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Hypersonic Aerothermodynamics - John J. Bertin 1994
A modern treatment of hypersonic aerothermodynamics for students,
engineers, scientists, and program managers involved in the study and
application of hypersonic flight. It assumes an understanding of the basic
principles of fluid mechanics, thermodynamics, compressible flow, and
heat transfer. Ten chapters address: general characterization of
hypersonic flows; basic equations of motion; defining the
aerothermodynamic environment; experimental measurements of
hypersonic flows; stagnation-region flowfield; the pressure distribution;
the boundary layer and convective heat transfer; aerodynamic forces and
moments; viscous interactions; and aerothermodynamics and design
considerations. Includes sample exercises and homework problems.
Annotation copyright by Book News, Inc., Portland, OR
Modern Compressible Flow, with Historical Perspective - Pamela
Anderson Lee 1982
Anderson's book provides the most accessible approach to compressible
flow for Mechanical and Aerospace Engineering students and
professionals. In keeping with previous versions, the 3rd edition uses
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numerous historical vignettes that show the evolution of the field. New
pedagogical features--"Roadmaps" showing the development of a given
topic, and "Design Boxes" giving examples of design decisions--will make
the 3rd edition even more practical and user-friendly than before. The
3rd edition strikes a careful balance between classical methods of
determining compressible flow, and modern numerical and computer
techniques (such as CFD) now used widely in industry & research. A new
Book Website will contain all problem solutions for instructors.
Fundamentals of Aircraft and Rocket Propulsion - Ahmed F. ElSayed 2016-05-25
This book provides a comprehensive basics-to-advanced 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/multi-stage
rockets, and derives performance parameters for both from basic
aerodynamics and thermodynamics laws. Each type of engine is 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
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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 aero-engines 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.
Computational Fluid Dynamics: Principles and Applications - Jiri Blazek
2005-12-20
Computational Fluid Dynamics (CFD) is an important design tool in
engineering and also a substantial research tool in various physical
sciences as well as in biology. The objective of this book is to provide
university students with a solid foundation for understanding the
numerical methods employed in today’s CFD and to familiarise them with
modern CFD codes by hands-on experience. It is also intended for
engineers and scientists starting to work in the field of CFD or for those
who apply CFD codes. Due to the detailed index, the text can serve as a
reference handbook too. Each chapter includes an extensive
bibliography, which provides an excellent basis for further studies.
Gas Dynamics, Multi-Dimensional Flow - Maurice J. Zucrow
1977-07-21
Aircraft Structures - David J. Peery 2013-04-29
This legendary, still-relevant reference text on aircraft stress analysis
discusses basic structural theory and the application of the elementary
principles of mechanics to the analysis of aircraft structures. 1950
edition.
Compressible Fluid Flow - Michel A. Saad 1993
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This reference develops the fundamental concepts of compressible fluid
flow by clearly illustrating their applications in real-world practice
through the use of numerous worked-out examples and problems. The
book covers concepts of thermodynamics and fluid mechanics which
relate directly to compressible flow; discusses isentropic flow through a
variable-area duct; describes normal shock waves, including moving
shock waves and shock-tube analysis; explores the effects of friction and
heat interaction on the flow of a compressible fluid; covers twodimensional shock and expansion waves; provides a treatment of
linearized flow; discusses unsteady wave propagation and computational
methods in fluid dynamics; provides several numerical methods for
solving linear and nonlinear equations encountered in compressible flow;
offers modern computational methods for solving nonintegrable
equations; and describes methods of measurement in high-speed flow.
Suitable for the practicing engineer engaged in compressible-flow
applications.
Sliding Friction - Bo N.J. Persson 2013-03-14
Sliding friction is one of the oldest problems in physics and certainly one
of the most important from a practical point of view. The ability to
produce durable low-friction surfaces and lubricant fluids has become an
important factor in the miniaturization of moving components in many
technological devices, e.g., magnetic storage, recording systems,
miniature motors and many aerospace components. This book will be
useful to physicists, chemists, materials scientists, and engineers who
want to understand sliding friction. The book (or parts of it) could also
form the basis for a modern undergraduate or graduate course on
tribology.
