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Abstract. In this paper we prove the local well-posedness of strong solutions to the
compressible nematic liquid crystals flow with vacuum in a bounded domain Q C R3.
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1 Introduction

In this paper we consider the following simplified version of the Ericksen-Leslie system
modeling the flow of compressible nematic liquid crystals (see [2,3]):

dip +div (pu) =0, (1.1a)
dt(pu) +div (pu @ u) + Vp(p) — uAu — (A + u)Vdivu = —Vd - Ad, (1.1b)
0id +u-Vd—Ad =d|Vd)* in Qx (0,T), (1.1c)

with boundary and initial conditions:

u=0, gi =0 on 0Q) x (0,T), (1.2a)
(0,u,d)(+,0) = (po, o, do) (*) in QcR? (1.2b)

where p > 0is the density of the fluid, u € R3 represents velocity field of the fluid, d € §?
represents the macroscopic average of the nematic liquid crystals orientation field. The
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parameters y and A are shear viscosity and the bulk viscosity coefficients of the fluid,
respectively, satisfying the physical conditions:

u>0, 3A+2u>0.

We assume that the pressure p satisfies the y-law, i.e., p =: ap” with constants 2 > 0 and
¢ > 1. The domain Q) C RR? is a bounded domain with smooth boundary 0Q), and n is
the unit outward normal vector to ().

Below let us review some results to the system (1.1a)-(1.1c) briefly. Ding et al. [2]
first introduced the system (1.1a)-(1.1c) and studied the low Mach number limit of it,
see [9-11] on the recent progress on this topic. Huang, Wang, and Wen [3] (see also [1,5])
showed the local well-posedness of strong solutions with vacuum under the following
compatibility condition:

—ulAug — (A + p)Vdivug + V(apd) + Vdo - Ady = /pog (1.3)

for some ¢ € L?(Q)). Jiang, Jiang, and Wang [4] (see also [6]) proved the global existence
of weak solutions in R?. Lin, Lai and Wang [7] established the existence of global weak
solutions with finite energy and density satisfying the renormalized continuity equation,
provided the initial orientation director field lies in the hemisphere 52 .

The purpose of this paper is to establish the local well-posedness of strong solutions
of the compressible nematic liquid crystal model (1.1a)-(1.1c) without the compatibility
condition (1.3).

We will prove

Theorem 1.1. Let 0 < pg € WY1, (3 < q < 6), up € H}, dy € H? with |do| = 1. Then the
problem (1.1a)-(1.2b) has a unique local strong solution (p, u,d) satisfying

p € C([0,T]; L) N L*(0, T, W), 9o € L*(0,T; L?),
pu € C([0,T};L?), u € L*(0,T; H}) N L*(0, T; H?), /pou € L?(0, T;L?), 1)
Vitu € L®(0, T; H?) N L2(0, T; W21), Vit € L2(0,T; HY), '

d e L*®(0,T; H*) N L?(0, T; H%), 9;d € L?>(0, T; H'), Vo € L*(0,T; HY),
forsome 0 < T < oo.

We will prove Theorem 1.1 in the following way: For § > 0, we choose 0 < § < p§ €
H? and uj € H} N H? satisfying

0 00 in WY and ud —uy in HY as 6 — 0. (1.5)
Po —7 P 0 0

Then it is easy to verify that the problem (1.1a)-(1.2b) has a unique local strong solution
(0%, u®,d%) in [0, Ty).



