alavala, PHI, New Delhi 

3. Computer integrated Manufacturing, Harrington, Huntington, New York. 

4. Computer integrated design and Manufacturing, Bedworth D.D, McGraw Hill, New York. 

5. Computer Graphics and Animation, M.C.Trivedi, JAICO 

6. Computer aided Design in Manufacturing, Valliere, Prentice Hall, New Jersey. 
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Course Objectives: 

 To study the behavior of machine elements experimentally when subjected to 

dynamic forces. 

 

Learning Outcomes: 
Student will be able to 

 Determine gyroscopic effect of rotating body.  

 Assess the whirling speed of shaft. 

 Estimate the natural frequency of undamped torsional vibration of rotor.  

 Perform dynamic balancing of rotating and reciprocating masses. 

 

List of Experiments: 
1. Natural frequency of simple pendulum.  

2. Radius of Gyration compound pendulum.  

3. Moment of inertia of bifilar.  

4. Moment of inertia of Trifilar.  

5. Natural frequency of single rotor system.  

6. Natural frequency of double rotor system.  

7. Natural frequency of single rotor with damping.  

8. Natural frequency of spring mass system.  

9. Undamped free vibrations of beam.  

10. Damped free vibrations of beam.  

11. Force vibrations of beam.  

12. Force vibration beam with damped.  

13. Journal Bearing Apparatus.  

14. Balancing of Reciprocating Masses.  

15. Friction and Wear Apparatus.  

16. Balancing of Rotating Masses.  

17. Motorized Gyroscopic Couple Apparatus.  
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Course Objectives: 

 To introduce the concepts of finite element method to solve engineering problems.  

 

Learning Outcomes:  

Student will be able to  

 Apply variational and weighted residual methods to solve differential equations.  

 Analyze 1-D bar and beam problems using finite element method.  

 Develop finite element formulations and solve 2-D structural problems using 

triangular and rectangular elements.  

 Analyze vibration problems for frequencies and mode shapes.  

 

UNIT-I  
Formulation Techniques: Methodology, engineering problems and governing differential 

equations, variational methods-potential energy method, Raleigh Ritz method, strong and 

weak forms, weighted residual methods. 

 

UNIT-II 
Finite Element Method: Concepts of discretization, types of elements, interpolation 

function, node numbering scheme, assembly and boundary conditions, application of FEM, 

advantages and disadvantages of FEM. 

 

UNIT-III  
Analysis of 1D Problems: Bar and beam elements - shape functions, stiffness matrix, load 

vectors, determination of displacements, strains and stresses. 

 

UNIT-IV  
Two Dimensional problems: Analysis of 2-D problems using constant strain triangle 

element, Heat Transfer problems: Conduction and convection, examples: - two dimensional 

fin. axisymmetric formulations. 

 

UNIT-V  
Isoparametric formulations: Sub, iso and superparametric elements, four noded 

quadrilateral element,numerical integration – Guassian quadrature approach. 

 

UNIT-VI  
Dynamic Analysis: Finite element formulation in dynamic problems in structures using 

Lagragian Method, consistent and lumped mass models, free vibration analysis, longitudinal 

and transverse vibrations , mode superposition methods and reduction techniques. 
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TEXT BOOKS: 
1. Chandraputla, Ashok and Belegundu , “Introduction to Finite Elements in Engineering “, 

Prentice – Hall,2011  

2. SS Rao , “The Finite Element Methods in Engineering”, Pergamon,4th Edition.  

 

REFERENCE BOOKS: 
1. JN Reddy , “An introduction to Finite Element Method”, McGrawHill,3rd Edition.  

2. C. S. Krishnamurthy, “Finite Element Analysis -Theory and Programming”,TataMcGraw 

Hill,2nd Edition.  

3. Daryl L Logan, “A first course in finite element method”, Cengage Learning.  
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Course Objectives: 

 To highlight the importance of geometric modeling in design and manufacturing.  

 

Learning Outcomes: 
Student will be able to 

 Use various mathematical equation to represent curves.  

 Apply the cubic splines in modeling of a product.  

 Select appropriate synthetic curves in modeling process.  

 Implement the surface modeling for design of various consumer products.  

 

UNIT-I  
Introduction: Definition, explicit and implicit equations, parametric equations. 

 

UNIT-II  
Cubic Splines-1:Algebraic and geometric form of cubic spline, tangent vectors, parametric 

space of a curve, blending functions, four point form, reparametrization, truncating and 

subdividing of curves. Graphic construction and interpretation, composite pc curves. 

 

UNIT-III 
Bezier Curves: Bernstein basis, equations of Bezier curves, properties, derivatives. 

