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Preamble: This course provides knowledge of stresses, strains and deformations in components due to 
various loads. It helps in assessing the stresses and deformations through mathematical models of beams, 
twisting bars or combinations of both. Also it helps to understand the basic properties of aircraft materials. 

Prerequisite: Engineering Mechanics 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Explain the fundamental concepts of deformable solids in the perspective of stress and strain. 
CO 2 Design various kinds of axial loaded members under different boundary conditions. 
CO 3 Calculate the loads in beams, forces and moments associated with different sections. 
CO 4 Illustrate the theory, principles associated to bending of beam and twisting of shaft and Apply the 

principles of bi-axial state of stresses in various problems through analytical and graphical methods. 
CO 5 Explain properties associated with aircraft materials. 
 

Mapping of course outcomes with program outcomes 

               PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 10 PO 11 PO 12 
CO 1 3            
CO 2 3 3 2 1 1        
CO 3 3 3 2 1 1        
CO 4 3 3 2 1 1        
CO 5 3            
 

Assessment Pattern 

Bloom’s Category Continuous Assessment Tests End Semester Examination 
1 2 

Remember 10 10 20 
Understand 10 10 20 
Apply 30 30 60 
Analyse    
Evaluate    
Create    
 

Mark distribution 

Total Marks CIE ESE ESE Duration 

150 50 100 3 hours 

 

Continuous Internal Evaluation Pattern:  

Attendance    : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
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End Semester Examination Pattern: There 
with 2 questions from each module, having 3 marks for each question. Students should answer all questions. 
Part B contains 2 questions from each module of
have maximum 2 sub-divisions and carry 14 marks. 

 

Course Level Assessment Questions

 Course Outcome 1 (CO1):  

1. Explain linear shear strain using suitable diagram.  

 2. What are elastic constants.  

3.  A brass bar of length 2.25 m with a square cross section of 90 mm on each side is subjected to an axial 
tensile force of 1500 kN. Assume that E 
 
Course Outcome 2 (CO2)  

1. Explain statically indeterminate structure

 2. Write principle of superposition. 

 3. Derive the expression for change in length of conical bar under self

 

  Course Outcome 3 (CO3): 

1. Write different types of beams. 

2. Explain Point of contra flexure 

3. Determine the shear force V and bending moment 
the figure. 

 
Course Outcome 4 (CO4):  

1. Write the assumptions of theory of simple bending.

2.  Draw the Mohr’s circle for pure shear.

3. Derive the torsional shear stress equation.

 

Course Outcome 5 (CO5):  

1. Explain different types of composites

2. Write the characters of titanium alloys.

3. Write the general requirements of aircraft materials.

 

There will be two parts; Part A and Part B. Part A contain 10 questions 
with 2 questions from each module, having 3 marks for each question. Students should answer all questions. 
Part B contains 2 questions from each module of which student should answer any one. Each question can 

divisions and carry 14 marks.  

Course Level Assessment Questions 

1. Explain linear shear strain using suitable diagram.   

A brass bar of length 2.25 m with a square cross section of 90 mm on each side is subjected to an axial 
E = 110 GPa and ʋ = 0.34. Determine the increase in volume of the bar. 

tatically indeterminate structure 

3. Derive the expression for change in length of conical bar under self-weight.      

and bending moment M at the midpoint C of the simple beam 

 

1. Write the assumptions of theory of simple bending. 

2.  Draw the Mohr’s circle for pure shear. 

torsional shear stress equation. 

of composites. 

Write the characters of titanium alloys. 

3. Write the general requirements of aircraft materials. 

two parts; Part A and Part B. Part A contain 10 questions 
with 2 questions from each module, having 3 marks for each question. Students should answer all questions. 

which student should answer any one. Each question can 

A brass bar of length 2.25 m with a square cross section of 90 mm on each side is subjected to an axial 
ʋ = 0.34. Determine the increase in volume of the bar.  

of the simple beam AB   shown in 
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QP CODE:                                                                                                 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY THIRD SEM

MECHANICS OF 

Max.Marks:100                                                                                                                

Answer all Questions. Each question carries 3 Marks

1. Define factor of safety, wo

2. Explain homogenous &  isotropic properties with a neat sketch

3. What is the procedure to finding thermal stresses in a

4. Explain statically indeterminate structure with example.

5. Explain different types of 

6. What will be the variation in BMD for the diagram? (Assume l= 2m)

7. Write the assumptions of theory of simple bending.

8. Draw the Mohr’s circle for pure shear 2D state of stress.

9. Write the classification of composite materials.

10. Write the properties of high temperature materials.

 

Answer any one full question from each module. Each question carries 14

11.  (a) A wood pile, driven into the earth, supports a load 
sides (see figure). The friction force f
uniformly distributed over the surface of the pile. The pile has length 
sectional area A, and modulus of elasticity 

i. Derive a formula for the shortening 
(4) 

ii. Draw a diagram showing how the compressive 
length of the pile.

Model Question Paper 

                                                                         Reg No: --------------------------

 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY THIRD SEMESTER B.TECH DEGREE EXAMINATION

MONTH & YEAR 

Course Code: AOT 201 

MECHANICS OF MATERIALS AND AIRCRAFT MATERIALS 

Max.Marks:100                                                                                                                        Duration: 3 Hours

PART A 

Answer all Questions. Each question carries 3 Marks 

Define factor of safety, working stress and allowable stress. 

Explain homogenous &  isotropic properties with a neat sketch 

What is the procedure to finding thermal stresses in a composite bar? 

Explain statically indeterminate structure with example. 

Explain different types of beams. 

What will be the variation in BMD for the diagram? (Assume l= 2m) 

 
Write the assumptions of theory of simple bending. 

Draw the Mohr’s circle for pure shear 2D state of stress. 

Write the classification of composite materials. 

high temperature materials. 

 PART B 

Answer any one full question from each module. Each question carries 14

Module 1 

(a) A wood pile, driven into the earth, supports a load P entirely by friction along its 
sides (see figure). The friction force f per unit length of pile is assumed to be 
uniformly distributed over the surface of the pile. The pile has length 

, and modulus of elasticity E. 
Derive a formula for the shortening d of the pile in terms of P

Draw a diagram showing how the compressive stress varies throughout the 
length of the pile.                                                                                                    

-------------------------- 

ESTER B.TECH DEGREE EXAMINATION 

Duration: 3 Hours 

Answer any one full question from each module. Each question carries 14 Marks 

entirely by friction along its 
per unit length of pile is assumed to be 

uniformly distributed over the surface of the pile. The pile has length L, cross-

P, L, E, and A.   

throughout the 
                                                                                                    (4) 
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  (b) Derive the relationship between elastic constants.   

12.  (a)  A steel bar with diameter 
i. What is the maximum normal stress in the bar?

ii. What is the maximum shear stress?
iii.  Draw a stress element oriented at 45° to the axis of the bar and show all 

stresses acting on the faces of this element

                (b)  Draw stress – strain diagram 
                (c) Explain inelastic behaviour of materials.                                                                    (3)

13.  (a) A copper bar with a rectangular cross section is held without stress between rigid 
supports (see figure). Subsequently, the temperature of the bar is raised 50°C. 
Determine the stresses on all faces of the elements 
on sketches of the elements. (Assume 

 (b) Derive the expression for deformation of prismatic bar under its self
14.  (a)  A bar of circular cross section having t

in the figure. The length of each segment of the bar is 
elasticity of the material is 

i. Obtain a formula for the strain energy 
ii. Calculate the strain energy if t

diameter d = 40 mm, and the material is brass with 

                   (b)  Explain toughness of a prismatic bar using load

 

 

 
(b) Derive the relationship between elastic constants.                                                  

(a)  A steel bar with diameter d = 12 mm is subjected to a tensile load P 
What is the maximum normal stress in the bar? 
What is the maximum shear stress? 
Draw a stress element oriented at 45° to the axis of the bar and show all 

stresses acting on the faces of this element.                                                   

 
strain diagram for ductile and brittle materials and explain.       (5)

(c) Explain inelastic behaviour of materials.                                                                    (3)
 

Module 2 

(a) A copper bar with a rectangular cross section is held without stress between rigid 
supports (see figure). Subsequently, the temperature of the bar is raised 50°C. 
Determine the stresses on all faces of the elements A and B, and show these stresses 
on sketches of the elements. (Assume α = 17.5 ×10 -6/°C and E = 120 GPa.)               (9)

 
(b) Derive the expression for deformation of prismatic bar under its self

A bar of circular cross section having two different diameters d and 2
in the figure. The length of each segment of the bar is L/2 and the modulus of 
elasticity of the material is E. 

Obtain a formula for the strain energy U of the bar due to the load 
Calculate the strain energy if the load P = 27 kN, the length L = 600 mm, the 

= 40 mm, and the material is brass with E = 105 GPa.

 

Explain toughness of a prismatic bar using load-displacement curve.           (4) 

                                               (6)      

P = 9.5 kN 

Draw a stress element oriented at 45° to the axis of the bar and show all 
                                                    (6)                    

le and brittle materials and explain.       (5) 
(c) Explain inelastic behaviour of materials.                                                                    (3) 

(a) A copper bar with a rectangular cross section is held without stress between rigid 
supports (see figure). Subsequently, the temperature of the bar is raised 50°C. 

, and show these stresses 
120 GPa.)               (9) 

(b) Derive the expression for deformation of prismatic bar under its self-weight    (5)  
and 2d is shown 

/2 and the modulus of 

of the bar due to the load P. 
600 mm, the 

= 105 GPa.              (10) 

displacement curve.           (4)  
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15. Determine the shear force 
beam AB shown in the figure.                                                                                           (14)

16. (a)  The simple beam AB 
and a clockwise couple M 
bending-moment diagrams for this beam.                                                                   

             (b)   Derive the relationship between shear force and bending moment.             

  

 

17.  An element in plane stress
compressive stresses of magnitude 27 MPa
stresses of magnitude 5.5 MPa in the vertical direction (see figure). Also, shear 
stresses of magnitude 10.5 MPa act in the directions shown. Determine the stresses 
acting on an element oriented at a clockwise angle
these stresses on a sketch of an element oriented at this angle.

18. A steel bar of solid circular cross section and length 
tensile force T = 24 kN and a 

I. Based upon an allowable stress in tension of 110 MPa,
required diameter 

II. Repeat (I) including the weight of the bar.
 

Module 3 

Determine the shear force V and bending moment M at the midpoint C of the simple 
shown in the figure.                                                                                           (14)

AB shown in the figure is subjected to a concentrated load 
M = PL/3 acting at the third points. Draw the shear

moment diagrams for this beam.                                                                   

 
(b)   Derive the relationship between shear force and bending moment.             

Module 4 

plane stress from the fuselage of an airplane is subjected to 
compressive stresses of magnitude 27 MPa in the horizontal direction and tensile 
stresses of magnitude 5.5 MPa in the vertical direction (see figure). Also, shear 
stresses of magnitude 10.5 MPa act in the directions shown. Determine the stresses 
acting on an element oriented at a clockwise angle of 35° from the horizontal. Show 
these stresses on a sketch of an element oriented at this angle.                               

 
rcular cross section and length L = 2.5 m is subjected to an axial 

and a bending moment M = 3.5 kN m (see figure).
Based upon an allowable stress in tension of 110 MPa, determine the 
required diameter d of the bar; disregard the weight of the bar itself.

) including the weight of the bar.                                                

 

of the simple 
shown in the figure.                                                                                           (14) 

 
shown in the figure is subjected to a concentrated load P 

/3 acting at the third points. Draw the shear-force and 
moment diagrams for this beam.                                                                      (10) 

 
(b)   Derive the relationship between shear force and bending moment.                  (4) 

from the fuselage of an airplane is subjected to 
in the horizontal direction and tensile 

stresses of magnitude 5.5 MPa in the vertical direction (see figure). Also, shear 
stresses of magnitude 10.5 MPa act in the directions shown. Determine the stresses 

of 35° from the horizontal. Show 
                               (14) 

2.5 m is subjected to an axial 
3.5 kN m (see figure). 

determine the 
weight of the bar itself. 

                 (14) 
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Module 5 

19. (a) Explain the application of titanium and titanium alloys in aircraft.                         (7) 

(b) Describe the high temperature material characterization of super alloys.            (7) 

20.  What are composite materials? Explain different types of composites in details with 
neat sketches.                                                                                                                        (14) 
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Syllabus 

 

Module 1  

Stress – Normal, shear and bending stresses, Stresses on inclined plane, Definitions of linear normal and 
shear strains, Poisson’s ratio. Stress – strain diagrams for mild steel in tension, aluminium alloy, hard and 
soft rubber, brittle material and copper in compression. Hooke’s law for linearly elastic isotropic material 
under axial and shear deformation, Bulk modulus, biaxial and triaxial deformations. Relationship between 
material constant (Derivations), Definition of stress and strain at a point (introduction to stress and strain 
tensors and its components only), Factor of safety, margin of safety, Design for axial loads and direct shear. 
 
Module 2 

Deformation in axially loaded bars (bars in series, parallel, intermediate axial loads, continuously varying 
loads and dimensions), principle of superposition, statically indeterminate structure, thermal effects in 
axially loaded bars (including compound and composite bars), deformation of prismatic and conical bar 
under its self-weight. Strain energy, resilience and toughness – for pure axial loading, prismatic and conical 
bar under self-weight. 

Module 3 

Types of Loads, types of Support, types of Beams, bending couple and twisting couple (Concept Only), 
Determination of support reaction, Shear force and bending moments, Relationships between loads-shear 
force- bending moments(Derivation for all the cases) Bending moment and shear force diagrams of beams 
(cantilever and simply supported) subjected to concentrated load, uniformly distributed loads, uniformly 
varying loads, couples and there combinations, Point of contraflexure, point and magnitude of maximum 
bending point and maximum shear force. 

Module 4 

Flexural stresses – Theory of simple bending, Assumptions, derivation of equation of bending, neutral axis, 
determination of bending stresses (rectangular, square, triangular, solid circular and hollow circular sections 
only). Torsion - Derivation of equation of torsion, Assumptions, application of torsional equation to solid 
and hollow circular shaft, torsional rigidity, Compound stresses - Combined axial, flexural and shear loads – 
eccentric loading under tension/compression - combined bending and twisting loads. Plane state of stress - 
principal planes and stresses (without derivations), equations of transformation, Mohr’s circle for bi-axial 
stresses 

Module 5 

General requirements of materials for aerospace applications,  Structural Metals – Ferrous & Nonferrous 
aircraft metals and alloys, Aluminium and Aluminium alloys, Titanium and Titanium Alloys, Copper and 
Copper Alloys, Magnesium and Magnesium alloys, Composite materials – Introduction, Reinforcing Fibres, 
Matrix material. Super alloys – high temperature material characterization. 

Text Books 

1. James Gere & Barry Goodno, “Mechanics of Materials”, Thomson-Engineering, 7thedition, 2008.  

2. Titterton.G. “Aircraft Materials and Processes", 5th Edition, Pitman Publishing Co., 1995. 

Reference Books 

1. Rattan, Strength of Materials, 2e McGraw Hill Education India, 2011 

2. R. C. Hibbeler, Mechanics of Materials, Pearson Education, 2008 

3. Foreman C., Advanced Composites, Avotek Information Resources, 2016 
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Course Contents and Lecture Schedule  

No Topic No. of Lectures 
1 Module 1 Total: 8 
1.1 Stress – Normal, shear and bending stresses, Stresses on inclined plane, 

Definitions of linear normal and shear strains, Poisson’s ratio - 
illustrative numerical exercise 

1 

1.2 stress – strain diagrams for mild steel in tension, aluminium alloy, hard and 
soft rubber, brittle material and copper in compression 

2 

1.3 Hooke’s law for linearly elastic isotropic material under axial and shear 
deformation, Bulk modulus, biaxial and triaxial deformations - illustrative 
numerical exercise 

1 

1.4 Hooke’s law for linearly elastic isotropic material under axial and shear 
deformation, Bulk modulus, biaxial and triaxial deformations - extended 
problem solving 

1 

1.5 Relationship between material constant (Derivations), Definition of stress and 
strain at a point (introduction to stress and strain tensors and its components 
only), Factor of safety, margin of safety - illustrative numerical exercise 

1 

1.6 Design for axial loads and direct shear - illustrative numerical exercise 2 
2 Module 2 Total: 9 
2.1 Deformation in axially loaded bars (bars in series, parallel, intermediate axial 

loads, continuously varying loads and dimensions), - illustrative numerical 
exercise 

2 

2.2 Deformation in axially loaded bars (bars in series, parallel, intermediate axial 
loads, continuously varying loads and dimensions), - extended problem solving 

1 

2.3 principle of superposition, statically indeterminate structure - illustrative 
numerical exercise 

1 

2.4 thermal effects in axially loaded bars (including compound and composite 
bars) - illustrative numerical exercise 

2 

2.5 thermal effects in axially loaded bars (including compound and composite 
bars) - extended problem solving 

1 

2.6 deformation of prismatic and conical bar under its self-weight - illustrative 
numerical exercise 

1 

2.7 Strain energy, resilience and toughness – for pure axial loading, prismatic and 
conical bar under self-weight - illustrative numerical exercise 

1 

3 Module 3 Total: 10 
3.1 Types of Loads, types of Support, Types of Beams, bending couple and twisting 

couple (Concept Only), Determination of support reaction. 
1 

3.2 Shear force and bending moments, Relationships between loads-shear force- 
bending moments (Derivation for all the cases). 

1 

3.3 Bending moment and shear force diagrams of beams (cantilever and simply 
supported) - concentrated load - illustrative numerical exercise 

1 

3.4 Bending moment and shear force diagrams of beams (cantilever and simply 
supported) - uniformly distributed loads, uniformly varying loads - illustrative 
numerical exercise 

2 

3.5 Bending moment and shear force diagrams of beams (cantilever and simply 
supported) - uniformly distributed loads, uniformly varying loads - extended 
problem solving 

1 

3.6 Bending moment and shear force diagrams of beams (cantilever and simply 
supported) - couples and there combinations - illustrative numerical exercise 

2 

AERONAUTICAL ENGINEERING



 

 

3.7 Bending moment and shear force diagrams of beams (cantilever and simply 
supported) - couples and there combinations - extended problem solving 

1 

3.8 Point of contraflexure, point and magnitude of maximum bending point and 
maximum shear force. 

1 

4 Module 4 Total: 10 
4.1 Flexural stresses – Theory of simple bending, Assumptions, derivation of 

equation of bending, neutral axis 
1 

4.2 Determination of bending stresses (rectangular, square, triangular, solid 
circular and hollow circular sections only) - illustrative numerical exercise 

1 

4.3 Torsion - Derivation of equation of torsion, Assumptions 1 
4.4 application of torsional equation to solid and hollow circular shaft, torsional 

rigidity - illustrative numerical exercise 
1 

4.5 Compound stresses - Combined axial, flexural and shear loads – eccentric 
loading under tension/compression - illustrative numerical exercise 

1 

4.6 combined bending and twisting loads 1 
4.7 Compound stresses - Combined axial, flexural and shear loads – eccentric 

loading under tension/compression. combined bending and twisting loads - 
extended problem solving  

1 

4.8 Plane state of stress - principal planes and stresses (without derivations), 
equations of transformation - illustrative numerical exercise 

1 

4.9 Mohr’s circle for bi-axial stresses - - illustrative numerical exercise 2 
5 Module 5 Total: 8 
5.1 General requirements of materials for aerospace applications 1 
5.2 Structural Metals – Ferrous & Nonferrous aircraft metals and alloys 2 
5.3 Aluminium and Aluminium alloys, Titanium and Titanium Alloys 1 
5.4 Copper and Copper Alloys, Magnesium and Magnesium alloys 1 
5.5 Composite materials – Introduction, Reinforcing Fibres, Matrix material 2 
5.6 Super alloys – high temperature material characterization. 1 
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CODE 
MET203 

COURSE NAME 
MECHANICS OF FLUIDS 

CATEGORY L T P CREDIT 
PCC 3 1 - 4 

 

 

Preamble : 

This course provides an introduction to the properties and behaviour of fluids. It enables to 
apply the concepts in engineering, pipe networks. It introduces the concepts of boundary 
layers, dimensional analysis and model testing 

 

Prerequisite : NIL 

 

Course Outcomes : 

After completion of the course the student will be able to  

CO1 Define Properties of Fluids and Solve hydrostatic problems 
CO2 Explain fluid kinematics and Classify fluid flows 
CO3 Interpret Euler and Navier-Stokes equations and Solve problems using Bernoulli’s 

equation 
CO4 Evaluate energy loses in pipes and sketch energy gradient lines 
CO5 Explain the concept of boundary layer and its applications 
CO6 Use dimensional Analysis for model studies 

 

Mapping of course outcomes with program outcomes 

 PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 

CO1 3 2           
CO2 3 2 1          
CO3 3 2 1          
CO4 3 3 2          
CO5 3 2 1          
CO6 3 2 1          

 

Assessment Pattern 

Blooms Category CA ESA 
 Assignment Test - 1 Test - 2  
Remember 25 20 20 10 
Understand 25 40 40 20 
Apply 25 40 40 70 
Analyse 25    
Evaluate     
Create     

AERONAUTICAL ENGINEERING



 

Continuous Internal Evaluation Pattern:  

Attendance : 10 marks  

Continuous Assessment Test (2 numbers) : 25 marks  

Assignment/Quiz/Course project : 15 marks  

Mark distribution & Duration of Examination : 

Total Marks CA ESE ESE Duration 
150 50 100 3 Hours 

 

End semester pattern: 

There will be two parts; Part A and Part B. Part A contain 10 questions with 2 questions from each 
module, having 3 marks for each question. Students should answer all questions. Part B contains 2 
questions from each module of which student should answer any one. Each question can have 
maximum 2 sub-divisions and carry 14 marks. 
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COURSE LEVEL ASSESSMENT QUESTIONS

Course Outcome 1

1. A 3.6×1.5 m wide rectangular gate MN is vertical and is hinged at point 0.15 m below
the center of gravity of the gate. The total depth of water is 6 m. What horizontal force
must be applied at the bottom of the gate to keep the gate closed.

2. A stationary liquid is stratified so that its density is ρ0(1 + h) at a depth h below the free
surface. At a depth h in this liquid, what is the pressure in excess of ρ0gh?

3. If the velocity profile of a fluid is parabolic with free stream velocity 120 cm/s occurring
at 20 cm from the plate, calculate the velocity gradients and shear stress at a distance of
0, 10, 20 cm from the plate. Take the viscosity of fluid as 8.5 poise.

Course Outcome 2

1. Differentiate between the Eulerian and Lagrangian method of representing fluid motion.

2. A velocity field is given by u = 3y2, v = 2x and w = 0 in arbitrary units. Is this flow
steady or unsteady? Is it two or three dimensional? At (x,y,z)=(2,1,0), compute

(a) velocity

(b) local acceleration

(c) convective acceleration

3. A stream function in two dimensional flow is ψ = 2xy. Show that the flow is irrotational
and determine the corresponding velocity potential φ.
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Course Outcome 3

1. A siphon consisting of a pipe of 15 cm diameter is used to empty kerosene oil (relative
density=0.8) from tank A. The siphon discharges to the atmosphere at an elevation of
1.00 m. The oil surface in the tank is at an elevation of 4.00 m. The center line of the
siphon pipe at its highest point C is at an elevation of 5.50 m. Estimate,

(a) Discharge in the pipe

(b) Pressure at point C.

The losses in the pipe can be assumed to be 0.5 m up to the summit and 1.2 m from
summit to the outlet.

2. Derive the Euler’s equation of motion along a streamline and from that derive the Bernouli’s
equation.

3. What is water hammer? Explain different cases of water hammer. Derive the expression
for pressure rise in any one of the case.

Course Outcome 4

1. Two reservoir with a difference in water surface elevation of 10 m are connected by a
pipeline AB and BC joined in series. Pipe AB is 10 cm in diameter, 20 m long and has a
value of friction factor f = 0.02. Pipe BC is 16 cm diameter, 25 m long and has a friction
factor f=0.018. The junctions with reservoirs and between pipes are abrupt.

(a) Sketch Total energy line and Hydraulic gradient line

(b) Calculate the discharge.

2. Oil of viscosity 0.1 Pas and specific gravity 0.9 flows through a horizontal pipe of 25 mm
diameter. If the pressure drop per meter length of the pipe is 12 KPa, determine

(a) Discharge through the pipe

(b) Shear stress at the pipe wall

(c) Reynolds number of the flow
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(d) Power required in Watts if the length of the pipe is 50m

3. In a hydraulic power plant, a reinforced concrete pipe of diameter D is used to transmit
water from the reservoir to the turbine. If H is the total head supply at the entrance of
the pipe and hf is the loss of head in the pipe, then derive the condition for maximum
power supply through the pipe.

Course Outcome 5

1. Write a short note on boundary layer separation and discuss any two methods to control
the same.

2. Find the displacement thickness, momentum thickness and energy thickness for velocity
distribution in boundary layer given by

u

U∞
= 2

(y
δ

)
−
(y
δ

)2

3. A thin plate is moving in still atmospheric air at a velocity of 4m/s. The length of the
plate is 0.5 m and width 0.4 m. Calculate the

(a) thickness of the boundary layer at the end of the plate and

(b) drag force on one side of the plate.

