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M.SC. THERMAL POWER ENGINEERING  

Course 

No. Subjects 
Examination Marks 

Total 

Marks Theory 
Practical 

Sessional       Viva GROUP-A COMPULSORY SUBJECTS 

 PE-501 Mathematical Methods 100 60 40 200 

 PE-502 Advanced Thermodynamics 100 60 40 200 

 PE-503 Advanced Fluid Dynamics 100 60 40 200 

 PE-504 Advanced Heat Transfer 100 60 40 200 

GROUP-B ELECTIVE SUBJECTS (Any four of the following) 

 PE-505 Experimental Methods 100 60 40 200 

 PE-506 Advanced I. C. Engine 100 60 40 200 

 PE-507 Nuclear Engineering 100 60 40 200 

 PE-508 Turbomachinery 100 60 40 200 

 PE-509 Control Engineering 100 60 40 200 

PE-510 Mechanical Vibration 100 60 40 200 

 PE-511 Modeling and Simulation 100 60 40 200 

 PE-512 HVAC Systems 100 60 40 200 

 PE-513 Aerodynamics 100 60 40 200 

 PE-514 Energy Management 100 60 40 200 

 PE-515 Pollution Engineering 100 60 40 200 

 PE-516 Sustainable Energy Systems 100 60 40 200 

 PE-517 Computational Fluid Dynamics  100 60 40 200 

 PE-518 Multiphase Flow 100 60 40 200 

PE-700 Research Thesis & Oral (Compulsory) 
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COURSE OUTLINE FOR M.SC THERMAL POWER ENGINEERING 

 

1. PE-501 Mathematical Methods 

 

Introduction: basic ideas, concepts, terminology, elements of a numerical method: 

differential formulation, solution domain and mesh, discretization, set of algebraic 

equations, solution algorithm. 

Preview: choice of numerical mesh, Cartesian, polar-cylindrical, general, regular non-

orthogonal, arbitrary triangular meshes, discretization, truncation and discretization 

errors, Newton’s method of solving algebraic equation of single variable, Crammer’s 

rule for solving set of equations, round off errors and their estimation. 

Polynomials and Finite difference: collocation-type polynomials, finite-difference-

operator algebra, forms of polynomials, relationship to Taylor series. 

Finite difference: differences and Differential operators, basic operator relations, 

relations of first, second and higher order derivatives to difference series, solutions 

errors. 

Solution of equation sets: III-conditioning, iterative solution methods, 

Decomposition, Eigen-value problem, system stability, characteristic polynomial, 

roots, Eigen-values, convergence of solution scheme.  

Ordinary differential equations: order, methods of solving first order ordinary 

differential equations, higher order differential equations and their conversion into set 

of first order ordinary equations. 

Partial differential equations; variants of partial differential equation, choice of finite-

difference formulation and solution algorithm, elliptic, parabolic and hyperbolic 

equations. Discretization and solution of second order 2-D steady diffusion equation, 

first order 1-D transient diffusion equation, first order 1-D convection equation, Finite 

volume approach. 

 

2. PE-502 Advanced Thermodynamics 

 

Equilibrium of thermodynamics systems: concept of equilibrium, spontaneous 

change, criterion of stability, equilibrium of system, Van der Waals’ equation 

System of constant chemical composition: thermodynamic properties, equation of 

state, law of corresponding states, relations for pure substance, applications, specific 

heats, Clausius –Clapeyron equation, liquefaction of gases. 

