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Important Links to follow: 

 

Website Links Purpose 

 http://www.mrsptu.ac.in/ University Related Information 

 http://www.mrsstuexam.com/ Examination Related Information 

 http://sviet.ac.in/ College Website 

 http://nptel.ac.in/ Study Material Related 

 http://www.allsubjects4you.com/ Old Question Papers Related 

 

SYLLABUS 

As Per MRSPTU 

 

BTME 601 DESIGN OF MACHINE ELEMENTS -II 

 

Internal Marks: 40    External Marks: 60    Total Marks: 100 

 

1. Transmission Drives 

Belt and rope drives: Basics, Characteristics of belt drives, selection of flat belt, Design of Flat 

belt, V-belt and rope (steel wire), Design of the pulley for the same Chain Drives: Basics, Roller 

chains, polygonal effect, power rating, selection of chain Gear drives: Standard system of gear 

tooth and gear module, gear tooth failure, strength of gear tooth, terminology of spur, helical, 

bevel, worm and worm wheel, Design of spur, helical, straight bevel gears, worm and worm 

wheel 

2. Bearings 

Slider: Principle of hydrodynamic lubrication, modes of lubrication, Reynolds equation, bearing 

performance parameters, slider bearing design, Roller: Types, selection guidelines, static and 

dynamic load carrying capacity, Stribeck’s equation, equivalent bearing load, load life 

relationship, selection of bearing, comparison of roller and slider bearing. 

3. Design of Flywheel 

Introduction, Energy stored in a flywheel, stresses in a rim, design considerations 

4. Springs 

Types; end styles of helical compression spring; stress and deflection equation; surge in spring; 

nipping of leaf spring; Design of close-coil helical spring and multi leaf spring 

5. Clutches 

Design of contact clutches i.e. plate, multi-disc, cone and centrifugal clutches. 

6. Brakes 

Design of band, disc, block with shoe and internal expanding brakes. 

Books 

a. Joseph E. Shigley, Charles Russell Mischke, Richard Gordon Budynas,Mechanical Engineering 

Design, McGraw-Hill 

b. Robert C. Juvinall Fundamentals of machine component design, JohnWiley Eastern 

c. V.K Jadon, Analysis and design of machine elements, I.K. International 

d. V.B Bhandari, Design of Machine elements, Tata Mc-Graw. Hill  

http://www.mrsptu.ac.in/
http://www.mrsstuexam.com/
http://sviet.ac.in/
http://nptel.ac.in/
http://www.allsubjects4you.com/
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e. S.S Jolly, Design of machine elements-II, Dhanpat Rai and Co. 

 

BTME-602 HEAT TRANSFER 

 

Internal Marks: 40    External Marks: 60   Total Marks: 100 

1. Introduction: 

Concept of heat transfer, Difference between the subject of "Heat Transfer" and its parent subject 

"Thermodynamics". Different modes of heat transfer - conditions, convection, and radiation. 

2. Conduction: 

Fourier's law of heat conduction, coefficient of thermal conductivity, effect of temperature and 

pressure on thermal conductivity of solids, liquids and gases and its measurement. Three-

dimensional general conduction equation in rectangular, cylindrical and spherical coordinates 

involving internal heat generation and unsteady state conditions. Derivation of equations for 

simple one dimensional steady state heat conduction from three dimensional equations for heat 

conduction though walls, cylinders and spherical shells (simple and composite), electrical analogy 

of the heat transfer phenomenon in the cases discussed above. Influence of variable thermal 

conductivity on conduction through simple cases of walls / cylinders and spheres Equivalent 

areas, shape factor, conduction through edges and corners of walls and critical thickness of 

insulation layers on electric wires and pipes carrying hot fluids. Internal generation cases along 

with some practical cases of heat conduction like heat transfer through piston crown, through 

under-ground electrical cables/Hot fluid pipes etc and case of nuclear fuel rod with and without 

cladding. Introduction to unsteady heat transfer, Newtonian heating and cooling of solids; 

definition and explanation of the term thermal diffusivity. Numerical. 

 

3. Theory of Fins: 

Concept of fin, classification of fins and their applications. Straight fins of uniform cross-section 

;e.g. of circular, rectangular or any other cross-section). Straight fins with varying cross-sectional 

area and having triangular or trapezoidal profile area. Circumferential fins of rectangular cross 

section provided on the circumference of a cylinder. Fin performance: fin effectiveness and fin 

efficiency, total fin effectiveness, total fin efficiency. Optimum design of straight fin of 

rectangular and triangular profile area. Application of fins in temperature measurement of flow 

through pipes and determination of error in its measurement. Numerical. 

 

4. Convection: 

Free and forced convection. Derivation of three-dimensional mass, momentum and energy 

conservation equations (with introduction to Tensor notations). Boundary layer formation, laminar 

and turbulent boundary layers (simple explanation only and no derivation). Theory of dimensional 

analysis and its application to free and forced convective heat transfer. Analytical formulae for 

heat transfer in laminar and turbulent flow over vertical and horizontal tubes and plates. 

Numerical. 

 

Newton's law of cooling. Overall coefficient of heat transfer. Different design criterion for heat 

exchangers. Log mean temperature difference for evaporator and condenser tubes, and parallel 

and counter flow heat exchangers, Calculation of number and length of tubes in a heat exchanger 

effectiveness and number of transfer units(NTU); Numerical. 

 

5. Convection with Phase Change (Boiling and Condensation): 

Pool boiling, forced convection boiling, heat transfer during pool boiling of a liquid. Nucleation 

and different theories of nucleation, different theories accounting for the increased values of h.t.c. 

during nucleate phase of boiling of liquids; different phases of flow boiling (theory only), 
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Condensation, types of condensation, film wise condensation on a vertical and inclined surface, 

Numerical. 

6. Radiation: 

Process of heat flow due to radiation, definition of emissivity, absorptivity, reflectivity and 

transmissivity. Concept of black and grey bodies, Plank's law of nonchromatic radiation. 

Kirchoff's law and Stefan Boltzman's law. Interchange factor. Lambert's Cosine law and the 

geometric factor. Intensity of Radiation (Definition only), radiation density, irradiation, radiosity 

and radiation shields. Derivation formula for radiation exchange between two bodies using the 

definition of radiosity and irradiation and its application to cases of radiation exchange between 

three or four bodies (e.g. boiler or other furnaces), simplification of the formula for its application 

to simple bodies like two parallel surfaces, concentric cylinders and a body enveloped by another 

body etc. Error in Temperature measurement by a thermocouple probe due to radiation losses. 

Books: 

1. Frank P. Incropera and David P. De Witt, Fundamentals of Heat and Mass transfer, John Wiley 

2. P.S. Ghoshdastidar, Heat Transfer, Oxford Press 

3. D.S. Kumar, Fundamentals of Heat and Mass Transfer, SK Kataria & Sons (6th/7th Edition) 

4. A.J. Chapman, Heat Transfer, McGraw Hill Book Company, New York. 

5. J.P. Holman, Heat Transfer, Tata McGraw-Hill Publishing Company Ltd.(Special Indian 

Edition). 

6. Yunus A.Cengel, Heat and Mass Transfer, Tata McGraw Hills Education Private Ltd (Special 

Indian Edition). 

7. Eckert & Drake, Heat and Mass Transfer, McGraw Hill Book Company, New York. 

 

 

BTME 603 FLUID MACHINERY 

 

Internal Marks: 40    External Marks: 60    Total Marks: 100 

 

1. General Concepts: 

Impulse momentum principle; jet impingement on stationary and moving flat plates, and on 

stationary or moving vanes with jet striking at the centre and tangentially at one end of the vane; 

calculations for force exerted, work done and efficiency of jet. 

Basic components of a turbo machine and its classification on the basis of purpose, fluid dynamic 

action,operating principle, geometrical features, path followed by the fluid and the type of fluid 

etc. Euler's equation for energy transfer in a turbo machine and specifying the energy transfer in 

terms of fluid and rotor kinetic energy changes. 

2. Pelton Turbine: 

Component parts and operation; velocity triangles for different runners, work output; Effective 

head, available power and efficiency; design aspects such as mean diameter of wheel, jet ratio, 

number of jets, number of buckets with working proportions 

3. Francis and Kaplan Turbines: 

Component parts and operation velocity triangles and work output; working proportions and 

design parameters for the runner; Degree of reaction; Draft tubes - its function and types. Function 

and brief description of commonly used surge tanks, Electro- Mechanical governing of turbines 

 

4. Centrifugal Pumps: 

 

Layout and installation; Main elements and their functions; Various types and classification; 

Pressure changes in a pump - suction, delivery and manometric heads; vane shape and its effect on 

head-capacity relationships; Departure from Euler's theory and losses; pump output and 
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efficiency; Minimum starting speed and impeller diameters at the inner and outer periphery; 

Priming and priming devices, Multistage pumps - series and parallel arrangement; submersible 

pumps. Construction and operation; Axial and mixed flow pumps; Trouble shooting - field 

problems, causes and remedies. 

 

5. Similarity Relations and Performance Characteristics: 

Unit quantities, specific speed and model relationships, scale effect; cavitation and Thoma's 

cavitation number; Concept of Net Positive Suction Head (NPSH) and its application in 

determining turbine / pump setting 

6. Reciprocating Pumps: 

Components parts and working; pressure variations due to piston acceleration; acceleration effects 

in suction and delivery pipes; work done against friction; maximum permissible vacuum during 

suction stroke; Air vessels 

7. Hydraulic Devices and Systems: 

Const., operation and utility of simple and differential accumulator, intensifier, fluid coupling and 

torque converter, Air lift and jet pumps; gear, vane and piston pumps, Hydraulic Rams 

Books: 

1. R.L. Daughaty, Hydraulic Turbines, McGraw Hill 

2. Jagdish Lal, Hydraulic Machines by Metropolitan Book Co 

3. D.S. Kumar, Fluid Mechanics and Fluid Power Engineering, SK Kataria and Sons, 

4. K. Subramaniam, Hydraulic Machines, Tata Mc Graw Hill 

5. R.K. Purohit., Hydraulic Machines, Scientific Publishers 

 

BTME-604 STATISTICAL AND NUMERICAL METHODS 

 

Internal Marks: 40    External Marks: 60   Total Marks: 100 

 

1. Data, its Arrangements and Measures: 

Introduction: Data, Data Array; Frequency Distribution Construction and Graphic representation. 

Mean,median, mode and standard deviation. 

 

2. Probability and Probability Distributions: 

Introduction: Definition probability and Probability Distribution; Conditional probability; 

Random variables, Poisson, Normal and Binomial distributions. 

 

3. Sampling and Sampling Distributions: 

Introduction: Fundamentals of Sampling, Large samples, small samples; Normal sampling 

distributions; Sampling distribution of the means, t-Distribution, F-Distribution, Chi-square 

Distribution. 

 

4. Errors in Numerical Calculations: 

Errors and their analysis, general error formula, errors in a series approximation. 

 

5. Solution of Algebraic and Transcendental Equations: 

Bisection method, iteration method, Method of false position,, Newton -Raphson method, solution 

of systems of non linear equations. 

6. Interpolation Method: 

Finite difference, forward, backward and central difference, Difference of polynomial, Newton’s 

formulae for interpolation, central difference interpolation formulae, Interpolation with unevenly 

spaced points, Newton's general interpolation formula, interpolation by iteration. 
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7. Numerical Differentiation and Integration: 

Numerical differentiation, maximum and minimum values of a tabulated function; Numerical 

Integration trapezoidal rule, Simpson1/3 rule, Simpsons 3/8 rule, Newton-cots integration 

formulae; Euler-Meclaurin formula, Gaussian integration(One dimensional only) 

 

8. Solution of Linear Systems of Equations: 

Gauss Elimination method (fall and banded symmetric and unsymmetric systems), Gauss Jordon 

method.Eigen value problems (Power method only). 

 

9. Numerical solution of ordinary and partial differential equations: 

Solution by Taylor's series, Prediction -correction method, Boundary value problems, Prediction 

corrector method, Euler's and modified Euler's method, Runge-Kutta method, finite difference 

methods. Finite difference approximation to derivatives, Solution to Laplaces equation- Jacobi's 

method, Gauss –Siedel method. 

 

Note: The students are required to develop computer programs (using any high level language) 

for 

different Numerical Methods as part of assignment work. 

 

Books: 

1. S. S. Sastry, Introductory methods of numerical analysis by: Prentice Hall of India 

2. V. RajaRaman, Computer Oriented Numerical Methods- 

3. S.D. Conte, Cari De Boor, Elementary Numerical Analysis, Mc Graw Hill. 

4. B. Cornahn, Applied Numerical Methods, John Wiley. 

5. Richard I. Levin, S. David., Rubin Statistics for Management, Pearson. 

 

 

DE/PE-2.0 Non Traditional Machining Processes 

 

Internal Marks: 40    External Marks: 60    Total Marks: 100 

 

1. Introduction: 

Latest trends in Manufacturing, Introduction to Flexible manufacturing system, Introduction to 

computer integrated manufacturing, Limitations of conventional machining processes, 

Development of Non conventional machining processes, their classification, advantages and 

major applications 

 

2. Advanced Mechanical Processes: 

Ultrasonic machining, Water Jet Machining and Abrasive Flow Machining-elements of process, 

Applications and limitations 

 

3. Electrochemical & Chemical Removal Processes: 

Principle of operation, elements and applications of Electrochemical Machining, Electrochemical 

grinding, Electrochemical deburring, Electrochemical honing, Chemical Machining, 

Photochemical machining 

 

4. Thermal Metal Removal Processes: 

Electric Discharge Machining- Mechanism of metal removal, electrode feed control, die electric 

fluids flushing, selection of electrode material, applications. Plasma Arc Machining- Mechanism 
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of metal removal, PAM parameters, Equipment's for unit, safety precautions and applications. 

Laser Beam machining- Material removal, limitations and advantages. Hot machining- method of 

heat, Applications and limitations. Electron-Beam Machining-, Generation and control of electron 

beam, process capabilities and limitations 

 

5. Hybrid Machining Processes: 

Concept, classification, application, Advantages 

Books: 

1. P.C. Panday and H.S. Shan, Modern Machining Processes, Tata Mc Graw Hill 

2. G. Boothroyd and W.A. Knight, Fundamentals of Machining and Machine Tools, Marcel 

Dekker Inc. 

3. G.F. Benedict, Non-traditional Manufacturing Processes, Marcel Dekker Inc. 

4. V.K Jain, Advanced Machining Processes, Allied Publishers 

5. Hassan Abdel, Gawad El-hofy Fundamentals of Machining Processes: Conventional and 

Nonconventional Processes, Taylor & Francis 

 

BTME 605 HEAT TRANSFER LAB. 

 

Internal Marks: 30    External Marks: 20    Total Marks: 50 

 

A. Two to three students in a group are required to do one or two practical’s in the form of 

Lab. Project in the topic/s related to the subject matter and in consultation with teacher. 

The complete theoretical and experimental analysis of the concerned topic is required to be 

performed (including design and fabrication of new experimental set up, if required, or 

modifications/retrofitting in the existing experimental set ups). The following topics can be 

taken as reference:- 

1. Determination of thermal conductivity of: 

- a solid insulating material by slab method 

- powder materials by concentric spheres method / or by some transient heat transfer technique 

- a metal by comparison with another metal by employing two bars when kept in series and / or in 

parallel under different boundary conditions 

- Liquids by employing thin layer 

2. Determination of coefficient of heat transfer for free/forced convection from the surface of a 

cylinder / plate when kept: 

a) along the direction of flow 

b) perpendicular to the direction of flow 

c) inclined at an angle to the direction of flow 

3. To plot the pool boiling curves for water and to determine its critical point 

4. Determination of heat transfer coefficient for 

i) film condensation ii) drop-wise condensation 

5. Determination heat transfer coefficient by radiation and hence find the Stefan Boltzman's 

constant using two plates/two cylinders of same size by making one of the plates/cylinders as a 

black body. 

6. Determination of shape factor of a complex body by an analog technique. 

7. To plot the temperature profile and to determine fin effectiveness and fin efficiency for 

i) A rod fin when its tip surface is superimposed by different boundary condition like. 

a) Insulated tip  b) Cooled tip c) Temperature controlled tip 

ii) Straight triangular fins of various sizes and optimization of fin proportions 

iii) Circumferential fins of rectangular/triangular section 
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B. Each student is required to use Finite Difference Method for analysis of steady state one-

dimensional and two dimensional conduction problems (Minimum two problems one may be 

from the Lab. Project) such as conduction through plane/cylindrical/spherical wall with or 

without internal heat generation, heat transfer through fins, bodies with irregular 

boundaries subjected to different boundary conditions. 

 

 

BTME 606 FLUID MACHINERY LAB 

 

Internal Marks: 30    External Marks: 20    Total Marks: 50 

 

1. Determination of various efficiencies of Hydraulic Ram 

2. To draw characteristics of Francis turbine/Kaplan Turbine 

3. To study the constructional features of reciprocating pump and to perform test on it for 

determination of pump performance 

4. To draw the characteristics of Pelton Turbine 

5. To draw the various characteristics of Centrifugal pump 

6. Determine the effect of vane shape and vane angle on the performance of centrifugal 

fan/Blower 

7. A visit to any Hydroelectric Power Station 

 

Design of Machine Elements –II (BTME-601) 

Assignment No. 1 

1. Discuss the different types of pulleys used in belt drives.  

2. Why the face of a pulley is crowned?  

3. When a split pulley is used and how it is tightened on a shaft?  

4. Explain the ‘fast and loose pulley’ with the help of a neat sketch.  
5. Discuss the procedure used in designing a cast iron pulley. 

6. Sketch the cross-section of a V-belt and label its important parts.  

7. What are the advantages and disadvantages of V-belt drive over flat belt drive?  

8. Derive the relation for the ratio of driving tensions of a V-belt.  

9. Describe the fiber ropes. What are its advantages? Draw a neat proportionate sketch of a 

sheave for fibre ropes.  

10. Under what circumstances a fiber rope and a wire rope is used? What are the advantages 

of a wire rope over fiber rope? 

11. Discuss the uses and construction of wire ropes. How is wire rope ends fastened?  

12. Give the application of the following wire ropes : (a) 6 × 7 rope (b) 6 × 19 rope, and (c) 6 

× 37 rope 

 

Assignment No. 2 

 

1. State the advantages and disadvantages of the chain drive over belt and rope drive. 

2. Explain, with the help of a neat sketch, the construction of a roller chain. 

3. What do you understand by simplex, duplex and triplex chains?  

4. Write in brief on (a)Hoisting and hauling chains, (b)Conveyor chais, and (c)Silent chains.  

5. Write the design procedure for a chain drive. 
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Assignment No. 3 

1. What is the main function of a flywheel in an engine?  

2. In what way does a flywheel differ from that of a governor? Illustrate your answer with 

suitable examples.  

3. Explain why flywheels are used in punching machines. Does the mounting of a flywheel 

reduce the stress induced in the shafts.  

4. Define ‘coefficient of fluctuation of speed’ and ‘coefficient of steadiness’.  
5. What do you understand by ‘fluctuation of energy’ and ‘maximum fluctuation of energy’.  

6. Define ‘coefficient of fluctuation of energy’.  
7. Discuss the various types of stresses induced in a flywheel rim.  

8. Explain the procedure for determining the size and mass of a flywheel with the help of a 

turning moment diagram.  

9. Discuss the procedure for determining the cross-sectional dimensions of arms of a 

flywheel.  

10. State the construction of flywheels. 

Assignment no .4 

1. What is the function of a spring? In which type of spring the behaviour is non-linear?  

2. Classify springs according to their shapes. Draw neat sketches indicating in each case 

whether stresses are induced by bending or by torsion.  

3. Discuss the materials and practical applications for the various types of springs.  

4. The extension springs are in considerably less use than the compression springs. Why?  

5. Explain the following terms of the spring : (i) Free length; (ii) Solid height; (iii) Spring 

rate; (iv) Active and inactive coils; (v) Spring index; and (vi) Stress factor.  

6. Explain what you understand by A.M. Wahl’s factor and state its importance in the design 

of helical springs?  

7. Explain one method of avoiding the tendency of a compression spring to buckle.  

8. A compression spring of spring constant K is cut into two springs having equal number of 

turns and the two springs are then used in parallel. What is the resulting spring constant of 

the combination? How does the load carrying capacity of the resulting combination 

compare with that of the original spring?  

9. Prove that in a spring, using two concentric coil springs made of same material, having 

same length and compressed equally by an axial load, the loads shared by the two springs 

are directly proportional to the square of the diameters of the wires of the two springs.  

10. What do you understand by full length and graduated leaves of a leaf spring? Write the 

expression for determining the stress and deflection in full length and graduated leaves.  

11. What is nipping in a leaf spring? Discuss its role. List the materials commonly used for the 

manufacture of the leaf springs.  

12. Explain the utility of the centre bolt, U-clamp, rebound clip and camber in a leaf spring. 

 

Assignment No. 5 

 

1. What is a clutch? Discuss the various types of clutches giving at least one practical 

application for each. 

2. Why a positive clutch is used? Describe, with the help of a neat sketch, the working of a 

jaw or claw clutch.  

3. Name the different types of clutches. Describe with the help of neat sketches the working 

principles of two different types of friction clutches.  

4. What are the materials used for lining of friction surfaces?  

5. Why it is necessary to dissipate the heat generated when clutches operate?  

6. Establish a formula for the frictional torque transmitted by a cone clutch.  
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7. Describe, with the help of a neat sketch, a centrifugal clutch and deduce an expression for 

the total frictional torque transmitted. How the shoes and springs are designed for such a 

clutch? 

8. How does the function of a brake differ from that of a clutch?  

9. A weight is brought to rest by applying brakes to the hoisting drum driven by an electric 

motor. How will you estimate the total energy absorbed by the brake? 

10. What are the thermal considerations in brake design? 

11. What is the significance of pV value in brake design?  

12. What are the materials used for brake linings.  

13. Discuss the different types of brakes giving atleast one practical application for each.  

14. List the important factors upon which the capacity of a brake depends.  

15. What is a self-energizing brake ? When a brake becomes self-locking. 

 

Tutorial Sheet 1 

1. An engine shaft running at 120 r.p.m. is required to drive a machine shaft by means of a 

belt. The pulley on the engine shaft is of 2 m diameter and that of the machine shaft is 1 m 

diameter. If the belt thickness is 5 mm; determine the speed of the machine shaft, when 1. 

there is no slip; and 2. there is a slip of 3%. 

2. An open belt 100 mm wide connects two pulleys mounted on parallel shafts with their 

centres 2.4 m apart. The diameter of the larger pulley is 450 mm and that of the smaller 

pulley 300 mm. The coefficient of friction between the belt and the pulley is 0.3 and the 

maximum stress in the belt is limited to 14 N/mm width. If the larger pulley rotates at 120 

r.p.m., find the maximum power that can be transmitted. 

3. A leather belt, 125 mm wide and 6 mm thick, transmits power from a pulley 750 mm 

diameter which runs at 500 r.p.m. The angle of lap is 150° and μ = 0.3. If the mass of 1 m3 

of leather is 1 Mg and the stress in the belt is not to exceed 2.75 MN/m2, find the 

maximum power that can be transmitted. 

4. A flat belt, 8 mm thick and 100 mm wide transmits power between two pulleys, running at 

1600 m/min. The mass of the belt is 0.9 kg/m length. The angle of lap in the smaller pulley 

is 165° and the coefficient of friction between the belt and pulleys is 0.3. If the maximum 

permissible stress in the belt is 2 MN/m2, find (i) Maximum power transmitted, and (ii) 

Initial tension in the belt. 

5. A pulley of 0.9 m diameter revolving at 200 r.p.m. is to transmit 7.5 kW. Find the width of 

a leather belt if the maximum tension is not to exceed 145 N in 10 mm width. The tension 

in the tight side is twice that in the slack side. Determine the diameter of the shaft and the 

dimensions of the various parts of the pulley, assuming it to have six arms. Maximum 

shear stress is not to exceed 63 MPa 

6. A belt drive consists of two V-belts in parallel, on grooved pulleys of the same size. The 

angle of the groove is 30°. The cross-sectional area of each belt is 750 mm2 and μ = 0.12. 

The density of the belt material is 1.2 Mg / m3 and the maximum safe stress in the material 

is 7 MPa. Calculate the power that can be transmitted between pulleys of 300 mm 

diameter rotating at 1500 r.p.m. Find also the shaft speed in r.p.m. at which the power 

transmitted would be a maximum 

7. A V-belt is driven on a flat pulley and a V-pulley. The drive transmits 20 kW from a 250 

mm diameter V-pulley operating at 1800 r.p.m. to a 900 mm diameter flat pulley. The 

centre distance is 1 m, the angle of groove 40° and μ = 0.2. If density of belting is 1110 kg 

/ m3 and allowable stress is 2.1 MPa for belt material, what will be the number of belts 

required if C-size V-belts having 230 mm2 cross-sectional area are used. 
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8. A rope pulley with 10 ropes and a peripheral speed of 1500 m / min transmits 115 kW. 

The angle of lap for each rope is 180° and the angle of groove is 45°. The coefficient of 

friction between the rope and pulley is 0.2. Assuming the rope to be just on the point of 

slipping, find the tension in the tight and slack sides of the rope. The mass of each rope is 

0.6 kg per metre length. 

9. 6X7 TYPE  wire rope for a vertical mine hoist to lift a load of 55 kN from a depth 300 

metres. A rope speed of 500 metres / min is to be attained in 10 seconds. 

10. A V-belt drive system transmits 100 kW at 475 r.p.m. The belt has a mass of 0.6 kg/m. 

The maximum permissible tension in the belt is 900 N. The groove angle is 38° and the 

angle of contact is 160°. Find minimum number of belts and pulley diameter. The 

coefficient of friction between belt and pulley is 0.2. 

Tutorial Sheet 2 

1. A rope drive is required to transmit 750 kW from a pulley of 1 m diameter running at 450 

r.p.m. The safe pull in each rope is 2250 N and the mass of the rope is 1 kg / m length. The 

angle of lap and the groove angle is 150° and 45° respectively. Find the number of ropes 

required for the drive if the coefficient of friction between the rope and the pulley is 0.3 

2. Design a chain drive to actuate a compressor from 15 kW electric motor running at 1000 

r.p.m., the compressor speed being 350 r.p.m. The minimum centre distance is 500 mm. 

The compressor operates 16 hours per day. The chain tension may be adjusted by shifting 

the motor on slides 

3. Design a chain drive to run a blower at 600 r.p.m. The power to the blower is available 

from a 8 kW motor at 1500 r.p.m. The centre distance is to be kept at 800 mm 

4. Design a roller chain to transmit power from a 20 kW motor to a reciprocating pump. The 

pump is to operate continuously 24 hours per day. The speed of the motor is 600 r.p.m. 

and that of the pump is 200 r.p.m. Find: 1. number of teeth on each sprocket; 2. pitch and 

width of the chain. 

