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1 Introduction
The incompressible magneto-micropolar fluid equations in R”(n = 2, 3) takes the fol-

lowing form

1
Btu—(,u+X)Au+u-Vu—b-Vb+V(p+2|b|2)—xva=0,

v —yAv—«kVdiw+2xv+u-Vv— xV xu=0, (1.1)
ob—vAb+u-Vb—>b-Vu=0,
V-u=0, V-b=0,

where u(t, x), v(t, x), b(t, x) and p(¢, x) denote the velocity of the fluid, the micro-
rotational velocity, magnetic field and hydrostatic pressure, respectively. 4, ¥, 7, x and
v are constants associated with properties of the material: y is the kinematic viscosity,
X is the vortex viscosity, ¥ and « are spin viscosities, and ‘1) is the magnetic Reynold.
The incompressible magneto-micropolar fluid equations (1.1) has been studied exten-
sively (see [1-8]). Rojas-Medar [5] established the local in time existence and unique-
ness of strong solutions by the spectral Galerkin method. Global existence of strong
solution for small initial data was obtained in [4]. Rojas-Medar and Boldrini [6] proved
the existence of weak solutions by the Galerkin method, and in 2D case, also proved
the uniqueness of the weak solutions. Wang et al. [2] obtained a Beale-Kato-Majda
type blow-up criterion for smooth solution (u, v, b) to the magneto-micropolar fluid
equations with partial viscosity that relies on the vorticity of velocity V x u only (see
also [8]). For regularity results, refer to Yuan [7] and Gala [1].

If b = 0, (1.1) reduces to micropolar fluid equations. The micropolar fluid equations
was first proposed by Eringen [9]. It is a type of fluids which exhibits the micro-rota-
tional effects and micro-rotational inertia, and can be viewed as a non-Newtonian
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fluid. Physically, micropolar fluid may represent fluids that consisting of rigid, ran-
domly oriented (or spherical particles) suspended in a viscous medium, where the
deformation of fluid particles is ignored. It can describe many phenomena appeared in
a large number of complex fluids such as the suspensions, animal blood, liquid crystals
which cannot be characterized appropriately by the Navier-Stokes equations, and that
it is important to the scientists working with the hydrodynamic-fluid problems and
phenomena. For more background, we refer to [10] and references therein. The exis-
tences of weak and strong solutions for micropolar fluid equations were treated by
Galdi and Rionero [11] and Yamaguchi [12], respectively. The global regularity issue
has been thoroughly investigated for the 3D micropolar fluid equations and many
important regularity criteria have been established (see [13-19]). The convergence of
weak solutions of the micropolar fluids in bounded domains of R” was investigated
(see [20]). When the viscosities tend to zero, in the limit, a fluid governed by an Euler-
like system was found.

If both v = 0 and ) = 0, then Equations 1.1 reduces to be the magneto-hydrodynamic
(MHD) equations. The local well-posedness of the Cauchy problem for the incompres-
sible MHD equations in the usual Sobolev spaces H*(R®) is established in [21] for any
given initial data that belongs to H*(R?), s > 3. But whether this unique local solution
can exist globally is a challenge open problem in the mathematical fluid mechanics.
There are numerous important progresses on the fundamental issue of the regularity
for the weak solution to (1.1), (1.2) (see [22-34]). In this paper, we consider the mag-
neto-micropolar fluid equations (1.1) with partial viscosity, i.e., u = ¥ = 0. Without loss
of generality, we take ¥ = k = v = 1. The corresponding magneto-micropolar fluid
equations thus reads

1
8tu+rou—b~Vb+V(p+2|b|2)=0,
ov— Av—Vdivww+u-Vv =0, (1.2)
ob—Ab+u-Vb—b-Vu=0,
V.-u=0, V-b=0.

We obtain a blow-up criterion of smooth solutions to (1.2), which improves our pre-
vious result (see [2]).

