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SYLLABUS 

As Per MRSPTU 

STRENGTH OF MATERIALS-II(BMEE1- 410) 

 

Course Objectives and Outcomes: The course is designed to understand the concepts of strain  

energy, resilience, stress under impact loading; shear stress distribution in a beam of various cross 

sections; stress in curved beams; stresses in helical, spiral, leaf and flat spiral springs; stress and 

strain analysis of thin, thick cylinder and spheres subjected to internal pressure; various theories 

of failure. The outcome of the course is to understand the stress analysis in various mechanical 

members e.g. thin and thick cylinders, rotating discs, curved beams and springs under various 

load conditions. The student will be able to properly analyze and design these mechanical 

members from the strength point of view.  

UNIT-10 (Hrs.) 
Strain Energy: Introduction to strain energy, energy of dilation and distortion. Resilience, stress 

due to suddenly applied and impact loading. Castigliano’s theorem. 

Theories of Failure: Maximum principal stress theory, maximum shear stress theory, maximum 

principal strain theory, total strain energy theory, shear strain energy theory. Graphical 

representation and derivation of equation for these theories and their application related to two 

dimensional stress systems.  

UNIT-II (13 Hrs.) 
Thin Cylinders and Spheres: Calculation of Hoop stress, longitudinal stress in a thin cylinder, 

effects of joints, change in diameter, length and internal volume. Principal stresses in sphere, 

change in diameter and internal volume.  

Thick Cylinders: Derivation of Lame’s equations, calculation of radial, longitudinal and hoop 

stresses and strains due to internal pressure in thick cylinders, compound cylinders, shrinkage 

allowance and shrinkage stress.  

Rotational discs: Stresses in rotating discs and rims of uniform thickness; disc of uniform 

strength.  

UNIT –III (11 Hrs.) 
Bending of Curved Beams: Calculation of stresses in cranes or chain hooks, rings of circular and 

trapezoidal section and chain links with straight sides.  

Shear Stresses in Beams: Shear stress distribution in rectangular, circular, triangular, I, T and 

channel section beams.  

UNIT-IV (10 Hrs.) 
Springs: Types of springs, derivation of strain energy (S.E.) equation, stress and S.E. in open and 

closed coiled helical springs under the action of axial load and/or couple. Bending stress, 

deflection and S.E. in Leaf spring, S.E. in flat spiral springs.  

Recommended Books  
1. Sadhu Singh, ‘Strength of Materials’, Khanna Publishers.  

2. Kirpal Singh, ‘Mechanics of Materials’, Standard Publishers.  

3. G.H. Ryder, ‘Strength of Materials’, Macmillan India Ltd.  

4. S.S. Rattan, ‘Strength of Materials’, Tata McGraw Hills.  

5. Timoshenko and Gere, ‘Mechanics of Materials’, CBS Publishers.  

6. E.P. Popov, ‘Mechanics of Materials’, Pearson Education.  

7. Beer and Johnsons, ‘Strength of Materials’, McGraw Hills.  
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THEORY OF MACHINES – II(: BMEE1-411 ) 

 

Course Objectives & Course Outcomes: The students will understand the basic concepts of 

inertia forces & couples applied to reciprocating parts of a machine. Students should be able to 

understand balancing of masses and design of gears & gear trains. They will also gain knowledge 

of kinematic synthesis and different applications of gyroscopic effect.  

UNIT-I (12 Hrs.) 
Static Force Analysis: Concept of force and couple, free body diagram, condition of equilibrium, 

static equilibrium of mechanism, methods of static force analysis of simple mechanisms. Power 

transmission elements, considerations of frictional forces  

Dynamic Force Analysis: Determination of forces and couples for a crank, inertia of 

reciprocating parts, dynamically equivalent system, analytical and graphical method, inertia force 

analysis of basic engine mechanism, torque required to overcome inertia and gravitational force 

of a four bar linkage.  

UNIT-II (11 Hrs.) 
Balancing: Necessity of balancing, static and dynamic balancing, balancing of single and 

multiple rotating masses, partial unbalanced primary force in an engine, balancing of 

reciprocating masses, and condition of balance in multi cylinder in line V-engines, concept of 

direct and reverse crank, balancing of machines, rotors, reversible rotors.  

UNIT-III (11 Hrs.) 
Gears: Toothed gears, types of toothed gears and its terminology. Path of contact, arc of contact, 

conditions for correct gearing, forms of teeth, involutes and its variants, interference and methods 

of its removal. Calculation of minimum number of teeth on pinion/wheel for in volute rack, 

helical, spiral, bevel and worm gears Center distance for spiral gears and efficiency of spiral gears  

Gear Trains: Types of gear trains, simple, compound and epicyclic gear trains, problems 

involving their applications, estimation of velocity ratio of worm and worm wheel.  

UNIT-IV (11 Hrs.) 
Gyroscopic Motion and Couples: Effect on supporting and holding structures of machines. 

Stabilization of ships and planes, gyroscopic effect on two and four wheeled vehicles and stone 

crusher, Lower and higher Pairs: Universal Joint, Calculation of maximum Torque, Steering 

Mechanisms including Ackerman and Davis approximate steering mechanism,  

Recommended Books  
1. S.S. Rattan, ‘Theory of Machines’, Tata McGraw Hill.  

2. John, Gordon, and Joseph, ‘Theory of Machines and Mechanisms’, Oxford University Press.  

3. Hams Crone and Roggers, ‘Theory of Machines’.  

4. Shigley, ‘Theory of Machines’, McGraw Hill.  

5. V.P. Singh, Theory of Machines, Dhanpat Rai and Sons.  

 

 

FLUID MECHANICS-I(: BMME1-412) 

Course Objectives  
1. To understand the behavior of fluids at rest and in motion.  

2. To understand effects of the fluids on the boundaries of various cross sectional elements.  

3. To understand analytical abilities related to fluid flow.  

4. To conceptual understanding of fluids and their properties.  

5. To understand the concept of modeling, prototype and simulation of fluid elements.  

 

UNIT-I (12 Hrs.) 
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Fluid and Their Properties: Concept of fluid; ideal and real fluids; capillarity, vapour pressure, 

surface tension, viscosity, compressibility and bulk modulus; Newtonian and non- Newtonian 

fluids.  

Fluid Statics: Concept of pressure, Pascal’s law and its engineering applications, Hydrostatic 

paradox. Action of fluid pressure on a plane (horizontal, vertical and inclined) submerged surface, 

resultant force and centre of pressure, force on a curved surface due to hydrostatic pressure. 

Buoyancy and flotation, stability of floating and submerged bodies, meta-centric height and its 

determination, periodic time of oscillation. 

UNIT-II (11 Hrs.) 
Fluid Kinematics: Classification of fluid flows, velocity and acceleration of fluid particle, local 

and convective acceleration, normal and tangential acceleration, streamline, path line and streak 

line, stream and velocity potential functions, continuity equation in Cartesian and cylindrical 

coordinates. Rotational flows, rotation velocity and circulation and flow net.  

Fluid Dynamics: Euler’s equation, Bernoulli’s equation and steady flow energy equation; 

representation of energy changes in fluid system, impulse momentum equation, kinetic energy 

and momentum correction factors.  

UNIT-III (11 Hrs.) 
Dimensional Analysis and Similitude: Fundamental and derived units and dimensions, 

dimensional homogeneity. Rayleigh’s and Buckingham’s Pi method for dimensional analysis. 

Dimensionless numbers and their significance, geometric, kinematic and dynamic similarity, 

model studies.  

UNIT-IV (11 Hrs.) 
Laminar and Turbulent Flows: Flow regimes and Reynolds number, critical velocity and 

critical Reynolds number, laminar flow in circular cross- section pipes.  

Turbulent flows and flow losses in pipes, Darcy equation, chezy’s formula, minor head losses in 

pipes and pipe fittings, hydraulic and energy gradient lines.  

Flow Measurement: Manometers, rota meter, pitot tubes, venturimeter, orifice meters, 

mouthpieces, notches and weirs.  

Recommended Books  
1. D.S. Kumar, ‘Fluid Mechanics and Fluid Power Engineering’, S.K. Kataria and Sons. 

Publishers.  

2. B.S. Massey, ‘Mechanics of Fluids’, Van Nostrand Reinhold Co.  

3. V.L. Streets and E.B. Wylie, ‘Fluid Mechanics’, McGraw Hill Book Co.  

 

APPLIED THERMODYNAMICS – II (BMEE1- 413) 

Unit –I 
Air Compressors- Introduction: Classification of Air Compressors; Application of compressors 

and use of compressed air in industry and other places; Complete representation of compression 

process on P-v and T-s coordinates with detailed description of areas representing total work done 

and polytropic work done; Areas representing energy lost in internal friction, energy carried 

away by cooling water and additional flow work being done for un-cooled and cooled 

compression on T-S coordinates; Best value of index of compression; Isentropic, polytropic and 

isothermal efficiencies and their representation in terms of ratio of areas representing various 

energy transfers on T-s coordinates.  

Reciprocating Air Compressors 
Single stage single acting reciprocating compressor (with and without clearance volume): 

construction, operation, work input and best value of index of compression, heat rejected to 

cooling medium, isothermal, overall thermal, isentropic, polytropic, mechanical efficiency, 

Clearance Volumetric efficiency, Overall volumetric efficiency, effect of various parameters on 
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volumetric efficiency, free air delivery; Multistage compressors: purpose and advantages, 

construction and operation, work input, heat rejected in intercoolers, minimum work input, 

optimum pressure ratio; isothermal, overall thermal, isentropic, polytropic and mechanical 

efficiencies; Performance curves.  

Unit –II 
Positive Displacement Rotary Compressors Introduction: Comparison of rotary positive 

displacement compressors with reciprocating compressors; Classification of rotary compressors;  

Construction, operation, work input and efficiency of positive displacement type of rotary 

compressors like Roots blower, Lysholm compressor and Vane Type Blower.  

Thermodynamics of Dynamic Rotary Compressors: Applications of Steady Flow Energy  

Equation and thermodynamics of dynamic (i.e., centrifugal and axial flow m/cs) compressors;  

Stagnation and static values of pressure, Temperature and enthalpy etc. for flow through dynamic 

rotary machines; Complete representation of compression process on T-S coordinates with 

detailed description of areas representing total work done, polytropic work done; ideal work 

required for compression process, areas representing energy lost in internal friction, energy 

carried away by cooling water on TS coordinates for an uncooled and cooled compression; 

isentropic, polytropic, and isothermal efficiencies as ratios of the areas representing various 

energy transfers on T-S coordinates.  

Unit –III 
Centrifugal Compressors: Complete thermodynamic analysis of centrifugal compressor stage; 

Polytropic, isentropic and isothermal efficiencies; Complete representation of compression 

process in the centrifugal compressor starting from ambient air flow through the suction pipe, 

Impeller, Diffuser and finally to delivery pipe on T-S coordinates; Pre-guide vanes and pre-whirl; 

Slip factor; Power input factor; Various modes of energy transfer in the impeller and diffuser; 

Degree of Reaction and its derivation; Energy transfer in backward, forward and radial vanes; 

Pressure coefficient as a function of slip factor; Efficiency and out-coming velocity profile from 

the impeller; Derivation of non-dimensional parameters for plotting compressor characteristics; 

Centrifugal compressor characteristic curves; Surging and choking in centrifugal compressors.  

Axial Flow Compressors  
Different components of axial flow compressor and their arrangement; Discussion on flow 

passages and simple theory of aerofoil blading; Angle of attack; coefficients of lift and drag; 

Turbine versus compressor blades; Velocity vector; Vector diagrams; Thermodynamic analysis; 

Work done on the compressor and power calculations; Modes of energy transfer in rotor and 

stator blade flow passages; Detailed discussion on work done factor, degree of reaction, blade 

efficiency and their derivations; Isentropic, polytropic and isothermal efficiencies; Surging, 

Choking and Stalling in axial flow compressors; Characteristic curves for axial flow compressor; 

flow parameters of axial flow compressor like Pressure Coefficient, Flow Coefficient, Work 

Coefficient, Temperature-rise Coefficient and Specific Speed; Comparison of axial flow 

compressor with centrifugal compressor and reaction turbine; Field of application of axial flow 

compressors.  

Unit –IV 
Gas Turbines Classification and comparison of the Open and Closed cycles; Classification on 

the basis of combustion (at constant volume or constant pressure); Comparison of gas turbine 

with a steam turbine and IC engine; Fields of application of gas turbines; Position of gas turbine 

in power industry; Thermodynamics of constant pressure gas turbine cycle (Brayton cycle); 

Calculation of net output, work ratio and thermal efficiency of ideal and actual cycles; Cycle air 

rate, temperature ratio; Effect of changes in specific heat and that of mass of fuel on power and 

efficiency; Operating variables and their effects on thermal efficiency and work ratio; Thermal 

refinements like regeneration, inter-cooling and re-heating and their different combinations in the 
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gas turbine cycle and their effects on gas turbine cycle i.e. gas turbine cycle. Multistage 

compression and expansion; Blade materials and selection criteria for these materials and 

requirements of blade materials.  

Jet Propulsion: Principle of jet propulsion; Speed of sound and Mach Number, Description of 

different types of jet propulsion systems like rockets and thermal jet engines, like (i) Athodyds 

(ramjet and pulsejet), (ii) Turbojet engine, and (iii) Turboprop engine. Thermodynamics of 

turbojet engine components; Development of thrust and methods for its boosting/augmentation; 

Thrust work and thrust power; Propulsion energy, Propulsion and thermal (internal) efficiencies; 

Overall thermal efficiency; Specific fuel consumption; Rocket propulsion, its thrust and thrust 

power; Propulsion and overall thermal efficiency; Advantages and disadvantages of jet propulsion 

over other propulsion systems; Brief introduction to performance characteristics of different 

propulsion systems; Fields of application of various propulsion units.  

Recommended Books:  
1. R. Yadav, Sanjay and Rajay, ‘Applied Thermodynamics’, Central Publishing House.  

2. J.S. Rajadurai, ‘Thermodynamics and Thermal Engineering’, New Age International (P) Ltd. 

Publishers.  

3. D.S. Kumar and V.P. Vasandani, ‘Heat Engineering’, Metropolitan Book Co. Pvt. Ltd.  

4. K. Soman, ‘Thermal Engineering’, PHI Course Pvt. Ltd.  

5. G. Rogers and Y. Mayhew, ‘Engineering Thermodynamics’, Pearson.  

6. D.G. Shephered, ‘Principles of Turbo Machinery’, Macmillan.  

7. H. Cohen, G.F.C. Rogers and M. Sarvan, ‘Gas Turbine Theory’, Longmans.  

 

MATERIALS SCIENCE & METALLURGY (BMEE1-414) 

Course Objectives  
1. To understand the fundamental concepts of crystallography, phase transformation and heat 

treatment processes.  

2. To understand the atomic structure of metals, imperfections, diffusion mechanisms and theories 

of plastic deformation.  

3. To understand equilibrium diagrams, time-temperature transformation curves and heat 

treatment processes.  

4. To understand the phase diagrams which are useful for design and control of heat treating 

processes.  

 

UNIT-I (12 Hrs.) 
Crystallography: Atomic structure of metals, atomic bonding in solids, crystal structures, crystal 

lattice of body centered cubic, face centered cubic, closed packed hexagonal; crystalline and non-

crystalline materials; crystallographic notation of atomic planes; polymorphism and allotropy; 

imperfection in solids: theoretical yield strength, point defects, line defects and dislocations, 

interfacial defects, bulk or volume defects. Diffusion: diffusion mechanisms, steady-state and 

non-steady -state diffusion, factors affecting diffusion. Theories of plastic deformation, recovery, 

re-crystallization.  

UNIT-II (11 Hrs.) 
Phase Transformation: General principles of phase transformation in alloys, phase rule and 

equilibrium diagrams, Equilibrium diagrams of Binary systems. Iron carbon equilibrium diagram 

and various phase transformations. Time temperature transformation curves (TTT curves): 

fundamentals, construction and applications.  

UNIT-III (12 Hrs.) 
Heat Treatment: Principles and applications. Processes viz. annealing, normalizing, hardening, 

tempering. Surface hardening of steels: Principles of induction and oxyacetylene flame hardening. 
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Procedure for carburising, nitriding and cyaniding. Harden-ability: determination of harden-

ability. Jominy end-quench test. Defects due to heat treatment and their remedies; effects 

produced by alloying elements. Composition of alloy steels.  

Unit –IV (10 Hrs.) 
Ferrous Metals and their Alloys: Introduction, classification, composition of alloys, effect of 

alloying elements (Si, Mn, Ni, Cr, Mo, W, Al) on the structures and properties of steel.  

Recommended Books  
1. Y. Lakhin, ‘Engineering Physical Metallurgy’, Mir Publishers.  

2. Sidney H. Avner, ‘Introduction to Physical Metallurgy, Tata McGraw Hill.  

3. V. Raghavan, Physical Metallurgy: Principles and Practice, PHI Course.  

4. T. Goel and R.S. Walia, ‘Engineering Materials & Metallurgy’.  

5. B. Zakharov, ‘Heat Treatment of Metals’, University Press.  

 

COMPOSITE MATERIALS(BMEE1-459) 
Course Objectives: This subject introduces to the students the different types of composite 

materials, their properties and applications.  

UNIT-I 
Introduction to Composites: Fundamentals of composites - need for composites – Enhancement 

of properties - classification of composites – Matrix-Polymer matrix composites (PMC), Metal 

matrix composites (MMC), Ceramic matrix composites (CMC) – Reinforcement – Particle 

reinforced composites, Fibre reinforced composites. Applications of various types of composites.  

UNIT-II 

Polymer Matrix Composites: Polymer matrix resins – Thermosetting resins, thermoplastic 

resins – Reinforcement fibres – Rovings – Woven fabrics – Non woven random mats – various 

types of fibres. PMC processes - Hand lay-up processes – Spray up processes – Compression 

moulding – Reinforced reaction injection moulding - Resin transfer moulding – Pultrusion – 

Filament winding – Injection moulding. Fibre reinforced plastics (FRP), Glass fibre reinforced 

plastics  

UNIT-III 
Metal Matrix Composites: Characteristics of MMC, Various types of Metal matrix composites 

Alloy vs. MMC, Advantages of MMC, Limitations of MMC, Metal Matrix, Reinforcements – 

particles – fibres. Effect of reinforcement - Volume fraction – Rule of mixtures. Processing of 

MMC – Powder metallurgy process - diffusion bonding – stir casting – squeeze casting.  

UNIT-IV 
Ceramic Matrix Composites: Engineering ceramic materials – properties – advantages – 

limitations – Monolithic ceramics - Need for CMC – Ceramic matrix - Various types of Ceramic 

Matrix composites- oxide ceramics – non oxide ceramics – aluminium oxide – silicon nitride – 

reinforcements – particles- fibres- whiskers. Sintering - Hot pressing – Cold isostatic pressing 

(CIPing) – Hot isostatic pressing (HIPing). ADVANCES IN COMPOSITES: Carbon / carbon 

composites – Advantages of carbon matrix – limitations of carbon matrix Carbon fibre – chemical 

vapour deposition of carbon on carbon fibre perform. Sol gel technique. Composites for 

aerospace applications.  

 

Recommended Books  
1. K.K. Chawla, ‘Composite Materials, Springer – Verlag’, 1987.  

2. S.C. Sharma, ‘Composite Materials, Narosa Publications, 2000.  

3. A.B. Strong, ‘Fundamentals of Composite Manufacturing, SME, 1989.  
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THEORY OF MACHINES-II LAB. (BMEE1-415) 

 

EXPERIMENTS 
1. To determine whirling speed of shaft theoretically and experimentally.  

2. To determine the position of sleeve against controlling force and speed of a Hartnell governor 

and to plot the characteristic curve of radius of rotation.  

3. To determine the natural frequency of undamped torsional vibration of a single rotor shaft 

system  

4. To determine the natural frequency of undamped torsional vibration of two rotor shaft system.  

5. To analyze the motion of a motorized gyroscope when the couple is applied along its spin axis.  

6. To determine the frequency of undamped free vibration of an equivalent spring mass system.  

7. To determine the frequency of damped force vibration of a spring mass system.  

8. To study the static and dynamic balancing using rigid blocks.  

 

SOFT SKILLS-II (BHUM0-F92) 

 

Course Objectives  

The course aims to address various challenges of communication as well as behavioural skills 

faced by individual at work place and organizations. Also, it aims to enhance the employability of 

the students.  

 

UNIT-1 
DEVELOPING POSITIVE ATTITUDE- Introduction. Formation of attitude. Attitude in 

workplace. Power of positive attitude. Examples of positive attitudes. Negative attitudes. 

Examples of negative attitude. overcoming negative attitude and its consequences.  

IMPROVING PERCEPTION- Introduction. Understanding perception. perception and its 

application in organizations.  

UNIT-2 
CAREER PLANNING-Introduction. Tips for successful career planning. Goal setting-

immediate, short term and long term. Strategies to achieve goals. Myths about choosing career.  

UNIT-3 
ART OF READING-Introduction. Benefits of reading. Tips for effective reading. the SQ3R 

technique. Different stages of reading. determining reading rate of students. Activities to increase 

the reading rate. Problems faced. Becoming an effective reader.  

UNIT-4 
STRESS MANAGEMENT - Introduction. meaning. positive and negative stress. Sources of 

stress. Case studies. signs of stress. Stress management tips. Teenage stress.  

RECOMMENDED BOOKS  
1. K. Alex, S. Chand Publishers.  

2. Rizvi, M. Ashraf, ‘Effective Technical Communication’, McGraw Hill.  

3. Mohan Krishna & Meera Banerji, ‘Developing Communication Skills’, Macmillan.  

4. Kamin, Maxine, ‘Soft Skills Revolution: A Guide for Connecting with Compassion for 

Trainers, Teams & Leaders’, Pfeiffer & Amp; Company, Washington, DC, 2013.  

 

FLUID MECHANICS-I LAB. (BMEE1-416) 

 

EXPERIMENTS 
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1. To determine the meta-centric height of a floating vessel under loaded and unloaded 

conditions.  

2. To study the flow through a variable area duct and verify Bernoulli’s energy equation.  

3. To determine the coefficient of discharge for an obstruction flow meter (venturi meter/ orifice 

meter)  

4.To determine the discharge coefficient for a V- notch and rectangular notch.  

5. To study the transition from laminar to turbulent flow and to ascertain the lower critical 

Reynolds number.  

6. To determine the hydraulic coefficients for flow through an orifice.  

7. To determine the friction coefficients for pipes of different diameters.  

8. To determine the head loss in a pipe line due to sudden expansion/ sudden contraction/ bend.  

APPLIED THERMODYNAMICS-II LAB. (BMEE1-417 ) 

 

EXPERIMENTS 
1. Study of construction and operation of 2 stroke and 4 stroke Petrol and Diesel engines using 

actual engines or models.  

2. To plot actual valve timing diagram of a 4 stroke petrol and diesel engines and study its impact 

on the performance of engine.  

3. To perform a boiler trial to estimate equivalent evaporation and efficiency of a fire tube/ water 

tube boiler.  

4. Determination of dryness fraction of steam and estimation of brake power, Rankine efficiency, 

relative efficiency, generator efficiency, and overall efficiency of an impulse steam turbine and to 

plot a Willian’s line.  

5. Determine the brake power, indicated power, friction power and mechanical efficiency of a 

multi cylinder petrol engine running at constant speed (Morse Test).  

6. Performance testing of a diesel engine from no load to full load (at constant speed) for a single 

cylinder/ multi- cylinder engine in terms of brake power, indicated power, mechanical efficiency 

and specific fuel consumption and to measure the smoke density. Draw/obtain power 

consumption and exhaust emission curves. Also make the heat balance sheet.  

7. Performance testing of a petrol engine from no load to full load (at constant speed) for a single 

cylinder/ multi- cylinder engine in terms of brake power, indicated power, mechanical efficiency 

and specific fuel consumption and to measure the exhaust emissions. Also draw/obtain power 

consumption and exhaust emission curves.  

 

MATERIALS SCIENCE & METALLURGY LAB.( BMME1-418) 

 

Course Objectives  
1. To understand the fundamental concepts of crystallography and heat treatment processes.  

2. To recognize the specimen preparations for microstructure study of metals.  

3. To appreciate equilibrium diagrams, time-temperature transformation curves.  

 

EXPERIMENTS 

1. Preparation of models/charts related to atomic/crystal structure of metals.  

2. Annealing the steel specimen and study the effect of annealing time and temperature on 

hardness of steel.  

3. Hardening the steel specimen and study the effect of quenching medium on hardness of steel.  

4.Practice of specimen preparation (cutting, mounting, polishing, etching) of mild steel, 

aluminium and hardened steel specimens.  



 

10 | P a g e  
 

5. Study of the microstructure of prepared specimens of mild steel, Aluminium and hardened 

steel.  

6. Identification of ferrite and pearlite constituents in given specimen of mild steel.  

7. Determination of hardenability of steel by Jominy End Quench Test. 

 

 

Strength of Materials-II 

Assignment No. 1 

1. Derive the expression for strain energy stored in a hollow circular shaft subjected to 

torsion? 

2. Derive the Maxwell’s theorem. Also state its assumptions? 

3. Derive the expression for Castigliano’s theorem? 

4. Write a note on the significance of theories of failure? 

5. Explain in detail the yield surface for shear strain energy theory & for Rankine theory? 

6. Derive an expression for strain energy stored in a body when subjected to three 

principal tensile stresses 

7. Calculate instantaneous stress produced in a bar 10 cm
2
 in area and 3 mlong by the 

sudden application of a tensile load of unknown magnitude, if the extension of thebar 

due to suddenly applied load is 1.5 mm. Also determine the suddenly applied load. 

Take E = 2 x l0
5
N/mm

2
. 

8. A simply supported beam of span L (between supports) is subjected to UDL. Calculate 

maximum deflection using Castigliano’s method. 

Assignment 2 

1. Derive an expression for an open coiled helical spring for axial deflection and twisting 

moment when subjected to an axial load W. 

2. An open coiled helical spring have 10 coils. The stresses due to bending and twisting are 

98 MPa and 105 MPa respectively, when spring is axially loaded. Assuming  mean 

diameter of coil is eight times the dia of wire, find the maximum permissible load and 

diameter of wire for a maximum extension of 2 cm. E = 210 GPa and C = 82 GPa.  (Ans : 

d = 0.006m, W = 250.8 N). 

