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Global solvability of a 2D coupled chemotaxis- fluid
system with position sensitivity

Sachiko Ishida* (Tokyo University of Science)

We will establish a global-in-time solution of a coupled chemotaxis-fluid model with
position dependent sensitivity in 2D bounded domains.

We deal with the system

ny =An" —V - (S(n,c,z)nVe) —u - Vn,
¢ =Ac—nc—u-Ve,
u=Au— (u-V)u — VP +nVe,
V.-u=0,

(KSNS)

under the no-flux boundary conditions for n,c and the Dirichlet boundary condition for
w in a bounded domain Q C R?. Here m > 1, ¢ € Wh*°(Q) is a known function and the
initial data (ng, co, up) has some regularity. We assume that the matrix valued position
sensitivity S(n,c,x) = (sij(n, ¢, )); jeq1,2) satisfies

(S1) sij € C*([0,00) x [0,00) x ),

(S2) 1S(n, ¢, z)| < S(c), where S is a non-decreasing function on [0, c0).

When S = I (identity matrix), Winkler (2012, 2014) proved global existence and
stabilization in a semilinear system (m = 1), and moreover, Francesco-Lorz-Markowich
(2010) obtained that (KSNS) has global solutions when m € (£,2]. The proofs in both
papers essentially rely on the energy-type inequality.

Our approach is based on the testing argument, i.e., we take u?~! as the test function
for the first equation. This finally will give the following two theorems. Here in the
theorems, the initial data is taken as (ng, co, ug) € L>(Q) x Wh(Q) x D(A%) with ¢ > 4,
o € (3,1), where A is the Stokes operator in L2(Q2) = {¢ € L?; V - ¢ = 0}. Moreover we
assume that S satisfies (S1), (S2).

Theorem 1 (Ishida (2015)). Let m > 1. Then there exists at least one of quadruple
(n, ¢, u, P) which satisfies (KSNS) on €2 x [0, c0) in the distributional sense and is globally
bounded in the following sense:

()] poey < K ae. t e (0,00),
where K > 0 is a constant which is independent of ¢.

Theorem 2 (Cao-Ishida-Wang). Let m = 1. Then there exists a constant 6 > 0 such
that if

[nollzr@) <6 or |lcollre@) <9,

then there exists at least one globally bounded weak solution of (KSNS).

*s-ishida@rs.tus.ac.jp



Bifurcation structure of steady states for bistable equations with nonlocal constraint
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