Ideal gases and ideal gas mixtures of constant composition: state of all ideal gases, 

internal energy and enthalpy of an ideal gas, entropy of an ideal gas-the third law of 

thermodynamics, Gibbs free energy equation, heats of reaction or calorific values, 

adiabatic combustion, heats of formation and Hess’s law, entropy of ideal gas 

mixtures 

Gas mixtures of variable composition: chemical potential, stoichiometry and 

dissociation, chemical equilibrium, equilibrium constant and heat of reaction, Van’t 

Hoff’s equation, calculations, temperature rise due combustion reaction, Lighthill 

ideal dissociating gas ionization of monatomic gases, non-equilibrium processes, 

equilibrium and frozen flows  

Special systems: application of thermodynamics to elastic systems, systems with 

surface tension, reversible cell, fuel cell, magnetic systems, steady state or 

irreversible thermodynamics, thermo-electricity. 
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3. PE-503 Advanced Fluid Dynamics 

 

Continuum properties, Control volume formulation of the conservation laws 

including deformable Control Volume Field equations: Euler equation. Vorticity and 

circulation. Inviscid flow considerations.  

Fundamental equations of compressible viscous flow, Dimensionless parameters, 

solutions to Newtonian viscous flow, Compressible boundary layer flows. Finite 

difference analysis and digital computer solution of various problems. 

Navier-stokes equations. Derivation of boundary layer equations for two dimensional 

flow. General properties of the boundary layer equations. Exact solutions of the 

steady- state two dimensional boundary layer equations. Boundary layer control. 

Thermal boundary layers. Fundamentals of turbulent flow. Turbulent flow thorough 

pipes and along a plate. Approximate methods for turbulent boundary layers. 

Turbulent jets. 

 

4. PE-504 Advanced Heat Transfer 

 

Formulation of steady and unsteady, multi-dimensional conduction in different 

geometries. Heat transfer through extended surfaces, analytical and numerical 

methods of solutions.  

Electromagnetic background and definitions. Interaction of radiation with 

homogenous matter and with interfaces. Black body radiation. Radiation from real 

surfaces. Radiative energy transfer between surfaces and enclosures. Equation of 

motion, Formulation of laminar, free and forced convection including integral 

techniques, Methods of solution: Similarity, perturbation, turbulent diffusivities. 

Prandtl and Kamran’s theories, Analogy between heat and momentum transfer, 

Reyonlds, Taylor, Prandtl and Martinelli analogies. Combined heat transfer. 

 

5. PE-505 Experimental Methods 

 

Instruments for measurement in fluid flow: monitoring and controlling processes, 

engineering analysis, categories of flow, instrumentation in thermo-fluids, planning, 

designing and carrying out experiments, stages of an experimental investigation. 

Pressure differential devices: incompressible and compressible flow cases, idealized 

analysis of flow meters, practical flowmeters, Rota meter, idealized analysis, use with 

gases, calibration.  

Turbulence and Reynolds number: 2-D nozzle jet flow, time-dependent flow, 

coordinates and notation of the actual, mean and fluctuating components of flow 

velocity, time-averaged quantities, case studies.  

Pressure measurements: measurement al wall, manometers and instruments, pressure 

transducers, Pitot tubes (probes) performance, error sources, Pitot-static tubes 

performance. 

Flow system: open and closed circuit wind tunnels, high-pressure and / high 

temperature closed circuit wind tunnels, working section, use of screens, meshes, 

gauzes, course meshes, honeycombs, nozzle, diffusers, contractions, bell-mouth 

contractions, refracting meshes, splitter plates, guide vans, blowing (Coanda effect), 

boundary layer suction, corners, corner vanes.  

Hot wire anemometry 9HWA): measurement of mean and fluctuating components of 

velocity, HW response, King’s law, Constant current (CCA) and constant temperature 

anemometers 9CTA), calibration procedure, directional characteristics, normal yawed 

and crossed wires, processing the hotwire signals. Hot film anemometry, HWA 

versus HFA. 
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Laser Doppler Anemometry (LDA): basic Doppler effect, laser light properties, 

components of LDA system, general schematic of an LDA system, 2-beam LDA 

system, signal processing, counters and trackers, Bragg cell, forward and back ward 

LDA choice between LDA, HWA and HFA.  

Transducers: strain gauge, Piezo-electric, diaphragm pressure transducers, 

measurement of mechanical displacement, velocity, acceleration, rotational speed.  

