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Er. PERUMAIL MANIMIEK A I.AK
COLELEEGE OF ENGINEERR IMNG

ACCREDITED 8y NEBA S NAAC WITH ‘ar G RADE
Koneripalli, FIOSUR - 635 | 17.

REGULATIONS 2023 - AUTONOMOUS
CHOICE BASED CREDIT SYSTEM
M. E. AERONAUTICAL ENGINEERING

CURRICULUM AND SYLLABI FOR I TO IV SEMESTERS

PROGRAMME EDUCATIONAL OBJECTIVES (PEOs):

L.

I1.

1.

Graduates of the programme will acquire adequate knowledge both in practical and theoretical
domains in the field of Aeronautical Engineering through rigorous post graduate education.
Graduates of the programme will have successful technical and managerial career in
Aeronautical Engineering industries and the allied management.
Graduates of the programme will have innovative ideas and potential to contribute for the

development and current needs of the Aviation industries.

PROGRAMME OUTCOMES (POs):

o

An ability to independently carry out research/investigation and development work to solve

practical problems
An ability to write and present a substantial technical report/document

Students should be able to demonstrate a degree of mastery over the area as per the
specialization of the program. The mastery should be at a level higher than the requirements

in the appropriate bachelor program

Post Graduate will be trained towards developing and understanding the importance of

design and development of Airplanes from system integration point of view.

Post Graduate will exhibit the awareness of contemporary issues focusing on the necessity to
develop new materials, design and testing methods for the solution of problems related to
aircraft industry.

An understanding of professional and ethical responsibility and also capable of doing

doctoral studies in multidisciplinary areas.
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PROGRAM SPECIFIC OUTCOMES (PSO’S)

PSO1: Professional Skills: An Engineer capable to exploit the knowledge of Aeronautical Engineering to
provide solution to real world problems and passion for innovation towards design and development of new
products.

PSO2: Problem-solving skills: Use Utilization of Computer-aided Engineering packages and simulation

softwares to design analyses and optimize the components of airworthiness for flight vehicles.

PEO/ POs MAPPING:
PEOs/ POs PO1 PO2 PO3 PO4 PO5 PO6
PEO 1 B s 3 2 1 2 1
PEO 2 3 3 3 - 1 2 2
PEO 3 3 3 3 2 1 1
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SEMESTER - I

. Periods Per Week | Total

N | Course Code Course Name Category Contact | Credits
0 L T P Periods
THEORY

1 PPCCIFCO1 | Advanced Mathematics FC 3 1 - 4 4
0 PPARIPCOI | Aerospace Propulsion PC 3 - - 3 3
. |- EPARIPCO?.. | TiBhE Vellicle PC 3 wilial . 4 4
3 Aerodynamics
PPARIPCO3 Analysis of Composite PC 3 . ¥ 3 3

4 Structures i

5 | PPCCIRMO1 %)eliearch Methodology and RM 3 ) A 3 3
6 | PPARIPEXX | Professional Elective - I PE 3 - - 3 3
7 | PPCCIACXX | Audit Course — I* AC 2 - - 2 -
PRACTICALS

8 PPARIPLO1 | Aerodynamics Laboratory PC - - 4 4 2
9 PPARIPLO2 Aircraft Propulsion PC : ; 4 4 )
Laboratory
Total 20 2 8 30 24
- *Registration for this course is optional to students
o
o




SEMESTER - II

Periods Per Total
S.No | Course Code Course Name Category Week Contact Credits
L [ T [P | Periods
THEORY
I | PPAR2PCO4 |Advanced Flight PC g e e 3 3
Dynamics
2 | PPAR2PCO5 | Aerospace Structures PC 3 fs 4 4
3 | peaR2pcos | SFD . for Acrospace R ol ) 3 3
Applications
4 | PPAR2PCO7 | EEA for Aerospace PG | Lo 3 3
Applications ;
5 | PPARZPEXX | professional Elective-II PE 3 | = | - 3 3
6 PPAR2PEXX Professional Elective-111 PE - - 3
7 PPCC2ACXX | Audit Course — II* AC 2 - - 2 -
PRACTICALS
2 PPAR2PLO3 Aircraft S_tructures pC 3 : 4 4 )
Laboratory
9 PPAR2PL04 | Computational Laboratory PC - - 4 4 2
10 PPAR2PROI | Mini Project with Seminar PR - - 4 4 2
Total 20 iy 1) 33 25
*Registration for this course is optional to students
SEMESTER - III
S.N Cate Periods Per Total
" | Course Code Course Name i g Week Contact Credits
4 e T | PAlaEenods
THEORY
I | PPAR3PEXX | Professional Elective-1V PE" 2 lnagiml ordidjonis 3 3
2 | PPAR3PEXX | Professional Elective-V Bl e e T die 3 3
3 Open Elective OE 3 - - 3 3
PRACTICALS
4 PPAR3PRO2 | Project Work Phase - 1 PR - - 12 12 6
Total 9 - 12 21 15
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SEMESTER - IV

s. |c Periods Per Total
N' Co:;rse Course Name Category Week Contact Credits
v [ L [T ][ P | Periods
THEORY
1 | PPAR4PRO3 | Project Work Phase - II PR - - 24 24 12
Total - - 24 24 12
Curriculum Total 76
SUMMARY
M.E AERONAUTICAL ENGINEERING
b I II I v Total Credits
Subject
S.NO i
Credits Per Semester
1 FC 4 4
2 PC 14 17 31
3 PE 3 6 6 15
4 OE 3 3
5 PR 2 6 12 20
6 RM 3 3
Total 24 25 15 12 76

