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Advanced Ic Engines
This book is the outcome of many years of teaching of
Advanced IC Engine subject and it is intended to serve
as a reference for researchers and engineers. The
subject matter is arranged sequentially and presented in
a very simple and systematic manner. A large number of
worked out examples are provided in Testing of IC
Engine Chapter.
Abstract: As the world oil reserves continue to deplete,
the need for more fuel efficient vehicles has become a
necessity among the society to counteract the increasing
fuel prices. In order to meet these demands advanced
internal combustion engines are being developed;
however the controls for these engines has become
more complex, due to added degrees of freedom, which
adds time to the calibration process. As a result, engine
modeling has become popular for control design to
reduce the calibration stages. This research developed a
methodology for combustion analysis and modeling
processes for advanced internal combustion engines.
The methodology was valid over the entire operating
range of the engine subject to changes in engine speed,
manifold pressure, spark timing, intake cam position, and
exhaust cam position. This research was part of a much
larger effort to improve the modeling capabilities of
advanced engines. The objective is to use "model
based" techniques to facilitate these advanced engines
entering the market, creating positive impacts on fuel
economy and emissions. The overall project will consist
of experimental set-up, data collection, analytical
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analysis and modeling.
This book covers all aspects of supercharging internal
combustion engines. It details charging systems and
components, the theoretical basic relations between
engines and charging systems, as well as layout and
evaluation criteria for best interaction. Coverage also
describes recent experiences in design and development
of supercharging systems, improved graphical
presentations, and most advanced calculation and
simulation tools.
This monograph covers different aspects related to
utilization of alternative fuels in internal combustion (IC)
engines with a focus on biodiesel, dimethyl ether,
alcohols, biogas, etc. The focal point of this book is to
present engine combustion, performance and emission
characteristics of IC engines fueled by these alternative
fuels. A section of this book also covers the potential
strategies of utilization of these alternative fuels in an
energy efficient manner to reduce the harmful pollutants
emitted from IC engines. It presents the comparative
analysis of different alternative fuels in a variety of
engines to show the appropriate alternative fuel for
specific types of engines. This book will prove useful for
both researchers as well as energy experts and policy
makers.
Direct injection enables precise control of the fuel/air
mixture so that engines can be tuned for improved power
and fuel economy, but ongoing research challenges
remain in improving the technology for commercial
applications. As fuel prices escalate DI engines are
expected to gain in popularity for automotive
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applications. This important book, in two volumes,
reviews the science and technology of different types of
DI combustion engines and their fuels. Volume 1 deals
with direct injection gasoline and CNG engines, including
history and essential principles, approaches to improved
fuel economy, design, optimisation, optical techniques
and their applications. Volume 2 investigates diesel DI
combustion engines, which despite their commercial
success are facing ever more stringent emission
legislation worldwide. Direct injection diesel engines are
generally more efficient and cleaner than indirect
injection engines and as fuel prices continue to rise DI
engines are expected to gain in popularity for automotive
applications. Two exclusive sections examine light-duty
and heavy-duty diesel engines. Fuel injection systems
and after treatment systems for DI diesel engines are
discussed. The final section addresses exhaust emission
control strategies, including combustion diagnostics and
modelling, drawing on reputable diesel combustion
system research and development. Reviews key
technologies for enhancing direct injection (DI) gasoline
engines Examines approaches to improved fuel
economy and lower emissions Investigates how HSDI
and DI engines can meet ever more stringent emission
legislation
NOx Emission Control Technologies in Stationary and
Automotive Internal Combustion Engines: Approaches
Toward NOx Free Automobiles presents the fundamental
theory of emission formation, particularly the oxides of
nitrogen (NOx) and its chemical reactions and control
techniques. The book provides a simplified framework for
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technical literature on NOx reduction strategies in IC
engines, highlighting thermodynamics, combustion
science, automotive emissions and environmental
pollution control. Sections cover the toxicity and roots of
emissions for both SI and CI engines and the formation
of various emissions such as CO, SO2, HC, NOx, soot,
and PM from internal combustion engines, along with
various methods of NOx formation. Topics cover the