Combustion flow measurements:  measurement of temperature, pressure, velocity, 

density, pollutants, NOx, SOx, HOx, HC and fuel concentrations, 

Particle sizing: mean droplet size, size distribution of droplets, droplet velocities, and 

trajectories mean droplet diameters, non-intrusive techniques, spark photography, 

light scattering- laser diffraction, single particle counting, soot particles. 

High-speed cine film photograph, holography, use of digital camera for 

experimentation and flow visualization in thermo-fluids. 

 

6. PE-506 Advanced IC Engines 

 

i) Description: CI Engines, combustion chambers, sub-divided chamber, direct 

injection chamber, quiescent chamber, spark ignition engines, SI Engine 

chambers, automotive engine chambers, high compression ratio gas engine, 

stratified charge engine, torch ignition engine, rotary engine, Wankel engine. 

ii) Basic thermodynamics and gas dynamics: state equation, first law of 

thermodynamics, closed and open systems, second law of thermodynamics, 

hometropic flow, continuity and momentum equations, gas mixtures, internal 

energy, enthalpy diagrams, dissociation, air standard cycles efficiencies and 

their limitations. 

iii) Gas exchange process: process in 2-stroke and 4-storke engine, exhaust blow-

down, exhaust manifold configuration, exhaust and suction strokes, scavenge 

process, exhaust valve and port area in 2-stroke and 4-stroke engines, intake 

system, carburetor. 

iv) Combustion in CI Engines: Fuel injection, conventional and modern fuel 

injection systems, spray structure, fuel-air mixing, ignition delay, pressure-

volume and pressure-crank angle diagrams, heat release rates, models for 

combustion, combustion –generated emissions, soot, gaseous pollutants. 

v) Combustion in SI Engines: CFR engine, flame propagation, controlled, 

uncontrolled, normal and abnormal combustion, knock, effect of additives on 

knock, models for normal combustion, combustion-generated noise, CO, NOx 

, and HC emissions, NOx and HC emissions trade off, modern features of 

automobile engines, conventional and non-conventional engine fuels. 

vi) Supercharging: mechanical supercharging, turbo charger, turbo charger 

matching, pulse turbo charging, high-pressure turbo charging, performance of 

turbo charged engine hyper bar engine, compound engine. 

vii) Chemical analysis techniques: sampling valve, Orsat apparatus, non-

dispersive infrared (NDIR), flame ionization detector (FID), Gas 

chromatography, chemiluminescence, 

 

7. PE-507 Nuclear Engineering 

 

The role of nuclear energy, nuclear power growth, the equivalence of matter and 

energy, 

 Nuclear physics: nuclear structure, binding energy, radioactivity, the decay law. 

Nuclear reactions: fission, conditions to produce fission, types of interactions 

between a neutron and a nucleus, fission phases, byproducts of fission, energy from 
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nuclear fuels, cross sections for particle interaction, variation of neutron chain 

reactions, neutron balances. 

Nuclear radiations: means to achieve criticality, fuel processing, enrichment, fuel 

materials, fuel ciadding, moderator choice, coolant choice, power control principle, 

reactor classification, reactor construction, pressurized water reactor, boiling water 

reactor, heavy water reactors, CANDU reactor plant, gas-cooled reactor, breeding, 

fast breeder reactors,  

Nuclear radiations: radiation sources in a nuclear power plant, biological effects of 

radiation, establishment of limits of exposure, radiation protection and control, safety. 

 

8. PE-508 Turbo Machinery 

 

Fundamental theory of turbomachines for incompressible fluids, Euler theorem; 

velocity diagrams; hydraulic turbines and pumps; aerodynamic theory of 

turbomachines; two dimensional and three-dimensional flow of compressible fluids; 

boundary layer considerations in turbomachines, loading limits and design 

corrections; free vortex, solid rotation, and other types of radical equilibrium; axial,, 

radial and mixed flow machines; transonic and supersonic compressors; simililarity 

laws; characteristic curves; off design conditions and regulation. 