Take density of air as 1.25 kg/m3 and kinematic viscosity 0.15 stokes.

Course Outcome 6

1. State and explain Buckingham’s pi theorem.

2. An underwater device is 1.5m long and is to move at 3.5 m/s speed. A geometrically
similar model 30 cm long is tested in a variable pressure wind tunnel at a speed of 35
m/s. Calculate the pressure of air in the model if the model experience a drag force of
40 N, calculate the prototype drag force. [Assume density of water = 998 kg/m3, density
of air at standard atmospheric pressure = 1.17 kg/m3, dynamic viscosity of air at local
atmospheric pressure = 1.95 ∗ 10−5 Pas and dynamic viscosity of water = 1 ∗ 10−3 Pas]

3. Explain the importance of dimensionless numbers and discuss any two similarity laws.
Where are these model laws used?
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SYLLABUS 
Module 1:  Introduction: Fluids and continuum, Physical properties of fluids, density, specific weight, 
vapour pressure, Newton’s law of viscosity. Ideal and real fluids, Newtonian and non-Newtonian 
fluids. Fluid Statics- Pressure-density-height relationship, manometers, pressure on plane and curved 
surfaces, center of pressure, buoyancy, stability of immersed and floating bodies, fluid masses 
subjected to uniform accelerations, measurement of pressure. 

Module 2: Kinematics of fluid flow: Eulerian and Lagrangian approaches, classification of fluid flow, 
1-D, 2-D and 3-D flow, steady, unsteady, uniform, non-uniform, laminar, turbulent, rotational, 
irrotational flows, stream lines, path lines, streak lines, stream tubes, velocity and acceleration in 
fluid, circulation  and vorticity, stream function and potential function, Laplace equation, 
equipotential lines, flow nets, uses and limitations.  

Module 3: Control volume analysis of mass, momentum and energy, Equations of fluid dynamics: 
Differential equations of mass, energy and momentum (Euler’s equation), Navier-Stokes equations 
(without proof) in cartesian co-ordinates. Dynamics of Fluid flow: Bernoulli’s equation, Energies in 
flowing fluid, head, pressure, dynamic, static and total head, Venturi and Orifice meters, Notches 
and Weirs (description only for notches and weirs). Hydraulic coefficients, Velocity measurements: 
Pitot tube and Pitot-static tube. 

Module 4: Pipe Flow: Viscous flow: Reynolds experiment to classify laminar and turbulent flows, 
significance of Reynolds number, critical Reynolds number, shear stress and velocity distribution in a 
pipe, law of fluid friction, head loss due to friction, Hagen Poiseuille equation. Turbulent flow: Darcy- 
Weisbach equation, Chezy’s equation Moody’s chart, Major and minor energy losses, hydraulic 
gradient and total energy line, flow through long pipes, pipes in series, pipes in parallel, equivalent 
pipe, siphon, transmission of power through pipes, efficiency of transmission, Water hammer, 
Cavitation. 

Module 5: Boundary Layer : Growth of boundary layer over a flat plate and definition of boundary 
layer thickness, displacement thickness, momentum thickness and energy thickness, laminar and 
turbulent boundary layers, laminar sub layer, velocity profile, Von- Karman momentum integral 
equations for the boundary layers, calculation of drag, separation of boundary and methods of 
control. Dimensional Analysis: Dimensional analysis, Buckingham’s theorem, important non 
dimensional numbers and their significance, geometric, Kinematic and dynamic similarity, model 
studies. Froude, Reynolds, Weber, Cauchy and Mach laws- Applications and limitations of model 
testing, simple problems only 

 

 

Text Books 

John. M. Cimbala  and Yunus A. Cengel, Fluid Mechanics: Fundamentals and Applications (4th  
edition, SIE), 2019 

Robert W. Fox, Alan T. McDonald, Philip J. Pritchard and John W. Mitchell, Fluid Mechanics, Wiley 
India, 2018  
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https://www.amazon.in/Robert-W-Fox/e/B001HCVDT2/ref=dp_byline_cont_book_1
https://www.amazon.in/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=Alan+T.+McDonald&search-alias=stripbooks
https://www.amazon.in/s/ref=dp_byline_sr_book_3?ie=UTF8&field-author=Philip+J.+Pritchard&search-alias=stripbooks
https://www.amazon.in/s/ref=dp_byline_sr_book_4?ie=UTF8&field-author=John+W.+Mitchell&search-alias=stripbooks


 

Reference Books 

White, F. M., Fluid Mechanics, McGraw Hill Education India Private Limited, 8th Edition, 2017 

Rathakrishnan, E. Fluid Mechanics: An Introduction, Prentice Hall India, 3rd Edition 2012 

 

 

 

 

 

 

 

 

COURSE PLAN 

  

Module Topics Hours 
Allotted 

I Introduction: Fluids and continuum, Physical properties of fluids, density, 
specific weight, vapour pressure, Newton’s law of viscosity. Ideal and real 
fluids, Newtonian and non-Newtonian fluids. 
Fluid Statics- Pressure-density-height relationship, manometers, pressure 
on plane and curved surfaces, center of pressure, buoyancy, stability of 
immersed and floating bodies, fluid masses subjected to uniform 
accelerations, measurement of pressure. 

7-2-0 

II Kinematics of fluid flow: Eulerian and Lagrangian approaches, classification 
of fluid flow, 1-D, 2-D and 3-D flow, steady, unsteady, uniform, non-
uniform, laminar, turbulent, rotational, irrotational flows, stream lines, 
path lines, streak lines, stream tubes, velocity and acceleration in fluid, 
circulation  and vorticity, stream function and potential function, Laplace 
equation, equipotential lines, flow nets, uses and limitations.  

6-2-0 

III Control volume analysis of mass, momentum and energy, Equations of fluid 
dynamics: Differential equations of mass, energy and momentum (Euler’s 
equation), Navier-Stokes equations (without proof) in cartesian co-
ordinates 
Dynamics of Fluid flow: Bernoulli’s equation, Energies in flowing fluid, head, 
pressure, dynamic, static and total head, Venturi and Orifice meters, 
Notches and Weirs (description only for notches and weirs). Hydraulic 
coefficients, Velocity measurements: Pitot tube and Pitot-static tube. 

6-2-0 

IV Pipe Flow: Viscous flow: Reynolds experiment to classify laminar and 
turbulent flows, significance of Reynolds number, critical Reynolds number, 
shear stress and velocity distribution in a pipe, law of fluid friction, head 

9-3-0 
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loss due to friction, Hagen Poiseuille equation. Turbulent flow: Darcy- 
Weisbach equation, Chezy’s equation Moody’s chart, Major and minor 
energy losses, hydraulic gradient and total energy line, flow through long 
pipes, pipes in series, pipes in parallel, equivalent pipe, siphon, 
transmission of power through pipes, efficiency of transmission, Water 
hammer, Cavitation. 

V Boundary Layer : Growth of boundary layer over a flat plate and definition 
of boundary layer thickness, displacement thickness, momentum thickness 
and energy thickness, laminar and turbulent boundary layers, laminar sub 
layer, velocity profile, Von- Karman momentum integral equations for the 
boundary layers, calculation of drag, separation of boundary and methods 
of control. 
Dimensional Analysis: Dimensional analysis, Buckingham’s theorem, 
important non dimensional numbers and their significance, geometric, 
Kinematic and dynamic similarity, model studies. Froude, Reynolds, Weber, 
Cauchy and Mach laws- Applications and limitations of model testing, 
simple problems only 

8-2-0 
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MODEL QUESTION PAPER

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY

IV SEMESTER B.TECH DEGREE EXAMINATION

MET203: MECHANICS OF FLUIDS

Mechanical Engineering

Maximum: 100 Marks Duration: 3 hours

PART A

Answer all questions, each question carries 3 marks

1. The specific gravity of a liquid is 3.0. What are its specific weight, specific mass and
specific volume.

2. State Pascal’s law and give some examples where this principle is used.

3. Explain Streamlines, Streaklines and Pathlines.

4. What do you understand by the terms: (i) Total acceleration, (ii) Convective acceleration,
and (iii) Local acceleration.

5. Name the different forces present in a fluid flow. For the Euler’s equation of motion, which
forces are taken into consideration.

6. Differentiate between pitot tube and pitot static tube.

7. Define and explain the terms (i) Hydraulic gradiant line and (ii) Total energy line.

8. Show that the coefficient of friction for viscous flow through a circular pipe is given by

f =
16

Re

where Re is the Reynolds number.

9. What do you mean by repeating variables? How repeating variables are selected for
dimensional analysis.

10. How will you determine whether a boundary layer flow is attached flow, detached flow or
on the verge of separation.

(10×3=30 Marks)
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PART B

Answer one full question from each module

MODULE-I

11. (a) Through a very narrow gap of height h, a thin plate of large extend is pulled at a
velocity V . On one side of the plate is oil of viscosity µ1 and on the other side oil of
viscosity µ2. Calculate the position of the plate so that

i. the shear force on the two sides of the plate is equal.

ii. the pull required to drag the plate is minimum.

Assume linear velocity distribution in transverse direction. (7 Marks)

(b) A metallic cube of 30 cm side and weight 500 N is lowered into a tank containing
two fluid layers of water and mercury. Top edge of the cube is at water surface.
Determine the position of the block at water mercury interface when it has reached
equilibrium. (7 Marks)

12. (a) A rectangular tank 1.5 m wide, 3 m long and 1.8 m deep contains water to a depth
of 1.2 m. Find the horizontal acceleration which may be imparted to the tank in the
direction of length so that

i. there is just no spilling from the tank

ii. front bottom corner of the tank is just exposed.

(7 Marks)

(b) A spherical water drop of 1 mm diameter splits up in air into 64 smaller drops of
equal size. Find the work required in splitting up the drop. The surface tension
coefficient of water in air = 0.073 N/m (7 Marks)

MODULE-II

13. (a) In a fluid flow field, velocity vector is given by v = (0.5 + 8x)i+ (0.5 − 0.8y)j. Find
the equation of streamline for the given velocity field. (7 Marks)

(b) The stream function ψ = 4xy in which ψ is in cm2/s and x and y are in meters
describe the incompressible flow between the boundary shown below:

Calculate

i. Velocity at B

ii. Convective acceleration at B
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iii. Flow per unit width across AB

(7 Marks)

14. (a) Consider the velocity field given by u = x2 and v = −2xy. Find the circulation
around the area bounded by A(1, 1), B(2, 1), C(2, 2), D(1, 2). (7 Marks)

(b) Verify whether the following are valid potential functions.

i. φ = 2x+ 5y

ii. φ = 4x2 − 5y2

(7 Marks)

MODULE-III

15. (a) A submarine moves horizontally in sea and has its axis 15 m below the surface of
the water. A pitot tube properly placed just in front of the submarine and along
its axis is connected to two limbs of a U tube containing mercury. The difference
of level is found to be 170 mm. Find the speed of the submarine knowing that the
specific gravity of mercury is 13.6 and that of sea water is 1.026 with respect to
water. (7 Marks)

(b) A pitot tube is inserted in a pipe of 30 cm diameter. The static pressure of the
tube is 10 cm of mercury vacuum. The stagnation pressure at the centre of the pipe
recorded by the pitot tube is 1.0 N/cm2. Calculate the rate of flow of water through
the pipe, if the mean velocity of flow is 0.85 times central velocity. Assume coefficient
of tube as 0.98. (7 Marks)

16. (a) A smooth pipe of uniform diameter 25 cm, a pressure of 50 KPa was observed at
section 1 which has an elevation of 10 m. At another section 2, at an elevation of 12
m, the pressure was 20 KPa and the velocity was 1.25 m/s. Determine the direction
of flow and the head loss between the two sections. The fluid in the pipe is water.
(8 Marks)

(b) Petrol of specific gravity 0.8 is following through a pipe of 30 cm diameter. The pipe
is inclined at 30◦ to horizontal. The venturi has a throat diameter of 10 cm. U tube
manometer reads 6.25 cm Hg. Calculate the discharge through the pipe. Assume
Cd = 0.98. (6 Marks)

MODULE-IV

17. (a) Assuming viscous flow through a circular pipe derive the expression for,

i. Velocity distribution

ii. Shear stress distribution

Also plot the velocity and shear stress distribution. (7 Marks)

(b) A large tank shown in the figure has a vertical pipe 70 cm long and 2 cm in diameter.
The tank contain oil of density 920 Kg/m3 and viscosity 1.5 poise. Find the discharge
through the tube when the height of oil level of the tank is 0.80 m above the pipe
inlet.
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(7 Marks)

18. (a) A compound piping system consist of 1800 m of 50 cm, 1200 m of 40 cm and 600 m
of 30 com diameter pipes off same material connected in series.

i. What is the equivalent length of a 40 cm pipe of same material?

ii. What is the equivalent diameter of a pipe 3600 m long?

iii. If three pipes are in parallel what is equivalent length of 50 cm pipe?

(10 Marks)

(b) A pipe line of 2100 m is used for transmitting 103 KW. The pressure at the inlet of
the pipe is 392.4 N/cm2. If the efficiency of transmission is 80%, find the diameter
of the pipe. Take f = 0.005. (4 Marks)

MODULE-V

19. (a) The velocity profile u of a boundary layer flow over a flat plate is given by

u

U∞
=

3

2

(y
δ

)
− 1

2

(y
δ

)3
If the boundary thickness is given as

δ =

√
280νx

13U∞

develop the expression for local drag coefficient Cfx over the distance x = L from
the leading edge of the plate. (7 Marks)

(b) A model test is to be conducted in a water tunnel using a 1:20 model of a submarine
which is used to travel at a speed of 12 km/h deep under the sea. The water
temperature in the tunnel is so maintained that its kinematic viscosity is half as that
of the sea water. At what speed the model test is to be conducted. (7 Marks)

20. (a) With a neat sketch explain the different regions of the boundary layer along a long
thin flat plate. (7 Marks)

(b) Using Buckingham’s pi theorem show that the velocity through a circular orifice is
given by √

2gHφ

[
D

H
,

µ

ρV H

]
where H is the head causing flow, D is the diameter of the orifice, µ is the coefficient
of viscosity, ρ is the mass density and g is the acceleration due to gravity.(7 Marks)
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AOT 205 MECHANICS OF FLIGHT AND AIRCRAFT 
BASICS 

CATEGORY L T P CREDIT 
PCC 3 1 0 4 

 

Preamble: Basic aim of this course is to understand the foundation of flight, aircraft structures, 
material aircraft propulsion and to develop an understanding the performance of airplanes under 
various operating conditions and the static and dynamic response of aircraft for both voluntary and 
involuntary changes in flight conditions. 
 

Prerequisite: Engineering Mechanics 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Explain structure of the atmosphere and basic concepts of airfoil 
CO 2 Explain aircraft structures and aircraft propulsion systems 
CO 3 Derive and discuss about the drag, power and thrust characteristics 
CO 4 Analyse the performance of aircraft under various flight conditions such as take-off, cruise, 

landing, climbing, gliding, turning and other manoeuvres. 
CO 5 Evaluate static and dynamic response of aircraft for both voluntary and involuntary changes 

in flight conditions 
 

Mapping of course outcomes with program outcomes 

               PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 
10 

PO 
11 

PO 
12 

CO 1 3 3 1 - - - - - - - - - 
CO 2 3 3 1 - - - - - - - - - 
CO 3 3 3 1 - - - - - - - - - 
CO 4 3 3 1 - - - - - - - - - 
CO 5 3 3 1 - - - - - - - - - 
Assessment Pattern 

Bloom’s Category Continuous Assessment Tests End Semester Examination 
1 2 

Remember 10 10 10 
Understand 10 10 20 
Apply 30 30 70 
Analyse    
Evaluate    
Create    
 

Mark distribution 

Total Marks CIE ESE ESE Duration 

150 50 100 3 hours 
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Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A contain 10 
questions with 2 questions from each module, having 3 marks for each question. Students should 
answer all questions. Part B contains 2 questions from each module of which student should answer 
any one. Each question can have maximum 2 sub-divisions and carry 14 marks.  
 
Course Level Assessment Questions 

Course Outcome 1 (CO1): Ability to understand atmosphere structure and basic concepts of 

airfoil 

1. With the help of neat diagram explain properties of atmosphere structure 

2. Define basic concepts of aerodynamic forces on aircraft 

3. Definition of basic airfoil characteristics 

Course Outcome 2 (CO2) : Analyse aircraft structures and aircraft propulsion systems 

1. Explain various wing and fuselage structures with neat diagrams 

2. Define wing and landing gear configurations with neat sketches 

3. Discuss various propulsion devices with aid of neat diagrams 

  Course Outcome 3(CO3): Derive and discuss about the drag, power and thrust characteristics 
 
 1. Explain various types of drags and drag reduction methods 

 2. Derive and discuss power required and power available with neat curve 

 3. Derive and discuss thrust required and thrust available with neat curve  

Course Outcome 4 (CO4): Ability to analyse the performance of aircraft under various flight 

conditions such as take-off, cruise, landing, climbing, gliding, turning and other manoeuvres. 

 

1. Derive and explain conditions for minimum drag and minimum power required 

2. Explain and obtain an expression for both Range and Endurance 

3. Explain and obtain an expression for both take off and landing performance of an aircraft 
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Course Outcome 5 (CO5): Evaluate static and dynamic response of aircraft for both voluntary 
and involuntary changes in flight conditions 
 

1. Discuss and derive contribution of wing and fuselage in stability 

2. Explain and derive aircraft equations of motion 

3. Describe in detail about Dutch roll, spiral and directional divergence, autorotation and spin 
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Model Question Paper 

QP CODE:  

                                                                                                                                  Reg No .:_______________  

   Name :_________________ 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY FIRST SEMESTER B.TECH DEGREE EXAMINATION, 
MONTH & YEAR 

MECHANICS OF FLIGHT AND AIRCRAFT BASICS 

Course Code: AOT 205 

Max. Marks: 100                                                                                                                       Duration: 3 hours 

PART A 

(Answer all questions; each question carries 3 marks) 

1. Define ‘The Standard Atmosphere’. 

2. Explain each term of NACA 5-digit airfoil with an example 

3. State the uses of stringers and longerons 

4. Define the working principle of Gyroscope 

5. Differentiate between TAS,EAS and IAS.  

6. Depict the curve which gives the effect of altitude on thrust and power 

7. Differentiate between Dihedral and anhedral 

8. Explain the role of sideslip in longitudinal stability 

9. What are the characteristic modes of stick fixed longitudinal motion of aircraft? 

10. Explain snaking mode 

PART B 

(Answer one full question from each module, each question carries 14 marks) 

Module -1 

11. (i) Derive an expression of variation of pressure in the stratosphere region (8 marks) 

             (ii) With neat sketch briefly explain about aero foil nomenclature for different types of 

aerofoil?                                                                                                                       (6 marks) 
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Module -2 

12. (i) Differentiate between monocoque and semi monocoque with neat sketches  (6 marks) 

(ii) With the aid of neat sketch explain the working of Altimeter (8 marks) 

13. (i) Explain Autopilot System with neat diagram (6 marks) 

(ii) Briefly explain any 4 kinds of flight vehicles with sketches (8 marks) 

                 Module -3 

14. (i)  Find out the total drag of an airplane flying level at a speed at 320 km/hr for which the 
total drag coefficient is given by 0.0293+0.0398 CL

2 . Also given that the wing area is 12.5m2 
and weight of the airplane is 200kg (10 marks) 

(ii) Explain any four methods of drag reduction in airplane. (4 marks) 

15. (i ) Derive and explain power available and power required.(7 marks) 

16. (ii) An aircraft weighing 25 KN has a wing area of 100m2 and its drag coefficient is 
CD=0.016+0.04 CL

2.Calculate the minimum thrust required for straight and level flight and 
the corresponding true airspeed at sea level at 10 Km.           (7 marks) 

Module -4 

17. (i) Derive the Breguet’s Range equation                                                                       (6 marks) 

(ii) An airplane weighing 1,58,000 N has a wing plan form area of 90m2.Its drag polar is of 
the form CD=0.015+0.08CL

2.During cruise at an altitude of 3km its engine suddenly fails and 
it is forced to decent down in a powerless glide. Calculate the minimum glide angle and the 
maximum range over the ground                                                                      (8 marks) 

18. (i) Derive take off performance equations with neat sketch                                          (8 marks) 

(ii) Explain Static longitudinal stability.                                                                       (6 marks) 

Module -5 

19. A wing body model is tested in a subsonic wind tunnel. αL=0 = -1.50, at α = 50, CL is 0.52. At 
α = 10 and 7.880 CMcg are -0.01 and 0.05 respectively. The c.g location is 0.35c. iw = 0 and tail 
volume ratio is 0.34. The  tail  setting    is 2.70 and the tail lift curve slope is 0.1 per degree. 
α0 = 0 and d =  0.35. At α = 80, calculated CMcg for the aircraft. Also find  the neutral point 
location and also  static margin.                                                             (14marks) 

20. (a) Explain the following Phenomenon 

       (i).Dutch Roll 

       (ii).Spiral instability 

      (iii).Spin               (6 marks) 

            (b) Write short notes on 

                      (i) Stability derivatives in longitudinal dynamic stability 

                    (ii).Stability quartic                                                                           (8 marks) 
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        Syllabus 

 

Module 1 
Physical properties and structure of the atmosphere, temperature, pressure and altitude 
relationships, Basic concepts:  lift, drag , moment (basic derivations), aerofoils, mach number, 
manoeuvres  
 
Classification of NACA Aerofoils, aspect ratio, wing loading, centre of pressure and aerodynamic 
centre - aerofoil characteristics- lift, drag curves. Primary and Secondary control surfaces-functions. 
Shape and dimension of aero foil Aspect ratio of its effects. Mean aerodynamic chord and airflow 
control devices. 
 
Module 2 
General types of construction, Truss, monocoque & semi-monocoque. Typical wing structure. 
Different types of flight vehicles, classifications. Wing and Landing gear configurations.  
 Basic instruments for flying (Altimeter,Tachometer,Gyroscope,Airspeed Indicator,Pitot-Static 
System, Mach Meters)– typical systems for control actuation (Digital fly by wire systems, Auto pilot 
system) 
 
Module 3 

Measurement of speed &  Mach number True, Indicated and Equivalent air speed, Streamlined and 
bluff bodies. Various Types of drag in airplanes, drag polar curve. Methods  of  drag reduction  of 
airplanes. 
Straight and level flight, thrust required and available. Power required and available, Effect of 
altitude on thrust  and power.  

Module 4 

Conditions for minimum drag and minimum power required. Gliding and Climbing flight, Range and 
Endurance. Take off and landing performance, Turning performance, horizontal and vertical turn. 
Pull up and pull down, maximum turn rate, V-n diagram. Degrees of freedom of a system, static and 
dynamic stability, static longitudinal stability.  

Module 5 

Contribution of individual components, neutral point, static margin, Hinge moment, Elevator control 
effectiveness. Aircraft  equations of  motion, stability derivatives, stability quartic, Phugoid motion. 
Yaw and side slip, Dihedral effect, contribution of various components, lateral control, aileron 
control power, strip theory. Aileron reversal, weather cock stability, directional control, rudder 
requirements, dorsal fin, Dutch roll, spiral and directional divergence, autorotation and spin 
(descriptive) 

 

Text Books 

 Perkins, C.D., and Hage, R.E., “Airplane Performance stability and Control”, John Wiley & 
Son:, Inc, NY, 1988. 
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 John D.Anderson, Jr.,”Aircraft Performance and Design”, McGraw-Hill Education, 2017.  
 Nelson, R.C. “Flight Stability and Automatic Control”, McGraw-Hill Book Co., 2004. 

 

Reference Books 

 Etkin, B., “Dynamics of Flight Stability and Control”, Edn. 2, John Wiley, NY, 1982. 
 Babister, A.W., “Aircraft Dynamic Stability and Response”, Pergamon Press, Oxford, 1980. 
 Dommasch, D.O., Sherby, S.S., and Connolly, T.F., “Aeroplane Aero dynamics”, Third 

Edition, Issac Pitman, London, 1981. 
 Mc Cornick B. W, “Aerodynamics, Aeronautics and Flight Mechanics”, John Wiley, NY, 

1995 
 

Course Contents and Lecture Schedule  
 
No Topic No. of Lectures 
1                                                  Module 1    7 
1.1 Physical properties and structure of the atmosphere, temperature, 

pressure and altitude relationships 
 

2 

1.2 Basic concepts:  lift, drag , moment (basic derivations), aerofoils, mach 
number, manoeuvres.  

1 

1.3 Classification of NACA Aerofoils, aspect ratio, wing loading, centre of 
pressure and aerodynamic centre - aerofoil characteristics- lift, drag 
curves 

2 

1.4 Primary and Secondary control surfaces-functions. 
Shape and dimension of aero foil. 

1 

1.5 Aspect ratio of its effects ,Mean aerodynamic chord and airflow control 
devices. 
 

1 

2                                                  Module 2                                                                    10 
2.1 General types of fuselage construction, Truss, monocoque & semi-

monocoque 
1 

2.2 Typical wing structure 1 

2.3 Different types of flight vehicles, classifications 2 

2.4 Wing and Landing gear configurations 2 

2.5 Basic instruments for flying (Altimeter,Tachometer,Gyroscope,Airspeed 
Indicator,Pitot-Static Sysytem,Mach Meters) 

2 

2.6 typical systems for control actuation (Digital fly by wire systems, Auto 
pilot system) 

2 

3                                                   Module 3                                                                   8 
3.1 Measurement of speed& Mach number True, Indicated and Equivalent 

air speed, Streamlined and bluff bodies 
2 

3.2 Various Types of drag in airplanes, drag polar curve,Methods of drag 2 
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reduction of airplanes. 
 

