
Statement on Research: Chanwoo Kim

Chanwoo Kim’s research focuses on developing new methods to study applied partial differential
equations (PDEs), and, in particular, problems concerning properties of solutions of Boltzmann
equation and fluid free boundary problems.

The Boltzmann equation is the foundation of the kinetic theory, which is an integro-differential
equation for density distribution of particles on the phase space. The object of Boltzmann equation
is any system made up of a large number of particles such as gas, plasma, microfluidics and poly-
mers. In many physical applications the particles contact the boundary, and its interaction with
the boundary plays a crucial role in the global dynamics. In [13] (a part of his thesis) Kim demon-
strated a drastic effect of boundary by proving formation of singularity of solutions of Boltzmann
equation when the domain is general non-convex with diffusive boundary condition (cf. [10, 12, 4]).
This result marks the first complete characterization of continuity and discontinuity properties of
solutions in non-convex domains, which has been attracting a lot of attentions in the kinetic com-
munity. Currently together with Donghyun Lee (his former postdoc, current Assistant professor at
Postech) Kim is working on reflection and propagation of some singularities with various boundary
conditions.

Kim’s work on the singularity opened an important question on regularity, namely quantitative
estimates of derivatives in terms of initial data or boundary condition. In a joint work [8] with
Guo, Trescases, and Tonon, Kim proved an optimal regularity, namely any first order derivatives of
such solutions is a finite Radon measure (so-called BV space) when a domain is general non-convex
for the first time. With the same collaborators, in [7], Kim proved that in convex domains the first
order derivatives are continuous away from a grazing set, where a particle hits the boundary with
tangential velocity, for the first time. This work [7] can be considered as an important advance in
the study of Boltzmann theory in recent.

An important and active research direction in kinetic equations is constructing global solutions
and studying its long time behavior (so-called H-theorem). Even for a very natural specular
reflection boundary condition (a particle hits the boundary and bounces back like a billiard), it had
been an outstanding open problem since an announcement of [17] without full justification in 1977.
Together with Donghyun Lee, in [14], Kim constructed the first unique global-in-time solution
and proved asymptotical stability of the Boltzmann equation near equilibria in smooth convex
domains. Thereby Kim completely settled the classical long-standing (40 years) open question of
the kinetic community in the affirmative. They further extended the result to the cylindrical non-
convex domains in [15]. With collaborators, Kim is now working on the case of general non-convex
domains.

When the dilute gas is contained in bounded domains with a non-constant wall temperature,
steady Boltzmann equation determines the non-equilibrium steady state and its stability anal-
ysis marks a drastic departure from relative entropy approach [4, 11]. Together with Esposito,
Guo, and Marra, Kim constructed steady solutions and proved its asymptotical stability for the
first time in [5]. They also discovered a necessary condition of the Fourier law and disproved it by
an available numerical evidence. With Hongxu Chen (current Kim’s Ph.D student), Kim is working
on regularity estimate of stationary Boltzmann equation.

A significant and active research direction in mathematical physics/PDE is connecting the
Boltzmann equation to other systems that arise in formal limits, such as the Euler equations, the
Navier-Stokes equations, etc. Although such hydrodynamic limit in dynamic problems has been
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relatively well understood, the passage from solutions of steady Boltzmann equation (therefore non-
equilibrium steady state) to steady fluid equations in 3D had been a long standing open problem.
With Esposito, Guo, and Marra, in [6], Kim established a connection between the Boltzmann
equation and the incompressible Navier-Stokes-Fourier system for both stationary problem and
dynamic problem. In [6], they found a new L6 integrability gain of fluid part which represents a
surprisingly significant gain in integrability of velocity mixing compared to the classical result.

When particles are charged (e.g. plasma) they interact through not only collisions but also the
Lorentz force generated by charge particles. Master equations for this situation are Boltzmann-
type equation coupled with Maxwell system or simpler Poisson equation. Mathematical theory
of boundary problems of such coupled system is not developed satisfactorily mainly due to the
intrinsic singularity of solutions. Together with Yunbai Cao (current Ph.D student) and Lee, in [3],
Kim constructed the first unique global-in-time solution of Vlasov-Poisson-Boltzmann system
in smooth convex domains and proved its convergence toward equilibria. This work opens a new
direction of study and extension to the two-species problem and higher regularity estimate had
been successfully completed by Yunbai Cao in [1, 2].

The free interface problems between two fluids arise naturally in many applications in fluid
mechanics. From a mathematical viewpoint, these type of free boundary problems are challenging
due to strong coupling between the PDE in the bulk and the surface motion of unknown boundary.
Together with Tice and Wang, in [18], Kim constructed a unique global solution of the free boundary
problem for two distinct, immiscible, viscous, incompressible fluids with gravitation and without
surface tension and proved its asymptotic stability. They established a novel elliptic estimate for a
stationary two-phase Stokes problem as a crucial part of the proof. Kim also considered a viscous,
incompressible fluid evolving under the air and some material (surfactant) flows on the surface.
This surfactant convects along the fluid on the surface and diffusing on the surface as well while
the density of surfactant affects on the surface tension. With Tice, in [16], Kim discovered a new
energy structure of surfactant density which leads a construction of global solutions and its stability.
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