In the absence of global well-posedness, the development of blow-up/non-blow-up
theory is of major importance for both theoretical and practical purposes. For incom-
pressible Euler and Navier-Stokes equations, the well-known Beale-Kato-Majda’s criter-
ion [35] says that any solution u is smooth up to time 7" under the assumption that

fOT | V x u(t)|lL=dt < co. Beale-Kato-Majda’s criterion is slightly improved by Kozono

et al. [36] under the assumption fOT | V x u(t)lpmodt < oc. In this paper, we obtain a
Beale-Kato-Majda type blow-up criterion of smooth solutions to Cauchy problem for
the magneto-micropolar fluid equations (1.2).

Now, we state our results as follows.

Theorem 1.1 Assume that ug, vo, bg € H"(R")(n =2,3), m 23 withV - 45 =0, V .
by = 0. Let (u, v, b) be a smooth solution to Equations 1.2 with initial data u(y, x) = ug
(x), ¥(0, x) = vo(x), b(0, x) = by(x) for O < ¢ <T . If u satisfies
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T
/ |V xu(t)|lzp dt< oo, (1.3)
0 0,00

then the solution (u, v, b) can be extended beyond ¢ = T.

We have the following corollary immediately.

Corollary 1.1 Assume that u, vy, bg € H"(R")(n =2,3), m =23 withV - 45 =0,V -
by = 0. Let (i, v, b) be a smooth solution to Equations 1.2 with initial data u(0, x) = u,
(%), v(0, x) = vo(x), b(0, x) = bo(x) for 0 < ¢ <T . Suppose that 7 is the maximal exis-
tence time, then

T
/ IV x u(t)||Bgo dt = 0. (1.4)
0 1,00

The plan of the paper is arranged as follows. We first state some preliminary on
functional settings and some important inequalities in Section 2 and then prove the
blow-up criterion of smooth solutions to the magneto-micropolar fluid equations (1.2)
in Section 3.

2 Preliminaries
Let S(R") be the Schwartz class of rapidly decreasing functions. Given f € S(R"), its
Fourier transform Ff = f is defined by

f6) - [ e
and for any given g € S(R"), its inverse Fourier transform F~!g = g is defined by
309 - [ tere.

In what follows, we recall the Littlewood-Paley decomposition. Choose a non-nega-
tive radial functions ¢ € S(R"), supported in C = {& € R" : Z <& < g} such that

Yo #2278 =1, VEeR"\{0}
k=—00

The frequency localization operator is defined by
af = [ o0) -2y

Next, we recall the definition of homogeneous function spaces (see [37]). For (p, q) €
[1, «]* and s € R, the homogeneous Besov space B;q is defined as the set of fup to

polynomials such that

g, = 25 1 Afller

<
19(2)

In what follows, we shall make continuous use of Bernstein inequalities, which comes
from [38].

Lemma 2.1 Foranyse N, 1 < p < g < o and fe LP(R"), then the following inequal-
ities
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25 |1 Al <Il V™ Arflly < C28™ || Arf Il (2.1)

and

1 1
— )k
I Aufll < C2" "% | Afllw (2.2)

hold, where ¢ and C are positive constants independent of fand k.
The following inequality is well-known Gagliardo-Nirenberg inequality.
Lemma 2.2 Let j, m be any integers satisfying 0 < j <m, and let 1 < g, < o, and

pe[R,is@flsuchthat

1 m 1
O(r— n)+(1—0)q.

Then for all fe LYR") nW™"(R"), there is a positive constant C depending only on
n, m, j, q, r, 0 such that the following inequality holds:

I Viflle < C I V™ IG, (2.3)

with the following exception: if 1 <r < 1 and m —j — 7 is a nonnegative integer, then
(2.3) holds only for a satisfying ,]n <f <1l

The following lemma comes from [39].
Lemma 2.3 Assume that 1 <p < co. For f, g€ W™, and 1 <q1, gp < o0, 1 <ry, 13 < 1,

we have
I V(fg) — Vsl < C(Il Vil I| Vgl + Il gl 1| VSl ), (2.4)
wherelsozs;fnandll,=qll+T11 =ql2+rlz.