 

UNIT IV : 

B-Spline Curves: B-Spline basis, equations, knot vectors, properties and derivatives. 

 

UNIT-V  
Surfaces: Bicubic surfaces, Coon’s surfaces, Bezier surfaces, B-Spline surfaces, surfaces of 

revolutions, sweep surfaces, ruled surfaces, tabulated cylinder, bilinear surfaces, Gaussian 

curvature. 

 

UNIT-VI  
Solids: Tricubic solid, Algebraic and geometric form. 

Solid modeling concepts: Wire frames, boundary representation, half space modeling, 

spatial cell, cell decomposition, classification problem. 

 

TEXT BOOKS: 
1. Ibrahim Zeid , “CAD/CAM – Theory and Practice”, Tata McGraw Hill,2009.  

2. Roger &Adams , “Mathematical Elements for Computer Graphics” , Tata McGraw 

Hill,2nd Edition.  
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REFERENCE BOOKS: 
1. Micheal E. Mortenson , “Geometric Modeling”, McGraw Hill ,3rd Edition.  

2. Computer Aided Design and Manufacturing, K.Lalit Narayan, K.MallikarjunaRao, MMM 

Sarcar, PHI Publishers, 2nd Edition.  
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Course Objectives: 

 To understand the relation between the mechanics theory and experimental stress 

analysis.  

 To highlight the new experimental methods to determine stresses and strains.  

 

Learning Outcomes: 
Student will be able to 

 Measure strains using different types of strain gauges  

 Evaluate stresses using modern techniques of experimental methods  

 

UNIT-I  
Introduction: stress, strain, plane stress and plane strain conditions, compatibility conditions. 

Problems using plane stress and plane strain conditions, stress functions, mohrs circle for 

stress strain, three-dimensional stress strain relations. 

 

UNIT-II 
Strain Measurement and Recordings: various types of strain gauges, electrical resistance 

strain gauges,semi conductor strain gauges, strain gauge circuits. introduction, static 

recording and data logging, dynamic recording at very low frequencies, dynamic recording at 

intermediate frequencies, dynamic recording at high frequencies, dynamic recording at very 

high frequencies. 

 

UNIT-III 
Photo elasticity:photo elasticity–polariscope–plane and circularly polarized light, bright and 

dark field setups, photo elastic materials –isochromatic fringes – isoclinics. 

 

UNIT-IV 
Three dimensional Photo elasticity :introduction, locking in model deformation, materials 

for three-dimensional photo elasticity, machining cementing and slicing three-dimensional 

models, slicing the model and interpretation of the resulting fringe patterns, effective stresses, 

the shear-difference method in three dimensions, applications of the frozen stress method, the 

scattered-light method. 

 

UNIT-V  
Brittle coatings: introduction, coating stresses, failure theories, brittle coating crack patterns, 

crack detection, ceramic based brittle coatings, resin based brittle coatings, test procedures 

for brittle coatings analysis, calibration procedures, analysis of brittle coating data. 
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Moire Methods: Introduction, mechanism of formation of moire fringes, the geometrical 

approach tomoire-fringe analysis, the displacement field approach to moire-fringe analysis, 

out of plane displacement measurements, out of plane slope measurements, sharpening and 

multiplication of moire-fringes, experimental procedure and techniques. 

 

UNIT-VI  
Birefringent Coatings: Introduction, coating stresses and strains, coating sensitivity, 

coating materials,application of coatings, effects of coating thickness, fringeorder 

determinations in coatings, stress separation methods. 

 

TEXT BOOKS: 
1. Timoshenke and GoodierJr ,”Theory of Elasticity” McGraw Hill Education (India) Pvt 

Ltd, 3e 

 

REFERENCE BOOKS: 
1. Love .A.H, “A treatise on Mathematical theory of Elasticity vol-1” nabu press,  

2. Dally and Riley,” Experimental stress analysis”, McGraw-Hill  
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Course Objectives: 

 To introduce the concepts of fracture and damage tolerant design using theories of 

fracture  

 

Learning Outcomes: 
Student will be able to 

 determine stress intensity factors by applying Linear Elastic and Elastic 

Plastic fracture mechanics  

 apply fatigue concepts in predicting the life of components  

 Formulate and solve problems involving the static, fatigue or impact loading of 

flawed structures.  

 

UNIT-I  
Introduction: Prediction of mechanical failure. macroscopic failure modes; brittle and 

ductile behavior.fracture in brittle and ductile materials – characteristics of fracture surfaces; 

inter-granular and intragranular failure, cleavage and micro-ductility, growth of fatigue 

cracks, the ductile/brittle fracture transition temperature for notched and unnotched 

components. Fracture at elevated temperature. 

