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M4 E: New Physics-based Wall Modeling Concepts for LES of Turbulence

#E: We have developed a new class of physics-based large eddy simulation wall models. It
is based on a formal interpretation of quasi-equilibrium that governs the momentum balance
integrated in the wall-normal direction. The new approach enables us to formally distinguish
quasi-equilibrium from additional, non-equilibrium contributions to the wall stress. A particular
model for non-equilibrium contributions is derived, motivated by laminar Stokes layer
dynamics in the viscous sublayer when applying fast-varying pressure gradients. A turbulent
non-equilibrium portion is also included. The new wall modelling approach is first tested in
standard equilibrium channel flow in order to document various properties of the approach. The
model is then applied in LES of channel flow with a suddenly applied spanwise pressure
gradient (SSPG), in a channel flow with varying streamwise accelerations, as well as in
pulsating channel flows at various forcing frequencies. Model results can be interpreted in terms
of the underlying flow physics. This work is done in collaboration with Mitchell Fowler and
Tamer Zaki, and funded by Office of Naval Research.

®EAEA:

Charles Meneveau is the Louis M. Sardella Professor in the
Department of Mechanical Engineering, is Associate Director of
the Institute for Data Intensive Engineering and Science (IDIES)
and is jointly appointed as Professor in the Department of Physics
and Astronomy at Johns Hopkins. He received his B.S. degree in
Mechanical Engineering from the Universidad Técnica Federico
Santa Maria in Valparaiso, Chile, in 1985 and M.S, M.Phil. and
Ph.D. degrees from Yale University in 1987, 1988 and 1989,

respectively. During 1989/90 he was a postdoctoral fellow at the Center for Turbulence

Research at Stanford. He has been on the Johns Hopkins faculty since 1990. His area of research
is focused on understanding and modeling hydrodynamic turbulence, and complexity in fluid
mechanics in general. The insights that have emerged from Professor Meneveau’s work have
led to new numerical models for Large Eddy Simulations (LES) and applications in engineering
and environmental flows, including wind farms. He also focuses on developing methods to
share the very large data sets that arise in computational fluid dynamics. He is Deputy Editor
of the Journal of Fluid Mechanics and has served as the Editor-in-Chief of the Journal of
Turbulence. Professor Meneveau is a member of the US National Academy of Engineering, a
foreign corresponding member of the Chilean Academy of Sciences, a Fellow of APS, ASME,
AMS and recipient of the Stanley Corrsin Award from the APS, the AIAA Fluid Dynamics
Award, the JHU Alumni Association's Excellence in Teaching Award, and the APS' Francois N.
Frenkiel Award for Fluid Mechanics.



#®4E A H: Mixing up the Climate? How the Mystery of Stratified Turbulence is
Controlling All Our Futures

# E: Richard Feynman acknowledged that ‘turbulence is the most important unsolved
problem of classical physics’, and it is always important to remember that he was referring to
the simplest case of a fluid of constant density. An even more challenging class of problems
arises when the turbulent fluid has a variable density, as turbulent mixing can then convert
injected kinetic energy into both viscous dissipation and potential energy. Of course, the earth's
oceans are just such variable-density stratified fluids, and the larger scale effect of such
stratified turbulence is one of the key areas of uncertainty in modelling the global climate
system. As human activity strongly perturbs that system's boundary conditions, it is critical to
understand better how stratified turbulence is born, lives and dies within the world's oceans.
Fortunately, enormous advances in data availability from both observation and numerical
simulation have led to breakthroughs in our fundamental understanding of turbulence in
stratified fluids. In this talk I briefly review some of these recent breakthroughs made by my

collaborators.

®EAEA:

Colm.C. P. Caulfield is Professor of Environmental and Industrial
Fluid Dynamics and Head of the Department of Applied Mathematics
and Theoretical Physics (DAMTP), University of Cambridge. He is a
Professorial Fellow of Mathematics at Churchill College, and an
Adjunct Professor of Mechanics at Zhejiang University. He is Editor of
the Journal of Fluid Mechanics, and a Fellow of the American Physical
Society, Division of Fluid Dynamics.

