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Abstract

In this short article, the initial value problem for the 3D magneto-micropolar fluid
equations is investigated. Some new blow-up criteria of smooth solutions in terms of
the vorticity and the velocity in a homogenous Besov space are established,
respectively.
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1 Introduction
In the short article, we consider the initial value problem for three-dimensional magneto-
micropolar fluid equations

Btu—(,u+)()Au+u~Vu—b-Vb+V(p+%|b|2)—xVxv:O,
oVv—yAv—kVV - v+2xv+u-Vv—-xV xu=0,

(1.1)
0b—vAb+u-Vb-b-Vu=0,
V.-u=0, V-b=0,
with the initial value
t=0: u=uyx), v =vo(x), b =by(x), 1.2)

where u(t, x), v(t, x), b(t,x) and p(t, x) denote the velocity of the fluid, the micro-rotational
velocity, magnetic field and hydrostatic pressure, respectively. u is the kinematic viscosity,
x is the vortex viscosity, y and « are spin viscosities, and % is the magnetic Reynold.

Lots of physicists and mathematicians have studied the incompressible magneto-
micropolar fluid equations because the equations have rich phenomena, important phys-
ical background and mathematical complexity and challenges. On the one hand, for well-
posedness of solutions to problem (1.1), (1.2), we refer to [1-4] and [5] and the references
cited therein. On the other hand, for the blow-up criteria of smooth solutions and regu-
larity criteria of weak solutions, we refer to [6-8] and [5, 9, 10].

If b = 0, (1.1) reduces to micropolar fluid equations. The micropolar fluid equations were
first proposed by Eringen [11] (see also [12]). The study of the micropolar fluid equations
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attracts lots of physicists and mathematicians’ attention, and many interesting results have
been established. For instance, we refer to [13—18] and [19]. If both v = 0 and x = 0, then
equations (1.1) reduce to being the magneto-hydrodynamic (MHD) equations. The MHD
equations govern the dynamics of the velocity and magnetic fields in electrically conduct-
ing fluids such as plasmas, liquid metals, salt water, etc. (see [20]). The field of MHD was
initiated by Hannes Alfvén, for which he received the Nobel Prize in physics in 1970. For
global well-posedness of solutions to the MHD equations, there are a few results, we refer
to [21, 22]. When the magnetic fields are purely swirling and prependicular to the velocity
fields, Lei proved global existence of solutions. Wang and Wang proved global existence
of solutions in the critical space x !, which was introduced in [23] and used in studying
the global well-posedness of the incompressible Navier-Stokes equations by Lei and Lin
[24] provided that the norm of initial norm of the initial value are bounded exactly by
the minimal value of the viscosity coefficients. We also emphasize the various regularity
criteria and blow-up criteria in [25-33] and [34]. Regularity criterion of weak solutions
to the MHD equations in terms of the vorticity was established in [34]. Lei and Zhou [31]
derived a criterion for the breakdown of classical solutions to the incompressible magneto-
hydrodynamic equations with zero viscosity and positive resistivity.

In the absence of global well-posedness, the development of blow-up/non blow-up the-
ory is of major importance for both theoretical and practical purposes. The purpose of
this paper is to establish the blow-up criteria of smooth solutions to (1.1), (1.2). The re-
sults obtained in this paper extend the MHD results in [34] to complex fluid equations
(1.1). We state our main results as follows.

Theorem 1.1 Assume that ug, vy, by € H™(R3), m > 3withV -uy =0,V -by = 0. Let (1, v, b)
be a smooth solution to problem (1.1), (1.2) for 0 <t < T. If u satisfies

T
/ ”V X u(t)”z_l dt < oo, 1.3)
0 00,00
then the solution (u,v, b) can be extended beyond t = T.
We have the following corollary immediately.

Corollary 1.1 Assume that ug, vy, by € H™(R3), m > 3 with V - uy =0, V - by = 0. Let
(&, v,b) be a smooth solution to problem (1.1), (1.2) for 0 < t < T. Suppose that T is the
maximal existence time, then

T
/ |V x u(@) ||fBgoloo dt = oo. (1.4)
; ,

Noticing the equivalence of the norm ||V x ullp and ||u(t)||Bgcoo,from Theorem 1.1, we
immediately obtain the following.

