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Summary

Turbulent flows are well-known for their complexity and broad relevance in nature and
engineering, and improved understanding of turbulent combustion is vital for improving the
efficiency and environmental friendliness of energy-conversion devices (for transportation, elec-
trical power generation, and space and industrial-process heating) in all parts of the world.
Both turbulence and combustion are very active fields of research where important advances
have been made in the last 40 years, using a fruitful combination of approaches in theory,
modeling, experiment, and advanced computation. However, the daunting mix of complex-
ities, including a wide range of physico-chemical length scales and time scales, and a large
number of chemical species and elemental reactions, is such that numerous questions remain
unanswered. The difficulty of addressing the full mix of complexities has also contributed to
the emergence of fairly distinct lines of research, which have not benefited from the level of
cross-talk appropriate to the complexity and multi-disciplinary nature of the science involved
in the problem at hand.

In view of the challenges above, and with the support of sponsors including the Depart-
ment of Energy, a Symposium on Turbulence and Combustion was held at Cornell University
on August 3-4, 2009. The overall goal of the Symposium was to promote future advances in the
study of turbulence and combustion, through an unique forum intended to foster interactions
between leading members of these two research communities. The Symposium program con-
sisted of twelve invited lectures given by world-class experts in these fields, two poster sessions
consisting of nearly 50 presentations, an open forum, and other informal activities designed to
foster discussion. Topics covered in the lectures included turbulent dispersion, wall-bounded
flows, mixing, finite-rate chemistry, and others, using experiment, modeling, and computa-
tions, and included perspectives from an international community of leading researchers from
academia, national laboratories, and industry.

The symposium activity was, by all accounts, very successful from scientific, community,
as well as educational perspectives. In particular, it was apparent that the invited lectures
provided perceptive views into world-class turbulence and combustion research at the leading
edge, while likewise the poster presentations showed the promise and the breadth of research,
especially by younger investigators in the field. The size of the audience, at 103 for the technical
program, was larger than originally anticipated and included representation from seven other
countries spread over three continents. More importantly, we are pleased that students and
postdoctoral fellows, mostly associated with academic faculty attendees, accounted for fully
1/3 of the registered participants. External sponsorship from the Department of Energy, the
National Science Foundation, and the Air Force Office of Scientific Research allowed us to offer
support for travel and registration fees to these younger participants, including a significant
number of members of underrepresented groups in science and engineering. It is the sincere
wish of the Symposium’s organizers that this activity will lead to significant new impetus
towards cross-community collaborations between researchers in turbulence and combustion.
Direct inspiration to younger members of our community who will likely be among those
providing future advances in the long term is important for fulfilling this objective.

To provide an opportunity to consolidate the scientific advances achieved within this com-
munity, we are, by agreement with the journal Editor, working on the preparation of a special
issue of peer-reviewed articles in the journal Flow, Turbulence and Combustion, to be pub-
lished later in 2010. We are in the final stages of preparing 22 manuscripts, which will appear
in Issues 3 & 4 of Volume 85 of the journal. Professors D. C. Haworth and Z. Warhaft have
served ably as guest editors to coordinate the peer reviews for these special editions.
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A complete summary of the Symposium, including Abstracts and either .pdf or PowerPoint
versions of all Invited Talks, and a list of all Poster Presentations is available on the web at:
http://cfd.mae.cornell.edu/˜caughey/TandC 09/

In addition, a complete summary of technical program is contained here in the appendices.
Appendix A contains the titles and abstracts of the Invited Lectures; Appendix B contains a
list of the Poster Presentations; Appendix C contains a list of the papers that will appear in
the special editions of Flow, Turbulence and Combustion; and Appendix D contains a complete
list of participants who attended the symposium.

We would like to take this opportunity to thank the Department of Energy for helping us
make this symposium a resounding success.
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Appendix A. Technical Program

The technical program consisted of the following Invited Lectures.

