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We consider viscous, imcompressible ﬂuid subject to a random perturbation. As a part of
idealization, the container of the ﬂuid is supposed to be the torus Td = (R/Z)d ∼
= [0, 1]d . We
assume that the extra stress tensor
τ (v) : Td → Rd ⊗ Rd
depends on the velocity ﬁeld v : Td → Rd via the following power law: for ν > 0 (the kinematic
viscosity), p > 1 (the power index) and a constant κ > 0,
(
)
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τ (v) = 2ν(κ + |e(v)| ) 2 e(v) with e(v) =
2
The linearly dependent case p = 2 is the Newtonian ﬂuid, which is described by the NavierStokes equation, the special case of (0.2)–(0.3) below. On the other hand, both the shear
thinning (p < 2) and the shear thickenning (p > 2) cases are considered in many ﬁelds in
science and engneering (e.g., suspension of cement in water, paper pulp in water, latex paint,
blood ﬂow, earth’s mantle convection, cf. [MNRR96, Wi09]).
Given an initial velocity u0 : Td → Rd , the dynamics of the ﬂuid is described by the following
SPDE:
div u = 0,
∂t ui +

d
∑

(0.2)
uj ∂j ui = −∂i Π +

j=1

d
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∂j τij (u) + ∂t Wi , i = 1, ..., d.

(0.3)

j=1

The unknown process in the SPDE are the velocity ﬁeld u = u(t, x) = (ui (t, x))di=1 and the
pressure Π = Π(t, x). The Brownian motion W = W (t, x) = (Wi (t, x))di=1 with values in
L2 (Td → Rd ) is added as the random perturbation. Physical interpretation of (0.2) and (0.3)
are the conservation laws of the mass and the momentum, repectively. Note that the SPDE
(0.2)–(0.3) for the case p = 2 is the stochastic Navier-Stokes equation.
For certain ranges of the power p (e.g.,p ∈ (3/2, ∞) for d = 2, p ∈ (9/5, 6) for d = 3),
we construct a weak solution to the SPDE (0.2)–(0.3) globally in time. For d = 2, 3, this
generalizes the known result for the stochastic Navier-Stokes equation ([Fl08] and references
therein). Also, by considering the degenerate noise, our result recovers the PDE result for p 6= 2
[MNRR96].
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