3.3 Straight and level flight, thrust required and available 2 

3.4 Power required and available, Effect of altitude on thrust and power.  2 

4                                                     Module 4                                                                 10 
4.1 Conditions for minimum drag and minimum power required 2 

4.2 Gliding and Climbing flight, Range and Endurance 2 

4.3 Take-off and landing performance, Turning performance, horizontal and 
vertical turn 

2 

4.4 Pull up and pull down, maximum turn rate 1 
4.5 V-n diagram 1 

4.6 Degrees of freedom of a system, static and dynamic stability, static 
longitudinal stability.  

2 

5  Module 5 10 
5.1 Contribution of individual components 2 

5.2 neutral point, static margin, Hinge moment, Elevator control 
effectiveness. Aircraft equations of motion, stability derivatives, 
stability quartic, Phugoid motion 

3 

5.3 Dihedral effect, contribution of various components, lateral control, 
aileron control power, strip theory 

2 

5.4 Aileron reversal, weather cock stability, directional control, rudder 
requirements, dorsal fin,Dutch roll, spiral and directional divergence, 
autorotation and spin(descriptive) 

3 
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AOL 201 FLUID MECHANICS LAB 
CATEGORY L T P CREDIT 

PCC 0 0 3 2 
Preamble: :  Goal of this course is to provide practical knowledge in verification of principles of fluid 
flow and to impart knowledge in measuring pressure, discharge and velocity of fluid flow, so that the 
students can easily apply this knowledge in their real life. 

Prerequisite:  NIL 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Calibrate flow measuring devices such as Venturimeter, orifice meter and notches 
CO 2 Determine hydraulic coefficients  
CO 3 Determine losses in pipes 
CO 4 Plot velocity profiles for any given fluid flow 
CO 5 Determine the stability of floating body 
CO 6 Determine the forces acting due to impact of jets on surfaces and drag force on a 

submerged body 
 

Mapping of course outcomes with program outcomes 

               PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 
10 

PO 
11 

PO 
12 

CO 1 3 2 2 2     2    
CO 2 3 2 2 2     2    
CO 3 3 2 2 2     2    
CO 4 3 2 2 2     2    
CO5 3 2 2 2     2    
CO 6 3 2 2 2     2    
 

Assessment Pattern 

Mark distribution 

Total Marks CIE ESE ESE Duration 

150 75 75 2.5 hours 

 

Continuous Internal Evaluation Pattern:  

Attendance               : 15 marks 
Continuous Assessment             : 30 marks 
Internal Test (Immediately before the second series test) : 30 marks 
 
End Semester Examination Pattern: The following guidelines should be followed regarding award of 
marks  
(a) Preliminary work             : 15 Marks 
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(b) Implementing the work/Conducting the experiment         : 10 Marks 
(c) Performance, result and inference (usage of equipments and trouble shooting)    : 25 Marks 
(d) Viva voce              : 20 marks 
(e) Record              : 5 Marks 
 
General instructions: Practical examination to be conducted immediately after the second series test 
covering entire syllabus given below. Evaluation is a serious process that is to be conducted under 
the equal responsibility of both the internal and external examiners. The number of candidates 
evaluated per day should not exceed 20. Students shall be allowed for the University examination 
only on submitting the duly certified record. The external examiner shall endorse the record. 
 

Course Level Assessment Questions 

 Course Outcome 1 (CO1) Calibrate flow measuring devices such as Venturimeter, orifice meter and 
notches 
 

1. Determine of coefficient of discharge and calibration of rectangular Notch 

2. Determine of coefficient of discharge and calibration of V-Notch 

3. Determine of coefficient of discharge and calibration of Orifice meter  

4. Determine of coefficient of discharge and calibration of Venturimeter.  

Course Outcome 2 (CO2): Determine hydraulic coefficients 
 

1. Determine of hydraulic coefficients of orifices. 

 Course Outcome 3(CO3): Determine losses in pipes 
 

1.  Determine Chezy’s constant and Darcy’s coefficient on pipe friction apparatus. 

2. Determine of minor losses in various pipe fittings 

Course Outcome 4 (CO4): Plot velocity profiles for any given fluid flow 

1. Plot the velocity profile using Pitot-static tube 

Course Outcome 5 (CO5): Determine the stability of floating body. 

1. Determine of metacentric height of a floating body  

Course Outcome 6 (CO6): Determine the forces acting due to impact of jets on surfaces and drag 
force on a submerged body 

1. Impact of jet on flat surface 

2. Impact of jet on curved surface 

3. Measurement of drag on a circular cylinder in high Reynolds number flow 
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LIST OF EXPERIMENTS 

1. Determination of coefficient of discharge and calibration of rectangular Notch 

2. Determination of coefficient of discharge and calibration of V-Notch 

3. Determination of coefficient of discharge and calibration of Orifice meter  

4. Determination of coefficient of discharge and calibration of Venturimeter.  

5. Determination of Chezy’s constant and Darcy’s coefficient on pipe friction apparatus. 

6. Determination of hydraulic coefficients of orifices. 

7. Determination of metacentric height of a floating body.  

8. Determination of minor losses in various pipe fittings 

9. Calibration of pressure gauge 

10. Determination of velocity profile using Pitot-static tube 

11. Measurement of Fluid Viscosity 

12. Measurement of drag on a circular cylinder in high Reynolds number flow 

13. Reynolds experiment  

14. Verification of Bernoulli’s theorem and draw HGL and TEL 

15. Impact of jet on flat surface 

16. Impact of jet on curved surface 

Note: A minimum of 10 experiments are mandatory. 
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AOL 203 MATERIAL TESTING LAB CATEGORY L T P CREDIT 
PCC 0 0 3 2 

Preamble: :  Goal of this course is to expose the students to the Characterize and evaluate the 
materials using Destructive techniques. After this course students will be able to recognize similar 
problems in real-world situations and respond accordingly. 

Prerequisite: Engineering Mechanics 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Conduct tension test and compression test to characterize and evaluate the materials 
CO 2 Determine hardness of materials 
CO 3 Conduct  Deflection test and bending test  
CO 4 Conduct flexural and torsion test to determine elastic constants 
Mapping of course outcomes with program outcomes 

               PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 
10 

PO 
11 

PO 
12 

CO 1 3 1 2      2   2 
CO 2 3 1 2      2   2 
CO 3 3 1 2      2   2 
CO 4 3 1 2      2   2 
Assessment Pattern 

Mark distribution 

Total Marks CIE ESE ESE Duration 

150 75 75 2.5 hours 

 

Continuous Internal Evaluation Pattern:  

Attendance               : 15 marks 
Continuous Assessment             : 30 marks 
Internal Test (Immediately before the second series test) : 30 marks 
 
End Semester Examination Pattern: The following guidelines should be followed regarding award of 
marks  
(a) Preliminary work             : 15 Marks 
(b) Implementing the work/Conducting the experiment         : 10 Marks 
(c) Performance, result and inference (usage of equipments and trouble shooting)    : 25 Marks 
(d) Viva voce              : 20 marks 
(e) Record              : 5 Marks 
 
General instructions: Practical examination to be conducted immediately after the second series test 
covering entire syllabus given below. Evaluation is a serious process that is to be conducted under 
the equal responsibility of both the internal and external examiners. The number of candidates 
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evaluated per day should not exceed 20. Students shall be allowed for the University examination 
only on submitting the duly certified record. The external examiner shall endorse the record. 
 

Course Level Assessment Questions 

 Course Outcome 1 (CO1): Conduct tension test and compression test to characterize and evaluate 
the materials 
1. Determine the rigidity modulus and stiffness of the material of the spring  

2. Find the following material properties:  yield point stress, ultimate stress, young’s modulus, 
nominal breaking stress, actual breaking stress, and also evaluate percentage reduction in cross 
section 
Course Outcome 2 (CO2): Characterize and evaluate the materials 
1. Determine the hardness number of brass specimen 
2. Determine the hardness number of steel specimen 

  Course Outcome 3(CO3): Conduct Deflection test and bending test 
 1. Verify the law of Clark Maxwell and determine the young’s modulus 
2. Determine young’s modulus and by conducting a bending test 

Course Outcome 4 (CO4): Conduct flexural and torsion test to determine elastic constants 
1 Determine the impact strength of the given specimen – charpy 

2. Determine the rigidity modulus of the materials of rod by conducting torsion test 
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LIST OF EXPERIMENTS 

 1. Tension test on mild steel/ tor-steel/ high strength steel and cast iron using Universal Testing 
Machine  

2. Tension test on mild steel/ tor-steel/ high strength steel and cast iron using Hounsfield 
Tensometer 

3. Compression test on spring  

4. Torsion pendulum (mild steel, aluminium and brass wires) 

5. Hardness test (Brinell, Vickers and Rockwell)  

6. Impact test (Izod and Charpy)  

7. Torsion test on mild steel rods.  

8. Shear test on mild steel rods 

9. Fatigue test – Study of testing machine.  

10. Bending test on wooden beams.  

11. Strut test (Column buckling experiment) 

 12. Verification of Clerk Maxwell’s law of reciprocal deflection and determination of Young’s 
modulus of steel. 

 13. Photo elastic methods for stress measurements. 

 14. Jominy hardenability test  

15. Measurement using strain gauges 

16. Determination of moment of inertia of rotating bodies 

17. Deflection Test on steel and timber beam 

 Note: A minimum of 10 experiments are mandatory. 

 

Reference Books 

1. G E Dieter. Mechanical Metallurgy, McGraw Hill,2013 

 2. Dally J W, Railey W P, Experimental Stress analysis , McGraw Hill,1991  

3. Baldev Raj, Jayakumar T, Thavasimuthu M., Practical Non destructive testing, Narosa Book 
Distributors,2015 

4. Timoshenko and Gere, Mechanics of Materials, CBS Publishers, New Delhi, 1996. 
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AOT 281 FUNDAMENTALS OF AERONAUTICS 
CATEGORY L T P CREDIT 

VAC 3 1 0 4 
 

Preamble: 

This course provides an overview and introduction to the fundamentals of aeronautics starting from 
balloons to space flight 

Prerequisite: NIL 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Explain fundamental aeronautics and atmosphere. 
CO 2 Describe basic airfoil and its characteristics. 
CO 3 Predict the performance of propellers. 
CO 4 Explain different types of rockets and their applications    
CO 5 Apply the concepts of motion of bodies in space. 
 

Mapping of course outcomes with program outcomes 

               PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 
10 

PO 
11 

PO 
12 

CO 1 3            
CO 2 3 1           
CO 3 3 1           
CO 4 3 1           
CO 5 3 1           
 

Assessment Pattern 

Bloom’s Category Continuous Assessment Tests End Semester Examination 
1 2 

Remember 10 10 30 
Understand 20 20 30 
Apply 20 20 40 
Analyse    
Evaluate    
Create    
 

Mark distribution 

Total Marks CIE ESE ESE Duration 

150 50 100 3 hours 
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Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A contain 10 
questions with 2 questions from each module, having 3 marks for each question. Students should 
answer all questions. Part B contains 2 questions from each module of which student should answer 
any one. Each question can have maximum 2 sub-divisions and carry 14 marks.  
 

Course Level Assessment Questions 

 Course Outcome 1 (CO1):  

1. Distinguish the lift generated between an aircraft and a balloon. 

2. Find the pressure and temperature at an altitude of 15 Km from sea level standard condition. 

3. Explain the various component used to control the air craft?. 

Course Outcome 2 (CO2)  

1. Explain why the numbers used for nomenclature of aerofoils? 

 2. Distinguish between centre of pressure and aerodynamics centre. 

3. Explain with sketches different types of landing gears used in aircraft? 

  Course Outcome 3(CO3): 

 1. What are the classifications of propellers? What are the forces acting on a propeller?  

 2. How the thrust is generated in a helicopter? Explain the why the autorotation is provided? 

 3. How the manoeuvring possible in a helicopter? Why the tail rotor is required? 

Course Outcome 4 (CO4):  

1. Explain the different types of rocket used. How the thrust generated in a chemical rocket? 

2. Why the air breath propulsion system is not adapted in rocket propulsion. 

3. Distinguish between solid liquid and hybrid rockets? 

Course Outcome 5 (CO5):  

1. Explain the six orbital elements with sketch. 

2. State and prove Kepler’s laws? 

3. Derive an expression for escape velocity and orbital velocity. 
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Model Question paper Model Question paper 

QP CODE:                                                                                                 Reg No: -------------------------- 

 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY THIRD SEMESTER B.TECH DEGREE EXAMINATION 

MONTH & YEAR 

Course Code: AOT281 

FUNDAMENTALS OF AERONAUTICS 

Max.Marks:100                                                                                                         Duration: 3 Hours 

PART A 

Answer all Questions. Each question carries 3 Marks 

1. Draw and explain CL vs CD curve for a cambered aerofoil. 

2. Which primary control surfaces used to control the pitching moment of the aircraft? 
Also explain briefly the operation of that control surfaces using suitable diagram. 

3. What is Mach number? How aircraft categorized based on Mach no?  

4. Decode the following NACA airfoils i) 2412 ii) 0015 

5. Explain the purpose of tail rotor blade in a helicopter. 

6. What are the forces acting on a propeller of an aeroplane? 

7. Illustrate pressure-fed rocket engine. 

8. Name any three fuels used in bipropellant rocket engine. 

9. What are Kepler’s three laws? 

10. How Fast Is escape velocity in mph at sea level? 

 

 PART B 

Answer any one full question from each module. Each question carries 14 Marks 

Module 1 

 

11. Explain the relationships of temperature, pressure with respect to altitude with neat 
sketch.                                    (14) 
 
12. (a) Justify why modern airplanes are monoplanes.                          (4) 
      (b) Sketch the major components of an aircraft and explain their functions.              (10) 
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Module 2 

13.  (a) Derive the relationship between wing loading and cruise speed.            (6) 
      (b) Explain how base and track wheel distance can be calculated for a tripod landing          
gear using suitable diagram.                        (4)  
        (c) How mean aerodynamic centre calculated for a tapered wing.               (4) 
 
14. Prove that the lift-to-drag ratio is a measure of the aerodynamic efficiency of an 
airplane.                                                                                                                                               (14) 

Module 3 

15. (a) Write short notes on helicopter hovering and autorotation.          (6) 
      (b) Describe the various types of propellers used in aircraft.      (8) 
 
16. (a) Explain the various components and their functions of a helicopter.              (10) 
       (b) Write short notes on rotor blade aerodynamics.       (4)  
   

  

Module 4 

17. (a) Derive the equation of motion relates the burnout velocity of a rocket to the specific 
impulse.                                   (10)  
       (b) List and describe the different categories of liquid propellants.     (4)           

 
18. (a) With the help of neat sketch, explain the various burning configuration of solid 
propellants.                       (8) 

(b) Write the advantages of hybrid propellant rockets compared to liquid and solid 
propellants rockets.           (6)                                                                                     

Module 5 

19. (a) Derive the equation of motion in an inertial frame and hence deduce first kind of 
gravitational parameter?                                                                                                           (14) 

20. (a) Derive an expression for escape velocity and orbital velocity.                  (14) 
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Syllabus 

 

Module 1,  

History of Flights - Balloon flight ,Ornithopters, Early airplanes, biplanes and monoplanes 
Developments in aerodynamics, Physical properties and structure of the atmosphere, 
temperature, pressure and altitude relationships. Classification of aircraft, basic 
components of an aircraft. Basic concepts:  lift, drag , moment. Aerofoils, Mach number, 
manoeuvres. 

Module 2 

Aerodynamic forces on aircraft, Classification of NACA Aerofoils, Aspect ratio, wing loading, 
centre of pressure and aerodynamic centre , Wing and Landing gear configurations. 

Introduction to aircraft structures and materials:  general types of construction; 
monocoque, semimonocoque and geodesic structures; typical wing and fuselage structure;                                                                                                                             
metallic and non-metallic materials for aircraft application. 

Module 3 

Propeller - Operating Principle, Parts of propeller, Propeller classifications, Forces acting on 
a propeller, Propeller theories. Basic Helicopter Components and their functions.Basic 
Helicopter Aerodynamics, Hovering and Autorotation,  

Module 4 

Types of rockets. Fundamental principles. Principles of operation of rocket, types and 
classification of rockets. Basic principles of solid, liquid, and hybrid rockets and their 
functions and applications. Electric rocket propulsion, Ion propulsion, Nuclear rocket ,Solar 
sail. 

Module 5 

Orbital Mechanics- Solar system, Position on earth surface, The celestial sphere, Time and 
calendar, Orbital elements., Kepler’s laws, Types of orbits, Escape velocity, orbital velocity, 
Newtons law of gravitations, Reference frame. Equations of motion in an inertial frame 

Text Books 

1. John D Anderson, Fundamentals of Aerodynamics, Tata McGraw Hill, 5th Edition, 2010 

2. E.L. Houghton P.W. Carpenter Steven H. Collicott Daniel T. Valentine, Aerodynamics for 
Engineering students, Butterworth-Heinemann; 7 edition, 2016 
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Reference Books 

1. Kermode, A. C., Mechanics of Flight, Pearson India, 11th Edition 

2. J W Cornelisse, H F R Schoyer, and K F Wakker,  Rocket Propulsion and space Flight 
Dynamics, Pitman Publishing, 1979 

Course Contents and Lecture Schedule  
 

No Topic No. of Lectures 
1 Module 1 
1.1 History of Flights - Balloon flight ,Ornithopters, Early airplanes, 

biplanes and monoplanes Developments in aerodynamics 

2 

1.2 Physical properties and structure of the atmosphere, 
temperature, pressure and altitude relationships. 

3 

1.3 Classification of aircraft, basic components of an aircraft. Basic 
concepts:  lift, drag , moment. Aerofoils, Mach number, 
manoeuvres. 

4 

2 Module 2 
2.1 Aerodynamic forces on aircraft, Classification of NACA Aerofoils, 

Aspect ratio, wing loading, centre of pressure and aerodynamic 
centre , Wing and Landing gear configurations. 

3 

2.2 Introduction to aircraft structures and materials:  general types of 
construction; monocoque, semimonocoque and geodesic 
structures; 

3 

2.3 typical wing and fuselage structure;                                                                                                                             
metallic and non-metallic materials for aircraft application. 

3 

3 Module 3 
3.1 Propeller - Operating Principle , Propeller classifications, Forces 

acting on a propeller 
3 

3.2 Propeller theories  3 
3.3 Basic Helicopter Aerodynamics, Hovering and Autorotation Basic 

Helicopter Components and their functions. 
3 

4 Module 4 
4.1  Types of rockets. Fundamental principles. Principles of operation 

of rocket 
3 

4.2  Types and classification of rockets. Basic principles of solid, 
liquid, and hybrid rockets and their functions and applications 

3 

4.3 Electric rocket propulsion, Ion propulsion, Nuclear rocket ,Solar 
sail. 

3 

5 Module 5 
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5.1 Orbital Mechanics- Solar system, Position on earth surface, The 
celestial sphere, Time and calendar, Orbital elements., Kepler’s 
laws 

3 

5.2 Types of orbits, Escape velocity, orbital velocity, Newtons law of 
gravitations, Reference frame 

3 

5.3 Equations of motion in an inertial frame 3 
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AOT202 THERMODYNAMICS 
CATEGORY L T P CREDIT 

PCC 3 1 0 4 
 

Preamble: Goal of this course is to expose the students to the quantitative analysis of machine and 
processes for transformation of energy between work and heat. Laws of thermodynamics would be 
able to quantify through measurement of related properties, to these energies and their 
interactions. After this course students will be able to recognize similar problems in real-world 
situations and respond accordingly. 

Prerequisite: Nil 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Evaluate the various thermodynamic relation and entropy changes 
CO 2 Analyse and solve the problems related to flow and non-flow process 
CO 3 Analyse the air standard cycle 
CO 4 Illustrate condition of working medium 
CO 5 Analyse the properties of pure substance 
 

Mapping of course outcomes with program outcomes 

               PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 
10 

PO 
11 

PO 
12 

CO 1 3 3 1          
CO 2 3 3 1          
CO 3 3 3 1          
CO 4 3 3 1          
CO 5 3 3 1          
Assessment Pattern 

Bloom’s Category Continuous Assessment Tests End Semester Examination 
1 2 

Remember 10 10 10 
Understand 20 20 20 
Apply 20 20 70 
Analyse    
Evaluate    
Create    
 

Mark distribution 

Total Marks CIE ESE ESE Duration 

150 50 100 3 hours 
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Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A contain 10 
questions with 2 questions from each module, having 3 marks for each question. Students should 
answer all questions. Part B contains 2 questions from each module of which student should answer 
any one. Each question can have maximum 2 sub-divisions and carry 14 marks.  
 
Course Level Assessment Questions 

 Course Outcome 1 (CO1): Evaluate the various thermodynamic relation and entropy changes 

1. List out the Maxwell’s Equation 

2. Explain the causes of entropy increase 

3. Derive the Clausius –Clapeyron Equation 

Course Outcome 2 (CO2) : Critically analyse the problem and solve the problems related to flow 
and non-flow process 

1. Derive an expression for steady flow energy equation 

2. A 2m3rigid tank initially contains air at 100 Kpa and 22oC. The tank is connected to a supply line at 
600 KPa and 22oC. The valve is opened and air  is allowded to enter the tank, until the pressure in the 
tank reaches the line pressure at which the valve is closed. A thermometer is placed in the tank 
indicates that air temperature at final state is 77oC. Determine (a) the mass of air that has entered the 
tank(b) the amount of heat transfer 

3. Derive    (i)                                                

             (ii)                                                                                                   

  Course Outcome 3(CO3): Analyse the air standard cycle 

 1. Compare Otto, Diesel and dual cycle 

 2. Compare  Brayton and Rankine cycles 

 3. An engine works  on an ideal dual cycle , the pressure and temperature at beginning of the cycle 1 
bar and 900 C. The compression ratio of the cycle is 11 and maximum pressure is limited 49.2 bar. 
The heat supplied at constant pressure continues for 5% of the stroke. Find the work done per Kg of 
air and cycle efficiency? 