Monday, August 3, 2009

9:20 AM Parviz Moin
Stanford University
Stanford, California, USA
Wall Turbulence

9:55 AM Robert Barlow
Sandia National Laboratories
Livermore, California, USA
Scalar Dissipation Measurements in Turbulent Jet Flames

11:00 AM Eberhard Bodenschatz
Max Planck Institute for Dynamics and Self-Organization
Georg August University, Germany
Multi-particle statistics in turbulence measured from particle tracking experiments

11:35 AM Brian L. Sawford
Monash University, Australia
Conditional relative acceleration statistics and relative dispersion modelling

12:00 PM Poster Session I

2:00 PM Rodney O. Fox
Iowa State University
Ames, Iowa, USA
Quadrature-based moment methods for multiphase chemically reacting flows

2:35 PM Jacqueline H. Chen
Sandia National Laboratories
Livermore, California, USA
Reactive Scalar Mixing and Turbulence-Chemistry Interactions
in Turbulent Combustion

3:40 PM K.R. Sreenivasan
International Centre for Theoretical Physics
Trieste, Italy
Vortex Reconnections

4:15 PM Open Forum
Moderator: Lance R. Collins, Cornell University
M. S. Anand, Rolls-Royce Corporation
Peyman Givi, University of Pittsburgh
Robert D. Moser, University of Texas at Austin
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Tuesday, August 4, 2009

8:45 AM Assaad R. Masri
University of Sydney, Australia
Finite-rate chemistry effects in turbulent premixed flames

9:20 AM William P. Jones
Imperial College, United Kingdom
Large eddy Simulation and the Filtered-Density Function Method

10:35 AM Johannes Janicka
Technische Universität Darmstadt, Germany
Combustion LES for Complex Geometries: Status and Challenges

11:10 AM Mitchell Smooke
Yale University
New Haven, Connecticut, USA
Computational and Experimental Study of Flames

12:00 PM Poster Session II

1:30 PM Charles Meneveau
The Johns Hopkins University
Baltimore, Maryland, USA
Multiscale Lagrangian mappings and synthetic turbulence

Abstracts of Invited Lectures appear on following pages
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Scalar Dissipation Measurements in Turbulent Jet Flames

Robert S Barlow

Sandia National Laboratories

Scalar dissipation is a central concept in the theory and modeling of nonpremixed turbulent
flames. Dissipation of the mixture fraction is a measure of the rate of mixing of fuel and
oxidizer at the molecular level, so it is the quantity of primary interest in understanding the
complex interaction of turbulence and chemistry in reacting flows. However, measurements of
scalar dissipation and related quantities are difficult in flames, and our knowledge of small-
scale structure in flames lags far behind that for nonreacting flows. Significant progress has
been made in recent years by using highly resolved Rayleigh scattering to measure energy and
dissipation spectra of fluctuations in temperature. These measured spectra are well represented
by Popes model spectrum for turbulent kinetic energy, even in the near field of jet flames, where
there are large radial gradients in mean velocity and scalars. The local dissipation cutoff
scale can be determined, making it possible to better quantify effects of spatial averaging and
experimental noise on the measurements. The same conclusions apply to dissipation spectra
and length scales of fluctuations in mixture fraction, which have been measured by multiscalar
line imaging.

6



Multi-particle statistics in turbulence measured from particle tracking
experiments

Eberhard Bodenschatz

Max Planck Institute for Dynamics and Self-Organisation

Göttingen, Germany

Fluid turbulence leads to a dramatic enhancement of transport and mixing and therefore
is of great importance in a wide variety of natural and industrial processes from cloud physics
to chemical reactors. These effects arise directly from the violent accelerations experienced by
fluid particles as they are buffeted by enormous pressure gradients generated in incompressible
turbulent flows. Despite the fundamental importance of these issues, only recently with the
advance in detector technology (silicon strip, CMOS) it has become possible to measure the
3D particle trajectories in highly turbulent flows with high spatial and temporal resolution.
Here we describe the use of a 3D direct imaging particle tracking technique that measures
simultaneously the position, velocities and accelerations of many particles advected by the
flow with very high temporal and spatial resolution. We report measurements of the statistical
properties of turbulence both in space and in time when measured along the trajectory of
particles. Properties reported will include particle acceleration, Eulerian and Lagrangian ve-
locity structure functions, two particle dispersion, multi particle dynamics, and coarse-grained
velocity gradients from Lagrangian particle tracking measurements. The results are compared
with predictions from Richardson (1925), Heisenberg (1948), and Batchelor (1956).

Fluid particle accelerations in fully developed turbulence, A. La Porta et al., Nature 409, 1017-
1019 (2001).

The role of pair dispersion in turbulent flow, M. Bourgoin et al., Science 311, 835-838 (2006).

