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5 H: 4DPTV Measurements and DES of the Turbulence Structure

and Vortex Breakdown and Interaction for 5415 Sonar Dome

Il 5 A faigr
Professor Frederick Stern Director of the Ship Hydrodynamics
Research Group at the University of Towa, USA.

the director of the Ship Hydrodynamics Research Group at the University of Iowa, USA. He
is an internationally recognized expert in experimental/computational ship hydrodynamics.
Prof. Stern has made significant contributions in the fields of model experimental research,
numerical method development, and uncertainty analysis in naval architecture and ocean
engineering, and has co-authored several academic books. In addition, Professor Frederick

Stern is the chairman of the steering committee of the renowned International Workshop
on CFD in Ship Hydrodynamics and has long served as a member of the editorial board
for papers at the International ONR Symposium on Naval Hydrodynamics. His recent research is following an integrated
approach: experiments guided by simulations provide validation data and simulations fill in sparse data. Iowa towing tank/
wave basin data used for physics, CFD validation, and test cases for CFD workshops and NATO AVT working groups. CFDShip-
Iowa URANS/DES (most recently multi-phase sharp-interface V5.5) is one of the best codes at CFD workshops since 1994 with
many functionalities. Next generation high-fidelity/resolution V6.2 additionally enables DNS/LES utilizing billions of grid
points. Research includes development of V&V and UQ methods, fundamental physics, ship performance, deterministic/
stochastic multi-disciplinary optimization, and fluid structure interaction, and reduced-order-models, as described in many
publications.

Eira=s R

Additional analysis of the 4-dimensional particle tracking velocimetry (4DPTV) static drift b = 10 deg results for the 5415

sonar dome vortices has been done to realize its full potential for the assessment of the turbulence structure and vortex
breakdown and interactions and for providing data for scale resolved computational fluid dynamics (CFD) validation. The
4DPTV has significantly larger measurement volume size and sampling rate compared to the previous tomographic particle
image velocimetry (TPIV), but it has less spatial resolution. The focus is on the strongest primary sonar dome vortex (SDVP)
at x/L = 0.12 (just downstream of the sonar dome) and its interaction with the second strongest (SDVS) of the multiple
sonar dome vortices. Both vortices are counterclockwise and due to cross flow separations with SDVP and SDVS onset
from the windward (port) and leeward (starboard) sides of the sonar dome. The macro-scale analysis showed agreement
between 4DPTV and TPIV for the SDVP elliptically shaped cross plane streamlines and Gaussian and Bell distribution for
the Q-criteria and axial vorticity. The macro-scale turbulence is stronger for the 4DPTV compared to the TPIV, whereas
the vortex strength has the opposite trend, and the anisotropy shows both similarities and differences. The detached eddy
simulation (DES) shows similar trends as the experiments, but there are large quantitative differences. The micro-scale
analysis used model spectrums based on the 4DPTV and TPIV macro-scales as benchmarks, which were about half the size
of their spatial resolutions and indicates that sub millimeter resolution is needed to accurately resolve the micro-scales. The
temporal and spatial autocorrelation functions were used to compute micro-scale results. The Taylor micro-scales () were
consistently larger than their benchmarks and roughly twice their spatial resolutions. The larger resulted in significantly
smaller dissipation than the benchmark. The Kolmogorov length scale values were also larger than the benchmark, but the
differences with the benchmark were not as large as that for the. The temporal 4DPTV analysis resolved the energy containing
range and a large portion of the inertial sub range of the turbulence. The spatial 4DPTV analysis resolved a narrower band
compared to the temporal analysis, and primarily resolved the inertial subrange. The anisotropy analysis of the 4DPTV,
TPIV, and DES highlights their strengths and limitations for characterizing the turbulence structure. The DES predicts an
almost 2D turbulence state whereas the 4DPTV and TPIV display Reynolds stress ellipsoids that resemble oblate and prolate
spheroids, respectively. The analysis of the Reynolds stress ellipsoids suggests that the principal axes are largely affected by
the differences in the normal components of the Reynolds stresses; however, sensitivity analysis is needed to confirm this
postulation. The 4DPTV measurements and DES provide strong evidence that SDVP undergoes a spiral vortex breakdown/
helical mode instability like KVLCC2 and 5415 at static drift § = 30 and 20 deg, respectively, and delta wings. The SDVS vortex
is shed periodically with visually evident interactions between SDVP and SDVS, which suggests that such vortex interactions
induce the SDVP spiral vortex breakdown/helical mode instability at smaller swirl ratios than what is observed for other flows
without such interactions.
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: An Introduction to Computational Fluctuating Hydrodynamics

