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Onsager conjecture, the Kolmogorv 1/3 law and the 1984 Kato criteria in
bounded domains with boundaries

Claude Bardos
Université Denis Diderot Paris

In 1949 Onsager [6] gave a formal proof of the following fact:

Any weak solution of the incompressible Euler equations preserves the energy as long as it belongs
to the Holder space C0,α with α > 1/3.

This topic, in relation with issue of anomalous energy dissipation and with the related Kolmogorov
law has attracted the attention of mathematicians even more recently after the construction by De
Lellis, Székelyhidi and their coworkers [2] et [5] of wild weak solutions (i.e. that do not conserve the
energy). The first complete proofs of Onsager conjecture (in the whole space or for space periodic
solutions) used harmonic analysis and in particular estimates in Besov spaces: Eyink in 1994 [4] for
a preliminary result and Constantin, E and Titi [3] then soon after many refinements. I will present
a contribution, (in collaboration with Edriss Titi and Emile Wiedeman [1]) devoted to the proof of
this conjecture in a domain with boundary. First a local version of the energy−flux conservation is
given. Then only continuity of the normal component of the energy flux near the boundary is required.
The significance of this improvement is given by the fact that our new condition is consistent with
the possible formation of a Prandtl-type boundary layer in the vanishing viscosity limit. Moreover
this point of view brings some improvement on the understanding of the appearance of anomalous
dissipation in the zero viscosity limit of solutions of Navier−Stokes equations and provide, to the best
of our knowledge the only deterministic configuration where anomalous energy is equivalent to the loss
of regularity.

References

[1] C. Bardos, E. Titi, and E. Wiedemann, Onsager’s Conjecture with Physical Boundaries and an
Application to the Vanishing Viscosity Limit.

[2] T. Buckmaster, C. De Lellis, L. Székelyhidi Jr., and V. Vicol Onsager’s conjecture for admissible
weak solutions, arXiv:1701.08678

[3] P. Constantin, W. E and E.S. Titi, Onsager’s Conjecture on the Energy Conservation for Solu-
tions of Euler’s equation, Comm. Math. Phys., Vol. 165, (1994), 207–209

[4] G.L. Eyink, Energy dissipation without viscosity in ideal hydrodynamics, I. Fourier analysis and
local energy transfer, Phys. D, Vol. 78(3-4), (1994), 222–240.

[5] P. Isett, A Proof of Onsager’s conjecture, (2016), arXiv:1608.08301.

[6] L. Onsager, Statistical hydrodynamics, Nuovo Cimento, Vol 6(2), (1949), 279–287.
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On the energy conservation for 3 viscous fluids

Luigi Berselli
Università di Pisa

We consider the 3D Navier-Stokes equations

∂tu+ (u · ∇)u− ν∆u+∇π = 0 in Ω× (0, T ),

∇ · u = 0 in Ω× (0, T ),

u = 0 on ∂Ω× (0, T ),

u(0) = u0 in Ω,

in a smooth domain Ω, with Dirichlet conditions and we look for solution ensuring the energy equal-
ity. The history of this problem dates back to J.L. Lions [2] where the sufficient condition u ∈
L4(0, T ;L4(Ω)) has been derived. Later results have been extended by Shinbrot [3], showing that a
condition weaker than the Ladyzhenskaya-Prodi-Serrin

u ∈ Lr(0, T ;Ls(Ω)) with
2

r
+

3

s
= 1,

is enough to prove energy equality (instead of inequality) for Leray-Hopf weak solutions.
After 30 years there has been several improvements due to Cheskidov, Friedlander, and Shvydkoy

[4] and then recently to Shvydkoy et al. [1, 5] for weaker (with respect to Lions-Shinbrot) conditions
on the velocity field which are enough to have energy conservation.

We prove new conditions which are linked also with the Onsager conjecture and then we analyze
the problem of energy conservation for very weak solutions. Joint work with Elisabetta Chiodaroli.

References

[1] T.M. Leslie and R. Shvydkoy, Conditions implying energy equality for weak solutions of the
Navier-Stokes equations, SIAM J. Math. Anal. Vol. 50, (2018), 870–890.

