Available online at www.isr-publications.com/jnsa
J. Nonlinear Sci. Appl., 11 (2018), 1363-1373

Research Article

ISSN : 2008-1898

Scienceg,
af
o S,

/1/0/)

Journa/

of,

Journal of Nonlinear Sciences and Applications

Q
€)
Suopeond®

PuEicanoss
Journal Homepage: www.isr-publications.com/jnsa

Global existence and blow-up behavior for a degenerate and
singular parabolic equation with nonlocal boundary condi-
tion

M) Check for updates

Dengming Liu

School of Mathematics and Computational Science, Hunan University of Science and Technology, Xiangtan 411201, People’s Republic
of China.

Communicated by R. Saadati

Abstract

The aim of this article is to investigate the global existence and blow-up behavior of the nonnegative solution to a degenerate
and singular parabolic equation with nonlocal boundary condition. The conditions on the existence and non-existence of the
global solution are given. Furthermore, under some appropriate hypotheses, the precise blow-up rate estimate and the uniform
blow-up profile of the blow-up solutions are discussed.
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1. Introduction

We are interested in the blow-up behavior of the following degenerate and singular parabolic equation
subject to weighted nonlocal boundary condition

ue = (x ux) + kuP f(l) uddx, (x,t) € (0,1) x (0, +o00)

u(0,t) = fo (x)u(x,t)dx, te(0,+00), (11)
u(lt) = fo g(x)u (x t)dx, t e (0,4+00),

u(x,0) =up(x) > x e [0,1],

where 0 < « < 1, p > 0, q and « are positive parameters, f (x) and g(x) are nonnegative continuous
on [0,1] and not identically zero, ug (x) € C>*X (0,1) N C[0,1] with x € (0,1), and satisfies the boundary
compatibility conditions.
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The equation in (1.1) arose in the study of the conduction of heat related to the geometric shape of
the body (see [2]). It is worthy to illustrate that the equation in problem (1.1) is degenerate and singular
because the coefficients of 1y« and uy will become zero and infinite as x — 0, respectively.

There have been a substantial body of articles which considered the blow-up behavior of the solutions
to different kinds of parabolic problems (see [1, 4, 5, 8-12, 15, 19-22] and the references therein). Especially,
Chen et al. [3] dealt with problem (1.1) with p = 0 and f (x) = g (x) = 0. Lin and Liu [13] studied problem
(1.1) in higher dimensional space with « = p = 0. Recently, Liu [14] investigated problem (1.1) with
p = 0. Under some suitable assumptions, the authors of [3, 13, 14] obtained the conditions on the
global existence and non-existence of the positive solutions, proved the global blow-up phenomenon and
analysed the asymptotic behavior of the blow-up solutions.

Our main objectives of present article are to obtain the conditions for the occurrence of the blow-up
in finite time or global existence, and to describe the blow-up rate and uniform blow-up profile of the
blow-up solution near the blow-up time. In order to state our results better, we first let

1 1 1 1
N7 = max {Jo f(x)dx,JO g (x)dx} , N> =min {Jo f(x)dx,JO g (x)dx} ,

€0 1—x
_ 1.2
" (l—x), xe€l0,1], (1.2)

where ¢ is a suitable positive constant. One can observe that

and
px) =Ni+

. 5012*"‘(1—“)17“
G = min p(x) =N7 and Gy := max p(x) =N; + .
! xe[o,uu( ) ! 2 xe[O,l]u( ) ! 2—a)p ™

The main results of this article are stated as follows.
Theorem 1.1. Assume that N > 1. If p 4+ q > 1, then the solution of problem (1.1) blows up in finite time.
Theorem 1.2. Assume that N7 < 1.
(i) If p+ q < 1, then the solution of problem (1.1) exists globally.

(ii) If p+q > 1, then the solution of problem (1.1) exists globally for small initial data and blows up in finite
time for large initial data.

(iii) If p +q =1, then the solution of problem (1.1) exists globally for sufficiently small x.

The following two results are about the blow-up rate and uniform blow-up profile. We first need to
add some additional appropriate assumptions on g (x):

(Hi) (x®ugx)y + KUy fé ug dx > 0 for x € (0,1), and
!

!
lim [(x“u()x)x + ku J ug dx] = lim [(X“LLOX)X + Kud J
0

x—0F x—1- 0

ug dx] =0.

