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Numerical and graphical methods of approximate solution; finite difference method; calculus of
variations, solution of classical partial differential equations of mathematical physics including application of
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Generalized performance characteristic of instruments; static and dynamic characteristics, study
of measurement method for temperature, pressure, mass flow, stress-strain and vibration; experimental design

and data analysis.
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System representation; linear system analysis; state-space solutions and realizations; stability;
controllability and observability; minimal realization; nonlinear systems analysis; phase plane analysis; Lyapunov
theory for autonomous systems; introduction to Lyapunov theory for non-autonomous systems; differential
geometry; Lie derivative and Lie bracket; the Frobenius theorem; describing function analysis; Fourier series;

Fourier integral; discrete-time mathematic; digital signal processing and fast Fourier transform (FFT).

2103604 I UAVTUGA 3 (3-0-9)

Advanced Numerical Methods

ADV NUMER MTD
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Solution of equation; numerical instabilities and their cure; simultaneous linear algebraic
equations; numerical differentiation and integration; least squares approximations; ordinary differential
equations; boundary value problems; partial differential equations.
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Elasticity

ELASTICITY
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Two and three dimensional stress and strain analysis, theory of elasticity, Hooke's law for two
and three dimensional problems, equilibrium conditions, compatibility conditions; stress function: two

dimensional problems in Cartesian, polar and curvilinear coordinate systems; introduction to three dimensional

elasticity.

2103613 nAAANEA 3 (3-0-9)
Plasticity
PLASTICITY
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Stress tensors and tensor notations, yield criteria, stress-strain relations, plastic-elastic problems,
introduction to incremental plasticity theory, plane strain compression, slip-line fields, friction effects, extrusion,

deep drawing, rolling, limit analysis, upper bound and lower bound solutions.

. :
2103614 ﬂﬁﬂ1ﬁﬂ5!!‘ﬂ‘ﬂdi’)!‘ﬁ®\‘l 3 (3-0-9)

Continuum Mechanics

CONT MECH
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Introduction to continuum mechanics; Essential mathematics: notations, tensor and operations,
transformation, integral theorems of Gauss and Stokesl Kinematics of deformation and motion; Stress principles;
Boverning equations; Constitutive equations; Applications (heat conduction, solid mechanics, fluid mechanics);

Introduction to computational modeling.

2103615 mi'Efuazaﬁaumana 3(3-0-9)

Mechanical Vibrations

MECH VIBRATION
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One degree of freedom. applications of vibration principles to various types of practical

problems. multi-degrees of freedom system, formulation of equation, numerical solving methods, continuous

system, non-linear vibration.
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Optimum Design of Complex Mechanical Elements
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Techniques for optimum design with application to simple mechanical elements in problem with

practical constraints.
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Advanced Dynamics
ADVANCED DYNAMICS
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Kinematics and kinetics of particles; variable mass problems; rigid body dynamics; Lagrange's

equation; Hamilton's principle; Hamilton's canonical equations; Hamilton-Jacobi theory.

2103618 NYHF VO WA 3 (3-0-9)
Theory of Plates
THEORY OF PLATES
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Cylindrical and pure bending of plates, axi-symmetrical bending of laterally loaded rectangular

and circular plates with various boundary conditions; plates of various shapes, combined bending and stretching

of plates.
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Theory of Shells

THEORY OF SHELLS
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Stresses and deformations of shells; membrane theory of shells; bending theory of shells of

revolution and other shapes.
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Theory of Elastic Stability I
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Stability of mechanical models and elastic beams by classical, kinetic, and energy approaches;
snap through and bifurcation buckling; buckling of beams on elastic foundation; approximate methods for critical
loads, buckling of rings and arches.
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Energy Principles in Solid Mechanics

ENGY PRIN SOL MECH
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Variational calculus; energy principles of structural mechanics; Hamilton's principle and

Lagrange's equations; formulation and solution of engineering problems by direct variational methods.