Course Outcome 4 (CO4): Illustrate condition of working medium 
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1. Explain Seebeck effect with the help of a diagram 

2. Show that the first law of thermodynamics leads to the consequence that “ Energy is a property of a 
thermodynamic system” 

3. Define specific heat. Derive a relation between specific heat 

Course Outcome 5 (CO5): Analyse the properties of pure substance 

1. Discuss the P-T diagram for a pure substance 

2. A pressure cooker contains 1.5 Kg of saturated steam at 5 bar. Find the quality of heat which must 
be rejected so as to reduce the quality to 60% dry. Determine the pressure and temperature of the 
steam at the new state 

3. A thermal power plant operating on an ideal Rankine cycle has a mass flow rate of 10Kg/s through 
it. Water is fed to the boiler at 50 bar and leaves the condenser  as saturated liquid at 0.1 bar. The 
mass flow rate of cooling water through the condenser is 500 Kg/s. The cooling water enters the 
condenser at 30oC and leaves at 40oC. Calculate the temperature at which steam enters the turbine, 
the thermal efficiency of the power plant and the power output of the turbine 

 

 

Model Question Paper 

QP CODE:  

                                                                                                                                  Reg No .:_______________  

   Name :_________________ 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY FIRST SEMESTER B.TECH DEGREE EXAMINATION, 
MONTH & YEAR 

THERMODYNAMICS 

Course Code: AOT 202 

 

Max. Marks: 100                                                                                                                       Duration: 3 hours 

Part A 

(Answer all questions; each question carries 3 marks) 

1. With the help of neat diagram explain  Seebeck effect 

2. Show that the first law of thermodynamics leads to the consequence that “ Energy is a 
property of a thermodynamic system” 
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3. State the Kelvin-Plank statement of the second law of thermodynamics 

4. State the Carnot theorem 

5. Enumerate Gouy - Stodola theorem 

6. Explain the causes of entropy increase 

7. List out the Maxwell’s Equation 

8. Compare Otto, Diesel and dual cycle 

9. How does  Brayton cycle compared with Rankine cycle 

10. Discuss the P-T diagram for a pure substance 

PART B 

(Answer one full question from each module, each question carries 14 marks) 

Module -1 

11. Derive    (i)                                                                     (8 marks) 

             (ii)                                                                                                  (6 marks) 

12. (i) A fluid at a pressure of 3 bar and with specific volume of 0.18m3/kg contained in a cylinder 
behind a piston expands reversibly to a pressure of 0.6 bar. According to a law P=C/V2, where 
C is a constant. Calculate the work done by the fluid on the piston                     (8 marks) 

(ii) Define specific heat . Derive a relation between specific heat                                (6 marks) 

                                                                                 Module -2 

13. (i) A 2m3rigid tank initially contains air at 100 Kpa and 22oC. The tank is connected to a 
supply line at 600 KPa and 22oC. The valve is opened and air  is allowded to enter the tank, 
until the pressure in the tank reaches the line pressure at which the valve is closed. A 
thermometer is placed in the tank indicates that air temperature at final state is 77oC. 
Determine (a) the mass of air that has entered the tank(b) the amount of heat transfer     

  (8 marks) 

(ii) Derive an expression for steady flow energy equation                                   (6 marks) 

14. A reversible heat engine operates between two reservoirs at temperatures of 600oC and 
40oC. The engine drives a reversible refrigerator which operates between reservoirs at 
temperatures of 40oC and -20oC. The heat transfer to the heat engine is 2000Kj and the net 
work output of the combined engine refrigerator plant is 360 KJ 

(a) Evaluate the heat transfer to the  refrigerant and the net heat transfer to the reservoir 
at 40oC. 
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(b) Reconsider (a) given that the efficiency of the heat engine and the COP of the 
refrigerator are each 40% of their maximum possible values                                 (14 marks) 

                 Module -3 

15. (i) Enumerate Clausius Inequality                                                                                         (8 marks) 

(ii)A rigid cylinder containing 0.005 m3  of nitrogen at 1 bar and 290K is heated reversibily 
until the temperature becomes 360 K. Determine the heat supplied and entropy change. 
Assume nitrogen to be a perfect gas and take  = 1.4 and R= 296.93 J/KgK                (6 marks) 

16. (i) Show that the work done by a closed system by interacting only with the surrounding in a 
reversible process is always more than that done by it in an irreversible process between the 
same end states.                                                                                                  (8 marks) 

(ii) Calculate the decrease in available energy when 25 Kg of water at 95oC mix with 35 Kg 
of water at 35oC , the pressure being taken as constant and the temperature of the 
surroundings being 15oC.(Given Cp= 4.18 KJ/KgK)                                                  (6 marks) 

 

Module -4 

17. (i) Derive the First and second TdS Equation                                                                      (8 marks) 

(ii) Derive the Clausius –Clapeyron Equation                                                                      (6 marks) 

18. An engine works  on an ideal dual cycle , the pressure and temperature at beginning of the 
cycle 1 bar and 900 C. The compression ratio of the cycle is 11 and maximum pressure is 
limited 49.2 bar. The heat supplied at constant pressure continues for 5% of the stroke. Find 
the work done per Kg of air and cycle efficiency?                                                            (14 marks) 

Module -5 

19. A pressure cooker contains 1.5 Kg of saturated steam at 5 bar. Find the quality of heat which 
must be rejected so as to reduce the quality to 60% dry. Determine the pressure and 
temperature of the steam at the new state                                                                     (14 marks) 

20. A thermal power plant operating on an ideal Rankine cycle has a mass flow rate of 10Kg/s 
through it. Water is fed to the boiler at 50 bar and leaves the condenser  as saturated liquid 
at 0.1 bar. The mass flow rate of cooling water through the condenser is 500 Kg/s. The 
cooling water enters the condenser at 30oC and leaves at 40oC. Calculate the temperature at 
which steam enters the turbine, the thermal efficiency of the power plant and the power 
output of the turbine.                                                                                                            (14 marks) 
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Syllabus 

 

Module 1 
Basic Concepts - Macroscopic and Microscopic viewpoints, Concept of Continuum, Thermodynamic 
System and Control Volume, Surrounding, Boundaries, Types of Systems, Universe ,Thermodynamic 
properties, Process, Cycle, Thermodynamic Equilibrium, Quasi – static Process ,State, Point and Path 
function. Zeroth Law of Thermodynamics, Energy - Work - Pdv work and other types of work 
transfer, heat and heat capacity. Joule’s Experiment- First law of Thermodynamics - First law applied 
to Non flow  Process- Enthalpy-specific heats- PMM1 
 
Module 2 
First law applied to Flow Process, Mass and Energy balance in simple steady flow  process.  
Applications of SFEE-Jet Engine Components, Transient flow – Filling and Emptying Process. 
(Problems), Limitations of the First Law. Second Law of Thermodynamics, Thermal Reservoir, Heat 
Engine, Heat pump – Performance factors, Kelvin-Planck and Clausius Statements, Equivalence of 
two statements, Reversibility, Irreversible Process, Causes of Irreversibility, Corollaries of second 
law, PMM2, Carnot’s theorem and its corollaries, Absolute Thermodynamic Temperature scale.  
 
Module 3 

Clausius Inequality, Entropy- Causes of Entropy Change, Entropy changes in various thermodynamic 
processes, principle of increase of entropy and its applications, Entropy generation in open and 
closed system, Entropy and Disorder, Reversible adiabatic process- isentropic process ,Available 
Energy, Availability and Irreversibility- Useful work, Dead state, Availability function, Availability and 
irreversibility in open and closed systems - Gouy-Stodola theorem , Third law of thermodynamics 
 
Module 4 

General Thermodynamic Relations – Combined First and Second law equations – Helmholtz and 
Gibb’s functions - Maxwell’s Relations, Tds Equations. The Clapeyron Equation, equations for internal 
energy, enthalpy and entropy, specific heats, Throttling process, Joule Thomson Coefficient, 
inversion curve. Air standard cycles- Otto cycle , Diesel, Dual and Brayton cycle- air standard 
efficiency- mean effective pressure 
 
Module 5 

Pure Substances, Phase Transformations, Triple point, properties during change of phase, T-v, p-v 
and p-T diagram of pure substance, p-v-T surface, Saturation pressure and Temperature, T-h and T-s 
diagrams, h-s diagrams or Mollier Charts, Dryness Fraction, steam tables. Property calculations using 
steam tables. Standard Rankine  cycle , Reheat and Regeneration cycle, Heat rate, Specific 
steam, consumption ,Tonne of refrigeration 
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Text Books 

1. Nag.P.K., “Engineering Thermodynamics”, Tata McGraw-Hill, New Delhi, 2013. 

2. Yunus A. Cengel and Michael A. Boles, “Thermodynamics: An Engineering Approach” 

McGraw-Hill  7thedition 2010. 

 

Reference Books 

1.  Arora C.P, “ Thermodynamics”, Tata McGraw-Hill, New Delhi, 2003. 

2. YVC Rao,“Engineering Thermodynamics through examples”, Universities Press,2011 

3. Holman.J.P., “Thermodynamics”, 3rd Edition, McGraw-Hill, 2007. 

4. Merala C, Pother, Craig W, Somerton, “Thermodynamics for Engineers”, Schaum Outline 

Series,Tata McGraw-Hill, New Delhi, 2004. 

5. Rathakrishnan E., “Fundamentals of Engineering Thermodynamics”, Prentice-Hall India, 

2005. 

Course Contents and Lecture Schedule  
 
No Topic No. of Lectures 
1                                                  Module 1    8 
1.1 Basic Concepts - Macroscopic and Microscopic viewpoints, Concept of 

Continuum, Thermodynamic System and Control Volume, Surrounding, 
Boundaries, Types of Systems, Universe, Thermodynamic properties, 
Process, Cycle, Thermodynamic Equilibrium, Quasi – static Process, 
State, Point and Path function 

 
2 

1.2 Zeroth Law of Thermodynamics, Energy - Work - Pdv work and other 
types of work transfer, heat and heat capacity 

2 

1.3 Joule’s Experiment- First law of Thermodynamics  - Enthalpy-specific 
heats- PMM1 

1 

1.4 First law applied to Non flow Process 3 

2                                                  Module 2                                                                    10 
2.1 First law applied to Flow Process, Mass and Energy balance in simple 

steady flow process..  
1 

2.2 Applications of SFEE-Jet Engine Components, 2 

2.3 Transient flow –Filling and Emptying Process.(Problems), Limitations of 
the First Law. 

2 

2.4 Second Law of Thermodynamics, Thermal Reservoir, Heat Engine, Heat 
pump – Performance factors, Kelvin-Planck and Clausius Statements, 

2 
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Equivalence of two statements 

2.5 Reversibility ,Irreversible Process, Causes of Irreversibility, Corollaries of 
second law, PMM2 

2 

2.6 Carnot’s theorem and its corollaries, Absolute Thermodynamic 
Temperature scale.  

1 

3                                                   Module 3                                                                     8 
3.1 Clausius Inequality ,Entropy- Causes of Entropy Change, Entropy 

changes in various thermodynamic processes, principle of increase of 
entropy and its applications,  

2 

3.2 Entropy generation in open and closed system, Entropy and Disorder, 
Reversible adiabatic process- isentropic process 

2 

3.3 Available Energy, Availability and Irreversibility- Useful work, Dead 
state, Availability function 

2 

3.4 Availability and irreversibility in open and closed systems - Gouy-
Stodola theorem , Third law of thermodynamics 

2 

4                                                     Module 4                                                                   9 
4.1 General Thermodynamic Relations – Combined First and Second law 

equations – Helmholtz and Gibb’s functions - Maxwell’s Relations 
2 

4.2  Tds Equations. The Clapeyron Equation  2 

4.3  equations for internal energy, enthalpy and entropy 1 

4.4 specific heats, Throttling process, Joule Thomson Coefficient, inversion 
curve. 

1 

4.5 Air standard cycles- Otto cycle ,Diesel, Dual and Brayton cycle- air 
standard efficiency-mean effective pressure 

3 

5  Module 5 10 
5.1 Pure Substances, Phase Transformations, Triple point, properties during 

change of phase, T-v, p-v and p-T diagram of pure substance, p-v-T 
surface 

2 

5.2 Saturation pressure and Temperature, T-h and T-s diagrams, h-s 
diagrams or Mollier Charts, Dryness Fraction, steam tables. Property 
calculations using steam tables. 

3 

5.3 Standard Rankine cycle  2 

5.4 Reheat and Regeneration cycle, Heat rate, Specific steam consumption 
,Tonne of refrigeration 

3 
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AOT 
204 

AERODYNAMICS I 
CATEGORY L T P CREDIT 

PCC 3 1 0 4 
 

Preamble: The course is meant to give the learners an introduction to aerodynamics 

Prerequisite: Mechanics of Fluids 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Explain and use basic theorems in fluid mechanics 
CO 2 Sketch the stream line and equipotential lines of effective body under the different 

elementary flow combinations 
CO 3 Transform the flow past a body of definite shape in to flow past the other related 

bodies by using complex variables. 
CO 4 Apply airfoil theory to predict air foil performance characteristics. 
CO 5 Apply the concepts of propeller theory 

Mapping of course outcomes with program outcomes 

               PO 
1 

PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 
10 

PO 
11 

PO 
12 

CO 1 2            
CO 2 3 3   1     1 1  
CO 3 3 3           
CO 4 3 2 2 1         
CO 5 3            

Assessment Pattern 

Bloom’s Category Continuous Assessment Tests End Semester Examination 
1 2 

Remember 10 10 10 
Understand 20 20 20 
Apply 20 20 70 
Analyse    
Evaluate    
Create    

Mark distribution 

Total 
Marks 

CIE ESE ESE Duration 

150 50 100 3 hours 

 

Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
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Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A 
contain 10 questions with 2 questions from each module, having 3 marks for each question. 
Students should answer all questions. Part B contains 2 questions from each module of which 
student should answer any one. Each question can have maximum 2 sub-divisions and carry 
14 marks.  
 

Course Level Assessment Questions 

 Course Outcome 1 (CO1):  

1. Derive Euler equation for a three dimensional Flow field and derive Bernoulli equation.    . 

2. Explain Barotropic flow, Kelvin’s theorem, streamline, irrotational flows . 

3. Explain Green’s lemma, Circulation and Vorticity, Stoke’s theorem. 

Course Outcome 2 (CO2)  

1.   Derive mathematical expression for stream function, potential function, equipotential 
line,. 

 2.    Trace stream lines and equipotential lines of the effective body for the combination of a 
source and a sink equal strength in a free stream. 

3. Prove that the stream function and equipotential lines are orthogonal to each other 

  Course Outcome 3(CO3): 

 1. Find the complex velocity of a line source?  

 2. Transform a circular cylinder in to a flat plate at an angle of attack α?  

 3. Write notes on Modified Joukowski’s transformation. 

Course Outcome 4 (CO4):  

1. Demonstrate Biot and Savert law, bound vortex and trailing vortex, horse shoe vortex. 

2. Derive an expression for Cl, Cd according to thin aerofoil theory?. 

3. An airplane having an elliptical wing all up weight is 100000N, span 20m, having a wing      
area 50cm2 flying at an altitude of where the density ratio 0.6 at a speed of 360Km/hr. If the 
lift drag ratio is 10, estimate the parasite drag coefficient of the airplane? 

Course Outcome 5 (CO5):  

1. Derive an expression for thrust produced by a propeller disc according to momentum 
theory. 
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2. An airscrew is required to produce a thrust of 4000 N at a flight speed of 120m/s at sea 
level. If the diameter is 2.5 m, estimate the minimum power that must be supplied on the 
basis of Froude’s theory 

3. Explain the characteristics of turbulent flow. 

 

Model Question paper 

Model Question paper 

QP CODE:                                                                                 Reg No: -------------------------- 

 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY THIRD SEMESTER B.TECH 
DEGREE EXAMINATION 

MONTH & YEAR 

Course Code: AOT 204 

 AERODYNAMICS I 

Max.Marks:100                                                                                                        Duration: 3 Hours 

PART A 

                              Answer all Questions. Each question carries 3 Marks 

1. Calculate the pressure at the stagnation point of an aerofoil when it id driven through 
the standard sea level condition with a velocity of 60m/s? 

2. Derive an equation for stream line in a 3-D flow field? 

3. Sketch the stream lines and equipotential line over a right circular cylinder in a 
uniform flow field? 

4. Sketch the stream line over a smooth cylinder and a rough cylinder and compare it? 

5. Explain C-R equation and what is its significance? 

6. Prove that the thickness ratio of a Jokowski aerofoil is   

7. What is elliptical wing? How a rectangular plan form wing can obtain an elliptical 
distribution? 

8. A flat plate is kept at an angle of attack α kept in a free stream with a velocity V. Find 
the value of CL? 

9. Write the assumptions of Froude’s momentum theory? 

10. Explain briefly Power coefficient? 

 

 PART B 
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Answer any one full question from each module. Each question carries 14 Marks 

Module 1 

11.a) Derive an expression for vorticity in a 3-D flow field                                                (7)                                                                             

b) The velocity component in a 2-D flow field are u =  and v =      Show 

that these functions represent a possible case of an irrotational flow                                       (7) 
 
12. a)State and prove Kelvins theorem?                   (8) 
                                                                                      
b) Derive an expression for voracity in a 3-D flow field in polar coordinate?               (6)                         

Module 2 

13. a) Prove that the stream lines and the equipotential lines are orthogonal to each other?  (6)                         
 b) A stream function ѱ = 5x-6y ,calculate the velocity components and also the magnitude 
and direction of the resultant velocity?          (8)                                                                                        
 

14. The potential function ɸ =  .Find the velocity components in x and y 

direction? Also find its stream function? Show that represents a possible case of flow?              (14) 

Module 3 

15. Transform a right circular cylinder in to a flat plate at an angle of attack?                    (14)               
                                             
16. (a) Derive an expression for the forces and moment over an arbitrary body in a 2-D flow 
field according to Blasius theorem.                    (4)                            
                                                                                                       
  (b)A flat plate of 2m chord placed at an angle of attack of 5 deg in a free stream of 30m/s. 
Find the coefficient of lift and reaction at sea level condition by applying transformation  (10)       
 

Module 4 

17 Consider NACA23012 aerofoil. The mean camber line for this aerofoil is given by     

                (14) 

18(a) Derive an expression for induced drag in a finite wing of aspect ratio AR.   (8)                    
    (b) Derive an expression for a induced drag for an elliptic distribution             (6)                                                                        
 

Module 5 

19(a)Derive an expression for efficiency of a propeller according to blade element theory(14) 

20. An airscrew of 3.4-m diameter has the following characteristics:  
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J 0.06 1.19 1.44 1.56 

KQ 0.051 0.05 0.04 0.045 

ᶯ 64 76 80 82 

Calculate the forward speed at which it absorbs 750 kW at 1250 rpm at 3660 m (σ = 0.693) and the 
thrust under these conditions. Compare the efficiency of the airscrew with that of the ideal actuator 
disc of the same area, giving the same thrust under the same conditions.                   (14) 

 

Syllabus 

Module 1: 

 Euler equation, Incompressible Bernoulli’s equation Green’s lemma, Circulation and 
Vorticity, Stoke’s theorem Barotropic flow, Kelvin’s theorem, Streamline, Irrotational flows 

Module 2: 

 Stream function, Potential function, Equipotential line, Elementary flows and their 
combinations. Ideal Flow over a circular cylinder,  D’Alembert’s paradox, Magnus effect 
Kutta condition, Kutta Jukowski’s theorem, Starting vortex, Real flow over smooth and 
rough cylinders 

Module 3: 

 Cauchy-Riemann relations, Complex potential, Methodology of conformal transformation, 
Kutta Jukowski transformation and its applications, Blasius equation. 

Module 4:  

Thin airfoil theory and its applications. Vortex filament, Biot and Savart law, Bound vortex 
and Trailing vortex, Horse shoe vortex, Lifting line theory and its limitations. 

Module 5: 

 Propeller theories Ideal Momentum and Blade element, Numerical problems on the 
performance of propellers using propeller charts, Basics of turbulent flow. 

 

Text Books 

1. John D Anderson, Fundamentals of Aerodynamics, McGraw Hill, 5th Edition, 2016  

2. E.L. Houghton P.W. Carpenter & Steven H. Collicott, Butterworth-Heinemann, 
Aerodynamics for Engineering students, 2016 
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 Reference Books 

1. A C Kermode, Mechanics of Flight, Pearson India, 2011 

2. J Bertin, Aerodynamics for Engineers, Pearson Education 

3. Frank M. White, Fluid Mechanics, McGraw Hill, 8th edition 

4. Joseph Katz and Allen Plotkin, Low Speed Aerodynamics from Wing Theory to Panel 
Method, McGraw Hill 1991 

 
Course Contents and Lecture Schedule  
 
No Module  No. of 

Lectures 
1 Module: 1 
1.1 Euler equation, Incompressible Bernoulli’s equation 3 
1.2 Green’s lemma, Circulation and Vorticity, Stoke’s theorem 3 
1.3 Barotropic flow, Kelvin’s theorem, Streamline, Irrotational flows 3 
2 Module: 2 
2.1 Stream function, Potential function, Equipotential line, Elementary 

flows and their combinations. 
4 

2.2 Ideal Flow over a circular cylinder,  D’Alembert’s paradox, 
Magnus effect 

3 

2.3 Kutta condition, Kutta Jukowski’s theorem, Starting vortex, Real 
flow over smooth and rough cylinders 

3 

3 Module: 3 
3.1 Cauchy-Riemann relations, Complex potential, 2 
3.2 Methodology of conformal transformation, Kutta Jukowski 

transformation and its applications 
4 

3.3 Blasius equation. 3 
4 Module: 4 
4.1 Thin airfoil theory and its applications. 4 
4.2 Vortex filament, Biot and Savart law, Bound vortex and trailing 

vortex, Horse shoe vortex, 
3 

4.3 Lifting line theory and its limitations. 4 
5 Module: 5 
5.1 Propeller theories Ideal Momentum and Blade element,  4 
5.2 Numerical problems on the performance of propellers using 

propeller charts 
4 

5.3 Basics of turbulent flow. 1 
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AOT 206 AIRCRAFT STRUCTURES I 
CATEGORY L T P CREDIT 

Year of 
Introduction 

PCC 3 1 0 4 2019 
  

Preamble: The primary goal of this subject is to give students an understanding of the essential 
elements necessary to analyse aircraft structures. Basics are emphasized by the use of mathematics. 
It is intended that the students be shown how to extend and apply these basic tools to typical 
structural problems (beams, columns, etc.). This includes real-life considerations for two-
dimensional and three-dimensional cases.  

Prerequisite: Nil 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Design of prismatic components using suitable failure theory.  
CO 2 Solve deflection of beams under various loading conditions through analytical means.  
CO 3 Use energy principles to solve force and displacement of various members 
CO 4 Analyse statically indeterminate structures. 
CO 5 Analyse basic structural components and systems that are susceptible to instability. 
 

Mapping of course outcomes with program outcomes 

               PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 
10 

PO 
11 

PO 
12 

CO 1 3 3 2 1 1        
CO 2 3 3 2 1 1        
CO 3 3 3 2 1 1        
CO 4 3 3 2 1 1        
CO 5 3 3 2 1 1        
 

Assessment Pattern 

Bloom’s Category Continuous Assessment Tests End Semester Examination 
1 2 

Remember 10 10 15 
Understand 10 10 15 
Apply 30 30 70 
Analyse    
Evaluate    
Create    
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Mark distribution 

Total Marks CIE ESE ESE Duration 

150 50 100 3 hours 

 

Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A contain 10 
questions with 2 questions from each module, having 3 marks for each question. Students should 
answer all questions. Part B contains 2 questions from each module of which student should answer 
any one. Each question can have maximum 2 sub-divisions and carry 14 marks.  
 

Course Level Assessment Questions 

 Course Outcome 1 (CO1):  

1. Explain octahedral shear stress theory. 

2. A steel machine part is statically loaded and has a yield strength of 320 MPa. For the following 
stress states find the factor of safety using each of the three static failure theories 

σx = 70 MPa τxy = 30 MPa 

3. Derive maximum distortion energy theory.  
 
Course Outcome 2 (CO2):  

1. Derive Differential equation of the deflection curve of a Prismatic beams with small angles of 
rotation.   

 2. Derive the shear formula of beams. 

3.  Explain second moment area theorem.  
     
  Course Outcome 3 (CO3): 

 1. Determine the force in each member of the loaded truss by Method of section. 
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 2. Derive strain energy of bending from deflection formula. 

 3. Explain 3D trusses.  

Course Outcome 4 (CO4):  

1. Explain different types of statically indeterminate beams. 

2.  Explain Clapeyron 3 moment equation 

3. Find slope and deflection of beam given below. 

 

 

Course Outcome 5 (CO5):  

1. Which cross-sectional shape is the optimum shape for a prismatic column? 
 
2. Draw Euler’s curve. 

3. Differentiate elastic and inelastic column behaviour. 
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Model Question paper 

QP CODE:                                                                                                 Reg No: -------------------------- 

 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY THIRD SEMESTER B.TECH DEGREE EXAMINATION 

MONTH & YEAR 

Course Code: AOT 206 

AIRCRAFT STRUCTURES I 

Max.Marks:100                                                                                                                        Duration: 3 Hours 

PART A 

Answer all Questions. Each question carries 3 Marks 

1. What is the best suitable theory to design a ductile material? Explain   

2. What are the distinctive stages of a creep failure?   

3. What are the limitations on the use of shear formula?  

4. Explain first moment area theorem.  

5. Explain Castiglianos theorem. 

6. Derive the differential equation of the deflection curve of a beam by non – uniform 
temperature change.  

7. Write different types of statically indeterminate beams. 

8. What are equations of compatibility? Why is it used?  

9. Draw Euler’s curve for a pinned – pinned column. 

10.  Explain shanley theory of inelastic buckling. 

PART B 

Answer any one full question from each module. Each question carries 14 Marks 

Module 1 

11. A cast iron structure is loaded as shown in the figure. The material has ultimate tensile 
strength of 325 MPa and yield strength of 250 MPa. Find the factor safety of the 
structure using best brittle failure theory.                                                                  (14) 
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12. A cylindrical shaft made of steel of yield strength 700 MPa is subject to static loads 
consisting of bending moment 10KN-m and  a torsional moment30 KN-m. Determine 
the diameter of the shaft using  

I. Maximum shear stress theory 

II. Maximum strain energy theory    

               Assuming a factor of safety of 2. Take E = 210 GPa and Poisson’s ratio = 0.25.      (14)  

 

Module 2 

13. (a) Derive the differential equation of deflection curve of a beam with small angle of 
rotation.                                                                                                                                  (10) 

(b) Explain the continuity conditions of simple support beam.                                      (4) 

14. (a) A cantilever beam AB supports a uniform load of intensity q acting over part of 
the span. Determine the deflection and angle of rotation at end B of the beam (The 
beam has length L and constant flexural rigidity EI.)                                                        (8) 

 
(b) Derive the expression for shear stresses in a rectangular beam and draw the 
distribution.                                                                                                                              (6) 
 

Module 3 

15. A cantilever beam ACB supports two concentrated loads P1 and P2, as shown in the 
figure.  
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I. Evaluate the strain energy of the beam from the bending moment in 

the beam.                                                                                                      (5) 
II. Evaluate the strain energy of the beam from the equation of the 

deflection curve.                                                                                          (5) 
III. From the strain energy, determine the deflection under the load P. (4) 

 
16. Determine the force in each member of the loaded truss by Method of Joints.      (14) 

 
 

Module 4 

17. A propped cantilever beam of length 2L is loaded by a uniformly distributed load 
with intensity q. The beam is supported at B by a linearly elastic rotational spring 
with stiffness KR, which provides a resisting moment MB due to rotation B. Use the 
method of superposition to solve for all reactions. Also draw shear-force and 
bending-moment diagrams, labelling all critical ordinates. Let KR=EI/L.                     (14) 

 
 

18. The fixed-end beam ACB shown in Fig. 10-9 supports a concentrated load P at the 
midpoint. Analyse this beam by solving the fourth-order differential equation of the 
deflection curve (the load equation). Determine the reactions, shear forces, bending 
moments, slopes, and deflections of the beam.                                                             (14) 
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Module 5 

 
19. Derive differential equation of column buckling Columns with pinned end and solve 

for critical load.                                                                                                                     (14) 
 

20.  A) Explain any two inelastic buckling theories.        (8)                                                                    
 B) Explain Euler’s curve.                                                                                                        (4) 
 C) “Buckling is a stability problem”. Comment.                                                                (2) 
 

 
 

 

Syllabus 

 

Module 1 

Theories of failures – In plane and absolute maximum shear stresses, Maximum principle stress 
theory, Maximum shear stress theory, Maximum principle strain theory, Total strain energy theory, 
maximum distortion energy theory, Design of prismatic components under combine stresses, 
Octahedral Shear stress theory. Design against impact loading (Including derivation, for prismatic 
components only), fatigue, creep and stress relaxation (No numerical problems). 

