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WELL POSEDNESS AND ASYMPTOTIC BEHAVIOR FOR
COUPLED QUASILINEAR PARABOLIC SYSTEM WITH
SOURCE TERM

MOHAMED FERHAT

ABSTRACT. In this paper we are interested in the study of a coupled quasilinear
parabolic system of the form:

{ ur — Au = f1(u,v),

vy — Av = fo(u,v)
in a bounded domain, we prove global existence of the solutions by combin-
ing the energy method with the Faedo-Galerkin’s procedure. Furthermore we
study the asymptotic stability in using Nakao’s technique, we show also blow
up of the solution in finite time when the initial energy is negative.

1. INTRODUCTION

We omit the space variable © of u(x,t), v(x,t), u(z,t), vi(z,t) and for simplicity
reason denote u(z,t) = u, v(z,t) = v and w(x,t) = u, v(x,t) = v, when no
confusion arises also the functions considered are all real valued, here u; = du(t)/dt,
vy = do(t)/dt

Our main interest lies in the following system

uy — Au = f1(u,v), on 2 x(0,00)
v — Av = fo(u,v), on  Qx(0,00) (1)
u=v=0 on 090 x (0,00),

u(r,0) = u'(z), v(x,0) =%x) in Q.
Where Q is a bounded domain of R™, n > 1 with a smooth boundary 0f.
fi(.,.): R? = Ri=1,2, are given functions which will be specified later.
To motivate our work, let us recall some results regarding heat equations. The
single heat equation of the form

(2)
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where u(x,y, z,t) is not velocity. It is an arbitrary function being considered;
often it is temperature. The heat equation is More generally in any coordinate
system:

% —aViu =0, (3)
where « is a positive constant, V2 denotes the Laplace operator. In the physi-
cal problem of temperature variation, u(z,y, z,t) is the temperature and « is the
thermal diffusivity. For the mathematical treatment it is sufficient to consider the
case o = 1.
The heat equation is of fundamental importance in diverse scientific fields. In
mathematics, it is the prototypical parabolic partial differential equation. In prob-
ability theory, the heat equation is connected with the study of Brownian motion
via the Fokker-Planck equation. In financial mathematics it is used to solve the
Black-Scholes partial differential equation. The diffusion equation, a more general
version of the heat equation, arises in connection with the study of chemical diffu-
sion and other related processes, suppose one has a function u that describes the
temperature at a given location (x,y,z). This function will change over time as
heat spreads throughout space. The heat equation is used to determine the change
in the function u over time.

The heat equation is used in probability and describes random walks. It is also
applied in financial mathematics for this reason, the control of PDEs has become
an active area of research, see for instance [7, 8,9, 10, 11] and the references therein.
For example, Nakao [7] studied the system

{ up — AB(u) + div(G(w)) + h(u) = 0 in Q x (0, +00), )

where all the functions 8, G and h could be nonlinear. Choosing in that paper,
B(u) = |u|™, the author showed that global solutions exist for sufficiently small
intial data and gave a decay result, from what he derived an exponential decay for
m = 0 and a polynomial decay for m > 0.

Pucci and Serrin [12] studied a parabolic equation with a nonlinearity in the
term containing u;, precisely they discussed the following system:

Alt) | ug ™2 up = Au— f(x,u) in Q x (0, +00), (5)
u=0 on T x (0,400),
Where m > 2 and  is a bounded open subset of R"(n > 1). The values of u are

taken in R™, f(x,u) is a source term, generally it is nonlinear term and A € C(R™)
is a bounded square matrix satisfying

u=0 on T x (0,4+00),

(v,0) >co v |, Vte R",veR"
They proved for m > 1 that strong solutions tend to the rest state as ¢t — oo,
however no rate of decay has been given, Berrimi and Messaoudi [10] showed that
if A satisfies ((A(t)v,v) > co | v |? Vt € RT,v € R™), then the solutions with small
initial energy decay exponentially for m = 2 and polynomially if m > 2. Research of
global existence and nonexistence and finite time blow-up of solutions are discussed
see the works of Levine. [3] . Levine et al. [11] Messaoudi. [21]. Results concerning
global existence, asymptotic behavior have been proved by Nakao. [7],Nakao and
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Ohara.[8].
Recently, Maatouk [13] investigated the following system