 

9. PE-509 Control Engineering 

 

Mechanical modeling of engineering systems using differential and difference state 

equations, state variable time solutions using analytic and computer-aided analysis 

techniques, state control principles of controllability, absorbability, stability and 

performance specification, trade-offs between state variable and transfer function 

techniques  

Design and analysis of single and multi-variable feedback control systems in 

transform and time domain, state observer, feed forward/preview control, application 

to engineering systems. 

Design and analysis of multivariable systems using state-variable techniques, 

observability, controllability, stability, Z transforms, and controller design, input-

output and state space representation of linear continuous and discrete time dynamics, 

pole placement using state and output feedback, Luenberger observers. 

Linear quadratic optimal control, stochastic state estimation, loop transfer recovery, 

adaptive control and model reference adaptive systems, self tuning regulators, 

repetitive control, application to engineering systems. 

Analysis and synthesis of nonlinear system: describing functions, limit cycles, 

stability, nonlinear control problems in industries, analysis of nonlinear systems using 

phase plane, Lyapunov describing function methods, design of nonlinear controllers. 

 

10. PE-510 Mechanical Vibration 

 

Multi-degree-of-freedom and continuous systems, Eigenvectors and Eigenvalues and 

orthogonality of normal modes, modal analysis and modal summation methods 

fundamental principles of generation propagation, absorption, reflection and 

scattering of vibrational wave in solids and fluids; theory of wave motion in liquids 

and gases, wave equation solution for strings, rods, beams, and plates, approximate 

and energy method solutions.  

Solution to forced vibrations by Laplace transforms numerical methods and 

Continuous Systems Modeling Program (CSMP). Rayleigh’s principle and Dunkerley 
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formula for approximate frequencies, Torsional geared and branched system, log 

ranges equations.  

Non-linear systems techniques, phase plane and function description methods. 

Analysis and measurement of random phenomena, Lagrange’s equation of motion, 

RungeKutta computation, Finite Element Method and classical methods for normal 

mode analysis, matrix notation and iteration procedure, and Fourier series 

representation for the solution of vibration problems. 

 

11. PE-511 Modeling and Simulation 

 

3D modeling, Assembly and drawing, using Pro-E, Use of 3D models in conceptual 

Design & Iterations. Project based assignments. Modeling physical phenomenon and 

mathematical equations using MATLAIB. Matrix analysis, Numeral visualization. 

Building of Graphical user interface. Data analysis. 

 

12. PE-512 HVAC Systems 

 

i) Preview: refrigerants, refrigeration, air-conditioning, psychrometry, related 

thermodynamics property tables, charges, and their use summer and winter air-

conditioning, indoor and out door conditions, building orientation. 

ii) Air-conditioning of domestic and commercial buildings, load calculation 

procedures for summer and winter, air-conditioning system design, chilled water 

and hot water recirculation systems design, standard equipment and individual 

components selection Air-conditioning of space capsules, year-round air-

conditioning, use of HVAC software. 

iii) Air- distribution system design: site for A/c plant installation, operation and 

maintenance, ducting pressure losses, piping network design, air-handling units, 

fresh air provisions, return-air-re-circulation system design, use of HVAC 

software. 

iv) Air Ventilation: fresh air supply requirements, quality of fresh air, air cleaners, 

bacteria and odor removal, duct sizing, fresh air distribution systems, pressure 

losses. Exhaust of used air, selection of commercial air ventilation and individual 

components, use of HVAC software. 

v) Building management: water supply system, electrical power supply system, gas 

supply system, safety measures of equipment occupants and maintenance staff, 

alarm system, periodic maintenance. 

 

13.  PE-513 Aerodynamics 

 

Review of aerodynamics. Kinematics and dynamics of Inviscid flow: airfoil dynamics 

including thin airfoil theory, finite wings, panel methods and airfoil parameters, 

Boundary layer theory and boundary layer control as applied in aerodynamics. 

Introduction to high speed aerodynamics. Introduction to dynamics of flight including 

stability and control. 

