LAKIREDDY BALI REDDY COLLEGE OF ENGINEERING (AUTONOMOUS), MYLAVARAM

M.Tech.(TE), R17 Course Structure (Choice Based Credit System)

ISEMESTER
Contact Scheme of
I\SI(.) Course Course Title hours/week Credits Valuation
Code L [ T|P| Total CIE | SEE | Total
1 | 17TEO1 | Advanced Thermodynamics 3 |1-]- 3 3 40 60 100
> | 17TE02 Advanced Heat and Mass 3| .. 3 3 40 60 100
Transfer
3 | 17TE03 Intemgl Combustion Engines and 3 .. 3 3 40 60 100
Pollution
4 | PE-I Programme Elective -1 3 0-]- 3 3 40 60 100
5 { BE-II Programme Elective —II 300 -1- 3 3 40 60 100
6 | 17TE60 | Thermal Systems Lab - | -12 2 1 40 60 100
7 | 17TE61 | Simulation Lab = | = |2 2 1 40 60 100
8 | 17TE50 | Technical Seminar - - | 2 2 1 100 - 100
Add-on-Course-1
10 | 17TE90 | Thermal and Nuclear Power 3 - - 3 3 40 60 100
Plant Engineering
15/ 21/ » | 380/ | 420/ | 800/
Total | 4o | - 16| 54 | 121" | 104 | 480 | 000+

*With inclusion of Add on course

II SEMESTER
S. | ¢ Contact hours/week ?;I}emg of
No OHESE Course Title Credits auanon
Code L |T |P| Total CIE | SEE | Total |
1 | 17TE10 | Computational Fluid Dynamics 3 - - 3 3 40 60 100
2 | 17TE11 | Renewable Energy Technology | 3 - |- 3 3 40 60 100
3 | 17TE12 | Design of Thermal Systems 3 -] - 3 3 40 60 100
4 | PE-II | Programme Elective —IIT 3 -] - 3 3 40 60 100
5 | PE-IV | Programme Elective -1V 3 - - 3 3 40 60 100
6 | 17TE62 5:{)’6‘”31’16 Energy Technology | | _ 5] 1| 40 | 60 | 100
7 | 17TE63 | Computational Methods Lab - - 12 2 1 40 60 100
8 | 17TE51 | Mini Project - - 12 2 1 100 -- 100
Add-on-Course-2
10 | 17TE91 | Fuels, Combustion and 3 - |- 3 3 40 60 100
Environment
p: Total 15/ | 6 21/ 18/ 380/ | 420/ | 800/
/3 N 18* 24% | 21% | 420% | 480* | 900*
i [ yﬁh inclusion of Add on course KT HEAD
\ “)L‘ ¢S eptoi Mechanical Engitcering C&/
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III SEMESTER

Contact hours/week Schemt:, of
S Course k : Valuation
No Cone Course Title Tot Credits
LT P A CIE | SEE | Total
1 | PE-V Programme Elective -V 3] - - 3 3 40 60 100
2 | PE-VI Programme Elective -VI 3| - - 3 3 40 60 100
3 | 17TE52 | Internship - - - - 2 100 - 100
4 | 17TES3 | Project Work (Phase-I) - - 20 | 20 10 40 60 100
Total | 6 | - 20 | 26 | 12/15/18 | 220 | 180 400
IV SEMESTER
Scheme of
s; CC():;ze Course Title S o Credits Valuation
E 1 P iTotal CIE | SEE | Total
1 | 17TE54 | Project Work (Phase-1I) - - | 32 32 16 40 60 100
2 | 17TE55 | Comprehensive Viva Voce - -1 4 4 2 100 -- 100
Total | - - | 36 36 18 140 | 60 200
List of courses for Programme Elective- I & 11
S.No Course Code Course Title
1 17TEO4 Solar Energy
2 17TEQO5 Turbo Machines
3 17TE06 Statistical Analysis and Design of Experiments
4 17TEQ7 Advanced Fluid Mechanics
5 17TEO8 Finite Element Methods in Thermal engineering
6 17TE09 Nano Technology

Note: Students are required to choose any two courses as Programme Elective- I & 11

List of courses for Programme Elective- II1& IV

S.No Course Code Course Title
1 17TE13 Optimization Methods in Engineering
2 17TE14 Jet and Rocket Propulsion
3 171ELS Gas Turbine Theory
4 17TE16 Refrigeration and Cryogenics
p 17TE17 Measurements in Thermal Engineering
6 17TE18 Fuel Cell Technology

Note: Students are required to choose any two courses as Programme Elective- III & V.

