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Non-isentropic Compressible Navier-Stokes-Maxwell Systems
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Abstract; This paper is concerned with non-isentropic compressible Navier-Stokes-Maxwell systems
arising from viscosity plasmas. By using techniques of symmetrizer and the smallness of non-constant
steady-state solutions, the global existence of solutions to Cauchy problems with prepared initial data was
investigated. It is shown that this problem admits globally smooth solutions near a non-constant steady
state.

Key words: non-isentropic compressible Navier-Stokes-Maxwell systems; viscosity plasmas; global

smooth solution; non-constant steady-state solution

AR S B TR AT 45 Navier-Stokes-Maxwell 75
FRZH FH o 41 38 17 o U 7E L 1 3 v 1 s R
G o A R A A2 B il A T
Navier-Stokes ( NS ) J5 2 20 1 4 iR A ¥4 #1883 1)
Maxwell 77 F2 4138 1 H #% 3 T 1Y Lorentz J7 88 & 1
G, R EAT NS Dy RR R ME s, WA & 3 0 A A
1) PRIME , BIFFE R SRl BBk iovE. H A 2 06 T3
TR S5 8 PR B R Euler-Maxwell J7 F22H
(AH GRS, M ERE AN T35 AU B] 1) /N2 50 il
BL i AR A7 A 1 DA R il e A A5 7 L. X

Wk B : 2017-11-01

ALY —4E Euler-Maxwell &4, SCHk [ 3 ] iz FH#M
GNVENER T 3K A5 1 58 i Y BARAAAE Vs R TS
B ML AR5, 2 W SCHR [ 4 ] B2 25 S0k 5 %t
T A R AR A A M B T P 2 1) ) 5T
ZLSCHR[5-9 1 5 6 TRUEBAH R 45 5 T i e
Z:WLSCHR[ 10 ] B2 25 SOk W T8 R 50T 81
B R AR PERIE S, 2 DL SCR [ 11 ], SR H
HIJ 1H) T8 5 THRb 14 45 25 1 (A4 BRASE B 1] S 4% Navier-
Stokes-Maxwell J7 F22H 7E 3 & Z0C7- 4 i Bk 30 o' T i
AR AEVE BRI ST, Tk o BB A, PR R AT A

FETH . bt AAREIEA TR H (1164010,1132006) ; E % A AR 34 % IITH H (11771031,11371042)
TEERIN: 2 B (1981—) , L, s, FENEFN WS I FIF5T, E-mail ; 1ixin91600@ emails. bjut. edu. cn



1568 dt = T Wk Kk 2% %

TARE AR PR, ASCE AR LRI A 3C
AR SR 4 B0 45 B TR B R Jre B3 1 A B
A

1 HE5FEHE

ARSI FEIE AN ARk 4 B TR E S5 ] e
45 Navier-Stokes-Maxwell J7FE4H .

an+V(nu) =0 (1)
atu+uvu+@= (B +uxB) +5% (2)
2 1 2
8,6‘+?6’Vu+uV0:0*—9—?|u| (3)
3E-VB=nu, VE=b-n (4)
3,B+VE=0, VB=0 (5)

KA (r,x) eR TR RIS N B FIREE
n>0, B FHEE ue R, AXEE 0 >0, Big5mE
EcR’ WipmE BeR’. ¥H6, >0 XFRBT i
B SGHRREL b = b(x) =const. >0 F/RGE IR IE
MRS E (TR,
AT (1) ~ (5) BY Cauchy [, FI{E K
(n,u,0,E,B)|,_,=(ny,uy,0,,E,,B,) (6)
o A A
VE,=b-n,, V + B, =0 (7)
ic(a(x),0,0, ,E(x),0) AR (1) ~ (5) Kk
WHOPA# b a(x) >0,E(x) e R®, Hi 2
Lyo.)=-F (8)
n
VE=b(x) -n (9)
VE=0 (10)

2 (10) ATAIAEAE S bRB & i i, — Vb = F,
TR (8) ~ (10) ATHAL N
V(0,lnn-) =0 (11)
_A$:ng) -n (12)
—IEHEEL b WL Y x> oo BT, b(x) —0. T
(11) ~(12) B n(x) =n, +n(x) BfE ToEH X
(11) AJH1

~

n(x) =n, (exp ( 0(*x>)—1) (13)