An experimental study of turbulent relative dispersion model, N. Ouellette et al., NJP 8 109
(2006)

Evolution of Geometric Structures in Intense Turbulence, H. Xu., N.T. Ouellette, and E.
Bodenschatz, NJP10 013012 (2008).
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Reactive scalar mixing and turbulence-chemistry interactions in turbulent
combustion

Jacqueline H. Chen, Ed Richardson, & Chun Sang Yoo

Sandia National Laboratories

Reactive scalar mixing time scales have been investigated from terascale direct numerical
simulation data of turbulent premixed Bunsen flames with reduced methane/air chemistry.
Compared to a progress variable the mixing rates of intermediate species can be several times
greater. The variation of species mixing rates is explained in terms of the one-dimensional
flamelet structure and a new model is presented for the ratios of scalar mixing time scales.
Turbulence-chemistry interactions associated with the stabilization of a lifted turbulent jet
flame in a heated coflow will also be presented based on recent DNS with detailed hydro-
gen/air and reduced ethylene/air chemistry. The relative importance of flame propagation,
autoignition, and jet mixing structure will be discussed.
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QuadratureBased Moment Methods for Multiphase Chemically Reacting Flows

Rodney O. Fox

Department of Chemical and Biological Engineering

Iowa State University

Multiphase reacting flows arise in a number of important applications in energy and propul-
sion sciences. Two examples are gassolid fluidizedbed reactors for biomass gasification, and
liquidspray combustion where an evaporating liquid is injected into a combustion chamber
in the form of inertial polydisperse droplets. Due to the distribution of particle sizes, tem-
peratures, compositions, and velocities, it is natural to model these systems using a kinetic
description involving a number density function defined on a highdimensional phase space,
reminiscent of the probability density function methods pioneered by S. B. Pope for turbulent
combustion. In the limit of highly collisional systems (i.e. low Knudsen number or equilibrium
flows), it is well known that the kinetic description can be reduced to a hydrodynamic (e.g.
multifluid) model involving only the loworder velocity moments (e.g. particle number density,
mean particle momentum, particle temperature). However, in many gasparticle systems of
practical interest collisions are not dominant relative to fluid drag and/or kinetic transport,
and hence the hydrodynamic descriptions are inaccurate. In such cases, one usually resorts to
a Lagrangian particletracking approach to simulate the kinetic equation indirectly.

Here, I report on recent advances in the kinetic modeling of dilute to moderately dense
gasparticle flows with arbitrary Stokes and Knudsen numbers. Of particular interest are Eu-
lerian moment methods capable of simulating particle trajectory crossings and other highly
nonequilibrium phenomena associated with highKnudsennumber flows. I demonstrate that by
employing a quadraturebased reconstruction of the number density function and kineticbased
fluxes for the velocity moments, it is possible using an Eulerian approach to reproduce the
complex, nonequilibrium flow behavior seen in Lagrangian simulations. In essence, quadra-
turebased moment methods construct an optimal, selfadaptive discretization of phase space
that is consistent with the set of transported moments. Moreover, by increasing the number
of transported moments, it is possible to attain any desired accuracy for the unclosed terms in
the moment transport equations in an optimal manner. As an example application of quadra-
turebased moment methods, I will present selected results for evaporating liquid sprays in
unsteady gaseous flows carried out in collaboration with colleagues1 at the EM2C laboratory
in France.

1 Marc Massot, Frederique Laurent, Lucie Freret, Stephane de Chaismartin, and Damien Kah,
Laboratoire EM2CUPR CNRS 288, Ecole Centrale Paris, France.
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Combustion LES forComplex Geometries: Status and Challenges

Johannes Janicka

Technische Universität Darmstadt

This paper aims at demonstrating the feasibility of LES to single phase complex flows in
realistic configurations. Two illustrative applications of LES to technical combustion systems
are therefore presented. The first application is a typical gas turbine combustor exhibiting a
partially premixed combustion. The second configuration consists in a realistic IC-Engine in
which the so-called cycle to cycle variations represent an important issue for engine designers.
To appraise the quality of LES predictions comparisons against available experimental mea-
surements are provided along with an analysis of the reliability of the results obtained. For
the sake of predictive calculations, studies of the sensitivity of various statistical fields to grid
resolution, to LES modelling, to numerical schemes and boundary conditions, to chemistry
for real fuels and chemistry tabulation, and to micro-mixing description are still required to
establish true reliability of LES for real combustion systems and to then properly enter the
design steps of the applied combustion systems.
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Large Eddy Simulation and the Filtered Probability Density Function Method