 

UNIT-II  
Griffith’s analysis: Concept of energy release rate, G, and fracture energy, R. modification 

for ductile materials, loading conditions. Concept of R curves. 

 

UNIT-III 
Linear Elastic Fracture Mechanics, (LEFM):Three loading modes and the state of stress 

ahead of the crack tip, theories of fracture, stress concentration factor, stress intensity factor 

and the material parameter the critical stress intensity factor, crack tip plasticity, effect of 

thickness on fracture toughness. 

 

UNIT-IV  
Elastic-Plastic Fracture Mechanics; (EPFM):The definition of alternative failure 

prediction parameters, crack tip opening displacement, and the J integral. measurement of 

parameters and examples of use. 

 

UNIT-V 
Fatigue: definition of terms used to describe fatigue cycles, high cycle fatigue, low cycle 

Fatigue, mean stress R ratio, strain and load control. S-N curves. Goodman rule and Miners 

rule. micromechanics of fatigue damage, fatigue limits and initiation and propagation control, 

leading to a consideration of factors enhancing fatigue resistance. total life and damage 

tolerant approaches to life prediction. 
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UNIT-VI  
Creep deformation: The evolution of creep damage, primary, secondary and tertiary creep. 

Micro-mechanisms of creep in materials and the role of diffusion. Ashby creep deformation 

maps. Stress dependence of creep – power law dependence. Comparison of creep 

performance under different conditions – extrapolation and the use of Larson-Miller 

parameters.creep-fatigue interactions. examples. 

 

TEXT BOOKS: 
1. T.L. Anderson, “Fracture Mechanics Fundamentals and Applications”, CRC press ,2nd 

Ed..  

2. B. Lawn, “Fracture of Brittle Solids”, Cambridge Solid State Science Series ,2nd ed.  

3. J.F. Knott, “Fundamentals of Fracture Mechanics”, Butterworths ,1973.  

 

REFERENCE BOOKS: 
1. J.F. Knott, P Withey, “Worked examples in Fracture Mechanics”, Institute of 

Materials,2nd Edition.  

2. S. Suresh, “Fatigue of Materials”, Cambridge University Press, 2ndEdition . 

3. L.B. Freund and S. Suresh, “Thin Film Materials”, Cambridge University Press,2003.  
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Course Objectives: 

 To impart the knowledge of various solution procedures.  

 To introduce different methodologies of designing.  

 

Learning Outcomes: 
Student will be able to 

 Classify the optimization problems.  

 Solve the design issues by using techniques of classical optimization.  

 Design various mechanical elements.  

 Apply genetic algorithm for solving the design problems.  

 

UNIT-I : 
Introduction: Classification of optimization problems, concepts of design vector, design 

constraints,design space constraints surface, objective function, surface and multilevel 

optimization, parametric linear programming. 

 

UNIT-II  
Classical Optimization Techniques: Single variable optimization, multilevel Optimization 

without constraints – multilevel optimization with equality and inequality constraints – 

Lagrange multipliers methods Kuhn – Tucker conditions. 

 

UNIT-III  
Non – Linear Optimization: One–dimensional minimization methods–Fibonacci method, 

Goldensection method, 

Unconstrained Optimization methods: Hooke and jeeves methods, Powell’s 

method,gradient of afunction, Cauchy method, Fletcher – Reeves method, Types of penalty 

methods for handling constraints. 

 

UNIT-IV  
Applications of Optimization in Design and Manufacturing Systems: Some typical 

applications like optimization of path synthesis of a four-bar mechanism, minimization of 

weight of a cantilever beam, optimization of springs and gears, general optimization model of 

a machining process, optimization of arc welding parameters, and general procedure in 

optimizing machining operations sequence. 

 

UNIT-V  
Non-Traditional Optimization Techniques: Genetic algorithm (GA) - Differences and 

similarities between conventional and evolutionary algorithms, working principle, 

reproduction, crossover, mutation, termination criteria, different reproduction and crossover 

operators, GA for constrained optimization, draw backs of GA. 
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UNIT-VI  
GENETIC PROGRAMMING (GP): Principles of genetic programming, terminal sets, 

functional sets, differences between GA & GP, random population generation, solving 

differential equations using GP. 

Concepts of simulated annealing, ANN, optimization of fuzzy systems. 