List of courses for Programme Elective- V & VI

S.No | Course Code Course Title
1 I7TELS Waste Heat Recovery Systems
2 17TEZD Convective Heat and mass transfer
3 17TE2]1 Heating, Ventilating and Air-conditioning
4 17TE22 Energy Conservation and Management
5 17TELS Radiative Heat Transfer

2D 17TE24 Two Phase Flow and Heat Transfer

7 C /Note: Students are required to choose two/one courses as Programme Elective- II1 & IV,

| %","/—E‘e;{\gdmg on the add-on-courses opted"m@msfér T& L1 ¥
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LAKIREDDY BALI REDDY COLLEGE OF ENGINEERING (AUTONOMOUS), MYLAVARAM

T | P |Cr
M.Tech. (I Sem.) 17TE01 - ADVANCED THERMODYNAMICS 3] - -3
Pre-requisites: Thermodynamics
Course Educational Objective: To provide the insights on the laws of thermodynamics, exergy
and irreversibility of thermal systems, non-reactive and reactive mixtures and exergy based
power cycles
Course Outcomes: After the completion of the course, students should be able to
CO1  Understand the laws of thermodynamics applied to mixture of gases and
thermodynamic potentials
CO2  Analyze the thermodynamics laws for various thermal systems
CO3  Apply the thermodynamics laws to solve various numerical problems
CO4  Evaluate the thermodynamic properties of various thermal systems
CO5  Synthesize I law and IT law efficiency of various thermal systems.
UNIT -1
BASIC CONCEPTS: Thermodynamics - Temperature and Zeroth law of thermodynamics -
First law of thermodynamics-Applications - Limitations of first law - Concept of internal energy
- Second law of thermodynamics-Applications - concept of entropy-Third law of
Thermodynamics.
THERMODYNAMIC RELATIONS : Introduction — Reciprocity and cyclic relations — The
Maxwell’s relations — The Gibbs and Helmholtz relations - The Clapeyron Equation —
Applications, General relations for du, dh, ds - Co-efficient of volumetric expansion - Isothermal
compressibility-Applications.
UNIT- II
KINETIC THEORY OF AN IDEAL GAS: Kinetic theory of gases- introduction, basic
assumption, molecular flux, equation of state for an ideal gas, collisions with a moving wall,
principle of equipartition of energy, classical theory of specific heat capacity. Transport
phenomena-intermolecular forces, The Van der Waals equation of state, collision cross section,
mean free path.
UNIT- III
NON REACTIVE GAS MIXTURES: Introduction - Basic definitions for gas mixtures - PVT
relationship for mixtures of ideal gases - Properties of mixtures of ideal gases - Entropy change
due to mixing - Mixtures of perfect gases at different initial pressure and temperatures -
Applications.
REACTIVE GAS MIXTURES: Introduction- Fuels and Combustion-theoretical and actual
combustion processes- Enthalpy of formation and Enthalpy of reaction- First and Second law
analysis of reacting systems- Applications.
UNIT -1V
EXERGY : Introduction - Availability of heat - Availability of a closed system - Availability
function of the closed system - Availability of steady flow system - Availability function of
open system- Applications.
IRREVERSIBILITY: Introduction - Irrever51b111 y for closed-and open system - Steady flow
= i’*ogss — Effectiveness- Apphcatlons v 1D
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LAKIREDDY BALI REDDY COLLEGE OF ENGINEERING (AUTONOMOUS), MYLAVARAM

UNIT -V
ADVANCED POWER CYCLES:
Vapor power cycles: - Second law analysis of vapor power cycles, Cogeneratlon Binary vapor

cycles, combined gas vapor power cycles-Applications.
Gas power cycles: - Second law analysis of gas power cycles-Applications, Atkinson cycle,

Lenoir cycle

REFERENCES
1. Sonntag, Borgnakke, Van Wyllan, Fundamentals of Thermodynamics: 5" Edition John

Wiley and Sons, 2010.

