DOI:10.13224/j.cnki.jasp.2012.06.030

27 6 Vol. 27 No. 6

2012 6 Journal of Aerospace Power Jun.

2012

:1000-8055(2012)06-1375-09

( s 210016)

(MHD) , )
Navier-Stokes s
. : @
; 30 MHD
s 16) MHD
, Shock-on-lip(SOL) ,

: (MHD) ; ; 5 ;
: V211 35 0354, 4 A

Numerical simulation for magnetohydrodynamic inlets control

using electron beam ionization

ZHANG Xiang-hong, WU Yi-zhao, WANG Jiang-feng

(College of Aerospace Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The magnetohydrodynamic (MHD) controlling of hypersonic boundary layer
and hypersonic inlets in off-design conditions were studied by magnetohydrodynamic control
system based on electron beam ionization. The governing equations were low magnetic
Reynolds number Navier-Stokes (N-S) equations, and the plasma kinetics model coupled
with electron beam model was developed to simulate air ionization. Results indicate: (1)
The electron beam ionization can improve the conductivity of flow and the control efficiency
of magnetic field. (2) The MHD system can effectively control the hypersonic boundary lay-
er and the control efficiency closely related with the electron beam energy. (3) The MHD
system can bring oblique shock in off-design conditions back to the location of shock-on-lip
(SOL) condition, and the total pressure recovery coefficient and flow mass of inlets would

be reduced.

Key words: magnetohydrodynamic (MHD); plasma; hypersonic; inlet;

electron beam

(MHD) . 90 ,
) AJAX e,

:2011-07-08
shttp://www. cnki. net/kems/detail /11. 2297, V. 20120704, 1152. 201206. 1375 025. html

(1983—>,



1376 27

MHD SR : SOL
. 6] .
[6-8] . 0
MHD . Princeton
Macheret S O ,
SOL (shock-on-lip) ) ,
1. . MHD
) SOL
May, Ma, Forebody
. =
Flow
H Mao 0
S MHD Cowl lip
s 2 MHD
1 SOL
’ Fig.1 Design forebody and inlet geometry
JXB ’ with shock-on-lip
Electron-heam guns
and magnets
-
Flow
Y .
e
2 MHD
Fig. 2 Configuration of MHD
Stokes
[6-9]
RN , , 0 oU
. MHD %pU + V. |oUU+ pl | =
) ’ € pe + Y4
s 0 0
’ V1 + |JXB @9)
Vizg«U)+Ve.gq Q
’ ’ MHD 1Y 9U sPse N N
i | 5 T 3 q
(Ma() > Madesign ) s J ; B s Q
J
1 J=o(E+UXB) )
E k
L1 E=—Fk+UXB) (3

Navier- o



6 1377
o= eu.n. 4) L, , Bychkov V L
[12]
€ 5 Me ne :
L.,=1.1+10"¢"7/N 9
N
Q=J- -E+Q, (5)
(7~ (9 )
Q, .
1.2 g = Q(&)/ (W) (10)
W.=34eV
[G,lO’llj’ . 3 (7)/-\, (9)
(7n +d1VF Q, [9]

all. |4+ q + kaNn_—v,n. — Bn. n,

n .
T; +divl, =

alLe [+ g — pin- no—pny n.
Jn, +d1v1“,
—kyNn_+vy,n. — fin_ n, (6)
Nesny N .
n.x~n,+n;
(g )» Townsend (a
Towsend , [1oD,
( Vﬂ’kdvﬂ ﬁii ’
[11]); r..r. I
1.3
( Qb)’
( Qi)7
. Macheret S O )
Qb [6]:
Qle(x,2)] =a+
bexp{Z[M]} ("
w w
7
&(x,2) = Ay(x,2),
& = L./3.21, w=1.64¢&,
a b
Qb(Lr) — O
L .
J Q (&) de = @ (8)

s Eh jb

0.25 [« Monte Carlo calculations (MCC)

L — — Gauss profiles with L, calculate from MCC
[ == Gauss profiles with L; calculate from
0.20 empirical approximation

—— Present data

0.15F

¢,

0.10

0.05-

Fig. 3 Power deposition profiles of electron beam

1.4
s S-A
(131
2t o) = Cu(1— f)S0 +
dy dyv dy
{(71][ +V) }Jr Cie da; da; }_
¥ _C 2
[ e ;lfn}(*) (1D
Vi :/ll/p
jax = ][‘\11(01'7
(1) [13],
2
(D, (6) (11D)
s HLLC(Harten-

Lax-Van Leer with contact) iy

MUSCL ( monotone upstream-centered
schemes for conservation laws)

, Van albada™'-

H



1378

27

LU-SGS (lower-upper symmetric Gauss-
Seidel) el

H N

3
3.1
MHD
lm, 4 )
30000 , Ma..=7.0,
p.=2188Pa, T..=223K.
x 0. 25 m<<x<C0.35m
’ y : by = bmax °
exp(— Ay® + 10"/0. 85%), k=0.5,
bmax 1’ b
Jo ;
£
=N

4

Fig. 4 Computational grids of plane

1

Table 1 Parameter of electron beam and magnet field

e /keV v/ (A/m*) b /T

1 1 10 10
2 2 10 10
3 3 10 10
4 3 10 10
5 4 10 10
6 5 10 10
7 6 10 10
8 15 10 10
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Fig. 6 Pressure contour of flows
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Ma, /km /Pa /K
8 27.5 1742 224
9 29.0 1390 225
10 31.0 1031 228
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Fig. 13 Contours of electron-beam power deposited
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Fig. 14 Mach number contours of flows
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Fig. 15 Number densities of electron
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Fig. 16  Electric conductivity contours of flows
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Table 4 Parameters of inlets
Ma, /(kg/S)
7 ( ) 0.342 71.1 1385
( ) 0. 260 58.2 1260
8
( ) 0.196 88.0 1223
( ) 0.203 76.7 1129
9
( ) 0.114 112.0 1113
( ) 0. 156 92.0 927
10
( ) 0.054 135 907
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