Lemma 2.4 There exists a uniform positive constant C, such that

| VSl = C (14 1 fll+ 1V % fllgg, InCes 1 fllr)) . (2.5)

holds for all vectors fe H>(R")(n = 2, 3) with V- f= 0.
Proof. The proof can be founded in [36]. For the convenience of the readers, the
proof will be also sketched here. It follows from Littlewood-Paley composition that

0 A 00
Vi= Y MVf+Y AY+ Y AV (2.6)
k=—00

k=1 k=A+1

Using (2.1), ( 2.2) and (2.6), we obtain

0 A 0
IVFlle < D0 1 AeVSllo+ 1Y AVl + Y Il AVl

k=—00 k=1 k=A+1

0
1+ Mk
< 2 0
<C E 2 | Arfllr2 +A112ka§)§\ | AVfllLe+ 2
k=—00 .

[e.¢]

n
>0 27Ok AV
k=A+1

n
< C(Il flliz + A | Vil +27 2% VPf)12).
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Taking

1
A- [(2 g ||f||Hs)] ‘1. 2.8

It follows from (2.7), (2.8) and Calderon-Zygmand theory that (2.5) holds. Thus, we
have completed the proof of lemma. O

In order to prove Theorem 1.1, we need the following interpolation inequalities in
two and three space dimensions.

Lemma 2.5 In three space dimensions, the following inequalities

2 1
I Vil =CIl f Illlel vf !EZ -

I flle <C Il f II? I v2f II? : (2.9)
I flls < CUFIEN VAL

hold, and in two space dimensions, the following inequalities

2 1
I VAl =CIlI f Illlel vif Illf’z -

1 £l < CILIANVF I (2.10)
I flle < CUFISTVAFIS
hold.
Proof. (2.9) and (2.10) are of course well known. In fact, we can obtain them by
Sobolev embedding and the scaling techniques. In what follows, we only prove the last

inequality in (2.9) and (2.10). Sobolev embedding implies that H*(R"), & L*(R") for n =
2, 3. Consequently, we get

I fllee < CQI flle+ I VFllz2). (2.11)
For any given 0 = fe H>(R”) and J > 0, let

f5(x) = f(8%). (2.12)
By (2.11) and (2.12), we obtain

1 folls < CU follza+ 11 V2 fallze), (2.13)

which is equivalent to
n n
I flls < C(8™ 4 || fllz + 874 | V3f12). (2.14)

1 1
Taking STARARA A and # = 3 and n = 2, respectively. From (2.14), we imme-

diately get the last inequality in (2.9) and (2.10). Thus, we have completed the proof of

Lemma 2.5. O

3 Proof of main results

Proof of Theorem 1.1. Adding the inner product of u with the first equation of (1.2),
of v with the second equation of (1.2) and of b the third equation of (1.2), then using
integration by parts, we get
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1d .
5 g, () 17 + 11 w(e) 1F2 + 1 b(e) 17:)+ 1T Vo(e) [I72 + Il dive(t) II72 + 1| Vb(e) =0, (3.1)

where we have used V- u =0and V. b = 0.

Integrating with respect to ¢, we have

t t

Iu(®) 17 + 1l v(@) 1% + 1 b(e) IR +2/ I Vu(z) 1% de +2/ | divu(z) 1% dr+
0 0

(3.2)

t
2/ I Vb() 17> dz =l uo 172 + Il vo IIE2 + 11 bo 172 -
0

Applying V to (1.2) and taking the L inner product of the resulting equation with
(Vu, Vv, Vb), with help of integration by parts, we have

1d
5 e (V) 1+ 1 9u() I+ 19 2D+ 1 V20(0) W5 + I divVu(e) 2 + 1) 920(0) 172
= —f V(u- Vu)Vudx+/ V(b- Vb)Vudx — / V(u - Vv)Vvdx (3.3)
Re Rr Rr
—/ V(u»Vb)Vbdx+/ V(b- Vu)Vbd.
Re Rr
By (33)and V- u =0,V - b =0, we deduce that

1d .
5 (Ve 172 + 1l Vo) 172 + 11 VB(E) 152)+ 1 V2u(t) 152 + I divVu(e) 17 + | V2b(2) 117

