
mechanical energy balance equation

mechanical energy balance equation is a fundamental principle in physics and engineering that relates the various
forms of mechanical energy within a system. This equation is essential for analyzing energy transformations and
transfers in mechanical systems, including kinetic energy, potential energy, work done by external forces, and
energy losses. Understanding the mechanical energy balance equation allows engineers and scientists to predict
system behavior, optimize performance, and design efficient machines. This article delves into the definition,
derivation, and applications of the mechanical energy balance equation, as well as its role in real-world
scenarios such as fluid mechanics, machinery, and structural analysis. To facilitate a comprehensive
understanding, the article is structured into key sections covering theoretical foundations, mathematical
formulation, practical examples, and common challenges.
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Common Assumptions and Limitations
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Definition and Importance of Mechanical Energy Balance Equation

The mechanical energy balance equation describes the conservation and transformation of mechanical energy
within a physical system. It accounts for the sum of kinetic energy, potential energy, and work done by external
forces, allowing the prediction of system dynamics over time. This principle is derived from the law of
conservation of energy, which states that energy cannot be created or destroyed but can only change forms.
The mechanical energy balance is crucial in fields such as mechanical engineering, civil engineering, and physics,
where understanding energy flow is necessary for system design, safety analysis, and efficiency optimization. By
applying this equation, engineers can evaluate how energy inputs and losses affect the operation and
performance of machines and structures.

Role in Energy Conservation

The mechanical energy balance equation serves as an expression of energy conservation tailored to mechanical
systems. It ensures that all forms of mechanical energy are accounted for, including those converted to other
energy types or dissipated through friction and other resistive forces. This comprehensive energy accounting
allows for precise modeling and control of mechanical processes, making it a fundamental tool in theoretical
and applied mechanics.

Significance in System Analysis

In system analysis, the mechanical energy balance equation facilitates the diagnosis of energy inefficiencies and
the identification of energy sources and sinks. It enables engineers to trace the flow of mechanical energy
through components, evaluate the impact of external forces, and optimize energy usage. This capability is vital
for designing sustainable and cost-effective mechanical systems.



Mathematical Formulation of Mechanical Energy Balance

The mechanical energy balance equation is mathematically expressed by equating the total mechanical energy
at one state of the system to that at another state, accounting for the work done and energy losses during
the process. The general form incorporates kinetic energy (KE), potential energy (PE), work done by external
forces (W), and energy dissipation (E_loss).

Core Equation

The standard form of the mechanical energy balance equation can be written as:

KE_initial + PE_initial + W_external = KE_final + PE_final + E_loss

Where:

KE_initial and KE_final represent the kinetic energy at the initial and final states.

PE_initial and PE_final denote the potential energy at the initial and final positions.

W_external is the net work done by external forces on the system.

E_loss accounts for energy lost due to friction, heat, sound, or other dissipative effects.

Kinetic and Potential Energy Components

Kinetic energy in mechanical systems is defined as KE = ½ mv², where m is mass and v is velocity. Potential energy
typically relates to gravitational potential, expressed as PE = mgh, with g representing gravitational
acceleration and h the elevation height. These energy forms are the primary components tracked in the mechanical
energy balance equation.

Work and Energy Losses

Work done by external forces is calculated as the force applied multiplied by the displacement in the force
direction. Energy losses in real systems arise from non-conservative forces such as friction and air resistance,
which convert mechanical energy into heat or other non-mechanical forms, reducing the usable mechanical energy
in the system.

Applications in Engineering and Physics

The mechanical energy balance equation finds widespread application across various engineering disciplines and
physics problems, enabling the analysis and design of efficient mechanical systems and structures.

Fluid Mechanics

In fluid mechanics, the mechanical energy balance is fundamental to understanding fluid flow behavior.
Bernoulli’s equation, a form of mechanical energy balance for fluids, relates pressure, kinetic energy, and
potential energy along a streamline, assuming negligible energy loss. It is vital for designing pipelines, pumps, and
hydraulic systems.



Mechanical Systems and Machinery

Engineers use the mechanical energy balance equation to evaluate the performance of machines such as engines,
turbines, and compressors. By accounting for energy input, output, and losses, engineers can optimize machine
efficiency, predict wear and tear, and improve reliability.