5. A chain drive using bush roller chain transmits 5.6 kW of power. The driving shaft on an 

electric motor runs at 1440 r.p.m. and velocity ratio is 5. The centre distance of the drive is 

restricted to 550 ± 2% mm and allowable pressure on the pivot joint is not to exceed 10 

N/mm2. The drive is required to operate continuously with periodic lubrication and driven 

machine is such that load can be regarded as fairly constant with jerk and impact. Design the 

chain drive by calculating leading dimensions, number of teeth on the sprocket and specify 

the breaking strength of the chain. Assume a factor of safety of 13. 

6. The intercepted areas between the output torque curve and the mean resistance line of a 

turning moment diagram for a multicylinder engine, taken in order from one end are as 

follows: – 35, + 410, – 285, + 325, – 335, + 260, – 365, + 285, – 260 mm2. The diagram 

has been drawn to a scale of 1 mm = 70 N-m and 1 mm = 4.5°. The engine speed is 900 

r.p.m. and the fluctuation in speed is not to exceed 2% of the mean speed. Find the mass 

and cross-section of the flywheel rim having 650 mm mean diameter. The density of the 

material of the flywheel may be taken as 7200 kg / m3. The rim is rectangular with the 

width 2 times the thickness. Neglect effect of arms, etc 

7. A single cylinder double acting steam engine develops 150 kW at a mean speed of 80 

r.p.m. The coefficient of fluctuation of energy is 0.1 and the fluctuation of speed is ± 2% 

of mean speed. If the mean diameter of the flywheel rim is 2 metres and the hub and 
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spokes provide 5 percent of the rotational inertia of the wheel, find the mass of the 

flywheel and cross-sectional area of the rim. Assume the density of the flywheel material 

(which is cast iron) as 7200 kg / m3. 

8. The turning moment diagram for a multicylinder engine has been drawn to a scale of 1 

mm = 1000 N-m and 1 mm = 6º. The areas above and below the mean turning moment 

line taken in order are 530, 330, 380, 470, 180, 360, 350 and 280 sq.mm. For the engine, 

find the diameter of the flywheel. The mean r.p.m is 150 and the total fluctuation of speed 

must not exceed 3.5% of the mean Determine a suitable cross-sectional area of the rim of 

the flywheel, assuming the total energy of the flywheel to be 15 14 that of the rim. The 

peripheral velocity of the flywheel is 15 m/s. 

9. Design a cast iron flywheel for a four stroke cycle engine to develop 110 kW at 150 r.p.m. 

The work done in the power stroke is 1.3 times the average work done during the whole 

cycle. Take the mean diameter of the flywheel as 3 metres. The total fluctuation of speed 

is limited to 5 per cent of the mean speed. The material density is 7250 kg / m3. The 

permissible shear stress for the shaft material is 40 MPa and flexural stress for the arms of 

the flywheel is 20 MPa 

10. A punching press is required to punch 40 mm diameter holes in a plate of 15 mm thickness 

at the rate of 30 holes per minute. It requires 6 N-m of energy per mm2 of sheared area. 

Determine the moment of inertia of the flywheel if the punching takes one-tenth of a 

second and the r.p.m. of the flywheel varies from 160 to 140. 

Tutorial Sheet 3 

1. Design a cast iron flywheel having six arms for a four stroke engine developing 120 kW at 

150 r.p.m. The mean diameter of the flywheel may be taken as 3 metres. The fluctuation of 

speed is 2.5% of mean speed. The workdone during the working stroke is 1.3 times the 

average workdone during the whole cycle. Assume allowable shear stress for the shaft and 

key as 40 MPa and tensile stress for cast iron as 20 MPa. The following proportions for the 

rim and elliptical arms may be taken: (a) Width of rim = 2 × Thickness of rim (b) Major 

axis = 2 × Minor axis. 

2. A compression coil spring made of an alloy steel is having the following specifications : 

Mean diameter of coil = 50 mm ; Wire diameter = 5 mm ; Number of active coils = 20. If 

this spring is subjected to an axial load of 500 N ; calculate the maximum shear stress 

(neglect the curvature effect) to which the spring material is subjected. 

3. Design a spring for a balance to measure 0 to 1000 N over a scale of length 80 mm. The 

spring is to be enclosed in a casing of 25 mm diameter. The approximate number of turns 

is 30. The modulus of rigidity is 85 kN/mm2. Also calculate the maximum shear stress 

induced. 

4. Design a close coiled helical compression spring for a service load ranging from 2250 N to 

2750 N. The axial deflection of the spring for the load range is 6 mm. Assume a spring 

index of 5. The permissible shear stress intensity is 420 MPa and modulus of rigidity, G = 

84 kN/mm2. Neglect the effect of stress concentration. Draw a fully dimensioned sketch of 

the spring, showing details of the finish of the end coils. 

5. Find the maximum shear stress and deflection induced in a helical spring of the following 

specifications, if it has to absorb 1000 N-m of energy. Mean diameter of spring = 100 mm 
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; Diameter of steel wire, used for making the spring = 20 mm; Number of coils = 30 ; 

Modulus of rigidity of steel = 85 kN/mm2. 

6. A close coiled helical compression spring of 12 active coils has a spring stiffness of k. It is 

cut into two springs having 5 and 7 turns. Determine the spring stiffnesses of resulting 

springs. 

7. A spiral spring is made of a flat strip 6 mm wide and 0.25 mm thick. The length of the 

strip is 2.5 metres. Assuming the maximum stress of 800 MPa to occur at the point of 

greatest bending moment, calculate the bending moment, the number of turns to wind up 

the spring and the strain energy stored in the spring. Take E = 200 kN/mm2 

8. A vertical spring loaded valve is required for a compressed air receiver. The valve is to 

start opening at a pressure of 1 N/mm2 gauge and must be fully open with a lift of 4 mm at 

a pressure of 1.2 N/mm2 gauge. The diameter of the port is 25 mm. Assume the allowable 

shear stress in steel as 480 MPa and shear modulus as 80 kN/mm2. Design a suitable close 

coiled round section helical spring having squared ground ends. Also specify initial 

compression and free length of the spring. 

9. A railway wagon weighing 50 kN and moving with a speed of 8 km per hour has to be 

stopped by four buffer springs in which the maximum compression allowed is 220 mm. 

Find the number of turns in each spring of mean diameter 150 mm. The diameter of spring 

wire is 25 mm. Take G = 84 kN/mm2. 

10. Design a concentric spring for an air craft engine valve to exert a maximum force of 5000 

N under a deflection of 40 mm. Both the springs have same free length, solid length and 

are subjected to equal maximum shear stress of 850 MPa. The spring index for both the 

springs is 6 

Tutorial Sheet 4 

1. A flat spiral steel spring is to give a maximum torque of 1500 N-mm for a maximum stress 

of 1000 MPa. Find the thickness and length of the spring to give three complete turns of 

motion, when the stress decreases from 1000 to zero. The width of the spring strip is 12 

mm. The Young’s modulus for the material of the strip is 200 kN/mm 

2. A single plate clutch, effective on both sides, is required to transmit 25 kW at 3000 r.p.m. 

Determine the outer and inner diameters of frictional surface if the coefficient of friction is 

0.255, ratio of diameters is 1.25 and the maximum pressure is not to exceed 0.1 N/mm2. 

Also, determine the axial thrust to be provided by springs. Assume the theory of uniform 

wear 

3. A multiple disc clutch has five plates having four pairs of active friction surfaces. If the 

intensity of pressure is not to exceed 0.127 N/mm2, find the power transmitted at 500 

r.p.m. The outer and inner radii of friction surfaces are 125 mm and 75 mm respectively. 

Assume uniform wear and take coefficient of friction = 0.3 

4. A multiple disc clutch, steel on bronze, is to transmit 4.5 kW at 750 r.p.m. The inner radius 

of the contact is 40 mm and outer radius of the contact is 70 mm. The clutch operates in oil 

with an expected coefficient of 0.1. The average allowable pressure is 0.35 N/mm2. Find : 

1. the total number of steel and bronze discs; 2. the actual axial force required; 3. the 

actual average pressure; and 4. the actual maximum pressure 
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5. The contact surfaces in a cone clutch have an effective diameter of 80 mm. The semi-angle 

of the cone is 15° and coefficient of friction is 0.3. Find the torque required to produce 

slipping of the clutch, if the axial force applied is 200 N. The clutch is employed to 

connect an electric motor, running uniformly at 900 r.p.m. with a flywheel which is 

initially stationary. The flywheel has a mass of 14 kg and its radius of gyration is 160 mm. 

Calculate the time required for the flywheel to attain full-speed and also the energy lost in 

slipping of the clutch. 

6. A centrifugal clutch is to be designed to transmit 15 kW at 900 r.p.m. The shoes are four in 

number. The speed at which the engagement begins is 3/4th of the running speed. The 

inside radius of the pulley rim is 150 mm. The shoes are lined with Ferrodo for which the 

coefficient of friction may be taken as 0.25. Determine: 1. mass of the shoes, and 2. size of 

the shoes. 

7. A multiple disc clutch has three discs on the driving shaft and two on the driven shaft, 

providing four pairs of contact surfaces. The outer diameter of the contact surfaces is 250 

mm and the inner diameter is 150 mm. Determine the maximum axial intensity of pressure 

between the discs for transmitting 18.75 kW at 500 r.p.m. Assume uniform wear and 

coefficient of friction as 0.3. 

8. A cone clutch is mounted on a shaft which transmits power at 225 r.p.m. The small 

diameter of the cone is 230 mm, the cone face is 50 mm and the cone face makes an angle 

of 15° with the horizontal. Determine the axial force necessary to engage the clutch to 

transmit 4.5 kW if the coefficient of friction of the contact surfaces is 0.25. What is the 

maximum pressure on the contact surfaces assuming uniform wear? 

9. A single block brake is shown in Fig. 25.5. The diameter of the drum is 250 mm and the 

angle of contact is 90°. If the operating force of 700 N is applied at the end of a lever and 

the coefficient of friction between the drum and the lining is 0.35, determine the torque 

that may be transmitted by the block brake. 

10. A flywheel of mass 100 kg and radius of gyration 350 mm is rotating at 720 r.p.m. It is 

brought to rest by means of a brake. The mass of the brake drum assembly is 5 kg. The 

brake drum is made of cast iron FG 260 having specific heat 460 J / kg°C. Assuming that 

the total heat generated is absorbed by the brake drum only, calculate the temperature rise. 

HEAT TRANSFER (BTME-602) 

Assignment No .1 

  Note:  

 Use Pencil to Draw Diagrams 

 Comment on each Numerical with Technical Reasoning 

 Use Register for Assignment 

1. On a hot summer day, a student turns his fan on when he leaves his room in the morning.   

When he returns in the evening, will his room be warmer or cooler than the neighbouring 

rooms? Why?   Assume all the doors and windows are kept closed. 

2. Consider two identical rooms, one with a refrigerator in it and the other without one. If all the 

doors and windows are closed, will the room that contains the refrigerator be cooler or 

warmer than the other room? Why? 
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3. Consider heat transfer through a windowless wall of a house in a winter day. Discuss the 

parameters that affect the rate of heat conduction through the wall. 

4. Write down the expressions for the physical laws that govern each mode of heat transfer, and 

identify the variables involved in each relation. 

5. Judging from its unit W/m · °C, can we define thermal conductivity of a material as the rate 

of heat transfer through the material per unit thickness per unit temperature difference? 

Explain. 

6. Is heat transfer a scalar or vector quantity? Explain. Answer the same question for 

temperature. 

7. Consider a cold canned drink left on a dinner table. Would you model the heat transfer to the 

drink as one-, two-, or three-dimensional? Would the heat transfer be steady or transient? 

Also, which coordinate system would you use to analyze this heat transfer problem, and 

where would you place the origin? Explain. 

8. What is a boundary condition? How many boundary conditions do we need to specify for a 

two-dimensional heat transfer problem? 

9. Consider one-dimensional heat conduction through a large plane wall with no heat generation 

that is perfectly insulated on one side and is subjected to convection and radiation on the 

other side. It is claimed that under steady conditions, the temperature in a plane wall must be 

uniform (the same everywhere).Do you agree with this claim? Why? 

10. It is stated that the temperature in a plane wall with constant thermal conductivity and no heat 

generation varies linearly during steady one-dimensional heat conduction. Will this still be 

the case when the wall loses heat by radiation from its surfaces? 

11. Consider a solid cylindrical rod whose ends are maintained at constant but different 

temperatures while the side surface  is perfectly insulated. There is no heat generation. It is 

claimed that the temperature along the axis of the rod varies linearly during steady heat 

conduction. Do you agree with this claim? Why? 

12. Consider a solid cylindrical rod whose side surface is maintained at a constant temperature 

while the end surfaces are perfectly insulated. The thermal conductivity of the rod material is 

constant and there is no heat generation. It is claimed that the temperature in the radial 

direction within the rod will not vary during steady heat conduction. Do you agree with this 

claim? Why? 

13. Consider a window glass consisting of two 4-mm thick glass sheets pressed tightly against 

each other. Compare the heat transfer rate through this window with that of one consisting of 

a single 8-mm-thick glass sheet under identical conditions. 

14. How does the thermal resistance network associated with a single-layer plane wall differ from 

the one associated with a five-layer composite wall? 

15. Consider two cold canned drinks, one wrapped in a blanket and the other placed on a table in 

the same room. Which drink will warm up faster? 

16. Hot water is to be cooled as it flows through the tubes exposed to atmospheric air. Fins are to 

be attached in order to enhance heat transfer. Would you recommend attaching the fins inside 

or outside the tubes? Why? 

17. How does heat transfer differ from thermodynamics? 

18. Define thermal resistance and thermal Diffusivity.  

19. What is the purpose of coefficient of thermal conductivity? 

20. Beginning with a general conduction equation make suitable assumptions to show that 

temperature distribution through plane wall is linear. 

21. Explain the mechanism of heat conduction in metals and insulators. 

22. Define conduction mode of heat transfer. 

23. Which law is related to conduction heat transfer? Explain it. 

24. Explain the effects of various parameters on the thermal conductivity of solids. 
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Numerical 

1. An exterior wall of a house may be approximated by 10 cm layer of common brick (K=0.75 

w/m-deg), followed by a 4 cm layer of gypsum plaster (K=0.5 w/m-deg). What thickness of 

loosely packed rock wool insulation (K=0.065 w/m-deg) should be added to reduce the heat 

loss or gain through the wall by 75%. 

2. A 8 mm thick metal plate, having thermal conductivity (K=98.6 W/m-deg) is exposed to 

vapour at 100ºC on one side  and cooling water at 30ºC on the opposite side. The heat transfer 

coefficients are hi = 14200 W/m2-deg on the vapour side  ho = 2325 W/m2-deg on the water 

side Determine the rate of heat transfer, drop in temperature at each side of heat transfer. 

3. The effective temp of a body having an area 0f 0.12m
2
 is 527°C. Calculate 

a. The total rate of energy emission (b) The intensity of total radiation 

b. The wavelength of maximum monochromatic emissive power. 

4. A plane brick wall, 25 cm thick, is faced with 15 cm thick concrete layer. If the temperature 

of the exposed brick face is 70°C and that of the concrete is 25°C, find out the heat lost per 

hour through wall of 15 m x 10 m. Also, determine the interface temperature. Thermal 

conductivity of the brick and concrete are 0.7 W/m and 0.95 W/m K respectively. 

5. A electric cable of l0 mm diameter carrying certain power is insulated for keeping the cable 

as cool as possible. The surface temp. of 60ºC was noted when the cable was directly exposed 

to atmosphere Assume conductivity of insulating material  0.15 kcal/m-hrºC and heat  transfer 

coefficient on the surface  of bare wire as well as on insulated wire is 10 k cal /m
2
-hrºC  find 

the surface temp. of the wire when it is insulated. Take surrounding air ternp. 20ºC. 

6. Drive an expression for steady state unidirectional at flow through hollow sphere with 

uniform conductivity without heat generation. 

7. A composite wall consists of a series arrangement of aluminum alloy [k = 204 W/(m C), 5-

cm thick], copper [k = 386 W/(m C), 10-cm thick], and stainless steel [k = 16 W/(m C), 2-

cm thick]. The surface temperatures are 15C and 100C . Determine the rate of heat transfer 

per unit area, the temperature distribution, and the interfacial temperatures. 

8. Dry saturated steam at atmospheric pressure condenses on the Surface of a horizontal tube of 

35 mm diameter. What should be the surface temperature of the tube if the rate of heat flow is 

required to be 6 x 104W/m
2
? Also determine the heat transfer coefficient under these 

conditions. 

9. The temperature at the inner and outer surfaces of a boiler wall made of 20 mm thick steel 

and covered with an insulating material of 5mm thickness are 300 °C and 50 °C resp. If the 

thermal conductivities of steel and insulating material are 58 and 0.116 W/m °C resp. 

Determine the rate of heat flow through the boiler wall. 

10.  A membrane type electric heater of 20,000 w/ sq m capacity is sandwiched between an 

insulation of 25 mm thickness with thermal conductivity of 0.029W/mK and a metal plate 

with k=12.6 w/m K of thickness 15 mm. The convection coefficient is 150 2 sq m K. The 

surrounding are at 5°C. Determine the surface temperature of the heater.  

11. A composite wall is made of two layers of 0.3 m and 0.15 m thickness with surfaces held at 

600°C and 20°C resp. If the conductivities are 20 and 50 W/mK, determine the heat 

conducted. In order to restrict the heat loss to 5kW/sq m, another layer of 0.15 m thickness is 

proposed. Determine the thermal conductivity of the material required. 

12. A steam pipe is covered with two layers of insulation, first layer of 3 cm thick and thermal 

conductivity of 0.17 W/mK. The second layer of 5 cm thickness has thermal conductivity of 

0.093 W/mK. The pipe is made of steel, k = 58 W/mK, having inner dia of 160 mm and outer 

dia of 170 mm. The inside and outside film coefficients are 30 and 5.8 W/m
2
K. Calculate the 

heat loss per metre of pipe if the steam temperature is 300ºC and ambient air temperature is 
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32ºC. Find also the temperatures at interface of : pipe and first insulation, two insulations. 

13. A flat wall of a furnace is made up of fire brick, insulating brick and building brick of 

thicknesses 25 cm, 12.5 cm and 25 cm resp. The inside wall is at a temperature of 600°C and 

atm. Temperature is 20°C. If the heat transfer coefficient for the outer surface is 10 W/sq 

m°C, calculate 

i. The loss per sq meter of wall area 

ii. Temperature of outside wall of the furnace. 

iii. Take: K of wall brick=1.4 W/m°C, K of insulating brick= 0.2 W/m°C. 

14. A refrigerant at –30
0
C flows inside a copper tube (k = 400 w/m-deg) of inside diameter 1 cm 

and wall thickness 2 mm. To reduce losses, a 3 mm thick shell of thermocole type of material 

(k = 0.03 W/m-deg) is lagged onto the pipe. Calculate the heat leakage to the refrigerant per 

metre length of pipe. The internal and external film coefficients are 450 and 5 W/m
2
-deg 

respectively and the outside air temperature is 30
0
C.  

15. Saturated steam at 110
o
 C flows inside a copper pipe (thermal conductivity 450 W/mK) 

having an internal diameter of 10 cm and an external diameter of 12 cm. The surface 

resistance on the steam side is 12000 W/m
2 

K and that on the outside surface of pipe is 18 

W/m
2 

K. Determine the heat loss from the pipe if it is located in space at 25
o
 C. How this heat 

loss would be effected if the pipe is lagged with 5 cm thick insulation of thermal conductivity 

0.22 W/mK?   

16. A plane wall of thickness 10 cm and thermal conductivity 25 W/m-deg has a volumetric heat 

generation of 0.3 x 10
6
 W/m

3
. The wall is insulated on one side and the other side is exposed 

to fluid at 90
0
C temperature. Determine the maximum temperature in the wall if the 

convective heat transfer coefficient between the wall and fluid is 500 W/m
3
 K.  

17. Derive an expression for the heat flow rate through a hollow sphere of inside radius r1 and 

outside r2, whose internal and external surfaces are maintained at temperatures t1 and t2 

respectively. The thermal conductivity of the sphere material has quadratic variation with 

temperature. 

a) K = K0 (1 + αt + αt
2
) 

b) A 2 cm thick steel plate of thermal conductivity 50 W/m-deg has a uniform volumetric heat 

generation of 40x10
-6

 W/m
3
. The temperature at one surface of the plate is 160

0
C and that at 

the other is 100
0
C. Workout the temperature distribution across the plate, value and position 

of the maximum temperature, and flow of heat from each surface of the plate. Neglect the end 

effects.  

18. A carbon steel rod (k=55W/m-deg) has been attached to a plane wall, which is maintained at 

a temperature of 350
0
C. The rod is 8 cm long and has the cross-section of an equilateral 

triangle with each side 5 mm. Determine the heat dissipation from the rod if it is exposed to a 

convection environment at 25
0
C with unit surface conductance 100 W/m

2
-deg. Consider end 

surface loss to be negligible.  

19. A thermometer well is made of 8 mm outside diameter steel tube and has a thermal 

conductivity of 58 W/mK. Inside diameter of the well is 6 mm. Making suitable assumptions 

estimate he true temperature of the flowing fluid if the temperature recorded by the 

thermometer is 100
o
 C, the pipe wall temperature being 50 

o
C. The value of h= 29 W/m

2
K on 

the outside of the well. 

20. A fin 0.5 cm thick and 40 mm long has its base on a plane plate which is maintained at 110 
o
C. The ambient air temperature is 20 

o
C. The conductivity of the fin material is 80W/mK and 

the heat transfer coefficient h= 150 W/m
2
K. Determine :a)Temperature at the middle of the 

fin. B) Temperature at the end of the fin. (c)Total heat dissipated by the fin.   
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21. A rectangular fin measuring 4 cm length, 0.03 cm thickness and 30 cm width is made of cast 

iron having thermal conductivity k = 180 kJ/m-hr-deg. The base temperature of fin is 130
0
C, 

the fin is exposed to surrounding air at 30
0
C and unit surface conductance is 120kJ/m

2
-hr-deg. 

Make calculations for the rate of heat flow through the cross-sectional area at the root of the 

fin. Assume uniform temperature distribution at any cross-section perpendicular to the length 

of fin and neglect heat flow in the direction perpendicular to the fin profile area.  

22. A longitudinal copper fin (k = 14 kJ/m-hr-deg) 60 mm long and 5 mm in diameter is exposed 

to air stream at 20
0
C. The air moving past the fin has a uniform convection coefficient h = 80 

kJm
2
-hr-deg. If the fin has a base temperature of 150

0
C, determine the heat given up by the 

rod and its effectiveness in dissipating heat.  

23. A heating unit in the form of a vertical tube, 120 cm high and 6 cm outside diameter, has its 

surface maintained at 80
0
C whilst the surrounding air is at 18

0
C. The tube is provided with 20 

equally spaced longitudinal fins of rectangular section; the fins are 5 cm long and 0.03 cm 

thick. Calculate the amount of heat transferred from the finned wall to the surroundings. Take 

thermal conductivity of fin material k = 55.7 W/m-deg and the surface heat transfer 

coefficient h = 9.3 W/m
2
-deg. 

Assignment No.2 

1.  What is Convection? Write the difference between Free and Forced Convection. 

2.  What is the difference between Plain and Laminar Flow? Explain with diagram. 

3.  Explain about Boundary Layer Concept. 
4.  Explain about Nusselt Number and Fourier Number. 
5. From the dimensional analysis for forced convection, prove that 

Nu = C. Rem. Prn 

Where C,m and n are constant. 

6. Draw and explain the temperature variation of a fluid along the flow direction in a tube for: 

a) Constant wall temperature 

b) Constant heat flux boundary conditions. 

7.  A hot plate 1 m X 1.5 m is maintained at 300
o
C. Air at 25

o
C blows over the plate. If the 

heat transfer coefficient is 20W/m
2o

C, calculate the rate of heat transfer 

8.  Give the classification of Heat Exchanger with neat sketch. 
9.  What is the heat transfer mechanism in Heat Exchangers? 

10. What is the geometry of the construction of Heat Exchanger? Explain with suitable sketch. 

11.  Explain about Effectiveness-NTU method of Heat Exchanger Analysis. 

 

Assignment No. 3 

1.  Explain about Boiling Heat Transfer. 
2.  What is the difference between Free Convection and Nucleate Boiling? 

3.  What is the difference between Filmwise Condensation and Dropwise Condensation? 

4.  Explain about Bubble Growth and Collapse with neat sketch. 

5. Define following terms:- 
a) Absorptivity 
b) Emissivity 
c) Radiosity 
d) Radiation Intensity 
e) Grey Body 
f) Irradiation 
g) Solid angle 
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h) Radiation density 
i) Reflectivity 
j) Transmissivity. 
6. How does an enclosure with a small hole in it behave as a black body. 
7. Derive Weins displacement law from Plancks law of radiation. 
8. State and discuss, 
a) Kirchoffs law 
b) Lambert Cosine law 
c) Stefan Boltzman law 
9. Derive Stefan Boltzman law from Plancks law of radiation. 
10. Explain phenomenon of radiation heat transfer. 
11. Explain the term Radiation Shield. 

 

Tutorial Sheet 1 

Conduction 

1. An electric wire having a diameter of 1.5 mm and covered with a plastic insulation 

(thickness=2.5mm) exposed to air at 300 K and h0= 20W/m
2
K. The insulation has a k of 

1.4 W/m.K. It is assumed that the wire surface temperature is constant at 400K and is not 

affected by the covering. 

a. Calculate the value of the critical radius 

b. Calculate the heat loss perm of wire length with no insulation 

c. Repeat b for insulation being present 

2 A thick-walled tube of stainless steel(A) having a k=21.63 W/m.K with dimensions of 

0.0254m ID and 0.0508m OD is covered with a 0.0254-m-thick layer of an insulation(B), 

k=0.2423 W/m.K. The inside-wall temp of the pipe is 811 K and the outside surface of 

the insulation is at 310.8K for a 0.305 m length of pipe, calculate the heat loss and also the 

temperature at the interface between the metal and the insulation. 

3 A plane wall is composed of an 20 cm layer of refractory brick (k=1.3 W/mK) and a 5 cm 

later of insulating material with k for the insulatig material varying linearly as k = 

.034+0.00018 t where t is the temperature in degree C. The inside surface temperatue of 

the brick is 1100 degree C and the outside surface temperature of the insulating material is 

38
o
C. Calculate the temperatue at the boundary of the brick and insulation. 

4 A large sheet of glass 50 cm thick is initially at 150
o
C throughout. Is is plunged into a 

stream of running water having a temperature of 15
o
C. How long will it take to cool the 

glass to an average temperature of 38
o

C? For glass: k=0.70 W/mK; p=2480 kg/m
3
, 

Cp=0.84 kJ/kg.K 

5 A long steel rod 0.305 m in diameter is initially at a temperature of 588K. it is immersed in 

an oil bath maintained at 311K. the surface convective coefficient is 125 W/m
2
K. 

Calculate the temperature at the center of the rod after 1h. The average physical properties 

of the steel are k=38 W/m.K and alpha=0.0381 m
2
.h. 

