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ABSTRACT

In this paper we consider a multi-dimensional nonlinear initial-boundary value problem
related to the Boussinesq equation and prove a global nonexistence result. This work
improves an earlier one by Gmira and Guedda [1].
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A GLOBAL NONEXISTENCE RESULT FOR THE NONLINEARLY DAMPED
MULTI-DIMENSIONAL BOUSSINESQ EQUATION

1. INTRODUCTION

The Boussinesq equation
Upt + QUgzr — Ugpy = (uz)m, zeR, t>0 (1.1)

where a, 3 > 0, was first derived by Boussinesq [2] in 1872 and since then very many mathematicians have
studied it and used it to model real world problems such as the propagation of long waves on shallow water and
oscillations of nonlinear elastic beams. Varlamov [3] considered the damped equation of the form

Ugp — 20Uz + CVUgrze — Uge = B (UQ)ML,a T E (0777)’ t>0, (12)
for small initial data and constructed, for the case o > b2, the solution in the form of a Fourier series. He
also showed that, on [0,7),T < oo, the solution of (1.1) is obtained by letting b go to zero. In 2001, Varlamov
[4] improved his earlier result by considering the three-dimensional version of (1.2) in the unit ball and used
the eigenfunctions of the Laplace operator to construct solutions. He examined the problem, for homogeneous
boundary conditions and small initial data, and obtained global mild solutions in appropriate Sobolev spaces. He
also addressed the issue of the uniqueness and the long-time behavior of the solution. Lai and Wu [5] considered
the following more generalized equation

Uty — QUttgg — 20Upe + Clppae — Uy = —P2U + 5 (u2)xx , T € R, t>0, (13)
where a,b,c > 0, p # 0, and ( is a real number. They used the Fourier transform and the perturbation theory
to establish the well-posedness of global solutions to small initial data for the Cauchy problem. The same
techniques have been applied by Lai et al. [6] to establish a global existence and an exponential decay results
for an initial-boundary value problem related to (1.3).

For the nonexistence, we mention the result of Levine and Sleeman [7], in which the authors considered an
initial boundary value problem related to the eqaution

Ut = BUggas + Usg — 12 (u?) (1.4)

T

and showed that, under appropriate conditions for the initial data, no positive weak or classical solution can
exist for all time. Recently Bayrack and Can [8] studied the behavior of a one-dimensional riser vibrating due
to effects of waves and current involving linear dissipation. Precisely, they looked into the following problem

Uyt + oy + 2BUgzr — 2 [(ax + b) uy], + g (ui

)wa:x
—[(az +b)ud] — B (u2u.), = f(u), (z,t) € (0,1) x (0,T)

(1.5)
u(z,0) =ug (), ue (2,0) =uy (z), z €(0,1)

w(0,t) =u(1,8) =0, ugy (0,8) = ugy (1,¢) =0, t € (0,T).
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and proved that, under suitable conditions on f and the initial data, all solutions of (1.5) blow up in finite time
in the L? space. To establish their result, the authors used the standard concavity method due to [9]. Gmira and
Guedda [1] extended the result of [8] to the multi-dimensional version of the problem (1.5). So, they considered

ug + p () ug + BO*u — div (g (x) Vu) + TA (\Vu|2 Au) 16)

—div (h () |VulP~? Vu) —TI'div <(Au)2 Vu) = f(u)
and established a nonexistence result, under suitable conditions on ug, u1, f, by using the “modified” concavity
method introduced in [10]. The use of the latter method by Gmira and Guedda allowed them to remove the

condition of cooperative initial data ( fQ ugurde > 0) imposed by Bayrack and Can [8]. However, some conditions
can be further weakened.

In this paper we are concerned with the following nonlinearly damped problem
wy + p () [ug|™ 2wy + BA2u — div (g (z) Vu) + TA (\Vu|2 Au)
—div (h (z) |[Vul"~? Vu) — I'div ((Au)2 Vu) =Py, zeQ, t>0

u(z,0) =ug (x), u(x,0)=us(x), ze€9,

u(z,t) = g—Z(a:,t):O, red, t>0,

where Q C R™, n > 1, is a bounded domain with sufficiently smooth boundary, n is the unit outer normal
on 0L, p > 0, is a smooth bounded function given on €, g, h € C! (ﬁ, R*) , p, I, m>1 and § and I" are
nonnegative constants. In addition to allowing the damping to be nonlinear, we establish a blow up result under
weaker conditions, than those required in [1], on the initial data as well as the constants p, I, and m. To achieve
our goal we exploit the method of Georgiev and Todorova [11] (see also [12]). This work is divided into three
sections. In Section two we state and demonstrate our main result. In Section three, the linear damping (m = 2)
case is treated.