[EiFa=PNEF] ¥
Alejandro Garcia EEZMEMN AR

is an affiliate of the Center for Computational Sciences and
Engineering, Berkeley Lab. His research is in the fields of

fluid mechanics and non-equilibrium thermal physics with
specializations in numerical simulations and stochastic processes.

He has published over 100 journal articles with more than half

of them involving the Direct Simulation Monte Carlo algorithm. Since 2003 he has co-
organized the biennial DSMC workshop and recently gave the Graeme Bird Lecture at
RGD33 in Gottingen Germany. Prof. Garcia is the author of the textbooks, "Numerical
Methods for Physics" and "Essentials of Modern Thermodynamics." As physics
consultant for DreamWorks Animation, he has screen credit on: "Madagascar 3: Europe's
Most Wanted", "Mr. Peabody and Sherman", and "Trolls."

Eira=s R

The intrinsic thermal motion of the molecules in a fluid result in microscopic
fluctuations that are well-understood at thermodynamic equilibrium. For a fluid
in a nonequilibrium state, such as in the presence of gradients of temperature or
concentration, these hydrodynamic fluctuations are qualitatively different, potentially
becoming macroscopic in amplitude and length scale.

Thermal fluctuations can be modeled accurately using a modification of the Navier-
Stokes conservation equations that includes a stochastic forcing, as was originally
proposed by Landau and Lifshitz. In this fluctuating hydrodynamics (FHD) formulation,
a stochastic flux is added to each dissipative flux associated with the transport of species
mass, momentum and energy densities in a manner that satisfies the fluctuation-
dissipation balance. The framework of FHD has been useful in understanding the
behavior of fluids in various nonequilibrium conditions, but theoretical calculations
have been feasible only with simplifying assumptions.

This talk will review the numerical methods for simulations based on the FHD
equations for both compressible and incompressible flows. First, the basic ideas will
be illustrated using the one-dimensional stochastic heat equation, which can be solved
analytically. The concepts will then be extended to the full hydrodynamic equations
with multiple species and chemical reactions. Finally, a selection of examples will be
reviewed including gas-phase membranes, electrolyte solutions, wetting instabilities,
and turbulence.
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I %58 H: Moment Equations for the Enskog-Vlasov Equation

Il 5 A faigr
Henning Struchtrup MEAR4EL R FHZ

His research concentrates on non-equilibrium thermodynamics and

the kinetic theory of gases. Central themes of his research are the
extension and better understanding of Grad” s moment method, and

the development of suitable non-equilibrium boundary conditions.

Apart of journal publications on these and a wider range of topics

in non-equilibrium thermodynamics, he authored a monography on the moment method
(Springer 2007) and a textbook on technical thermodynamics (Springer 2014). He is a member
of the RGD International Advisory Committee since 2010, and gave the Harold Grad Lecture
at RGD31 in Glasgow.

Eira=g iR

The Enskog-Vlasov equation extends the Enskog equation for the dense hard spheres
fluid by accounting for the attractive forces between, and the finite volume of, the gas
particles. Hence, it gives a van-der-Waals-like description of a non-ideal gas, including
liquid-vapor phase change. Specifically, the equation describes the liquid phase, the
vapor phase, and a diffusive transition region connecting both phases. Solutions of the
Enskog-Vlasov equation exhibit all relevant phenomena occurring in the evaporation
and condensation of rarefied or dense vapors.

We present macroscopic transport equations—moment equations—from the
Enskog-Vlasov equation, which describe liquid vapor and transition region in terms of
a few macroscopic properties. To this end, we used Grad” s moment method to derive
closed sets of 13 and 26 moment equations. We study non-hydrodynamic effects, in
particular transport in and across the interface, and the interplay between interface and
Knudsen layers.