|ug|Pur — Au 4+ B(uw)|ufPu =0 in Q x (0, +00)

u=0 on T x (0,+00) (6)

u(z,0) = ug(x) mn Q
where  is a bounded domain of R™, n > 1, with a smooth boundary I' and p;
p are real numbers such that 0 < p;p < ng for n > 3, and 0 < p;p < +oo for
n € {1,2}. He obtained global existence when p = 0 and energy decay result.
This paper is addressed to coupled phenomena of a heat equation who is interested
in mathematical aspect(global existence, asymptotic behavior, blow-up of solution).
For more research in a coupled wave equation with viecoelastic term we refer the
readers to (][22, 23, 24, 25]).
This paper is organized as follows. In Section 2, we present the preliminaries and
some lemmas. In Section 3, the global existence is discussed by using standard
Faedo-Galerkin’s method. In section 4 the decay property are studied. Finally, the
blow-up result of (1) is obtained in the case of the initial energy being negative.

2. PRELIMINARY RESULTS

we will use embedding H&(Q) — L1(Q) for 2 < g < 2nif p >3 and ¢ > 2,

n—27
if n =1,2; and L™(Q2) — LI(Q), for ¢ < r. We will use , in this case, the same
embedding constant denoted by cs

IWllg < esllVellz,  vllg < csllvlly for v e Hy(Q).

In this section, we present some material in the proof of our main result. We
consider the Hilbert space L?(2) endowed with the scalar product

(o) = /Q (), dlx)d,

and the corresponding norm

1
I [I= (e, 0)2.
Generally , the norm of the space LP(2,) is noted

o= ( [ 16t P da:)‘l’,

for all 1 < p < +o00. We consider the space Hg(£2), which is the closure of C°in
the Sobolev space H'(Q) with respect to its strong topology induced by the scalar
product

(v, B)mr () = (¢, 0) + (Vo, Vo).
The space Hg () endowed with the norm induced by the scalar product
(@a ¢)Hé(ﬂ) = (VQO, vd))a

owing to the Poincare’s inequality, recalled below, a Hilbert space. We establish
the following assumptions
Az: we take f1,f2 as in [6]
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Av)=alutv P wr+v)+b|ul=|v]|% u, (7)

Paluv)=alu+v P (@) +b|v]= ul= v (8)
‘With

a,b>0,p>3 if N=1,2 or p=3 if N=3. (9)

Further, one can easily verify that

ufi(u,v) + vfa(u,v) = (p+ 1)F(u,v),V(u,v) € R2.
Where

p+1 8F 8F
(aluto P 420w |F). filwv)= 5o faluw) = 5.

1
Flu,v)= (p+1)

And there exists C, such that

)

+ <CO(luff~' + o|P7Y), i=1,2 where 1<p<6.

i

Agy: There exists ¢g, c; > 0, such that
coll w[P*r + v [P*Y) < Fu,v) < er(|uw [P+ [ [P7),¥(u, v) € R%

We define the energy related with problem (1) by

B() = 5IVu)l} + 51700l - | Fluvd, (10)
we define also,
16) = V) + Vo)l = o+ 1) [ Flu.v)da. ()

Since 2 < p < %, ifN>3 or 1<p<oo,if N={1,2}. According to
Sobolev’s embedding, we have
HL(Q) < L2V (Q) — LPHH(Q). (12)

lemma 1. ( [6]). Suppose that (9) holds.Then there exists n > 0 such that for any
(u,v) € HY(Q) x HE(2). We have

+1 2l XS
e+ vl + 2wl 2 < n(lIVulls + [Voll3)

lemma 2( [19]). Let ¢(¢) be a nonincreasing and nonnegative function on [0, 77,
T > 1, such that

o) 7" < wold(t) —$(t +1)), on [0,7],
where wy > 1 and 7 > 0. Then we have, for all ¢ € [0, 7]
(1) if r =0, then

¢(t) < (15(0)67“)1 -1+t
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wo—1

where w; = In ( - ) and [t — 1]T = maz(t — 1,0).