[2] J.-L. Lions, Sur la régularité et l’unicité des solutions turbulentes des équations de Navier Stokes,
Rend. Sem. Mat. Univ. Padova Vol. 30, (1960), 16–23.

[3] M. Shinbrot, The energy equation for the Navier-Stokes system, SIAM J. Math. Anal., Vo. 5,
(1974), 948–954.

[4] A. Cheskidov, S. Friedlander, and R. Shvydkoy, On the energy equality for weak solutions of the
3D Navier-Stokes equations, Contributions to current challenges in mathematical fluid mechanics,
Adv. Math. Fluid Mech., Birkhäuser, Basel, 2010, pp. 171–175.

[5] R. Shvydkoy, A geometric condition implying an energy equality for solutions of the 3D Navier-
Stokes equation, J. Dyn. Differential Equations, Vol. 21, (2009), 117–125.
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Some news concerning the compressible Euler-Korteweg system

Didier Bresch
CNRS and Univ. Savoie mont-Blanc

In this talk, we present a mathematical justification of the convergence between global weak solutions
of the quantum Navier-Stokes system [recently obtained simultaneously by I. Lacroix-Violet and A.
Vasseur (2017), P. Antonelli and S. Spirito (2017) with different methods] and dissipative solu-
tions of the quantum Euler system when the viscosity coefficient tends to zero. This selects a dissipative
solution as the limit of a viscous system. Our results are based on the fact that Euler-Korteweg sys-
tems and corresponding Navier–Stokes-Korteweg systems can be reformulated through an augmented
system as the compressible Navier-Stokes system with density dependent viscosities satisfying the BD
algebraic relation. As a by-product of our analysis, we show that this augmented formulation helps to
define relative entropy estimates for the Euler-Korteweg systems in a simplest way compared to recent
works [See D. Donatelli, E. Feireisl, P. Marcati (2015) and J. Giesselmann, C. Lattanzio,
A.-E. Tzavaras (2017)] and with less hypothesis required on the capillary coefficient if we consider
the κ-entropy solutions as introduced by D.B., B. Desjardins and E. Zatorska. This is a joint
work with M. Gisclon and I. Lacroix-Violet.

PDE analysis of a class of thermodynamically compatible viscoelastic
compressible and incompressible rate-type fluids with stress-diffusion

Miroslav Buĺıček
Charles University

We present a system of PDEs governing the motion of non-Newtonian fluids described by a sim-
plified viscoelastic rate-type model with a stress-diffusion term. The simplified model shares many
qualitative features with more complex viscoelastic rate-type models that are frequently used in the
modeling of fluids with complicated microstructure. As such, the simplified model provides important
preliminary insight into the mathematical properties of these more complex and practically relevant
models of non-Newtonian fluids. The simplified model that is analyzed from the mathematical per-
spective is shown to be thermodynamically consistent, and we extensively comment on the interplay
between the thermodynamical background of the model and the mathematical analysis of the corre-
sponding initial-boundary-value problem. Furthermore, we will show how the result can be extended
to the nonsimplified setting.
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Diffusion and mixing in incompressible flows

Michele Coti Zelati
Imperial College London

We study diffusion and mixing in different fluid dynamics models, mainly related to incompressible
flows. In this setting, mixing is a purely advective effect which causes a transfer of energy to high
frequency. In turn, mixing acts to enhance the dissipative forces, giving rise to what we refer to as
enhanced dissipation, as defined in [3]: this can be understood by the identification of a time-scale
faster than the purely diffusive one.

From a quantitative standpoint, the first non-trivial example of enhanced dissipation was found
in [1], in the case of a passive scalar advected by a shear flow (the so-called Kolmogorov flow). A
general enhanced dissipation rate for shear flows with a finite number of critical points was proved in
[2]. Recently in [5, 6], the results of [1] were extended to the 2D linearized Navier-Stokes equation.