(H,) There exists a constant & > &y > 0 such that
1

(x*uox ) + KuopJ ufdx—duf "9 >0, forx € (0,1).
0

(Hs) (x®uox)y <0in (0,1).
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Theorem 1.3. Suppose that p+ q > 1, Ny < 1 and assumptions (Hy)—-(Ha) hold. If the solution u (x, t) of problem
(1.1) blows up in finite time T, then there exist two positive constants My, My such that

My (T—t)_w}rl < m[ax]u (x,t) < M, (T—t)_w}i*l , for0<t<T.
xe[0,1

Theorem 1.4. Suppose that p+q > 1 with 0 < p <1, Ny < 1, and assumptions (Hy)—(Hsz) hold. If the solution
u (x,t) of problem (1.1) blows up in finite time T, then

lim (T —4)7707 u (x, 1) = [kl (p+q-— 1)) et
t—T
This article is organized as follows. In Section 2, we state the maximum principle, comparison theorem,
and existence and uniqueness results on the local solution of problem (1.1) as preliminaries. Section 3
is mainly about the conditions on the existence and non-existence of the global solution. The precise
blow-up rate estimate of the blow-up solution is given in Section 4. Finally, we will establish the uniform
blow-up profile in Section 5.

2. Preliminaries

We start with the definitions of the super-solution and sub-solution of problem (1.1). For convenience,
we put I+ = (0,1) x (0,T) and I = [0, 1 x [0, T).

Definition 2.1. A nonnegative function u (x,t) is called a super-solution of problem (1.1) if uw(x,t) €
C21 (It) N C (Ir) satisfies

Tp > (x*Ty), + kWP [yuddx, (xt) €Iy,

T0,t) > [if(x)T(xt)dx, te(0,T), 2.1)
T(LY) > [jg(x)Tlxt)dx,  te(0,T), '
(x,0) > (x), x € [0,1].

Analogously, u(x,t) € C>! (It) N C (Ir) is called a sub-solution of problem (1.1) if it satisfies all the
reversed inequalities in (2.1). We say that u (x,t) is a solution of problem (1.1) if it is both a sub-solution
and a super-solution of problem (1.1).

Now, by virtue of the analogous approaches as those in [6], we have the following maximum principle,
which leads to the comparison theorem for problem (1.1).

Lemma 2.2 (Maximum principle). Let w (x,t) € C*! (I3)NC (TT) satisfy

wt—(x Wy > 01 (x )W+ 02 (x,t) [303 (x,t) wdx, (xt) € I,

/ 2 J'O 94 (X) (X t)dX te (0/ T) ’
/ 2 J‘O e5 (X) (X t)dX te (0/ T) s
where 0; (x,t), i = 1,---,5, are bounded functions, and 0, (x,t), 03 (x,t) = 0in I, 84 (x), 65(x) > 0 for

€ (0,1). Then w (x,0) > 0in [0, 1] implies that w (x,t) > 0 for (x,t) € It. In additional, if one of thefollowmg
conditions holds

(@) 84 (x) =05(x) =0, for x € (0,1);
(b) 04(x), 05(x) =0, for x € (0,1) and Ny <

then w (x,0) > 0 in [0, 1] implies that w (x,t) > 0 for (x,t) € L.
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Theorem 2.3 (Comparison theorem). Let i (x,t

) and u (x, t) be a nonnegative super-solution and sub-solution
of problem (1.1), respectively. Assume that 1 (x,0) > u (x,

0). Then u (x,t) > u(x,t) holds in It.

In light of regularization method and Schauder’s fixed point theorem, we can get the results on the
existence and uniqueness of the local solution of problem (1.1).

Theorem 2.4 (Local existence and uniqueness). There exists a small positive real number T such that problem
(1.1) admits a nonnegative solution u(x,t) € C (IT) N C%! (I1). Furthermore, assume that the initial datum ug (x)
is strictly positive for the case min{p, q} < 1, then the local solution of problem (1.1) is unique.
3. Global existence and blow-up in finite time

In this section, by using comparison principle and sub- and super-solution methods, we give the

proofs of Theorems 1.1 and 1.2.