Structural Engineering

In structural engineering, the mechanical energy balance helps analyze dynamic loads and vibrations in
structures. It aids in assessing how energy is absorbed, stored, and dissipated in materials, which is essential
for earthquake-resistant design and impact analysis.

Common Assumptions and Limitations

While the mechanical energy balance equation provides a powerful tool for analyzing mechanical systems, its
application often involves assumptions that can limit accuracy in certain contexts.

Idealized Conditions

Many analyses assume ideal conditions such as no friction, no air resistance, and rigid bodies to simplify the
energy balance. These assumptions can lead to discrepancies between theoretical predictions and real-world
behavior, especially in complex or highly dissipative systems.

Steady-State vs. Transient Analysis

The mechanical energy balance equation is often applied assuming steady-state conditions where energy inputs
and outputs are constant over time. However, in transient or highly dynamic systems, additional
considerations such as time-dependent changes and energy storage must be included for accurate modeling.

Neglecting Thermal and Chemical Energy

In some cases, mechanical energy transformations involve thermal or chemical energy changes that are not
captured by the mechanical energy balance alone. For example, combustion engines convert chemical energy into
mechanical energy, requiring more complex energy balance models.

Practical Examples and Problem Solving

Applying the mechanical energy balance equation to practical problems involves identifying energy forms,
computing their magnitudes, and balancing all inputs and outputs to solve for unknown variables.

Example: Roller Coaster Dynamics

Consider a roller coaster car moving along a track. The mechanical energy balance equation can determine the
car’s speed at different points by relating potential energy lost or gained to kinetic energy changes and
frictional losses. This application helps ensure safe design speeds and track layouts.



Example: Pump Work Analysis

In pump systems, the mechanical energy balance is used to calculate the work input needed to increase fluid
pressure and velocity. By including energy losses due to pipe friction and turbulence, engineers can select
appropriate pump specifications and operating conditions.

Steps for Problem Solving

Identify the system boundaries and states (initial and final).1.

Calculate kinetic and potential energies at each state.2.

Determine work done by external forces and energy losses.3.

Apply the mechanical energy balance equation to relate these quantities.4.

Solve for unknown variables such as velocity, height, or work input.5.

Frequently Asked Questions

What is the mechanical energy balance equation in fluid mechanics?

The mechanical energy balance equation in fluid mechanics is a form of the energy conservation equation that
accounts for the kinetic energy, potential energy, and flow work of a fluid system. It relates the energy at one
point in the fluid to another, including energy added or lost due to pumps, turbines, friction, and other factors.

How is the mechanical energy balance equation derived?

The mechanical energy balance equation is derived from the first law of thermodynamics applied to a control
volume, focusing on mechanical energy forms such as kinetic, potential, and flow energy, while neglecting
internal energy changes. It involves balancing energy inputs and outputs, including work done and energy losses.

What are the key components of the mechanical energy balance equation?

The key components include kinetic energy per unit weight (v²/2g), potential energy per unit weight (z), pressure
energy per unit weight (P/γ), energy added by pumps, energy removed by turbines, and energy losses due to friction
or other dissipative effects.

In what practical applications is the mechanical energy balance equation
used?

It is used in designing and analyzing fluid systems such as pipelines, pumps, turbines, and hydraulic structures to
evaluate energy changes, losses, and efficiencies, ensuring proper system operation and performance optimization.

How does the mechanical energy balance equation account for energy
losses?

Energy losses, typically due to friction and turbulence, are included as a head loss term (hL) in the equation,
representing the mechanical energy converted to heat and unavailable for useful work.



Can the mechanical energy balance equation be applied to compressible
flows?

The classical mechanical energy balance equation is primarily used for incompressible flows. For compressible
flows, additional terms accounting for changes in internal energy and thermodynamic effects must be included.

What is the significance of the mechanical energy balance equation in pump
and turbine analysis?

It helps quantify the energy added by pumps and extracted by turbines, allowing engineers to calculate work
done, efficiency, and performance characteristics of these devices within fluid systems.