In [4], we will give a general quantitative criterion that links mixing rates (in terms of decay
of negative Sobolev norms) to enhanced dissipation time-scales. Applications include passive scalar
evolution in both planar and radial settings, fractional diffusion, linearized two-dimensional Navier-
Stokes equations, and even simple examples in kinetic theory.

References

[1] M. Beck and C. E. Wayne, Metastability and rapid convergence to quasi-stationary bar states
for the two-dimensional Navier-Stokes equations, Proc. Royal Soc. of Edinburgh: Sec. A
Mathematics, Vol. 143, (2013), pp 905–927.

[2] J. Bedrossian and M. Coti Zelati, Enhanced dissipation, hypoellipticity, and anomalous small
noise inviscid limits in shear flows, Arch. Ration. Mech. Anal., Vol. 224, (2017), pp 1161–1204.

[3] P. Constantin, A. Kiselev, L. Ryzhik and A. Zlatoš, Diffusion and mixing in fluid flow, Ann. of
Math. (2), Vol. 168, (2008), pp 643–674.

[4] M. Coti Zelati, M. G. Delgadino and T. M. Elgindi, On the relation between enhanced dissipation
time-scales and mixing rates, Preprint (2018).

[5] S. Ibrahim, Y. Maekawa, and N. Masmoudi, On pseudospectral bound for non-selfadjoint opera-
tors and its application to stability of Kolmogorov flows, ArXiv 1710.05132 (Oct. 2017).

[6] D. Wei, Z. Zhang, and W. Zhao, Linear inviscid damping and enhanced dissipation for the
Kolmogorov flow, ArXiv 1711.01822 (Nov. 2017).
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Loss of regularity for linear transport equations

Gianluca Crippa
Universität Basel

For a linear transport equation
∂tu+ b · ∇u = 0

with a Lipschitz velocity field b, the classical Cauchy-Lipschitz theory ensures propagation in time of
the (Lipschitz) regularity of the initial datum. Although for less regular (Sobolev or BV , for instance)
velocity fields a well-posedness theory for this equation is by now available (based on seminal results by
DiPerna-Lions and Ambrosio), it turns out that the issue of the propagation in time of the regularity
is much more delicate. In this talk I will report on a joint work with Alberti and Mazzucato, in which
Sobolev velocity fields and smooth initial data are constructed, in such a way that any fractional
regularity of the solution is instantaneously destroyed. Connections to mixing phenomena in fluids
will also be mentioned.

Scaling reduction of the super-criticality of the Navier-Stokes regularity
problem

Zoran Grujić
University of Virginia

The goal of this lecture is to present a mathematical framework designed to encode a suitably defined
scale of spatial intermittency of the regions of intense vorticity in 3D Navier-Stokes (NS) flows. It
will be shown that–within this framework, and in the context of a blow-up argument–it is possible to
arrive at the scaling reduction of the super-criticality of the NS regularity problem [3].

References

[1] Z. Grujić, A geometric measure-type regularity criterion for solutions to the 3D Navier-Stokes
equations, Nonlinearity, Vol. 26, (2013), 289–296.

[2] R. Dascaliuc and Z. Grujić, Coherent vortex structures and 3D enstrophy cascade, Comm. Math.
Phys., Vol. 317, (2013), 547–561.

[3] Z. Bradshaw, A. Farhat and Z. Grujić, An algebraic reduction of the ‘scaling gap’ in the Navier-
Stokes regularity problem, https://arxiv.org/abs/1704.05546 (2017).
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Small scale creation in ideal fluids

Alexander Kiselev
Duke University

I will review some recent progress in analysis of incompressible equations of fluid mechanics. One
result is an example with sharp double exponential in time growth of derivatives in the solution of
the 2D Euler equation. Another is finite time singularity formation in patch solutions to the modified
SQG equation. Both of these examples utilize a similar scenario - a hyperbolic point of the flow at
the boundary. This scenario has been proposed by Hou and Luo for possible singularity formation
in solutions to 3D axi-symmetric Euler equation. If time permits, I will also discuss some models
developed and analyzed recently to get further insight into the 3D Euler dynamics.