 

14.  PE-514 Energy Management 

 

Energy scene, Thermodynamics and energy, heat and mass transfer, waste heat 

recovery, vapor diffusion and condensation. Energy surveys and energy audits; laws 

of energy and materials flows, checklists for energy managers, case study generation, 

evaluation and optimization of options for energy conservation. 
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15.  PE-515 Pollution Engineering 

 

Nature and sources of air pollution, chemical and biological aspects, effects on health 

and environment. Physical aspects of the atmosphere, thermodynamics, vertical 

variation of wind and temperature, stability, convection, atmospheric turbulence, 

diffusion equations, plums, thermals, jets in stratified flow, radioactive plumes, 

micrometeorological instrumentation, air pollution control techniques and equipment 

monitoring instrumentation. 

 

16.  PE-516 Sustainable Energy Systems 

 

Conventional energy systems and their sustainability, the magnitudes and patterns of 

human energy needs at various levels, the sustainability problems associated with the 

use of fossil and nuclear fuels, and how they might be mitigated in the short to 

medium term.  

The physical and technological principles, the economics, environmental impacts and 

future prospects of the principal renewable energy sources, such as solar thermal 

energy; solar photovoltaic; hydroelectricity, tidal and wave power; wind power; and 

geothermal energy. 

Design and analysis of thermoelectric, photovoltaic, thermionic, magneto 

hydrodynamic power generators and fuel cells, and other modes of direct energy 

converters.  

Environmental regulations, environmental management systems, energy audit and 

management, methods to calculate the monetary costs of energy. 

 

17.  PE-517 Computational Fluid Dynamics 

 

Introduction to finite difference, finite volume, and finite element, spectral methods, 

governing equations for nonreacting and reacting flows, stability and convergence for 

steady and unsteady problems advanced methods for the solution of systems of 

equations, artificial compressibility methods,. turbulent flows, direct numerical 

simulation, large eddy simulation, and Reynolds-averaged Navier-Stokes methods, 

advanced CFD codes, geometry modeling CAD-CFD conversion, conjugate 

(solid/fluid) heat transfer problems, development of customized physical models, 

applications to the solution of simple hyperbolic systems of equations and the Euler 

equations, batch execution for parametric studies, numerical approximation of the 

Inviscid compressible equations of fluid dynamics, analysis of numerical accuracy, 

stability, and efficiency.  

 

18.  PE-518 Multi Phase Flow 

 

Thermodynamics of vapor/liquid systems; basic processes of boiling; pool boiling, 

convective boiling single phase heat transfer; onset of sub cooled boiling; saturated 

boiling heat transfer; critical heat flux in forced convective flows; condensation and 

evaporation at a liquid-vapor interface; film and drop wise condensation and 

augmentation techniques.  

Liquid-Solid, Liquid-vapor, solid-gas flows, Flow regimes of liquid-vapor flows, 

Pressure drop predictions, Strokes flow, Drag and lift, Flow regimes of Fluidized 

beds and relevant statistical analysis, Bingham flow, Dispersed phase flows, energy 

and momentum coupling, Reynolds transport theorem, Combustion of droplets or 

particles, Numerical and experimental methods.  
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M.SC. MECHANICAL DESIGN ENGINEERING 

Course 

No. Subjects 
Examination Marks 

Total 

Marks Theory 
Practical 

Sessional       Viva GROUP-A COMPULSORY SUBJECTS 

DE-501 Advanced Stress Analysis 100 60 40 200 

DE-502 Theory of Plasticity 100 60 40 200 

DE-503 Mechanical Vibration 100 60 40 200 

DE-504 Engineering Analysis 100 60 40 200 

GROUP-B ELECTIVE SUBJECTS (Any four of the Following) 

DE-505 Advanced Engg. Dynamics  100 60 40 200 

DE-506 Fracture Mechanics 100 60 40 200 

DE-507 Theory of Elastic Stability 100 60 40 200 

DE-508 Control Engineering 100 60 40 200 

DE-509 Modeling and Simulation 100 60 40 200 

DE-510 Theory of Plates and Shells 100 60 40 200 

DE-511 Fatigue of Metals 100 60 40 200 

DE-512 Experimental Methods 100 60 40 200 

DE-601 Computer Aided Design 100 60 40 200 

DE-602 Finite Element Methods 100 60 40 200 

DE-700 Research Thesis & Oral (Compulsory) 

 



  Page 9 of 12 

 

 

 

COURSE OUTLINE FOR M.SC MECHANICAL DESIGN ENGINEERING 

 

1. DE-501 Advanced Stress Analysis 

 

Introduction: Analysis of stress and strain, Review of relation for various type of 

stresses, Equations of equilibrium, Boundary conditions and principal stresses. 