combustion process, engine design parameters, and the
application of exhaust gas recirculation for NOx
reduction, making this book ideal for researchers and
students in automotive, mechanical, mechatronics and
chemical engineering students working in the field of
emission control techniques. Covers advanced and
recent technologies and emerging new trends in NOx
reduction for emission control Highlights the effects of
exhaust gas recirculation (EGR) on engine performance
parameters Discusses emission norms such as EURO VI
and Bharat stage VI in reducing global air pollution due
to engine emissions
This monograph covers different aspects of internal
combustion engines including engine performance and
emissions and presents various solutions to resolve these
issues. The contents provide examples of utilization of
methanol as a fuel for CI engines in different modes of
transportation, such as railroad, personal vehicles or heavy
duty road transportation. The volume provides information
about the current methanol utilization and its potential, its
effect on the engine in terms of efficiency, combustion,
performance, pollutants formation and prediction. The
contents are also based on review of technologies present,
the status of different combustion and emission control
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technologies and their suitability for different types of IC
engines. Few novel technologies for spark ignition (SI)
engines have been also included in this book, which makes
this book a complete solution for both kind of engines. This
book will be useful for engine researchers, energy experts
and students involved in fuels, IC engines, engine
instrumentation and environmental research.
Volume 2 of the two-volume set Advanced direct injection
combustion engine technologies and development
investigates diesel DI combustion engines, which despite
their commercial success are facing ever more stringent
emission legislation worldwide. Direct injection diesel engines
are generally more efficient and cleaner than indirect injection
engines and as fuel prices continue to rise DI engines are
expected to gain in popularity for automotive applications.
Two exclusive sections examine light-duty and heavy-duty
diesel engines. Fuel injection systems and after treatment
systems for DI diesel engines are discussed. The final section
addresses exhaust emission control strategies, including
combustion diagnostics and modelling, drawing on reputable
diesel combustion system research and development.
Investigates how HSDI and DI engines can meet ever more
stringent emission legislation Examines technologies for both
light-duty and heavy-duty diesel engines Discusses exhaust
emission control strategies, combustion diagnostics and
modelling
The exergy analysis is a powerful tool for investigating
thermodynamic irreversibilities and to identify pathways for
improving efficiencies of energy systems, including internal
combustion (IC) engines. The present study provides a twopronged methodology to increase the work output and FCEs
of IC engines. First, a detailed exergy analysis of in-cylinder
phenomena in an IC engine of in-cylinder phenomena was
developed and performed in an IC engine operating on an
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advanced combustion strategy (i.e., diesel-ignited methane
dual fuel low temperature combustion (LTC). Second, a
combined, experimentally driven, computational exergy
analysis methodology of exhaust flows to characterize crank
angle-resolved exhaust exergy was introduce and
implemented on a diesel engine. In this regard, an exergy
analysis framework is developed to quantify in-cylinder
exergy transformations in IC engines. Then, a previously
validated zero dimensional, multi zone thermodynamic model
of diesel-methane dual fuel LTC is used to conduct exergy
analysis, study variation of exergy components and
investigate the effect of operating conditions on in-cylinder
exergy distribution and irreversibilities. Also, application of
exergy analysis is explained and implemented for IC engines,
considering exhaust waste energy recovery systems for
maximizing the overall work output. Furthermore, an
important existing knowledge gap by introducing a
methodology for performing crank angle-resolved exergy
analysis of exhaust flows from the perspective of exhaust
waste energy recovery in diesel engines. The crank angleresolved specific exergy and its thermal and mechanical
components are calculated by combining experimental crank
angle-resolved exhaust manifold pressure measurements
with 1D system-level (GT-POWER) simulations. Moreover,
the effect of exhaust back-pressure on crank angle-resolved
exhaust exergy has been investigated at different back
pressures for conventional diesel combustion. Additionally,
exhaust flow specific exergies in the different phases of the
exhaust process, the total exergy flow rates, and cumulative
(time-integrated) exergy were quantified. Finally, cyclic
variations in magnitudes of maximum measured exhaust
pressure, calculated exhaust temperature and phasing of
exhaust flow were analyzed. Also, cyclic variability in exhaust
exergy components, i.e., thermal and mechanical exergies
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with the perspective of exhaust WER systems were
investigated.