He studied Mathematics at the University of Ulster at Coleraine,

graduating in 1987. He continued onto postgraduate studies in Applied
Mathematics in DAMTP at Cambridge. After completing his PhD in 1991, he spent three years
as a postdoctoral fellow in Atmospheric Physics jointly at the University of Toronto and
Hokkaido University. Before returning to Cambridge in 2005, he held faculty positions in the
School of Mathematics, University of Bristol and the Department of Mechanical and Aerospace

Engineering, University of California, San Diego.



4 E: Mixers and Jets for X-ray Spectroscopy Studies

#E: We are developing a variety of microfluidic devices for x-ray spectroscopy studies at SLAC
National Accelerator Laboratory. This effort includes rapid and high-speed mixers and jets that
provide liquid processing functions which are compatible with time-resolved x-ray studies including
low-flow rate sample handling, mixing, reactions, and tailored jetting of sample streams. Presented
will be design and experimental studies of three types of microfluidic devices. The first is a three-
dimensional (3D) hydrodynamic focusing device which rapidly mixes a high flow rate (annular)
sheath stream with (and into) a centered low flow rate sample stream. We develop experimentally
validated numerical and semi-analytical models to explore trade-offs between mixing rate and
residence time uniformity. The second type is a converging nozzle which creates stable liquid sheet
jets. Sheet jets offer a method of introduction of sample in a free liquid structure (no local channel
walls) that is particularly useful for free electron lasers (FEL). These liquid sheets have in-plane
dimensions of 5 mm and thicknesses as small as order 100 nm and enable uniform and low
background solvent signal with a significant target area for the x-ray probe beam. The third type is
a flow device that simultaneously initiates mixing and jetting and is particularly applicable to high
energy x-ray facilities. The latter design uses a so-called theta glass capillary, a structure created
using two sintered glass capillaries that are subsequently pulled to create a single, two-flow-area
nozzle (each of which is supplied by an independent inlet channel). The device enables a novel
jetting and mixing modality wherein a thin (very low flow rate) sample jet is mixed with and

laminated above a thicker, high flow rate “carrier” jet enabling near-surface detection.

®E AT

Juan G. Santiago received his MS and PhD in
Mechanical Engineering from the University of Illinois
at Urbana-Champaign in 1995. He holds the Charles
Lee Powell Foundation endowed professorship at
Stanford and serves as Vice Chair of the Mechanical
Engineering Department. His research includes the

development of microsystems for on-chip biochemical

analysis, two-phase flow devices, and capacitive deionization methods. Applications of this work
include molecular diagnostics, cell analyses, electronics cooling, and the production of drinking
water. He is a Fellow of the American Physical Society, a Fellow of the American Society of
Mechanical Engineering, and a Fellow of the American Institute for Medical and Biological
Engineering. He was recently elected to the American Academy of Arts and Sciences. He serves as
the Editor-in-Chief of the journal Flow. His work is cited about 1500 times per year (Google Scholar
h index of 83). He has authored and co-authored over 200 archival publications and 250 conference

papers, and he is a named inventor in 60 issued patents (25 of which are currently licensed).
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HEME: Microfluidics and Lab on Chip for Health and Environment

#E: The recent rapid developments in bionanotech and micro/nanofluidic technologies has
enabled the realization of miniaturized laboratories. These Labs-on-a-Chip will play an
important role in future medicine, both in point-of-care devices for drug or biomarker
monitoring, as well as in early diagnostic devices. Microfluidics can also be exploited to
manipulate and experiment with cells on chip. We have developed a microsystem for sperm
analysis and selection for artificial insemination, where we can electrically detect and sort
healthy sperm cells. Apart from diagnostic and cell manipulation devices, microfluidic devices
are increasingly used to realise advanced disease and organ-models, as illustrated by the blood-
brain barrier chip, a blood vessel on a chip to study atherosclerosis and cancer spheroids on
chip for dynamic drug dosing. These Organs on Chip may lead to more rapid and cheaper drug
development, personalised medicine and improved disease models, while minimizing or even
eliminating animal testing (3R principle). We have developed a Translational Organ on Chip
Platform (TOP) that enables simple plug and play connection of different Organ on Chip
modules to a fluidic base plate. Finally, a microfluidic impedance spectroscopy system will be
presented that can monitor the calcification of coccolithophores (algae), which plays an

important role in the oceanic carbon cycle.