Generalized Hook’s law, boundary value problems of linear elasticity, elasticity 

applications; Thick tube, Stress concentration due to a Circular hole in a stress plate, 

concentrated load acting on the vortex of a Wedge and Concentrated force acting on 

the inadequacies of conventional design concepts. Type of fractures that occur under 

uni-axial tensile loading. The physical significance of fracture toughness. The role of 

dislocations in plastic deformation of single and polycrystalline materials, Contact 

‘Thermal Stresses: Application of Contact Stresses to mating of gear teeth, shaft in a 

bearing and ball and rollers in bearings. Thermal stresses and thermal strains; 

applications to turbines and pipes carrying hot fluids. Visco-elasticity Analysis: Type 

of time dependence superposition, Boltzmann’s integral, Differential form, in phase 

and out of phase components. Laplace transforms and relationship between Visco-

elastic parameters. Model materials, Maxwell Voigt and standard linear solid. Photo 

elasticity. Plasticity: Plane strain deformation and slip line field. Stress distribution 

from the slip line field. Upper bound and lower bound theorem. 

 

2.  DE-502 Theory of plasticity 

 

Introduction: Stress and strain analysis. True stress and true strain. Yield criteria for 

ductile metals. Stress-strain relations for elastic and plastic ranges. Strain hardening 

hypothesis. Behavior after necking. Plastic instability. Strain rate and temperature. 

Elastoplastic bending and torsion. Ideal work for plastic deformation. Slab analysis. 

Upper bound analysis. Plane strain frictionless extrusion. Plane strain indentation. 

Slip-line field theory and its application.  

 

3.  DE-503 Mechanical Vibration 

 

Properties of vibrating system, Lagrange’s equation. Continuous systems; Transverse 

vibration of string of cable, longitudinal. Use of computers for solution of vibration 

problems. Orthogonality of Eigen vectors, modal matrix, normal mode summation, 

computational methods, Gauss elimination, matrix iteration to the Finite Element 

Method, mode summation procedures for continuous systems; random vibrations, 

non-linear vibrations, perturbation methods, phase plan, modal analysis. 

 

4.  DE-504 Engineering Analysis 

 

Introduction: basic ideas, concepts, terminology, elements of a numerical method: 

differential formulation, solution domain and mesh, discretization, set of algebraic 

equations, solution algorithm. Preview: choice of numerical mesh, Cartesian, polar-

cylindrical, general orthogonal, regular non-orthogonal, arbitrary triangular mashes, 

discretization, truncation and discretization errors. Newton’s method of solving 

algebraic equation of single variable, Crammer’s rule for solving set of equations, 

round off errors and their estimation. Polynomials and Finite differences: collocation-

type polynomials, finite-difference-operator algebra, forms of polynomials, 
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relationship to Taylor series. Finite difference; differences and Differential operators, 

basic operator relations, relations of first, second and higher order derivatives to 

difference series, solutions errors. 

Solution of equation sets: III-conditioning, iterative solution methods, 

Decomposition, Eigen-value problem, system stability, characteristic polynomial, 

roots, Eigen-values, convergence of solution scheme. Ordinary differential equations: 

order, methods of solving first order ordinary differential equations, higher order 

differential equations and their conversion into set of first order ordinary equations. 

Partial differential equations: variants of partial differential equation, choice of finite-

difference formulation and solution algorithm, elliptic, parabolic and hyperbolic 

equations. Discretization and solution of second order  

2-D steady diffusion equation, first order 1-D transient diffusion equation, first order 

1-D convection equation, Finite volume approach.  