TOTAL NUMBER OF CREDITS TO BE EARNED FOR AWARD OF THE DEGREE = 76

Abbreviations Category
FC Foundation Course
RM Research Methodology and IPR
PC Professional Core
PE Professional Elective
OE Open Elective
PW Project Work
AC Audit Course
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PROFESSIONAL ELECTIVE COURSES (PEC)

SEMESTER-I, ELECTIVE —I

Periods Per Week Total
S.No [Course Code Course Name Category Contact Credits
L T P Periods
1 PPARIPEO1 |Theory of Vibrations PE 3 - - 3 3
' Rocketry and Space
2 PPARIPEO2 Meckinics PE 3 - - 3 3
3 PPARIPEO3 |Computational Heat Transfer PE 3 - - 3 3
4 PPARIPEO4 |Theory of Elasticity PE 3 - - 3 3
5 PPARIPEOS | Experimental Aerodynamics PE 3 - - 3 3
6 PPARIPE06 | Control Engineering PE 3 - - 3 3
SEMESTER-II, ELECTIVE-IL _
s Total
Periods Per Week
S.No |Course Code Course Name Category s e A Contact | Credits
L T P Periods
1 PPAR2PE(Q7| Structural Dynamics PE 3 - - 3 3
2 | PPAR2PEO8| Hypersonic Aerodynamics PE 3 E 3 3
PPAR2PE09 1S3xdvanced Propulsion PE 3 = . 3 3
ystems
4 | PPAR2PEI10| Aerospace Materials PE S 2 3 3
5 Airworthiness and Air
PPAR2PEL11 Regulations PE 3 - - 3 3
6 Experimental Methods of
PPARZPEI2| o ecs Analysis L0 3 = - 3 3
SEMESTER-II, ELECTIVE-III
Periods Per Week Total 4
S.No |[Course Code Course Name Category Contact | Credits
LT P Periods
1 PPAR2PE13| Aeroelasticity PE 3 - - 3 3
2 PPAR2PE14| Theory of Boundary Layers PE 3 - - 3 3
Combustion in Jet and
> REGR SR Rocket Engines > 3 3 - 3 3
4 PPAR2PE16| Gas Dynamics PE 3 - - 3 3
Fatigue and
5 PPAR2PE17| Fracture PE 3 - - 3 3
Mechanics
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SEMESTER-III, ELECTIVE-IV

Periods Per Total
S.No|Course Code Course Name Category Week Contact Credits
L{T | P Periods
1 | PPAR3PE18 | Vibration Isolation and Control PE 3| = - 3 3
2 | PPAR3PEI19 | Non-Destructive Evaluation RPE 3 = - 3 3
- Component Design of Aircraft
D
3 | PPAR3PE20 Do : PE 3| - 5 3 3
4 | PPAR3PE2I | Aircraft Systems Engineering PE 35 - 3 3
5 | PPAR3PE22 | Aircraft Design PE 3] - - 3 3
Composite Product
G- REAR TS Processing Methods PE S 3 3
SEMESTER-III, ELECTIVE-V
Periods Per Total
S.No|Course Code Course Name Category Week Contact Credits
L| T P Periods
1 | PPAR3PE24 | Helicopter Aerodynamics PE 32 g 3
2 | PPAR3PE2S5 | High Speed Jet Flows PE B3| = - 3
3 | PPAR3PE26 | Smart Materials and Structural PE 3
Health Monitoring : L 3 3
4 | PPAR3PE27]| Artificial Intelligence and
Machine Learning PE B : 3
5 | PPAR3PE28 | Aircraft Guidance and Control PE 0% 5 3
AUDIT COURSES (AC)
Registration for any of these courses is optional to students
' - Periods Per Total
S.No|Course Code | Course Name Category Week Contact Credits
| SeMpge o s s C SRNETMESR | iEerviods
) < acnq | English for Research Paper
S e e e S o S e e PR tat
2 | PPCCIAC02 @ Disaster Management AC g0 [E R 2 0
3 | PPCC2ACO01 = Constitution of India AC 2| - | - 2 0
4| ppccoacey BODBIE @ESEEWID AC ) S B 0
/)
v,
/A
oL
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PPFC1AS01 ADVANCED MATHEMATICS L T P C

3 1 0 4
COURSE OBJECTIVES:"
1 To attain the knowledge of solving Partial Differential Equations using Laplace transform
2 To apply Fourier Transform to solve boundary value problems
3 To achieve maxima and minima ofa functional
4 To acquire knowledge on using conformal mapping to fluid flow and heat flow problems
5 To understand the tensor analysis as a tool to solve problems arising in engineering disciplines
UNIT -1 LAPLACE TRANSFORM TECHNIQUES FOR PARTIAL DIFFERENTIAL 12
EQUATIONS

Laplace transform: Definitions — Properties — Transform error function — Bessel’s function - Dirac delta function — Unit step
functions — Convolution theorem — Inverse Laplace transform: Complex inversion formula — Solutions to partial differential
equations: Heat equation — Wave equation.

