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BLOW UP FOR A COMPLETELY COUPLED FUJITA
TYPE REACTION-DIFFUSION SYSTEM

BY

NOUREDDINE IGBIDA and MOKHTAR KIRANE (Amiens)

Abstract. This paper provides blow up results of Fujita type for a reaction-diffusion
system of 3 equations in the form u; — A(aji1u) = h(t, 2)|v|?, vi — A(az1u) — A(agav) =
k(t,z)|w]9, wi — A(aziu) — Aazzv) — Alazzw) = (¢, z)|u|", for 2 € RN, ¢ >0, p > 0,
g >0,r>0,a; = a;(t z,u,v), under initial conditions u(0,z) = wuo(z),v(0,z) =
vo(z),w(0,2) = wp(z) for z € RY, where ug,vo,wo are nonnegative, continuous and
bounded functions. Subject to conditions on dependence on the parameters p, g, 7, N and
the growth of the functions h, k, | at infinity, we prove finite blow up time for every solution
of the above system, generalizing results of H. Fujita for the scalar Cauchy problem, of
M. Escobedo and M. A. Herrero, of Fila, Levine and Uda, and of J. Renctawowicz for
systems.

1. Introduction. The aim of this paper is to establish new results on
blowing up solutions to systems of parabolic equations of Fujita type. We are
mainly interested in critical exponents. Since the pioneering articles of Fujita
[6], [7], critical exponents have attracted the attention of a sizable number
of researchers. For valuable surveys of Fujita type theorems for equations
as well as for systems of reaction-diffusion equations we refer to Levine
[10], Samarskii-Galaktionov—Kurdyumov-Mikhailov [16], Bandle-Brunner
[1] and Deng-Levine [3]. In [4], Escobedo and Herrero considered the system

u = 0Au—+uP, v=Av+v?, t>0, zeRY,
(EH) uw(0,7) =ug >0, v(0,2)=v9 >0, =xcRY,

Up, Vg € LOO(RN),
with 6 = 1, p,q > 0, and derived global existence and blow up results for
(EH). They showed that all positive solutions of (EH) blow up in finite time
for
N _ max(p,q) +1

- opg—1

while positive global solutions exist for N/2 > (max(p,q)+1)/(pg—1). They
used the same technique as Fujita. Let us mention that they strongly use
the fact that the two parabolic equations in (EH) have the same diffusion
operators. Then in [5], Fila, Levine and Uda extended the results to the

1 <pg and

i
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case where 0 < ¢ < 1. They use the same technique as in [4] and a prop-
erty satisfied by the heat kernel. In a recent paper, Guedda and Kirane [8]
considered, with respect to the nonexistence of global solutions, the more
general system

(GK) { up = —a(=2)*?u+ k(t, x)o?,

vy = —b(—=A)82y + h(t, z)ul,

for any a,b,a, 8 > 0; for 0 < «, 8 < 2, the operators (—A)C“/2 and (—A)B/2
stand for diffusion in media with impurities. We define (—A)®/2 by the
formula ((—A)*?v)(x) = F~1(|€]*0(€)) () where ~ = F denotes the Fourier
transform and F~! its inverse.

The conditions on h, k required are

0 < k(R*t, Ry) ~ CRM,
0 < h(R?t, Ry) ~ CRM,

for some Ay, A\, € R, R > 1 and (¢,y) in a bounded domain in @ := RT xRV,
Observe that the diffusive operators in (GK) are different and that the
reaction terms are nonautonomous. One can take for example k(t,z) =
t7 x| and h(t, x) = t72|x|92.

Let us note in passing that Kusano and Oharu [9] and Oharu [13] gave
sufficient conditions for the existence of solutions to the Cauchy problem for
the weakly coupled system

up = Au + f(flf,u,?)),
vy = Av + g(x, u,v).