3. If the close coil spring formula is used for finding the extension of an open coil spring 

under axial load, find the maximum angle of helix for which error in the value of 

extension is not to exceed 1 percent. Take E = 2.5 G. (Ans : α = 10.26
0
) 

4. What are various types of springs? What are helical springs? Differentiate between a          

closely coiled helical spring and an open coiled helical spring? 

5. A single leaf spring of uniform rectangular section is to be fixed at one end and loaded at 

otherend. The length of spring is 105 mm and load is 120 N. If maximum deflection and 

bending stressin spring are 10.25 mm and 475 MN/m
2
respectively. Find breadth & 

thickness of spring. 

6. Derive an expression for change in diameter, length and volume for thin cylinders. 

7. Derive an expression for hoop stress and longitudinal stress for thin cylinders. 

 

Assignment 3 

1. A pipe of 100 mm external diameter and 20 mm thickness carries water at a pressure of 20 

MPa. Determine the maximum and minimum intensities of hoop stresses in the section of pipe. 

Also plot the variation of hoop stress and radial stresses across the thickness of pipe. 
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2. Find the thickness of the cylinder of a hydraulic ram of 50 mm internal diameter to withstand 

an internal pressure of 30 MPa. The allowable tensile stress is limited to 45 MPa and the 

allowable shear stress to 40 MPa.  

3. A thick cylinder of 200mm outside diameter and 140 mm inside diameter is subjected to 

internal pressure of 40 MPa and external pressure of 24 MPa. Determine the maximum shear 

stress in the material of the cylinder at the inside diameter. 

4. A thick cylinder has inner and outer diameters as 120 mm and 180 mm respectively. It is 

subjected to an external pressure of 9 MPa. Find the value of the internal pressure which can be 

applied if the maximum stress is not to exceed 30 MPa. Draw the curves showing the variation of 

hoop and radial stresses through the material of the cylinder. 

5. A tube of 96 mm diameter is used to reinforce a tube of 48 mm internal diameter and 72 mm 

outer diameter. The compound tube is made to withstand an internal pressure of 60 MPa. The 

shrinkage allowance is such that the final maximum stress in each tube is same. Determine this 

stress and plot a diagram to show the variation of hoop stress in the two tubes. Also, calculate the 

initial difference of diameters before the shrinkage. (E = 208 GPa)  

6. A cast iron hub of 120 mm external diameter and 80 mm long is to be tightly pressed on to a 

steel shaft of 40 mm diameter so that there is no relative slip between the two under a torque of 4 

kNm. Determine the maximum hoop stress in the hub and the necessary fit allowance. Take Es= 

208 GPa and Eci= 104 GPa, coefficient of friction = 0.3 and Poisson’s ratio = 0.28. If after the 

assembly, an axial compressive stress of 60 MPa is applied to the shaft, find the maximum hoop 

stress in the hub 

7. An open ring has an I-section as shown in figure 9.13. It is subjected to a load of 50 kN. Find 

the stresses at points P and Q. 

 
8. A curved bar of rectangular section of 30 mm width, 40 mm depth and mean radius of 

curvature of 60 mm in initially unstressed. If a bending moment of 400 Nm is applied to bar 

which tends to straighten it, determine the stresses at the inner and outer surfaces and sketch a 

diagram to show the variation of stress across the section. Also find the position of the neutral 

axis. 

 

 

Assignment 4 

1 A simply supported beam of 2 m span carries a uniformly distributed load of 140 kN per m over 

the whole span. The cross-section of the beam is a T-section with a flange width of 120 mm, web 

and flange thickness of 20 mm and overall depth of 160 mm. Determine the maximum shear 

stress in the beam  and draw the shear stress distribution for the section. 
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2. A cast iron bracket of I-section has its top flange as 200 mm x 40 mm, bottom flange as 120 

mm x 40 mm and the web as 300 mm x 40 mm. The overall depth of the section is 380 mm. The 

bracket is subjected to bending. If the maximum tensile stress in the top flange is not exceed 15 

MPa, determine the bending moment the section can take. If the beam is subjected to a shear 

force of 150 kN, sketch the stress distribution over the depth of the section. 

3. Explain the importance of Shear centre in the beams. 

4. A 100 mm x 40 mm I-beam is subjected to a shear force of 15 kN. Find the transverse shear 

stress at neutral axis and at the top of the web. Compare it with the mean stress on the assumption 

of uniform distribution over the web. What fercentage of shear force is carried by the web? 

Moment of inertia of the section is 1.1 x 10
6
 mm

4
, web thickness is 3 mm and flange thickness is 

4 mm. 

5. A composite beam consists of a timber section of 180 mm x 140 mm bonded with 10 mm and 

140 mm stell plates at the top and the bottom. Determine the stresses in the beam when it I 

subjected to a shear force of 100 kN. Also find the spacing of bolts of 12 mm diameter for the 

shear connection between the flitches and the timber beam. Allowable shear stress in steel is 100 

MPa. The Young’s modulus of steel is 210 GPa and of timber is 15 GPa. 

6. A uniform disc of thickness and of 600 mm diameter rotates at 1800 rpm. Find the maximum 

stress developed in the disc. If a hole of 100 mm diameter is made at the centre of disc, find the 

maximum value of radial and hoop stresses. Density of the material of the disc = 7700 kg/m
3
 and 

Posisson’s ratio = 0.3. 

7. Explain the disc of uniform of strength with an example. 

8. A built up ring is made up of two materials. The outer ring is of steel and the inner one of 

copper. The diameter of the common surfaces is 800 mm. Each ring has a width of 30 mm and a 

thickness of 20 mm in the radial direction. The ring rotates at 1800 rpm. Find the stresses set up 

in the steel and the copper. Es = 2Ec; Density of steel = 7300 kg/m
3
; Density of copper = 9000 

kg/m
3
. 

TOM (Theory of Machine) 

 

ASSIGNMENT –1 GEARS 

1. Draw the gear teeth profile and define different terms related to gear. 

2. Explain law of Gearing. 

3. Derive equation for Length of path of contact, Arc of contact and Contact ratio. 

4. What is interference? How it should be avoided? Derive the equation for minimum numbers 

of teeth on pinion/wheel to avoid interference. 

5. Derive equation for efficiency of spiral gears. 

6. Each of two gears in a mesh has 48 teeth and a module of 8 mm. the teeth are of 200 

involutes’ profiles. The arc of contact is 2.25 times the circular pitch. Determine the 

addendum. 

7. Two involutes’ gears in mesh have 200 pressure angle. The gear ratio is 3 and the number of 

teeth on the pinion is 24. The teeth have a module of 6 mm. the pitch line velocity is 1.5 m/s 

and the addendum equal to one module. Determine the angle of action of the pinion (The 

angle turned by the pinion when one pair of teeth is in the mesh) and the maximum velocity 

of sliding. 
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8. Two involutes’ gears in a mesh have a module of 8 mm and a pressure angle of a 200. The 

larger gear has 57 while the pinion has 23 teeth . If the addenda on a pinion and gear wheel 

are equal to one module, find the 

i.  Contact ratio 

ii.  Angle of action of the pinion and the gear wheel 

iii.  Ratio of the sliding to rolling velocity at the beginning contact, pitch point, end of contact. 

9. Two 200 involutes’ spur gears mesh externally and give a velocity ratio of 3. The module is 3 

mm and the addendum is equal to 1.1 module. If the pinion rotates at 120 rpm. Determine the  

i. Minimum number of teeth and each wheel to avoid interference  

ii. Contact ratio. 

7. Two 20º  involutes’ spur gears have a module of 10 mm. The addendum is equal to one 

module. The larger gear has 40 teeth while the pinion has 20 teeth. Will the gear interference 

with the pinion? 

ASSIGNMENT- 2 

 

1. Define balancing. 

2. Define static balance. 

3. Define dynamic balance. 

4. Define reference plane. 

5. Explain the method of balancing a single rotating mass by another rotating mass in same 

plane. 

6. Explain the method of balancing a number of masses rotating in one plane by another mass 

rotating in the same plane. 

7. Explain the method of balancing a number of masses rotating in different planes. 

8. Five masses A,B,C,D and E rotate in the same plane at equal radii. The masses A, B and C 

are 10 kg, 5 kg, and 8 kg respectively. The angular position of masses B, C, D and E 

measured in the same direction from A are  respectively. 

Find the masses D and E for complete balance. 

ASSIGNMENT –3        

1. What is gyroscopic couple? Explain the principle of gyroscopic action and determine the 

magnitude and direction of gyroscopic couple.  

2. Derive an equation for gyro-couple with usual notations. 

3. Explain gyroscopic effect in case of naval ships with a diagram. Show the terminologies used 

to indicate sides, front and back of ship. Explain effect of steering, pitching and rolling, 

assuming ship moves left and right direction sequentially. 

4. Explain gyroscopic couple and discuss its effect on an aero plane taking turns when viewed 

from rear. 

5. Explain the effect of the gyroscopic couple on the reaction of the four wheels of a vehicle 

negotiating a curve. 

6. Derive an expression for angle of heel of a two wheeler taking turn. 

7. Discuss the effect of the gyroscopic couple on a disc fixed at a certain angle to a  

rotating shaft. 

8. The moment of inertia of an aero plane air screw is 20 kg.m*m and the speed of rotation is 

1250 rpm clockwise when viewed from the front. The speed of the flight is 200 km/hr. 

calculate the gyroscopic reaction of the air screw on the aeroplane when it makes a left hand 

turn on a path of 150 m radius.The turbine rotor of a ship has a mass of 2.2 tones and rotates 

at 1800 r.p.m. clockwise when viewed from the left. The radius of gyration of the rotor is 

320mm. Determine the gyroscopic couple and its effect when(1) Ship turns right at a radius 



 

14 | P a g e  
 

of 250 m. with a speed of 25 km/hr.(2)Ship pitches with the bow rising at an angular velocity 

of 0.8 rad/sec. (3)Ship rolls at an angular velocity of 0.1 rad/sec. 

9. The turbine rotor of a ship has a mass of 3500 kg. It has a radius of gyration of 0.45 m and a 

speed of 3000 rpm clockwise when looking from stern. Determine the gyroscopic couple and 

its effect upon the ship:1. when the ship is steering to left on a curve of 100 m radius at a 

speed of 36 km/h 2. When the ship is pitching in a simple harmonic motion, the bow falling 

with its maximum velocity. The period of pitching is 40 seconds and the total angular 

displacement between the two extreme positions of pitching is 12 degrees. 

 

ASSIGNMENT –4   

1.State and explain DAlembert’s principle. 

2.Draw and explain Klein’s construction for determining the velocity and acceleration . 

of the piston in a slider crank mechanism. 

3.What is meant by dynamically equivalent system? State and prove conditions for it. 

4.Explain dynamically equivalent two mass systems. 

5.Explain with neat sketch Bi-filar and Tri-filar suspension. 

6.What is gyroscopic couple? Explain the principle of gyroscopic action and determine the 

magnitude and direction of gyroscopic couple. 

 

Fluid Mechanics 

 

ASSIGNMENT NO. 1 

1. Define the various types of fluids? 

2. Explain the concept of compressibility, bulk modulus, surface tension and cappilarity in 

fluids? 

3. A plate 0.025 mm distant from a fixed plate , moves at 60 cm/s and requires a force of 2N  

per unit area to maintain speed. Determine the fluid viscosity between the plates. 

4. Calculate the capillary effect in millimetres in a glass tube of 4 mm diameter, when immersed 

in water and mercury .The temperature of the liquid is 20 ºC and the values of surface tension 

of water and mercury in contact with air are 0.073575 N/m and 0.51 N/m respectively. The 

angle of contact for water is zero and for mercury is 130®. Take density of water as 998 

Kg/m³. 

5. A hydraulic press has a ram of 20 cm diameter and a plunger of 3 cm diameter. It is used for 

lifting a weight of 30 KN. Find the force required at the plunger. 

6. Determine the total pressure and centre of pressure on an isosceles triangular plate of base 

4m and altitude 4m when it is immersed vertically in an oil of sp. Gr. 0.9. The base of the 

plate coincides with the free surface of oil. 

7. A trapezoidal channel 2m wide at the bottom and 1m deep has side slopes 1:1. Determine 

a) The total pressure 

b) The centre of pressure on the vertical gate closing the channel when it is full of water. 

8. A circular plate 3m diameter is immersed in water in such a way that its greatest and least 

depth below the free surface are 4m and 1.5 m respectively. Determine the total pressure on 

one face of plate and position of centre of pressure. 

9. Determine the total pressure on a circular plate of diameter 1.5 m which is placed vertically 

in water in such a way that the centre of plate is 3m below the surface of water. Find the 

position of centre of pressure also. 

10. Derive the expression for Capillarity FALL & Capillarity Rise? 
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ASSIGNMENT NO. 2 

1. Explain the concept of meta-centre and meta-centric height? 

2. With neat sketch explain the conditions of stability of floating and submerged bodies? 

3. Derive an expression for the meta-centric height of floating body? 

4. A uniform body of size 3m long, 2 m wide, 1m deep floats in water. What is the weight of 

body if the depth of immersion is 0.8m? Determine the meta-centric height also? 

5. A block of wood of specific gravity 0.7 floats in water. Determine the meta-centric height of 

the block if the size is 2m long, 1m wide and o.8m deep. 

6. A solid cylinder of 10 cm diameter and 40 cm long consists of two parts made of different 

materials. The first part at the base of 1 cm long and specific gravity 6.  

7. A wooden cylinder of specific gravity 0.6 and circular cross-section is required to float in oil 

of specific gravity 0.90. Find the L/D ration for the cylinder to float with its longitudinal axis 

vertical in oil, where L is the height of cylinder and D in its diameter. 

8. A solid cone floats in water with its apex downwards. Determine the least apex angle of cone 

for stable equilibrium. The specific gravity if material of the cone is given 0.8.  

9. A pontoon of 1500 tonnes displacement is floating in water. A weight of 20 tones is moved 

through a distance of 6m across the deck of pantoon, which tilts the pontoon through an angle 

of 5º. Find the meta-centric height of pantoon. 

10. Differentiate between: 

i) Absolute and gauge pressure 

ii) Centre of gravity and centre of buoyancy 

iii) Dynamic viscosity and Kinematic viscosity 

 

ASSIGNMENT NO. 3 

 

1. Describe various types of fluid flows ? 

2. A 30 cm diameter pipe conveying water branches in two pipes of diameter 20cm and 15 cm 

respectively. If the average velocity in the 30 cm diameter pipe is 2.5 m/s, find the discharge 

in this pipe. Also find the velocity in 15cm pipe if the average velocity in 20 cm diameter 

pipe is 2m/s. 

3. A 25cm diameter pipe carries oil of sp. Gr. 0.9 at a velocity of 3m/s. At another section the 

diameter is 20 cm. Find the velocity at this section and also mass rate of flow of oil. 

4. Derive for the continuity equation in three dimensions in Cartesian and cylindrical 

coordinates. 

5. Explain the concept of stream functions and velocity potential line functions and the relation 

between these.  

6. The velocity potential function is given by ϕ= 5(x²-y²). Calculate the velocity components at 

point (4,5). 

7. The velocity components in a two- dimensional flow field for an incompressible fluid are :            

u= y³/3+2x-x²y    and v=xy²-2y-x³/3 

8. Obtain an expression for stream function Ψ. 

9. Explain in detail: 

a) Eulers equation of motion 

b) Bernoulli’s equation from Euler’s Equation 

c) Steady flow energy equation 

10. The water is flowing through a taper pipe of length 100 m having a diameter 600 mm at upper 

end and 300 mm at lower end at the rate of 50 litres/s. The pipe has a slope of 1in 30. Find the 

pressure in the low end if the pressure at higher level is 19.62N/cm². 
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11. Write short notes on 

a) Venturimeter 

b) Orifice-meter 

c) Pitot-tube 

12. A horizontal venturimeter with inlet diameter 20 cm and throat diameter 10 cm is used to 

measure the flow of oil of sp. Gr. 0.8. The discharge of oil through venturimeter is 60 litres/s. 

Find the reading of oil-mercury differential manometer. Take coefficient of discharge as 0.98. 

13. Find the discharge of water flowing through a pipe 30cm in diameter placed in an inclined 

position where a venturimeter is inserted, having a throat diameter of 15 cm. The difference of 

pressure between the main and throat is measured by liquid of specific gravity 0.6 in an 

inverted U-tube, which gives a reading of 30 cm. The loss of head between the main and throat 

is 0.2 times the kinetic head of the pipe. 

14. An orifice meter with orifice diameter 15 cm is inserted in a pipe of 30 cm diameter. The 

pressure difference measured by mercury oil differential manometer on the two sides of orifice 

meter gives a reading of 50 cm of mercury. Find the rate of flow of oil of sp. Gr. 0.9 when the 

coeff. Of discharge of orifice-meter is 0.64 

15. A nozzle of diameter 20mm is fitted to a pipe of diameter 40mm. Find the force exerted by the 

nozzle on the water, which is flowing through pipe at the rate of 1.2 m³/minute. 

 

ASSIGNMENT NO. 4 

 

1. Explain the various methods of dimensional analysis in detail? 

2. The pressure difference ∆p in a pipe of diameter D and length l due to turbulent flow    

depends on the velocity V, viscosity µ, density ƿ and roughness k. Usinmg Buckingham’s П-

theorem, obtain an expression for ∆p. 

3. Classify various kinds of models in detail. 

4. Derive for the expression for loss of head due to friction in pipes. 

5. A rough pipe is of diameter 8 cm. The velocity at a point 3 cm from wall is 30 percent more 

than the velocity at a point 1cm from pipe wall. Determine the average height of the 

roughness. 

6. Find the head lost due to friction in a pipe of diameter 300mm and length 50m, through 

which water is flowing at velocity of 3m/s using Darcy formula and Chezy’s formula for 

which C= 60. 

 

8. The rate of  flow of water through a horizontal pipe is 0.25 m³/s. The diameter of the pipe 

which is 200 mm is suddenly enlarged to 400 mm. The pressure intensity in the smaller pipe 

is 11.772 N/cm². Determine: 

i) Loss of head due to sudden enlargement 

ii) Pressure intensity in the large pipe 

iii) Power lost due to enlargement 

9. Determine ythe difference in the elevations between the water surfaces in the two tanks 

which are connected by a horizontal pipe of diameter 300mm and length 400mm. The rate of 

flow of water through the pipe is 300 litres/s. Consider all losses and take value of f=.008.  

10. Explain the following in detail: 

i) Manometer 

ii) Rotameter 

iii) Mouthpieces 

iv) Notches and weirs 
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MCQ ON FLUID MECHANICS 

 

1) According to Archimede's principle, if a body is immersed partially or fully in a fluid then the 

buoyancy force is _______ the weight of fluid displaced by the body.  

a. equal to 

b. less than 

c. more than 

d. unpredictable 

 

2) What is the correct formula for absolute pressure? 

 

a. Pabs = Patm – Pgauge 

b. Pabs = Pvacuum – Patm 

c. Pabs = Pvacuum + Patm 

d. Pabs = Patm+ Pgauge 

 

3) One litre of a certain fluid weighs 8N. What is its specific volume?  

 

a. 2.03 x 10
– 3

 m
3
/kg 

b. 20.3 x 10
– 3

 m
3
/kg 

c. 12.3 x 10
– 3

 m
3
/kg 

d. 1.23 x 10
– 3

 m
3
/kg 

 

4)  When is a liquid said to be not in a boiling or vaporized state? 

 

a. If the pressure on liquid is equal to its vapour pressure 

b. If the pressure on liquid is less than its vapour pressure 

c. If the pressure on liquid is more than its vapour pressure 

d. Unpredictable 

 

5) Bulk modulus is the ratio of 

 

a. shear stress to volumetric strain 

b. volumetric strain to shear stress 

c. compressive stress to volumetric strain 

d. volumetric strain to compressive stress 

 

6)   Which type of body is an airfoil?  

 

a. streamline body 

b. wave body 

c. bluff body 

d. induced body 

 

7)   The body whose surface does not coincide with the streamline when places in a flow is called 

as 

 

a. streamline body 
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b. wave body 

c. bluff body 

d. induced body 

 

8)   The sum of components of shear forces in the direction of flow of fluid is called as  

 

a. shear drag 

b. friction drag 

c. skin drag 

d. all of the above 

 

9)   The component of the total force exerted by fluid on a body in the direction parallel to the 

direction of motion is called as  

 

a. lift 

b. drag 

c. both a. and b. 

d. none of the above 

 

10)   Boundary layer thickness is the distance from the boundary to the point where velocity of 

the fluid is  

 

a. equal to 10% of free stream velocity 

b. equal to 50% of free stream velocity 

c. equal to 90% of free stream velocity 

d. equal to 99% of free stream velocity 

 

11)   Square root of the ratio of inertia force to elastic force is called as  

 

a. Mach's Number 

b. Cauchy's Number 

c. Both a. and b. 

d. None of the above 

 

12)   Which of the following number is applicable in open hydraulic structure such as spillways, 

where gravitational force is predominant?  

 

a. Reynold's Number 

b. Euler's Number 

c. Weber's Number 

d. Froude's Number 

 

13)   Which of the following is a dimensionless equation?  

 

a. Reynold's equation 

b. Euler's equation 

c. Weber's equation 

d. All of the above 
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14)   Which of the following equations is not dimensionally homogeneous? 

Consider standard symbols for quantities.  

 

a. (Force) F = m x a 

b. (Head Loss due to friction) hf = (f L V
2
) / (2 g d) 

c. (Torque) T = F x Distance 

d. None of the above 

 

 

15)   Match the following physical quantities in Group 1 with their dimensions in Group 2. 

 

1. Work done (Energy) (W) ----------------------------- A. [M L
 2 

T 
– 3 

] 

2. Power (P) ------------------------------------------------ B. [M L
 – 1 

T  
 – 1 

] 

3. Momentum (M) ---------------------------------------- C. [M L
 2 

T 
– 2 

] 

4. Modulus of elasticity (E) ----------------------------- D. [M L T 
– 1 

] 

5. Dynamic viscosity (μ) --------------------------------- E. [M L 
– 1 

T 
– 2 

]  

 

a. 1-(C), 2-(A), 3-(D), 4-(E), 5-(B) 

b. 1-(A), 2-(C), 3-(D), 4-(E), 5-(B) 

c. 1-(C), 2-(A), 3-(E), 4-(B), 5-(D) 

d. 1-(D), 2-(E), 3-(B), 4-(A), 5-(C) 

 

16)   The highest point of syphon is called as  

 

a. syphon top 

b. summit 

c. reservoir 

d. none of the above 

 

17)   What is a syphon?  

 

 

a. A long bend pipe used to carry water from a reservoir at a higher level to another reservoir at a 

lower level when two reservoirs are separated by a hill 

b. A long bend pipe used to carry water from a reservoir at a lower level to another reservoir at a 

higher level with some work input when two reservoirs are separated by a hill 

c. A long bend pipe used to carry water from one reservoir to another reservoir when two 

reservoirs are at same elevation 

d. Unpredictable 

 

What is the formula for determining the size of equivalent pipe for two pipes of lengths L1, L2 and 

diameters d1, d2 respectively? 

Where, 

L = L1 + L2  

 

a. (L / d) = (L1 / d1) + (L2 / d2) 

b. (L / d
2
 ) = (L1 / d1

2
) + (L2 / d2

2
) 

c. (L / d
3
) = (L1 / d1

3
 ) + (L2 / d2

3
) 

d. (L / d
5
) = (L1 / d1

5
 ) + (L2 / d2

5
) 
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19)   What is the effect of change in Reynold's number on friction factor in turbulent flow?  

 

a. As the Reynold's number increases the friction factor increases in turbulent flow 

b. As the Reynold's number increases the friction factor decreases in turbulent flow 

c. change in Reynold's number does not affect the friction factor in turbulent flow 

d. unpredictable 

 

20)   The friction factor in fluid flowing through pipe depends upon  

 

a. Reynold's number 

b. relative roughness of pipe surface 

c. both a. and b. 

d. none of the above 

 

21)   What is temporal mean velocity?  

 

a. The average of velocities at a point over a certain period of time 

b. The average of velocities of a single particle over different locations in a fluid flow 

c. None of the above 

 

22)   Friction factor for laminar flow is given by  

 

a. (Re /64) 

b. (64 / Re) 

c. (Re / 16) 

d. (16 / Re) 

 

23)   Kinematic eddy viscosity (ε) is the ratio of  

 

a. eddy viscosity (η) to dynamic viscosity (μ) 

b. eddy viscosity (η) to kinematic viscosity (ν) 

c. kinematic viscosity to eddy viscosity (η) 

d. eddy viscosity (η) to mass density (ρ) 

 

24)   Magnitude of eddy viscosity for laminar flow is 

 

a. less than zero 

b. zero 

c. greater than zero 

d. unpredictable 

 

25) Shear stress in a turbulent flow is given by the formula  

 

τ = η (du / dy) 

 

Where η (eta) is,  

 

a. eddy viscosity 
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b. apparent viscosity 

c. virtual viscosity 

d. all of the above 

 

26)   The cylindrical portion of short length, which connects converging and diverging section of 

venturimeter, is called as 

 

a. diffuser 

b. connector 

c. throat 

d. manometer tube 

 

27)   Venturimeter consists of short converging conical tube which has a total inclination angle of  

 

a. 11 ± 1
o
 

b. 21 ± 1
o
 

c. 30 ± 1
o
 

d. 60 ± 1
o 

 

28)   Which of the following devices does not use Bernoulli's equation as its working principle?  

 

a. Venturimeter 

b. Orifice-meter 

c. Pitot tube 

d. None of the above 

 

29)   Which of the following sentences are true for Bernoulli's equation? 

 

1. Bernoulli's principle is applicable to ideal incompressible fluid 

2. The gravity force and pressure forces are only considered in Bernoulli's principle 

3. The flow of fluid is rotational for Bernoulli's principle 

4. The heat transfer into or out of fluid should be zero to apply Bernoulli's principle  

 

a. (1), (2) and (3) 

b. (1), (3) and (4) 

c. (1), (2) and (4) 

d. (1), (2), (3) and (4) 

 

 

30)   What is the correct formula for Euler's equation of motion? 