UNIT - II FOURIER TRANSFORM TECHNIQUES FOR PARTIAL DIFFERENTIAL 12
EQUATIONS :

Fourier transform: Definitions — Properties — Transform of elementary functions — Dirac delta function — Convolution
theorem — Parseval’s identity — Solutions to partial differential equations: Heat equation — Wave equation — Laplace and
Poisson’s equations

UNIT - IIT CALCULUS OF VARIATIONS 12

Concept of variation and its properties — Euler’s equation — Functional dependant on first and higher orderderivatives —
Functionals dependant on functions of several independent variables — Variational problems with moving boundaries —
Isoperimetric problems — Direct methods — Ritz and Kantorovich methods.

UNIT -1V CONFORMAL MAPPING AND APPLICATIONS 12

Introduction to conformal mappings and bilinear transformations — Schwarz Christoffel transformation —Transformation of
boundaries in parametric form — Physical applications: Fluid flow and heat flow problems.

UNIT -V TENSOR ANALYSIS 12

Summation convention — Contravariant and covariant vectors — Contraction of tensors — Inner product —Quotient law —
Metric tensor — Christoffel symbols — Covariant differentiation — Gradient- Divergence and curl.

TOTAL: 60 PERIODS

COURSE OUTCOMES Blooms Level

CO1 | Application of Laplace and Fourier transforms to initial value, initial-boundary Evaluating

value and boundaryvalue problems in Partial Differential Equations

CO2 | Maximizing and minimizing the functional that occur in various branches of Evaluating

EngineeringDisciplines

CO3 | Construct conformal mappings between various domains and use of conformal Applying

mapping in studyingproblems in physics and engineering particularly to fluid
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flow and heat flow problems

CO4 | Understand tensor algebra and its applications in applied sciences and Analyzing

engineering and develops ability to solve mathematical problems involving

tensors

CO5 | Competently use tensor analysis as a tool in the field of applied sciences and Analyzing
related fields

REFERENCE BOOKS:

1 Andrews L.C. and Shivamoggi, B., "Integral Transforms for Engineers”, Prentice Hall of IndiaPvt. Ltd., New Delhi,
2013

2 Elsgolc, L.D., “Calculus of Variations", Dover Publications Inc., New York, 2007

3 Mathews, J. H., and Howell, R.W., “Complex Analysis for Mathematics andEngineering",6" Edition, Jones and
Bartlett Publishers, 2012

4 Kay, D. C., "Tensor Calculus”, Schaum's Outline Series, Tata McGraw Hill Edition,2014

5 Naveen Kumar, “An Elementary Course on Variational Problems in Calculus ", Narosa Publishing House, 2005

WEBSITE REFERENCE / NPTEL/ SWAYAM/ MOOC REFERENCE:

1 https://link.springer.com/chapter/10.1007/978-3-642-04311-6_8

2 https://sites.ualberta.ca/~niksirat/PDE/chapter-9pde.pdf

3 https://en.wikipedia.org/wiki/Calculus_of variations

4 https://www.britannica.com/science/tensor-analysis

CO-PO MAPPING

E0s PO1 PO2 PO3 PO4 PO5 PO6
Cco1 3 /) 1 : 1 -
€02 3 2 i 1 : 1 -
co3 3 2 1 - 1 .
CO4 3 2 1 5 1 -
Cos 3 2 1 . 1 -
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PPARIPCO1 AEROSPACE PROPULSION LitTlPl| C

COURSE OBJECTIVES:

1 | To gain knowledge on fundamental principles of aircraft and rocket propulsion

2 | To describe various types of propulsion system with their merits and challenges.

3 | To gain adequate knowledge on propellers and its characteristics.

4 | To be familiar with the working concept of inlets, nozzles and combustion chamber with theirapplications in a
propulsion system.

5 | To gain sufficient information about compressors and turbines. Students also will get an exposureon electric propulsion

methods

UNIT -1 ELEMENTS OF AIRCRAFT PROPULSION 9

Classification of power plants — Methods of aircraft propulsion — Propulsive efficiency — Specific fuelconsumption — Thrust
and power- Factors affecting thrust and power- Illustration of working of piston engines and Gas turbine engines —
Characteristics of piston engine, turboprop, turbofan and turbojet engines, Ram jet, Scram jet — Methods of Thrust
augmentation.

UNIT - II PROPELLER THEORY 9

Momentum theory, Blade element theory, combined blade element and momentum theory, propeller power losses, propeller

performance parameters, prediction of static thrust- and in flight, negative thrust,prop fans, ducted propellers, propeller noise,
propeller selection, propeller charts.