To improve the fuel economy and to reduce the emission in
internal combustion (IC) engines, advanced engine
technologies such as the homogeneous charge compression
ignition (HCCI), further increasing the compression ratio, and
gasoline engine downsizing with charge boosting need to be
further developed. The development of these technologies is
restricted by the prediction and control of the ignition of
premixed fuel/air mixtures. The ignition of the premixed
mixtures in IC engines is governed by complex chemical
kinetics. The in-cylinder flow turbulence, temperature
inhomogeneity, and other mixture conditions affect the
ignition processes by influencing the chemical reaction rates.
This book discusses different types of alternative fuels,
including biodiesel, alcohol, synthetic fuels, compressed
natural gas (CNG) and its blend with hydrogen, HCNG, and
provides detailed information on the utilization of these
alternative fuels in internal combustion (IC) engines. Further,
it presents methods for production of these alternative fuels
and explores advanced combustion techniques, such as lowtemperature and dual-fuel combustion, using alternative fuels.
It includes a chapter on the soot morphology of biodiesel,
which focuses on the toxicity. There are also four chapters on
hydrogen-fueled engines, which discuss use of hydrogen in
IC engines and also provide important information on the
methodologies. This book is a valuable resource for
researchers and practicing engineers alike.
This book provides a comprehensive overview of the
application of liquid biofuels to internal combustion (IC)
engines. Biofuels are one of the most promising renewable
and sustainable energy sources. Particularly, liquid biofuels
obtained from biomass could become a valid alternative to
the use of fossil fuels in the light of increasingly stringent
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environmental constraints. In this book, the discussion is
limited to liquid biofuels obtained from triglycerides and
lignocellulose among the many different kinds of biomass.
Several liquid biofuels from triglycerides, straight vegetable
oil, biodiesel produced from inedible vegetable oil,
hydrotreated vegetable oil, and pyrolytic oil have been
selected for discussion, as well as biofuels from lignocellulose
bio-oil, alcohols such as methanol, ethanol and butanol, and
biomass-to-liquids diesel. This book includes three chapters
on the application of methanol, ethanol and butanol to
advanced compression ignition (CI) engines such as LTC,
HCCI, RCCI and DF modes. Further, the application of other
higher alcohols and other drop-in fuels such as DMF, MF,
MTHF, and GVL are also discussed. The book will be a
valuable resource for graduate students, researchers and
engine designers who are interested in the application of
alcohols and other biofuels in advanced CI engines, and also
useful for alternative energy planners selecting biofuels for CI
engines in the future.

This book provides an introduction to basic
thermodynamic engine cycle simulations, and provides a
substantial set of results. Key features includes
comprehensive and detailed documentation of the
mathematical foundations and solutions required for
thermodynamic engine cycle simulations. The book
includes a thorough presentation of results based on the
second law of thermodynamics as well as results for
advanced, high efficiency engines. Case studies that
illustrate the use of engine cycle simulations are also
provided.
This book focuses on combustion simulations and optical
diagnostics techniques, which are currently used in
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internal combustion engines. The book covers a variety
of simulation techniques, including in-cylinder
combustion, numerical investigations of fuel spray, and
effects of different fuels and engine technologies. The
book includes chapters focused on alternative fuels such
as DEE, biomass, alcohols, etc. It provides valuable
information about alternative fuel utilization in IC
engines. Use of combustion simulations and optical
techniques in advanced techniques such as microwaveassisted plasma ignition, laser ignition, etc. are few other
important aspects of this book. The book will serve as a
valuable resource for academic researchers and
professional automotive engineers alike.
This book presents an energetic approach to the
performance analysis of internal combustion engines,
seen as attractive applications of the principles of
thermodynamics, fluid mechanics and energy transfer.