Corollary 1.2 Assume that ug,vo,by € H"(R3), m >3 with V - uy =0, V - by = 0. Let
(u,v,b) be a smooth solution to problem (1.1), (1.2) for 0 < ¢ < T. If u satisfies

T
/0 Ju(®) H,z;g% dt < oo, (1.5)

then the solution (u,v, b) can be extended beyond t = T.
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Corollary 1.2 implies the following result.
Corollary 1.3 Assume that ug,vo,by € H"(R3), m >3 with V - uy =0, V - by = 0. Let

(u,v,b) be a smooth solution to problem (1.1), (1.2) for 0 < t < T. Suppose that T is the
maximal existence time, then

T
/0 16 ||12380,30 dt = oo. (1.6)

The paper is organized as follows. We first state some function spaces and important

inequalities in Section 2. Then we prove our main results 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

j@r= [ eniea

and for any given g € S(R"), its inverse Fourier transform F'g = g is defined by

2= [ et

Firstly, we recall the Littlewood-Paley decomposition. Choose a nonnegative radial func-
tion ¢ € S(R"), supported in C = {§ e R": % <&l < %}, such that

Y ¢(27*E) =1, Ve eR"\{0).
k=—00
The frequency localization operator is defined by

aif = | PO)f (x - 27 y) dy.

Next we recall the definition of homogeneous function spaces (see [35]). For (p,q) €
[1,00]? and s € R, the homogeneous Besov space B;'q is defined as the set of f up to poly-
nomials such that

U, = 1250284 e [z < 00

BMO denotes the homogenous space of bounded mean oscillations associated with the
norm
o 2 o T
BMO = SUp ————— - z)az
x50 1BRX)| JBgx) BRI J ()

The following inequality is the well-known Gagliardo-Nirenberg inequality.

dy.
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Lemma 2.1 Let j, m be any integers satisfying 0 <j<m, and let 1 < q,r < 00, and p € R,
#‘ <0 <1 such that

1 (1 1
——ize(—-m>+(1—9)—.
p n r o n q

Then, for all f € L1{(R") N W™ (R"), there is a positive constant C depending only on n, m,
J» q, r> 0 such that the following inequality holds:

o 21)

[VA1 = CiE"[ V7

with the following except?on: ifl<r<ooandm—j—" is a nonnegative integer, then (2.1)
holds only for satisfying - <6 <1.

In order to prove our main result, we need the following lemma, which may be found in
[36].

Lemma 2.2 There exists a positive constant C such that

W llaso < CL+ g,/ In(e + [ V3F] 2)). (2.2)

We also need the following lemma, which may be found in [37].

Lemma 2.3 Assume that f, g satisfy V- f =0 and V x g=0. Then

£zl < Cllfll2lgll 2 (2.3)
3 Proof of main results

Proof of Theorem 1.1 It follows from (1.1) and energy estimate that

@)z + @] + @)z +2 / ([ Ve + v [Vv@)[ ) dr

w2 [V v+ S0+ |00 )

2 2 2
=< lluollj2 + Ivollz2 + 1boll;>- (3.1)

Applying V to the first equation in (1.1) and multiplying the resulting equation by Vu
and integrating with respect to x on R3, using integration by parts, we obtain

V() |2 + (e + )| V2u®)| 7

= —/ V(u-Vu)-Vudx
R3

+/ V(b-Vb) -Vudx + X/ V(V xv)-Vudx. (3.2)
R3 R3
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Similarly, we get

1d 2 2
5 g VYOl + v [V 2+ IV - VI + 20 VW
= X/ V(V x u) - Vvdx—/ V(u-Vv)- - Vvdx (3.3)
R3 ]R3

and
%%” Vb2, + v V20|, = —/Ra V(u-Vb) - Vbdx + /RS V(b-Vu) - Vbdx. (3.4)