 

 

Where, 

ρ = density of the fluid 

p = pressure force 

g = acceleration due to gravity 

v = velocity of the fluid  

 

a. (∂p / ρ) + (∂g / ρ) + (∂v / ρ) = 0 
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b. (∂p / ρ) + (∂g / ρ) + (v dv) = 0 

c. (∂p / ρ) + (g dz) + (v dv) = 0 

d. (p dp) + (g dz) + (v dv) = 0 

 

Question Bank (Two marks questions) 

 

1. Define specific volume and specific gravity. 

2. State PASCAL’S LAW. 

3. What is vorticity. 

4. Write Bernoulli’s equation. 

5. Define Stream function and potential function. 

6. What is the significance of dimensionless numbers? 

7. What are various minor losses in pipes? 

8. What are various flow measurement devices? 

9. Define Froude number. 

10. What is Archimede’s principle? 

11. Water is a wetting liquid whereas mercury is a non-wetting liquid. Discuss. 

12. Explain hydrostatic paradox with the help of example. 

13. What are various methods of describing flow motion? 

14. Define local and convective acceleration. 

15. What is flow net and what are its issues. 

16. Explain Mach model law. 

17. What is differential manometer and what are its types. 

18. Differentiate between real fluid and ideal fluid. 

19. Differentiate between Newtonian and non-newtonian fluid. 

20. Describe piezometer. 

21. Explain equation of continuity. 

22. Differentiate between laminar and turbulent flow. 

23. Define vapour pressure. How can water boil at room temperature? 

24. What is meant by intensity of pressure? How it varies with depth of fluid. 

25. Define streakline and streamline. For what type of flows these lines are identical? 

26. What is weber number? 

27. Define Froude’s number. 

28. What are the advantages of using venturimeter and orificemeter in fluid flow measurements? 

29. What is pressure head? 

30. Describe and explain in brief meta-centric height? 

31. What is the difference between centre of gravity and centre of buoyancy. 

32. Explain the term metacentre and metacentric height. 

33. What do you mean by stagnation pressure and dynamic pressure. 

34. Mention two practical applications of equation of hydrostatic law 

35. Differentiate between gauge pressure and absolute pressure. 

36. A uniform body of size 3m long, 2m wide, 1m deep floats in water. What is the weight of body 

if depth of immersion is 0.8m? 

37. What do flow net mean. 

38. Can two streamline intersect each other. Explain. 

39. Explain why the fluid mass under constant linear accelerationis equivalent to fluid mass at rest. 

40. Name different types of forces present in the fluid flow. From the Eulers equation of motion 

which forces are taken into consideration? 

41. What is free jet of liquid? 
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42. 2What is doublet and defines the strength of doublet? 

43. Define momentum correction factors. 

44. Why do we use the kinetic energy and momentum correction factors? 

45. What do you understand by hydraulic gradient line? 

46. State and derive impulse momentum equation. What are its applications? 

47. What do you understand by dimensional homogeneity? 

48. Define Mach number and its significance. 

49. What is meant by turbulence? How does it affect flow properties? 

50. What are the uses of dimensional analysis? 

51. State minor losses in pipe flow 

52. Classify turbulent motion. 

53. What are the characteristics of laminar flow? 

54. List the various losses in pipe flow. 

55. How are weirs and notches classified? 

56. State the difference between orifice and mouthpiece. 

57. What is Vena-contracta. 

58. Define the term Nappe and Crest. 

59. Define weir. State the differences between a notch and weir. 

60. What are the advantages and limitations of manometers? 

61. What is no-slip condition in fluid mechanics? 

62. What are desirable characteristics of manometric liquid? 

63. Why mercury is used in manometers. 

64. What is the use of U-tube differential manometer? 

65. What is a mouthpiece? What are different types of mouthpieces? 

 

 

 APPLIED THERMODYNAMICS – II (BMEE1- 413) 

 

ASSIGNMENT No 1 

1. A single stage single acting reciprocating air compressor is required to handle 30m
3
of free 

air per hour measured at 1 bar. The delivery pressure is 6.5 bar and the speed is 450 r.p.m. 

Allowing a volumetric efficiency of 70%, an isothermal efficiency of 76% and a 

mechanical efficiency of 80%, calculate the indicated mean effective pressure and the 

power required to drive the compressor. 

2. A single stage reciprocating compressor takes 1m
3
 of air per minute at 1.013 bar and 15

0 
C 

and delivers it at 7 bar. Assuming that the law of compression is PV
1.35

= constant. 

Calculate the indicated power. 

3. Describe with a neat- stage the construction and working of a single- stage single- acting 

reciprocating air compressor with P.V and T-S diagram. 

4. A compressor draws 42.5m
3
of air per minute into the cylinder at a pressure of 1.05 bar. It 

is compressed polytropically (pv
1.3

=C) to a pressure of 4.2 bar before being delivered to a 

receiver. Assuming a mechanical efficiency of 80%, find; 1) Indicated Power, 2) Shaft 

Power and 3) Overall isothermal efficiency. 
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5. Estimate the work done by a two stage reciprocating single acting air compressor to 

compress 2.8m
3
of air per min at 1.05 bar and 10

0
C to a final pressure of 35 bar. The 

intermediate receiver cools the air to 30
0
 and 5.6 bar pressure. For air, take n=1.4. 

 

ASSIGNMENT NO:-2 

 

1) Describe with sketch, the working of a vane blower compressor and show it 

on p-v diagram. 

2) Explain in detail the phenomena of surging and chocking used in centrifugal 

compressor. 

3) A centrifugal compressor running at 1600r pm takes in air at 290 k and 

compresses it through a pressure ratio 4with an isentropic efficiency of 

82%the blades are radically inclined and the slip factor is 0.85 guide vane at 

inlet give the air an angle of pre whirl of 20 to axial direction .the mean 

diameter of the impeller eye is 200 mm and absolute air velocity at inlet is 

120m/s calculate the impeller tip diameter. Take cp =1.005k/g n=1.4. 

4) With the help of a neat sketch discuss the working of a roots blower 

compressor. 

5) A centrifugal compressor delivers 16.5 kg/s of air with a total head pressure 

ratio 4. The speed of the compressor is 15000r p m. Inlet total head 

temperature is 20 c, slip factor is 0.9 powers input factor is 1.04 and 

isentropic efficiency is 80%. Calculate. 

a) Overall diameter of the impeller. 

b) Power input.     

   

  

ASSIGNMENT NO.3 

1. Show that an axial flow compressor has symmetrical blades for 50% reaction.  

2. Give the advantage and disadvantage of jet propulsion over other system.  

3. A turbo –jet aircraft flies with a velocity of 300m/s at an altitude where the air is 

at 0.35 bar and 40o c. the compressor has a pressure ratio of 10, and the 
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temperature of the gases at inlet is 1100o Air enters the compressor at a rate of 50 

kg /s estimate :- 

a) Pressure &temperature of the gases at the turbine exit. 

b) The velocity of gases at the nozzle exit.    

c) The propulsive efficiency of the cycle. 

4) With the help of next diagram explain the working principle of a ram-jet engine. 

5) With the help of velocity diagrams derive the expression for work done of stage 

of axial flow compressor.    

MCQ 

 

1)   In an isolated system, ________ can be transferred between the system and its surrounding. 
a. only energy  

b. only mass  

c. both energy and mass  

d. neither energy nor mass  
 

2)   Which of the following is an extensive property? 
a. Volume  

b. Pressure 

c. Viscosity 

d. All of the above 
 

3)   How is absolute pressure measured? 
a. Gauge pressure + Atmospheric pressure  

b. Gauge pressure – Atmospheric pressure 

c. Gauge pressure / Atmospheric pressure 

d. None of the above 
 

4)   The extensive properties of a system, _______ 
a. are independent of the mass of the system  

b. depend upon temperature of the system 

c. depend upon the mass of the system  

d. none of the above 

 

5)   An isobaric process, has constant _____ 
a. density 

b. pressure  

c. temperature 

d. volume 

 

6)   The radiation pyrometers work on the principle of ______ 
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a. Newton's law 

b. Stefan Boltzmann's law 

c. Zeroth law 

d. None of the above 

 

7)   Which of the following relations depict relation between Celsius and Fahrenheit scale?  

a. (
o
C / 5) = (

o
F – 32) / 9 

b. (
o
C / 9) = (

o
F – 32) / 5  

c. (
o
C / 32) = (

o
F – 9) / 5 

d. None of the above 

 

8)   According to Joule's law, the internal energy of a perfect gas is the function of absolute ______ 
a. density  

b. pressure 

c. temperature 

d. volume 

 

9)   According to Kelvin-Planck statement, it is impossible to construct a device operating on a cycle which 

transfers heat from __ 
a. low pressure heat reservoir to high pressure reservoir  

b. low temperature heat reservoir to high temperature reservoir 

c. high pressure heat reservoir to low pressure reservoir  

d. high temperature heat reservoir to low temperature reservoir 

 

10)   Which of the following relations is true, for coefficient of performance (C.O.P)? 
a. (C.O.P)heat pump – (C.O.P)refrigerator = 1 

b. (C.O.P)heat pump – (C.O.P)refrigerator > 1 

c. (C.O.P)heat pump – (C.O.P)refrigerator < 1 

d. (C.O.P)heat pump – ( C.O.P)refrigerator = 0 

 

11-The following is the correct order of energy conversion in thermal power plants 
(A) Chemical energy – Mechanical energy – Electrical energy 

(B) Mechanical energy – Chemical energy – Electrical energy 

(C) Wind energy – Mechanical energy – Electrical energy 

(D) Heat energy – Electrical energy – Mechanical energy                                                

 

12-In thermal power plant, turbine is placed 
(A) before boiler 

(B) in between boiler and generator 

(C) after generator 

(D) any of the above 

  

13-In the steam condensing power plants 
(A) The amount of energy extracted per kg of steam is increased 

(B) the steam, converted into water, can be re-circulated with the help of pump 

C) Both (A) and (B) 

D) None of the above 
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14-In thermal power plants, the dust of flue gases is trapped by 
(A) Precipitator    (B) Economizer   

(C) Superheater     (D) Air preheater                                                         

 

15-The path of flue gases in Thermal power plant is 
(A) Boiler – Economizer – Superheater– Air preheater 

(B) Boiler – Superheater – Air preheater – Economizer 

(C) Boiler – Air preheater – Superheater – Economizer 

(D) Boiler – Superheater – Economizer – Air preheater  

                         

16-The following is not a component of Thermal power plant 
A) Condenser   B) Cooling tower   C) Turbine (D) Fuel tank                 

 

17-With the increase in _____ the efficiency obeys the ‘law of diminishing returns’ 
(A) Pressure 

(B) Temperature 

(C) Volume 

(D) All of the above 

  

18- With the increase in _____ the efficiency obeys the ‘straight line law’ 
(A) Pressure 

(B) Temperature 

(C) Volume 

(D) All of the above 

  

19-Fluid fuels are handled by 
(A) burners 

(B) stokers 

(C) both (A) and (B) 

(D) None of the above 

  

20-For steam boilers, the fuel(s) is (are) mainly  
(A) Bituminous coal 

(B) Fuel oil 

(C) Natural gas 

(D) All of the above 

 
21- Absolute zero temperature is taken as 

(a) – 273°C 
(b) 273°C 
(c) 237°C 
(d) – 373°C. 
 
22- Which of the following is correct ? 
(a) Absolute pressure = gauge pressure + atmospheric pressure 
(b) Gauge pressure = absolute pressure + atmospheric pressure 
(c) Atmospheric pressure = absolute pressure + gauge pressure 
(d) Absolute pressure = gauge pressure – atmospheric pressure. 

 
23- The unit of energy in SI units is 
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(a) Joule (J) 
(b) Joule metre (Jm) 
(c) Watt (W) 
(d) Joule/metre (J/m). 

 
24- One watt is equal to 
(a) 1 Nm/s 
(b) 1 N/min 
(c) 10 N/s 
(d) 100 Nm/s 
(e) 100 Nm/m. 

 
25- One joule (J) is equal to 
(a) 1 Nm 
(b) kNm 
(d) 10 Nm/s 
(d) 10 kNm/s. 

 
6.         T26-The amount of heat required to raise the temperature of 1 kg of water through 1°C is called 

(a) specific heat at constant volume 
(b) specific heat at constant pressure 
(c) kilo calorie 
(d) none of the above. 

 
 

27-The heating and expanding of a gas is called 
(a) thermodynamic system 
(b) thermodynamic cycle 
(c) thermodynamic process 
(d) thermodynamic law. 

 
8.         28- A series of operations, which take place in a certain order and restore the initial condition is known as 

(a) reversible cycle 
(b) irreversible cycle 
(c) thermodynamic cycle 
(d) none of the above. 

 
29- The condition for the reversibility of a cycle is 
(a) the pressure and temperature of the working substance must not differ, appreciably, from those of the 

surroundings at any stage in the process 
(b) all the processes, taking place in the cycle of operation, must be extremely slow 
(c) the working parts of the engine must be friction free 
(d) there should be no loss of energy during the cycle of operation 
(e) all of the above 
(f) none of the above. 

 
30-In an irreversible process, there is a 
(a) loss of heat 
(b) no loss of heat 
(c) gain of heat 
(d) no gain of heat. 
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COMPOSITE MATERIALS 

 

QUESTION BANK 

 

1.Define composite material. 

2.What is the need for composite material? 

3.Mention important characterits of composite material 

4.Give examples for fiber material 

5.Mention important matrix materials 

6.Define lamina 

7.Write the generalized Hooks Law for composite materials 

8.What are composite materials?  

9.Classify composite material.  

10.What is the role of matrix is a composite material?  

11.What is the role reinforcement in composite materials?  

12.What are the advantages of composite materials? 

13.Give examples use of composite materials.  

14.List types of fibres used in FRP.  

15.What are various types of Matrices used in FRP?  

16.Give relative merits of:  

Carbon fibre  

Glass fibre  

Aramid fibre  

Natural fibre  

17.List the characteristics of matrix material. 

18.What are laminae?  

19.What is laminate and how it is classified?  

20.List components of stress-strain in a 3-D continuum.  

21.What is plane stress condition?  

22.Write the compliance matrix for plane stress.  

23.Write stiffness matrix for plane stress.  

24.What is the relevance of plane stress condition, which is the behaviour of laminae?  

25.What is a cross-ply laminate?  

26.What is an angle-ply laminate?  

27.Write transformation matrix for an angle-ply matrix.  

28.How engineer properties of a laminate are predicted from micromechani 

cs?  

29.Write the laminate stress-strain relation in material coordinate.  

30.Write the laminate stress-strain relation in laminate global coordinate system.  

31.What is classical plate theory? Discuss assumptions.  

32.Discuss classical laminate theory.  

33.Write structural strain relation for laminates.  

34.What are the laminate stress relations?  

35.Discuss significance of A, B, D matrices.  
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36.Write laminate strain resultants?  

37.Write A, B, D matrices for:  

38.Symmetric laminate  

39.Antisymmetric laminate  

40.Unsymmetric laminate  

41.What are various failure theories?  

42.Discuss the design concepts.  

43.Describe various manufacturing techniques.  

44.Write stability laminations of various manufacturing techniques.  

45.Write the various engineering applications of composites.  

 

Questions carrying 8 marks 

 

1.  Give the characteristics of composite materials. Also give the classification of composites 

based on matrix and reinforcement?  

2.  What are advanced composites? Mention the limitations of composite materials?  

3.  Give the classification of composites based on reinforcement. In brief discuss the types of 

continuous fibres.  

4. Discuss in roles/functions served by matrix and reinforcement in composite materials.  

5.  Differentiate between dispersion strengthened and particle strengthened composites.  

6. What is the basic principle used in fibre reinforced composites?  

7. What are ‘whiskers’? Name some whiskers that are currently available?  

8. Name the various grades of glass fibres used as reinforcement in glass fibre reinforcement 

plastic (GRP). Discuss any one. 

9.  With the help of sketch/flow chart explain the stages involved in hand lay-up method for 

the production of polymer based composites.  

10.  What are bags used in Bag molding? What characteristics they should exhibit? 

11.  With illustration and giving all the details explain filament winding process used to 

manufacture polymer matrix composites.  

12.  Explain the curing cycle in autoclave molding with neat sketches? 

13. Explain in detail the liquid metal infiltration?  

14.  Explain the In site processing by controlled unidirectional solidification of a eutectic 

alloy? 

15. With neat sketches, explain the Sinter-forging technique for producing near-net shape, low 

cost MMCs? 

16. What happens when a Composite is Stressed? Explain with a neat sketch?  

 

Multiple Choice Questions’ Bank on Composite Materials 

 

1. Composite materials are classified based on:  

(a) Type of matrix  

(b) Size-and-shapeof reinforcement 

 (c) Both  

(d) None  

 

2. Major load carrier in dispersion-strengthened composites  

(a) Matrix  

(b) Fiber  

(c) Both  
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(d) Can’t define  

 

3. Usually softer constituent of a composite is  

(a) Matrix  

(b) Reinforcement  

(c) Both are of equal strength  

(d) Can’t define  

 

4. Usually stronger constituent of a composite is  

(a)Matrix  

(b) Reinforcement  

(c) Both are of equal strength  

(d) Can’t define  

 

5. Last constituent to fail in fiber reinforced composites  

(a) Matrix  

(b) Fiber  

(c) Both fails at same time  

(d) Can’t define  

 

6. Size range of dispersoids used in dispersion strengthened composites  

(a) 0.01-0.1 μm  

(b) 0.01-0.1 nm  

(c) 0.01-0.1 mm  

(d) None  

 

7. Rule-of-mixture provides _________ bounds for mechanical properties of particulate 

composites.  

(a) Lower  

(b) Upper  

(c) Both  

(d) None  

8. Al-alloys for engine/automobile parts are reinforced to increase their  

(a) Strength  

(b) Wear resistance  

(c) Elastic modulus 

 (d) Density  

 

9. Mechanical properties of fiber-reinforced composites depend on  

(a) Properties of constituents  

(b) Interface strength  

(c) Fiber length, orientation, and volume fraction  

(d) All the above  

 

10. Longitudinal strength of fiber reinforced composite is mainly influenced by  

(a) Fiber strength  

(b) Fiber orientation 

(c) Fiber volume fraction  

(d) Fiber length  
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11. The following material can be used for filling in sandwich structures  

(a) Polymers  

(b) Cement  

(c) Wood  

(d) All  

 

12. Not an example for laminar composite  

(a) Wood  

(b) Bimetallic  

(c) Coatings/Paints  

(d) Claddings  

 

13. The word ‘polymer’ meant for material made from ______________.  

(a) Single entity  

(b) Two entities  

(c) Multiple entities  

(d) Any entity  

 

14. One of characteristic properties of polymer material __________ .  

(a) High temperature stability  

(b) High mechanical strength  

(c) High elongation  

(d) Low hardness  

 

 

15. Polymers are ___________ in nature.  

(a) Organic  

(b) Inorganic  

(c) Both (a) and (b)  

(d) None  

 

16. These polymers can not be recycled:  

(a) Thermoplasts  

(b) Thermosets  

(c) Elastomers  

(d) All polymers  

 

17. In general, strongest polymer group is __________ .  

(a) Thermoplasts  

(b) Thermosets  

(c) Elastomers  

(d) All polymers  

 

18. These polymers consist of coil-like polymer chains:  

(a) Thermoplasts  

(b) Thermosets  

(c) Elastomers  

(d) All polymers  
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19. Strong covalent bonds exists between polymer chains in __________ .  

(a) Thermoplasts  

(b) Thermosets  

(c) Elastomers  

(d) All polymers  

 

20. Following is the unique to polymeric materials:  

(a) Elasticity  

(b) Viscoelasticity  

(c) Plasticity  

(d) None  

 

21. Elastic deformation in polymers is due to _____________ .  

(a) Slight adjust of molecular chains  

(b) Slippage of molecular chains  

(c) Straightening of molecular chains 

(d) Severe of Covalent bonds  

22. Kevlar is commercial name for ___________ .  

(a) Glass fibers  

(b) Carbon fibers 

(c) Aramid fibers  

(d) Cermets  

 

23. Composite can be classified on the basis of: 

a) Matrix type 

b) Reinforcement constituent 

c) Both of the Mentioned 

d) None of the mentioned 

24. Which of the following is not a laminar composite? 

a) Bimetallic 

b) Cladding 

c) Paints 

d) Wood 

 

25. Matrix constituents of composites are softer and reinforced constituent of composites are 

softer. 

a) True 

b) False 

26. In sandwich composites, which of the following material can be used for filling purpose? 

a) Wood 

b) Cement 

c) Polymer 

d) All of the mentioned 
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27. Which of the following have greater impact on longitudinal strength of reinforced 

composites? 

a) Fiber orientation 

b) Fiber strength 

c) Fiber length 

d) None of the mentioned 

28. Which of the following may alter the mechanical properties of reinforced composites? 

a) Constituent properties 

b) Fiber length 

c) Fiber orientation 

d) All of the mentioned 

29. Which of the following is correct for size range in micrometer of dispersoids in dispersion 

strengthened composites? 

a) 0.0001-0.0009 

b) 0.01-0.1 

c) 0.1-1.0 

d) 2.0-2.7 

30. Fire point of composite is high. 

a) True 

b) False 

                              MATERIAL SCIENCE AND METALLURGY BMEE 1-414 

 

ASSIGNMENT-1 

1. What is an atom? 

2. explain briefly the followings: 

(1 unit cell                                       (2) space lattice 

(3)lattice parameters                          (4)crystallographic planes 

3. Discuss briefly the following structure for metallic elements : 

(1)Body centred cubic (BCC) 

(2)Face centred cubic (FCC) 

(3Hexagon close –packed (HCP) 

4.What are Miller indices ?What is procedure for finding Miller indices ? 
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5. Discuss important features of Miller indices. 

6. How are crystallographic defect classified? 

7. Explain briefly the following point defects: 

(1)Vacancy                   (2)Schottky imperfactions 

(3)Interstitialcy             (4)Frenkel defect. 

8. Describe briefly the following line defects (disilocations): 

(1)Edge dislocations.      

(2)Screw dislocations. 

9.What is Berger’s vector? 

10.Give the comparison between edge dislocation and screw dislocations. 

11. Discuss briefly the following : 

(1)Surface defects. 

(2) Volume defects or three dimensional defects. 

12.Explain briefly the following : 

(1)Theory of dislocations. 

(2)Role and significance of dislocation. 

 

ASSIGNMENT- 2 

Q1. Define heat treatment and its objective. 

Q2.define austenite and martensite also explain how it is formed? 

Q3.What is TTT diagram explain it with neat and clean sketch. 

Q4. Explain various annealing process. 
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Q5.Draw and explain carbon diagram. 

Q6. Explain the processes of surface hardening. 

Q7. Differentiate between edge and screw dislocation? 

Q8.How you differentiate tilt and twin boundaries. 

Q9.What factors to be considered during quenching to harden a steel. 

Q10. Describe critical rate of quenching. 

ASSIGNMENT -3 

1. Explain briefly the process crystallisation of pure metal. 

2. What do you mean by ‘Dendritic solidification’?show with the help of a diagram various steps 

involved in the formation of crystal. 

3.Explain briefly  

(1) unit cell                           (2)space lattice 

(3) space lattice groups. 

4.what do you mean by ‘Allotropy of metals. 

5. state the effect of grain size on properties of metals 

6. Define the term ‘solid solution ; Give five examples of solid solution. 

7.Describe briefly with neat diagrams the following : 

(1)substitutional solid solution (2)interstitial solid solution 

8.write a short note on .Intermediate phases. 

9.(a)Define an alloy. 

   (b)what is an equilibrium diagram ?state its important and objective . 

10.Define the following terms as applied tomequlibrium diagram. 
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(1)system                        (2)component 

(3)phase                           (4)structural constituent 

11. state ‘Gibb’s phase rule.what is its importance/utility? 

12.How are equilibrium diagrams classified? 

13. Explain with neat diagram any two the equilibrium diagrams for the following case.   

 (1)two meals (or components)completely soluble in the liquid and solid states. 

(2)two meals (or component)completely soluble in the liquid state but completely soluble the 

solid state. 

(3)Two meals (or component)completely soluble in liquid state but only parlty soluble solid state.   

(4) An alloy subject to ‘peritectic transformation.  

14. Write a short note on ‘Ternary equilibrium diagram. 

 IMPORTANT QUESTIONS  

QUESTION CARRY 8 MARKS 

SR No. Name of Question 

01. Atomic structure of metals. 

02. Atomic bonding in solids 

03. Crystal structures, crystal lattice of body centered cubic, face centered cubic, 

closed packed hexagonal. 

04 Crystalline and non crystalline materials. 

05. Crystallographic notation of atomic planes. 

06. Polymorphism and allotropy. 

07. Imperfection insolids, theoretical yield strength, point defects. 

08. Line defects and dislocations, interfacial defects, bulk or volume defects. 

09. Diffusion : diffusion mechanisms, steady-state and non-steady state diffusion, 

factors affecting diffusion. 

10. Theories of plastic deformation, recovery, re-crystallization. 
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11. General principles of phase transformation in alloys. 

12. Phase rule and equilibrium diagrams of Binary for eutectic systems when two 

metals are completely soluble in the liquid state but completely insoluble in the 

solid state. 

13. Equilibrium diagrams of Binary for eutectic systems when two metals are 

completely soluble in the liquid state but only partly soluble in the solid state. 

14. Equilibrium diagrams for Binary system showing peritectic reaction. 

15. Equilibrium diagrams for Binary system showing eutectoid reaction. 

16. Iron carbon equilibrium diagram.  

17. Various phase transformations. 

18. Time temperature transformation curves: fundamentals, construction and 

applications. 

19. Principles and applications of heat treatment and processes annealing. 

20. Normalization, hardening and tempering.  

21. Surface hardening of steels. 

22. Principles of induction and oxyacetylene flame hardening.  

23. Procedure for carburizing, nitriding and cyaniding. 

24. Hardenability : determination of hardenability. 

25. Jominy end-quench test. 

26. Defects due to heat treatment and their remedies,  

27. Effects produced by alloying elements, composition of alloy steels. 

28. Introduction, classification and composition of ferrous metals and their alloys. 

29. Effects of alloying elements, (Si, Mn, Ni, Cr) on the structures and properties of 

steel. 

30. Effect of alloying elements (Mo, W, Al) on the structures and 

properties of steel. 

 

 

 

QUESTION CARRY 2 MARKS 
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Sr.No. Name of Question 

01. Why the number of protons in the nucleus must be equal to the number of 

electrons in the surrounding orbit? 

02. Why the mass of the nucleus is directly proportional to the total number of 

protons and neutrons? 