1
Proof of Theorem 1.1. Setting v (t) = v(lfpfq —kl(p+q—1)t PR with vy € <O, min ug (x)), then we

x€(0,1]
1
have v(t) -+ cc as t — %- Noticing that N, > 1, we can easily show that v (t) is a blow-up
sub-solution of problem (1.1). The proof of Theorem 1.1 is complete. O
Proof of Theorem 1.2.
) (22—« 8

(i). Taking €9 € (0, w—“l;x> in (1.2), then by N; < 1, we have C, < 1. Thus, we can immediately

1
claim that @q (x) = Aju(x) with A; = max {G 1 m[%f] ug (x), (Kl€61€§+q) 1=p=a } is a stationary super-
xX€
solution of (1.1). Therefore, the solution of (1.1) is global.

1
(ii). Selecting A, = {eo (Kl)*l G;(}Hq)} PP then @2 (x) = App (x) is a global super-solution of problem

(1.1) if ug (x) < [ (k1)1 Cy p+q]} PRt C1. And hence, the solution of problem (1.1) exists globally.

Now, our attention focuses on the blow-up result. For p > 1, the blow-up conclusion holds obviously
by the known results in [14, 15]. For p < 1, we let A1 be the first eigenvalue and ¢ (x) be the corresponding
eigenfunction of the problem!

— (X% =20 0<x <l C(0)=C(1)=0. (3.1)
Let p (t) be the unique solution of the following Cauchy problem

{ P/ (t) = —Aip (t) + pPH9 (1) [5 ¢4 (x)dx, t >0,
p (0) = po,

1
—1] p+ag—1
where pg > {?\1 (fé ¢4 dx) ] . Then it is easy to prove that lir¥ p (t) = co, where
t—>1—

1 1 1
Y | dgx —1 q (p+q-—1) )
! Al(p+q—1){“LCd" “UC ey

Furthermore, if ug (x) > poC(x), then we can show that v (x,t) = p (t) ((x) is a sub-solution of problem
(1.1), and hence, u (x, t) will become infinite in finite time by comparison principle.
(iii). It is not difficult to verify that, for any positive parameter A3, @3 (x) = A3 (x) is a super-solution of

problem (1.1) provided that k < g (€21) . Therefore, the solution of problem (1.1) exists globally. The
proof of Theorem 1.2 is complete. O

Lone can see [3, 16] for more details for A; and ( (x), such as the explicit expressions of them.
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4. Blow-up rate estimate

In this section, following the methods in [7, 17], we give the blow-up rate estimate and the proof of
Theorem 1.3.

Proof of Theorem 1.3. Putting M (t) = m[%ﬁ] u(x,t), then in light of Theorem 4.5 of [7], we can claim that
xell,

M(t) > [kl (p+ q)) FraT (T—t) praT, (4.1)

holds for t € (0, T), which leads to the lower bound of the blow-up rate. In order to obtain the upper
estimate, we introduce the auxiliary function J(x,t) = uy — 6uP*9, where § will be specialized later.
Taking

q(p+q—1) P + q T+quﬁ
€ =lp+2a-1? | — 21 i (4.2)
K(p+2q—1)

and calculating directly, we have

1 1
Ji — (x%Tx), — eru1J? — kquP J ud1ydx — (2616up+q_1 + kpuP ! J uf dx) J
0 0

1
=5 (p+q) (p+q—1)x uPF 972 ] 4 kdquP J uP 241 gx
0

(4.3)
1
+ €102u2(PF =1 _ 5 (p 4 q)uPral J uddx
0
1 1
> kdquP J uPF297 qx 4 822 PFAT 5 (p + q) uP Al J uddx.
0 0
Applying Young’s inequality, we find that
1 FroaT
LLerqfl (J up+2q1dx>
0 1 (4.4)
< p+q—1 (elup—i—q—l)}%i1 q e_]%uj U'p—b—Zq—ld’X‘
p+2q—1 p+2q—11 0

Meanwhile, Holder’s inequality tells us that
q
1 ptq1 1 p+2q—1
J uddx < lv#2aT J upP+29-1 . (4.5)
0 0
Putting (4.3), (4.4), (4.5) together, and keeping (4.2) in mind, we have
! !
Ji — (x%Tx ) —e1u 12 — kquP J wddx — [ 2e10uP 97 4 kpuP ! J uddx | ]
0

0
(4.6)