6 What length of time is required to heat a 2.5 cm diameter, 5 cm long copper cylinder 
(k=380 W/mK) from 16 deg C to 93 deg C iin a furnace whose temperature is 315 deg C? 

the value of h at the cylinder surface is 204 Kj/h.m
2
K and its thermal diffusivity is 0.186 

m
2
/s. 

7 A slab of meat 25.4 mm thick originally at a uniform temperature of 10deg C is to be 

cooked from both sides until the center reaches 121 deg C in an oven at 177 deg C. The 
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convection coefficient can be assumed constant at 25.6 W/m
2
K. Neglect any latent heat 

changes and calculate the time required. The thermal conductivity is 0.69 W/m
2
K and the 

thermal diffusivity 5.85 x 10
-4 

m
2
/h. Use the Heisler Chart. 

8 In orange growing areas, the freezing of the oranges on the trees during cold nights is 
economically important. If the oranges are initially at a temperature of 21.1 deg C, 
calculate the center temperature of the orange if exposed to air at -3.9 deg C for 6 
hours. The oranges are 102 mm in diameter and the convective coefficient is estimated as 

11.4 W/m
2
K. The thermal conductivity k is 0.431 W/mK and a=4.68x 10

-4 
m

2
/h. 

neglect any latent heat effects. 
9 A large piece of aluminum that can be considered a semi-infinite solid initially has a 

uniform temperature of 505.4K. The surface is suddenly exposed to an environment at 

338.8K with a surface convection coefficient of 455W/m
2
K. Calculate the time in hours 

for the temperature to reach 388.8K at a depth of 25.4 mm. The average physical 

properties are a=0.340 m
2
/h and k-208W/mK. 

10 A cylincrical steel shaft 10 cm. in diameter and 2.4 m long is heat treated to give it 

desired physical properties. It is heated to a uniform temperature of 600 deg C and then 

plunged into an oil bath which maintains the surface temperature at 150 deg C. Calculate 

the radial temperature profile at 2 min and at 3 min after immersion. 

11 A current of 250 A is passing through a stainless steel wire having a diameter of 5.08 

mm. The wire is 2.44 m long and has resistance of 0.0843 ohm. The outer surface is held 

constant at 427.6 K. The thermal conductivity is k 22.5 W/m K. Calculate the center-line 

temperature at steady state. 

Tutorial Sheet 2. 

Convection 

1) A bare stainless-steel tube having an outside diameter of 76.2 mm and an E of 0.55 is 

placed horizontally in air at 294.2K. The pipe surface temperature is 366.4K. Calculate 

the value of hC + hr for convection plus radiation and the heat loss for 3m of pipe. 

2) A vertical cylinder 76,2 mm in diameter and 121,9 mm high is maintained at 397,1 0K. At 

its surface. It losses heat by natural convection to air at 294,3 K. Heat is losses from the 

cylindrical side and the flat circular and at the top. Calculate the heat loss neglecting 

radiation losses. Use the simplified equation of table 4.7-2 and those equation for the 

lowest range of NGr NPr, the equivalent L to use for the top flat surface it 0,9 times the 

diameter. 

3) Repeat Problem 4.3-3 for heat loss in the double window. However include a convective 

coefficient of h=11.35 w/m
2
K on one outside surface of one side of the window and an h of 

11.35 on the other outside surface. Also calculate the Convection, Conduction, and Overall 

U. 

·  A gas at 450 K is flowing inside a 2-in. steel pipe, schedule 40. The pipe is insulated with 

51 mm of lagging having a mean k = 0.0623 W/mK. The convective heat-transfer 

coefficient of the gas inside the pipe is 30.7 W/m2 · K and the convective coefficient on 

the outside of the lagging is 10.8. The air is at a temperature of 300 K. 

A. Calculate the heat loss per unit length of 1 m of pipe using resistances. 

B. Repeat, using the overall Uo based on the outside area Ao. 

4) A rectangular furnace with inside dimensions of 1.0 x1.0 x 2.0 m has a wall thickness of 

0.20m. The k of the walls is 0.95 W/m.K. The inside of the furnace is held at 800K and 

the outside at 350K. Calculate the total heat loss from the furnace. 

5) A large piece of aluminum that can be considered a semi-infinite solid initially has a 

uniform temperature of 505.4K. The surface is suddenly exposed to an environment at 
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338.8K with a surface convection coefficient of 455W/m
2
K. Calculate the time in hours 

for the temperature to reach 388.8K at a depth of 25.4 mm. The average physical 

properties are a=0.340 m
2
/h and k-208W/mK. 

6) A large slab of beef is 45.7 mm thick and is at an initial uniform temperature of 37.78
o
C. It 

is being chilled at the front surface in a chilled air blast at -1.11 deg C with an 

convective heat-transfer coefficient of h=38.0 W/m
2
K. The rear face of the meat is 

insulated. The thermal conductivity of the beef is k=0.498 W/m
2
K and a=4.64x10

-4 
m

2
/h, 

using a numerical method with five slices and M=4.0, calculate the temperature profile 
after 0.27 h. Since there is a convective resistance, the value of N must be calculated. 
Also equation (5.4-7) should be used. 

7) Water at an average of 70
o
F is flowing in a 2-in. steel pipe schedule 40. Steam at 220

o
F is 

condensing on the outside of the pipe. The convective coefficient for the water inside the 

pipe is h=500 btu/hft
2
. 

o
F and the condensing steam coefficient on the outside is h=1500. 

a) Calculate the heat loss per unit length of 1 ft pipe using resistances 

b) Repeat , using the overall Ui based on the inside area Ai 

c) Repeat using Uo 

8) A hydrocarbon oil having the same physical properties as the oil in Example 4.5-5 enters at 

1750F inside a pipe having an inside diameter of 0.0303 ft and a length of 15 ft. The inside 

pipe surface temperature is constant at 3250 F. The oil is to be heated to 2500F in the pipe. 

How many lbm/h oil can be heated? 

9) Cold water at -28.90C and 1 atm is recirculate at a velocity of 0.61 m/s over the exposed top 

flat surface of a piece of frozen meat. The sides and bottom of this rectangular slab of meat 

are insulated and the top surface is 254 mm by 254 mm square. If the surface of the meat is 

at -6.
o 

C, predict the average heat transfer coefficient to the surface. 

10) Air at a pressure of 101.3 kPa and a temperature of 188.8 k is flowing over a thin, 

smooth flat plate at 3.05 m/s. The plate length in the direction of flow is 0,305 m and is at 

333.2 K. Calculated the heat transfer coefficient assuming laminar flow. 

Tutorial Sheet No .3 

Radiation 

1) A space satellite in the shape of a sphere is travelling in outer space, where its surface 

temperature is held at 283.2K. The sphere  ”sees” only outer space,which day be 

considered as a black body with a temperature of 0 K. The polished surface of the sphere of 

the sphere has an emissivity of 0.1. Calculate the heat loss per m
2 

by radiation. 

2) A piece of paper is left on top of a projector in an air-conditioned room whose wall and air 

temperatures are at 17°C. The paper is 11 by 8.5 square inches and the heat from the 

projector is maintaining the paper’s temperature at 40°C. Find the heat transferred by 

radiation. Assume emissivity does not vary with temperature. 

3) A horizontal oxidized steel pipe carrying steam and having an OD of 0.1683 m has a 

surface temperature of 374.9K and is exposed to air at 297.1K in a large enclosure. 

Calculate the heat loss for 0.305 m of pipe from natural convective plus radiation. For 

steel pipe, use and E of 0.79. 
4) Two parallel black plates 0.5 by 1.0 m are spaced 0.5 m apart. One plate is maintained at 

1000
o
C and the other at 500

o
C. What is the net radiant heat exchange between the two 

plates? 

5) A horizontal heated plate of dimensions 1.0m by 1.0m is heated to 50.0
o
C. The air over the 

plate is at a temperature of 25
o
C. What is the total heat flux from the plate to the air? The 

emissivity of the plate is 0.89. 

6) A small oxidized horizontal metal tube with an OD of 0.0254m (1 in.), 0.61m (2ft) long, 
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and with a surface temperature at 588K (600
o
F) is in a very large furnace enclosure with 

fire-brick walls and the surrounding air at 1088K (1500
o
F). The emissivity of the metal 

tube is 0.60 at 1088K and 0.46 at 588K. Calculate the heat transfer to the tube by 

radiation using Si and English units. 

7) Two parallel gray planes which are very large have emissivities of E1=0.8 and E2=0.7; 

surface 1 is at 1100
o
F (866.5K) and surface 2 at 600

o
F(588.8K). Use English and SI units 

for the following: 

a. What is the net radiation from 1 to 2? 

b. If the surfaces are both black, what is the net radiation? 

 

8) A bare stainless-steel tube having an outside diameter of 76.2 mm and an E of 0.55 is 

placed horizontally in air at 294.2K. The pipe surface temperature is 366.4K. Calculate 

the value of hC + hr for convection plus radiation and the heat loss for 3m of pipe. 

9) Two very large and parallel planes each have an emissivity of 0.7. Surface 1 is at 866.5K 

and surface2 is at 588.8K. Use SI units. 

a. What is the net radiation loss of surface 1? 

b. To reduce this loss, two additional radiation shields also having an emissivity of 

0.7 are placed between the original surfaces. What is the new radiation loss? 

10) A small, cold package having an area A1 and emissivity E1 is at temperature T1. It is 
placed in a warm room with the walls at T2 and an emissivity E2.), Derive the view factor 
for this and the equation for the radiation heat transfer. 

 

TUTORIAL SHEET  ON. 4 

HEAT EXCHANGERS: 

1. In a fire-tube boiler, hot products of combustion flowing through an array of thin- walled 

tubes are used to boil water flowing over the tubes. At the time of installation, the overall 

heat transfer coefficient was 400 W/m2.K. After 1 year of use, the inner and outer tube 

surface are fouled, with corresponding fouling factor of R”f,  i  =0.0015 and  R” f , o =0.0005 

m
2
.K/W, respectively. Should the boiler be scheduled for cleaning of tube surfaces? 

2. A steel tube (K = 50 W/m.K) of inner and outer diameter Di = 20mm and DO = 2 6 m m , 

respectively, is used to transfer heat from hot gases flowing over the tube (hh =200W/m2.K) to 

cold water flowing through the tube (hc = 8000W/m2.K). What is the cold- side overall heat 

transfer coefficient Uc? To enhance heat transfer, 16 straight fins of rectangular profile are 

installed longitudinally along the outer surface of the tube. The fins are equally spaced around 

the circumference of the tube, each having a thickness of 2mm and a length of 15mm. What is 

the corresponding overall heat transfer coefficient Uc? 

3. Water at a rate of 45,500 kg/h is heated from 80 to150ºC in a heat exchanger having two shell 

passes and eight tube passes with a total surface area of 925m
2
. Hot exhaust gases having 

approximately the same thermo-physical properties as air enter at 350ºC and exit at 175ºC. 

Determine the overall heat transfer coefficient. 
4. The properties and flow rates for the hot and cold fluids of a heat exchanger are 

shown in the following table. Which fluid limits the heat transfer rate of the 

exchanger? Explain your choice. 

Hot Fluid: Density, Kg/m
3
=997     Specific heat, J/Kg.K=4179 

     Thermal conductivity, W/m.K=0.613   Viscosity, N.s/m
2
=8.55*10

 -4
 

                  Flow rate, m
3
/h=14 

Cold Fluid: Density, kg/m
3
=1247     Specific heat , J/kg.K=2564 

      Thermal conductivity, W/m.K=0.287             Viscosity, N.s/m
2
=1.68 10

-4
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        Flow rate, m
3
/h=16 

5. A shell-and-tube exchanger (two shells, four tube passes) is used to heat 10,000kg/h of 

pressurized water from 35 to 120ºC with 5000 kg/h pressurized water entering the exchanger 

at 300oC. If the overall heat transfer coefficient is 1500W/m
2
, determine the required heat 

exchanger area. 

6. A counter flow, concentric heat exchanger used for engine cooling has been in service for an 

extended period. The heat transfer surface area of the exchanger is 5m
2
, and the design value 

of the overall convective coefficient is 38 W/m
2
K. During a test run, engine oil flowing at 0.1 

kg/s is cooled from 110ºC to 66ºC by water supplied at a temperature of 25ºC and a flow rate 

of 0.2 kg/s. Determine whether fouling has occurred during the service period. If so, calculate 

the fouling factor. 

7. A two-fluid heat exchanger has inlet and outlet temperature of 65 and 40ºC for the hot fluid 

and 15 and 30ºC for the cold fluid. Can you tell whether this exchanger is operating under 

counter flow or parallel flow conditions? Determine the effectiveness of the heat exchanger. 

8. An ocean thermal energy convection system is being proposed for electric power generation. 

Such a system is based on the standard power cycle for which the working fluid is 

evaporated, passed through a turbine, and subsequently condensed. The system is to be used 

in very special location for which the oceanic water temperature near the surface is 

approximately 300 K, while the temperature at reasonable depths is approximately 280 K. 

The warmer water is used as a heat source to evaporate the working fluid, while the colder 

water is used as a heat sink for condensation of fluid. 

Consider a power plant that is to generate 2 MW of electricity at efficiency (electric power 

output per heat input) of 3%. The evaporator is a heat exchanger two passes. If the working 

fluid evaporated at its phase change temperature of 290K, with ocean water entering at 300K 

and leaving at 292K, what is the heat exchanger area required for the evaporator. What flow 

rate must be maintained for the water passing through evaporator? The overall heat transfer 

coefficient mat be approximated as 1200W/m
2.
K. 

9. Saturated process steam at 1 atm is condensed in a shell-and-tube heat exchanger (one shell, 

two tube passes). Cooling water enters the tubes at 15ºC with an average velocity of 3.5m/s. 

The tubes are thin-walled and made of copper with a diameter of 14mm and length of 0.5m. 

The convective heat transfer coefficient for condensation on the outer surface of the tubes is 

21,800 W/m
2.
K. 

(a) Find the number of tubes/pass required to condense 2.3 kg/s of steam. 

(b) Find the outlet water temperature. 

(c) Find the maximum possible condensation rate that could be achieved with the heat 

exchanger using the same water flow rate and inlet temperature. 

(d) Using the heat transfer surface area found in part (a), plot the water outlet temperature and 

steam condensation rate for water mean velocities in the range from 1 to 5 m/s. Assume that 

the shell-side convection coefficient remains unchanged. 

12. The oil in an engine is cooled by air in a cross-flow heat exchanger where both fluids are 

unmixed. Atmospheric air enters at 30oC and 0.53 kg/s. Oil at 0.026 kg/s enters at 75oC and 

flows through a tube of 10mm diameter. Assuming fully developed flow and constant wall 

heat flux, estimate the oil-side heat transfer coefficient. If the overall convection coefficient is 

53W/m2.K and the total heat transfer area is 1 m2, determine the effectiveness. What is the 

exit temperature of the oil? 

13. The condenser of a large steam power plant is a heat exchanger in which steam is condensed 

to liquid water. Assume the condenser to be a shell-and-tube heat exchanger consisting of a 

single shell and 30,000 tubes, each executing two passes.The tubes are of thin wall 

construction with D = 25mm, and steam condenses on their outer surface with an associated 

convection coefficient of ho = 11,000 W/m
2
.K. The heat transfer rate that must be effected by 



                           DEPARTMENT OF MECHANICAL ENGINEERING  

24 
 

the exchanger is q = 2 x 109 W, and this is accomplished by passing cooling water through 

the tubes at a rate of 3 x 104 kg/s (the flow rate per tube is therefore 1 kg/s). The water enters 

at 20ºC, while the steam condenses at 50ºC. What is the temperature of the cooling water 

emerging from the condenser? What is the required tube length L per pass? 
 

Question Bank  

Short Questions  (Carrying Two marks) 

1. Explain the difference between the subject of ‘Heat transfer’ and ‘Thermodynamics’. 
2. On a hot summer day, a student turns his fan on when he leaves his room in the morning. 

When he returns in the evening, will his room be warmer or cooler than the neighbouring 

rooms? Why? Assume all the doors and windows are kept closed. 

3. Consider two identical rooms, one with a refrigerator in it and the other without one. If all 

the doors and windows are closed, will the room that contains the refrigerator be cooler or 

warmer than the other room? Why? 

4. What are three modes of heat transfer, explain with suitable examples. 

5. Define Fourier's law of heat conduction & equation governing this law. 

6. Consider heat transfer through a windowless wall of a house in a winter day. Discuss the 

parameters that affect the rate of heat conduction through the wall. 

7. What is a temperature gradient? What are its units? What is the relationship of heat flow to 

a temperature gradient? 

8. Judging from its unit W/m · °C, can we define thermal conductivity of a material as the 

rate of heat transfer through the material per unit thickness per unit temperature 

difference? Explain. 

9. Consider heat loss through the two walls of a house on a winter night. The walls are 

identical, except that one of them has a tightly fit glass window. Through which wall will 

the house lose more heat? Explain. 

10. Which is a better heat conductor, diamond or silver? 

11. Why the thermal conductivity of metals is higher than fluids? 

12.  What are the factors on which thermal conductivity of gases depend? 

13. Define Thermal diffusivity and discuss its importance.  

14. Discuss factors affecting thermal conductivity of a material. 

15. Discuss log mean Area of cylinder used in heat transfer. 

16. Explain why Eskimos make double walled houses of blocks of ice. 

17. What will be your response to a person who states that heat cannot be transferred in a 

vacuum? 

18. What is burnout point or critical heat flux in boiling?   

19. What is Fourier's Law of heat conduction? 

20. Give some examples of heat transfer in engineering. 

21. What is Lap lace equation for heat flow? 

22. What is Poisson's equation for heat flow? 

23. Give  two examples for  initial& boundary conditions. 

24. What is meant by Transient heat conduction? 

25. Give governing differential equation for the one dimensional transient heat flow. 

26. What is Biot number? 

27. What is Newtonian heating or cooling process? 

28. Give examples for Transient heat transfer. 

29. What is meant by thermal resistance? 

30. What is meant by periodic heat transfer? 



                           DEPARTMENT OF MECHANICAL ENGINEERING  

25 
 

31. What are Heisler chart? 

32. What is the function of insulating materials? 

33. Define overall heat transfer coefficient. 

34. Define conduction shape factor. 

35. Define critical heat flux. 

36. What is thermal contact resistance? How is it related to thermal contact conductance? 

37. Will the thermal contact resistance be greater for smooth or rough plain surfaces? 

38. Consider a cold canned drink left on a dinner table. Would you model the heat transfer to 

the drink as one-, two-, or three-dimensional? Would the heat transfer be steady or 

transient? Also, which coordinate system would you use to analyze this heat transfer 

problem, and where would you place the origin? Explain. 

39. Consider a round potato being baked in an oven. Would you model the heat transfer to the 

potato as one-, two-, or three-dimensional? Would the heat transfer be steady or transient? 

In addition, which coordinate system would you use to solve this problem, and where would 

you place the origin? Explain. 

40. What is Critical thickness of insulation? 

41. An iron is left unattended and its base temperature rises because of resistance heating 

inside. When will the rate of heat generation inside the iron be equal to the rate of heat loss 

from the iron? 

42. Consider the uniform heating of a plate in an environment at a constant temperature. Is it 

possible for part of the heat generated in the left half of the plate to leave the plate through 

the right surface? Explain. 

43. List four applications, where fins are used. 

44. What is a Fin? 

45. Write the assumption in case of fins. 

46. Define the efficiency of fin. 

47. Define Effectiveness of fin. Why it is used in IC engines 

48. What is time constant of the thermocouple. Write the expression. 

49. What are the parameters on which the effectiveness of a fin depends? 

50. Why aluminium is used as fin material? 

51. Explain the boundary conditions of infinitely long fin. Write its mathematical expression. 

52. Define Biot number & its physical significance. 

53. What is thermometric well? Draw its diagram. 

54. Hot water is to be cooled as it flows through the tubes exposed to atmospheric air. Fins are 

to be attached in order to enhance heat transfer. Would you recommend attaching the fins 

inside or outside the tubes? Why? 

55.  Consider an insulated pipe exposed to the atmosphere. Will the critical radius of 

insulation be greater on calm days or on windy days? Why? 

56. Under what conditions does the fin efficiency become nearly 100%? 

57. What do you mean by “CLADDING”? Name two clad materials. 

58. Consider two cold canned drinks, one wrapped in a blanket and the other placed on a table 

in the same room. Which drink will warm up faster? 

59. Does the (a) efficiency and (b) effectiveness of a fin increase or decrease as the fin length 

is increased? 

60. Why the need of Triangular and parabolic fins come in existence? 

61. Is it necessary that adding insulation always reduces the heat transfer rate?  

62. Define and distinguish between steady state and unsteady state heat transfer with 

examples.  

63.  Explain the difference between free and forced convection. 
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64. The expression hl/k gives the Biot number as well as the Nusselt number. What is the 

difference between the two? 

65. Define thermal boundary layers. 

66. Define hydrodynamic boundary layers & give its types. 

67. How boundary layers formed? 

68. What is a dimensionless number? How and why are they used in heat transfer? 

69. Why is the heat transfer coefficient in nucleate boiling greater than in film boiling? 

70. What is boiling? When does it occur? 

71. Define critical heat flux and boiling crisis.  

72. Which boiling region is preferred in industrial boilers and vaporizers? 

73. Give classification of heat exchanger. 

74. Define Lambert’s cosine law of radiation and prove that the intensity of radiation is always 
constant 

75. What type of convection is used in radiators. 

76. In the fully developed region of flow in a circular tube, will the velocity profile change in 

the flow direction? How about the temperature profile? 

77. Define coefficient of convective heat transfer. 

78. Define mean bulk temperature.  

79. Define ‘Grashof’ and ‘Prandtl number’. 
80. Define stalon number. 

81. Define Nusselt number & Fourier number. 

82. Draw the boiling curve and identify the different boiling regimes. 

83.  During flow over a given body, the drag force, the up- stream velocity, and the fluid 

density are measured. Explain how you would determine the drag coefficient. What area 

would you use in calculations? 

84. Differentiate between friction factor and coefficient of friction. 

85. Define Reynolds colburn analogy laminar flow over the plate 

86. Define thermal boundary layer thickness. 

87. Consider a hot baked potato. Will the potato cool faster or slower when we blow the warm 

air coming from our lungs on it instead of letting it cool naturally in the cooler air in the 

room? Explain. 

88. Describe the phenomenon of drop-wise condensation. 

89. Why heat transfer rate is higher in drop wise condensation as compared to film wise 

condensation? 

90. What is pool boiling? 

91. What is sub-cooled boiling? 

92. Define the velocity and thermal boundary layer. 

93. Define Gray body. 

94. Main difference between emissivity & Absorptivity. 

95.  Explain Kirchoff’s law of radiation.  

96.  Define radiation shape factor.  

97.  Which of the arrangement of Heat exchanger is better?  (i) Parallel flow (ii) Counter flow. 

Explain the reasons. 

98.  Define Effectiveness of heat exchanger. 

99. Draw the temperature- length curve for counter current and parallel current heat 

exchanger. 

100. What is fouling factor in the heat exchangers? 

101. Describe Newton heating of solids.  

102. Define Radiation heat transfer. 

103. What is Intensity of radiation? 
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104. Define Shape factor. 

105. Define Quantum theory. 

106. Define Emissive power of a black surface. 

107. Defme concept of Black body. 

108. Define Planck's distribution law. 

109. Define Emissivity of a surface. 

110. What is meant by Kirchhoff's law? 

111. Distinguish between Absorptivity & Transmittivity of radiation. 

112. What are the gases, which radiate heat? 

113. What is mean beam length in Gas Radiation? 

114. What is the equation for radiation between two gray bodies? 

115. Distinguish between Reflectivity & Transmittivity. 

116. Differentiate Opaque body & perfectly transparent surface. 

117. Write down the heat transfer equation for Radiant exchange between infinite  parallel gray 

planes. 

118. State Stefan Boltzmann’s Law of radiation heat transfer.  

119. Write a note on Wien’s displacement law.   

120. Define the term Intensity of radiation.  

121. Differentiate grey and colored body in terms of wavelength. 

122. Differentiate emissive power and monochromatic emissive power. 

123. Write note on Critical diameter of bubble. 

124. Write the equation for Plank’s law for radiation heat transfer 

125. What is radiation density? 

126. What is a radiation shield?  

127. What are the reasons to use of plain glass on the top surface of solar collector? 

128. Differentiate between irradiation and radiosity. 

129. What is Convective heat transfer? 

130. Sketch formation of boundary layer and show laminar, transition & turbulent flow. 

131. Write down differential equation for Continuity of fluid flow. 

132. Differentiate between Natural & Forced convection. 

133. State Buckingham's  -theorem. 

134. What is meant by Dimensional analysis? 

135. Sketch boundary layer development in a circular pipe. 

136. What is Reynolds analogy? 

137. What is Colburn  analogy? 

138. Define the Bulk temperature. 

139. Define velocity boundary layer thickness. 

140. Define thermal boundary layer thickness. 

141. Distinguish between laminar & turbulent flow. 

142. What is meant by critical Reynolds number? 

143. Define skin friction coefficient. 

144. Give examples for free convection. 

145. Define Grashof number. 

146. Sketch, temperature and velocity profiles in free convection on a vertical wall. 

147. Define momentum thickness. 

148. Define Displacement thickness. 

149. List the dimensionless numbers. 
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150. What are the uses of dimensional analysis? 

151. Explain the term Dimensional homogeneity. 

152. What are the limitations of Dimensional analysis? 

153. What is a Heat Exchanger1 

154. How heat exchangers are classified? 

155. Give examples of non mixing type heat exchangers. 

156. Sketch temperature distribution graph for condensers & evaporators. 

157. What is overall heat transfer coefficient in a heat exchanger? 

158. What is LMTD? 

159. What is effectiveness of a heat exchanger? 

160. Discuss the advantage of NTU method over the LMTD method. 

161. What are the assumptions made during LMTD analysis? 

162. What are the factors are involved in designing a heat exchangers?  

163. , In what way Boiling & Condensation differs from other types of heat exchange? 

164. What is Excess temperature in boiling? 

165. What is meant by sub cooled or local boiling? 

166. What is Nucleate boiling? 

167. Give expression for heat transfer coefficient in Nucleate boiling. 

168. What is flow boiling? . 

169. What is meant by condensation? 

170. Draw heat flux curve for various regions of flow boiling. 

171. Define Film wise condensation. 

172. Define Drop wise condensation. 

173. How is the Reynolds number in condensation defined? 

 
Carrying 05  and 10 marks  questions 

CONDUCTION 
1. A pipe consists of 100 mm internal diameter and 8 mm thickness carries steam at 170°C. 

The convective heat transfer coefficient on the inner surface of pipe is 75 W/m2C. The 

pipe is insulated by two layers of insulation. The first layer of insulation is 46 mm in 

thickness having thermal conductivity of 0.14 W/m°C. The second layer of insulation is 

also 46 mm in thickness having thermal conductivity of 0.46 W/mC. Ambient air 

temperature = 33°C. The convective heat transfer coefficient from the outer surface of pipe 

= 12 W/m2C. Thermal conductivity of steam pipe = 46 W/m°C. Calculate the heat loss per 

unit length of pipe and determine the interface temperatures. Suggest the materials used for 

insulation. 

