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In this work, the large time decay for global Leray solutions (see
([6])) of the magneto-micropolar equations in Lq(R3), for each 2 ≤
q ≤ ∞ is studied. The 3D micropolar fluid model, firstly introduced
by Eringen in [3], is a substantial generalization of the classic Navier-
Stokes equations in the sense that the microstructure of the fluid
particles is taken into account. When one considers also the effect of
an induced magnetic field on the motion, one gets the more complete
magnetic-micropolar fluids. The magneto-micropolar fluid flow in
the whole 3D space is governed by the following equations,

ut + u · ∇u + ∇p = (µ+ χ) ∆u + χ∇×w + b · ∇b, (0.1a)

wt + u · ∇w = γ ∆w + ∇(∇ · w) + χ∇× u − 2χw, (0.1b)

bt + u · ∇b = ν∆b + b · ∇u, (0.1c)

∇ · u(·, t) = ∇ · b(·, t) = 0, (0.1d)

with arbitrary initial data (u0,w0, b0) ∈ L2
σ(R3)×L2(R3)×L2

σ(R3)
and

‖(u,w, b)(·, t)− (u0,w0, b0)‖L2(R3) → 0, as t→ 0.

In (0.1), µ, γ > 0 are the kinematic and spin viscosities, ν−1 is
the magnetic Reynolds number and χ ≥ 0 is the vortex viscosity,
u = u(x, t), w = w(x, t), b = b(x, t) and p = p(x, t) are the flow
velocity, micro-rotational velocity, the magnetic field and the total
pressure, respectively, for t > 0 and x ∈ Rn. Here, L2

σ(Rn) denotes
the space of solenoidal fields v = (v1, v2, . . . , vn)∈ L2(R3) ≡ L2(Rn)n

with ∇· v = 0 in the distributional sense.
A.C. Eringen proposed in his paper entitled Theory of micropolar

fluids (see [3]), a study about the system (0.1) for the case of null
magnetic field, i.e., b = 0. In the literature, such fluids are called
micropolar. Physically, micropolar fluids represent fluids consisting



of rigid, randomly oriented (or spherical) particles suspended in a
viscous medium, where the deformation of fluid particles is ignored.
The non-Newtonian models of micropolar and magnetic-micropolar
fluids have been used in modeling a variety of physical phenom-
ena involving suspensions of rigid particles in fluids, such as human
blood, polymeric suspensions, and so on, and therefore have found
many applications in physiological and engineering problems. For
more information on these type of fluids, see [9] and the references
therein. There are many results on the existence and uniqueness of
solutions for problems related to (0.1).

Now, the main result can be described as follows.

Theorem 0.1 (Main Theorem). For a Leray solution (u,w, b)(·, t)
of (0.1), one has

lim
t→∞

t
3
4
− 3

2q ‖(u,w, b)(·, t)‖Lq(R3) = 0, (0.2a)

moreover, if χ > 0, then

lim
t→∞

t
5
4
− 3

2q ‖w(·, t)‖Lq(R3) = 0, for each 2 ≤ q ≤ ∞. (0.2b)

For this purpose, it was necessary to establish some auxiliary re-
sults, including the following gradient estimate (applying a standard
argument first introduced in [4]):

lim
t→∞

t1/2‖(Du, Dw, Db)(·, t)‖L2(R3) = 0.

Using standard tools in analysis and some Sobolev inequalities we
can estimate the 2nd derivative of the Leray Solution (u,w, b)(·, t),
for t >> 1.

t‖(D2u, D2w, D2b)‖L2(R3) → 0, as t→∞. (0.3)

As a consequence, we use a Sobolev inequality to estimate the sup-
norm and just apply a well known L2 − L∞ interpolation result to
obtain (0.2). In presence of vortex viscosity (χ > 0), we observe an
interesting (faster) decay for the microrotational field w(·, t).
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