21036227 M3dnnzrlnssadianonlnan 3 (3-0-9)

Analysis of Composite Structures
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Concept and analysis structural response of laminated composite components; bending,
vibration and stability of laminated composite structures; interlaminar stresses; effect of shear deformation on

structural response; numerical modeling of laminated plates.
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Fatigue of Metals
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Fatigue damage process; analysis and design against fatigue failure through stress-based, strain-

based and fracture mechanics-based approaches; problems of high temperature fatigue.
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Advanced Finite Element Method
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CONDITION : Consent of Faculty
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Procedures of the finite element method for structural, thermal and fluid differential equations.
Nonlinear structural static and dynamic problems with discrete and continuum structures. Transient nonlinear
heat transfer problems with conduction, convection and radiation. Steady and unsteady nonlinear incompressible

and compressible fluid flow problems.
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Thermal Stress Analysis

THERMAL STRE ANAL

CONDITION : Consent of Faculty
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Derivation of different classes for thermal stress differential equations and analytical solutions to
one, two and three-dimensional thermal stress problems. Numerical methods for solving thermal stress problems

with arbitrary three-dimensional continuum bodies and built-up structures.
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Industrial Robots I1
INDUST ROBOT 11
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Arm kinematics, homogenous transformation, Denavit-Hartenberg representation, kinematic

equations for manipulators, inverse kinematics solutions, differential relationships of arm kinematics, arm
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dynamics, Lagrange-Euler equations of motion of robot manipulator arms, Newton-Euler formulation, computer

simulation of arm dynamics, control of multiple-joint manipulator arms.
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Control of Dynamic Systems
CTRL DYN SYS
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Classical control; linear system theory; response of linear, lumped-parameter stationary system;
stability of linear lumped-parameter systems; scalar input-output systems and feedback control; frequency

response; introduction to multi-variable control systems; linear digital control.
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Applied Nonlinear Control
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Introduction; phase plane analysis; fundamentals of Lyapunov Theory; describing function

analysis; feedback linearization; sliding control; adaptive control.
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Applied Optimal Control
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Introduction, Parameter optimization problems, optimization problems for dynamic systems,

optimization problems for dynamic systems with path constraints, optimal feedback control, linear system with

quadratic criteria, linear feedback, neighboring extremals and the second variation.
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Dynamic System Modeling and Simulation
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Mechanical background; mathematical modeling and numerical solution of engineering
problems; modeling of mechanical systems; model representation and response; modeling of electrical, hydraulic
and thermal systems; modeling of mixed systems; time response analysis of linear dynamic systems; introduction
to optimization and numerical solution; solution techniques for non-linear systems; signal processing.
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Advanced Engineering Thermodynamics
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Review of principles and essential concepts, Thermodynamic properties relations, Mixtures and

solutions, chemical reactions, introduction to phase and chemical equilibrium, Thermodynamics of high speed

flow.
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Advanced Fluid Mechanics
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Review of principles and concepts, Cartesian tensor; transport equation, special model for steady

laminar flow; shear flows, boundary layer equations, the concept of similarity; turbulent flow.
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Combustion Theory
COMBUSTION THEORY
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Review of combustion processes, review of chemical thermodynamics, stoichiometric
combustion analysis, equation of Arrhenius, activation energy, reaction orders, chain reactions, premixed laminar
flames, thermal theories, comprehensive theory, Spalding's theory, ignition, minimum ignition energy, quenching

distance, application in combustion engineering.

2103653 waman3veslvamuaia q vesiauau 3 (3-0-9)
Fluid Dynamic Aspects of Wind Turbines
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Basic fluid dynamics, aerodynamic theory, boundary layers, aerofoils. Basic wind turbines;

characteristics and mathematical modeling. Principles of testing.
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Conduction Heat Transfer
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Introduction, definition of concept and statement of general laws, Formulation of heat
conduction equations; lumped integral and differential formulation of general laws; initial and boundary

conditions. Solutions; steady and unsteady problems, one-dimensional, two-dimensional and three dimensional

problems; method of solution, separation of variables, Laplace transform, partial solution, etc.
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2103655 MsmaNuIou 3 (3-0-9)

