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This festschrift in honor of Professor Budugur
Lakshminarayana's 60th birthday-based on the
proceedings of a symposium on Turbomachinery
Fluid Dynamics and Heat Transfer held recently at
The Pennsylvania State University, University Parkprovides authoritative and conclusive research
results as well as new insights into complex flow
features found in the turbomachinery used for
propulsion, power, and industrial applications.
Explaining in detail compressors, heat transfer fields
in turbines, computational fluid dynamics, and
unsteady flows, Turbomachinery Fluid Dynamics and
Heat Transfer covers: Mixing mechanisms, annulus
wall boundary layers, and the flow field in transonic
turbocompressors The numerical implementation of
turbulence models in a computer code Secondary
flows, film cooling, and thermal turbulence modeling
The visualization method of modeling using liquid
crystals Innovative techniques in the computational
modeling of compressor and turbine flows
measurement in unsteady flows as well as axial
flows and compressor noise generation And much
more Generously illustrated and containing key
bibliographic citations, Turbomachinery Fluid
Dynamics and Heat Transfer is an indispensable
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resource for mechanical, design, aerospace, marine,
manufacturing, materials, industrial, and reliability
engineers; and upper-level undergraduate and
graduate students in these disciplines.
Principles of Nuclear Rocket Propulsion provides an
understanding of the physical principles underlying
the design and operation of nuclear fission-based
rocket engines. While there are numerous texts
available describing rocket engine theory and
nuclear reactor theory, this is the first book available
describing the integration of the two subject areas.
Most of the book’s emphasis is primarily on nuclear
thermal rocket engines, wherein the energy of a
nuclear reactor is used to heat a propellant to high
temperatures and then expel it through a nozzle to
produce thrust. Other concepts are also touched
upon such as a section devoted to the nuclear pulse
rocket concept wherein the force of externally
detonated nuclear explosions is used to accelerate a
spacecraft. Future crewed space missions beyond
low earth orbit will almost certainly require propulsion
systems with performance levels exceeding that of
today’s best chemical engines. A likely candidate for
that propulsion system is the solid core Nuclear
Thermal Rocket or NTR. Solid core NTR engines are
expected to have performance levels which
significantly exceed that achievable by any currently
conceivable chemical engine. The challenge is in the
engineering details of the design which includes not
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only the thermal, fluid, and mechanical aspects
always present in chemical rocket engine
development, but also nuclear interactions and some
unique materials restrictions. Sorts and organizes
information on various types of nuclear thermal
rocket engines into a coherent curriculum Includes a
number of example problems to illustrate the
concepts being presented Features a companion
site with interactive calculators demonstrating how
variations in the constituent parameters affect the
physical process being described Includes 3D
figures that may be scaled and rotated to better
visualize the nature of the object under study
Provides an essential treatment of the subject and
rigorous methods to solve all kinds of energy
engineering problems.
Now in its third edition, Jet Propulsion offers a selfcontained introduction to the aerodynamic and
thermodynamic design of modern civil and military
jet engine design. Through two-engine design
projects for a large passenger and a new fighter
aircraft, the text explains modern engine design.
Individual sections cover aircraft requirements,
aerodynamics, principles of gas turbines and jet
engines, elementary compressible fluid mechanics,
bypass ratio selection, scaling and dimensional
analysis, turbine and compressor design and
characteristics, design optimization, and off-design
performance. The civil aircraft, which formed the
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core of Part I in the previous editions, has now been
in service for several years as the Airbus A380.
Attention in the aircraft industry has now shifted to
two-engine aircraft with a greater emphasis on
reduction of fuel burn, so the model created for Part I
in this edition is the new efficient aircraft, a twin
aimed at high efficiency.
