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Technical University. He received his Dr.-Ing. degree from Professor
Schlichting. He started his industrial career as test engineer at Volkswagen,
first as head of the climatic wind tunnel, later as head of power train
research. Later on he was VP R& D in the supply industry. Since 1985 he
is a freelancing technical author. He is editor of Aerodynamics of Road
Vehiclesand author of Aerodynamics of Bluff Bodies (in German).
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Klaus Hufnagel Chapter B.8, Sect. 8.1

Technische Universität Darmstadt
Fluid Mechanics and Aerodynamics
Darmstadt, Germany
k.hufnagel@aero.tu-darmstadt.de

Dr. Hufnagel is director of the wind tunnel facilities at Technische
Universität Darmstadt. He started his career as research engineer in
the cryobalance project in 1984 and obtained his doctoral degree from
Technische Universität Darmstadt in 1995. Dr. Hufnagel has 25 years
experience in designing and building wind tunnel balances for tunnels
all over the world.

Bernd Jähne Chapters D.24, D.25, Sect. 25.1

University of Heidelberg
Research Group Image Processing,
Interdisciplinary Center for Scientific
Computing
Heidelberg, Germany
Bernd.Jaehne@iwr.uni-heidelberg.de

Bernd Jähne studied physics in Saarbrücken and Heidelberg, Germany. He occupied
a research professorship at the Scripps Institution of Oceanography, University of
California in San Diego from 1988–1994 and heads now the research group Image
Processing of the Interdisciplinary Center for Scientific Computing and the Institute
for Environmental Physics at Heidelberg University. He is founder and head of the
Heidelberg Image Processing Forum.

Markus Jehle Chapter D.25, Sect. 25.2

University of Heidelberg
Research Group Image Processing,
Interdisciplinary Center
for Scientific Computing
Heidelberg, Germany
Markus.Jehle@iwr.uni-heidelberg.de

Markus Jehle has studied physics in Karlsruhe, where he has received his diploma
in 2001. He received his Dr. degree in 2006 from the University of Heidelberg. His
research interests include computer vision, image processing and flow visualisation,
in particular spatio-temporal analysis of flows close to free water surfaces using
optical-flow-based techniques.

Joseph Katz Chapters C.10, C.14, Sect. 10.4

The Johns Hopkins University
Department of Mechanical Engineering
Baltimore, MD, USA
katz@jhu.edu

Joseph Katz’s research focuses on experimental fluid mechanics and
development of optical diagnostics techniques involving PIV and
holography for laboratory and field applications, especially in the ocean.
He has worked in bubble dynamics and cavitation, turbulent single and
multiphase flows, flow structure and turbulence within turbomachines,
turbulence in the bottom boundary layer of the coastal ocean and canopy
flows. Using holography he has also studied swimming behavior of
plankton both in the laboratory and in the ocean. He has received several
awards including the 2004 ASME Fluids Engineering Award.

Damien Kawakami Chapter C.15, Sect. 15.1

University of Minnesota
Mechanical Engineering
Bloomington, MN, USA
kawa0036@umn.edu

Mr. Kawakami investigated water quality effects on cloud cavitation
as part of his Masters of Science research. Other research areas
include cavitation erosion, super-cavitation, and cavitation instabilities.
Presently, he works for the United States Navy, Department of Naval
Reactors.

Saeid Kheirandish Chapter A.1, Sect. 1.8

Universität Karlsruhe (TH)
Institut für Mechanische
Verfahrenstechnik und Mechanik
Karlsruhe, Germany
Saeid.Kheirandish@mvm.uni-karlsruhe.
de

Saeid Kheirandish has received his Ph.D. from the Institute of Polymer Engineering,
Technical University of Berlin, in 2005. His research areas of interest include theoretical
and experimental rheology, polymer processing, and structure-rheology relationship
in complex fluids. After finishing a period of research at the School of Chemical
Engineering at the University of South Carolina, Columbia, he has joined the Institute
of Mechanics at the Department of Chemical Engineering at the University of Karlsruhe
as a postdoctoral fellow. His current research is focused on the elongational behaviour
of microgel-containing structures, colloids and fluids with yield-stress.
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Michael Klar Chapter D.25, Sect. 25.2

University of Heidelberg
Research Group Image Processing,
Interdisciplinary Center
for Scientific Computing
Heidelberg, Germany
Michael.Klar@iwr.uni-heidelberg.de

Michael Klar studied physics in Heidelberg, where he received his diploma and
Ph.D. in 2001 and 2005, respectively. His research interests include computer vision,
photogrammetry and flow visualization, in particular endoscopic 3-D particle-tracking
velocimetry for flow measurements in porous media. He is now with the Robert Bosch
GmbH in Plochingen, Germany.

Joseph C. Klewicki Chapter C.12, Sects. 12.1, 12.2

University of New Hampshire
Department of Mechanical Engineering
Durham, NH, USA
Joe.klewicki@unh.edu

Professor Klewicki studies complex and turbulent fluid flows, with
an emphasis on wall-bounded flows. His on-going efforts are in the
experimental study of boundary layer vortical motions, and flow field
modelling (physical and analytical). He is a fellow of the ASME, and is
currently Dean of the College of Engineering and Physical Sciences at the
University of New Hampshire.

Manoochehr M. Koochesfahani Chapter B.5, Sect. 5.4

Michigan State University
Department of Mechanical Engineering
East Lansing, MI, USA
koochesf@egr.msu.edu

Dr. Manoochehr Koochesfahani is Professor of Mechanical Engineering
at Michigan State University. He received his Ph.D. in Aeronautics
from the California Institute of Technology. His research interests
include: fundamental studies of turbulent mixing and mixing control/
enhancement, unsteady fluid mechanics and aerodynamics, micro- and
nano-flows, and development of advanced optical diagnostics for fluid
flow and mixing studies using molecule-based methods and quantum
dots.

Tomasz A. Kowalewski Chapter B.7, Sect. 7.1

Polish Academy of Sciences
Institute of Fundamental Technological
Research (IPPT PAN), Department
of Mechanics and Physics of Fluids
Warszawa, Poland
tkowale@ippt.gov.pl

Tomasz A. Kowalewski is a physicist with an extensive research background in the
field of fluid mechanics. He earned his Ph.D. in 1982 and habilitation in 1996 from
the Polish Academy of Sciences. Presently he is Associate Professor and head of
department at the Institute of Fundamental Technological Research working mainly
in experimental and computational fluid mechanics, thermally driven and free surface
flows, flow associated with phase change phenomena, nanofibers and microfluidics.

Eric Lauga Chapter C.19

Massachusetts Institute of Technology
Department of Mathematics
Cambridge, MA, USA
lauga@mit.edu

Eric Lauga is Assistant Professor of Applied Mathematics in the Department of
Mathematics at Massachusetts Institute of Technology. He obtained his Ph.D. in
Applied Mathematics from Harvard University in 2005 where he studied the mechanics
of fluids on the micron scale. His research interests are in biological fluid mechanics,
biophysics, nonlinear dynamics, and soft condensed matter.

Joseph W. Lee Chapter B.5, Sect. 5.3.4

NASA Langley Research Center
Advanced Sensing and Optical
Measurements Branch
Hampton, VA, USA
Joseph.W.Lee@nasa.gov

Joseph Lee is a Senior Electronics Technician at the NASA Langley
Research Center. Since joining NASA he has developed electronic,
optical and data acquisition systems crucial to the implementation of laser
velocimetry techniques in NASA and U.S. Air Force wind tunnels. His
work on the design, installation and testing of Doppler global velocimetry
systems and subsystems was the prime contributor to the successful
implementation of the technique to wind tunnel applications.
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Jacques Lewalle Chapter D.22, Sect. 22.6

Syracuse University
Mechanical Engineering
Syracuse, NY, USA
jlewalle@syr.edu

Jacques Lewalle has applied the continuous wavelet transforms to data
analysis, e.g. paper formation and nerve response, as well as fluid
dynamics (2004 Lewis F. Moody Award of ASME/FED), and to the
mathematical physics of the diffusion, Poisson and Navier–Stokes
equations. His primary interest is in the multiscale interactions in
incompressible turbulence and 3-D vorticity dynamics.

Phillip Ligrani Chapter B.7, Sect. 7.2

University of Oxford
Department of Engineering Science
Oxford, UK
phil.ligrani@eng.ox.ac.uk

Phil Ligrani is Professor of Mechanical Engineering and Director of the Convective
Heat Transfer Laboratory in the University of Utah. His current research areas include
measurement techniques, convective heat transfer, heat transfer augmentation, internal
cooling, turbulent boundary layers, transitional phenomena, film cooling, macro-scale
and micro-scale pumping systems, and peptide suspension flows. He was awarded
“Professor of the Year”, ASME Fellow, an SCIES-AGTSR Faculty Fellowship,
a Universität Karlsruhe Guest Professorship, a NASA Space Act Tech Brief Award,
and the Carl E. and Jessie W. Menneken Faculty Award for Excellence in Scientific
Research.

Abraham Marmur Chapter B.3, Sect. 3.2

Technion-Israel Institute of Technology
Department of Chemical Engineering
Haifa, Israel
marmur@technion.ac.il

Professor Abraham Marmur received his Ph.D. in 1974 from the Technion – Israel
Institute of Technology. Then he spent two years as a postdoc at the State University
of New York at Buffalo. Later he was a visiting associate professor at the University
of Wisconsin, Madison, and a visiting scientist at the IBM Almaden research center.
Professor Marmur has been working in the field of interfacial phenomena for over
twenty five years, has published over a hundred scientific papers, and has been
consulting for major companies. At the Technion, Professor Marmur received awards
for excellence in research and in teaching.

Jan Martinez Schramm Chapter C.16, Sect. 16.2

Institute of Aerodynamics
and Flow Technology
Department Spacecraft
Göttingen, Germany
Jan.Martinez@dlr.de

Jan Martinez Schramm studied physics at the University of Göttingen
where he graduated in 1999. He is a research scientist at the German
Aerospace Center (DLR) in Göttingen. The main focus of his work is on
short duration measurement techniques and experimental investigations of
high-temperature, hypersonic flows in the free piston driven High Enthalpy
Shock Tunnel Göttingen (HEG).

Ivan Marusic Chapter C.12, Sect. 12.4

University of Melbourne
Victoria, Australia
imarusic@unimelb.edu.au

Professor Marusic conducts research primarily on turbulent boundary
layers and high Reynolds number incompressible flows. He is a Packard
Fellow of Engineering and Science, and a recipient of a National Science
Foundation Career Award.

Beverley J. McKeon Chapters B.4, B.5, Sects. 4.1–4.3, 5.1

California Institute of Technology
Graduate Aeronautical Laboratories,
Division of Engineering
and Applied Science
Pasadena, CA, USA
mckeon@caltech.edu

Beverley McKeon is an Assistant Professor of Aeronautics in the Graduate Aeronautical
Laboratories, California Institute of Technology. She received her Ph.D. from Princeton
University in 2003, then moving to Imperial College London, where in 2004 she was
awarded a Royal Society Dorothy Hodgkin Fellowship. Her current research focuses
on the control and fundamental physics of wall-bounded flows, such as reduction of
drag, noise and structural loading or expansion of vehicle performance envelopes.
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Gareth H. McKinley Chapter C.9, Sect. 9.1.3

Massachusetts Institute of Technology
Department of Mechanical Engineering
Cambridge, MA, USA
gareth@mit.edu

Gareth McKinley is the School of Engineering Professor of Teaching Innovation
within the Department of Mechanical Engineering at MIT. He is also the director
of the Program in Polymer Science and Technology and Head of the Hatsopoulos
Microfluids Laboratory. He is a co-founder and member of the Board of Directors
of Cambridge Polymer Group. His research interests include extensional rheology,
interfacial fluid dynamics and super-hydrophobicity, microrheology and microfluidics
and the processing of nanocomposite materials.

Charles Meneveau Chapter C.10, Sect. 10.4

The Johns Hopkins University
Department of Mechanical Engineering
Baltimore, MD, USA
meneveau@jhu.edu

Charles Meneveau is the Louis M. Sardella Professor of Mechanical
Engineering at the Department of Mechanical Engineering and Director of
the Center for Environmental and Applied Fluid Mechanics at The Johns
Hopkins University. His area of research is focused on understanding and
modeling hydrodynamic turbulence, and complexity in fluid mechanics in
general. He combines experimental, computational and theoretical tools
for his research, and places special empasis on the multiscale aspects of
turbulence.

Wolfgang Merzkirch Chapters B.6, C.11

Universität Essen
Lehrstuhl für Strömungslehre
Essen, Germany
wolfgang.merzkirch@uni-essen.de

Wolfgang Merzkirch is Professor Emeritus at Universität Essen,
Germany. He was professor of fluid mechanics at Universität Essen
and Universität Bochum, Germany, research associate at Ernst-Mach-
Institut, Freiburg, Germany, and NASA Ames Research Center, USA.
He is adjunct professor at Texas A& M University, USA, founding
editor of Experiments in Fluids, author of the book Flow Visualization.
His research areas are experimental fluid mechanics with emphasis on
optical methods and flow visualisation. He received the Leonardo da
Vinci Award at the 8th International Symposium on Flow Visualization
and the Asanuma Award from the Visualization Society of Japan.

James F. Meyers Chapter B.5, Sect. 5.3.4

NASA Langley Research Center
Advanced Sensing and Optical
Measurements Branch
Hampton, VA, USA
james.f.meyers@nasa.gov

James Meyers is a Distinguished Research Associate at the NASA Langley Research
Center. During his 39 year career at NASA he has been instrumental in the advancement
of the state-of-the-art in laser velocimetry techniques and their implementation to
wind tunnel applications. His research in Doppler global velocimetry led to the first
successful application of the technology to wind tunnel testing and formed the basis
for subsequent developments.

Scott C. Morris Chapter B.5, Sect. 5.5.4

University of Notre Dame
Department of Aerospace and Mechanical
Engineering
Notre Dame, IN, USA
s.morris@nd.edu

Professor Morris completed his Ph.D. in mechanical engineering from Michigan
State University. He has been at the University of Notre Dame since 2002. Current
research activities include overlapping areas of study within fundamental turbulence,
aeroacoustics, aeromechanics, and turbomachinery.
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John A. Mullin Chapter B.5, Sect. 5.5.2

Northrop Grumman Space Technology
Redondo Beach, CA, USA
John.mullin@ngc.com

John Mullin earned his Ph.D. from the University of Michigan in 2004.
Dr. Mullin’s research is currently in the areas of fluid dynamics, reacting
flows, and mixing including experimental and numerical applications in
combustion-driven high-energy lasers, aerooptics, and launch vehicle/
spacecraft contamination. Other research includes nonintrusive laser
diagnostics to measure velocity and velocity gradient fields. He is a Senior
Member of AIAA and a member of APS.