2. A long rod is exposed to air at 298°C. It is heated at one end. At steady state conditions, 

the temperature at two points along the rod separated by 120 mm is found to be 130°C and 

110°C respectively. The diameter of the rod is25mmOD and its thermal conductivity is 

116 W/m°C. Calculate the heat transfer coefficient at the surface of the rod and the heat 

transfer rate. 

3. a)A furnace wall consists of three layers. The inner layer of 10 cm thickness is made of 

firebrick (k=1.04 W/mK). The intermediate layer of 25 cm thickness is made of masonry 

brick (k = 0.69 W/mK) followed by a 5 cm thick concrete wall (k = 1.37 W/mK). When 

the furnace is in continuous operation the inner surface of the furnace is at 800°C while the 

outer concrete surface is at 50°C. Calculate the rate of heat loss per unit area of the wall, 
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the temperature at the interface of the firebrick and masonry brick and the temperature at 

the interface of the masonry brick and concrete.  

b)An electrical wire of 10 m length and 1 mm diameter dissipates 200 W in air at 25°C. 

The convection heat transfer coefficient between the wire surface and air is 15 W/m2K. 

Calculate the critical radius of insulation and determine the temperature of the wire if it is 

insulated to the critical thickness of insulation.  

4. a)An aluminium rod (k =204 W/mK) 2 cm in diameter and 20 cm long protrudes from a 

wall  which is maintained at 300°C. The end of the rod is insulated and the surface of the 

rod is  exposed to air at 30°C. The heat transfer coefficient between the rod's surface and 

air is 10 W/m
2
K. Calculate the heat lost by the rod and the temperature of the rod at a 

distance of 10 cm from the wall.  

b)A  large  iron  plate  of  10  cm  thickness  and  originally  at  800°C  is  suddenly  

exposed  to  an environment at 0°C where the convection coefficient is 50 W/m
2
K. 

Calculate the temperature at a depth of 4 cm from one of the faces 100 seconds after the 

plate is exposed to the environment. How much energy has been lost per unit area of the 

plate during this time?  

5. (a)  Explain the different modes of heat transfer with appropriate expressions. 

b)A composite wall consists. of 10 cm thick layer of building brick, k = 0.7 W/mK and 3 

cm thick plaster, k = 0.5 W/mK. An insulating material of k = 0.08 W/mK is to be added 

to reduce the heat transfer through the wall by 40%. Find its thickness.  

6. Circumferential aluminum fins of rectangular profile (1.5cmwide and 1mm thick) are 

fitted  on to a 90 mm engine cylinder with a pitch of 10 mm. The height of the cylinder is 

120 mm. The cylinder base temperature before and after fitting the fins are 200°C and 

150°C respectively. Take ambient at 30°C and h(average) =100 W/m2K. Estimate the heat 

dissipated from the finned and the un-finned surface areas of cylinder body.  

7. (a) Derive the heat conduction equation in cylindrical co-ordinates using an elemental 

volume for a stationary isotropic solid.  

(b) A 3 cm OD steam pipe is to be covered with two layers of insulation each having a 

thickness of 2.5 cm. The average thermal conductivity of one insulation is 5 times that of 

the other. Determine the percentage decrease in heat transfer if better insulating material is 

next to pipe than it is the outer layer. Assume that the outside and inside temperatures of 

composite insulation are fixed. 

8. a)Explain briefly the concept of critical thickness of insulation and state any two 

applications of the same.  

(b) A 6 cm long copper rod (k = 300 W/m-K) 6mm in diameter is exposed to an 

environment at 20°C. The base temperature of the rod is maintained at 160°C. The heat 

transfer co-efficient is 20 W/m2K.Calculate the heat given by the rod and efficiency and 

effectiveness of the rod. 
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9.  (a) Define the Biot and Fourier numbers.  

 (b) What is meant lumped capacity? What are the physical assumptions necessary for 

a  lumped capacity unsteady state analysis to apply?  

(c)A slab of Aluminum 5 cm thick initially at 200°C is suddenly immersed in a liquid 

at 70°C for which the convection heat transfer co-efficient is 525 W/m
2
K. Determine 

the temperature at a depth of 12.5 mm from one of the faces 1 minute after the 

immersion. Also calculate the energy removed per unit area from the plate during 1 

minute of immersion. Take P = 2700 bar   Cp = 0.9 kJ/kg. OK, k=215W/m-K, ά = 

8.4X 10-5 m
2
 s. 

 

10. A composite wall is formed of a 2.5 cm copper plate (k = 355 W/m-K), a 3.2 mm layer of 

asbestos (k =0.110 W/-.K) and a 5 cm layer of fiber plate (k = 0.049 W/m-K). The wall is 

subjected to an overall temperature difference of 560°C (560°C on the Cu plate side and 

0°C on the fiber plate side). Estimate the heat flux through this composite ~all and the 

interface temperature between asbestos and fiber plate.  

11. A steel tube k=43.26 W/m-K of 5.08 cm 10 and 7.62 cm 00 is covered with 2.54 cm of 

asbestos Insulation k=0.208 W/m-K The inside surface of the tube receives heat by 

convection from a hot gas at a -temperature of 316°C with heat transfer coefficient 

ha=284 W m2 K while the outer surface of Insulation is exposed to atmosphere air at 

38°C with heat transfer coefficient of17W/m2k.Calculate heat loss to atmosphere for 3 m 

length of the tube and temperature drop across each layer.  

12. A plane wall 20 cm thickness generates heat at the rate of 5 x 10
4
 W/m

3
 when an electric 

current is passed through it. The convective heat transfer coefficient between each face of 

the wall and the ambient air is 60 W/m
2
K. Determine.a) The surface temperature .b) The 

maximum temperature in the wall. Assume ambient air temperature to be 25°C and the 

thermal conductivity of the  wall material to be 16 W/m-K. 

13. A steel ball 100 mm diameter was initially at 50ᵒC and is placed in air, which is at35°C. 

Calculate time required to attain 400°C and 300°C. k steel = 35 W/m-K, Cp = 0.46 kJ/ kg-

K, ρ = 7800 kg/m
3
   , h = 10 W/m

2
K 

CONVECTION 

1. Air at 200 kPa and 200°C is heated as it flows through a tube with a diameter of 25 mm 

at a velocity of 10 m./sec. The wall temperature is maintained constant and is 20°C 

above the air temperature all along the length of tube. Calculate: 

(i) The rate of heat transfer per unit length of the tube. 

(ii) Increase in the bulk temperature of air over a 3 m length of the tube.  

2. (a) Write down the momentum equation for a steady, two-dimensional flow of an 

incompressible, constant property Newtonian fluid in the rectangular coordinate system 

and mention the physical significance of each term.  

 (b) A large  vertical  plate 5  m high  is  maintained at  100°C and exposed to air at 

30°C Calculate the convection heat transfer coefficient.  

3. a) Sketch the boundary layer development of a flow over a flat plate and explain the 

significance of the boundary layer.  
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    (b) Atmospheric air at 275 K and a free stream velocity of 20 m/s flows over a flat plate 1.5 

m long that is maintained at a uniform temperature of 325 K. Calculate the average heat 

transfer coefficient over the region where the boundary layer is laminar, the average heat 

transfer coefficient over the entire length of the plate and the total heat transfer rate from 

the plate to the air over the length 1.5 m and width 1 m. Assume transition occurs at Ree 

= 2 X l0
5 

 

4. (i) What is Reynold's analogy? Describe the relation between fluid friction and heat 

transfer? 

(ii) Air at 25°C flows over 1 m x 3 m (3 m long) horizontal plate maintained at 200°C at 10 

m/s.Calculate the average heat transfer coefficients for both laminar and turbulent regions. 

Take Re (critical) = 3.5 x 10
5 

 

5. (a) Define Reynold’s, Nusselt and Prandtl numbers.  

 b)A steam pipe 10 cm outside diameter runs horizontally in a room at 23°C. Take the 
outside surface temperature of pipe as 165°C. Determine the heat loss per unit length of the 
pipe. 

6. a)Explain for fluid flow along a flat plate:i)Velocity distribution in hydrodynamic boundary 
layer, ii)Temperature distribution in thermal boundary layer,iii)Variation of local heat transfer co-
efficient along the flow.  

  (b) The water is heated in a tank by dipping a plate of 20 cm X 40 cm in size. The temperature 

of the plate surface is maintained at 100°C. Assuming the temperature of the surrounding 

water is at 30° C, Find the heat loss from the plate 20 cm side is in vertical plane.  
7. Air at 400 K and 1 atm pressure flows at a speed of 1.5 m/s over a flat plate of 2 m long. 

The plate is maintained at a uniform temperature of 300 K. If the plate has a width of 0.5 
m, estimate the heat transfer coefficient and the rate of heat transfer from the air stream to 
the plate. Also, estimate the drag force acting on the plate.  

8. Cylindrical cans of 150 mm length and 65 mm diameter are to be cooled from an initial 
temperature of 20°C by placing them in a cooler containing air at a temperature of 1°C 
and a pressure of 1 bar. Determine the cooling rates when the cans are kept in horizontal 
and vertical positions.  

9. A circular disc heater 0.2m in diameter is exposed to ambient air at 25°C. One surface 

of the disc is insulated at 130°C. Calculate the amount of heat transferred from the disc 

when it is. 

a) Horizontal with hot surface facing up  

b) Horizontal with hot surface facing down  

c) Vertical  
10. (a) Distinguish between free and forced convection giving examples.  

(b) A steam pipe 10 cm OD runs horizontally in a room at 23° C. Take outside 

temperature of pipe as 165 ° C. Determine the heat loss per unit length of the pipe. Pipe 

surface temperature reduces to 80° C with 1.5 cm insulation. What is the reduction in 

heat loss? 

HEAT EXCHANGERS  

1. A tube of 2 m length and 25 mm outer diameter is to be used to condense saturated 

steam at 100°C while the tube surface is maintained at 92°C. Estimate the average heat 

transfer coefficient and the rate of condensation of steam if the tube is kept horizontal. 

The steam condenses on the outside of the tube.  
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2. Steam condenses at atmospheric pressure on the external surface of the tubes of a 

steam condenser. The tubes are 12 in number and each is 30 mm in diameter and 10 m 

long. The inlet and outlet temperatures of cooling water flowing inside the tubes are 

25°C and 60°C respectively. If the flow rate is 1.1 kg/s, calculate 

A. The rate of condensation of steam 

B. The number of transfer units 

C. The effectiveness of the condenser.  

 

3. a) It is desired to boil water at atmospheric pressure on a copper surface which 

electrically heated. Estimate the heat flux from the surface to the water, if the surface is 

maintained at no°c and the peak heat flux.  

(b)A tube of 2 m length and 25 mm OD is to be used to condense saturated steam at     

100°C while the tube surface is maintained at 92°C. Estimate the average heat transfer 

coefficient and the rate of condensation of steam if the tube is kept horizontal. The steam 

condenses on the outside of the tube.  

4. (a)Give the classification of heat exchangers.  

(b) It is desired to use a double pipe counter flow heat exchanger to cool 3 kg/s of   oil (Cp 

= 2.1 kJ/kg-K) from 120°C. Cooling water at 20°C enters the heat exchanger at a rate of 

10 kg/s. The overall heat transfer coefficient of the heat exchanger is 600 W/m
2
Kand the 

heat transfer area is 6 m
2
. Calculate the exit temperatures of oil and water. 

5. a)Discuss the general arrangement of parallel flow, counter flow and cross flow heat    

exchangers. 

4.  

 (b) In a Double pipe counter flow heat exchanger 10000 kg/h of an oil having a specific 

heat of 2095 J/kg-K is cooled from 80°C to 50°C by 8000 kg/h of water entering at 

25°C. Determine the heat exchanger area for an overall heat transfer coefficient of 300 

W/m2K. Take Cp for water as 4180 J/kg-K  

6. Discuss the various regimes of pool boiling heat transfer.  

7.  Dry saturated steam at a pressure of 2.45 bar condenses on the surface of a vertical 

tube of height 1 m. The tube surface temperature is kept at 117°C. Estimate the thickness 

of the condensate film and the local heat transfer coefficient at a distance of 0.2m from 

the upper end of the tube.  

8.  (a) With a neat and labeled sketch explain the various regimes in boiling heat transfer.  

  (b)  A vertical plate 0.5 m
2
   in area at temperature of 92°C is exposed to steam at 

atmospheric pressure. If the steam is dry and saturated estimate the heat transfer, rate and 

condensate mass per hour. The vertical length of the plate is 0.5 m. Properties of water at 

film temperatures of 96°C can be obtained from tables.  

9. (a)Compare LMTD and NTU method of heat exchanger analysis.  

  (b) Hot exhaust gases which enters a finned tube cross flow heat exchanger at 300°C and 

leave at 100°c, are used to heat pressurized water at a flow rate of 1 kg/s from 35 to 125°C. 

The exhaust gas specific heat is approximately 1000 J/kg.K, and the overall heat transfer 

co-efficient based on the gas side surface area is Uh = 100W/m2K. Determine the required 

gas side surface area Ah using the NTU method. Take Cpc at Tc = 80°C is 4197 J/kg.K and 

Cph = 1000 J/kg.K.  

10. Water is to be boiled at atmospheric pressure in a mechanically polished stainless steel 

pan placed on top of a heating unit. The inner surface of the bottom of the pan is 

maintained at l08°C. The diameter of the bottom of the pan is 30 cm. Assuming Csf = 

0.0130. calculate (i) the rate of heat transfer to the water and ii) the rate of evaporation 

of water. 

11. Define effectiveness of a heat exchanger. Derive an expression for the effectiveness of 

a double pipe parallel flow heat exchanger. State the assumptions made. 



                           DEPARTMENT OF MECHANICAL ENGINEERING  

33 
 

12. Water enters a cross flow Heat exchanger (both fluids unmixed) at 5°C and flows at the 

rate of 4600 kg/h to cool 4000 kg/h of air that is initially at 40°C. Assume the overall heat 

transfer 150 W/m2K For an exchanger surface area of 25m2, Calculate the exit 

temperature of air and water. 

13.a)Describe the principle of parallel flow and counter flow heat exchangers showing the 

axial temperature distribution.  

(b) A parallel flow heat exchanger has hot and cold water stream running through it, the 

flow rates are 10 and 25 kg/min respectively. Inlet temperatures are 75° C and 25° C on 

hot and cold sides. The exit temperature on the hot side should not exceed 50° C. 

 

RADIATION 

1. Liquid Helium at 4.2 K is stored in a dewar flask of inner diameter = 0.48 m and outer 

diameter = 0.5 m. The dewar flask can be treated as a spherical vessel. The outer surface of 

the inner vessel and the inner surface of the outer vessel are well polished and the emissivity 

of these surfaces is 0.05. The space between the two vessels is thoroughly evacuated. The 

inner surface of the dewar flask is at 4.2 K while the outer surface is at 300 K. Estimate the 

rate of heat transfer between the surfaces.  

2. A thin aluminium sheet with an emissivity of 0.1 on both sides is placed between two very 

large parallel plates that are maintained at uniform temperatures Tl = 800 K and T2 = 500 K 

and have emissivities  1= 0.2 and  2 = 0.7 respectively. Determine the net rate of radiation 

heat transfer between the two plates per unit surface area of the plates and 

compare the result to that without shield.  

3.  (i) Discuss how the radiation from gases differ from that of solids.  

(ii) Two very large parallel plates with emissivities 0.5 exchange heat.Determine the 

percentage reduction in the heat transfer rate if a polished aluminium radiation shield of c = 

0.04 is placed in between the plates.  

4.   (i)  Define emissivity, absorptivity and reflectivity.  

(ii) Describe the phenomenon of radiation from real surfaces.  

5. (i) What are the radiation view factors and why they are used?  

ii) Determine the view factor (F1-4) for the figure shown below.

  

6. (i) State and prove the following laws:  Kirchoffs law of radiation and Stefan - Boltzmann 

law 

ii)Show-from energy-balance consideration that the radiation heat transfer from a plane 

composite surface area A4 and made up of plane surface areas A2 and A3 to a plane surface 

area Al is given by: A4F41=A3F31+A2F21 & F14=F12+F13  
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7. Two parallel, infinite grey surface are maintained at temperature of 127ºC and 227ºC 
respectively. If the temperature of the hot surface is increased to 327°C, by what factor is 
the net  radiation exchange  per  unit  area increased? Assume  the emissivities of cold  and  
hot surface to be 0.9 and 0.7 respectively.  

8.  Two equal and parallel discs of diameter 25 cm are separated by a distance of 50 cm. If the 
discs are maintained at 600°C and 250°C. Calculate the radiation heat exchange between   
them.  

9. Two large parallel planes with emissivities 0.35 and 0.85 exchange heat by radiation. The 
planes are respectively 1073K and 773K . A radiation shield having the emissivity of 0.04 is 
placed between them. Find the percentage reduction in radiation heat exchange and 
temperature of the shield. 

10. Using the definition of radiosity and irradiation prove that the radiation heat exchange 
between two grey bodies is given by the relation: 

 

 

FLUID MACHINERY 

Assignment No.1 

1. Drive the Expression for the Force, W/done & Efficiency of the jet on the moving plate held 

normal to the jet? 

2. Drive the Expression for the Force, W/done & Efficiency of the jet on the Stationary flat 

plate held inclined to the jet? 

3. Drive the Expression for the Force, W/done & Efficiency of the jet on the moving plate held 

inclined to the direction of the jet? 

4. Define turbo machine and state its classification? 

5. A jet of water of diameter 4. Mm moving with a velocity of 30m/s, strikes a curved fixed 

symmetrical plate at the center. Find if the jet is deflected through an angle of 120   at the 

outlet of the curved plate? 

6. Explain the components and operation of Pelton wheel turbine?  

7. Define the followings:- 

  a.Gross Head b.Net effective head    c.Hydraulic Efficiency   d.Mechanical  

efficiency e.Volumetric Efficiency f.Overall Efficiency 

8. Write the function of draft tube & surge tank also write its types?  

9. Explain the components and Operation of Kaplan Turbine? 
10. Pelton Wheel Turbine is to be designed for the following specification: Power (brake or 

Shaft)=9560 KW, Head=350Mtrs, Speed=750RPM, Overall Efficiency =85%, Jet Diameter = 
not to exceed 1/6

th
of the wheel diameter. Determine the followings: 1.The wheel diameter

 2.Diameter of the jet  3.The no. of jets required Take Cv=0.985, Speed ratio =0.45. 
 

Assignment No.2 

1. Define Pump & writes its classifications? 

2. Drive the expression for the work done by the Centrifugal pump? 

3. Explain the multistage centrifugal pump & also states its types? 

4. Explain cavitation and its harmful effects? 

5. The centrifugal pump is to discharge  0.118 m3/sec at a speed of 1450 rpm against a head of 

25m. The impeller diameter is 250mm. its width at outlet is 50mmand monometric efficiency 

is 75 percent. Determine the vane angle at the outer periphery of the impeller.  

6. Differentiate between the turbines and pumps.   
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7. How are  Hydraulic turbines classified?        

8. Classify turbines according to flow.         

9. What are high head turbines? Give examples.        

10. Define hydraulic efficiency of a turbine.     

11.  The mean velocity of the buckets of the Pelton wheel is 10 m/s. The jet supplies water  

at 0.7 m
3
/s at a head of 30 m. The jet is deflected through an angle of 160° by the 

bucket. Find the hydraulic efficiency. Take Cv = 0.98. 

12. Define specific speed.  

13. What are the different types of draft tubes?        

14. What are the functions of a draft tube?  

15. What is a draft tube for Kaplan turbine? 

16. Give the comparison between impulse and reaction turbine.  

17. Write a note on performance curves of turbine.                     

18. Write a short note on Governing of Turbines.  .               

19. Derive an expression for the efficiency of a draft tube.  With the help of neat diagram 

explain the construction and working of a pelton wheel  turbine     

20. What is the condition for hydraulic efficiency of a pelton wheel to be maximum? 

21. Sketch velocity triangles at inlet and outlet of a pelton wheel. 

22. Show that the overall efficiency of a hydraulic turbine is the product of volumetric, 

hydraulic and mechanical efficiencies  

23. Obtain an expression for the work done per second by water on the runner of a Pelton 

wheel. Hence, derive an expression for maximum efficiency of the Pelton wheel giving 

the relationship between the jet speed and bucket speed.                   

24. A Pelton wheel is having a mean bucket diameter of 1 m and is running at 1000 rpm. The net 

head on the Pelton wheel is 700 m. If the side clearance angle is 15° and discharge through 

nozzle is 0.1 m
3
/s, find  a)power available at the nozzle and  b)hydraulic efficiency of the 

turbine. Take Cv = 1.                    

25. A Pelton wheel has a mean bucket speed of 12 m/s and supplied with water at the rate of 

0.7 m
3
/s under a head of 300 m. If the buckets deflect the jet through an angle of 160° 

find the power developed and hydraulic efficiency of the turbine. 

26. The nozzle of a Pelton wheel gives a jet 9 cm diameter and velocity 75 m/s. Cv of nozzle = 0.978. 

The pitch circle diameter is 1.5 m and the deflection angle of the buckets is 170°. The wheel 

velocity is 0.46 times the jet velocity. Estimate the speed in rpm, theoretical power developed 

and the efficiency of the machine. 

27. A Pelton wheel has a mean bucket speed of 10 meters per second with a jet of water flowing 

at the rate of 700 litres/sec under a head of 30 meters. The buckets deflect the jet through an 

angle of 160°. Calculate the power given by water to the runner and  the hydraulic efficiency of 

the turbine. Assume coefficient of velocity 0.98.  

28. Determine the hp of the pelton wheel with tangential velocity 20 m/s, Head 50 m,discharge 

Q = 0.03 m
3
/s , side   clearance   angle 15°. take Cv as 0.975.                                                             

29.  A Pelton turbine having 1.6 m bucket diameter develops a power of 3600 KW at 400 

rpm, under a net head of 275 m. If the overall efficiency is 88%, and the coefficient of 

velocity is  0.97, find: speed ratio, discharge, diameter of the nozzle and specific speed.  

30. A Pelton wheel supplied water from reservoir under a gross head of 112 m and the friction 

losses in the pen stock amounts to 20 m of head. The water from pen stock is   discharged 

through a single nozzle of diameter of 100 mm at the rate of 0.30 m
3
/s. Mechanical losses 

due to friction amounts to  4.3 KW of power and shaft power available is 208 KW. 

Determine: velocity of jet; water power at inlet to runner; power loss in nozzles; power lost in 

runner due to hydraulic resistance.    
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31.  A Pelton wheel has to be designed for the following data. Power to be    developed =6000     

kW;     Net     head     available = 300     m; Speed = 550 rpm; Ratio of jet diameter to 

wheel diameter =   and overall efficiency = 85%. Find the no. of jets, diameter of the- jet, 

diameter of the wheel and the quantity of water required.  

 

Assignment no. 3 

1. Draw a neat sketch of Kaplan turbine, name the parts and briefly explain the working.   

2. Explain with the help of a diagram, the essential features of a KaplanTurbine  

3. A Kaplan turbine working under a head of 20 m develops 15 MW brake power. The hub 

diameter and runner diameter of the turbine are 1.5 m and 4 m respectively. The guide  

blade angle at the inlet is 30°. ηn =0.9 and ηo= 0.8. The discharge is radial. Find the runner 

vane angles and turbine speed.    

4. A Kaplan turbine runner is to be designed to develop 7357.5 kW shaft power. The    

net available head is 5.50 m. Assume that the speed ratio is 2.09 and flow ratio is 0.68, 

and the overall efficiency is 60%. The diameter of the boss is l/3rd of the diameter of 

the runner.    Determine the diameter of the runner, its speed and its specific speed. 

5.  Calculate the diameter and speed of the runner of a Kaplan turbine developing 6000 kW 

under an effective head of 5 m. Overall efficiency of the turbine is 90%. The diameter of 

the boss is 0.4 times the external diameter of the runner. The turbine speed ratio is 2.0 

and flow ratio 0.6. 

6. A Francis turbine with an overall efficiency of 76% and hydraulic efficiency of 80% 

       is required to produce 150 kW. It is working under a head of 8 m. The peripheral velocity       

is0.25 √2gH   and radial velocity of flow at inlet is 0.95 √2gH . The wheel runs at 150 rpm.    

Assuming radial discharge, determine  

(i) Flow velocity at outlet  

(ii) The wheel angle at inlet  

(iii) Diameter and width of the wheel at inlet.         

7. Design a Francis Turbine runner with the following data: Net head = 70 m Speed N f-800 rpm. 

Output power 400Kw Hydraulic efficiency = 95% Overall efficiency = 85%  Flow ratio = 0.2 

Breadth ratio = 0.1 Inner diameter is 1/3 outer diameter. Assume 6% circumferential area of the 

runner to be occupied by the thickness of the vanes. The flow is radial at exit and remains 

constant throughout. 

8. In an inward radial flow turbine, water enters at an angle of 22° to the   wheel tangent   to the 

outer rim and leaves at 3 m/s. The flow velocity is constant through the runner.  The inner and 

outer diameters are 300 mm and 600 mm respectively. The speed of the   runner is 300 

mm. The discharge through the runner is radial. Find the (i)  Inlet and outlet blade angles ,(ii)      

Taking inlet width as 150 mm and neglecting the thickness of the blades, find the power 

developed by the turbine.   

9.  The inner and outer diameters of an inward flow reaction turbine are 50 cm and 100  cm 

respectively. The vanes are radial at inlet and discharge is also radial. The inlet  guide vanes 

angle is 10°. Assuming the velocity of flow as constant and equal to 3m/s  find the speed of 

the runner and the vane angle at the outlet. 

10.  A reaction turbine at 450 rpm, head 120 m, diameter at inlet 120 cm, flow area 0.4 m
2  

has    

angles made by absolute and relative velocities at inlet 20° and 60°  respectively.  

Find volume flow rate, H.P. and Efficiency. 

11.    A turbine is to operate under a head of 25 m at 200 rpm. The discharge is 9 m
3
/s. If  the 

efficiency is 90% determine, specific speed of the machine, power generated and type of turbine.  
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12. In a hydroelectric station, water is available at the rate of 175 m
3
/s under head of 18m.   

The turbine run at a speed of 150 rpm, with overall efficiency of 82% find the number of 

turbines required, if they have the maximum specific speed of 460.  

 

 

Assignment No. 4 

1. The following data refer to a centrifugal pump which is designed to run at 1500 rpm.D1 - 100 

mm, D2 = 300 mm, B1 = 50 mm, B2 = 20 mm, Vf1 = 3 m/s, β = 60°. Find the velocity of flow 

at outlet.         