®EAEA:

Albert van den Berg received his MSc in applied physics
in 1983, and his PhD in 1988 both at the University of
Twente, the Netherlands. From 1988-1993 he worked in
Neuchatel, Switzerland, at the CSEM and the University of
Neuchatel (IMT) on miniaturized chemical sensors. In 2000
he was appointed as full professor on Miniaturized Systems

for (Bio)Chemical Analysis in the faculty of Electrical

Engineering and part of the MESA+ Institute for
Nanotechnology. He published over 500 peer reviewed publications (H=66 WoS, H=89 Google
Scholar) a.o. in Science, Nature, PNAS, PRL, Angewandte, NanoLetters, ACS Nano etc. He
received several honors and awards such as two ERC Advanced (2008, 2015) and four ERC
Proof of Concept (2011, 2013, 2016, 2020) grants, Simon Stevin award (engineering sciences,
2002), Spinoza prize (2009), Distinguished University Professor (Twente, 2010), Distinguished
Professor (South China Normal University SNCU (China), 2012), Consulting Professor at
Northwestern Polytechnic University NPU (China), 2017) and member of the Royal Dutch
Academy of Sciences (KNAW) (board member from 2011-2016). His current research interests
are micro/nanofluidics, Labs on Chip and sensing for health and sustainability and Organs on
Chip.



#®4EAE: Lattice Boltzmann for Urban Physics, Air Quality and Emergency
Evacuation

#E: Unsteady high fidelity numerical simulations of turbulent flows are now part of the set
of classical numerical tools used by engineers to analyse and optimize full scale complex
systems. Lattice Boltzmann Methods (LBM) have been paid an exponentially growing attention,
due to their versatility and high numerical efficiency. Their extension to more and more
complex physical systems including multiscale and multiphysics couplings is a timely
challenge.The talk will present a survey of recent results obtained in the fields of urban physics,
outdoor/indoor air quality in urban areas and emergency evacuation including multidisciplinary
couplings with human behaviour models. The key elements of the Lattice Boltzmann Methods
developed at M2P2. More precisely, LBM methods for micrometeorology (including humid
gas and cloud physics), pollutant transport and coupling with a human agent numerical twin for

evacuation simulation will be discussed and illustrated.

®E AT

Pierre Sagaut is Professor at Aix-Marseille University and the Head
of the M2P2 Laboratory. He received his PhD in 1995 and MSc in
Theoretical Mechanics in 1991 from the University Pierre et Marie
Curie (now Sorbonne Université). From 1991-2002 he was Senior
scientist at the French National Aerospace Laboratory (ONERA), and
then Professor at University Pierre et Marie Curie (2002-2014). He
moved to Aix-Marseille University in 2014. His research is primarily

in numerical and theoretical studies of turbulent flows, with main

applications in aerospace engineering, nuclear engineering and urban
physics. This includes researches dealing with numerical methods and physical models. Over
his career he has held a number of prestigious awards, including the John Green Awards (2002),
a Grand Prix of the French Academy of Science (2010), an A*MIDEX Chair of Excellence
(2014-2016) and the Airbus-Renault-Safran Chair (2018-2023). He has been an Editor in Chief
for Computers and Fluids since 2014, and associate Editor for Journal of Computational Physics

(since 2013) and Journal of Scientific Computing (since 2000).
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11 A20 H (AH) Meetthe Editors: JFM & Flow ZOOM:

845-5818-2257

it F #HEER ERA
Oveni
14:00 ~ 14:05 | _PoMne _ o
Xinrui Wang, Cambridge University Press
Introduction of Flow and its Aspiration in China
14:05 ~ 14:25 . . .
Lv Cun-Jing, Associate Editor of Flow
Q&A: Flow-focused o
. . . Xinrui Wang
14:25 ~ 14:40 | Lv Cun-Jing, Associate Editor of Flow
Zheng Xiao-Jing, Associate Editor of Flow
Dialogue with JFM editors
14:40 ~ 15:00 | Wang Lian-Ping, Associate Editor of JFM

Wu Zi-Niu, Associate Editor of JFM
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