UNIT - III INLETS, NOZZLES AND COMBUSTION CHAMBERS 9

Subsonic and supersonic inlets — Relation between minimum area ratio and external deceleration ratio —Starting problem
in supersonic inlets —Modes of inlet operation, jet nozzle — Efficiencies — Over expanded, under and optimum expansion
in nozzles — Thrust reversal. Classification of Combustion chambers — Combustion chamber performance — Flame tube
cooling — Flame stabilization :

UNIT -1V AXTAL FLOW COMPRESSORS, FANS AND TURBINES 9

Introduction to centrifugal compressors- Axial flow compressor- geometry- twin spools- three spools- stage analysis-
velocity polygons- degree of reaction — radial equilibrium theory- performance maps- axial flow turbines- geometry-
velocity polygons- stage analysis- performance maps- thermal limit of blades and vanes.

UNIT-V ROCKET AND ELECTRIC PROPULSION 9

Introduction to rocket propulsion — Reaction principle — Thrust equation — Classification of rockets based on propellants used
— solid, liquid and hybrid — Comparison of these engines with special reference to rocket performance — electric propulsion —

classification- electro thermal — electro static — electromagnetic thrusters- geometries of Ion thrusters- beam/plume
characteristics — hall thrusters.

TOTAL: 45 PERIODS

COURSE OUTCOMES Blooms Level
CO1 | Get exposure with the different types of propulsive devices used for jet and rocket Remembering
propulsion
CO2 | Have knowledge on propeller theory and its performance parameters Remembering
CO3 | Be able to distinguish different types of inlets and their performance trends in subsonic Rermeiibiie
andsupersonic flows
/,’ /\
-
i\\x,ir“: \
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CO4 | Be able to describe the process of combustion and the parameters that affect combustion )
in jetengines Analyzing

COS5 | Be able to acquire knowledge on the basic concepts of various types of electric
propulsion systems Analyzing

REFERENCE BOOKS:

1 | Hill, PG. & Peterson, CR. “Mechanics & Thermodynamics of Propulsion” Pearson education, 2ndedition, 2014

2 | Cohen, H, Saravanamuttoo, HIH., Rogers, GFC, Paul Straznicky and Andrew Nix
, “Gas Turbine Theory”, Pearson Education Canada; 7" edition, 2017.

3 | GillL WP, Smith,HJ & Ziurys,JE, “Fundamentals of Internal Combustion Engines as applied to Reciprocating, Gas
turbine & Jet Propulsion Power Plants”, Oxford & IBH Publishing Co., 1980

4 | Oates, GC,“Aerothermodynamics of Aircraft Engine Components”, AIAA Education Series, 2007

5 | Sutton, GP, “Rocket Propulsion Elements”, John Wiley & Sons Inc., New York, 9" Edition, 2017

WEBSITE REFERENCE / NPTEL/ SWAYAM/ MOOC REFERENCE:

1 | https://ftp.idu.ac.id/wpcontent/uploads/ebook/tdg/DESIGN%20SISTEM%20DAYA%20GERAK/Elements%200{f%20Pr
opulsion,%20Gas%20Turbines%20and%20Rockets%202nd%20edition.pdf

2 | https://en.wikipedia.org/wiki/Propeller_theory

3 | https://en.wikipedia.org/wiki/Combustor

4 | https://www.sciencedirect.com/topics/engineering/axial-flow-compressors

CO-PO MAPPING

o PO1 PO2 PO3 | PO4 POS PO6
ol 3 2 2 2 1 2
con 3 2 2 2 1 2
€03 3 D 2 2 2 2
el 3 2 2 2 2 2
Co5 3 2 1 2 1 2
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PPAR1PC(2 FLIGHT VEHICLE AERODYNAMICS L T P C

COURSE OBJECTIVES:

1 | To gain insights into the basics of fluid flow, its model and tool to solve the fluid flow problems

2 | To be familiar with the conservation laws of fluid dynamics, and how to apply them to practicalfluid flows

3 | To gain knowledge on elementary flows to combine and form realistic flows with suitableassumptions

4 | To analyse incompressible flow over three-dimensional bodies like wing and so on

5 | To gain knowledge on the basic concepts of viscous flows, boundary layers to practical flows

UNIT - I INTRODUCTION TO AERODYNAMICS 12

Aerodynamic force and moments, lift and Drag coefficients, Centre of pressure and aerodynamic centre, Coefficient of
pressure, moment coefficient, Continuity and Momentum equations, Point source and sink, doublet, Free and Forced Vortex,
Uniform parallel flow, combination of basic flows, Pressure and Velocitydistributions on bodies with and without circulation
in ideal and real fluid flows, Magnus effect.

UNIT -1I INCOMPRESSIBLE FLOW THEORY i 12

Conformal Transformation, Karman:,Trefftz profiles, Kutta condition, Kelvin’s Circulation Theorem and the Starting Vortex,
Thin aerofoil Theory and its applications. Vortex line, Horse shoe vortex, Biot— Savartlaw, lifting line theory, effect of aspect
ratio.

UNIT — IIX COMPRESSIBLE FLOW THEORY 12

Compressibility, Isentropic flow through nozzles, Normal shocks, Oblique and Expansion waves, Moving shock waves,
Rayleigh and Fanno Flow, Potential equation for compressible flow, Small perturbation theory, Prandtl- Glauert Rule,
Linearized supersonic flow, Method of characteristics.. Classification of Combustion chambers — Combustion chamber
performance — Flame tube cooling — Flame stabilization

UNIT - IV AIRFOILS, WINGS AND AIRPLANE CONFIGURATION IN HIGH SPEED FLOWS 12

Critical Mach number, Drag divergence Mach number, Shock stall, super critical airfoils, transonic area rule, Swept wings
(ASW and FSW), Supersonic airfoils, Shock-Expansion Theory, Wave drag, Delta wings.