 

TEXT BOOKS: 
1. Kalyanmoy Deb , “Optimization for Engineering Design”, PHI Publishers, 2nd Edition  

2. S.S.Rao , “Engineering Optimization”, New Age Publishers,4th Edition.  

 

REFERENCE BOOKS: 
1. D.E. Goldberg, Addison , “Genetic algorithms in Search, Optimization, and Machine 

learning”, Wesley Publishers,2007  

2. Kalyanmoy Deb , “Multi objective Genetic algorithms” , PHI Publishers,2nd Edition  

3. JasbirArora , “Introduction to Optimum Design”, McGraw Hill (international) 

Publishers,3rd Edition.  

4. CE Ebeling ,”An Introductgion to Reliability and Maintainability Engineering” , 

Waveland Printgers Inc., 2009  

5. I Bazovsky , “Reliability Theory and Practice”, Dover Publications, 2013  
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Course Objectives: 

 Theory of plates and shells provides the knowledge about the bending aspects of 

plates, Differential analysis of loaded plates. 

 Behavior of plate material when it is fabricated into shells, different theories which 

explain about cylindrical shell loaded symmetrically, investigates on bending of 

cylindrical shells. 

 

Course Outcomes: 

 At the end of the course the students should be able to. 

 Explain the bending aspects of plates. 

 Understand aspects of Symmetrical Bending of Circular Plates. 

 Use different equations for combined lateral and in-plane loading on plates. 

 Conceptualize the types of shells. 

  Analyze using different theories of cylindrical shells. 

 

UNIT-I 

Bending Of Long Rectangular Plates To A Cylindrical Surface: Differential equation for 

cylindrical bending of plates - Cylindrical bending of uniformly loaded rectangular plates 

with simply supported edges - Cylindrical bending of uniformly loaded rectangular plates 

with built-in edges 

Pure bending of plates: Slope and curvature of slightly bent plates - Relations between 

bending moments and curvature in pure bending of plates - Particular cases of pure bending – 

Strain energy in pure bending of plates. 

 

UNIT-II 

SYMMETRICAL BENDING OF CIRCULAR PLATES: Differential equation for 

symmetrical bending of laterally loaded circular plates - Uniformly loaded circular plates - 

Circular plate with a circular hole at the center - Circular plate concentrically loaded - 

Circular plate loaded at the center. 

Small deflections of laterally loaded plates: The differential equation of the deflection 

surface - Boundary conditions - Alternate method of derivation of the boundary condition - 

Reduction of the problem of bending of a plate to that of deflection of a membrane 

 

UNIT-III 

SIMPLY SUPPORTED RECTANGULAR PLATES: Simply supported rectangular plates 

under sinusoidal load - Navier solution for simply supported rectangular plates. 

Rectangular plates with various edge conditions: Bending of rectangular plates by 

moments distributed along the edges - Rectangular plates with two opposite edges simply 

supported and the other two edges clamped. 
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UNIT-IV 

Continuous Rectangular Plates: Simply supported continuous plates – Approximate design 

of continuous plates with equal spans - Bending symmetrical with respect to a center. 

 

UNIT-V 

Deformation of shells without bending: Definition and notation - Shells in the form of a 

surface of revolution and loaded symmetrically with respect to their axis - Particular cases of 

shells in the form of surfaces of revolution - Shells of constant strength. 

 

UNIT-VI 

General Theory Of Cylindrical Shells: A circular cylindrical shell loadedsymmetrically 

with respect to its axis - Particular cases of symmetrical deformation of circular cylindrical 

shells - Pressure vessels. 

 

TEXT BOOKS: 

1.Theory of plates and Shells - Timoshenko, Woinowsky and Krieger, McGraw Hill,   

    Newyork. 

2. Stresses in plates and shells—Ansel C Ugral 

3. Thin Plates and Shells: Theory: Analysis, and Applications, Eduard Ventsel, 

    Theodor Krauthammer, Marcell Dekker Inc, New York. 

 

REFERENCE BOOKS: 
1. Theory of plates--Bairagi 

2 .Theory of Elastic Thin Shells - Goldnvizer, Pergamon Press, New York. 

3 .Stresses in Shells - Flugge, Springer Verlag, Berlin. 
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Course Objectives: 

 To understand the maintenance scheme, their scope and limitations – apply the 

maintenance strategies to various problems in the industrial sectors.  

 

Learning Outcomes: 
Student will be able to 

 Develop an appreciation for the need of modern technological approach for plant 

maintenance to reduce the maintenance expenditure. 

 Carry out lubrication oil analysis and temperature analysis in vibrating systems. 

 Analyze for machinery condition monitoring and explain how this compliments 

monitoring the condition. 