References

[1] V. Hoang, B. Orcan, M. Radosz and H. Yang, Blowup with vorticity control for a 2D model of
Boussinesq equations, preprint arXiv:1608.01285, to appear at J. Diff. Eq.

[2] A. Kiselev and V. Sverak, Small scale creation for solutions of the incompressible two dimensional
Euler equation, Annals of Math. Vol. 180, (2014), 1205–1220

[3] A. Kiselev, L. Ryzhik, Y. Yao and A. Zlatos, Finite time singularity for the modified SQG patch
equation, Ann. of Math., Vol. 184, (2016), no. 3, 909–948

[4] A. Kiselev, Y. Yao and A. Zlatos, Local regularity for the modified SQG patch equation, Comm.
Pure Appl. Math. Vol. 70, (2017), no. 7, 1253–1315

[5] A. Kiselev and C. Tan, Finite time blow up in the hyperbolic Boussinesq system, Adv. Math.
Vol. 325, (2018), 34-55

[6] G. Luo and T. Hou, Toward the finite-time blowup of the 3D axisymmetric Euler equations: a
numerical investigation, Multiscale Model. Simul., Vol. 12, (2014) 1722–1776

[7] A. Majda and A. Bertozzi, Vorticity and Incompressible Flow, Cambridge University Press, 2002
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Navier-Stokes (Euler)-Fokker-Planck Equations: long time behaviours

Hailiang Li
School of Mathematics, Capital Normal University, Beijing

The multi-dimensional compressible Navier-Stokes(Euler)-Fokker-Planck Equations is considered in
this talk, which is widely used to to simulate the particle-fluid interaction, for instance, a condensed
phase dispersed in a gas phase in the description of pollution settling processes. This system can be
taken as the compressible Navier-Stokes equation coupled with one kinetic Fokker-Planck equation
through the relaxation between the macroscopic fluid momentum and the microscopic first order mo-
ment of the distribution function for microscopic particles, and the Fokker-Planck equation for kinetic
motion of the particles is also affected by the fluid velocity.

We consider the large time qualitative behaviors of global solutions to the initial value problems for
the multi-dimensional compressible Navier-Stokes(Euler)-Fokker-Planck equations. The main purpose
is to understand the mechanism of the the relaxation on the long time structure of global solutions.
It is shown that due the micro-macro coupling effects issued by the relaxation damping coupling
for this fluid-particle interaction, the “sound wave” propagation of Huygens type is shown for the
global solution starting initially from constant (non-vacuum) equilibrium state, in particular, the wave
propagation can be observed not only for the density and momentum of fluid motion, but also for
the kinetic distribution function, where the “sound wave” speed is determined by both fluid pressure
and particle distribution [1]. Moreover, the nonlinear stability of wave pattern is also investigated
and the long time convergence to rarefaction wave of the global solution starting initially from non-
local equilibrium state is proved for small initial perturbation [2]. This new phenomena of waves is
essentially due to the relaxation damping coupling for this fluid-particle interaction, and can no be
found for the pure Fokker-Planck equation and the compressible Euler(Navier-Stokes) equation with
frictional damping [3], where only nonlinear diffusion waves can be maintained.

References

[1] H.-L. Li, J.-W. Sun, G.-J. Zhang, M.-Y. Zhong, Pointwise beahviors and wave propagation of
Navier-Stokes(Euler)-Fokker-Planck Equations for particle-fluid motions, Preprint (2018).

[2] H.-L. Li, T.Wang, Y. Wang, Nonlinear stability of Rarefaction wave of the Navier-Stokes(Euler)-
Fokker-Planck Equations for particle-fluid motions, Preprint (2018).