W P Jones

Department of Mechanical Engineering

Imperial College London

Exhibition Road London SW7 2AZ

Future methods for predicting the properties of turbulent flames and combustion systems
in Engineering applications are likely to be based on Large Eddy Simulation, (LES). In LES
the equations of motion are filtered prior to solution so that the large scale energetic turbulent
motions are computed directly while the effects of motions of ‘size’ smaller that the filter
width - the sub-grid stresses and fluxes - are modelled. These sub-grid motions have short
length and time scales and consequently exert a much less influential role and are much easier
to model than is the case for the corresponding Reynolds averaged fluxes. In inert high
Reynolds number turbulent flows away from walls the details of the fine scale motions are
not rate controlling - their main role is to dissipate energy - and as a consequence LES is
found to be relatively insensitive to modelling assumptions and simple eddy-viscosity type
models normally suffice. Providing the flow is fully turbulent and that the energy containing
motions are adequately resolved then LES is usually found to give very good results. The
extension of Large Eddy Simulation to combusting flows requires that proper account be taken
of sub-grid scale (sgs) fluctuations on the spatially filtered chemical species formation and
consumption rates and sgs modelling assumptions play a much more important role. In the
majority of situations burning will occur entirely within the unresolved sub-grid motions and
consequently practically all direct turbulence-chemistry interactions must be modelled. The
evolution equation for the filtered fine grained or sub-grid joint probability density function
( pdf) of the reactive scalars represents a basis on which such a model can be constructed.
Because of the large dimensionality of the equations stochastic solution techniques are required.
For this the Eulerian stochastic field solution method will be described; an approach with close
similarities to Spalding’s Multi-fluid model and to the configuration field methods used in
rheology. Because the method allows the incorporation of realistic chemistry it is particularly
well suited to the prediction of local extinction, auto-ignition and lifted flame phenomena. To
illustrate the capabilities of the approach comparisons of LES results with measurements in a
range of configurations will be presented. These will include piloted jet flames (Sandia Flames
D-F), a lifted flame arising from a jet of hydrogen issuing into a vitiated co-flow stream and
the auto-ignition of fuel jets issuing into a heated turbulent co-flowing air stream.

11



Finite Rate Chemistry Effects in Highly Sheared Turbulent Premixed Flames

Matthew J. Dunna1, Assaad R. Masri1, Robert W. Bilger2, and R.S. Barlow2

1School of Aeronautical, Mechanical and Mechatronic Engineering

The University of Sydney, NSW 2006 Australia

and
2Sandia National Laboratories, Livermore, CA 94551-0969 USA

This paper provides a description of the effects of finite rate chemistry on the structure of
highly sheared turbulent premixed flames. Such effects are induced by steep velocity gradients
enabled by the Piloted Premixed Jet Burner (PPJB) where a high velocity jet of premixed fuel
issues in a low velocity co-flowing stream of hot combustion products. A small, stoichiometric
pilot flame shrouding the jet helps to prevent lift-off from the nozzle. Lean premixed methane-
air flames were studied here over a range of jet velocities. Planar imaging of Rayleigh and
Laser Induced Fluorescence from OH (LIF-OH) provide a joint measure of temperature and
the reaction zone structure while line imaging at Sandias Raman-Rayleigh-LIF facility yields
simultaneous measurements of temperature and species concentrations along a line.

It is found that as the shear rates increase, finite rate chemistry effects are featured by a
gradual decrease in reactedness rather than abrupt localised extinction which was observed in
non-premixed flames approaching blow-off. This is accompanied by a broadening in the reac-
tion zones and is consistent with the view that turbulence structures are becoming imbedded
within the flame. Such findings have serious implications on the modelling of such flames.
Particle-based probability density function methods have demonstrated a capability to com-
pute such trends albeit with a modified mixing frequency.
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Lagrangian dynamics of intermittent turbulence:models and synthesis