X HUEREE S x| —o B, (n,¢) (x)—0. FETEF
A (13) A (12) A4

—Ad)+gf:d):b(x) -n, (exp (%) -1 —%)
(14)
ARFTTA R4 ML Schauder AN 3l 55 5 PR Y,
M T A5 R T 7 I KO A
— e MR (L) ~ (5) BAE T ROV i A7 7EME
— e B
w1l % s=0,%%n,,0 >0,b-n, €
H(R®). B 4 £ 16 1E % % 8, 3. H %
[ =n. || rs) <6, MIAE(11) ~ (12) fETEME—

it (', E)
A-n, el (R ,EcH*(R?)
K

I =n. | o+ IEN, <C lb=n. |, (15)

L ¢ EEIEF L A (A(x),0,60, ,E(x),0)
H(1) ~ (5) M—AEEH BOT-fir .

XHE P (R?)ERR® F s Bra H Sobolev 2%
BL,H(R?) = {flo‘fe’(R?),lal <s}, Hiuk

1/ iy =, ) 2 101 BTER: S

PRk, WITEAE AT I 1 45 i 3E 50O 15
(A(x),0,0. ,E(x),0) BHEE ST Cauchy [A]E(1) ~
(6) [ G iRt B B AR A e .

AFERAL, S 0,60 >0 B, T RRAL(1) ~ (5) MAT
SRR AR B S - 8 2. TR A B Kawo!™ LA K
Matsumura 2511314 B 4538 ml g, H OB ) (E G
Cauchy [FJHI( 1) ~ (6) 5t — & AFAE SRy B ME— L 1 fiFk.

R 2 (OG0 JR 3B AE AE o — 1, 2 0 S0k
[12,15-16]) A3(7) oL, %5 s=4. n, .0, >0
AT EHRC 0 (AL E) A 1 gy Y n) AR
(11) ~ (12) FPEIEM. XA EFE « >0, 91ME n,,
0, =2k, NGNS

(ng —n,u,,0,-6. ,E,—E,B) e F(R?)
WAFEAE T >0 A1) ~ (6) FA7E B —J
W e (1,x) e[0,T] xR?*, %

ueC' ([0, T];H(R?))NCCL0,T];H(R?))
(n-n,0-0, E-E,B)e
C'([0,T];H 7 (R*))NC([0,T];H(R?))

AR SCH LR .

EE1 fEm 2 MIREEANT, fFEHH
8y >0 UG/ AMAG TFATATHTE] ¢ >0, (A



5512 25, . JEZETT 4R Navier-Stokes-Maxwell 75 FE2H Cauchy [5)850 it 1) B AR £ 70 1k 1569

| (Va,ny—n,u,,6,-0, E, —E,B,) || <8,
N Cauchy (1) ~ (6) 7775 ME— ARG U
wueC(R*;H*(R*)NC(R *;H(R?))
(16)
(n-n,0-60, E-E,B)e
CY(R*HY(R?))NC(R ";H(R?)) (17)
JFEXFAEE 1 >0, 2
|| (n_Y?’u’G_e* ’E_E’B><t) ||?+

[ Hn=aVu0-6.)(r) | 2dr=
0

C |l (nyg-n,uy,0,-6. ,E,—E,B)) > (18)
TE L A (1) ~ (5) PRI Auw/n 5
TREEFETRIN 0 — 6, FEUE B 1 0 0 A vl O
FEH.
ARSCHATR AU 58 2 T R T AR,
55 3 W HEST TR R ARy AR B RE B T, HE TR A
DG Al R ARAEAENE S 26 4 19 R AS LA I8

2 ERIE

B\AETIA—LEIL S, A - |- . R
ZEALP(RY) AL (RY) 5L A, ) Fmas
] L2(R) LA $8hf a = (a,,0,,a;) e N7,
ig:0%=0197207, lal =a, +a, +a;.

PAES (n,u,0,E,B) N Cauchy [AIfH (1) ~ (6)
(P — Je O . 4

n=n+n, +p, 0=0, +O, E=E+F (19)
U=(p,u,®", W=(U",F,B)" (20)

KB RRmE () FE TR ~

(7) T 5 H
0p+uVp+nVu+uVn(x) =0 (21)

8,u+(uV)u+£Vp+V@+
n

0,
QVn— -

n

i)

Vn=-(F+uxB)-u (22)

3
=

a,@+%0 Viu+uVO= —%mz—@ (23)

0,F -V xB=nu, VF=-p (24)
aB+VF=0, VB=0 (25)
Hua 4R
Wi,_, =W, =(p,,u,,0,,F,,B,)"  (26)
it S A 2P 2 A
VF' = -p°, VB’ =0 (27)