[3] L. Hsiao, T. P. Liu, Convergence to nonlinear diffusion waves for solutions of a system of hyper-
bolic conservation laws with damping, Comm. Math. Phys., Vol. 143, (1992), 599-605.
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Weak vorticity formulation for incompressible 2D Euler in domains with
boundary

Milton C. Lopes Filho
Universidade Federal do Rio de Janeiro

Consider uν a family of solutions of the incompressible Navier-Stokes equations on a smooth,
bounded, 2D domain, with no-slip boundary conditions, parametrized by the viscosity ν > 0. Assume
that this family has uniformly bounded kinetic energy. Let u be a weak limit in L2 of a subsequence
of this family. Is u a solution of the Euler equations, in some suitable sense? This is a classical open
problem in mathematical fluid dynamics. In this talk, we will discuss a definition of weak solution
which may be inclusive enough to capture such limits, and discuss some of the difficulties of expressing
usual properties of fluid flows at the corresponding level of regularity

Global existence of solutions with non-decaying initial data 2D (3D) -
Navier-Stokes IBVP in half-plane (space)

Paolo Maremonti
Università degli Studi della Campania“L.Vanvitelli”

In paper [1], we investigate on the global (time) solution to the Navier-Stokes initial boundary value
problem in the half-plane R2

+ with initial data u0 ∈ L∞(R2
+)∩J2

0 (R2
+) or with non decaying initial data

u0 ∈ L∞(R2
+) ∩ Jp0 (R2

+), p > 2 . We introduce a technique that allows us to solve the two-dimesional
problem, further, but not least, it is also employed to obtain weak solutions, as regards the non decaying
initial data, to the three-dimensional Navier-Stokes Cauchy problem and IBVP in the half-space. The
two-dimensional result is in the wake of a recent literature (see e.g.[2, 3]). Instead, apart from the
particular result in [5], the three-dimensional one has only some recent contributes as [6 7].

References

[1] P. Maremonti and S. Shimizu, Global existence of solutions to 2-D Navier-Stokes flow with non-
decaying initial data in half-plane to appear on J. of Differential Equations.
https://arxiv.org/abs/1801.08411v1

[2] K. Abe, Global well-psedeness of the two-dimensional exterior Navier-Stokes equations for non-
decaying data, Arch. Ration. Mech. Anal., Vol. 227, (2018) 69-104.

[3] Y. Giga, S. Matsui and O. Sawada , Global existence of two-dimensional navier-Stokes flow with
nondecaying initial velocity, J. Math. Fluid Mech., Vol. 3, (2001), 302–315.

[4] P. Maremonti P. and S. Shimizu, Global existence of solutions to 2-D Navier-Stokes flow with non-
decaying initial data in exterior domains, J. Math. Fluid Mech., (2017) doi.org/10.1007/s00021-
017-0348-z.
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[5] O. Sawada, A remark on the Navier-Stokes flow with bounded initial data having a special struc-
ture, Hokkaido Math. J., Vol. 43, (2014) 1-8.

[6] Y. Maekawa, H. Miura, and C. Prange, Estimates for the Navier-Stokes equations in the half-
space for non localized data, https://arxiv.org/abs/1711.04486v2 .

[7] C. Prange, Infinite energy , solutions to the Navier-Stokes equations in the half-space and appli-
cations, https://arxiv.org/abs/1803.02068v1 .

Boundary layers in incompressible flows

Anna Mazzucato
Penn State University

We will discuss recent results on the analysis of the vanishing viscosity limit, that is, whether solutions
of the Navier-Stokes equations converge to solutions of the Euler equations, for incompressible fluids
when walls are present. At small viscosity, a viscous boundary layer arise near the walls where large
gradients of velocity and vorticity may form and propagate in the bulk (if the boundary layer separates).
A rigorous justification of Prandtl approximation, in absence of analyticity or monotonicity of the data,
is available essentially only in the linear or weakly linear regime under no-slip boundary conditions.
I will present in particular a detailed analysis of the boundary layer for an Oseen-type equation
(linearization around a steady Euler flow) in general smooth domains.
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Viscous compressible fluids in time dependent domain and fluid-structure
interaction problem

Šárka Nečasová
Institute of Mathematics, Academy of Sciences of the Czech Republic