We present results of this program, focussing on 1-D heat and mass transfer
problems, where we compare moment solutions to DSMC solutions. Interface
resistivities for jump interface conditions are determined from the simulations,
which show marked differences to those found from classical kinetic theory, where
dimensionless resistivities are constants. In contrast, the EV models give temperature
dependent resistivities, some negative off-diagonal resistivities, and indicate non-linear

behavior where resistivities depend on mass and heat fluxes through the interface.
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McKinley's work focuses on understanding the rheology of

FH=E2EREHFFRZY
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complex fluids such as surfactants, gels and polymers, which are
ubiquitous in foods and consumer products. His research interests

include non-Newtonian fluid dynamics, microfluidics, extensional

rheology, field-responsive materials, super-hydrophobicity and
the wetting of nanostructured surfaces.McKinley was awarded the 2013 Bingham Medal

from the Society of Rheology and the 2014 Gold Medal of the British Society of Rheology.
A passionate educator, he has won the Bose Award for Teaching and the Jacob Pieter
Den Hartog Outstanding Educator Award from MIT. In 2019, he was elected a member
of the National Academy of Engineering of the USA and a Fellow of Royal Society of the
UK.

Il 5
To be added
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it &5 @ H : Droplet dynamics in the presence of gas nanofilms: merging,

wetting, bouncing & levitation
[EiF PN Iy
James Sprittles HEE®EBRELIZ

He obtained his Ph.D. in Applied Mathematics from the University

of Birmingham before holding three prestigious fellowships. He

has published over 60 articles, including 18 in the Journal of Fluid
Mechanics and 6 in Physical Review Letters; given invited talks/

visits worldwide at leading institutions and the top international

conferences. He has been awarded two flagship grants (Programme Grants) from the
UK Research Councils. Sprittles is renowned for his expertise in the modelling and
computation of technologically-relevant small-scale interfacial flows, particularly those
with unconventional physics. This is evidenced by recent invitations to write two Annual
Review of Fluid Mechanics articles on droplet dynamics, one on 'Coalescence Dynamics'
and one of which has recently been published and is related to the topic of this talk
(https://www.annualreviews.org/doi/abs/10.1146/annurev-fluid-121021-021121).

[EiF e R

Recent advances in experimental techniques have enabled remarkable discoveries
and insight into how the dynamics of thin gas/vapour films can profoundly influence
the behaviour of liquid droplets. However, the precise physical mechanisms governing
these phenomena remains a topic of debate. A theoretical approach would shed light
on these issues, but due to the strongly multiscale nature of these processes brute force
computation is infeasible. Furthermore, when films reach the scale of the mean free
path in the gas (i.e. ~100nm) and below, new nanoscale physics appears that renders the
classical Navier-Stokes paradigm inaccurate.

In this talk, T will overview our development of efficient computational models for
the aforementioned droplet dynamics in the presence of gas nanofilms into which gas-
kinetic, van der Waals and/or evaporative effects can be easily incorporated. It will
be shown that these models can reproduce experimental observations - for example,
the threshold between bouncing and wetting for drop impact on a solid is reproduced
to within 5%, whilst a model excluding either gas-kinetic or van der Waals effects is
~170% off! These models will then be exploited to make new experimentally-verifiable

predictions, such as how we expect drops to behave in reduced pressure environments.
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@i H : Full rotational dynamics of microfibers and small scale

turbulence

[EiF =P NPy

Alfredo Soldati 4t thgh T W K 2% # #2, (International
Journal of Multiphase Flow) 4

Alfredo Soldati is professor of Fluid Mechanics and director of
the Institute of Fluid Mechanics and Heat Transfer at TU Wien,
Austria, and part time in University of Udine, Ttaly. His research
focuses on physics and engineering of multiphase flows. Fellow
of American Physical Society (APS) and of European Mechanics
Society (EUROMECH), he also received several ASME awards, among which the 2020 ASME
Freeman Scholarship. In 2018 he received the International Prize and Gold Medal Panetti-
Ferrari 2018 from Accademia delle Scienze, Torino, Italia. He currently serves as Rector of the
International Center for Mechanical Sciences (CISM), and co-Editor in Chief of International
Journal of Multiphase Flow.