 Emphasizes on case studies that require gathering information using the modern 

testing equipment and processing it to identify the malfunction in that system. 
 

UNIT-I 
Maintenance strategies, Introduction to condition monitoring, Criticality index, Various 

techniques for fault detection, Introduction to Non-destructive testing, role of non-destructive 

testing in condition monitoring. 
 

UNIT-II  
Wear debris analysis: Wear mechanisms, wear particles, wear process monitoring 

techniques -Spectrometric oil analysis program (SOAP), Ferrography, Applications, 

Adavntages and limitations. 
 

UNIT-III 
Temperature monitoring: Need for temperature monitoring, Thermography, Active and 

passive thermography, IR thermography, applications, advantages and limitations. 

 

UNIT-IV  
Corrosion monitoring: Causes and effects of corrosion, Methods of corrosion prevention–

reactive coating, applied coatings and corrosion inhibitors, Cathodic protection. 

Flaw detection: Discontinuity–Origin and classification, Ultrasonic testing and Magnetic 

particle inspection. 
 

UNIT-V  
Rotating machinery, Identification of machine faults and frequency range of symptoms, 

localized & distributed faults, ISO Standards for vibration monitoring and analysis, types and 

benefits of vibration analysis, Vibration signature analysis, Vibration transducers – Proximity 

probes, velocity transducers, accelerometers, laser Vibrometer. 
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UNIT-VI  
Fault detection in Rolling Element Bearings, Orbit Analysis static & Dynamic Balancing. Case 

studies: Induction Motors, Gear Box vibration, Reciprocating engines & Compressors. 

 

TEXT BOOKS: 
1. R.A. Collacot ,”Vibration Monitoring & Diagnosis”,  

2. Isermann R., “Fault Diagnosis Applications”, Springer-Verlag, Berlin, 2011.  

 

REFERENCE BOOKS: 
1. Rao, J S., “Vibration Condition Monitoring”, Narosa Publishing House, 2nd Edition, 

2000.  

2. Hand book of Condition Monitoring by B.K.N. Rao.  

3. Allan Davies,”Handbook of Condition Monitoring”, Chapman and Hall, 2000.  

4. Hand book of Non Destructive Application by B.J. Boeing  
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Course Objectives: 

 To introduce Rapid Prototype tools and techniques for design and Manufacturing.  

 

Learning Outcomes: 
Student will be able to 

 Assess the need of RPT in Product development.  

 Use appropriate RT Software for development of Prototype model.  

 Judge the correct RP Process for Product/Prototype development.  

 Predict the technical challenges in 3D printing.  

 List the applications of RPT.  

 

UNIT-I  
Introduction to Rapid Prototyping: Introduction to prototyping, traditional prototyping Vs. 

rapid prototyping (RP), need for time compression in product development, usage of RP 

parts, generic RP process, distinction between RP and CNC, other related technologies, 

classification of RP. 
 

UNIT-II 
RP Software: Need for RP software, MIMICS, magics, surgiGuide, 3D-doctor, simplant, 

velocity2,voxim, solidView, 3Dview, etc., software. 

Software Issues of RP: Preparation of CAD models, problems with STI, files, STL file 

manipulation, RP data formats: SLC, CLI, RPI, LEAF, IGES, HP/GL, CT, STEP. 
 

UNIT-III 
Photo polymerization RP Processes: Sterolighography (SL), SL resin curing process, SL 

scan patterns, microstereolithography, applications of photo polymerization processes. 

 

UNIT-IV 
Powder Bed Fusion RP Processes: Selective laser sintering (SLS), powder fusion 

mechanism and powder handling, SLS metal and ceramic part creation, electron beam 

melting (EBM), applications of powder bed fusion processes. 

Extrusion-Based RP Systems: Fused deposition modelling (FDM), principles, plotting and 

path control, applications of extrusion-based processes. 
 

UNIT-V  
Printing RP Processes: 3D printing (3DP), research achievements in printing deposition, 

technical challenges in printing, printing process modeling, applications of printing 

processes. 

Sheet Lamination RP Processes: Laminated Object Manufacturing (LOM), ultrasonic 

consolidation(UC), gluing, thermal bonding, LOM and UC applications. 

Beam Deposition RP Processes: Laser Engineered Net Shaping (LENS), Direct Metal 
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Deposition(DMD), processing – structure - properties, relationships, benefits and drawbacks. 

UNIT-VI  
Rapid Tooling: Conventional Tooling Vs. Rapid Tooling, classification of rapid 

tooling, direct and indirect tooling methods, soft and hard tooling methods. 