UNIT-V | VISCOUS FLOW THEORY 12

Basics of viscous flow theory, Boundary Layer,Flow separation, Displacement, momentum and Energy Thickness, Laminar

and Turbulent boundary layers ,Boundary layer over flat plate, Blasius Solution, Estimation of skin friction drag in laminar
and turbulent flow, The Reference Temperature Method.

TOTAL: 60 PERIODS

COURSE OUTCOMES Blooms Level

CO1 | Comprehend the behaviour of airflow over bodies with particular emphasis on airfoil Remembering
sections in theincompressible flow regime Lo

CO2 | Be able to solve inviscid, incompressible and irrotational flows Applying

CO3 | Be able to apply the conservation equations for fluid flows. Applying

ARz




CO4 | Be provided with the knowledge on thermodynamic state of the gas behind normal Analyzing
shock waves,oblique shock waves and expansion waves
CO5 | Be provided with adequate knowledge on the basic concepts of laminar and Analyzing
turbulent boundarylayers.
REFERENCE BOOKS:
1 J.D. Anderson, Fundamentals of Aerodynamics, McGraw-Hill Education, 6th edition, 2017
2 | Rathakrishnan.E, Gas Dynamics, Prentice Hall of India, 7" edition, 2020
3 | Shapiro, AH, “Dynamics & Thermodynamics of Compressible Fluid Flow”,Ronald Press, 1982.
4 | Houghton, EL and Caruthers, NB, “Aerodynamics for Engineering Students”, Butterworth-Heinemann series, 7"
edition 2017
5 | Zucrow, M.J, and Anderson, J.D, “Elements of gas dynamics” McGraw-HillBook Co., NewYork, 1989.

WEBSITE REFERENCE / NPTEL/ SWAYAM/ MOOC REFERENCE:

1 | https://eng libretexts.org/Bookshelves/Aerospace Engineering/Aerodynamics_and_Aircraft Performance (Marchma
n)/01%3A_Introduction_to Aerodynamics

2 | https://archive.nptel.ac.in/courses/101/105/101105059/

3 | https://en.wikipedia.org/wiki/Aerodynamics

4 | https://en.wikipedia.org/wiki/Spacecraft_electric_propulsion

CO-PO MAPPING

COs PO1 PO2 PO3 PO4 POS PO6
Cco1 2 y 3 1 3 1
CcO2 2 f 3 1 2 1
COo3 . 5 3 1 2 1
CO4 < . 3 1 1 1
CO5 = . 3 1 2 1

ARy




PPAR1PCO03 ANALYSIS OF COMPOSITE STRUCTURES

COURSE OBJECTIVES:
1 To impart knowledge on the macro mechanics of composite materials
2 To determine stresses and strains in composites and also imparts an idea about the manufacturingmethods of
composite materials
3 To get an idea on failure theories of composites
4 To provide the basic knowledge on the properties of fibre and matrix materials used in commercial
composites as well as some common manufacturing techniques
5 To gain knowledge on the basic concepts of acoustic emission technique
UNIT -1 FIBERS, MATRICES, AND FABRICATION METHODS 9

Production & Properties of Glass, Carbon and Aramid Fibers — Thermosetting and Thermoplastic Polymers — Polymer

Properties of Importance to the Composite, Summary of Fabrication Processes —Scope of Composite Materials for Various
Aerospace Applications.

UNIT-II MICROMECHANICS OF A UNIDIRECTIONAL COMPOSITE 9

Volume and Weight Fractions in a Composite Specimen — Longitudinal Behaviour of Unidirectional Composites — Load
Sharing — Failure Mechanism and Strength — Factors Influencing Longitudinal Strength and Stiffness — Transverse

Stiffness and Strength — Prediction of Elastic Properties Using Micromechanics —Typical Unidirectional Fiber
Composite Properties — Minimum and Critical Fiber
Volume Fractions.

UNIT - III MACROMECHANICS APPROACH : 9

Stress Analysis of an Orthotropic Lamina-Hooke's Law-Stiffness and Compliance Matrices - Specially Orthotropic
Material-Transversely Isotropic Material & Specially Orthotropic Material under Plane
Stress-Determination of Ex, Ey, Gxy-Stress & Strain Transformations- Transformation of Stiffness and

Compliance Matrices-Strengths of an Orthotropic Lamina Using Different Failure Theories

UNIT -1V ANALYSIS OF LAMINATED COMPOSITES 9

Laminate Strains - Variation of Stresses in a Laminate - Resultant Forces and Moments - Synthesis of Stiffness Matrix -
Laminate Description System - Construction and Properties of Special Laminates - Symmetric Laminates — Balanced
Laminate - Cross-Ply, and Angle-Ply Laminates - Quasi-isotropic Laminates - Determination of Laminae Stresses and
Strains — Determination of Hygrothermal Stresses -Analysis of Laminates after Initial Failure.