2. YunusA.Cengel & Michael Boles, Thermodynamics (An Engineering Approach) 7% Edition 2011,
TMH

3. E.Rathakrishnan, Fundamentals of Engineering Thermodynamics 2™ Edition, EEE, PHI

Publishers, 2010.

P.K.Nag, Engineering Thermodynamics: 4" Edition 2008, TMH

J.P.Holman, Thermodynamics, 9% Edition, 2012, TMH

6. Kenneth WarkJt.m, Advanced Thermodynamics for Engineers, McGraw — Hill Inc., 1995.
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LAKIREDDY BALI REDDY COLLEGE OF ENGINEERING (AUTONOMOUS), MYLAVARAM

M.Tech. (I Sem.) 17TE02 - ADVANCED HEAT AND MASS TRANSFER | 3| - | - | 3

Pre-requisites: Thermodynamics, Heat transfer

Course Objective: To provide students an insight of heat and mass transfer laws, theories to
solve the problems of conduction, convection, radiation, two phase flows and mass transfer.

Course Qutcomes: At the end of the course the student will be able to
CO1  Understand the governing equations and boundary conditions of conduction, convection,
radiation, boiling, condensation and mass transfer.

CO2  Apply the concepts of heat transfer and solve problems related to 1-D and 2-D steady and
unsteady state heat transfer.

CO3  Analyze heat transfer phenomenon in various geometries.
CO4  Formulate the heat transtfer equations to solve problems of radiation.
CO5  Evaluate the mass transfer problems of different gas mixtures.

UNIT - I

INTRODUCTION: Modes of Heat transfer- Governing equations—1-D steady state conduction-
Fins of Uniform and Non Uniform cross sections, Rectangular Fin of minimum weight-1-D Heat
transfer with internal heat generation.

UNIT-II

TRANSIENT HEAT CONDUCTION: General Lumped capacitance analysis, Transient heat
flow in finite and semi infinite solid, Multidimensional systems, use of Heisler chart, Schmidt’s
method.

2-D STEADY STATE CONDUCTION: Method of separation of variables, FDM.

UNIT - III

FORCED-CONVECTION: General review, Laminar Flow: a similarity solution, Turbulent
flow, mixed boundary layer conditions, flow across cylinders and spheres, tube banks — inline
and staggered arrangement.

FREE-CONVECTION: Inclined and horizontal plates — the flow pattern and heat
transfer,tubes, enclosures, combined free and forced convection.

UNIT - IV

HEAT TRANSFER WITH PHASE CHANGE: Boiling modes, Pool boiling, flow boiling,
condensation: Nusselt’s theory, Film condensation, drop-wise condensation.

RADIATION: Review of radiation principles - laws of thermal radiation - Surface properties -
radiative heat exchange among diffuse, gray and non-gray surfaces separated by nonparticipating
media.

GAS RADIATION: Radiation transfer in enclosures containing absorbing and emitting media -
interaction of radiation with conduction and convection.

UNIT -V
MASS TRANSFER: Introduction- Analogy between heat and mass transfer-Mass diffusion-
Fick’s law of diffusion-Boundary conditions-Steady mass diffusion through a wall-Mass
convection-Analogy between friction, Heat transfer and Mass transfer coefficients-Significance
of Non — dimensional numbers. R -
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REDOY B GE OF ENGG
EDDY COLLEGE

KIREDDY BALI R FoAR:

LiﬂYLA\U\% M - 52 1‘230 Krishna Dt, GE/

\ M Tech (Thermal Fnoineerino) R17 Reounlatinne fw e £ 2017-18) Paoe & nf&d
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REFERENCES

l.

il Sl e

,...
e

11.

R.C.Sachdeva, Fundamentals of engineering heat and mass transfer, 5" edition, New age
publishers,2017

Necati Ozisik, Heat Transfer -TMH, 1985

Yunus Cengel, Heat Transfer a basic approach -TMH, 2007

J.P.Holman,Heat Transfer — TMH, 2010

P.S. Ghoshdastidar, Heat Transfer, Oxford Press

P.K Nag, Heat & Mass Transfer, TMH

Frank Kreith & Mark. Bohn Principle of Heat & Mass Transfer

Sadik Kakac and Yaman Yener, Heat Conduction, 2nd Edition, Hemisphere, 2001.
Kays, W. M. and Crawford, M. E., Convective Heat and Mass Transfer, 4th Edition,
Tata McGraw Hill,2012.