2. MAIN RESULT

In order to state and prove our result, we introduce the energy functional

E(t) = %/ﬂufdw—k%/ﬁ(&u)zdm—k%/QgWu\zd:v (2.1)

+E/ (Au)2|Vu|2dx+1/ h\Vu\p—}/ lu|" dz.
2 Jo pPJa I Ja

Theorem 1. Assume that m, p > 1, and | > max {4, m,p}. Assume further that
E(0) <O0. (2.2)
Then any classical solution of (1.7) blows up in finite time.
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Remark 2.1. In [1], the authors require that [ > 2(4 + ) > p,v > 0, which is obviously stronger than our
requirements on both I and p. (See (2.4) of [1]). Moreover in [1], I may depend on ||p||s since v does (See (2.6)
of [1] again).

Remark 2.2. The result can be established for weak solution by means of density.

Proof. A multiplication of Equation (1.7) by u; and integration over € yields

E () = —/Qp(x) g™ dz < 0. (2.3)

By setting H (t) = —FE (t), we get from (2.1) and (2.2),

1
O<H(O)§H(t)§7/\u|ldx, Vi 0. (2.4)
Q
We then define
L(t)y=H"7(t) —|—5/ uurdz (2.5)
Q

for € small to be chosen later and

l-m -2
<min|-——, — | . 2.
O<U_rmn<l(m_1)7 57 ) (2.6)

By taking a derivative of (2.5) we obtain
L'(t)=0—-0)H " (t)H (t)+ 5/ uldr + 5/ utgda. (2.7)
Q Q
By using (1.7), Equation (2.7) becomes

L) = (-0 H () H (t)+£/ﬂ 2da (2.8)

—ﬁe/ (Au)? dx—e/ plue] ™ upuda
Q

Q

- 5/ g|Vul? dx — 2F€/ Vul® (Au)? de
Q Q

—5/ h\Vu|pdx+e/ ul' da.
Q )

We then exploit Young’s inequality to get

_ A™ -1
/p|ut\m Yude < —/ |u|mdm+m7)\*m/(m*1)/ ’pl/(mfl)ut dx
Q m Ja m Q

’m
)\m m _1 — —

S—/ |l ' dz + b= \~m/(m 1)/p\ut\mdx.
m Jo m Q

where b = ||pHi</>(m71) . This yields, by substitution in (2.8),
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L'(t)>1—-0)H @) H (t)+ 5/ ulda
Q

—Bs/ (Au)? dx—e/\—/ lu|™ dx
Q m Jo

—1
— b )\_m/(m_l)/p\ut|md1‘
m Q

- 5/ g |Vul? dx — QFE/ \Vul® (Au)? dx
Q Q

—5/ h|Vu\pdx+5/ ul' da.
0 Q

Therefore, choosing A so that
Afm/(mfl) — MH™° (t) ,

for large M to be specified later, and substituting in (2.9), we arrive at

L) >0 —0)H (&) H (t) + E/Qufdx

M —(m—1)
m

fﬂs/ﬂ(Au)Q dr — ¢ Hom=1) (t)/Q|u|mdx

-1
fsbm

MH™° (t)H (t) — 5/ g|Vul? dx
Q

—2Fs/ IVul® (Au)® dxfe/ h|Vu|pdx+s/ lu|' da.
Q Q Q

That is

’

L (t)>[(1—0)—5bm_1

M} H°(t)H (t)+s/ﬂufdx

M—(m—1)
m

— 2 dr — o(m—1) m
ﬂs/ﬂ(Au) de —¢ H (t)/ﬂ|u| dz

- 6/ g|Vul? dz — 2F6/ Vu)? (Au)? d
Q Q

—s/ h|Vu\pdx+5/ ul' da.
Q Q

(2.9)