Definition 1 Under the assumption (A4;) — (As), a pair function (u,v) defined on
[0, T is called a weak solution of (1) if u,v € C([0, T); H}(Q)),u',v" € C([0,T]; L*(Q)),
(u(z,0),v(x,0)) = (u®(z),v%(x)) € HL(Q) x HI () and (u(t),v(t)) satisfies

(ult), 6) — (u®, 6) + / (Vu(s), V) ds = / (i(u(s), v(s)dyds,  (13)

and

(w(t), ) — (°, ) + / (Vo(s), Vip)ds = / (aluls),v(s)e)ds. (1)

For all t € [0,T], ¢,% € HL(Q).
Remark 1 By avoiding the complexity of the matter, we take a = b = 11in (7) — (8)

the above inequalities will be used later, for some constant C' > 0, and all
a, B € R, we have

la* = 18]*| < Cla =Bl (Jaf*~" +|8*71), (15)
for some constant C' > 0, all kK > 1, and all o, 8 € R. all p > 0. Also

llafPa —|BPB] < Cla = Bl (laf” + [B]7) . (16)
3. GLOBAL EXISTENCE

In this section, we shall prove the global existence results of the solution to the
problem in question.
Lemma 3. Let (u,v) be a global solution to the problem (1) on [0,00). Then we
have
E'(t) = ~[l'@®)]3 v ®)]3 < 0. (17)
Proof. Multiplying the equation (1) by w;, and the second equation in (1) by vy,
and integrating over (0,t) x Q , we get

() + / e (s) 3ds + / o/ (s)13ds = E(0), (18)

after deriving (18) we get the desired results.

Theorem 1 Let (u°(z),0%(z)) € HE(Q) x Hi(Q). Assume (A;) — (A3) , (15) —
(16) hold. Then the problem (1) admits a global strong solution u(x,t) defined on
[0, 400) satisfying

u(,t) € C([0, +00); Hy () N C([0, +00), L*(2)) N Hy ([0, +00); L*(2)).-

Hence, we obtain the following decay property:

BE(t)<E(0)e™ ™, Yt>0, 7= 1n< @ 1) . (19)

Cg —
Proof. We use the standard Faedo-Galerkin’s method to construct approximate
solution. Let {w;}32, be the eigenfunctions of the operator A = —A with zero

Dirichlet boundary condition and D(A) = H2(Q)(HZ(). It is known that
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{w;}52, forms an orthonormal basis for L*(2) as well as for Hj(f2). Moreover.
The linear span of {w;}32; is dense in L4(Q2) for any 1 < g < cc. Vj, the linear span
of {wy....wr}, k > 1. Let ug(t) = Z?Zl ug;(w;ve(t) = Z?Zl Uk,j(t)w; be the
approximate solution to (1) in Vi, then uy(t), vk ;(t) verify the following system of
ODEs:

(i (), wy) + (Vug(t), Vws) = (fi(ug(t), v (t)), w;), (20)
(Vg (1), wy) + (Vug(t), Vw;) = (fal(ur(t), vi(t)), wy), (21)
for j = 1.....k. More specifically
k k k k
ur(0) = Y up 5 (0)ws, v(0) = Y wg; (0)wy, u(0) = D wj, ;(0)wy, v (0) = Y v ;(0)wy,
j=1 j=1 j=1 j=1

(22)
where

uy(0) = <u0>wj>7vk(0) = <U07wj>au;c<0) = <u1’wj>7v;c<0) = <U1’wj>’
J = 1,..., k. Obviously, ug(0) — u°®, v(0) — v strongly in H}(Q), u}(0) — u',
v, (0) = vlstrongly in L*(Q) as k — oc.
We shall prove that the problem (20) — (22) admits a local solution in [0,%,,),
0 < ty,, < T, for an arbitrary 7" > 0. The extension of the solution to the whole
interval [0,T] is a consequence of the estimates below .
Now we try to get the a priori estimate for the approximate solutions (ug(t), vk (¢)).

