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Heat Transfer (BTMES01T)
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Heat Transfer

Course Objective
The objective of this course js—

| This course is designed to learn the different modes of heat transfer like conduction, convection
| & Radiation and formulation of problem based on required ap blication.

It will help students to distinguish between steady and unstcady state heat transfer and their
applications will enable to calculate heat transfer rate from different geometry of the system
under free and forced convection.

It also aims to impart knowledge to analyze radiation with and without radiation shield. In
_flg(llm_]t also discusses methods to analyze & design heat cxchangers.

In all to generate interost mn learning to develop in depth understanding in Heat Transfer.

Course Qutcomes
After successiul completion of this course the student will be able (o:

Students will be able to define and compare the different modes of heat transfer and
CO1 | calculation of thermal resistance and heat transfer through plane and composite wall,

cylinder and sphere,

Students will be able to apply the concept of internal heat generation for the calculation of heat
CO2 [1_'an§t:er for p_lane wall, cylinder and ;phere and also learn aboqt various types of fins and their
significance in steady state conduction heat transfer caleulations. It will also help them to
understand the concept of unsteady state heat transter.
Students will be able o select and apply appropriate empirical correlations to estimate forced
convection and free convection heat transfer, for internal and external flows.,
Students will be able to evaluate heat transfer rate by radiation from idea] and actual
surfaces and enclosures of different geometries.
Students will be able to evaluate heat exchanger performance for
COos5 boundary conditions to deliver a desired heat transfer rate.
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SYLLABUS

Unit I

Introduction tg heat transfer, Basic modes of Heat Transfer, Conduction, Convection &
Radiation. Laws of Heat transter, General heat conduction equation in Cartesian coordinate
system (Derivation), General heat conduction equation in Cylindrical and Spherical
coordinates (Only expression).

One dimensional steady state heat conduction equation for plane wall, cylinder and sphere,
Overall heat transfer coefficient. Thermal resistance of composite  structure, contact
resistance, critjcal thickness of insulation. (Numerical treatment expected)

Unit 11 07

Conduction with internal heat generation for plane wall, Cylinder and Sphere
Numericals on plane wal] only.

Unsteady state heat transfer, lumped heat capacity analysis, Heisler’s charts, Biot’s
Number, Fourier’s Number & its significance,

Extended surface, Types of Fing, temperature distribution and their heat transfer rate, Fin
efficiency & Effectiveness. (Numerical treatment cxpected).

Unit I11

Forced convectiog :Concept of hydrodynamics & thermal boundary layer thickness,
local and average heat transfer coefficient. Flow over flat plate, c¢ylinder. Laminar &
turbulent flow through pipe.(Numerical treatment expected).

Free or Natural Convection :Flow over horizontal and vertical plates, cylinders
(Numerical treatment expected)

Boiling and Condensation heat transfer: Poo] boiling curve and regimes of pool
boiling, Film and Drop wise condensation (Only theoretical concept).

Unit 1V

Radiation: Radiation from ajj bodies, Laws of radiation, Emissivity, Absorptivity,
Tmnsmissivity, Reflectivity, Radiosity, Emissive power, Irradiation, Shape Factor.

Laws of Shape Factor,Radiation exchange between parallel plates, cylinder & spheres.
(Numerical treatment expected).

Radiation shields (Only Concept).

Unit vV 07
Heat exchanger: Detaj] Classification, Overal] Heat Transfer Cocfficient, Fouling
Factor, LMTD & Effectiveness -NTU method of heat exchanger analysis for paralle],
counter flow arrangement. (Numerical treatment expected).

~ - —— —~-umerial trediment expected).
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Books Recommended:

Text Book

1. Fundamentals of Heat & Mass Transfer, Incropera, F.P., Dewitt, D. P., John Wiley & Sons.
2. Heat Transfer, J.P. Holman, McGraw Hill Book Company, New York.

3. Fundamentals of Heat and Mass Transfer, K. N. Sectharam & T.R. Sectharam, Willey.

4. Engineering Heat and Mass Transfer, M.M. Rathor, Laxmi Publications Pvt. Ltd.

Reference Book
1. Fundamentals of Heat and Mass Transfer, Venkanna B.K., PHI Publication.

. Principles of Heat Transfer, Frank Kreith, Harper and Row Publishers, New York.

. Heat Transfer - A Practical Approach, Yunus A. Cengel, Tata McGraw Hill Publishing
Company Ltd., New Delhi.
4. Heat & Mass Transfer, M.N. Ozisik, Tata McGraw Hill Publishing Company Ltd., New Delhi.
5. Heat & Mass Transfer, R.K. Rajput, Laxmi Publication.

DATA BOOK:
1. Heat & Mass Transfer, Domkundwar, Dhanapat Rai & Sons Publication.
2. Heat & Mass Transfer, C.P.Kothandaraman, PHI publishers.




