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Abstract. In this paper, we study the asymptotic behaviors of solution for stochastic
non-Newtonian fluid with white noise in two-dimensional domain. In particular, we
will prove the existence of random attractors in H.

AMS Subject Classifications: 76A05, 60H15

Chinese Library Classifications: O175.29

Key Words: Random attractors; non-Newtonian fluid; stochastic equation; Ornstein-Uhlenbeck
process.

1 Introduction

In this paper, we investigate the following stochastic incompressible non-Newtonian
fluid in two-dimensional periodic domain D,

du+
(

u·∇u−∇·τ(e(u))+∇π
)

dt= f (x)dt+ΦdW(t), x∈D, t>0, (1.1)

u(x,0)=u0(x), x∈D, (1.2)

∇·u(x,t)=0, (1.3)

subject to the periodic boundary conditions

u(x,t)=u(x+Lχj,t),
∫

D
u(x,t)dx=0, D=[0,L]2 (L>0), (1.4)

where {χj}
2
j=1 is the natural basis of R2.
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The unknown vector function u denotes the velocity of the fluid, f is the external force
function, and the scalar function π represents the pressure, τij(e(u)) is a symmetric stress
tensor. There are many fluid materials such as liquid foams, polymeric fluids such as oil
in water, blood, etc. whose viscous stress tensors are represented by the form

τij(e(u))=2µ0

(

ǫ+|e(u)|2
)

p−2
2 eij(u)−2µ1∆eij(u), i, j=1,2, ǫ>0, p>2, (1.5)

eij(u)=
1

2

(∂ui

∂xj
+

∂uj

∂xi

)

, |e(u)|2 =
2

∑
i,j=1

|eij(u)|2.

We use
W(t)=∑

i

βi(t)hi (1.6)

to describe the cylindrical Wiener process for white noise on Hilbert space H adapted to
a filtration (Ft)t∈R on a fixed probability space (Ω,F ,P), where {hi} is an orthonormal
complete basis in Hilbert space H and βi(t) is a family of mutually independent real
valued standard Wiener process. Φ is a predictable process in a fixed probability space,
which is also a linear mapping.

Next, we set some notations. Lq(D) denotes the Lebesgue space with norm ‖·‖Lp ,
particularly, ‖·‖L2 = ‖·‖, and ‖u‖L∞ = esssupx∈D |u(x)|. Hσ(D) represents the Sobolev

space {u∈ L2(D), Dku∈ L2(D), k≤σ}, with ‖·‖Hσ = ‖·‖σ . C (I,X) denotes the space of
continuous functions from the interval I to X. Lq(0,T;X) is the space of all measurable
functions u : [0,T] 7→X, with the norm

‖u‖
q

Lq(0,T;X)
=

∫ T

0
‖u(t)‖

q
Xdt,

and when q=∞,
‖u‖L∞(0,T;X)=ess sup

t∈[0,T]

‖u(t)‖X .

Define a space of smooth functions that incorporates the periodicity with respect to x and
divergence-free condition

V =

{

u∈C∞
per(D) :∇·u=0,

∫

D
udx=0

}

.

We use H to denote the closure of V in L2(D) with norm ‖·‖; Ḣσ(D) the closure of
V in Hσ(D) with norm ‖·‖σ (σ ≥ 1). Particularly, when σ = 2, V = Ḣ2(D). Denote by
(L̇0,σ

2 ,‖·‖
L̇0,σ

2
) the Hilbert space of Hilbert-Schmidt operators from H to Ḣσ(D), with the

norm

‖Φ‖L̇0,σ
2

=

(

∑
i

‖Φhi‖
2
Ḣσ

)
1
2

. (1.7)

A final restriction on Φ is given: Φ belongs to L̇0,5
2 .