Lemma 4. There exists a constant 7" > 0 such that the approximate solutions
(uk(t),vg(t)) satisty for all k > 1

{ ug, vg, are bounded in  L>(0,T; HY(Q)),

u, v, are bounded in  L*>(0,T; H}(9)). (23)

Proof.
First estimate.

Multiplying (20) by u;e’j(t), (21) by U;w- (t), and summing with respect to j from
1 to k, respectively, we have

o 01 + Va1 = [ Filas(e),vu()ui(trde (24)
oI+ 51V = [ alun(e), on(0)vit)d (25)
By summing (24), (25) and integrating over (0,t), 0 < t < T}, we get
[ o) s+ [ i) s + Vo 0 + [ Vun(6)13
0 0
= [ [ 10,099 + i), s ()

S%+AAMWMMMW%®+MM@M@WWWM&
(26)
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where
Co = C (|IVu°l2, [|V°l2)
is a positive constant, we just need to estimate the right hand terms of (26). Ap-

plying , Holder’s and Young’s inequalities, Sobolev’s embedding theorem , for e
saficiently small we obtain

[

< C/Ot /s2 (|Uk($)|p + |ok(s)|P + |uk(s)|’%1|uk(s)|%) sy ()| dds,

/fl(uk(S),Uk(s))u;v(s)dxds
Q

¢ . . |
< C/o (”uk(5)|gp + ||Uk(8)||§p + ||uk(8)||3(21)||uk(8)3(2p2+1>> llug.(s)||2ds,
t . I |
< C/o (||Vu1c($)||g + [IVur(s)[15 + Vur(s)ll* [[Vor(s)lly? ) et () 2dls,
¢
<C [ (k@) B+ Va3 + IV o3+ [ Ve~ ITui(ol) ds.

(27)
Likewise, we obtain

/Ot /Qf2(“k(s)vvk(8))v}c(s)dmds

t
< C [ (I0k(o) B + IV k(o) + Vo) + [k ) 5 P ()15 s
(29)

Let
y(t) = [[Vur ()15 + [[Vor (0)][3- (29)

Then, we infer from (26) — (29) and for a best constant C sufficiently small, we
can obtain

t t t

ye(t)+(1-C) / luj (s) 2ds+(1— ) / loi(s)3ds < Co+-C / (yi(s))Pds. (30)
0 0 0

Particularly, we have

y(t) < Co +C /0 ()P ds.

Using a Gronwall’s type inequality, we can get

yr(t) < [Co — (p—1)Ct] Y/ P71,
Finally , for T" arbitrary constant, we obtain

yi(t) < Coe”. (31)
Thus, we deduce from (31) that there exists a time 7" > 0 such that

ye(t) < Cr, Vte[0,T]. (32)
Where C is a positive constant independent of k.
Second estimate.
In order to calculate the Second estimate we take the derivatives of (20) — (21)



EJMAA-2019/7(1) WELL POSEDNESS AND ASYMPTOTIC BEHAVIOR 273

(ui (£), wj) + (Vu(t), V) = (D1 (un(t), vi(t)), w;), (33)
(Vg (£), wj) + (VUi (), Vw;) = (D fo(un(t), vi(t)), w;). (34)

Multiplying (33) by u}.(t), (34) by v}, (t), summing with respect to j from 1 to k,
respectively, and integrating over €2, then we obtain

d

@3 + Vi (O3 = /QDf1(uk(t)7vk(t))uk(t)d$» (35)

d

ZIo @I + Vi @)l3 = /Qsz(Uk(t),vk(t))Ufc(t)dm- (36)
By summing (35), (36), and integrating over (0,t), 0 <t < T. We get

t t
e (8)]3 + ()2 + / Ve (s)]3ds + / V0 (s)|12ds

<eote / /Q D fi (s (), vs(5))t (5) + D o (), vx(5))0} () sl

we just need to estimate the right-hand terms of (37). Applying , Holder and Young
inequalities, Sobolev embedding theorem, we obtain

< C [(luwlP=" + [vwl =) llug 2]

