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The problem on well-posedness of the Navier-Stokes equations governing the
fluid motion has been proposed by the Clay Institute as one of seven Millennium Problems to the all
over the world. The main theme of this research project brings focus onto the initial value problem

on the Navier-Stokes equations as well as the mathematical question on the exterior domains. In
particular, the fluid motion past a rotating obstacle and Liouville-type theorems in various
unbounded domains have been clarified. Furthermore, the decomposition of vector fields in exterior
domains of de Rahm-Hodge-Kodaira type has been established in the L



€))

@

®

C)

€

Direct Numerical Simulation

DNS

DNS



@

©)
DNS
)
©)
Large Eddy Simulation (LES)
@
Navier-Stokes Liouville
Dirichlet Navier-Stokes
5/3
Liouvelle
L2-
Sub-
characteristic condition
Dirichklet Navier-Stokes
Navier-Stokes
Stokes
LP-
Sokes Hadamard
Stokes Hadamard
Hadamard
Lorentz Navier-Stokes
n Navier-Stokes Cauchy
Lorentz (mild solution)
Besov
(strong solution)
Lorentz Stokes
Navier-Stokes
Navier-Stokes
Liouville
Caffarelli-Kohn-Nirenberg Navier-Stokes (suitable weak

solution)



generalized suitable weak solution

R'(n 2)

Navier-Stokes

Navier-Stokes

n Besov

3 Lr-Helmholtz-Weyl
3 Euclid

deRham-Hodge-Kodaira
A Xr 2
Betti

L'~

@
(

DNS
®

Euler

Navier-Stoes

Navier-Stokes

Navier-Stokes

Besov

LP(

Stokes

Navier-Stokes

r=3/2

k—0

Vr

r=3

Liouville

p <o)

Serrin

L'-



Euler

Euler

k-5/3
kmax

r—4/3

kmaxn 1

k2

Navier-Stokes

Navier-Stokes

%

DNS

%

DNS



21 21 7 0

Kozono, H., Shimizu, S. 276

Strong solutions of the Navier-Stokes equations based on the maximal Lorentz regularity theorem 2019

in Besov spaces.

J. Funct. Anal. 896--931
DOl

10.1016/j . jfa.2018.06.006

Farwig, R., Kozono, H. Wegmann,D. 375

Maximal regularity of the Stokes operator in an exterior domain with moving boundary and 2019

application to the Navier-Stokes equations.

Math. Ann. 949--972
DOl

10.1007/s00208-018-1773-x

Kaneko,K., Kozono, H., Shimizu, S. 68

Stationary solution to the Navier-Stokes equations in the scaling invariant Besov space and its 2019

regularity.

Indiana Univ. Math. J. 857--880
DOl

10.1512/iumj .2019.68.7650

Kozono, H., Miura, M., Sugiyama, Y. 267

Time global existence and nite time blow-up criterion for solutions to the Keller-Segel system 2019

coupled with the Navier-Stokes fluid.

J. Differential Equations 5410--5492

DOl
10.1016/j . jde.2019.05.035




Kozono, H., Shimizu, S.

458

Navier-Stokes equations with external forces in Lorentz spaces and its application to the self- 2018

similar solutions.

J. Math. Anal. Appl. 1693-1708
DOl

10.1016/j . jmaa.2017.10.048

Kozono, H., Terasawa, Y., Wakasugi, Y. 265

Finite energy of generalized suitable weak solutions to the Navier-Stokes equations and 2018

Liouville-type theorems in two dimensional domains.