Module 2 

Shear stresses in beams – derivation of shear formula, limitation, warping due to shear stain – 
illustrative problems (rectangular and circular cross sections only). Deflection of Beams – Differential 
equation of the deflection curve (Prismatic beams with small angles of rotation only), Boundary 
condition and continuity conditions, double integration methods (derivations required for cantilever 
and simple support beams with point load only), Principle of superposition, first moment area 
theorem, second moment area theorem.  

Module 3 

Strain energy of bending – Derivation, different loading conditions. Strain energy of twisting – 
Derivation, bars in series, bars in parallel. Castiglianos theorem – applications. Deflection of beam 
caused by non-uniform temperature change. Plane truss analysis – method of joints, method of 
sections. 3-D trusses.  

Module 4 

Statically Indeterminate Beams – Types of statically indeterminate beams, analysis by the differential 
equation of the deflection curve, method of superposition, Clapeyron 3 moment equation, 
temperature effects. 
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Module 5 

Columns  – buckling  and stability, critical load. Columns with pinned ends – Differential equation of 
column buckling, solution of the differential equation, Euler load, critical stress, Euler’s curve, effects 
of large deflections, imperfections and inelastic behaviour, optimum shape of columns. Columns 
with other supporting  conditions  (fixed-free & fixed-fixed only) – effective length. Secant formula 
for  column  and secant curve. Elastic  and  inelastic column behaviour. Inelastic buckling –  Tangent 
–  Modulus theory, reduced modulus theory and shanley theory. 

Text Books 

1. James Gere & Barry Goodno, “Mechanics of Materials”, Thomson-Engineering, 7thedition, 2008.  

2. T.H.G. Megson, “Aircraft Structures for Engineering Students”, Elsevier aerospace engineering, 
Fourth edition, 2007. 
 

Reference Books 

1. Cutler, J. Understanding Aircraft Structures, Fourth Edition. Blackwell, 2005.  

2. Flabel, J.C. Practical Stress Analysis for Design Engineers. Lake City Publishing Company, 1997 

3. An Introduction to Aerospace Structural Analysis, Haisler, Wiley, 1985. 

4. Theory of Elastic Stability, Timoshenko (and Gere), McGraw-Hill, 1961. 

Course Contents and Lecture Schedule  

No Topic No. of Lectures 
1 Module 1 Total: 9 
1.1 Theories of failures – In plane and absolute maximum shear stresses, 

Maximum principle stress theory, Maximum shear stress theory - 
illustrative numerical exercise 

2 

1.2 Maximum principle strain theory, Total strain energy theory, maximum 
distortion energy theory - illustrative numerical exercise 

2 

1.3 Design of prismatic components under combine stresses - illustrative 
numerical exercise 

1 

1.4 Design of prismatic components under combine stresses - extended 
problem solving 

1 

 Octahedral Shear stress theory -  illustrative numerical exercise 1 
1.5 Design against impact loading (Including derivation) - illustrative 

numerical exercise 
1 

1.6 fatigue, creep and stress relaxation (No numerical) 1 
2 Module 2 Total: 10 
2.1 Shear stresses in beams – derivation of shear formula, limitation, 1 
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warping due to shear strain.  
2.2 illustrative problems ( rectangular and circular cross sections only) 

 
1 

2.3 Deflection of Beams – Differential equation of the deflection curve 
(Prismatic beams with small angles of rotation only), Boundary 
condition and continuity conditions 

1 

2.4 double integration methods (derivations required for cantilever and 
simple support beams with point load only), 

1 

2.5 Principle of superposition - illustrative numerical exercise 1 
2.6 Principle of superposition - extended problem solving 1 
2.7 first moment area theorem - illustrative numerical exercise 1 
2.8 first moment area theorem - extended problem solving 1 
2.9 second moment area theorem - illustrative numerical exercise 1 
2.10 second moment area theorem - extended problem solving 

 
 

1 

3 Module 3 Total: 9 
3.1 Strain energy of bending – Derivation, different loading conditions 1 
3.2 Strain energy of bending – Derivation, different loading conditions - 

illustrative numerical exercise 
1 

3.3 Strain energy of twisting – Derivation, bars in series, bars in parallel 1 
3.4 Castiglianos theorem – applications 2 
3.5 Deflection of beam caused by non-uniform temperature change 1 
3.6 Plane truss analysis – method of joints, method of sections 2 
3.7 3-D trusses. 1 
4 Module 4 Total: 10 
4.1 Statically Indeterminate Beams – Types of statically indeterminate 

beams 
1 

4.2 analysis by the differential equation of the deflection curve - illustrative 
numerical exercise 

1 

4.3 analysis by the differential equation of the deflection curve - extended 
problem solving 

2 

4.4 method of superposition - illustrative numerical exercise 2 
4.5 Clapeyron 3 moment equation - illustrative numerical exercise 1 
4.6 Clapeyron 3 moment equation - extended problem solving 2 
4.7 temperature effects 1 
5 Module 5 Total: 9 
5.1 Columns – buckling and stability, critical load 1 
5.2 Columns with pinned ends – Differential equation of column buckling, 

solution of the differential equation, Euler load, critical stress 
1 

5.3 Euler’s curve, effects of large deflections, imperfections and inelastic 
behaviour, optimum shape of columns. 

1 
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5.4 Columns with other supporting conditions (fixed-free & fixed-fixed only) 
– effective length. 

2 

5.5 Secant formula for column and secant curve.  1 

5.6 Elastic and inelastic column behaviour 1 

5.7 Inelastic buckling – Tangent – Modulus theory, reduced modulus theory 
and shanley theory. 

2 
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AOL202 AERODYNAMICS AND FLIGHT MECHANICS LAB CATEGORY L T P CREDIT 
PCC 0 0 3 2 

 

Preamble:   Goal of this course is to provide practical knowledge in fundamental aerodynamic and 
geometrical properties and to visualize the flow and pressure distribution. 

Prerequisite:  Mechanics of Flight and Aircraft Basics 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Determine the aerodynamic forces and moments experienced by airfoils, wings and bluff 
bodies 

CO 2 Visualize the flow and pressure distribution over 2D and 3D bodies 
CO 3 Evaluate various lateral and longitudinal stability derivatives and modes 

CO 4 Demonstrate dynamic stability and its derivatives  

 

Mapping of course outcomes with program outcomes 

               PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 
10 

PO 
11 

PO 
12 

CO 1 3 2 2 2     2   2 
CO 2 3 2 2 2     2   2 
CO 3 3 1 1 2     1   2 
CO 4 3 1 1 2     1   2 
Assessment Pattern 

Mark distribution 

Total Marks CIE ESE ESE Duration 

150 75 75 2.5 hours 

 

Continuous Internal Evaluation Pattern:  

Attendance               : 15 marks 
Continuous Assessment             : 30 marks 
Internal Test (Immediately before the second series test) : 30 marks 
 
End Semester Examination Pattern: The following guidelines should be followed regarding award of 
marks  
(a) Preliminary work             : 15 Marks 
(b) Implementing the work/Conducting the experiment         : 10 Marks 
(c) Performance, result and inference (usage of equipments and trouble shooting)    : 25 Marks 
(d) Viva voce              : 20 marks 
(e) Record              : 5 Marks 
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General instructions: Practical examination to be conducted immediately after the second series test 
covering entire syllabus given below. Evaluation is a serious process that is to be conducted under 
the equal responsibility of both the internal and external examiners. The number of candidates 
evaluated per day should not exceed 20. Students shall be allowed for the University examination 
only on submitting the duly certified record. The external examiner shall endorse the record. 
 

Course Level Assessment Questions 

 Course Outcome 1 (CO1): Determine the aerodynamic forces and moments experienced by airfoils, 
wings and bluff bodies 
 
1. Determine the Lift, Drag, Side force of Cambered Aerofoil 

2. Determine the Lift, Drag, Side force of Symmetrical Aerofoil  

Course Outcome 2 (CO2): Visualize the flow and pressure distribution over 2D and 3D bodies 
 
1. Determine the pressure distribution over a smooth and rough circular cylinder.  
 
2. Determine the pressure distribution over cambered and symmetrical aerofoil. 
  
Course Outcome 3(CO3): Evaluate various aircraft performances (lateral and longitudinal stability 
derivatives and modes) 
 
 1. Determine neutral stability & plot trim curves. 

 2. Determine the effect of speed on attitude for level flight & stall.  

Course Outcome 4 (CO4): Demonstrate dynamic stability and its derivatives 
 

1. Demonstration of phugoid motion in terms of altitude.  

2. Demonstration of short period oscillation due to sudden disturbance by the change of incidence 
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LIST OF EXPERIMENTS 

1. Calibration of a subsonic Wind tunnel.  

2. Determination of Lift, Drag, Side force of Symmetrical Aerofoil  

3. Determination of Lift, Drag, Side force of Cambered Aerofoil  

4. Determination of Moments acting on Symmetric Aerofoil. 

 5. Pressure distribution over a smooth and rough circular cylinder.  

6. Pressure distribution over a symmetric and cambered Aerofoil  

7. Flow visualization studies in Aerofoil.  

8. Flow visualization studies in Cylinder, Flat Plates.  

9. Flow visualization studies in various models (Aircraft, Cars etc.)  

10. Flow visualization using Hele-shaw apparatus.  

11. Determination of the effect of speed on attitude for level flight & stall.  

12. Measurement of the lift curve for the wing up to & beyond stall.  

13. Determination of neutral stability & plot trim curves. 

 14. Demonstration of phugoid motion in terms of altitude.  

15. Demonstration of short period oscillation due to sudden disturbance by the change of incidence. 

16. Determination of Mach No. of supersonic waves using Wind Tunnel.  

17. Study of flow visualization by SCHLIEREN Method.  

Note: A minimum of 10 experiments are mandatory 
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AOL 
204 

CAD LAB 
CATEGORY L T P CREDIT 

PCC 0 0 3 2 
 

Preamble: To introduce the concept of design and drafting of basic structural components using 
various software packages. After the completion of this course, students will be able to design and 
draft basic mechanical and aero components 

Prerequisite: Engineering Graphics 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Summarise 2D-3D modelling software 

CO 2 Draw simple joints in modelling software. 

CO 3 Create models of different control components using 3D modelling software 

CO 4 Draw 3D models of  critical aircraft components 

CO 5 Sketch surface model of critical shape components 
 
Mapping of course outcomes with program outcomes 

               PO 
1 

PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 
10 

PO 
11 

PO 
12 

CO 1 3    2       2 

CO 2 3    2       2 

CO 3 3 1   2       2 

CO 4 3 2   2       2 

CO 5 3 1 1  2       2 

Assessment Pattern 

Mark distribution 

Total  Marks CIE ESE ESE Duration 

150 75 75 2.5 hours 

 

Continuous Internal Evaluation Pattern:  

Attendance               : 15 marks 
Continuous Assessment             : 30 marks 
Internal Test (Immediately before the second series test) : 30 marks 
 
End Semester Examination Pattern: The following guidelines should be followed regarding award 
of marks  
(a) Preliminary work            : 15 Marks 
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(b) Implementing the work/Conducting the experiment                    : 10 Marks 
(c) Performance, result and inference (usage of equipments and trouble shooting)                : 25 Marks 
(d) Viva voce              : 20 marks 
(e) Record              : 5 Marks 
 

Course Level Assessment Questions 

CO 1 Summarise 2D-3D modelling software 

1. Draw the front view of an aircraft by using first angle projection 

CO 2 Draw simple joints in modelling software. 

2. a) Design and draft  riveted joint by using lap joint method with the help of calculations. 

     b) Explain in detail about terminologies used in riveted joint 

 3. a) Design and draft riveted joint by using butt joint method with the help of calculations. 

    b) Whether butt joint or lap joint is more efficient? Justify your statement. 

4. a) Design and draft welded joint by using butt joint method with the help of calculations 

    b) Explain in detail about various classes of welding nomenclature. 

CO 3 Create models of different control components using 3D modelling software 

 5. a) Draw and Design a bell crank  

     b) Explain in detail about structural components in wing structure? 

CO 4 Draw 3D models of critical aircraft components 

6. Draw and design of turbine blade with geometric using NACA profile at root and at tip 
with a suitable twist angle. 

CO 5 Sketch surface model of critical shape components 

7. (a) Draw and design of tapered swept wing with geometric and aerodynamic twist using 
NACA 2412 aerofoil at root and NACA 0012 aerofoil at tip with washout for a given aspect 
ratio. 

(b) Write down any 2 differences between monocoque and semimonocoque fuselage. 

8. Draw the layout of semi monocoque fuselage structure with suitable dimensions of 
bulkhead, stringers and spars. 

   

AERONAUTICAL ENGINEERING



 

 

LIST OF EXPERIMENTS 

1. Introduction to Aeronautical CAD-2D sketcher 

2. Design and drafting of riveted joints  

3. Design and drafting of welded joints.  

4. Design and drafting of 3 view diagram of an aircraft  

5. Design and drafting of control components - bell crank  

6. Design and drafting of control components- gear  

7. Design and drafting of control components- cam 

8. Design and drafting of control components- push-pull rod  

9. Design and drafting of connecting rod 

10. Layout of aircraft landing gear 

11. Design of turbine blades with twist 

12. Design of section of fuselage (Bulkhead, stringers and spars)  

13. Design of tapered wing with geometric and aerodynamic twist using NACA aerofoils. 

14. Design of tapered swept wing with geometric and aerodynamic twist using NACA 

aerofoils. 

Note: A minimum of 10 experiments are mandatory 
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AOT 282 FUNDAMENTALS OF AERODYNAMICS 
CATEGORY L T P CREDIT 

VAC 3 1 0 4 
 

Preamble:  

The goal of the course is to give students a basic understanding of aerodynamics and flight 
mechanics 

Prerequisite: 

NIL 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Explain basic of conservative equations and properties of fluids. 
CO 2 Apply airfoil theory to predict air foil performance characteristics. 
CO 3 Able to understand performance of aircraft. 
CO 4 Apply the concepts of manoeuvring of characteristics of aircraft    
CO 5 Apply the concepts of viscous flow. 
 

Mapping of course outcomes with program outcomes 

               PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 
10 

PO 
11 

PO 
12 

CO 1 3 2           
CO 2 3 2 1          
CO 3 3 2 2          
CO 4 3 2 1          
CO 5 3 2           
 

Assessment Pattern 

Bloom’s Category Continuous Assessment Tests End Semester Examination 
1 2 

Remember 10 10 20 
Understand 20 20 20 
Apply 20 20 60 
Analyse    
Evaluate    
Create    
 

Mark distribution 

Total Marks CIE ESE ESE Duration 

150 50 100 3 hours 
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Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A contain 10 
questions with 2 questions from each module, having 3 marks for each question. Students should 
answer all questions. Part B contains 2 questions from each module of which student should answer 
any one. Each question can have maximum 2 sub-divisions and carry 14 marks.  
 

Course Level Assessment Questions 

 Course Outcome 1 (CO1):  

1. Derive Euler Equation. 

2. Prove that the stream function and equipotential lines are orthogonal to each other? 

3. Explain the aerodynamics of tennis ball. 

Course Outcome 2 (CO2)  

1. Derive an expression for Cl, Cd according to thin aerofoil theory 

 2. Demonstrate Biot and Savert law, bound vortex and trailing vortex, horse shoe vortex. 

3. Derive an expression for induced drag coeffient for an elliptic wing according to lifting line theory 

  Course Outcome 3(CO3): 

 1. Explain with suitable sketches the different equipment used for measure air speed? 

 2. An aircraft weights 2000kg has a wing area of 30m2. What angle of attack must the wing make 
with horizontal at a speed of 160Km/hr. Assume cl varies linearly from 0.35 at 0 deg to 0.8 at 2 deg. 

 3. An aircraft of weight 5300kg has a wing loading 290kg/m2. Its drag equation is 
CD=0.019+0.045CL2 CLmax is 1.55. Find the drag and power at stalling speed at sea level?  

Course Outcome 4 (CO4):  

1. Derive an expression for the range and endurance for a gliding flight. 

2. An aircraft of wing loading 150kg/m2performs a bank turn at an airspeed of 160 km/hr. Calculate 
the minimum radius of turn, if Clmax =1.5, bank angle 450 ? 

3. Describe the effect of aircraft components used to control it? 

Course Outcome 5 (CO5):  

1. Explain the Momentum, displacement and energy thickness of boundary layer. 
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2. Prove that the pressure difference across the boundary layer is neglected? 

3. Describe the characteristics of turbulent flow. 

 

Model Question paper 

QP CODE:                                                                                                 Reg No: -------------------------- 

 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY THIRD SEMESTER B.TECH DEGREE EXAMINATION 

MONTH & YEAR 

Course Code: AOT282 

 FUNDAMENTALS OF AERODYNAMICS 

Max.Marks:100                                                                                                                        Duration: 3 Hours 

PART A 

Answer all Questions. Each question carries 3 Marks 

1. Derive equation for streamline in a 3-D flow field. 

2. Sketch the streamline and equipotential lines of a source and sink combination? 

3. What are the assumptions made for thin aerofoil theory? 

4. Explain the lifting line theory and its limitations? 

5. Explain what is indicated airspeed and true airspeed? 

6. Sketch and write the condition for steady level flight? 

7. What are the forces acting on a turning flight? Indicate it with sketches? 

8. Briefly explain the motion of an aircraft about three axis with suitable sketch? 

9. What are the assumptions for propeller theory? 

10. Sketch the boundary layer and indicate important profiles? 

 

 PART B 

Answer any one full question from each module. Each question carries 14 Marks 

Module 1 

11. a) Derive Euler’s equation and hence deduce Bernoulli’s equation?                            (8)                                                                                                              
(b). A source and a sink of equal strength is almost close to each other in a uniform flow. 
Derive an expression for the stagnation stream line for the combination?                              (6)                                        
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12. Prove that the stream lines and equipotential lines are always meet perpendicular?   (10) 

b) Sketch the streamlines over a spinning cylinder under different conditions of circulation? 
(4)                                                  

 
Module 2 

13.  Derive an expression for the coeffient of lift for an aerofoil according to thin aerofoil 
theory                                                                                                                                                   (14) 
 
14. An airplane having an elliptical wing all up weight is 50000N, wing span of 15m having 
wing area 30m2 flying at an altitude where the density ratio of 0.6 at peed of 100m/s. If the 
lift/drag ratio is 10 estimate parasite drag coffient of the airplane?                                        (14)                                                                                                                             

 

Module 3 

15. Derive an expression for velocity corresponding to minimum drag for a steady level 
flight? What is the condition for minimum drag? Sketch the CD/ Velocity curve and indicate 
different drags and important points                                                                                             (14) 

 
16. a) An aircraft has a wing loading of 2400N/m2 and its drag polar equation is CD = 
0.16+0.055 CL2. Calculate its maximum lift to drag ratio, the minimum drag and L/D ratio 
corresponding to a speed of 100m/s?                                                                                           (14)                                                                                       

 

Module 4 

17(a) Derive an expression for the velocity turn, minimum radius of turn, and turning power 
for a steady turning flight                                                                                                                 (10)  
(b)What are the limitations on turn                                                                                                  (4)           

 
18. For an aircraft given wing loading 20kg/sq m, the drag polar equation CD=0.019+0.54CL2, 
find the fastest angle of glide, the rate of sink for a glide path angle of 8deg, the minimum 
rate of sink for a glide path angle of 10 deg at an altitude of 600m                                         (14)                                                                                                                             

 

Module 5 

19Derive an expression for the effiency of a propeller according to Froude’s momentum 
theory                                                                                                                                                 (14) 

20. a) Explain with suitable sketches boundary layer thickness?                                               (9)                                                             

(b)Discuss the characteristics of turbulent flow                                                                      (5)                                                                                                                            
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Syllabus 

Module 1: Euler equation ,Incompressible Bernoulli’s equation Circulation and Vortices, Streamline, 
Stream function, Irrotational flow, Potential function, Equipotential line, Elementary flows and their 
combinations(Rankine half body, And Rankine full body) Ideal Flow over a circular cylinder, 
D’Alembert’s paradox, Magnus effect. 

Module 2: Thin aerofoil theory and its applications, Vortex filament Biot and Savart law, Bound 
vortex and Trailing vortex, Horse shoe vortex, Lifting line theory and its limitations. 

Module 3: Measurement of speed& Mach number, True, Indicated and Equivalent air speed, 
Streamlined and Bluff bodies, Various Types of drag in airplanes, Drag polar curve, Methods of drag 
reduction of airplanes. Aero foil characteristics and symbols.  Fundamental equation for lift and drag 
and L/D ratio, Aspect ratio and its effects. Mean aerodynamic chord. Straight and level flight, Thrust 
required and available, Power required and available, Effect of altitude on thrust and power 
Conditions for minimum drag and minimum power required. 

Module 4: Gliding and Climbing flight, Range and Endurance. Take-off and landing performance, 
Turning performance, Horizontal and vertical turn Motion about three axis such as pitch roll yaw and 
its control, contribution of various components, Aileron control power. 

Module 5: Boundary layer and Boundary layer thickness, Displacement thickness, Momentum 
thickness, Energy thickness, Shape parameter, Boundary layer equations for a steady, two 
dimensional incompressible flow, Propeller theory. Basics of turbulent flow. 

Text Books 

1. John D Anderson, Introduction to Flight, McGraw Hill, 6th Edition, 2017 

3. John D Anderson, Fundamentals of Aerodynamics, McGraw Hill, 6th Edition, 2016 

4. Kermode, A. C., Mechanics of Flight, Pearson Education, 11th Edition , 2011 
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Course Contents and Lecture Schedule  
 
No Topic No. of Lectures 
1 Module 1 
1.1 Euler equation ,Incompressible Bernoulli’s equation Circulation 

and Vortices, Streamline,  
3 

1.2 Stream function, Irrotational flow, Potential function, 
Equipotential line, Elementary flows and their 
combinations(Rankine half body, And Rankine full body) 

4 

1.3 Ideal Flow over a circular cylinder, D’Alembert’s paradox, Magnus 
effect,. 

2 

2 Module 2 
2.1 Thin airfoil theory and its applications  2 
2.2  Vortex filament  Biot and Savart law, Bound vortex and Trailing 

vortex, Horse shoe vortex,   
3 

2.3 Lifting line theory and its limitations. 3 
3 Module 3 
3.1  Measurement of speed& Mach number, True, Indicated and 

Equivalent air speed, Streamlined and Bluff bodies, Various Types 
of drag in airplanes, Drag polar curve, Methods of drag reduction 
of airplanes. 

3 

3.2 Aero foil characteristics and symbols.  Fundamental equation for 
lift and drag and L/D ratio, Aspect ratio and its effects. Mean 
aerodynamic chord. 

3 

3.3 Straight and level flight, Thrust required and available, Power 
required and available, Effect of altitude on thrust and power 
Conditions for minimum drag and minimum power required   

3 

4 Module 4 
4.1 Gliding and Climbing flight, Range and Endurance. 2 
4.2 Take-off and landing performance, Turning performance, 

Horizontal and vertical turn 
3 

4.3 Motion about three axis such as pitch roll yaw and its control, 
contribution of various components, Aileron control power,  

4 

5 Module 5 
5.1 Boundary layer and Boundary layer thickness, Displacement 

thickness, Momentum thickness, Energy thickness, Shape 
parameter, 

4 

5.2 Boundary layer equations for a steady, two dimensional 
incompressible flow, Propeller theory. 

4 

5.3 Basics of turbulent flow. 1 
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CODE 
AOT 284 

COURSE NAME 
APPLIED THERMODYNAMICS 

CATEGORY L T P CREDIT 
VAC 3 1 0 4 

 

Preamble:  Goal of this course is to expose the students to the quantitative analysis of machine and 
processes for transformation of energy between work and heat. Laws of thermodynamics would be 
able to quantify through measurement of related properties, to these energies and their interactions 
and also develop a basic air cycle. After this course students will be able to recognize similar 
problems in real-world situations and respond accordingly. 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Evaluate the various thermodynamic relation and entropy changes 
CO 2 Analyse and solve the problems related to flow and non-flow process 
CO 3 Analyse the air standard cycles 
CO 4 Illustrate condition of working medium 
CO 5 Analyse the properties of pure substance 
 

Mapping of course outcomes with program outcomes 

               PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 
10 

PO 
11 

PO 
12 

CO 1 3 3           
CO 2 3 3 2          
CO 3 3 3           
CO 4 3 3 2          
CO 5 3 3 2          
 

Assessment Pattern 

Bloom’s Category Continuous Assessment Tests End Semester Examination 
1 2 

Remember 10 10 10 
Understand 20 20 20 
Apply 20 20 70 
Analyse    
Evaluate    
Create    
 

Mark distribution 

Total Marks CIE ESE ESE Duration 

150 50 100 3 hours 
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Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A contain 10 
questions with 2 questions from each module, having 3 marks for each question. Students should 
answer all questions. Part B contains 2 questions from each module of which student should answer 
any one. Each question can have maximum 2 sub-divisions and carry 14 marks.  
 