Charles Meneveau

Johns Hopkins University, USA

It is well recognized now through experiments and large-scale simulations that the small
scale structure of fluid turbulence is highly intermittent and non-Gaussian. The origin of
intermittency is known to be related to the non-linear terms in the Navier-Stokes equations.
Moreover, there is a host of well-known trends in the phenomenology of turbulence, such as
differences in levels of intermittency between transverse and longitudinal velocity, with passive
scalar increments, and turbulence in 2D, 3D and even 4D turbulence. In this presentation, we
review our derivation of a simple Lagrangian dynamical system that provides useful insights
to explain such trends. This simple dynamical system deals with the Lagrangian evolution of
two-point velocity and scalar increments in turbulence across a line that evolves with the flow,
but does not change length. Terms missing in the evolution equations associated with pressure
and viscous effects are quantified based on DNS of isotropic turbulence. The corresponding
data is publicly available at the JHU database cluster and is easily accessible through a Web
Services interface. In the second part of the talk, we summarize our efforts to use the insights
gained from the advected delta-vee system in the generation of synthetic, multi-scale 3D vector
fields with non-Gaussian statistics. It is shown that such vector fields share a surprising
number of statistical and geometrical properties with real turbulence. The challenges involved
in generalizing such synthetic fields to include time dependence (such as used in kinematic
simulations, KS) are discussed (research performed in collaboration with Yi Li and Carlos
Rosales).
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Wall Turbulence

Parviz Moin

Center for Turbulence Research

Stanford, CA

A turbulent spatially developing, zero-pressure-gradient, incompressible boundary layer
over a smooth flat-plate is a fundamental problem in fluid mechanics, and its modeling is a
pacing item in large eddy simulation of wall bounded flows of engineering interest. This presen-
tation is motivated by surprising results from a recent DNS of turbulent flow on a flat plate. We
took a Blasius layer from=80 through transition to a low-Reynolds-number turbulent boundary
layer (= 900) in a well-controlled manner (Wu and Moin 2009)1. In the subsequent analysis of
the 3D databases, it was discovered that the instantaneous flow fields were vividly populated
by hairpin vortices. This is the first time that direct evidence (in the form of a solution of the
Navier-Stokes equations, obeying the experimental measurements of turbulence statistics, as
opposed to synthetic superposition of the structures as for example, in Perry and Chong, 1982)
shows such dominance of these structures. Although a number of investigators have postulated
the existence of such structures in turbulent shear flows, direct evidence for their dominance
has not been reported in any numerical or experimental investigation of turbulent boundary
layers since the flow visualization experiments of Head and Bandyopadhyay (1981). In sharp
contrast to the present results, it has also been reported that complete quasi-symmetric hair-
pin vortices are rarely observed in turbulent boundary layers (Robinson 1991). A key question
here is why previous DNS did not reveal the striking dominance of these structures, and what
triggers them, as wall turbulence developing under free-stream disturbance environments has
broad applications in high altitude flight and remains largely intractable in laboratories. Most
previous studies were performed in channel flows with periodic boundary conditions which is
likely to disturb the natural evolution of the flow structures. Robinsons study was based on
DNS fields of Spalart (1988), who, due to limitations of computer resources at the time, did
not include the spatial growth of the boundary layer, and used (scaled) periodic boundary
conditions in the streamwise direction. This has cast some doubt on the physical realism of
the results with regard to the generation and dynamics of the underlying coherent structures.

A conceptual model consisting of hairpin-like structures can be interpreted as a reduced
order model of turbulent boundary layers. In this case, the reduced order model is credible
because of its consistency with the experimental data and its being a truncated solution of the
Navier-Stokes equations. Further research is required to determine the models contribution to
the overall turbulent transport and energy, and to determine its spatial and temporal scales as
a function of Reynolds number and its relation to well known wavelet or Proper Orthogonal
Decomposition (POD) compressions techniques (Moin and Moser, 1989). Because the under-
lying mechanism for the formation of packets of hairpins is reasonably well understood from
isolated laminar flow or by-pass transition studies, this reduced order model has the potential
to become a quantitative dynamic model for prediction and control of turbulent boundary
layers.

The possible existence and mechanism of very large-scale motions (VLSMs) in the ZPGF-
PBL has been a subject of intensive interest. Signatures of these (energetic) structures include
meandering streaks of streamwise fluctuating velocity component extending more than 20
boundary layer thicknesses. The underlying mechanism for the formation of these very long
structures in the zero-pressure-gradient boundary layer has been elusive, and there is specula-
tion in the literature that alignment of hairpin packets might be one of the contributing factors
(Adrian et al. 2000). Further analysis of DNS of spatially evolving turbulent boundary layer,
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preferably at higher Reynolds numbers, should be able to contribute to the resolution of this
problem.

Adrian, R. J., Meinhart, C. D. & Tomkins, C. D. 2000 Vortex organization in the outer region
of the turbulent boundary layer.J. Fluid Mech.422, 154.