 

5.  DE-505 Advanced Engineering Dynamics 

 

Hamilton’s Principle, generalized variables, Language’s equation, Rigid body 

dynamics and systems with gyroscopic effects on spinning shafts and critical speeds, 

Gyro –compass, Inertial navigation, Vibration of systems with time varying and non-

linear characteristics, Hamilton’s principle applied to distributed systems and to 

systems with electro-mechanical transducer components. 

 

6.  DE-506 Fracture Mechanics 

 

  Introduction to fracture mechanics. Types of cracks, Fracture toughness, stress  

intensity factors, Crack opening modes. Singular stress fields, Crack tip stress fields. 

Ductile to brittle transition. Linear elastic and elastic-plastic fracture mechanics, J-

integral, Post yield fracture mechanics, Failure theories, Fracture mechanics in 

design, experimental and analytical procedure in fracture mechanics. Case studies: 

ships, aerospace, and nuclear reactors. 

 

7.  DE-507 Theory of Elastic Stability 

 

Cartesian Tensor Analysis, 3-D state of stress and stress transformation, Principal 

stresses and planes. Mohr’s Representation, Stress small deformation theory, Strain 

displacement relations, Strain compatibility equations. Stress-Strain relation, Lame’s 

and engineering constants. Formulating of problem in elasticity, Biharmonic 

equation, Stress function. Plain stress and plain strain problem in Cartesian and polar 

coordinates. Principal of superposition, Uniqueness of elasticity solution. 

Axisymmertic plane problems. Semi inverse method. General solution of torsion 

problem. Solution derived from equations of boundaries. Approximate solution of 

torsion of cell sections.  

 

8.  DE-508 Control Engineering 

 

Mechanical modeling of engineering systems using differential and difference state 

equations, state variable time solutions using analytic and computer-aided analysis 

techniques, state control principles of controllability, absorbability, stability and 

performance specification, trade-offs between state variable and transfer function 

techniques  
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Design and analysis of single and multi-variable feedback control systems in 

transform and time domain, state observer, feed forward/preview control, application 

to engineering systems. 

Design and analysis of multivariable systems using state-variable techniques, 

observability, controllability, stability, Z transforms, and controller design, input-

output and state space representation of linear continuous and discrete time dynamics, 

pole placement using state and output feedback, Luenberger observers. 

Linear quadratic optimal control, stochastic state estimation, loop transfer recovery, 

adaptive control and model reference adaptive systems, self tuning regulators, 

repetitive control, application to engineering systems. 

  Analysis and synthesis of nonlinear system: describing functions, limit cycles,  

stability, nonlinear control problems in industries, analysis of nonlinear systems using 

phase plane, Lyapunov describing function methods, design of nonlinear controllers. 

 

9.  DE-509 Modeling and Simulation 

 

3-D modeling, Assembly and drawing, using Pro-E. Use of 3D models in conceptual 

Design & Iterations. Project based assignments. Modeling physical phenomenon and 

mathematical equations using MATLIB. Matrix analysis, Numerical visualization 

Building of Graphical user interface. Data analysis. Basic concept of real time 

modeling and simulation of dynamic systems. Classification of dynamic systems. 

Element of Bond graph modeling and simulation. Multiport system and bond graphs. 

Basic component models. System Models and Automated Computer Simulation. 

State space modeling and simulation. 

 

10-  DE-510 Theory of Plates and Shells 

 

Torsion, pure bending, transverse loading, transformation of stress and strain, 

singularity function, deflection by integration, deflection by moment area method, 

Castiglione’s theorem, Euler’s formula for columns, Secant formula for columns, 

theory of plates and shells.  