Klaas te Nijenhuis Chapter C.9, Sects. 9.1, 9.2, 9.4

Delft University of Technology
Department of Polymer Materials
and Polymer Engineering
Delft, The Netherlands
k.tenijenhuis@tnw.tudelft.nl

Dr. Klaas te Nijenhuis is a retired physical chemist with an extensive
research background in the field of thermo-reversible polymer networks.
Furthermore he is interested in film formation of polymer latices
as studied with the aid of light (UV-VIS) scattering. Finally he has
a considerable experience in teaching rheology of polymeric fluids on
academic and post academic level.

Holger Nobach Chapters D.22, D.23, Sect. 22.1–22.3

Max Planck Institute for Dynamics
and Self-Organization
Göttingen, Germany
holger.nobach@nambis.de

Dr. Nobach received his doctorate in electrical engineering from the University of
Rostock in 1997. During his postdoctoral research, between 1998 and 2000 on an
industrial research program with Dantec Dynamics in Copenhagen and between
2000 and 2005 at the Technical University of Darmstadt, he developed measurement
techniques for flow investigations. Since 2005 he is a scientist at the Max Planck
Institute for Dynamics and Self-Organization in Göttingen, Germany and studies
characteristics of turbulent flows with improved and extended optical measurement
systems.

Jeffrey A. Odell Chapter C.9, Sect. 9.5

University of Bristol
Department of Physics
Bristol, UK
Jeff.odell@bristol.ac.uk

Jeff Odell is an experimental physicist at the University of Bristol. He has worked
for 30 years in the fields of polymer morphology, macromolecular dynamics and
flow, especially elongational flow. Current research interests are microfluidics and
microrheology, especially of biological fluids. He has over 120 publications in these
fields. He is founder and managing director of MicroRheology Ltd.

Nicholas T. Ouellette Chapter C.10, Sect. 10.2

Max Planck Institute for Dynamics
and Self-Organization
Laboratory of Fluid Dynamics, Pattern
Formation and Nanobiocomplexity
(LFPN)
Göttingen, Germany
nicholas.ouellette@ds.mpg.de

Nicholas T. Ouellette received his Ph.D. from Cornell University in
2006, where he used particle-tracking techniques to study the Lagrangian
dynamics of intensely turbulent flows. He is currently a postdoctoral
researcher at Haverford College, where he is working on instabilities and
spatiotemporal chaos in quasi-two-dimensional flows and on the fluidic
transport of asymmetric particles.
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Ronald L. Panton Chapters A.1, A.2, Sect. 1.1–1.7, 2.2

The University of Texas
Mechanical Engineering Department
Austin, TX, USA
rpanton@mail.utexas.edu

Ronald L. Panton is the J. H. Herring Professor of Mechanical
Engineering at the University of Texas at Austin. After receiving a B.
A. degree in Mathematics and a B.S. degree in Mechanical Engineering
from Wichita State University, he practiced engineering at North
American Aviation followed by active duty with the Air Force. As an
officer in the Air Force he was assigned to the X-15 Research Plane
project at Wright-Patterson AFB. Subsequently, he studied Mechanical
Engineering at the University of Wisconsin (Madison), M.S. and the
University of California (Berkeley), Ph.D. Following graduation he
became a professor at Oklahoma State University, 1966-71, and then the
University of Texas at Austin, 1971 to present. His research has been
in a variety of fluid flow topics ranging from flow-acoustic interactions
to molten solder behavior. Much of his work is in turbulent flow.
He authored the textbook Incompressible Flowedited the monograph
Self-Sustaining Mechanisms of Wall Turbulence.

Eric R. Pardyjak Chapter B.5, Sect. 5.7

University of Utah
Department of Mechanical Engineering
Salt Lake City, UT, USA
pardyjak@eng.utah.edu

Pardyjak’s primary area of research is in the Environmental Fluid Mechanics with
a focus on urban boundary layer transport and dispersion processes. Pardyjak received
his Ph.D. from Arizona State University in 2001 in the Environmental Fluid Dynamics
Program. His research activities involve both experimental (large scale atmospheric
experiments and laboratory measurements) and modelling aspects of transport and
dispersion.

Marc Perlin Chapter C.15, Sect. 15.2

University of Michigan
Naval Architecture
and Marine Engineering
Ann Arbor, MI, USA
perlin@umich.edu

Dr. Perlin is a Professor of Naval Architecture and Marine Engineering, Professor
of Mechanical Engineering, and Professor of Civil and Environmental Engineering.
He earned his Ph.D. in Engineering Mechanics from the University of Florida in
1989. His research areas include nonlinear water waves, contact-line dynamics, and
drag-reduction. Energy dissipation and vorticity in steep and breaking waves are
studied experimentally including the effects of wind. Viscous drag reduction using
polymers, microbubbles, and air layers are investigated at near prototype Reynolds
numbers. Contact-line dynamics in oscillatory flows and thin films in rotating cylinders
are studied experimentally and numerically.

Marko Princevac Chapter C.17, Sect. 17.1

University of California Riverside
Department of Mechanical Engineering
Riverside, CA, USA
marko@engr.ucr.edu

Marko Princevac has a Ph.D. in Mechanical Engineering from Arizona
State University (2003) and is now an Assistant Professor of Mechanical
Engineering at the University of California, Riverside. His research
includes laboratory, theoretical, and field experimental aspects of small
scale atmospheric flows. He is a member of the American Society of
Mechanical Engineers (ASME) and the Air and Waste Management
Association (AWMA).

Alberto T. Pérez Chapter C.21

Universidad de Sevilla
Departamento de Electrónica
y Electromagnetismo, Facultad de Física
Sevilla, Spain
alberto@us.es

Alberto Pérez is Profesor Titular (Associate Professor) in the electronics
and electromagnetism department since 1994. His current research deals
with the electrohydrodynamics of liquids and suspensions. Problems
under study are the instabilities induced by the corona discharge in
a layer of dielectric liquid, the chaotic behavior of a conducting ball
bouncing on an electrode and the conductivity and electrophoretic
mobility of concentrated suspensions.
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Giovanni Paolo Romano Chapter C.10, Sect. 10.1

University of Roma “La Sapienza”
Department Mechanics and Aeronautics
Rome, Italy
romano@dma.ing.uniroma1.it

Giovanni Paolo Romano graduated in Physics in 1984 at the University of Roma “La
Sapienza”. At present is Full Professor of Experimental Fluid Mechanics at the same
University (Department of Mechanics and Aeronautics). He is author of more than 90
scientific publications concerning fundamental and applied fluid-mechanics involving
large and small scale turbulent structures (near-wall turbulence, jets, wakes, biomedical
flows). His main interest is in the experimental investigation of turbulent fields by
means of advanced optical techniques (LDA, PIV, LIF).

William S. Saric Chapter C.12, Sect. 12.3

Texas A&M University
Aerospace Engineering
College Station, TX, USA
saric@tamu.edu

William S. Saric is the Stewart and Stevenson Professor of Aerospace Engineering at
Texas A& M University. He is a member of the National Academy of Engineering
and received the AIAA Fluid Dynamics Award and the SES G.I. Taylor Medal. He is
a Fellow of AIAA, APS, and ASME. Most recently, he has conducted experimental,
and flight research on stability, transition, and control of 2-D and 3-D boundary layers.

Fulvio Scarano Chapter B.5, Sect. 5.3.3

Delft University of Technology
Aerospace Engineering Department
Delft, The Netherlands
f.scarano@tudelft.nl

Fulvio Scarano is Associate Professor in the Aerodynamics Section at the
Aerospace Engineering Department of TU Delft. He obtained his Ph.D.
in Aerospace Engineering from the University of Naples in collaboration
with the von Kármán Institute for Fluid Dynamics, where he was also
awarded the von Kármán Prize for his studies on advanced PIV image
processing algorithms. His research focuses on particle image velocimetry
developments and its applications in high-speed aerodynamics and
turbulent shear flows. The group has recently developed the tomographic-
PIV technique for the instantaneous measurement of the three-dimensional
velocity field. He is member of several international scientific committees
and is recipient of the Impulse to Innovation award from the Dutch
Technology Foundation.

Günter Schewe Chapter B.8, Sect. 8.2

German Aerospace Center (DLR)
Institut für Aeroelastik
Göttingen, Germany
guenter.schewe@dlr.de

Günter Schewe studied physics in Aachen and Göttingen where he
received his Dr. degree in physics of fluids at the MPI für Strömungs-
forschung. He is now senior scientist at the DLR-Institut für Aeroelastik.
He has worked in the fields of turbulent boundary layers, nonlinear ef-
fects in transonic flutter, very high Reynolds number flows and special
measuring techniques for the mentioned fields.

Kai Schneider Chapter D.22, Sect. 22.6

Université de Provence
Centre de Mathématiques et
d’Informatique
Marseille, France
kschneid@cmi.univ-mrs.fr

Dr. Kai Schneider is Professor of Mechanics and Applied Mathematics at the Université
de Provence, Marseille, France. He obtained his Master degree in 1993 and his Ph.
D. degree in 1996 both from the Universität Kaiserlautern, Germany. In 2001 he
obtained his habilitation from the Université Louis Pasteur, Strasbourg, France. His
current research activities are focused on the development of multiscale techniques for
scientific computing and their application for modeling and computing turbulent and
reactive flows.
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Richard Schodl Chapter B.5, Sect. 5.3.5

German Aerospace Center (DLR)
Institute of Propulsion Technology
Engine Measurement Systems
Köln, Germany
richard.schodl@dlr.de

Dr. Richard Schodl is heading a research group in the DLR-Institute of Propulsion
Technology. The group’s current research involves the development and application of
laser instrumentation for turbomachinery flow analysis. He obtained his Dr. degree in
Mechanical Engineering from the RWTH Aachen in 1978 and is author of numerous
publications, received national and international awards, holds various patents and
was many times invited as a lecturer to international conferences. During the years
he has collected extensive experience in the development and application of optical
instrumentation for non-intrusive flow analysis.

Christof Schulz Chapters B.7, C.20, Sect. 7.3

Universität Duisburg-Essen
Institut für Verbrennung
und Gasdynamik
Duisburg, Germany
christof.schulz@uni-duisburg.de

Dr. Schulz is a Professor at the University of Duisburg-Essen. His research
focuses on the development and application of laser-based diagnostics
techniques to combustion processes, specifically in-cylinder diagnostics
of mixture formation, in-cylinder temperatures and pollutant formation
in internal combustion engines. Additionally he works on kinetics of
high-temperature reactions and on nanoparticle formation in gasphase
reactions. He heads a research group of 25 people. He has authored over
70 reviewed journal articles and has received the BMW Scientific Award
and the Freudenberg-Award (Heidelberg Academy of Sciences).

Stephen Spiegelberg Chapter C.9, Sect. 9.1.3

Cambridge Polymer Group
Boston, MA, USA
steve@campoly.com

Dr. Stephen Spiegelberg is the president and co-founder of Cambridge
Polymer Group, Inc. He received his BS in Chemical Engineering
from the University of Wisconsin-Madison, and his Ph.D. in Chemical
Engineering from the Massachusetts Institute of Technology, where he
studied toughening mechanisms in brittle plastics. He was a post-doctoral
fellow at Harvard University, where he worked with NASA engineers to
design and test an extensional rheometer for microgravity applications.
He is a co-inventor on a capillary break-up rheometer with inventors
at Cambridge Polymer Group, where he also works with polymeric
materials for biomedical applications.

Victor Steinberg Chapter C.10, Sect. 10.3

Weizmann Institute of Science
Department of Physics
of Complex Systems
Rehovot, Israel
victor.steinberg@weizmann.ac.il

Dr. Victor Steinberg is The Harry De Jur Professor of Physics at the Department of
Physics of Complex Systems of the Weizmann Institute of Science. He is the recipient
of the Ulam Distinguished Scholarship at Los Alamos National Lab, USA in 1987,
Alexander von Humboldt Research Award, Germany, 1993, and Municipal Professorial
Chair of the University of Joseph Fourier 2000–2003. Currently his research activity
includes hydrodynamics of polymer solutions and complex fluids, microfluidics of
complex fluids, convective and hydrodynamic turbulence, hydrodynamics of fluid
near the gas-liquid critical point, single polymer dynamics in various flows, and dusty
plasma.

Howard A. Stone Chapter C.19

Harvard University
Division of Engineering
and Applied Sciences
Cambridge, MA, USA
has@deas.harvard.edu

Howard A. Stone is Vicky Joseph Professor of Engineering and Applied Mathematics
in the Division of Engineering and Applied Sciences at Harvard University. He
received a Bachelor of Science degree from the University of California at Davis
in 1982 and his Ph.D. from Caltech in 1988, with both degrees being in Chemical
Engineering. Following a post-doctoral year in the Department of Applied Mathematics
and Theoretical Physics at the University of Cambridge he joined the Harvard faculty.
His research interests are centered in fluid dynamics and its applications in various
traditional fields from engineering to chemistry and physics.
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Stephanus A. Theron Chapter B.3, Sect. 3.7

Technion – Israel Institute of
Technology
Department of Mechanical Engineering
Haifa, Israel
therons@tx.technion.ac.il

Dr. Theron completed his Ph.D. degree in Mechanical Engineering at
the Technion in 2004. He is an engineer with a background in control
and electronic and electric systems. His Ph.D. research focussed on the
electrospinning process and methods for the characterization of polymer
solutions.

Cameron Tropea Chapters B.5, D.22, D.23, Sects. 5.3.2, 22.1–22.3

Technische Universität Darmstadt
Fachgebiet Strömungslehre und
Aerodynamik
Darmstadt, Germany
ctropea@sla.tu-darmstadt.de

Cameron Tropea received his Bachelors and Masters of Applied
Science at the University of Toronto (Eng. Sci.) before moving to
the University of Karlsruhe, Germany, where he received his Dr.-Ing.
in 1982. After holding a researcher assistantship at the University
of Erlangen-Nuremberg, a guest professorship at the University of
Waterloo, Canada, and an industrial position, he moved to his current
position as head of the Chair of Fluid Mechanics and Aerodynamics at
the Technical University of Darmstadt, Germany. His research interests
lie in the development of optical measurements techniques for flow
velocity and particle characterization and their application to investigate
complex turbulent flows and atomization and spray processes.

Oğuz Uzol Chapter C.14

Middle East Technical University
Department of Aerospace Engineering
Ankara, Turkey
uzol@ae.metu.edu.tr

Dr. Oğuz Uzol received his Master of Science in Aeronautical Engineering in 1995
from the Middle East Technical University, Ankara, Turkey, his Ph.D. in Aerospace
Engineering, from The Pennsylvania State University, University Park, PA in 2000.
He was a post-doctoral fellow in the Department of Mechanical Engineering, Johns
Hopkins University, Baltimore, MD. His current research mainly focuses on aircraft
propulsion systems, gas turbines, turbomachinery flows, turbulence physics and
modeling, particle image velocimetry and other experimental techniques.