In [14], Renclawowicz studied the completely coupled Fujita-type system

up = Au + v, (t,SC) € Qa
(R) v = Av + w, (t,IE) €Q,
wy = Aw+u”", (t,z) € Q,

with p,q,7 > 0, N > 1 and nonnegative bounded continuous initial values.
She proved that, if pgr < 1, then any solution is global, while when pgr > 1
and N/2 < max(«, (3,7) where

1+p+pg 1+qg+rq 1+r+4+7rp
o= =———, Y=———"-
pgr — 1 pgr — 1 pgr — 1
then every nontrivial solution exhibits a finite blow up time. She also uses
Fujita’s method; that is why in (R), the equations have the same diffu-

sion coefficient. In [15], she extended her study to a diagonal system of N
equations.
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Here, we present global nonexistence results for the triangular system
ug — A(ajiu) = h(t,z)|vP in Q,

vy — A(ag1u) — A(agv) = k(t, z)|w|? in Q,

wy — Alagiu) — Aagev) — A(assw) = I(t,z)|u|” in Q,

up >0, v9=>0, wo=>0,

where 0 < p,q,r are real, a;;(t,z,u,v) are measurable, positive bounded

functions, and the nontrivial nonnegative functions h, k£ and [ are assumed
to satisfy

(IK)

0 < h(R?1, Ry) ~ CR*,
(1.1) 0 < k(R?7, Ry) ~ CR",
0 < I(R?r, Ry) ~ CR},

for p,k,\ € R, R < 1, and (7,y) belonging to a bounded set in Q.

Observe that nonnegative initial data for (IK) do not necessarily lead to
nonnegative solutions.

It is absolutely clear that our system (IK) is not only much more general
than those cited above with respect to the reaction terms but also concerning
the diffusion terms. Let us point out that the method of Fujita is here
inoperative. We deal with nonlinear operators which generate propagators
rather than semigroups and for which we have no comparison result.

Our method of proof is that introduced by Mitidieri, Pokhozhaev and
Tesei in [11] and [12]; very close ideas were developed previously by Baras
and Pierre [2]. Before setting our theorem concerning (IK), let us define the
solutions we use.

DEFINITION 1. The 3-tuple (u,v,w) such that u € C([0,T]; Li .(RN)) N
C0,T]; Ly (0,7) x BN, dtda)) v € C(0,77; L, () 0 L5, ((0,7) »
RN hdtdzr)) and w € C([0,T]; LL (RV))NLL ((0,T) xRN, k dtdx)) is called

loc
a solution to system (IK) if

— | u0(0) = §(u& — anuae) = | hjole,
RN Q Q
(1.2) — | 20€(0) = [ (v& — (az1u + azv) AE) = | KJwl|%¢,
RN Q Q
— S wp& (0 S (w& — (az1u + az2v + azzw)AE) = S lu|"¢,
RN Q Q

for any nonnegative test function ¢ € CZ(RT x RY) with &(T,x) = 0. If
T = oo, we say that (u,v,w) is a global weak solution.

Here, we also require that the nonnegative initial data (ug(x), vo(x), wo(z))
is such that a local solution exists.
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NoTATION. We let LI ((0,T) x RN ldtdx)) be the set of all functions
u: (0,T) x RN — R such that {, |u["ldtdz < oo for any compact K C

(0,T) x RV,
Our result is

THEOREM 1. Let (u,v,z) be a solution of (IK) such that ug, v, wo > 0.
Let pgr > 1 and

r(p+2+pk+2)+A+2 plrk+2)+ (A+2)]

i Y

(13) N< min{

pqr — 1 pqr —p
A+2 qr(p+2)+ (A+2)]
r—1 par —q '

Then every nontrivial solution of (IK) blows up in finite time.