Siegel, R. and Howell, J. R., Thermal Radiation Heat Transfer, 4th Edition, Taylor &
Francis, 2002.

Incropera, F. P. and De Witt, D. P., Fundamentals of Heat and Mass Transfer, 5th
Edition, John Wiley & Sons, New York, 2006.
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LAKIREDDY BALI REDDY COLLEGE OF ENGINEERING (AUTONOMOUS), MYLAVARAM

L| L | B|EE

17TE03 - INTERNAL COMBUSTION ENGINES AND

M.Tech. (I Sem.) POLLUTION 3 - -1 3

Pre-requisites: Thermodynamics, Internal combustion engines

Course objectives: The main objective of the course is to provide the knowledge on
reciprocating internal combustion engines with emphasis on automobile and stationary
applications with recent developments. The focus is on explaining engine performance in terms
of power, energy utilization and exhaust emissions, its relation to internal processes like
combustion and gas exchange, and varying engine operating conditions.

Course outcomes: At the end of the course, the student will be able to:
CO1  Demonstrate the basic principles of internal combustion engine systems.
CO2  Comprehend the combustion phenomena in SI and CI engines
CO3  Describe the modern developments in Internal Combustion Engines.
CO4  Evaluate the performance of I.C engines and comprehend the necessity of alternate fuels
CO5  Analyze the engine exhaust emissions and its control measures.

UNIT -1
Engine Types and Their Operation:
Introduction and Historical perspective — Engine classifications - Engine components — Two
stroke and four stroke engines , comparison of Two stroke and four stroke engines — S.I. Engine
operation — C.I. Engine operation, comparison of S.I Engines and C.I Engines ,applications of
[.C engines, Engine design and operating parameters ,First law analysis of engine cycle-energy
balance.

.SUPERCHARGING: Supercharging and scavenging of I.C. engines, supercharging limits.
TURBOCHARGING: Turbo charging — Turbo charging methods

UNIT -1I

Combustion in Spark — Ignition Engines:

Introduction — Stages of combustion in SI Engine - Flame front propagation— Factors influencing
flame speed - Rate of pressure rise — Analysis of cylinder pressure data — Heat release analysis -
Cyclic variations in combustion, partial burning and misfire — Abnormal combustion and
knocking — Effects of detonation - Effect of engine variables on detonation — SI Engine
combustion chamber design principles — Types of combustion chambers

Combustion in Compression — Ignition Engines:

Introduction — Stages of combustion in CI Engine — Ignition delay — Factors effecting ignition
delay — Knocking in CI Engine — Factors affecting knocking - Types of Diesel Combustion
systems — Direct injection systems - Indirect injection systems, comparison of combustion
Systems - Combustion in direct injection multi spray — Analysis of cylinder pressure data - Heat
release analysis.

UNIT - 111

Modern Developments in I.C.Engines:

Lean burn engines. ceramic and adiabatic engines, working principle of dual fuel engines, factors

affecting the combustion in dual fuel engines, MPFI engines — operation, engines characteristics

of'multifuel engines. Introduction to working of stratified charged engines.

Wankel engine, working principle of Wankel engine. Features of rotary engines. Variable

compression ratio engines, theoretical analysis, methods of obtaining variable compression ratio.
;_-&_?_wsﬁgfihce ignition epgines. free pisgp'engines; EGR-hemogeneous charge combustion engines.

o
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LAKIREDDY BALI REDDY COLLEGE OF ENGINEERING (AUTONOMOUS), MYLAVARAM

UNIT -1V

Performance of IC Engines and Alternate fuels

Introduction - Parameters of performance — Engine performance characteristics — variables
affecting performance characteristics - Pressure- Volume measurement and combustion Analysis

performance test — heat balance test problems
Alternate Fuels: Necessity of Alternative fuels — Biodiesels-Transesterification process —Use of

Alcohols — Gaseous fuels -CNG — LPG — Hydrogen and Biogas.

UNIT-V

Pollutant Formation and Control:

Nature and extent of problem-Pollution Norms- Types of pollutants-Nitrogen Oxides — Carbon
Monoxide — Unburned Hydrocarbons — Particulate Emissions — Measurement of Emissions —
Oxides of Nitrogen, carbon monoxide, Unburned Hydrocarbons and smoke — Exhaust gas
treatment — Catalytic converters — Thermal reactors — Particulate traps.