Petar V. Vukoslavčevíc Chapter B.5, Sect. 5.5.3

University of Montenegro
Department of Mechanical Engineering
Podgorica, Montenegro
petarv@cg.ac.yu

Dr. Petar Vukoslavčević is a Professor of Mechanical Engineering at the University
of Montenegro and a member of the Montenegrin Academy of Science and Art. He
works in the fields of thermal anemometry measurement methods and turbulence.
He developed a nine sensor hot-wire probe to simultaneously measure, for the first
time, all three vorticity and velocity components. He is currently working on the
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– gases 95
– number 1106, 1109

– reference values 95
– steam 90
– water 90
depletion layer 688
depolarization 518
de-pressurized flumes 972
de-pressurized towing tanks 972
depth of penetration 971
depth-integrating sampler 1025
desinent 980
detached shock 216
detail optimization 1046
detection 521, 525
– 2f 527
– efficiency 519, 529, 530
– limit 1247
– low-noise 521
– selectivity 1249
– sensitivity 525, 1251
– spatial resolution 1249, 1259
– temporal resolution 1249
– two-color 535
detectors 793
detonation 1082, 1088, 1089
– driver 1089, 1094
– propagation mode, backward

1088
– propagation mode, downstream

1089
– propagation mode, forward 1088,

1089
– propagation mode, upstream

1089
– section 1088, 1089
Deutsches Institut für Normung

(DIN) 126
developed cavitation 970
DFB (distributed feedback)constraint

526
DFG (difference-frequency

generation) 1287
DFT (discrete Fourier transform)

1338
DFWM (degenerate four-wave

mixing) 1243
DGV (Doppler global velocimetry)

345, 347, 348, 350–352
diagnostics
– flow 1264
– multidimensional 1253
– spray 1265
– three-dimensional 1259
diaphragm 1082, 1085, 1086, 1089,

1091, 1094–1096, 1104
– main 1089, 1091
– primary 1091, 1093, 1095
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– rupture 1082–1084, 1091, 1095
– secondary 1085, 1086,

1093–1095
dichroism 725
die swell 720, 723
dielectric constant 158, 159, 167,

168
dielectric force 1319, 1322
Diesel 1265, 1267–1269, 1280,

1282
di-ethyl-hexyl-sebacat (DEHS)

293
difference-frequency generation

(DFG) 1287
differential cross-section 519
differential optical flow methods

1465
differential pom-pom equation 20
differential pressure gage 1014
diffractive optical element (DOE)

864
diffuse radiation 1045
diffusion 965
– diaphragm-cell technique 149
– gases 154
– inhomogeneous 1450
– liquids 149
– reference values 156
– taylor-dispersion technique 149
diffusion coefficient 684
– calibration data for gas-phase 156
– hydrocarbons in supercritical CO2

157
– inter 149
– intra 149
– mutual 149
– organic solutes in n-hexane 157
– organic solutes in toluene 157
– self 149
– tracer 149
diffusion filters 1450
diffusion of the vorticity 384
diffusion tensor 1451
digital PIV 319, 326, 997
digital spatial correlation 376
digitization 1437
dilatation 386
diluted suspensions 690
dimensional analysis 57, 688
dimethylformamide (DMF) 167,

168
dimethylsulfide (DMS) 1213
dimethylsulfoxide (DMSO) 167
DIN (Deutsches Institut für

Normung) 126
di-n-butyl phthalate (DBP) 117

dipole moment 517
– induced by the incident

electromagnetic field 517
– permanent 524
direct absorption spectroscopy (DAS)

1291
direct numerical simulation (DNS)

251, 423, 765, 774, 791, 1242,
1245, 1252

direct physical observation 1010
direction of flow 637
directional
– derivative 1460
– frequency spectrum 1019
director 725, 727, 728
dirt 1057
discrete Fourier transform (DFT)

1338
discriminator 357
disperse phase 680
dispersion
– ocean tracer 1190
– prism 361
dispersions 680
displacement thickness 888
displacement-correlation peak 322
dissipation rate 400, 407, 411
dissipation rate of turbulent kinetic

energy 386
dissociation 1318, 1323
dissociation constant 1323
dissolved gas 965
dissolved oxygen 981
distributed feedback (DFB) 526
distributed suction 1055
distribution 1401
DLR (German Aerospace Center)

1108
DLVO theory 687
DMF (dimethylformamide) 167,

168
DMS (dimethylsulfide) 1213
DMSO (dimethylsulfoxide) 167
DNS (direct numerical simulation)

251, 423, 765, 774, 791, 1242,
1245

DOE (diffractive optical element)
864

Doi–Edwards (DE) model 18
Doppler
– broadened 516, 521
– broadening 1284
– burst 302
– burst frequency 997
– effect 389, 1078
– frequency 297

– frequency shift 361
– fringe spacing 997
– global velocimetry (DGV) 287,

342, 361, 933
– picture velocimetry (DPV) 1105
– shift 342, 343, 350, 351
– shifted frequency 351
– velocimetry 1264
– width 520
Dorodnitsyn–Howarth transformation

63, 77
down force 1045
down-force 1051
drag 1045, 1046
– coefficient 607, 614, 1128
– crisis 1129, 1135, 1145
– flow rheogoniometer 635
– flow rheometer 636
– fluctuations 608
drift
– correction procedure 602
– zero point 597
driven section 1082–1084, 1086,

1087, 1089, 1093
driver gas 1082–1084, 1087–1089,

1091, 1092, 1094, 1095
– argon 1088, 1091
– contamination 1091, 1092
– helium 1087–1091, 1093, 1094,

1123
– hydrogen 1087–1089
– nitrogen 1087, 1090
– oxygen 1087, 1088
driver section 1084, 1086,

1088–1090, 1093
drop volume concentration 715
droplet
– break-up 714
– deformation 713, 714
– distribution 1243
– spreading scaling laws 114, 117
DSNU (dark signal nonuniformity)

1433
DSPIV (dual plane particle image

velocimetry) 388
dual plane particle image velocimetry

(DSPIV) 388
duplex test section 1060, 1061
dye 860
dynamic
– behavior 603
– contact angle 112, 114
– friction 113
– mechanical measurements 628,

635
– moduli 627, 630–633, 635
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– pressure 216
– pressure measurement 179
– range (DR) 1428, 1465
– shear moduli 634
– stall 378
– stall control 611
– viscosity 634
dynamics of the cavitating hydrofoil

1005

E

Earth 1113
– atmosphere 1081
– low Earth orbit 1112
EBCCE (extended brightness change

constraint equation) 1486
echo sounder 1011
ecosystems
– ocean 1179
eddy
– diffusivities 1162
– viscosity 77, 831
eddy viscosity 771
edge extraction 1451
edge tracking 1079
edge-detection algorithms 115
effect of orifice shape 181
effective
– Hamaker constant 686
– measuring time 606, 613
– Péclet number 689
– solid volume concentration 690
– wind speed 1062
efficiency 522, 963
EGR (exhaust gas recirculation)

1280
EHD (electrohydro dynamics)

1317–1322, 1325, 1329, 1331
– plume 1331
eigenfrequency 603
eigenvalue problem 1455
eight-constant Oldroyd equation

17
Einstein coefficient 690
Einstein number 1021
ejection 1371
elastic
– deformation 612
– instability 801, 806, 808, 817,

818, 822, 824–826
– stress 799, 813, 817, 820
– stress tensor 820
– stress, nonlinear 801
– stress, turbulent 810
– suspension 610

– turbulence 799, 804, 810,
814–816, 821

– wing model 612
elastically scaled 612
elasticity 720, 723
electric Bond number 1321
electric conductivity 160
electric field 1317–1321,

1323–1326, 1328, 1329
electric fields 1319
electric force 1319, 1321
electric Reynolds number 1321
electrical
– conductivity 158, 168
– double layer 686
– force 1317, 1319, 1321, 1323
electrically conducting fluids 136
electrically insulating fluids 136
electrohydrodynamic 1317, 1329
– mobility 1329
– plume 1325
electrohydrodynamics (EHD) 1317,

1318, 1323, 1327, 1330
electron injection 1320, 1325
electronic noise in anemometers

259, 263, 266, 275
electronic shutter 1419
electron-multiplying CCD

(EM-CCD) 1435
electrophoresis 1329
electrophoretic mobility 1329
electrostatic stabilization 687
electrosteric stabilization 688
electrostrictive force 1319
electrothermal flows 1317, 1322,

1323
electroviscous relaxation time

1322
electroviscous scale 1322
elementary reaction 1245, 1249
ELIF (excimer-laser-induced

fragmentation) 1297
elongational
– flows 708
– viscosity 651, 652, 657, 658
EM-CCD (electron-multiplying

CCD) 1435
emissivity 1163
emulsions 681, 711
EMVA (European Machine Vision

Association) 1430
end losses 248, 277
end-pinching 714
energy 7
– mechanical 7
energy tensor 1457

energy transfer 517, 521, 529, 531
– rotational (RET) 529
– vibrational (VET) 529
engine 520, 534, 1244, 1252, 1270
– cooling 1046
– internal combustion 1265
– model 608
– multispecies measurement 1270
– optically accessible 1266
– pulse detonation 1293
ensemble-average 924
enstrophy 11, 400, 401, 407, 411,

774
enstrophy production rate 401, 407
enstrophy-production-rate 411
enthalpy 4, 1081, 1087, 1088, 1093,

1094, 1097, 1111–1113, 1118,
1119

– stagnation 1084, 1085, 1087,
1091, 1115, 1121, 1122

– total 1123
– total specific 1081, 1086–1095,

1099, 1111–1116, 1118–1125
entrance correction 721
entrance effect 720, 721
entropy 4
entry 1090, 1117
– interplanetary atmospheric 1081
– vehicle 1081, 1118
environmental services 1179
epipolar geometry 1469
equation of energy 134
equation of state 4
equations of motion 635, 637, 638,

640, 641
equilibrium 1092
– chemical 1092, 1093
– static 1101
– thermal 1092, 1093, 1117
equilibrium shear compliance 633
equivalence ratio 1273
equivalent temperature difference

1421
erosion rate 974
erosion rates 978
erosive intensity 971
ESA (European Space Agency)

1113
ESTEC (European Space Research

and Technology Center) 1122
estimating erosion rate 975
estimator 1400
– consistent 1400
– efficient 1400
– higher order statistics 1404
– mean 1402
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– signal-to-noise 1406
– standard deviation 1401
– unbiased 1400
– variance 1403
ETW (European transonic wind

tunnel) 199, 548
Euler characteristic 909
Euler equations 1082
Eulerian 651, 652
– correlation function 815
– velocity 798
– viewpoint 5
Euler–Lagrange equations

1484
European Machine Vision

Association (EMVA) 1430
European Space Agency (ESA)

1113
European Space Research and

Technology Center (ESTEC)
1122

European transonic wind tunnel
(ETW) 199, 548

evaporation 697
event data vector 1373
excimer-laser-induced fragmentation

(ELIF) 1297
exciter
– electrodynamic 610
– force 610
exhaust gas recirculation (EGR)

1280
expansion 1081, 1083, 1084, 1092,

1093
– operator 1463
– steady 1086, 1094
– Taylor 1089
– unsteady 1083, 1086, 1094, 1095
– wave, centered 1082, 1084
– wave, reflected 1084–1086, 1092,

1094, 1095
– wave, secondary 1095
– wave, unsteady 1083, 1084, 1086,

1094
exposure time 1419
extended brightness change constraint

equation (EBCCE) 1486
extended pom-pom (XPP) model

21
extensional
– flows 727, 729
– thickening 651
exterior noise 1076
extraction curve 1074
extrudate swell 720
extrudate swell ratio 721–723

F

far infrared (FIR) 502, 1285
Faraday cells 727
FARLIF 1270
Farris effect 692
fast Fourier transform (FFT) 306,

327
fast shutter valve 547
fault current 606
FBRM (focused beam reflectance

measurement) 1024
feature image 1445
feature-based method 1465
feedback 610
Fermat’s principle 474
FFT (fast Fourier transform) 306,

327
fiber optic backscatter 1026
fibre 357
Fick’s law 148
Fick´s diffusion law 10
field-enhanced dissociation 1325
filament
– line 860
– stretching 647, 650–656, 658, 659
– stretching rheometer 653, 656,

658
film 997
filter
– median 1448
filtered Rayleigh scattering 345
filtering
– wavelet 1393
FIR (far infrared) 502, 1285
first and second normal stress

coefficients 640
first normal stress coefficient 642
first normal stress difference 639,

642
first-order derivatives 1451
Fisher information matrix 1409
five-belt system 1063
fixed pattern noise (FPN) 1433
fixed region 8
Fizeau interferometry 876
flame 519
– atmospheric pressure 525
– Bunsen 536, 1256, 1261
– chemiluminescence 1263
– extinction 1247
– finite-rate chemistry effect 1247
– front 1255, 1259, 1260
– higher-pressure 1251
– high-pressure 532
– kernel 1261, 1263

– laminar 525, 1245, 1249
– low-pressure 530, 532, 1249
– opposed jet 1247, 1253
– sooting 520, 532, 1250
– swirl 1257
– turbulent 519, 1246, 1253, 1255
flamelet 1245, 1255
floating frame 1071
floating-element sensor 883
float-mounted accelerometers 1013
flocculation 718
flocculation factor 716
floor balance 1071
Florida Strait transport 1200
flow
– complex 710, 898
– noise 1076
– optical 1464
– random 819
– resistance 800, 806, 807, 816, 824
– seeding 350, 352
– separation 897
– separation onset 609
– structure 825
– tagging 1264
– tagging velocimetry 363
– turbulent 382
– visualization 857, 1074
– work 9
fluctuating pressure 614
fluctuating velocity field 1373
fluid 3
fluorescein-conjugated dextran 824
fluorescence 364
– lifetime 529
– quantum yield 528, 532, 535,

1271, 1276
fluorescent dye 290, 865, 998
fluorescent-conjugated dextran

(FITCD) 829
flutter
– boundary 610
– control system 610
– oscillations 609
– torsional 611
flying hot wire 279, 900
FMS (frequency modulation

spectroscopy) 1291
focused beam reflectance

measurement (FBRM) 1024
force
– aerodynamic 609
– balance 994
– cutting 597
– fluctuating 596
– inertia 609
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– measurement, free-flight technique
1103

– spectrum 609
– steady 596
– time averaged 596
– transducer 599
– unsteady 609
force balance 1101, 1103, 1114
– dynamic response 1102
– stiffness 1101
– strain gauge 1101, 1102, 1104,

1115
– stress wave 1101–1104, 1121
forced
– dewetting 112
– motion 610
– Rayleigh scattering 142, 143
– torsional oscillations 611
– wetting 112, 116, 117
forced vibrations 630
– nonresonance 630
– resonance 630
Fourier heat conduction 10
Fourier transform 1378
– discrete 1337
– fast (FFT) 1342
– zero padding 1342
Fourier’s law 133
Fourier-transform rheology (FTR)

707
four-sensor conductivity probe

1008
four-sensor optical probe 1008
FPN (fixed pattern noise) 1433
fpolymethylmethacrylate (PMMA)

700
fractal 1395
fractional population 523, 524
free
– damped vibrations 630
– diffusion 151
– mixing layers 67, 73
– shear layer 1125, 1128
– surface flow 868
– surface slope 1013
– vibrations 630, 631
free-flight force measurement 1101
free-stream disturbances 891
free-surface flows 80
French Atomic Energy Commission