(2.10)
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We then use the embedding L! () — L™ () to get

m/l
/ lu|™ dx < C (/ |u|ldx> ,
Q Q

where C' is a positive constant depending on € only. So we have, from (2.4),
C . o(m—1)+(m/l)
H(m=1) (t)/ lu|" do < — </ |l dx) .
Q ! Q
By using (2.6) and the inequality
1
X <z4+1< (1+> (z+a), V2>0,0<v<1,a>0,
a

we have the following

. o(m—1)+(m/l) .
</ [l dx) <d</ ul dx+H(0)>
Q Q

gd(/ |ulda:+H(t)>, Vit>0,
Q

where d =1+ 1/H (0) . Inserting the estimate (2.12) into (2.10) we get

m—1

L'(t)z[(l—a)—sb —

M} H°{t)H (t)+a/ﬂu§dx

M—(m=1)
- BE/Q (Au)? da — ECdT (/Q lu|' d + H(t))

- 5/ g|Vul® dz — QFE/ \Vul® (Au)? dx
Q Q

—5/ h|Vu\pdx+5/ lul' da.
Q )

By using (2.1) and H (t) = —E (t), we can write, for some positive constant K,
—o ! K 2
M|H°(t)H (t)+ 5 te uide
Q
K 5 Mf(mfl)
2 A K—eCd>—— "\ H
+5<2 e)/ﬂ( ) dx+< cCa )

K M~ (m=1) . K 9
+le———-—eCd——— lu de+ | — —¢ g|Vul| dx
+T (K - 25) / IVul® (Au)? dz + <K - s> / h|Vul? dz.

2 Q p )

m—1

’

L (t)z[(la)sb
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At this point we choose K = re, for r = max{p, 4}; hence (2.13) becomes

L')> [(1 P i 11\4 H=" () H () +¢ (g + 1) /Qufdx
+ Be (;—1)/9(Au)2dx+6<r—0d]w_li:_1)>H(t)

r M_m_l) 1 r 2
+€<1—Z—Cdlm)/ﬂ|u| dﬂc+5(§—l>/ﬂg|Vu| dz

+Te (g - 2) / Vul? (Aw)® dz + ¢ <; - 1) / h|Vul? de
Q Q

m= IM} H()H (t)+¢ (% + 1) /Qufdx

Z[(I—U)—ab

M—(m—1) M —(m=1)
+e (r—Cd) H(t)+¢ (1— z —Cd)/ lu|' da.
Q

lm l im

We then choose M large enough so that

M—(m—1) M—(m—1)
ap=r—Cd—— >0, a2:1—§—0d7>0.

lm

Therefore (2.14) yields

L'(t) > ((1 — o) —eb = 1M> H= (t) H' (t)

m

+ e [H (t) +/ ufder/ |u|ldx} )
Q Q

where
T
~v = max{ay, ag, 3 +1}.

Once M is fixed (hence 7), we choose ¢ sufficiently small that

m—1

(1—0)—cb M>0

and

L(0)=H"7(0)+ 5/ uouidz > 0.
Q

(2.14)

(2.15)
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Therefore we have, from (2.15),

L'(t) > e [H (t)+/ ufdx+/ u|ldx}7
Q Q
and
L(t)>L(0)>0, Vt>0.

Next, it is clear that

L™ (1) < 27 {H(t) 4eths </ﬂutudaj>}

By the Cauchy—Schwarz inequality and the embedding of the L? (Q) spaces we have

1/2 1/2
/utudx < (/ u2dm> (/ ufdx)
Q Q Q
1/1 1/2
<C </ |u|ldx) </ ufdx) ,
Q Q

which implies

= L\ T pee)
/ upude <C (/ [ul dx) (/ ufdx) .
Q Q Q

Also Young’s inequality gives
u

z oy L, \To
/utudx /|u\ dx + /utd:t
Q Q Q

for 1/pu+1/6 = 1. We take § = 2 (1 — o), (hence p = 22=90) o get

(1-20)
/ uudx
Q

Ty
(/ |ulda:> —|—/ut2dx].
Q Q

Again by using (2.6) and (2.11) we deduce, as in (2.12),

</Q|u|ldx>(l_2%)l <d</ﬂ|uldx+H(t)>.