The book is written for engineers and students who
wish to address the preliminary design of gas turbine
engines, as well as the associated performance
calculations, in a practical manner. A basic
knowledge of thermodynamics and turbomachinery
is a prerequisite for understanding the concepts and
ideas described. The book is also intended for
teachers as a source of information for lecture
materials and exercises for their students. It is
extensively illustrated with examples and data from
real engine cycles, all of which can be reproduced
with GasTurb (TM). It discusses the practical
application of thermodynamic, aerodynamic and
mechanical principles. The authors describe the
theoretical background of the simulation elements
and the relevant correlations through which they are
applied, however they refrain from detailed scientific
derivations.
Designed by two MIT professors, this authoritative
text transcends the limitations and ambiguities of
traditional treatments to develop a deep
understanding of the fundamentals of
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thermodynamics and its energy-related applications.
Basic concepts and applications are discussed in
complete detail, with attention to generality, rigorous
definitions, and logical consistency. More than 300
solved problems span a wide range of realistic
energy systems and processes.
This comprehensive text provides basic
fundamentals of computational theory and
computational methods. The book is divided into two
parts. The first part covers material fundamental to
the understanding and application of finite-difference
methods. The second part illustrates the use of such
methods in solving different types of complex
problems encountered in fluid mechanics and heat
transfer. The book is replete with worked examples
and problems provided at the end of each chapter.
This textbook provides a strong foundation in the
basic thermodynamics needed to analyze real-world
engineering applications of thermodynamics in the
field of energy systems. Written in a format readable
to students new to the subject, this book will also
help entrepreneurs venturing into the world of energy
and power without a background in mechanical
engineering.This book presents the basic theories of
thermodynamics by focusing on the application of
the subject matter to the most common applications
of thermodynamics. It takes real-world problems
from the author's over 40 years of experience as a
practical, professional engineer and provides inPage 5/18
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depth solutions to each problem using concepts the
student has learned from earlier chapters. The case
studies provide both examples of how
thermodynamics is used in state-of-the-art tools to
solve the case studies' problems, as well as ideas for
future energy-efficient systems.
This open access book presents the findings of
Collaborative Research Center Transregio 40
(TRR40), initiated in July 2008 and funded by the
German Research Foundation (DFG). Gathering
innovative design concepts for thrust chambers and
nozzles, as well as cutting-edge methods of aft-body
flow control and propulsion-component cooling, it
brings together fundamental research undertaken at
universities, testing carried out at the German
Aerospace Center (DLR) and industrial
developments from the ArianeGroup. With a
particular focus on heat transfer analyses and novel
cooling concepts for thermally highly loaded
structures, the book highlights the aft-body flow of
the space transportation system and its interaction
with the nozzle flow, which are especially critical
during the early phase of atmospheric ascent.
Moreover, it describes virtual demonstrators for
combustion chambers and nozzles, and discusses
their industrial applicability. As such, it is a timely
resource for researchers, graduate students and
practitioners.
The book follows a unified approach to present the
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basic principles of rocket propulsion in concise and
lucid form. This textbook comprises of ten chapters
ranging from brief introduction and elements of
rocket propulsion, aerothermodynamics to solid,
liquid and hybrid propellant rocket engines with
chapter on electrical propulsion. Worked out
examples are also provided at the end of chapter for
understanding uncertainty analysis. This book is
designed and developed as an introductory text on
the fundamental aspects of rocket propulsion for
both undergraduate and graduate students. It is also
aimed towards practicing engineers in the field of
space engineering. This comprehensive guide also
provides adequate problems for audience to
understand intricate aspects of rocket propulsion
enabling them to design and develop rocket engines
for peaceful purposes.
Geared toward advanced undergraduates and
graduate students, this text develops the concepts of
electrical acceleration of gases for propulsion, from
primary physical principles to realistic space thruster
designs. 1968 edition.
This book provides a comprehensive basics-toadvanced course in an aero-thermal science vital to
the design of engines for either type of craft. The text
classifies engines powering aircraft and single/multistage rockets, and derives performance parameters
for both from basic aerodynamics and
thermodynamics laws. Each type of engine is
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analyzed for optimum performance goals, and
mission-appropriate engines selection is explained.