Additional Resources
1. Thermodynamics: An Engineering Approach
This book by Yunus A. �engel and Michael A. Boles provides a comprehensive introduction to thermodynamics,
covering the mechanical energy balance equation in detail. It explains energy transfer mechanisms, work
interactions, and the principles governing energy conservation in engineering systems. The text is well-suited for
students and professionals looking to understand practical applications of mechanical energy in
thermodynamics.

2. Fluid Mechanics and Thermodynamics of Turbomachinery
Authored by S.L. Dixon and C.A. Hall, this book delves into the dynamics of fluid flow and energy transfer in
turbomachinery. It emphasizes the mechanical energy balance and its role in analyzing and designing turbines,
compressors, and pumps. The book combines theoretical concepts with real-world examples, making complex
ideas accessible.

3. Engineering Fundamentals of the Internal Combustion Engine
Willard W. Pulkrabek’s text explores the mechanical energy balance within internal combustion engines,
focusing on the conversion of chemical energy into mechanical work. It covers thermodynamic cycles, energy
losses, and efficiency calculations essential for engine design and analysis. The book is valuable for mechanical
engineers specializing in automotive and energy systems.

4. Introduction to Fluid Mechanics
This book by Robert W. Fox, Alan T. McDonald, and Philip J. Pritchard offers a detailed treatment of fluid
mechanics principles, including the mechanical energy balance equation. It explains Bernoulli’s equation, energy
conservation in fluid flow, and practical applications in piping and open channels. The text is widely used in
undergraduate engineering courses.

5. Energy and the Environment
Written by James A. Fay and Dan S. Golomb, this book discusses the mechanical energy balance in the context of
energy production and environmental impact. It links fundamental energy principles with sustainable engineering
practices and renewable energy technologies. Readers gain insight into balancing mechanical energy in eco-
friendly systems.

6. Applied Thermodynamics for Engineering Technologists
T.D. Eastop and A. McConkey present thermodynamics concepts with a focus on practical applications,
including the mechanical energy balance equation. The book covers energy conversion, thermodynamic cycles,
and efficiency, making it a useful resource for technologists and engineers. Clear explanations and worked
examples enhance understanding.

7. Mechanical Energy Conversion
This specialized text by R.K. Rajput focuses on the principles and applications of converting mechanical energy in
various engineering devices. It includes detailed discussions on energy balance equations, power transmission,
and losses in mechanical systems. The book serves as a reference for students and practicing engineers interested
in energy conversion technologies.



8. Fundamentals of Engineering Thermodynamics
By Michael J. Moran, Howard N. Shapiro, Daisie D. Boettner, and Margaret B. Bailey, this classic text covers
energy balances extensively, including the mechanical energy balance in closed and open systems. It integrates
thermodynamic laws with real engineering problems, reinforcing the importance of energy conservation. The book
is a staple in many engineering curricula.