Paying particular attention to the presentation of theory
and practice in a balanced ratio, the book is an important
aid both for students and for technicians, who want to
widen their knowledge of basic principles required for
design and development of internal combustion engines.
New engine technologies are covered, together with
recent developments in terms of: intake and exhaust flow
optimization, design and development of supercharging
systems, fuel metering and spray characteristic control,
fluid turbulence motions, traditional and advanced
combustion process analysis, formation and control of
pollutant emissions and noise, heat transfer and cooling,
fossil and renewable fuels, mono- and multi-dimensional
models of termo-fluid-dynamic processes.
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Electrification is an evolving paradigm shift in the
transportation industry toward more efficient, higher
performance, safer, smarter, and more reliable vehicles.
There is in fact a clear trend to move from internal
combustion engines (ICEs) to more integrated electrified
powertrains. Providing a detailed overview of this
growing area, Advanced Electric Drive Vehicles begins
with an introduction to the automotive industry, an
explanation of the need for electrification, and a
presentation of the fundamentals of conventional
vehicles and ICEs. It then proceeds to address the major
components of electrified vehicles—i.e., power electronic
converters, electric machines, electric motor controllers,
and energy storage systems. This comprehensive work:
Covers more electric vehicles (MEVs), hybrid electric
vehicles (HEVs), plug-in hybrid electric vehicles
(PHEVs), range-extended electric vehicles (REEVs), and
all-electric vehicles (EVs) including battery electric
vehicles (BEVs) and fuel cell vehicles (FCVs) Describes
the electrification technologies applied to nonpropulsion
loads, such as power steering and air-conditioning
systems Discusses hybrid battery/ultra-capacitor energy
storage systems, as well as 48-V electrification and beltdriven starter generator systems Considers vehicle-togrid (V2G) interface and electrical infrastructure issues,
energy management, and optimization in advanced
electric drive vehicles Contains numerous illustrations,
practical examples, case studies, and challenging
questions and problems throughout to ensure a solid
understanding of key concepts and applications
Advanced Electric Drive Vehicles makes an ideal
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textbook for senior-level undergraduate or graduate
engineering courses and a user-friendly reference for
researchers, engineers, managers, and other
professionals interested in transportation electrification.
This book discusses all aspects of advanced engine
technologies, and describes the role of alternative fuels
and solution-based modeling studies in meeting the
increasingly higher standards of the automotive industry.
By promoting research into more efficient and
environment-friendly combustion technologies, it helps
enable researchers to develop higher-power engines
with lower fuel consumption, emissions, and noise levels.
Over the course of 12 chapters, it covers research in
areas such as homogeneous charge compression
ignition (HCCI) combustion and control strategies, the
use of alternative fuels and additives in combination with
new combustion technology and novel approaches to
recover the pumping loss in the spark ignition engine.
The book will serve as a valuable resource for academic
researchers and professional automotive engineers
alike.
This book introduces the reader to fundamentals of
engine combustion processes and pollutant formation
Combustion thermodynamics, conceptual and
thermodynamic engine combustion models, fluid motion
in the cylinder, the conventional and advanced
combustion systems such as for DISC, CAI, and HCCI
engines are discussed. For a wider coverage on the
subject, emission measurement alternative propulsion
systems are included in this text. Laser based and other
combustion diagnostic techniques are outlined to
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introduce readers to modern combustion research
methods. The book attempts to present theoretical
aspects and the practices including the latest
developments in engine and emission control
technology.

Volume 2 of the two-volume set Advanced direct
injection combustion engine technologies and
development investigates diesel DI combustion
engines, which despite their commercial success are
facing ever more stringent emission legislation
worldwide. Direct injection diesel engines are
generally more efficient and cleaner than indirect
injection engines and as fuel prices continue to rise
DI engines are expected to gain in popularity for
automotive applications. Two exclusive sections
examine light-duty and heavy-duty diesel engines.