Course Level Assessment Questions 

 Course Level Assessment Questions 

 Course Outcome 1 (CO1): Evaluate the various thermodynamic relation and entropy changes 

1. List out the Maxwell’s Equation 

2. Explain the causes of entropy increase 

3. Derive the Clausius –Clapeyron Equation 

Course Outcome 2 (CO2) : Critically analyse the problem and solve the problems related to flow 
and non-flow process 

1. Derive an expression for steady flow energy equation 

2. A 2m3rigid tank initially contains air at 100 Kpa and 22oC. The tank is connected to a supply line at 
600 KPa and 22oC. The valve is opened and air  is allowded to enter the tank, until the pressure in the 
tank reaches the line pressure at which the valve is closed. A thermometer is placed in the tank 
indicates that air temperature at final state is 77oC. Determine (a) the mass of air that has entered the 
tank(b) the amount of heat transfer 

3. Derive    (i)                                                                      

             (ii)                                                                                                   

  Course Outcome 3(CO3): Analyse the air standard cycle 

 1. Compare Otto, Diesel and dual cycle 

 2. Compare  Brayton and Rankine cycles 

 3. A thermal power plant operating on an ideal Rankine cycle has a mass flow rate of 10Kg/s 
through it. Water is fed to the boiler at 50 bar and leaves the condenser  as saturated liquid at 0.1 
bar. The mass flow rate of cooling water through the condenser is 500 Kg/s. The cooling water 
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enters the condenser at 30oC and leaves at 40oC. Calculate the temperature at which steam enters 
the turbine, the thermal efficiency of the power plant and the power output of the turbine. 

Course Outcome 4 (CO4): Illustrate condition of working medium 

1. Explain  Seebeck effect with the help of neat diagram 

2. Show that the first law of thermodynamics leads to the consequence that “ Energy is a property of a 
thermodynamic system” 

3. Define specific heat . Derive a relation between specific heat 

Course Outcome 5 (CO5): Analyse the properties of pure substance 

1. Discuss the P-T diagram for a pure substance 

2. A pressure cooker contains 1.5 Kg of saturated steam at 5 bar. Find the quality of heat which must 
be rejected so as to reduce the quality to 60% dry. Determine the pressure and temperature of the 
steam at the new state 

3. A thermal power plant operating on an ideal Rankine cycle has a mass flow rate of 10Kg/s through 
it. Water is fed to the boiler at 50 bar and leaves the condenser  as saturated liquid at 0.1 bar. The 
mass flow rate of cooling water through the condenser is 500 Kg/s. The cooling water enters the 
condenser at 30oC and leaves at 40oC. Calculate the temperature at which steam enters the turbine, 
the thermal efficiency of the power plant and the power output of the turbine 

 

Model Question Paper 

QP CODE:  

                                                                                                                                  Reg No .:_______________  

   Name :_________________ 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY FIRST SEMESTER B.TECH DEGREE EXAMINATION, 
MONTH & YEAR 

APPLIED THERMODYNAMICS 

Course Code: AOT 284 

Max. Marks: 100                                                                                                                       Duration: 3 hours 

Part A 

(Answer all questions; each question carries 3 marks) 

1. Explain  Joules Experiment with the help of neat diagram. 
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2. Show that the first law of thermodynamics leads to the consequence that “ Energy is a 
property of a thermodynamic system” 

3. State the Kelvin-Plank statement of the second law of thermodynamics 

4. State the Carnot theorem 

5. Enumerate Gouy - Stodola theorem 

6. List out the Maxwell’s Equation 

7. Discuss the P-T diagram for a pure substance 

8. Find the saturation temperature, the changes in specific volume and entropy evaporation 
and the latent heat of vaporisation of steam at 1 MPa 

9. How does  Brayton cycle compared with Rankine cycle 

10. Compare Otto, Diesel and dual cycle 

PART B 

(Answer one full question from each module, each question carries 14 marks) 

Module -1 

11. (i) A 2m3rigid tank initially contains air at 100 Kpa and 22oC. The tank is connected to a 
supply line at 600 KPa and 22oC. The valve is opened and air  is allowded to enter the tank, 
until the pressure in the tank reaches the line pressure at which the valve is closed. A 
thermometer is placed in the tank indicates that air temperature at final state is 77oC. 
Determine (a) the mass of air that has entered the tank(b) the amount of heat transfer     

  (8 marks) 

(ii) Derive an expression for steady flow energy equation                                               (6 marks) 

12.  (i) A fluid at a pressure of 3 bar and with specific volume of 0.18m3/kg contained in a 
cylinder behind a piston expands reversibly to a pressure of 0.6 bar. According to a law 
P=C/V2, where C is a constant. Calculate the work done by the fluid on the piston                     
(8 marks) 

(ii) Define specific heat . Derive a relation between specific heat                                (6 marks) 

                                                                                 Module -2 

13. (i) Enumerate Clausius Inequality                                                                                         (8 marks) 

(ii)A rigid cylinder containing 0.005 m3  of nitrogen at 1 bar and 290K is heated reversibily 
until the temperature becomes 360 K. Determine the heat supplied and entropy change. 
Assume nitrogen to be a perfect gas and take  = 1.4 and R= 296.93 J/KgK                (6 marks) 

14. A reversible heat engine operates between two reservoirs at temperatures of 600oC and 
40oC. The engine drives a reversible refrigerator which operates between reservoirs at 
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temperatures of 40oC and -20oC. The heat transfer to the heat engine is 2000Kj and the net 
work output of the combined engine refrigerator plant is 360 KJ 

(a) Evaluate the heat transfer to the refrigerant and the net heat transfer to the reservoir at 
40oC. 

(b) Reconsider (a) given that the efficiency of the heat engine and the COP of the 
refrigerator are each 40% of their maximum possible values                                 (14 marks) 

                 Module -3 

15. (i) Derive the First and second TdS Equation                                                                      (8 marks) 

(ii) Derive the Clausius –Clapeyron Equation                                                                      (6 marks) 

16.  (i) Show that the work done by a closed system by interacting only with the surrounding in a 
reversible process is always more than that done by it in an irreversible process between the 
same end states.                                                                                                  (8 marks) 

(ii) Calculate the decrease in available energy when 25 Kg of water at 95oC mix with 35 Kg 
of water at 35oC , the pressure being taken as constant and the temperature of the 
surroundings being 15oC.(Given Cp= 4.18 KJ/KgK)                                                  (6 marks) 

 

Module -4 

17. Steam initially at 0.3 MPa, 250oC is cooled at constant volume.(a) At what temperature will 
the steam become saturated vapour? (b) What is the quality at 80oC? What is the heat 
transferred per Kg of steam in cooling from 250oC to 80oC?                                          (14 marks)                          

18. A thermal power plant operating on an ideal Rankine cycle has a mass flow rate of 10Kg/s 
through it. Water is fed to the boiler at 50 bar and leaves the condenser  as saturated liquid 
at 0.1 bar. The mass flow rate of cooling water through the condenser is 500 Kg/s. The 
cooling water enters the condenser at 30oC and leaves at 40oC. Calculate the temperature at 
which steam enters the turbine, the thermal efficiency of the power plant and the power 
output of the turbine.                                                                                                            (14 marks) 

Module -5 

19. A turbojet aircraft flies with a velocity of 300 m/s at an altitude where the air is at 0.35 bar 
and -40oC. The compressor has a pressure ratio of 10, and the temperature of the gases at 
the turbine inlet is 11000C. Air enters the compressor at a rate of 50 Kg/s. Estimate (a) the 
temperature and pressure of the gases  at the turbine exit, (b) the velocity of gases at the 
nozzle exit and (c) the propulsive efficiency of the cycle.                                             (14 marks) 

20. With the help of neat diagram explain the classification of jet engine                       (14 marks) 
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Syllabus 

 

Module 1 

Basic Concepts - Concept of continuum, macroscopic approach, thermodynamic systems – closed, 
open and isolated. Property, state, path and process, quasi-static process, internal energy, enthalpy, 
specific heat capacities, Zeroth Law of Thermodynamics- Energy - Work - Pdv work. Joule’s 
Experiment- First law of Thermodynamics - First law applied to Non flow  Process- Enthalpy-specific 
heats- PMM1.First law applied to Flow Process, Mass and Energy balance in simple steady flow  
process.  Applications of SFEE, Transient flow –Filling and Emptying Process. (Problems), Limitations 
of the First Law.  

 
Module 2 

Second law of thermodynamics – Kelvin Planck and Clausius  statements. PMM2 ,Reversibility and 
Irreversibility, Thermal reservoir, Carnot theorem. Carnot cycle, Reversed Carnot cycle, efficiency, 
COP, Thermodynamic temperature scale – Clausius inequality, Concept of entropy, Entropy change 
for various processes. Entropy principle - Mixing of fluids. 

 
 

Module 3 

Availability and Irreversibility- Useful work, Dead state, Availability function, Availability and 
irreversibility in open and closed systems - Gouy-Stodola theorem , Third law of thermodynamics. 
General Thermodynamic Relations – Combined First and Second law equations – Helmholtz and 
Gibb’s functions - Maxwell’s Relations, Tds Equations. The Clapeyron Equation 

 

Module 4 

Pure Substances, Phase Transformations, Triple point, properties during change of phase, T-v, p-v 
and p-T diagram of pure substance, p-v-T surface, Saturation pressure and Temperature, T-h and T-s 
diagrams, h-s diagrams or Mollier Charts, Dryness Fraction, steam tables. Property calculations using 
steam tables. Standard Rankine  cycle , Reheat and Regeneration cycle, Heat rate, Specific 
steam, consumption ,Tonne of refrigeration 
 

Module 5 

Air standard cycles-Otto, Diesel, Dual, Ericsson, Atkinson, Stirling and Brayton cycles – air standard 
efficiency – mean effective pressure. Classification of jet engines, thrust equation  
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Text Books 

1. Nag.P.K., “Engineering Thermodynamics”, Tata McGraw-Hill, New Delhi, 2013. 

2. Yunus A. Cengel and Michael A. Boles, “Thermodynamics: An Engineering Approach” 

McGraw-Hill Science/Engineering/Math; 7thedition 2010. 

Reference Books 

1.  Arora C.P, “ Thermodynamics”, Tata McGraw-Hill, New Delhi, 2003. 

2. YVC Rao,“Engineering Thermodynamics through examples”, Universities Press,2011 

3. Holman.J.P., “Thermodynamics”, 3rd Edition, McGraw-Hill, 2007. 

4. Merala C, Pother, Craig W, Somerton, “Thermodynamics for Engineers”, Schaum Outline 

Series,Tata McGraw-Hill, New Delhi, 2004. 

5. Rathakrishnan E., “Fundamentals of Engineering Thermodynamics”, Prentice-Hall India, 

2005. 

Course Contents and Lecture Schedule  
 

No Topic No. of Lectures 
1                                                   Module 1                                                                   11                         
1.1 Basic Concepts - Concept of continuum, macroscopic approach, 

thermodynamic systems – closed, open and isolated. Property, state, 
path and process, quasi-static process, internal energy, enthalpy, 
specific heat capacities 

2 

1.2  Zeroth Law of Thermodynamics- Energy - Work - Pdv work.  1 
1.3 Joule’s Experiment- First law of Thermodynamics - First law applied to 

Non flow  Process- Enthalpy-specific heats- PMM1.  
3 

1.4 First law applied to Flow Process, Mass and Energy balance in simple 
steady flow  process.  Applications of SFEE  

3 

1.5 Transient flow –Filling and Emptying Process. (Problems), Limitations of 
the First Law.  

2 

2                                                      Module 2       9 
2.1 Second law of thermodynamics – Kelvin Planck and Clausius  

statements. PMM2 ,Reversibility and Irreversibility, Thermal reservoir  
2 

2.2 Carnot theorem. Carnot cycle, Reversed Carnot cycle, efficiency, COP. 2 

2.3 Thermodynamic temperature scale – Clausius inequality, Concept of 
entropy,  

2 

2.4 Entropy change for various processes. Entropy principle - Mixing of 
fluids 

3 

3                                                      Module 3 7 
3.1 Availability and Irreversibility- Useful work, Dead state, Availability 1 
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function,  
3.2 Availability and irreversibility in open and closed systems - Gouy-

Stodola theorem , Third law of thermodynamics. 
2 

3.3 General Thermodynamic Relations – Combined First and Second law 
equations – Helmholtz and Gibb’s functions - Maxwell’s Relations 

2 

3.4 Tds Equations. The Clapeyron Equation 2 

4                                                           Module 4 10  
4.1 Pure Substances, Phase Transformations, Triple point, properties during 

change of phase, T-v, p-v and p-T diagram of pure substance, p-v-T 
surface 

2 

4.2 Saturation pressure and Temperature, T-h and T-s diagrams, h-s 
diagrams or Mollier Charts, Dryness Fraction, steam tables. Property 
calculations using steam tables. 

3 

4.3 Standard Rankine cycle  2 

4.4 Reheat and Regeneration cycle, Heat rate, Specific steam, consumption 
,Tonne of refrigeration 

3 

5                                                            Module 5 8 
5.1 Air standard cycles-Otto, Diesel,  2 
5.2 Dual, Ericsson, Atkinson, Stirling  2 
5.3 Brayton cycles, air standard efficiency – mean effective pressure 2 
5.4 
 

Classification of jet engines – thrust equation 2 
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AOT 286 

 

MECHANICS OF MATERIALS AND 
STRUCTURES 

 

CATEGORY L T P CREDIT Year of Introduction 

VAC 3 1 0 4 2019 

 

Preamble: This course provides knowledge of stresses, strains and deformations in components due to 
various loads. It helps in assessing the stresses and deformations through mathematical models of beams, 
twisting bars or combinations of both. Also helps to design prismatic components using failure criteria. 

Prerequisite: Nil 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Explain the fundamental concepts of deformable solids in the perspective of stress and strain. 
CO 2 Design various kinds of axial loaded members under different boundary conditions. 
CO 3 Calculate the loads in beams, forces and moments associated with different sections. 
CO 4 Illustrate the theory, principles associated to bending of beam and twisting of shaft and Apply the 

principles of bi-axial state of stresses in various problems through analytical and graphical methods. 
CO 5 Design of prismatic components using suitable failure theory. 
 

Mapping of course outcomes with program outcomes 

               PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 10 PO 11 PO 12 
CO 1 3            
CO 2 3 3 2          
CO 3 3 3 2          
CO 4 3 3 2          
CO 5 3            
 

Assessment Pattern 

Bloom’s Category Continuous Assessment Tests End Semester Examination 
1 2 

Remember 15 15 30 
Understand 15 15 30 
Apply 20 20 40 
Analyse    
Evaluate    
Create    
 

Mark distribution 

Total Marks CIE ESE ESE Duration 

150 50 100 3 hours 

 

Continuous Internal Evaluation Pattern:  

Attendance    : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
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End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A contain 10 questions 
with 2 questions from each module, having 3 marks for each question. Students should answer all questions. 
Part B contains 2 questions from each module of which student should answer 
have maximum 2 sub-divisions and carry 14 marks. 

 

Course Level Assessment Questions

 Course Outcome 1 (CO1):  

1. Explain linear shear strain using suitable diagram.  

 2. What are elastic constant.  

3.  A brass bar of length 2.25 m with a square cross section of 90 mm on each side is subjected to an axial 
tensile force of 1500 kN. Assume that E 
 
Course Outcome 2 (CO2)  

1. Explain statically indeterminate struct

 2. Write principle of superposition. 

 3. Derive the expression for change in length of conical bar under self

  Course Outcome 3 (CO3): 

1. Write different types of beams. 

2. Explain Point of contraflexure 

3. Determine the shear force V and bending moment 
the figure. 

 
Course Outcome 4 (CO4):  

1. Write the assumptions of theory of simple bending.

2.  Draw the Mohr’s circle for pure shear.

3. Derive the torsional shear stress equation.

 

Course Outcome 5 (CO5):  

1. Explain octahedral shear stress theory.

2. A steel machine part is statically loaded and has a yield strength of 320 MPa. For the following stress states 
find the factor of safety using each of the three static failure theories

3. Derive maximum distortion energy theory. 
 

There will be two parts; Part A and Part B. Part A contain 10 questions 
with 2 questions from each module, having 3 marks for each question. Students should answer all questions. 
Part B contains 2 questions from each module of which student should answer any one. Each question can 

divisions and carry 14 marks.  

Course Level Assessment Questions 

1. Explain linear shear strain using suitable diagram.   

5 m with a square cross section of 90 mm on each side is subjected to an axial 
E = 110 GPa and ʋ = 0.34. Determine the increase in volume of the bar. 

Explain statically indeterminate structure 

3. Derive the expression for change in length of conical bar under self-weight.      

d bending moment M at the midpoint C of the simple beam 

 

1. Write the assumptions of theory of simple bending. 

2.  Draw the Mohr’s circle for pure shear. 

3. Derive the torsional shear stress equation. 

1. Explain octahedral shear stress theory. 

steel machine part is statically loaded and has a yield strength of 320 MPa. For the following stress states 
find the factor of safety using each of the three static failure theories 

σx = 70 MPa τxy = 30 MPa 

Derive maximum distortion energy theory.  

There will be two parts; Part A and Part B. Part A contain 10 questions 
with 2 questions from each module, having 3 marks for each question. Students should answer all questions. 

any one. Each question can 

5 m with a square cross section of 90 mm on each side is subjected to an axial 
ʋ = 0.34. Determine the increase in volume of the bar.  

of the simple beam AB   shown in 

steel machine part is statically loaded and has a yield strength of 320 MPa. For the following stress states 

AERONAUTICAL ENGINEERING



 

QP CODE:                                                                                                 Reg No: 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY THIRD SEM

MECHANICS OF MATERIALS

Max.Marks:100                                                                                                               

Answer all Questions. Each question carries 3 Marks

1. Define factor of safety, working stress and allowable stress.

2. Explain homogenous &  isotropic properties with a neat sketch

3. What is the procedure to finding thermal 

4. Explain statically indeterminate structure with example.

5. Explain different types of beams.

6. What will be the variation in BMD for the diagram? (Assume l= 2m)

7. Write the assumptions of theory of simple bending.

8. Draw the Mohr’s circle for pure shear 2D state of stress.

9. What is the best suitable theory

10. What are the distinctive stages of a creep failure?  

 

Answer any one full question from each module. Each question carries 14

11.  (a) A wood pile, driven into the earth, supports a load 
sides (see figure). The friction force f
uniformly distributed over the surface of the pile. The pile has length 
sectional area A, and modulus of elasticity 

 

 

Model Question paper 

QP CODE:                                                                                                 Reg No: --------------------------

 

OLOGICAL UNIVERSITY THIRD SEMESTER B.TECH DEGREE EXAMINATION

MONTH & YEAR 

Course Code: AOT286 

MECHANICS OF MATERIALS AND STRUCTURES 

Max.Marks:100                                                                                                                        Duration: 3 Hours

PART A 

Answer all Questions. Each question carries 3 Marks 

Define factor of safety, working stress and allowable stress. 

Explain homogenous &  isotropic properties with a neat sketch 

What is the procedure to finding thermal stresses in a composite bar? 

Explain statically indeterminate structure with example. 

Explain different types of beams. 

What will be the variation in BMD for the diagram? (Assume l= 2m) 

 
Write the assumptions of theory of simple bending. 

ircle for pure shear 2D state of stress. 

is the best suitable theory to design a ductile materials? Explain   

What are the distinctive stages of a creep failure?   

 PART B 

Answer any one full question from each module. Each question carries 14

Module 1 

(a) A wood pile, driven into the earth, supports a load P entirely by friction along its 
sides (see figure). The friction force f per unit length of pile is assumed to be 
uniformly distributed over the surface of the pile. The pile has length 

, and modulus of elasticity E. 

-------------------------- 

ESTER B.TECH DEGREE EXAMINATION 

Duration: 3 Hours 

 

Answer any one full question from each module. Each question carries 14 Marks 

entirely by friction along its 
per unit length of pile is assumed to be 

uniformly distributed over the surface of the pile. The pile has length L, cross-
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i. Derive a formula for the shortening 

(4) 
ii. Draw a diagram showing how the compressive stress 

length of the pile.                                                                                                    (4)

  (b) Derive the relationship between elastic constants.                                                  (6)     

12.  (a)  A steel bar with diameter 
i. What is the maximum normal stress in the bar?

ii. What is the maximum shear stress?
iii.  Draw a stress element oriented at 45° to the axis of the bar and show all 

stresses acting on

                (b)  Draw stress – strain diagram for ductile and brittle materials and explain.       (5)
                (c) Explain inelastic behavio

13.  (a) A copper bar with a rectangular cross section is held without stress between rigid 
supports (see figure). Subsequently, the temperature of the bar is raised 50°C. 
Determine the stresses on all faces of the elements 
on sketches of the elements. (Assume 

 (b) Derive the expression for deformation of prismatic bar under its self
14.  (a)  A bar of circular cross section having two different diameters 

in the figure. The length of each segment of the bar is 
elasticity of the material is 

i. Obtain a formula for the strain energy 
ii. Calculate the strain energy if the load 

diameter d = 40 mm, and the material is brass with 

                   (b)  Explain toughness of a prismatic bar using load

Derive a formula for the shortening d of the pile in terms of P

Draw a diagram showing how the compressive stress varies throughout the 
length of the pile.                                                                                                    (4)

 
(b) Derive the relationship between elastic constants.                                                  (6)     

(a)  A steel bar with diameter d = 12 mm is subjected to a ensile load P = 9.5 kN
What is the maximum normal stress in the bar? 
What is the maximum shear stress? 
Draw a stress element oriented at 45° to the axis of the bar and show all 

stresses acting on the faces of this element.                                                    

 
strain diagram for ductile and brittle materials and explain.       (5)

(c) Explain inelastic behaviour of materials.                                                                    (3)
 

Module 2 

(a) A copper bar with a rectangular cross section is held without stress between rigid 
supports (see figure). Subsequently, the temperature of the bar is raised 50°C. 
Determine the stresses on all faces of the elements A and B, and show these stresses 

sketches of the elements. (Assume α = 17.5 ×10_6/°C and E = 120 GPa.)               (9)

 
(b) Derive the expression for deformation of prismatic bar under its self
(a)  A bar of circular cross section having two different diameters d and 2
in the figure. The length of each segment of the bar is L/2 and the modulus of 
elasticity of the material is E. 

Obtain a formula for the strain energy U of the bar due to the load 
Calculate the strain energy if the load P = 27 kN, the length L = 600 mm, the 

= 40 mm, and the material is brass with E = 105 GPa.              (10)

 

Explain toughness of a prismatic bar using load-displacement curve.           (4) 

P, L, E, and A.   

throughout the 
length of the pile.                                                                                                    (4) 

(b) Derive the relationship between elastic constants.                                                  (6)      

= 9.5 kN 

Draw a stress element oriented at 45° to the axis of the bar and show all 
                                                    (6)                    

strain diagram for ductile and brittle materials and explain.       (5) 
ur of materials.                                                                    (3) 

(a) A copper bar with a rectangular cross section is held without stress between rigid 
supports (see figure). Subsequently, the temperature of the bar is raised 50°C. 