Kfrpy =ng -, O, =6,-6,, F' =E ~E.
AN NS FFHE(21) ~ (23) AIE MM

3
U+ Y A oU+MU=K, +K, (28)

j=1

Krp
u; ne; 0
L
A= % W %) j=1,23  (29)
2 .
0 ?Oej' uj
0 (V)" 0
0. "
=l - g Y
nn n
0 0 0
1, o)\
K1=—(0,F+u><B,?IuI
Au

K- [0.% o)

K (e e, ,e) AR BIARHEIERSSE I, 773 x3 HL
(A

S, 8, +n+p,0, +0>0 1 L (28) KT
U AT FRAESU . s b mESon, 0, =
const. >0 M n,p, @ FEHFHIEEF 713 n, +n+p,
0. +O=const. >0.

A T>0, W2 (21) ~ (25) % LFE[0,T] L
JCH R, VIME A W, M 0 fE 78 Ve B a2 25 1.
7E L

w; = sup || W, (30)
TR HESHRA B (R?) CL™ (RY) ,s=2, W15,
FIEREC, >0 fHi1F
Il =<C.NfNl,, YfeH(R?)

3 EELRAIEM

AN RO AR (2(2) ,0,0, ,E(x) ,0)
B EEST Cauchy MR (1) ~ (7)) BO/NRESIHG T Y
HAATAEE— 1.
3.1 —ESEmAT

EER IEOCH M E T, WS (1) ~ (7) %
MM (21) ~(27). TH, ETHE 2 Dah
T OCHHR B JRRAT AR X — 5 IR E B 1 e
AT — U A T ik, T E ST L
T2A5IH. 5L, BIARERIZ R E, (1) SFEBUZ 5
H (1) 40,



1570 It

b N AN - ¢

2018 4

E(t)=[W@) |2, H(t) = | (p,Vu,0) (1) |
(31)
WEHEC >0 AMRBULERE] ¢ >0 F1 T, 74

[Fi] F) b 5 AT A T,
SIE1 7R 1 WA HFTE S, >0 s

IN
o+ | Va | <8<, (32)
WXHFEE te[0,T] 857
LB+ 1 (Vu,0) |I2<
CIVal, ol +CEX(DH () (33)

WEW T ae N lal <s, X2 (28)2Ko", 4k
JE T EXFRT A Ja

A, 00U+ Y, A 0,0°U+A, 0*(MU) =
j=1

A, 0°(K, +K,) +h, (34)
Hor
iuj 0 0
n

SR
%ul GeJ-T 0

A =AA =| be; nul, ne;
0 ne %%u]

3
he= - 2 A,(9°(A,8,U) -A, 3°9,U)
j=1
BAR, M lal =0 B, A, =0.
AR (34) B 5 2 0°U e LP(R°) 1
AT 15
d [¢3 [¢3 —
dt(AO 9°U,0°U) =

2(h,,0°U) +{divA 9°U,9°U) -
2(A, 9*(MU) ,0°U) +
2(A, 0“(K, +K,) ,3°U) (35)

Ak

3

divA=0A4,+ Y, A, (36)

i1
T AGTE(35) A A L TR 1 I, i,
A5 X, Moser BUARNZEZL L M2 Sobolev 2 £2 ik A 5 il
CIEES
2(h,,0°U) <C || (p,u,0) || H(t) (37)
FFE 2 I, /SRR (32) LK Moser AR

S
(div A 9°U,0°U) <
Clpu,® |, V(p,u,®) |7, (38)
KFH 3T, B MBE L IERM(32),
Moser BIAZE S Cauchy-Schwarz A~ 552 A] A1
(A, 3*(MU) ,0°U) | <
e lVuli+C IVal, llpl? (39)
KT (35) W5 —I, {5 ) Leibniz A x0A 15
2(A, 9" (K, +K,),0°U) <
-2{(9"(nu) ,0°F) =2 || °Vu | * -

3<%,|aa@|2>+(11;?u) I (p.Vu) |2 (40)
YAN Maxwell J7 #24H (24) ~ (25) fifig &A1t
i
L F 1+ 10 1% 205" (o) 0°F)
(41)
T, B1(35) ~ (41) AR