/Q D f1(ug(t), v (t))up,(t)dz

+ (s~ + orlP~ ) ok ll2] gl
< Cl(llullz2 + llollz) (P~ + ok lP= 5]l ]l2

< i ll3 + lvill3 + ¢

(38)
likewise, we get
| DA (0.0 ok(00ds] < B+ o1 + (39)
From (37) we have
t
lur )3 + o (@)]3 < co + C/O o ()13 + [l (s)[|3ds (40)
Particulary from the first estimate, we have
t
luk 113 + ok (@)]I3 < ez + C/o (o ()13 + [l (s)113)ds. (41)
Let
yk(t) = [lu ()13 + v (D13,
then

u(t) e+ / i (5)ds. (42)
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Using Gronwall’s inequality, we get

yr(t) < coet. (43)
Thus we deduce from (43) that there exists a time T' > 0 such that

y(t) < Cs, (44)

where Cj3 is a positive constant of k. The proof of Lemma 4 is completed
Lemma 5. The sequences of approximate solutions {(ux,vy)} satisfy the following

{ uy, are Cauchy sequences in L>(0,T; H}(Q)). (45)

vg are Cauchy sequences in L>(0,T; H} (Q2)),

Proof. As in [5]. We consider a family of approximate solutions (uy,vy) and
(ur,v;). Without loss of generality, we assume k > [. Setting:

k.j k.j
() = ()= (t) = > (up 5 (6) =g 5 (£)wy, vge(t) = v () —vi(t Z k. (t) =15 (t))w;,
Jj=1 Jj=1

we put u;; = v; =0 as j > . Then, uy(t), vi(t) verify

(up (), wy) + (Vug(t), Vw;) = (filue(t), ur(t)) — frlw(t), w(t)),w;).  (46)
(U (), wy) + (Vo (t), Vw;) = (falur(t), vr(t) — fa(w(t), vi(t), w;). (47)
up(0) = uf —u, uy(0) = uj, — u}
48
ona(0) = o — of, v1y(0) = o} )

for j = 1,....,k. Multiplying (46) by ug;(t) — w;(t) and (47) vg;(t) — v;(¢) and
summing over j from 1 to k, we obtain

g7 013 + 51901 = [ (A0, 0) = filaus(6), on(Olua()dn (49)

_Ull

IO O+ 31T 001 = [ a8 vie) = FaCun ), ou() o (e (50

Summing (49) , (50) and integrating over (0,t), we have
@13 + 3@ + [ I¥e)Bas + [ Vool
1 1
= SO + 5w ()3
t (51)
[ [ s 0n(6)) = Falun (o), vus)una(s)dads
0 Q

+‘/()t‘/ﬂ[f2(uk(s)7vk(s))_f2(uk(s)7U’C(s)]vkl(s)dl’ds.
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Now we deal with the right hand terms of (51) by (A4;) and a direct computation

/Q[fl(Uk(S),vk(S)) = filw(s), vis))]uni(s)de

= C/ (Jra | + s ) Qe P~ for P71+ [P~ 4 [P0 fug|de
Q

p_1 p_1 p_1 52
b [l Foul(on] 5 + o] 5 oo o
Q

b1 p=3 p=3
ch/|Uk|p2 | (Jun| = + [w] 2 ) |ug|de,
Q

< (1 + 1+ I3).

estimating Iy, I, I3 in (52). Employing Holder and Young inequalities, Sobolev’s
embedding theorem, and Lemma 5 we estimate a typical term in I; as

‘/ gl [ur [P~ uga|dae| < ellupallol|unl5, 1) lwnll2,

< | Vo Varl5 ™ ug 2, (53)
< o[ Vugl2]|wk]2,

< (|| V|| + lurll3)-
Thus, we have

I < e(llumal3 + Vurll3 + [ Vomll3)- (54)
Similarly, a typical term in I can be estimated as

p—1 p—1 I’T—l 1)2;1
Q|’uk| Z o] (loe| = |ukl|2d!17§C||uk||3(p,1 ||Ukl||6HUkl||3(,,,1)||Ukl||27

< o[ V]|, * ||Vvkl|| IVortll,* ||Ukl||2, (55)
< cllugal2l|Vorll2,
< c([lurll3 + [Vorl3)-

Then
Iy < c([Junll3 + [[Vor3)- (56)
Noting that p = 3 as n = 3, we have for n = 3

ptl p—3
13:/ o] = gt ure| 7 d,

3 3
< el s 3 e 35, (57)

L
< cl|Vurlly* [ Vur3-

asn = 1,2, a typical term in I3 can be estimated as

pt1 p=3 22 et
/Q|Ul‘ 2 |ukl|2|uk| T dz, < ||Uz||3(§,+1)||Ukl|\§||uk||3(273)>
p+1 p—3
ptl 23 58
< IVl Vel v, )

< IVoulls® [Vuil3.