, and show these stresses 
120 GPa.)               (9) 

(b) Derive the expression for deformation of prismatic bar under its self-weight    (5)  
and 2d is shown 

/2 and the modulus of 

of the bar due to the load P. 
= 600 mm, the 

= 105 GPa.              (10) 

displacement curve.           (4)  
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15. Determine the shear force 
beam AB shown in the figure.                                                                                           (14)

16. (a)  The simple beam AB 
and a clockwise couple M 
bending-moment diagrams for this beam.                                                                   

             (b)   Derive the relationship between shear force and bending moment.                  (4)

  

 

17.  An element in plane stress 
compressive stresses of magnitude 27 MPa
stresses of magnitude 5.5 MPa in the vertical direction (see figure). Also, shear 
stresses of magnitude 10.5 MPa act in the directions shown. Determine the stresses 
acting on an element oriented at a clockwise angle
these stresses on a sketch of an element oriented at this angle.                               (14)

18. A steel bar of solid circular cross section and length 
tensile force T = 24 kN and a 

I. Based upon an allowable stress in tension of 110 MPa, determine the 
required diameter 

II. Repeat (I) including the weight of the bar.                               
 

Module 3 

Determine the shear force V and bending moment M at the midpoint C of the simple 
shown in the figure.                                                                                           (14)

AB shown in the figure is subjected to a concentrated load 
M = PL/3 acting at the third points. Draw the shear

moment diagrams for this beam.                                                                   

 
(b)   Derive the relationship between shear force and bending moment.                  (4)

Module 4 

plane stress from the fuselage of an airplane is subjected to 
compressive stresses of magnitude 27 MPa in the horizontal direction and tensile 
stresses of magnitude 5.5 MPa in the vertical direction (see figure). Also, shear 
stresses of magnitude 10.5 MPa act in the directions shown. Determine the stresses 
acting on an element oriented at a clockwise angle of 35° from the horizontal. Show 
these stresses on a sketch of an element oriented at this angle.                               (14)

 
A steel bar of solid circular cross section and length L = 2.5 m is subjected to an axial 

= 24 kN and a bending moment M = 3.5 kN m (see figure).
Based upon an allowable stress in tension of 110 MPa, determine the 
required diameter d of the bar; disregard the weight of the bar itself.
Repeat (I) including the weight of the bar.                                                

of the simple 
shown in the figure.                                                                                           (14) 

 
shown in the figure is subjected to a concentrated load P 

/3 acting at the third points. Draw the shear-force and 
moment diagrams for this beam.                                                                      (10) 

 
(b)   Derive the relationship between shear force and bending moment.                  (4) 

from the fuselage of an airplane is subjected to 
in the horizontal direction and tensile 

stresses of magnitude 5.5 MPa in the vertical direction (see figure). Also, shear 
stresses of magnitude 10.5 MPa act in the directions shown. Determine the stresses 

of 35° from the horizontal. Show 
these stresses on a sketch of an element oriented at this angle.                               (14) 

2.5 m is subjected to an axial 
= 3.5 kN m (see figure). 

Based upon an allowable stress in tension of 110 MPa, determine the 
of the bar; disregard the weight of the bar itself. 

                 (14) 
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19. A cast iron structure is loaded as shown in the figure. The material has ultimate tensile 
strength of 325 MPa and yield strength of 250 MPa. Find the factor safety of the 
structure using best brittle failure theory.        

20. A cylindrical shaft made of steel of yield strength 700 MPa is subject to static loads 
consisting of bending moment 10KN
the diameter of the shaft using 

I. Maximum shear stress theory

II. Maximum strain energy theory   

               Assuming a factor of safety of 2. Take E = 210 GPa and Poisson’s ratio = 0.25.      (14) 

  

 

Module 1  

Stress – Normal, shear and bearing stresses, Stresses on inclined plane, Definitions of linear normal 
and shear strains, Poisson’s ratio. Stress 
hard and soft rubber, brittle material and copper
isotropic material under axial and shear deformation, Bulk modulus, biaxial and triaxial 
deformations. Relationship between material constant (Derivations), Definition of stress and strain 
at a point (introduction to stress and strain tensors and its components only), Factor of safety, 
margin of safety, Design for axial loads and direct shear.
 
Module 2 

Deformation in axially loaded bars (bars in series, parallel, intermediate axial loads, continuously 
varying loads and dimensions), principle of superposition, statically indeterminate structure, thermal 
effects in axially loaded bars (including compound and composite bars), deformation of prismatic 
and conical bar under its self-weight. Strain energy, resilie
prismatic and conical bar under self

 

Module 5 

cast iron structure is loaded as shown in the figure. The material has ultimate tensile 
strength of 325 MPa and yield strength of 250 MPa. Find the factor safety of the 
structure using best brittle failure theory.                                                                  

 

shaft made of steel of yield strength 700 MPa is subject to static loads 
consisting of bending moment 10KN-m and  a torsional moment30 KN-m. Determine 
the diameter of the shaft using  

Maximum shear stress theory 

Maximum strain energy theory    

Assuming a factor of safety of 2. Take E = 210 GPa and Poisson’s ratio = 0.25.      (14) 

Syllabus 

 

Normal, shear and bearing stresses, Stresses on inclined plane, Definitions of linear normal 
and shear strains, Poisson’s ratio. Stress – strain diagrams for mild steel in tension, aluminium alloy, 
hard and soft rubber, brittle material and copper in compression. Hooke’s law for linearly elastic 
isotropic material under axial and shear deformation, Bulk modulus, biaxial and triaxial 
deformations. Relationship between material constant (Derivations), Definition of stress and strain 

duction to stress and strain tensors and its components only), Factor of safety, 
margin of safety, Design for axial loads and direct shear. 

Deformation in axially loaded bars (bars in series, parallel, intermediate axial loads, continuously 
ng loads and dimensions), principle of superposition, statically indeterminate structure, thermal 

effects in axially loaded bars (including compound and composite bars), deformation of prismatic 
weight. Strain energy, resilience and toughness – for pure axial loading, 

prismatic and conical bar under self-weight. 

cast iron structure is loaded as shown in the figure. The material has ultimate tensile 
strength of 325 MPa and yield strength of 250 MPa. Find the factor safety of the 

                                                          (14) 

shaft made of steel of yield strength 700 MPa is subject to static loads 
m. Determine 

Assuming a factor of safety of 2. Take E = 210 GPa and Poisson’s ratio = 0.25.      (14)  

Normal, shear and bearing stresses, Stresses on inclined plane, Definitions of linear normal 
strain diagrams for mild steel in tension, aluminium alloy, 

in compression. Hooke’s law for linearly elastic 
isotropic material under axial and shear deformation, Bulk modulus, biaxial and triaxial 
deformations. Relationship between material constant (Derivations), Definition of stress and strain 

duction to stress and strain tensors and its components only), Factor of safety, 

Deformation in axially loaded bars (bars in series, parallel, intermediate axial loads, continuously 
ng loads and dimensions), principle of superposition, statically indeterminate structure, thermal 

effects in axially loaded bars (including compound and composite bars), deformation of prismatic 
for pure axial loading, 
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Module 3 

Types of Loads, types of Support, Types of Beams, bending couple and twisting couple (Concept 
Only), Determination of support reaction, Shear force and bending moments, Relationships between 
loads-shear force- bending moments(Derivation for all the cases) Bending moment and shear force 
diagrams of beams (cantilever and simply supported) subjected to concentrated load, uniformly 
distributed loads, uniformly varying loads, couples and there combinations, Point of contraflexure, 
point and magnitude of maximum bending point and maximum shear force. 

Module 4 

Flexural stresses – Theory of simple bending, Assumptions, derivation of equation of bending, 
neutral axis, determination of bending stresses (rectangular, square, triangular, solid circular and 
hollow circular sections only). Torsion - Derivation of equation of torsion, Assumptions, application 
of torsional equation to solid and hollow circular shaft, torsional rigidity, Compound stresses - 
Combined axial, flexural and shear loads – eccentric loading under tension/compression - combined 
bending and twisting loads. Plane state of stress - principal planes and stresses (without derivations), 
equations of transformation, Mohr’s circle for bi-axial stresses 

Module 5 

Theories of failures – In plane and absolute maximum shear stresses, Maximum principle stress 
theory, Maximum shear stress theory, Maximum principle strain theory, Total strain energy theory, 
maximum distortion energy theory, Design of prismatic components under combine stresses, 
Octahedral Shear stress theory. Design against impact loading (Including derivation, for prismatic 
components only), fatigue, creep and stress relaxation (No numerical problems). 

Text Books 

1. James Gere & Barry Goodno, “Mechanics of Materials”, Thomson-Engineering, 7thedition, 2008.  

2. Titterton.G. “Aircraft Materials and Processes", V Edition, Pitman Publishing Co., 1995. 

Reference Books 

1. Rattan, Strength of Materials, 2e McGraw Hill Education India, 2011 

2. R. C. Hibbeler, Mechanics of Materials, Pearson Education, 2008 

3. S.Jose, Sudhi Mary Kurian, Mechanics of Solids, Pentagon, 2015 

4. Advanced Composites –Cindy Foreman 

 

Course Contents and Lecture Schedule  

No Topic No. of Lectures 
1 Module 1 Total: 8 
1.1 Stress – Normal, shear and bearing stresses, Stresses on inclined plane, 

Definitions of linear normal and shear strains, Poisson’s ratio - 
illustrative numerical exercise 

1 

1.2 stress – strain diagrams for mild steel in tension, aluminium alloy, hard 
and soft rubber, brittle material and copper in compression 

2 

1.3 Hooke’s law for linearly elastic isotropic material under axial and shear 
deformation, Bulk modulus, biaxial and triaxial deformations - 
illustrative numerical exercise 

1 

AERONAUTICAL ENGINEERING



 

 

1.4 Hooke’s law for linearly elastic isotropic material under axial and shear 
deformation, Bulk modulus, biaxial and triaxial deformations - extended 
problem solving 

1 

1.5 Relationship between material constant (Derivations), Definition of 
stress and strain at a point (introduction to stress and strain tensors 
and its components only), Factor of safety, margin of safety - illustrative 
numerical exercise 

1 

1.6 Design for axial loads and direct shear - illustrative numerical exercise 2 
2 Module 2 Total: 9 
2.1 Deformation in axially loaded bars (bars in series, parallel, intermediate 

axial loads, continuously varying loads and dimensions), - illustrative 
numerical exercise 

2 

2.2 Deformation in axially loaded bars (bars in series, parallel, intermediate 
axial loads, continuously varying loads and dimensions), - extended 
problem solving 

1 

2.3 principle of superposition, statically indeterminate structure - 
illustrative numerical exercise 

1 

2.4 thermal effects in axially loaded bars (including compound and 
composite bars) - illustrative numerical exercise 

2 

2.5 thermal effects in axially loaded bars (including compound and 
composite bars) - extended problem solving 

1 

2.6 deformation of prismatic and conical bar under its self-weight - 
illustrative numerical exercise 

1 

2.7 Strain energy, resilience and toughness – for pure axial loading, 
prismatic and conical bar under self-weight - illustrative numerical 
exercise 

1 

3 Module 3 Total: 10 
3.1 Types of Loads, types of Support, Types of Beams, bending couple and 

twisting couple (Concept Only), Determination of support reaction. 
1 

3.2 Shear force and bending moments, Relationships between loads-shear 
force- bending moments (Derivation for all the cases). 

1 

3.3 Bending moment and shear force diagrams of beams (cantilever and 
simply supported) - concentrated load - illustrative numerical exercise 

1 

3.4 Bending moment and shear force diagrams of beams (cantilever and 
simply supported) - uniformly distributed loads, uniformly varying loads 
- illustrative numerical exercise 

2 

3.5 Bending moment and shear force diagrams of beams (cantilever and 
simply supported) - uniformly distributed loads, uniformly varying loads 
- extended problem solving 

1 

3.6 Bending moment and shear force diagrams of beams (cantilever and 
simply supported) - couples and there combinations - illustrative 
numerical exercise 

2 

3.7 Bending moment and shear force diagrams of beams (cantilever and 
simply supported) - couples and there combinations - extended 
problem solving 

1 

3.8 Point of contraflexure, point and magnitude of maximum bending point 
and maximum shear force. 

1 
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4 Module 4 Total: 10 
4.1 Flexural stresses – Theory of simple bending, Assumptions, derivation 

of equation of bending, neutral axis 
1 

4.2 Determination of bending stresses (rectangular, square, triangular, solid 
circular and hollow circular sections only) - illustrative numerical 
exercise 

1 

4.3 Torsion - Derivation of equation of torsion, Assumptions 1 
4.4 application of torsional equation to solid and hollow circular shaft, 

torsional rigidity - illustrative numerical exercise 
1 

4.5 Compound stresses - Combined axial, flexural and shear loads – 
eccentric loading under tension/compression - illustrative numerical 
exercise 

1 

4.6 combined bending and twisting loads 1 
4.7 Compound stresses - Combined axial, flexural and shear loads – 

eccentric loading under tension/compression. combined bending and 
twisting loads - extended problem solving  

1 

4.8 Plane state of stress - principal planes and stresses (without 
derivations), equations of transformation - illustrative numerical 
exercise 

1 

4.9 Mohr’s circle for bi-axial stresses - - illustrative numerical exercise 2 
5 Module 5 Total: 9 
5.1 Theories of failures – In plane and absolute maximum shear stresses, 

Maximum principle stress theory, Maximum shear stress theory - 
illustrative numerical exercise 

2 

5.2 Maximum principle strain theory, Total strain energy theory, maximum 
distortion energy theory - illustrative numerical exercise 

2 

5.3 Design of prismatic components under combine stresses - illustrative 
numerical exercise 

1 

5.4 Design of prismatic components under combine stresses - extended 
problem solving 

1 

5.5 Octahedral Shear stress theory -  illustrative numerical exercise 1 
5.6 Design against impact loading (Including derivation) - illustrative 

numerical exercise 
1 

5.7 fatigue, creep and stress relaxation (No numerical) 1 
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AOT 292 ADVANCED FLUID MECHANICS 
CATEGORY L T P CREDIT 

VAC 3 1 0 4 
Preamble: 

This course is a survey of principal concepts and methods of fluid dynamics. Topics include 
conservation equations, exact solutions of Navier-Stokes Equations, Instability mechanisms; 
introduction to turbulence and turbulence modelling 

Prerequisite: 

MET 203- Mechanics of Fluids 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Apply conservation equations of fluid mechanics  
CO 2 Utilize approximate solutions of the Navier-Stokes equations 
CO 3 Explain instability mechanisms in fluid flows 
CO 4 Compute the effect of boundary layers.  
CO 5 Explain turbulence and  turbulence models 
 

Mapping of course outcomes with program outcomes 

               PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 
10 

PO 
11 

PO 
12 

CO 1 3            
CO 2 3 2 1 1         
CO 3 3 2 1          
CO 4 3 2 1          
CO 5 3 1           
 

Assessment Pattern 

Bloom’s Category Continuous Assessment Tests End Semester Examination 
1 2 

Remember 10 10 10 
Understand 20 20 20 
Apply 20 20 70 
Analyse    
Evaluate    
Create    
Mark distribution 

Total Marks CIE ESE ESE Duration 

150 50 100 3 hours 
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Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A contain 10 
questions with 2 questions from each module, having 3 marks for each question. Students should 
answer all questions. Part B contains 2 questions from each module of which student should answer 
any one. Each question can have maximum 2 sub-divisions and carry 14 marks.  
 

Course Level Assessment Questions 

 Course Outcome 1 (CO1):  

1 A spherical tank contains 8 Kg of oxygen at 12 Mpa and 35 deg C. Find the diameter of the tank. 

2 For the velocity field given by the equation V = {3x, -4y, 0} fine the volume flow rate crossing the 
plane x + y = 4between points x=1 and x=4. Assume a width of unit length in x direction.   ? 

Course Outcome 2 (CO2)  

1. An aluminium canoe 6 m long which can be approximated as a flat surface moves in the 
water of a large lake at 6 kM / h.  The temperature of the water is 10 deg C. Determine 
whether the flow is laminar or turbulent. 

2. Starting from Navier-Stokes equations. Derive the equations applicable for Stokes flow over 
a sphere. In what range of Re does this approximation hold?                                                                                                                                            

  Course Outcome 3(CO3): 

 1. Briefly describe Stoke’s first problem and write down the governing equation along with initial 
and boundary conditions 

2. Derive the velocity distribution in the gap between two rotating concentric cylinders. Show that 
this equation reduces, in the limit of outer cylinder becoming very large and not rotating, to a 
potential vortex. Derive an expression for mass flux of mass addition normal to the main stream and 
sketch the in p-v plane 

Course Outcome 4 (CO4):  

1. Explain the necessity of modelling turbulence. Mention any two turbulence models that are 
widely used 

2. Air at 18 deg C and 1 atm pressure flows steadily at 60 n / s past a 2.5m long and 1 m wide flat 
plate.  The surface temperature of the plate is 45 deg C. Assuming Reynold’s analogy, estimate the 
total rate of heat loss from one side of the plate.                                                                                
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Course Outcome 5 (CO5):  

1. Describe what is meant by Large Eddy Simulation. 

2. What is meant by Kolmogorov length scales? Describe the energy spectrum of turbulent 
flows as a function of this scale 

 

Model Question paper 

QP CODE:                                                                                                 Reg No: -------------------------- 

 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY THIRD SEMESTER B.TECH DEGREE EXAMINATION 

MONTH & YEAR 

Course Code: AOT 292 

 ADVANCED FLUID MECHANICS 

Max.Marks:100                                                                                                                        Duration: 3 Hours 

PART A 

Answer all Questions. Each question carries 3 Marks 

1. What are constitutive relations? Give an example.  

2. A spherical tank contains 10 Kg of oxygen at 14 Mpa and 35 deg C. Find the diameter of 
the tank.  

3.  Describe the essential difference between creeping flows and invisicid flows. 

4. An aluminium canoe 5 m long which can be approximated as a flat surface moves in the water of 
a large lake at 8 kM / h.  The temperature of the water is 10 deg C. Determine whether the flow 
is laminar or turbulent.  

5. Briefly describe Stoke’s first problem and write down the governing equation along with initial 
and boundary conditions.  

6. Explain why there is a critical temperature difference in Rayleigh-Bernard convection.  

7. Define Rayleigh number and its physical significance in heat transfer by natural convection  

8. Explain the necessity of modelling turbulence. Mention any two turbulence models that are 
widely used.  

9. Describe the process of energy cascading in turbulent flows.  

10. Describe what is meant by Large Eddy Simulation?  
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PART B 

Answer any one full question from each module. Each question carries 14 Marks 

Module 1 

11.  (a) For the velocity field given by the equation V = { 4x, -4y , 0 } fine the volume flow 
rate crossing the plane x + y = 3 between points x=1 and x=3. Assume a width of unit length 
in x direction.    

(10) 
         (b) What are non-Newtonian fluids ? How they are classified ? Give examples            ( 4) 
12. In the Natural convection heat transfer process, the amount of heat flux transferred 
depends on the fluid density ρ the viscosity μ , the thermal conductivity k, the temperature 
difference ∆T and the length scale L  and the coefficient of thermal expansion β defined as {-
1/ρ(∂ρ/∂T)}p.  Derive the non-dimensional parameters for this problem and show that the 
final correlation can be written as Nu = f ( Re, Gr ) where Nu is the Nusselt number, Re is the 
Reynolds number and Gr is the Grashof number.                                                                        (14) 
 

 Module 2 

 

 
 

13.  A disc of radius R rotates inside circular hole, filled with a liquid, at an angular velocity of 
Ω rad/sec with a clearance of h mm as shown in the figure above. Such an arrangement is 
used, as a rotating viscometer where by measuring the torque T the viscosity of μ of the 
liquid can be determined.  Determine the viscosity of the liquid if R = 5 cm h = 1mm Ω = 900 
RPM and the measured torque is 0.537 N-m.                                                                      (14) 

14. Starting from Navier-Stokes equations. Derive the equations applicable for Stokes flow 
over a sphere. In what range of Re does this approximation hold?                                        (14)  
 
 

Module 3 

15. Derive the Orr-Sommerfield equation describing the stability of plane parallel flows   (14) 
 

16.  Derive the velocity distribution in the gap between two rotating concentric cylinders. 
Show that this equation reduces, in the limit of outer cylinder becoming very large and not 
rotating, to a potential vortex.                                                                                                        (14) 
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Module 4 

17. The turbulent boundary layer velocity profile in incompressible flow can be to a good 
extent approximated by a power law velocity profile of the form u/Ue = ( y/δ) 1/n where δ is 
the boundary layer thickness and  Ue is the free stream velocity at the boundary layer edge. 
Using the definitions of displacement thickness and momentum thickness and the shape 
factor H show that H = (n+2)/n                                                                                            (14)               
 
18.       Air at 20 deg C and 1 atm pressure flows steadily at 60 n / s past a 2m long and 0.8 m 
wide flat plate.  The surface temperature of the plate is 50 deg C. Assuming Reynold’s 
analogy, estimate the total rate of heat loss from one side of the plate.                                               
                                                                                                                     

Module 5   

19. (a) Describe what you mean by Reynold’s averaging  of turbulent flows                           (7) 

 (b) Describe what Reynold’s stress models are and how they are useful in analysing 
turbulent flows                                                                                                                               (7) 

20. (a) What is meant by Kolmogorov length scales. Describe the energy spectrum of 
turbulent flows as a function of this scale.                                                                                     (7) 

(b)  What is meant by eddy viscosity ? How this concept helps to model turbulent flows?                            
(7)  

 

Syllabus 

Module 1 Definition of fluid the concept of viscosity.  Necessity for field description of fluid flows 
Scalar and vector fields Velocity and acceleration of fluids, Reynolds Transport Theorem, Mass, 
Momentum and Energy Conservation Principles for Fluid Flow Stresses on a fluid element Rate of 
deformation and constitutive relations Navier-Stokes equations First law of thermodynamics and the 
energy equation Boundary conditions Dimensionless parameters Non Newtonian fluids 

Module 2: Basics of panel methods Bernoullis theorem and applications.  Exact solutions of Navier 
Stokes equations for steady and unsteady flows. Two-Dimensional Flow Between Parallel Plates  
Poiseuille Flow in a Rectangular Conduit in a Round Conduit or Annulus   Couette Flow Between 
Concentric Circular Cylinders Impulsive Motion of a Plate—Stokes’s First Problem  Oscillation of a 
Plate—Stokes’s Second Problem Impulsive Plane Poiseuille and Coquettes Flows Impulsive Circular 
Couette Flow Plane Stagnation Line Flow Three-Dimensional Axisymmetric Stagnation Point Flow. 
Flow into Convergent or Divergent Channels Flow in a Spiral Channel Flow Due to a Round Laminar 
Jet. Flow Due to a Rotating Disk 

Module 3: Stokes Approximation Slow Steady Flow Past a Solid Sphere Flow Due to a Sphere 
Undergoing Simple Harmonic Translation Oseen’s Approximation for Slow Viscous Flow. Resolution 
of the Stokes/Whitehead Paradoxes. Linear Stability Theory of Fluid Flows Orr-Sommerfeld Equation 
Thermal Instability in a Viscous Fluid—Rayleigh-Bénard Convection Stability of Flow between 
Rotating Circular Cylinders Stability of Plane Flows 
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Module 4: Introduction, Flow past a Wedge Stagnation Point Boundary Layer Flow, The Integral 
Form of the Boundary Layer Equations, Axisymmetric Laminar Jet. Flow Separation Similarity 
transformation and Mangler Transformation Thermal Boundary Layers Forced Convection on a 
Horizontal Flat Plate Falkner-Skan Wedge Thermal Boundary Layer Isothermal Flat Plate Flat Plate 
with Constant Heat Flux The Integral Method for Thermal Convection  Flat Plate with a Constant 
Temperature Region Flat Plate with a Constant Heat Flux Natural Convection on an Isothermal 
Vertical Plate .Natural Convection on a Vertical Plate with Uniform Heat Flux Integral Method for 
Natural Convection on an Isothermal Vertical Plate  Temperature Distribution in an Axisymmetric Jet 
. 

Module 5: Introduction Statistical approach to turbulent flow modeling Length and time scales and 
Kolomogrov’s energy cascading theory Reynolds averaged turbulent Navier Stokes equations the 
need for turbulence modeling. Concept of eddy viscosity and Prandtl’s mixing length hypothesis 
Zero, one and two equation turbulence models and Reynold’s stress models. Large Eddy imulation of 
turbulent flows. 

Text Books 

(1)  White, F. M.  Viscous Fluid Flow, 3rd Edition, 2017  
(2) Muralidhar, K. and Gautam Biswas Advanced Engineering Fluid mechanics Alpha 

Science International Ltd; 3rd Revised edition edition 
Reference Books 

1. Schlichting, H. Boundary layer theory. McGraw Hill Education; 7 edition 

2. Graebel, W. P.,  Advanced Fluid mechanics  Academic Press,1st Edition, 2007 

Course Contents and Lecture Schedule  
 

No Topic No. of Lectures 
1 Module 1: Fundamentals of Fluid Motion 

1.1  Definition of fluid the concept of viscosity.  Necessity for field 
description of fluid flows Scalar and vector fields Velocity and 
acceleration of fluids  , Reynolds Transport Theorem, Mass, 
Momentum and Energy Conservation Principles for Fluid Flow 

3 

1.2 Stresses on a fluid element Rate of deformation and constitutive 
relations Navier-Stokes equations 

3 

1.3 First law of thermodynamics and the energy equation Boundary 
conditions Dimensionless parameters Non Newtonian fluids 

3 

2 Module 2: Inviscid Approximations and Exact Solutions  

2.1 basics of panel methods Bernoullis theorem and applications 
Exact solutions of Navier Stokes equations for steady and 
unsteady flows. 

