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Abstract

In this paper, we investigate the global existence and uniqueness of strong solutions to the initial boundary 
value problem for the 3D compressible Navier–Stokes equations without heat conductivity in a bounded 
domain with slip boundary. The global existence and uniqueness of strong solutions are obtained when the 
initial data is near its equilibrium in H 2(�). Furthermore, the exponential convergence rates of the pressure 
and velocity are also proved by delicate energy methods.
© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Let � ⊂ R
3 be a smooth bounded domain, we consider the following well-known compress-

ible Navier–Stokes equations for the motion of compressible viscous fluids:
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⎧⎪⎨
⎪⎩

ρt + div(ρu) = 0,

(ρu)t + div(ρu ⊗ u) + ∇p = divT ,

(ρE)t + div(ρEu + pu) = div(uT ) + κ�θ,

(1.1)

for (x, t) ∈ � × R
+. Here ρ, u, p, θ denote the density, velocity, pressure and temperature re-

spectively. The specific total energy E = 1
2 |u|2 + E , E is the specific internal energy. The stress 

tensor is given by

T = μ(∇u + ∇uT ) + λ(divu)I.

μ and λ are the coefficient of viscosity and second coefficient of viscosity, respectively. κ is the 
coefficient of heat conduction. In this paper, it will be always assumed that

μ > 0, 3λ + 2μ > 0, κ = 0. (1.2)

We will consider only polytropic fluids, so that the equations of state for the fluid is given by

p = Rρθ, E = cνθ, p = Ae
s
cν ργ , (1.3)

where A > 0 is a constant, γ > 1 is the adiabatic exponent, s is the entropy, and cν = R/(γ − 1).
To begin with, we note the fact that all thermodynamics variables ρ, θ, E, p as well as the 

entropy s can be represented by functions of any two of them. To overcome the difficulties 
arising from the non-dissipation on θ , we will rewrite system (1.1). We take the two variables to 
be p and s. In light of the state equation (1.3), we deduce that

ρ = A
− cν

cν+R p
cν

cν+R e
− s

cν+R . (1.4)

Under the aforementioned assumptions, we can rewrite the system (1.1) in terms of (p, u, s) as 
follows: ⎧⎪⎨

⎪⎩
pt + γpdivu + u · ∇p = 
[u]

cν
,

ρut + ρu · ∇u + ∇p = μ�u + (μ + λ)∇divu,

st + u · ∇s = 
[u]
p

,

(1.5)

where 
[u] is the classical dissipation function:


[u] = μ

2
|∇u + ∇uT |2 + λ(divu)2. (1.6)

It should be mentioned that system (1.5) is a hyperbolic–parabolic system, while the dissipation 
property comes from viscosity. In this paper, we consider the initial boundary value problem for 
system (1.5), which is supplemented by the following initial and boundary conditions:

⎧⎪⎨
⎪⎩

(p,u, s)(x,0) = (p0, u0, s0), x = (x1, x2, x3) ∈ �,

u|∂� = 0, t ≥ 0,∫
�

p
1
γ

0 dx
/|�| = p̄

1
γ

0 > 0.

(1.7)
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