Errors in RP Processes: Pre-processing, processing, post-processing errors, part building 

errors in SLA,SLS, etc., 

RP Applications: Design, engineering analysis and planning applications, rapid 

tooling, reverse engineering, medical applications of RP. 

 

TEXT BOOKS: 
1. Chua Chee Kai., Leong KahFai., Chu Sing Lim, “Rapid Prototyping: Principles and 

Applications in Manufacturing”, World Scientific, 2010.  

2. Ian Gibsn., David W Rosen., Brent Stucker., “Additive Manufacturing Technologies: 

Rapid Prototyping to Direct Digital Manufacturing”, Springer, 2010  

 

REFERENCE BOOKS: 
1.  Pham, D.T, Dimov, S.S, Rapid Manufacturing, Springer, 2001 
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Course objectives:  

 To be familiar with the automation and brief history of robot and applications.  

 To give the student familiarities with the kinematics of robots, Knowledge about 

 Autonomous Mobile Robots and their design.  

 Mobile Robot Maneuverability. Knowledge about Mobile Robot Planning & 

Navigation. 

 

Course Outcomes: 

  Define and Classify Robots and Structures of Robotic Systems 

  Define Drives & Control Systems of Robots. Explain Hydraulic Power supply, 

Hydraulic Motor, Direct Current Servomotors 

 Define Kinematic Analysis, Direct Kinematic Problem in Robotics. Describe Three 

dimensional Homogeneous Transformations, Denavit-Hartenberg Convention, 

Applications of DH method 

 Define and Classify Autonomous Mobile Robots. Describe Mobile Robot Kinematics 

 Describe Mobile Robot Maneuverability- Degree of mobility, Degree of steerability, 

Motion Control. Explain Mobile Robot Planning & Navigation. 

 

UNIT-I 

Introduction: Automation and Robotics, Robot anatomy, robot configuration, motions joint 

notation work volume, robot drive system, control system and dynamic performance, 

precision of movement. 

Control System And Components: basic concept and modais controllers control system 

analysis, robot activation and feedback components. Positions sensors, velocity sensors, 

actuators sensors, power transmission system. 

 

UNIT-II 

Motion Analysis And Control: Manipulator kinematics, position representation forward 

transformation, homogeneous transformation, manipulator path control, robot dynamics, 

configuration of robot controller. 

 

UNIT-III 

End Effectors: Grippers-types, operation, mechanism, force analysis, tools as end effectors 

consideration in gripper selection and design. SENSORS: Desirable features, tactile, 

proximity and range sensors, uses sensors in robotics. 

 

UNIT-IV 

Machine Vision: Functions, Sensing and Digitizing-imaging, Devices, Lighting techniques, 

Analog to digital single conversion, image storage, Image processing and Analysis-image 
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data reduction, Segmentation feature extraction. Object recognition, training the vision 

system, Robotics application. 

 

UNIT-V 

Robot Programming: Lead through programming, Robot programming as a path in space, 

Motion interpolation, WAIT, SINONAL AND DELAY commands, Branching capabilities 

and Limitations. 

Robot Languages: Textual robot Languages, Generation, Robot language structures, 

Elements in function. 

 

UNIT-VI 

Robot Cell : Design And Control: Robot cell layouts-Robot centered cell, In-line robot cell, 

Considerations in work design, Work and control, Inter locks, Error detect ion, Work wheel 

controller. 

Robot Application: Material transfer, Machine loading/unloading. Processing operation, 

Assembly and Inspection, Feature Application. 

 

REFERENCE BOOKS: 

1. Industrial Robotics / Groover M P /Pearson Edu. 

2. Introduction to Robotic Mechanics and Control / J J Craig/ Pearson / 3rd edition. 

3. Robotics / Fu K S/ McGraw Hill. 

4. Robotic Engineering / Richard D. Klafter, Prentice Hall 

5. Robot Analysis and Intelligence / Asada and Slotine / Wiley Inter-Science. 

6. Robot Dynamics & Control – Mark W. Spong and M. Vidyasagar / John Wiley & Sons 

    (ASIA) Pte Ltd. 

7. Robotics and Control / Mittal R K &Nagrath I J / TMH 
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Course Objectives: 

 The course aims at enhancing the capacity of the students to analyze structural 

characteristics of composite structures. 

 

Course Outcomes: 

 Apply stress-strain relationships in fiber reinforced composite materials. 