Fundamentals of Aircraft and Rocket Propulsion
provides information about and analyses of:
thermodynamic cycles of shaft engines (piston,
turboprop, turboshaft and propfan); jet engines
(pulsejet, pulse detonation engine, ramjet, scramjet,
turbojet and turbofan); chemical and non-chemical
rocket engines; conceptual design of modular rocket
engines (combustor, nozzle and turbopumps); and
conceptual design of different modules of aeroengines in their design and off-design state. Aimed
at graduate and final-year undergraduate students,
this textbook provides a thorough grounding in the
history and classification of both aircraft and rocket
engines, important design features of all the engines
detailed, and particular consideration of special
aircraft such as unmanned aerial and short/vertical
takeoff and landing aircraft. End-of-chapter exercises
make this a valuable student resource, and the
provision of a downloadable solutions manual will be
of further benefit for course instructors.
Nunn provides an overview of the topic of fluid
mechanics, a subject often considered essential in
college engineering programs.
During the last decade, rapid advances have been
made in the area of flow analysis in the components
of gas turbine engines. Improving the design
methods of turbomachine blade rows and under
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standing of the flow phenomena through them, has
become one of the major research topics for
aE'rodynamists. This increase of research efforts is
due to the need of reducing the weight and fuel
consumption of turbojet engines for the same thrust
levels. One way of achieving this is to design more
efficient components working at high local velocities.
Design efforts can lead to desired results only if the
details of flow through the blade rows are
understood. It is also known that for aircraft
propulsion systems development, time and cost can
be reduced significantly if the perf ormance can be
predicted with conf idence and enough precision.
This· generally iK:eds sophisticated two or three
dimensional computer codes that can give enough
information for design and performance prediction. In
the recent years, designers also started to use these
sophisticated codes more and more with confidence,
in connection with computer aided design and
manufacturing techniques. On the other hand, the
modelling and solution of flow and the meast
Readers of this book will be able to: utilize the fundamental
principles of fluid mechanics and thermodynamics to analyze
aircraft engines, understand the common gas turbine aircraft
propulsion systems and be able to determine the applicability
of each, perform system studies of aircraft engine systems for
specified flight conditions, perform preliminary aerothermal
design of turbomachinery components, and conceive,
analyze, and optimize competing preliminary designs for
conventional and unconventional missions. Early coverage of
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cycle analysis provides a systems perspective, and offers
context for the chapters on turbomachinery and components
Broader coverage than found in most other books - including
coverage of propellers, nuclear rockets, and space propulsion
- allows analysis and design of more types of propulsion
systems In depth, quantitative treatments of the components
of jet propulsion engines provides the tools for evaluation and
component matching for optimal system performance Worked
examples and end of chapter exercises provide practice for
analysis, preliminary design, and systems integration
In this textbook, the authors show that a few fundamental
principles can provide students of mechanical and
aeronautical engineering with a deep understanding of all
modes of aircraft and spacecraft propulsion. The book also
demonstrates how these fundamental principles can lead
directly to useful quantitative assessments of performance as
well as possibilities for improvement. The second edition
provides a wide range of new illustrative material on modern
aircraft and rocket engines. The author s have also improved
their explanations of pertinent physical phenomena and have
introduced preliminary design procedures in this edition.
The ninth edition of Thermodynamics and Heat Power
contains a revised sequence of thermodynamics concepts
including physical properties, processes, and energy
systems, to enable the attainment of learning outcomes by
Engineering and Engineering Technology students taking an
introductory course in thermodynamics. Built around an easily
understandable approach, this updated text focuses on
thermodynamics fundamentals, and explores renewable
energy generation, IC engines, power plants, HVAC, and
applied heat transfer. Energy, heat, and work are examined in
relation to thermodynamics cycles, and the effects of fluid
properties on system performance are explained. Numerous
step-by-step examples and problems make this text ideal for
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undergraduate students. This new edition: Introduces physicsbased mathematical formulations and examples in a way that
enables problem-solving. Contains extensive learning
features within each chapter, and basic computational
exercises for in-class and laboratory activities. Includes a
straightforward review of applicable calculus concepts. Uses
everyday examples to foster a better understanding of
thermal science and engineering concepts. This book is
suitable for undergraduate students in engineering and
engineering technology.