We consider the compressible Navier-Stokes system on time-dependent domains, supplemented with
slip boundary conditions. First the global-in-time existence of weak solutions are obtained, see [1].
For both the no-slip boundary conditions as well as slip boundary conditions we prove local-in-time
existence of strong solutions. These results are obtained using a transformation of the problem to
a fixed domain and an existence theorem for Navier-Stokes like systems with lower order terms and
perturbed boundary conditions. We also show the weak-strong uniqueness principle for slip boundary
conditions which remained so far open question, see [2]. Moreover, we will consider the full system
where the existence of global-in-time weak solutions are obtained [3, 4]. Finally, we will mention recent
results on the problem of relative entropy inequality for fluid-structure interaction problem [5]

References

[1] E. Feireisl, O. Kreml, Š. Nečasová, J. Neustupa, J. Stebel, Weak solutions to the barotropic
Navier-Stokes system with slip boundary conditions in time dependent domains, J. Differential
Equations, Vol. 254, (2013), no. 1, 125–140.

[2] O. Kreml, Š. Nečasová, T. Piasecki, Local existence of strong solutions and weak-strong unique-
ness for the compressible Navier-Stokes system on moving domains, Submitted.

[3] O. Kreml, S. Mácha, Š. Nečasová, A. Wróblewska-Kaminska, Weak solutions to the full Navier-
Stokes-Fourier system with slip boundary conditions in time dependent domains, J. Math. Pures
Appl. Vol. 109(9), (2018), 67–92

[4] O. Kreml, S. Mácha, Š. Nečasová, A. Wróblewska-Kaminska, Flow of heat conducting fluid in a
time dependent domain, Submitted.

[5] C. Caggio, M. Kalousek, B. Muha, Š. Nečasová, T. Piasecki, A. Schlomerkemper, Note to the
problem of relative entropy inequality in the case of fluid-structure interaction, in preparation.
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Existence of weak solutions for some multi-fluid models of compressible
fluids

Antonin Novotný
IMATH, Universit du Sud Toulon-Var

Existence results in large for fully non-linear compressible multi-fluid models are in the mathematical
literature in a short supply (if not inexisting). In this talk, we shall recall the main ideas of the
Lions proof of existence of weak solutions to the compressible (mono-fluid) Navier-Stokes equations
in barotropic regime. We shall then explain how this approach can be adapted to the construction of
weak solutions to some simple multi-fluid models. The main tools in the proofs are the renormalization
techniques for the continuity and transport equations. They will be handled in more details.

On well-posedness for Boltzmann equation via dispersive tools

Nataša Pavlović
The University of Texas at Austin

Boltzmann equation is a partial differential equation which describes the evolution of the probability
density of independent identically distributed particles modeling a rarefied gas with predominantly
binary elastic interactions. In this talk we will focus on local theory of well-posedness. Our main
intention is not to investigate optimal regularity spaces for solving Boltzmann equation. Rather, we
demonstrate the close connection between Boltzmann equation and nonlinear Schrödinger equations
in the density matrix formulation [3]; this connection has been recognized implicitly for some time,
but we wish to make it quite explicit and to the best of our knowledge this is the first time such an
explicit connection has been established.

The talk is based on joint works with Thomas Chen and Ryan Denlinger [1, 2].

References

[1] T. Chen, R. Denlinger and N. Pavlović, Local well-posedness for Boltzmann’s equation and the
Boltzmann hierarchy via Wigner transform, Submitted for publication (2017), arXiv:1703.00751

[2] T. Chen, R. Denlinger and N. Pavlović, Moments and Regularity for a Boltzmann Equation via
Wigner Transform, Submitted for publication (2018), arXiv:1804.04019

[3] T. Chen and N. Pavlović, On the Cauchy problem for focusing and defocusing Gross-Pitaevskii
hierarchies, Discrete and Continuous Dynamical Systems - Series A, Vol. 27, No. 2, (2010),
715–739.
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Analytic solutions of the 2D Navier-Stokes equations with concentrated
vorticity

Marco Maria Luigi Sammartino
Università degli Studi di Palermo

In this talk we shall consider the 2D Navier-Stokes equations with initial data concentrated on a
small set. A particularly significant instance of this configuration is when the vorticity ω = O(ε−1) is
distributed close to a curve and decays away from exponentially fast.