03. Why planetary electrons present in the outermost shell are called valiancy 

electrons? 

04. Why metals are electro positive elements? 

05. Why non-metals are electro negative elements? 

06. What is the difference between shell and orbit? 

07. What is ultimate shell? 

08. What are the saturated elements? 

09. What is electrostatic force of attraction? 

10. What is electrovalent compound? 

11. What is co-valiancy? 

12. Why ionic bonds are non-directional? 

13. Why ionic bonds have high melting points and boiling points? 

14. Why metallic bonds are good conductors and heat and electricity? 

15. Why metallic bonds have high reflectivity and good luster? 

16. What is an energy level? 

17. What is positive ion and negative ion? 

18. What is an orbital? 

19. What is electro negative element? 

20. What is low ionization energy of metals? 

QUESTION CARRY 5 MARKS 

Sr. No. Name of Question 

01. Find the atomic packing factor for BCC, FCC, HCP, sketch (112) and (1Ī0). 

02. Draw (112), (632), [102], [110], [321]. 

03. Explain by sketch, vacancy defect, substitution impurity, interstitial impurity, 

schottky defect and frankel defect. 

04. Explain by sketch, dislocation, edge dislocation, screw dislocation, diffusion 
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and burger vector.  

05. Explain by sketch, twin boundary, tilt boundary, stacking defect, surface defect 

and plastic deformation. 

06. Explain by sketch, mechanism of slip, twinning, preferred orientation, recovery 

and re-crystallization. 

QUESTION RELATED TO PHASE DIAGRAMS 

Sr.No. Name of Question 

01. Explain phase rule, draw the cooling curve for iron, cooling curve for eutectoid 

steel, steady-state diffusion and non-steady-state diffusion. 

0.2 Draw the phase diagram for the binary system showing partly solubility in solid 

state. 

03. Draw the phase diagram for a binary system showing eutectoid reaction. 

04. Draw the iron-carbon phase diagram and show peritectic reaction, eutectic 

reaction and eutectoid reaction and show the all constituents. 

05. Explain the procedure to draw the time, temperature, transformation diagram 

for 0.8% carbon steel. 

06. Explain full annealing, partial annealing, sub critical annealing, isothermal 

annealing and diffusion annealing. 

QUESTIONS REALTED WITH HEAT TREATMEMT 

Sr.No. Name of Question 

01. Explain formalizing, tempering, flame hardening, induction hardening and pack 

carburizing. 

02. Explain jominy end quench test. 

03. Explain the defects due to heat treatment and their memories. 

04. What information is obtained from the phase diagram and explain the effects of 

alloying elements (Si, Mn, Ni, Cr, Mo,W, Al) on structures and properties of 

steels. 
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THEORY OF MACHINES-II LAB. (BMEE1-415) 

 

 

EXPERIMENT - 1 

AIM: To determine whirling speed of shaft theoretically and experimentally. 

APPARATUS: Apparatus for the demonstration of whirling speed of shaft. 

THEORY:At certain speed, a rotating shaft or rotor has been found to exhibit excessive lateral 

vibrations (transverse vibrations). The angular velocity of the shaft at which this occurs is called 

a critical speed or whirling speed or whipping speed. At a critical speed, the shaft deflection 

becomes excessive and may cause permanent deformation or structural damage. Therefore it is 

important to note that the machine should never be operated for any length of time at a speed 

close to a critical speed. 

FIGURE:

 

PROCEDURE: 

1. Decide the support end condition of the shaft in bearings.  
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2. Increase the speed of the shaft by varying voltage.  

3. Observe the transverse vibrations in the shaft.  

4. Measure the speed of the rotating shaft with tachometer at the maximum 

deflection of the shaft.  

5. Repeat the operation two-three times.  

6. Since both the ends have double ball bearing hence both the ends are assumed fixed. 
 

 

SPECIFICATIONS: 

 

Length of shaft, L 

Diameter of the shaft, D 

Young's modulus, E 

Moment of inertia of the shaft, I 

Weight of the shaft, W 

 

OBSERVATIONS:

 

 

 

 

= 0.9m  

= 6.4 mm 
 

= 2.06 * 1010 kg/m2  

 
= 79.91 *10'12m4 

 

= 0.28 kg/m 
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Sr. No. Support end condition Length of shaft Whirling speed 

    

    

    

 

 

Three various values for k are given below: 

End Condition Value of k  

 1stmode 2nd mode 

Supported, supported 1.57 6.28 

Fixed, supported 2.45 9.8 

Fixed, fixed 3.56 14.24 

 

CALCULATIONS: 

 

The frequency of vibration for the various mode is given by the equation. 

f = k * E * I * g rps 

 

W * L 

4   

CONCLUSION:  

1. The theoretical speed for the 1st mode is rps. 

2. The experimental speed for the 1st mode is rps. 

The above two are quite close to each other.  

The theoretical speed for the 2nd mode is   rps  

The speed of the 2nd mode could not be determined experimentally, as it is very high and 
beyond the speed limit/range of motor of the apparatus. 

PRECAUTIONS: 
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1. The speed of the shaft should be increased gradually. 

2. If the speed of the shaft increased large it may lead to violent instability. 

 

 

EXPERIMENT NO.2 

 

AIM : To determine the position of sleeve against controlling force and speed of a 

Hartnell governor and to plot the characteristic curve of radius of rotation. 

APPARATUS: Hartnell governor, scale, graph sheet. 

THEORY:The Hartnell governor is shown in figure. It consists of two bell crank levers hinged 

in the frame at A. The levers carry balls at B on the vertical arm and a spherical head contact 

point at C at the other end. These spherical head points press against the sleeve D that 

compresses the spring E from the bottom. The compression varies with the different positions of 

the sleeve. The initial force in the spring is controlled by the nut F. The speed of rotation can be 

varied by the electric motor and the voltage regulator. 

SPECIFICATIONS: 

= 70mm 

 

Vertical length of bell-crank lever, a  

Horizontal length of bell-crank lever, b = 116mm  

Weight of balls, 

W  = 650 gm  

Initial radius of rotation, r0 = 125mm  

where a, 

=  vertical and horizontal arms of the bell crank lever 

respectively  

b =  speed in rpm 

N =  Spring stiflhess 

P =  Force 

F = Radius of rotation  

r = Sleeve displacement 

x 

PROCEDURE: 

1. Measure initial compression of the spring. 

2. Go on increasing the speed gradually and take the readings of speed of rotation 'N' and 

corresponding sleeve displacement 'x'. Radius of rotation 'r' at any position could be 

found. 
3. Following graphs can be plotted to study governor characteristics,  
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a. Force Vs Radius of rotation,  
b. Speed Vs Sleeve displacement. 

 
OBSERVATION TABLE: 

Sr. Speed, N Sleeve Displacement, x Radius of rotation, r Force,  F 

No. rpm  m m N 

      

      

      

      

 
 
 
 
 

CALCULATIONS: 
 
 

1. Radius of rotation, r = r0 + x (a / b ) 

 

W 

2. Force, F = —  ω 2r  
S 

 
CONCLUSION: 

 
Plot the graph of: 

1. Speed Vs Sleeve displacement and .  
2. Force Vs Radius of rotation. Comment on the relation between the variables from the 

graph. 
 

PRECAUTIONS: 
 

1. Check the electrical connections properly. 

2. Use of safety guard is compulsory.  
3. Increase the speed of motor gradually. 

 

 

EXPERIMENT 3 

 

AIM: To determine the natural frequency of undamped torsional vibration of a single rotor 

shaft system. 
 

APPARATUS: 
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THEORY:  
When the particles of the shaft or disc move in a circle about the axis of the shaft, then the 

vibrations are known as torsional vibrations. The shaft is twisted and untwisted alternatively 

and the torsional shear stresses are induced in the shaft. Since there is no damping in the 

system these are undamped vibrations. Also there is no external force is acting on the body 

after giving an initial angular displacement then the body is said to be under free or natural 

vibrations. Hence the given system is an undamped free torsional vibratory system. 

 

FIGURE:   

SPECIFICATIONS:   

Shaft diameter, d = 3 mm 
Diameter of disc, D = 225 mm 
Weight of the disc, W = 2.795 kg 

Modulus of rigidity for shaft, C =   7.848 * 1010 N/m2 
 

PROCEDURE: 
 

1. Fix the brackets at convinent position along the lower beam. 

2. Grip one end of the shaft at the bracket by chuck.  
3. Fix the rotor on the other end of the shaft.  
4. Twist the rotor through some angle and release.  
5. Note down the time required for 10 to 20 oscillations.  
6. Repeat the procedure for different length of the shaft.  
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CALCULATIONS: 

 

Polar moment of inertia of shaft 

Moment of inertia of disc, I 

 
 
= Π * d 4 / 32 
 
=  (W/g)*(D2 /8) 

 
1. Torsional stiffness 

Kt Kt=(G*Ip)/L 

 
2. Periodic time, T (theoretically) 

 
 
 
 
 

 

3. Periodic time, T (expt)   
T = t / n 

 
4. Frequency, f (expt) = 1 / T 

 
5. Frequency, f (theo) = / =  

 
 
 
 

RESULT TABLE:  

Sr. Length of THEORETICAL EXPERIMENTAL    

No. shaft, L VALUES 

VALUE

S      

 

met 

          

  I Tth fth No. of Time required Texp   = fexp  =  

      oscillations for n  n / t  

  m    selected, n oscillations, t t / n   

  kg      sec    

            

            

            

            

            
 
 
 

CONCLUSION: 
 

1. The natural frequency of undamped free torsional vibration (theo) 

 

2. The natural frequency of undamped free torsional vibration (expt) 
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EXPERIMENT - 4 

 

AIM:To determine the natural frequency of undamped torsional vibration of two rotor shaft 

system. 
 

APPARATUS: 
 

Figure shows the general arrangement for carrying out the experiment. Two discs 

having different mass moment of inertia are clamped one at each end of the shaft by 

means of collets chucks. Mass moment of inertia of any disc can be changed by 

attaching the cross lever masses. Both disc are free to oscillate in the ball bearings. 

This provides negligible damping during experiment. 
 

THEORY: 
 

The system which requires two co-ordinates independently to describe its motion 

completely is called a two degree of freedom system. The system having two degree of 

freedom has two natural frequencies.  
The two rotor system consists of a shaft having torsional stiffness K and two rotors 

having their inertias as Ii and L? at its two ends. Torsional vibration occurs only when 

the rotor 1 and rotor 2 rotates in the opposite direction. If the rotor 1 and rotor 2 rotates 

in the same direction then it has zero frequency. When the rotors rotate in the opposite 

direction then the amplitude of vibration at the two ends will be in the opposite 

direction and there exists a point on the shaft having zero amplitude is called node 

point. 

 
FIGURE: 

 

SPECIFICATIONS: 
 

Diameter of disc A, DA 

Diameter of disc B, DB 

Mass of disc A, mA 

Mass of disc B, me 

Mass of arm with bolts, 

m Length of cross arm, 

R Diameter of shaft, d  
Length of shaft between rotors, 

L Moment of inertia of disc A, 

IA Moment of inertia of disc B, 

IB Modulus of rigidity of the 

shaft, C 

 
 
 
 
 
 
= 190 mm  
= 225 mm  
= 2.015 kg  
= 2.795 kg  
= 0.166 kg  
= 0.165 m  
= 3 mm  
= 1.03 m 
= kg-m2 
= kg-m2 
= 7.848 * 1010 N/m2 
 

PROCEDURE:  
1. Fix two discs to the shaft and fit the shaft in bearings. 

2. Turn the disc in angular position in opposite direction by hand and release.  
3. Note down the time required for particular number of oscillations.  
4. Fit the cross arm to one of the disc say A and again note down the time.  
5. Repeat the procedure with different equal masses attached to the ends of the 

cross arm and note down the time. 
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CONCLUSION: 

 
The experimental and theoretical values of natural frequency of torsional 

vibration should be same. 
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EXPERIMENT - 5 

 

AIM: To analyse the motion of a motorized gyroscope when the couple is applied 

along its spin axis. 
 
APPARATUS: 

 
Motorised gyroscope, weights, and voltage regulator. 

 
THEORY: 

 
The angular velocity is a vector quantity and change in its magnitude can be caused by 

acceleration. To create this angular acceleration a torque or couple is required. To keep 

this angular velocity constant in magnitude due to the angular acceleration caused by 

the couple the spinning mass of the gyroscope undergoes a change called the angle of 

precession. This cause the gyroscopic couple to incline to a certain degree so that it 

can retain its angular velocity. This angle of precession for different torques and 

couple can be analysed by this experiment. 
 

FIGURE: 

SPECIFICATIONS: Moment of 

inertia of disc, I Distance of 

point of application of load from 

center of disc, L Maximum 

speed of motor 
 
PROCEDURE: 

 

 

 

= 0.8* 10-2 kg--m22 
 
= 0.22 m  
= 6000 rpm 

 

1. Set the rotating disc of the gyroscope in motion. 

2. Increase the speed of motor from 1000 rpm to 3500 rpm gradually in steps.  
3. Put weights in pan from 50 gm to 2500 gm for creating couple at defined speed 

in steps.  
4. Observe the axis of spin will precess to a certain degree to retain the 

angular velocity.  
5. Measure the angle of precession for the respective speed and weight.  
6. Take the readings for the change in angle of precession in constant period 

say 15°. 
 
OBSERVATIONS:  

Sr. Speed ω Weight in δθ δt ωp  = Torque kg-m Gyroscopic 

No.  rad/sec pan W in in δθ / δt (theoretical) couple 

   kg deg sec  W*L I * ω * ωp 
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CALCULATIONS: 
 

1. Theoretical torque = W * L kg-m 
 

Where, L is distance of point of application of load from the center of 

disc is 0.22 m 
 

W is weight in pan in kg 
 
2. Gyroscopic couple = I* ω * ωp kg-m 
 

Where, I is moment of inertia of disc = 0.8 * 1-2 kg-m2 
 

ω is angular velocity of disc in 

rad/sec ωp is velocity of precession 

rad/sec 

CONCLUSION: 
 

1. Theoretical torque / couple is kg-m 
 

2. Gyroscopic couple is kg-m 
 
From the above results it can be concluded that the theoretical and practical 

couples produced conform to the principle of gyroscope. 

 
PRECAUTIONS: 
 

1. Increase the speed of the motor gradually in the range given. 
 

2. Do not add large weight on the weight pan. 
 

3. Always maintain safe distance from the apparatus. 

 

EXPERIMENT - 6 

AIM: To determine the frequency of undamped free vibration of an equivalent spring mass 

system. 

THEORY:The vibrations the system executes under no damping condition is known as 

undamped vibrations. Neglecting damping is also considered as undamped situation. When no 

external force is acts on the body after giving an initial displacement then the body is said to be 

under free or natural vibrations. The frequency of the free vibrations is called free or natural 

frequency and denoted by fn. simple pendulum is an example of undamped free vibrations 

FIGURE: 

PROCEDURE: 
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1.Support one end of the beam in the slot of trunion and clamp it by eans 

of screw.  

2. Attach the other end of the beam to the lower end of the spring.  

3. Set the beam in the horizontal position.  

4. Measure the distance LI of the assembly from pivot.  

5. Allow the system to vibrate.  

6. Measure the time for say 10 oscillations and find the periodic time and natural • frequency of 

vibration.  

7. Repeat the experiment by varying L1. 
 

OBSERVATIONS: 

 

Sr. L1 w No of Time for Periodic Natural Periodic Natural 

No.   oscillations n time, frequency time, frequency 

   , n oscillations T (theo) fn (theo) (T = t/n) fn (expt) 

    , sec   (expt) (fn = 1/t) 

         

         

         

         

 

CALCULATIONS: 
 

1.  Periodic time T (theoretical) 
 
 
 

 

where rrie equivalent mass at the spring = m (L12 / L2) 
 

K = stiffness of the spring 0.3 kg/mm 

m = (W + w) / g 

w = weight attached to exciter assembly 

W = weight of exciter assembly = 4.44 kg 

LI distance of W from pivot = 0.25 m  
L is distance of spring from pivot 0.94 m 



 

55 | P a g e  
 

CONCLUSION: 
 
1. The theoretical natural frequency is 

2. The experimental natural frequency is 
 
It is to conclude that the theoretical and experimental natural frequency of vibration is almost 

equal. 

 

 

EXPERIMENT No.7 

AIM:To determine the frequency of damped force vibration of a spring mass system. 

 

APPARATUS: 
 

Spring mass system, damper, exciter unit, voltage regulator and strip-chart recorder. 

 

THEORY: 
 
The vibration that the system executes under damping system is known as damped vibrations. 

In general all the physical systems are associated with one or the other type of damping. In 

certain cases amount of damping may be small in other case large. In damped vibrations there is 

a reduction in amplitude over every cycle of vibration. This is due to the fact that a certain 

amount of energy possessed by the vibrating system is always dissipated in overcoming 

frictional resistances to the motion. The rate at which the amplitude of vibration decays depends 

upon the type and amount of damping in the system. Damped vibrations can be free vibrations 

or forced vibrations. Shock absorber is an example of damped vibration. Mainly the following 

two aspects are important while studying damped free vibrations:The frequency of damped free 

vibrations and The rate of decay. 

 

FIGURE: 

 

PROCEDURE: 

 

1. Connect the exciter to D.C. motor. 

2. Start the motor and allow the system to vibrate. 

3. Wait for 3 to 5 minuets for the amplitude to build for particular forcing frequency. 

4. Adjust the position of strip-chart recorder. Take the record of amplitude Vs time 

on the strip-chart. 

5. Take record by changing forcing frequency. 

6. Repeat the experiment for different damping. Damping can be changed adjusting 

the position of the exciter. 

7. Plot the graph of amplitude Vs frequency for each damping condition. 
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OBSERVATIONS: 

 

Sr. Number of Time   required Periodic Forcing 

Amplitude, 

mm 

No. 

oscillations

, n  

for n oscillations, 

t Time, T frequency,  

     f = 1/T  

       

       

       

       

 

CONCLUSION: 

 

 From the graph it can be observed that the amplitude of vibration decreases with time. 

 Amplitude of vibration is less with damped system as compared to undamped system. 

 

EXPERIMENT NO – 8 

AIM: To study the static and dynamic balancing using rigid blocks. 

DYNAMIC BALANCING MACHINE 

DESCRIPTION: The apparatus basically consists of main Steel shaft mounted in ball 

bearings on either side in a rectangular frame. Set of four blocks of rigid different weights are 

provided and it can be clamped in any position on the shaft: which can also be easily 

detached. 

A protractor scale in fitted to one side of the rectangular frame shaft carries a disc 

ani rim of this disc is grooved to locate the Weighing, balance card provided with 

two metal containers of equal weight. 

A scale io fired to.the bottom member of the frame and when used along with the circular 

protractor scale, allows the exact longitudinal and angular position of pa oh adjustable 

block to be determined. 

The shaft ia driven by a fractional IIP AC motor, fixod below the frame with rubber belt, 

For Static Balancing of individual weights the frame is rigidly fixed to the support 

frame by nut bolts and at that position the motor driving belt is disconnected.  

Wr x No.of balls. 

For dynamic balancing of the rotating mass system the frame is suspended by the 

support-frame by two chains in which the frames are in same place» 

STATIC BALANCING 
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The block is finally fixed at 90° to the frame and the belt is removed. The value of v/r. for 

each block is determined by fixing block in 90° to 0 position on the shadt. The cord and pan 

system suspended over the protractor disc, the number of steel balls, which are of equal 

weight are placed into one of the containers to exactly balance the blocks on the shaft. So 

that the block should come back to original 90°. The number of balls 'N' will give the value 

the wr f or the block. 

 

PROCEDURE OT FIND : UT_ wr BY STATIC BALANCING METHOD 

Attach the balance frame to main frame firmly. Insert the Card with pan to i he grooved, 

pulley provided. Set the unit to 0 position. 

Values of Static balancing for cull the M sights will be arrived when we are conducting. the 

experiment on Dynamic Balancing. 

Now keep the block in a suitable position as reference and fix the 2nd block in any 

convenient position say 3 cm to left. 

Now draw forco and couple polygons and find out the position of the other 2 bolcks and fix it 

to get complete balance. 

Now hang the frame by chain and couple it with motor and run the motor by suing electric 

dimmer to a rated speed. 

By this way we can balance the machine. 

If the calculation is not correct then the unit will vibrate. That indicates there is something 

calculation mistake at the time of drawing force and couple polygon. 

Attach any block to the shaft at any position. 

Put steel balls in one of the pans to bring the block to original 90o position. 

Number of balls proportional to the ‘Wr’ value of block. 

Repeat the experiment for other three blocks. 

Wr x No. of balls. 

TYPICAL RESULTS: (For illustration of Experimental Calculations) 

EXPERIMENTS 

To statically and dynamically balance a four place rotating mass system, Block No. 2 
is to be positioned 900 anticlockwise and 3 cms. Along the shaft from block no. 1. 
Determine the angular and longitudinal positions of blocks 3 to 4 for perfect balance. 
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CALCULATION FOR STATIC AND DYNAMIC BALANCE 

 

SCALE : 1 CM = 20 Balls    SCALE  

Block 1. W1 r1 - 148 No of balls 7.4 cm 

Block 2. W2 r2 - 75 No of balls 3.75 cm 

Block 3. W3 r3 - 124 No of balls 6.2 cm 

Block 4. W4 r4   - 168 No of balls 8.4 cm 

 

FORCE POLYGON is drawn to find out the angular position of block 3 & 4. The 

longitudinal positions of 3 & 4 are l and m from (reference). 

 

Take W1 r1  3 CM to Reference 

--------- 

0    

0  =  W2 r2    SCALE 40  = 1  

CM 

      

      

W1 r1 11  ----------- 148 x 3 (CM) = -444.  11. 4  

W2 r2 12 -------------------- 0    

W3 r3 13 ------------------------ 11. 6 X 

4 0 (from 

couple 

polygon)  

W4 r4 14 ------------------------- 8 . 15 x 

4 0  (from 

couple 

polygon)  

W1 r1 11 = 148 x 3 (fixed ) left.    

W3 r3 13 = 11 . 6 x 40     

 

13 =  

11. 6 x 

40 = 

3.

75 

c

n 

(to the 

right) 
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   124       

 

 

 

FLUID MECHANICS-I LAB. (BMEE1-416) 

 

EXPERIMENT NO.1 
Objective: To determine the meta-centric height of a floating vessel under loaded and 
unloaded conditions. 
Apparatus: A Pontoon floating in tank, Removable strips, Graduated arc with pointer, 
Movable hangers set of weight. 
Diagram: 
 

Theory: A body floating in a fluid is subjected to the following system of forces:   

 a) The downward force of gravity acting on each particle that goes to make up the weight 

of body Wc  acting through the center of gravity G.  

b) The upward buoyant force of the fluid acting on the various elements of submerged 
surface of the floating object FB acting through the centre of buoyancy. 
For a body to be in equilibrium on the liquid surface, the two forces must be Wc & FB 

must lie in the same vertical line i.e. these two forces must be collinear and opposite. 

When the pontoon has been tilted through an angle of Ө, the centre of gravity of body G, 

is usually remained unchanged in its position, but B i.e. centre of buoyancy will generally 

unchanged in its position, thus Wc and FB  forms a couple. The line of action of FB in the 

new position at axis of the body at M, which is called the metacentre and the distance 

GM, is called metacentric height. The metacentric height is a measure of the static 

stability of the floating bodies. 
The metacentric height can be obtained by equating righting couple and applied moment 

 =      Wm x d            

  (Wc + Wm) tan θ 

 Here Wc is weight of pontoon, Wm is weight of unbalanced mass causing 

moment on the body, d is the distance of the unbalanced mass from the centre of 

crossbar. 

Procedure: 

i) Note down the relevant dimensions as area of collecting tank, mass density of water 
etc. 

ii) Note down the water level in the tank when pontoon is not in the tank. 

iii) Pontoon is allowed to float in the tank. Note down the reading of water level in the 

tank. The help of Archimedes 's principle can obtain Mass of pontoon. 
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iv)        Position of unbalanced mass, weight of unbalanced mass and the angle of heel can be 

noted down calculate the Metacentric height of the pontoon. 
v)        The procedure is repeated for other position and value of unbalanced mass. Also the 

procedure is repeated while changing the number of strips in the pontoon. 
 
Observations and Calculations: 

a) Loaded Condition: 

Area of tank = 

Rise in water level = 

Weight of ship = 

 

Sr. No 

 

Unbalanced mass 

Wm 

 

Distance of 

Unbalanced 

mass 

Angle of heel 

Ө 

 

Metacentric height 

Wm X d 

(Wc + Wm) tan Ө 

1     

2     

3     

B) Unloaded condition:  

Area of tank =  

Rise in water level =  

Weight of ship =     
 

Sr. No 
Unbalanced mass Wm 

(N) 

Distance of 

Unbalanced 

Mass 

(m) 

Angle of heel 

= l/r 

Ө 

Metacentric height 

Wm x d 

(Wc + Wm) tan Ө 

1     

2     

3     

 
Result: 

i) In case of loaded, Average Metacentric height = ________________ 

ii) In case of unloaded, Average Metacentric height = ___________ 

Precautions: 

i) Apparatus should be in levelled condition. 
ii) Reading must be taken in steady condition of water. iii) Measure the angle of tilt 
accurately 

 

 

 

 

 

EXPERIMENT No.2 
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Objective: To study the flow through a variable area duct and verify Bernoulli’s energy 

equation. 

Apparatus: It consists of conduit of varying cross- sectional area as shown in fig3b given 

below. Transparent acrylic metallic sheets are joined together to form first converging then 

diverging rectangular conduit of 50X25 on upstream side, 15 X25 in the middle and 50 X 25 

downstream side . The length of the conduit pipe is 0.5m.Graduated piezometric tubes are 

fitted on the conduit pipe to measure the Piezometric head at each gauge point. This conduct 

is connected to an inlet tank. A Piezmetric tube is also connected to the collecting tank for 

recording the water level in tank. An outlet valve is fitted at the downstream end of the pipe. 

Diagram: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Theory: Daniel Bernoulli enunciated in 1738 that in any s1ream flowing steadily without 

friction the total energy contained in a given mass is same at every point in its path of flow. 