J. Differential Equations 1227-1247
DOl

10.1016/j . jde.2018.03.027

Kozono, H., Shimizu, S. 710

Strong solutions of the Navier-Stokes equations with singular data. 2018

Contemp. Math. 163-173
DOl

10.1090/conm/710/14369

Kozono, H., Shimizu, S. 291

Navier-Stokes equations with external forces in time-weighted Besov spaces. 2018

Math. Nach. 1781-1800
DOl

10.1002/mana. 201700078




Reinhard Farwig, Hideo Kozono, Hermann Sohr

Stokes semigroups, strong, weak, and very weak solutions for general domains 2018

Handbook of mathematical analysis in mechanics of viscous fluids, Springer, 419-459
DOl

10.1007/978-3-319-10151-4_8-1

Hideo Kozono, YutakaTerasawa, Yuta Wakasugb 272

A remark on Liouville-type theorems for the stationary Navier-Stokes equations in three space 2017

dimensions

Journal of Functional Analysis 804-818
DOl

10.1016/j .jfa.2016.06.019

Itsuko Hashimoto, Hideo Kozono 262

Asymptotic behavior of radially symmetric solutions for a quasilinear hyperbolic fluid model in 2017

higher dimensions

Journal of Differential Equations 5133-5159
DOl

10.1016/j . jde.2017.01.020

Reinhar Farwig, Hideo Kozono, David Wegmanna 453

Existence of strong solutions and decay of turbulent solutions of Navier-Stokes flow with 2017

nonzero Dirichlet boundary data

Journal of Mathematical Analysis and Applications 271-286

DOl
10.1016/j . jmaa.2017.03.086




Shuichi Jimbo Hideo Kozono, Yoshiaki Teramoto, Erika Ushikoshi 368

Hadamard variational formula for eigenvalues of the Stokes equations and its application 2017

Mathematische Annalen 877-884
DOl

10.1007/s00208-016-1410-5

Reinhard Farwig, Hideo Kozono, David Wegmann 66

Decay of Non-Stationary Navier-Stokes Flow with Nonzero Dirichlet Boundary Data 2017

Indiana Univ. Math. J. 2169-2185
DOl

10.1512/iumj .2017.66.6163

Kozono, H., Miura, M., Sugiyama,Y., 270

Existence and uniqueness theorem on mild solutions to the Keller-Segel system coupled with the 2016

Navier-Stokes fluid

J. Funct. Anal. 1663-1683
DOl

10.1016/j .jfa.2015.10.016

Hieber M., Kozono, H., Seyfert, A., Shimizu.,S., Yanagaisawa,T. 281

Lr Helmholtz-Weyl decomposition for three dimensional exterior domains. 2021

J. Funct. Anal. No.109144

DOl
10.1016/j . jfa.2021.109144




Hieber M., Kozono, H., Seyfert, A., Shimizu.,S., Yanagaisawa,T. 60

Stationary Navier-Stokes equations under inhomogeneous boundary conditions in 3D exterior 2021

domains.

Calc. Var. Partial Differential Equations No. 180
DOl

10.1007/s00526-021-02050-1

Kozono, H., Okada, A., Shimizu, S. 21

Necessary and sufficient condition on initial data in the Besov space for solutions in the 2021

Serrin class of the Navier-Stokes equations.

J. Evol. Equ. 3015-3033
DOl

10.1007/s00028-020-00614-w

Kozono, H., Okada, A., Shimizu, S. 278

Characterization of initial data in the homogeneous Besov space for solutions in the Serrin 2020

class of the Navier-Stokes equations.

J. Funct. Anal. 3015-3033
DOl

10.1016/j . jfa.2019.108390

Hieber M., Kozono, H., Seyfert, A., Shimizu.,S., Yanagaisawa,T. 30

A Characterization of Harmonic Lr-Vector Fields in Two-Dimensional Exterior Domains. 2020

J. Geom. Anal. 3742-3759

DOl
10.1007/s12220-019-00216-0




Hieber,M., Kozono, H., Seyfert,A., Shimizu, S.,Yanagisawa,T. 32

A Characterization of harmonic L~r-vector fields in three dimensional exterior domains. 2022
J. Geom. Anal. No. 206
Dol

10.1007/s12220-022-00938-8

18 18 13

Hideo KOZONO

Asymptotic properties of steady solutions to the 2D Navier-Stokes equations with the nite generalized Dirichlet integral.