UNIT -V ANALYSIS OF LAMINATED PLATES AND BEAMS 9

Governing Equations For Laminated Composite Plates -- Governing Equations for Laminated Beams - Application of

Theory — Bending, Buckling and Vibration of Laminated Beams and Plates repair-Analysis of sandwich construction-AE
technique.

TOTAL: 45 PERIODS

COURSE OUTCOMES Blooms Level

CO1 | To calculate the elastic and strength properties of unidirectional laminates using

Applying
micromechanicstheory

CO2 | To analyse a composite laminate using the different failure theories Analyzing

CO3 | To select the most appropriate manufacturing process for fabricating composite

Remembering
components

RS



CO4

To demonstrate understanding of the different materials (fibres, resins, cores) used in Understanding
composites
COS | To gain knowledge on non-destructive inspection (NDI) and structural health Analyzing
monitoring of composites
REFERENCE BOOKS:
1 Autar K Kaw, “Mechanics of Composite Materials”, CRC Press, 2nd edition, 2015
2 Agarwal, BD and Broutman, LJ, “Analysis and Performance of Fibre Composites”, John Wiley& Sons, 3
edition, 2006
3 Calcote, LR, “The Analysis of laminated Composite Structures”, Von —Nostrand Reinhold Company, New
York, 1998
4 Isaac M. Daniel &Orilshai, “ Mechanics of Composite Materials”, OUP USApublishers, 2"edition, 2005
5 Lubing, “Handbook on Advanced Plastics and Fibre Glass”, Von Nostran ReinholdCo., NewYork, 1989
WEBSITE REFERENCE / NPTEL/ SWAYAM/ MOOC REFERENCE:
1 https://www.compositesworld.com/articles/fabrication-methods
2 https://www.degruyter.com/document/doi/10.1515/secm-2016-0088/html?lang=en
3 http://ethesis.nitrkl.ac.in/5878/1/110ME0335-6.pdf
4 http://www.ae.iitkgp.ac.in/ebooks/chapter7.html

CO-PO MAPPING

PO1 PO2 PO3 PO4 PO5 PO6
COs
COo1 2 _ 2 = 3 1
CcO2 2 = 2 = 3 1
CO3 % ” 2 & 2 1
CO4 s = 2 z 2 1
CO5 - - 2 = 1 1
( }?/
e \
(S
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PPCC1RMO1 RESEARCH METHODOLOGY AND IPR L |T|P C

COURSE OBJECTIVES:
1 To understand the research design
2 To know data collection and sources
3 To aware data analysis and reporting
4 To understand the concepts of Intellectual Property Rights
5 To know the objectives and benefits of Patent
UNIT - I RESEARCH DESIGN 7

Overview of research process and design, Use of Secondary and exploratory data to answer the researchquestion, Qualitative
research, Observation studies, Experiments and Surveys.

UNIT - II DATA COLLECTION AND SOURCES 9

Measurements, Measurement Scales, Questionnaires and Instruments, Sampling and methods. Data -Preparing, Exploring,
examining and displaying

UNIT - III DATA ANALYSIS AND REPORTING 9

Overview of Multivariate analysis, Hypotheses testing and Measures of Association. Presenting Insightsand findings using
written reports and oral presentation

UNIT - IV INTELLECTUAL PROPERTY RIGHTS 9

Intellectual Property — The concept of IPR, Evolution and development of concept of IPR, IPR development process,
Trade secrets, utility Models, IPR & Bio diversity, Role of WIPO and WTO in IPRestablishments, Right of Property,
Common rules of IPR practices, Types and Features of IPR Agreement, Trademark, Functions of UNESCO in IPR
maintenance

UNIT -V PATENTS 9

Patents — objectives and benefits of patent, Concept, features of patent, Inventive step, Specification, Types of patent

application, process E-filling, Examination of patent, Grant of patent, Revocation, Equitable Assignments, Licences,
Licensing of related patents, patent agents, Registration of patent agents.

TOTAL: 45 PERIODS

COURSE OUTCOMES Blooms Level
COl1 To calculate the elastic and strength properties of unidirectional laminates using Applying
micromechanicstheory
CO2 To analyse a composite laminate using the different failure theories Analyzing
(RSN |
CO3 To select the most appropriate manufacturing process for fabricating composite Remembering
components
CO4 To demonstrate understanding of the different materials (fibres, resins, cores) used in Analyzing
composites
~
(,)
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COs5 To gain knowledge on non-destructive inspection (NDI) and structural health Remembering
monitoring of composites

REFERENCE BOOKS:

1 Cooper Donald R, Schindler Pamela S and Sharma JK, “Business Research Methods”, TataMcGraw
Hill Education, 11e (2012). '

Catherine J. Holland, “Intellectual property: Patents, Trademarks, Copyrights,Trade Secrets”, Entrepreneur

2

Press, 2007
3 David Hunt, Long Nguyen, Matthew Rodgers, “Patent searching: tools &techniques”, Wiley,2007
4 The Institute of Company Secretaries of India, Statutory body under an Act of parliament,

“Professional Programme Intellectual Property Rights, Law and practice”, September 2013

WEBSITE REFERENCE / NPTEL/ SWAYAM/ MOOC REFERENCE:

1 https://emeritus.org/in/learn/types-of-research-design/

2 https://www.analyticsvidhya.com/blog/2022/03/an-overview-of-data-collection-data-sources-and-data-mining/
3 https://en.wikipedia.org/wiki/Intellectual_property

4 https://www.wipo.int/patents/en/

CO-PO MAPPING

PO1 PO2 PO3 PO4 PO5 POG6
COs
Cco1 2 - 2 - 3 1
CcO2 2 - 2 L 3 1
CO3 - - 2 - 2 1
CO4 - - 2 - 2 1
CO5 - - 2 = 1 1
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PPARIPLO1 AERODYNAMICS LABORATORY

AR\Q

| COURSE OBJECTIVES:
1 To gain knowledge on the principles of subsonic wind tunnel and their operation
2 To acquire practical knowledge on various aerodynamic principles related to inviscid
incompressible fluids.
3 To calculate various aerodynamic characteristics of various objects
4 To characterize laminar and turbulent flows
5 To get practical exposure on flow visualization techniques pertaining to subsonic flows
LIST OF EXPERIMENTS
1. Calibration of subsonic wind tunnel.
2. Pressure distribution over a smooth cylinder.
3. Pressure distribution over a rough cylinder.
4, Pressure distribution over a symmetric aerofoil section.
5. Pressure distribution over a cambered aerofoil section.
6. Pressure distribution over a wing of cambered aerofoil section.
7. Study on Force and moment measurements by using strain gauge.
8. Wake measurements behind a bluff body.
9. Velocity boundary layer measurements over a flat plate.
10. Force and moment measurements on aircraft model by using strain gauge.
11. Force and Moment measurements using wind tunnel balance.
12. Subsonic flow visualization studies.
Any 10 experiments may be conducted.
LABORATORY EQUIPMENTS REQUIRED
1. Subsonic wind tunnel
2, Rough and smooth cylinder
3. Symmetrical and Cambered aerofoil
4, Wind tunnel balance
5. Pressure Transducers
6. Blower
7. Testing models like flat plate, bluff body
TOTAL: 60 PERIODS
COURSE OUTCOMES Blooms Level
CO1 | Able to operate and calibrate subsonic wind tunnel Applying
CO2 | Able to analyse the pressure distribution over the streamlined and bluff bodies Applying
CO3 | Able to carry out measurement of force and moments on aircraft models Analyzing
CO4 | Capable of measuring boundary layer thickness over various models Analyzing
COS5 | Able to carry out flow visualization at subsonic speeds Analyzing
o
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CO-PO MAPPING

- PO1 PO2 PO3 PO4 PO5 PO6
col1 3 i .y . ] i
co2 3 1 . ] : 1
Co3 3 1 2 = 3 1
CO4 3 1 2 ; 3 1
Cos 3 i 5 ; 5 ;
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PPARI1PL02 AIRCRAFT PROPULSION LABORATORY

COURSE OBJECTIVES:

1

To gain knowledge on wall pressure distribution on subsonic inlets and nozzles

To perform testing on compressor blades

To interpret the experimental data using software

To get practical exposure on flow visualization techniques pertaining to supersonic jets

To gain basic knowledge on cold flow studies

LIST OF EXPERIMENTS

ADINGS FANON Y s e i

p—
=

Wall pressure measurements of a subsonic diffuser.

Cascade testing of compressor blades.

Pressure distribution on a cavity model.

Wall pressure measurements on non-circular combustor.

Wall pressure measurements on converging nozzle.

Wall pressure measurements on convergent-divergent nozzle.

Total pressure measurements along the jet axis of a circular subsonic jet.
Total pressure measurements along the jet axis of a circular supersonic jet.
Total pressure measurements in the radial direction of the subsonic jet.
Total pressure measurements in the radial direction of the supersonic jet.
Cold flow studies of a wake region behind flame holders.

Prediction of flow angles using angle probe.
Any 10 experiments may be conducted.

LABORATORY EQUIPMENTS REQUIRED

ISARE R

Subsonic wind tunnel
High speed jet facility
Blower

Pressure scanner

Nozzle and cavity models

TOTAL: 60 PERIODS

COURSE OUTCOMES

Blooms Level

CO1

Able to perform wall pressure distribution on subsonic and supersonic nozzles

Analyzing

CO2

Able to acquire knowledge on fundamental concepts of low speed jets and experimental

techniquespertain to measurements

Analyzing

COo3

Provided with adequate knowledge on pressure distribution on cavity models

Analyzing

CO4

Able to perform wake survey methods

Analyzing

CO5

Able to carry out flow visualization on subsonic jets

Analyzing
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CO-PO MAPPING

b PO1 PO2 PO3 PO4 POS PO6
Co1 3 2 2 - 2 1o
co2 3 2 2 - 2 1
Co3 3 5 5 > 3 ;
CO4 3 2 2 - 2 1
CO5 3 ) g) = 2 1
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PPAR2PC04 ADVANCED FLIGHT DYNAMICS L T P C

'COURSE OBJECTIVES:

1 | To gaining depth knowledge on aircraft performance in level, climbing, gliding flight modes

2 | To get familiarize the equations of motion in accelerated flight modes

3 | To impart knowledge on the basic aspects of stability and control of an airplane about three axis

4 | To provide adequate knowledge on various parameters that decide the stability level of an airplane

5 | To be familiar with the aspects of control in longitudinal, lateral and directional modes

UNIT -1 STEADY FLIGHT PERFORMANCE 9

Overview of Aerodynamics and ISA — Straight and level flight: thrust and power required/available, differences of propeller-
driven and jet-powered airplanes, maximum speed, effects of altitude — Climb andDescent performance: climb angle and
rate of climb, descent angle and rate of descent — Range, endurance of propeller driven and jet powered airplanes.