This statement is called Bernoulli's theorem.With reference to section 1-1 and 2-2 along the 

length of steady flow in the stream tube shown in the figure 3a the total energy at section 1-1 

is equal to the total energy at section 2-2 as stated in Bernoulli's theorem.With usual 

notations, the expression for total energy contained in a unit weight of fluid at section 1-1 and 

2-2 is given by 

Total energy at section 1-1 = P1/w + V12/2g + Z1 

Total energy at section 2-2 = P2/w + V22/2g + Z2 
P1/w = Pressure energy at section 1-1 

V12/2g = Kinetic energy at section 1-1 

Z1 = Potential energy at section 1-1 

P2/w = Pressure energy at section 2-2 
V22/2g = Kinetic energy at section 2-2 

Z2 = Potential energy at section 2-2 

Thus applying Bernoulli's theorem between section 1-1 and 2-2 

P1/w + V12/2g + Z1 = P2/w + V22/2g + Z2   (i) 
In MKS system, the pressure energy, kinetic energy and potential energy are 

measured fluid column per unit weight of fluid. Equation (i) is modified for taking 
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into account the loss of friction between section 1-1 and 2-2 and is written as 

P1/w + V12/2g + Z1 = P2/w + V22/2g + Z2 + ﴾ ∆ H﴿1,2 

Where  ﴾ ∆ H﴿1,2  represents the loss of energy between sections 1-1 and 2-2 

Procedure: 

i) Note down the area of the conduit at various gauge points. 

ii) Ensure that the apparatus is horizontal with the help of spirit level. 

iii) Open the supply valve and adjust the flow so that the water level in the inlet tank 

remains constant 

iv) Measure the height of water-level (above an arbitrarily selected suitable plane) in 

different piezometric tubes. 

v) Measure the discharge of the conduit with the help of measuring tank. 

vi)  Repeat steps (iii) to (v) for two more discharges. 

Observations & Calculations: 

i) Discharge 
     

ii) Total head 

Piezometric tube No. 1 2 3 4 5 6 7 8 9 

Area of cross-section of conduit 

at each Gauge point, A 

         

Run No.1 V=Q/A 

V2/2g 

P/w + V2/2g +Z 

         

Run No.2 V=Q/A 

V2/2g 

P/w + V2/2g +Z 

         

Run No.3 V=Q/A 

V2/2g 

P/w + V2/2g +Z 

         

Result:As the conduit is horizontal the total energy at any section with reference to the datum 
line of the conduit is the sum of P/w & V2/2g energy should be constant for each of the 
piezometric tube. 
Precautions:  

i) Before taking reading, take care that steady flow conditions are established in the conduit. 

ii) Check that air is not entrapped in the piezometric tube. 

iii) There should be no leakage between u/s and d/s end of the conduit. 
 
 

EXPERIMENT NO.3(a) 

 

Objective: To determine the coefficient of discharge for an obstruction flow meter (venturi 

meter/ orifice meter) 

Apparatus: An orifice meter with tapping at upstream and downstream , A 'U' tube 

Run No. Initial Vol. 

V1 

Final vol. 

V2 

Volume Collected 

V=V2 - V1 

Time Taken 

t 

Discharge 

Q =V/t 

Units      

1      

2      

3      
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manometer containing mercury , A measuring tank to find actual discharge, A stopwatch. 

Diagram: 

Theory: Orifice-meter, also known as orifice plate meter, is a device used to measure the 

flow rate in any closed pipeline. It is different from the venturimeter in the sense that it 

provides sudden change in flow conditions instead of smooth transition provided by the 

venturimeter. As the liquid passes through the orifice-meter, a lot of eddies are formed and 

there is loss of energy due to which the measured value of discharge, Q is far less and is 

given by: 

Cd =Q  (√a1
2   

-a2
2
)/ a1a2√2gh 

In which Cd is the coefficient of discharge of orifice-meter, a1 is the cross-sectional area of 

the pipe and a2 the cross-sectional area of the orifice as shown in fig 3.a. The value of Cd 

varies from 0.6 to 0.62. 

 Procedure: 

 i)  Open the regulating valve so that water starts flowing through the orifice meter. Wait 
for some time so that the flow gets stabilized. 

ii)  Remove air bubbles, if any entrapped in piezometeric tubes. 

iii)  Note differential manometer readings h1 & h2. 

iv)  Measure the discharge by collecting a certain volume of water in a predetermined 
time. 

v)  Repeat steps (iii) & (iv) for different flow rates & take at least three different sets of 

observations. 

vi)  Take another set of manometer readings for calculation of discharge of the pipeline 
for constant outflow. 

 

 Observations and Calculations: 

Diameter of the main pipe, D = 25mm 
Diameter of the orifice, d = 12.5mm 

Area of cross-section of the pipeline, a1 = 0.4908 X 10-3 

Area of cross-section of the orifice, a2 = 0.1227 X 10-3 

Specific gravity of measuring liquid, S2 = 13.6 
 Specific gravity ofliquid flowing in the Pipe, S1 = 1  

 

Sr. 

No 

Discharge 

measurement 
Manometer reading  

Cd =Q  (√a1
2   

-a2
2
)/ a1a2√2gh 

Vo t Q=V0/t h1 h 2 h' h=( S2/S1 - l)h' 
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units         

1         

2         

3         

 
Result: Average Value of Cd = 
Precautions: 

i)  There should be no air bubbles entrapped while taking reading of liquid level in 

piezometeric tubes. 

ii) Check that the top level of measuring liquid is same in the two limbs of the 

differential manometer. 

 

Question for viva: 

 i) What suggestions do you have for the improving the value of the coefficient of 

discharge? 

  ii)  What happens to manometer if the pressure in the tapping is too more? 

 iii)  Which other liquids, we can use instead of mercury in manometer? 

 

 

EXPERIMENT NO.3(b) 

 

Objective: To aware the students about coefficient of discharge measurement with the help 

of Venturimeter. 

 Apparatus: A venturimeter with tapping at the mouth and throat give connections to the 
manometer, A 'U' tube manometer containing mercury, A measuring tank to find actual 

discharge, A stopwatch. 

Diagram: 

VENTURIMETER 

 Theory: The venturimeter is a device, which has been used over many years for measuring 

the discharge along the pipe. It consists of a convergent section which reduces in diameter to 

between one-half and one-fourth of pipe diameter. This is followed by a throat and then a 

divergent section. The convergent angle is usually 20°. For the divergent part the angle of 

divergence is usually 5° to 7°. 

The fluid flowing in the pipe is led through a contraction section to a throat, which has a 

smaller cross-sectional area than the pipe. So that the velocity of fluid through the throat is 

higher in the pipe. This increase of velocity is accompanied by a fall in pressure, the 
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magnitude of which depends on the rate of flow, so that by measuring the pressure drop, the 

discharge may be calculated. 

Beyond the throat the fluid is decelerated in a pipe of slowly diverging section. The pressure 

increasing as the velocity falls. 

With usual notations, the expression for discharge Q, through a venturimeter is given by 

Q = ala2 √2g(h1-h2) 

√ al 2 -a22         (i) 
Where 

 al = area of cross-section of an upstream section 
 a2 = area of cross-section at throat 
 h1 = piezometric head at the upstream section 
 h2 = piezometric head at the throat as shown in fig 
 g = acceleration due to gravity 

In practice there is some loss of energy between section 1 & 2 & the velocity is not 
absolutely constant across either of these sections. As a result, measured value of Q 
usually falls a little sort of those calculated from Eq. (i) & It is customary to allow for 
this discrepancy by writing: 

 Q =  K        ala2 √2g(h1-h2) 

√ al 2 -a22    

   = [K ala2/√ al 2 -a22] √ 2gh,  where h=hl-h2  (ii) 

  In which K is known as the venturimeter coefficient & its value varies slightly 
 from one venturimeter to another, and even for a given venturimeter it may vary 
with the discharge, but usually lies within the range of 0.92 to 0.99. In case the 
piezometric tapping are connected to a differential manometer, then: 

h = (S2/S1- 1) h' 

h' = differential manometer reading 
S2 = sp. gr. of measuring liquid in differential manometer  
S1= sp. gr. of liquid flowing in pipeline. 

Procedure: 

i) Open the regulating valve so that water starts flowing through the venturimeter. 
ii)Wait for some time so that the flow gets stabilized. 

iii)Remove air bubbles, if any, entrapped in piezometeric tubes. 

iv)Note differential manometer readings hl& h2 . 

v)Measure the discharge of the apparatus by collecting a certain volume of water in a 
predetermined time. 

vi)Repeat steps (iii) & (iv) for different flow rates and take at least six different sets of 

observations. 

vii) Take another set of manometer readings for calculation of discharge of the 
 pipeline for constant outflow. 

 
Observations and Calculations: 

 

Sr. No 

Discharge 

measurement 
Manometer reading 

 

K=Q ala2/√ al 2 -a22] √ 2gh 
Q=V0/t t h1 h2 h' 

h=(S2/S1 -

l)h' 

Unit        

1        
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2        

3        

 
 Results: Average Value of k =  
 

Precautions: 

 i) There should be no air bubble entrapped while taking reading of liquid level in 

piezometeric tubes. 

 ii) Check that the top level of measuring liquid is same in the two limbs of the differential 

manometer. 
 Question for discussion: 

 i) What suggestions do you have for the improving the value of the 

 coefficient of discharge? 

 ii) What happens to manometer if the pressure in the tapping is too more? 
 iii) What are other liquids (more sp. gr.) can be use? 

 
 

 

EXPERIMENT No.4 

Objective: To determine the discharge coefficient for a V- notch and rectangular notch.  

Apparatus: A weir tank with baffle plates to reduce the velocity of approach,A Vee-notch

 or,A rectangular notch,A collecting tank. 
Diagram: 

Theory:Notches are commonly used to regulate flow in rivers and other open channels. The 

relationship between the water- level upstream of the notch and the discharge over it is, 

generally, known so that the discharge at any time may be found by observing the upstream 

water level. Notches usually have sharp edges so that the water springs clear of the plate as it 

passes through the notch.With the usual notations, the equation for discharge past a sharp-

edged notch can be derived in the following form: 

For the rectangular notch: 
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  Q=2/3√2g    bh 3/2      (i) 

For the triangular notch: 
Q=8/15 √2g    tan Ө/2h5/2      (ii) 

where h, b, Ө are as shown in fig.3a & 3b  

The preceding equations are based upon the assumptions listed as follows:  

a) The height of the water level at the plane of the notch opening is h.  
b) The velocity of flow is normal to the plane of the notch opening at all points. 

c) The velocity in the approach channel is negligible. 

d) There is no contraction of the stream as it passes through the notch. 

In practice, however, none of these assumptions are satisfied. It is, therefore, customary to 
rewrite the equations in the form:For the rectangular notch: 

Q=2/3√2g    bh 3/2       (iii) 

 

For the triangular notch: 
 Q=8/15 √2g    tan Ө/2h5/2      (iv) 

 

Where Cd is coefficient of discharge of the notch. It is a non-dimensional number and the 

dependable way of its determination is by experimentation. A convenient way of finding Cd 
and the exponent of h in either of these expressions is as follows. Either of Eqs. (iii) & (iv) 

may be written in the form: 

  Q=K(h)n        (v) 

Log Q = log K+ N log h      (vi) 
If experimental results are plotted on a graph having log h as abscissa and log Q as ordinate, 

then provided that K and n are constant over the range of the results, they will lie on a straight 

line having slope n and intercept log K on the axis of log Q as indicated in fig 3c. 

Procedure: 
i) Record the width of the rectangular notch.Or 

ii) The angle of V-notch. 

iii) Level the apparatus by using spirit level. 

iv) Take a series of measurements of discharge and head on the notch by regulating 
the flow. It is recommended that the rust reading be taken at maximum discharge 

and subsequent readings with roughly equal decrements in head. 

v) Discontinue readings when the level falls to a point at which the stream ceases to 

spring clear of the notch plate. This is likely to occur when the head is reduced to 
about 1 cm for a rectangular notch and about 2.5 cm for a triangular notch. 

vi) About 3 different discharges for each notch should be noted. 
Observations and Calculations:  
A) Rectangular Notch 
      Width of notch, b = 

Sr. No. 

Gauge 

reading 

h 

Quantity 

of water 

collected, 

Vo 

Time 

t 

Discharge 

Q 

Calculation 

of Cd 

Actual =  

V0/t 

Theoretical= 

2/3 √2g   bh3/2 
  Qact./Qth 

Unit (m) (m3) (s) (m3/s) (m3/s)  

1.       

2.       

3.       

From graph slope n = 
Intercept on log Q axis i.e. log k = 

The relationship between log Q and log h is thus, Log Q = log k + n log h = Comparing this 
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with Q = Cd2/3 √2g    bh 3/2  

Cd = --- 
B) Triangular Notch:  

 

 Result: 

The graph between log Q and log h is a straight line. 

 Precautions: 

i)  As the correct discharge measurements are very important for this experiment, there 

should be no leakage at any of the regulating valves. 

ii) The width of notch or the angle of the V - notch should be carefully recorded. 
iii) The apparatus should be leveled. 

 

 

Experiment No. 5 

1.Objective: To impart knowledge of laminar and turbulent flow in relation to Reynold’s 

Number. 

2. Apparatus: 

2.1 A glass tube with a bell mouthed inlet leads from a large tank. 

2.2 A dye container is attached to the side- wall of the tank to inject a stream of dye into 

the glass tube. 

2.3 A measuring tank to find actual discharge 

2.4 A stopwatch. 

3. Diagram: 

Sr. No 

Gauge 

reading 

h 

Quantity 

of water 

collected, 

Vo 

Time 

t 

Discharge 

Q 
Calculation 

of Cd =  

 Qact./Qth 
Actual =   

V0/t 

Theoretical = 

2/3 √2g   bh3/2 

Units  (m)  (m3)  (s)  (m3/s)  (m3/s)  

1.       

2.       

3.       
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- 

 

4. Theory: 

Osborne Reynolds, in 1883, conducted a number of experiments to determine the 

laws of resistance in pipes. By introducing a filament of dye into the flow of water along 

a glass pipe, he showed the existence of two different types of motion. At low velocities 

the filament appeared as a straight line, which passed down the whole length of the tube, 

indicating laminar flow. At higher velocities, the filament, after passing little way along 

the tube, suddenly mixed with the surrounding water, indicating that the motion had now 

become turbulent. 

Experiments with pipes of different diameters & with water at different 

temperatures led Reynolds to conclude that the parameter, which determine whether the 

flow shall be laminar or turbulent in any particular case is: 

Re = ρVD/μ 

In which Re denotes the Reynolds Number of motion 

 ρ denotes the density of fluid 

      V denotes the velocity of flow 

      D denotes the diameter of pipe 

      μ denotes the coefficient of viscosity of the fluid 

The motion is laminar or turbulent according as the value of Re is less than or greater than a 

certain value. If experiments are made with increasing rate of flow, the value of Re depends 

on the degree of care which is taken to eliminate disturbances in the supply or along the pipe. 

On the other hand, if experiments are made with decreasing flow, transition from turbulent to 

laminar flow takes place at a value of Re which is very much less dependent on initial 

disturbances. This value of Re is about 2000 for flow through circular tubes, and below this 

the flow is inherently laminar in nature. The velocity at which the flow in the pipe changes 

from one type of motion to the other is known as critical velocity and is given by: 

V= Re μ / ρ D 

Also, the value of critical velocity corresponding to Re = 2000, also known as lower critical 

Reynolds Number, is called Lower Critical Velocity. The upper critical Reynolds Number 

(the maximum value of Re at which laminar flow is physically possible) depends largely 

upon the nature of disturbance present in the flow and may be as high as 40000. 
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5. Procedure: 

 i) Open the main supply valve & fill the tank of the apparatus with water, with 

 outlet of glass tube partly open so that no air is entrapped in the glass tube. 

 ii) Close the outlet valve of the glass tube and the inlet valve of the tank when  the tank is 

full. 

 iii) Leave the apparatus for some time so that water in the tank is at rest. No disturbance. 

 iv) Partially open the outlet valve of the glass tube & inlet of the tank so that velocity of 

flow is very small and the water level in the tank is fairly constant. 

 v) Open inlet of the dye-injector so that the dye stream moves as a straight line

 through the tube showing that the flow is laminar. 

 vi) Increase the velocity of flow & again measure the discharge. 

 vii) Take three readings till the dye filament wavers for the first time near the outlet end 

of glass tube. 

 viii) Note down the room temperature at least three times during the experiment 

 ix) Repeat the experiment with decreasing rate of flow & encircle the reading for which 

dye filament wavers for the last time near outlet end of glass tube;as the flow changes from 

turbulent to laminar. 

 

6. Observation & Calculations: 

 Inner diameter of glass tube, D = 

     Cross-sectional area glass tube, A        = (л/4) D2 

 Mass density of water, ρ = 

 Average room temperature, Ө = 

Dynamic viscosity of water at room temperature, μ = 

 Volume of water collected, Vo = 

 

S.NO Vo t Q V=Q/A Re= ρ VD/ μ Ө Remarks 

Units        

1        

2        

3        

 

7. Result: 

 Average Critical velocity = ------------- 

8. Precautions: 

 i) Don't forget remove any entrapped air in the apparatus before starting measurement. 

ii) There should be no mechanical vibration near the apparatus. 

iii) Don't forget to record the temperature of water at frequent intervals.  

iv) Increase in velocity of flow should be in stages. 
 

EXPERIMENT No.6 

1.Objective: To visualizes the physical significance of Vena-Contracta & also hydraulic 

coefficient of the orifice. 

2. Apparatus: 

2.1 An orifice tank provided with: 
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a) A regulate supply. 

b) A piezometer tube to measure the head. 

c) A horizontal graduated scale with a hook gauge at measure 

the coordinates of any point on the jet.  

2.2 Micrometer contraction gauge. 

2.3 Stopwatch. 

2.4 Measuring tank. 

3. Diagram: 

 

 

 

 

 

 

 

 

 

 

 

4.. Theory: 

Fig.3a shows the essential features of flow through an orifice /mouthpiece. The tank is 

assumed to be sufficiently large for the velocity of flow in it to be negligibly small except 

close to the orifice. In the vicinity of the orifice the flow accelerates towards the center of 

the hole so that as the jet emerges, it suffers a reduction of area due to the curvature of the 

streamlines, as typified by the streamlines MN indicated in the fig3a. The reduction of 

area due to this local Curvature may be taken to be complete at about half an orifice 

diameter downstream of the plane of the orifice; the reduction is usually referred as the 

vena-contracta. 

 

The coefficient of contraction Cc is defined as the ratio of the cross-section of the vena-

contracta 3c to the cross- section of the orifice, ao i.e. 

CC =ac/ ao    (i) 

Because of the energy loss, which takes place as the water passes down the tank and through 

the orifice the actual velocity V c in the plane of the vena-contracta, will be less than the 

theoretical velocity Vo. 
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The ratio of the actual velocity Vc and the ideal velocity Vo is often referred as the 

coefficient of velocity Cv of the orifice i.e. 

Cv = Vc / Vo    (ii) 

The theoretical velocity in the plane of vena- contracta Vo can be calculated from the 

equation. 

Vo/2g = ho  i.e. 

 

Vo = √2g ho    (iii) 

The actual velocity in the plane of vena- contracta is given by the equation. 

 

Vc = √ (gx
2
/2y)   (iv) 

Where x, & y measured positive downward represents the horizontal & vertical coordinates 

of point P on the trajectory of the jet (origin being taken at the lowest point of the jet at vena- 

contracta). 

Substituting he values of Vo & Vc in the equation (ii) we get 

 

Cv= √(x
2
/4y ho)   (v) 

Finally, the coefficient of discharge Cd is defined as the ratio of the actual discharge to that 

which would take place if the jet is discharged at the ideal velocity without reduction of area. 

The actual discharge Q is given by  

Q=Vcac     (vi) 

& Can be measured with the help of measuring tank and if the 

Thus the coefficient of discharge Cd is given  

 

Cd =Q/Qo= (Vcac)/( Voao)= Q/(ao√2g ho) (vii)  

 

= (ac/ ao) (Vc/Vo) = Cc Cv  (viii) 

5. Procedure: 

 i) Fix the orifice! Mouth piece of desired shape & size is connected to the opening in 

the sidewall of the intake tank, near its bottom. 

 ii) Allow the water to enter the intake tank through the regulating valve &wait till the 

water level in the tank becomes steady. 

iii) Measure the head h using a piezometric tube fixed to the inlet tank.  

iv) Measure the discharge corresponding to each value of h. 

v) Measure x & y co-ordinates of the lower surface of the jet trajectory atfour 

different points of the jet at vena- contracta. 

vi) Plot graph for Q vs √h 

6. Observation & Calculations: 

Area of cross- section of orifice, ao = 

Reading on the piezometric scale at the  

Level of the center of the orifice, h1= 
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Determination of Cd 

 

S. No 

Quantity of 

water 

collected 

V 

Time 

taken 

t 

Q 
 

Cd =Q/(√2gho) ao 

 

ho 

1      

2      

3      

 

Average value of Cd = -- 

 

Determination of Cv 

 

S.No x0 y0 x' y' x= x'- y' y=y'-y0 
 

Cv= x /2√yh0 
Remarks 

1         

2         

3         

 

Average value of Cv= -- 

Then Cc = Cd/ Cv = --- 
7. Result: 

The variations of √ho with Q should be linear provided Cd remains constant over the range of the 
experiment. 

 
8. Precautions: 
 i) When taking reading with the piezometric tube check that air is not trapped in 
 this tube. 
 ii) Take care that water level in the inlet tank is fairly constant when taking a 
 reading. 
  

EXPERIMENT NO.7 

1. Objective: 

 To aware the students about variation of friction coefficient by changing the 

 dia & length of the pipe. 

 

2. Apparatus: 

 2.1 Darcy's apparatus consists of three pipes having the diameter 25 mm, 19 nun 

 and 15mm. The pipes may be 100cm long. 

 2.2 One common inlet valve is provided in the main supply line for the whole 

 apparatus. 

 2.3 Five-pressure tapping is provided at a distance of25cm from the previous one 

on each the pipe. 

2.4 Five Piezometric tubes. 

2.5 A measuring tank. 

2.6 A stopwatch 
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3. Diagram: 

4 Theory:  
While the nature of flow depends upon the Reynolds Number, the frictional 

resistance offered to the flow of fluids depends essentially on the roughness of the 

surface of the conduit carrying the flow. In laminar flow this frictional resistance is 

mostly due to viscous resistance of fluid to flow. In turbulent flow it is due to 

resistance offered by viscosity of fluid and surface roughness of the conduct This 

frictional resistance causes loss of head ~ which is given by Darcy and  

Weisbach equation: 

hf = 4fLV
2
/2gD 

Where f is called Darcy's friction factor and given by f = 64/Re for laminar flow and depends 

upon relative roughness of pipe in case of turbulent flow. 

 

 

5. Procedure: 

i) Connect the Piezometric rubber tubes to gauge points of one of the 

pipelines. 

ii) Open the inlet valve, keeping the outlet valve closed.  

iii) Check if there is any air bubbles in the Piezometric tube. Remove air bubbles 

if any. 

iv) Open partially the outlet valve, keeping the common inlet valve fully open.  

v) Allow the flow to get established and then take Piezometric reading. 

vi) Measure the discharge. 

vii)Repeat steps (iv) to (vii) for other pipes. 

 

6. Observations and Calculations:  
Diameter of pipes 

D1= 25mm 

D2= 19mm 

D3 = 15mm 
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f= 2gDhfA
2
/4LQ

2
  

 

7. Result: 

 i) As the diameter of pipe is increased the value of Darcy's friction factor 

 Increases. 

 ii) As the length of pipe increases the value of Darcy's friction factor decreases. 

 

 

8. Precaution: 

 i) Take care that there is no air bubbles in the apparatus when taking piezometric 

 readings. 

 ii) There should be no leakage. 

 

EXPERIMENT No.8 

1. Objective: 

 To aware students about minor losses of the pipes. 

 

2. Apparatus: 

2.1 The apparatus consists of a bend, an elbow, a gate valve, a globe valve, a sudden 

contraction, and a sudden enlargement. 

2.2 A "u" tube manometer. 

2.3       A stopwatch 
      2.4       A measuring tank. 

 

3. Diagram: 

Pipe 
Run 

No 

Discharge measurement Piezometric reading  

 f= 2gDhfA
2
/4LQ

2
 

 
Volume 

Vo 

Time 

t 

Discharge 

Q=V/t 
h1 h2 hf =h1- h2 

Units         

Length= 

Dia.= 

1        

2        

3        

Length= 

Dia.= 

1        

2        

3        

Length= 

Dia.= 

1        

2        

3        
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4. Theory: 

 The frictional resistance causes loss of head hf, which is given by Darcy & 

 Weisbach Equation. 
hf= 4fLv

2
/2gD 

Where f is called Darcy's equation & is given by f = 64/Re for laminar flow & 

depends upon relative roughness of pipe in case of turbulent flow. But the head losses due 

to change of section, bend elbows; valves & fittings of all types are classified as minor 
losses in pipe lines. 

Minor losses usually result from rather abrupt changes (in magnitude & direction) 

of velocity. In general, increase of velocity (acceleration) is associated with small head 

loss but decrease of velocity (deceleration) causes large head loss because of the 
production of large-scale turbulence. 

Early experiments with water (at high Reynolds Number) indicated that minor losses very 

approximately with the square of velocity & lead to the proposal of the basic equation. 

hL=kv
2
/2g 

 

 

In which k, the loss coefficient is practically constant Loss of head for 

A bend  = k v
2
/2g 

An elbow  = k v
2
/2g 

Gate valve  = k v
2
/2g 

Globe valve  =  k v
2
/2g 

Sudden contraction  =  1/2v
2
/ 2g 

Sudden enlargement =  (v1-v2)
2
/ 2g 

 

5. Procedure: 

i) Open the inlet valve, keeping the outlet valve closed. 
ii) Connect the manometer rubber tubing to one of the pipe/pipes fittings & check that 

there is no air bubbles entrapped. 

iii) Open partially the outlet valve, keeping the common inlet valve fully open. 

iv) Allow the flow to get constant & then take manometer reading. 
v) Measure the discharge. 

vi) Take at least three readings. 

vii) Repeat steps (i) to (vi) for different fittings. 

