2015 9 September 2015
41 9 Journal of Beijing University of Aeronautics and Astronautics Vol.41 No.9

http: //bhxb. buaa. edu. cn jbuaa@ buaa. edu. cn
DOI: 10. 13700/j. bh. 1001-5965.2014. 0668

MHD

1 * 1 2 1 1 1
(1. 100191 2. 100097)
( MHD)
MHD (
) MHD
( UDF) MHD N-S MHD
MHD .
( MHD) ; ; ; ;
- V11
T A © 1001-5965( 2015) 09-1758-07

( THPTET) .

( NASA) . ( USAF)
56
; MHD
' Lineberry 7
NaK (
10 S/m) Ma =3.3
24
. Corke  Jumper ®°
9
Ma =2.2
. MHD
( Magnetohydrodynamic
MPH) N ; MHD
AY /
1 201440-28; © 2015-03-05; 1 20150428 19:19
© www. cnki. net/kems/detail /11.2625. V.20150428. 1919. 002. html
(90716025)
(1989—) luo_wd@ 126. com
* : (1966—) lifeng1 966 @ 263. net
. MHD J . 2015 41(9): 1758-1764.

Luo WD Li F Sun B G etal. MHD control of weakly ionized plasma jet flows J . Journal of Beijing University of Aeronautics
and Astronautics 2015 41(9) : 1758—-1764 (in Chinese).



9 : MHD 1759

/ . MHD o
1042 2 2
. ne’ (m, + m,
o= ( e 1) ~ ne ( 2)
m.m;v m.vg
1 MHD 1 4 2mn, Zn A
”ei=(4 2 3m\ 2T (3)
1.1 MHD &) m,"T,
32
MHD _1(4m(eT)
1nA—1n( 3172 (4)
en
‘n ;e ;
me 7 mi ’ Uei
' &0 T,
eV, Z, T A
1.2
2500 K
13
E, VA
2
. MHD
1
B
r o
F V 3 S i &
SRS IR e
@ 0 20 40 60 80 100
V4
d 2
Fig.2 lonization energy cyclical change rules
F— , B— v J— ,V—
1 MHD 1 : 1
Fig. 1 MHD flow control principle schematic -3.000 vV
n; n, . 1
a . Table 1 Electrochemical properties of alkali metal
n; n; & /eV A% /eV
a=—— =~ =3X10]5£exp(—Ei/T) ‘ ‘
n, +n; n, n; Li 526.41 -3.040 59.6
( 1) Na 502. 04 -2.714 52.9
K 425.02 -2.936 48.4
L E; T : 300K Rb 409.22 ~2.943 46.9
10*122; 11 600 K Cs 381.90 -3.027 45.5
10°° ( 10 000 K
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Table 2 Parameters of test
/ / / /
/(10°K e
GO (eee eee) (ees ) (e (5+m) o
1.8 2.08 7.5 28.2 75.2 1077 10.1 0
2.0 2.95 7.5 28.2 75.2 106 32.5 3.7
2.2 3.80 7.5 28.2 75.2 1073 111.9 6.8
2.4 4.74 7.5 28.2 75.2 10 ~* 204.7 11.1
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Table 3 Inlet boundary condition
! /K / /T
(mes7h) (S+m™)
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MHD control of weakly ionized plasma jet flows
LUO Weidong' LI Feng"' SUN Baigang® ZHAO Kai' XIONG Yiwei' WANG Changsheng'

(1. School of Energy and Power Engineering Beijing University of Aeronautics and Astronautics Beijing 100191 China;
2. Air Force Command College Beijing 100097 China)

Abstract: In order to study the feasibility of the thrust vectoring using magnetohydrodynamic( MHD) con—
trol weakly ionized plasmas at low temperature the experimental method based on the MHD control plasma
flow theory was put forward. We established a MHD flow control experiment platform of seeds ( alkali metal
salts) induced gas ionization to research jet deflection vector angle under the condition of different temperature
and different magnetic direction and explored the feasibility of the numerical study MHD control by user
defined function ( UDF) loading the MHD model to solve the three-dimensional Navier-Stokes equations. It is
demonstrated that injecting low ionization energy seed into the combustor can induce gas ionization forming
magnetic liquid and achieving thrust vector control under magnetic field; the numerical simulation results and
experimental results of plasma flow deflection are consistent meaning numerical simulation MHD flow control
has a certain credibility.

Key words: magnetohydrodynamic ( MHD) ; plasma; induced ionization; thrust vectoring; numerical

simulation