(3.4)
<30 Vu(@lle (I Vu(©) 172 + 1 Vo) 1% + 1| V(L) 12).
Using Gronwall inequality, we get
t
Il Vu(e) I + 1l Vo(e) I + 1| V(1) 11 +2/ | V2u(z) |1}, dr+
to
t t
z/ | divVy(z) |17, dt +z[ | V2b(t) |I7 dr (3.5)
to Io

t
< (Il Vu(to) I7> + Il Vv(to) lI7> + Il Vb(to) IIfz)e—Xp{C/ I Vu(t)ll~dr).
to

Owing to (1.3), we know that for any small constant ¢ > 0, there exists 7+ <7 such that

T
/ IV x ()l di <. (3.6)
T. 00,00
Let
Ot) = sup (I Vu(r) 7 + | Vu(r) I + | Vb(x) If), T <t <T. (3.7)
T,<t<t

It follows from (3.5), (3.6), (3.7) and Lemma 2.4 that
t

I Vu() 12, + 1| Vo(t) 17 + 1| Vb(E) 1% +2/ I V2u(7) |17, dr+
T.

t t
z/ I divVu(r) |17, dr +z/ I V2b(z) |17, de
T. T,
¢ (3.8)
<G exp{CO/ IV xulg In(e+ || ullps)dr}
T, '
< Cy exp{CoeIn(e + O(t))}
<Ci(e+O(1))%¢, T,<t<T.

Page 6 of 11
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where C, depends on || Vu(T,) ||%2 + || Vu(T,) ||%2 + 1 Vb(T,) ”%2: while Cy is an
absolute positive constant.

Applying V" to the first equation of (1.2), then taking L? inner product of the result-
ing equation with Vi and using integration by parts, we have

1
d I V™u(t) |I7.= —/ V™(u- Vu)Vmudx+/ V™(b - Vb)V"udx. (3.9)
2 dt [Rn [RYI
Likewise, we obtain

1
zjz I V™(t) |12 + | V*Vu(t) |12 + || divV™u(t) I2= — / V™(u- Vv)V™udx. (3.10)
|Rn

and

;jt | V'(2) 1% + Il VVb(t) |I5= —/ V"’(u~Vb)V'"bdx+/ V™"(b- Vu)V™bdx. (3.11)
R» R

It follows (3.9), (3.10), (3.11), V- u = 0, V - b = 0 and integration by parts that

1d
2dt(n Vu(t) 17 + 1 V() 15 + 1| VB(E) 15)+
I V™" Vu(e) 17> + I divV™u(e) 17 + || V"'Vb(e) 17

= —/ [V"(u-Vu) —u- VV"™u|V™udx +/ [V™(b-Vb) —b-VV"b]V™udx
R R (312)

—/ [V"(u-Vv) —u- VV™]V™vdx — f [V"(u-Vb) —u-VV"b]V™"bdx
[Rn [RYI
+/ [V*(b-Vu) —b- VV"u]V™bdx.

D?Vl

In what follows, for simplicity, we will set m = 3.
With help of Holder inequality and Lemma 2.3, we derive

|—f [V?(u-Vu) —u- VV3u]V3udx| < C || Vu(t)llr= || Vu(t) |15 (3.13)
[RVI
Using integration by parts and Holder inequality, we get

|—/ [V3(u- Vv) —u- VV30]|V3udx|
IRH

3.14
<71 Vu(@) i | Vo(0) 12 +4 | Vu@ e | V0l | Vo@les S

IV2u(O)lls | Vo)l | VA 12
Thanks to Lemma 2.5, Young inequality and (3.8), we get

4 | Vu()lls | Vo)l | V()2
2 4

< C |l Vu@)lle= I Vo) I3 1 Viu(e) 112

1
= 4 VA NG +C I Vu(o) 121 V() 11
1 3
1
<, V9O I +C V(s | V(o) 131 Vu() 131 Vo) I
5 3
1 4 2 Coe
=, IV I +Cl Vu(t)~(e+ O(t))4  O4(t)

Page 7 of 11
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in 3D and

41| Vu()lls | Vo)l | V(02

2 4
= C I Vu(lle= I Vo() 121 V7 () ;2
< ) 1 VO I +C Il Va(e) 1 V(o) 1,
< i V(@) 2 +C I Vu@lle= | V(e | Va0l 1 V(o) 115
< i I 944(0) 12 +C | Va(©)ll= (e + ©(0) 2% 0.2 1)
in 2D.