Head, M. R. & Bandyopadhyay, P. 1981 New aspects of turbulent boundary layer structure. J.
Fluid Mech.107, 297338.

Moin, P. & Moser, R.D. 1989 Characteristic eddy decomposition of turbulence in a channel. J.
Fluid Mech. 200, 471-509.

Perry, A. E. & Chong, M. S. 1982 On the mechanism of wall turbulence. J. Fluid Mech.119,
173217.

Robinson, S. K. 1991 Coherent motion in the turbulent boundary layer. Annu. Rev. Fluid
Mech.23, 601639.

Spalart, P. R. 1988 Direct simulation of turbulent boundary layer up to Re=1410. J. Fluid
Mech., 187,61-98.

Wu, X. & Moin, P. 2009 Direct numerical simulation of turbulence in a nominally zero-pressure-
gradient flat-plate boundary layer. J. Fluid Mech. 630, 541.
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Conditional relative acceleration statistics and relative dispersion modelling

Brian Sawford

Monash University

Lagrangian stochastic models of independent trajectories of single particles have been ap-
plied very effectively to diverse problems such as environmental pollution and (with the addi-
tion of a mixing model) combustion and chemistry in turbulence. However, models for relative
dispersion are much less developed. Relative dispersion models use as input two separate, but
related, pieces of Eulerian information. These are the pdf for the velocity difference between
two points, which determines the random or diffusion term in the stochastic model and also
contributes to the drift term, and the mean of the acceleration difference, conditioned on the
velocity difference, which contributes only to the drift term of the model. The pdf and the
conditional mean acceleration are related through the pdf evolution equation. Stochastic mod-
els for relative dispersion typically prescribe the pdf and solve the evolution equation for a
consistent conditional acceleration, or alternatively, prescribe the drift term and solve for the
pdf. The non-Gaussian nature of the turbulence is important, since it is responsible for the
asymmetry between forwards and backwards relative dispersion. The present generation of
stochastic models for relative dispersion make a number of assumptions. Most fundamentally,
the Lagrangian relative velocity is assumed to be a Markov process, but then additional mod-
elling assumptions enter through the assumed forms for the Eulerian pdf and the conditional
mean acceleration, and the choice of the velocity sub-space to be modelled, since typically it
is not feasible to model all the velocity components of the two particles. Intermittency is also
ignored. These models typically over-predict the rate of relative dispersion and over-predict
the ratio of backwards to forwards dispersion. In this talk we use DNS results for the pdf
of velocity differences and for the conditional mean acceleration difference to explore some of
these modelling assumptions.
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Computational and Experimental Study of Laminar Flames

Mitchell D. Smooke & Marshall B. Long

Yale University

New Haven, Connecticut

As emissions legislation becomes more restrictive, a detailed understanding of pollutant for-
mation in flames has become even more critical for the design of pollutant abatement strategies
and for the preservation of the competitiveness of combustion related industries. It is clear
that there will be continuing pressure to lower both NOx emission indices and soot volume
fractions in practical combustion devices. This is in response to the toxicological effects of
small particles and to the impact, for example, that soot can have on thermal radiation loads
in combustors and on turbine blades. Moreover, soot emissions can enhance contrail formation
and such man made clouds may have an impact ultimately on the Earths climate. In this talk
we discuss our research related to the effects of complex chemistry and detailed transport on
the structure and extinction of hydrocarbon flames in coflowing axisymmetric configurations.
We have pursued both computational and experimental aspects of the research in parallel on
both steady-state and time-dependent systems. The computational work has focused on the
application of accurate and efficient numerical methods for the solution of the steady-state
and time-dependent boundary value problems describing the various reacting systems. De-
tailed experimental measurements were performed using two-dimensional imaging techniques.
Our goal has been to obtain a more fundamental understanding of the important fluid dynamic
and chemical interactions in these flames so that this information can be used effectively in
combustion modeling.
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Vortex Reconnections