(p+2q—1)2
25| ed—k(p+q—1)emY w2pra-1

(p—1)%+3q(p+q—1)

Choosing 6 > k (p+q—1) ¢ alpta—1) := 8y, then from (4.6), it follows that

1 1
Ji — (x%Tx), — e1u 1 J? — kquP L ud1jdx — (zelzsup+q1 + kpuP ! L ud dx) J>o. (4.7)
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On the other hand, since N; < 1, then in view of Jensen’s inequality, we have, at the boundary point x =0,

J(0,t) =u¢ (0,t) —duP™9(0, )

rl 1 P+q
=| f(x)ug(x,t)dx—5 <J f(x)u(x,t) dx)
0 0

rl

!
= f(x)](x,t) dx—i—éJ

. p+q
f(x)uPt9 (x,t)dx—9o (J f(x)u(x,t) dx)

JO 0 0
1 1 p+q (4.8)
> [ 0700t ax—s (J f(x)u(x, 1) dx>
JO 0

1 1-p—q 1 pP+q
+6 (J f(x) dx) (J f(x)u(x,t) dx)
0 0

1
>JHMHnUm-
0

Analogously, at the boundary point x = 1, we can also show that
1
100> | 96076t ax *9)
In addition, the assumptions (H;) and (Hp) mean that
!
J (x,0) = (x*ugy ), + kuf J uddx — 6u0p+q >0, forO<x<l (4.10)
0

Noticing that u is a positive bounded continuous function for (x, t) € It, it follows from (4.7), (4.8), (4.9),
(4.10) that J (x,t) > 0 in Iy, which leads to

ug = duP ™, (4.11)

Integrating (4.11) from t to T, we have

wix,t) <[ (p+q—1)] v (T—t) wraT (4.12)

Combining (4.1) with (4.12), we have

1 1
My (T—1t) praT < m{ax}u(x,t) <My (T—1t) praT,
xe(0,1

where M = [kl (p + )]_P+11*1 and Mo =[d(p+q— 1)]_P+1H . The proof of Theorem 1.3 is complete. [J
P+q P+q p P

5. Uniform blow-up profile

Throughout this section, based on the general ideas of [18], by the similar arguments of [14, 15, 17, 20],
we will discuss the uniform blow-up profile of problem (1.1) under the restrict condition p + q > 1 with
0<p<

From the assumptions on ug (x), we can find a suitable small positive constant ¢; and a nonnegative
function wy, (x) such that

(1) wge € C*X (g,1—e)NCle,1—¢] withx € (0,1) and € € (0, e1].
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(2) woe () = [{° F (x) woe (x) dx and woe (L—¢) = [ g (x) wo (x) dx.
(B) woe (x) <ug (x) for x € (g,2e) U (1—2¢,1—¢), and wp, (x) = up (x) for x € [2¢,1— 2¢].
(4) (x*Wpex)y <Oforx € (g,1—e).

(5) woe is non-increasing with respect to ¢ in (0, ¢1]. Furthermore,

l—e l—e
0= lim |(x*Woex)y + kW) J wg.dx| = lim (X% Woex )y + KW, J wdx| .
x—et € € x—(l—e)™ €
(6) (x*Woex)y + Kwops IEE wgedx >0forec (0,eq] and x € (g,1—¢).
Next, we focus on the following auxiliary problem

Wer = (xX®Wex ), + kWP [L 5 wldx,  (x,1) € (e,1—¢€) x (0, +00),
we(e,t) = [ “F(X)we (x dx,  te (0,400), G.1)
we (L—g,t) = [ g(x)we (x,t)dx, te€ (0,400),
we (x,0) =woe (x), x € [0,1.

By standard parabolic theory, we can prove that problem (5.1) admits a unique solution w, (x,t). More-
over, the arguments of Section 2 in [20] tell us that lim+ we (x,t) = u(x,t), where u(x,t) is the solution

e—=0
of problem (1.1).

Lemma 5.1. Assume that (Hy)—(Hs) hold. Assume also that Ny < land p+q > 1 with 0 < p < 1. Then
(x*uy), < 0 holds for (x,t) € Ir.