 Explain failure theories related to composite materials 

 Explain stress-strain characteristics of laminates 

 Explain elastic properties of laminates 

 Explain strength characteristics of laminates 

 

UNIT-I 

Introduction to Composites: Introduction, Classification, matrix materials, reinforced matrix of 

composites 

 

UNIT-II 

Hooke’s Law for a Two-Dimensional Angle Lamina, Engineering Constants of an Angle Lamina, 

Invariant Form of Stiffness and Compliance Matrices for an Angle Lamina Strength Failure 

Theories of an Angle Lamina : Maximum Stress Failure Theory Strength Ratio, Failure 

Envelopes, Maximum Strain Failure Theory ,Tsai–Hill Failure Theory, Tsai–Wu Failure Theory, 

Comparison of Experimental Results with Failure Theories. Hygro thermal Stresses and Strains in 

a Lamina: Hygrothermal Stress–Strain Relationships for a Unidirectional Lamina, Hygrothermal 

Stress–Strain Relationships for an Angle Lamina 

 

UNIT-III 

Macromechanical Analysis of a Lamina: Introduction, Definitions: Stress, Strain, Elastic Moduli, 

Strain Energy. Hooke’s Law for Different Types of Materials, Hooke’s Law for a Two-

Dimensional Unidirectional Lamina, Plane Stress Assumption, Reduction of Hooke’s Law in Three 

Dimensions to Two Dimensions, Relationship of Compliance and Stiffness Matrix to Engineering 

Elastic Constants of a Lamina 

 

UNIT-IV 

Micromechanical Analysis of a Lamina :Introduction, Volume and Mass Fractions, Density, and 

Void Content, Evaluation of the Four Elastic Moduli, Strength of Materials Approach, Semi-

Empirical Models ,Elasticity Approach, Elastic Moduli of Lamina with Transversely Isotropic 

Fibers, Ultimate Strengths of a Unidirectional Lamina, Coefficients of Thermal Expansion, 

Coefficients of Moisture Expansion 
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UNIT-V 

Macromechanical Analysis of Laminates: Introduction ,LaminateCode , Stress–Strain Relations 

for a Laminate, In-Plane and Flexural Modulus of a Laminate , Hygrothermal Effects in a 

Laminate, Warpage of Laminates,hybrid laminates 

 

UNIT-VI 

Failure, Analysis, and Design of Laminates : Introduction , Special Cases of Laminates, Failure 

Criterion for a Laminate, Design of a Laminated Composite, static analysis of laminated plates 

 

TEXT BOOKS: 
1. Engineering Mechanics of Composite Materials by Isaac and M Daniel, Oxford University  

    Press, 1994. 

2. B. D. Agarwal and L. J. Broutman, Analysis and performance of fibre Composites, Wiley-  

    Interscience, New York, 1980. 

3. Mechanics of Composite Materials, Second Edition (Mechanical Engineering), By Autar  

     K. Kaw, Publisher: CRC 

 

REFERENCE BOOKS: 

1. R. M. Jones, Mechanics of Composite Materials, McGraw Hill Company, New York,  

    1975. 

2. L. R. Calcote, Analysis of Laminated Composite Structures, Van NostrandRainfold,  

    New York, 1969. 
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Course Objectives:  

 To use computers in the area of manufacturing to reduce manual processing and linking 

computers to all the manufacturing machines and increase the productivity, reduce the 

unnecessary costs.  

 To study about group technology, Robotics, Flexible manufacturing systems, 

Automated material Handling Systems and storage Systems, Automated Inspection and Testing. 

 

Course Outcomes: 

 Understand the use ofcomputers in the area of manufacturing. 

 Understand group technology, Robotics, Flexible manufacturing systems. 

 Design automated material handling and storage systems for a typical production 

system. 

 Understand the Automated Inspection & Testing. 

 

UNIT-I 

Introduction: Definition of Automation, Need for Automation, Advantages and 

Disadvantages of Automation, Types of Production, Functions in manufacturing, Automation 

Strategies, Introduction to CAD, Applications of Computers in Design, Introduction to CAM, 

Manufacturing Planning and control, Fundamentals of computer Integrated Manufacturing. 

 

UNIT-II 

Group Technology: Introduction, Part families, Parts classification and coding (OPITZ 

&MULTI CLASS), Production flow analysis, Machine cell design, Types of cell design, 

Benefits of Group Technology. 

Robotics: Robot anatomy, Robot Configuration, Basic Robot motions, Types of drivers, End 

effectors. 

 

UNIT-III 

Flexible Machine Systems: What is FMS, FMS Workstations, Materials Handling and 

storage system, Computer Control System, Planning the FMS, Applications and Benefits. 

 

UNIT-IV 

Automated Material Handling: Introduction, Types of material handling equipment, 

automated guided vehicle system (AGVS), Applications, Vehicle guidance and routing, 

Traffic control and safety, System management. 