1008
French–German Research Institute of

Saint Louis (ISL) 1105
frequency
– bending 602
– buffet 597

– natural 1101, 1104, 1105
– nondimensional buffet 612
– Nyquist 1339
– shift 609
frequency flat field 348, 352
frequency modulation spectroscopy

(FMS) 1291
frequency of vortex shedding 966
frequency response 262, 265, 884
frequency-based techniques 1484
frequency-stabilized argon-ion laser

361
friction velocity 873, 1161
fringe model 297
fringe spacing 359
fringe-type laser velocimetry 342,

346, 351, 353
frontal area 1048, 1079
Froude number 37, 972
FTR (Fourier-transform rheology)

707
fuel
– commercial 1267
– liquid 1246
fuel–air ratio 1246, 1266
fundamental differential equation of

thermodynamics 4
furnace 1244
fuzzy slotting technique 307

G

gabor filter 1461, 1484
gamma densitometers 1009
gas
– content effects 987
– content measurement 980
– dynamics 57, 58, 79
– residence-time 1298
– turbine 536, 1244, 1252, 1259
gaseous cavitation 965
Gauss theorem 8
Gaussian
– beam 300, 1008
– curve 356
– differentiating kernel 795
– filter 831
– image pyramid 1467
– pyramid 1462
GBCCE (generalized brightness

change constraint equation) 1487
generalized brightness change

constraint equation (GBCCE)
1487

geometric shape factor 628, 629
geometric transforms 1442

geometrical quantity 1078
geosynchronous imaging

Fourier-transform spectrometer
(GIFTS) 1177

German Aerospace Center (DLR)
1108

Germano identity 831
GIFTS (geosynchronous imaging

Fourier-transform spectrometer)
1177

Gladstone–Dale constant 1106
Gladstone–Dale equation 473
glass compliance 633
global constraints 1483
global Doppler velocimetry 362
global positioning system (GPS)

1194
Godunov 1083
Gouy interferometer 153
GPS (global positioning system)

signals 1018
grade of dispersity 681
gradient 1451
Grashoff number 236
grayscale interpretation of PIV

images 1008
greedy-matching 791
ground board 1045
ground floor 1049, 1055
gustiness 1044

H

Haar 1386
Hagen–Poiseuille equation 125
hairpin vortex 311
half-span model 599
Hamaker constant 685
hard spheres 685
harmonic motion 517
head loss 10
heat
– radiation 544
– transfer 57, 62, 543, 544
– transfer coefficient 545
– transfer laws in subsonic flows

236
– transfer laws in supersonic flows

239
– transfer measurement 538
heat balance 230, 246
heat conduction 544, 1098, 1099
– one-dimensional 1098, 1100
– unsteady 1100
heat conductivity 1098
heat convection 544
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heat exchanger 1054
heat flux 7, 1081, 1096–1100, 1103,

1104, 1112–1114, 1116–1120,
1124

– plate 1164
heave motion 610
heave-pitch-roll buoy 1014
helical mode 967
Helley–Smith bed load sampler

1030
HEM (horizontal electrometer)

1203
hemispherical
– nosed body 961
Hencky strain 647, 651–655, 658
Henri de Pitot 218
Henry’s constant 965
Hessian matrix 1452
heterodisperse 681
HIEST (high enthalpy shock tunnel)

1115
high enthalpy shock tunnel (HEG)

1108
high enthalpy shock tunnel (HIEST)

1115
high frequency backscatter

1009
high image density PIV 320
high Reynolds number 797
– facility 607
high speed
– flow visualization 1111
– water tunnel 972
high temperature effect 1081, 1087,

1113, 1118, 1123
high turbulence intensity flow

899
high-frame-rate PIV 1003
high-pressure wind tunnel

607
high-repetition rate 1265
high-Reynolds-number turbulence

792
high-speed
– imaging 116
– photography and video 988
– video 969
high-temperature effect 1092
– dissociation 1081, 1112, 1118
– vibrational excitation 1081, 1118
Hilbert
– filter 1458
– transform 1344, 1458
histogram equalization 319
HITRAN 527
hole effect 642

holographic
– interferometry 138
– particle image velocimetry (HPIV)

388, 844, 902, 1473
– techniques 982
holography 864
– holographic plate 1108
– reconstruction 1108, 1109
– recording 1101, 1107, 1111
hoop stress 803, 812
Hopf bifurcation 1137
horizontal buoyancy 1060, 1061
horizontal electrometer (HEM)

1203
Horseshoe vortices 969
hot wire flying 1144
hot wire on the wall 884
hot-film anemometry 1009
hot-wire 894, 921
hot-wire anemometry (HWA) 309,

748, 899
HPR (heave, pitch, roll) buoy 1019
HTV (hydroxyl tagging velocimetry)

365, 369
humidity 1045
HWA (hot-wire anemometry) 309,

748, 899
hybrid PIV/PTV 1472
hydration 716
hydraulic
– analogy 869
– linear actuator 610
hydraulically smooth 882
hydrocarbons 88, 122
hydrodynamic
– loads 965
– mobility 1322
– theory 113
hydroelastic vibration 966
hydrofoil 962, 965, 968, 986, 1000,

1002
hydrogen-bubble technique 866
hydrophone 981, 992, 996
hydroturbine 976
hydroxide (OH) 1105
hydroxyl tagging velocimetry (HTV)

365, 369
hypersonic 1085, 1088, 1111–1113,

1118, 1123
– boundary layer 1124
– flight 1081, 1116
– flow 1081, 1085, 1094, 1095,

1099, 1105, 1113, 1118, 1123
– ground-based test facility 1081,

1095, 1097, 1118
– short-duration test facility 1105

– testing 1081, 1096, 1115, 1118
– vehicle 1081, 1101
hypervelocity 1081, 1110, 1112,

1113, 1118, 1119
– range facility 1082
hysteresis 106, 108, 111, 610, 807

I

IAPWS (International Association for
the Properties of Water and Steam)
95

IC (internal combustion) 1245
ICCD (intensified CCD sensors)

1435
ICET (international cavitation

erosion test) 977
ideal gas 4
ideal model 135
IEP (isoelectric point) 695
IES (inverted echosounder) 1198,

1203
IGV (inlet guide vanes) 930
illumination
– inhomogeneous 1441
image correlation velocimetry 1474
image distortion 351
image processing 116
impact of a weight 604
impulse response function 1102
inception 967, 980, 996
– mechanism 967
– of cavitation 982
– pressure 967
incipient cavitation number 963
incipient separation 897
incompressible
– flow 11, 34
– fluid 4
in-cylinder flow 380
index of refraction 1006
inductance effects 261
inertial matrix 1101
infrared 1163
infrared thermography (IRT) 539,

551, 896
inhomogeneity of the turbulence

intensities 385
initial amplitude 610
initial condition (IC) 746
injected bubbles 967
injection 1318, 1323, 1325, 1326,

1328
ink 650, 656
inkjet printing 117
inlet guide vanes (IGV) 930
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inner (viscous) length 404
inner (viscous) scale 402
inner flow 1047
inner frequency 875
in-plane loss of pairs 1470
in-plane SGS stresses 837
instability 610, 886
– elastic 801, 806, 808, 817, 822,

825, 826
instabilityelastic 818, 824
instantaneous wall gradient methods

884
insulation resistance 602
integral time scale 799
integrated experimental/numerical

research on cavitating flows
1004

integrating sphere 1441
intense turbulence 793
intensified CCD sensors (ICCD)

1435
intensity 517
– flat field 349, 351, 352
– fluorescence 529
– LIF 528
– of anti-Stokes Raman scattering

517
– of Rayleigh scattering 517
– of Stokes Raman scattering

517
interaction 609
interface condition
– overtailored 1084
– tailored 1084, 1086, 1090
– undertailored 1084
interfacial
– area concentration 1007
– rheology 714
– shear viscosity 715
– tension 96, 99–101, 103
interference 602, 1278
– fringe 480
interferogram 480
interferometer 480
– differential 481
– holographic 481
– Mach–Zehnder (MZI)

481
– phase-stepping 484
– reference beam 480
– schlieren 480
– shearing 480, 483
interferometric particle imaging

technique 1246
interferometric technique

137

interferometry 474, 1095, 1101,
1106

– Fabry–Pérot 1096
– holographic 1106–1109, 1112,

1118
– holographic, two wavelength

1109
– Mach–Zehnder 1106
– Michelson 1105
interior noise 1076
intermittency measures 1390
internal
– energy 4
– flow 878
– gravity wave 484
– piezo balance 600
internal combustion (IC) 1245
– engine 379
International Association for the

Properties of Water and Steam
(IAPWS) 95

international cavitation erosion test
(ICET) 977

International Organization for
Standards (ISO) 126

International Space Station (ISS)
1113

international towing tank conference
(ITTC) 978

interpolation 1443
interpolation kernel 1438
interpolation of sampled points

1438
interrogation areas 1465
intersystem crossing (ISC) 364
intracavity etalon 361
inverse micelles 1324
inverted echosounder (IES) 1198,

1203
iodine absorption line 347
iodine cell 361
iodine vapor cell (IVC) 343, 345,

347–349, 351
ion injection 1317
ion mobility 166
ionic transit time 1319
ionization 528, 529
IRT (infrared thermography) 539,

551, 896
ISC (intersystem crossing) 364
ISL (French–German Research

Institute of Saint Louis) 1105
ISO (International Organization for

Standards) 126
isoelectric point (IEP) 695
isokinetic sampling 1024

ISS (International Space Station)
1113

iterative analysis 335
ITTC (international towing tank

conference) 978
IVC (iodine vapor cell) 343, 345,

347–349, 351

J

jackknife algorithm 1402, 1405
Japan Aerospace Exploration Agency

(JAXA) 1115
Japanese Industrial Standards (JIS)

126
Jason 1202
JAXA (Japan Aerospace Exploration

Agency) 1115
jet deformation 1061
jet expansion 1061
jet propagating along a cone 71
JFTA (joint frequency–time analysis)

969
JIS (Japanese Industrial Standards)

126
joint frequency–time analysis (JFTA)

969

K

Kalman filter 1480
Karman vortex street 614, 863
Karman–Corrsin–Pao spectra 276
Karman–Saffman–Pao spectra 253
K-BKZ equation 15
Kerr effect 1317, 1328
kinematic similarity 1048
kinetic energy 7, 1081, 1087, 1089
kinetic-energy dissipation rate 401,

407, 411
King’s law 237
Kirchhoff 1242
KLT-tracking 1474
Knudsen number 12, 216, 239
Kolmogorov
– equation 770
– length scale 793
– scale 404, 797, 874, 1249
– time scale 793
Kovasznay modes 245
Kramers law 236

L

L2F (laser two-focus velocimetry)
353, 921, 945
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laboratory-generated wind waves
1013

lag time 307
Lagrangian 5
– experiment 789, 792
– particle tracking (LPT) 789
– time scale 793
– trajectory 789, 817
– turbulence 795
Lambert–Beer 523, 524, 1287
– law 1290
laminar boundary layer 545
laminar shear flow 806
laminar–turbulent transition 543
Langevin function
– inverse 730
lanthanide ion 371
LAOS (large-amplitude oscillatory

shear) 707
Laplacian operator 1452
Laplacian pyramid 1463
large cavitation channel 972
large eddy simulation (LES) 423,

773, 831, 1243, 1245
large energy national shock (LENS)

1113
large full-scale vehicle wind tunnel

1063
large fullsize climatic wind tunnel

1067
large-amplitude oscillatory shear

(LAOS) 707
large-scale flow 793
LAS (laser absorption spectroscopy)

523, 1249, 1285
laser 516, 520, 1082, 1101, 1105,

1110, 1111, 1125, 1242, 1264
– cluster 1261
– CO2 1287
– coherence length 1108
– diode 1110
– distributed-Bragg reflector (DBR)

1292
– distributed-feedback (DFB)

1292
– dye 536, 1256, 1261
– excimer 1255, 1256
– external cavity diode 1289
– fiber-coupled 526
– frequency doubled 1261
– frequency monitor (LFM) 343
– frequency-doubled 1254, 1265
– frequency-tripled 1256, 1264
– HeNe 1287
– lead salt 1288
– longitudinal mode 520

– Nd:YAG 522, 1108, 1111, 1254,
1261, 1264

– near infrared diode (NIR-DL)
1288

– OPO 1264
– pulse width 1111
– pulsed 522
– quantum-cascade 1289
– quantum-cascade diode 1287
– semiconductor diode 1287
– solid state 1287
– telecommunication 1295
– transit velocimetry (LTV) 353
– tunable diode 516, 1288
– vertical cavity surface emitting

1298
– vertical-cavity surface-emitting

1289
– wavelength 1106, 1109
laser absorption spectroscopy (LAS)

523, 1249, 1285
– intra cavity (ICLAS) 525
– ring-down (CRLAS) 525
laser attenuation 1276
laser diodes 357
laser Doppler (LD) method

353
laser Doppler anemometry (LDA)

287, 389, 698, 748, 898, 997, 1073
laser Doppler velocimeter (LDV)

805
laser Doppler velocimetry (LDV)

287, 882, 921, 933, 997, 1004,
1243

– seed material 1243
laser in situ scattering and

transmissometry (LISST)
1024

laser light sheet 342, 345, 348, 351,
997

laser point measurements 1013
laser slope gage 1012
laser sources 1286
laser speckle strophometry (LSS)

388
laser transit
– anemometer 346
– anemometry 342, 345
– velocimetry (LTV) 287, 354
laser transit (LT) 353
laser triangulator 612
laser two-focus velocimetry (L2F)

353, 921, 945
laser vibrometer 610
laser wave height gage 1012

laser-based combustion diagnostics
1243

– in situ 1243
– non-intrusive 1243
laser-based wave staff 1012
laser-enhanced ionization (LEI)

370
laser-induced fluorescence (LIF)

312, 516, 521, 528, 751, 848, 865,
998, 1014, 1105, 1126, 1138, 1243

– multi-line thermometry 516
– single-line thermometry 516
– tracer 516
– two-line thermometry 516
laser-induced incandescence (LII)

1243, 1281
laser-induced photochemical

anemometry (LIPA) 363, 365
Laskin nozzle 293
latent heat 1164
lateral deviation 1069
law of similarity 1058
law of the wall 879
LCO (limit-cycle oscillation) 611,

613
LCT (liquid-crystal thermography)

551
LDA 296
LDA (laser Doppler anemometry)

287, 389, 698, 898, 997, 1073
LDPE (low-density polyethylene)

653
LDV (laser Doppler velocimetry)

287, 296, 882, 921, 933, 997, 1004,
1135, 1243

– data rate 1004
– measurements with cavitation

1004
– techniques 885
leading-edge separation 378
leaks 1073
least-squares
– matching 1465, 1473
– tracking 1474
LED (light-emitting diode)

1110
LEI (laser-enhanced ionization)

370
Leibnitz theorem 8
LENS (large energy national shock)

1113
LES (large eddy simulation) 423,

773, 831, 1243, 1245
LFM 347
lidar 1170
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LIF (laser-induced fluorescence)
312, 516, 521, 528, 529, 751, 848,
865, 998, 1014, 1105, 1126, 1138,
1243, 1259