 

11.  DE-511 Fatigue of Metals 

 

Nature of fatigue failure, crack nucleation and crack propagation. Fatigue testing 

machines. High cycle fatigue. The SNP curves and factors affecting SNP curves. The 

influence of non-zero mean stresses. Multi-axial fatigue stresses and fatigue failure 

theories. Commutative fat/gue damage and life prediction. Low cycle fatigue. The 

strain-life curve and low cycle fatigue relationships. Commutative damage in low 

cycle fatigue. Fatigue stress concentration factors for elastic and plastic. 

 

12.  DE-512 Experimental Methods 

 

Instruments for measurement in fluid flow: monitoring and controlling processes, 

engineering analysis, categories of flow, instrumentation in thermo-fluids, planning, 

designing and carrying out experiments, stages of an experimental investigation. 

Pressure differential devices: incompressible and compressible flow cases, idealized 

analysis of flow meters, practical flowmeters, Rota meter, idealized analysis, use with 

gases, calibration. Turbulence and Reynolds number; 2-D nozzle jet flow, time-

dependent flow, coordinates and notation of the actual, mean and fluctuating 

components of flow velocity, time-averaged quantities, case studies. Pressure 

measurements; measurement at wall, manometers and instruments, pressure 



  Page 12 of 12 

transducers, Pitot tubes (probes) performance, error sources, Pitot-static tubes 

performance. Flow system: open and closed circuit wind tunnels, high-pressure and 

/high-temperature closed circuit wind tunnels working section, use of screens, 

meshes, gauzes, course meshes, honeycombs, nozzles, diffusers, contractions, bell-

mouth contractions, refracting meshes, splitter plates, guid vans, blowing (Coanda 

effect), boundary layer suction, corners, corner vanes. Hot wire anemometry (HWA): 

measurement of mean and fluctuating components of velocity, HW response, King’s 

law, Constant current (CCA) and constant temperature anemometers (CTA), 

calibration procedures, directional characteristics, normal yawed and crossed wires, 

processing the hotwire signals. Hot film anemometry, HWA versus HFA. Laser 

Doppler Anemometry (LDA): basic Doppler effect, laser light properties, components 

of LDA system general schematic of an LDA system, 2-beam LDA system, signal 

processing, counters and trackers, Bragg cell, forward and backward LDA, choice 

between LDA, HJWA and HFA. Transducers: strain gauge, Piezo-electric, diaphragm 

pressure transducers, measurement of mechanical displacement, velocity, 

acceleration, rotational speed. Combustion flow measurements: measurement of 

temperature, pressure, velocity, density, pollutants, NOx, SOx, HOx, HC, and fuel 

concentrations, Particle sizing: mean droplet size, size distribution of droplets, droplet 

velocities, and trajectories, mean droplet diameters, non-intrusive techniques, spark 

photography, light scattering- laser diffraction, single particle counting, soot particles, 

High-speed cine film photography, holography, use of digital camera for 

experimentation and flow visualization in thermo-fluids. 

 

13.  DE-601 Computer Aided Design 

 

An introduction to using a computer system to aid in engineering design, fundamental 

components of hardware and software, databases and database management, 

numerical control and computer-aided manufacturing. Integration of manufacturing 

system from conceptual design through quality control to final shipping is discussed. 

Applications include solids modeling, CAD drawing and solution using finite element 

method. 

Dynamics of planar and spatial mechanisms; dynamic response of cams, springs, ears 

and links; effects of clearance and elasticity; analytical and experimental methods of 

balancing machinery; optimization methods for engineering design, including 

unconstrained and constrained minimization of linear and nonlinear systems; 

robotics, case studies and applications, Second semester. Prerequisite: ME-655 

(Alternate years) 

 

14.  DE-602 Finite Element Methods 

 

Study of two- and three-dimensional continua, hybrid and boundary element 

methods, analysis strategies using finite elements; Application of variational and 

weighted residuals methods; nonlinear (transient) analysis, steady-state and time-

dependent problems application of finite element methods to mechanical engineering 

analysis and design problems, Applications to heat transfer, fluid flow solids, 

isoperimetric elements, plate and shell elements, bending elements; numerical errors 

and convergence; computer modeling; application of commercial finite element 

codes. 