Proof. Taking 1 = (x*w¢x),, then from (5.1), it follows that

l—e

Me = (X M) + Kpj wi (x,t) dx [nw‘gfl +(p—1)x*wP 2 Inglﬂ ) (5.2)

£
Recalling that w, > 0 and 0 < p < 1, we can infer from (5.2) that

l—e¢
nt— (x¥n0),, — kprwP! j Wi (x,t) dx <0, (5.3)
£

holds for any (x,t) € (¢,1—¢) x (0, T). On the other hand, for any t € (0, T), we have

l—e
f(x)wet (x,t) dx — kw? J wd (x,t) dx

&

l—e

Nt =J

€

l—e l—e
_ J f (x) ((x“wax)x + kWP J wi (x, 1) dx> dx

€ £

l—e l—e p
— KJ wid (x,t) dx (J f(x)we (x,1) dx)

£ £

(5.4)

l—¢
f(x)n(x,t)dx+ K/\J wid (x, 1) dx,

€

rl—e

N

JE

where
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Under the assumption N; < 1, one can see that A < 0 for p € [0,1). Combining (5.4) and A < 0, one can

find that
l—e

n(e,t)gj fx)n(x,t)dx, te(0,T).

&
By the similar arguments, we also can verify that, for all t € (0, T),

l—e¢
N(l—egt) < J g (x)n(x,t) dx.

€

Moreover, by virtue of (x*wpex), < 0, we know that 1 (x,0) < 0forx € (0,1). Therefore, maxi-
mum principle implies that 1 = (x*w¢x), < 0 holds for all (x,t) € (¢,1—¢) x (0, T). Furthermore, the
arbitrariness of ¢ tells us that (x*uy), < 0in I1. The proof of Lemma 5.1 is complete. O

Now, for convenience, we set
1 t
v =] Wxva, v =] v
0

and
O(x,1) = W(t)— 1pulp (1)

Then, we have the following Lemmas.
Lemma 5.2. Under the assumptions of Lemma 5.1, there exists a positive constant M such that
M t

sup O (x,t) < 2 (1 —i—J Y (1) dT> , (5.5)

xeKg 0
holds in [0, 1] x [%,T), where

Kg ={x € (0,1) : dist(x,0) > d, dist(x,1) > d} C (0,1).

Proof. Let

1

(1) = L 0 (y,t) L (y) dy,

where ( is the first eigenfunction of problem (3.1) with || (x)||{1(o) = 1. Taking the derivative of @ (t)
with respect to t, we obtain

1
o' (1) = L (¥ (0) —uPue) £ (y) dy

1
= —L u P (yTuyl, Cly)dy

M (e t)C(y)d ey ly— 1f( t)d - (5.6)

Jou (y,t) Cy) Yt o, L ylu(y t)dy :
1

<AV +M | 00 e ay,

where
6_ (y/ t) = max {_8 (y/ t) ’ 0} .
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From Lemma 5.1, we have that u¢ < 1 (t)uP. Setting M3z = sup ug(x), and integrating the above
x€(0,1)
inequality from O to t yields

WP () KMy P (1-p) ¥ (L), (5.7)
which implies that
- 1 1—
< — L .
O (yt) <My (8)

From (5.6) and (5.8), it follows that

Mo
O (1) S MY () + 5 LMmiP. (5.9)

Integrating (5.9) over (0, t), we arrive at

D (1) < My <1+Jt‘1/(’r) dT) ,
0

where My = max {7\1, @ (0)+ %M;p} . By [18, Lemma 4.5], we get the estimate (5.5). The proof of
Lemma 5.3 is complete. 0

Lemma 5.3. Under the assumptions of Lemma 5.1, then

w TPt ()l
I A v S G (-10)
holds uniformly on any compact subset of (0,1).
Proof. In light of (5.7), it is not difficult to show that
lim Y (t) = lim ¥ (1) = oo, (5.11)
t—T t—T
and hence, we have
_ul P (xt)
- - K .
I A= w S (5-12)
On the other hand, from (5.5) and (5.7), it follows that
M P ul=P (x,t) M < Jt )
- L 1- < 1+ | Y(tr)dT). 5.13
Topvm T apve Savm U >19)
From Theorem 1.3, we can deduce that
t t 17
J Y(1)dt < M5J (T — 1) »+aT (g7, (5.14)
0 0

where Ms =kl (p+q—1) (1— p)*1 Mg. Meanwhile, combining (5.7) with Theorem 1.3, we see that there
exists a suitable positive constant Mg such that