 



 

77 | P a g e  
 

6. Observation and Calculation: 

 Diameter of main pipe, D  = 
Diameter of enlarge pipe,  D1   = 

 Area of cross- section of main pipe,a     = 

 Area of cross- section of enlarged pipe, al  = 

 Length of main pipe between pressure tapping, L =  - ---- --- 

 

7. Result: 

 The friction resistance varies: 

 i) with the degree of roughness of surface with which fluid comes in contact 

 ii) with the extent of area of surface coming in contact with fluid 

8. Precautions: 

 i) Take care that there is no air bubble entrapped in the apparatus when taking 

 manometer reading. 

 ii) There should be no leakage from any of the pipe fittings. 

 

 

APPLIED THERMODYNAMICS-II LAB. (BMEE1-417 ) 
 

Experiment No. 1 

 

OBJECTIVE: To Study Two stroke and Four stroke Petrol and Diesel engines 

APPARATUS:   Two stroke and Four stroke Petrol and Diesel Engines.. 

THEORY:The purpose of internal combustion engines is the production of mechanical 

power from the chemical energy contained in the fuel. This energy is released by burning or 

oxidizing the fuel inside the cylinder. 

TWO STROKE PETROL ENGINE 

In 1878, Dugald – clerk, a British engineer introduced a cycle which could be completed in 

two strokes of piston rather than four strokes. In this suction and exhaust strokes are 

eliminated. Here instead of valves, port are used. The exhaust gages are driven out from the 

Pipe/s 

fittings 

Run 

No. 

Discharge measurement Velocity of flow in 

k 

hf / hL 

Volume 

of water 

collected 

Vo 

Time 

t 

Discharge 

Q 

V = 

Q/a 

Enlarged 

Pipe 

Vl =Q/ al 

Calculat

ed 

Measure

d 

Bend 

Elbow 

Gate valve 

Globe 

valve 

Sudden 

Enlargeme

nt 

Sudden 

Contraction 
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engine cylinder by the fresh charge of fuel entering the cylinder nearly at the end of the 

working stroke. 

 

 
Intake Stroke: 

The fuel/air mixture is first drawn into the crankcase by the vacuum created during the 

upward stroke of the piston. The illustrated engine features a poppet intake valve, however 

many engines use a rotary value incorporated into the crankshaft.  

During the downward stroke the poppet valve is forced closed by the increased crankcase 

pressure. The fuel mixture is then compressed in the crankcase during the remainder of the 

stroke. 

 

Transfer/Exhaust: Toward the end of the stroke, the piston exposes the intake port, allowing 

the compressed fuel/air mixture in the crankcase to escape around the piston into the main 

cylinder. This expels the exhaust gasses out the exhaust port, usually located on the opposite 

side of the cylinder. Unfortunately, some of the fresh fuel mixture is usually expelled as well.  

Compression: The piston then rises, driven by flywheel momentum, and compresses the fuel 

mixture. (At the same time, another intake stroke is happening beneath the piston).  

Power: At the top of the stroke the spark plug ignites the fuel mixture. The burning fuel 

expands, driving the piston downward, to complete the cycle. 

Since the two stroke engine fires on every revolution of the crankshaft, a two stroke engine is 

usually more powerful than a four stroke engine of equivalent size. This, coupled with their 

lighter, simpler construction, makes two stroke engines popular in chainsaws, line trimmers, 
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outboard motors, snowmobiles, jet-skis, light motorcycles, and model airplanes. 

Unfortunately most two stroke engines are inefficient and are terrible polluters due to the 

amount of unspent fuel that escapes through the exhaust port. 

NOTE: The two stroke petrol engine are generally employed in very light vehicles such as 

scooters, sprayers etc 

TWO STROKE DIESEL ENGINE 

A two stroke Diesel engine also has one working stroke after every revolution of the 

crankshaft. All the four stages of two stroke diesel engine  are described below: 

1. Suction Stage: In this stage, the piston while going down towards BDC (Bottom dead 

centre) uncovers the transfer port and the exhaust port. The fresh airflows into the 

engine cylinder from the crankcase. 

2. Compression Stage: In this Stage, the piston moves upwards first covers the transfer 

port and then exhaust port. After that the air is compressed as the piston moving 

upwards. Inn this stage, the inlet port opens and the fresh air enters into the crank case 

3. Expansion Stage: Shortly before the piston reaches the TDC (Top dead center) 

during compression stroke, the fuel oil is injected in the form of very fine spray into 

the engine cylinder through the nozzle known as fuel injection valve. At this moment, 

temperature of the compressed air is sufficiently high to ignite the fuel. It suddenly 

increases the pressure and temperature of the products of combustion. The fuel oil is 

continuously injected for a fraction of the crank revolution. The fuel oil is assumed to 

be burnt at constant pressure .Due to increased pressure ,the piston is pushed with a 

great force. During the expansion, some of the heat energy produced is transformed 

into mechanical work 

4. Exhaust Stage: In this stage , the exhaust port is opened and the piston moves 

downwards. The products of combustion from the engine cylinder are exhausted 

through the exhaust port into the atmosphere. This completes the cycle ,And the 

engine cylinder is ready to suck the air again 

 NOTE: The two stroke Diesel Engine is mainly used in marine propulsion where space and 

lightness are the main considerations. 

Four Stroke Petrol Engine: 

It is also known as Otto Cycle. It requires four strokes to complete one cycle of operation. 

The four strokes of the Petrol engine are discussed below: 

1. Suction or Charging Stroke: During this stroke (also known as induction stroke) the 

piston moves from top dead centre (T.D.C) to the bottom dead centre. The inlet valve 

opens and proportionate fuel-air mixture is sucked in the engine cylinder. The exhaust 

valve remains closed through out the stroke. 

 

2. Compression Stroke: In this Stroke, the piston moves towards T.D.C and compresses 

the enclosed fuel-air mixture drawn in the engine cylinder during suction. The 

pressure of the mixture rises in the cylinder to a valve of about 8 bar. Just before the 

end of this stroke the operating –plug initiates the mixture and combustion takes place 

at constant volume. Both inlet and exhaust valve remains closed in the stroke  

3. Power Stroke or Expansion Stroke: When the mixture is ignited by the spark plug 

the hot gases are produced which drive or throw the piston from T.D.C to B.D.C and 

thus the work is obtained in this stroke. It is during this stroke we get work from the 

engine, the other three strokes namely suction, compression and exhaust being idle. 

The flywheel mounted on the engine shaft strokes energy during this stroke and 
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supplies it during idle strokes. Both the valves remain closed during the start of the 

stroke but when the piston just reaches the B.D.C the exhaust valve opens. 

4. Exhaust Stroke: Here the gases from which the work has being collected become 

useless after the completion of the expansion stroke and are made to escape through 

exhaust valve to the atmosphere. The piston moves from B.D.C to T.D.C and the 

exhaust gases are driven out the engine cylinder this is also called scavenging. 

Four Stroke Diesel Engine 

It is also known as compression ignition engine because the ignition takes place due to the 

heat produced in the engine cylinder at the end of compression stroke. The four strokes of the 

Diesel engine are discussed below: 

1. Suction Stroke: During this stroke the piston moves from top dead centre (T.D.C) to 

the bottom dead centre(B.D.C). The inlet valve opens and air at constant atmospheric 

pressure is drawn inside engine cylinder. The exhaust valve remains closed through 

out the stroke. 

2. Compression Stroke: Air drawn at atmospheric pressure during suction stroke is 

compressed to high temperature and pressure, the piston moves from B.D.C to T.D.C 

.Both inlet and exhaust valve remains closed in the stroke  

3. Expansion Stroke: As the piston stars moving from T.D.C a matered quantity of fuel 

is injected into the hot compressed air in fine sprays by the fuel injector and fuel starts 

burning at constant pressure. The fuel is injected at the end of compression stroke but 

in actual practice the ignition of the fuel starts before the end of the compression 

stroke. The hot gases in the cylinder expands adiabatically, thus work on the piston 

4. Exhaust Stroke: : Here the gases from which the work has being collected become 

useless after the completion of the expansion stroke and are made to escape through 

exhaust valve to the atmosphere. The piston moves from B.D.C to T.D.C and the 

exhaust gases are driven out the engine cylinder. 

 

 

EXPERIMENT No. 2 

OBJECTIVE: -To draw valve Timing diagram of a diesel engine and study of its impact on 

the performance of an IC engine. 

 

THEORY:- 

A valve-timing diagram is a graphical representation of the exact moments, in the 

sequence of operations, at which the two valves (i.e. inlet and exhaust valves) open and 

close as well 3s firing of the fuel. It is, generally, expressed in terms of angular positions 

of the crankshaft. 

1. Theoretical Valve Timing Diagram for Four Stroke Cycle Engine:  

The theoretical valve timing diagram for a four-stroke cycle engine is 

Shown in Fig. I In this  diagram, the inlet valve opens at A and the suction takes place from 

A to B. The crankshaft revolves through 180° and the piston moves from T.D.C. to 

B.D.C. At B, the inlet valve closes and the compression takes place from B to C. The 

crankshaft revolves through 180° and the piston moves from B.D.C. to T.D.C. At C, the 
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fuel is fired and the expansion takes place from C to D. The crankshaft revolves through 

180° and the piston again moves from T.D.C. to B.D.C. At D, the exhaust valve opens 

and the exhaust takes place from D to E. The crankshaft again revolves through 180° and 

the piston moves back to T.D.C. In four-stroke cycle, the crank revolves through 180° and 

the piston moves back to T.D.C. In four-stroke cycle, the crank revolves through two 

revolutions. 

 

 
BDC 

 

Fig. 1 

2. Valve Timing Diagram for A Four-Stroke Cycle Diesel Engine:- 

 In the vale timing diagram as shown in Fig. 3 we see that the inlet valve open before the 

piston reaches TDC; or in other words while the piston is s t i l l  moving .up before the 

beginning of the suction stroke. Now the piston reaches the TDC and suction stroke 

starts. The piston reaches the BDC and then starts moving up. The inlet valve closes, 

when the crank has moved a l i t t le beyond the BDC. This is done as the incoming a i r  

continues to flow into the cylinder although the piston is moving upwards from BDC. 

Now the air is compressed with both valves closed. Fuel valve opens a l i t t le before the 

piston reaches the TDC. Now the fuel is injected in the form of very fine spray, into the 

engine cylinder, which gets ignited due to high temperature of the compressed air. The 

fuel valve closes after the piston has come down a little from the TDC. This is done as the 

required quantity of fuel is injected into the engine cylinder. The burnt gases (under high 

pressure and temperature) push the piston downwards, and the expansion or working 

stroke takes place. 
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Now the exhaust valve opens before the piston again reaches BDC and the burnt 
gases start leaving the engine cylinder. Now the piston reaches BDC and then starts moving 
up thus performing the exhaust stroke. The inlet valve opens before the piston reaches 
TDC to start suction stroke. This is done as the fresh a i r  helps in pushing out the burnt 
gases. Now the piston again reaches TDC. and the suction starts. The exhaust valve closes 
when the crank has moved a little beyond the TDC. This is done as the burnt gases 
continue to leave the engine cylinder although the piston is moving downwards. 

TDC: Top Dead Centre 

BDC: Bottom Dead Centre 

IVO: Inlet Valve Opens (10° - 20° before TDC) 

IVC: Inlet Valve Closes (25°    40° after BDC) 

FVO: Fuel valve opens (10
0
-15

0
 before TDC) 

FVC: Fuel valve closes (15
0
-20

0
 after TDC)  TDC 

BDC 

EVO: Exhaust Valve Opens (39° - 50° before BDC) 

EVC: Exhaust Valve Closes ( 1 0 - 1 5°  after TDC) 

 

 

 

 

 

 

EXPERIMENT No. 3 

1.    Objective: 

To perform a boiler trial to estimate equivalent evaporation and efficiency of a fire tube/ 

water tube boiler  

2.   Apparatus: 

  Cochran Boiler; Babcock and Wilcox Boiler; Benson Boiler 

3. Diagram 
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Theory  

    

The purpose of the boiler, as pointed out earlier, is to generate steam at the predetermined 

pressure and temperature by using heat produced by the combustion of fuel. The evaporation 

(steam raising) capacity of the boiler depends upon: 

(a) Grate area i.e the amount of fuel the boiler can consume 

(b) Heating surface i.e. the quantity of heat which the boiler can absorb, 

 

The evaporation capacity may be expressed as kg/hr-m
2
 of heating surface or kg/kg of fuel 

burnt. 

If these parameters are kept constant, the amount of water which a boiler can evaporate 

further depends upon: 

(a) Condition of pressure and temperature under which the boiler is operating, 

(b) Quality of steam being raised (wet, dry or superheated). 

(c) Temperature of feed water being supplied to the boiler. 
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Thus it may be realized that number of kg of water evaporated per hour is not an exact 

measure of the performance of the boiler. For making a comparison of the relative 

evaporation capacity of the boiler, the water is supposed to evaporate under the following 

standard conditions. 

1. Feed water is supplied to the boiler at 100 
o
C. 

2. Evaporation of steam takes place at the same temperature of 100
 o
C 

3. The steam raised is just dry and saturated. 

 

When water evaporates under these conditions, it requires 538.9 kcal of heat which equals the 

latent heat of steam at 100 
o
C under atmospheric pressure of 1.0332 kgf/cm

2
. 

Equivalent Evaporation of water 

 

“Evaporation which would be obtained if the feed water were supplied at 100 
o
C and 

converted into dry saturated steam at 100 
o
C at the standard atmospheric pressure of 

1.0332kgf/cm
2
.” 

 

Let                    Wa = weight of water actually evaporated into steam per    kg 

of coal burnt at the working pressure. 

                          Hs = specific enthalpy of steam at the working pressure. 

                          hw = specific enthalpy (sensible heat) of feed water. 

Then heat absorbed by the water at actual working pressure = Wa (Hs-hw) (i) 

Further if Wo is equivalent evaporation, then Heat absorbed at the water under standard 

conditions 

 = We x Lo     (ii) 

where                  Lo = enthalpy of evaporation (latent heat) of steam at 

 1 kgf/cm
2
 and 100 

o
C 

 = 539 kcal/kg (2256 kj/kg) 

Equating (i) and (ii), we get 

We = Wa(Hs-hw)     kg/kg of coal burnt 

              Lo         (iii) 

              =Wa(Hs-hw) 

539  when Hs and hw are expressed in Kcal 

       =Wa(Hs-hw) 

   2256  when Hs and hw are expressed in KJ 

In equation (iii), the factor (Hs-hw/Lo) is always greater than unity and is known as factor 

of evaporation or generation factor. The factor of evaporation may be defined as the ratio of 

heat absorbed by 1kg of feed water under working conditions to that absorbed by 1kg of 

water from and at 100 
o
C. 

Boiler Efficiency 

 

  It is defined as the ratio of heat energy utilized by feed water in converting it into 

steam in the boiler to the heat energy realized by complete combustion of fuel during the 

same time. 
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   Boiler Efficiency = Energy absorbed by feed water 

                Energy absorbed by fuel 

       =  Wa(Hs-hw) 

          Wf  x Calorific value of fuel 

   Where  Wa = actual evaporation of steam/hr 

     Hs  = total heat of steam produced , 

     Hw = sensible heat of feed water, 

     Wf = weight of fuel consumed/ hr. 

However, if the boiler is equipped with an economizer and a super heater, then 

efficiency of the unit is called overall efficiency of the boiler plant and it takes into account 

the efficiency of all the three elements namely: boiler, economizer and super heater.  

 

5. Observation and Calculations 

 

Heat absorbed by the water at actual working pressure  = Wa(Hs-hw) 

Heat absorbed bt the water under standard conditions    =  We x Lo 

 

Equivalent evaporation, We = Wa(Hs-hw)     kg/kg of coal burnt 

                   Lo               

                               =Wa(Hs-hw) 

  539     (when Hs and hw are expressed in Kcal) 

                               =Wa(Hs-hw) 

                           2256  (when Hs and hw are expressed in KJ) 

Wa = weight of water actually evaporated into steam per kg of coal        

burnt at the working pressure. 

   Hs = specific enthalpy of steam at the working pressure. 

    hw = specific enthalpy (sensible heat) of feed water. 

   Lo = enthalpy of evaporation (latent heat) of steam at 

 1 kgf/cm
2
 and 100 

o
C 

 = 539 kcal/kg (2256 kj/kg) 

 

Boiler Efficiency,    =     Wa (Hs-hw) 

          Wf  x Calorific value of fuel 

     Wa = actual evaporation of steam/hr 

     Hs  = total heat of steam produced , 

     Hw = sensible heat of feed water, 

     Wf = weight of fuel consumed/ hr. 

 

6. Result 

 

(i) Equivalent evaporation, We = Wa(Hs-hw)     kg/kg of coal burnt 

                   Lo               

                               =Wa(Hs-hw) 

  539     (when Hs and hw are expressed in Kcal) 

                               =Wa(Hs-hw) 
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                            2256  (when Hs and hw are expressed in KJ) 

 

(ii) Boiler Efficiency,    =     Wa (Hs-hw) 

                   Wf  x Calorific value of fuel 

     Wa = actual evaporation of steam/hr 

     Hs  = total heat of steam produced , 

     Hw = sensible heat of feed water, 

     Wf = weight of fuel consumed/ hr. 

 

7. Precautions  

 

(a) Check all valves before starting the boiler. 

(b) Check uniform supply of water. 

(c) The apparatus should be handled carefully. 

 

 

8. Questions for Viva 
(a) Distinguish b/w mountings and accessories. 

(b) Distinguish b/w fire tube and water tube boilers. 

(c) What is the function of economiser? 

(d) What is the function of blow-off cock and fusible plug? 

(e) What is the function of safety valve? 

 

EXPERIMENT No. 4 

AIM:  Determination of dryness fraction of steam. 

APPARATUS:   Combined separating and   Throttling Calorimeter. 

THEORY: 

DRYNESS FRACTION:The term dryness fraction refers to wet steam. It is defined as ratio 

of mass of dry steam actually present to the mass of the wet steam, which contains it. 

Let in the sample of wet steam:- 

X   = 
WW

W

d

d


 

Where 

X   = Dryness fraction of the sample 

Wd   = Wt. of dry steam in Kg. 

W   = Wt. of water vapours in suspension 

SEPARATING AND THROTTLING (COMBINE) CALORIMETER: 

The steam passing out from a separating calorimeter may still contain some water vapours in 

it. In other words it may not be absolutely dry. Again, in a throttling calorimeter steam after 

passing through the throttle valve must be superheated or at least dry saturated. This limits 

the extent of dryness fraction that can be reliably measured, depends upon  the pressure of 

steam in the main steam pipe. If a sample of steam, which may be still wet after passing 
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through the throttle valve i.e. it will not be superheated. Thus under this condition the 

throttling calorimeter fails to enable us in determining the value of dryness fraction of steam. 

To overcome these difficulties we make use of combined separating and throttling 

calorimeter. First the steam is passed through separating calorimeter where it loses most of its 

moisture and becomes comparatively drier, It is then passed through the throttling calorimeter 

where superheating takes place without change of total heat. The temperature and pressure of 

steam after throttling are measured by using a thermometer and manometer respectively. 

Let 

W = Weight of suspended moisture collected in the separating calorimeter. 

Wd = Weight of the steam leaving the separating calorimeter   and entering the  

Throttling calorimeter. 

X1 = Dryness fraction of steam shown by Separating Calorimeter. 

X1 = 
WW

W

d

d


 

It is not the accurate dryness fraction of steam as the separating calorimeter may not have 

been to remove the whole of the moisture of the sample of steam. 

Wd + W= Total weight of wet steam entering the separating calorimeter. 

Now the improved quality steam leaving the separating calorimeter enters the throttling 

calorimeter, which ultimately leaves superheated. Throttling process occurs when steam is 

expanded through a small aperture as in case of throat of nozzle. During this process, no work 

is done, there is no heat supplied, and there is no change in total heat i.e. total heat remains 

constant.  

Let 

X2 = Dryness fraction of the steam leaving the separating calorimeter and 

entering throttling calorimeter 

P1 = Absolute Pressure of wet Steam entering the throttling calorimeter 

L1 = Latent heat of wet steam entering the throttling calorimeter 

P2 = Absolute Pressure of steam after throttling 

L2 = Latent heat of steam at pressure P2 

tsup = Temperature of superheated steam after throttling 

t2 = Saturation temperature at pressure P2 

Hw1 = Sensible heat of water at pressure P1 

pressure P1 

H2 = Total heat of dry steam at pressure P2 

Cp = Specific heat of superheated steam and 

Total Heat before throttling                       = Hw1 + X2L1 

Total Heat after throttling                = Hw2 + L2 + Cp (ts – t2)  

        

If the steam is in a superheated state after throttling 
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Since the total heat during throttling remains constant. 

Total heat of steam entering the throttling calorimeter = Total heat of steam leaving 

                                                                                                the throttling calorimeter  

Hw1 + X2 L1 = Hw2 + L2 + Cp (ts – t2) 

Hw1 + X2L1 = H2 + Cp(tsup-t2)   (H2 = Hw2 + L2) 

X2  = 
 

1

12sup2 ][

L

HttCH wp 
 

Total Dryness Fraction X = X1 * X2 

DESCRIPTION: 

The set up consists of a separating and throttling calorimeter. A steam generator is provided 

at the base of the apparatus. A thermostat knob is provided at the front of apparatus to control 

the temperature inside the steam generator. Steam from steam generator is passed from 

separating calorimeter where most of the water particles get separated from steam and then 

passed to throttling calorimeter where steam get superheated. After that superheated steam is 

passed through heat exchanger to condense the steam. A manometer and a thermometer are 

connected with throttling calorimeter to measure the pressure and temperature after throttling 

process. 

Separating Calorimeter 

It consists of two concentric chambers, the inner chamber, and the outer chamber, which 

communicates with each other through an operating at the top. As the steam discharges 

through the metal basket, which has a large number of holes, the water particles due to their 

heavier momentum get separated from the steam and collect in the chamber. The 

comparatively dry steam in the inner chamber moves up and than down aging through the 

annular space between the two chambers and enters the Throttling Calorimeter. 

Throttling Calorimeter 

It consists a narrow throat (Orifice). Pressure and temperature are measured by manometer 

and thermometer. The steam after throttling process passes through the heat exchanger and 

condensate is collected. 

PROCEDURE: 

1. Close the ball/drain valve provided before the separating calorimeter. 

2. Switch on the main supply to the heaters of steam generator and set the thermostat 

knob at 120º. 

3. Fully open the ball valve when the pressure of the steam generator rises up to 2kg 

/ cm
2
. 

4. Now supply of the continuous water to the heat exchanger. 

5. Now slowly open the needle valve provided after the separating calorimeter and 

maintain the constant pressure in the pressure gauge provided before the throttling 

calorimeter. 

6. A light buzzing sound comes from throttling calorimeter confirms throttling. 
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7. Allow some time for the steady state if pressure of the pressure gauge fluctuates 

stables it manually by operating needle valve. 

8. Note the pressure difference and temperature after the throttling from the 

manometer and thermometer. 

9. Collect the suspended moisture from the separating calorimeter and weight it. 

10. Also collect the dry steam condensing after throttling calorimeter and weight it. 

11. Now calculate the dryness fraction of steam. 

FORMULAE: 

1. Dryness fraction of steam measured by separating calorimeter. 

 

X1  = 
WW

W

d

d


 

2. Dryness fraction of steam measured by throttling calorimeter. 

 

X2  = 

  
1

12sup2

L

HttCH wp 

 

3. Actual dryness fraction 

X              = X1 * X2 

4. Pressure after throttling 

   P2   = 1.033 + 
10000

dM
 kg f  / cm

2 

      5.      Absolute pressure = Gauge pressure + Atmospheric pressure. 

        Where 

      W               = Weight of suspended moisture collected in the 

Separating calorimeter 

                   Wd               = Weight of the steam leaving the separating 

calorimeter 

                                                                 and entering the Throttling calorimeter 

                    X1               = Dryness fraction of steam shown by Separating 

Calorimeter 

                    X2               = Dryness fraction of the steam leaving the 

separating 

calorimeter and entering throttling calorimeter 

                    P1   = Absolute Pressure of wet Steam entering throttling 

calorimeter 

                    L1   = Latent heat of wet steam entering the throttling 

calorimeter at P1.(from steam table) 

                    P2   = Absolute Pressure of steam after throttling 

                    L2   = Latent heat of steam at pressure P2 

                    tsup             = Temperature of superheated steam after throttling 

                    t2   = Saturation temperature at pressure P2 (from steam table) 

                    Hw1  = Sensible heat of water at pressure P1 (from steam table) 

                    H2             = Total heat of dry steam at pressure P2 (from steamtable) 
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                    Cp               = Specific heat of superheated steam and = 0.5 

                    Md               = Manometeric pressure difference in mm of water 

                    1.033 kg f / cm
2
 = Atmospheric pressure 

OBSERVATION TABLE: 

S.NO Gauge Pressure 

before throttling Kg 

f / cm
2
 

Temp. after 

throttling, 

Tsup º C 

Manometer 

difference, 

Md (mm) 

Weight of 

moisture 

collected, W 

Weight of 

dry steam, 

Wd 

 

 

 

 

    

 

 

 

 

 

 

 

 

 

 

CALCULATION TABLE: 

S.NO. Absolute pressure 

before throttling, P1 

Kg f / cm
2
 

Absolute 

pressure 

after 

throttling, P2 

Kg f / cm
2
 

Dryness 

fraction 

from 

separating 

calorimeter, 

X1 

Dryness 

fraction 

from 

throttling 

calorimeter, 

X2 

Actual 

dryness 

fraction of 

steam, X 

      

 

 

 

 

 

SAMPLE CALCULATION: 

OBSERVATION TABLE: 

S.NO Gauge Pressure 

before throttling 

Kg f / cm
2
 

Temp. after 

throttling, 

Tsup º C 

Manometer 

difference, 

Md (mm) 

Weight of 

moisture 

collected, W 

Weight of 

dry steam, 

Wd 

 

1. 

 

2. 

 

 

 

 

0.52 

 

0.9 

 

 

95º 

 

95º 

 

 

 

4 

 

2 

 

47 

 

17 

 

 

710 

 

310 

 

 

CALCULATION TABLE: 

S.NO. Absolute pressure Absolute Dryness Dryness Actual 
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before throttling, P1 

Kg f / cm
2
 

pressure 

after 

throttling, P2 

Kg f / cm
2
 

fraction 

from 

separating 

calorimeter, 

X1 

fraction 

from 

throttling 

calorimeter, 

X2 

dryness 

fraction of 

steam, X 

 

1. 

 

2. 