LA, 00,00 + | 0°(F.B) |1) +
2 |o°Vul? +3<%,|a“@|2>s

e N Vul?+C I Val, Ipl?+CEE()H,(1)
(42)
i (A, 0°U, 0°U) + |9°(F,B) || 5
| 8W 1 B R (42) ST AR o KAl <
I & >0 4N, ATHI(33) Hsr. TEH.
SIE2 FESIH 1 AN MER e [0,T],
#i
LB () () <COI VL +EH(0)H.()
(43)
W T aeN’ lal<s -1, %7 (22)K0*,
IR 12 (R ) 150" Np IR

(L Avapt® )+ (Va'p.a"F) =
d o o o o
—E<Va p,0%u) +{(Va“0,0,0%) —

1 (1) - Z C§12ﬁ(t)

B<a

(44)
Hrp
I,(t) ={u Vo*u,Va'p) +{Vi*"O,Vap) -

<a Au’vaap>+<aauB’Vaap> _
n




12

25 B, 5. ARSI R4S Navier-Stokes-Maxwell 77 FE4H Cauchy [7] B (1) 3 A7 A 1 1571

_ 0 _
<Qaﬂ(vn)’vaap>+ *p [+3 n , o >
n nn

12B<t>:
<a°‘ ﬁ Va‘* ,Vo p> (0°Pu VoPu,Vop) -
n
1

<a“ B — aBAu,Va“p>+<aﬁuxa“*ﬁB,Va“p> +

n

<(a“*ﬁ (a—f) -9 P (%) )aﬁ(vﬁ) ,Vaf‘p>

nn

B, H n,0=const. >0 ﬂ%ﬂ%?% T,

A(24) 5 2 5 A B o33 B 20 nT 15
(L avarpr )+ (V.o By = |}
(45)
K, 433848 SR Leibniz 23 28 A %1
(Va“ap,0%) <

ClvVulli,+1Gull, Il (p,Vu)l?:(46)
R, /M S (32) L Cauchy-Schwarz AN %53

KRR A AT
L (e) + L)1 <
sllpli+C 1 (Vu,®) [I+C [[Val, lpll+
Clp,u,0,B)|, | (p,Vu)ll: (47)

B (44) ~ (47) T
1 o d a et
Lo+ (vap. ) <

+C [ (Vu,0) [IZ+C [ Val, lpll?+

Clpu,0,B) 1, I (p,Vu)ll? (48)
X (48) KT lal <s -1 RKFIFH & >0 7L/ MR

d (42 [e3
Ip 3 +eq 2 (Vo'p.0"u) <

lal <s-1

elpl:

Cl(Vu,®) |2+C || Val, llpl?+
Cl(p,u,®,B) |, |l (p,Vu)|?
Ho e >0 —/INEEL, 2
¢ Y (V" u><*E(t)

lal <s-1

oA B B 1 B9 (33) nT AR (43) AT
ke
3.2 EEEFEAEMHIER
HBIEE 2 AL C () Vn |l +w,) <1, AT
(43 FIRITUAT LA I ) | A
| W(o) || .<C7 | W, |l., Yie[0,T]

1 . s
I, HZ NVl + W Il <50, X1 6, W 2

;— . min {n* + ||ﬁ” I‘“’e*% 1
C150<m1n{ 2. ,?2}
T AR IE
C,(|Vnl|, +w,) <1
- L+ -, 0,
LIS L) PR

2C,
T R RAEAE R AT o il 2 28 AR 1) S
FAETES IS G PR IR ST 1305, IESE.

4 %ie

1) A B AR B i 00 /M AR R B 14255
TEWIE R — A5 ROF f e i) /DR B RT 4R T, 5
T Cauchy [A]EDEH i B — BB AT

2) I FHXSFRBU - P 20 6 18 it 1) PR A A E
PEFE  F 45 S AR MER RSB T s IERT TR
E— AN HE B ROT B i A7 A ME— i A i B 1O

3) g AR RCT- i i B T D' T A B R AR AR
B HE) ZRE TR BSR4 55 s 1 (A B
A4 AR B EE BB AR .

SE

[1] BESSE C, DEGOND P, DELUZET F, et al. A model
hierarchy for ionospheric plasma modeling [ J]. Math
Models Methods Appl Sci, 2004, 32(14) . 393-415.

[2] CHEN F. Introduction to plasma physics and controlled
fusion[ M]. New York: Plenum Press, 1984 . 253-256.

[3] CHEN G Q, JEROME J W, WANG D H. Compressible
Euler-Maxwell equations [ J ].
Statistical Physics, 2000, 29(3/4/5) ; 311-331.