Fuel injection systems and after treatment systems
for DI diesel engines are discussed. The final section
addresses exhaust emission control strategies,
including combustion diagnostics and modelling,
drawing on reputable diesel combustion system
research and development.
This brief provides an overview on the most relevant
nonlinear phenomena in internal combustion engines
with a particular emphasis on the use of nonlinear
circuits in their modelling and control. The brief
contains advanced methodologies —based on neural
networks and soft-computing approaches among
others— for the compensation of engine nonlinearities
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by using the combustion pressure signal and
proposes several techniques for the reconstruction
of this signal on the basis of different engine
parameters, including engine-block vibration and
crankshaft rotational speed. Another topic of the
book is the diagnosis of the nonlinearities of injection
systems and their balancing, which is a mandatory
task for the new generation of gasoline direct
injection engines. The authors come from both
industrial and academic backgrounds, so the brief
represents an important tool both for researchers
and practitioners in the automotive industry.
With the changing landscape of the transport sector,
there are also alternative powertrain systems on
offer that can run independently of or in conjunction
with the internal combustion (IC) engine. This shift
has actually helped the industry gain traction with the
IC Engine market projected to grow at 4.67% CAGR
during the forecast period 2019-2025. It continues to
meet both requirements and challenges through
continual technology advancement and innovation
from the latest research. With this in mind, the
contributions in Internal Combustion Engines and
Powertrain Systems for Future Transport 2019 not
only cover the particular issues for the IC engine
market but also reflect the impact of alternative
powertrains on the propulsion industry. The main
topics include: • Engines for hybrid powertrains and
electrification • IC engines • Fuel cells • E-machines
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• Air-path and other technologies achieving
performance and fuel economy benefits • Advances
and improvements in combustion and ignition
systems • Emissions regulation and their control by
engine and after-treatment • Developments in realworld driving cycles • Advanced boosting systems •
Connected powertrains (AI) • Electrification
opportunities • Energy conversion and recovery
systems • Modified or novel engine cycles • IC
engines for heavy duty and off highway Internal
Combustion Engines and Powertrain Systems for
Future Transport 2019 provides a forum for IC
engine, fuels and powertrain experts, and looks
closely at developments in powertrain technology
required to meet the demands of the low carbon
economy and global competition in all sectors of the
transportation, off-highway and stationary power
industries.
The long-awaited revision of the most respected
resource on Internal Combustion Engines --covering
the basics through advanced operation of sparkignition and diesel engines. Written by one of the
most recognized and highly regarded names in
internal combustion engines this trusted educational
resource and professional reference covers the key
physical and chemical processes that govern internal
combustion engine operation and design. Internal
Combustion Engine Fundamentals, Second Edition,
has been thoroughly revised to cover recent
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advances, including performance enhancement,
efficiency improvements, and emission reduction
technologies. Highly illustrated and cross referenced,
the book includes discussions of these engines’
environmental impacts and requirements. You will
get complete explanations of spark-ignition and
compression-ignition (diesel) engine operating
characteristics as well as of engine flow and
combustion phenomena and fuel requirements.
Coverage includes:•Engine types and their
operation•Engine design and operating
parameters•Thermochemistry of fuel-air
mixtures•Properties of working fluids•Ideal models
of engine cycles•Gas exchange processes•Mixture
preparation in spark-ignition engines•Charge motion
within the cylinder•Combustion in spark-ignition
engines•Combustion in compression-ignition
engines•Pollutant formation and control•Engine heat
transfer•Engine friction and lubrication•Modeling
real engine flow and combustion processes•Engine
operating characteristics
This book comprises select peer-reviewed
proceedings of the 26th National Conference on IC
Engines and Combustion (NCICEC) 2019 which was
organised by the Department of Mechanical
Engineering, National Institute of Technology
Kurukshetra under the aegis of The Combustion
Institute-Indian Section (CIIS). The book covers
latest research and developments in the areas of
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combustion and propulsion, exhaust emissions, gas
turbines, hybrid vehicles, IC engines, and alternative
fuels. The contents include theoretical and numerical
tools applied to a wide range of combustion
problems, and also discusses their applications. This
book can be a good reference for engineers,
educators and researchers working in the area of IC
engines and combustion.