Summing up (3.2)-(3.4), we deduce that

d
S (1902 + [V + |95 %) + e+ 0 Tto)|

2 2
sy [ VEO|7 + 6V VI + 2x IV + 0| V2600
:—/ V(u-Vu)-Vudx+/ V(b-Vb)-Vudx+x/ V(V xv)-Vudx
R3 R3 R3
+ X/ V(V x u)- Vvdx—/ V(u-Vv)- Vvdx—/ V(u-Vb) - Vbdx
R3 R3 R3
+ / V(b-Vu) - Vbdx. (3.5)
R3
By integration by parts and the Cauchy inequality, we obtain
3
X/ V(V xv)-Vudx + X/ V(V xu)-Vvdx < x || Vzu”iz + 7X||Vv||%2. (3.6)
R3 R3
Using integration by parts, (2.3) and the Cauchy inequality, we arrive at

—/ V(u-Vu) - Vudx = / uiaiujalguj dx
R3 R3

= —/ 8k(u,»8,»u,»)8ku,»dx
R3

—/ akuiaiujaku,- dx
R3

/8k(8kui8iu/)ujdx

R3

=/ Bkuiakaiujujdx
R3

= / oxtt - Voru - udx

R3
< Cllullpmoll kv - Vokul 41
< Cllullsmoll Vel 2 | V2| 5

= 21Vl + Clulibuol Vul,, (37)

where we have used V- 9y =0 and V x Voyu = 0.
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Integration by parts, V- 3;6 =0,V x V3;b=0and V-3?b =0,V x Vb =0, (2.3) and the
Cauchy inequality give

/ V(b-Vb)-Vudx + / V(b-Vu)-Vbdx
R3 R3
= / [8i(bk8kbj)aiu/’ + 8i(bk8kuj)3ibj] dx
R3
= f [8ibk8kb,»8,-uj + Bibkakuja,»b,»] dx
R3
= —/ u,»[a,-bkaka,»b/ + bekakb, + 3ibk353kb/] dx
R3
= —/ u-[@b- V) 0ib+ (076 V)b + (8ib - V)0;b] dx
R3

= Cllullzaolldb - V - 8ibllggr + Cllullsmo |97 - Vb 4,0 + Cllullsaol|0:b - Vbll3

< 21V + Cluluo VBN (3.8)

By the method to obtain (3.16) in [38], we have

—/Rg V(u-Vv)-Vvdx < g||v2v||j2 + Cllull o VVIZ. (3.9)
Similar to the proof of (3.9), we arrive at

—fRB V(u- Vb)- Vbds < || VB[ + Cllulloll VO (3.10)
Inserting (3.6)-(3.10) into (3.5) yields

d 2 2 2 2 2

S V@[ + V@2 + [ VPO 2) + [ V@) ] 2

+ [ V2@ 5 + 1V - VI, + |V 7, + | V20|,

< Cllulduo([Vu® |12 + [ V@) 12 + [ VEO | }2)- (3.11)

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

T
/ |V x )3 dt<e. (312)
T* 00,00
Let
X() = Tsup (H Vgu(t)”i2 + ”V%(t)”i2 + H ng(r)”iz), T, <t<T. (3.13)
*<T=t

Integrating (3.11) with respect to £, we have
2 2 2 ! 2 2
[Va@ 2+ [VvOl L + [Ve@ 2 + /T (V2@ + V@) dr

e [ 19T+ |90 + [0 )
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< (T + AT+ [t ) ool [ e
< ([T 72 + VT 72 + [T }2)
X exp{C/; [1 + HM(T)HZBgQ,OO ln(e+ || Vgu(r)HLz)] dr}

< (I s+ ) s+ [ ) exp e s x) [ ol _d

< () AT + 1T eso{ Cinte - x00) [ [9uto)l o]
< (T 72 + [Tz + |52 2)
X exp{Cln(e+X(t)) /t HV X u(r)“é,l dr}
T* 00,00

< C(e+X() . (3.14)