– model nontransient 529
– model transient 529
– thermometry multi-line 529, 530
– thermometry single-line 529, 530
– thermometry two-line 529, 530
lift 1045
– and drag 992
– and drag coefficient 963
– coefficient 611, 965, 1135
– curve slope 612
– drag measurements 992
– fluctuations 608, 614
– oscillations 966
light extinction technique

1009
light scattering 858
light sheet 864, 1015
light source 1110, 1111
– coherent 1110
– continuous 1110
– incoherent 1110
– intermittent 1110
– narrowband 1110
– semiconductor 1110
light-emitting diode (LED) 1110
LII (laser-induced incandescence)

1243, 1281
likelihood function 1480
limit-cycle oscillation (LCO) 611,

613
limiting cases 51
limiting wavenumber 1438
Lin equation 771
line strength 524
linear convolution 1457
linear mean-square estimation

1374
linear momentum and related

equations 6
linear stability 886
linear stochastic estimation (LSE)

1375
linear symmetry 1453
linear variable displacement

transducer (LVDT) 1133
line-of-sight
– method 474, 485, 858
– multipath 516
line-shape 524, 529, 531
– absorption 527
– function 524
– Gaussian 524

– Lorentzian 524
– Voigt 524
LIPA (laser-induced photochemical

anemometry) 363, 365
liquid crystalline 728
liquid drop spreading

115
liquid flows 238, 269
liquid-crystal thermography (LCT)

551
liquid-crystalline fluid 724
liquid–gas interface 1008
LISST (laser in situ scattering and

transmissometry) 1024
load cells 992, 994
local
– intermittency measure (LIM)

1391
– normalization 307
– phase 1458
– wavenumber 1458
– weighted least squares 1483
– Weissenberg number 819
Lodge 14
logarithmic layer 873
logicalAND 1440
longitudinal bulk modulus 633
longitudinal wave 632
long-wave infrared (LWIR) 1431
long-wavelength infrared band

(LWIR) 502
Loschmidt cell 154
loss 523
– angle 620, 631
– modulus 620, 626, 631, 634, 635
– tangent 713
low image density PIV 320
low noise fan 1054
low-density polyethylene (LDPE)

653
lower convective Maxwell model

17
low-image-density PIV 320
low-noise 523
LSE (linear stochastic estimation)

1375
LSS (laser speckle strophometry)

388
LT (laser transit) 353
Ludwieg tube 605, 613
luminescence 541
LVDT (linear variable displacement

transducer) 1133
LWIR (long-wave infrared) 1431
LWIR (long-wavelength infrared

band) 502

M

Mach number 39, 236, 239, 243,
473, 612, 613, 1046, 1058, 1081,
1085, 1087, 1092, 1094, 1116,
1118, 1120–1122

– binomial expansion 216
– shock 1087–1092, 1094
Mach–Zehnder 1107
macrochannel 822
macroform 731, 732
macrolens 314
magnetic resonance imaging (MRI)

866, 902
magnetic susceptibility 158, 159
manual sampling 1024
marine propulsion 961
MARLIN 1205
mass averaged velocity 4
material derivative 6
material region 8
maximization problem 1455
maximum likelihood (ML) 1408
maximum packing fraction 691
maximum penetration depth 974
maximum-likelihood estimator

(MLE) 1415
Maxwell model 16, 619, 621–627
Maxwell–Wiechert (MW) model

622, 626, 627
MC (methylene chloride) 168
MDA (minimum detectable

absorption) 1247
mean curvature 1452
mean flow velocity 354
mean momentum equation

873
mean velocity 355
measure of confidence 1468
measurement 516
– 3D 1260
– concentration 1253, 1257, 1258
– effective Rayleigh scattering

cross-section 516
– fuel distribution 1259
– heat-release 1255
– high-repetition-rate imaging

1244, 1253, 1259, 1261
– imaging 516
– line-of-sight 1244
– multispecies 1253
– one-dimensional 1244
– point 1244, 1252
– pointwise 516
– simultaneous 1243, 1253, 1255,

1257, 1258, 1265

Su
b
ject

In
d
ex



1544 Subject Index

– temperature 1253, 1255,
1257–1259

– two-dimensional 1244
– viscosity 124
measuring deflections 601
mechanical decoupling 601
median test 339
MEH-PPV [poly(2-methoxy,

5-(2’-ethyl-hexoxy)-1,
4-phenylene-vinylene)] 162

melt flow index (MFI) 721
memory function 14
MEMS 235, 236, 251, 271
MEMS (microelectromachined

sensors) 233
MEMS sensors 884
mercury 122
M-estimator 1487
methylene chloride (MC) 168
Mexican-hat 1381
MFI (melt flow index) 721
MHT (multiple hypothesis tracker)

1480
micellar solutions 713
microchannel 822, 827
microelectromachined sensors

(MEMS) 233
microemulsions 711
microfluidic device 822
microform 731, 732
microjet 971
microphone array 1078
microscopic particle image

velocimetry 823
micro-vortices 967
mid-wavelength infrared band

(MWIR) 502
Mie parameter 290
Mie scattering 289
Mie-scattering 998
miniemulsions 711
minimum acceleration constraint

1478
minimum detectable absorption

(MDA) 1247
minimum quadratic differences

1474
MIR 1285
mirror image 1045
misalignment errors 883
mixed layer float 1206
mixed metal hydroxide (MMH)

676
mixture formation 1266
mixture fraction 1252, 1254
ML (maximum likelihood) 1408

MLE (maximum-likelihood
estimator) 1415

MMA (monomethylacetamide) 167
MMH (mixed metal hydroxide) 676
MMT (monomethyltryptamine) 167
mobility 1317, 1319–1323,

1325–1329
mode A instability 1139
mode B instability 1139
model
– engine 600
– rigid 612
– testing 973
– track 1068
– wall mounted 597
moderately concentrated suspensions

693
modern instruments 136
modulation 297
modulus
– complex 621
moiré 474, 478
– deflection mapping 478
– effect 1437
– fringes 1016
– Ronchi method 478
molar averaged velocity 4
molecular dynamics 119
– interpretation in the continuum

limit 1228
– principle 1226
– results of slip investigations 1227
molecular filter 342–344, 347
– technology 343, 345
– velocimetry 350, 352, 353
molecular mean free path 216
molecular stress function (MSF)

model 22
molecular tagging velocimetry

(MTV) 362, 882, 885, 1243
molecular weight 1082, 1087, 1093
molecular-kinetic theory 113
molten salts 122
moment fluctuations 611
moment of inertia 805
moment of momentum 7
monodisperse 681
monogenic signal 1459, 1460
monomethylacetamide (MMA) 167
monomethyltryptamine (MMT) 167
monostatic 1173
Monte Carlo method 1245
montmorillonite (MT) 676
Morlet 1382
most stable apparent contact angle

(MSACA) 111

motion blur 1476
motion correspondence 1477
motored IC engine 380
moving belt 1055
moving boundary work 9
moving floor 1065
MRA (multiresolution analysis)

1384
MRI (magnetic resonance imaging)

866, 902
MSACA (most stable apparent

contact angle) 111
MT (montmorillonite) 676
MTV (molecular tagging

velocimetry) 362, 882, 885, 1243
multichannel analyzer 358
multiframe tracking 1475, 1478
multigrid analysis 335
multigrid window-shift technique

333
multihole pressure probe 897
multihole probe 1072
multihole probes
– asymmetric shocks 229
– calibrated modes 228
– calibration 229
– conical 228
– five-hole probe 229
– flow direction 228
– flow separation 229
– fluctuation intensity 229
– hemispherical wedge 228
– instantaneous yaw 229
– limitations on these techniques

229
– null reading 228
– nulling method 229
– seven-hole probe 229
– three-hole Cobra probe 228
multiline temperature imaging 1278
multimode differential pom-pom

model 20
multimode pom-pom model 20
multipass cell 1287
– Herriott 1287
– White 1287
multiplane stereoscopic PIV 1473
multiple hypothesis tracker (MHT)

1480
multiple overheat method 274, 277
multiple-pass interrogation 1471
multiple-timestep imaging 1265
multiresolution analysis (MRA)

1384
multiscalar 521
multiscale approach 1486
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multispecies measurement 1270
multistep averaging 1447
multiview imaging 1468
multiwavelength illumination

999
MWIR (mid-wavelength infrared

band) 502

N

NACA 0012 airfoil 610
n-alcohols 93
n-alkanes 91
narrow belt 1056
NASA (National Aeronautics and

Space Administration) 1113
National Aeronautics and Space

Administration (NASA) 1113
natural convection 57, 58, 77, 134,

1330, 1331
Navier–Stokes equation 11, 57, 59,

61, 1242
Nd:YAG 998
near infrared (NIR) 502, 1285
nearest-neighbor matching 320
nebulizer 293
NEE (noise-equivalent exposure)

1427
net positive suction head 966
neutral stability 887
Newton 1242
Newton’s law 1101
Newtonian
– fluid 800
Newtonian fluid 10, 119, 813
Newtonian solvent 800
NIR (near infrared) 502, 1285
nitric oxide (NO) 531, 1105, 1243,

1251, 1252, 1257, 1258, 1264,
1275, 1277

nitrogen 132, 1093, 1119
NMR (nuclear magnetic resonance)

698
NO (nitric oxide) 531, 1105, 1243,

1251, 1252, 1257, 1258, 1264,
1275, 1277

noble gases 146
node 909
noise 960
– signal 1406
noise variance equalization

1441
noise-equivalent exposure (NEE)

1427
noncanonical flows 896
noncondensable gas 965

nonequilibrium 1092, 1093, 1095,
1115, 1117

– chemical 1093, 1112, 1115
– dissociation 1115, 1117
– thermal 1093, 1117
– thermochemical 1119, 1120
nonintrusive 523, 537
nonintrusive measurements 898
nonisentropic compression 216
nonlinear
– effects 608
– optical technique 1242
– point operations 1457
– regression 356
nonlinearity (dynamic) 248, 263
nonlinearity (static) 268
non-ohmic regime 1324, 1325
nonresonance 630
nonresonant 516, 632
normal
– stress 636, 639, 641, 642, 645
– stress difference 635, 636, 705,

800
– stress differences/coefficients 646
normalized convolution 1448, 1468
normalized erosion rate 971
no-slip see slip
nozzle 1047, 1048, 1050, 1051,

1065, 1084–1086, 1089,
1091–1093, 1112, 1119, 1121

– area ratio 1092
– blockage 1061
– convergent–divergent 1081, 1086,

1090, 1092, 1094
– design 1092
– divergent 1085, 1086, 1094
– expansion 1085, 1093
– factor 1052, 1062
– hypersonic 1081, 1086, 1092
– method 1052
– reservoir 1086, 1089, 1092, 1093
– reservoir pressure 1081,

1088–1091, 1124
– reservoir temperature 1081, 1093
– starting process 1086, 1092
– throat 1093
– wall boundary layer 1092
nuclear magnetic resonance (NMR)

698
nuclei 964, 979
– content 981, 982
– sizes 985
null space 1455
number density 519
numerical 136
– modeling 1004

numerical simulation 1005, 1244,
1252

– boundary condition 1245, 1247
– chemistry-turbulence interaction

1252
– inlet condition 1245
– submodel 1245
Nusselt number 236, 239, 247
Nyquist criterion 1340, 1466
Nyquist wavenumber 1438

O

oblique shedding 1137
OBS (optical backscatter)

1024
observation of elastic turbulence

824
occurrence of cavitation 962
ocean
– biofouling 1181
– climate 1197
– conductivity–temperature–density

(CTD) 1185
– density spiking 1186
– earth rotation 1180
– geostrophy 1180
– internal waves 1180
– mesoscale weather 1190
– mooring 1186
– Rossby waves 1180
– salinity spiking 1184
– sea-floor cable systems 1181
– stratification 1180
ocean acoustic tomography
– adjoint methods 1199
– data-assimilating model 1199
– inversion 1198
– Kalman filtering 1199
– moving ship tomography

(AMODE-MST) 1198
ocean glider 1207
ocean sensing
– electric field 1199
ocean sensors
– microstructure sensors 1205
– shear probe 1205
ODE (ordinary differential equation)

57
OH 1243, 1247, 1251, 1252, 1255,

1257, 1258, 1260, 1270, 1278
OH (hydroxide) 1105
ohmic 1324, 1325
– conductivity 161
– regime 1320, 1324, 1326
Ohnesorge number 1321
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oil-film
– fringes 877
– interferometry (OFI) 876, 901
– visualization 964
Oldroyd-B model 800
one-point moment 1373
open test section 1049, 1050, 1052,

1061
OPG (optical parametric generation)

1287
OPO (optical parametric oscillator)

525, 1276
optical access 1245, 1247, 1263
optical backscatter (OBS) 1024
optical fiber probes 1008
optical flow visualization 473
optical measurement technique

1105, 1113
– coherent anti-Stokes Raman

spectroscopy 1105
– colour schlieren 1123
– Doppler picture velocimetry 1105
– electron-beam fluorescence 1105
– flow tagging 1105
– high speed flow visualization

1109, 1110
– infrared thermography 1123
– laser-induced fluorescence 1105
– planar laser-induced fluorescence

1105
– pressure sensitive paint 1105
– schlieren 1109–1111, 1116
– schlieren-interferometer 1110
– shadowgraph 1109, 1110, 1118
– tunable diode laser absorption

1105
optical methods 385
optical parametric generation (OPG)

1287
optical parametric oscillator (OPO)

525, 1276
optical particle tracking 789, 792
optical paths 988
optical polarizability 729
optical probes 1008
optical technique 385
optical technique for nuclei

measurement 982
optical wave-height method 1016
optimizing 1080
optimum radius 1058, 1059
ordinary differential equation (ODE)

57
organic molecules 532
orientation 1453, 1455
– vector 1455

orthogonality principle 1374, 1375
oscillating disk 976
oscillating half model 612
oscillating horn 974
oscillating hot-wire 902
oscillatory
– boundary-layer thickness 120
oscillatory behavior 969
Ostwald ripening 718
OTV (oxygen tagging velocimetry)

365
outer flow 1047
out-of-plane loss of pairs

1470
overflow 1440
overheat parameter 230, 245, 274
overheat stepping 244
oversampling 1439
overtailored 1085
oxygen 1092, 1093
oxygen tagging velocimetry (OTV)

365

P

PAA (polyacrylic acid) 168
PACA (practical advancing contact

angle) 109
PAH (polycyclic aromatic

hydrocarbon) 1249
paint coating erosion tests 978
palenstrophy coefficient 773
palladium porphyrins (PdOEP)

191
panel method 1062
Pao spectra 253
Papanastasiou 16
parallel plate
– infinitely extended 636, 637
parallel plates 629, 636, 637, 639,

640, 646
parallel shedding 1137, 1139
parallel wires 254
parallel-plate instrument 140
parameter
– estimation 1408
– estimator 1408
– expectation 1408
parameterization of 2-D optical-flow

fields 1486
Parseval theorem 1378
Parseval wavelet 1380
partial cavitation 971
partial differential equation (PDE)