The Science and Engineering of Materials, Enhanced, SI Edition Donald R. Askeland 2021-01-01
Develop a thorough understanding of the relationships between
structure, processing and the properties of materials with
Askeland/Wright's THE SCIENCE AND ENGINEERING OF MATERIALS,
ENHANCED, SI, 7th Edition. This comprehensive edition serves as a
useful professional reference for current or future study in
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manufacturing, materials, design or materials selection. This sciencebased approach to materials engineering highlights how the structure of
materials at various length scales gives rise to materials properties. You
examine how the connection between structure and properties is key to
innovating with materials, both in the synthesis of new materials as well
as in new applications with existing materials. You also learn how time,
loading and environment all impact materials -- a key concept that is
often overlooked when using charts and databases to select materials.
Trust this enhanced edition for insights into success in materials
engineering today. Important Notice: Media content referenced within
the product description or the product text may not be available in the
ebook version.
Flight Stability and Automatic Control - Robert C. Nelson 1998
The second edition of Flight Stability and Automatic Control presents an
organized introduction to the useful and relevant topics necessary for a
flight stability and controls course. Not only is this text presented at the
appropriate mathematical level, it also features standard terminology
and nomenclature, along with expanded coverage of classical control
theory, autopilot designs, and modern control theory. Through the use of
extensive examples, problems, and historical notes, author Robert
Nelson develops a concise and vital text for aircraft flight stability and
control or flight dynamics courses.
The Dynamics and Thermodynamics of Compressible Fluid Flow Ascher H. Shapiro 1983
Computational Fluid Dynamics - John F. Wendt 1992
An outgrowth of a lecture series given at the Von Karman Institute for
Fluid Dynamics.
Hypersonic Flow - Maurice Rasmussen 1994-09-23
The Ideal Text/Reference for Students, Engineers, and Research
Scientists Not since the early days of space flight has the subject of
hypersonic flow been of such importance to aerospace and mechanical
engineers, research scientists, and students. Spurred by visions of
hypersonic transport, and aerospace planes, the government now
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supports studies of hypersonic flow in at least eighteen graduate
research centers across the nation, and numerous major universities now
offer graduate and senior level undergraduate courses on the subject.
Hypersonic Flow is the ideal text/reference for students and
professionals interested in this burgeoning field. Written by a nationally
recognized authority on the subject, it features a clear, accessible writing
style along with sufficient depth and detail for self-study, and it is
organized for speedy location of specific information. Numerous end-ofchapter exercises and homework problems enhance and solidify the
student’s understanding of complex and sophisticated material. This
book provides an in-depth look at all the major topics and issues
associated with fluid flow at speeds in excess of Mach 5, including:
elementary hypersonic flow problems; general similarity concepts;
elements of hypersonic small disturbance theory; and much more. In
addition, this book brings you: The most extensive coverage of viscous
effects available anywhere A unique, in-depth presentation of waveriders
Extensive treatment of asymmetric conical flows An introduction to
computational fluid dynamics Extensive treatment of real-gas effects
A History of Aerodynamics - John D. Anderson, Jr 1998
Authoritative, highly readable history of aerodynamics and the major
theorists and their contributions.
Hypersonic and High Temperature Gas Dynamics - John David Anderson
2000
This book is a self-contained text for those students and readers
interested in learning hypersonic flow and high-temperature gas
dynamics. It assumes no prior familiarity with either subject on the part
of the reader. If you have never studied hypersonic and/or hightemperature gas dynamics before, and if you have never worked
extensively in the area, then this book is for you. On the other hand, if
you have worked and/or are working in these areas, and you want a
cohesive presentation of the fundamentals, a development of important
theory and techniques, a discussion of the salient results with emphasis
on the physical aspects, and a presentation of modern thinking in these
areas, then this book is also for you. In other words, this book is designed
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for two roles: 1) as an effective classroom text that can be used with ease
by the instructor, and understood with ease by the student; and 2) as a
viable, professional working tool for engineers, scientists, and managers
who have any contact in their jobs with hypersonic and/or hightemperature flow.
Aerodynamics for Engineers - John J. Bertin 2013-05-16
This is the eBook of the printed book and may not include any media,
website access codes, or print supplements that may come packaged
with the bound book. For junior/senior and graduate-level courses in
Aerodynamics, Mechanical Engineering, and Aerospace Engineering.
This text also serves as a useful reference for professionals in the
aeronautics industry. ¿ Revised to reflect the technological advances and
modern application in Aerodynamics, the Sixth Edition of Aerodynamics
for Engineers merges fundamental fluid mechanics, experimental
techniques, and computational fluid dynamics techniques to build a solid
foundation for readers in aerodynamic applications from low-speed
through hypersonic flight. It presents a background discussion of each
topic followed by a presentation of the theory, and then derives
fundamental equations, applies them to simple computational
techniques, and compares them to experimental data.