We apply V™ to the first equation in (1.1) and multiply the resulting equation by V"u

and integrate with respect to x on R3, use integration by parts, we obtain

1d,_, 2 e 2
L L s e
= —/ V™ (u-Vu)-V"udx
R3
+/ V™b-Vb)-V"udx + x / V"V xv) - V"udx. (3.15)
R3 R3

Similarly, we deduce that

1d
5 a1V O I + 7 [V @ [+ |V v+ 26V
= X/ V"™V X u) - V’”vdx—/ V™u-Vv)-V'vdx (3.16)
R3 R3
and
1d
A AT
= —/ V™(u-Vb)-V"bdx + / V"™(b-Vu) - V"bdx. (3.17)
R3 R3

In what follows, for simplicity, we shall set m = 3.

Summing up (3.15)-(3.17) and noting V- u =0, V - b = 0, we deduce that
1d 3 2 3 2 3 2 4 2
T A L o L P R L

IO |V P 2 |9 + | b0

:—/ [Vs(u-Vu)—u-VVSu]~V3udx+/
R3

[V3(b-Vb)-b-VV°D]-Vudx
R3
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+ X/ V3(V xv) - V3udx + x/ V3(V x u)- Vivdx
R3 R3

—/ [V?’(u -Vv)—u- VVSV] . ngdx—/ [Vg(u -Vb)-u- VV3b] -V3bdx
R3 R3

- / [V2(b-Vu)-b-VV?u] - Vbdx
R3
=h+h+3+]s+)5+])s. (3.18)

It follows from integration by parts, the Holder inequality, Gagliardo-Nirenberg inequality
(2.1), the Cauchy inequality and (3.14) that

J = 9l | 9ul +3] 92ul o [ Vu
< IVl | Vu
< SV ul + CIvul
% | V]2, + Cle + Xx(8) . (3.19)

Similarly, we have

e A P A A L PR |75
< C||Vu|| ||v4u}}L2||Vb|| ”v‘*b”L2 + | Vul §||v4u|| ||Vb|| ||V4bHL2
+C||Vu|| ||V4u||LZ||Vb|| 2||v419||L2
=3 ||V4u||L2 + Z” V4b||L2 + ClIVul L 1VB)5S
+ VUl IVBI7, + CIVullg VB3

< SIV ]+ 2198l + Cle+ X(0) . (3.20)

The Cauchy inequality gives

3
s = x| Vhul g+ S|P (321)

We may obtain the following estimate by making use of integration by parts, the Holder
inequality, Gagliardo-Nirenberg inequality (2.1), the Cauchy inequality and (3.14):

= 9 9 9 317 99+ 309 vz
< C||Vu|| ||V4u||L2 ||VV|| ||V4v||L2 + | Vaull 3 || v4u|| ||Vv||L42 ||V4v||L2
+ CIVal [Vl Vv 94
< —||V4u||L2 + = ||V4v||L2 + ClIVul L 1VvILS
+ ClIVul2 VI, + CIVUlg Vv

= %”V4M||i2 + §”V4V||i2 + C(e +X(t))7c15' (3.22)
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Similarly, we deduce that

Jo < U9l |9 |95 + 319 4 920|975 + 309 | 925

S A N AN R b AT A L
+ NVl | V] S19B1L |75
= %II Viul, + EIIV“bHiz + ClIVul 2 | VAL
+ CIVul 32 VDI, + ClIVuld, I VDI,
< S Viulf + VO] + Cle+ X(0) (3.23)

Inserting estimates (3.19)-(3.23) into (3.18) yields
d e
—([72utt) |5+ | Vv |5, + [ V200 |3,) < Cle+ X)), te[T*T). (3.24)

Integrating (3.24) with respect to time from T™ to ¢ € [T*, T'), we have

7C1e

e+ |Vu@|), + | Vv, + | V3B@)|. < C+ Cle+ X)) (3.25)

By choosing ¢ < % and noting (3.1), we know that («,v,b) € L>(0, T; H3>(R?)). Thus,
(u,v,b) can be extended smoothly beyond ¢ = T. We have completed the proof of The-
orem 1.1. g
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