1—

1
<C

1
l1—0o
<C

Therefore,

-
SO[H(t)+/|u|lda:+/u§dx],Vtzo;
Q Q

/ ugudx
Q
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consequently

LT (t) < Cy [H(t)—i—/ﬂ|uldm+/9ufd4

where C is positive constant. A combination of (2.16) and (2.17) , thus, yields

’ 1

L (t) > &L77 (t), YVt >0,
where & = ~v¢/C. Integration of (2.18) over (0,t) gives

. 1
LT% () >

a Lliig (0) - (15_00)t

hence L (t) blow up in a time

e 179
Eo L7 (0)

This completes the proof.

3. THE LINEAR DAMPING CASE

The next result improves the one given in Remark 3.3 of [1]. In fact we will show that the blow up for solutions

(2.17)

(2.18)

(2.19)

of (1.7), when the damping is linear (m = 2), takes places if [, uourdz > —3 [, puddz instead of [, uguydz > 0.

Theorem 2. Assume that p > 1 and | > max {4,p}. Assume further that

1
E(0) <0, / uourder > —f/ puid.
Q 2 Jo

Then the solution of (1.7), for m = 2, blows up in finite time.

Proof. Let

L(t)z/utudx—kl/p(z)qux.
Q 2 Ja

By taking a derivative of (3.2) and using (1.7) we obtain

L' (t) = /Qufdxfﬁ/ﬂ (Au)? dz

f/g\Vu\Zd:vaF/ \Vul® (Au)? dz
Q Q

7/h|Vu|pd:E+/ u| da.
Q Q

(3.2)

(3.3)
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For some positive constant K, (3.3) takes the form

L' (t) = ([2( + 1) /Qufdx +4 (IQ( — 1) /Q (Au)® da + K H ()
+ (IZ( _ 1> /Qg|Vu|2dx+I‘ <I2( _ 2) /Q Vul? (Aw)? do
+ (Ip( - 1) /Qh|Vu|pdx 4 (1 - f) /Q ' de. (34)

We choose K so that I > K > max {4, p}, then we have from (3.4),
tH>11-= (Au)*de+ [ uide + [ |u| de+ H(t)|. (3.5)
! Q Q Q
Therefore

L<t>2L<o>:/

1
uould:v+f/pu%dz>07 Vi>D0.
Q 2 Jo

Next, it is clear that

LTz () <C { (/Q umdx) " + </Q pu2dz> ”} . (3.6)

By the Cauchy—Schwarz inequality we have

1/2 1/2
/utudx < (/ u2dsc) (/ u?dw)
Q Q Q

which implies

With the help of Young’s inequality, we get

/utudx </ | dz) + (/ u?dz) ,
Q Q Q

for 1/ +1/6 = 1. Choosing 6 = 22 (hence 1 = 22), we obtain

2
/ upudx
Q

21
1+2

<C

21
T+2

SC[ \u|ldar—|—/ ufdw} . (3.7)
Q Q
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Similarly we also have

/qu2dx§ (/Q (pu)de)1/2 </Qu2dw>1/2,

which gives

21 2 1

(/Qmﬂd;p> e gc(/Q (Pu)ld:c>l 2 (/S)“%) rH
()" ()]

With the same choice of 6§ and p as in above and the use of the boundary conditions, we easily deduce

21
E=]
(/ pu2d;v> <C [/ \pu|ld$+/ u2dx]
Q Q Q
<ciolle [ 1o [ i)
Q Q

§C’1[ |uldx+/u2dx}
Q Q

<C

< [/Q |u\ld$+/ﬂ(Au)2 dm} . (3.9)
Combining (3.7) and (3.8), we have
LTz (1) < C UQ (Au)stc-i-/Qufd:E—i—/Qu|ld4 (3.9)
chQ(Au)Qdm/Qufdw/ﬂu|ldx+H(t)].

A combination of (3.5) and (3.9) leads to

L (1-5) s, (3.10)
C l
A simple integration of (3.10) yields
1
1+2)/(1-2)
L (t) = L-0D/0-2(0) —at ' (3.11)
where a = (1/C)[21/(l — 2)][1 — (K/1)]. Therefore (3.11) shows that L blows up in finite time. O
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Remark 3.1. The above result remains valid if |u

|'=2u if replaced by f(u) provided that

wf(u) = KF(u) > dlul, 650  Flu)= /Ou F(s)ds.

Again this is a weaker requirement than (2.4) of [1].

Remark 3.2. We do not require that u; # 0 as in Theorem 2.1 of [1].
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