It follows from Lemmas 2.2, 2.5, Young inequality and (3.8) that

I V2u()lles 1| Vo()lizs | Vi)l

1 1 3 5
= C I V() 131 V2u(e) 121 V() 151 Vi) 112
1 4 4
= V) 15 +C V() 2N Vu(e) 120 Ve(o) 17
1 1 19
= VIO I +C U V(O I Vu(e) 12 1 V2u() 121 V() 11
1 4 5 25C08 19
= VR0 1 +C I Vu(©)ll (e + ©(6) 2477024 (1)
in 3D and

I V2u(@)lles | Vo(e)lies 1| V(I

1 1 5 7
< C I Vu(t) 121l Vu(e) 131 Vo) 151 V() 15
6 6

< i I VA () 15 +C I Va(o) 2l V2u(e) 150 Ve(o) 15
l 1 13
<, VA(0) 15 +C I Vu(@) i | Vu(e) 151 V) 121 Vo) 117
1 4 2 2l coe o 13
< 4 | V v(t) ||L2 +C || Vu(t)||Loc(e+ @(t))zo ®20 (t)
in 2D.

Consequently, we get

41| Vu()llzs | Vo) e | V(o)

1 (3.15)
<, V() 17, +C || Vu(t)llr= (e + ©(t))

and

I V2u()lles | Vo()lizs | Vi) 12

U (3.16)
=, V)l +C I Vu()li= (e + ©(1))

provided that

1

& < .
— 5C
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It follows from (3.14), (3.15) and (3.16) that

| — / [V3(u- Vv) —u- VV30]|V3udx|
Rn

. (3.17)
=, | V() 17 +C I Vu(t)llz~ (e + ©(t)).
Likewise, we have
| —f [V3(u-Vb) — u- VV>b|V>bdx|
. R" (3.18)
<! VAb(1) 117, +C || Vu(t)ll= (e + ©(1)).
|f [V3(b- Vb) —b - VV3b]V3udx]|
h R (3.19)
= VAb(1) 117, +C || Vu(t) = (e + ©(t))
and
|/ [V3(b-Vu) —b- VV3u]V3bdx|
) R" (3.20)
<! VAb(1) 117, +C || Vu(t)ll= (e + ©(t))
Collecting (3.12), (3.13), (3.17), (3.18), (3.19) and (3.20) yields
d
( Viu(t) I + 1 Vo) I + 1 V2b(e) 15)+ | V() 117, +
(3.21)

I divv3u(e) 117, + I V*b(1) 172
< C| Vu(t)ll=(e + ©(1))
for all 7. < ¢t <T.
Integrating (3.21) with respect to time from 7- to 7 and using Lemma 2.4, we have
e+ || Vu(z) I + | Vu(z) I + || V2b(T) IIf2
<e+ || Vu(T.) 7. + I V(T 115 + 1| Vb(T) N7 +

. (3.22)
sz [T+ ullz+ IV x u(s)llgo_ In(e + ©(s))](e + ©(s))ds.
T, '
Owing to (3.22), we get
e+A(t) <e+ | Vu(T)) I + | VPu(T) 115 + 1| VB(TL) 117 +
t (3.23)
sz [T+ I ullz+ I V x u(t)llgo,_ Ine+ O(7))](e + O(7))dr.
T, '
For all T- < ¢ <T, with help of Gronwall inequality and (3.23), we have
e+ || VZu(t) I + I V2u(e) 172 + 11 V3b(2) lI72< C, (3.24)

where C depends on || Vu(T,) |IZ, + | Vv(T.) 12, + || Vb(T.) |12
Noting that (3.2) and the right-hand side of (3.24) is independent of ¢ for 7. < ¢ <T
we know that (u(T, -), W(T, -), b(T, -)) € H*(R"). Thus, Theorem 1.1 is proved.
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