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Foreword

The idea of this book was conceived at a Gordon Research Conference on Laser
Diagnostics in Combustion in 1l Ciocco, ltaly, 1999, which 1 had the pleasure to or-
ganize as the Chair, together with Dr. Jay Jeffries, Stanford University, as the Vice
Chair. Gaining insight into combustion processes as they happen using suitable tech-
niques, with an aim to detect and understand the physico — chemical basis of the ob-
served phenomena, is a prerequisite for technological innovation and development.
Eminent researchers have written tutorial introductions into respective techniques and
fields, and have provided examples for their applications. Although the book has
been written more than a decade ago, the knowledge gained remains relevant. It can
thus serve as a good starting point for further reading and study.

As editor of Combustion and Flame, 2004 —2010, and as President of the Com-
bustion Institute, 2012 —=2016, I could witness the rapid development and growth of
the combustion research community in China, and I am extremely pleased to see that
the book is now being made available in a Chinese translation. Because of the scale
of primary energy consumed for power generation, in transportation, and for industrial
processes in China associated with its still recent transition from an emerging economy
to a competitively industrialized country, the state of combustion lechnology in China
is of global importance, especially regarding emissions from fossil fuel sources. It is
thus of eminent importance to invest thought and imagination into clean and sustain-
able technologies, including advanced ground and air transportation fuels in combina-
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tion with advanced combustion processes. With a shift towards such cleaner alterna-
tives, challenges arise in understanding their fundamental principles. In situ diagnos-
tics to provide accurate experimental data and direct insight into the process as de-
scribed in this book is one of the pillars on which further development must rely.

With more combustion laboratories in China having access to advanced laser
methods, a wise investment will be the training of students who will use and apply
them to obtain the much — needed information from combustors and engines that are
mostly hosted by engineering laboratories. For these young researchers, it will be
highly useful to understand the principles from physics that make these and other la-
ser — based techniques successful. Considerations of potential challenges such as opti-
cal access, spatial and temporal resolution, multi — dimensional or multi — species
imaging, and complex theory that may be needed for quantitative evaluation, are only
some details that must be mastered. Also, much of the needed knowledge for the fu-
ture involves complicated chemical reaction networks, such as fuel — specific low —
temperature reactions needed to describe ignition, or the reactions from the molecular
soot precursor phase to nascent particles. These are two problems for which suitable
diagnostic approaches are only emerging, but which are of high importance because of
the introduction of biofuels and to abate the current impact of emissions on air quality
and health. Collaboration between engineers, physicists, and chemists of the coming
researcher generation, if possible already in the student phase, will thus be important
to obtain high impact and return from laser diagnostics in combustion.

Since the book has been written, further highly valuable techniques in combus-
tion diagnostics have been introduced, including molecular beam mass spectrometry
using synchrotron photon sources. Also, lasers and optics, chemical kinetics and
quantum chemistry ; computational methods and combustion modeling, have matured
further and should now be considered jointly — another area that needs collaboration
across disciplines. It is valuable to perform a laser experiment lo characterize a com-
bustion system, as it is of similar value to perform a computer simulation of such a
system. However, il both are done jointly, with experts of both sides joining forces,
deeper understanding as a basis for development and optimization will be gained.
Hopefully, application of such techniques as described in this book will serve to assist

Chinese researchers in their quest for sustainable processes and a cleaner environment.

Bielefeld, November 2016
Katharina Kohse — Hoinghaus

Chair of Physical Chemistry
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