[4] PENG Y J, WANG S. Convergence of compressible Euler-

Transport Theory and

Maxwell equations to incompressible Euler equations[ J].
Comm Part Diff Equations, 2008, 9(33) . 349-376.

[5] FENG Y H, WANG S, KAWASHIM S. Global existence
and asymptotic decay of solutions to the non-isentropic
Euler-Maxwell system [ J]. Math Models Methods Appl
Sci, 2014(24) . 2851-2884.

[6] PENG Y J. Global existence and long-time behavior of
smooth solutions of two-fluid Euler-Maxwell equations[ J].
Ann I H Poincare Analyse NonLineaire, 2012, 8 (29) .
737-759.

[7] PENG Y J, WANG S, GU Q L. Relaxation limit and
global existence of smooth solutions of compressible Euler-
Maxwell equations [ J]. SIAM J Math Anal, 2011, 43

(2):944-970.

[8] WANG S, FENG Y H, LI X. The asymptotic behavior of



1572 dboxt Tk Ko R 2018 4
globally smooth solutions of bipolar non-isentropic [16] MAJDA A. Compressible fluid flow and systems of

[9]

[10]

(1]

[12]

[13]

[14]

[15]

compressible Euler-Maxwell system for plasmas[ J]. SIAM
J Math Anal, 2012, 2(44) . 3429-3457.
WANG S, FENG Y H, LI X. The asymptotic behavior of
globally smooth solutions of non-isentropic Euler-Maxwell
equations for plasmas[ J]. Appl Math Comput, 2014, 32
(231) : 299-306.
DEGOND P, DELUZET F, SAVELIEF D. Numerical
approximation of the FEuler-Maxwell the
quasineutral limit[ J]. J Comput Phys, 2012, 9(231) .
1917-1946.
PENG Y J. Stability of steady state solutions for Euler-
Maxwell equations[ J]. J Math Pures Appl, 2015, 103
(1) 39-67.
KATO T. The Cauchy problem for quasi-linear symmetric
hyperbolic systems[ J]. Arch Ration Mech Anal, 1975, 9
(58) . 181-205.
MATSUMURA A, NISHIDA T. The initial value problem

model in

for the equation of motion of compressible viscous and
heat-conductive fluids [ J]. Proc Japan Acad, Ser A,
1979, 3(55) : 337-342.

MATSUMURA A, NISHIDA T. The initial value problem
for the equation of motion of viscous and heat-conductive
gases[ J]. J Math Kyoto Univ New York, 1980 (20) .
67-104.
KLAINERMAN S, MAJDA A. Singular limits of
quasilinear hyperbolic systems with large parameters and
the incompressible limit of compressible fluids[ J]. Comm

Pure Appl Math, 1981, 3(34) . 481-524.

[17]

[18]

[19]

[20]

(21]

[22]

conservation laws in several space variables [ M ]. New
York: Springer-Verlag, 1984 55-56.

NISHIDA T. Nonlinear hyperbolic equations and related
topics in fluids dynamics[ M ].
Sud, 1978 6-8.
STEIN E M.
properties of functions [ M ].
University Press, 1970. 102-106.
LI X, WANG S, FENG Y H. Stability of non-constant

Orsay: Universite Paris-

Singular integrals and differentiability

Princeton; Princeton

equilibrium solutions for bipolar full compressible Navier-
Stokes-Maxwell systems[ J]. J Nonlinear Sci, 2018, 67
(5): 2187-2215.
LI X, WANG S, FENG Y H. Stability of nonconstant
steady-state solutions for 2-fluid nonisentropic Euler-
Poisson equations in semiconductor[ J]. Math Meth Appl
Sci, 2018, 41(10) ; 1-17.
LI X, WANG S, FENG Y H. Stability of non-constant
steady-state solutions for bipolar non-isentropic Euler-
Maxwell equations with damping terms [ J ]. Z Angew
Math Phys, 2016,67(5): 1-27.
TR, WERL, EH. %FE F IR E Euler-
Maxwell 5 FELL R AU RE A ZEPE )], dbat Tolk K2
224, 2013, 39(9) : 1434-1440.
WANG S, FENG Y H, LI X. Global existence and
decay of solutions for the bipolar Euler-Maxwell system in
the torus[ J ] Journal of Beijing University of Technology,
2013, 39(9) . 1434-1440. (in Chinese)

(wiE%HE K F)