Fox and McDonald's Introduction to Fluid Mechanics - Robert W. Fox
2020-06-30
Through ten editions, Fox and McDonald's Introduction to Fluid
Mechanics has helped students understand the physical concepts, basic
principles, and analysis methods of fluid mechanics. This market-leading
textbook provides a balanced, systematic approach to mastering critical
concepts with the proven Fox-McDonald solution methodology. In-depth
yet accessible chapters present governing equations, clearly state
assumptions, and relate mathematical results to corresponding physical
behavior. Emphasis is placed on the use of control volumes to support a
practical, theoretically-inclusive problem-solving approach to the subject.
Each comprehensive chapter includes numerous, easy-to-follow examples
that illustrate good solution technique and explain challenging points. A
broad range of carefully selected topics describe how to apply the
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governing equations to various problems, and explain physical concepts
to enable students to model real-world fluid flow situations. Topics
include flow measurement, dimensional analysis and similitude, flow in
pipes, ducts, and open channels, fluid machinery, and more. To enhance
student learning, the book incorporates numerous pedagogical features
including chapter summaries and learning objectives, end-of-chapter
problems, useful equations, and design and open-ended problems that
encourage students to apply fluid mechanics principles to the design of
devices and systems.
Incompressible Flow - Ronald L. Panton 2013-08-05
The most teachable book on incompressible flow— now fully revised,
updated, and expanded Incompressible Flow, Fourth Edition is the
updated and revised edition of Ronald Panton's classic text. It continues
a respected tradition of providing the most comprehensive coverage of
the subject in an exceptionally clear, unified, and carefully paced
introduction to advanced concepts in fluid mechanics. Beginning with
basic principles, this Fourth Edition patiently develops the math and
physics leading to major theories. Throughout, the book provides a
unified presentation of physics, mathematics, and engineering
applications, liberally supplemented with helpful exercises and example
problems. Revised to reflect students' ready access to mathematical
computer programs that have advanced features and are easy to use,
Incompressible Flow, Fourth Edition includes: Several more exact
solutions of the Navier-Stokes equations Classic-style Fortran programs
for the Hiemenz flow, the Psi-Omega method for entrance flow, and the
laminar boundary layer program, all revised into MATLAB A new
discussion of the global vorticity boundary restriction A revised vorticity
dynamics chapter with new examples, including the ring line vortex and
the Fraenkel-Norbury vortex solutions A discussion of the different
behaviors that occur in subsonic and supersonic steady flows Additional
emphasis on composite asymptotic expansions Incompressible Flow,
Fourth Edition is the ideal coursebook for classes in fluid dynamics
offered in mechanical, aerospace, and chemical engineering programs.
Elements of Gasdynamics - Hans Wolfgang Liepmann 2001-01-01
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The increasing importance of concepts from compressible fluid flow
theory for aeronautical applications makes the republication of this firstrate text particularly timely. Intended mainly for aeronautics students,
the text will also be helpful to practicing engineers and scientists who
work on problems involving the aerodynamics of compressible fluids.
Covering the general principles of gas dynamics to provide a working
understanding of the essentials of gas flow, the contents of this book
form the foundation for a study of the specialized literature and should
give the necessary background for reading original papers on the
subject. Topics include introductory concepts from thermodynamics,
including entropy, reciprocity relations, equilibrium conditions, the law
of mass action and condensation; one-dimensional gasdynamics, onedimensional wave motion, waves in supersonic flow, flow in ducts and
wind tunnels, methods of measurement, the equations of frictionless
flow, small-perturbation theory, transonic flow, effects of viscosity and
conductivity, and much more. The text includes numerous detailed
figures and several useful tables, while concluding exercises
demonstrate the application of the material in the text and outline
additional subjects. Advanced undergraduate or graduate physics and
engineering students with at least a working knowledge of calculus and
basic physics will profit immensely from studying this outstanding
volume.