1—

W(t) > Mg (T—t) prat, (5.15)

In light of (5.14) and (5.15), we arrive at

= 0. (5.16)
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Up to now, in view of (5.11), (5.13) and (5.16), we find that

. oulTP (x,t)

Put (5.12) and (5.17) together, we obtain the desired result. The proof of Lemma 5.3 is complete. O

Proof of Theorem 1.4. From (5.10), it follows that w (x,t) ~ [(1 —p) ¥ (t)] = as t — T. Lebesgues dominated
convergence theorem leads to

wwu:qmﬂ:KJuwnﬂdXNuu—py%wﬁpm, t—T.
0
And hence, by integrating, we obtain
Y(t) ~ T i [kl(p+q— 1)]v+§171 (T— t)vﬁll , t—=T. (5.18)

Combining (5.10) with (5.18), we find that

Wi t) ~ [KL(p+q— 1) 7t (T—t) 7ra1, t—T,
which means immediately that

lim (T—t)7m T w(x,t) = lim (T —t)77a T [u(-,t)]
t—T

t—T o]

— [Kl(p +q—1)] pvaT, O

The proof of Theorem 1.4 is complete.

Acknowledgment

The author is sincerely grateful to professor Chunlai Mu of Chongqing University for his encourage-
ments and discussions. This work is supported by the NSFC (11701169) and the Scientific Research Fund
of Hunan Provincial Education Department (15A062, 16A071).

References

[1] C.Budd, V. A. Galaktionov, J. Chen, Focusing blow-up for quasilinear parabolic equations, Proc. Roy. Soc. Edinburgh
Sect. A, 128 (1998), 965-992. 1

[2] C.Y. Chan, C. S. Chen, A numerical method for semilinear singular parabolic quenching problem, Quart. Appl. Math.,
47 (1989), 45-57. 1

[3] Y. P. Chen, Q. L. Lin, C. H. Xie, The blow-up properties for a degenerate semilinear parabolic equation with nonlocal
source, Appl. Math. J. Chinese Unvi. Ser. B, 17 (2002), 413-424. 1, 1

[4] Y. P. Chen, L. H. Liu, The blow-up profile for a nonlocal nonlinear parabolic equation with a nonlocal boundary condition,
Quart. Appl. Math., 70 (2012), 759-772. 1

[5] Y. P.Chen, Q. L. Liu, C. H. Xie, Blow-up for degenerate parabolic equation with nonlocal source, Proc. Amer. Math. Soc.,
132 (2003), 135-145. 1

[6] K. Deng, Comparison principle for some nonlocal problems, Quart. Appl. Math., 50 (1992), 517-522. 2

[7] A.Friedman, B. McLeod, Blow-up of positive solutions of semilinear heat equations, Indiana Univ. Math. J., 34 (1985),
425-447. 4

[8] Y. Z. Gao, W. J. Gao, Existence and blow-up of solutions for a porous medium equation with nonlocal boundary condition,
Appl. Anal., 90 (2011), 799-809. 1

[9]1 A.Gladkov, M. Guedda, Blow-up problem for semilinear heat equation with absorption and a nonlocal boundary condition,
Nonlinear Anal., 74 (2011), 4573-4580.

[10] A. Gladkov, M. Guedda, Semilinear heat equation with absorption and a nonlocal boundary condition, Appl. Anal., 91

(2012), 2267-2276.


https://doi.org/10.1017/S0308210500030018
https://doi.org/10.1017/S0308210500030018
https://doi.org/10.1090/qam/987894
https://doi.org/10.1090/qam/987894
https://doi.org/10.1007/s11766-996-0005-4
https://doi.org/10.1007/s11766-996-0005-4
https://doi.org/10.1090/S0033-569X-2012-01278-5
https://doi.org/10.1090/S0033-569X-2012-01278-5
https://doi.org/10.1090/S0002-9939-03-07090-4
https://doi.org/10.1090/S0002-9939-03-07090-4
https://doi.org/10.1090/qam/1178431
http://www.iumj.indiana.edu/docs/34025/34025.asp
http://www.iumj.indiana.edu/docs/34025/34025.asp
https://doi.org/10.1080/00036811.2010.511191
https://doi.org/10.1080/00036811.2010.511191
https://doi.org/10.1016/j.na.2011.04.027
https://doi.org/10.1016/j.na.2011.04.027
https://doi.org/10.1080/00036811.2011.601297
https://doi.org/10.1080/00036811.2011.601297

D. M. Liu, J. Nonlinear Sci. Appl., 11 (2018), 1363-1373 1373

(11]
(12]
(13]
(14]
(15]

[16]
(17]

(18]
(19]
[20]
[21]

(22]

A. Gladkov, A. I. Nikitin, On the existence of global solutions of a system of semilinear parabolic equations with nonlinear
nonlocal boundary conditions, Differ. Equ., 52 (2016), 467-482.