 

1.553 

 

1.933 

 

1.0334 

 

1.0332 

 

0.93 

 

0.94 

 

0.98 

 

0.98 

 

 

0.91 

 

0.92 

 

 

 

SAMPLE CALCULATIONS (Reading no. 1): 

Initial absolute pressure of steam,  P1  = 1.553 kgf/cm
2
 

Absolute pressure after throttling, P2  = 1.0334 kgf/cm
2
 

Temperature after Throttling,  tsup  = 95º C 

Weight of dry steam.   Wd  = 710 grams 

Weight of water vapours in 

Suspension    W  = 47 grams 

Specific heat of steam   Cp  = 0.5 

By steam table for 1.553 kgf/cm
2
  

     Hw1  = 111.96 Kcal / kg m   

     L1  = 531.9875 Kcal / kg m 

By steam table for 1.0334 kgf/cm
2
  

H2  = 639.70 Kcal / kg m 

t2  = 100.8º C 

Dryness fraction of steam by separating Calorimeter 

X1 = 
47710

710


    = 0.93 

Dryness fraction of steam by throttling calorimeter 

X2 = 
  

1

12sup2

L

HttCH p 
     =  0.98 

Total Dryness fraction         X    =  X1 * X2 

              = 0.91 

PRECAUTIONS: 

1. Manometer should be filled with water up to half. 

2. Thermometer pocked should be half filled with oil before inserting the 

thermometer. 

3. Cold Water to inlet of Heat Exchanger must be supplied before opening the valve. 

4. Do not set the value of thermostat knob above 120º. 

 

EXPERIMENT NO. 5 
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AIM: To Determine Brake Horse power, Specific fuel consumption, Brake thermal 

efficiency, Heat lost by cooling water, Air consumption, Swept volume, and volumetric 

efficiency. 

Apparatus: The petrol engine test Rig arrangement  

Description: The petrol engine test Rig consists of following arrangement to conduct the 

experiment 

1. Fuel input measuring arrangement  

This arrangement consists of tank of suitable capacity mounted on the stand. The fuel goes to 

the engine through a 50 ml burette. The burette facilitates the measurement of fuel 

consumption for a definite period of time with the help of stopwatch. 

2. Arrangement for measuring the heat carried by cooling water. 

Suitable pipe fitting is provided for circulating the cooling water into the engine for 

measuring the rate of flow of water, meter is provided. With this entire arrangement one can 

find out the heat carried away by cooling water. The temperature of inlet and outlet water can 

be directly read from the thermometer. 

3.Air intake measuring  arrangement 

This consists of an orifice, a diaphragm base manifold and a U-tube manometer. With the 

help of orifice and manometer the volume of air sucked can be calculated. 

4. Loading Arrangement 

The engine is coupled with AC alternator with loading arrangement. A panel board consisting 

of ammeter, voltmeter and switches are provided 

Experimental Procedure 

1. Fill oil in an oil sump of engine. It should be in between the marks provided on an oil 

dipstick. If oil level is reduced, add clean oil(SAE-40) to the crankcase by opening the 

cover of valve provided at the top of the engine 

2. Fill the Petrol in the fuel tank. 

3. Fill the manometer up to half of the height of manometer with water. 

4. Fill the burette with petrol by opening the valve provided at the lower side of burette. 

Close the valve after filling the burette. 

5. Supply the petrol to the engine by opening the valves provided in the fuel supply line. 

Supply the main power. 

6. Open continuous cold water supply to the engine jacket. 

7. Start the engine with starting handle and let it run for 15 minutes under no load 

condition. 

8. When the current supply starts then give the load through the loading 

arrangement(200 watt bulbs) 

9. Start the four cylinder petrol engine with throttle fully open .Run the engine for 15 

minutes so that it can stabilize. 
10.  Keeping the throttle opening fixed, with all the cylinders working, take the  

dynamometer readings and note the engine speed. 

11.  Cut out the first cylinder by shorting its spark plug. This will cause the engine 
 speed to decrease. Bring the speed back to original value by adjusting the 
 dynamometer load and note down the new dynamometer reading. 

12.   Record the dynamometer load 

13. Render the first cylinder operative but cut out the second, third and fourth  

cylinder in turn. Repeat the procedure taking care that speed remains constant 

and the throttle opening is undisturbed while the test is being conducted 
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14. Close the petrol supply valve and open the burette. Note down the time to consume 

50 ml of petrol with the help of stop watch. It will give us the fuel consumption. 

15. Repeat the experiment at different loads and different speeds 

Morse Test: This test is basically used to determine the IP (indicated power of Multi cylinder 

four stroke petrol engine test rig.) 

Procedure to calculate the Morse test through hydraulic dynamometer 

1. Initially calculate the BP of whole engine by considering aal the cylinder open. 

2. Then close down the first cylinder and calculate the BP1 at same load 

3. Similarly calculate BP2, BP3 and BP4. 

4. After Calculating the BP1,BP2,BP3 and BP4 calculate the IP of each cylinder 

5. IP of each  cylinder is calculated as: 

IP1   =  BP  –  BP1 

IP2    =          BP  –  BP2 

IP3   =  BP  –  BP3 

IP4    =  BP  –  BP4 

6. Then calculating the total IP(Indicated power) as follows; 

IP = IP1  + IP2 + IP3 + IP4 

7. Calculate the  Friction power of the engine, which is calculated as follows 

 IP = BP + FP 

 

Then 

 FP = IP - BP (FP=Friction Power). 

Observation Table: 

S. Engine Cylinder Dynamomete

r 

Brake Indicated Friction Mechanical 
No. Speed (N) Cut-out loadW Power Power of Power Efficiency 
  No.   Cut-out   
     cylinder   
 rev./ min.  Kg kW kW kW % 

        

Formulae: 

Friction Power:The difference between indicated power and the brake power is called the 

friction power. Friction Power = I.P.n - B.P.n 

Specific Fuel Consumption:It is defined as the rate of fuel consumption per unit power 

produced 

s.f.c.     = Fuel consumption per unit time 

Power output 

Thermal Efficiency:It is defined as the ratio of brake power to the energy supplied to the 

engine. 

ήbth       =  _______ Power output ________  
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mass of fuel(s)   x  calorific value of fuel 

Volumetric Efficiency:It is an indication of the breathing capacity of the engine and is 

defined as the ratio of volume of air actually indicated at ambient conditions to the swept 

volume of the engine. 

ήv   =    _________ Mass of charge actually inducted  

Mass of charge that fills swept volume at ambient temp, and pressure 

=    Volume of charge aspirated per stroke at ambient conditions  

Swept volume 

Mechanical Efficiency:The ratio of brake power to the indicated power is called the 

mechanical efficiency of the engine 
Mechanical Efficiency = Brake Power / Indicated Power 

 

EXPERIMENT NO. 6 

1. Objective:  

 Performance of a diesel engine from no load to full load (at constant speed) for 

a single cylinder engine in terms of brake power, indicated power, mechanical 

efficiency and SFC (specific fuel consumption) and further obtain power consumption 

curves and draw the heat balance sheet.. 

2. Apparatus: 

 A single cylinder, four stroke water cooled, vertical Diesel Engine. 

3. Diagram: 

 

 

 

 

 b c 

 

P 

 

           

  d 

             a 

  

     

 

ν 

              Ideal P-ν Diagram 

Outline Illustration of Diesel Engine 
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4. Theory: 

 

BRAKE POWER 

 Brake Power is the power delivered by the engine at the drive shaft. The brake power 

is usually measured by attaching a power absorption device to the drive shaft of the engine. 

Such a device sets up measurable forces counteracting the forces delivered by the engine 

and the determined value of these measured forces is indicative of the forces being 

delivered. 

In the present case, rope brake type dynamometer is used. 

Let S1  = spring balance reading (kg) 

S2  = spring balance reading (kg) 

D  = brake drum diameter (m) 

D  = rope brake diameter (m) 

Reff  = effective radius of brake 

drum 

Reff  = D + d 

  2 

N = Revolutions per minute 

Brake Torque = 9.81 (S1 – S2) Reff Nm 

Brake Power = 2π (N/60) {9.81 x (S1 – S2)} Reff  

 kW 

   1000 

 = 1.027 x 10
-3

 N (S1 – S2) L  kW 

BRAKE SPECIFIC FUEL CONSUMPTION 

 It is defined as the rate of fuel consumption per unit brake power produced 

bsfd = Fuel consumption per unit time 

   Brake Power 

BRAKE THERMAL EFFICIENCY 

 It is defined as the ratio of brake power to the energy supplied to the engine. 

 

ηbth =   Brake Power     

  mass of fuel(s)           x  calorific value of fuel 

VOLUMETRIC EFFICIENCY 

 It is an indication of the breathing capacity of the engine and is defined as the 

ratio of volume of air actually indicated at ambient conditions to the swept volume of 

the engine. 

 

ηv  =    Mass of charge actually inducted    

mass of charge represented by swept volume at ambient temp. and pressure 

 

 =  Volume of charge aspirated per stroke at ambient conditions  

swept volume 
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RELATIVE EFFICIENCY 

 It is also known as efficiency ratio and is the ratio of thermal efficiency of an 

actual cycle to that of the ideal cycle. It is a very useful criterion as it indicates the 

degree of development of the engine. 

  

ηrel = Actual Thermal Efficiency 

   Air – Standard Effieiency 

5. Procedure: 

a. Open the tap to allow cooling water to circulate through the engine. Engine should 

not be started without starting the flow of cooling water, otherwise the engine 

would be damaged. 

b. Start the engine and allow it to run for at least 15 minutes to attain steady state.  

Increase load by tightening the rope. 

c. Note down: 

(i) Speed of engine 

(ii) Spring balance readings 

(iii) Time taken for the consumption of 50ml of fuel 

(iv) Pressure difference, indicated by the manometer, across the orifice 

(v) Temperature of the incoming air 

(vi) Inlet and outlet temperature of the cooling water 

(vii) Exhaust gas temperature 

d. Make a record of readings in a tabular form and calculate various parameters. 

 

6. Observations and Calculations: 

 

S. 

No. 

Load  

 

 

 

 

Kg 

Engine 

Speed 

(N)  

 

rev./ 

min. 

Spring 

Balance 

Readings  

 

 

Kgf 

Net 

Load 

(S1–

S2) 

 

Kgf 

Brake 

Power 

 

 

 

kW 

Time  

(50ml  

fuel) 

[t] 

 

secs 

Brake 

specific 

fuel 

consum-

ption 

kWh 

η 

BRAKE 

 

 

 

% 

Pre-

ssure 

drop 

ΔH 

 

cm 

Air 

mass 

flow 

rate 

 

Kg/s 

Ideal 

mass 

flow 

rate 

 

Kg/s 

Vol. 

Effi-

ciency 

 

 

% 

   S1 S2          

              

 

(i) BRAKE POWER (BP) = 1.027 x 10
-3

 N (S1 – S2) Reff 

 

 Bmep   = BP x 60000 x 2 = BP x 1923 x 10
5
 N/m

2
   

     624 x 10
-6

 x N  N 

 

(ii) FUEL CONSUMPTION 

 Note time required for the consumption of 50ml of the fuel. (Let it be t secs.) 
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 Rate of fuel comsumption  = 50 x 10
-6

 m
3
/s 

       T 

 

    = ρf x 50 x 10
-6

 kg/s 

      t 

 where ρf = density of the fuel in kg/m
3
  

 

(iii) BRAKE SPECIFIC FUEL CONSUMPTION = 50 x 10
-6  

x  ρf x 3600 x 

1000 g/kWht    BP 

 

     = 180 x ρf   t/kWh 

       t x BP 

 

 

(iv) BRAKE THERMAL EFFICIENCY =   BP   

      50 x 10
-6

 x ρf  x LHV 

           t 

 where LHV = lower heating value 

 

 

(v) AIR FLOW MEASUREMENT: The mass flow rate of air is measured by measuring the 

pressure drop across the sharp edged orifice. The mass flow rate is given by 

 

Mair = Cd Ao √ 2g ΔH ρw ρair  

 

Where 

Mair = Mass flow rate of air (Kg/s) 

Cd  = Coefficient of discharge of the orifice 

Ao = Orifice area (m
2
) = πdo

2
/4 (do being the diameter of orifice) 

g = Gravity 9.81 m/sec
2
  

ΔH = m of water (Pressure) 

ρw = density of manometric fluid 995 – 1000 kg/m
3
  

ρa = density of air entering the measuring orifice 

 

 

(vi) VOLUMETRIC EFFICIENCY =   Mass Flow Rate   

    Ideal Mass Flow Rate 

 

 

Now ideal mass flow rate = Swept volume x  N  x  1  x ρair  

       60     2 

where swept volume is in m
3
; ρair is the ambient air density in kg/m

3
  

 

 mi  =  624 x 10
-6

 x  1500   x ρair  

          2 x 60 

  = 7.8 x 10
-3

 ρair  

 (Take ρair = 1.17 to 1.20 kg/m
3
) 
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 ηv  = Cd Ao √ 2g ΔH ρw ρair   

    7.8 x 10
-3

 ρair  

 

7. Result: 

(i) Brake Power (BP) =    kW 

  

(ii) Fuel Consumption =    Kg/s 

(iii) Brake Specific Fuel Consumption  =    KWh 

(iv) Brake Thermal Efficiency  =    % 

(v) Air Flow Measurement =    Kg/s 

(vi) Volumetric Efficiency  =    % 

8. Precautions: 

 

a) Oil of tank should be checked. 

b) Water supply should be regulated regularly. 

c) There should be no leakage. 

d) Open the screw for draining air, don’t touch the fuel pump. 

e) Clean the engine regularly. 

f) Clean the air cleaner and the silencer after every 50 hrs. 

g) Avoid loose clothing in the lab. 

h) There should not be any oil etc. spilled on the floor, it should be kept clean. 

9. Questions for Viva 

a) Differentiate between Diesel Engine and Petrol Engine. 

b) How is S.F.C. calculated in case of a Diesel Engine? 

c) How many types of Cooling are used in a Diesel Engine? 

d) What does the title “Single Cylinder Four Stroke Diesel Engine” signify? 

e) What are the major Do’s and Don’ts to be taken care of while the engine is 

running? 

 

 

MATERIALS SCIENCE & METALLURGY LAB.( BMME1-418) 
 

Experiment No. 1 
 

Name of the experiment: Preparation of model/ charts related to atomic / crystal structure of 

metals. 

Objective: To make the students familiar with crystal structure of the metals. 
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Apparatus / materials required: plastic balls, glue and sheets 

Theory: A crystalline material is one in which the atoms are situated in a repeating or 

periodic array over large atomic distances; that is, long-range order exists, such that upon 

solidification, the atoms will position themselves in a repetitive three-dimensional pattern, in 

which each atom is bonded to its nearest-neighbor atoms. 

Unit cell: The atomic order in crystalline solids indicates that small groups of atoms form a 

repetitive pattern. Thus, in describing crystal structures, it is often convenient to sub-divide 

the structure into small repeat entities called unit cells. 

Crystal systems: Since there are many different possible crystal structures, it is sometimes 

convenient to divide them into groups according to unit cell configurations and/or atomic 

arrangements. One such scheme is based on the unit cell geometry, that is, the shape of the 

appropriate unit cell parallelepiped without regard to the atomic positions in the cell. 

The unit cell geometry is completely defined in terms of six parameters: the three edge 

lengths a,b, and c, and the three inter-axial angles ,and . These are indicated in Figure 3.4, and 

are sometimes termed the lattice parameters of a crystal structure. On this basis there are 

seven different possible combinations of a,b, and c, and, , and each of which represents a 

distinct crystal system. These seven crystal systems are:  

Cubic, Tetragonal, Hexagonal, Orthorhombic, Rhombohedral, Monoclinic, and Triclinic. 

Three relatively simple crystal structures are found for most of the common metals: face-

centered cubic, body-centered cubic, and hexagonal close-packed. 

BCC: The crystal structure generally found for many metals has a unit cell of cubic geometry, 

with atoms located at each of the corners and at the center of the cubic unit cell. 

FCC: The crystal structure found for many metals has a unit cell of cubic geometry, with 

atoms located at each of the corners and the centers of all the cube faces. It is aptly called the 

face-centered cubic (FCC)crystal structure. Some of the familiar metals having this crystal 

structure are copper, aluminum, silver, and gold. 

HCP: an assemblage of several HCP unit cells is presented in Figure3.3b.1The top and 

bottom faces of the unit cell consist of six atoms that form regular hexagons and surround a 

single atom in the center. Another plane that provides three additional atoms to the unit cell is 

situated between the top and bottom planes. 

Crystal system Edge lengths Inter-axial angles Structure 



 

100 | P a g e  
 

 

 

 

 

 

 

 
Fig. 1.1 seven crystal systems 
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Unit cell of BCC structure 

 
Unitcell of FCC structure 

 
Unitcell of HCP structure 

Fig. 1.2 Crystal structures commonly found in most metals. 

Procedure for making the models: 
Select the structure to make the model. 
Select the appropriate size of balls to make the model. 
Join the balls with help of glue to form the structure. 
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EXPERIMENT No.2 

To Study about annealing of steel, effect of annealing temperatures and time on hardness. 

THEORY: Annealing, in general, refers to heating the material to a predetermined  

temperature, soaking at this temperature, and then cooling it slowly, normally in a 

furnace by switching it off. The aims of annealing the steel could be varying, and that is 

why, there are a number of types of annealing heat treatments. The main aims of 

annealing and as a consequence the derived names of the type of annealing are:  

1. Improvement in mechanical properties of the cast or hot worked steels by 

refining the grain size—Full annealing 

2. Homogenisation of segregated castings, and ingots of steels and alloy steels —

Homogenising annealing 

3. Restore ductility of cold worked steels —Recrystallisation annealing 

4. Improve the machinability and cold formability particularly of high carbon steels 

and alloy steels —Spheroidisation annealing 

5. Relieve the internal stresses of cast, hot worked, or welded structures —Stress-

relieving annealing. 

The important aspect of full annealing as well as the normalising is to let austenite 

transform to pearlite on cooling (and not to bainite, or martensite). In the pearlitic 

range of transformation as the transformation temperature decreases below A1, the 

pearlite becomes finer and finer resulting in increased strength and hardness of the 

steel 

 

     

          FULL ANNEALING :- 

 

 

 

 

 

 

 

 

 

Full annealing, or annealing (without any adjective) consists of heating the steel to a 

temperature above its upper critical temperature, soaking there for sufficient time to 

obtain homogeneous austenite and then, left to cool in the furnace (normally at rate of 

50 to 30°C/h) by switching it off, or as a cheaper practice to submerge in a good heat 

Time  

Holding   

Te
m

p
er

at
u

re
   

 Critical 

Temperature 

Full Annealing 
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insulating material like ash, lime, etc. The austenitising temperature, for full 

annealing, is a function of carbon content of the steel and is generalised as: 

For hypoeutectoid steels and eutectoid steel 

= Ac3 + (20 - 40°C) (to obtain single phase austenite)  

For hypereutectoid steels 

= Ac1 + (20 - 40°C) (to obtain austenite + cementite)  

Heating at these temperatures results in fine grains of austenite for hypoeutectoid steel, 

which on slow furnace cooling through A1 results in coarse grains of ferrite and pearlite. 

 

Figure 1. Effect of annealing cold-worked mild steel 

 

Figure 2. Effect of annealing at 650°C on worked steel. Ferrite recrystallised. Pearlite 

remains elongated (x600)  

 

Three important point of full annealing are:- 

1. Proper austenizing temperature :- To get fine grains. 
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2. Soaking time: Minimum of 1 hour for sections up to 25 mm and increased at 

30 minutes for each additional 25 mm of thick ness to get homogeneous 

austenite. 

3. Very slow cooling (30-50°C/h) through At:- So that austenite always tran 

sforms at A1 temperature or almost just below it to obtain equiaxed and relatively 

coarse grained ferrite as well as pearlite with   large   interlamellar spacing to 

induce softness and ductility but lowering the hardness and strength in steels. If 

hypoeutectoid steel is heated at much higher temperature than recommended 

above, grain growth of grains of austenite are obtained with partly, or 

completely spheroidised Fe3C which on slow cooling through A1 produces 

fine grains (as compared to original) of pearlite and spheroidised cementite. 

Had the steel been heated to slightly above Acm temperature to get a single phase 

homogeneous austenite, grain growth of austenite invariably takes place. Such 

steel on slow cooling again gets proeutectoid cementite formed at the grain 

boundaries of austenite as a thicker network and pearlite has coarse grains. 

Such a cementite network provides easy fracture path and renderg the steel 

brittle during deformation, or in service. Also, it takes time, heat energy, less 

productivity, more scaling and decarburisation with no advantage. Thus, 

heating is avoided in such ranges for annealing The driving force for 

spheroidisation of cementite is the reduction in austenite-cementite interface 

area, and thus, the reduction in interfacial energy accompanies the 

spheroidisation. 
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Isothermal Annealing: It is a type of full annealing in which, steel is first cooled 

rapidly to the desired transformation temperature to prevent any structural change above that 

temperature. Then, the steel is held at selected temperature for the time necessary to complete 

transformation.  

This provides a more uniform microstructure that could be expected by continuous 

cooling. As it is required to drop the temperature rapidly, so it is applicable to small sections 

and would be suitable for large bars in batch type furnaces.  

                  A modified application of isothermal annealing is possible, however, in which the 

charge is heated in one furnace and transferred to another, which has been set at a 

temperature somewhat lower than the desired temperature of transformation in order that the 

temperature of the charge will drop rapidly to that required. The selection of the temperature 

of second furnace is governed by the temperature to which the charge is first heated, mass of 

the charge and the desired transformation temperature. Any undue delays might result in 

portions of charge being cooled to too low temperature. Continuous furnaces are also 

applicable to this type of cycle. 

Process / Sub-Critical Annealing: This process consists of heating steel to a temperature 

first under lower critical point and holding at this temperature for proper time ( 2 – 4 hours) 

followed by air cooling. It results in softening of steel due to particle coagulation of the 

carbide to form the spheroids or small globules of carbide.  

This heat treatment is quite satisfactory for rendering bars more suitable for cold sawing or 

shearing and is used to great extent for these purposes. Since the temperature to which 

heated, is somewhat lower than in full annealing, there is less scaling and warping is 

controllable. 

Spheroidisation: This process causes practically all carbides in the steel to agglomerate in 

the form of small globules or spheroids. There may be wide range of hardness with such a 

structure for any steel since the size of the globules has a direct relation to hardness. 

Spheroidising may be accomplished by heating to a temperature just below lower critical and 

holding for sufficient time. A more desired and commonly used method is to heat just above 

critical temp. and cool very slowly (about 6°C per hour) through critical range or to heat 

within critical range and cool slowly.  

It is used for practically all steels containing over 0.6% carbon, to be machined or cold 

formed. 

  

RESULT: The phenomenon of different modes of annealing was studied. 

 

EXPERIMENT No.3 

OBJECTIVE:-To study hardening of steel, effect of quenching medium and agitation of the 

medium on hardness. 

 

APPARATUS:- Samples of steel muffle furnace and quenching media. 
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THEORY:- Hardening is a process in which steel is heated to a temperature above the 

critical point, held at this temperature and quenched (rapidly cooled) in water, oil or molten 

salt baths. If a piece of steel is heated above its upper critical temperature and plunged into 

water to cool, an extremely hard, needle – shaped structure known as marten site is formed. 

In other words, sudden quenching of steel greatly increases its hardness. 

                After hardening, steels must be tempered to:- 

1. Reduce the brittleness,  

2. Relieve the internal stresses, and  

3. Obtain pre-determined mechanical properties. 

The hardening process is based on very important metallurgical reaction of decomposition of 

eutectoid. This reaction is dependent upon the following factors: 

a. Adequate carbon content to produce hardening. 

b. Austenite decomposition to produce pearlite, bainite and martensite structures. 

c. Heating rate and time. 

d. Quenching medium 

e. Quenching rate. 

f. Size of the part. 

g. Surface conditions. 

In order to increase the cooling rate the parts may be moved around the quenching bath, 

either by hand, or by passing them through the tank in a basket attached to mechanical 

conveyer. Large parts may be lowered into the tank by a crane and kept moving while 

cooling. It is often cheaper and more efficient, however, to circulate the cooling liquid around 

the hot part. The heating rate and heating time depend on the composition of the steel, its 

structure, residual stresses, the form and size of the part to be hardened. The more the 

intricate and large the part being hardened, the slower it should be heated to avoid stresses 

due to temperature differences between the internal and external layers of the metal, warping, 

and even cracking. The practically attainable heating rate depends upon the thermal  

capacity of the furnace, the bulk of the charged parts, their arrangements in the furnace, and 

other factors. The heating rate is usually reduced, not by reducing the furnace temperature but 

by preheating the articles. The heating time for carbon tool steels and medium-alloy structural 

steels should be from 25 to 30% more than for carbon structural steels. The heating time for 

high-alloy structural and tool steels should be from 50 to 100% higher. 

Hardening Methods: - 

1. Annealing 

2. Normalising 

3. Hardening & Tempering 

4. Martempering 

5. Austempering 

6. Surface-Hardening 

Quenching mediums: - 

          The rapidity with which the heat is absorbed by the quenching bath has a considerable 

effect on the hardness of the metal. Clear, cold water is very often used, while the addition of 

salt still increases degree of hardness. Oil, however, gives the best balance between hardness, 

toughness and distortion for standard steels. Special soluble oils are used in many plants 

instead of ordinary fist oil, linseed oil or cottonseed oil. 

Quenching media Rate of cooling Structure produced Hardness 

obtained(Rc) 

Water Very fast Martensite 65 

Oil Fast Very fine pearlite 35 

Air Medium Fine pearlite 25 
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Furnace cool Very slow Coarse pearlite 15 

  

 

 

LIQUID QUENCHING The two methods used for liquid quenching are called  still-bath 

 and  flush  quenching. Instill-bath quenching, you cool the metal in a tank of liquid. The only 

movement of the liquid is that caused by  the  movement  of  the  hot  metal,  as  it  is  being 

quenched. For flush quenching, the liquid is sprayed onto the surface and into every cavity of 

the part at the same time to ensure uniform cooling. Flush quenching is used for parts having 

recesses or cavities that would not be properly quenched  by  ordinary  methods.  That 

assures a thorough and uniform quench and reduces the possibilities of distortion. Quenching 

liquids must be maintained at uniform temperatures for satisfactory results. That is 

particularly true for oil. To keep the liquids at their proper temperature, they are usually 

circulated through water-cooled.  