Convection Heat Transfer
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Governing equations for heat and mass transfer; Solution methods for hear transfer in ducts and

on external surfaces; Introduction to convection in turbulent flow; Heat convection in boiling and condensation.
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Radiation Heat Transfer
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Physics of radiation; Radiation properties; Radiation view factor; Radiative exchange between

surfaces; Radiation with other modes of heat transfer; Radiation through absorbing, emitting and scattering

media; Radiation properties of gases.
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Advanced Internal Combustion Engine
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Standard air engine cycle, theory of combustion, fuel and combustion, reaction kinetics, reaction
rates of air and fuel, engine combustion, gas exchange processes, heat transfer, principle of flow and combustion

process modeling, engine’s performance prediction.
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Utilization of Alternative Fuels
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Special requirements for the use of alternative fuels in furnaces, the use of alternative fuels in
transport, engine-fuels matching and optimization, alternative engines, durability, vehicle fuel storage options,

engine-vehicle matching.
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Fundamentals of Turbulence
FUND OF TURBULENCE
A A aa = Y a2 s A 7 7
ATealeMIAnA lumMsany1Ns Inauvuiuilu: aumsndesalandmasuuinsd luad
o s 4 A & R 7 <
(RANYS); fmmiwawm%aummmﬂwamaﬂuazmmmammum; ’diJfﬂiﬂ15ﬁﬂﬂ1ﬂﬂ31ﬂlﬁulﬁﬂiuaﬁ;
4 v o & 3 A & ' < J o ]
NAMAATUIANUANNUTANULTINHUIUASTENINTDIYA, mﬂﬂmmm‘wmam; mammummﬂah
a = A X 4 o ¥
Tnsila; medvauwlums lvamenvvuiie@ed; nszurumsasnislums lmanuuauil v
Statistical tools in turbulence; Reynolds-Averaged Navier-Stokes (RANS) equations; mean and
turbulent kinetic energy equations; Reynolds-stress transport equation; dynamics of one- and two-point velocity
correlations; energy spectrum; isotropic turbulence; homogeneous shear-flow turbulence; transport processes in

turbulent flows.
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Advanced Refrigeration and Air Conditioning
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Low temperature refrigeration, refrigeration system study, industrial applications of
refrigeration, air conditioning system and building thermal environmental influences on air conditioning design,
ventilation, direct contact, transfer processes, between moist air and water, flow in ducts and a unconfined spaces,
automatic control, testing adjusting and balancing, economic factors in air conditioning, noise, and vibration

control.
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Design of Thermal Systems
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Engineering design, design of a workable system, economics, equation fitting and mathematical
modeling, system simulation, optimization, Lagrange multipliers, search methods, dynamic programming, linear

programming.
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Advanced Computational Fluid Dynamics
ADVVANCED CFD
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Mathematical and numerical aspects of heat transfer and fluid mechanics, finite difference and
finite volume methods for solving basic governing equations of fluid flow and heat transfer: continuity,
momentum and energy, discretisation methods for two and three dimensional problems, boundary conditions,

numerical schemes and solvers, consistency, stability and convergence, advanced numerical techniques for CFD,

applications of the method for some engineering problems.
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Finite Element Method for Computational Fluid Dynamics
FEM CFD
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Finite element method for solving fluid dynamics problems with complex geometries under
different boundary conditions; solutions the problem of potential flows, inviscid and viscous flows,
incompressible and compressible flows; finite element equations and corresponding computer programs in each

case.
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Selected Topics in Mechanical Engineering
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Topics are drawn from various fields of current interest in mechanical engineering.
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Theory of Elastic Stability 11
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Linear and nonlinear theories for shell buckling; stability of thin stiffened and unstiffened plates

and cylindrical shells under various loads; edge effects; imperfection sensitivity studies.
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Fracture Mechanics

FRACTURE MECHANICS
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Overview of subject, Linear elastic fracture mechanics, elastic-plastic fracture mechanics,

Fracture toughness, Fatigue crack growth rate, Environmental-assisted cracking, Application to structural

integrity assessment
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Doctoral Dissertation Seminar
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Qualifying Examination
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