57
partial pressure 980

particle 681, 1281
– identification 790
– image 789, 790, 997
– image intensity 999
– image size 999
– image velocimetry (PIV) 489
– migration 682, 697
– path 5, 860
– position vector 5
– response time 289
– Reynolds number 683, 689
– segmentation 1475
– separation 797
– size 1243, 1281
– size distribution (PSD) 681
– tracking 789
– tracking algorithm 799
– tracking experiment 792
particle image thermometry (PIT)

492
Particle image velocimetry (PIV)

915
particle image velocimetry (PIV)

287, 309, 342, 345, 346, 352, 353,
362, 388, 487, 492, 497, 805, 835,
902, 921, 933, 997, 998, 1073,
1126, 1131, 1243, 1465

particle image velocimetry technique
(PIV) 749

particle track 791
particle tracking system 794
particle tracking velocimetry (PTV)

320, 751, 805, 837, 1465, 1474
particle trajectories 789
particle trajectory 799
particle-finding algorithm 790
partition function 519, 529, 530
Pascal’s triangle 1446
patchy cavitation 968
path-averaging 1286
paucidisperse 681
PCI (peripheral component

interconnect) 494
PCL (polycaprolactone) 168
PDA receiver angle 1006
PDE (partial differential equation)

57
PDI (polydispersity index) 681
PDMS (polydimethylsiloxane) 700
PdOEP (palladium porphyrins) 191
PDR method 273
PDV (planar Doppler velocimetry)

948
peak detectability 339
peak-locking 1470
Peclet number 689, 783, 829
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pedestal amplitude 1004
Peltier–Seebeck effect 1097
Pelton-wheel-type hydroturbines

977
perfect gas 4, 1112
– calorically 1082, 1087
– thermally 1082, 1087
performance degradation 963
performance of turbomachinery 966
peripheral component interconnect

(PCI) 494
permeability 1318
permittivity 1317–1319, 1322
PET (poly(ethyleneterephthalate))

117
PETW (pilot facility of ETW) 548
pH indicator 861
PHANTOMM (photoactivated

non-intrusive tracing of molecular
motion) 365

phase 1458
– angle 628, 631
– average 924
– discrimination 1004
– Doppler anemometry (PDA) 982,

997, 1005, 1246
– indicator 1007
– inversion 711
– inversion temperature (PIT) 717
– locked PIV 1002
– matching 536
– resolved velocity measurement

359
– separation 998, 999
– separation techniques 999
– shift 611, 1006, 1106, 1107,

1109, 1112, 1113
– step holographic interferometry

1106
– wrapping 1459
phosphorescence 364, 539, 541
phosphorescent supramolecule 373
photo effect 1420
photoactivated non-intrusive tracing

of molecular motion
(PHANTOMM) 365, 367

photochromic chemicals 365
photochromic dye 868
photochromism 366
photoconductive detectors 1420
photodetectors 728
photodissociation 528
photoemission 1420
photogrammetric PIV 1473
photogrammetry 790, 1080
photography 1437

photomultiplier tubes (PMT) 1420
photon 203
photon correlators 354
photon noise 1428
photon-correlation spectroscopy

141
photon-counting device 1420
photoresponse nonuniformity

(PRNU) 1433
photovoltaic detector 1421
PIB (polyisobuthylene) 710
piezoelectric effect 598
– inverse 598, 611
piezoelectric film transducers 990
piezoelectric force transducer 598
– multicomponent 597
– one component 610
piezoelectric polyvinylidene fluoride

(PVDF) 989
piezometer
– continuously-weighed 86
– expansion 87
– fixed-volume 86
– variable-volume 87
piezometric film 990
piezoquartz 992, 995
pilot facility of ETW (PETW) 548
pinhole 300
pipe flow 872
PIT (particle image thermometry)

492
pitching moment 1103, 1115
pitching-moment-slope curve 612
Pitot
– pressure 1062
– tubes 879
Pitot probes 218
– blockage 219
– blockage because of the probe body

226
– blockage effects of the strut on

a wall pressure tapping 226
– calibration 220
– compressible flow 221
– constant displacement correction

224
– diameter ratio 221
– difference between measured and

true velocity ∆U , at ycl 223
– directional sensitivity 222
– displacement of the effective

stagnation streamline 223
– displacement of the stagnation

streamline 222
– effect of shear 222
– effect of turbulence 222

– effect of wall proximity 224
– flattened probes 225
– hemispherical nose design 221
– higher Reynolds numbers 221
– implied error in probe position

223
– inferred value of the von Kármán

constant 226
– instantaneous yaw angle 222
– interference effect 226
– Kiel probe 219
– large-scale fluctuations and

coherent structures 222
– MacMillan displacement correction

224
– MacMillan wall corrections 224
– mutual interference in supersonic

flow 219
– offset of the probe centerline due to

spatial integration 223
– Princeton displacement correction

224
– Princeton wall correction 225
– probe misalignment 219
– probe Reynolds number 220, 221
– probe tip geometry 219
– probe-induced bow shock 221
– ratio of inner to outer probe

diameter 220
– ratio of inner to outer probe

diameters 219
– Rayleigh supersonic Pitot formula

221
– round-nosed probe 221
– shear parameters α and β 223
– spatial averaging 219
– spatial integration 222
– square-ended flattened probes 221
– stagnation streamsurface 219, 220
– subsonic compressible flow 221
– supersonic flow 221
– temporal response 219
– the size of the characteristic scale

relative to the probe diameter 222
– variations in the angle of a turbulent

or unsteady flow 219
– Venturi effect 226
Pitot-static probes
– cantilever-type Pitot cylinder 227
– cones 227
– effect of yaw 227
– effects of pitch and yaw 227
– modified Prandtl 227
– Prandtl probe design 227
– ratio of inner to outer diameter

227
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– shear effect 227
– tip and stem influence 227
– wall proximity effect 227
– wedges 227
– yaw sensitivity 227
PIV (particle image velocimetry)

287, 309, 342, 345, 346, 351–353,
362, 388, 487, 489, 492, 497, 805,
835, 902, 921, 933, 997, 998, 1073,
1126, 1131, 1243, 1465

pixel fill factor 326
pixel-locking 1470
planar Doppler velocimetry 342
planar Doppler velocimetry (PDV)

948
planar laser-induced fluorescence

(PLIF) 848, 1105
planar submerged jet 66, 73, 77
planar wall jet 69
planposition indication (PPI) 1170
plan–position indicator (PPI) 1159
platform 1071
platinum porphyrins (PtOEP) 191
plenum 1048, 1050, 1054, 1063
– method 1052
PLIF (planar laser-induced

fluorescence) 848, 1105
plunging tapes 116
PM (polarization modulation) 727
PMMA (fpolymethylmethacrylate)

700
PMT (photomultiplier tubes) 1420
Pockels 727
Pockels cell 360
POCS (projection onto convex sets)

309
POD (proper orthogonal

decomposition) 235, 1346, 1352
– accurate model reduction 1368
– approximation method 1347
– basics 1346
– choice of inner product and norm

1358
– choice of input collection 1357
– classical or direct method 1359
– common properties approaches

1361
– complementary technique 1365
– different approaches 1357
– evaluative summary 1369
– Fredholm equation 1353
– Galerkin 1365
– harmonic analysis 1362
– model reduction aspects 1356
– optimality of basis 1355
– phase indetermination 1363

– problem of boundary conditions
1367

– properties of the basis functions
1354

– reduced order models based on
1366

– snapshot 1360
– typical applications to fluid

mechanics 1364
point measurements 1009
point operations 1440
Poiseuille 727
– flow 644
– profile 62
polar separable filter 1449
polarizability 517
polarization 725–728
polarization modulation (PM) 727
polarization spectroscopy (PS)

1243
polarizers 727, 728
polarizing microscope 725
pollutant
– combustion-generated 1275
poly(ethyleneterephthalate) (PET)

117
polyacrylamide (PAA) 803
polyacrylic acid (PAA) 168
polycaprolactone (PCL) 168
polycyclic aromatic hydrocarbon

(PAH) 1249
polydimethylsiloxane (PDMS) 700
polydisperse 681
polydispersity index (PDI) 681
polyethylene oxide 657
polyisobuthylene (PIB) 710
polymer molecule 818
polymer relaxation time 804, 807,

817
polymer solution 800, 803, 806,

809, 812, 817, 823, 827
polymer stress 816
polyurethane (PU) 168
polyvinyl alcohol (PVA) 168
polyvinylidene floride (PVDF) 974
pom-pom model 19
post-critical 1145
posterior distribution 1480
potential flow theory 962
power plant 527, 1292, 1295
– coal-fired 1295
– gas-fired 1294
power spectral density (PSD) 302,

1338, 1406
power spectrum of velocity 814
PPI (planposition indication) 1170

PPI (plan–position indicator) 1159
practical advancing contact angle

(PACA) 109
practical issues PIV in cavitating

flows 1000
practical receding contact angle

(PRCA) 109
practical salinity units (psu) 1183
Prandtl mixing length 772
Prandtl number 39, 63
PRCA (practical receding contact

angle) 109
predictive algorithm 791
predissociation 529, 1276
pre-shear, preconditioning 700
pressure 1072, 1081–1091, 1093,

1094, 1096, 1103–1105, 1112,
1113, 1115, 1116, 1118, 1120,
1122, 1123

– at the wall 180
– coefficient 889, 963
– diaphragm burst 1091
– distribution 1128, 1133
– gauge 642, 1095–1097
– gauge, micromachined 1096
– gauge, optical 1096
– gradient 1050, 1060, 1061
– measurement 1096
– mechanical 6
– Pitot 1102
– probe 897
– probe calibrations 179
– quartz crystal transducer 1182
– ratio 1087
– static 1122, 1125
– surface 1112, 1113, 1116, 1122
– tapping 1096
– total 1094
– transducer 989, 992, 1095, 1096,

1105
– transducer, optical fibre 1095
– transducer, piezoelectric 1095
– transducer, piezoresistive 1096
pressure measurement 989, 1011,

1095, 1123, 1125
– bank manometer 187
– configuration of the probes and

accompanying hardware 187
– connections between probes and

transducers 187
– diaphragm-type transducers 187
– digital output 187
– ellipsoidal-tipped probes 187
– fast response times 187
– high precision 187
– Liquid manometers 187
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– multi-channel devices 187
– response time of the system 187
– sensitivity of the transducer 187
– sequential and simultaneous

measurements 187
– zero drift 187
pressure–density relation 216
pressure-sensitive paint (PSP) 188,

203, 896, 921, 1072
Preston tube 879
– method 879
prestress 598
pretriggering 993
principal coordinate system 1452
principal strain rates 410
prior distribution 1480
PRNU (photoresponse

nonuniformity) 1433
probability
– central moment 1400, 1404
– density distribution (PDF) 304
– density function (PDF) 356, 393,

753, 1243, 1245, 1373, 1399
– distribution function (PDF) 433,

810, 814, 819
– histogram 356
– joint density function 1400
probe volume geometry 358
process
– random 1401
projection onto convex sets (POCS)

309
propagation of errors 1416
propeller 961, 963
proper orthogonal decomposition

(POD) 235, 1346, 1352
properties of a continuum 3
proximity probe 1014
PS (polarization spectroscopy)

1243
PSD (power spectral density) 302,

1338, 1406
pseudocolor image 1440
pseudo-noise 1077
PSP (pressure-sensitive paint) 188,

203, 896, 921, 1072
PtOEP (platinum porphyrins) 191
PTV (particle tracking velocimetry)

320, 751, 805, 1465, 1474
PU (polyurethane) 168
pulsed hot-wires 280, 281
pulsed-sound 894
pump 919
pump and turbine test loops 972,

973
pump impellers 976

pumping 1053
pure extensional flow 651
PUV gage 1014
PVA (polyvinyl alcohol) 168
PVDF (piezoelectric polyvinylidene

fluoride) 989
PVDF (polyvinylidene floride)

974
PVDF film 974
pycnometer
– high-temperature 87
pyramid 1462
pyrometry 1283

Q

QMSF model 26
quadrature filter 1461, 1484
quantization 1437, 1439
– error 1439
quantum detector 1420
quantum efficiency 1426
quantum yield 1265
quarter-wave plate 356
quartz 596
quasistatic measurement 602, 606
quencher 364
quenching 528, 529, 1268, 1273,

1278, 1279
Quincke’s rotor 1321

R

Rabinowitch equation 645
radar (radio detection and ranging)

1159, 1174
radar altimetry 1202
radial velocity 814
radiation 1057, 1246
radiation of sunlight 1045
radio acoustic sounding system

(RASS) 1169, 1174
radio detection and ranging (radar)

1159, 1174
radiometer 1165
– correction 1440
radiosondes 1167
radius of gyration 803
RAFOS (sound fixing and ranging,

reversed) 1190
rain 1045, 1048, 1057
rainfall 1202
Raman 521, 1252
– cross-section 522
– frequency-shift 520
– spontaneous 1251

Raman excitation plus laser-induced
electronic fluorescence (RELIEF)
365, 366

Raman measurement
– multiscalar 1253
Raman scattering 516, 1243, 1253,

1284
– multispecies 516
– one-dimensional 516
random correlation term 322
random variable 1399
– expectation 1399
– variance 1400
range of the balance 608
range–height indicator (RHI) 1159
RANS (Reynolds-averaged

Navier–Stokes) 771, 872
rate equation 529
rate of rotation 389
rate of shear 636, 637
rate of strain 6
rate of wetting 112
rate-of-strain tensor 400
Rayeigh–Plesset equation 967
Rayleigh 294, 1256
– cross-section 519, 522
– interferometric technique 151
– interferometry 152
– measurement, multiscalar 1253
– supersonic Pitot formula 216
Rayleigh scattering 516, 519, 1270,

1283
– along-line 522
– filtered 516, 520, 1243, 1284
– single-point 522
– two-dimensional plane 522
Rayleigh–Plesset equation 965
rear sting support 600
receptivity 886
recirculation region 1133, 1140
recombination 1093, 1095, 1117,

1124, 1325
– atomic species 1123
– constant 1323
recovery temperature 239
reduced frequency 36
reduced reaction model 1245
reduction operator 1464
reentrant jet 967
re-entry 1112, 1115, 1121
– flight 1081, 1085, 1123
– trajectory 1112
– vehicle 1081, 1113, 1118
reference conditions 86
reference point 1070
reflection 1006
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reflectometer 1165
refraction 1006
refractive index 473, 724–726, 730,

732, 1008, 1095, 1106, 1109
– matching 861
refrigerants 86, 88, 94
regime diagram 1263
region-based methods 1465
registration error 317
regular sampling 1438
regularization 1453
relative humidity (RH) 1163
relative uniaxial elongational

viscosity 709
relaxation 626, 1112, 1118, 1119
– chemical 1081, 1093, 1112
– modulus 14, 619, 622
– thermal 1093, 1112
– time 622, 623, 626, 627, 647,