9. Principles of Energy Conversion
This book by Archie W. Culp Jr. explores various methods of energy conversion, emphasizing mechanical energy
balance in power generation systems. It discusses thermodynamic cycles, mechanical work, and efficiency in
energy systems design. The text is ideal for students and professionals seeking a deep understanding of energy
conversion processes.
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  mechanical energy balance equation: Transport Phenomena Robert S. Brodkey, Harry C.
Hershey, 2003-02 This book teaches the basic equations of transport phenomena in a unified manner
and uses the analogy between heat transfer and mass and momentum to explain the more difficult
concepts. Part I covers the basic concepts in transport phenomena. Part II covers applications in
greater detail. Part III deals with the transport properties. The three transport phenomena-heat,
mass, and momentum transfer-are treated in depth through simultaneous (or parallel) developments.
Transport properties such as viscosity, thermal conductivity, and mass diffusion coefficient are
introduced in a simple manner early on and then applied throughout the rest of the book. Advanced
discussion is provided separately. An entire chapter is devoted to the crucial material of
non-Newtonian phenomena. This book covers heat transfer as it pertains to transport phenomena,
and covers mass transfer as it relates to the analogy with heat and momentum. The book includes a
complete treatment of fluid mechanics for Ch. E's. The treatment begins with Newton's law and
including laminar flow, turbulent flow, fluid statics, boundary layers, flow past immersed bodies, and
basic and advanced design in pipes, heat exchanges, and agitation vessels. This text is the only one
to cover modern agitation design and scale-up thoroughly. The chapter on turbulence covers not
only traditional approaches but also includes the most contemporary concepts of the transition and
of coherent structures in turbulence. The book includes an extensive treatment of fluidization.
Computer programs and numerical methods are integrated throughout the text, especially in the
example problems.
  mechanical energy balance equation: Transport Phenomena Fundamentals Joel L.
Plawsky, 2020-02-27 The fourth edition of Transport Phenomena Fundamentals continues with its
streamlined approach to the subject, based on a unified treatment of heat, mass, and momentum
transport using a balance equation approach. The new edition includes more worked examples
within each chapter and adds confidence-building problems at the end of each chapter. Some
numerical solutions are included in an appendix for students to check their comprehension of key
concepts. Additional resources online include exercises that can be practiced using a wide range of
software programs available for simulating engineering problems, such as, COMSOL®, Maple®,
Fluent, Aspen, Mathematica, Python and MATLAB®, lecture notes, and past exams. This edition
incorporates a wider range of problems to expand the utility of the text beyond chemical
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engineering. The text is divided into two parts, which can be used for teaching a two-term course.
Part I covers the balance equation in the context of diffusive transport—momentum, energy, mass,
and charge. Each chapter adds a term to the balance equation, highlighting that term's effects on
the physical behavior of the system and the underlying mathematical description. Chapters
familiarize students with modeling and developing mathematical expressions based on the analysis
of a control volume, the derivation of the governing differential equations, and the solution to those
equations with appropriate boundary conditions. Part II builds on the diffusive transport balance
equation by introducing convective transport terms, focusing on partial, rather than ordinary,
differential equations. The text describes paring down the full, microscopic equations governing the
phenomena to simplify the models and develop engineering solutions, and it introduces macroscopic
versions of the balance equations for use where the microscopic approach is either too difficult to
solve or would yield much more information that is actually required. The text discusses the
momentum, Bernoulli, energy, and species continuity equations, including a brief description of how
these equations are applied to heat exchangers, continuous contactors, and chemical reactors. The
book introduces the three fundamental transport coefficients: the friction factor, the heat transfer
coefficient, and the mass transfer coefficient in the context of boundary layer theory. Laminar flow
situations are treated first followed by a discussion of turbulence. The final chapter covers the basics
of radiative heat transfer, including concepts such as blackbodies, graybodies, radiation shields, and
enclosures.
  mechanical energy balance equation: Material And Energy Balances For Engineers And
Environmentalists Colin William Oloman, 2009-05-21 Material and energy balances are
fundamental to many engineering disciplines and have a major role in decisions related to
sustainable development. This text, which covers the substance of corresponding undergraduate
courses, presents the balance concepts and calculations in a format accessible to students,
engineering professionals and others who are concerned with the material and energy future of our
society.Following a review of the basic science and economics, the text focuses on material and
energy accounting in batch and continuous operations, with emphasis on generic process units, flow
sheets, stream tables and spreadsheet calculations. There is a unified approach to reactive and
non-reactive energy balance calculations, plus chapters dedicated to the general balance equation
and simultaneous material and energy balances. Seventy worked examples show the elements of
process balances and connect them with the material and energy concerns of the 21st century.
  mechanical energy balance equation: Material and Energy Balances Mr. Rohit Manglik,
2024-01-11 EduGorilla Publication is a trusted name in the education sector, committed to
empowering learners with high-quality study materials and resources. Specializing in competitive
exams and academic support, EduGorilla provides comprehensive and well-structured content
tailored to meet the needs of students across various streams and levels.
  mechanical energy balance equation: ,
  mechanical energy balance equation: A First Course in Fluid Mechanics for Civil
Engineers Donald D. Gray, 2000
  mechanical energy balance equation: Material And Energy Balances For Engineers And
Environmentalists (Second Edition) Colin William Oloman, 2023-06-20 Material and energy
(M&E) balances are fundamental to biological, chemical, electrochemical, photochemical and
environmental engineering disciplines and important in many fields related to sustainable
development.This comprehensive compendium presents the basic M&E balance concepts and
calculations in a format easily digested by students, engineering professionals and those concerned
with related environmental issues.The useful reference text includes worked examples for each
chapter and demonstrates process balances in the framework of M&E concerns of the 21st century.
The additional problems and solutions in the Appendix embrace a wide range of subjects, from fossil
fuels to fuel cells, solar energy, space stations, carbon dioxide capture and sodium-ion batteries.
  mechanical energy balance equation: Principles of Chemical Engineering Processes
Nayef Ghasem, Redhouane Henda, 2025-03-31 Principles of Chemical Engineering Processes:



Material and Energy Balances continues to serve an essential text, guiding students on the basic
principles and calculation techniques used in the field of chemical engineering and providing a solid
understanding of the fundamentals of the application of material and energy balances. This third
edition has been updated to reflect advances in the field and feedback from professors and students.
Packed with illustrative examples and case studies, this book: • Features learning objectives and
homework problems in every chapter, new material on software modeling, and additional and
enhanced solved examples and problems. • Discusses problems in material and energy balances
related to chemical reactors and explains the concepts of dimensions, units, psychrometry, steam
properties, and conservation of mass and energy. • Demonstrates how Python, MATLAB®, and
Simulink® can be used to solve complicated problems of material and energy balances, and now
features an introduction to the basics of building Simulink models. • Demonstrates how Python and
its libraries, such as NumPy and SciPy, can be used to solve complex problems in material and
energy balances, and introduces the basics of building models using Python frameworks similar to
Simulink. • Shows how to solve steady-state and transient mass and energy balance problems
involving multiple-unit processes and recycle, bypass, and purge streams. • Develops quantitative
problem-solving skills, specifically the ability to think quantitatively (including numbers and units),
the ability to translate words into diagrams and mathematical expressions, the ability to use common
sense to interpret vague and ambiguous language in problem statements, and the ability to make
judicious use of approximations and reasonable assumptions to simplify problems. • Offers
educational software and sample tutorials and quizzes for download. Aimed at both chemical
engineering students and professionals, this book helps readers understand how to calculate,
manage, and apply the key ideas of material and energy use in chemical processes through
real-world examples. Lecture slides and a solutions manual are available with qualifying course
adoption.
  mechanical energy balance equation: Mass, Momentum and Energy Transport
Phenomena Harry Van den Akker, Robert F. Mudde, 2023-09-18 A treatment of the transport and
transfer processes of heat, mass and momentum in terms of their analogy. The processes are
described with the help of macro and micro balances which in many cases lead to differential
equations. This way, the textbook also prepares for Computational Fluid Dynamics techniques. The
topics of the five chapters of the textbook are: Balances: shape and recipe, mass balance, residence
time distribution, energy and heat balances, Bernoulli equation, momentum balances Molecular
transport, dimensional analysis, forces on immersed objects Heat transport: steady-state and
unsteady conduction, the general heat transport equation, forced and free convective heat transport,
radiant heat transport Mass transport: steady-state and unsteady diffusion, the general mass
transport equation, mass transfer across a phase interface, convective mass transport, wet bulb
temperature Fluid mechanics: flow meters, pressure drop, packed beds, laminar flow of Newtonian
and non-Newtonian fluids, Navier-Stokes equations The leading idea behind this textbook is to train
students in solving problems where transport phenomena are key. To this end, the textbook
comprises almost 80 problems with solutions.
  mechanical energy balance equation: Momentum, Heat, and Mass Transfer Fundamentals
Robert Greenkorn, 1999-02-23 Presents the fundamentals of momentum, heat, and mass transfer
from both a microscopic and a macroscopic perspective. Features a large number of idealized and
real-world examples that we worked out in detail.
  mechanical energy balance equation: Fluid Mechanics for Engineers Meinhard T.
Schobeiri, 2010-03-27 The contents of this book covers the material required in the Fluid Mechanics
Graduate Core Course (MEEN-621) and in Advanced Fluid Mechanics, a Ph. D-level elective course
(MEEN-622), both of which I have been teaching at Texas A&M University for the past two decades.
While there are numerous undergraduate fluid mechanics texts on the market for engineering
students and instructors to choose from, there are only limited texts that comprehensively address
the particular needs of graduate engineering fluid mechanics courses. To complement the lecture
materials, the instructors more often recommend several texts, each of which treats special topics of