276 MOHAMED FERHAT EJMAA-2019/7(1)
Combining (51) — (58), we get

/Q[fl (ur(s), vk (s)) — fi(wi(s),vi(s))]uri(s)dz

59
2 2 2 2 2t (59)
<c (HVUMHQ F IVorillz + llurllz + I Vurdllzl[ Vol ) :
Likewise, we have
'/ [f2(uk(s), vi(s)) = fa(wi(s), vi(s))]vii(s)dx
@ (60)
2 2 2 2 pTH
<c (||Vukz||2 + [Vordllz + lowllz + [[Vuwd 2| Vol ) :
Then it comes out from (59) — (60) that (51) becomes
1 2 1 2 ! 2 ! 2
§Hukl(f)H2 + §||Ukl(t)||2 + ; [Vuri(s)ll2ds + : [Voki(s)]2ds,
1
< §||Ukl(0)\|§ + [[or (0)]]3
¢ il
+e / (IVaka(3)13 + 90 () I3 + o ()13 + I Vena () 31 V0u(s) o™ ) ds.
(61)

Letting
yki(t) = llur ()13 + loa @)113,
then from (61) we have

i (t) + / [Vuga(s)3ds + / V0w (s)|2ds < g (0) + ¢ / ya(s)ds.  (62)

where yi(0) = 3(||ur(0)[13 + |k (0)[|3. By the strong convergence of the initial
data, namely, yx(0) — 0 as k,I — oo, then it follows from (62) and Gronwall’s
inequality that

yri(t) < yr(0)e” = 0 as k,1 — oo. (63)

Corollary 1. The sequences of approximate solutions {ug, vy} satisfy as k — oo

f1(ug,vr) — fi1(u,v) strongly in L>(0,T; L*(2))
fo(ug, vr) — fa(u,v) strongly in L>°(0,T; L*(£2)).

Proof. The proof is similar to that of [5] . completed

(64)

3.1. Limiting process. By Lemma 5 and Corollary 1 we know that

f1(ug,vr) = f1(u,v) strongly in L®°(0,T; L*(2))
fo(ug,vr) = fa(u,v) strongly in L°°(0,T; L?(Q2)),
()
()

Up — U strongly in L°(0,T; H} ,
v — U strongly in L>°(0,T; H} ,
up, —u strongly in L>=(0,T; (}(Q)),
v}, =’ strongly in L>=(0,T; H(Q)).

Remark 2 By virtue of the theory of ordinary differential equations, the system
(20) — (21) has local solution which is extended to a maximal interval [0, T} [ with
( 0< T < JrC)O).
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Now we will prove that the solution obtained above is global and bounded in
time, for this purpose, we have the following lemma.
Lemma 6.Let (u,v) be the solution of problem (1) . Assume further that I(0) > 0

a=n (2;73_11)15(0)) Y (65)

Then the solution of problem obtained above is global and bounded in time .
proof First, we show that I(¢) > 0, on [0,T]. Since I(0) > 0, then by continuity,
there exists a time ¢; > 0 such that I(¢) > 0, for ¢ € (0,%1).
Let tg be given by

{I(to) =0 and I(t) >0, 0<t< to}.

This, together with (10) — (11), implies that, for ¢ € [0, to].

B() = 55 (IVuOB+HIVo OB 4= 10 > S (ITuOIE+Tu(O]),
(66)
Vo)1 + Va1 < 225 Ve < 225D ) (67)

Employing Lemma 1, we obtain
pt1
0+ 1) | Futto).vlto))do < n(| Tl + [ Tul})
Q
2(p+1) p=1
n D B0 (1Tt + Vo)) (63
= a([[Vu(to)[I3 + [[Vo(to)[13)
< [[Vul3 +[|Vol3).
Thus I(t) > 0 on [0, t;naz], by repeating these steps and using the fact that

p—1
limtﬁtmam n <%E(O)) 2 S a < 1.