2. What is meant by priming of pumps? Why is priming necessary in centrifugal pumps? 

3. Define cavitation in a pump.                

4. What is the maximum theoretical suction head possible for a centrifugal pump? 

5. What is the role of volute chamber of a centrifugal pump?     

6. Determine the minimum speed for starting a centrifugal pump.  

7. Explain the characteristic curves of a centrifugal pump.                 

8. Describe with a sketch the installation and operation of centrifugal pump  

9.  A centrifugal pump running at 800 rpm is working against a total head of 20.2 m. The external 

diameter of the impeller is 480 mm and the outlet width is 60 mm. If 

the vane angle at outlet is 40° and manometric efficiency is 70%,  

Determine: (i) Flow velocity at outlet,(ii) Absolute velocity of water leaving the 

vane.(iii)Angle made by the absolute velocity at outlet with the direction of  motion, Rate of 

flow through the pump. 

10. Compute the overall efficiency of a centrifugal pump from the following test data. Suction 

gauge reading = 27.5 KPa (vac) and delivery gauge reading =152 (gauge)height of delivery 

gauge over suction gauge is 0.4 m, discharge is 2100 mm. Diameter of suction pipe is 15 cm 

and diameter of delivery pipe is 10 cm. The motor power = 12 MHP and fluid is water. 

11. A Centrifugal pump is provided at a height of 5 m above the sump water level and the outlet of 

the delivery pipe is 10 m above the sump. The vane angle at outlet is 50°. The   velocity of 

flow through the impeller is constant at 1.6 m/s. Find : (1) The pressure head at inlet to the 

wheel (2)the pressure head at outlet of the wheel. Assume that the velocity of water in the 

pipes is equal to the velocity of flow through the impeller. Ignore losses. 

12. A centrifugal pump has 30 cm and 60 cm diameters at inlet and outlet. The inlet and outlet vane 

angles are 30° and 45° respectively. Water enters at a velocity of 2.5 m/s radially. Find the 

speed of impeller in rpm and power of the pump if the flow is 0.2m
3
/s. 

13. A    centrifugal    pump    delivers    water    against    a    net    head    of 14.5 meters and a design 

speed of 1000 rpm. The vanes are curved back to an angle of 30° with the periphery. The 

impeller diameter is 300 mm and outlet width 50 mm. Determine the discharge of the pump 

if manometric efficiency is 95%.  

 

Assignment No .5 

1. Explain the components and working of Reciprocating pump in Detail along with diagram. 

2. Explain with help of neat sketches, Hydraulic coupling and Hydraulic converter. 

3. Explain the factors which decide the choice for a particular hydraulic turbine for a hydraulic 

power project 

4 .  Explain Air vessel & drive the expression for the w/done with air vessel. 

5 .  Describe the working, components and operation of simple accumulator?  
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6. Explain the components and operation of Torque convertor? 

7. Explain the components and operation of vane pump? 

8 .  Explain the components and operation of Hydraulics pump? 

9. Explain the components and operation of Intensifier? 

  

Tutorial sheet No.-1 

1) A Pelton turbine running at 720 r.m.p uses 300 kg of water per second. If the head available is 

425 m determine the hydraulic efficiency. The bucket deflects the jet by 165°. Also, find the 

diameter of the runner and jet. Assume Cv = 0.97 and φ = 0.46, Blade velocity coefficient is 

0.9. 

2) The jet velocity in a pelton turbine is 65 m/s. The peripheral velocity of the runner is 25 m/s. 

The jet is deflected by 160° by the bucket. Determine the power developed and hydraulic 

efficiency of the turbine for a flow rate of 0.9 m3/s. The blade friction coefficient is 0.9. 

3) The head available at a location was 1500 m. It is proposed to use a generator to run at 750 

rpm. The power available is estimated at 20,000 kW. Investigate whether a single jet unit will 

be suitable. Estimate the number of jets and their diameter. Determine the mean diameter of 

the runner and the number of buckets. 

4) The following data refers to a Pelton turbine. It drives a 15 MW generator. The effective head 

is 310 m. The generator and turbine efficiencies are 95% and 86% respectively. The speed 

ratio is 0.46. Jet ratio is 12. Nozzle velocity coefficient is 0.98. Determine the jet and runner 

diameters, the speed and specific speed of the runner. 

5) A Francis turbine developing 16120 kW under an ahead of 260 m runs at 600 rpm. The runner 

outside diameter is 1500 mm and the width is 135 mm. The flow rate is 07 m
3
/s. The exit 

velocity at the draft tube outlet is 16 m/s. assuming zero whirl velocity at exit and neglecting 

blade thickness determine the overall and hydraulic efficiency and rotor blade angle at inlet. 

Also find the guide vane outlet angle : 

6) A turbine is operating with a head of 400 m and speed of 500 rpm and flow rate of 5 m
3
/s 

producing the power of 17.66 MW. The head available changed to 350 m. It no other 

corrective action was taken what would be the speed, flow and power. Assume efficiency is 

maintained 

7) At a location for a hydroelectric plant, the head available (net) was 335 m. The power 

availability with an overall efficiency of 86% was 15500 kW. The unit is proposed to run at 

500 rpm. Assume Cv = 0.98, φ = 0.46, Blade velocity coefficient is 0.9. If the bucket outlet 

angle proposed is 165° check for the validity of the assumed efficiency 

 

Tutorial sheet No. 2  

1) A jet of water at a velocity of 100 m/s strikes a series of moving vanes fixed at the periphery 

of a wheel, 5 at the rate of kg/s. The jet is inclined at 20° to the direction of motion of the 

vane. The blade speed is 50 m/s. The water leaves the blades at an angle of 130° to the 

direction of motion. Calculate the blade angles at the forces on the wheel in the axial and 

tangential direction 

2) Water jet at the rate of 10 kg/s strikes the series of moving blades at a velocity of 50 m/s. The 

blade angles with respect to the direction of motion are 35° and 140°. If the peripheral speed 

is 25 m/s, determine the inclination of the jet so that water enters the blades without shock. 

Also calculate the power developed and the efficiency of the system. Assume blades an 

mounting on the periphery of the wheel. 
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3) Curved vanes fixed on a wheel on the surface receive water at angle of 20°to the tangent of 

the wheel. The inner and outer diameter of the wheel is 0.9 and 1.6 m respectively. The speed 

of rotation of the wheel is 7 revolutions per second. The velocity of water at entry is 75 m/s. 

The water leaves the blades with an absolute velocity of 21 m/s at an angle of 120° with the 

wheel tangent at outlet. The flow rate is 400 kg/s. Determine the blade angles for shock less 

entry and exit. Determine the torque and power. 

4) A jet of water with a velocity of 30 m/s impinges on a series of vanes moving at 12 m/s at 30 

to the direction of motion. The vane angle at outlet is 162° to the direction of motion. 

Complete (i) the vane angle at inlet for shock less entry and (ii) the efficiency of power 

transmission. 

5) A water jet with a velocity of 60 m/s enters a series of curved vanes at an angle of 20° to the 

direction of blade movement. The peripheral speed of the disc on which the blades are 

mounted is 25 m/s. Calculate the vane inlet angle. If at the exit the component of absolute 

velocity along the direction of motion is zero, determine the outlet blade angle. Assume shock 

less enters and exit. 

 

STATISTICAL AND NUMERICAL METHODS  

Assignment-1 

TOPIC: Solution of Algebraic and Transcendental Equations 

1) State sufficient condition for the convergence of Iteration method 

2) Use Newton-Raphson  method solve x
2
 + y = 11, y

2 
+ x = 7, at least up to two Iterations, 

             near  x0 = 3.5 and y0 = –1.8. 

3) Solve the following system of equations by Gauss Jordan Method. 

            2x +2- 5z =13, 2x +3- 4z =20,3x +y+ 3z =10 

4) Apply Gauss-Jordan method to solve the equations x + y + z = 9; 2x – 3y + 4z = 13; 3x + 

4y + 5z = 40 

5) Find the real root of the equation 3x=cosx+1correct to the three decimal place using 

Newton-Raphson  method. 

6) Using Gauss Seidel Method : 4x+2y+z=14 ; x+5y-z=10 ; x+y-8z=20 

7) Apply Gauss Elimination Method  28x+4y-z=35 ; x+3y+10z=24 & 2x+17y+4z=35 

8) Determine the largest Eigen value & the corresponding Eigen vectors of the matrix 

 
    

     
    

  taking [ 1  0   0] as initial Eigen vector. Using power method 

9) Solve the equation x
3
+x-1=0by Iteration method. 

10) Find the real root of the equation xe
x
=1 lying between 0 & 1. 

 

Assignment -2 

TOPIC: Solution of Linear Systems of Equations & Interpolation 

1) Apply Gauss Seidel method to solve the following 

10x-2y+z=3    , -2x+10y-z=15    , -x-y+10z=27 

2) Find the Eigen values & Eigen vectors of 
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A  
   
   
   

  

3) Apply Gauss backward interpolation formula from the following table.find sin45 

X
0
 20 30 40 50 60 70 

sinx
o
 0.34 0.5 0.64 0.76 0.86 0.93 

4) Use Lagrange’s formula find the value of y(9.6) with following data 

X 7 8 9 10 

Y 3 1 1 9 

5) Use Taylor series method to solve 
  

  
 = x-y with y(0)=1 find the value of y at x=0.01 

correct to four decimal places. 

6) Apply R-K Method to find the approximate value for x=0.2 with step size 0.1, if
  

  
= x+y

2
 

with y(0)=1 

7) Evaluate the following     (i)    (e
2x

log3x)      (ii)    2
 (

     

       
) 

8) Explain the relation between      & E. 

Assignment no-3 

 TOPIC: Sampling & Sampling Distribution 

 

1) A machine produced 16 defective articles in a batch of 500. After overhauling it produced 

3 defectives in a batch of 100. Has the machine improved? 

2) A sample of 20 items has mean 42 units and S.D. 5 units. Test the hypothesis that it is a 

random sample from a normal population with mean 45 units. 

3) A coin was tossed 400 times and the head turned up to 216 times. Test the hypothesis that 

the coin is unbiased. 

4) Define random variable, discrete random variable and continuous variable. 

5 )What is error in sampling? Explain acceptance and rejection region. 

6) What do you understand by testing of a hypothesis? Explain null and alternative 

hypothesis.  

7) Write down some properties and conditions of Poisson distribution. 

8)  Prove that Poisson distribution as the limiting case of binomial distribution. 

9)  If the sum of mean and variance of binomial distribution for 18 trials is 10.find the value 

of p. 

10) Explain student‘s t-distribution test. 

 

Assignment no.-4 

TOPIC: Numerical Solutions Of PDE& Statistics and Probability 

 

1) Solve the elliptic equation by Jacobi‘s method. 

 

2) Apply Adams-Bashforth method to solve y‘=x-y
2
, y(0)=1. 

 

3)The final grade card of 80 students in a selection test. Calculate the median. 

Marks Below 

10 

‘’20 ‘’30 ‘’40 ‘’50 ‘’60 

No. of 3 12 27 57 75 80 
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stud

ents 

4) Find the mode of the following 

age 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 

f 50 70 100 180 150 120 70 59 

 

5) A student obtained the mean and standard deviation of 100 observations as 40 and 5 resp. 

It was later  

 

6) Discovered that he had wrongly copied down an observation as 50 instead of 40.Calculate 

the Correct mean and standard deviation from a group of 8 children, 5 boys and 3 girls 

.three children are selected at random. the probabilities that the selected group contains No 

girls ,Only one girl, At least one girl, More girls than boys.  

 

7) find the missing frequency when mean is 15.38 

 

Size  10 12 14 16 18 20 

f 3 7 f 20 8 5 

 

TUTORIAL-1
 

1) Find the roots of the equation     x – exp    
 
    by bisection method. 

2) Find the roots of the equation  xe
x
=  cos x  by Regula falsi method. 

3) Find the real roots of the equation x
5
 – 0.346284x

4
+ x

3
 + 3.768x+10=0 correct tosix 

decimal places using Newton Raphson ‘s formula. 

4) Find the order of convergence of  (i) Regula falsi method    (ii) iteration method. 

5) Solve the equations x
2
+y

2
=5x and 5x

2
-y

2
=0.5y with x0=0.8 & y0=2.1 for two iteration by 

using Newton Raphson method. 

6) Write the sufficient conditions for the sequence of approximation converging to the roots 

of the equation f(x)=0 using Iteration method. 

7) Evaluate the following     (i)    (e
2x

log3x)      (ii)    2
 (

     

       
) 

8) Find the missing term in the following table: 

X 100 101 102 103 104 

Log x 2.0000 2.0043 Y2 2.0128 0.0170 

9) Explain the relation between      & E. 

10) Write down the formula of Newton Raphson Formula, secant formula 

 

TUTORIAL -2 

 

1) Find the Eigen values of the matrix   A=  
   
   
   

  

2) Use Taylor series Method to find y at x=0.1 & x=0.2 correct to three decimal places 

.Given that    
  

  
= x

2
y+1 with y(0)=1. 
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3) Write the Euler’s Modified Method   for the solution of Ordinary Differential Equation. 

4)  Write Newton Raphson Formula for solution of non- linear equation 

5) Use R-K method to find the value of y when x=0.2, given that y(0)=1 if  
  

  
  =

   

   
   & take 

h=0.1. 

6) Solve the system of equations by using Gauss Jordan Method 

X+y+z=9,        3x+4y-5z=4,       2x-3y+4z=13 

7) Fit a curve y=ae
bx

 to the following data by the method of least square 

X 1 2 3 4 

Y 1.65 2.7 4.5 7.35 

8) Solve the following linear equation     2x+8y+2z=14 ,  6x+6y-z=13  ,  2x-y+2z=5        

Use Milne Simpson Method to the equation 
  

  
= x+y, y(0)=1 and find the values of y at x=0.4 

& 0.5 (h=0.1). calculate the starting values by Euler’s method 

NON TRADITIONAL MACHINING 

ASSIGNMENT-1 

 

1. Explain the reasons for the development of Unconventional Machining Process. 

2. Discuss about the criteria recommended in selection of these processes. 

3. List the unconventional machining process, which uses thermal or heat energy? 

4. Make a comparison between traditional and unconventional machining processes in terms 

of cost, application, scope, Machining time, advantages and limitations. 

5. Briefly discuss about the mechanisms involved in material removal by USM. 

6. Draw the schematic set-up of Ultrasonic Machine and indicate its various parts. 

7. Discuss in detail about the methods of generating the ultrasonic, characteristics of the 

various types of tool holder and tool feed mechanisms in USM. 

8. Define “Ultrasonic” and describe the process in which these are used to machine the 

material. 

9. State the working principle of Abrasive Jet Machining with a neat sketch? 

 

 

ASSIGNMENT-2 

 

1. List the advantages of AJM process? 

2. Explain the affect of following parameters on the metal removal rate in AJM. 

i) Velocity of fluid. ii) Design of nozzle. iii) Gas pressure. 

3. Describe the operation of AJM in detail. 

4. State the function of electrolyte used in ECM process? 

5. What are essential characteristics of an electrolyte used in ECM  process? 

6. Describe the working principle and elements of chemical machining.  

7. What are the factors on which the selection of a resist for use in  chemical machining? 

8. Describe with a neat sketch the working of Wire EDM? 

9. Explain the effect of following parameters in MRR during EDM. 

i) Resistance ii) Magnitude of current iii) Capacitance 

 

ASSIGNMENT-3 

1. Explain the various Thermal metal removal process and differentiate between them. 
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2. Explain the principles, equipments, dielectric system, electrode, tools, process capabilities, 

applications and advantages of Electro Discharge Machining 

3. Explain the construction and working of Electron beam machining process with a neat 

sketch. 

4. What is the need of doping of LASER and mention various doping materials and their 

relative advantages? 

5. Explain the principle and elements of EBM, also how the work table is protected from 

getting damaged by electron beam. 

6. What is laser? Explain how it is used to machine the materials. 

7. Explain the working of PAM with a neat sketch. 

8. Explain the construction details of air plasma torch. 

9. What do you understand by fourth state of matter with reference to PAM? 

10. Explain the metal removal mechanism, process parameters, accuracy,surface finish of 

Plasma Machining. 

 

BTME 605 HEAT TRANSFER LAB 

LAB MANUALS 

Experiment No.1A 

OBJECTIVE 

  To measure the thermal conductivity of the insulating material sample by the guarded hot 

plate apparatus and compare it with the thermal conductivity of the sample in the standard 

reference. 

THEORY 

Knowledge of thermal properties like thermal conductivity of a insulating material is 

important for computing heat transfer rates (loses from hot surfaces) in many fields of engineering 

such as mechanical and chemical. The thermal conductivity of a insulating materials are 

determined by passing measured quantity of heat through a known thickness of material layer and 

monitoring the temperature difference. The thermal conductivity of the material is computed as: 

Q = -kA (δT/ x) 

Where 

Q = the rate of heat transfer kJ/s 

A = area of heat transfer, m
2
 

    = temperature drop across the material layer of thickness “x”, ºC 

x = thickness of layer, m 

 

APPARATUS 

The experimental set-up is schematically shown in fig.  
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It consists of main heater, surrounded by guard heater, cooling plate and insulating material 

specimen (Bakelite). The cooling plate is cooled by flowing water. 

 

 

 

 The guard plate is used to stop the leakage of heat from the edges of the main heater. 

PROCEDURE 

Step 1: Switch on the cooling water pump and resume the cooling water flow rate to the 

apparatus. 

Step 2: Switch ON the main heater 1 and guard heater 2. Adjust the voltage of guarded  heater to 

25 V. Measure the temperature of the main heater. Calculate the average temperature and adjust 

the voltage of guarded heater so that its temperature become almost equals to the average 

temperature of the main heater. 

Step 3: Give sufficient time for the realization of steady state. 

Step 4: Measure the temperatures of the main heater, temperature of the guard heater and 

temperature of the top and bottom cold plates. 

Step 5: Calculate the thermal conductivity of the material and its percentage difference from the 

standard value. 

OBSERVATION TABLE 

 

S. No. Center heater temp. ºC Guard heater temp. ºC 

 

Cooling plate 

 

 Volts Amps T1 T2 Volts Amps T3 T4 T5 T6 

1.           

2           

3           

 

CALCULATIONS 

Rate of heat transfer Q = V x I  

Temperature of main heater, Th = Temperature difference across the sample 

δT = Th - T3 = Thermal conductivity of slab (insulating material), k on one side of heater 
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k = Qx / 2AδT 

The thermal conductivity of insulating material wool is ____________W/mºC 

PRECAUTIONS 

1. Reading should be taken at steady state. 

2. Always keep variac at zero position on before start 

 

Experiment No.1 B 

 

Objective: Study of conduction heat transfer through insulating powder. 

 

Aim::  To determine Thermal conductivity of insulating powder. 

 

Theory :   

Consider the transfer of heat by conduction through the wall of hollow sphere formed by 

the insulating powdered layer packed between two thin copper spheres.  

Let              Ri =  radius of inner sphere in meter 

                    Ro = radius of outer sphere in meter 

                    Ti  = average temperature of the inner surface  

                    To = average temperature of the outer surface 

Where          

Ti=
              

 
 

                      To =
                  

 
 

From the experimental values of q , Ti and To the unknown thermal conductivity  k can be 

determined as :  

  
        

             
 

 Description : 

 The apparatus consist of two thin walled concentric spheres of copper of different size. The small 

inner copper sphere houses the heating coil. The insulating powder (ASBESTOS)is packed 

between the two spheres. The power given to the heating coil is measured by voltmeter and 

ammeter and can be varied by using dimmerstat. There are ten thermocouples embedded on the 

copper spheres and rest on the outer sphere. Thermal conductivity of insulating powder can be 

find out by taking the temperature reading of  these thermocouples. Assume that insulating 

powder is an isotropic material and the value of thermal conductivity to be constant. The 
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apparatus assumes one dimensional radial heat conduction across and thermal conductivity can be 

determined.  

Experimental Procedure : 

1, Switch on the main power supply 220 AC single phase, 50 HZ. 

2, Increase slowly the input to heater by the dimmerstat starting from zero volt position. 

3, Adjust input equal to any value between 20 to 60 Watt maximum by voltmeter and ammeter. 

4, Thermocouple readings are taken at frequent intervals ( say once in 10 minutes) till consecutive 

readings are same indicating that steady state has been reached. 

5, Note down the readings in the observation table. 

Specifications :  

Radius of the inner copper sphere, Ri  : 50mm 

Radius of the outer copper sphere Ro  : 100mm 

Voltmeter     : 0 – 300 V  

Ammeter     : 0 – 2 A 

Temperature     : 0 – 300º C 

Dimmerstat     : 0 – 2 A, 0 – 230 V 

Heater coil strip heating element sandwiched between mica sheets. 

Thermocouples No T1 to T4 embedded on the inner sphere to measure Ti 

Thermocouples No T5 to T10 embedded on the outer sphere to measure To 

Insulating Powder-Plaster of Paris commercially available powder and packed between the two 

spheres. 

Formulae : 

1, Heat input,   Q = V * I 

2, Thermal conductivity of insulating powder, 

    

  
        

             
 

There is a possibility of getting abrupt result if the supply voltage is fluctuating or if the input is 

not adjusted till the satisfactory steady state condition reached. 

 

Observation and Calculations : 

Inner Sphere:- 

Thermocouple 

No 

T1 T2 T3 T4 Mean temperature 

Ti 
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Temperature 

     

 

Outer Sphere:- 

Thermocouple 

No 

T5 T6 T7  T8  T9  T10 Mean Temperature 

To 

 

Temperature 

       

 

Calculations : Calculate the value of  k  by using the equation  

     

  
        

             
 

Precautions : 

 

1. Use the stabilize AC single Phase supply only. 

2. Never switch on mains power supply before ensuring that all the ON/OFF switches 

given on the Panel are at OFF position. 

3. Reading should be taken at steady state. 

4. Always keep variac at zero position on before start. 

 

Experiment No.1c 

OBJECTIVE: Study of heat transfer through liquid. 

AIM: To determine the thermal conductivity of a given liquid  

THEORY: 

Knowledge of thermal properties like thermal conductivity of a liquid is important for computing 

heat transfer rates in many fields of engineering such as Mechanical and Chemical. Determination 

of thermal conductivity of liquid is bit difficult as liquids generally exhibit convective heat 

transfer rather than conductive heat transfer. The thermal conductivity of liquids is determined by 

passing measured quantity of heat through a known thickness of liquid layer and monitoring the 

temperature difference. The thermal conductivity, k of the liquid is then computed  

Q = 
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Where 

Q = the rate of heat transfer, kJ/s 

A = area of heat transfer, m
2
 

t = temperature drop across the liquid film of thickness “x”, 
o
C 

x = thickness of liquid layer, m 

To apply the above Eq. for determination of thermal conductivity it is necessary that all the heat is 

transported through conduction and not by convection. This condition necessitates that the 

thickness of liquid layer be very small so that the convection currents do not set in during heat 

transfer.  

 

APPARATUS  

              The apparatus mainly consists of guarded hot plate assembly to measure thermal 

conductivity of liquid. The container in which, the assembly is kept well insulated using thermal 

insulation, and the necessary instrumentation for measurement & contrail voltage, current & 

temperature.  

One top guard and second ring guard heaters are provided to stop heat leaking from the main 

heater and what ever heat is generated in the main heater passes through the liquid layer and goes 

to the cooling chamber.  In this way longitudinal transfer of heat is conduction mode is ensured 

which satisfies the Eq. to be used for the computation of thermal conductivity. 

The apparatus is properly instrumented to measure voltage and current fed to main heater.  The 

Wattage to different heaters is controlled by dimmerstat.  The temperature at different points is 

measured using copper-constantan thermocouples and are displayed using a digital temperature 

indicator with resolution of 0.1 
o
 C.  Thermocouples are scanned manually using a 8 point selector 

switch. Fig. (2) shows the Guarded Hot Plate Assembly inside the container with water, 

thermocouple and power connections. The thermocouple numbers and their actual positions inside 

the apparatus. It is necessary that the Guarded Hot Plate assembly be assembled every time when 

it is required to find out the thermal conductivity of new liquid.   

PROCEDURE (for assembling the guarded hot plate assembly) 

Step 1 Open up the container and remove the thermal insulation packs. 

Step2: Introduce the actual amount of liquid in the liquid space with the help of the syringe 

provided.  Check that the cavity is so full of liquid that  it is just above the  spacer (provided). 

Step3: Place the main heater assembly on the spacers in the liquid filled cavity. 

Step4: Place the top guard heater at the proper place. 
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Step5: Take out the thermocouple wires and heater connection wires through the space between 

the top guard heater and the main heater. 

Step6: Connect the heater and thermocouple terminals properly and connect  the cooling water 

supply. 

Step7: Cover the guarded Hot Plate Assembly with insulation bags and close the cover of the 

container. 

PROCEDURE ( for experimental work) 

Step1: Assemble the apparatus as per the instruction given above. 

Step2: Connect the thermocouples to the selector switch 

Step3: Connect the three heaters (main, top guard, ring guard) to the sockets meant for these. 

Step4: Bring the three dimmerstates (use to energize three heaters) to zero out put state. 

Step5: Switch ON the cooling water flow to the apparatus. 

Step6: Switch ON the main switch and note the initial temperature of all the    6 thermocouples. 

Step7: Energize the main heater using the dimmerstate to about 35 volts.  The power input to the 

main heater    should be such that its hot surface gets the desired temperature and a low 

temperature drop of the tune of about 8
0
C is achieved  across the liquid film. 

Step8: Energize top guard and ring guard heaters using the dimmerstates gradually so that the 

temperature shown by thermocouples 3 to 8 are properly balanced. 

Step9: Wait for steady state to reach and note down the temperatures of all the 11 thermocouples 

and voltage & current readings for main heater, ring and top guard heater. 

Step10: Step 7-9 is repeated for measuring thermal conductivity of liquid at  higher mean 

temperature. 

Step 11:Tabulate the temperatures of thermocouple Nos. 1 to 8.  Note the difference of 

temperature between     guard heater and main heater.   

Step 12: Compute the average temperature of main heater and cold plate and note the temperature 

difference. 

Step 13: Compute the thermal conductivity of the liquid using Eq and compare it with the actual 

value of thermal conductivity of the given liquid from published reference. 

Specification: 

Hot Plate:       Material =Copper 

Diameter=180 mm 

Cold Plate: Material=Copper 

Diameter =180 mm 

Sample Liquid depth  =20 mm 
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Temp. Sensors   = RTD PT-100 type 

Type  = RTD PT-100 type 

Quantity =06 Nos. 

No. 1 to No. 3 mounted on hot Plate. 

No. 4 to No. 6 mounted on cold Plate. 

Digital Temperature indicator 

Range  =  0ºC to 199.9º C 

Least Count = 0.1ºC 

Variac    = 2 Amp,230V AC 

Digital Voltmeter = 0 to 250 Volts 

Digital Ammeter = 0 to 2.5 Amp. 

Heater    = Nichrome heater 440 Watt. 