fluid mechanics. This circumstance and the need to have a textbook that covers the materials
needed in the above courses gave the impetus to provide the graduate engineering community with
a coherent textbook that comprehensively addresses their needs for an advanced fluid mechanics
text. Although this text book is primarily aimed at mechanical engineering students, it is equally
suitable for aerospace engineering, civil engineering, other engineering disciplines, and especially
those practicing professionals who perform CFD-simulation on a routine basis and would like to
know more about the underlying physics of the commercial codes they use. Furthermore, it is
suitable for self study, provided that the reader has a sufficient knowledge of calculus and
differential equations. In the past, because of the lack of advanced computational capability, the
subject of fluid mechanics was artificially subdivided into inviscid, viscous (laminar, turbulent),
incompressible, compressible, subsonic, supersonic and hypersonic flows.
  mechanical energy balance equation: Unit Operations-i Fluid Flow and Mechanical
Operations ,
  mechanical energy balance equation: An Introduction to Fluid Mechanics Faith A. Morrison,
2013-04-15 This is a modern and elegant introduction to engineering fluid mechanics enriched with
numerous examples, exercises and applications. A swollen creek tumbles over rocks and through
crevasses, swirling and foaming. Taffy can be stretched, reshaped and twisted in various ways. Both
the water and the taffy are fluids and their motions are governed by the laws of nature. The aim of
this textbook is to introduce the reader to the analysis of flows using the laws of physics and the
language of mathematics. The book delves deeply into the mathematical analysis of flows;
knowledge of the patterns fluids form and why they are formed, and also the stresses fluids generate
and why they are generated, is essential to designing and optimising modern systems and devices.
Inventions such as helicopters and lab-on-a-chip reactors would never have been designed without
the insight provided by mathematical models.
  mechanical energy balance equation: Transport Phenomena R. Byron Bird, Warren E.
Stewart, Edwin N. Lightfoot, 2006-12-11 The market leading transport phenomena text has been
revised! Authors, Bird, Stewart and Lightfoot have revised Transport Phenomena to include deeper
and more extensive coverage of heat transfer, enlarged discussion of dimensional analysis, a new
chapter on flow of polymers, systematic discussions of convective momentum, energy, and mass
transport, and transport in two-phase systems. If this is your first look at Transport Phenomena
you'll quickly learn that its balanced introduction to the subject of transport phenomena is the
foundation of its long-standing success. About the Revised 2nd Edition: Since the appearance of the
second edition in 2002, the authors and numerous readers have found a number of errors--some
major and some minor. In the Revised 2nd Edition the authors have endeavored to correct these
errors. A new ISBN has been assigned to the Revised 2nd Edition in order to more easily identify the
most correct version. For Bird's corrigenda, please click here and see Transport Phenomena in the
Books section.
  mechanical energy balance equation: Engineering Principles of Unit Operations in Food
Processing Seid Mahdi Jafari, 2021-06-22 Engineering Principles of Unit Operations in Food
Processing, volume 1 in the Woodhead Publishing Series, In Unit Operations and Processing
Equipment in the Food Industry series, presents basic principles of food engineering with an
emphasis on unit operations, such as heat transfer, mass transfer and fluid mechanics. - Brings new
opportunities in the optimization of food processing operations - Thoroughly explores applications of
food engineering to food processes - Focuses on unit operations from an engineering viewpoint
  mechanical energy balance equation: Chemical Engineering Fluid Mechanics Ron Darby,
Raj P. Chhabra, 2016-11-30 This book provides readers with the most current, accurate, and
practical fluid mechanics related applications that the practicing BS level engineer needs today in
the chemical and related industries, in addition to a fundamental understanding of these
applications based upon sound fundamental basic scientific principles. The emphasis remains on
problem solving, and the new edition includes many more examples.
  mechanical energy balance equation: Elementary Principles of Chemical Processes