The focus of Thermodynamics: Concepts and Applications is
on traditional thermodynamics topics, but structurally the book
introduces the thermal-fluid sciences. Chapter 2 includes
essentially all material related to thermodynamic properties
clearly showing the hierarchy of thermodynamic state
relationships. Element conservation is considered in Chapter
3 as a way of expressing conservation of mass. Constantpressure and volume combustion are considered in Chapter 5
- Energy Conservation. Chemical and phase equilibria are
treated as a consequence of the 2nd law in Chapter 6. 2nd
law topics are introduced hierarchically in one chapter,
important structure for a beginner. The book is designed for
the instructor to select topics and combine them with material
from other chapters seamlessly. Pedagogical devices include:
learning objectives, chapter overviews and summaries,
historical perspectives, and numerous examples, questions
and problems and lavish illustrations. Students are
encouraged to use the National Institute of Science and
Technology (NIST) online properties database.
Experimental Methods in Heat Transfer and Fluid Mechanics
focuses on how to analyze and solve the classic heat transfer
and fluid mechanics measurement problems in one book.
This work serves the need of graduate students and
researchers looking for advanced measurement techniques
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for thermal, flow, and heat transfer engineering applications.
The text focuses on analyzing and solving classic heat
transfer and fluid mechanics measurement problems,
emphasizing fundamental principles, measurement
techniques, data presentation, and uncertainty analysis.
Overall, the text builds a strong and practical background for
solving complex engineering heat transfer and fluid flow
problems. Features Provides students with an
understandable introduction to thermal-fluid measurement
Covers heat transfer and fluid mechanics measurements from
basic to advanced methods Explains and compares various
thermal-fluid experimental and measurement techniques
Uses a step-by-step approach to explaining key
measurement principles Gives measurement procedures that
readers can easily follow and apply in the lab
With the changing technological environment, the aircraft
industry has experienced an exponential growth. Owing to the
escalating use of aircrafts nowadays, it is required for the
professionals and learners of the field to have conceptual
understanding of propulsion systems and ability to apply
these concepts in a way to develop aircrafts that make them
fly further, higher and faster. Designed as a text for the
undergraduate students of Aerospace and Aeronautical
Engineering, the book covers all the basic concepts relating
to propulsion in a clear and concise manner. Primary
emphasis is laid on making the understanding of theoretical
concepts as simple as possible by using lucid language and
avoiding much complicated mathematical derivations. Thus,
the book presents the concepts of propulsion in a style that
even the beginners can understand them easily. The text
commences with the basic pre-requisites for propulsion
system followed by the fundamental thermodynamic aspects,
laws and theories. Later on, it explains the gas turbine engine
followed by rocket engine and ramjet engine. Finally, the
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book discusses the introductory part of an advanced topic,
i.e., pulse detonation engine.
In this textbook, the authors show that a few fundamental
principles can provide students of mechanical and
aeronautical engineering with a deep understanding of all
modes of aircraft and spacecraft propulsion.
Although the basic theories of thermodynamics are
adequately covered by a number of existing texts, there is
little literature that addresses more advanced topics. In this
comprehensive work the author redresses this balance,
drawing on his twenty-five years of experience of teaching
thermodynamics at undergraduate and postgraduate level, to
produce a definitive text to cover thoroughly, advanced
syllabuses. The book introduces the basic concepts which
apply over the whole range of new technologies, considering:
a new approach to cycles, enabling their irreversibility to be
taken into account; a detailed study of combustion to show
how the chemical energy in a fuel is converted into thermal
energy and emissions; an analysis of fuel cells to give an
understanding of the direct conversion of chemical energy to
electrical power; a detailed study of property relationships to
enable more sophisticated analyses to be made of both high
and low temperature plant and irreversible thermodynamics,
whose principles might hold a key to new ways of efficiently
covering energy to power (e.g. solar energy, fuel cells).