Proof. The proof is by contradiction. Let (u,v,w) be a global solution
of (IK) with ug, vg, wo > 0, pgr > 1, and suppose (1.3) is satisfied. Let £ be
a nonnegative test function such that

Fleh) 7/l < 00, § (Rl 7]l < oo,

)
Q Q
(H) J(k[ED™T&|T < 00, §(EDTTTALT < o0,
Q Q
J(nl) 7P| AP < oo, S

\ Q
As ug, vg, wp > 0, using (1.2) we have, for £>0,

(k|€)) =77 Ag)7 < oo

(14)  §hoPe < §lul- 1] + llanll § ul - |A¢],
Q Q Q
(1.5)  §klwl%e < § ol - €] + laz oo § lul - |AE] + llazallc | 0] - 1AE],
Q Q Q Q
(1.6) e < § fwllé] + llasilloo | [ul - [AE] + asz]loo | [o] - |AE]
Q Q Q Q
tllasslloo § w] - 1A¢],

Q
where ||a21||oo 1= maxy 5 |az1|, etc. Writing

|V lul - L&l = { lal@ED™ (1ED 17 14|
Q Q
and using the Holder inequality, we obtain

(1.7) | lul -l < (S \u\’"l\{])l/r( S(llf\)_wr\ﬁt@lﬁ,
Q Q @
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where 1/7+ 1/r = 1. Similarly

/r NV

a8 Vhl-1ag< (§arue) " (Jaehagr)
Q Q Q

Next, we set

= (§aeriar) " + o Joe7raer)

Q

CR ey

=AY +cA?

)

and

Xi= (| |u|Tl£>1/r and Y= ( | |U|Phg)1/p
Q Q
here C' denotes a constant that may change in different occurrences. Then
using (1.6) and (1.7) in (1.3), we obtain

(1.9) WP < XA,

We also have

frluwite < ([ anpe) A+ 0§ rg) a2,

é
tfre) " Ag+ 0§ ) 7 A®
Q

C<§2 \v]ph§>1/pA

Q= Le—"—

Jtlupe < (
Q

If we set

2= huiowe) ",

then we can write ’

(1.10) Zq<y,4ph+0x,4”7

(1.11) X" <ZAqk+CXA + OV A

So,

(1.12) 20 < CYP AL, + OXP(AD))P,

(1.13) X< Czqug?k + Cqu(Afl))pq + Cyquif’h-
Inserting (1.12) in (1.13), we get

(1.14) XM=y p““i,h““é’i + CXp(v‘lq(n,Ql))pAZ?k

+ OXPIAD)PT 4 CYPaAns,.
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Using now (1.9) in (1.14), we obtain
XPU < OX Ay AP, AP+ OXP(AD) P AP
2
+OXPUAL) P XA AL,

which we write as

(1.15) XPr—l < g 4 pXP7 4 eXxPIT 4 gx 7!
with
0= CA AL, AP b= CAY (AD)P,
c=C(AR)w, d=CAP AL
Now, by using the e-Young inequality, we obtain
(1.16) bXP~L < exPar—t 4 CLp®
where o := (pgr —1)/(p— 1) and 1/a + 1/« = 1; similarly
(1.17) cXPl < exPr1 4 0P
where 5 = (pgr — 1)/(pg — 1) and 1/5—1— 1/8=1; and
(1.18) dXT L <exrr—l L C.d

where v = (pgr —1)/(¢ — 1), 1/ + 1/ = 1. C¢ has a different meaning in
(1.16), (1.17) and (1.18). Taking e small enough and using (1.16)—(1.18) in
(1.15), we obtain

(1.19) (1—3e) X771 < g+ C.(b% + P + ).
Next, we consider ¢ € C%(R; R") such that
1 forr <1,
o(r) = {0 for r > 2,
and 0 < ¢ <1 for any r > 0. If we set

2 2
R e e

and take A large enough, we ensure the validity of the requirement (H) at
the beginning of the proof.
At this stage, we introduce the scaled variables

r=tR? y=zR "

We have the estimates
App < C RI-w+2)+Np-1)]/p,

Aﬁ,h < CR—(PH‘Q)‘HV(P—U’

Alq?qk < CRP[—(k+2)+N(q—1)]’
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(qu?l))p < R(JD/T)[1\7(1”—1)—(>\+2)}7 Al < R(@/MINr=1)—(A+2)]
So
a<CR*, b<CR% c¢<CR’, d<CR*,

where

SaZN(pq—p)—p(k+2)—(u+2)+N(p_1)+—(A+2)+N(r_1)?