UNIT - II MANEUVER PERFORMANCE 9

Level turn — maximum producible load factor — fastest and tightest turn — Vertical maneuver: pull- up andpull-out, pull-down
— gust V-n diagram —Take-off and landing performance.

UNIT - 1II STATIC LONGITUDINAL STABILITY AND CONTROL 9

Static equilibrium and stability — Pitch stability of conventional and canard aircraft — control fixed neutral point and
static margin — effect of fuselage and running propellers on pitch stability — control surface hinge moment — control free
neutral point — limit on forward CG travel —maneuver stability: Pull —up & level turn — control force and trim tabs —
control force for maneuver— measurement of neutral point and maneuver point by flight tests.

UNIT - IV STATIC LATERAL, DIRECTIONAL STABILITY AND CONTROL 9

Yaw and side slip, effect of wing sweep, wing dihedral and vertical tail on directional stability — rudder fixed and rudder
free — yaw control — rudder sizing — pedal force - dihedral effect: contribution of variouscomponents- roll control.

UNIT-V AIRCRAFT DYNAMICS 9

Rigid body equations of motion - Axes systems and their significance — Euler angles — linearization of longitudinal
equations — force and moment derivatives — short period and phugoid approximations — purepitching motion — linearization

of equations for lateral — directional motion — roll, spiral and dutch roll approximations- Pure rolling- Pure yawing — Inertia
coupling.

TOTAL: 45 PERIODS

COURSE OUTCOMES Blooms Level
COLl | Be able to assess the performance of aircraft in steady and maneuver flights. Remembering
CO2 | Have thorough knowledge in order to perform preliminary design computations to Analyzing

meet staticstability and trim requirements of aircrafts

CO3 | Be able to determine the fixed neutral point and the stick fixed static margin Remembering

AR23




CO4 | Be able to describe the effect of change in CG on the aircraft stability Analyzing
COS5 | Apply the small disturbance equations of motion, and identify longitudinal and Analyzing
lateral sets ofequations, construct state space models for longitudinal and lateral
aircraft dynamics
REFERENCE BOOKS:
1 | Perkins CD &Hage, RE, “Airplane performance, stability and control”, Wiley India Pvt Ltd, 2011

2 | Anderson, JD, “Aircraft Performance & Design”, First edition, Mc Graw Hill India,2010

3 | McCormick, BW, “Aerodynamics, Aeronautics, & Flight Mechanics”, 2™edition, John Wiley& Sons, 1995
4 | Michael V. Cook, “Flight Dynamics Principles”, Second edition, Elsevier, 2007

5 | Nelson, RC, “Flight Stability & Automatic Control”, Second edition, McGraw-Hill,2017

WEBSITE REFERENCE / NPTEL/ SWAYAM/ MOOC REFERENCE:

1 | https://en.wikipedia.org/wiki/Steady_flight#:~:text=Steady%o20flight%2C%20unaccelerated%20flight%2C%200r,a%
20body%2Dfixed%20reference%20frame.

2 | https://www.globalspec.com/reference/43619/203279/chapter-10-maneuver-performance

3 | https://apps.dtic.mil/sti/tr/pdf/ADA319976.pdf

4 | https://en.wikipedia.org/wiki/Aircraft_flight dynamics

CO-PO MAPPING

con PO1 PO2 PO3 PO4 PO5 PO6
Cco1 1 2 7 2 - 1
co2 1 1 2 2 2 1
Co3 1 1 2 2 3 1
Co4 2 2 2 2 1 1
COs 2 1 2 3 : 1
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PPAR2PCO5 AEROSPACE STRUCTURES I T P C
3 1 0 4
COURSE OBJECTIVES:

1 To gain important technical aspects on the theory of bending of structures.

2 To learn the key aspects of shear flow in open and closed sections.

3 To study the stability problems in structures with various modes of loading.

4 To analyse aircraft structural components under various forms of loading.

5 To have basic idea about the importance of flight envelope

UNIT - I BENDING OF BEAMS 12

Shear flow in thin-walled closed sections — Symmetrical and unsymmetrical sections — Flexural shear flow in two flange,
three flange and multi-flange box beams — Determinations of the shear centre — Bredt-Batho theory — Torsional shear flow
in multi-cell tubes — Shear flow due to combined bending and torsion — Stress analysis of aircraft components — Tapered
wing spar — Introduction to shear lag

UNIT - II SHEAR FLOW IN THIN-WALLED SECTION 12

General stress, strain and displacement relationships for open section thin-walled beams — Concept of shear flow — Shear
flow in thin walled open sections — Determinations of the shear centre — Symmetricaland unsymmetrical cross-sections —

Shear flow due to bending in open sections — Torsion of thin-walled<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>