F. Liang, Global existence and blow-up for a degenerate reaction-diffusion system with nonlinear localized sources and
nonlocal boundary conditions, ]. Korean Math. Soc., 53 (2016), 27-43. 1

Z. G. Lin, Y. R. Liu, Uniform blowup profiles for diffusion equations with nonlocal source and nonlocal boundary, Acta
Math. Sci. Ser. B (Engl. Ed.), 24 (2004), 443-450. 1

D. M. Liu, Blow-up for a degenerate and singular parabolic equation with nonlocal boundary condition, J. Nonlinear Sci.
Appl., 9 (2016), 208-218. 1, 3, 5

D. M. Liu, ]J. Ma, Blowup singularity for a degenerate and singular parabolic equation with nonlocal boundary, J. Comput.
Anal. Appl., 23 (2017), 833-846. 1, 3,5

N. W. Mclachlan, Bessel Functions For Engineers, Clarendon Press, Oxford, (1955). 1

C. L. Mu, D. M. Liu, Y. S. Mi, Blow-up for a degenerate parabolic equation with nonlocal source and nonlocal boundary,
Appl. Anal., 90 (2011), 1373-1389. 4, 5

P. Souplet, Uniform blow-up profiles and boundary behavior for diffusion equations with nonlocal nonlinear source, J.
Differential Equations, 153 (1999), 374-406. 5, 5

L. Yan, X. J. Song, C. L. Mu, Global existence and blow-up for weakly coupled degenerate and singular equations with
nonlocal sources, Appl. Anal,, 94 (2015), 1624-1648. 1

J. Zhou, Global existence and blowup for a degenerate and singular parabolic system with nonlocal source and absorptions,
Z. Angew. Math. Phys., 65 (2014), 449-469. 5, 5

J. Zhou, C. L. Mu, Blowup for a degenerate and singular parabolic equation with non-local source and absorption, Glasg.
Math. J., 52 (2010), 209-225.

J. Zhou, D. Yang, Blowup for a degenerate and singular parabolic equation with nonlocal source and nonlocal boundary,
Appl. Math. Comput., 256 (2015), 881-884. 1


https://doi.org/10.1134/S0012266116040078
https://doi.org/10.1134/S0012266116040078
https://doi.org/10.4134/JKMS.2016.53.1.027
https://doi.org/10.4134/JKMS.2016.53.1.027
https://doi.org/10.1016/S0252-9602(17)30168-6
https://doi.org/10.1016/S0252-9602(17)30168-6
http://dx.doi.org/10.22436/jnsa.009.01.19
http://dx.doi.org/10.22436/jnsa.009.01.19
http://www.eudoxuspress.com/images/JOCAAA-2017-VOL-23-ISSUE-5.pdf#page=51
http://www.eudoxuspress.com/images/JOCAAA-2017-VOL-23-ISSUE-5.pdf#page=51
http://cds.cern.ch/record/103932
https://doi.org/10.1080/00036811.2010.524158
https://doi.org/10.1080/00036811.2010.524158
https://doi.org/10.1006/jdeq.1998.3535
https://doi.org/10.1006/jdeq.1998.3535
https://doi.org/10.1080/00036811.2014.940917
https://doi.org/10.1080/00036811.2014.940917
https://doi.org/10.1007/s00033-013-0342-0
https://doi.org/10.1007/s00033-013-0342-0
https://doi.org/10.1017/S0017089509990280
https://doi.org/10.1017/S0017089509990280
https://doi.org/10.1016/j.amc.2015.01.096
https://doi.org/10.1016/j.amc.2015.01.096

	Introduction
	Preliminaries
	Global existence and blow-up in finite time
	Blow-up rate estimate
	Uniform blow-up profile