Richard M. Felder, Ronald W. Rousseau, Lisa G. Bullard, 2020-08-11 This best-selling text prepares
students to formulate and solve material and energy balances in chemical process systems and lays
the foundation for subsequent courses in chemical engineering. The text provides a realistic,
informative, and positive introduction to the practice of chemical engineering.
  mechanical energy balance equation: Thermodynamics and Exergy Analysis for
Engineers Prof. Rajinder Pal, 2022-10-31 This book consists of eighteen chapters. Chapter one
presents introductory concepts and definitions along with a brief discussion of historical
development of thermodynamics. Chapters two and three cover the first law of thermodynamics.
Chapter two is devoted to the first law for control mass or closed systems and Chapter three is
devoted to the first law for control volume or open (flow) systems. The second law of
thermodynamics for closed systems is presented in Chapter four. Chapter five is devoted to the
second law for open systems with applications. Thermodynamics of compressible and incompressible
flows in ducts and pipes is covered in depth in Chapter six. Chapter seven is devoted to estimation of
volumetric and thermodynamic properties of fluids. Chapters eight to ten provide in-depth coverage
of power cycles, internal combustion engines, and refrigeration cycles. Chapters eleven and twelve
are devoted to vapor-liquid phase equilibrium of ideal and non-ideal systems. Chapter thirteen
provides in-depth coverage of chemical reaction equilibrium. Work and entropy analysis of closed
and open systems is presented along with the Gouy-Stodola theorem in Chapter fourteen. Due to the
importance of exergy and exergy analysis in many practical applications, the last four chapters
(Chapters fifteen to eighteen) are fully devoted to this topic. The available textbooks in
thermodynamics rarely provide satisfactory coverage of exergy and exergy analysis of processes.
  mechanical energy balance equation: Mechanical Energy Conversion Mathieu Mory,
2024-06-06 This book studies the principles of mechanical energy conversion used in renewable
energy sources derived from air and water: wind power, tidal power, hydroelectric power, osmotic
energy, ocean thermal energy and wave energy. Mechanical Energy Conversion presents twelve
application exercises and their answers. They enable the reader to first understand the physical
principles of mechanical energy converters and then learn the method for sizing them. The book also
reinforces the concepts of fluid mechanics and hydraulic turbo machinery, which are required to
solve the exercises. This book aims to instruct readers on how to design an energy system. For each
renewable energy source covered – and based on the quantity of energy or power supplied – it
describes the production process, explains how it works and calculates the characteristics and
dimensions of its components.
  mechanical energy balance equation: Chemical Process Engineering Volume 1 Rahmat
Sotudeh-Gharebagh, A. Kayode Coker, 2022-05-03 Written by two of the most prolific and respected
chemical engineers in the world, this groundbreaking two-volume set is the “new standard” in the
industry, offering engineers and students alike the most up-do-date, comprehensive, and
state-of-the-art coverage of processes and best practices in the field today. This first new volume in a
two-volume set explores and describes integrating new tools for engineering education and practice
for better utilization of the existing knowledge on process design. Useful not only for students,
professors, scientists and practitioners, especially process, chemical, mechanical and metallurgical
engineers, it is also a valuable reference for other engineers, consultants, technicians and scientists
concerned about various aspects of industrial design. The text can be considered as a
complementary text to process design for senior and graduate students as well as a hands-on
reference work or refresher for engineers at entry level. The contents of the book can also be taught
in intensive workshops in the oil, gas, petrochemical, biochemical and process industries. The book
provides a detailed description and hands-on experience on process design in chemical engineering,
and it is an integrated text that focuses on practical design with new tools, such as Excel
spreadsheets and UniSim simulation software. Written by two industry and university’s most
trustworthy and well-known authors, this book is the new standard in chemical, biochemical,
pharmaceutical, petrochemical and petroleum refining. Covering design, analysis, simulation,
integration, and, perhaps most importantly, the practical application of Microsoft Excel-UniSim



software, this is the most comprehensive and up-to-date coverage of all of the latest developments in
the industry. It is a must-have for any engineer or student’s library.
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