RTM Nagpur University- Mechanical Engineering
B.Tech 5™ Semester
Heat Transfer Lab (BTMES501P)
Syllabus (Practical)
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Heat Transfer
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Course Qutcomes

After successful completion of this course the student will be able to-

Students will be able to determine the heat transfer rates through various cross-sections

COl1 . Sl
and mediums in different modes.

Cco2 Student will be able to acquire, tabulate, analyze experimental data, and draw
interpretation and conclusions

CO3 Student will be able to calculate radiation heat transfor and utilize that knowledge in
designing any heat transfer application.

CO4 | Student will be able to understand heat exchanger analysis.

COS | Student will able to select the proper heat exchangers per system requirements.

List of Practical’s

s List of Practical’s

No.

01| To determine the thermal conductivity of insulating material.

02 | To determine the thermal conductivity of metal bar.

U3 | Determination of thermal conductivity of composite wall.

04 | Determination of Stefan Boltzmann constant.

U5 | Determination of heat transfer coctficient in natural convection for vertical tube.

06 | To determine heat transfer coefficient in forced convection for fluid flowing through a duct.

07 | Determination of temperature distribution & heat transler rate from fin under free and

forced convection,

98 | Determination of emissivity of non-black body.

09 | To determine the effectiveness of a concentric tube heat exc hanger.

101 To determine the critical heat flux.

1T | Determination of heat transfer rate in unsteady state heat transfer.

12 | To determine the heat transfer coefficient in film wise and drop wise condensation.
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ance of shell and tube heat exchanger using computer-based setup.

Mlmmum 2-3 virtual eXperiment to be conductcd
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Qrudy of various lyp(,s of Heat Exchangers,

Note : At least § practicals from the apoye list are expected.




RTM Nagpur University- Mechanical Engineering
B.Tech 5" Semester
Energy Conversion - I (BTMES02T)
Syllabus (Theory)
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Sr. | Course Objective
No. | The objective of this course is—
1 | To expose the students to the practical applications of engineering thermodynamics &
working of steam power plants,
To gain the knowledge of various components of the thermal power plant like boiler,
2 nozzles, turbines and condensers and will be able to evaluate the performance parameters
of these components.
3 | To understand the concept of utilizing residual heat in thermal systems.

Course OQutcomes

After successful completion of this course the student will be able to:

Explain, classify, analyze the steam generators (i.e. Boilers), boiler mountings &

COl | accessories. Also cvaluate the performance parameters of boiler.
Cco2 Explain the concepts of fluidized bed boilers and various draught system and evaluate
e performance parameters of natural draught system (i.e. chimney).
Explain the importance of steam nozzle and determine its throat area, exit area, exit
CO3 | velocity. Also compare impulse and reaction steam turbines and explain the concept of
governing of steam turbine.
Explain the methods of compounding of steam turbine, various energy losses in steam
CO4 | turbine and able to draw velocity diagrams of steam turbine blades to analyze the angles of
the blades, work done, thrust, power, efficiencies of turbine.
CO5 Explain, classify the stcam condensers, cooling towers and evaluate performance parameters

ol surface condenser.
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SYLLABUS

Contents No. of

hours

Unit 1 08

Introduction to layout of thermal power plant, Principle of steam generation,

nceessity of water treatment, Classification of steam generators (i.e. Boilers),

comparison of fire tube & water tube boilers, high pressure boilers, boiler mountings

and accessories.

Performance of steam generators: Evaporation capacity, equivalent evaporation,

boiler efficiency and preparation of Heat balance sheet of boiler.

Unit 11 07

Draught and its classification, calculations for chimney height, chimney diameter &

efficiency. Condition for maximum discharge,

Fluidized bed boiler: Bubbling fluidized bed boilers, circulating fluidized bed boilers.

(Elementary treatment expected)

Coal handling systems and ash handling systems.

— T s SySlems and ash FE e
Unit 111 07
Steam nozzles: Adiabatic expansion in nozzles, maximum discharge, critical
pressure ratio and effects of friction, calculation of throat, exit areas and exit velocity
of nozzle, supersaturated flow, Wilson Line.

Steam turbines: Working principle of steam turbines, classification of steam
turbines, and comparison of impulse and reaction turbine, governing of steam
turbines. ;

Unit IV 08
Compounding of steam turbines, Energy losses in stcam turbines, flow of steam
through turbine blades, rcheat factors, velocity diagrams, graphical and analytical
methods, work done, thrust and power, dimensions and proportioning of the blades,

steam  turbine efficiencies, condition for maximum efficiencies. (Analytical
Treatment on simple Impulse turbine, Reaction turbine and two stage impulse turbine

1s expected)

Unit V 07
Steam condensers: Classification of condensers, quality and quantity of cooling

water required, calculations for surface condenser, Dalton’s law of partial pressure,

sources of air leakages and air removal, air ejectors.