Worked examples are included in most of the chapters,
followed by exercises with solutions. By developing
thermodynamics from an explicitly equilibrium perspective,
showing how all systems attempt to reach a state of
equilibrium, and the effects of these systems when they
cannot, the result is an unparalleled insight into the more
advanced considerations when converting any form of energy
into power, that will prove invaluable to students and
professional engineers of all disciplines.
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For the first time simplified methods of dealing with gas
turbine thermal cycles, and further theoretical innovations,
have been embodied into a concise textbook. All the major
aspects of the subject are covered in a comprehensive and
lucid manner. Examples are included for greater clarity
This survey of thermal systems engineering combines
coverage of thermodynamics, fluid flow, and heat transfer in
one volume. Developed by leading educators in the field, this
book sets the standard for those interested in the thermalfluids market. Drawing on the best of what works from market
leading texts in thermodynamics (Moran), fluids (Munson) and
heat transfer (Incropera), this book introduces thermal
engineering using a systems focus, introduces structured
problem-solving techniques, and provides applications of
interest to all engineers.
Mechanics and Thermodynamics of PropulsionReading,
Mass. ; Don Mills, Ont. : Addison-Wesley, c1992 [i.e. 1991]
Throughout most of the twentieth century, electric propulsion
was considered the technology of the future. Now, the future
has arrived. This important new book explains the
fundamentals of electric propulsion for spacecraft and
describes in detail the physics and characteristics of the two
major electric thrusters in use today, ion and Hall thrusters.
The authors provide an introduction to plasma physics in
order to allow readers to understand the models and
derivations used in determining electric thruster performance.
They then go on to present detailed explanations of: Thruster
principles Ion thruster plasma generators and accelerator
grids Hollow cathodes Hall thrusters Ion and Hall thruster
plumes Flight ion and Hall thrusters Based largely on
research and development performed at the Jet Propulsion
Laboratory (JPL) and complemented with scores of tables,
figures, homework problems, and references, Fundamentals
of Electric Propulsion: Ion and Hall Thrusters is an
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indispensable textbook for advanced undergraduate and
graduate students who are preparing to enter the aerospace
industry. It also serves as an equally valuable resource for
professional engineers already at work in the field.
New edition of the successful textbook updated to include
new material on UAVs, design guidelines in aircraft engine
component systems and additional end of chapter problems
Aircraft Propulsion, Second Edition follows the successful first
edition textbook with comprehensive treatment of the subjects
in airbreathing propulsion, from the basic principles to more
advanced treatments in engine components and system
integration. This new edition has been extensively updated to
include a number of new and important topics. A chapter is
now included on General Aviation and Uninhabited Aerial
Vehicle (UAV) Propulsion Systems that includes a discussion
on electric and hybrid propulsion. Propeller theory is added to
the presentation of turboprop engines. A new section in cycle
analysis treats Ultra-High Bypass (UHB) and Geared
Turbofan engines. New material on drop-in biofuels and
design for sustainability is added to refl ect the FAA’s 2025
Vision. In addition, the design guidelines in aircraft engine
components are expanded to make the book user friendly for
engine designers. Extensive review material and derivations
are included to help the reader navigate through the subject
with ease. Key features: General Aviation and UAV
Propulsion Systems are presented in a new chapter
Discusses Ultra-High Bypass and Geared Turbofan engines
Presents alternative drop-in jet fuels Expands on engine
components' design guidelines The end-of-chapter problem
sets have been increased by nearly 50% and solutions are
available on a companion website Presents a new section on
engine performance testing and instrumentation Includes a
new 10-Minute Quiz appendix (with 45 quizzes) that can be
used as a continuous assessment and improvement tool in
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teaching/learning propulsion principles and concepts Includes
a new appendix on Rules of Thumb and Trends in aircraft
propulsion Aircraft Propulsion, Second Edition is a must-have
textbook for graduate and undergraduate students, and is
also an excellent source of information for researchers and
practitioners in the aerospace and power industry.
