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Abstract: In order to investigate the influence of load factor and conductivity on the per-
formance of supersonic magnetohydrodynamic (MHD) accelerator. The experiments under
the conditions of a magnetic field of 0. 5 T and different voltages applied to capacitors were
carried out, which used shock tunnel drive MHD accelerator, took Ar and potassium car-
bonate as the working fluid and capacitors as the power sources. And a one-dimensional
steady ideal segmented Faraday type MHD accelerator model was analyzed. The voltages
across electrodes, currents, load factors and conductivities at # 10 electrodes, and open-cir-
cuit voltage at # 20 electrodes were acquired from the experiments. The MHD flow velocity
was increased by 11. 4% and 24. 0% respectively with capacitors charging voltages of 300 V
and 400 V, while the velocity decreased by 11. 1% with the voltage of 500 V. Experiments

and model analysis show the different load factors would make the supersonic MHD flow into
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different modes, the conductivity influences the magnitude of the energy deposition, would

make the velocity gradient of the magnetic fluid change.

Key words: supersonic; magnetohydrodynamic acceleration; load factor;
conductivity; magnetic interaction parameter
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Fig. 1 Schematic diagram of experimental system



1366 28
, 20 ,
.
2 4 .
& mm, 4mm, 1.6 cm®. t ET Tj B@ij
20mm, 1,210 £20 x
11. 76,14.58,17. 72mm. # 1 Sifiu g
~#18 18 1000pF,1000V —
b 2 Q ’ 1 |'. ul
, , Wi A MHD g #20EE S H
HEMRRE Il ooxy) MWIEOTH #RE
s . HL IR
, 3
#19, #20 , 2
, Fig. 2 Sketch of testing section
0.5T.
TEEHE H BHL HLEE
= = il G L
—o——18 = R18 \
— 11 |
2= c3 | — i3
S § X = I —
—0 2 | e R2
11 .
1
o - | o - Rl
i ~ — 11 !
3
Fig. 3 Principle of electric circuit
1.2 ) S TekP6135A
1 # 20 , 10, # 20
PCB DPO4104
, AR /\/
[l ¢ Cl) O
MHD
¢ .  PBOBA #10 FIEREE | Ri0
Y—
. LI
JCIE LB
o C10 —
I MHD L
U = uB.h [@D) - 75 R
u , B. s h
\
B. h
4
s # 20

Fig. 4 Schematic of voltage measurement



6 1367
2 ’ 0. 5ms
394.1V 333.7V. 20
2.1 240V,
Kg C()g IZOA. 1. 6Cm2 ’
, 0.5T , 75 A/cm®.
300,400,500V 4 121.6 V, 83. 4 V/cm.
1 #10 6. 26 kW/cm’.
1
Table 1 Experiment conditions b= 9 _ ]yE,,v _ Ey _ U (2)
q: uj,B. uB. uB.h
q s g
pi/MPa 1.2 s Jy » E,
1 /Pa 500 U »uB.h
5% - , #20
, 28. 43V,
B/T 0.5
4,28, 23.4%
p./kPa 551.7
T./K 9100
£10 p/Pa 49970.7 o=7j,/(E,—uB.) (3)
#10 T/K 3482 1.17S/cm,
10 ﬁ 10 [7]
) 0.068943 B
o/ (kg/m*) = D= (4)
u
£1,#10, £20 0
1.9,2.2,2.5 0.175m™ .
Ma
21,210, %20 |
2274,2418,2530 R
u/(m/s)
. [13]
2.2 65
v Vv, ;
400
. 6
5 10
# #1~ =18 s
600r  —a— 100 eibls I ’
o #1008 # [5] d o
500 —a— #10G R L PHATE 405
400 H=I=I——l=al\l-w 390 F
” ~———8—0—
300f |- ‘Y v 375 F
= :
200} }i! < 3601
100} "w*"‘ |
0 .—a—w—H——&-—ﬂ N“V_H‘”""““"“““ 3301
315F
~100 L L i L L i L ) 1 1 1 1 1 1 1 1 1 1
-0.8 =04 0 04 08 1.2 16 2.0 4 8 12 16 20
Hima e o 2
5 #10 6
Fig.5 Voltage waveform at # 10 loop Fig. 6 Capacitance voltage after experiment