REFERENCES

L. John. B.Heywood, “Internal Combustion Engine Fundamentals” Mc Graw -Hill

2. Obert E.F, Harper and Row “Internal Combustion Engine and Air Pollution”

3. V.Ganesan, “Internal Combustion Engines” Tata Mc Graw-Hill.

4. Maleeve V.L,“Internal Combustion Engines” Mc Graw -Hill Book Company

5. Mathur & Sharma,  “Internal Combustion Engines” Dhanpatrai Publishers.

6. Colin R.Ferguson, Allan T.Kirkpatrick, “Internal Combustion Engines”, John-Wiley
&Sons.

7 Obert, E. F., Internal Combustion Engines and Air Pollution, Harper and Row Publishers,

New York,1973.
8. Yadav, R., I. C. Engines and Air Pollution, Central Publishing House, 2002.
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LAKIREDDY BALI REDDY COLLEGE OF ENGINEERING (AUTONOMOUS), MYLAVARAM

M.Tech. (I Sem.) 17TE04 - SOLAR ENERGY 3| - -1 3

Pre-requisites: Non conventional sources of energy

Course Objective: To provide students knowledge of solar energy potential, measuring and
harnessing devices, systems and its applications.

Course Outcomes: At the end of the course the student will be able to
CO1 Comprehend the solar energy specialty, potential, measurement and estimation of solar
radiation.
CO2 Analyze the solar energy collection using flat plate collectors and performance.
CO3 Acquire knowledge on solar concentrating collectors and power cycles.
CO4 Comprehend the various energy storage systems and other solar devices.
CO5 Analyze the economics of direct solar energy conversion systems.

UNIT -1

Introduction — Solar energy option, specialty and potential — Sun - earth — Solar radiation , beam
and diffuse — measurement — estimation of average solar radiation on horizontal and tilted
surfaces — problems — applications.

UNIT - 11

Capturing solar radiation — physical principles of collection — types- liquid flat plate collectors —
construction details — performance analysis — concentrating collection — flat plate collectors with
plane reflectors — cylindrical parabolic collectors — Orientation and tracking — Performance
Analysis.-Design of solar water heating system and layout.

UNIT - III
Power generation — solar central receiver system — Heliostats and Receiver — Heat transport
system — solar distributed receiver system — Power cycles, working fluids and prime movers.

UNIT -1V

Thermal energy storage — Introduction — Need - Methods of sensible heat storage using solids
and liquids — Packed bed storage — Latent heat storage — working principle — construction —
application and limitations. ‘

Other solar Devices: — stills, air heaters, dryers, solar ponds & solar refrigeration.

UNIT -V

Direct energy conversion — solid — state principles — semiconductors — solar cells — performance
— modular construction — applications.

Economics: — Principles of Economics Analysis — Discounted cash flow — Solar system — life
cycle costs — cost benefit analysis and optimization — cost based analysis of water heating and
photo voltaic applications.
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LAKIREDDY BALI REDDY COLLEGE OF ENGINEERING (AUTONOMOUS), MYLAVARAM

REFERENCES:
L. Garg H.P., Prakash J., “Solar Energy Fundamentals and Applications”, Tata McGraw-
Hill, 2005.

2. Sukhatme S.P.,” Solar Energy — Principles of Thermal Collection & Storage”, Tata
McGraw Hill Publishing Company, 2008.

3. Foster R., Ghassemi M., Cota A., “Solar Energy”, CRC Press, 2010.

4. Duffie J.A., Beckman W.A. “Solar Engineering of Thermal Processes”, 3rded., Wiley,

2006.
5. De Vos, A., “Thermodynamics of Solar Energy Conversion”, Wiley-VCH, 2008.
6. Kalogirou S., “Solar Energy Engineering”, Processes and Systems, Elsevier, 2009.
ds Petela, R., “Engineering Thermodynamics of Thermal Radiation for Solar Power”,

McGraw-Hill Co., 2010.

8. Yogi Goswami D., Frank Kreith, Jan F. Kreider, “Principles of Solar Engineering”,
Second Edition, Taylor & Francis, 2003.

9. Andrews J., Jelley N., “Energy Science”, Oxford University Press, 2010
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LAKIREDDY BALI REDDY COLLEGE OF ENGINEERING (AUTONOMOUS), MYLAVARAM

T | P |Cr.