"Aircrarft Propulsion presents thorough coverage of
fundamental concepts along with numerous detailed
examples and extensive illustrations. This accessible
introduction first discusses compressible flow with heat and
friction as well as engine thrust and performance parameters.
Readers will then learn about aircraft gas turbine engine
cycles followed by aircraft engine components. And they'll
discover the aerodynamics and performance of centrifugal
compressors." -- Publisher description.
This introductory 2005 text on air-breathing jet propulsion
focuses on the basic operating principles of jet engines and
gas turbines. Previous coursework in fluid mechanics and
thermodynamics is elucidated and applied to help the student
understand and predict the characteristics of engine
components and various types of engines and power gas
turbines. Numerous examples help the reader appreciate the
methods and differing, representative physical parameters. A
capstone chapter integrates the text material into a portion of
the book devoted to system matching and analysis so that
engine performance can be predicted for both on- and offdesign conditions. The book is designed for advanced
undergraduate and first-year graduate students in aerospace
and mechanical engineering. A basic understanding of fluid
dynamics and thermodynamics is presumed. Although aircraft
propulsion is the focus, the material can also be used to study
ground- and marine-based gas turbines and turbomachinery
and some advanced topics in compressors and turbines.
Aerospace Propulsion Systems is a unique book focusing on
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each type of propulsion system commonly used in aerospace
vehicles today: rockets, piston aero engines, gas turbine
engines, ramjets, and scramjets. Dr. Thomas A. Ward
introduces each system in detail, imparting an understanding
of basic engineering principles, describing key functionality
mechanisms used in past and modern designs, and provides
guidelines for student design projects. With a balance of
theory, fundamental performance analysis, and design, the
book is specifically targeted to students or professionals who
are new to the field and is arranged in an intuitive, systematic
format to enhance learning. Covers all engine types, including
piston aero engines Design principles presented in historical
order for progressive understanding Focuses on major
elements to avoid overwhelming or confusing readers
Presents example systems from the US, the UK, Germany,
Russia, Europe, China, Japan, and India Richly illustrated
with detailed photographs Cartoon panels present the subject
in an interesting, easy-to-understand way Contains carefully
constructed problems (with a solution manual available to the
educator) Lecture slides and additional problem sets for
instructor use Advanced undergraduate students, graduate
students and engineering professionals new to the area of
propulsion will find Aerospace Propulsion Systems a highly
accessible guide to grasping the key essentials. Field experts
will also find that the book is a very useful resource for
explaining propulsion issues or technology to engineers,
technicians, businessmen, or policy makers. Post-graduates
involved in multi-disciplinary research or anybody interested
in learning more about spacecraft, aircraft, or engineering
would find this book to be a helpful reference. Lecture
materials for instructors available at
www.wiley.com/go/wardaero
This text provides an introduction to gas turbine engines and
jet propulsion for aerospace or mechanical engineers. The
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text is divided into four parts: introduction to aircraft
propulsion; basic concepts and one-dimensional/gas
dynamics; parametric (design point) and performance (offdesign) analysis of air breathing propulsion systems; and
analysis and design of major gas turbine engine components
(fans, compressors, turbines, inlets, nozzles, main burners,
and afterburners). Design concepts are introduced early
(aircraft performance in introductory chapter) and integrated
throughout. Written with extensive student input on the design
of the book, the book builds upon definitions and gradually
develops the thermodynamics, gas dynamics, and gas turbine
engine principles.
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