Fluid Mechanics for Chemical Engineers with Microfluidics and
CFD. - James O. Wilkes 2006
Fluid Mechanics for Chemical Engineers, Second Edition, with
Microfluidics and CFD, systematically introduces fluid mechanics from
the perspective of the chemical engineer who must understand actual
physical behavior and solve real-world problems. Building on a first
edition that earned Choice Magazine's Outstanding Academic Title
award, this edition has been thoroughly updated to reflect the field's
latest advances. This second edition contains extensive new coverage of
both microfluidics and computational fluid dynamics, systematically
demonstrating CFD through detailed examples using FlowLab and
COMSOL Multiphysics. The chapter on turbulence has been extensively
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revised to address more complex and realistic challenges, including
turbulent mixing and recirculating flows.
Fundamentals of Rocket Propulsion - DP Mishra 2017-07-20
The book follows a unified approach to present the 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.
Aircraft Structures for Engineering Students - Thomas Henry Gordon
Megson 1977
Modern Compressible Flow - John David Anderson 1990
Modern Compressible Flow, Second Edition, presents the fundamentals
of classical compressible flow along with the latest coverage of modern
compressible flow dynamics and high-temperature flows. The second
edition maintains an engaging writing style and offers philosophical and
historical perspectives on the topic. It also continues to offer a variety of
problems-providing readers with a practical understanding. The second
edition includes the latest developments in the field of modern
compressible flow.
Vectors, Tensors and the Basic Equations of Fluid Mechanics Rutherford Aris 2012-08-28
Introductory text, geared toward advanced undergraduate and graduate
students, applies mathematics of Cartesian and general tensors to
physical field theories and demonstrates them in terms of the theory of
fluid mechanics. 1962 edition.
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Fundamentals of Compressible Flow - S. M. Yahya 1994
Engineering Thermodynamics - William C. Reynolds 1977
Modern Compressible Flow - John David Anderson 2004
Anderson's book provides the most accessible approach to compressible
flow for Mechanical and Aerospace Engineering students and
professionals. In keeping with previous versions, the 3rd edition uses
numerous historical vignettes that show the evolution of the field.New
pedagogical features--"Roadmaps" showing the development of a given
topic, and "Design Boxes" giving examples of design decisions--will make
the 3rd edition even more practical and user-friendly than before.The 3rd
edition strikes a careful balance between classical methods of
determining compressible flow, and modern numerical and computer
techniques (such as CFD) now used widely in industry & research.A new
Book Website will contain all problem solutions for instructors.
Aircraft Propulsion - Saeed Farokhi 2014-04-01
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
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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 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.
An Introduction to Computational Fluid Dynamics The Finite
Volume Method, 2/e - Versteeg 2007
Fundamentals of Gas Dynamics - Robert D. Zucker 2019-10-15
New edition of the popular textbook, comprehensively updated
throughout and now includes a new dedicated website for gas dynamic
calculations The thoroughly revised and updated third edition of
Fundamentals of Gas Dynamics maintains the focus on gas flows below
hypersonic. This targeted approach provides a cohesive and rigorous
examination of most practical engineering problems in this gas dynamics
flow regime. The conventional one-dimensional flow approach together
with the role of temperature-entropy diagrams are highlighted
throughout. The authors—noted experts in the field—include a modern
computational aid, illustrative charts and tables, and myriad examples of
varying degrees of difficulty to aid in the understanding of the material
presented. The updated edition of Fundamentals of Gas Dynamics
includes new sections on the shock tube, the aerospike nozzle, and the
gas dynamic laser. The book contains all equations, tables, and charts
necessary to work the problems and exercises in each chapter. This
book’s accessible but rigorous style: Offers a comprehensively updated
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edition that includes new problems and examples Covers fundamentals of
gas flows targeting those below hypersonic Presents the one-dimensional
flow approach and highlights the role of temperature-entropy diagrams
Contains new sections that examine the shock tube, the aerospike nozzle,
the gas dynamic laser, and an expanded coverage of rocket propulsion
Explores applications of gas dynamics to aircraft and rocket engines
Includes behavioral objectives, summaries, and check tests to aid with
learning Written for students in mechanical and aerospace engineering
and professionals and researchers in the field, the third edition of
Fundamentals of Gas Dynamics has been updated to include recent
developments in the field and retains all its learning aids. The calculator
for gas dynamics calculations is available at
https://www.oscarbiblarz.com/gascalculator gas dynamics calculations
Flight Dynamics Principles - Michael V. Cook 2012-10-03
The study of flight dynamics requires a thorough understanding of the
theory of the stability and control of aircraft, an appreciation of flight
control systems and a grounding in the theory of automatic control.
Flight Dynamics Principles is a student focused text and provides easy
access to all three topics in an integrated modern systems context.