 

OBSERVATION TABLE 

S.No V I W Th1 Th2 Th3 TC1 TC2 TC3 Cold water flow rate 

1           

2           

3           

 

CALCULATIONS 

Rate of heat transfer Q = V x 1 =        W 

 Average temperature of main heater, th=   (th1 + th2+th3 ) / 3  

 Average temperature of cold plate, tc = (tc1 + tc2+tc3) / 3    

∆t = th - tc  

  Area, A = (π r1
2
 + π r

2
 ) / 2  =  m

2
 

Thermal conductivity of Glycerin, k can be determined by k = (Q Δx ) /A ∆ t   =   _____W/m
0
 C 

Thermal conductivity, k of Glycerin is 0.287 W/m
0
C at 50

0
C. 

Compare the value of k calculated above for Glycerin with the actual value. 

RESULT 

Experimental value of k for Glycerin is         W/m
0
C  

Theoretical value of k for Glycerin is 0.287 W/m
0
C 

Precautions : 

1. Use the stabilize AC single Phase supply only. 
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2. Never switch on the mains power supply before ensuring that all the ON/OFF switches 

given on the panel are at OFF position. 

3. Voltage to heater starts and increases slowly. 

4. Keep all the assembly undistributed. 

5. Never run the apparatus if power supply is less than 180 volts and above than 240 volts. 

6. Operate selector switch of temperature indicator gently. 

7. Always keep the apparatus free from dust. 

8. Testing liquid should be fully filled. 

Experiment No. 1d 

 

OBJECTIVE: To Demonstration of super thermal conducting Heat Pipe and to compare its 

working with of the best conductor i.e. Cu pipe. 

AIM: a) To find and plot temperature V/s time response of three pipes. 

b) Temperature distribution along the length of three members at different time intervals 

can be plotted and nearly isothermal temperature distribution in case of heat pipe can be 

seen. 

 

THEORY 

 

Heat Pipe is a novel, space age device. The heat pipe was developed by Gauggler and later on was 

reinvented by Grover. Unlike other Heat Transfer devices, Heat Pipe was first used in space 

applications and later on is being used for numerous applications on earth which are as follows: 

1. Cooling of Electronic devices such as power diode 

2. Heat Pipe Heat Exchangers in Air-conditioning applications 

3. Heat Pipe Heat Exchangers in exhaust heat recovery systems 

4. Heat Pipes on spacecrafts for removal of heat from the portion of the spacecraft facing 

sun. 

5. Heat Pipe in solar energy application 

6. Heat Pipe for temperature control. 

7. Heat Pipe for I.C. Engine applications - VAPIPE 

8. Heat Pipe for moulding applications 

9. Heat Pipe in Electrical Machines. 

Heat Pipe is a device, which is capable of transferring enormous amount of Heat form the place 

(Evaporator Zone) to another place (Condenser Zone). These two zones are connected by an in 

between portion of the Heat Pipe called adiabatic zone. Thus Heat Pipe has three zones (1) 
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Evaporator Zone, (2) Adiabatic Zone and (3) Condenser Zone. Heat Pipe requires the following 

three components. 

1. Outer Cylindrical container. 

2. The Cylindrical container lined by wire mesh layers -wicking material. 

3. Fluid such as distilled water 

The Heat Pipe container is closed from one end lined with wicking material, charged with 

sufficient amount of fluid and evacuated from the other end to make it ready for use. The  

heat available from a heat source at the evaporator zone enters in radial direction into the 

evaporator portion of the heat pipe, evaporators the fluid, which is present in the form of saturated 

wick. The vapour thus formed travels through the core portion of the pipe through adiabatic zone 

portion to condenser zone where the vapour condenses and thus liberates the heat brought from 

the evaporator end. The condensate is pumped back to evaporator zone by capillary action through 

wick layers and results in continuous operation of the heat pipe. 

Thus evaporation and condensation are involved in the working of heat pipe making it a super-

conducting device even better than copper pipe, which is a conventional good conductor of heat.   

The following are main types of Heat Pipe on the basis of return of condensate. 

1. Thermosyphon - gravity assisted Heat Pipe 

2. Standard Heat Pipe-Horizontal or Vertical position - Capillary pumping through wick. 

3. Rotating Heat Pipe - Centrifugal Force. 

4. Electro-Magnetic Heat Pipe-Electromagnetic Force. 

5. Osmotic Heat Pipe - Osmosis. 

APPARATUS 

Schematic layout of Heat Pipe Demonstration Apparatus is shown in attached fig. The Heat Pipe 

Demonstration apparatus consists of following main components: 

1. Horizontal Stainless Steel Heat Pipe of 30 mm diameter and 370 mm length, wick 

material brass mesh and distilled water as fluid. 

2. Stainless Steel Pipe of same dimensions as above. 

3. Copper Pipe of same dimensions as above-best conductor available 

All the three units are mounted on a horizontal base plate and are provided with separate band 

heaters of same configuration. The condenser zone of each pipe is provided with sall water tanks. 

The adiabatic zones of three units are provided with asbestos lagging. 

The three band heaters are connected in parallel circuit through a common variac to mains. The 

required voltage can be adjusted on variac to give equal electrical input to three units. 
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Five Nos. of thermocouples are mounted on the surfaces of the each pipe to monitor the 

temperature distribution. A multi-channel Digital Temperature Indicator is provided to measure 

the respective temperatures. A mini toggle switch is provided on the temperature indicator. On its 

upward position, thermocouple readings from sensor 1 to 12 can be read and on its downward 

position, 13 to 16 can be read (i.e. No. 1 reads 13 and so on). A probe is provided (for No. 16) to 

read temperature of condenser water. Please stir the water for accurate reading. 

PROCEDURE 

Step 1: Switch ON the power supply. 

Step 2: Manipulate the variac so that the voltmeter reads certain Volts. 

Step 3: Allow sufficient time for steady state to occur. 

Step 4: Note down the thermocouple readings along with voltmeter and ammeter readings. 

Step 5: Manipulate the variac to change the voltmeter readings in steps and repeat the steps 3   

            to 4 each time you change voltmeter reading. 

Step 6: Fill up the data sheet. 

Step7: Plot Graph of Temperature distribution along the length of Pipes and rise in condenser  

            Tank temperature Vs. Time 

Specification: 

O.D of stainless steel pipe  = 30 mm 

 O.D of stainless heat pipe  = 30 mm 

O.D of stainless Copper pipe  = 30 mm 

Lengths of the pipes    = 370 mm 

Condenser Tank    = 140 mm x 100 mm x 100 mm 

Dimmerstat    = 4 Amps 

Ammeter Selector Switch   = Standard 

Heater     = Band Heater 

 Temperature Indicator  =

   

 

Thermometers   =  -10ºC  to 110ºC 03 Nos. 

Digital Voltmeter   = 0-300 Volts 

Digital Ammeter   = 12 Nos.                                            

 

 

 

Digital temperature Indicator 0-200 ºC with multi 

channel switch. 
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OBSERVATION TABLE 

Table A: Temperature Distribution along the length of Pipes. 

Time in   

min 

Heat pipe T4 

ºC 

Copper pipe T8 

ºC 

Stainless pipe T1 

ºC 

5    

10    

15    

20    

25    

30    

 

Table B: Rise in Condenser Tank Temperature 

 

Time after start 

 In Min. 

Heat Pipe 
0
C Copper Pipe 

0
C S.S. Pipe 

0
C 

 T1 T2 T3 T5 T6 T7 T9 T10 T11 

10          

20          

30          

 

CALCULATIONS 

Quantity of water in each pocket, w =  

Initial water temperature, ti = 

Final water temperature, tfss in SS pipe  = 

Final water temperature, tfcu in Cu pipe  = 

Final water temperature, tfhp in Heat pipe  = 

Heat input to pipe Q  = V x I 

Efficiency of heat pipe, ήp = Heat transfer to water/ heat input to pipe =  wc (tfhp-ti)/ V X I 

PRECAUTIONS 

Precautions : 

1. Use the stabilize AC single Phase supply only. 

2. Never switch on the mains power supply before ensuring that all the ON/OFF switches given 

on the panel are at OFF position. 

3. Voltage to heater starts and increases slowly. 
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4. Keep all the assembly undistributed. 

5. Never run the apparatus if power supply is less than 180 volts and above than 240 volts. 

6. Operate selector switch of temperature indicator gently. 

7. Always keep the apparatus free from dust. 

 

EXPERIMENT NO. 2A 

OBJECTIVE 

1. To experimentally determine the heat transfer coefficient from the outer side of a vertical 

electrically heated tube in air during natural convection. 

2. To determine the heat transfer coefficient from the given empirical equation and compare 

it with the experimental value obtained. 

AIM: To find out the heat transfer co-efficient of vertical cylinder in natural convection. 

THEORY 

Heat transfer by convection occurs because of the movement of fluid on a macroscopic scale in 

the form of eddies or circulating currents. If the currents arise from the heat transfer process itself, 

natural convection occurs. An example of a natural convection process is the heating of a vessel 

containing liquid by means of a heat source such as a gas flame situated underneath. The liquid at 

the bottom of the vessel becomes heated, expands, and rises because its density has become less 

than that of the remaining liquid. Cold liquid of higher density takes its place and a circulating 

current is thus sets up. 

For conditions in which only natural convection occurs the velocity is dependent solely on the 

buoyancy effects, represented by the Grashof Number and the Reynolds group can be omitted 

For natural convection:  Nu = f (Gr. Pr)     (1) 

Where 

Gr  =  (g l3µ


 Pr =µCp/ k      -----3 

Natural convection over a vertical flat plate is similar to natural convection over vertical tubes. If 

the tube is heated with an electrical heater the mode of heating is constant heat flux i.e. the heat 

flux remains constant throughout the length and the surface temperature of the tube changes to 

maintain this constant heat flux. This is in contrast to steam heating where the surface of heater 

attains a constant temperature and heat flux along the length of the tube changes. In the present 

experimental set-up constant heat flux heating is selected. 

The description of free flow along a vertical tube also applies to vertical walls, inclined and 

horizontal tubes, spheres and other over shaped bodies. The shape of the body is of secondary 
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importance in the development of free flow. Here it is the length of the surface along which the 

heated air moves that is of great importance. 

Local heat transfer coefficient for laminar flow 

The local heat transfer coefficient for free laminar flow along a vertical tube can be computed 

using equation (4). 

For constant heat flux heating and 10
3
< Grfx Prf < 10

9 

Nux = 0.60 (Grfx Prw)
 0.25

 (Prf / Prw)
 0.25

                                                        (4) 

Here, the reference temperature is that of the fluid outside the moving layer (Prw is selected for the 

local temperature of the wall). The reference dimension is the co-ordinate along the flow, 

measured from the point where heat transfer originates. 

The mean heat transfer coefficient (for a length of tube equal to 1) can be calculated by the 

equation (5). 

Nufl = 0.75 (Gr fl Pr 1)
0.25

 (Prf /Prw)
0.25

 

Local heat transfer coefficient for turbulent flow 

Turbulent flow becomes fully developed at Gr fx Prf > 6 x 10
10

    

Following formula is suggested for local heat transfer coefficients with developed turbulent flow: 

Nu fx = 0.15 (GrfxPrf)
1/3  

(Pr f/P r
x
)
0.25 

The reference temperature and linear dimensions are chosen here as inEq.(4).the linear dimension 

is present in both Nusselt and the Grashof numbers. 

Nufx =  hx /k  

And  

Grfx
1/3 = g. t1/3

     
  

 µ 

From this it follows that with developed turbulent flow the heat transfer coefficient is independent 

of the linear dimension, and the local heat transfer coefficient is consequently equal to the mean 

coefficient of heat transfer. 

Heat transfer in natural convection from the outer surface of a vertical tube at transition 

flow 

 The experimental results obtained by various investigators indicate that a transition pattern of 

flow occurs around 10
9
 < Grfx. Prf< 6 x 10

10 

The transition pattern of flow is marked by instability of both flow and heat transfer and 

consequently by considerable scattering of experimental points. 
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APPARATUS 

 

 

 

 

 

Description: 

The apparatus consists of a brass tube fitted in a rectangular duct in vertical fashion . The duct is 

open at the top and bottom and forms an enclosure and serves the purpose of  undisturbed 

surrounding. One side of it is made up of glass/Acrylic  for  visualization. A  heating, element is 

kept in the vertical tube, which heats the tube surface. I he heat is lost from the tube to the 

surrounding air by natural convection. Digital Temperature Indicator measures the temperature at 

the different points with the help of seven temperature sensor, The heat input to the heater is 

measured by Digital Ammeter and Digital voltmeter and can be varied by a. dimmerstat.  

UTILITIES REQUIRED:  

Electricity Supply: 1 Phase, 220 V AC, 2 Amp.  

Table for  set-up support  

 Experimental Procedure:  

1. Clean the apparatus and make it free from Dust. first. 

2. Ensure that all On/Off Switches given on the Panel are at OFF position.  

3. Ensure that 'Variac  Knob is at ZERO position. given on the panel.  

4. Now switch On the Main Power Supply (220 V AC, 50Hzi), 

5.. Switch on the Panel with the help of Mains On/off Switch given on the Panel.  

6. Fix the Power input to the Heater with the help of Variac,Voltmeter and Ammeter provided.. 

 7. After 30 Minutes record the temperature or Test Section at various points in each 05 Minutes 

interval.  

8. If temperatures readings are same for three times. Assume that steady state is achieved.. 

9 Manipulate the variac to change the voltmeter readings to 35, 40 & 45V in steps and repeat the 

steps 3 to 4 each time you change voltmeter reading. 

10. Compute the local heat transfer coefficient from the outer side of a vertical heated tube in air 

during natural convection. 

             hx = heat flux / (Wall temp.- ambient temp).       
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11. Determine the local heat transfer coefficient from the given empirical equation and compare it 

with the experimental value obtained. 

12 Record the final temperatures.  

Closing Procedure: 

1. When experiment is over , Switch off heater first. 

2. Adjust Variac at Zero . 

3. Switch off the  Panel with the help of Mains On/off Switch given on the Panel 

Specifications: 

Dia of the tube   = 35 mm 

Length of the tube  = 500 mm 

Size of the duct  = 25 x 25 x 90 cm 

Temperature sensors  = RTD PT-100 type  08 Nos. 

Digital Voltmeter  =  0-250 Volts 

Digital Ammeter  = 0-2.5 Amps 

Dimmerstat   = 2 Amps/220 Volt 

Temperature indicator  =  Digital Temperature Indicator 0-200ºC with multi channel                                                                                                                                                                                                                        

switch 

 

OBSERVATION TABLE  

Run 

No. 
V I 

Temperature °C 
 

T1 T2 T3 T4 T5 T6 T7 T8 

                   

                   

                   

                   

CALCULATIONS 

Heat input, Q    = V X I   

Heat input in the heated section of tube 

      = Q (0.61/0.91) 

Heat Flux, q = Heat input/ Area of heating tube 

Area of heating tube = ∏dl 

Local heat transfer coefficient 

hx at “x” mm from bottom =  q / ( dt) 

dt is temperature difference between section at “x” mm from bottom and ambient temperature. 

Computation of local heat transfer coefficient using empirical equation 

Average temperature, tavg. = (tx + tambient) / 2 
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Now, 

g. tlµ k = 36.0/ k4
 

Take, k for air is 0.0274 W/m K 

g. tµ k = 36.0/ (0.0274)4 

                             = 6.387 x 107
 

Gr.Pr. =6.387 x 107
 (t).l

t = tx - tambient 

Applying equation (4) for computation of local heat transfer coefficient 

 Nux  = 0.60 (Grfx Prw) 0.25 (Prf / Prw) 0.25                                                        (4) 

         = 

Prf at 30.9
0
C  = 0.701 

Prw at 45.2 
0
C = 0.697 

Since, Nux =  hl /k 

From the above expression, htheo. can be calculated 

PRECAUTIONS 

1. Use the stabilize AC single Phase supply only. 

2. Never switch on the mains power supply before ensuring that all the ON/OFF switches given 

on the panel are at OFF position. 

3. Voltage to heater starts and increases slowly. 

4. Keep all the assembly undistributed. 

5. Never run the apparatus if power supply is less than 180 volts and above than 240 volts. 

6. Operate selector switch of temperature indicator gently. 

7. Always keep the apparatus free from dust. 

 

Experiment No.2b 

OBJECTIVES  

1. To determine the convective heat transfer coefficient for forced convention due to flow of 

air across the heated tube. 

2. To compare the experimental result with the theoretical computed results based on 

empirical relations. 

THEORY:Convection in the most general terms refers to the movement of molecules within 

fluids
[1]

 (i.e. liquids, gases and rheids). Convection is one of the major modes of heat transfer and 

mass transfer. In fluids, convective heat and mass transfer take place through both diffusion – the 

http://en.wikipedia.org/wiki/Fluid
http://en.wikipedia.org/wiki/Fluid
http://en.wikipedia.org/wiki/Liquid
http://en.wikipedia.org/wiki/Gas
http://en.wikipedia.org/wiki/Rheid
http://en.wikipedia.org/wiki/Heat_transfer
http://en.wikipedia.org/wiki/Mass_transfer
http://en.wikipedia.org/wiki/Diffusion
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random Brownian motion of individual particles in the fluid – and by advection, in which matter 

or heat is transported by the larger-scale motion of currents in the fluid. In the context of heat and 

mass transfer, the term "convection" is used to refer to the sum of advective and diffusive 

transfer.
[2]

 

1. A common use of the term convection leaves out the word "heat" but nevertheless refers to 

heat convection: that is, the case in which heat is the entity of interest being advected 

(carried), and diffused (dispersed). In one of two major types of heat convection, the heat 

may be carried passively by fluid motion which would occur anyway without the heating 

process (a heat transfer process termed loosely as "forced convection"). In the other major 

type of heat convection, heating itself may cause the fluid motion (via expansion and 

buoyancy force), while at the same time also causing heat to be transported by this motion of 

the fluid (a process known loosely as natural convection, or "free convection"). In the latter 

case, the problem of heat transport (and related transport of other substances in the fluid due 

to it) is generally more complicated. Both forced and natural types of heat convection may 

occur together. 

APPARATUS 

The experimental set-up is shown in fig. It consists of a blower, an air duct and a nichrome  

heating tube fitted in vertical orientation. An electric heater embedded inside it heats the 

brass tube. Four 3 mm diameter holes are drilled in the annular section of the tube to measure 

wall temperature. In fact, these measured temperatures are used to predict the outer surface 

temperature of the brass tube, which is necessary for predicting forced convective heat 

transfer coefficient. The details of the thermocouple positions are given in fig. 

 

 

PROCEDURE: 

Step 1:  Draw a neat sketch of experimental set up giving important dimensions. 

Step 2:  Switch ON the air blower. 

Step 3: Switch ON the electric heater and set the voltage to 30 V or 35 V using the variac and 

allow the steady state to reach. Note down  ammeter readings along with the readings of all four  

thermocouples. 

http://en.wikipedia.org/wiki/Brownian_motion
http://en.wikipedia.org/wiki/Advection
http://en.wikipedia.org/wiki/Convection#cite_note-Incrop-1#cite_note-Incrop-1
http://en.wikipedia.org/wiki/Heat
http://en.wikipedia.org/wiki/Forced_convection
http://en.wikipedia.org/wiki/Natural_convection
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Step 4:  Fill the observation table. 

Step 5:  Find out the heat transfer coefficient for each energy input (watts) given to the heater. 

Step 6:  Estimate the heat transfer coefficient using heat transfer correlation  and compare it with 

experimentally obtained value. 

Specifications 

Length of the test section   = 412 mm 

ID of test section   =  32 mm 

OD of test section   = 38 mm 

No. of RTD temperature sensor = 6 Nos. 

Blower     = 0.5 HP 

Orifice Diameter   = 14 mm 

Orifice pipe inside diameter  = 28 mm 

Dimmerstat    = 2 Amps,220 Volts 

Formulae used: 

1. U  = 
  

        
   Kcal/m

2
ºC hr 

2. ΔH = R 
     

  
  

3. Q  =  
        

     
    where ᵝ = (dp/d0)  

4. Qa = mCp ΔT 

OBSERVATION TABLE: 

V 

VOLT

S 

I 

AMPS 

   Thermocouple Temperature 
o
C Manometer 

Reading(cm.) 

 1 

 

2 3 4 5 6  

Air 

inlet 

temp. 

Surface temp. of test 

plate 

Air outlet 

temp 
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 CALCULATIONS 

Computation for forced convection heat transfer coefficient  

Q = VI 

Heat transfer coeffient , U  = 
  

        
   Kcal/m

2
ºC hr 

 Qa = mCp ΔT 

Where m= mass flow rate of air kg/hr 

Cp= specific heat of air Kcal/ºCkg 

ΔT= temp rise in air ºC (T6-T1) 

Area of Test  tube, A =   DiL  m
2
 

Computation of corrected temperature for thermocouple No. 1 

Q = 2 ∏ Lk (t1-t2) / (ln (r2/r1))      

t2 = Similarly corrected temperatures for all thermocouples were computed. 

Experimental Computation of heat transfer coefficient at first thermocouple position. 

h1 = Q / A(ts-ta) W/m
2
K 

Theoretical Computation of heat transfer coefficient for forced convection. 

Physical properties of air at different temperatures can be noted from the table provided. 

Physical properties of air at 300  

K of air = 0.0276 W / mK 

Cp = 1.005   kJ / kg K 

ρ of water = 1000 kg/m
3 

ρ of air   = 1.205 kg/m
3 

 = 19.1 X 10
-6

  Ns/m
2
 

Pr =0.699 

Velocity of air, V= 4.6 m/sec 

Re = dVp /  = 0.0314 X 4.6 X 1.128 / 19.1 X 10
-6

 =  0.008530278 X 10
6
   =  8530.278 

For 10
3
 < Re < 2 X10

5 

Nu = 0.23 Re
0.8

 Pr
n
   

Where n =0.4 for heating 

N=0.3 for cooling  

Nu  =  hd/k  

49.84 = h X 0.0314 

        0.0276 

h theo = 43.8 W/m
2 
K 
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Compare the experimental value of h with its theoretical value. 

RESULT 

Theoretical value of h = 

Experimental value of h =  

PRECAUTIONS 

1. Use the stabilize AC single Phase supply only. 

2. Never switch on the mains power supply before ensuring that all the ON/OFF switches given 

on the panel are at OFF position. 

3. Voltage to heater starts and increases slowly. 

4. Keep all the assembly undistributed. 

5. Never run the apparatus if power supply is less than 180 volts and above than 240 volts. 

6. Operate selector switch of temperature indicator gently. 

7. Always keep the apparatus free from dust. 

Experiment No 3. 

 

Objective :To study of radiation heat transfer by black body and test plate. 

 

Aim: To find out the emissivity of a test plate. 

 

Theory : 

An idealized black body surface is one which absorbs all the incident radiation with 

reflectivity and transmissivity equal to zero. The radiant energy per unit time per unit area from 

the surface of the body is called as the emissive power and is usually denoted by e. the emissivity 

of the surface is the ratio of the emissive power of the surface to the emissive power of a black 

surface at the same temperature. If is noted by E, 

      = E / Eb 

For black body absorptivity  = I and by the knowledge of kirchoff’s law of emissivity of the black 

body become unity. Emissivity being a property of the surface depends on the nature of the 

surface and temperature. The present experimental set up is designed and fabricated to measure 

the property of emissivity of the test plate at various temperature.  

 Es= Eb - 
     

            
 

Where  

Eb = Emissivity of black body 

Qb=Heat input of the black body 

Qs= Heat input of the test plate. 

A= area of heat transfer 

σ = Stefan boltmaan constant  =5.678 x 10
-8 

Ts= surface temperature 
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Td= surrounding temperature. 

Description : 

The experimental set up consists of two circular copper plates identical in size and it is provided 

with heating coils sand witches. The plates are mounted on the bracket and are kept in an 

enclosure to provide undisturbed natural convection surrounding. The heating input to the heater 

is varied by separate dimmerstat, is surrounded, and is measured by using an ammeter and a 

voltmeter with the help of double pole double throw switches. The temperatures of the plate are 

measured by sensor. 

  Plate 1 is measured blackened by a thick layer of lampblack to form the idealized 

black surface where as the plate 2 is the test plate whose emissivity is to be determined. The 

heater inputs to the two plates are dissipated from the plates by conduction,  

Convection and radiation. The experimental set up is designed in such a way that under steady 

state condition the heat dissipation by conduction and convection is same for both the cases. 

When the surface temperature are same the differences in the heater input readings is because of 

the difference in radiation characteristic due to their different emissivities. 

Experimental Procedure :    

1. Gradually increase the input to the heater to black plate and adjust it to some value viz. 

50,75,100 watts and adjust heater  input to test plate slightly less than the black plates viz. 

40,65,85 etc. 

2. Check the temperature of the two plates with small time intervals and adjust the input of 

the teat plate only by the dimmerstat so that the two plates will be maintained at the same 

temperature. 

3. This will require some trial and error and may take more than one hour of so to obtain the 

steady state condition. 

4. After attaining the steady state conditions record the temperature and voltmeter and 

ammeter reading for both the plates. 

5. The same procedure is repeated for various surface temperature in increasing order. 

      

Specification : 

1, Test plate dia   = 160mm 

2, Black plate    = 160mm 

3, Dimmerstat for both plates   = 0 – 2 A, 0 – 220 V 

4, Voltmeter     =  0 – 250 V Ammeter 0 – 2.5 A  

5, RTD temperature sensor  =    3Nos  
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6, Heater for test plate and black plate nichrome strip wound on mica sheet and sandwitched 

between two mica sheets of 440 watt. 

Formulae : 

1, Qb = σ εb   b*A ( Ts
4
– Td

4
  ) = Vb xIb 

2, Qs =  σ εs   b*A ( Ts
4
– Td

4
  )= Vs  x Is 

3. A =  Ds
2 

/ 4     m
2 

4. Ts = T1 +273.15    Kelvin’s 

5. TD = T3 + 273.15 Kelvin’s 

6.Es =  Eb - 
     

            
 

 Observations and Calculations: 

Black plate 

 

   Voltage , V Amperage, I Power input  

W
b

 = V*I 

Black Plate, Ts 

    

 

Test Plate 

 
   Voltage , V Amperage, I   Wattage  

W
s
 = V*I 

    Ts    Td 

     

 

Nomenclature: 

 

 Qb                  =               Heat input to disc coated with lamp black (Wb * 0.86) 

 Wb                 =               Wattage supplied to black plate 

 Qs                  =                Heat input to test plate (Wb * 0.86) 

 Ws                 =                Wattage supplied to test plate 

    σ                  =                   Stefan Boltzmann constant      

  A                   =                Area of disc 
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  E                   =                Emissivity of specimen to be determined 

 Ts                  =                Surface temperature of discs 

 Eb                 =                Emissivity of black body. 

Precautions:     

1, Use the stabilize a single phase supply only. 

2, Never switch on main power supply before insuring that all the ON/OFF switches given on the 

panel are at OFF position. 

3, Voltage to heater start and increase slowly. 

4, Keep all the assembly undisturbed. 

5, Never run the apparatus if power supply is less than 180 volts and above than 240 volts. 