651, 652, 656–658, 723, 1115
RELIEF (Raman excitation plus

laser-induced electronic
fluorescence) 365

repeller 610
reproducibility 605
reptation 18
residence time 304, 723
resistance gage 1011
resistance wave probe 1010
resolution 523, 597, 604, 1247
resonance 630, 631
– curve 631
– effect 604
– enhanced multiphoton ionization

(REMPI) 1249
– frequency 631
– frequency of a bubble 981
resonant 523
responsivity 1426
retardation 725–728
– time 623, 624
Reynolds
– analogy 244, 1104
– shear stress 354, 355, 1371
– stress 816, 873, 1133, 1137,

1140, 1144, 1160
– stress symmetric tensor 758
Reynolds number 39, 236, 239,

607, 613, 793, 825, 1046, 1058,
1059, 1114, 1118, 1137

– effect 1059
– high 613
– transition 1118
– unit 1119
Reynolds-averaged Navier–Stokes

(RANS) 830, 872, 1242, 1245

RH (relative humidity) 1163
rheogoniometer 635–637, 646
rheometer 635–637
– filament stretching 647, 650–656,

658, 659
– pressure driven 635, 636, 643
– slit 636, 646
Rheotens 660
RHI (range–height indicator) 1159
Richardson–Obukhov law 799
Riemann problem 1082
Riesz transform 1460
Rivlin–Saywers equation 15
RMS value 597, 609
road dirt 1043
robust estimation 1482
Rochon prism 356, 358
rolling resistance 1069
root load 612
rotary kiln combustors 1296
rotating
– disk method 976
– drum camera 1110
– frame 921
– machinery 976
– mirror camera 1111
– shaft 9
rotational diffusion coefficient 685
rotational friction coefficient 685
rotational systems 1472
rotor 919
rough wall flows 881
rouse time 18
rubber-like liquid constitutive

equation 14
running mean 1445
Rutgers–Delaware rule 695

S

S+H (sample-and-hold) 306, 308
saddle 909
sample-and-hold (S+H) 306, 308
sampling
– ocean 1181
– point 1286
– process 1285
– theorem 1443, 1462
– vector averaging 1192
sandwich 628, 629
SAOS (small-amplitude oscillatory

shear) 714
SAR (synthetic aperture radar)

1202
satellite 1175
– salinity 1202, 1203

saturation 529, 531
– collisional 536
– current 1328
– equivalent exposure (SEE) 1427
– voltage 1325, 1326
Sauter mean diameter 1246, 1265
scalar dissipation rate 1252
scale 1046
– effects 987
– integral time 1403
– similarity model 836
scaling 57, 80
– laws 114
– wavelet 1391
scatterometry 1202
scene silencer 1063
scene-silencer 1054
Scheimpflug condition 403
Scheimpflug configuration 315
Schiebe bodies 983
schlieren 474, 1323, 1330, 1331
– background oriented 477
– frequency filter 477
– interferometer 477
– method 476
– sharp-focusing system 478
– synthetic 477
Schrödinger equation 517
scoop 1055
scramjet 1121
sea surface temperature 1202
search volume 791
seawater
– electrical property 1183
second law of thermodynamics 7,

10
second normal stress coefficient 642
second normal stress difference

635, 642
second-harmonic generation (SHG)

1287
second-order correlation 1472
second-order derivatives 1452
sediment
– suspensions 1020
– transport 1020
– trapping 1031
sedimentation 682, 696
seeding particles 998, 1001
Seifert wing 1053
seismic mass 597
selectivity 1247
selfexcited
– flutter oscillations 610
– shock oscillations (buffet) 612
self-similar variable 58, 59, 72, 79
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self-similarity 57–59, 82
sensible heat flux 1161
sensitivity 530, 598, 605, 1247
– coefficients in subsonic flows

240, 242, 259, 263, 265, 273
– coefficients in supersonic flows

243, 244, 246
sensors
– biofouling 1181
– conductivity cell 1183
– conductivity–temperature–density

(CTD) 1185
– corrosion 1181
– integrating measurement 1203
sentmanat extension rheometer (SER)

653
separable K-BKZ equation 15
separated shear layer 608
separation bubble 1145
separation point 1128, 1131, 1142
SER (sentmanat extension rheometer)

653
setup
– for self-excited oscillations 610
– pitch 611
SFA (surface force apparatus) 1223
SFG (sum-frequency generation)

1287
SG (specific gravity) 85
SGS stresses 837
shadowgraph 474, 1330
– technique 1330
Shaft work 9
shape factor 889
sharp edged disks 996
shear
– compliance 708
– creep experiment 708
– flow 624, 626
– force 602
– layer 40, 432, 1141
– layer frequency 1142
– layer instability 1135, 1141, 1144
– modulus 619, 620, 622, 623
– rate 624, 625, 635, 637–646,

721–723, 804, 806, 807, 812
– stress 620, 625, 721, 723
– thickening 694
– wave 632, 633
sheet cavitation 962, 966, 968
sheet cloud cavitation 968, 970
SHG (second-harmonic generation)

1287
shields stress 1021
shift frequency 298
ship models 973

ship propeller 973
shock expansion tube 1082,

1093–1095, 1117, 1118
– free-piston-driven 1095
– ideal 1093, 1095
– superorbital 1095, 1109
shock expansion tunnel 1081, 1082,

1093–1095, 1112
– free-piston-driven 1095
– superorbital 1095
shock tunnel 1081, 1082,

1085–1087, 1089, 1090, 1093,
1094, 1099, 1102–1106, 1112,
1116, 1123, 1124

– deflagrative combustion-driven
1087, 1121

– detonative combustion driven
1088, 1089

– detonative combustion-driven
1088

– electrically heated 1087, 1088
– electric-arc-driven 1089
– free piston driven 1090, 1113,

1121
– free piston driven shock 1118
– free-piston-driven 1091, 1112,

1118, 1119, 1121, 1122, 1124
– high enthalpy 1091, 1093, 1103,

1105, 1108, 1115, 1122, 1124
– ideal, performance 1091
– performance 1086, 1091, 1092
– reflected 1084–1087, 1090–1095,

1102, 1121, 1123
– straight through 1085, 1086,

1090, 1091
– straight-through 1094
shock wave 79, 80, 475,

1082–1085, 1090–1092, 1095,
1112, 1113, 1123

– incident 1083–1087, 1089,
1092–1096

– reflected 1083, 1084, 1089, 1092,
1094

– secondary 1094, 1095
– secondary, upstream facing 1086
– speed 1082, 1087, 1090, 1091
shocktube 1082–1086, 1089–1097
– constant area 1082–1084
– diaphragm-driven 1082
– filling pressure 1092–1094
– ideal 1082, 1092
– ideal, performance 1086, 1092
– length 1082, 1092
shocktube performance 1091
side-scan and upward-looking sonar

1011

signal attenuation 1276
signal-to-noise ratio (SNR) 302,

1406, 1429
– estimation procedure 1406
similarity 409, 1058
similitude 34
simple shear flow 727, 728, 730
simulation 1058
single microphone 1076
single normal hot-wire 234, 241,

242, 251, 267, 268, 273
single realization 302
single-point equations 774
single-wire sensor resolution 875
singular points 909
singular value decomposition (SVD)

1348
singularities 1395
sink 61
skewed 1044
skewness 814
skin friction 1104
– coefficient 875
– force 1104
– gauge 1104
– gauge, piezoceramic 1105
– gauge, piezoelectric 1104
– measurement 1104, 1105, 1120
slip
– apparent 1221
– boundary condition 1219
– contact line motion 1221
– dependence on dissolved as and

bubbles 1229
– dependence on pressure 1234
– dependence on shear rate 1231,

1232
– dependence on surface roughness

1228
– dependence on wetting properties

1230
– effective 1221
– electrical properties 1233
– experimental results 1223–1226,

1231
– gas flow 1221
– history 1220
– indirect experimental methods

1222
– length 12
– local experimental methods 1224
– mo,ecular dynamics results 1226
– molecular 1221
– Newtonian liquids 1222
– non-Newtonian fluids 1221
– phenomenon 1220
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– ring 921, 923
– velocity 288
slit rheometer 636, 646
slope array buoys 1018
slope imaging devices 1017
slot correlation 307
slotted wall 1049
– test section 1051
Smagorinsky coefficient 831
small-amplitude oscillatory shear

(SAOS) 714
small-scale
– model 1058
– wind tunnel 1066
– wind tunnel for trains 1068
smoke 862
– generator 1075
– tunnel 862
– wire 868
– wire visualization 1141
snapping shrimp 967
SNCR process 1294
snow 1048, 1057
snow nozzle 1057
SNR (signal-to-noise ratio) 302,

1406, 1429
soap bubble 1075
Sobel
– edge detection 1452
– filters 1486
– operator 1452, 1457
sodar (sound detection and ranging)

1159, 1172
SOFAR (sound fixing and ranging)

1190
soft sphere interactions 685
soil flux 1164
soil temperature 1163
soiling 1046
solar radiation 1165
sol-gel transition 713
solid blockage 1061
solid volume concentration 689
solid/liquid interfacial formation

process 114
solid-liquid transition 703
Soloff method 316
soot volume fraction 1281
sound detection and ranging (sodar)

1159, 1172
sound engineering 1077
sound fixing and ranging (SOFAR)

1190
source 57, 61
space vehicle 1081, 1102, 1115,

1118

space–time diagram 827, 828
spark ignition 1261
spark tracer method 868
spatial
– and temporal resolution 988
– coherency 1445
– distribution of surface height

1016
– filtering device 357
– pattern 1371
– resolution 388, 403
– resolution (SR) 748
– resolution for derivatives 254, 276
– resolution for temperature spectra

275
– resolution for velocity spectra 252
– resolution of wires 251, 257
– smoothness 1478
– velocity fluctuation 807
spatial variance 1445
species concentration 1105, 1109
specific gravity (SG) 85
specific heat
– capacity 1098
– constant pressure 4
– constant volume 4
– ratio 1082, 1087
speckle photography 474, 479
– correlation techniques 479
– spatial filtering 479
spectra
– drag 608
– lift 608
– moment 611
spectral
– broadening 1341
– fingerprint 523
– overlap 529
– peak 969
– sensitivity 1432
spectrally dispersed 521
spectroscopy in flames 1242
spectrum 1242, 1387
– Fourier 1378
– wavelet 1387
speech recognition 1054
speed of light 1106
speed of sound 1081–1083, 1087,

1089, 1094, 1102, 1160
sphericity 682
spinability 649
spinning disc 41
splines 1444
splitter plate 1133
spontaneous dewetting 113
spontaneous wetting 113

spreading drops 117
spring
– bending 610
– cross 610
– torsion 610
square section cylinder 607
square-wave test 258, 262, 265, 275
squeeze flow 710
SSD (sum-of-squared differences)

1473
stability 610
stability of flow 695
stagnation enthalpy 1115
stagnation pressure 216
standard deviation 605, 1445
standard form of the general viscous

fluid 13
standard sampling 1438
start-up experiment 708
static
– aeroelastic effects 612
– calibration equation for a shear

stress sensor 884
– equilibrium 964
– pressure 216, 879
– pressure measurement 179
static tube 185
– a spherical form 185
– a static wedge 185
– angular sensitivity 186
– blockage 186
– bow shock 186
– cylindrical probes with rounded tips

185
– dependence of the behaviour on the

mean velocity distribution 186
– directionally sensitive 186
– distribution of turbulent energy

187
– eddy size 187
– effects of turbulence 187
– ellipsoidal 185
– ellipsoidal nose 186
– fine-nosed probe 186
– hemispherical 185
– hemispherical tips 186
– high-subsonic freestream flows

186
– interaction of the shock with

a laminar boundary layer 186
– local shocks 186
– location of the holes relative to the

probe tip and stem 186
– Mach number approaches unity

186
– mutual interference 185
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– ogival or conical 186
– Prandtl probes 186
– pressure coefficient 185
– rounded nose 186
– satandard design 186
– short-head design 185
– static disc 185
– subsonic flow 186
– supersonic flow 186
– tip shapes 185
– trip ring 186
– turbulence intensity 187
– Venturi effect 186
– viscosity 185
– yaw angles 186
stationary frame 921
statistical data analysis 354
statistical data association

1479
statistically independent 1403
steady flow rig 379
steady preload 597
steady shear flow 624–626
steerable filters 1449
Stefan’s law 1163
stereo
– correspondence 1469
– correspondence problem

1480
– imaging 376
– measurements of water surfaces

1016
– photography 864
stereomatching 790
stereoscopic PIV 1472
steric stabilization 687
Stern–Volmer coefficient 1273,

1274
stimulated emission 1242
sting 1055, 1070, 1071
sting balance 601
stochastic process 1479
Stokes
– assumption 10
– derivative 6
– first problem 59
– law 127
– line 517, 520
– number 289, 793
– Raman scattering 517
– second problem 60
– wave 893
storage and loss moduli 628
storage and loss modulus 706
storage modulus 620, 626
straight through shock tunnel 1086

strain
– gauge balance 596
– hardening 651
– thickening 695
streak line 5
streakline 860
streamline 5, 860, 1051
streamlined wall 1049
stress
– elastic 799, 813, 815, 817, 820
– elastic, nonlinear 801
– elastic, turbulent 810
– relaxation 619–621, 626, 627,

723
– tensor 6, 635, 636, 800, 812, 816
– tensor, elastic 800
– wave force balance 1103
stretch the wave height 1015
stroboscopic flash 988
strong explosion 79
strong injection 1328
strophometry 388
Strouhal number 36, 597, 607, 614,

967, 969, 1127, 1131, 1133, 1137,
1142

structural force 609
structural parameter 693
structural relaxation time 720
structure function 382, 1391
structure functions 806, 815
structure tensor 1454
structure tensor operator 1486
structured jets 967
structuring in shear 702
sub-grid 945
subgrid-scale stress (SGS) 831, 838
subharmonics 608
submerged radial swirling jet 68, 75
subpixel accuracy 1466, 1467
subpixel interpolation 326
substantial derivative 6
substrate materials 271
suction 1055
sum-frequency generation (SFG)

1287
sum-of-squared differences (SSD)

1473
sun load 1043, 1048, 1057
sunlight 1044
sunlight simulation 1057
supercavitating inducers 970
supercavitating propellers 970
supercavitation 959, 970
supercritical 1145
supercritical state 156
superharmonics 608

super-hydrophobicity 111
super-resolution analysis

320
super-resolution PIV 1472
supersaturated 965
supersonic
– combustion 1122
– combustion ramjet (scramjet)

1081, 1103, 1120–1122, 1124
supramolecule 371
surface
– auto-spectra 1019
– catalysis 1123, 1124
– cavitation 963
– cross-spectra 1019
– curvature 1013
– discontinuity 11
– elevation 1009, 1019
– force apparatus (SFA) 1223
– hardening 974
– height frequency spectra 1018
– microphone 1077
– potential 686
– slope 1019
– slope measurement 1013
– stress 6
– temperature measurement 538
– tension 12, 38, 96, 97, 101, 103,

105–107, 647, 648, 650, 653, 654,
656, 657, 661, 964

– treatment 704
surfactant 98, 712
surge 1051
susceptibility 536, 537
suspended load 1020
suspended sediment transport