Water  

Water can be used to quench some forms of steel, but does not produce good results with tool 

or other alloy steels.  Water  absorbs  large  quantities  of  atmospheric gases, and when a hot 

piece of metal is quenched, these gases have a tendency to form bubbles on the surface of the 

metal. These bubbles tend to collect in holes or recesses and can cause soft spots that later 

lead to cracking or warping. The water in the quench tank should be changed daily or more 

often if required. The quench tank should be large enough to hold the part being treated and 

should have adequate circulation and temperature control. The temperature  of  the  water 

 should  not  exceed  65°F. When aluminum alloys and other nonferrous metals require a 

liquid quench, you should quench them in clean water. The volume of water in the quench 

tank should be large enough to prevent a temperature rise of more than 20°F during a single 

quenching operation. For  

 

Brine  

Brine is the  result  of  dissolving  common  rock  salt in water. This mixture reduces the 

absorption of atmospheric gases that, in turn, reduces the amount of bubbles. As a result, 

brine wets the metal surface and cools it more rapidly than water. In addition to rapid and 

uni- form cooling, the brine removes a large percentage of any scale that may be present. The 

brine solution should contain from 7% to 10% salt by weight or three-fourths pound of salt 

for each gallon of water. The correct temperature range for a brine solution is 65°F to 100°F. 

Low-alloy and carbon steels can be quenched in brine solutions; however, the rapid cooling 

rate of brine 

 

RESULT:  Hardening phenomena was studied. 

 

EXPERIMENT No.4  



 

108 | P a g e  
 

 

Name of the experiment: Practice of specimen preparation (cutting, mounting, polishing, 

etching etc.) of mild steel. 

Objective: To make the students familiar about annealing of steel, effect of annealing 

temperatures and time on hardness. 

Apparatus / materials required: 

Theory: The preparation of specimen for metallurgical studies involve procedure explained 

in the following paragraphs: 

Cutting: When cutting a specimen from a larger piece of material, care must be taken to 

ensure that it is representative of the features found in the larger sample, or that it contains all 

the information required to investigate a feature of interest.  

One problem is that preparation of the specimen may change the microstructure of the 

material, for example through heating, chemical attack, or mechanical damage. The amount 

of damage depends on the method by which the specimen is cut and the material itself. 

Cutting with abrasives may cause a high amount of damage, while the use of a low-speed 

diamond saw can lessen the problems.  

There are many different cutting methods, although some are used only for specific specimen 

types.  MTI provides the SYJ-150 low speed diamond saw for cutting OM (optical 

microscope), SEM (scanning electron microscope), and even TEM (transmission electron 

microscope) specimen. 

Mounting: Mounting of specimens is usually necessary to allow them to be handled easily. It 

also minimizes the amount of damage likely to be caused to the specimen itself. The 

mounting material used should not influence the specimen as a result of chemical reaction or 

mechanical stresses. It should adhere well to the specimen, and if the specimen is to be 

electropolished later in the preparation then the mounting material should also be electrically 

conducting.  

Specimens can be hot mounted (about 150 °C) using a mounting press either in a 

thermosetting plastic, e.g. phenolic resin, or a thermosoftening plastic e.g. acrylic resin. If hot 

mounting will alter the structure of the specimen a cold-setting resin can be used, e.g. epoxy, 

acrylic or polyester resin. Porous materials must be impregnated by resin before mounting or 

polishing, to prevent grit, polishing media or etchant being trapped in the pores, and to 

preserve the open structure of the material. 
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A mounted specimen usually has a thickness of about half its diameter, to prevent rocking 

during grinding and polishing. The edges of the mounted specimen should also be rounded to 

minimize the damage to grinding and polishing discs. 

 

Fig. 4.1 A mounted specimen (shows typical dimensions) 

Grinding: Surface layers damaged by cutting must be removed by grinding. Mounted 

specimens are ground with rotating discs of abrasive paper, for example wet silicon carbide 

paper. The coarseness of the paper is indicated by a number: the number of grains of silicon 

carbide per square inch. So, for example, 180 grit paper is coarser than 1200 grit. 

The grinding procedure involves several stages, using a finer paper (higher number) each 

time. Each grinding stage removes the scratches from the previous coarser paper. This can be 

easily achieved by orienting the specimen perpendicular to the previous scratches. Between 

each grade the specimen is washed thoroughly with soapy water to prevent contamination 

from coarser grit present on the specimen surface. Typically, the finest grade of paper used is 

the 1200, and once the only scratches left on the specimen are from this grade.  

The series of photos below shows the progression of the specimen when ground with 

progressively finer paper. 

Lapping: The lapping process is an alternative to grinding, in which the abrasive particles are 

not firmly fixed to paper. Instead a paste and lubricant is applied to the surface of a disc. 

Surface roughness from coarser preparation steps is removed by the micro-impact of rolling 

abrasive particles. 

 

Polishing: Polishing discs are covered with soft cloth impregnated with abrasive diamond 

particles and an oily lubricant or water lubricant. Particles of two different grades are used : a 

coarser polish - typically with diamond particles 6 microns in diameter which should remove 

the scratches produced from the finest grinding stage, and a finer polish – typically with 

diamond particles 1 micron in diameter, to produce a smooth surface. Before using a finer 
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polishing wheel the specimen should be washed thoroughly with warm soapy water followed 

by alcohol to prevent contamination of the disc. The drying can be made quicker using a hot 

air drier. Mechanical polishing will always leave a layer of disturbed material on the surface 

of the specimen. Electro-polishing or chemical polishing can be used to remove this, leaving 

an undisturbed surface. 

  

Copper specimen ground with 180 grit 

paper 

Copper specimen ground with 400 grit 

paper 

  

Copper specimen ground with 800 grit 

paper 

Copper specimen ground with 1200 grit 

paper 

Fig. 4.2 ground specimens 

 
 

Copper specimen polished to 6 micron 

level 

Copper specimen polished to 1 micron 

level 

Etching: Etching is used to reveal the microstructure of the metal through selective chemical 

attack. In alloys with more than one phase etching creates contrast between different regions 

through differences in topography or the reflectivity of the different phases. The rate of 
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etching is affected by crystallographic orientation, so contrast is formed between grains, for 

example in pure metals. The reagent will also preferentially etch high energy sites such as 

grain boundaries. This results in a surface relief that enables different crystal orientations, 

grain boundaries, phases and precipitates to be easily distinguished.  

The specimen is etched using a reagent. For example, for etching stainless steel or copper and 

its alloys, a saturated aqueous solution of ferric chloride, containing a few drops of 

hydrochloric acid is used. This is applied using a cotton bud wiped over the surface a few of 

times (Care should be taken not to over-etch - this is a difficult point to determine, however, 

the photo below may be of some help). The specimen should then immediately be washed in 

alcohol and dried.  

Following the etching process there may be numerous small pits present on the surface. 

These are etch pits caused by localized chemical attack, and in most cases they do not 

represent features of the microstructure. They may occur preferentially in regions of high 

local disorder, for example where there is a high concentration of dislocations.  

If the specimen is over etched, i.e., etched for too long, these pits tend to grow, and obscure 

the main features to be observed - as seen in the images below: 

  

Etched copper specimen Over etched copper specimen 

 

Cleaning specimens in an ultrasonic bath can also be helpful, but is not essential.Ideally the surface to 

be examined optically should be perfectly flat and level. If not, then as the viewing area is moved 

across the surface it will pass in and out of focus. In addition, it will make it difficult to have the 

whole of the field of view in focus - while the centre is focused, the sides will be out of focus. By 

using a specimen levelling press (shown below) this problem can be avoided, as it presses the 

mounted specimen into plasticene on a microscope slide, making it level. A small piece of paper or 

cloth covers the surface of the specimen to avoid scratching. 

 

EXPERIMENT No. 5  
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OBJECTIVE: To study the microstructures of the following materials: 

I) Hypo Eutectoid & Hyper-Eutectoid steels  

II) Hypo eutectic & Hypereutectic Cast Iron 

III) Grey & White Cast Iron    

IV) Non-Fe metals i.e. Al, Mg, Cu, Sn & alloys 

 

APPRATUS: Sample specimens, emery papers, polishing wheel, etchant, metallurgical      

microscope. 

THEORY:-  

1. HYPOEUTECTOID STEEL:-  Consider the slow cooling of Fe-0.4% C steel 

under equilibrium conditions from say 1600 Degree C to room temperature. At 

temperature the solidification begins with the formation of solid δ-Ferrite. Steels 

containing carbon below 0.77% is called hypo eutectoid steels. 

2. EUTECTOID STEEL ( 0.77% C) :- Eutectoid steel, when cooled from say 

1600°C, starts solidifying at temperature J with the formation directly of solid 

austenite from liquid. Solidification is completed at point K, when the alloy has 

grains only of austenite of carbon 0.77%. Further cooling of this alloy to point U 

or eutectoid temperature takes place without any change. This alloy then at 727°C 

undergoes eutectoid reaction to give 100% pearlite.. Thus, eutectoid steel shows 

100% pearlite in microstructure. 

3. HYPER-EUTECTOID STEELS: - Hyper-eutectoid steels contain carbon 

between 0.77% to 2.11 %. Consider cooling of say 1.2% carbon steel from molten 

state, say from 1500°C. Solidification begins at a temperature d with the 

formation of solid austenite. With continued cooling, solid austenite continues to 

form until temperature e is reached at which solidification is completed. At this 

temperature, solid steel is composed entirely of grains of austenite of 

composition 1.2% carbon. This phase persists with continued further cooling 

until a temperature corresponding to w is reached, which is the Acm temperature of 

the steel, and cementite begins to form. Cementite continues to form as a network 

along grain boundaries of austenite with the decreasing temperature, Fig. 8.18 until 

the eutectoid temperature is reached. This amount of austenite (of 0.77%C) 

undergoes eutectoid reaction to produce pearlite (of same amount). Thus, a 1.2% C 

steel has 7.29% of  proeutectoid cementite and  92.71% pearlite.  
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                          Microstructural examination can provide quantitative information about the 

grain size of specimens, grain shapes, amount of interfacial area per unit volume, dimensions 

of constituent phases, amount of distribution of the phases and effect of heat treatment on 

mechanical properties.  

Microstructural examination in other words is also called Metallography, which is a 

specialized discipline in the science of materials technology. Several necessary steps in doing 

metallography of materials include: 

 

1. Selection of sample or specimen 

2. Polishing it to make it flat and mirror smooth   

3. Etching to create relief on the surface to be observed 

4. Observing the structures on microscope 

5. Sketching or photographing the structures    

 

PROCEDURE: A sample specimen is prepared observing following procedure: 

1. Selection of Specimen:-A specimen is so selected that it represents, as far as 

possible, the whole section or the entire piece. Only a small piece can be used and 

only a plane or flat section can be observed. 

2. Cutting the Specimen: - Having selected a particular area in whole mass, specimen is 

cut. Hacksaw or power hacksaw may be taken into application. The edges of 

specimen are beveled or chamfered slightly to prevent tearing of polishing cloth / 

emery paper. 

3. Preparing specimen surface: - Primarily, application of a fairly coarse file or 

grinding is done to achieve a flat surface. Then, using emery papers of progressively 

finer grades, grinding of the specimen is done. 

4. Polishing:-The cloth covered polishing wheels and fine abrasive slurry is used to 

produce a final mirror-finish. The wheel is first washed off the old abrasive and then 

some fine abrasive is applied on wet cloth.  

5. Etching: - There are specific etchants suitable for various purposes and metals. To 

etch a specimen, it is first ensured to be clean and dry. Then a small amount of etchant 

is taken into a white porcelain evaporating dish. Then, etchant is dropped over the 

surface with help of small clean cotton. The surface should be kept completely 

covered with etchant liquid. Etching turns the shiny mirror appearance into a slightly 
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cloudy mirror one. Then, etchant is removed with flowing tap water and quickly the 

specimen is blown dry. Then, using the metallurgical microscope, the microstructure 

of the specimen is observed.  

RESULTS: Various microstructures show the following characteristics: 

                      (1) Microstructure of ferrite                   (2) Microstructure of 0.35% C Steel 

                                                                                                

                                                                          

                                              (3) Microstructure of 0.45% C Steel 
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 (4) Microstructure of 0.77% C Steel                        (5) Hypoeutectoid white cast iron 

 

 

 

 

(6) Eutectic White Cast Iron                         (7) Structure of hypereutectic white cast iron 
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        (8) hyper eutectic white cast iron                             (9) Magensium Alloy 

  . 

                                                                                   

 

 

 

 

 

 

 

                                                  (10)  Nickel alloy 

EXPERIMENT No.6 

OBJECTIVE: Identification of ferrite and pearlite constituents in given specimen of mild 

steel  

THEORY: The study of the constitution and structure of all steels and irons must first start 

with the iron-carbon equilibrium diagram. Many of the basic features of this system influence 

the behavior of even the most complex alloy steels. For example, the phases found in the 

simple binary Fe-C system persist in complex steels, but it is necessary to examine the effects 
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alloying elements have on the formation and properties of these phases. The iron-carbon 

diagram provides a valuable foundation on which to build knowledge of both plain carbon 

and alloy steels in their immense variety. 

The normal equilibrium diagram really represents the metastable equilibrium between iron 

and iron carbide (cementite). Cementite is metastable, and the true equilibrium should be 

between iron and graphite. Although graphite occurs extensively in cast irons (2-4 wt % C), it 

is usually difficult to obtain this equilibrium phase in steels (0.03-1.5 wt %C). Therefore, the 

metastable equilibrium between iron and iron carbide should be considered, because it is 

relevant to the behavior of most steels in practice. The much larger phase field of γ-iron 

(austenite) compared with that of α-iron (ferrite) reflects the much greater solubility of carbon 

in γ-iron, with a maximum value of just over 2 wt % at 1147°C (E, Fig.1). This high 

solubility of carbon in γ-iron is of extreme importance in heat treatment, when solution 

treatment in the γ-region followed by rapid quenching to room temperature allows a 

supersaturated solid solution of carbon in iron to be formed.  
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Fig 1:Iron-Iron Carbide Phase Diagram 

The much larger phase field of γ-iron (austenite) compared with that of α-iron (ferrite) 

reflects the much greater solubility of carbon in γ-iron, with a maximum value of just over 2 

wt % at 1147°C (E, Fig.1). This high solubility of carbon in γ-iron is of extreme importance 

in heat treatment, when solution treatment in the γ-region followed by rapid quenching to 

room temperature allows a supersaturated solid solution of carbon in iron to be formed.  

The diagram shows iron and carbons combined to form Fe-Fe3C at the 6.67%C end of the 

diagram. The left side of the diagram is pure iron combined with carbon, resulting in steel 

alloys. Three significant regions can be made relative to the steel portion of the diagram. 

They are the eutectoid E, the hypoeutectoid A, and the hypereutectoid B. The right side of the 

pure iron line is carbon in combination with various forms of iron called alpha iron (ferrite), 

gamma iron (austenite), and delta iron. The black dots mark clickable sections of the 

diagram.  

Allotropic changes take place when there is a change in crystal lattice structure. From 2802º-

2552ºF the delta iron has a body-centered cubic lattice structure. At 2552ºF, the lattice 

changes from a body-centered cubic to a face-centered cubic lattice type. At 1400ºF, the 

curve shows a plateau but this does not signify an allotropic change. It is called the Curie 

temperature, where the metal changes its magnetic properties.  

Two very important phase changes take place at 0.83%C and at 4.3% C. At 0.83%C, the 

transformation is eutectoid, called pearlite.  

gamma (austenite) --> alpha + Fe3C (cementite)  

At 4.3% C and 2066ºF, the transformation is eutectic, called ledeburite.  

L (liquid) --> gamma (austenite) + Fe3C (cementite) 

The α-iron phase field is severely restricted, with a maximum carbon solubility of 0.02 wt% 

at 723°C (P), so over the carbon range encountered in steels from 0.05 to 1.5 wt%, α-iron is 

normally associated with iron carbide in one form or another. Similarly, the δ-phase field is 

very restricted between 1390 and 1534°C and disappears completely when the carbon content 

reaches 0.5 wt% (B).  

There are several temperatures or critical points in the diagram, which are important, both 

from the basic and from the practical point of view.  

 Firstly, there is the A1, temperature at which the eutectoid reaction occurs (P-S-K), 

which is 723°C in the binary diagram.  

 Secondly, there is the A3, temperature when α-iron transforms to γ-iron. For pure iron 

this occurs at 910°C, but the transformation temperature is progressively lowered 

along the line GS by the addition of carbon.  

 The third point is A4 at which γ-iron transforms to δ-iron, 1390°C in pure iron, hut 

this is raised as carbon is added. The A2, point is the Curie point when iron changes 

from the ferro- to the paramagnetic condition. This temperature is 769°C for pure 

iron, but no change in crystal structure is involved. The A1, A3 and A4 points are 

http://www.sv.vt.edu/classes/MSE2094_NoteBook/96ClassProj/gloss.html#eutectoid
http://www.sv.vt.edu/classes/MSE2094_NoteBook/96ClassProj/gloss.html#hypoeut
http://www.sv.vt.edu/classes/MSE2094_NoteBook/96ClassProj/gloss.html#hypereut
http://www.sv.vt.edu/classes/MSE2094_NoteBook/96ClassProj/gloss.html
http://www.sv.vt.edu/classes/MSE2094_NoteBook/96ClassProj/gloss.html#austinite
http://www.sv.vt.edu/classes/MSE2094_NoteBook/96ClassProj/gloss.html#deltairon
http://www.sv.vt.edu/classes/MSE2094_NoteBook/96ClassProj/gloss.html#bodycent
http://www.sv.vt.edu/classes/MSE2094_NoteBook/96ClassProj/gloss.html#facecent
http://www.sv.vt.edu/classes/MSE2094_NoteBook/96ClassProj/gloss.html#pearlite
http://www.sv.vt.edu/classes/MSE2094_NoteBook/96ClassProj/gloss.html#cementite
http://www.sv.vt.edu/classes/MSE2094_NoteBook/96ClassProj/gloss.html#iedeburite
http://www.sv.vt.edu/classes/MSE2094_NoteBook/96ClassProj/gloss.html#cementite
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easily detected by thermal analysis or dilatometry during cooling or heating cycles, 

and some hysteresis is observed. Consequently, three values for each point can be 

obtained. Ac for heating, Ar for cooling and Ae (equilibrium}, but it should be 

emphasized that the Ac and Ar values will be sensitive to the rates of heating and 

cooling, as well as to the presence of alloying elements.  

The great difference in carbon solubility between γ- and α-iron leads normally to the rejection 

of carbon as iron carbide at the boundaries of the γ phase field. The transformation of γ to α - 

iron occurs via a eutectoid reaction, which plays a dominant role in heat treatment.  

The eutectoid temperature is 723°C while the eutectoid composition is 0.80% C(s). On 

cooling alloys containing less than 0,80% C slowly, hypo-eutectoid ferrite is formed from 

austenite in the range 910-723°C with enrichment of the residual austenite in carbon, until at 

723°C the remaining austenite, now containing 0.8% carbon transforms to pearlite, a lamellar 

mixture of ferrite and iron carbide (cementite). In austenite with 0,80 to 2,06% carbon, on 

cooling slowly in the temperature interval 1147°C to 723°C, cementite first forms 

progressively depleting the austenite in carbon, until at 723°C, the austenite contains 0.8% 

carbon and transforms to pearlite.  

Steels with less than about 0.8% carbon are thus hypo-eutectoid alloys with ferrite and 

pearlite as the prime constituents, the relative volume fractions being determined by the lever 

rule which states that as the carbon content is increased, the volume percentage of pearlite 

increases, until it is 100% at the eutectoid composition. Above 0.8% C, cementite becomes 

the hyper-eutectoid phase, and a similar variation in volume fraction of cementite and pearlite 

occurs on this side of the eutectoid composition.  

The three phases, ferrite, cementite and pearlite are thus the principle constituents of the 

infrastructure of plain carbon steels, provided they have been subjected to relatively slow 

cooling rates to avoid the formation of metastable phases.  

The austenite- ferrite transformation 

Under equilibrium conditions, pro-eutectoid ferrite will form in iron-carbon alloys containing 

up to 0.8 % carbon. The reaction occurs at 910°C in pure iron, but takes place between 910°C 

and 723°C in iron-carbon alloys.  

However, by quenching from the austenitic state to temperatures below the eutectoid 

temperature Ae1, ferrite can be formed down to temperatures as low as 600°C. There are 

pronounced morphological changes as the transformation temperature is lowered, which it 

should be emphasized apply in general to hypo-and hyper-eutectoid phases, although in each 

case there will be variations due to the precise crystallography of the phases involved. For 

example, the same principles apply to the formation of cementite from austenite, but it is not 

difficult to distinguish ferrite from cementite morphologically.  

The austenite-cementite transformation 

The Dube classification applies equally well to the various morphologies of cementite formed 

at progressively lower transformation temperatures. The initial development of grain 

boundary allotriomorphs is very similar to that of ferrite, and the growth of side plates or 

Widmanstaten cementite follows the same pattern. The cementite plates are more rigorously 
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crystallographic in form, despite the fact that the orientation relationship with austenite is a 

more complex one.  

As in the case of ferrite, most of the side plates originate from grain boundary allotriomorphs, 

but in the cementite reaction more side plates nucleate at twin boundaries in austenite.  

The austenite-pearlite reaction 

Pearlite is probably the most familiar micro structural feature in the whole science of 

metallography. It was discovered by Sorby over 100 years ago, who correctly assumed it to 

be a lamellar mixture of iron and iron carbide.  

Pearlite is a very common constituent of a wide variety of steels, where it provides a 

substantial contribution to strength. Lamellar eutectoid structures of this type are widespread 

in metallurgy, and frequently pearlite is used as a generic term to describe them.  

These structures have much in common with the cellular precipitation reactions. Both types 

of reaction occur by nucleation and growth, and are, therefore, diffusion controlled. Pearlite 

nuclei occur on austenite grain boundaries, but it is clear that they can also be associated with 

both pro-eutectoid ferrite and cementite. In commercial steels, pearlite nodules can nucleate 

on inclusions. 

RESULT :- Diagram is thoroughly studied.  
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EXPERIMENT No 7 

AIM: - Harden ability by Jominy End Quench test 

          DIAGRAM:  
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THEORY :- 

      Introduction  

      This apparatus is useful for determining the harden ability of steels by End Quench   

      test. The test consist of heating a standard test specimen to a given temperature  

      (Austinitising temperature) for a specific period of time (soaking time) followed by a  
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      water quenching at one end under specified conditions. The specimen must be as per 

      B.S. 4437 or Indian Standards (IS: 3848: 1966). The quenched specimen is subject to 

      hardness test at various points from quenched end along the length of test piece from   

      the quenched end. 

 APPARATUS:- 

1. Centrifugal pump with exact flow 

2. Bottom sump for water 

3. Top pressure head tank 

4. Specimen loading chamber 

5. Quick releasing value 

6. Outlet for draining the water 

 

PRINCIPLE:- After heating the test specimen (austinitised), it is kept on the specimen 

holder where it is automatically centered with respect to water jet. The quick action value 

starts impinging the water jet on the specimen end instantly. The well defined water jet is 

achieved by suitably chosen nozzle provided in the apparatus.  

PROCEDURE:- 

1. Prepare a test specimen as per IS/BS standards, 25 mm diameter and 100 mm length 

as per drawings. The specimen should have a collar for seating in the apparatus. 

2. Austinitise the specimen (according to the austinitising temperature). Soak it for 1 hr 

and carefully take it out with the help of tongs and gloves. Without delay transfer it 

into Jominy end quench apparatus and open the tap. 

3. Let the cooling continues, when it is cooled sufficiently, grind the specimen on the 

cylindrical surface along the length from the quenched end as shown. 

4. Take hardness in Rockwell ‘C’ Scale (150 Kg diamond indenter) at every 0.5mm 

distance. This can be best achieved with the help of a ‘V’ anvil attachment available 

with the Rockwell Hardness Tester. 

PRECAUTIONS:- 

1. The instrument has been designed and manufactured as per I.S. and B.S. 

Specifications. Therefore do not adjust any part of the equipment. 

2. The specifications must be as per IS and BS Specifications 

3. Keep the equipment dry when not in use by draining the water through water 

outlet. 

4. Do not use hard water as scales may form nozzles and copper conduits. 

5. Use De-ionized water or reasonably soft water. 

RESULT :- 

                 Take as many readings (about 20 to 25) and draw a plot. 

EXPERIMENT No.8 

AIM:To study about microstructure and hardness of steel at different rates of cooling. 

APPARATUS:  Muffle furnace, water bath, oil bath, and hardness tester.  
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THEORY: Heat treatment is an operation or combination of operations involving the heating of a solid 

metal or alloy to definite temperatures, followed by cooling at suitable rates in order to obtain a 

steel with certain physical and mechanical properties, which are due to changes in the nature, form, 

size and distribution of the micro constituent. The heat treatment in steels is made possible by the 

eutectoid reaction occurring in iron-carbon diagram. The heat treatment may be done to accomplish 

one or more of the purposes like to homogenize, to soften, to relieve stress, to harden, to toughen.  

There are three main stages in all heat treatment cycle. 

1. Heating the metal or alloy to the predetermined heat treating temperature. 

2. Soaking the metal at that temperature until the structure becomes uniform throughout 

the section. 

3. Cooling the metal at some predetermined rate will cause the formation of desirable 

structures in the metal. 

PROCEDURE:- 

1. First all the samples are put in the furnace at 900°C for ½ hr.  

2. After half hr. the samples are taken out one by one. 

3. One sample should be quenched in water. 

4. Another samples is immersed to cool in oil. 

5. The next sample should be kept in open air to get air cooled. 

6. Another sample is kept in the furnace itself to get cooled down to room temperature in the 

furnace. 

7. As each samples gets cooled, its faces are ground and polished to get an even surface. 

8. Nextly, hardness is checked and a graph is plotted, if desired. 

9. A piece from the hardened end of each sample is cut and prepared for metallographic 

examination and its microstructure is studied. 

PRECAUTIONS: 

1. For quenching, the sample should be immediately transferred from the furnace to the 

water/oil bath. 

2. The quenching media should be agitated. 

3. The specimen should be well grinded and polished before measuring hardness. 

4. Hardness should be checked in cold state. 

  

RESULT: - Microstructure & hardness was studied at different rates of cooling. 