K. R. Sreenivasan

International Centre for Theoretical Physics

Trieste, Italy and Univ. of Maryland, USA

It is possible that the reconnection between vortices of opposite sign is an important part
of the dynamics of hydrodynamic turbulence. There was a spate of activity on this problem
for about a dozen years beginning around mid-80’s (and part of the experience gained there
seems to have been diverted lately to exploring the singular dynamics of Euler equations). Re-
connection of magnetic field lines seems to have been pursued for a lot longer and with greater
persistence. A problem of equal interest is the reconnection of quantized vortices in helium II.
This will be the main theme of my talk, which will be based on the work published in the last
year or two with Greg Bewley, Matthew Paoletti, Dan Lathrop and Michael Fisher. The novel
feature of this work is the visualization of quantized vortices, observation of their reconnec-
tion, characterization of the dynamics before and after reconnections, and the measurement of
the velocity statistics in the superfluid case. I will highlight some differences and similarities
between the quantized and classical turbulence that emerge from these observations.
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Appendix B. List of Poster Presentations

1. A dynamic subgrid-scale parameterization for momentum fluxes in atmospheric boundary
layer flows over multiscale, fractal-like surfaces
W. Anderson and C. Meneveau

2. Chaotic mixing in electro-osmotic flow for microfluidic devices
R. Chabreyrie, C. Chandre, & N. Aubry

3. Modeling turbulent combustion with flamelet generated manifolds (FGM)
R. J. M. Baastians, J. A. van Oijen, & L. P. H. de Goey

4. Modeling of premixed turbulent combustion for CNG and HCNG
S. Bhattacharjee and D. C. Haworth

5. Effects of inhomogeneity and large-scale intermittency on small-scale turbulence
D. Blum, S. Kunwar, J. Johnson, & G. Voth

6. Designing large-eddy simulation of wall-bounded turbulence
J. G. Brasseur, T. Wei, & S. Ramachandran

7. Reduced equations for anisotropic Langmuir turbulence
G. Chini, K. Julien, & E. Knobloch

8. Streaming flows in high-intensity discharge lamps
T. Dreeben

9. Revisiting the pressure-strain correlation with RDT
S. Fu and S. Huang

10. Simulations of piloted jet flames using LES with 3D CMC
A. Garmory and E. Mastorakos

11. Hybrid distribution methods for multiphase reacting turbulent flows
B. Büsser, M. C. Heine, & S. C. Garrick

12. Quantitative high-speed scalar imaging
R. L. Gordon, C. Heeger, & A. Dreizler

13. Dimension reduction of combustion chemistry using ICE-PIC and ISAT
V. Hiremath, Zhuyin Ren, & S. B. Pope

14. Towards petascale computing for the study of turbulence structure, mixing, and disper-
sion
D. A. Donzis, J. F. Hackl, K. P. Iyer, D. Pekurovsky, & P. K. Yeung

15. Comparisons of Lagrangian and Eulerian PDF methods in simulations of nonpremixed
turbulent jet flames with strong turbulence/chemistry interactions
J. Jaishree and D. C. Haworth

16. Reynolds number dependence of thermal diffusion from a line source in decaying grid
turbulence
E. D. Johnson and Zellman Warhaft
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17. Resolution scale dependence in LES of a piloted diffusion flame
K. Kemenov, H. Wang, & S. B. Pope

18. Double vortex interactions
R. Kerr

19. Turbulent combustion modeling with the use of reaction progress variables
J. B. W. Kok and M. Woolderink

20. Scalar dissipation and conditional scalar dissipation in variable viscosity turbulence
G. Kumar and S. Girimaji

21. Non-equilibrium turbulence in shock-turbulence interaction
S. Lele and J. Larsson

22. Large-eddy simulation for an axisymmetric piston-cylinder assembly with and without
swirl
K. Liu and D. C. Haworth

23. Aeolian transport of desert sand on rippled surfaces relation to subsurface seepage and
dust accumulation
M. Y. Louge

24. Role of pressure in stability of elliptic flows
A. Mishra and S. Girimaji

25. Uncertainty quantification for RANS turbulence model predictions
R. D. Moser, E. Prudencio, & S. Prudhomme

26. Computational modeling of interfacial flows in microchannels
M. Muradoglu

27. FDF for LES of turbulent combustion
M. R. H. Sheikhi, S. L. Yilmaz, M. B. Nik, P. H. Piscuineri, & P. Givi

28. Turbulence-radiation interactions using P-1 method and k-distribution spectral models
in RANS/PDF-based simulation of chemically reacting flows
G. Pal, M. F. Modest, & D. C. Haworth

29. Progress in particle tracking for LES/FDF methods
P. Popov and S. B. Pope

30. A cell agglomeration algorithm for accelerating detailed chemistry in CFD
G. M. Goldin and Z. Ren
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