Direct injection enables precise control of the fuel/air
mixture so that engines can be tuned for improved
power and fuel economy, but ongoing research
challenges remain in improving the technology for
commercial applications. As fuel prices escalate DI
engines are expected to gain in popularity for
automotive applications. This important book, in two
volumes, reviews the science and technology of
different types of DI combustion engines and their
fuels. Volume 1 deals with direct injection gasoline
and CNG engines, including history and essential
principles, approaches to improved fuel economy,
design, optimisation, optical techniques and their
applications. Reviews key technologies for
enhancing direct injection (DI) gasoline engines
Examines approaches to improved fuel economy
and lower emissions Discusses DI compressed
natural gas (CNG) engines and biofuels
Meant for the undergraduate students of mechanical
engineering this hallmark text on I C Engines has
been updated to bring in the latest in IC Engines.
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Self explanatory sketches, graphs, line schematics
of processes and tables along with illustrated
examples, exercises and problems at the end of
each chapter help in practicing the application of the
basic principles presented in the text.
Doctoral Thesis / Dissertation from the year 2006 in
the subject Electrotechnology, grade: 1, mit
Ausgezeichnung bestanden, Vienna University of
Technology (Insitut fur Photonik), language: English,
abstract: In this PhD thesis different fundamental
aspects and the practical usability of a laser ignition
system as a new, innovative and alternative ignition
approach for internal combustion engines were
investigated in great detail mainly experimentally.
Ignition experiments in combustion chambers under
high pressures and elevated temperatures have
been conducted. Different fuels were investigated.
Also the minimum breakdown energy in dependence
of the initial temperature and pressure with the help
of an aspheric lens with a high numerical aperture
was studied. High-speed Schlieren diagnostics have
been conducted in the combustion chamber. The
different stages like the ignition plasma within the
first nanoseconds via the shock wave generation to
the expanding flame kernel were investigated. With
the help of multi-point ignition the combustion
duration could be reduced significantly. The
controlled start of auto-ignition of n-heptane-air
mixtures by resonant absorption of Er, Cr: YSGG
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laser radiation at 2.78 um by additionally introduced
water has been proven in combustion chamber
experiments as a completely new idea. Beside
experiments in the combustion chambers and long
term tests under atmospheric conditions, various
tests in SI engines up to 200 h, have been made.
Different sources of contamination of the window
surface have been identified. First experiments with
a longitudinally diode-pumped, fiber-coupled and
passively Q-switched solid-state laser -prototype
system with maximum pulse energy of 1.5 mJ at
about 1.5 ns pulse duration were performed which
allowed to ignite the engine successfully over a test
period of 100 h. In cooperation with Lund University
in Sweden, experiments have been performed on
another engine test bed running in HCCI mode
revealing the la
Primarily intended for the undergraduate students of
Automobile, Mechanical, Electrical, Aerospace
engineering, and postgraduate students of Thermal
Engineering and Energy Systems, the book presents
the topics as per the outcome-based education
system. In addition to the coverage of various
alternative fuels considered for IC engines, special
focus is emphasized on research findings in the field
of alternative fuels and fuel additives including nanoadditives. The stress is also given towards the
exclusive coverage of advanced engine technologies
such as CRDI engines, MPFI engines, GDI, HCCI
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and advanced energy technologies such as Hybrid
Electric Vehicles (HEVs), Plug-in Hybrid Electric
Vehicles (PHEVs), Battery Electric Vehicles (BEVs),
Fuel Cell Vehicles (FCVs), Solar Powered Vehicles.
KEY FEATURES • A detailed discussion of the
research findings in alternatives fuels for IC engines
• 150+ Review questions • 200+ Multiple choice
questions • PowerPoint slides for the instructors
Target Audience • Undergraduate students of
Automobile, Mechanical, Electrical, Aerospace
engineering • Postgraduate students of Thermal
engineering and Energy systems
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