2 

2.2 Two-Dimensional Flow Between Parallel Plates  Poiseuille Flow in 4 
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a Rectangular Conduit in a Round Conduit or Annulus   Couette 
Flow Between Concentric Circular Cylinders Impulsive Motion of a 
Plate—Stokes’s First Problem  Oscillation of a Plate—Stokes’s 
Second Problem 

2.3 Impulsive Plane Poiseuille and Coquettes Flows Impulsive Circular 
Couette Flow Plane Stagnation Line Flow Three-Dimensional 
Axisymmetric Stagnation Point Flow. Flow into Convergent or 
Divergent Channels Flow in a Spiral Channel Flow Due to a Round 
Laminar Jet. Flow Due to a Rotating Disk 
 

4 

3 Module 3: Low Reynolds Number Flows and Flow Stability 
 

3.1 Stokes Approximation Slow Steady Flow Past a Solid Sphere Flow 
Due to a Sphere Undergoing Simple Harmonic Translation 
Oseen’s Approximation for Slow Viscous Flow . 

3 

3.2 Resolution of the Stokes/Whitehead Paradoxes . Linear Stability 
Theory of Fluid Flows Orr-Sommerfeld Equation Thermal 
Instability in a Viscous Fluid— 

3 

3.3 Rayleigh-Bénard Convection  Stability of Flow Between Rotating 
Circular Cylinders  Stability of Plane Flows  

3 

4 Module 4:  Boundary layer Approximation and Thermal Effects 

4.1 Introduction, Flow Past a Wedge Stagnation Point Boundary Layer 
Flow The Integral Form of the Boundary Layer Equations, 
Axisymmetric Laminar Jet . Flow Separation 

2 

4.2 Similarity transformation and Mangler Transformation Thermal 
Boundary Layers Forced Convection on a Horizontal Flat Plate 

3 

4.3  Falkner-Skan Wedge Thermal Boundary Layer Isothermal Flat 
Plate Flat Plate with Constant Heat Flux The Integral Method for 
Thermal Convection  Flat Plate with a Constant Temperature 
Region Flat Plate with a Constant Heat Flux Natural Convection on 
an Isothermal Vertical Plate .Natural Convection on a Vertical 
Plate with Uniform Heat Flux Integral Method for Natural 
Convection on an Isothermal Vertical Plate  Temperature 
Distribution in an Axisymmetric Jet . 
 

4 

5 Module 5: Turbulent Flows and Their Modeling 
5.1 Introduction Statistical approach to turbulent flow modeling 

Length and time scales and Kolomogrov’s energy cascading 
theory 

3 

5.2 Reynolds averaged turbulent Navier Stokes equations the need 
for turbulence modeling. Concept of eddy viscosity and Prandtl’s 

3 
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mixing length hypothesis 
5.3 Zero, one and two equation turbulence models and Reynold’s 

stress models. Large Eddy simulation of turbulent flows. 
3 
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AOT 
294 

GAS DYNAMICS 
CATEGORY L T P CREDIT 

VAC 3 1 0 4 
 

Preamble:   This course provides basics of compressible fluid flows and apply the principles 
for practical applications 

Prerequisite: Mechanics of Fluids, Thermodynamics 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Calculate changes to flows across shocks and expansions 
CO 2 Apply the basic concepts of unsteady flow through nozzles 
CO 3 Compute the effect of mass addition in the flow parameters 
CO 4 Describe the effect of chemical reaction in shock waves  
CO 5 Explain the effect of chemical reaction in nozzle flow. 
 

Mapping of course outcomes with program outcomes 

               PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 
10 

PO 
11 

PO 
12 

CO 1 3 2   1        
CO 2 3 2   1        
CO 3 3 2           
CO 4 3 1           
CO 5 3 1           
 

Assessment Pattern 

Bloom’s Category Continuous Assessment Tests End Semester Examination 
1 2 

Remember 10 10 20 
Understand 20 20 20 
Apply 20 20 60 
Analyse    
Evaluate    
Create    
 

Mark distribution 

Total Marks CIE ESE ESE Duration 

150 50 100 3 hours 
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Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A contain 10 
questions with 2 questions from each module, having 3 marks for each question. Students should 
answer all questions. Part B contains 2 questions from each module of which student should answer 
any one. Each question can have maximum 2 sub-divisions and carry 14 marks.  
 

Course Level Assessment Questions 

 Course Outcome 1 (CO1):  

1. Explain why the shock wave is detached in a blend body? 

2. A Normal shock wave travelling at 1250m/s moves in to still air at sea level condition and reflects 
from a plane wall. Compare the pressure ratio across the reflected shock with that across the 
incident shock. Explain why the pressure ratio is different. What are the stagnation conditions after 
passage of the reflected wave? 

3. Why the reflected shock wave is less oblique than the incident one for the same wedge and 
imaginary wedge angle?. 

Course Outcome 2 (CO2)  

1. Derive an expression for time taken to discharge air from a chamber through a nozzle for 
unsteady flow condition 

 2. A C-D Nozzle is connected to a chamber of volume 500m3 and the air is discharged through the 
nozzle from a total pressure 3.5 bar to 1.01bar. During this discharge a normal shock travels from its 
exit to throat. Find the velocity of the shock wave if the length of the divergent section is 2m. 
Assume area of throat is 100cm2, ambient condition is 1bar total temperature 600K and the relation 
between the pressure and temperature is isothermal. 

3. Discuss the divergence angle effect in the flow separation in a C-D Nozzle? 

  Course Outcome 3(CO3): 

 1. Explain the effect of mass addition on flow properties? 

 2. Air with initial stagnation condition of 600K and 1MPa flows at Mach number of 0.3 at the 
entrance to a constant area porous walled duct. During passage through the duct mass flow rate is 
increased by 50%. Find the exit condition?  

 3. Explain the effect of mass rejection on flow properties. 
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Course Outcome 4 (CO4):  

1. Distinguish between Frozen flows chemically equilibrium flow and non-equilibrium flow. 

2. Explain with temperature distribution curve the effect of chemical reaction across the shock wave 
and compare with frozen flow  

3. Explain why the hypersonic body nose are blend in shape while the supersonic bodies are sharp 

Course Outcome 5 (CO5):  

1. Explain how the computational method can be in cooperate a chemically reacting flow? 

2. Explain with temperature distribution curve the effect solid particles in a flow through the nozzle 
and compare with ideal flow. 

3. Explain with temperature distribution curve the effect of chemical reaction Through the nozzle 
and compare with frozen flow. 

 

Model Question paper 

QP CODE:                                                                                                 Reg No: -------------------------- 

 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY THIRD SEMESTER B.TECH DEGREE EXAMINATION 

MONTH & YEAR 

Course Code: AOT294 

 GAS DYNAMICS 

Max.Marks:100                                                                                                                        Duration: 3 Hours 

PART A 

Answer all Questions. Each question carries 3 Marks 

1. Calculate the Mach No of an aircraft flying in standard sea level condition with a 
velocity of 450m/s. 

2. Sketch Prandtls ellipse from energy equation and indicate classification of flow 
according to Mach number 

3. Sketch the wave patterns of the jet of an under expanded nozzle? 

4. Explain why the contour nozzles are less separated than a conical nozzle. 

5. Explain the effect of mass addition to the flow with suitable sketches. 

6. Sketch the Hugoniot curve for a diabatic flow in a P-V plane and indicate important 
points 
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7. Sketch the temperature distribution curve of a frozen flow, equilibrium and non-
equilibrium flow through a normal shock. 

8. Briefly explain why the shock wave generated by a wedge is bow shape in a non-
equilibrium chemically reacting flow. 

9. Briefly explain the effect presence of solid particle on temperature distribution 
through a nozzle flow. 

10. Sketch the temperature distribution curve of a frozen flow, equilibrium and non-
equilibrium flow through a CD nozzle. 

 

 PART B 

Answer any one full question from each module. Each question carries 14 Marks 

Module 1 

 

11.  A normal shock moves through a constant area tube in to air at rest at 25 deg C. The 
velocity of the air behind the wave is 200m/s. Find the shock wave velocity and the 
stagnation temperature in the pipe after passage of the shock wave. If the end of the duct is 
suddenly closed, find the velocity of the reflected shock wave and the properties after the 
passage of the shockwave?                                                                                                              (14) 
 
12. A wedge of flow deflection angle of 6 0 is placed in the centre of a supersonic wind 
tunnel at an angle of attack 2deg. If the test section Mach No is equal to 2.5 and if the axis 
of the wedge is inclined at an angle of 4 0 to the direction of the flow, find the incident and 
reflected angles of the oblique shock wave at upper and lower surface? 

 

Module 2 

13.  A blow down wind tunnel exhaust to atmospheric pressure 1bar is to be designed. The 
test section area is to be o.1 sq m and the desired test section Mach number is 2. The supply 
tank can be pressurised to 15 bar and heated to 65deg C. Determine the throat area and 
supply tank volume required for a testing time of 30 sec                                                          (14) 
 
14. A high pressure tank with a total pressure total temperature of P bar and T kelvin of 
volume V contains air. Suddenly a hole of area A is made in the tank. Derive an expression 
for the time taken to become half the total pressure in the tank if the expansion process is 
adiabatic?                                                                                                                                            (14) 

Module 3 

15. The solid propellant rocket motor has a solid propellant grain with constant area 
cylindrical perforation having a diameter D = 0.025m, a constant burning rate r= 0.025 m/s 
and the propellant density 2500kg/m3. The combustion gases have specific heat ratio of 1.2, 
R = 320j/Kg K, and a flame temperature T = 3000K. The grain length L = 0.3m and the throat 
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area of the nozzle is 0.0003m2. Calculate the propellant consumption rate, the nozzle inlet 
Mach number, and the stagnation pressure at the nozzle inlet and the maximum mass flux?                                      
(14) 

 
16. (a) Derive an expression for mass flux of mass addition normal to the main stream and 
sketch the in p-v plane.                                                                                                                       (8) 

 
  (b)   Derive the governing equations for the combustion waves.                                              (6) 

  

Module 4 

17.(a) Derive an expression for the speed of sound in a chemically equilibrium flow. (8)  
 
(b) Sketch the normal shock formed for an equilibrium chemically reacting flow and 
compare it with a frozen flow                                                                                              (6)           
 
18(a) Derive an expression for the speed of sound in a chemically non equilibrium 
flow.                                                                                                                                         (8)  

(b) Sketch the oblique shock formed for a non-equilibrium chemically reacting flow     
and compare it with a frozen flow and equilibrium flow                                               (14)                                                                                     

 

Module 5 

19 (a)Explain with suitable sketches the effect of pressure and temperature on 
equilibrium chemically reacting flow through a C-D Nozzle and compare it with frozen 
flow.                                                                                                                                                 (8) 

(b)Explain what is calorically perfect gas, thermally perfect gas and chemically 
reacting gas                                                                                                                            (6) 

16.  (a) Explain with suitable sketches the effect of pressure and temperature on non-
equilibrium chemically reacting flow and compare it with frozen flow, equilibrium 
chemically reacting flow through a C-D Nozzle.                                                              (10) 

(b)Discuss the effect of presence of solid and liquid phases in a flow                                (4)                                                                                                                          
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Syllabus 

Module 1: Fundamental concepts of compressible fluid flows, Prandtl’s ellipse, Normal shock, 
Moving normal shock, Reflection of normal shock wave from wall and pressure boundary. Oblique 
shock, Strong and weak shock, reflection of shock wave bow shock wave, 

Module 2: Unsteady flow through sub sonic and supersonic nozzles, Exhaust gas wave propagation 
nozzles (diamond shocks), Real nozzles, losses, Summerfield criterion, Flow separation inside the 
nozzle,  

Module 3: Mass addition to the flow, Effect of mass addition on flow properties. Mass addition 
normal to the main stream Application to solid propulsion rocket motor, combustion waves. 

Module 4: Equilibrium normal shock wave, Equilibrium blunt body flows, oblique shock wave Non-
equilibrium normal shock wave, non-equilibrium blunt body flows, oblique shock wave 

Module 5: Equilibrium quasi one dimensional flow through nozzles, two-phase flow Non-equilibrium 
quasi one dimensional flow through nozzles, multi-phase flow. Comparative studies on frozen 
equilibrium, non-equilibrium flow through the nozzle. 

Text Books 

1. Compressible Fluid Dynamics with personal computer application by B K Hodges, Pearson College 

Div 

2. Hypersonic and High Temperature Gas Dynamics by John D Anderson, AIAA 

Reference Books 

1. Gas Dynamics by Maurice J  Zucrow, Joe D Hoffman, Wiley  

2. Elements of Gas Dynamics by  Liepmann and Roshko , Dover Publications 

Course Contents and Lecture Schedule  
 
No Topic No. of Lectures 
1 Module 1 
1.1 Compressibility, Non dimensional Parameters, Prandtls ellipse,   1 
1.2 Normal shock, Moving normal shock, Reflection of normal shock 

wave from wall and pressure boundary.  
3 

1.3 Oblique shock, Strong and weak shock, reflection of shock wave  
bow shock wave,  

3 

2 Module 2 
2.1 Unsteady flow through sub sonic and supersonic nozzles,  3 
2.2 Exhaust gas wave propagation of over expanded, Under 

expanded nozzles (diamond shocks), 
4 

2.3 Real nozzles, losses, summer fields criteria, Flow separation inside 3 
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the nozzle, contour and conical nozzles. 
3 Module 3 
3.1 Mass addition to the flow, simple mass addition, Effect of mass 

addition on flow properties. 
3 

3.2 Mass addition normal to the main stream 3 
3.3 Application to solid propulsion rocket motor, combustion waves. 3 
4 Module 4 
4.1 High temperature equilibrium flow- Governing equations, 

Expression for velocity of sound in an equilibrium and non-
equilibrium chemically reacting gas, Independence of Mach 
number,  

4 

4.2 Equilibrium normal shock wave, Equilibrium blunt body flows, 
oblique shock wave 

3 

4.3 Non-equilibrium normal shock wave, non-equilibrium blunt body 
flows, oblique shock wave 

2 

5 Module 5 
5.1 Equilibrium quasi one dimensional flow through nozzles, two-

phase flow  
4 

5.2 Non-equilibrium quasi one dimensional flow through nozzles, 
multi-phase flow.  

3 

5.3 Comparative studies on frozen equilibrium, non-equilibrium flow 
through the nozzle.  

2 
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AOT 296 

 

ADVANCED MECHANICS OF 
MATERIALS 

 

CATEGORY L T P CREDIT Year of Introduction 

VAC 3 1 0 4 2019 

 

Preamble: This course provides an introduction to the mathematical foundations of continuum mechanics. 
Vectors and tensors, properties and basic operations. Kinematics of deformation. Conservation laws, 
thermodynamics. Stress. Constitutive equations. Elastic, viscous, and viscoelastic response. Linearization. 
Simple problems in finite and linear elasticity, and in Navier-Stokes flows. Creep and relaxation in linear 
viscoelasticity 

Prerequisite: Nil 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Perform vector and tensor manipulations in Cartesian and curvilinear coordinate systems. 
CO 2 Describe motion, deformation and forces in a continuum. 
CO 3 Derive equations of motion and conservation laws for a continuum. 
CO 4 Apply constitutive models for fluids and viscoelastic solids. 
CO 5 Solve simple boundary value problems for fluids and solids. 
 

Mapping of course outcomes with program outcomes 

               PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 10 PO 11 PO 12 
CO 1 3         1   
CO 2 3         1   
CO 3 3 3 2 1 1     1   
CO 4 3         1   
CO 5 3 3 2 1 1     1   
 

Assessment Pattern 

Bloom’s Category Continuous Assessment Tests End Semester Examination 
1 2 

Remember 10 10 20 
Understand 15 15 30 
Apply 25 25 50 
Analyse    
Evaluate    
Create    
 

Mark distribution 

Total Marks CIE ESE ESE Duration 

150 50 100 3 hours 
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Continuous Internal Evaluation Pattern:  

Attendance    : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A contain 10 questions 
with 2 questions from each module, having 3 marks for each question. Students should answer all questions. 
Part B contains 2 questions from each module of which student should answer any one. Each question can 
have maximum 2 sub-divisions and carry 14 marks.  
 

Course Level Assessment Questions 
 Course Outcome 1 (CO1):  

1.   State of stress at a point is a tensor quantity. Explain 

2. Explain Geometric interpretation of eigenvectors 

3.  If 𝑺 ∶ 𝑾 = 𝟎 holds for every symmetric tensor S, then show that W is a skew symmetric tensor. 
 
Course Outcome 2 (CO2)  

1. Explain Directional derivative of a tensor. 

2. Define Levi-Civita tensor. 

3. Prove D∇𝑢 ∶ (∇𝑢)𝑻 = ∇⦁[(∇𝑢)𝑢 − (∇⦁𝑢)𝑢] + (∇⦁𝑢)       

 

  Course Outcome 3 (CO3): 

1. Write geometric interpretation of Dilation. 

2. Explain Reynolds’s transport theorem 

3. The motion of continuum is defined by the velocity components 𝑣 = −∝ 𝑥   , 
 𝑣 = −∝ 𝑥  , 𝑣 = 𝛽  Where ∝ 𝑎𝑛𝑑 𝛽 are non-zero constants. Then show that the motion is 
isochoric 
 
 
Course Outcome 4 (CO4):  

1. Explain PiolaKirchhoff stress tensor. 

2.  Explain Principle of frame-indifference. 

3. Two symmetric tensors are said to be coaxial if their eigenvectors are same (i.e., if they have a set of 
orthonormal eigenvectors common). Show that the second Piola-Kirchhoff stress S and the right Cauchy-Green 
strain C are coaxial if and only if the Cauchy stress τ and left Cauchy-Green strain tensor B                                                                             

 

Course Outcome 5 (CO5):  

1. Explain compatibility condition and its geometric interpretations.  

2. Explain generalised Maxwell model for viscoelastic materials.  

3. Derive strain compatibility condition.  
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Model Question paper 

QP CODE:                                                                                                 Reg No: -------------------------- 

 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY THIRD SEMESTER B.TECH DEGREE EXAMINATION 

MONTH & YEAR 

Course Code: AOT296 

ADVANCED MECHANICS OF MATERIALS  

Max.Marks:100                                                                                                                        Duration: 3 Hours 

PART A 

Answer all Questions. Each question carries 3 Marks 

1. What is bilateral filtering for tensor valued data?  

2. Do additive maps admit tensor product? Explain  

3. Is it possible to define Levi-Civita tensor in 2 dimension? Why? 

4.  Explain gradient of tensor quantity. 

5. Explain Reynolds’s transport theorem. 

6. Write the relation between vorticity and circulation tensors. 

7. Explain PiolaKirchhoff stress tensor. 

8. Explain Principle of material frame-indifference. 

9. Explain how viscoelastic materials differ from elastic materials. 

10.  Explain shanley theory of inelastic buckling. 

PART B 

Answer any one full question from each module. Each question carries 14 Marks 

Module 1 

11. (a) If W is a skew symmetric tensor, then show that  𝑸 = (𝑰 − 𝑾) 𝟏(𝑰 + 𝑾) is an 
orthogonal tensor.                                                                                                         
(7) 

(b) If 𝑺 ∶ 𝑾 = 𝟎 holds for every symmetric tensor S, then show that W is a skew 
symmetric tensor.                                                                                                         (7) 

12. A Let {𝒖, 𝒗, 𝒘} be orthogonal basis to the vector base ꓯ. Then find the eigen values 
and linearly independent eigen vectors  of a second order tensor 𝒖⨂𝒖.                         
(14)  
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Module 2 

13. (a) Prove  ∇(∅𝑣) = ∅∇𝑣 + 𝑣∇∅                                                                                           (6)                                                                                                              

(b) ∇𝑢 ∶ (∇𝑢)𝑻 = ∇⦁[(∇𝑢)𝑢 − (∇⦁𝑢)𝑢] + (∇⦁𝑢)                                                              
(8) 

14. Let Γ be a surface bounded by contour C. Let n be a unit outward normal to Γ. Let v 
be a vector field that follow v ⦁ n = 0 on Γ. Then using stokes theorem show that    
 
                    ∫ (𝑛 × 𝑣)⦁ 𝑑𝑥 = ∫ (𝐼 − 𝑛⨂𝑛) ∶  ∇𝑣 𝜕Γ                                                 (14) 

 
 

Module 3 

15. The motion of continuum is defined by the velocity components 𝑣 = −∝ 𝑥   , 
 𝑣 = −∝ 𝑥  , 𝑣 = 𝛽  Where ∝ 𝑎𝑛𝑑 𝛽 are non-zero constants. Then 

I. show that the motion is isochoric 
II.  Find out the components of acceleration.                                                        

(14) 
 

16. Let J be determinant of deformation gradient F and C be right Cauchy-Green strain 
tensor. Then show that        
 

                                               =  𝐽𝐶                                                                  
(14) 

 
 

Module 4 

17. Two symmetric tensors are said to be coaxial if their eigenvectors are same (i.e., if 
they have a set of orthonormal eigenvectors common). Show that the second Piola-
Kirchhoff stress S and the right Cauchy-Green strain C are coaxial if and only if the 
Cauchy stress τ and left Cauchy-Green strain tensor B                                                                             
(14) 

 
 

18. Let ∅ and H be scalar and second-order tensor fields. Then prove the following 
transport theorems:           
 

𝑑

𝑑𝑥
∅ 𝑑𝑥 =

𝐷∅

𝐷𝑡
+ ∅𝐿 𝑑𝑥 

 

                 ∮ 𝑯𝒏 𝜕Γ = ∮
𝑯

+ (∇⦁𝒗)𝑯 − 𝑯(∇𝒗)
  

𝒏 Γ                       (14) 
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Module 5 

 
19. Derive stress compatibility and strain compatibility for a linear elastic solid             

(14)         
 

20.  Explain Different models of viscoelastic materials.                                                         
(14)                         

 

Syllabus 

 

Module 1 

Vector space, Cauchy-Schwartz inequality, and Triangle inequality. Dot product, Cross product, Outer 
product, Kronecker delta, Permutation symbol. Definition of tensor, Summation convention, Free 
index, Dummy index. Examples to understand notations, Operations on second-order tensors (SOT). 
Cofactor tensor, Invariants of SOT, Inverse of SOT. Eigenvalues and Eigenvectors, Geometric 
interpretation of eigenvectors, Cayley-Hamilton theorem.  

Module 2 

Skew-symmetric, Orthogonal, and Symmetric tensors. Additive decomposition, Polar decomposition, 
Square root tensor. Calculus of tensors.  

Module 3 

Kinematics - Mapping function, Deformation gradient, Length, Area, and Volume. Material and 
spatial description. Rate of deformation, Spin tensors, Strain tensors, Rigid transformation. Leibniz 
rule of integration, Transport theorems.  

Module 4 

Cauchy hypothesis and Cauchy theorem, Equation of motion. Angular momentum balance. Equation 
of motion in material coordinates, PiolaKirchhoff stress tensor. Energy balance. Second law of 
thermodynamics. Principle of material frame-indifference. 

Module 5 

Constitutive equations. Linear elasticity. Fluid mechanics. Viscoelasticity.  

Text Books 

1. An Introduction to Continuum Mechanics with Applications, by J. N. Reddy, Cambridge University Press, 
2008 (ISBN #978-0-521-87044-3). 

2. Jog, C.S., Foundations and applications of mechanics: Volume I: Continuum mechanics, 2007, Narosa 
Publishing house. 

Reference Books 

1. Malvern, L.E., Introduction to the mechanics of continuous medium, 1969, Printice-Hall, Inc. 

2. Gurtin, M.E., An introduction to continuum mechanics, 1981, Academic press, Inc. 
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Course Contents and Lecture Schedule  

No Topic No. of Lectures 
1 Module 1 Total: 8 
1.1 Vector space, Cauchy-Schwartz inequality, and Triangle inequality. 2 
1.2 Dot product, Cross product, Outer product, Kronecker delta, 

Permutation symbol. 
1 

1.3 Definition of tensor, Summation convention, Free index, Dummy index. 1 
1.4 Examples to understand notations, Operations on second-order tensors 

(SOT). 
1 

1.5 Cofactor tensor, Invariants of SOT, Inverse of SOT. 1 
1.6 Eigenvalues and Eigenvectors, Geometric interpretation of 

eigenvectors, Cayley-Hamilton theorem. 
2 

2 Module 2 Total: 10 
2.1 Skew-symmetric, Orthogonal, and Symmetric tensors. 4 
2.2 Additive decomposition, Polar decomposition, Square root tensor. 1 
2.3 Calculus of tensors. 5 
3 Module 3 Total: 9 
3.1 Kinematics - Mapping function, Deformation gradient, Length, Area, 

and Volume.  
2 

3.2 Material and spatial description.  2 

3.3 Rate of deformation, Spin tensors, Strain tensors, Rigid transformation.  3 

3.4 Leibniz rule of integration, Transport theorems.  2 

4 Module 4 Total: 9 
4.1 Cauchy hypothesis and Cauchy theorem, Equation of motion.  2 

4.2 Angular momentum balance.  1 

4.3 Equation of motion in material coordinates, PiolaKirchhoff stress 
tensor.  

2 

4.4 Energy balance.  1 

4.5  Second law of thermodynamics.  1 

4.6 Principle of material frame-indifference. 2 

5 Module 5 Total: 9 
5.1 Constitutive equations.  3 

5.2 Linear elasticity.  2 

5.3 Fluid mechanics.  2 

5.4 Viscoelasticity.  2 
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