Cooling towers: Natural draught and forced draught cooling towers, cooling ponds

>
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References:

Text Books Recommended:
I

N

.Reference Books Recommended:
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A Course in Power Plant Engineering, S.C. Arora S. Domkundwar & V.M.
Domkundwar, Dhanpat Rai & Co Publications.

Thermal Engineering, P.L. Ballaney, Khanna Publications.
Thermal Engineering, R. K. Rajput, Laxmi publications.
Thermal Engineering, M.M, Rathode, TMH publication.

A Course in Thermal Engineering, Anand Domkundwar, C.p. Kothandaraman,
S. Domkundwar, Dhanpat Rai & Co Publications.

Thermal Engineering, Mathur & Mehtra, Jain Brotl
Heat Engineering, V.P. Vasandani & D.S. Kum
Power Plant Engineering, AK. R
Publishers.

Fluidized Bed Combustion, S. Oka and E. Anthony, Marcel Dekker Inc.
Power Plant Engineering, M. M. EI- Wakil, McGraw Hill International.
Charles H Butler: Cogeneration” McGraw Hill.
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B. Tech 5" Semester
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Syllabus (Theory)
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Course Objective
| The objective of this course is—

"o study the basic principles of mechanical components design based on strength and
‘igidity using design data, various standards, codes, etc. and prepare component
rawings.

Course Qutcomes

iccessful completion of this course the student will be able to:

Apply principals of static loading for design of Cotter joint, Knuckle joint.

Jesign bolted, welded joints, power screws & pressure vessels.

esign the power transmission shaft & coupling.

Design components subjected to fatigue or fluctuating stresses. Also, will be able to apply
principles for determining bending stresses for design of curved beams e.g. crane hook,
C-Frame.

Design clutches, brakes and springs.
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SYLLABUS

Contents

No of
hours

Unit 1

Mechanical Engineering Design, Design methods, Aesthetic and Ergonomics
consideration in design, Material properties and their uses in design, Manufacturing
consideration in design, Design consideration of casting and forging, Basic principle
of Machine Design, Modes of failures, Factor of safety, Design stresses, Theories of!
failures (Selection in the process of designing), Standards, 1.S. Codes, Preferred
Series and Numbers

Design of Joints against static loads: Cotter joint and Knuckle joint

>
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Unit I1

Design of bolted and welded joints under axial and cccentric loading conditions.
Design of power screw: Thread forms, multiple threaded screws, terminology of]
power screw, design of screw jack.

Design of Cylinder & Pressure Vessels: Types of pressure vessel, stresses induced in
pressure vessel, Lame’s, Clavarino’s and Bernie’s equations. Design of cylindrical &
spherical pressure vessels. Design of nut, bolt, gasket & covers for pressure vessel.

Unit II1

Design of shaft for power transmission, static and fatigue criteria for shaft design,
ASME codes for shaft design, Design of keys.

Design of rigid and flexible coupling.

Unit IV:

Design against fluctuating loads: variables stresses, reversed, repeated, fluctuating
stresses. Fatigue failure: static and fatigue stress concentration factors, Endurance
limit- estimation of endurance limit, Design for finite and infinite life, Soderberg and
Goodman design criteria, Fatigue design under combined stresses.

Curved Beams: Assumptions made in the analysis of curved beams, Design of
curved beams, bending stresses in curved beams, such as crane hook, C-frame, etc.

Unit V:

Design of clutches and brakes: Single and multiple plate clutch, constant wear and
constant pressure theory for plate clutches, Internal and external shoe brakes and
band brakes. Introduction to disc brakes and its design concepts.

Design of Springs: Spring material, Helical compression & tension springs under

static and variable loads, Leaf spring, Laminated Springs.




IfI:; List of Tutorials

01| Numerical on Design against static loads: Cotter joint and Knuckle joint

02 | Numerical on design of bolted and welded joints

03 | Numerical on design of power screw

04 | Numerical on design of Cylinder & Pressure Vessels

05 | Numerical on design of shaft, keys and coupling

06 | Numerical on design of coupling

07 | Numerical on Design of clutches and brakes

08 | Numerical on Design of springs under static and variable loads.

Eeferences:

Text Books Recommended:

L. Design of Machine Elements, B.D. Shiwalkar. Central Techno publications
2. Design of Machine Elements, V. B. Bhandari., McGraw Hill education.

3. Design of Machine Elements, Sharma & Purohit, PHI.

4. Design Data book, B.D. Shiwalkar, Central Techno publications.

5. Mechanical Engg. Design, Shigley J E, TMH.

0. Design Data Book, PSG.

Reference Books Recommended:

1. Mechanical Design Analysis, M. F, Spotts, Prentice-Hall.

2. Machine Component Design, Robert C. Juvinall, Kurt M. Marshele, Wiley.
3. Machine Design, Malcev& Hartman, CBS publishers.

4. Hand book of Machine Design, Shigley&Mischke, McGraw Hill,

5. Machine Design, Robert L.Norton, Pearson.











