IN

This implies that we can take t,,,. = T, from the previous procedure, the
solution of (1) is global and bounded in time.

4. ASYyMPTOTIC BEHAVIOR

From now and on, our attention is centered on the decay rate of the solutions to
problem (1). We will derive the decay rate of the energy function for problem (1)
by Nakao’s method [19]. Purposefully, we have to show that the energy function
defined by(10). Satisfies the hypothesis of Lemma 2. By integrating (17), over
[t,t + 1], we have

E(t)— E(t+1) = D(t)?, (69)
where
t+1 t+1
D=3 [ hulat+g [ Il (70)

By virtue of (69). and Holder’s inequality, we observe that

1 t+1 1 t+1
5/ /|ut(t)|2dxdt+§/ /\Ut(t)\Qd:vdth(t)Q, (71)
t Q t Q
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where ¢1(€2) = vol(£2). Applying the mean value theorem. There exist t; € [t, ¢+ 1]
and ty € [t + 2,¢ + 1] such that

ur(8)]13 + loe ()13 < 4ea(Q)D(t)%,i = 1,2. (72)

Next, multiplying the first eqution in (1) by u, and the second equation in (1). by
v, integrating over  x [t1, 2], using integration by parts, Holder’s inequality and
adding them together, we obtain

ta to to
[ 1w [ olslonade+ [l (73)

t1 t1 ty

By using Sobolev’s inequality we get

tz t2
[|mem@mas@j|wwmwmwmw

<e, (2(“1))5 sup E(s)é/tz [Vuelodt — (74)

(p - 1) t1<s<to t1
2p+1)\* 1
<y <(p— 0 ) E(t)2D(t).

Similarly

[mewwwMﬁSQ/ﬂwmmww@Mﬂ

t1

2(p+1)\ 2 1 &
< e, ((p—1)> sup E(s) t <s<ts /t1 |[Vogl|2dt  (75)
2(p+1)\ 2 1
<ec, <(p—1)> E@)2D(t).
Noting that
[Vu()|3 +[[Vo@)]3 < 1(2), (76)

due to tg — t1 > %,
hence (73), takes the form

/t * Iyt < 2. (2(2’3_*11))) " EME D), (77)

integrating (17). over (¢1,t2) , utilizing (77). And using Lemma 2, we deduce
that

/tt E(t)dt < (2(7;111) + (pi 1)> /tt I(t)dt < c, <2(;p_+11))>; E()D(1).
(78)

Now integrating (17) over (t,t2), using (78), and the fact that E(t3) < 2 fttf E(t)dt,
due to tg —t1 > %, we obtain
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Consequently, we obtain

E(t) < e, E(t)2D(t) + D(t)? (80)

1
where ¢4 = ¢, [(ig’ﬂ?) 2] . Using Young’s inequality we get

E(t) < ecs E(t) + cac(€)D(t)? + c4D(t)%. (81)
for e sufficiently small finally , we get
E(t) < e;D(t)*

<cs|E(t) — E(t+1)].
where c5 is a positive constant. Thus by Lemma 2, we obtain

(82)

E(t) < E(0)e™™,

for t > 0, with 7 = In ( <s ), which completes the proof.

65—1
5. BLOW UP RESULT
In this section we prove the blow up result by setting the following theorem
Theorem 3. Let (u’(x),v%(x)) € HE(Q) x H}(Q), ul(x),v!(x) € L2(Q) x L2().
Assume that (A1) — (As2) holds and E(0) < 0, where E(0) is the initial energy given
by

2
Then any solution (u,v) of problem (1) blows up at a finite time T. The lifespan
T is estimated by

BO) = VU + 5IVo0)13 - | Fu(0).0(0)ds

—«

0<T <Ce'"TL(0)T=.
Proof. As in [6] we set G(t) = [, F(u,v)dz,

H(t) = —E(), (83)
where E(t) is defined by (10). From (83) and the energy identity, it is easy to
see that taking derivative of (83)