Written for those coming to the subject for the first time, the book
provides a secure foundation from which to move on to more advanced
topics such as, non-linear flight dynamics, flight simulation, handling
qualities and advanced flight control. New to this edition: Additional
examples to illustrate the application of computational procedures using
tools such as MATLAB®, MathCad® and Program CC® Improved
compatibility with, and more expansive coverage of the North American
notational style Expanded coverage of lateral-directional static stability,
manoeuvrability, command augmentation and flight in turbulence An
additional coursework study on flight control design for an unmanned air
vehicle (UAV)
Aircraft Performance & Design - John David Anderson 1999
Written by one of the most succesful aerospace authors, this new book
develops aircraft performance techniques from first principles and
applies then to real airplanes. It also address a philosophy of, and
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techniques for aircraft design. By developing and discussing these two
subjects in a single text, the author captures a degree of synergism not
found in other texts. The book is written in a conversational style, a
trademark of all of John Anderson's texts, to enhance the readers'
understanding.
Mechanics and Thermodynamics of Propulsion - Philip Graham Hill
2009-02-20
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.
Modern Compressible Flow: With Historical Perspective - John D.
Anderson, Jr. 2002-07-19
Anderson's book provides the most accessible approach to compressible
flow for Mechanical and Aerospace Engineering students and
professionals. In keeping with previous versions, the 3rd edition uses
numerous historical vignettes that show the evolution of the field. New
pedagogical features--"Roadmaps" showing the development of a given
topic, and "Design Boxes" giving examples of design decisions--will make
the 3rd edition even more practical and user-friendly than before. The
3rd edition strikes a careful balance between classical methods of
determining compressible flow, and modern numerical and computer
techniques (such as CFD) now used widely in industry & research. A new
Book Website will contain all problem solutions for instructors.
Applied Gas Dynamics - Ethirajan Rathakrishnan 2019-02-21
A revised edition to applied gas dynamics with exclusive coverage on jets
and additional sets of problems and examples The revised and updated
second edition of Applied Gas Dynamics offers an authoritative guide to
the science of gas dynamics. Written by a noted expert on the topic, the
text contains a comprehensive review of the topic; from a definition of
the subject, to the three essential processes of this science: the
isentropic process, shock and expansion process, and Fanno and
Rayleigh flows. In this revised edition, there are additional worked
examples that highlight many concepts, including moving shocks, and a
section on critical Mach number is included that helps to illuminate the
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concept. The second edition also contains new exercise problems with
the answers added. In addition, the information on ram jets is expanded
with helpful worked examples. It explores the entire spectrum of the ram
jet theory and includes a set of exercise problems to aid in the
understanding of the theory presented. This important text: Includes a
wealth of new solved examples that describe the features involved in the
design of gas dynamic devices Contains a chapter on jets; this is the first
textbook material available on high-speed jets Offers comprehensive and
simultaneous coverage of both the theory and application Includes
additional information designed to help with an understanding of the
material covered Written for graduate students and advanced
undergraduates in aerospace engineering and mechanical engineering,
Applied Gas Dynamics, Second Edition expands on the original edition to
include not only the basic information on the science of gas dynamics but
also contains information on high-speed jets.
Modern Compressible Flow - John D. Anderson 2003
Computational Fluid Mechanics and Heat Transfer, Second
Edition - Richard H. Pletcher 1997-04-01
This comprehensive text provides basic fundamentals of computational
theory and computational methods. The book is divided into two parts.
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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.
Fundamentals of Astrodynamics - Roger R. Bate 2020-01-15
Widely known and used throughout the astrodynamics and aerospace
engineering communities, this teaching text was developed at the U.S.
Air Force Academy. Completely revised and updated 2013 edition.
Principles of Combustion - Kenneth K. Kuo 1986-05-08
This comprehensive text covers principles and applications with an
emphasis on the theoretical modeling of combustion. Addresses chemical
thermodynamics and kinetics, conservation equations for multicomponent reacting flows, deflagration and detonation waves, premixed
laminar flames, spray combustion of fuel droplets, ignition, and related
topics. Many examples are included to demonstrate the application of
theory. Emphasizes the use of digital computers for solutions.
Introduction to Flight - John David Anderson 2005
Blending history and biography with discussion of engineering concepts,
and the development of flight through this perspective, this text includes
new content covering the last days of the Concorde, the centennial of the
Wright Brothers' flight, and the Mariner and Voyager 2 missions.
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