M.Tech. (I Sem.) 17TE0S - TURBO MACHINES 3| - -1 3

Pre-requisites: Fluid mechanics and hydraulic machines, Thermodynamics, Steam turbines and
gas turbines

Course Objective:
To learn about the Dimensional Analysis for Turbo machines, Performance levels of various
pumps, Characteristics of fans, blowers, axial compressors, gas and wind turbines performance.

Course Outcomes: At the end of the course the student will be able to
CO1  Categorize different types of Turbo machines and its importance in Real Industries.

Solve problems related to real compressors difficulties, steam nozzles and can do
job in Pump Industries.

CO3  Analyze and design real world Compressors used in Industries.

Get familiar with different technologies used in Gas Turbine and Aviation
Industries. _

CO5  Acquires the ability to solve the Wind Turbine Problems.

CO2

CcO4

UNIT - I

INTRODUCTION: Types of Turbo machines, Applications of Turbo machines, Performance
Characteristics, Methods of Analysis

DIMENSIONAL ANALYSIS: Dimensions and Dimensional Homogeneity, Buckingham Pi
Theorem, Other Non-dimensional Parameters for Turbo machines, Similarity Laws

ENERGY TRANSFER IN TURBO MACHINES: Review on Fluid Mechanics Related to
Turbo machinery, Energy in Flowing Fluids, Euler Equations, Equations for Axial Flow
Machines, Equations for Mixed and Radial Flow Machines. Degree of Reaction

UNIT-1I

CENTRIFUGAL PUMPS: Basic Construction and Classification, Basic Working Principles,
Performance Characteristics, Cavitation, Performance Modifications, Preliminary Design
Procedure, Pump Performance Tests Axial.

STEAM NOZZLES: Convergent and Convergent — Divergent nozzles,Energy balance,effect of
backpressure on the analysis

UNIT - III

CENTRIFUGAL FANS BLOWERS AND COMPRESSORS: Classification Performance
Parameters and Characteristics, Change of Performance, Polytropic Efficiency, Preliminary
Design of Centrifugal Compressors

AXIAL FLOW COMPRESSORS: Introduction. Basic Theory, Preliminary Design of
Compressor Stage, Determination of Stage Efficiency, Axial Flow Compressor Performance,
Surge and Stall in Compressor and the Remedies

UNIT -1V

GAS TURBINES: Introduction, Thermodynamics of Axial Flow Turbine, Degree of Reaction,
Preliminary Design Procedure for Turbine Stage, Determination of Turbine Stage Efficiency,
Axial Flow Turbine Performance, Compressor, Turbine Matching, Radial Inflow Gas Turbine,
Thermodynamic Processes in Radial Inflow Gas Turbine.

2 .l '” it "h;j'“i:ol: ti‘.
KIREDDY BALI REDDY COLL‘EG::
‘L;YLAVA&E-.T.‘! - 521 230, %fnshna Dt, A.P.

s

M Tarh Mharmal nainaarina D17 Danulatinne far a £ Y017 1QY Dama 11 ~F&A




LAKIREDDY BALI REDDY COLLEGE OF ENGINEERING (AUTONOMOUS), MYLAVARAM

. UNIT-V
WIND TURBINES: Introduction to Wind Power, Actuator Theory, Types of Wind Turbines,
Wind Turbines Characteristics and Preliminary Design Analysis, Variable Speed Performance of
Wind Turbines, Wind Turbine Applications.

REFERENCES :

L William W Perg, Fundamentals of Turbo machinery: John Wiley & Sons, Inc.

Z D. G. Shepherd, Principles of Turbo Machinery, The Macmillan Company

2. Cohen, H., Rogers, G.E.C., and Saravanamuttoo, Gas Turbine Theory, H.I.H Longman
Group Ltd, John Wiely, 5" Edition 2001.

4. Philip Hill and Carl Peterson Mechanics and thermodynamics of Propulsion-, Prentice
Hall
5 Dixon,Fluid Mechanics, Thermodynamics of Turbo machinery, Pergamon Press

6. Ganesan, V, Gas Turbines, Tata McGraw-Hill, New Delhi.
7 Mattingly J D, Elements of Gas turbine Propulsion, McGraw Hill, 1st Edition.1997.
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