H'(t) = —E'(t) = [ue ()13 + o (D)3 > 0, (84)
which implies H(¢) is increasing on [0,T]. Noting the assumption E(0) < 0 and
(A1) , then we have H(t) is increasing over [0,7]. Noting that E(0) < 0, then we
have H(0) > 0 and

0 < H(0) < H(t) < G(1) < (JuIZH + () 211)
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From (A1), we also see that

G(t) = co (i + lu)211)

we define also
L) = (1 — @) H=0(t) + e/ lu(t)|2dz + e/ w(t)|2da. (85)
Q Q
Taking the derivative of (85)

L'(t)=(1—-a)H “(t)H'(t) + 2e/

uguds + 26/ vivdz. (86)
Q

Q
Using (83) — (84) we obtain

L'(t) = (1= a) H=*(O)H'(t) = 2¢[| Vu(t) |3 — 2¢|VoB)[I3 + e(p + DG (1).  (87)
Now the definition of H(t) in (83) implies
— (26| Vu(t) |3 + 2€lIVo)II3) = 2H(1) — 2G(1). (38)
Therefore (87), (88) yields
L'(t)=(1—-a)H “(t)H'(t) + 2¢H(t) — 2¢G(t) + e(p + 1)G(t) L' (t)
>(1—a)H () H' (t) + 2¢H(t) + e(p — 1)G(t).
Since 0 < < 3 0<e<1it follows from (89)
L'(t) > 2eH(t) + e(p — 1)G(t) > eC(H(t) + G(t)), (90)

for t € [0,7T) and where C' > 0 is a constant . In particular (85) shows that L(t) is
increasing on [0,7) with

L(t) = H{t)'* 4 eN(t) > H(0)' ™ + eN(0), (91)
with
N(t) = e || u®)ll3 + elv®)]3 + el Vu@®)3 + el Vo@)lI5. (92)
If N(0) > 0, then no further condition on € is needed. However, if N(0) < 0, then
we further adjust e so that 0 < e < —%. In any case, one has
L(t) > %H(O)H‘ >0 fortel0,T), (93)

finally, we prove that
L'(t) > 7CL(t) ™% for t € [0,T). (94)

Where

and C' > 0 is a positive constant. It is important to note that the definition of
« implies that 1 < ﬁ < 2.

We consider two cases

case 1: N(t) <0 for some t € [0,7) and 7 =1 then

L(t)™= = N(t)™= < H(t), (95)
in this case (94), (95) yields
L'(t) > CeH(t) > CeTTH(t) > CeMtTL(t) 7w, (96)
Hence (96) holds for all ¢ € [0,T) for which N(t) <0
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case 2: N(t) < 0 (96) is still valid, but with some more work. First we note
that

L(t)T= <27 H(t) + eN(t)T=]. (97)
We estimate N (t)ﬁ as follows and noting that 1 < - < 2, recalling that
0 < H(0) < H(t) < G(t) and using Sobolev’s embedding we have

N ™= = 2% [Ju@®)]3 + [lv@)3 + IVu(®) |3 + [Vo@) 3],

< I + o OIET + [Tu@IFT + Vo).

Then we have from Lemma 1 that yields the following estimations
w5 < CTwIVu@OIFT < C}I(g(” <CTEGWET,  (99)
lo@l5™ < C== Vo) |7 < CH(g“) oG, (100)
Vo) < Cmg(” <CTRGHE, (101)
IVu(®llf = < CH(g(“ < CTEG(H)e ! (102)

Combining (99), (102), we have
N(H)T™= < Ce T (H(t) + G(t)). (103)
Using (96), finally we get
L'(t) > Cet T (L(1) =, (104)

for all values of ¢t € [0, T) for which N(t) > 0 Hence, (95) is valid , simple integration
of (96) over [0,T) we get
T < Ce ' TL(0)Ta, (105)
where «, is a constant defined above
therefore L(t) blows up in finite time T, with 0 < 7' < Ce~'~7L(0)™« which
completes the proof.
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