6, Operate selector switch of temperature indicator gently. 

7, Always keep the apparatus free from dust.  

Experiment No. 4 

 

OBJECTIVE: To study of heat transfer  in the process of condensation. 

AIM:  To find out heat transfer coefficient for Drop  wise and film wise condensation. 

THEORY 

Condensation is the change in phase from the vapour state to liquid state or solid state to liquid 

state. It can be considered as taking place within bulk material or on a cooled surface and is 

accompanied by simultaneous heat and mass transfer. Observe the condensation process taking 

place on the tubes of the condenser. Identify the drop wise and film wise condensation. When 

saturated vapour comes in contact with surface at lower temperature condensation occurs .Under 

normal condition a continuous flow of liquid is formed over the surface and condensate flow 

under the gravity unless the velocity of vapour is very high or liquid film very thick .The motion 

of condensate is laminar and heat is transferred from the vapour liquid inter face to surface merely 

by condition. The rate of heat flow depends primarily on the thickness of condensate film which 

in turn depends on rate at which vapour is condensed and rate at which condensate is removed. 

Condensation plays a significant role in heat rejection part of Rankine. Power cycle and vapour 

power compression refrigeration cycle. Dehumidification in air conditioning and production of 

liquefied gases are example of condensation. Condensation on a cooled surface occurs in one of 

two ways. 

1. Film wise condensation 

2. Drop wise condensation 
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Film wise Condensation 

In film wise condensation the liquid condensate forms a continue film which covers the entire 

surface & take place when liquid wets the surface. This film flows over the surface under the 

action of gravity or other body forces, surface tension and shear stress due to vapour flow. Heat 

transfer to the solid surface takes place through the film which forms the greatest part of thermal 

resistance . 

Drop wise condensation   

 When the condensation surface material prevents the condensate from wetting the surface such in 

case for metallic coating, the vapour will condensate in drop rather then continuous film. This is 

known a s drop wise condensation. A large part of surface is not covered by insulating film. Under 

these conditions, the  heat transfer coefficients are four to eight times as high as film wise 

condensation (for steam it is one to two times). 

The vapour impinges on the cool wall, decreasing its energy and thereby liquefying and foaming 

drops which grow by direct condensation of vapour on the drops and by coalescence with 

neighboring drop until the drops are heavy enough to swept off by action oif gravity or other body 

forces, surface tension and shear stresses due to vapour flow, as the drops move, they coalescence 

with other droplets in their path sweeping a position of the surface so that condensation can begin 

a new. It has been difficult to sustain drop wise condensation commercially for long periods of 

time. 

APPARATUS 

It mainly consists of a test condenser with tubes one gold coated and other copper tube with 

treated surface to facilitate drop wise and film wise condensation respectively. 

The other segments of test rigs are auxiliary condenser, vapour generator, and pump  rotameters 

and RTD temperature probes. Measured amount of cooling water flows through the condenser 

tubes. The auxiliary condenser is provided to collect and vent any traces of non-condensable 

present in the set-up and thus provides a non-condensable free condensation process. The steam 

generator generates steam with the help of an electric heater. The upper part of the steam 

generator works as a disengagement space and separates water droplets from steam and thus 

provides saturated dry steam for condensation. The apparatus is so designed that the whole 

condensation process takes place inside the glass cylinder and viewing of this process phenomena 

becomes easier. A provision in the apparatus is provided to collect condensate generated inside 

the main condenser to strike a heat balance. 
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PROCEDURE 

Step 1: Switch ON the water pump and maintain water flow inside the tubes of the main 

condenser. 

Step 2: Check whether the steam generator is filled with water up to the proper height. A red line 

is drawn on the liquid level indicator and water level should be kept more  than this height. Fill 

the steam generator with distilled water. 

Step 3:  witch ON the electric heater of the steam generator and wait for the generator to produce 

steam. 

Step 4:  For a while stop the water flow rate to the tubes of the main condenser so as to raise the 

temperature of the steam inside the main condenser. Now open the vent. From the vent, steam will 

come out with non-condensable.  

Step 5: Fix the water flow rate at 3.00 lpm in the main condenser tubes (Gold coated as well as 

specially treated copper tube). Allow steady state to reach. Note down water flow rates in both the 

tubes of condenser, water temperatures at the inlet and outlet of the tubes, steam and condensate 

temperatures of the main condenser and steam temperature at the steam generator. 

Step 6: Change the water flow rate to the main condenser to 3,2 and 4 lpm in steps and  for each 

change in flow rate repeat step 5. 

Step 7: Switch OFF the electric heater of the main generator. Open the vent, keep the water flow 

rate in the tubes for about 10 minutes and then stop the  water flow rate.  

Formulae used: 

Heat losses from steam  

   Qs=Ms * λ 

Heat taken by cold water 

   Qw= Mw *Cp*ΔT 

Avg. heat transfer, 

   Q= (Qs+Qw)/2 

Inside heat transfer coefficient, 

   hi= Q/(Ai* ΔT) 

Outside heat transfer coefficient, 

   ho= Q/(Ao* ΔT) 

Experimental overall heat transfer coefficient, 
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Reynolds No.    Red = 4mw/ Divi ρi 

Prandtl number    Pr =          

Nusselt number  Nul= 0.23 Re
0.8

 Pr
0.4 

Inside heat transfer coefficient  

hi=Nul K/L 

Outside heat transfer coefficient  

ho=0.943 
      

         
     

Theoretical overall heat transfer coefficient 

 

   
 

 

  
               

 

OBSERVATION TABLE 

S.No. Water flow 

rate(LPH) 

Steam 

Condensed 

(ml) 

Time(min) Temperature 

    T1 T2 T3 T4 T5 

         

         

 

CRITICAL DATA OF EXPERIMENT 

O.D. of the tube,Do        = 20mm 

I.D. of the tube, Di                 = 17mm 

Length of the tube, L       = 160mm 

Inside heat transfer area,Ai                               = 0.008549 m
2
 

Inside heat transfer area,Ai                               =  0.010057 m
2
 

  

CALCULATIONS 

Calculation of Heat transfer Coefficient, hc 

hc = Q / A (Ts – Two)                                                                                                       (1) 

where, 

Q = Heat transferred 

A = Area of tube 

Two = Outer wall temperature of tube 
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For Cooper tube 

Computation of Q (Heat Transferred) 

Q = (Volumetric flow rate). (density). (temperature difference) 

    Calculation of  Two 

Firstly, calculate Tws (Surface wall temperatrure of tube) 

Q/A = hwater (Tws – (t2 + t3) / 2)                                                                                       (2) 

Where, hwater = Inside heat transfer cpefficient, W/m
2
C 

hwater = 4200 (1.35 + 0.02t) ut 
0.8

  / Di
2 

                                                                            (3) 

Where, ut = Water Velocity, m/s 

ut = Volumetric flow rate / cross sectional area 

By substituting the values in equation (3) and (2), Tws can be calculated 

For calculation of Two 

Q/A = - kdT/dx 

Q/A = -k (Two - Tws) / dx 

Substituting the values. Two can be calculated. 

Now substituting the value of  Two in equation (1), hc can be calculated 

Precautions:     

1, Use the stabilize a single phase supply only. 

2, Never switch on main power supply before insuring that all the ON/OFF switches given on the 

panel are at OFF position. 

3, Voltage to heater start and increase slowly. 

4, Keep all the assembly undisturbed. 

5, Never run the apparatus if power supply is less than 180 volts and above than 240 volts. 

6, Operate selector switch of temperature indicator gently. 

7, Always keep the apparatus free from dust.  

EXPERIMENT NO: -5 

AIM: - The objective of this experiment is to observe the regimes of nucleate, transition, and 

film boiling in a pool of saturated liquid, to determine the rate of boiling, and to construct the 

boiling curve 

Concepts Emphasized 

1. Energy balance and conditions justifying the lumped capacitance method; 
2. variation of the boiling heat flux with excess temperature - peculiar features of the boiling 

curve; 

3. magnitude of the overall heat transfer coefficient; 

4. definition and physical significance of the critical heat flux and Leidenfrost point; and 

5. transient nature of the problem and time variation of the surface temperature. 
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EXPERIMENTAL PROCEDURE 

The experiment is designed to illustrate the characteristics of the boiling phase-change 

phenomenon. It involves observing the rate of boiling of a saturated liquid on the surface of a 

submerged hot object and measuring the variation of the object temperature with time. The 

object is initially at a temperature (Troom ≈ 273K) far above the boiling point of the liquid (in 

this case, liquid nitrogen: Tbp≈77K). By measuring the time variation of the object's 

temperature, the rate of boiling, and the boiling curve can be constructed based upon the 

application of the lumped capacitance method. A sample boiling curve is given in Figure 1. To 

prepare for the experiment, which could be performed prior to when the topic has been 

discussed in the Heat Transfer course, the student should complete the following items: 

1. Review sections 10.2, 10.3, and 10.4 of the text by Incropera et al., 4th ed., 5th ed., or 6th 

edition. 

2. Consider a hot metal sphere, initially at a temperature of Ti , that is suddenly quenched in 

a large pool of 

saturated liquid at Tbp<Ti (see Fig. 2). If the excess temperature, (Ti−Tbp) is between about 5 

and 30º C, 

what is this boiling regime called? Describe the boiling phenomena in this regime. 

 

3. If the excess temperature, (Ti−Tbp) is beyond the Leidenfrost point, will there be direct contact 

between the liquid phase and the surface of the sphere? What do we call this regime of pool 

boiling? 

4. Using the lumped capacitance method, derive a differential equation for the transient 

temperature response of the sphere. The boiling heat flux takes an unusual form, so leave 

the heat flux as a variable for now. 

5. If the metal sphere in item 2 above is copper, has a diameter of 2.54* 10-2 m , an initial  

temperature of Ti = 773K, and the liquid is saturated water at 373K and 1 atm, estimate the 

time for the sphere to become partially wetted by the liquid phase (i.e., the time for the 
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sphere to reach the Leidenfrost point at 493K). 

DAQView Setup Parameters 
Thermocouple Type: Units: K 

Number of Thermocouples: 2 ( +CJC ) Start Condition: Manual Start 

Stop Condition: Manual Stop Scan 

Rate: 4 scans/secs Averaging: 

Enabled: 100 

Suggested Monitoring Method: Digital Meters 

 

Experiment No 6 

 

Note The value of 'h’ will change when the pin fin while operated at natural convection and 

forced convection The value of 'h' in forced convection will be order of magnitude more 

than natural convection  

OBJECTIVE: Study of heat transfer from a pin fin.  

AIM: To measure temperature profiles of a pin fin heated at its bottom at natural and forced 

convection . 

APPARATUS:  

 
 

 

Fig]: Schematic diagram of apparatus for pin fin in natural and forced convection  

 
Fig 2 Details of Pin Fin and thermocouple positions 

  The apparatus is shown schematically in Fig I. It consists of a brass, rod of 19.6 mm diameter 

and 100mm long At the base or the brass rod, a brass flange of 10 mm thick and 75mm diameter 

is welded The flange is heated by an electrical heater controlled by a variac. Thermocouples 

were welded on the base, on the length and on the tip of the rod. The whole assembly is put 

inside a duct the air flow duct supplied by a blower.  

 SUGGESTED EXPERIMENTAL WORK:  

Step I: Draw a neat sketch of experimental set-up giving the important dimensions.  

Step 2: Switch ON the air blower and fix a predetermined flow rate of air inside the duct.  

Step 3: Switch ON the electric heater and with help of variac set the voltage to 25 V.Allow 

sufficient time for steady state to occur. Note down the readings of voltmeter, ammeter and 
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thermocouples.  

Step 4: Change the energy inputs to the heater by variac and set the voltage to 30, 35, 40,and 45 V 

in stages for each change in voltage repeat Step 3.  

Step 5: Stop the air flow rate and repeat step 3 and Step 4 for natural convection  

 

 RESULTS AND DISCUSSIONS:  

I. Plot the temperature profile of the pin fin for different base temperature tier different values of 

energy inputs to the electric heater) for a constant air flow rate  

2. Compute the theoretical temperature profiles by considering the value of h for forced 

convection and compare these temperatures profiles with that obtained by experiments.  

3. Plot temperature profiles of the pin fin as a function of base temperature at Natural Convection 

mode (i.e. for the OFF condition of the blower). 

 4. Compute the theoretical temperature profile by considering the value of h for natural 

convection and compare it with temperature profiles that obtained by experiments. 

Specifications: 

Duct Size   = 150*100*1000 mm 

Diametre of orifice  = 39 mm 

Diameter of Fin  = 12.7mm 

Length of the fin   = 125mm 

Diameter of Delivery Pipe = 52 mm 

Coefficient of Discharge = 0.64 

Thermal conductivity, Brass = 95 Kcal/hr-m-ºC 

Centrifugal Blower with Single-phase motor 

SAMPLE DATA SHEET: Name of Experiment: Pin fin in Natural and forced convection  

Diameter of pin fin, mm  

Length of pin fin. mm  

Material of construction  

Ambient air temperature. ºC. 

 Type of orientation  

Free/Natural Convection  

Run No  

 
V I W T1 T2 T3 T4 T5 T6 

    X=2.5cm X=5cm X=7.5cm X=10 

cm 

X=12.5 Ambient 

Temp 

1          

2          

 

Forced Convection  

Run 

No  

 

V I W T1 T2 T3 T4 T5 T6 ΔH 

    X=2.5cm X=5cm X=7.5cm X=10 

cm 

X=12.5 Ambient 

Temp 

Manometer 

reading 
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Free Convention 

 

Mean temp. Of the fin, Tm  = (t1+t2+t3+t4+t5)/5 

ᵝ        = 1/(Tm+273.15) 

Grashof Number   = gᵦD3
 T/v

2 

Using correlation  

Nusselt No. Nu    = 0.53(Gr.Pr
).25     

= hD/k 

Fin Parameter    =        

Perimeter    = 3.14*D 

Cross sectional area   = 3.14* D
2
/4 

Fin Dia.    = 12.7 x 10
-3

 m 

Fin Length    = 125 x 10
 -3

 m 

Fin Effectiveness   = tanh ml/ml 

Parameter    = h/km 

Theoretical temp. Profile  =(T-Tf)/(Tb-Tf)=[cosh m(L-x)+ Hsinh m(L-x)/cosh mL+ Hsinh mL] 

 

Forced Convection : 

ΔH = [h 
     

  
       

Q  =  
               

      
    where ᵝ = (dp/d0)  

Velocity of Air V=  Q/a  (at ambient fluid temp) 

Velocity of air at mean fluid temp Vi =  V  *((Tmf+273.15)/(Tf+273.15)) 

Re  = DVi ρ/ 

Nu = 0.615 Re 
0.466  

using correlation 

Nu= hD/k 

         

 

Precautions:     

1, Use the stabilize a single phase supply only. 

2, Never switch on main power supply before insuring that all the ON/OFF switches given on the 

panel are at OFF position. 

3, Voltage to heater start and increase slowly. 

4, Keep all the assembly undisturbed. 

5, Never run the apparatus if power supply is less than 180 volts and above than 240 volts. 

6, Operate selector switch of temperature indicator gently. 

7, Always keep the apparatus free from dust.  
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EXPERIMENT NO. 7 

OBJECTIVE: Study of Radiation heat transfer by black body. 

AIM: To find out Stefan Boltzmann constant. 

THEORY 

All substances emit thermal radiation when heated. When radiation coming out from a hot 

body fall over a surface of another body, a part of the radiation is absorbed, another part 

transmitted through the body and yet the third part is reflected back. The surface, which absorbs 

all the thermal radiation falling over it, is called a black body. This implies that for black body the 

absorptivity is unity and transitivity and reflectivity are zero. Stefan-Boltzmann's law states that 

emissive power of a surface is proportional to the fourth power of its absolute temperature i.e.  

Q/A  = Eb = σT
4

                                                                                                           (1) 

 

e  =   σT
4 

                              (2) 

Where 

E = Emissive power of a body W/m
2
 

T = Absolute temperature, K 

σ = Stefan-Boltzmann's constant, W/m
2
K

4
 

  = emissivity of the surface  

For black surface   = 1, hence, the Eq. (2) reduces to  Eb = σT
4

                         (3) 

PROCEDURE 

Step 1: Ensure that proper amount of water is in the water tank and the valve No. 2 is closed and 

valve No. 1 is also closed. 

Step 2: Switch "ON' the electric heater. 

Step 3: Blacken the "Test Disk" with the help of lamp black and let it cool  down. 

Step 4: Note the temperature of water by thermocouple No.5.when it starts boiling put off the 

heater. 

Step 5: Ensure that the valve No. 2is closed and valve No. 1 is open. 

Step 6: Ensure that water level over the hemisphere is sufficient. Use the liquid level indicator to 

ensure this. 

Step 7: Note down the hemisphere temperature with the help of thermocouple No. 2, 3 & 4. 

Step 8: Insert the Test Disk through the hole provided at the bottom of the hemispherical portion 

and start the stopwatch. 
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Step 9: Monitor the Test Disk temperature with the help of thermocouple No. 1 at equal interval 

of time. Note down different readings. 

Step 10: Plot the variation of temperature of the disk with time to find the  dt/dT 

Step 11: Determine the Stefan Boltzman constant. 

CRITICAL DATA OF EXPERIMENTAL SET UP 

 Hemispherical enclosure dia              = 200 mm 

               Base plate, Bakelite dia                   = 250 mm   

             Diameter ofthe Test Disk  =  20  mm 

 Area of Test Disk, A   =  3.14 x 10
4
 m

2
  

 Specific heat of Copper, Cp  =  0.3831 kJ/Kg
0
C 

 Mass of the Test Disk, m  =  5.1 gm. 

Observation Table 

Time t (sec.) Temperature Td inº C 

5  

10  

15  

20  

25  

30  

 

CALCULATIONS 

Hemisphere temperature, Th  =  ______ K (K = 
0
C + 273.13) 

Here,  

Th = (T2 + T3 + T4) / 3  

Temperature of Test Disk, Td  =     K 

Heat Flux. q   =  σA (Th 
4
  - Td

4
)                         (4) 

Also, q               = m Cp (dTd /dt)    (5) 

          t=0 

From equation (4) and (5),  

m Cp (dTd /dt) /     A (Th 
4  - Td

4) as  = 1 for black body     
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 Compare the calculated value of   σ with the standard value of σ which is 5.67 W/ m 
2
-K

4  
  

Precautions:     

1, Always use the clean water and heater should be completely dipped in the water before switch 

on the  heater 

2.Use the stabilize a single phase supply only. 

3, Never switch on main power supply before insuring that all the ON/OFF switches given on the 

panel are at OFF position. 

4, Voltage to heater start and increase slowly. 

5, Keep all the assembly undisturbed. 

6, Never run the apparatus if power supply is less than 180 volts and above than 240 volts. 

7, Operate selector switch of temperature indicator gently. 

8, Always keep the apparatus free from dust. 

9. Always take the reading for the first min of the disc while fixing .     

VIVA QUESTIONS AND ANSWERS 
1. Define Heat transfer? 

Heat transfer can be defined as the transmission of energy from one region to another region 

to temperature difference. 

2. What are the modes of heat transfer? 
1. Conduction 

2. Convection 

3. Radiation 

3. What is conduction? 

Heat conduction is a mechanism of heat transfer from a region of high temperature to a 

region of low temperature with in a medium (Solid, liquid or Gases) or different medium in 

direct physical contact. In conduction, energy exchange takes place by the kinematics 

motion or direct impact of molecules .Pure conduction is found only in solids. 

4.State Fourier’s law of conduction. 
The rate of heat conduction is proportional to the area measured normal to the direction of 

heat flow and to the temperature gradient in that direction. 

5. Define Thermal conductivity. 

Thermal conductivity is defined as the ability of a substance to conduct heat. 

6. List down the three types of boundary conditions. 

1. Prescribed temperature. 
2. Prescribed heat flux. 

3. Convection boundary conditions. 

7. Define convection. 

Convection is a process of heat transfer that will occur between solid surface and a fluid 

medium when they are at different temperatures. Convection is possible only in the 

presence of fluid medium. 

8. Define Radiation 
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The heat transfer from one body to another without any transmitting medium 

is known as radiation .It is an electromagnetic wave phenomenon. 

9. State Newton’s law of cooling or convection law. 

Heat transfer by convection is given by Newton‟s law of cooling 
Q = hA (Ts- T ) 

Where;- 

A - Area exposed to heat transfer in m
2
 

h - Heat transfer coefficient of the surface in K Ts-

Temperature of the surface in K 

T - Temperature of the fluid in K 

10. Define overall heat transfer co-efficient. 

The overall heat transfer by combined modes is usually expressed in terms of an overall 

conductance or overall heat transfer co-efficient Heat transfer, Q 

11. Define fins or extended surfaces. 

It is possible to increase the heat transfer rate by increasing the surface 
of heat transfer. The surfaces used for increasing heat transfer are called extended surfaces 

sometimes known as fins 

12. State the applications of fins. 

1. Cooling of electronic components. 
2. Cooling of motor cycle engines. 

3. Cooling of small capacity compressors 

4. Cooling of transformers 

13. Define fin efficiency. 
The efficiency of a fin is defined as the ratio of actual heat transferred to the maximum 

possible to heat transferred by the fin. 

η=Qfin/Qmax 

14. Define Fin effectiveness. 

Fin effectiveness is the ratio of heat transfer with fin to that without fin Fi n  

e f f e c t i v en e ss = Q w i t h  f i n/ Q wi th o ut f i n . 

15. What is meant by steady state heat conduction? 

If the temperature of a body does not vary with time, it is said to be in a steady state and 

that type of conduction is known as steady state heat conduction. 

16. What is meant by transient heat conduction or unsteady state conduction? 

If the temperature of a body varies with time, it is said to be in a transient state and that type 

of conduction is known as transient heat conduction or unsteady state conduction 

17. What is Periodic heat flow? 

In Periodic heat flow, the temperature varies on a regular basis Example; 
1. Cylinder of an IC engine. 

2. Surface of earth during a period of 24 hours 

18. What is non Periodic heat flow? 

In non Periodic heat flow, the temperature at any point within the system varies non 

linearly with time. Example: 

1. Heating of an ingot in furnace. 

2. Cooling of bars 

19. What is meant by Newtonian heating or cooling process? 

 Process in which the internal resistance is assumed as negligible in comparison with 

its surface resistance is known as Newtonian heating or cooling process. 
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2 0. What is meant by Lumped heat analysis? 

In a Newtonian heating or cooling process the temperature throughout the solid is 

considered to be uniform at a given time. Such an analysis is called Lumped heat capacity 

analysis. 

21. What is meant by infinite solid? 

A solid which extends itself infinitely in all directions of space is known as infinite solid.  

In infinite solids, the biot number value is in between0.1 and 100.0.1 < Bi< 100 

22. Define Biot number. 

It is defined as the ratio of internal conductive resistance to the surface conductive 

resistance. 

Bi = Internal conductive resistance 

Surface conductive resistance 

23. What is the significance of Biot number? 

 Biot number is used to find Lumped heat analysis, Semi infinite solids and infinite solids 

 If Bi< 0.1 Lumped heat analysis. Bi= 0.1 < Bi< 100 

24. What are the factors affecting the thermal conductivity? 

1. Moisture 

2. Density of material 

3. Pressure 

4. Temperature 

5. Structural of material. 

25. What are Heislers charts? 

In Heislers chart, the solutions for temperature distributions and heat flows in plane walls, long      

cylinders and spheres with finite internal and surface resistance are presented. Heislers charts are 

nothing but a analytical solutions in the form of graphs 

26.Explain the significance of thermal diffusivity. 

The physical significance of thermal diffusivity is that it tells us how fast heat is propagated or it 

diffuses through a material during changes of temperature with time. 

27. What are the types of heat exchanger? 

  The types of heat exchanger are as follows. 

1. Direct contact heat exchangers. 

2. Indirect contact heat exchangers 

3. Surface heat exchangers 

4. Parallel flow heat exchanger 

28. What is meant by LMTD? 

We know that the temperature difference between the hot and cold fluids in the heat exchangers 

varies from point to point. In addition various modes of heat exchanger are involved. Therefore 

based on concept of appropriate mean temperature difference, also called logarithmic mean 

temperature difference 

29. What is meant Fouling factor? 

We know, the surfaces of heat exchangers do not remain clean after it has been in use for some 

time .The surface become fouled with scaling or deposits .The effect of these deposits affecting 

the value    of overall heat transfer co efficient. This effect is taken care of by introducing an 

additional thermal resistance called fouling resistance. 

30. What is black body? 

  Black body is an ideal surface having the following properties. 

1. A black body absorbs all incident radiation, regardless of wave length and direction. 

2. For a prescribed temperature and wave length, no surface can emit more energy than 

  black body 
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FLUID MACHINERY LAB (BTME-606) 

Experiment No. 1 

1. Objective : 

To determine the efficiencies of Hydraulic Ram. 

2. Apparatus: 

Hydraulic Ram test rig. 

3. Diagram : 

 

 

4. Theory: 

To lift small quantities of water to greater heights from large quantities of water 

available at smaller heights.The Hydraulic Ram consists of an inclined supply or drive pipe 

S that connects the supply tank A to the valve box B.Size of the hydraulic ram is normally 

specified by the nominal diameter of the drive pipe.Inside the the valve box are provided 

two valves;waste valve V1 opening inwards and valve V2 opening outwards.Both are non-

return valves that allow the flow only in one direction.Valve V2  communicates with an air 

vessel which is connected to the discharge tank E through a delivery pipe.Automation action 

of the ram is due to inertia forces of water in the supply pipe.Initially the water flows down 

the drive pipe, valve V2 is open and water escape through it to waste.With increase in the 

velocity of flow in the drive pipe,dynamic pressure on the underside of the valve V1 

becomes sufficiently high so as to lift the valve V1 and ultimately close it.With quick closer 

of valve V1, water in the drive pipe is suddenly brought to rest and that causes increase of 

pressure in the valve box.The increased high pressure lift the valve V2 and a part of water is 
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led to air vessel.Subsequently air pressure increases inside the air vessel ad that forces water 

ino the discharge tank through the delivery pipe.when momentum of water gets destroyed in 

the valve box,valve V2 closes and valve V1 opens.That re-commences the flow of water 

from the supply tank and the cycle is repeated.Air vessel serves to prevent the occurrence of 

the water hammer in twe delivery pipe and to reduce the fluctuation in the flow rate. 

Let 

Q = discharge from supply tank to the valve box 

q   = discharge from valve box to discharge tank 

h1 = height of water in the supply tank above the valve box. 

h2 = height of water in the discharge tank above the valve box. 

Then energy supplied from the supply tank = ρ g Q h1 

and  energy supplied to discharge tank = ρ g q h 2 

Considering losses, efficiency of the hydraulic ram (known as D Aubuission’s 

efficiency) is : 

η= ρ g q h 2 /( ρ g Q h1) 

   = q/(Q × h 2/h1) 

Some of the characteristic features of hydraulic ram are: 

1)No moving parts and so frequent oiling is not required. 

2)Low excavation and repair cost and negligible running cost. 