1368 28
, 0.175,0.180m™".
N 145
A 140 L
T 135 [
’ =
B 130}
B
, , = 125¢
g2 .
’ 120 e
(3) .
nsp -
7 .
“U Il 1 1 Il ]
%20 , 300 350 400 450 500
200 pis : H T LAY
, # 20
22.0V  22.7V, 22.35V, 8 #10
# 20 Fig. 8 Variation of voltage across electrodes # 10
98 43V 27. 2% with capacitor voltage
WOF —a et ArLfE (1) 180
L e RAATE Q) d
L —— i ARRE 3
70 . 160 .
L .
140 i
-
2 [
120+ 3
100
- "
80 1 " 1 " 1 " L " i
t/ms 300 350 400 450 500
BT R EY
7  #20
Fig. 7 Contrast curves of open-circuit voltage at # 20 9 #10
g 13 Fig. 9 Variation of current at electrode pair # 10
with capacitor voltage
#10 N N
N N # 20 12
#10 s 300,400V s
N s 4.6 4.3, 500V
, 7. 0.
4.32,6.16,9. 24 kW/cm’. 13 , # 20
11 , #10
0.89,1.17,1.20S/cm. , 300,400V .
11.4%,24.0% 500V
11.1%.
#10 300,400V

3 0.133,



6 1369
IG ™ b b
L]
ol i 400V s
= , s
£ 8F
= 500V
Z |
& 7t , : :
&
¥ ol 8 ,
5 -
& st ’
s
4 L
L i 1 A 1 A L i i |
300 350 400 450 500 s
HLAF FEHL LRV
13F
10 #10 ! y
# 1.2F .
Fig. 10  Variation of input power density at electrode % L
pair # 10 with capacitor voltage % My °
ok :
1.25¢
.
B -8 09F
.- L °
1LL15F 2
0.8 L i L i L " L i L ]
o= I 0 100 200 300 400 500
= i =
2 -
£ 105 HL A TR L TRV
. 13 #20
® 095
[ o Fig. 13 MHD acceleration from voltage generated
= at the last electrode pair
0.85}F
300 350 400 450 500
LA FEHL L IR/V
b
11 #10 ,
Fig. 11 Variation of conductivity at electrode pair # 10 ,
with capacitor voltage
3
8-
3 3.1
? L L]
| o i,
ﬁ s
6 du d .
5 -
- dth +u*/2) .
.- - —_— - =
_— s : pou dr ]yEy (6)
4 i i i i i
300 350 400 450 500
AT B IRV jy = (k—DouB., E, = kubB.
12 #10
p = pRT D
Fig. 12 Variaton of load factor at electrode pair
# 10 with capacitor voltage puA — const (8)



1370 28
Ma = - (9) 4
VYRT s
4. ,
A=
const, o B
, Q 0.8
trp o 06 )
p Ma _1 _
= o2l o
d F(k— —y— B | /ﬁ/
du _ Ma®(k 1)9(/@)’ Y k)de D % i
u Ma“ —1 Q L
dp pis| _[}2-' s y=1.667
ap _ e y=1.400
r _06F —a—y=1300
Ma?y(b— 1) [Ma® (b — 1) (y—1) —1] »—y=1.200 .
. Qdx - e y=1.100
et S SRS OIS
12 -
AT a1 E R
=
14
Ma*(k— 1) (y— 1) (Ma?*ky — Ma*y — k)
Ma® —1 Qdx Fig. 14  Variation of normalized velocity gradient with
(13) load factor and adiabatic index
dMa _ Q
Ma . D
_ Ma*k—D[ky —2y—k+Myk—D(Hy—1D] .
2(Ma* — 1)
Qdx (14 (1L ’
.2 '
3 (14)
Ma>1,k>1, by —2y—k+Ma?y(k— 1 (y—1)
O~ u- B ’ .
(6) k(k—1)ou’ B l<k<y/(y—1) . Ma —
k s
2y +k—ky _ _
\/y(kfl)(}/*l)' 15 y=1.667,k=2,
(1D ,
k. l.oF
7s Q
Ma 1'5.:\
7 o 14k =
k D) :": | - -""'-.-______ ) *
s B R e
1<k<<y/(y—1) ,du/u>0, HF: >
s k>y/(yv—1)  du/u<<0, |
sk=y/(y—1) . 12k
Q k=Cy=D/Qy=2) 0o 04 08 12 16
. a/m
14 Q=0.18m ',