 

UNIT-V 

Automated Storage Systems (As): Storage systems performance, Automated storage 

/Retrieval systems (AS / RS), Basic components of AS /RS, AS / RS controls, Special 

features, applications. 
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UNIT-VI 

Automated Inspection & Testing: Automated inspection principles and methods, sensor 

technologies for automated inspection, Co-ordinate measuring machines 

(CMM),construction, operation & programming, CMM benefits and trends. Introduction to 

machine vision &non contact inspection methods. 

 

TEXT BOOKS: 

1.  Automation, Production and Computer Integrated Manufacturing – by M.P.Groover  

     (PHI), 1996. 

 

REFERENCE BOOKS: 

1. CAD/CAM - MikellP.Groover, and Emory W.Zimmers.Jr. PHI Publishers, 1984. 

2. Computer Aided Design and Manufacturing, K.Lalit Narayan,  

    K.MallikarjunaRao,MMMSarcar, PHI Publishers, 2008. 

3. CAD/CAM/CIM, Radhakrishnan and Subramanian, New Age Publishers, 2008. 
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Course Objectives: 

 To introduce the principles of design of pressure vessels and their components 

subjected to various loads  

 

Learning Outcomes: 
Student will be able to 

 design pressure vessels and various parts of vessels  

 select the suitable material for the pressure vessel  

 

UNIT-I  
Introduction: Materials-shapes of vessels-stresses in cylindrical, spherical and arbitrary, 

shaped shells, cylindrical vessels subjected to internal pressure, wind load, bending and 

torque for computation of pressure vessels-conical and tetrahedral vessels. 
 

UNIT-II  
Theory of thick cylinders: Shrink fit stresses in built up cylinders auto frettage of thick 

cylinders, thermal stresses in pressure vessels. 
 

UNIT-III 
Theory of rectangular plates: Pure bending-different edge conditions. 
 

UNIT-IV 
Theory circular plates: Simple supported and clamped ends subjected to concentrated and 

uniformly distributed loads-stresses from local loads, design of dome bends, shell 

connections, flat heads and cone openings. 
 

UNIT-V  
Discontinuity stresses in pressure vessels: Introduction, beam on an elastic foundation, 

infinitely long beam, semi infinite beam, cylindrical vessel under axially symmetrical 

loading, extent and significance of load deformations on pressure vessels, discontinuity 

stresses in vessels, stresses in a bimetallic joints, deformation and stresses in flanges. 
 

UNIT-VI  
Pressure vessel materials and their environment: Introduction, ductile material tensile 

tests, structure and strength of steel, Leuder’s lines, determination of stress patterns from 

plastic flow observations, behaviour of steel beyond the yield point, effect of cold work or 

strain hardening on the physical properties of pressure vessel steels, fracture types in tension, 

toughness of materials, effect of neutron irradiation of steels, fatigue of metals, fatigue crack 

growth, fatigue life prediction, cumulative fatigue damage, stress theory of failure of vessels 

subject to steady state and fatigue conditions. 
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TEXT BOOKS: 
1.  John F.Harvey, Van nostrandReihold Company, “Theory and design of modern Pressure  

 

REFERENCE BOOKS: 
1. Beowll&YoundEtt,” Process Equipment Design”, WILEY INDIA PVT. LTD.-NEW 

DELHI. 

2. Indian standard code for unfired Pressure vessels IS:2825.  

3. Henry H.Bednar, P.E “Pressure Vessel Design Hand Book”, C.B.S.Publishers, New 

Delhi.  

4. Timoshenko &Woinosky,” Theory of plates and shells” McGraw Hill Education 

(India) Pvt Ltd, New York.  
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Course Objectives: 

 To impart training on Ansys software for analyzing engineering problems.  

 

Learning Outcomes: 
Student will be able to 

 analyze different engineering problems using ansys software.  

 

I. Modeling 

1. Surface modeling 

2. Solid modeling 

3. Drafting 

4. Assembling 

 

II LIST OF EXPERIMENTS USING ANSYS SOFTWARE: 

1. 2- D truss analysis  

2. 3-D truss analysis  

3. Stress analysis of a beam  

4. Stress analysis of simple 3-D structure  

5. Analysis of Plane stress and plane strain problems  

6. Evaluation of stress intensity factors in a cracked plate  

7. Free vibration analysis of beam / plate  

8. Forced vibration analysis of beam / plate  

9. Buckling analysis of column / sheet metal  

10. Coupled field analysis of solid  

11. Optimization of a beam  

12. Steady state thermal analysis  

13. Transient thermal analysis  
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