Il e i

The straining and rotation associated with small-scale turbulent dynamics are
characterized and controlled by vortex tubes of strong rotation intensity -- high
enstrophy regions -- and sheets of strong straining motion -- high dissipation regions.
Via the nature of the local velocity gradient, these regions can influence the dynamics
of small scale particles. For instance, inertial spherical particles are ejected from
vortical regions because of centrifugal forces and concentrate in strain-dominated ones,
whereas inertialess anisotropic elongated particles are known to sample preferentially
the coherent, intense, tubular vortices. In addition, since these particles are also known
to align their principal axis in the direction of vorticity, measurement of their rotation
rate can provide information of the dynamics of small scale turbulence. In this talk,
we will briefly review the physics of elongated particles in turbulence, and we will
describe recent experiments performed in the TU Wien Turbulent Water Channel. In
detail, we will exploit the tendency of elongated particles to preferentially concentrate
in coherent rotational structures and to preferentially align with the vorticity, and we
will perform original optical Lagrangian measurements of their rotation rates around
their longitudinal axis -- spinning rate -- and transversal axes -- tumbling rates. We use
elongated, large aspect ratio, and mildly curved plastic fibers, which are slightly longer
than the Kolmogorov length scale. A bonus of the mildly curved shape is that it gives
these particles a uniquely identifiable three dimensional orientation that can provide
us with a set of homogeneous data on their full rotation rates. These data, explained
in connection with the general features of turbulence, can give us instruments to
determine motion, dispersion, and sedimentation rate of anisotropic particles. Such
result will contribute to predicting the dynamics of small anisotropic microplastics
polluting the oceans.
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HPEEH: 83 years after the seminal work by Kolmogorov the statistics o

turbulent velocity fluctuations remain a riddle
I i A f A

Eberhard Bodenschatz ZE Dy - HEAsh 11225 B4R
WFEAR BRI AT

He received his doctorate in theoretical physics from the

University of Bayreuth in 1989. In 1991, during his postdoctoral
research at the University of California, Santa Barbara, he was

appointed to a faculty position in experimental physics at Cornell

University. From 1992 until 2005, during his tenure at Cornell, he was a visiting professor
at the University of California, San Diego (1999-2000). In 2003, he became Director and
Scientific Member at the Max Planck Institute for Dynamics and Self-Organization. He
received numerous fellowships and awards. He is a Fellow of the American Physical
Society (2003), a Fellow of the Institute of Physics (2004), a Fellow of the European
Mechanics Society (2014), and a Fellow of the European Physical Society (2016). In 2014,
he was awarded the Stanley Corrsin Award of the American Physical Society. He was
elected as a member of the German National Academy of Sciences, Leopoldina, in 2020.

Il e

83 years ago, the mathematician Andrei Nikolajevitsch Kolmogorov postulated that
a turbulent flow should have universal statistical self-similar properties. Independently,
the flow researcher Ludwig Prandtl concluded similar results 4 years later. Nobel
laureates Werner von Heisenberg and Carl-Friedrich von Weizsacker and Lars Onsager
each came to the same conclusion shortly thereafter. Over the years, the expected
power laws have been refined, but it has not been possible to measure them at very
high turbulence level necessary. Simulations of driven turbulence on the world's largest
computers provide evidence of this statistical universality. These simulations are highly
idealized, they live in a periodic box, and the energy is introduced globally on large
scales. Experimentally, this kind of turbulent flow is not feasible. So the question is: what
do experiments show? For more than 100 years, the wind tunnel has been the canonical
flow regime for turbulence research. When a fluid flows through a grid at high velocity,
vortices form and decay after a short time; the flow then exhibits the universal statistical
properties of turbulence. Today's technology allows us to measure velocities on the
smallest length scales and highest Reynolds numbers. I will present results showing that
universality a la Kolmogorov is not found. Our experiments show a spatially dependent
logarithmic dependence of the power-law exponents, which yet need theoretical
understanding.
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