Fig. 15 Variation of Mach number along the channel



1371

Q=I1m™' . ,

(1]

(2]

(3]

[4]

. 1. 34 5]
k>y/(y—1),

1) 300, 400V : -0

11.4% 24.0%; 500V
11.1%.
2) ,

[10]

3) [11]

[12]

: [13]

Fraishtadt V L,Kuranov A L, Sheikin E G. Use of MHD
system in hypersonic aircraft[ ] ]. Technical Physics, 1998,
43:1309.

Litchford R J, Cole ] W, Lineberry J T, et al. Magneto-

[14]

hydrodynamic augmented propulsion experiment: | per-

formance analysis and design[ R]. ATAA 2002-2184,2002

Lineberry J T,Rosa R J,Bityurin V A, et al. Prospects of

MHD flow control for hypersonics [ R]. AIAA 2000~

3057,2000. (15]
, , . MHD-Ar-

Ramjet (1. ,2007,28(4) ; 769-775.

YU Daren, TANG Jingfeng, BAO Wen. MHD-arc-ramjet

combined cycle for hypersonic propulsion[ J]. Acta Aero-

nautica et Astronautica Sinica, 2007, 28 (4):769-775. (in

Chinese)
(1. ,2012,27(10) :2390-2400.
ZHENG Xiaomei, YANG Xingyu. Simulation of three-di-
mensional magnetohydrodynamic enhanced scramjet[]].
Journal of Aerospace Power,2012,27(10):2390-2400. (in
Chinese)
Gurijanov E P, Harsha P T. AJAX: new directions in hy-
personic technology[ R]. ATAA 1996-4609,1996.
Kuranov A L, Sheikin E G. Magnetodydrodynamic control
on hypersonic aircraft under “AJAX” concept[ ]J]. Journal
of Spacecraft and Rockets,2003,40(2) :174-182.
. . [M].
,2009.
. . B [M].
,2006.
[J1. , 2011, 32 (6):
1015-1024.
LI Yiwen, LI Yinghong,ZHANG Bailing, et al. Supersonic
magnetohydrodynamic (MHD) technical experimental sys-
tem based on shock tunnel[ J]. Acta Aeronautica et Astro-
nautica Sinica,2011,32(6):1015-1024. (in Chinese)
[M].
,1979.
[Jl. ,2012,44(2) . 238-244.
LI Yiwen, LI Yinghong, ZHANG Bailing, et al. Prelimina-
ry experimental investigation on supersonic flow magneto-
hydrodynamic (MHD) acceleration[]J]. Chinese Journal of
Theoretial and Applied Mechanics, 2012, 44 (2) . 238-244.
(in Chinese)
Bogdanoff D W, Mehta U B. Experimental demonstration of
magneto-hydro-dynamic ( MHD) acceleration [ R]. AIAA
2003-4285.2003.
[D].
,2010.
ZHENG Xiaomei. Numerical investigation of the MHD
technology in hypersonic vehicle application[ D]. Beijing:
Beijing University of Aeronauics and Astronautics, 2010.
(in Chinese)

[I]. ,2012,13(4) :11-15.
CHEN Feng, ZHANG Bailing, ZHANG Yang, et al. Nu-
merical simulation of arc discharge induction jet flow de-
flection[J]. Journal of Air Force Engineering University.,

2012,13(4) :11-15. (in Chinese)