International Conference Nonlinear Analysis Scuola Normale Superiore di Pisa,

2019

Hideo KOZONO

Asymptotic properties of the 2D Navier-Stokes ows

X1 Workshop on Nonlinear Differential Equations, Varese, lItaly,

2019

Hideo KOZONO

Lr-Helmholtz-Weyl decomposition in 3D exterior domains.

Evolution Equations: Abstract and Applied Perspectives in Honour of the 60th Birthday of Matthias Hieber, Luminy, CIRM,
France

2019




Lr-Helmholtz-Weyl

2019

2.Characterization of harmonic Lr-vector elds in 3D exterior domains.

PDE Workshop New York University of Shanghai

2018

Harmonic vector eelds in Lr on 3D exterior domains.

International Conference on PDEs from Fluids

2018

Lr harmonic vector elds in 2D exterior domains

Oberseminar Analysis at TU Darmstadt

2019




Finite energy for the Navier-Stokes equations and Liouville-type theorems

Conference on Vorticity, Rotation and Symmetry (1V)

2017

Finite energy for the Navier-Stokes equations and Liouville-type theorems

International Workshop on the Multi-Phase Flow; Analysis, Modeling and Numerics

2017

Strong solutions of the Navier-Stokes equations based on the max- imal Lorentz regularity theorem in Besov spaces

The 26th Annual Meeting on Differential Equations and Related Topics

2018

Harmonic vector fields in Lr on 3D exterior domains

Workshop on Compressible Navier-Stokes Systems and Related Problems (I)

2018




Navier-Stokes equations in Besov spaces

International workshop on mathematical science for nonlinear phenomena In honor of Prof. Hisashi Okamoto on his 60th
birthday

2016

New a priori estimate of the 3D Navier-Stokes equations and its application to the Liouville type theorem

International Workshop on Nonlinear Partial Differential Equations and Applications

2016

Navier-Stokes equations with external forces in time-weighted Besov spaces

International Conference on Navier-Stokes Equations and Related PDEs In honor of the 60th birthday of Prof. Hi Jun Choe

2016

New a priori estimate of the 3D Navier-Stokes equations and its application to the Liouville-type theorem

The 7th Pacic RIM Conference on Mathematics 2016

2016




New a priori estimate of the 3D Navier-Stokes equations and its application to the Liouville type theorem

Workshop on New trends in Partial Differential Equations

2016

Asymptotic properties of steady solutions to the 2D Navier-Stokes equations with the nite generalized Dirichlet integral

International Workshop on Multiphase Flows: Analysis, Modelling and Numerics

2020

Lr-Helmholtz-Weyl decomposition in two dimensional exterior do- mains

Fudan International Seminar on Analysis, PDEs, and Fluid Mechanics

2021

1
Amann, H., Giga, Y., Kozono, H., Okamoto, K., Yamazaki, M. 2016
Birkhaeuser 482

Recent developments of mathematical fluid mechanics




http://www. ims.sci.waseda.ac.jp/
Institute for Mathematical Science
https://ww.waseda.jp/fsci/wise/initiatives/math/

http://www. ims.sci.waseda.ac.jp/

(Miura Hideyuki)

(20431497) (12608)

(Kubo Hideo)

(50283346) (10101)

(Kimura Yoshifumi)

(70169944) (13901)

(yoshimatsu Katsunori)

(70377802) (13901)

(Maekawa Yasunori)

(70507954) (14301)




(Kagei Yoshiyuki)

(80243913) (12608)

(Kaneda Yukio)

(10107691) (33903)

(Koike Shigeaki)

(90205295) (11301)
4

Maximal regularity and nonlinear PDE 2019 2019

The 15th Japanese-German International Work- shop on Mathematical Fluid Dynamics (2018 2018

The 13th Japanese-German International Workshop on Mathematical Fluid Dynamics 2016 2016

The 14th Japanese-German International Workshop on Mathematical Fluid Dynamics 2017 2017

TU Damstadt




