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Abstract In this paper, the long time behaviors of non-autonomous Navier-Stokes
equations with linear dampness on the whole R? space are considered. The existence
of uniform attractor is proved when the external force terms satisfy suitable conditions,
Moareover, the upper bounds of the uniform attractor’s Hausdorff and Fractal dimensicons
are obtained. ;
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1. Introduction

As fundamental equations in fluid dynamics, Navier-Stokes equations have been
studied extensively. Some results of their long time behaviors have been obtained when
external force terms are independent of time (See [1-6]). If external forces are indepen-
dent of time, the operator S(t) : ug — u(t) satisfies the semigroup properties and the
long time behaviors of Navier-Stokes equations on fwo-dimensional hounded domains
or strip-like unbounded domains can be described by global attractors. But if the ex-
ternal forces are dependent on time, the operator S(t) defined above does not satisfy
the semigroup properties anymore. So how to describe the long time behaviors of non-
antonomous Navier-Stokes equations becomes very important. Since the definition of
uniform attractor was given in [7], most researchers agree that the long time behaviors
of non-autonomous dissipative evolution systems can be described by uniform attrac-
tors. The long time behaviors of non-autonomous Navier-Stokes on lwo-dimensional
bounded domains have been studied in the reference [8]. Our work is motivated by the
above works and we consider the following non-autonomous Navier-Stokes equations
with linear dampness on the whole B? space.

e

T pha 4 o+ (u- Viu+ Vp = f(z,1) (1.1)
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divu =1 (1.2]
lim u=20 (1.3)

|z[—roo

wl(z, 7) = u. (1) (1.4)

In the above equations, g4 > 0 is the viscosity number of fluids, & > 0 is dampness
constant. It is obvious that (1.1) is Navier-Stokes equations when o = 0, u = (u;,u)7
is velocity vector, p is the pressure term, flz, 1) is external force term depending on
time ¢, 7 € R is any initial time, w, () is a initial velocity vector.

2. Preliminaries
At first, let us introduce some functional spaces as follows,
H={u:ue (L*(RY)? divu=0}
(s+): | + |2 denote the inner product and norm in H respectively.
Vi={u:ue (H'(R)? divu=0)

|-Il1 dedotes the norm in V, V' is the dual space of V. (-, ) denotes the dual product of V'
and V. ™ = HN(H™(R2))?, H™(R?) are the common Soholev spaces. ||+ ||m denotes
the norm in H™. P: (L3(R?))? = H is the Leray projecting operator. Au = —PAuy is
the Stokes operator,

Denote:
Blu,v) = (u- V) —i 2
g e t:—:lu.zrhi

2 ! LI
blu, v, w) = (Blu,v), w) = mz__;t _/;1:2 u,—_g;:imjd:a
((w,0)) = (Vu, Vo), [lull® = ((w,u)), Yu,v € V, D(A) = H N (HA(R2)?

For any Banach space ¥, BC(R,F) is the Banach space consisting of all bounded
continuous functions from R to & with the norm | lpetrp) = max | - |&, where |- |g is
the norm in &,

Let T'(h) be a translation operator along time-axis defined as follows:
T(h)f(z,t) = flz,t + h)

Later on, we make the following assumptions [} ):
(i) fiz,t) is almost periodic or quasiperiodic in time ¢,

(ii) f(z,t) € BO(R, V), g—i € BCO(R, H), [Inln(ef + |z])]Y2f(z,t) € BO(R, H),