On the Evolution Equation of Compressible Vortex Sheets

Paolo Secchi
DICATAM, Università di Brescia

We are concerned with supersonic vortex sheets for the Euler equations of compressible inviscid fluids
in two space dimensions. For the problem with constant coefficients we derive an evolution equation
for the discontinuity front of the vortex sheet. This is a pseudo-differential equation of order two. In
agreement with the classical stability analysis, if the jump of the tangential component of the velocity
satisfies |[v · τ ]| < 2

√
2 c (here c denotes the sound speed) the symbol is elliptic and the problem is

ill-posed. On the contrary, if |[v · τ ]| > 2
√

2 c, then the problem is weakly stable, and we are able to
derive a wave-type a priori energy estimate for the solution, with no loss of regularity with respect to
the data. Then we prove the well-posedness of the problem, by showing the existence of the solution
in weighted Sobolev spaces. This is a joint work with A. Morando and P. Trebeschi (Brescia).
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Mathematics of collective behaviour: from metric to topological models

Roman Shvyvdkoy
University of Illinois at Chicago

In this talk we will give an overview of recent developments in the modeling of hydrodynamic systems
with self-organization. These models appear in a broad range of applications, from biological sciences
to theories of social behavior. The common challenge in modeling such systems is to include realistic
local interactions between agents and at the same time to build an analytically tractable PDE. First
agent-based systems of this type appeared in seminal works of Cucker and Smale [1, 2]. We will
walk through several refinements of the original system (on micro-, meso- and macroscopic levels)
and introduce a new anisotropic topological model which responds well to analysis yet exhibits the
most fundamental feature of collective dynamics – emergence of consensus. These models present new
challenges to the actively developing theory of fractional parabolic equations with rough drift.

The talk is based on a recent series of joint works with E. Tadmor [3, 4, 5, 6].

References

[1] F. Cucker and S. Smale. Emergent behavior in flocks, IEEE Trans. Automat. Control, Vol.
52(5), (2007), 852–862.

[2] F. Cucker and S. Smale. On the mathematics of emergence, Jpn. J. Math., Vol. 2(1), (2007),
197–227.

[3] R. Shvydkoy and E. Tadmor. Eulerian dynamics with a commutator forcing, Transactions of
Mathematics and Its Applications, Vol. 1(1):tnx001, (2017).

[4] R. Shvydkoy and E. Tadmor. Eulerian dynamics with a commutator forcing II: Flocking, Discrete
Contin. Dyn. Syst., Vol. 37(11), (2017), 5503–5520.

[5] R. Shvydkoy and E. Tadmor. Eulerian dynamics with a commutator forcing III: Fractional
diffusion of order 0 < α < 1, to appear in Physica D.

[6] R. Shvydkoy and E. Tadmor. Topological models of collective behavior, preprint.
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Emergence of Flocks in Hydrodynamics

Eitan Tadmor
University of Maryland

A fundamental, and mostly unresolved question in collective dynamics is the emergence of long-range
structures out of short-term interactions. I will describe recent developments, [1, 2] on the questions
of regularity and large-time flocking behaviour of one - and multi - species driven by alignment
(hydro)dynamics.

References
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Transonic Shocks in Curved Nozzles

Zhouping Xin
The Institute of Mathematical Sciences
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In this talk, I will discuss some steady compressible flows in nozzles with variable cross sections. We
will focus on flows with shocks with physical boundary conditions. In particular, I will present some
results on the Courant-Friedrich’s transonic shock problem in some classes of general 2-dimensional
nozzles. This will be a nonlinear free boundary value problem with nonlinear boundary conditions for
mixed type equations. Existence of single or multiple transonic shocks will be discussed in terms of
the geometry of the nozzle and the given exit pressure. First, we will present the nonlinear structural
stability of the Courant-Friedrich’s transonic shock solution under generic perturbations of the shape
of the nozzle and incoming and exiting flows. Then we discuss how to determine the location of the
transonic shock if the nozzle is a perturbation of a flat pipe where the background shock is not unique.

Some key ideas of analysis will be presented.
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