3)Particularly suitable for pumping water from a rivulet for irrigation purposes. 

5. Procedure: 

1. Note down the relevant dimensions as diameter of supply pipe and delivery pipe, area of 

collecting tank, supply head etc. 

2. Start the pump and fill the supply tank and note that overflow is in the running condition. 

Open inlet valve connected to supply pipe near the ram and at the same time adjust the 

waste valve nut so that ram start working automatically. 

3. After few strokes the water is discharged through delivery pipe and gets collected in the 

collecting tank. 

4. Note down the discharge of water flowing through the delivery pipe. Also note down the 

water discharged from the waste valve. 

5. Note the reading of pressure gauge in m of water (for the particular setting of the lift of the 

waste valve). 

6. Count the number of beats (strokes) of waste valve per minutes. 

7. Change the position of waste valve and repeat the above procedure for different readings. 

8. Repeat the steps from 4 to 7 for different readings of pressure head while opening the 

regulation valve connected in the delivery pipe. 
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6. Observation and Calculation: 

  Area of collecting tank for delivered water Ad = 30cmX 30cm =900cm
2 

 Area of collecting tank for waste water Aw       = 80cmX 30cm = 2400 cm
2
 = 0.24 m

2
 

 Supply head h1 =1 m 
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7. Result : 

 Plot a graph between useful water discharge, waste water discharge and efficiency versus 

number of beats per minute. 

8. Precautions: 

1. Do not run the pump at low voltage i.e less than 180 volts. 

2. Never fully close the delivery line and By- Pass line valves simultaneously. 

3. Always keep apparatus free from dust. 

 

Experiment No.2. 

1. Objective : 

To study the characteristics of Francis turbine. 

2.  Apparatus: 

Francis turbine test rig. 

3.  Diagram : 
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          (a) 

4. Theory: 
The inward flow reaction turbine having radial discharge at outlet is known as Francis 

Turbine , after the name of J. B. Francis an American engineer who in the beginning 

designed inward radial flow reaction type of turbine. 

 A Francis turbine is a mixed- flow turbine in which the water enters at the circumference 

of the runner and travels towards the axis of the runner . Finally  it comes out axially along 

the shaft. It operates under medium heads and requires medium quantity of  flow. A part of 

the net available energy to the turbine, is converted into kinetic energy and the rest remains 

as pressure energy. The water first passes through the guide vanes and then through runner 

vanes, transmitting its energy to the runner. Finally the water is discharged into the tailrace 

through a draft tube. 

 The main components of the turbine : 

1. Penstock: 

  It is a large size conduit which conveys water from the upstream of the dam to the 

turbine runner. Because of the large volume of water flow, size of the penstock required for 

a Francis turbine is larger than that of a Pelton wheel. The penstock is invariably made of 

steel and is imbedded inside the dam. Trash racks are provided at inlet of the penstock in 

order to obstruct the entry of debris and other foreign matter. 

2. Scroll Casing: 

Penstock is connected to and feeds water directly into an annular channel surrounding the 

turbine runner. The channel is spiral in its layout and is known as the spiral or scroll casing. 

The casing is made of cast steel, plate steel and concrete depending upon the pressure/ head 

to which the casing is subjected. 

3. Guide Vanes or Wicket Gates: 

A series of air foil shaped vanes called the guide vanes or wicket gates are arranged inside 

the casing to form a number of flow passage between the casing and the runner blades. The 

guide vanes direct the water onto the runner at an angle appropriate to the design. The 

configuration and arrangement of the guide vanes is such that the energy of water is not 

consumed by eddies and other undesirable flow phenomenon causing energy losses. 

4. Guide Wheel & Governing Mechanism: 

The governing mechanism changes the position of guide blades to affect a variation in the 

water flow rate in the wake of changing load conditions on the turbine. 

5. Runner & Runner Blades: 
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Runner of the Francis turbine is a rotor which has passages formed between crown and 

shroud in one direction and two consecutive blades on the other. It is made of C.I , stainless 

steel or a non-ferrous metal. 

6. Draft Tube: 

After passing through the runner the water is discharged to the tail race through a gradually 

expanding tube called the draft tube. 

5. Procedure: 

1. Close the drain valve provided. 

2. Fill sump tank ¾ with clean water. 

3. Switch on the pump. 

4. Open the cooling water valve. 

5. Adjust the discharge by operating inlet  valve. 

6. Adjust the guide wheel. 

7. Load the turbine with the weight. 

8. Note the r.p.m of the turbine. 

9. Note the manometer reading. 

10. Note pressure gauge reading.  

11. Note the fixed & adjustable balance readings. 

12. When experiment is over, switch off pump first. 

13. Switch off main power supply. 

14. Remove all the dead weights on the hanger. 

15. Close the cooling inlet water valve. 

DATA 

Coefficient of pitot tube Cv    =  0.98 

Density of Water   = 1000 kg/m3 

Density of manometer fluid = 13600 kg/m3 

Diameter of pipe  = .08 m 

Diameter of rope  = 0.01 m 

Diameter of rope drum  = 0.2m 

 

6. Observation and Calculation: 

 Efficiency =  Brake power       x    100% 

       Input power  

  Brake Power = 2лNT    Watt 

                    60 

N= turbine speed in r.p.m, 

T= Torque in Kg m = W x r = (Effective radius of the brake drum in meters) (Net brake load 

in Kg) 

Discharge (Q) = 
2

2

2

1

21 2

aa

ghaa


 

  Input power = wQH  Watts 

   w= Specific wt. of water = 9810 N/m
3
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   Q= Discharge in m
3
/sec 

   H = Supply head in m  

S
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h1 h2 h’=h1-h2 h= 

(S2/S1

- 1)h’ 

 

              

              

              

7. Precautions:  

 

7.1 The water in sump tank should be free from foreign particles.  

7.2 Never switch off the supply pump set when the turbine is working under load. 

7.3 Never run the pump without water in it, as this would cause damage to stuffing box, bush 

bearing etc. 

7.4 Lubricating all the working parts where provisions of lubrication are made. 

7.5 Do not run the pump at low voltage. 

Experiment No.3 

1. Objective : 

To study the constructional parts and to find performance of reciprocating pumps.  

2. Apparatus: 

Reciprocating pump test rig. 

3. Diagram : 
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4. Theory: 

The reciprocating pump is a positive displacement pump, i.e. it operates on the principal of 

actual displacement or pushing of liquid by a piston or plunger that executes a reciprocating 

motion in a close fitted cylinder. The liquid is alternately  

-    Drawn from the sump and filled into suction side of the cylinder. 

-    Led to the discharge side of the cylinder and emptied to the delivery pipe. The piston or 

plunger gets its reciprocating motion by means of a crank and connecting rod mechanism. 

Discharge of pumps is almost wholly dependent on its speed. 

 

Working of a reciprocating pump: 

Fig 3.1 shows a single acting reciprocating pump, which consists of a piston which moves 

forwards and backwards in a close fitting cylinder. The movement of the piston is obtained 

by connecting the piston rod to crank by means of a connecting rod. The crank is rotated by 

means of an electric motor. Suction and delivery pipes with suction valve and delivery valve 

are connected to the cylinder. The suction and delivery valves are one way valves or non-

returning valves, which allow the water to flow in one direction only. Suction valve allows 

water from suction pipe to the cylinder which delivery valve allows water from cylinder to 

delivery pipe only. 

 When crank starts rotating, the piston moves to and fro in the cylinder. When crank is at A, 

the piston is at the extreme left position in the cylinder. As the crank is rotating from A to C 

i.e. from θ = 0° to θ = 180°, the piston is moving towards right in the cylinder. The movement 

of the piston towards right creates a partial vacuum in the cylinder. But on the surface of the 
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liquid in the sump atmospheric pressure is acting, which is more than the pressure inside the 

cylinder. Thus the liquid is forced in the suction pipe from the sump. This liquid opens the 

suction valve and enters the cylinder. 

When crank is rotating from C to A i.e, from θ = 180° to θ = 360°, the piston from its 

extreme right position starts moving towards left in cylinder. The movement of the piston 

towards left increases the pressure of the liquid inside the cylinder more than atmospheric 

pressure. Hence suction valve closes and delivery valve opens. The liquid is forced into the 

delivery pipe and is raised to a required height. 

Work and power input:  

A.  Suction Head(hs): It is the height to which the liquid is raised above the liquid 

surface in the sump. This corresponds to a vacuum pressure whs on the piston during 

suction stroke 

Force on the piston = whsA 

Work done = whsAL 

B.  Delivery head(hd): The height to which the liquid is raised above the centre of 

cylinder. This corresponds to a gauge pressure of whd on the piston during delivery 

stroke. 

 Force on the piston = whdA 

 Work done = whdAL 

 Work done per cycle  = whdAL(hs + hd) 

And theoretical work done per second = (wAL/60)N (hs + hd)  

 = wQth H  where H is the total head i.e the sum of the suction and delivery heads. 

Theoretical power Pth required to drive the pump is 

  Pth = wQth H 

 However, due to frictional resistance and other losses, the actual power required to drive 

the pump would be more than the theoretical power Pth. The actual power P is related to 

theoretical power by the efficiency of pump. 

 Actual power P = theoretical power/ efficiency of the pump 

DATA: 

Area of collecting Tank A  = 0.077 m2 

Length of stroke  L  = 0.04 m 

Diameter of cylinder d    = 0.055 m 

Efficiency of transmission  = 0.7 
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EMC     = 3200 pulse/kwhr 

Height of pressure gauge from suction pipe = 0.65 m 

Motor Efficiency    = 0.8 

 5. Procedure: 

5.1 Note down the area of collecting tank. 

5.2 Fill the reciprocating pump with the oil up to the level marked on the pointer. 

5.3 Remove the air present in the suction and pressure pipe, volute casing by filling them with 

water. 

5.4 The speed control on the motor is set to a valve and at the same time the flow control valve 

is adjusted to give the maximum possible discharge. 

5.5 Conditions are allowed to steady before the rate of discharge Q, suction head, discharge 

head, load on the motor and r.p.m value were recorded. 

5.6 The flow rate is reduced in stages and the above procedure is repeated. 

6. Observation and Calculation: 

  

S.No 

N(RPM) Pd(kg/cm
2
) Ps(mmhg) R1(cm) R2(cm) t(sec) P Tp(sec) 

1         

2         

3         

4         

5         

 

Pd = Delivery pressure 

Ps = Suction pressure 

R1 = Final level of water in measuring tank 

R2 = Initial level of water in measuring tank 

T = Time taken for R 

Tp = Time taken of pulse 

Ei = 
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7. Precautions: 

a) Do not run the pump at low voltage . 

b) Always keep apparatus free from dust. 

c) Check the leakage of glands.  

Experiment No. 4 

1. Objective : 

To study the characteristics of Pelton turbine. 

2.  Apparatus: 

Pelton turbine test rig. 

3.  Diagram: 

 

4. Theory: 

The Pelton wheel or Pelton turbine is a tangential flow impulse turbine. The water 

strikes the bucket along the tangent of the runner. The energy available at the inlet of the 

turbine is only kinetic energy. The pressure at the inlet and outlet of the turbine is 

atmospheric. This turbine is used for high heads and is named after L.A Pelton, an American 

Engineer. It is simple, robust and the only hydraulic turbine, which operates efficiently and 

is invariably used for heads in excess of 450m. Smooth running and good performance are 

other common features of this unit. 
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  The main parts of the Pelton Turbine are: 

a) Nozzle & flow regulating arrangement (Spear)-  

  The amount of water striking the buckets (vanes) of the runner is controlled by 

providing a spear in the nozzle as shown in fig. The spear is a conical needle which is 

operated either by a hand wheel or automatically in an axial direction depending upon the 

size of the unit. When the spear is pushed forward into the nozzle the amount of water 

striking the runner is reduced & vice- versa. 

b) Runner with Buckets-  

  It consists of a circular disc on the periphery of which a number of buckets evenly 

spaced are fixed. The shape of the buckets is of a double hemispheric cup or bowl. Each 

bucket is divided into two symmetrical parts by a diving wall which is known as splitter. 

The jet of water strikes on the splitter. The splitter divides the jet into two equal parts & the 

jet comes out at the outer edge of the bucket. The buckets are shaped in such a way that the 

jet gets deflected through 160   ْ°  or 170   ْ° . The buckets are made of C.I, cast steel bronze or 

stainless steel depending upon the head at the inlet of the turbine. 

c) Casing-  

  The function of the casing is to prevent the splashing of water and to discharge 

water to tail race. It also acts as a safe guard against accidents. It is made of C.I or fabricated 

steel plates. The casing of the Pelton wheel does not perform any hydraulic function. 

5. Procedure: 

1. Close the drain valve provided. 

2. Fill sump tank ¾ with clean water. 

3. Open the spear valve to allow the water to turbine’s buckets in shape of jet. 

4. Close control valves provided on the delivery line. 

5. Switch on the pump. 

6. Open the cooling inlet water valve. 

7. Adjust the discharge by operating inlet valve and spear. 

8. Load the turbine with the weight. 

9. Note the r.p.m of the turbine. 

10. Note discharge from venturimeter by taking pressure gauge reading. 

11. Note the fixed & adjustable balance readings. 

12. When experiment is over, switch off pump first. 

13. Remove all the dead weights on the hanger. 

14. Close the cooling inlet water valve. 

DATA: 

Coefficient of pitot tube Cv    =  0.98 

Density of Water   = 1000 kg/m3 

Density of manometer fluid = 13600 kg/m3 

Diameter of pipe  = .052 m 

Diameter of rope  = 0.012 m 

Diameter of rope drum  = 0.2m 

Weight of the rope  = _______ kg 

 

6. Observation and Calculation: 

 Efficiency =  Brake power    x  100 
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       Input power  

  Brake Power = 2лNT Watt 

                    60 

  Input power = wQH  Watt 

  T= Torque  = (Effective radius of the brake drum in meters) (Net brake load in N) 

  T = W x r 

  Q =   a1a2 2gh 

  a1
2 
– a2

2
  

  where: w= Specific wt. of water = 9810 N/m
3
 

  Q= Discharge in m
3
/sec 

  H = supply head in m  

  N= turbine speed in r.p.m, 
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7. Precautions:  

1. The water in sump tank should be free from foreign particles.  

2. Never switch off the supply pump set when the turbine is working under load. 
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3. Never run the pump without water in it, as this would cause damage to stuffing box, 

bush  bearing etc. 

4. Lubricating all the working parts where provisions of lubrication are made. 

5. Do not run the pump at low voltage. 

Experiment No. 5 

Objective :To draw the performance characteristics of centrifugal pump operating at 

various heads, flow rates and speeds. 

 

Apparatus:Centrifugal pump test rig. 

Diagram : 

 

Theory: 

Centrifugal pump is so named because the pressure head is generated by centrifugal 

action.The centrifugal pump acts as reversed of an inward radial flow reaction turbine. This 

means that the flow in centrifugal pumps is in the radial outward directions. The centrifugal 

pump works on the principle of forced vortex flow which means that when a certain mass of 

liquid is rotated by an external torque the rise in the pressure head of the rotating liquid 

takes place. The rise in pressure head at any point of rotating liquid is proportional to the 

square of tangential velocity of the liquid at that point ( i.e rise in pressure head = V
2
/2g or 

w
2 

r
2
/2g ). Thus at the outlet of the impeller where radius is more, the rise in pressure head 
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will be more and the liquid will be discharged at the outlet with a high pressure head. Due to 

this high pressure head, the liquid can be lifted to a high level 

Main parts of a centrifugal pump: 

A. Impeller: The rotating part of a centrifugal pump is called impeller. It consists of a 

series of backward curved vanes. It is mounted on a shaft which is connected to the 

shaft of an electric motor. 

B. Casing: The casing of a centrifugal pump is similar to the casing of a reaction 

turbine. It is an airtight passage surrounding the impeller and is designed in such a way 

that the kinetic energy of water discharged at the outlet of the impeller is converted 

into pressure energy before the water leaves the casing and enters the delivery pipe. 

C. Suction pipe with a foot valve and a strainer: A pipe whose one end is connected to 

the inlet of the pump and other end dips into water in sump is known as suction pipe. 

The foot valve opens only in the upward direction. A strainer is also fitted at the lower 

end of the suction pipe. 

D. Delivery pipe:A pipe whose one end is connected to the outlet of the pump and other 

end delivers the water at a required height is known as delivery pipe. 

Definitions of Heads:  

A. Suction Head(hs): It is the vertical height of the centre line of the centrifugal 

pump above the water surface in the tank or pump from which water is to be lifted. 

This height is also called suction lift. 

B. Delivery head(hd): The vertical distance between the centre line of the pump 

and the water surface in the tank to which water is delivered is known as delivery 

head.  

C. Static head (Hs): The sum of suction head and delivery head is known as static head.  

It is Hs = hs + hd 

Procedure: 

1. Note down the area of collecting tank, position of delivery pressure gauge(Z2) and arm 

distance of the spring from the centre of the shaft. 

2. Remove the air present in the suction and pressure pipe, volute casing by filling them with 

water. 

3. The speed control on the motor is set to a valve and at the same time the flow control valve 

is adjusted to give the maximum possible discharge. 

4. Conditions are allowed to steady before the rate of discharge Q, suction head, discharge 

head, load on the motor and r.p.m value were recorded. 

5. The flow rate is reduced in stages and the above procedure is repeated. 

 

Observation and Calculation: 

Area of collecting tank a , (m
2 

) = 0.128 m
2
 

Position of delivery pressure gauge(datum head) Z2 (m) = 34.5cm = 0.345m 

Motor radius (m) = 29cm= 0.29m Area of collecting tank a , (m
2 

) = 0.077 m
2
 

 Efficiency of motor ηm =0.8%  
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EMC     = 3200 pulse/kwhr 

Height of pressure gauge from suction pipe = 1 m 

S.No N(RPM) Pd(kg/cm
2
) Ps(mmhg) R1(cm) R2(cm) t(sec) P Tp(sec) 

1         

2         

3         

4         

5         

 

Pd = Delivery pressure 

Ps = Suction pressure 

R1 = Final level of water in measuring tank 

R2 = Initial level of water in measuring tank 

T = Time taken for R 

Tp = Time taken of pulse 

Ei = 
 

  
 

    

   
     

                      

   
  

  
        

   
  

  
        

     
    

     
        

 

7. Precautions:  

a) The water in sump tank should be free from foreign particles.  

b) Always start from lower speed.  

c) Do not run the pump at low voltage. 
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EXPERIMENT NO. 6 

 

OBJECTIVE: To Determine The Effect Of Vane Shape And Vane Angle On The Performance 

Of Centrifugal Fan. 

THEORY: 
Blowers are used to discharge higher volume (Q) of air at low pressure by rotation (N) of 

impeller. Motor rotates the impeller and impeller sucks the air through the center and delivers the 

air through its periphery. 

Power input to blower(Pi) = 

   Pi =    ( P. 3600 . 0.8)   /(t . ECM)      KW 

 

HEAD(H)                                               

   H =Δh(ρw-ρa/ρa) m in water 

Δh = h1 –h2 

           Velocity of air V = Cpitot               m/sec 

       Discharge ( Q)  =  A  x  V      m
3
/sec 

          Power imparted to air  

   Po  =  
      

    
   KW 

Overall Efficiency  

             ᵑo  %=(P0/Pi)x100    

Where : 

P = No. of pulses of energy meter 

t = Time taken for r (s) 

E.M.C. = Energy meter constant 

h1‘ = Static pressure gauge reading – cm of water 

h2‘ = Dynamic pressure gauge reading – cm of 

water 

h1                   =         static head  =  h1’/100  m in water 

h2 = Dynamic head = h2’/100 m in water 
             R‘  = Manometer reading cm of water 

R   =  Manometer head = R/100 m in water 

h      = R((ρw-ρa/ρa) m in water 

Standard Data 

d = ID of pipe at outlet = 69mm = (0.069m) 

A = ( d2/4)= cross sectional area of outlet pipe =0.00373 m
2
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    g = Acceleration due to gravity = 9.81 m/s
2 

 

ρa = Density of air = 1.19kg/m
3
 

ρw = Density of water = 1000kg/m
3
 

 

CPitot = Co-efficient of discharge for ‗Pitot‘ tube = 0.98 

E.M.C.= 3200 Pulses /kW hr 

Motor Efficiency = 0.8 

EXPERIMENTAL PROCEDURE: 

Starting Procedure : 

1. Check and fill water in manometer tube. 

2. Fix the impeller on the desired blower (say radial vane). 

3. Ensure that all On/Off switches given on the Panel are at OFF position. Now switch 

on the Main Power Supply (220 V AC, 50 Hz). 

4. Switch on the Blower. Adjust the speed of the Impeller with the help of DC Drive 

and RPM indicator, provided on the panel, to the speed at which experiment is to be 

performed. 

5. Measure the pressure difference, static head & dynamic head with the help of 

manometer. By this procedure, outlet readings can be found. Record the power 

consumption by means of Energy meter, provided in panel. 

6. Change flow by rotating the control valve by one step, again regulate the RPM of 

impeller, using DC drive and RPM indicator and take all the readings. Take 10 

readings. 

7. When experiment on first particular impeller is over, follow closing procedure and 

fix second desired impeller on blower. Repeat the experiment for second and third 

Impeller. 

 

Closing Procedure : 

1. When experiment is over, switch off the blower first. Adjust DC  drive knob at 

ZERO. 

2. Switch off power supply to Panel. 

 

OBSERVATION TABLE: 

Rotational 

speed of 

Impeller 

Flow 

rate 

opening 
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 8/10 
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Open 

    

 6/10 
Open 
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 5/10 
Open 

    

 4/10 
Open 

    

 3/10 
Open 

    

 2/10 
Open 

    

 1/10 Open     

RESULT TABLE: 

Plot graph between 
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PRECAUTIONS & TROUBLE SHOOTING: 
I. Always keep apparatus free from dust. 
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II. Keep the butterfly valve provided at suction and delivery closed when apparatus is 

not in use. Increase the speed of the motor gradually. 

III. If blower is not blowing the air, revolution of the DC motor may be reverse. Change the electric 

connection of motor to change the direction? 

IV. If panel is not showing input, check the fuse and main supply. 

V. If field failure (FF) indicates on the control panel and the motor is not moving, check the fuses, 

if burnt change it. 

VI. If overload (OL) indicates on the panel and motor stops moving, reduce the load. 

VII. If rpm indicator is not displaying the rpm, check the distance of proximity switch and    adjust it 
to 3mm. 

Lab Viva Questions 

1. Differentiate between Absolute and gauge pressures. 

2.  Mention two pressure measuring instruments. 

3. What is the difference weight density and mass density? 

4. What is the difference between dynamic and kinematic viscosity? 

5. Differentiate between specific weight and specific volume. 

6.  Define relative density. 

7.  What is vacuum pressure? 

8. What is absolute zero pressure? 

9. Write down the value of atmospheric pressure head in terms of water and Hg. 

10. Differentiate between laminar and turbulent flow. 

11. How will you classify the flow as laminar and turbulent? 

12.  Mention few discharge measuring devices 

13. Draw the venturimeter and mention the parts. 

14. Why the divergent cone is longer than convergent cone in venturimeter? 

15. Compare the merits and demerits of venturimeter with orifice meter. 

16. Why Cd value is high in venturimeter than orifice meter? 

17. What is meant by Co efficient of discharge? 

18. What is orifice plate? 

19. What do you mean by vena contracta? 

20. Define coefficient of discharge. 

21. State Bernoulli’s Theorem. 
22. Write down Hagen Poiseuille equation. 

23. Write down Darcy - weisback's equation. 

24. What is the difference between friction factor and coefficient of friction? 

25. What do you mean by major energy loss? 

26. List down the type of minor energy losses. 

27. Define turbine 

28. What are the classifications of turbine? 

29. Define impulse turbine. 

30. Define reaction turbine. 

31. Differentiate between impulse and reaction turbine. 

32. What is the function of draft tube? 

33. Define specific speed of turbine. 

34. What are the main parameters in designing a Pelton wheel turbine? 

35. What is breaking jet in Pelton wheel turbine? 

36. What is the function of casing in Pelton Turbine? 

37. Draw a simple sketch of Pelton wheel bucket. 
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38. What is the function of surge tank fixed to penstock in Pelton turbine? 

39. How the inlet discharge is controlled in Pelton turbine? 

40. What is water hammer? 

41. What do you mean by head race? 

42. What do you mean by tail race? 

43.  What is the difference between propeller and Kaplan turbine? 

44. Mention the parts of Kaplan turbine. 

45. Differentiate between inward and outward flow reaction turbine. 

46. What is the difference between Francis turbine and Modern Francis turbine? 

47. What is mixed flow reaction turbine? Give an example. 

48. Why draft tube is not required in impulse turbine? 

49. How turbines are classified based on head. Give example. 

50. How turbines are classified based on flow. Give example 

51. How turbines are classified based on working principle. Give example. 

52. What does velocity triangle indicates? 

53. Draw the velocity triangle for radial flow reaction turbine. 

54. Draw the velocity triangle for tangential flow turbine. 

55. Mention the type of characteristic curves for turbines. 

56. How performance characteristic curves are drawn for turbine. 

57. Mention the types of efficiencies calculated for turbine. 

58. Define pump. 

59. How pumps are classified? 

60. Differentiate pump and turbine. 

61. Define Rotodynamic pump. 

62. Define Positive displacement pump. 

63. Differentiate between Rotodynamic and positive displacement pump. 
64. Define cavitation in pump. 
65. What is the need for priming in pump? 
66. Give examples for Rotodynamic pump 
67. Give examples for Positive displacement pump. 
68. Mention the parts of centrifugal pump. 
69. Mention the type of casing used in centrifugal pump. 
70. Why the foot valve is fitted with strainer? 
71. Why the foot valve is a non return type valve? 
72. Differentiate between volute casing and vortex casing. 
73. What is the function of volute casing? 
74. What is the function of guide vanes? 
75. Why the vanes are curved radially backward? 
76. What is the function of impeller? 
77. Mention the types of impeller used. 
78. Define specific speed of pump. 
79. Mention the type of characteristic curves for pump 
80. How performance characteristic curves are drawn for pump. 
81. Mention the parts of reciprocating pump. 
82. What is the function of air vessel? 
83. What is slip of reciprocating pump? 
84. What is negative slip? 
85. What is the condition for occurrence of negative slip? 
86. What does indicator diagram indicates? 
87. What is the difference between actual and ideal indicator diagram? 
88. Briefly explain Gear pump. 
89. Differentiate between internal gear pump and external gear pump. 
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90. Briefly explain vane pump. 
91. What is rotary pump? 
92. Draw the velocity triangle for centrifugal pump. 
93. Draw the indicator diagram fro reciprocating pump. 
94. What is the amount of work saved by air vessel? 
95. Mention the merits and demerits of centrifugal pump. 
96. Mention the merits and demerits of reciprocating pump. 
97. What is separation in reciprocating pump? 
98. How separation occurs in reciprocating pump? 
99. Differentiate single acting and double acting reciprocating pump. 

 
 

 


