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Abstract In this paper, for a class of exterior force term 232Wfa.a}1 we analyse the
existence of unstable modes of linearized Navier-Stokes Equations (NSE), and associate
them with integer points in plane. Furthermore we give the lower boundary dimension
estimation of the attractor of NSE. Liu discussed the condition where the exterior force
kerm is Wi, o in [1, 2], but his method can’t be extended to the condition where the
exterior foree term-is Wies 50y (81 # 0, 82 # 0). So this paper may look as the extention
of [1, 2]. The method which we give in this paper has direct application for further
study of other properties of NSE (such as Hopf bifurcation). See [3].
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1. Introduction

The attractor of NSE and its dimension estimation is a practical and profound
dynamic problem, and it has direct relation with the turbulent structure. The study
of NSE first connected the two kinds of turbulent methods together [4]: Kolmogorov
method and dynamic theory method. And the approximate study for attractors led two
new concepts: Inertial Manifolds (IMs) and Approximate Inertial Manifolds (AIMs).
They are all the most active problems in dynamnic theory.

In the following, we consider NSE with periodic boundary conditions confined on
f1=[0,2m] = [0, 2]

(i1
H{D} = up
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where u € H,H is a Hilbert space and the functions in it satisfy:-

u = Z ﬂjﬂij'm, u; € C-'?, U_j = Uy
i=(h.jz)€2?
1.J2 {1_2]

up =0, j-u;=0, Juf*=027)°Y |u®<+oo
jez?

here j -z = fi21 + jaxo, u; = {1&},1&?], Jrug = jlu} -I—jgu%. |u|? is the norm of H.
Denote P : L*(Q}) — H as the Helmholtz projector. Then:

Alu) = -PhAu, Blu,v)=Plu- Vv

For any k = (k, ko) # (0,0), set

Wi = Keosk-z, W= 'sink - x

1 1 i
V27| K| v 2| k|
It is well known that Wy, W[ are eigenvectors of A corresponding to the eigenvalue
k> under the periodic boundary conditions, where &' = (ks, —ky), |k| = o EE A k2.
k-z=kiz 4+ krzs.

For the given exterior force term fy = E.@EAW{’SI 5> there exists the stable solution
Uy = .-}LI';I"'FE 5,5)" A 18 the Reynolds number, and then the dimensionless Grashof number
15 defined as:

\fl 2
= T =252 (vr=1,4 =1)

Now the NSE linearized at point ug reads:

et (1.3)

{ B Alug)w =0
Alug)w = Aw + Blw,ug) + Blug, w)

We will discuss the following eigenvalue problem:
Alug)V = —aV (1.4)

For Reo > 0(= 0, < 0), the related V is called steady (neutral, unsteady) modes. In
this paper, all possible unsteady modes correspond to the integer points set in plane.

From the conclusion in [5], we obtain the lower boundary of the dimension of the
attactors of NSE.

2. Conceptions and Preparing Theorems

Differing from [1], for the problem (1.4), X is defined as the integer points set in
plane (ky,ks).