1021
suspensions 681
SVD (single value decomposition)
– and eigenvalue problems 1349
– examples of image processing

1351
– geometric interpretations 1348
– lower-rank approximation 1350
SVD (singular value decomposition)

1348
swell ratio 723
swept wing 612
swirling flow 792
swiveling flaps 1057
synchronizer 359
synchronizing electronics

359
synthetic aperture radar (SAR)

1202
synthetic schlieren 479
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T

TACA (theoretical advancing contact
angle) 109

tailored 1085
talcum 1076
tandem nozzle 1065, 1067
tangential blowing 1063
target molecules 531
Taylor
– Dean flow 801
– diffusion 798
– dispersion instrument 151
– dispersion technique 156
– microscale 793
– number 801
T-belt 1056
TCFB (two-color flow birefringence)

727
TDC (top dead center) 381
TDLAS (tunable diode-laser

absorption spectroscopy) 1105,
1289

telecentric lenses 314
TEM (transmission electron

microscopy) 1281
temperature 4, 1054, 1081–1084,

1087–1089, 1091, 1092, 1095,
1098–1100, 1105, 1106, 1109,
1112, 1118, 1124

– coefficient of resistance 230, 232,
243

– drifts 272
– field 1045
– fluctuation 273
– helium 599
– history 1097, 1099
– measurement 1100, 1101
– measurement, thermistor

1183
– profile 249
– rotational 1093
– sensitive coating 538
– sensitive molecule 541
– sensitive paint (TSP) 537, 896
– total 1123
– translational 1093
– translational/rotational 1093,

1105
– vehicle surface 1123
– vibrational 1093, 1105
– wall 1123–1125
temporal
– resolution 387, 519
– sampling theorem 1466
– spectra 807

tensile creep rate decay function
710

tensile strength 964, 968, 979, 980,
984

tensor-based techniques 1484
term value 519
ternary complex 373
test
– case 613
– gas 1083
– gas, air 1114
– section 1047, 1084–1087, 1090,

1091, 1094, 1095, 1103, 1106,
1108, 1111, 1113, 1118, 1121, 1122

– time 1081, 1085, 1086, 1089,
1090, 1092, 1094, 1095, 1098,
1101, 1102, 1104, 1108, 1111,
1113, 1118, 1122, 1123, 1125

tethered balloon 1166, 1167
tetrahydrofuran (THF) 168
theoretical advancing contact angle

(TACA) 109
theoretical receding contact angle

(TRCA) 109
thermal
– energy equation 7, 10
– inertia 231, 246
– quenching 541
– test 1054, 1062
– wind tunnel 1064
thermal conductivity 138
– alkenes 145
– critical point 137
– gases 148
– n-alcohols 146
– n-alkanes 144
– reference values 146
– refrigerants 147
– toluene 142
thermal diffusivity
– critical region 141
– light scattering methods 141
– molten salts 146
thermochromic liquid crystal (TLC)

487, 488, 490, 498, 539
thermocouple 1097–1100, 1113,

1124
– coated 1100
– coaxial 1097, 1098, 1123
– material, chromel 1100
– material, constantan 1100
– sensitivity 1097
– type E 1099
thermodynamic pressure

4
thermographic phosphor 538

thermographic phosphor
thermography (TPT) 538

thermography 487, 488
thermometry 516
thermopile 1421
THF (tetrahydrofuran) 168
thin-film gauge 1097, 1098, 1100,

1119
– platinum 1098
thin-oil-film equation 876
three-component Doppler L2F

system 362
three-component LT system 360
three-component-velocimeter 360
three-dimensional 897
– calibration 316
– flow 878
three-frame technique 1478
three-wire probe 234, 270
threshold for dynamic measurement

605
thrust of ejector engine 608
thymol blue method 867
THz 1287
time
– averaged wall shear stress 876
– compression factor 973
– constant 246, 247, 261, 275, 606
– history 604
– of-flight histogram 354
– of-flight measurement 354
– resolution (TR) 748
– resolved particle image velocimetry

1003
– resolved photography 988
– resolved PIV experiment 1004
– to-amplitude converter 358
tip
– streaming 714
– vortex 962, 963
– vortex cavitation 986
TiRe-LII 1283
TLC (thermochromic liquid crystal)

487, 488, 490, 498, 539
TLS (total least squares) 1485
Tollmien–Schlichting (TS) 547, 887
toluene 146, 534
tomography 864
– optical 474, 485
top dead center (TDC) 381
TOPEX (topography experiment)

1202
top-hat filter 831
topography experiment (TOPEX)

1202
torque 805, 816
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torque coefficient 963, 966
torsion pendulum 630
torsional hydraulic actuator 611
total cross-section 520
total dissolved gas 980
total head 10, 966
total least squares (TLS) 1485
total load measurements 1032
total pressure 216
total temperature 242
total velocity field 1373
towed vehicle
– SeaSoar 1204
– TriSoarus 1204
– turbulence 1205
tower 1162
towing tank 1068
TPT (thermographic phosphor

thermography) 538
tracer 532, 535, 1243, 1259, 1264,

1267, 1271
– aliphatic 1269
– aromatic hydrocarbon 1268
– atom 1267
– exciplex 1269
– gas 1168
– inorganic 1267
– ketones 1269
– material 859
– organic 1268
– particle 353, 789, 793
– photolytically generated 1268
tracking algorithm 793
tracking system 794
trajectory 792
transducer sensitivity 179
transfer function 603, 1444
transient technique 134
– hot-wire 135
transit time 304, 1324
transition 529, 886
– detection 538, 541, 545, 548, 551
– frequency 524
– hysteretic-encumbered 610
– range 610
– Reynolds number 1119
– to turbulence 886
transition moment 517, 518
– space-averaged 518
translating shaft 9
translational friction coefficient 684
translational systems 1472
transmission 361
transmission electron microscopy

(TEM) 1281
transonic flow 611

transport aircraft wing 612
traversing gear 1058
TRCA (theoretical receding contact

angle) 109
triangulation 1080
Trouton ratio 647, 649, 652–655,

709
TS (Tollmien–Schlichting) 547, 887
tube model 18
tunable diode-laser absorption

spectroscopy (TDLAS) 1105,
1289

tunnel reverberation 994
turbine 919
– head 966
– model 966, 973
– test stand 976
turbomachinery 355, 919
turbulence 789, 804, 1044, 1056
– chemistry-turbulence interaction

1245
– dissipation rate 874
– elastic 799, 804, 810, 813–816,

821
– intensity 354, 355, 1143
– level 1045, 1051
– model 1245
– turbulence chemistry interaction

1263
– turbulence/chemistry interaction

1263
turbulent
– intensity 1160
– kinematic viscosity 772
– kinetic energy 837
– relative dispersion 797
– resistance 806
– shear flows 967
– structure 382
– thermal diffusivity 772
– wall-bounded flows 871
turbulent boundary layer 543, 545,

896, 967
– laminar 538
– pipe, channel flows 872
– transition 538
turning vane 1054
two infinitely extended parallel plates

635
two-bulb technique 155
two-color flow birefringence (TCFB)

727
two-dimensional
– array of point measurement devices

1015
– assignment problem 792

– boundary layer flow 872
– probability density function 355
two-frame tracking 1478
two-line thermometry 527
two-phase flows 1007
two-photon LIF 1243
type E thermocouple 1099

U

U-bend silencer 1063
uncertainty relation 1447
underflow 1440
undertailored 1085
uniaxial elongational viscosity 709
unidirectional solidification 378
unipolar injection 1320, 1325
unstable limit cycle 611
unsteadiness 596
unsteady boundary-layer separation

377
unsteady, reverse flows 901
upgrading a wind tunnel 1066
upper convective Maxwell model

16
upwash 1051
UVW (three components of velocity)

gage 1019

V

Vacutank at the Marin Institute,
Netherlands (formerly NSMB)
973

vacuum tank 1086, 1091
validation 1244
– modeling 1244
– numerical simulation 1244
van der Waals forces 685
van Slyke apparatus 980
vapor filled 970
vapor pressure 959
vaporous cavitation 965
vaporous/gaseous cavitation 998
variable pressure towing tanks 972
VCSEL (vertical-cavity

surface-emitting lasers) 1298
vector field variables 909
vehicle
– coordinate system 1070
– mass 1069
– speed 1043
velocity 5, 644, 1081, 1083–1087,

1089–1091, 1093–1095, 1105,
1112, 1117, 1118, 1121

– fluctuation 807, 1133
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– gradient 409, 637
– gradient tensor 400, 401
– gradient/vorticity measurement

techniques 387, 391
– hypersonic 1092
– profile 644, 1044
– superorbital 1095
– time series for cavitating and

non-cavitating wakes (LDV) 1004
velocity measurements
– accuracy of the transducer 217
– blockage and interference 217
– condensation 217
– convergence of the reading 217
– particulates 217
– Reynolds number 217
– sensitivity of the velocity to errors

217
– yaw acceptance 217
ventilated cavities 970
ventilation gas 970
Venturi
– center body-type device 985
– method 975
Versuchsanstalt Wasserbau (VAO)

Obernach 973
vertical-cavity surface-emitting lasers

(VCSEL) 1298
vibrating ribbon 892
vibration 517, 960, 962
– normal 517
vibratory apparatus 1006
vibratory method 976
video system 116
Vieille, Paul 1082
Virginia Polytechnic Institute (VPI)

1104
virtual temperature 1160
virtual tower 1169
viscoelastic
– liquid 800
viscoelasticity analyzer 804
viscometer
– capillary 125
– falling-body 127
– falling-cylinder 129
– falling-sphere 127
– high pressures 127
– liquids 126
– oscillating-body 119
– oscillating-cup 122
– oscillating-cylinder 122
– oscillating-disk 120, 121
– oscillating-sphere 122
– torsional-crystal 124
– vibrating 122

– vibrating-wire 122, 123
viscosity 619, 624, 625, 627, 632,

634–636, 639–641, 644, 646, 722,
723

– absolute measurement 121
– alkenes 130
– complex 620, 634, 635
– gases 132, 133
– hydrocarbon 131
– intrinsic 690
– n-alcohol 131
– n-alkane 129
– noble gase 128
– ratio 712
– reference value 131
– refrigerant 132
– relative 689
– specific 690
– standard 126
– water 126, 131
viscous
– diffusion scale 404
– dissipation 7
– flow 113
– no-slip condition 12
– relaxation time 685
– sublayer 396
viscous sublayer 882
viscoussublayer 873
visibility 301
visually 996
void
– fraction 1007
– fraction from PIV measurements

1008
– fraction measurements 1007
Voigt–Kelvin model 619, 621, 623,

624, 627
volume flow 1073
volume of the region 8
volume region 8
volume-average diameter 681
von Karman constant 772
von Karman integral method 879
vortex
– cavitation 962, 968
– dislocation 1139
– force 813
– formation 1133
– generation 968
– nozzle 983
– ring 913
– street 1125
vortex shedding 597
– frequency 608
– instability 1133

vortical flow 382
vortical structures 963, 967
vorticity 6, 7, 60, 382, 383, 400,

429, 774, 813, 818, 820, 825
– flux 384
– instantaneous 383
VPI (Virginia Polytechnic Institute)

1104

W

Wagner equation 15
waist diameter 358
wake
– blockage 1061
– factor 881
– formation 1132
– instability 1133, 1137, 1140
– layer 873
– velocity 1127, 1137
– vortex 1127
– width 1131, 1145
Walden’s rule 1322
wall 1051
– flow structure 872
– hot-film 235, 271, 279
– normal positioning uncertainties

882
– shear stress 901
– slip 697
– slip, slip velocity 698
– vorticity flux 400
wall tapping
– angled 181
– burrs 184
– calibration 181
– cavity depth 183
– cavity geometry 181
– chamfered 181
– commercial standard 181
– compressibility 182
– curvature of the streamlines 181
– difference between local and wall

pressure introduced in by turbulent
fluctuations 185

– directional sensitivity 181
– dust 184
– error in the measured pressure

180
– finite size 181
– generation of Mach waves 183
– high Mach number 183
– high tapping Reynolds number

182
– iezometer 180
– large tappings 182
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– lengthscale of pressure variation
182

– method to produce small tappings
184

– minimum deep tapping 183
– pressure coefficient 182
– radius of curvature 181
– radius on the edge of the hole 184
– radiused 181
– rapid spatial variation of pressure

182
– shallow tappings 183
– slot-type 181
– small 181
– system of eddies 183
– system of vortices 181
– zero-error condition 181
wash load 1020
waste incinerator 1293
water 146
water quality 974, 979
water quality measurements

979
water tunnel 1046
water tunnels 972
wave
– gage 1019
– height 1009
– propagation 630, 632
– staff 1010
wave diagram 1082, 1084–1086,

1088–1091, 1095
wavefunction 517
wavelength modulation spectroscopy

(WMS) 527, 1291
wavelength multiplexing
– modulation frequency 1292
– spectral 1292
– temporal 1292
wavelength multiplexing

527, 1244
wavelet
– admissible 1379
– coherent structures 1393
– compatibility equation 1383
– compression 1395

– conditional spectra 1393, 1394
– cone of influence 1382
– convolution 1380
– decomposition 1385
– denoising 1394
– discrete 1383
– discretization 1380
– discretization error 1381
– dominant scale 1394
– energy distribution 1387
– fast algorithm 1385
– filtering 1392, 1393
– fractal 1395
– generalities 1378
– inverse transform 1380
– local spectrum 1387
– mean spectrum 1387, 1388
– Mexican-hat 1381
– modulated oscillation 1392
– modulus maxima 1389
– moment 1390, 1391
– Morlet 1382
– multidimensional 1394
– orthogonal 1384
– Parseval 1380
– reconstruction 1385
– reproducing kernel 1383
– ridge 1389
– scaling 1391
– scaling coefficient 1385
– scaling function 1384
– singularity 1395
– transform 1379
wavenumber vector

1019
waveplates 728
waverider buoy 1014
weak injection 1328
Weber number 38, 40
Weissenberg effect 800
Weissenberg number 800, 801, 828
wetting 106, 110
Wheatstone bridge 1096, 1104
white noise 1446
whiting 1057
Wiener–Khinchine relation 1342

wind 1043
– noise 1045, 1046
– speed 1052, 1058
wind tunnel 1044, 1046
– blow-down 613
– boundary layer 605
– cryogenic 598
– high pressure 596
– high-pressure 607
– low speed 596
– transonic 596, 609
window function 1341
window shifting 1471
windows 726–728
wind-tunnel corrections 1060
wing/engine combination 599, 608
wire
– arrays 235
– aspect ratio 232
– materials 232

– suspension 1070, 1071
wireless telemetry 923
WMS (wavelength modulation

spectroscopy) 527, 1291
Wollaston prism 483
wool tuft 1074
work of adhesion 99, 100
wrap-around error 1343

X

xanthan gum 657
X-array 283, 430
X-wire 234, 255, 269, 900

Y

yawed wire 242
yawing angle 1062, 1070
yield stress 693
Young equation 106
Young–Laplace equation 101, 115

Z

zero-shear viscosity 634
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