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Blow Up of Isentropic Euler Equations in Three Dimensions

Zhu Xusheng Ai Lina® Tang Chuanyang
( School of Science East China Jiaotong University Nanchang 330013 China)
Abstract: The blow up of the initial value problems of classical solutions of the isentropic Euler equations with
damping term in three dimensions was investigated. Under the condition of M(0) < 0 if the initial momentum of cer—
tain functions is large enough then it follows that the classical solution must blow up in a limited time.

Key words: isentropic Euler equations in three dimensions; functions; blow up

0 . 10
po+ V- (pu) =0 | :
{ _ (1) Euler Cauchy
(pu) , + V' (pu@u) + W = - apu
Cauchy 4% M(0) <0
[(p u) ‘,:oz(b"'l)o(x) >0 uy(x)) (2)
supp(py u) S{x|l x| <R}
puP N a>0 1
P=Ap"(A>0y>1) y
po(%) = p(x0) ug(x) =u(x0) p >0 ' ] o
Cauchy alp) = VP(p) o =0(p) p>0
M(1) = ij(p-ﬁ) dw
1 _
B(t) ={|x|<R+o0i}
2 A() = (R+0t)>(M(0) +p|B(1) |)
4 N3
B(t) |= 5w (R +at)". o
3 B 1=
45
) 68 172 (p uw Cauchy (1) (2)
9
:2014-04-28; :20144023; * . E-mail: jichuailina@ sina. com

(11161021)
(19689

e 33



(4)

2 +1) 2 =
Lm | x Ppdx < (R + o) L({)pdx =

(R +a1)*(M0) +*Tp(R+ 1)) = AD). (7)
A(t) >0  A(y) A(t) A(0) >0
A1) >0 (5).(6) (7)
F(1) +aF(1) = F(1)A™"(1) +3aM(0). (8)
G(t) =e“F(1) G(t) =e“(F(1) +aF(1))
(= Gl - oot
G 1) > +30M(0) e (9)
0<s:<T
(0 = G - o
G(1) = A1) +30M(0) >
(iz(t) +30M(0) &
A T)
c10) > ef:j(o;) +36M(0) . (10)

e 34 o

28 1 http: //journal. xynu. edu. cn 2015 1
07 c' supp(p—p u) C{|x|<R+ot} 0<: F(0) =6(0) T<r (3)
<T p(xt) >0 G*(0) >-60e " M(0)A(T)
’ G (1) >0. GZ(G[)( t)
3gM(0) e’ >0
M(O) <0 2eaTA(T) + ( ) >
1 F(1) = JR3x°pudx (p u) Cauchy (1) ¢
\ l G(1) = ﬂ +30M(0) e >
(2) Rx 07 C T >0 e“A( 1)
F(0) > max{2e"A( T) /T ( - 65M(0) "A(T)) > G (1) G, 35m(0) e
(0) > max{ (1) /T ( (0) (T))(}3) Ze“TA(T)+2e"TA(T)+3 M(0) e >
G’ (1)
r<T | 2eA( D) (11)
(p u 07) C (1) 01
T<r (1)
L1 t
M) =- fmdiv( pu) dx = 0 G(0) ~ G(1) ~ 2e7A(T)
F(0) = G(0)
M(t) = M(0) (4) 6(1) > — ]'14 o
P (0 F0) =274 (T) ¢
. te OT F(0) >
F(1) +aF(1) = fmp lul +3(P - P)da 26 TA(T) /T T
P = P(p) T, <T F(0) >2eA(T) /T,. t t <
P=Ap7 y>1 T, < T T<T
[P =P e = [ P(3) (p - 3) de = G*M(0) LR = fepuds
Cauchy
F(t) +aF(1) = fmp | u Pdx + 30> M(0) . (5) F(1) = fRs | x [+ pud
1 Cauchy-Schwartz
F (1) = (fmac'pudx)2 = (J;;([)ac'pudx)2 < 2 F(1) :fm | x [x = pudx T
) ) >0 (p u)  Cauchy (D(2) Rx 07)
([, 1xlpds) ([, p lul?d). (6) S

F(0) > max{2e“"A(T) /T (8wPe"" A(T) (R +
o1) %) 7} (12)

F(1) :J’R3 ‘x‘zx'p,udx+J;3 | x % * pu,dx =

_aﬁu ‘x‘zx'pudx—ﬁv ‘x‘zdiv((x'u)pu) -

[x [P VP +p [P |ufde

F(t) +aF(1) =
Jop [P [ulPdy=5[ [x[2Pdc =

jmp |x[? |uPde —4mP (R + o) . (13)
1 Cauchy-Schwartz

Py = (]

2

[ L apue) =



2
(L el <

, G (1) - s
G(1) =—, ~4mP (R + 1)’ >
(J:B([) ‘x‘zpdx)(L(,)p ‘x‘z ‘u‘zdx), (14) e A( 1) Tr a
7 ZefTIEl(Z)T) +2£T§1(Z)T) —4xP (R +oT)° >
J;M | x *pdx < (R + o) 2L(l)pdx = 2;;%' -
(R +(;-t)2(M(O) +L“);;dx) = A(1). (15) (18) 0
(13) .(14)  (15) | . )

G(0) T 6(1)  2e7A(T)

F(1) +aF(1) = F()A" —4nP (R + o1)° F0) = 6(0) (12)

1 A(t) >0 |
- - G(t) > -1 -1 -al 4-1
FA(1) +aF(t) = F(1)A7" (1) —4aP (R +at)°. F7(0) =27 ™A (1)t
G(1) = e*F(1) G(1) = e"(F(1) + te 0T
aF(1)) 1 7 <T
G(1) Bﬁ,}(ti) —4Tr]:)(R+o_'t)5. (16) 3
Os:<T
! >Gz(7t)_ r o)’ Sideris T. C.
G(1) A1) 47wP(R + ot)” >
(), 5 - s
AT 4wP(R + oT)
c(0) > ef:j(o;j —4mP (R +oT)° (17)
F(0) =G(0) T<r  (12)  G1(0) >0 )
G(t)
G (1) - s
2 TACT) -4qP(R+oT)” >0

1 Wang WK YangT. The pointwise estimates of solutions for Euler equations with damping in multi-dimensions J . Journal of Differential Equa—
tions 2001 173(2): 410450.
2 Thomas C Sideris T. Wang D H. Long time behavior of solutions to the 3D compressible euler equations with damping J . Communications in
partical differential equations 2003 28(3): 795-816.
3 Pan RH Zhao K. The 3D compressible Euler equations with damping in a bounded domain J . Journal of Differential Equations 2009 246
(2): 581-596.
Sideris T C. Formation of singularities in three dimensional compressible fluids J . Comm Math Phys 1985 101(4): 448-475.
] 2010 28(3) :283284 294.
Liu TP Yang T. Compressible euler equations with vacuum J . Journal of Differential Equations 1997 140(2): 223-237.
Yang T. Some recent results on compressible flow with vacuum J . Taiwanese Journal of Mathematics 2000 4(3): 33-44.
. J. : 2014 36(3) :7176.
Liang Z L. Blow up phenomena of the compressible Euler equations J . J Math Appl 2010 370(3): 506-510.

O 0 N N N B

10 Zhu XS Tu A H. Blow up of the axis-symmetric solutions for the IBVP of the isentropic Euler equations J . Nonlinear Analysis: Theory Meth—
ods & Applications 2014 95(2) : 99-406.

e 35 .