,
s = —p(k +2) + Nplg = 1)+ Z[N(r = 1) = (A +2)]
rse = pql—(A+2) + N(r — 1)],
q
sa=—a(u+2) +aNp -1+ LN -1) - (A +2))
Now, we require
SCLSO) Sb§07 SCSO’ Sdgov
which are, respectively, equivalent to
N Tt 2 4kt HA+2
- pgr — 1
N < p[r(k+2)+)\+2]’
par —p
< /\—1—2’
—r—1
< qlr(p+2)+ X +2]
- pgr —q ’
in other words,
N < min r[u+2+p(k+2)]+)\+27r(k:+2)+()\+2)7
pqr — 1 qr — 1
A+2 r(p+2)+(N+2)
r—1’° pr—1 '

We have two cases:

e Either s, < 0, s; <0, s. < 0, and sg < 0. In this case, we let R — oo
in (1.19) to obtain

lim XPI 1 =0,
R—o0

hence u = 0; this in turn implies v = 0 via (1.9); and finally w = 0 from
(1.10)—a contradiction.

e Or s, < Oor sy < 0ors. <O0orsg<O0,ie. at least one of the
exponents is zero. In this case, we get

lim XP7 ! < O < o0.

R—o0
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So

li "E=0

A | Julrie

R
where Q2 := {(t,z) : R?* <t + |z|?> < 2R?}. Now we write (1.9) in the form
Jlopng < (§ Julig) A,
2r

and let R — oo. The right-hand side goes to zero while the left-hand side is

assumed to be positive—a contradiction.

REMARK 1. When the system (IK) is diagonal (a2; = ag1 = azz = 0),
the inequalities (1.9)—(1.11) become

W< AGX, Z29<ApnY, X' <A Z,
which combined leads to
Xpar=1 < AT,ZA§7hAZ7qk,
PPl < A AL
zrer—1 < AL AT Ay k-
Now, if we use the scaled variables, we obtain
XPU—l < Rse ypar—l < psy gZpar-l < pss

where
—(A+2)+N(r—-1
S = ( ) (r )—H\i(p—l)

—(p+2)—p(k+2)+ Np(g—1),
Sy=[-A+2)+N(r—-1)]¢g—(k+2)+N(g—1)

+N(p—1)—(u+2)’

p
s;=—r(p+2)+rNp—1)—(A+2)+N(r—1)
N(g—1)—(k+2
L Ng=1) = (k+2)
q
The choice of s, < 0,s, <0 and s, <0 leads to

A2+ rp+2+p(k+2)]

N < ,
- pgr — 1

N PO et (ke bute
- pgr — 1

q[r(,u,—|—2)+)\—|—2)]+k+2.

N <
- pqr — 1
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Now, if we take the case studied by Renclawowicz: A = k = u = 0, we

obtain the same result as she did:

(1]

[10]
[11]
[12]
[13]

[14]

N 1 .
— < ——min{pg+p+1L,rp+r+1,qr+q+1}.
2 pgr — 1

REMARK 2. Our results can be generalized to the more general system

up + |2 (=2A)*/2(a11u) = h(t, z)[v[? in Q,
ve + [ {(= )2 (az1u) + (= 2)*%/* (ago0)} =k(t, 2)|w]? in Q,
we + [|1{(=A)*4/2(az1u)

+ (=A)2/2(aga0) + (= A)*/(aggw) } =1(t, ) ul" in @,
ug>0, v9>0, wy>0.
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